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Abstract

The Alabama Department of Transportation (ALDOT) ims the process of
transitioning from the AASHTO Standard Specificatitor Highway Bridges to the
LRFD Bridge Design Specifications. One significadifference between the two
specifications is the seismic design provisionsnia practical point of view, the desire
is that typical details can be developed for thersivwase scenarios which can be
implemented for bridges throughout the state with@wignificant cost premium. To
determine the effects of the updated seismic pi@vison current practice, an initial
study of existing bridges was completed. Threecgfpimulti-span, prestressed concrete
I-girder bridges were selected for the study. ldeorto bracket the demands for typical
bridges, the primary bridge geometry variables wsgan length, pier height and pier
configuration. The bridges’ Earthquake Resistingt&ys were re-designed for the worst
conditions for the state of Alabama. This papeculses the changes made to the three
bridges in order to meet the requirements.

After the re-design of the three bridges, a fewctasions were drawn. There was
an increase in the connection between the substeuahd substructure. Also, the amount
of hoop reinforcing in the columns, drilled shatied struts was increased. It was
concluded that typical details could not be credtmdthe worst seismic scenario in

Alabama.
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Chapter 1 Introduction

1.1 Problem Statement

Alabama Department of Transportation (ALDOT) hasrbéesigning bridges using
the AASHTO Standard Specifications for Highway Bed (Standard Specification)
(AASHTO 2002); however, due to Federal Highways Adstration (FHWA)
requirements, ALDOT will begin designing bridgesaiccordance with AASHTO LRFD
Bridge Design Specifications (LRFD SpecificatioddASHTO 2007). ALDOT has
chosen to design the bridges with the AASHTO G8gecifications for LRFD Seismic
Bridge Design (Guide Specification) (AASHTO 2008ne of the significant differences
between the two specifications is the seismic degigpvisions. Under the Standard
Specification most of the state was classified @isrBic Performance Category A which
required minimal seismic detailing and no additiarzalysis. The new requirements will
influence future bridge design. With changes in greund acceleration maps, it is
expected that the substructure elements, the supsse-to-substructure connections,
and the foundations will see the most change. Fa@mactical point of view, ALDOT’s
Bridge Bureau wants to develop typical detailstfe worst case scenarios which can be

implemented for bridges throughout the state witl@osignificant cost premium.

1.2 Objectives and Scope
Since typical details were trying to be developgedas important to define the most

important geometric features of the bridge. It wWatermined that one important feature



was the pier height and the span length. The spragth has a significant effect on the
period and seismic force of the bridge. For adeidith long spans, the bridge will have
a long period of vibration, and a bridge with sheptans will have a short period of
vibration. Equation 1.1 shows the equation to dateuthe structure’s period of vibration.
The pier height affects the stiffness of the bridg&ch in turn changes the period of
vibration. When calculating the stiffness for thedge piers the height of the pier is
cubed which makes it an influential variable. Tdeflection equation for a cantilever
beam or column with a point load on the end is shawEquation 1.2. All the other
variables in design, such as bridge width, fourmatype, etc., were to remain somewhat
constant. ALDOT was asked to choose three bridgedet re-designed with these
parameters in mind. The three concrete bridges ¢hege were a short span bridge with
short pier heights, a long span bridge with shaat peights, and a long span bridge with

tall pier heights.

* k3
o= Fl;*r: Equation 1.1
T=2*MN KVY Equation 1.2
g

This study was done to evaluate the seismic breaggegn according to the Standard
Specification and update the seismic design acaegrth the LRFD Specification. This
study was done to evaluate Three existing standauitj-span, prestressed concrete I-
girder bridges were selected to be redesigned dicoprto the AASHTO Guide
Specifications for LRFD Seismic Bridge Design anASHTO LRFD Bridge Design

Specifications. The main objectives were the foltoyy



1. To determine the effects of LRFD seismic provisiomsdesign and detailing of
critical elements in the bridge lateral load resgsystem.
2. To determine if typical, economically feasible dist@wan be utilized for all the

selected bridges.

1.3Document Organization
This document is organized into five chapters. @rap is an introduction to the
project. Chapter 2 contains a literature review gnedcomparison of the three design
specifications investigated during the project. @ba3 describes the design process
for the Guide Specification and the LRFD Specifmat Chapter 4 shows the results
from the re-design of the bridges. Lastly, Chagierontains the conclusions that

were made based on the case study design results.



Chapter 2 Literature Review
2.1Introduction
The three specifications discussed in this sechiame some differences. The
design philosophy behind the Guide Specificationdifferent from both the LRFD
Specification and the Standard Specification. Askhowledge of earthquakes and fault
zones have increased, the specifications have lngdgsted to accommodate for the new
information found. The specifications are alwaysargfing as new knowledge is

discovered.

2.2History
The compilation of the Standard Specification began 1921 with the

organization of the Committee on Bridges and Stmgs of the American Association of
State Highway Officials (AASHO). Starting in 192the specifications were gradually
developed. As several actions of the specificatiere approved, they were made
available in mimeographed form for use by the SHighway Departments and other
organizations. A complete specification was avédab 1926 and revised in 1928. The
first edition of the Standard Specification wasnfed in 1931. The last edition before
switching to the LRFD design philosophy was printe@002 (AASHTO 2002).

The body of knowledge related to the design ofdegdhas grown immensely since
1931. The pace of advancements in bridge designgeseing so rapidly that to

accommodate this growth the Subcommittee of Bridges$ Structures has been granted

4



authority under AASHTO's governing documents torapp and issue Bridge Interims
each year. In 1986, the Subcommittee submittedqaest to the AASHTO Standing
Committee on Research to undertake an assessmén® obridge design specifications,
to review foreign design specifications and codts, consider alternative design
philosophies to those underlying the Standard $patons, and to render
recommendations based on these investigations (AASRI007). The investigation was
completed in 1987, and it was found that the Stah&gpecification included discernible
gaps, inconsistencies, and even some conflicts (AR 2007).

The Standard Specification did not include the mesently developed design
philosophies, load-and-resistance factor designrFR)R which was gaining popularity in
other areas of structural engineering. Until 19 sole design philosophy in the
Standard Specification was known as working stoessgn (WSD). “WSD establishes
allowable stresses as a fraction or percentagegies material’'s load-carrying capacity,
and requires that calculated design stresses notedxthose allowable stresses”
(AASHTO 2007). The next design philosophy added tiasload factor design (LFD).
LFD reflects the variable predictability of certdoads types, such as vehicular loads and
wind forces, through adjust design factors. A fartphilosophical extension was LRFD
which takes variability in the behavior of stru@uelements into account in an explicit
manner. “LRFD relies on extensive use of statistieathods, but sets forth the results in
a manner readily usable by bridge designers angsiea(AASHTO 2007).

After the 1971 San Fernando earthquake, signifiedfdrt was expended to
develop comprehensive design guidelines for thendeidesign of bridges. “That effort

led to updates of both the AASHTO and Caltrans gregrovisions and ultimately



resulted in the development of ATC-8eismic Design Guidelines for Highway Bridges
which was published in 1981” (AASHTO 2008). It wadopted as a Guide Specification
in 1983 by AASHTO. In 1991, the guidelines werenfatly adopted into the Standard
Specification, and then revised and reformatted Dagsion I-A of the Standard
Specification. After damaging earthquakes in th80K9and 1990s, it became apparent
that improvements to the seismic design practiceeweeded. Several efforts were made
by different groups in the development of ATC-88proved Seismic Design Criteria for
California Bridges: Provisional Recommendatidnsl996, the development of Caltrans’
Seismic Design Criteriathe development of publication of MCEER/ATC-49GNRP
12-49),Recommended LRFD Guidelines for the Seismic Dedigtighway Bridgesn
2003, and the development of the South Cardiasmic Design Specification 2001.

In 2005, work began to identify and consolidate best practices from these four
documents. “The resulting document was founded dplatement-based design
principles, recommended a 1000-yr return periodthgaake ground motion, and
comprised a new set of guidelines for seismic aesigbridges” (AASHTO 2008). In
2007, a technical review team refined the docunmetiot the Guide Specifications that
were adopted in 2007 by AASHTO. In the followingayenore revisions were made, and
then in 2008, the 2007 document and the revisioesewapproved as the Guide
Specification (AASHTO 2008). A 2010 Interim was fpsbed for the Guide

Specification which affected steel bridge design.



2.3Comparison of the Seismic Design Specifications
This section describes the major differences betvtlee seismic provisions of the

Guide Specification, LRFD Specification, and thearfstard Specification. The

differences can be broken down into the followiategories:

* New Ground Acceleration Maps
The Standard Specification uses ground acceleratiaps created by the

United States Geological Survey (USGS) in 1988. Tep assumes the soll
condition to be rock. The seismic loads represenbgd the acceleration
coefficients have a 10% probability of exceedamcBd years which corresponds
to a return period of approximately 475 years. #h@ Guide Specification and
LRFD Specification, the ground acceleration mappiaeprobabilistic ground
acceleration and spectral response for 7% probalofiexceedance in 75 years
which corresponds to a return period of approxitgai®00 years. Also, the
Guide Specification and LRFD Specification have mdpr peak ground
acceleration (PGA), 0.2 second spectral responseleaation (g§), and 1.0
second spectral response acceleratio) (&tead of just one map. Table 2.1
shows some of the spectral response values fogrdiff locations in Alabama.
The accelerations are higher in north Alabama. Thange in the ground
acceleration maps generates an increase in deartjmjeake load for Alabama
bridges. These changes are due to larger returadpfar the design earthquake
and the significant amount of research completedhenNew Madrid and East

Tennessee faults.



Table 2.1: Oseligee Creek Bridge Bent 3 Design Changes

Location PGA (9) £(9) S (9)
Huntsville, AL 0.082 0.186 0.067
Birmingham, AL 0.083 0.171 0.058
Muscle Shoals, AL 0.087 0.207 0.076
Montgomery, AL 0.041 0.094 0.043

New Design Spectral Shape

In the AASHTO Standard Specification, the specteaiceleration
maximum is 2.5 x Acceleration coefficient, A. Urdethe ground acceleration is
greater than or equal to 0.3, then the maximumtsgeacceleration is 2.0 x A.
The response coefficient is decaying a rate of"1/The response spectrum
decreases at a rate of 1/T, but because of theenm@associated with inelastic
response of longer period bridges, it was decitiatl the ordinates of the design
coefficients and spectra should not decrease adlyapgs 1/T but should be
proportional to 1/¥3 (AASHTO 2002). The region decreasing at a raté/dfis
the acceleration sensitive region. The design syecin the Guide Specification
and LRFD Specification decreases at a rate of IATFigure 2.1, the response
spectrums for the Guide Specification and Stan@grécification are compared.
The Guide Specification design response spectructudes the short-period
transition from the acceleration coefficients, Ao the peak response regiomgsS
unlike the Standard Specification. This transitisn effective for all modes,
including the fundamental vibration modes. Accogldi to the Guide
Specification, the use of the peak response dowzeto period is felt to overly

conservative, particularly for a displacement-bagesign. (AASHTO 2008)
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Figure 2.1: Comparison of the response spectrum for the &tanBpecification
and Guide Specification located at the Northeastaroof Alabama

Importance/Operational Classification

When assigning a classification to a bridge, th&saf classification shall
include social/survival and security/defense rezignts and also consider
possible future changes in conditions and requirgsn@AASHTO 2007). The
Standard Specification has two different importamntassifications which are
Essential and Other. Essential bridges are defiyatie Standard Specification as
bridges that must continue to function after arireprake (AASHTO 2002). The
LRFD Specification has three operational clasdifoces which are Critical,
Essential, and Other. The LRFD Specification defiaeCritical bridge as a bridge
that must remain open to all traffic after a desegrthquake and useable by
emergency vehicles and security/defense purposesediately after a large

earthquake, which is an earthquake with a 2,500 yetrn period. Essential



bridges are defined as bridges that at a minimweopen to emergency vehicles
and for security/defense purposes immediately #fieidesign earthquake, which
is an earthquake with a 1,000 year return periocJATO 2007). If the bridge is
critical or essential, then the design requirememwtk be more strenuous. The
Guide Specification only specifically addresses ¥&mtional bridges, which is
defined as Other bridges by the LRFD Specification.
Site Factors

The Standard Specification has four different spiofiles which
correspond to four site factors. The seismic pertorce category is first chosen,
and then according to the soil condition, the eastismic response coefficient is
amplified. The Guide Specification and LRFD Spexifion have six soil profiles
which correspond to six soil factors. The site €lesschosen before the seismic
design category is selected in contrast with tlaa&ird Specification. Therefore,
the spectral response coefficients can either bee@ised or decreased based on
the site class. The soil factors affect the spécesponse coefficients which in
turn affects the seismic design category (SDC).
Design Approaches

The design philosophy is different between the LREecification and
the Guide Specification. The Guide Specificatiom idisplacement based design;
while, the LRFD Specification and Standard Speatfan are force based
designs. A displacement based design has to meatrcdisplacement limits set
by the specification. In a force based design, arsp modification factors are

used to modify the elastic forces. Since columne assumed to deform
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inelastically where seismic forces exceed theingiesevel, it is appropriate to
divide the seismic elastic forces by a responseifination factor (AASHTO

2007). Either approach is considered acceptalleeimlesign of bridges.

2.4Previous Research
In Virginia, a similar project was done by Widjama 2003 to investigate the
effects of the new LRFD deign procedures. He ingattd a steel and concrete bridge.
The location of the bridges was taken into acconrtis research. Widjana found that
there was a significant increase in the time rexglio design a bridge according to the
LRFD Guidelines than the Standard SpecificationneAfe-designing the two bridges, the
following changes in the detailing were discovered:
* Column shear reinforcement in potential plastigyei zones,
» Transverse reinforcement for confinement at pldstges,
» Spiral spacing,
* Moment resisting connection between members (coloeam and
column/footing joints),
* Minimum required horizontal joint shear reinforceme
* Lap splices at bottom of the column, which arep®mitted,

» Column joint spiral reinforcement to be carriedithe pier cap beam, and

Transverse reinforcement in cap beam-to-columrtgoiiwidjana 2003)
Also, the cost increase from the changes in degigse evaluated. The impact of the
changes affected the construction cost of the gyeeler bridge by 1.0% and the

prestressed concrete I-girder bridge by 0.2% (Wiaj2003).
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2.5Conclusion

The design specifications have undergone many d@saoger the years. The
design philosophies of the specifications have ghdras each new edition is published.
The new knowledge gained from research and expmrgeis helping to develop the best

design philosophy for the design of bridges.
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Chapter 3 Seismic Bridge Design
3.1 Introduction

The design processes for the three bridges chasehi$ project are discussed in
this chapter. The three bridges chosen as caseestare typical concrete bridges that
were designed and built in Alabama. The bridges lvéldesigned for the worst case for
seismic hazard in Alabama. The design process efGhide Specification and LRFD
Specification are described throughout this chapitero typical design worksheets can
be viewed in Appendix A and B for both of the desigrocesses. These worksheets
provide a clearer understanding of the design psce

Each bridge in this study had been previously degigaccording to the Standard
Specification, which required a minimum amount efsmic design for the state of
Alabama. The maximum Seismic Performance Categ&®RC{ for Alabama was
category A. For SPC A, no detailed seismic analysess required. The design
requirements were a minimum support length ancctimmections for the substructure to
superstructure were designed for 0.2 times the tbeatreactions. As will be seen in this
chapter, there was an increase in the design effogh using the new specifications.

A crucial part in any design is knowing the loadhpfor the structure. The bridge
deck distributes the dead, live and lateral loadthé girders. The girders then distribute
the load into the bent cap beams and abutmentscditmgection between the girders and
the substructure must be able to transfer the foet@een the connecting elements. The

cap beams and abutments were assumed to remadiic.€ldee cap beam and abutment
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beams transfer the load into the columns, and thercolumns transfer the load to the
drilled shafts. Figure 3.1 shows a cross sectian a&ids in visualizing the load path. The
connections between the elements are crucial inonéintious load path because if the

connections fail, undesirable performance resaolfsossible structural failure.

Deck ——— |

Girdef——M8 ——

Cap Beam——

Column———

Drilled Shaft——

Figure 3.1: Load Path Diagram

3.2 Design Process
The initial seismic calculations and checks wemre game for the three bridges.
This is the case because the worst case hazaseimic design in Alabama was chosen

for this project. Therefore, the actual locatiortloé bridges in Alabama for re-design is
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irrelevant. The steps, checks and calculationsritext in this section are the same for

the three bridges designed.

3.3 Design Process for the Guide Specification
3.3.1 Initial Steps for the Design

A design worksheet was created in Mathcad (Par&iBtichnology Corporation
2007) for concrete bridges in order to facilitdte seismic design process. The input data
will be assigned to a variable which will represéim input data. The units are hard
coded into the worksheet. This was done becausenitewere causing problems later in
the worksheet. The units used are pounds, inchédest. Mathcad allows the data and
the calculations to be seen easily. The worksheet designed to have all the design
checks required for seismic design of concretegesdn SDC B. Most information that
needs to be modified for bridge design is at thgirbbeng of the worksheet. Other values
will need to be assigned to variables later in woeksheet. The main purpose of the
design worksheet is to aid in the seismic bridgagieprocess.

The first step in the seismic design process waspot all the information about
the bridge into the design worksheet. The lengtidthw span lengths, deck thickness,
column diameters, drilled shaft diameters, colureiglhts, girder areas, guard rail areas,
and cap beam volumes were input into the sheengUtiat information, the column
areas and drilled shaft areas were calculated. Slmensions which are easier to input

as feet were then converted to inches.
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3.3.2 Applicability of Specification

The Guide Specification supplies flowcharts whiem e followed to ensure all
the requirements for seismic design are checkest & all, the initial sizing of columns
should be done for strength and service load coatioins defined in the LRFD
Specification. If the Guide Specification is goitagbe used for the design, the first task is
to verify that the Guide Specification can be usdte Guide Specification applies to the
design and construction of Conventional Bridgesrdsist the effects of earthquake
motions. Critical and Essential bridges are notcsjpally addressed in the Guide
Specification. The bridges analyzed and designedhis research are classified as

Conventional Bridges.

3.3.3 Performance Criteria

The next item to be investigated was the perforreamiteria the bridges will be
assigned. According to the Guide Specificationddpes shall be designed for life safety
performance objective considering a seismic hazarcesponding to a 7% probability of
exceedance in 75 years. Life Safety implies that hhdge has a low probability of
collapse but may suffer significant damage and #igificant disruption to service is
possible. Also, partial or complete replacement @ayequired after the a design seismic
event. If a higher performance criterion is desitgdthe owner, the bridge can be

designed to that higher criterion. The bridgesis project were designed for life safety.
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3.3.4 Foundation Investigation and Liquefaction

A foundation investigation needs to be done inltication that the bridge will be
built. For bridges in SDC B and where loose toyvieose saturated sands are in the
subsurface profile, the potential of liquefactiolmosld be considered since the
liquefaction of these soils could affect the stapilof the structure. The Guide
Specification commentary discusses when liquefactieeds to be considered. It was

assumed that the bridges considered in this thesiéd not be affected by liquefaction.

3.3.5 Earthquake Resisting System

For SDC B, the identification of an earthquake sesg system (ERS) should be
considered. For the selected bridges, a Type haaake resisting system was chosen.
Type 1 structures have ductile substructures wabemrtially an elastic superstructure.
This category includes conventional plastic hingmgolumns and abutments that limits
inertial forces by full mobilization of passive baiesistance. Also included are

foundations that may limit inertial forces by inegnd hinging (AASHTO 2008).

3.3.6 General Design Response Spectrum

A response spectrum was created for the bridgeke résponse spectrum is
created by using the seismic hazard maps and tinelassification. The USGS seismic
parameters CD-ROM, accompanying the Guide Spetditawith the seismic hazard
maps will determine the accelerations based oratitede and longitude. The maps in
the Guide Specification are for Site Class B. g project, it was assumed that the soil

condition would be Site Class D. In northeast aodhwest Alabama, which are regions
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of high seismic activity, Site Class D is a gooduemsption as the worst case scenario for
the soil conditions. After determining these valugsesponse spectrum was created by
using a series of equations. The next step in &s&gd process was to select the seismic
design category. The SDC is used to permit differeguirements for methods of
analysis, minimum support lengths, column desigaildeand foundation design. This is
based on the 1-second period design spectral aattietewhich is dependent on location
and site classification. For all the bridges irstproject, the Seismic Design Category is

B. After this step in the process, the design ghiinge depending on the bridge.

3.3.7 Displacement Demand Analysis

Since the Guide Specification is displacement basedisplacement demand
analysis was done on the bridges. The first stapisgprocess was to select an analysis
procedure. The applicability of the procedure igedained by the regularity of a bridge,
which is a function of the number of spans anddiséribution of weight and stiffness.
According to Section 4.2 of the Guide Specificatioegular bridges shall be taken as
those having fewer than seven spans; no abruptusual changes in weight, stiffness, or
geometry; and that satisfy requirements specifieauathe maximum subtended angle
(curved bridge), span length ratio from span-toasmand maximum bent/pier stiffness
ratio from span-to-span. All the bridges that wdesigned were able to use analysis
Procedures 1 or 2. Procedure 1, which is an ebpnvatatic analysis, was chosen to
determine the displacement demands for these lsidgeth the uniform load method

and single-mode spectral analysis were used iarhby/sis of the bridges.
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Both the uniform load method and single-mode spéetnalysis are allowable
analysis procedures to estimate the fundamentabcgeirhe uniform load method is
suitable for regular bridges that respond printypah their fundamental mode of
vibration. It is an equivalent static method of lgess that uses a uniform lateral load to
approximate the effect of seismic loads. This metbalculates the displacements with
reasonable accuracy, but the method can overestitig transverse shears at the
abutments by up to 100 percent. The single-modetispeanalysis is slightly more
complicated. The analysis procedure is based orutdamental mode of vibration in
either the longitudinal or transverse directioneThode shape is found by applying a
uniform load horizontal to the bridge and calculgtthe corresponding deformed shape.
Both methods can be seen in Appendix A; howevecesitihe results from the two
methods were similar, the uniform load method wassen for in the design because it is
simpler.

Before either method can be utilized, an analyticalge model must be created.
SAP 2000 Bridge Modeler (Computer & Structures 200&s used to build a model that
represented the bridge. The bridge modeler allnslesigner the ability to create cross-
sections that accurately represent the bridge. Wheating the model, it was assumed
that the drilled shafts would be considered fixédha rock line and the contribution of
the soil resistance would be neglected. When thdes8pecification was being created,
the issue of the abutment contribution to the eprake resisting system was heavily
debated. However, according to the Guide Spedificathe abutments should not be
included in the earthquake resisting system. Tbheeefthe abutment’s restraint was

restricted to the vertical direction only becaugethe difficulty in modeling the soil
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pressure. If the abutment beam is supported byedrihafts, which are considered
structural elements, it was decided to use thenadxiis as part of the earthquake resisting
system. If the abutments have drilled shafts, #reynot relying on soil pressure to resist
forces.

After building the model, a uniform load was apgliédccording to both methods,
a uniform 1.0 kip/ft or kip/in load,was converted into point loads that were appleed t
the joints along the bridge deck. Figure 3.2 shdhe transverse and longitudinal
loadings. After the load was applied and the madellyzed, the displacement of the
structure was determined. For the uniform load wethhe maximum deflections in the
longitudinal and transverse directions were deteechi The calculations for the stiffness,
weight, period, spectral acceleration and the edent static earthquake loading can be
seen in the sample calculation in Appendix A stgribon page 116. Once the deflection
was known, the stiffness of the bridge in both cimns was calculated, and the stiffness
equation can be viewed in Equation 3.1. The wedfhthe bridge was determined in
order to be able to calculate the period of theldei A program was created in the
Mathcad worksheet to calculate the spectral acatber of the structure. Once all of
these calculations were completed, then the eqnvatatic earthquake loads, pvas
determined. All the above elements were calculdtadboth the longitudinal and
transverse directions. There is also a displacemsagnifier that must be applied to
structures with a short period. The magnifier ipafedent on the bridge$$ S1 and the
structure period. The assumption that displacem&ras elastic system will be the same
as those of an elasto-plastic system is not vadid short-period structures that are

expected to perform inelastically (AASHTO 2008).tkfe displacement magnifier is
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applicable, the displacement is multiplied by thagmfier. Instead of re-inputting the
new loading into the SAP model, the Guide Spedificaallows the designer to scale the

displacements byefp..

Longitudinal
Loading

—> Bridge Deck
—

L1 ]

Transverse Loading

Figure 3.2: Loading Directions

K= p5° L Equation 3.1

max

The single-mode spectral analysis was also usedntlyze the bridge. The
process was more complex than the uniform load odgetA bridge model was built, and
a uniform load was converted into point loads appliad at the joints along the bridge
deck. After analyses, the displacement along thek deas found. This was a time
consuming task, because no way was determineddotlie displacement of the joints
only along the deck edge. In the end, this had éodbne by looking at each joint
individually. With the displacements put into alealand graphed, a best-fit line was
fitted to the data. The equation of this line wasdito calculate the shape function$
andy. The equation fou, B andy are shown in Equation 3.2, Equation 3.3 and Eqguoati
3.4, respectively. The factor,(x i) the displacement along the length of the bridae]
w(x) is the unfactored dead load of the superstruauncesubstructure along the length
of the bridge. These factors are later used toreohéte the period and equivalent static
earthquake load. The response spectral accelenaisralso calculated for this method.
The equivalent static earthquake load is a linection that can be applied to the
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structure, and the force and the deflection aldrggléngth of the bridge can be seen in
Appendix A. This method was more time consumingnttiee uniform load method but is

more accurate for non-standard bridges.

a= Ivs(x)dx Equation 3.2
B = [Wv,()dx Equation 3.3
y = [WOVZ (x)dx Equation 3.4

3.3.8 Column Design

After the analysis has been completed, column desan begin. The first step
was to verify that the columns of each bent meet dkflection criteria. For seismic
loading, the a load factor of 1.0 is used in coluwtesign. The deflection at the top of the
bent was found for both the transverse and longialddirection. The Guide
Specification contains a simplified equation foidges in SDC B or C which can be used
instead of doing a more rigorous pushover analy$is.simplified equation for SDC B is
displayed in Equation 3.5. Equation 3.6 shows thkeutation for the x variable in
Equation 3.5. The equations are primarily intenéteddetermining the displacement
capacities of bridges with single- and multi-colun@mforced concrete piers for which
there is no provision for fusing or isolation beemethe superstructure and substructure
during design event accelerations. The equatioascalibrated for columns that have
clear heights that are greater than or equal tti. THe formulas are not intended for use
with configuration of bents with struts at mid-nHeigAASHTO 2008). The equations are
a function of column clear height, column diameted end restraint condition, such as

fixed or pinned. If the equation for SDC B is nattisfied, then the allowable

22



displacement capacity can be increased by meettglidg requirements of a higher
SDC, or a pushover analysis can be done. If theteuis not satisfied, it means the

bridge is more prone to fail in shear.

A, =012H % (-127In(x) - 032) = 012H, Equation 3.5
*
X = /\H B, Equation 3.6

A pushover analysis was done on all of the bridgas were investigated in this
project. A pushover analysis is an incrementalysmiglthat captures the overall nonlinear
behavior of the elements by pushing them later&dlyinitiate plastic action. Each
increment of loading pushes the frame laterallypulgh all possible stages, until the
potential collapse mechanism is achieved. The Meal Static Procedure is expected to
provide a more realistic measure of behavior thay e obtained from elastic analysis
procedures. SAP Bridge Modeler has the abilityddhte seismic design of a bridge. By
setting the SDC to D in the SAP seismic design @og a pushover analysis will be
completed by SAP. The bridge’s displacement denaembdcapacity are calculated during
this analysis process.

After completing the displacement capacity chebk, minimum support lengths
for the girders were calculated for the bridge. Bhapport length was checked at each
abutment and bent. The minimum support lengthadwmnction of span length, column
height and the skew angle. Since the bridge isD& 8, the minimum support length
must be increased by 150% as required by Artid@.2.

According to the Guide Specification, the shear alednfor a column in SDC B
shall be determined on the basis of the lessethefforce obtained from a linear elastic

seismic analysis or the force corresponding totgldsnging of the column including
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overstrength. It is recommended that the plastitgihg forces be used whenever
practical. Both methods are included in the desugmksheet. In order to know which
case is more practical, a moment capacity analyasscompleted. When the bridge was
analyzed by SAP 2000, a linear elastic analysisdleas done; therefore, the linear elastic
loads can be taken directly from the model. Howgtrer loads coming out of SAP 2000
need to be amplified bysfpo.

The moment capacity of the column was found bytorgan interaction diagram
using PCA Column (PCA 2004); although, any coluresign program could be used. A
worksheet was set up using Microsoft Excel to hedpp the information organized. To
find the moment capacity of the column, the axeddl load was input into PCA Column
along with the moment due to the dead load. The emdroapacity must be amplified by
an overstrength factor which depends on the yiekss of the reinforcement being used.
The amplification factor for ASTM A706 reinforcenmteand ASTM A615 Grade 60
reinforcement is 1.2 and 1.4, respectively (AASHZ@D8). After the moment capacity
was determined, the shear force in the column &ksilated by equilibrium based on the
moment capacity at the top and bottom and the collemgth. A model of the bent was
created in order to apply the shear force at tiwecef mass of the superstructure and to
determine the axial forces in the column due tortoweing. The axial load from
overturning is added to and subtracted from theddead axial force. The reason for
subtracting the seismic axial load is because tdhenmn could be in tension, or uplift,
instead of compression. Next, the shear force ®ttilumn bent needs to be recalculated
by re-entering the new axial forces into PCA colufihe new shear force for the bent

must be within 10% of the previous shear forcenof, the designer must iterate until the

24



shear force is within 10% of the previous valuee Thteraction diagram was used to
verify that the elastic loads on the column frone thodel did not exceed the failure
envelope of the interaction diagram. Both the updihd compressive cases must be
checked for the axial load. As long as all the mifall within the failure envelope
interaction diagram, the column design strenggufficient.
After calculating the shear force, the plastic keitgngth needs to be determined.
The plastic hinge length is a function of the heighthe column to the point of fixity,
yield stress of the reinforcing and longitudinafl beameter. The maximum of equations
3.7 and 3.8 is the plastic hinge length. The ptaktnge region is a function of the
column diameter, plastic hinge length and the locatvhere the moment exceeds 75% of
the maximum plastic moment. A program was writterMiathcad to calculate both the
plastic hinge length and plastic hinge region. Ehg®grams can be seen in Appendix A
on page 128.
Ip = 008xh+ (015x f xd,) Equation 3.7
Ip = 003x f, xdy Equation 3.8
The next step was to determine the column sheaacdgpin the plastic hinge
region. The column diameter, spacing of laterahfeecing, area of lateral reinforcing,
diameter of lateral reinforcing, column cover ananaeter of the hoop were input at the
beginning of the design process. If values neethacaltered later in the design, the
designer can make the necessary changes. The tshear capacity is calculated first.
According to Article 8.6.2 of the Guide Specificatj a reinforcement rati@s, for the
column is calculated, and it was verified tpatimes the reinforcing yield stress is less

than or equal to 0.35. Then a ratio for the dugtif the column was created in order to
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determine the compressive stress, of the column. This compressive stress was
multiplied by the affected area, which is 0.8 tintles gross area, and the shear capacity
of the concrete was determined by this. A prograas written in Mathcad to calculate
the compressive stress on the column and can bedien Appendix A. If the axial load
on the column is not compressive, then the constegar strength is equal to zero.

After calculating the concrete shear capacity, aiswime to calculate the shear
reinforcement capacity. The maximum shear capasitgependent on the number of
shear planes, area of the spiral, yield strengthetransverse reinforcement, diameter of
the reinforcement, spacing of the transverse resirfg, compressive stress of the
concrete and the affected area of the column. Ayrara was written in Mathcad to
calculate the shear strength of the transverséoreement. After the shear reinforcement
capacity and concrete shear capacity were calcylébey were summed together and
multiplied by a phi factor, which is 0.9 for shedihe combined shear capacity was
checked against the applied shear force to vehniéy the combined shear capacity was
greater than or equal to the shear force.

There are several checks that need to be madelen werify the longitudinal and
shear reinforcement are sufficient. For transveesaforcing, the minimum ratio is
required to be greater than or equal to 0.003 dawgrto Article 8.6.5. If the transverse
reinforcing does not meet this criteria, the spganthe bar size of the seismic hoop can
be modified. The maximum longitudinal reinforcemeattio must be less than 0.04 times
the area of the column, and the minimum longituldieaforcement ratio is 0.007 times
the area of the column. If the minimum longitudinainforcing does not meet the

standard, then the column size can be decreasdbe dongitudinal reinforcing can be
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increased. If the longitudinal reinforcing excegldes maximum, the section size can be

increased, or the longitudinal reinforcing can berdased.

3.3.9 Seismic Design Category B Detailing

The spacing requirements within the plastic hirggaan are stricter than outside
the hinge region. The Guide Specification has spe@quirements of how the hooks for
the transverse reinforcing must be bent. The hegpirements specify that the bar shall
be a closed or continuously wound tie. A closedrigey be made of several reinforcing
elements with 135 degree hooks having a six-dianetenot less than 3 in. extension at
each end. A continuously wound tie shall have ahead a 135 degree hook with a six-
diameter but not less than 3 in. extension thatgeg the longitudinal reinforcing. In
Figure 3.1, two options are shown for the hook itdeiEhe lllinois Department of
Transportation allows for the seismic hoops to kexmanically spliced or welded, and
the details of this connection are shown in Figii&(Tobias et. al. 2008). The maximum
spacing of the transverse reinforcing is governgthb column diameter and diameter of
the longitudinal reinforcing. The Guide Specificatihas a maximum spacing set at six
inches. According to Article 8.8.9, the smallesttbé following shall be used as the
maximum spacing in the plastic hinge zone: oné fift the column diameter, six times
the diameter of the longitudinal reinforcing or sinches. Then, the maximum spacing

needs to be checked to ensure that it will prosiaféicient strength.
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Figure 3.3: Seismic Hoop Detail
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Figure 3.4: lllinois DOT Seismic Hoop Detail (Tobias et. al.0&)
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The requirement of the extension of transversdaamg into the bent cap beam
and the drilled shaft was calculated. This requeeimis not addressed in the Guide
Specification for SDC B, but it is specified for SDC and D. The extension is
specifically addressed for SDC B in the LRFD Speatfon; therefore, that criterion was
used here. The extension is an important partefigsign. If the lateral reinforcing does
not extend into both the bent cap beam and drdleadt, a plane of weakness is formed at
these joints. The column will be more likely to aheff at this point if the extension is

not made. The extension is the larger of eithenl6r one-half the column diameter.

3.3.10 Requirements outside the Plastic Hinge Regio

For the design of the transverse reinforcing oetgslie plastic hinge zone, the
LRFD Specification was used because the Guide fqeedn does not address the
region outside the plastic hinge zone. This reginpoompasses the region in the column
between the plastic hinge regions and the drilleafts. All of these calculations can be
viewed in Appendix A beginning on page 134. Thdaegutside the plastic hinge zone
was designed for the same shear force as the ragsade the plastic hinge zone. The
shear resistance of the steel reinforcement wasileé¢d in a similar manner as in the
Guide Specification. The shear resistance of thecrete was calculated in a little
different manner. The concrete and steel reinfgr@hear resistances were combined
together, multiplied by a phi factor of 0.9, ancecked to verify the combined value is
greater than or equal to the shear force. If tisest@ance is less than the shear force, the
spacing of the lateral reinforcing can be decreasetireinforcing size can be increased

or the column size can be increased.
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The LRFD Specification has its own criteria for cipg outside the hinge zone.
For the minimum transverse reinforcing, a requiretmi®r the minimum transverse
reinforcing is given in Article 5.8.2.5-1. The tsmerse reinforcing was then checked
against the minimum reinforcing value and verifibdt it was greater than or equal to the
minimum value. The maximum transverse reinforcihgak in Article 5.8.2.7 has a few
more steps than the minimum requirements. A sh&asss on the concrete is first
calculated, and the next step in the process isrdmt on the shear stress. A program
created in Mathcad to aid in this process can e && Appendix A on page 136. The
maximum spacing, dependent on the shear stressthisr 24 in. or 12 in. After the
maximum spacing is determined, it was checked tdywie supplies the strength needed

in the design.

3.4 Design Process for the LRFD Specification
3.4.1 Major Differences from the Guide Specificatio

The initial steps in the seismic design of bridgeshe LRFD Specification are
similar to the Guide Specification; however, thare a few differences. As stated earlier,
the primary difference is that the LRFD Specifioatiis a forced based design and the
Guide Specification is a displacement based desigme LRFD Specification also
supplies a flow chart for seismic design. Inste&dpecifically stating the preliminary
steps needed for the design, the flow chart inrdesigners to do preliminary planning
and design. It does not specify that an earthquedisting system has to be identified or
that liquefaction has to be checked. When selec¢tiegSeismic Performance Zone, there

is a slight difference in the upper limits for thesecond period spectral acceleration
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range. The upper limits in the LRFD Specificatior &ss than or equal to and not just
less than like in the Guide Specification. Anothdifference is that the LRFD
Specification can be used for the design of angstii@ation of bridge. The differences

after the initial design will be discussed latethis chapter.

3.4.2 Initial Steps for Design

Many of the initial steps for the LRFD Specificati@re similar to the Guide
Specification. A new design worksheet was createdMathcad for the LRFD
Specification. The sheet is used in the same maaséor the Guide Specification. The
first step was to input all the information abdue tridge that was previously described.
A response spectrum is generated in the same wadefase. Instead of being called
seismic design categories, the LRFD Specificatiefers to the design categories as
Seismic Performance Zones (SPZ). Also, insteadsofguletters, the SPZs are numbers,
beginning with 1 and ending with 4. Therefore, SPZ equivalent to SDC B.

After the seismic performance zone is determinéé, tesponse modification
factors, R, for the structure were chosen. The LR$ecification recognizes it is
uneconomical to design a bridge to resist largehgaakes elastically; therefore, columns
are assumed to deform inelastically where seisricet exceed their design strength,
which is established by dividing the elasticallymquuted force effects by the appropriate
R-factor. The R-factor for connections is smallart those for substructure members in
order preserve the integrity of the bridge is catiogas under extreme loads. Table 3.1

displays the R-factors that were used in the desfgime structures for this project. As
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can be seen from the chart, the R-factor for the&mbnt to superstructure connection
actually amplifies the design force.

Table 3.1: Response Modification Factors for LRFD Speciiimas

Response Modification Factors
Multiple Column Bents 5.0
Connections: Superstructure to Abutment 0.8
Columns to Bent Cap 1.0
Column to Foundation 1.0

The uniform load method and the single-mode spleatralysis were also used in
the analysis of the bridges. Since these methods peeviously been described in the
Guide Specification, they will not be discussedlatail here. After the analysis has been
completed on the structure, two load combinatiomsewcreated from the equivalent
seismic loads that were determined during analyi$is. load combinations are made up
of the loads from both the transverse and longmaiddirection. The load combinations
are shown in Equations 3.5 and 3.6. The maximurd m@mbination was used in the
design of the structures. The Mathcad worksheetsgtap in a way that the elastic loads
from SAP can be brought into the worksheet withemy modification. An R equivalent
value was created by dividing the largest load doatibn by the R-factor. The R
equivalent value represents the greatest load cwtibn from the equivalent seismic
loads divided by the response modification facidre R-equivalent value was created to
avoid having to re-input the loads into SAP. Latiwe shear forces from SAP were
multiplied by the R-equivalent value in order tovbahe correct loading. This can be
better explained by referring to the worksheet péndix B. The shear force for the

drilled shafts was taken as twice as much as thems which the drilled shafts were
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supporting. This can be done because the drilledt $t-factor is half as much as the

columns. These loads were used in design.

Load Case 1 :\/ (LOX Perran)® + (03X Pyiong)’ Equation 3.9

Load Case 2 3/ (LOX Pong)* + (03X Pyrran)’ Equation 3.10

3.4.3 Column Design

One of the first steps in the seismic design ofdtmacture was to calculate the
minimum support length. The minimum support lengths calculated in the same
manner as in the Guide Specification. The spantermplumn height and angle of skew
are still the controlling factors in the calculatifor the minimum support length.

After the minimum support length was calculateds thinimum and maximum
amount longitudinal reinforcing was checked. Theaaof the longitudinal reinforcing
was calculated. Programs were set up in the wostste check the minimum and
maximum longitudinal reinforcing requirements. Aaiiog to Article 5.10.11.3, the
minimum longitudinal reinforcing is 0.01 times tigeoss area of the column, and the
maximum longitudinal reinforcing is 0.06 times thess area of the column. Also, the
flexural resistance of the column needs be checke@. can be done by using any kind
of column design program that creates a columrrant®n diagram. For this project,
PCA Column was used to develop column interactisagrdms. All critical load
combinations were checked to ensure they fell withe interaction diagram.

The next step in the design process was to deBgtransverse reinforcing in the
end regions. The initial input for the program udgs the shear and axial load for the
column, column diameter, phi factor for shear, spgof the transverse reinforcing, area
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and diameter of the transverse reinforcing, coecrebver, hoop diameter and
longitudinal bars diameter. For a nonprestressetiose the LRFD Specification allows
B and6 to be 2.0 and 45 degrees, respectivplys the factor indicating the ability of
diagonally cracked concrete to transmit tension ahdar, andd is the angle of
inclination of diagonal compressive stresses (AASHID07). These factors were used to
calculate the shear capacity of the concrébe effective shear depth of the column was
calculated. A program was created in Mathcad tcerdehe the allowable shear
resistance of the concrete. The checks the prognakes can be seen in Appendix B on
page 188. The shear capacity of the concrete isrdlgmt on €, B, column diameter,
effective shear depth, gross area of the columntlamaninimum axial compressive load,
which is the reason the minimum axial load was dated in the beginning of the
worksheet. After the concrete shear capacity icutaied, the shear reinforcement
capacity was calculated. The shear reinforcemepaaty is based on the area of
reinforcing, reinforcing yield stress, shear degthand the spacing of the transverse
reinforcing. The equations for the concrete andfoecing shear capacity are shown in
Equations 3.11 and 3.12, respectively. Equatiors3,33.14, and 3.15 show the
calculation for the ¢ variable. The shear reinforcement capacity andcred@ shear
capacity were summed together, multiplied by thefabttor for shear, and checked to
verify the capacity is greater than the demand.

V, =0.0316x Bx f' xb, xd, Equation 3.11

v - 2x A, x [T, xd, xcot(@)

s Equation 3.12
S

d, =09*d, Equation 3.13
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d :&+& Equation 3.14
2 N

e

p

D, =h, —Cover- D, —d—z‘" Equation 3.15

The length of the plastic hinge region was thewuwated. Once again, a program
was created in the Mathcad worksheet to calcuksedangth of the plastic hinge region.
The plastic hinge region is dependent on the coldrameter and the height. According
to Article 5.10.11.4.1c, the largest of the follogioptions determines the plastic hinge
region: the column diameter, 1/6 times the coluraiglit in inches, or 18 in. According
to the LRFD Specification, the spacing in the ptakinge region is the smallest of either
Y, the column diameter or 4 in. The shear strengithereinforcing and concrete were
again checked against the shear force to verify Were still greater than or equal to the
load. Also as described in the Guide Specificatian, extension of the transverse
reinforcing into the bent cap beam and drilled sisafequired. The requirements for this
extension are the same as before.

For the transverse reinforcing within the plasticge region, the hoops must be
detailed to be seismic hoops. The requirementsciwlare described in the Guide
Specification, to be a seismic hoop are the sanie the LRFD Specification. However,
there are a few additional requirements in thetjgldsnge region. There is a minimum
required volumetric ratio of the seismic hoop remfng. The volumetric ratio must be
greater than or equal to 0.12 times the comprestress of the concrete divided by the
yield stress of the reinforcing bars. Equation 3shéws the formula for the volumetric
ratio, and Equation 3.17 is the equation the volumeatio is compared against. If this

requirement is failed, then the spacing of therddtesinforcing can be decreased, the area
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of the lateral reinforcing can be increased, or thameter of the column can be

decreased.
4%
o, = ki qiEation 3.16
sxD’
f' .
z=012x . £ Equation 3.17

y

The LRFD Specification does not allow lap splicesangitudinal reinforcement
in the plastic hinge region. In the design and troicion process, it is often desirable to
lap longitudinal reinforcement with dowels at thelunn base; however, this is
undesirable for seismic performance. The spliceiscm a potential plastic hinge region
where requirements for bond is critical, and lagptine main reinforcement will tend to
concentrate plastic deformation close to the baskeraduce the effective plastic hinge
length as a result of stiffening over the spliaegid.
3.4.4 Requirements outside the Plastic Hinge Zone

The requirements outside the plastic hinge zondheresame as described in the
Guide Specification; therefore, please refer b&ek@uide Specification process for this

information.

3.5 Connection Design
3.5.1 Connection between Substructure and Supetsteu

For the connection between the substructure andrsupcture, the same design
process was used for the LRFD Specification andd&uspecification. The Guide
Specification does not address the connection efdinders to the bent cap beam or

abutment. The LRFD Specification and AISC Steel SEaurction Manual were used as
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the standards for design. ALDOT has standard cigleadetails that have been used for
this connection. Their current connection uses éxbk1/2x12 connected to the bent cap
beam with an anchor bolt, either 1.25 in. or 1.5imndiameter, and two precast screw
inserts in the girder. Figure 3.3 shows the curertnection used by ALDOT. After

designing a few of the bridges, it became evidkatdurrent connection would have to
change. The same angle size of 6x6 was still Kaydtthe length and thickness of the
angle had to increased, along with the number ohanbolts in certain situations. Also,

instead of using the precast screw inserts, it desded to use a through bolt in the
girder. This will provide much more strength thame tprecast inserts. The new

connection is displayed in Figure 3.4.
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Figure 3.2: Standard Specification Connection used by ALD®@aken from
ALDOT Standard Details Standard Drawing 1-131 Sheet 8)
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Figure 3.3: Modified Substructure to Superstructure Connectio

Several pieces of information must be input inlieginning of the worksheet for
the connection. The entire shear force for the seavenly distributed among the girders
and their connections. The Mathcad sheet has thistaace factors from the LRFD
Specification that are relevant to the connectiesigh. An ASTM A307 Grade C bolt
was used. The ultimate tensile stress,fér this bolt is 58 ksi. The angle propertiesttha
were input are yield stress, ultimate stress, tiesk, height, width and length, and the
height above the bevel, which is the k-value inAl®C Steel Manual. The distance from
the vertical leg to the center of the hole of theotigh bolt was used in calculating the
bolt tension. The hole diameter is 0.25 in. lar@n the bolt diameter. This is staying
consistent with ALDOT’s previous details. The blatkear length and block shear width
for the angle was calculated. The distances fraenctnter of the bolt to the edge of the

angle and to the toe of the fillet were determined.
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After the initial information is input into the wksheet, the design of the
connection can begin. The calculations for the eatian can be seen in Appendix A
beginning on page 151. The shear force for theeaisgtalculated by dividing the entire
shear force for the bent or abutment by the nurobeonnections. Each girder has two
clip angles. The shear force for the angle was aselthe shear force for the bolt if there
is only one bolt. If there is more than one bdig shear force for the angle needs to be
divided by the number of bolts. To simplify the @gsprocess, it was assumed that the
anchor bolts and through bolts have the same danagid are the same material. The
first design check was the shear resistance ofbtie The bolt shear resistance was
calculated and compared to the applied shear ftirtkee shear resistance was too low,
the diameter could be increased, the grade canhbaged, or the number can be
increased.

The next check was the bearing resistance of hotted and standard holes. The
bearing strength for standard holes is dependertherbolt diameter, angle thickness,
and ultimate stress. The bearing strength foredottoles is dependent on the ultimate
stress of the angle, angle thickness, and cletardis between the bolt hole and the end
of the member. These bearing strengths were ches@idist the bolt shear and verified
that the bearing strength was greater than the gleedolt.

The tensile strength of the bolt was then calcdlaiée shear force that the angle
encounters was converted into a tensile forcealt assumed the shear force enters at the
mid-height of the angle, and the tension forcehaf anchor bolt is located 4 in. away
from where the moment is being summed. After thenerats were summed, the tension

force was determined. The tension resistance obdfieis dependent on the area and the
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ultimate strength of the bolt. The tension was ttleecked to verify it was greater than or
equal to the shear force per bolt.

The final check for the bolt is the combined tensamd shear check. A program
was created in the Mathcad worksheet to calcullage dombined tension and shear
resistance and be seen in Appendix A on page 1t cdmbined resistance is dependent
on the shear resistance, the area, and tensiowmigapghe combined tension and shear
resistance was checked against the shear forcéogieto ensure the resistance was
greater than or equal to the shear force. If theneotion fails, then increase the area of
the bolt, change the grade of bolt, or increasenthmeber of bolts.

All of the strength checks for the angle come duhe AISC Steel Manual. The
first check made for the angle strength was thelbthear check. The block shear length
and width were calculated by hand and input ineoglogram in the initial steps. Since
the tensile stress is uniform, according the AlIS@nkkl the shear lag factor for this
situation is 1.0 (AISC 2005). The block shear eimuat in the worksheet need to be
changed as the number of bolt holes within theeanghnges. A program was created to
verify that the block shear resistance was grehtar or equal to the shear per angle.

Next, the member was checked to ensure it hadcgiiti tensile strength.
According to the AISC Manual, the shear lag fadtorsingle angles with 2 or 3 fasteners
per line in the direction of the loading is 0.6eftkfore, it is conservative to use this factor
even if there is one bolt. The net tensile andotiffe areas were calculated. The effective
area was used to calculate the tensile resistahtleeocangle. It was verified that the

tensile resistance was greater than or equal tehtear force per angle.
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The angle was also checked for bending strengtBAR model was created of
the angle, and a shear force was applied at thteldmation in the top leg. The critical
section for bending in the angle is a found justvabthe bevel. The k distance in the
AISC Manual is the distance above the bevel (AI®05). The moment was determined
at that point, and then compared to the momensteesie of the angle. The moment
resistance was calculated by determining the plastction modulus for the angle and
multiplying it by the vyield stress of the angle atn@ flexural phi factor. The bending
strength is dependent on the length and thickneteangle.

The last design check made for the connection Wwasshear resistance of the
angle. The shear resistance calculation is dep¢rmaethe yield stress of the angle and
area of the angle. The calculated shear resistaasecompared to the shear force per

angle and verified it is greater than or equah®dpplied shear.

3.5.2 Connection of Drilled Shaft

The drilled shaft is designed in the same way secéion outside the plastic hinge
zone. The drilled shaft is a capacity protected tmeEnmwhich means that it must remain
elastic. In the Guide Specification design, thellatti shaft is designed for the
overstrength moment capacity or the elastic forcéhe column, whichever method is
chosen by the designer. According to the LRFD Spation, seismic forces for
foundations, other than pile bents and retainintiswshall be determined by dividing the
elastic seismic forces by half the R-factor. Therefthe drilled shafts of the structures in
this project were divided by R/2. Also as addressadier, there must be an extension of

the plastic hinge reinforcing a certain distande the drilled shaft.
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3.6 Conclusion

A description of the design processes used forddgmgn of the three bridges
chosen for this study is provided in this chapfes.can be seen, the design process for
the bridges in Alabama in SDC B is a more in dgpibcess than the previous design
process in the Standard Specification. However, Woeksheets developed for these

design processes help in the seismic design diridges.
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Chapter 4 Bridge Design

4.1 Introduction

The three bridges chosen for this study are desgrib this chapter. Following
the description, the design according to the G&gecification and LRFD Specification
are detailed. The transverse reinforcing and tiperstructure to substructure connection
saw the most changes. The design worksheets fdirithges can be seen in the Appendix
A, B, D, E, G, and H.
4.2 Oseligee Creek Bridge
4.2.1 Description of the Bridge

Oseligee Creek Bridge consists of three 80 ft, #ngpans. The concrete bridge
is 240-ft long and 32-ft 9-in. wide. The substruetlnas a 7-in. thick concrete deck
supported by four AASHTO Type Il girders that arqually spaced at 8-ft 4-in. on
center. Eight inch thick web walls are locatedhegt abutments, bents, and at mid-span.
The bridge has two bents which are made of a 45tfixx 30 ft cap beam, two 42-in.
diameter circular concrete columns, and two 4diameter circular drilled shafts. The
abutments, which are 3 ft x 3.5 ft x 35 ft, aremuped by two 42-in. diameter circular
drilled shafts. The columns and drilled shafts héve. of cover. The columns have an
average above ground height of 9 ft. Currently,dbleimn and drilled shaft longitudinal
reinforcing is (12) - #11 bars, and the transveeseforcing is #5 hoops at 12 in. o.c. It
was assumed that 4,000 psi concrete and 60,00@ip$orcing was used in the design

and construction. A 3-D model of the bridge iswhaon Figure 4.1.
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Figure4.1: 3-D SAP Model of Oseligee Creek Bridge

4.2.2 Results from Guide Specification Design

One of the first steps required to design thisdwigvas to create a bridge model
in SAP. From the plans, a model was created. Batluhiform load method and single-
mode spectral analysis were done on this bridge.fuith results from those analysis and
design can be seen in Appendix A beginning on ddde The uniform load was applied
to the bridge model as described earlier. The mawindeflections in the longitudinal
and transverse directions from the unit uniformdlosere 1.671 in. and 3.228 in.,
respectively. The design maximum deflections in {bagitudinal and transverse
directions were 0.643 in. and 1.009 in., respebtivEhe maximum deflections from the
single-mode spectral method were somewhat lowethénlongitudinal direction and
slightly lower in the transverse direction. The S#Bdel produced a period of 0.394 sec

in the transverse direction and 0.441 sec in tmgitadinal direction. The response
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spectrum of the bridge in Figure 4.2 shows thatpd@ods fall on the horizontal section.

As can be seen by these deflections, this is asté@fybridge.
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Figure 4.2: Response Spectrum of Oseligee Creek Bridge

The displacement capacity of the columns had teebiéied. When the simplified
equations were checked for the above ground heggroximately 9 ft, the columns
failed the capacity equations. After discussing thith ALDOT, it was decided to allow
hinging to occur below ground. The point of fixiyas assumed at the rock line. After
allowing below ground hinging, Bent 3 satisfied gmplified equations; however, Bent
2 still did not satisfy the equations because efdlameter-to-length ratio was too large.
It was determined that in order to satisfy the ¢igna with a 42 in. diameter column the
clear column height would have to be 20 ft. The tBerlear column height was 18 ft,
and Bent 3 column height was nearly 26 ft. Accogdin the Guide Specification, a
pushover analysis can be done to verify the digplent capacity of the bridge. The
bridge satisfied the pushover analysis, and theselts can be seen in Table 4.1. Figure

4.3 shows a pushover curve diagram of one of thd kases created in SAP. From the
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location of the displacement demand on the curvesan be seen that the demand
displacement is still in the curves elastic portidifter the displacement analysis was
completed the minimum support length was calculalbée minimum support lengths for

the bents and abutments were all approximately ih7.5

Table 4.1: Pushover Analysis Results

Load Case Demand (in.) Capacity (in.) Check
Bent 2 Transverse Direction 0.96 2.75 OK
Bent 2 Longitudinal Direction 1.24 2.12 OK
Bent 3 Transverse Direction 1.06 3.61 OK
Bent 3 Longitudinal Direction 1.14 4.63 OK
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Figure 4.3: Oseligee Creek Bridge Pushover Curve for Loacc@ent 2
Transverse Direction

For this particular bridge, it was decided that twverstrength moment capacity

would be used in the design. The overstrength dgpatay be a little conservative;
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however, it was important to complete a design whth approach because this method is
preferred by the Guide Specification. Interactiolagdams were generated for the
columns and drilled shafts to verify their capaciihe interaction diagrams can be seen
in Appendix C starting on page 224. All longitudimainforcing for the columns and
drilled shafts proved to be sufficient.

After calculating the seismic forces, the plasiitge length was calculated. Both
Bent 2 and Bent 3 were controlled by 1.5 times ¢bkumn diameter or 63 in. The
transverse reinforcing in the plastic hinge reg®#5 hoops at 6 in. o0.c. and was detailed
as seismic hoops. The hoop spacing was controfethé® maximum allowed by the
Guide Specification. The minimum transverse reicdonent requirement was satisfied.
The maximum and minimum longitudinal reinforcemegquirements were satisfied by
the reinforcing of (12)-#11 bars. The extensionhaf transverse reinforcing into the cap
beam and the drilled shaft was 21 in. which wagdrotiad by half the column diameter.

The region outside the plastic hinge was designecbrding to the LRFD
Specification because the Guide Specification camésddress this region. In the current
design, the hoop spacing was set at 12 in. on centat was used as the maximum
spacing outside the plastic hinge zone. For botht BReand 3, #5 hoops at 12 in. on
center. were sufficient to provide the requiredersgth. This confinement steel
configuration was sufficient in satisfying the nmmim and maximum requirements.

The connection between the superstructure andrsichste was also affected by
the new design forces. The angles used in the mlesg) ASTM A36 steel, and the bolts
are ASTM A307 Grade C. The standard holes were .“anmger than the anchor or

through bolt diameter, and the slotted hole waswider than the anchor bolt diameter
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and six inches long. The length of the slotted haés maintained at six inches. If the
connection required expansion, it was redesignegragxpansion connection. Both
abutments allowed for expansion. The clip angléhatabutments was an L6x6x3/4x12
with one 1.25-in. diameter anchor bolt and throbgh. The detail for this connection is
displayed in Figure 4.4. For Bent 2, the side sgader connection was designed for
expansion. The other set of girders for Bent 2 alhdhe girders supported by Bent 3
have fixed connections. For the fixed connection, L&x6x7/8x16 was used. The
expansion connection used a 20-in. long angle. dhgle was connected to the
substructure with two 1.25-in. diameter anchor $akhd through bolts. These details are
shown in Figure 4.5. The length of the angle wastrotled by the spacing of the bolt
holes, and the thickness of the angle was contrddiethe angle’s bending strength. The
combined tension and shear check was what drovedhd for two through bolts and

anchor bolts.
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Figure 4.4: Oseligee Creek Bridge Abutment Connection (Expar)sio
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4.3.2 Results from LRFD Specification Design
The same bridge model that was created for the é58jkcification was used.

The same analysis procedures were used for bottifispgons. Therefore, the unit

deflections were the same. All the analysis andydesan be seen in Appendix B starting
on page 167. The equivalent seismic loads for lbéhtransverse and longitudinal
direction were 0.255 kips per inch. Since the LREPecification does not have an
amplification factor for structures with short pets, the maximum deflections in the
transverse and longitudinal direction were 0.823md 0.426 in., respectively. Since the
equivalent seismic loads were the same, the loatbiration, as described in Equations

3.9 and 3.10, for both cases was 0.266 kip per.inch
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The next step in the design process was to ingushiear forces and axial forces
from the SAP model into the worksheet, and thernvednthose loads into the design
loads. After the loads were calculated, the minimawpport lengths were calculated, and
they were the same as for the Guide Specificatidme minimum and maximum
longitudinal reinforcing check in the columns westidfied with (12)-#11 bars. The
interaction diagrams used in the Guide Specificatizcere also used in the LRFD
Specification design. All of the controlling loadrobinations fell within the interaction
diagrams. The columns in both Bents 2 and 3 hack ti@n adequate shear strength for
the design. The length of the plastic hinge zone wantrolled by the column diameter
for Bent 2, which is 42 in, and controlled by 1ketcolumn height for Bent 3. The
spacing within the plastic hinge was controlledoyy maximum spacing set by the LRFD
Specification or 4 in. The plastic hinge reinfoggiwas #5 hoops at 4 in. on center. The
transverse reinforcement volumetric ratio was Batisby this spacing. The column
extension in the drilled shaft and bent cap beams 2ain., which was controlled by half
the diameter of the column.

The region outside the plastic hinge was desigmetheé same manner as the
Guide Specification, but different loads were usedhe LRFD Specification design.
Outside the plastic hinge the transverse reinfgreias #5 hoops at 12 in. on center. This
is the same spacing as in the Guide Specificatimrefore, all the requirements for this
region were met.

The connection between the girders and abutmertampbeams underwent some
changes in the redesign. The expansion connectiorth@ abutments was an

L6x6x3/4x12. The thickness of the angle was gowkrog the angle bending strength.
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The connections at the bents were L6x6x1/2x12. ddrnections at the abutments and

bents required one 1.5-in. diameter anchor boltthnough bolt. The connection details

for the abutment and bents are displayed in Figlu@and 4.7.
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Figure 4.6: Oseligee Creek Bridge Abutment Connection (Expar)sio
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4.2.3 Comparison of Standard, Guide, and LRFD $ipations

After all the design calculations were completdtire were a few differences
between the codes. There was increase in the anudumbops in the columns. This
increase came from having a plastic hinge zone. chiage in hoops can be seen in
Tables 4.2 and 4.3. Figures 4.8, 4.9, 4.10 and ghbiv the changes in column design.
The figures compare the Standard Specification whi Guide Specification and the
LRFD Specification. As can be seen from the tablg fagures, the LRFD Specification
increased the amount of hoops the most. Even ththeglength of the plastic hinge zone
is longer for the Guide Specification the largea@pg requires fewer hoops than the

LRFD Specification.

Table 4.2: Oseligee Creek Bridge Bent 2 Design Changes

Standard LRFD
Category Specification Guide Specification Specification
Stirrup Size #5 #5 #5
Stirrup Spacing Outsidg
Plastic Hinging Region 12 in. o.c. 12 in. o.c. h2a.c.
Stirrup Spacing Inside
Plastic Hinging Region 12in. o.c. 6in. o.c. 4arc.
Length of Plastic Hinge
Region 0 63 in. 42 in.
Number of Stirrups per
Column 34 51 60
% Increase in Stirrups 0 50% 77%
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Table 4.3: Oseligee Creek Bridge Bent 3 Design Changes

Standard LRFD
Category Specification Guide Specification Specification
Stirrup Size #5 #5 #5
Stirrup Spacing Outside
Plastic Hinging Region 12 in. o.c. 12 in. o.c. h2a.c.
Stirrup Spacing Inside
Plastic Hinging Region 12 in. o.c. 6in. o.c. 40rc.
Length of Plastic Hinge
Region 0 63 in. 52 in.
Number of Stirrups per
Column 34 51 62
% Increase in Stirrups 0 50% 82%
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The connection between the substructure and supeltste experienced some
expected changes. Table 4.4 is the best way toheedifferences in the design. If two
numbers are in one cell, then the smaller numbédorighe fixed connection and the
larger number is for the expansion connection.eb$tof having the threaded inserts, a
through bolt was used in the design. For the G@pecification design, the number of
anchor bolts was increased at Bents 2 and 3. Taed&td Specification and LRFD
Specification had the same connections at Bentsd23a The thickness of the angle had
to be increased at the connection between the @&misnand the superstructure for both
the LRFD Specification and Guide Specification. Flaene size anchor bolt was used for
all three specifications.

Table 4.4: Oseligee Creek Bridge Connection Design Changes

Standard Guide LRFD
Category Specification Specification Specification
BENT 2 & 3
Angle Thickness (in.) 0.5 0.875 0.5
Angle Length (in.) 12 16 or 20 12
Bolt Diameter (in.) 1.25 1.25 1.25
Number of bolts/angle 1 2 1
ABUTMENT
Angle Thickness (in.) 0.5 0.75 0.75
Angle Length (in.) 12 12 12
Bolt Diameter (in.) 1.25 1.25 15
Number of bolts/angle 1 1 1

4.3 Little Bear Creek Bridge
4.3.1 Description of the Bridge

Little Bear Creek Bridge is a three span concreéstpessed I-girder bridge with
85-ft long side spans and a 130-ft middle span.tote length and width of the bridge is
300 ft and 42 ft 9 in., respectively. The shortrspaperstructure consists of a 7-in. thick

concrete deck supported by six AASHTO Type Il ginsl spaced equally. The short
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spans have 8 in. thick web walls located at therabnts, bents and mid-span. The long
span superstructure consists of a 7-in. thick ecgtealeck supported by six BT-72 girders
equally spaced. The long span has 8-in. thick waltsvat the bents and quarter points of
the span. There are two bents which consist ofpabeam and two 54-in. diameter
circular columns which are supported by 60-in. dégan circular drilled shafts. The bent
cap beam allows for the change in size for theegg@nd has a total depth of 9 ft 4 in.,
width of 5 ft and length of 40 ft. Currently, thelemns and drilled shafts longitudinal

reinforcing is (24)-#11 bars. The transverse mihg in the columns and drilled shafts
are #5 hoops at 12 in. on center and #6 hoops an.1@n center, respectively. The

columns have 3 in. of cover, and the drilled shhtise 6 in. of cover. Bent 2 has an
above ground height of 12 ft, and Bent 3 has arvalgyound height of 16 ft 8 in.

Abutment 1, which is 3 ft x 3.5 ft x 45 ft, is supped by three 42-in. diameter circular
drilled shafts. Abutment 2 has the same dimenssoAbaitment 1, but it is supported by a

spread footing. In Figure 4.12, a 3-D model oflhege is displayed.

Figure4.12: 3-D SAP Model of Little Bear Creek Bridge
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4.3.2 Results from Guide Specification Design

In order for the analysis of the structure to begirmodel was created in SAP
2000 Bridge Modeler. Since one abutment of thederid supported by a spread footing
and not drilled shafts, the abutment’s contributionthe earthquake resisting system was
neglected; therefore, it was only restrained inwbeical direction and allowed to freely
move in the longitudinal and transverse directidiben the uniform load was applied to
the structure, the maximum deflection was founthatabutment with no drilled shafts.
For all the calculations for this bridge refer tppendix D beginning on page 236. The
maximum deflections in the transverse and longitaddirections from the unit uniform
load were 5.263 in. and 0.647 in., respectivelyteABpplying the equivalent seismic
load, the maximum deflections from the uniform loagdethod were 0.448 in.
longitudinally and 1.486 in. transversely. The S#ABdel produced a period of 0.546 sec
transversely and 0.441 sec in the longitudinalatioa. The response spectrum of the
bridge in Figure 4.13 shows both periods on thézbatal portion of the graph, with the

transverse period close to the edge of the hor quatrtion.
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Figure 4.13: Response Spectrum for Little Bear Creek Bridge
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The next step was to check the displacement demwachdapacity of the columns.
The deflections of the bents were taken from theP S#odel and used for the
displacement demand. Since the columns for botth@fbents are short and stiff, the
bents failed the requirements of the simplified amns; therefore, a pushover analysis
was done on the bridge with the SAP. The resutimfthe analysis can be viewed in
Table 4.5, and a sample of a pushover curve islajieg in Figure 4.14. Since the
demand displacement is at the point of transitromfelastic to plastic, it is practical to
design for the elastic forces. The minimum supfgrgth ranged from 16.3 in. to 18 in.

Table 4.5: Pushover Analysis Results

Load Case Demand (in) Capacity (in) Check
Bent 2 Transverse Direction 0.69 2.80 OK
Bent 2 Longitudinal Direction 0.35 1.52 OK
Bent 3 Transverse Direction 3.30 13.21 OK
Bent 3 Longitudinal Direction 0.50 2.51 OK
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Figure 4.14: Little Bear Creek Bridge Pushover Curve for Lé2ake Bent 3
Transverse Direction
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After the displacement demand was satisfied, the step in the process was to
design the column for shear strength. Interactiagrams were created for the columns
and drilled shafts of each bent and can be viewetppendix F starting on page 354. For
the columns in Bent 3 the longitudinal reinforcimad to be increased from (24)-#11 bars
to (28)-#11 bars. This increase was because ofiphi& force from the seismic load.
Because the dead load was so small and the coluonment was still high; the loading
fell outside the interaction diagram. The drilldthf for Bent 3 had the same problem,
and the longitudinal reinforcing had to be increbse (32)-#11 bars. The longitudinal
reinforcing in the abutment drilled shafts, theurohs of Bent 2, and drilled shafts of
Bent 2 satisfied the flexural demands. After detemng the moment capacity of the
columns, it was determined that it was not prattmaesign for the column capacity, but
to design the bridge for the elastic forces frohmear elastic seismic analysis. The linear
elastic forces were determined from the momentsduechr diagrams provided by the SAP
model. The shear force from the SAP model is feruhit loading; therefore, it must be
converted into a design load by multiplying thetuoad by the equivalent seismic load.

The plastic hinge length for the both Bents 2 anda3 calculated. Both plastic
hinge regions were controlled by 1.5 times the mwiudiameter or 81 in. The programs
created in the worksheet were used to calculatshbar strength of the concrete and the
transverse reinforcing. The column sections prdeeldave adequate shear strength. The
maximum and minimum longitudinal reinforcing reganrents were satisfied by both
bents. The transverse reinforcing in the plastigéiregion for both bents were #5 hoops

at 6 in. on center. The spacing was controlledhgymhaximum established by the Guide
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Specification. The extension of lateral reinforcintp the drilled shaft and bent cap beam
is 27 in., which was controlled by % the colummaiger.

Next, the spacing of the transverse reinforcemattide the plastic hinge region
was designed. The spacing was originally 12 incemter, but it was changed to 10.5 in.
on center because the column did not meet the romimransverse reinforcing
requirements. The column shear strength in thimnegas sufficient to resist the column
shear force.

The drilled shaft design was done in the same wsayha region outside the
plastic hinge. The transverse reinforcement indiiléed shafts for the bents is #6 hoops
at 12 in. on center. The shear strength of thered@@nd hoops in the drilled shafts for
both bents was greater than the shear demand. émis B and 3, the minimum and
maximum transverse reinforcement requirements were The abutment drilled shaft
shear strength was sufficient to resist the apieehr force. The transverse reinforcing
in the abutment drilled shaft is #5 hoops at 12admr. The maximum and minimum
transverse reinforcing requirements were alsofgadis

The connection between the substructure and supexste saw the effects of the
increased shear forces. An L6x6x1x12 was usedhi®rconnection at the bents, but the
location of the bolt holes in the angle was modifi®ne 1.5-inch diameter through bolt
and anchor bolt were used in the connection abéms. The connection at the abutments
is an L6x6x1x20, which is connected to the struetwith two 1.5-in. diameter anchor
bolts and through bolts. The details for the cotinas are displayed in Figures 4.15,
4.16, and 4.17. The expansion connections areeatllutments and the side span for

Bent 2. The rest of the connections are fixed. fhheugh bolt hole in the angle is located
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4 in. from the bottom of the angle for the Typediiders and 3.5 in. from the bottom of
the angle for the BT-72 girders. The diameter eflblt was controlled by the bolt shear

strength. The thickness of the angle was contrdiiethe angle bending strength.
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Figure 4.15: Little Bear Creek Abutment Connection (Expansion)
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Figure 4.16: Little Bear Creek Bent 2 & 3 Connections for BulbelGirders
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Figure 4.17: Little Bear Creek Bent 2 & 3 Connections for TypleGirders
A) Fixed B) Expansion

4.3.2 Results from LRFD Specification Design

The bridge model created for the Guide Specificetias also used for the LRFD
Specification design. For the analysis and desigicutations, refer to Appendix E
starting on page 295. The equivalent seismic loadee 0.378 kips per inch in the
longitudinal direction and 0.282 kips per inch hettransverse direction. The design
maximum deflections in the longitudinal and transeedirection are 0.244 in. and 1.485
in., respectively. The largest factored load fdrladd combinations that include the
equivalent seismic forces were 0.387 kips per ifi¢hs load was used in forming the R-

equivalent values for this bridge. For the LRFD @fpeation, the loads in the columns
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and drilled shafts were input into the worksheeat] there they were converted into the
design loads on the structure.

After the loads had been calculated, the columngdewas adjusted from its
previous design. The minimum and maximum longitatir@inforcing was satisfied for
both bents. The increase in the longitudinal retifgy in the columns and drilled shafts
in Bent 3 were still needed in the LRFD Specifioatdesign. The length of the plastic
hinge region for Bents 2 and 3 was 54 in., whickastrolled by the column diameter.
The design of hoops in this region was #5 hoosiat on center. The maximum spacing
allowed by the specification is 4 in. on centerwkuer, the required volumetric ratio
required 3 in. on center. The extension of thefoeang in the plastic hinge region is the
same as the Guide Specification, which is 27 in.

The design process for the transverse reinforcutgide the plastic hinge region
was the same as in the Guide Specification. Eveugih the design loads were different,
the same transverse reinforcing design was a ptamfutie design calculations for the
LRFD Specification.

The connection between the substructure and supeste was a component of
the bridge that was influenced by the increaseeisnsic loads. The connection between
the bents was an L6x6x1/2x12 with one 1.25-incimai@r anchor bolt and through bolt.
The connection details are shown in Figures 4.18) 4nd 4.20. The connection at the
abutments is larger than at the bents. An L6x6x1x2%s used for the abutment
connections. Two 1.5-inch diameter anchor boltstAnough bolts were used to connect

the angle to the structure. The diameter of théeshwas controlled by the combination of
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shear and tension check. The thickness of the amagegoverned by the angle bending

strength.
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Figure 4.18: Little Bear Creek Abutment Connection for Typeirders
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Figure4.19: Little Bear Creek Bent 2 & 3 Connections for BuleelGirders
A) Fixed B) Expansion
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Figure 4.20: Little Bear Creek Bent 2 & 3 Connections for TyjpleGirders
A) Fixed B) Expansion

4.3.3 Comparison of Standard, Guide, and LRFD Sipations
When all the design calculations were done, sédéfarences between the three

specifications were apparent. There was an incr@akeops in the columns and drilled

shafts from the Standard Specification. The diffiees in the number and spacing of the
hoops for the columns and drilled shafts can ba& seelTables 4.6, 4.7, 4.8 and 4.9.

Elevation views of the bents are shown in Figurekl 44.22, 4.23 and 4.24. These
figures visually show the increase in hoops fordbeimns and drilled shafts. As can be
seen in the tables, the LRFD Specification requaegteater increase in the number of

hoops. The stirrups within the plastic hinge regiomust be detailed as seismic hoops,
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which is a change from the Standard Specificafldv@ increase of transverse reinforcing
in the drilled shafts can be attributed to the esi@n of the plastic hinge zone. Outside
the plastic hinge region, the spacing of the hdwgs to be changed to 10.5 in. for the
Guide Specification and the LRFD Specification lseathe Standard Specification
spacing of 12 in. was not meeting the minimum amofitransverse reinforcing.

Table 4.6: Little Bear Creek Bridge Column Design ChangesHent 2

Category Standard Guide LRFD
Specification Specification Specification
Stirrup Size #5 #5 #5
Stirrup Spacing
Outside Plastic 12 in. o.c. 10.5in. o.c. 10.5in. o.c.
Hinging Region
Stirrup Spacing Inside
Plastic Hinging Regior 12 in. o.c. 6 in. o.c. 3in. o.c.
Length of Plastic
Hinge Region 0 81in. 54 in.
Number of Stirrups per
Column 12 29 49
% Increase in Stirrupg 0 142% 308%

Table4.7: Little Bear Creek Bridge Column Design ChangesHent 3

Standard Guide LRFD
Category Specification Specification Specification
Stirrup Size #5 #5 #5
Stirrup Spacing
Outside Plastic
Hinging Region 12 in. o.c. 10.5in. o.c. 10.5irt.0
Stirrup Spacing Inside
Plastic Hinging Region 12 in. o.c. 6 in. o.c. 3in. o.c.
Length of Plastic
Hinge Region 0 81in. 54 in.
Number of Stirrups per
Column 17 36 56
% Increase in Stirrups 0 112% 230%
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Table 4.8: Little Bear Creek Bridge Drilled Shaft Design Chasdor Bent 2

Standard Guide LRFD
Category Specification Specification Specification
Stirrup Size #6 #6 #6
Stirrup Spacing Outside
Zone 12 in. o.c. 12 in. o.c. 12 in. o.c.
Stirrup Spacing in
Extension Zone 12 in. o.c. 6 in. o.c. 3in. o.c.
Length Extension Zone 0 27 in. 27 in.
Number of Stirrups per
Drilled Shaft 13 16 20
% Increase in Stirrups 0 23% 54%

Table 4.9: Little Bear Creek Bridge Drilled Shaft Design Chasdor Bent 3

Category Standard Guide LRFD
Specification Specification Specification
Stirrup Size #6 #6 #6
Stirrup Spacing Outside
Zone 12 in. o.c. 12 in. o.c. 12 in. o.c.
Stirrup Spacing in
Extension Zone 12 in. o.c. 6 in. o.c. 3in. o.c.
Length Extension Zone 0 27 in. 27 in.
Number of Stirrups per
Drilled Shaft 12 15 20
% Increase in Stirrups 0 25% 67%
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There were also differences with connections batwie superstructure and
substructure. The differences are listed in Tabl®.4According to the standard details
ALDOT s currently using, the AASHTO Type lll Girdeis connected with an
L6x6x1/2x12 clip angle with a 1.25-in. diameter lochbolt. The Bulb Tee Type Girder
is connected with an L6x6x1/2x12 clip angle witll.&-in. diameter anchor bolt. For
both the Guide and LRFD Specification, the sameneotion for the AASHTO Type lI
Girder and the BT-72 Type Girder can be used dtiear the location of the bolt holes in
the vertical leg of the angle. For the Guide Spesation, the angle thickness was
increased and the diameters of the anchor and ghrduolt were increased. This
connection was used for both the bents and abusmdite same connection as the
Standard Specification AASHTO Type Il Girder wased for the bents in the LRFD
Specification design; however for the abutments,ahgle thickness had to be increased,

the length was increased, and the bolt diameters inereased.
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Table 4.10: Little Bear Creek Bridge Connection Design Changes

Category Standard Standard Guide LRFD
Specification | Specification Specification Specification
(Typelll) (BT-72)
BENT 2 & 3
Angle
Thickness (in.) 0.5 0.5 1 0.5
Angle Length
(in.) 12 12 12 12
Bolt Diameter
(in.) 1.25 1.5 1.5 1.25
Number of
bolts/angle 1 1 1 1
ABUTMENT
Angle
Thickness (in.) 0.5 1 1
Angle Length
(in.) 12 20 20
Bolt Diameter
(in.) 1.25 1.5 1.5
Number of
bolts/angle 1 2 2

4.4 Scarham Creek Bridge
4.4.1 Description of the Bridge

The Scarham Creek Bridge is a four equal span etequrestressed I-girder
bridge. The span length is 130 ft, and the totalthwiof the bridge is 42 ft 9 in. The
girders for all four spans are BT-72 Girders. Thpesstructure is a 7-inch thick concrete
slab supported by six girders equally spaced atbagvidth. Eight-inch thick web walls
are located at the abutments, bents and the guaoiats of the bridge. The bridge
consists of three frame bents containing two cancudolumns supported by circular
drilled shafts and a horizontal strut. The threet®dave significantly different heights.
The above ground heights for the columns in Beate225 ft and 34 ft. For Bent 3, the

above ground column heights are 59 ft and 55 fie @bove ground heights of the
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columns for Bent 4 are 32 ft and 25 ft. The cagnbdor all three bents is 5.5 ft x 7.5 ft x
40 ft. For Bents 2 and 4, the columns are 60 inli@ameter which are supported by 66-in.
diameter drilled shafts. The columns and drilledftshfor Bents 2 and 4 are reinforced
longitudinally with (24)-#11 bars and transverseiyh #6 hoops at 12 in. on center. For
Bent 3, the column diameter is 72 in., and thdedfishaft diameter is 78 in. The columns
and drilled shafts for Bent 3 are reinforced londihally with (32)-#11 bars and
transversely with #6 hoops at 6 in. on center. @dlemns and drilled shafts have 3 in.
and 6 in. of cover, respectively. The dimensionthefstruts for Bents 2 and 4 are 3.5 ft x
6 ft x 19 ft, and the top of the strut is locat&lftlbelow the bottom of the cap beam. The
strut for Bents 2 and 4 are reinforced longitudynalith (8)-#11 bars both top and
bottom and (20)-#5 bars spaced at 6 in. on certargathe sides and reinforced
transversely with #5 hoops at 12 in. on center. dineensions of the strut for Bent 3 are
3.5 ft x 10 ft x 18 ft., and the top the strut agdted 25 ft below the bottom of the cap
beam. For Bent 3, the strut is reinforced longmadly with (8)-#11 bars both top and
bottom and (36)-#5 bars spaced at 6 in. on certargathe sides and reinforced
transversely with #5 hoops at 12 in. on centerthBdutment beams are supported by
three 42-in. diameter drilled shafts. The abutnieam dimensions are 2 ft 11 in. x 4 ft x
55 ft. The drilled shafts supporting the abutmeats reinforced in the longitudinal
direction with (16)-#11 bars and reinforced in thensverse direction with #5 hoops at

12 in. on center. Figure 4.25 shows a 3-D modé&aairham Creek Bridge.
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Figure 4.25: 3-D SAP Model of Scarham Creek Bridge

4.4.2 Results from Guide Specification

After all the initial design steps had been tak&rridge model was created in
SAP. All of the calculations and inputs for thedge design can be seen in Appendix G
beginning on page 374. A unit uniform load was ggapto the structure which produced
a maximum deflection longitudinally of 0.382 in.datransversely of 4.330 in. The
equivalent seismic loads for the longitudinal arah$verse directions are 0.502 kips per
inch and 0.359 kips per inch, respectively. Afteultiplying the unit maximum
deflections by gpo, the design maximum deflections were 0.384 inthim longitudinal
direction and 1.553 in. in the transverse directiorom the SAP model, the transverse
and longitudinal periods were 0.583 sec and 0.448 respectively. From Figure 4.26, it
is seen the longitudinal period falls within theikontal region of the response spectrum,

but the transverse period falls just outside thézbatal region.
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Figure 4.26: Response Spectrum for Scarham Creek Bridge

Since the bridge consists of frame bents, the diiegllequations for displacement
capacity do not apply to this type of bridge; tliere, it was necessary to do a pushover
analysis. The struts were allowed to hinge at tlastig hinge lengths, which were
calculated later in the design process. This reBesome of the flexibility demand of the
columns and drilled shafts. Once again, SAP wasl @ige pushover analysis, and the
pushover analysis results can be seen in Table 4Fdure 4.27 shows a one of the
pushover curves created by SAP. The pushover csimegvs that the demand is well
within the elastic range. As can be seen from alef the bridge had plenty of ductility

and satisfied the displacement demand.
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Table 4.11: Pushover Analysis Results for Scarham Creek

Load Case Demand (in.) Capacity (in.) Check
Bent 2 Transverse Direction 2.44 9.77 OK
Bent 2 Longitudinal Direction 0.55 2.20 OK
Bent 3 Transverse Direction 6.90 25.64 OK
Bent 3 Longitudinal Direction 0.87 3.57 OK
Bent 4 Transverse Direction 2.87 11.47 OK
Bent 4 Longitudinal Direction 0.62 2.64 OK
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Figure4.27: Scarham Creek Bridge Pushover Curve for Load Gase 3

Longitudinal Direction

When the analysis was complete, the columns afliddishafts of the bents were
designed. The minimum support lengths ranged frérim2to 23 in. It was decided that it
was practical to design this bridge for the oversgth moment capacity loads instead of
the linear elastic loads because the differenced®mi the two loadings was insignificant.

From the interaction diagrams, which can be viemeflppendix | starting on page 579,
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the moment capacity of the columns was calculatéten, the shear forces were
calculated from the moment capacities.

After doing the design calculations, Bents 2 anckgulted in the same design;
therefore, they will be discussed together. Thetmehinge regions were 90 in., which
was controlled by 1.5 times the column diametee $hear strength of the column was
greater than the shear demand. The original lodigih column reinforcing remained the
same. Both the minimum and maximum reinforcemeqgtiirements were satisfied. The
transverse reinforcing in the plastic hinge reg®o#6 hoops at 6 in. on center. This value
was controlled by the maximum allowed spacing. fi@mum transverse reinforcement
requirement was satisfied by this spacing. Theresxom of the hoops into the cap beam
and drilled shaft was 30 in., which was controlgdy2 of the column diameter.

The regions outside the plastic hinge zone for 8¢htand 4 were designed
according to LRFD Specification. The combined ceterand reinforcement strength
was greater than the applied shear. The transweirdercing for this region is #6 hoops
at 12 in. on center. The maximum spacing could Haaen larger for seismic design;
however, it was assumed the original spacing oinl2vas required for the strength
design. The minimum transverse reinforcement regueént was also met by this
configuration.

Bent 3 contains larger columns and drilled shatis ia taller than the other two,
so the design was different. The length of thetdsnge was controlled by 1.5 times
the column diameter or 108 in. The column’s sheguacity was greater than the shear
force. The transverse reinforcement for this colum@as #6 hoops at 6 in on center. and

was detailed as seismic hoops. The longitudinafeeting of (32)-#11 bars satisfied the
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minimum and maximum reinforcement checks. The estteninto the cap beam and
drilled shaft was 36 in., which was controlled byHé column diameter.

The region outside the plastic hinge zone was amtil the design in Bents 2 and
4. The transverse reinforcing in this region wash#6ps at 6 in. on center. The current
design had the spacing of the transverse reinfagoérset at 6 in.; therefore, this was
used as the maximum spacing because the strengtindewas not known. The hoops
satisfied the maximum and minimum spacing.

The drilled shafts were designed in the same maasdhe region outside the
plastic hinge. For Bents 2 and 4, the transversgareement was #6 hoops at 12 in. on
center. Both of these drilled shafts satisfiedrthieimum and maximum checks. For Bent
3, the confinement steel was #6 hoops at 6 in.eotec. The drilled shaft reinforcing for
Bent 3 met all the transverse reinforcement requargs.

The diameter of the drilled shaft and longitudim@inforcing in the abutment
drilled shafts were increased in order to supplgugh flexural and axial strength. The
diameter was increased from 42 in. to 54 in., dmel lbngitudinal reinforcing was
increased to (24)-#11 bars from (16)-#11 bars. Was determined from the interaction
diagrams. The transverse reinforcement for thdedrishafts is #5 hoops at 10 in. on
center. The spacing was controlled by the minimuransverse reinforcement
requirement.

The same design checks that were made for the oslumere done in the strut
design. The extension of the transverse reinforégmghe plastic hinge zone in the
columns was not done. The struts were the firshetds to hinge, and then the columns

hinged at the bottom and top. The columns remawladtic at the column to strut

82



connection. No hinging occurred at the connectioti® strut and column; therefore, this
is why the extension was not needed. Since thé dapths were so large, the entire
length was designed as a plastic hinge zone. Tdstiplhinge regions for Bents 2 and 4
and Bent 3 are 108 in. and 180 in., respectiveie plastic hinge lengths were controlled
by 1.5 times the strut depth. The transverse resirfig for Bents 2 and 3 is #5 hoops at 4
in. on center. For Bent 3, the lateral reinforcimgs #6 hoops at 3.5 in. on center. The
hoop spacing was controlled by the minimum amountransverse reinforcing. To
satisfy minimum longitudinal requirements, the sidmforcing in Bent 3 was increased
from #5 bars to #8 bars.

The increase of shear force on the structure a&ffiettte connection between the
substructure and superstructure. The same conneatiere used at Bents 2 and 4. The
expansion connections for the bridge were at thetnadnts and the left set of girders for
Bents 2 and 3, and the rest were fixed. For th@m®sipn connection at Bent 2, the angle
was an L6x6x1x20. The fixed connection at Bent @ 4rwas an L6x6x1x16. Both the
angles were connected to the structure with tweirikch diameter anchor bolts and
through bolts. The Bent 3 connection was an L6x@%2]»and it was connected with one
1.5-inch diameter anchor bolt and through bolt. #eent 1 used an L6x6x1x20 and was
connected to the superstructure and substructuretwo 1.5-inch diameter anchor bolts
and through bolts. Abutment 5 used an L6x6x3/4xi@ was connected to the structure
with one 1.25-inch anchor bolt and through bolteTdetails of the connection can be
seen in Figures 4.28, 4.29 and 4.30. The angl&krnbgs was controlled by bending

strength. The angle length for the connection wasmed by the location and sizes of
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the bolt holes. The number of anchor bolts and giznchor bolts were controlled by the

shear strength of the bolt and the combinatiore$ion and shear.
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Figure 4.29: Scarham Creek Bents 2 & 4 Connections
A) Fixed B) Expansion
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4.4.3 Results from LRFD Specification

85

Many of the initial steps taken in the Guide Sgeatfon design were also done in
the LRFD Specification design. The same bridge rheas used for this design method.
The calculations and inputs for this bridge carséen in Appendix H beginning on page
479. The design maximum deflections in the longrtaband transverse direction were
0.192 in. and 1.553 in., respectively. The sampaese modification factors that were
used for the previous two bridges were used far bhidge. The equivalent seismic loads
for the structure were the same as in the Guideciftigmion. After combining the

equivalent seismic loading, the maximum equivafente was 0.513 kip per inch. This



force was divided by the response modification dextto determine the R-equivalent
values. The linear elastic loads were brought theo design worksheet from SAP, and
then modified to be used as the design loads.

After inputting the loads into the worksheet, tesidn of the columns and drilled
shafts was done. The minimum support lengths fertidge range from 20 in. to 23 in.
Bents 2 and 4 resulted in the same design; thexefioey will be described together. The
longitudinal reinforcing for the columns was (24)3#bars. The maximum and minimum
requirements were satisfied by the reinforcemehe ihteraction diagrams were used in
the verification of the flexural strength of the lwons and drilled shafts. The
combination of the concrete shear strength andreiidorcement shear strength was
greater than the applied shear force. The plastgehregion for Bent 2 was 68 in; while,
the plastic hinge region for Bent 4 is 64 in. Thaspic hinge regions were controlled by
1/6 the column height. The transverse reinforcenmerthe plastic hinge region for the
columns #6 hoops at 4 in. on center. The spacing eamtrolled by the maximum
allowed by the LRFD Specification. The extensiorthed transverse reinforcing into the
drilled shaft and cap beam was 30 in., which wagroded by half the column diameter.
The lateral reinforcement satisfied the volumetaitto for hoop reinforcing.

The columns and drilled shafts in Bent 3 are latgan those in Bents 2 and 4.
The longitudinal reinforcement of (32)-#11 bars #ent 3 met the requirements for
maximum and minimum longitudinal reinforcing. Thrdraction diagrams were used to
verify the flexural resistance of the column andlelt shafts. The column’s shear
resistance was greater than the applied shear. foheetransverse reinforcement in the

columns is #6 hoops at 3 in. on center. The spawsiag controlled by the required
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volumetric ratio of seismic hoop reinforcing. ThHagiic hinge region for this bent is 118
in. long, and like Bents 2 and 4, the plastic hirggion was controlled by 1/6 the column
height. The extension of the transverse reinforémg the bent cap beam and drilled
shaft was 36 in., which was controlled by ¥ thergiter of the column.

The column design outside the plastic hinge regind the drilled shaft design
was the same process as described in the GuideifiGgeémn design. The LRFD
Specification resulted in the same design.

The strut design was done in a similar manner azdfumns; however since the
struts are rectangular, some of the requiremergeggd. The struts plastic hinge regions
for Bents 2 and 4 and Bent 3 are 72 in. and 120r@spectively. These regions were
controlled by the depth of the member. For Bendm@ 4, the transverse reinforcing was
#6 hoops at 3.5 in. on center. The lateral reimfigréor Bent 3 was #7 hoops at 3.5 in. on
center. The spacing was governed by the minimumir@aent. The spacing outside the
plastic hinge region for Bents 2 and 4 was #6 haid in. on center. The longitudinal
reinforcing was the same as for the Guide Spetificadesign. All the maximum and
minimum reinforcing requirements were satisfiedhe strut design.

The connection between the substructure and supettste was influenced by the
change in seismic loads. The same type of boltsaagtes that were used in the Guide
Specification were used in the LRFD Specificati@sign. An L6x6x5/8x12 was used for
the connection of all the bents with one 1.25-id@dmeter anchor bolt and through bolt.
The details for this connection are displayed iguké 4.31. The connections at the
abutments were larger than at the bents. Abutmensedd an L6x6x1x26 and was

connected to the structure with three 1.5-inch @@manchor bolts and through bolts.
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Abutment 5 was connected with an L6x6x7/8x20 and eannected to the structure with
two 1.5-inch diameter anchor bolts and throughshokigure 4.32 shows the connection
details. The combination of shear and tension otlatt the design of the anchor bolts
and through bolts for Abutment 1. The number disfor Abutment 5 was controlled

by the shear force. The angle thickness for botitraénts was controlled by bending

strength. The angle lengths were governed by theisg of the bolt holes.
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Figure 4.31: Scarham Creek Bent 2, 3 & 4 Connections
A) Fixed B) Expansion
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Figure 4.32: Scarham Creek Abutment Connections
A) Abutment 5 (Expansion) B) Abutment 1 (Expangion

4.4.4 Comparison of Standard, Guide, and LRFD S$ipations
The comparison of the three specifications allows differences within the

designs to be easily seen. An increase in hoofieicolumns and drilled shafts from the
Standard Specification was a major change in tsegds. The differences in the number
and spacing of the hoops can be seen in Tables 4.12 and 4.14. The increase in the
hoops for the struts can be seen in Tables 4.1Ad& Since the stirrup bar diameter
changed in the strut design, the percent incresagén as the percent increase of area of
transverse reinforcing. Elevation views of the bemte shown in Figures 4.33-4.41. The
drawings of the bents give a better visual of whatnew required bent design. For Bent
3, the plastic hinge region in the LRFD Specifioatidesign is longer than the plastic
hinge region in the Guide Specification. The ottveo bents plastic hinge regions are

longer in the Guide Specification design versusltRED Specification design. With the
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spacing of 3 in. within the plastic hinge regiohe tLRFD Specification increased the

hoops more than the Guide Specification.

Table4.12: Scarham Creek Bridge Bent 2 Design Changes

Category Standard Guide LRFD
Specification Specification Specification
Stirrup Size #6 #6 #6
Stirrup Spacing Outside
Plastic Hinging Region 12 in. o.c. 12 in. o.c. 12 in. o.c.
Stirrup Spacing Inside
Plastic Hinging Region 12 in. o.c. 6 in. o.c. 4in. o.c.
Length of Plastic Hinge
Region 0 90 in. 68 in.
Number of Stirrups for Both
Columns 87 133 159
Increase in Stirrups 0% 53% 83%
Table 4.13: Scarham Creek Bridge Bent 3 Design Changes
Category Standard Guide LRFD
Specification Specification Specification
Stirrup Size #6 #6 #6
Stirrup Spacing Outside
Plastic Hinging Region 6 in. o.c. 6 in. o.c. 6 in. o.c.
Stirrup Spacing Inside
Plastic Hinging Region 6 in. o.c. 6 in. o.c. 3in. o.c.
Length of Plastic Hinge
Region 0 108 in. 118 in.
Number of Stirrups for Both
Columns 290 290 397
Increase in Stirrups 0% 0% 37%
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Table 4.14: Scarham Creek Bridge Bent 4 Design Changes

Category Standard Guide LRFD
Specification Specification Specification
Stirrup Size #6 #6 #6
Stirrup Spacing Outside
Plastic Hinging Region 12 in. o.c. 12 in. o.c. 12 in. o.c.
Stirrup Spacing Inside
Plastic Hinging Region 12 in. o.c. 6 in. o.c. 4in. o.c.
Length of Plastic Hinge
Region 0 90 in. 64 in.
Number of Stirrups for
Both Columns 83 133 159
Increase in Stirrups 0% 60% 92%

Table 4.15: Scarham Bridge Strut 2 and 4 Design Changes

Category Standard Guide LRFD
Specification Specification Specification
Stirrup Size #5 #5 #6
Stirrup Spacing Outside
Plastic Hinging Region 12 in. o.c. 12 in. o.c. 12 in. o.c.
Stirrup Spacing Inside
Plastic Hinging Region 12 in. o.c. 4in. o.c. 3.5in. o.c.
Length of Plastic Hinge
Region 0 108 in. 72 in.
Number of Stirrups for Both
Columns 20 57 66
Increase Area of Stirrups 0% 185% 368%
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Table 4.16: Scarham Bridge Strut 3 Design Changes

Category Standard Guide LRFD
Specification Specification Specification
Stirrup Size #5 #6 #7
Stirrup Spacing Outside
Plastic Hinging Region 12 in. o.c. 12 in. o.c. 12 in. o.c.
Stirrup Spacing Inside
Plastic Hinging Region 12 in. o.c. 3.5in. o.c. 3.5in. o.c.
Length of Plastic Hinge
Region 0 180 in. 120 in.
Number of Stirrups for Both
Columns 19 62 62
Increase Area of Stirrups 0% 363% 532%
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The connection between the superstructure andrsighste was another area that
changes required. The changes made to the conmeu®odisplayed in Table 4.17. As
can be seen, the lengths and thicknesses of tHesawgre increased. Also, the number
of anchor bolts and through bolts was increasedoime cases. The increase in angle

thickness was due to the shear force the angleagasting. The increase in length at the
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abutments was needed for the increase in flexesstance and need to accommodate

the slotted holes for the expansion connections.

Table4.17: Scarham Creek Bridge Connection Changes

Category Standard Guide LRFD
Specification Specification Specification
BENT 2
Angle Thickness (in.) 0.5 1 0.625
Angle Length (in.) 12 16 or 20 12
Bolt Diameter (in.) 1.5 15 1.25
Number of bolts/angle 1 2 1
BENT 3
Angle Thickness (in.) 0.5 1 0.625
Angle Length (in.) 12 12 12
Bolt Diameter (in.) 15 15 1.25
Number of bolts/angle 1 1 1
BENT 4
Angle Thickness (in.) 0.5 1 0.625
Angle Length (in.) 12 16 or 20 12
Bolt Diameter (in.) 15 15 1.25
Number of bolts/angle 1 2 1
ABUTMENT 1
Angle Thickness (in.) 0.5 1 1
Angle Length (in.) 12 20 26
Bolt Diameter (in.) 15 15 15
Number of bolts/angle 1 2 3
ABUTMENT 5
Angle Thickness (in.) 0.5 0.75 0.875
Angle Length (in.) 12 12 20
Bolt Diameter (in.) 15 1.25 15
Number of bolts/angle 1 1 2

4.5 Conclusion

The design of all three bridges was detailed is thiapter. With the increase in
seismic design forces, the changes in design weae m the transverse reinforcing and

the connection between the substructure and sopettste. The design proved that there
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are some consistencies in the design of the bridgdsthere are some differences that
prohibit a standard connection being designatedlfdhe bridges.

One of the reasons for this project was to updeedesign of three bridges from
the Standard Specification Design to the AASHTO DRBridge Design Specifications.
From this project, some valuable information wadeduined about the design of
concrete bridges in SDC B. If the bridges are balegigned according to the Guide
Specification, then there are a few things thatlmamroncluded. The plastic hinge region
will be controlled by 1.5 times the column diamet&he extension of transverse
reinforcing into the cap beam and the drilled shéft be controlled by %2 the column
diameter. The spacing of the transverse reinforognvél be controlled by the maximum
spacing allowed by the Guide Specification which is. on center. The three parameters
listed were true for the three bridges that wevestigated. The hoop spacing in the strut
was controlled by the minimum transverse reinforeetratio because of large member
size. The consistency in the design process wii teesimplify design.

When bridges are being designed according to thELLSpecification, there
seemed to be more inconsistency. The transvenms®reement spacing within the plastic
hinge region was controlled by the maximum of 4 end in another case, it was
controlled by the required volumetric ratio of seis hoop reinforcing. For Little Bear
Creek Bridge, the plastic hinge region length wastolled by the column diameter, but
for the Scarham Creek Bridge, 1/6 the height themon controlled the plastic hinge
region length. For Oseligee Creek Bridge, the mlasinge length in one column was
controlled by its diameter and the other was cdleldoy 1/6 the column’s height. One

thing that can be concluded is the extension oftthesverse reinforcement into the
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drilled shaft and bent cap beam will be controlbgdy2 the column diameter. The strut’s
confinement steel spacing was controlled by theumefric ratio of transverse

reinforcing. The inconsistencies in design canuéér investigated by designing more
bridges.

In order to improve in the seismic design of brslge few changes can be made
by ALDOT. To meet the simplified deflection equaisy the flexibility in the columns
needs to increased which can be done by decre#isingolumn’s diameter to length
ratio. This would allow the simplified equationslte used and eliminate the need of a
pushover analysis. Also in order to ensure hingatgthe column and drilled shaft
connection, the drilled shafts diameter shoulddogdr than the column’s diameter which
will provide for the capacity protection neededhe drilled shaft. When designing struts
for bridges, the flexibility of the strut should lsensidered. A strut with a large area,
requires a lot of transverse and longitudinal @icihg. In order for the bridges in
Alabama to be more efficiently seismically designedidges need to be more flexible to
meet the new design codes without sacrificing dgydead and stability requirements.

One of ALDOT'’s goals was to determine if it was §ibte to design a standard,
econonical connection for all standard concretddas in Alabama. It was determined
that will not be possible for concrete bridges IDGSB. When one of the parameters
tested changes, there is enough of a change idesign that makes it hard to develop a
connection that will work in all situations. Thestign worksheet created will ease the
process of seismically designing concrete bridgeSDC B. As was seen in the three
bridges designed, there are inconsistencies ide¢bggn of the connections and transverse

reinforcing. It may be possible to have a certaivug of bridges that can be designed in

104



the same way if they have similar column heightanslengths, and material, but to have
one standard design for the whole state does moh sealistic for concrete bridges in

SDC B.
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Chapter 5 Conclusions

The case study of the three bridges was done tateptie seismic design of
bridges in the state of Alabama. The bridges chesme designed for the worst seismic
hazard in Alabama. The main objectives of this gubjwere to determine the effects of
the LRFD seismic provisions on the design and blegaand to determine if typical,
economically feasible details can be utilized fibtlee selected bridges.
5.1 Summary of Conclusions

The differences in the three specifications werenetomes significant. The
specifications have developed rapidly over the megears and are still continuously
being changed. The seismic analysis and desigrsiga#icantly increased from what
was required by the Standard Specification for Atah. The major difference between
the LRFD Specification and Guide Specification haittthe Guide Specification is a
displacement-based design and the LRFD Specifitati@a force-based design, which is
the same approach as the Standard Specificatian.déhkign procedures for the LRFD
Specification and the Guide Specification were dbed in this work. A worksheet was
created for both approaches to aid in the seises@d of concrete bridges in SDC B.

From the analysis and design of the three bridgakjable information was
discovered. From the design results, there is tommee consistency in the Guide
Specification design of the columns and drilledfsh&ith the Guide Specification, the
plastic hinge region, extension of transverse oegihg, and transverse reinforcing

spacing within the hinge zone was controlled bysame parameters. The extension of
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the transverse reinforcement was the only congistlesign change in the LRFD
Specification design. The plastic hinge region wegendent on the column’s height and
diameter. Also, the transverse reinforcement wagged by both the maximum spacing
and minimum amount of transverse reinforcementiremqents. The only consistency in
the connection design of the superstructure andtsudiure was the change of the
precast screw inserts to a through bolt. In moshefconnections, the angle size, anchor
bolt size and number of anchor bolts increased. ifbeease in size was due to the
increase in applied shear force.

ALDOT'’s goal was to evaluate if typical details @bue created for the worst
seismic scenario in Alabama. After the three casedies were completed, it proves not
to be possible. There seems to be too many vasidhbt affect the connection design
and plastic hinge region. However, bridges couldgbmiped based on certain criteria,
such as span length, column height and column dexmend perhaps a certain detail for
each grouping could be determined. This is somgttiat should be further investigated.
Until further investigation, the worksheet creagtabuld be useful to and with the design

of concrete bridges in SDC B.

5.2 Future Needs and Recommended Future Work
Different kinds of bridges should be investigated evaluate the impact of
LRFD’s seismic requirements for Alabama’s bridgése list below contains some topics
that could be further evaluated.
1. Design for concrete bridges in SDC A,

2. Design for steel bridges in SDC A and B,
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3. Seismic Design for Critical and Essential bridges,
4. The soil-structure interaction,
5. Investigate deep foundation issues (Driven pilesu®Drilled shafts), and

6. Connection Development.

The seismic design of bridges is a complex prodéss.important to investigate
the listed items in order to be fully prepared &sign all bridges for Alabama for the
seismic requirements of AASHTO LRFD. ALDOT is intigating a new way to make
the substructure to superstructure connectiontimitonnection designed for this study
is sufficient for the time being. Currently, ALDO$ making several changes in their
design process to meet the new requirements. Tdorggels in seismic design discussed in
this thesis are a step in the direction of havilgbAma bridges be design according to

LRFD requirements.
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Appendix A: Oseligee Creek Bridge Guide Specification Design

Cezigner: Faul Coulston ORIGIN := 1

Project Mame: Oseliges Cresk Bridge
Job Mumker:
Date: 117272010

Cescription of worksheet: This worksheet is a seismic bridge design workshest for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. Al

preliminary design should already be done for non-seismic loads.

Project Known Information

Location: Chambers County
Zip Code or Coordinates; 250089 W 88.2025 W

Supersiructure Type: AASTHO | girders
Substructure Type: Circular columns supported on drilled shafts
Abutment Type: Abutment beam sugported on drilled shafte

Mote: Input all of the below information.

fo= 4000 pa
fiya := BO000  psi

Poane = 0.08681 ]—°
j_'|_'|_J

in

gi= 3864 5

=3

Length of Bridge (ft) L:=240 f
Span (ft) Span = 80 f
Deck Thickness (in) tdack =7 mn
Deck Width (ft) DeckWidth := 32.75 fit
I-Girder X-Sectional Area (inE} IGirderdrea .= 5595 u:L2
Guard Rail Area (in2) GuardBailirea =310  in
Bent Volums ift?) BentVohmme := 3-4-30 = 600
Column Diameter {in) Colomndia = 42 n
Crilled Shaft Diameter (in} D&5dia == 42 m
Crrilled Shaft Abutment Diamester (in) D&abutdia = 42 in
Average Column Height (i) ColummHeight = 22 ft

1l




i

Column Arsa |:|r|E} Acolumn = %4-311- =1385= 107

=1385% 10°

Adrilledshaf = o2 ™

Crilled Shaft Area (ind)

_ DEabu:diaz-?T - 3
Drilled Shaft Abutment Area (in2) Adsabut = 3 =1353> 10

Hote: These are variables that were easier to input in
ft and then conwvert to inches.

Span = Span-12 = 940 in
L=112=288x10° in

DeckWidth := DeckWidth-12 =353 m

BentVolume = BentVoluma. 12”7 = 1.037 = 1I35 i

ColumnHeight := ColmmmHeizht 12 =284 m

Steps for Seismic Design
Articls 3.7. The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.

Article 3.2: Bridges are design for the life safety perfformance objective.
Articls 6.2. Requires a subsurface invesligation take place.

Article 6.8 and C6.8: Liguefaction Design Reguirements - A liquefaction azseszment should
be made if locse to very looze sands are present to a sufficient extent to impact
the bridge stability and A_ is greater than or equal to 0.15.

Article 3.3 The type of Earthguake Resisting System (ERS) should be considered. This
iz not a requirement as in S0OC C and D, but should ke conzidered. A Type 1
ERS has a ductile substruciure and essentially elastic superstructurs.

Type of Bridge: TYPE 1

(8]

3

3
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Article 2.4: Determing Design Response Spectrum

Mote: AASHTO Guide Specifications for LRFD Seismic Bridge Design is accompanied
with a program that has the Seismic Hazard maps. This program will calculate several
of the variakles that are needed for the analysis.

1) Article 3.4.2 1:Determine the Site Clags. Table 3.4.2.1-1
INPUT Site Class: D

2) Enter maps and find PGA, 5_ and 5. Then enter those values in their respective spot. Also,

the the Guide Specification is accompanied with a od that contains a program that will find
these values fior the designer.

PGA =0116 g

INEUT 5.=0271 g

0082 ¢

(]
—
1

3) Article 3.4.2 3 Site Coefficients. From the PGA, 5., and 54 values and site class
choose Fog,, Fy, and F o Mote: sfraight line interpolation iz permitted.

FPCT.jl = 1.57 Table 3.4.2 3-1
INPUT F_:= 138 Table 3.4.2.341
F.=1214 Table 3.4.2.3-2

Eq.34.1-1 A =Fpgs PGA=0182 ¢

[T

.-‘-'~5 : Acceleration Coefficient

Eg. 3.4.1-2 D5 = Fa'ss =043 £ Spg = Shert Peried Acceleration Cosfficient

-
fu ]

Eq.3.4.1-3 5Dl - Spy = 1-sec Period Acceleration Coefficient

1
o=
W

1
[=1
[
[
—
m
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4} Creating a Reaponse Spectrum

Mote: The DesignSpectrum Code creates a Response Spectrum for the Brndge.
At this time the period of the bridge is unknown; thersfore, the Sa value cannot

be calculated.

Tmax:=2 s D= 0001 s
[ | 5D1
DesignSpectrum| 505.5D1. A, Tmax, Dt) = | T. « —
' - ! - S5Ds
T:. — {I.J-Ts
n - Tmax
max Dt

for 1= 1. N
'l'.l — D1

2 (DS A} 44 #DrieT
i . ST kS o

Q

a2 +—SD5 f DeizT ~ADti=sT

=

F « augment(T.a)
E
BridzeSpectrum ;= DesignSpectrum|( 505, SD1 .AE.Tmax.Dﬂ
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Article 3.5 Selection of Seismic Design Category

&D1 =0221

SDCprogram{5D1) == | for c= 5D1
coe— "A"
e+ "B"
oo "C"
c— "I
Bsec
c

SDC = SDCprogram(SD1) = "B

From Takle 3.5-1 Chooge SDC

if 5D1 < 0.15

if SD1 2015 A 8D1 <03
if SD1 203 A 5D1 < 0.5
if SD1 =05
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Displacement Demand Analysis A
Figure 1.2-2 Demand Analysis Flowchart

Article 4.2 Selection of Analysis Procedurs
This is a function of the SOC and the regularity of the bridge.

Procedurs 1 = Equivalent Static Method
Article 4.3.3: Digplacement Magnification for Short-Period Structures
ng = 2 for SDC B

Edprogram| T, SD5.5D1 .uc-"| = | Tz &= ——

ug T uny
v 1.0
aé—x i.t‘E, 10

T

R i.t"ﬁﬂ_il.ll

a

Hote: This Rd valug will be calculated when the period of the struciure is known. This factor will
amplify the displacement demand.

Article 5.4: Analytical Procedurs 1 (Equivalent Static Analysiz)

Mote: There are two methods that can be used according to this procedure. The Uniform Load Method is
zuitable for regular bridges that respond principally in their fundamental mode of vibration. The Single
Mods Spectral Method may be a better method if there iz a major change in the spans, atiffness of the
pigrs, etc.

The Uniform Load Method iz simgler and less time consuming and will give accurate resulis, and this is
the reason it has been chosen in this design.

Uniform Load Method

Siep 1: Build a kridge model

Siep 22 Apply a uniform lead of Po = 1.0 Kip/in. in both the longitudinal and transverse dirsction.
Also, the uniform load can be converted into point loads and agplied as joint loads in
SAP. Calculate the static displacement for both directions. In SAP, tables of the
digplacements can be exported to EXCEL, and the MAX Funciion can be uzed fo find the

maximum displacement.
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Step 32 Caleulats the bridge lateral stiffness, K, and total weight, W.

. kip
];.{:I = 1.0 I
Vopanlone = 1671281 in
INPUT e
Vo Tyan = 3228448 in
:F'-:.'L I 1 kip
Eq. C5.4.2-1 Rlong =y — X0 B
po L kip
Ko = = 892.069 —'
Eq. C5.4.2-2 Tran VernaxTran =

INPUT: Multiplying factors

Peone | L'igacy DeckWidth + 2 BentVaolume + 4 Acolumn- ColummHeizght ... |
W vt L4 IGirderArea + 2-GuardRailArea. L I
o 1000
W=1708.336 kips
Step 4: Calculate the period, T,
W
T .7 =2 |[—— =031 =
Eqg. C5.4.2-3 mLong =
. 5 '{Luug'g
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Step 50 Caleulats equivalent static earthguake loading ..

; . . s5D1
a::|\533. 53"Tan:g-A:_J = |T. E
T, < 02T,
for ae ij_mls
i 3 Tn:l;{:-uz
ae— (DS A | ———+ A, i Tpr =T,
o
2 3D5 F Tpg ne2 Ty A Tor ne =T,
a— D1 if Tm]_-:lu=':'1 T,
TmLu:-ng = B
Fa+a
a

Sal.oug = acc|_rE-DE, sD1, Tmll}ug'A | =0.43

S W

Eq. C5.4.2-4 Pelong =~ =04 -

Step 6: Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by p.ip,.

Rd[ opg = Rdprogram( Tyyp oo $DS,SD1.ug) = 1.509

Palong . .
VimaxLong = RdL-:nug' o “Vemaxlong = 0.543 m
o

Repeat Steps 4, 5, and & for franzverse loading.

Step 4: Calculate the period, T,n.

Eq C5.42-3 ToTean = 27 |3
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Step 5o Caleulate eguivalent static earthguake loading p.

SaT,ay = 30e(SD5.SDLT

mTran’ ':"5," =043

Satyan W
. pr = T 055 ki
Eq. C5.424 elran L

Step &: Calculate the dizplacements and member forces for use in design by applying p, to
the model or by scaling the resulis by p/p,.

RﬁTl'au = Rd]:-r-:-grmi_'l'mrl.m, 5DS.5D1 "‘;li,ll =1226

. — Celmn .
“smaxTran = “*Tran YomaxTran = 1009 in

Single-Mode Spectral Method

Thiz procedure is not specifically addressed in the Guide Specifications. The Guide Spec. refers
you to the AASHTO LRFD Bridge Design Specifications.

Article 4.7.4.3.2. Single-Mode Speciral Method

Step 1: Build a bridge mode
Step 2 Apply a uniform load of Po = 1.0 in both the longitudinal and frangverse direction.
Calculate the stafic dizsplacement for both directions.

Step 3: Calculate factors o, B, and y.
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Mote: The Deflection equations come from analysizs of the SAP model. The displacement iz

taken at the joints along the length of the bridge and input into an Excel Workshest. Then a

graph is created of the displacements along the length of the bridge. A best fit line is plotted,
and that is the eguafion that is shown below.

Voppanl® = -1.10" ﬁ-f‘ + 00034 — 02545 '.'s]ﬂuglixj = —J-lE_S-x_ + 6107 T+ 13856
rL L
C4.7.4.3.20-1 OTpan = | Vagran(® d= A omg = 1‘51'3:&(}{3 dx
1'cl o I:l
L ~L
C4.7.4.32b2 | ¥, wa I L
e PTran = T Vatranl®) dx PLong = r"slnné{x" =
o+ Yo
oL oL
) — W2 e 3 — W -
C4.7.4.3.75-3 Tran ‘= T"‘Etl.'a:‘x‘l dx=673%9x 10 'T]'_mg = r"slnn_z':x-' dx
‘0 ‘0

a = Displacement along the length
B = Weight per unit length * Disglacement

y = Weight per unit length * Displacement?

Step 4: Calculate the Period of the Bridge

' VTran
- T o= [——— = 0361 5
Eq. 4.74.3 2b-4 mTranl |
a 5| Fo & ®Tran
L
. T =0 | ——= 313 s
4 7h- mLongl
Eq. 4.7.4.3.2b-4 ong |Poeorms

Step 5: Calculate the equivalent Static Earthguake Loading

Csm]_-::-u_! = a{:c{SDS SDLLT, + 1..-5;5;] =043

mlong
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Step & Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by pJfp,.

ﬁ'._.:-:g' Csm.T_-:}n_z W X
_—'T""s'.ouzl:xv'
“Long = B

Eq. C4.7.4.3.2b-5 PeLonzx) =

.
Felomglx) — 0.000009465764978561 8823161 = + —3.155254002853960772e-8.x + 0.25014861583346201

dW = —
100
1:=1.101
Felﬂ:g__ = Palong[{1 — 13-dW] El]{:-ug.l ‘= "-s.]aug[':i - 13dW7]

ﬁln:gj = Pelong -8long.

Force Along the Length

T T
B 0.+ =
£ 2
¥
[
= 0.1 .
=3
| |
3 :
0 1x10 210
Length (1n)
Deflection Along the Length
0.42 T 1
= 04 W
= 0.4 .
¥
=
0.32 L — )
0 1x10° 2107 107
Length (in)

Maximum Deflection

max{Along) = 0419 T
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MOTE: Repeat Steps 5 and & for Transverse Direction.

Step 5: Calculate the eguivalent Static Earthgquaks Loading

C o Tram = accfﬁDS .5D1 'TmTrau'. __‘—I'LEJ =043

Step 6: Calculats the displacements and member forces for use in design by applying p, to
the medel or by scaling the results by p.ip,.

B .C ] .
Eq. C4.74.3.2b-5 PeTran() i= o R W,

-TT Tan =

PeTran(x) — 0.00040401585387083704579.x + —1. 188281923 1495207347e-T-x — 0.034954902636753385636

dL = —
100

1:=1..101

P'Etra.u.[ = PeTran[(: — 13.dL] El:rau__ = Voppanlli = 12dL]

Atran = Pe.‘ra:j- -S‘tra.u.l

Force along the Length

T T

z eaf - .
__—é ",
o 0.2 / .
i} - r
] 5
=
S ot i

0 L 1 - 1 -

0 L<10” 2107

Length {in)
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Deflection along the Length

1 T T
8 0.8 o -
= - - .,
= # ., 7]
B i . o
'H u. zz \\
E 0.2 g e
|_| o v .
p—= I . I - _
0 Ll 210’ 10
Length (1n)
Mazimurm Deflection
max Atran) = 0.801 n

Article 5.6; Effective Section Properties

Mote: Uze 0.7*1g for ductile reinforced concrete members.
Refer to the charts on page 5-20 of the Guide Specification if & more precise value iz desired.

Article 5.2: Abutment Modeling
Mote: This is taken care of in the SAF model.
Article 5.3 Foundations Modeling

Note: Since in SDC B, Foundation Modeling Methods | can be used.

FRIM iz dependent on the type of foundation.

For bridges with Pile Bent/Crilled Shaft the depth of fixity can be estimated.
Since detailz regarding reinforcing are not known, reduce the stiffness of the
drilled shafts to ©N& half the uncracked section.

MNote: Special provisions need to be congidered if Liquefaction iz present. (Article 6.2)

Article 4.4: Combination of Orthogonal Seizmic Displacement Demands

¥ 42 —_ .
+ I\'ﬂ'-'""'s.max'l'rmj =0.711 i

. . | s [
LoadCazel := | [1-x smaxl ong)

-

[ 2 )
. | N i . . .
o L e - —_ vl
LoadCazel := | (1 YimaxTran) t (0.3, axlong| = 1028 n
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COLUMN DESIGN

Article 4.8: Displacement Demand/Capacity

Note: If the column height is different for each bent, a capacity check nesds to be
made at each bent.

Displacement Demand/Capacity for the Bents

=
L}

M

=1

L]

BENT 2

Mote: The displacement demand is taken as the bent displacement. This can be found by
uging the SAF Bridge model that was created.

ﬁD'.cuE = 1.34582 m
fput ADyyay = 20803

ﬁD:—{':E = RdLn:g"ﬁD'.mlg'PeLn:g =0518

m ADTran = RdTran BDpan PeTran = 163 in

Input H,=1%8 ft

5 - Columndia
Input o 12

A=2 Fixed and top and bottom

Eqg. 4.8.1-3 xi= - =0.389

Eqg. 4.58.1-1 A= 012H, (127 Infx) —0.32) =19 in

0I2E, =116 m

CheckLimit Ac) = |2 « "OK" if A 2012H,
a + "FAILURE" if A <0.12.H,

CheckLimit{ A¢ | = "FAILURE"
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CheckCapacit{ Ac . Ap) = |e « "OK" if Ac 2 Ap
¢« "FAILURE" if Ag <Ap

CheckCapacity{ Ap . App gpe) = 0K

CheckCapac 111.1"&[: B ‘ﬁDTra.u] ="0K

BENT 3
‘r}":)l-}n_z = 14373 in ‘ﬁ:)l_cug = R’i:_.:nug"ﬁ":)l-}n_z'r'ef_.:-ug =
INFUT _ . A= Rd AT B o Tyam = -
—_— ‘ﬁ:)tran = 28001 in DTran Tran “Dtran PeTran
INEUT H, = 25834 fit
INPUT B = Columndia &
¢ 12
A=2 Fixed and top and bottom
AB,
xi=—=10271
Eg. 4.8.1-3 H,
Eq. 4.8.1-1 Ap= 012H (-127 Inlx) - 0.32) =4.149 in
0.IMH =3l in

a2« "OK" if A-z012H
a « "FAILURE" if &p < 012.H,

CheckLimit| A | =

CheckLimit| A | = "OK"

o+ "0K" if ﬁc 2&]:,
e« "FAILUEE" if Ap <Aq

C]J.eck[:apazltniﬁc,ﬁnzl =

CheckCapacity{ Ag , App gyg) = "OK"

CheckCap a{:it_v]rﬁc B &DTl'an.ll ="0K"
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HOTE: IF THE SIMPLIFIED EQUATIONS ABOVE DO MOT WORK, A PUSHOVER ANALYSIS OF
THE BRIDGE CAM BE DONE TO VERIFY THE DISPLACEMENT CAPACITY. In SAP 2000, there iz
an =arthguake design program that allows a pushover analysis to be done by setting the S0C to D.
Be sure to amplify the demand values by the appropriate Rd valus. List the results below to verify
that the Displacement Capacity iz sufficient. The Demand Displacement must be multiplied |y
pefpe. The below chart was created in Excel and then brought into Mathcad.

GenDispl Demand [in} | Capacity [in)| Check
GO TR1 DESIGM 0.9609 2.753592 OK
G0 LG1 DESIGM 1.243476 211728 OK
G0 TR2 DESIGM] 1.058172 3.612043 QK
G0 LG2 DESIGM 1.1439 4.627332 OK

Article 4.12 Minimum Support Length Requirements
Mote: May n=sed to add more calculations if columin heights are different at the bents.

M {in} = Minimum suppeort length measured normal to the bridge
L {ft} = Length of bridgs to adjacent expangion joint or end of the bridge

H {ft) = average height of columng supporiing bridge deck for abutments
for columns and piers = column height

S (Degree) = angle of skew
Abutment Support Length Requirement

ColunnHeight .

Hobntment = 12 - ==

Spa
INPUT  Span_ P %0 &

zbuiment = 12

Mote: The Span ¢ Is divided by number of spans and inchas.

abuimen

Skawr =10 Degrees

abutment *

Eq. 4.12.2-1

Mabutment = '..5-|i5 + E.{IJSpauabumeut + 0.08H \.|-|;1 + 00001 255kew 2 =17.04 m

abutment abutment
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Bent Support Length Requirement
BENT 2

Span

— =E0 ft
1.12

INPUT  Spang, . =

Hote: The Span is divided by number of spans and inches.

abutment

INBUT Hgant = 18 a8 INPUT: Column Height for this Bent

INBUT Skewpop = 0 Degrees

Eg. 4.12.2-1

Mgyt = 1.5-(8 + 0.02Spang,, + 0.08Hg .. )| 1 + 0.0001255kewg,,,” | = 16.36

BENT 3

Span
11’_31 =80 &

INPUT  &p AFans =

Note: The Span_, ... is divided by number of epans and inches.

INPUT Hp e = 25.834 ft INPUT: Column Height for this Bent
INPUT  Skewpg,,, = 0 Degress

Eq. 4.12.2-1

Npeye = 1.5(8 + 0.025pang, + 0.08Hp )| 1 + 0.000125%kewp, . | =173

Article 4.14: Superstructure Shear Keys
vok = 3-1":[

Hote: This does not apply to this bridge.
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Figure 1.2-5 50C B Detailing

Decide what Type of bridge designing.

Structurs Type: Type 1

Article 8.3: Determing Flexure and Shear Demands

Article 8.5: Plastic Moment Capacity

Note: Article 8.5 refers the designer back to Article 4.11.1-4.

BENT 2 DESIGN

Article 4. 11, 1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

Hote: Use some kind of softwars to find the Moment Capacity of the Column. PCA
Column was vsaed fo create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

Mote: Fixity is the point of fikity for the

INPUT Fixity = 216in columnidrilledshaft.

M
E - . . B - - .
V, =—— =271.28% kps W 7:=2W_ =342578 [kips
P~ Fixity 1000 v pBent P g

Hote: If the decizion is made to design for Elastic Forces then the above variables need to be override.
This can ke done by simply changing the Vg variable fo the elastic force from SAP2000 that has been
multiplied by peipo.

Note: Pu iz the combination of Elastic Axial force from the earthguake and dead load.

INPUT P, = 3520000 b
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Article 8.6. Shear Demand and Capacity for Ductile Concrete Members
Note: It ig recommendad to use the plastic hinging forces whensver practical.

V= ‘»"P =08

Article 4,11,6. Analytical Plastic Hinge Length

Hote: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shafi.

INPUT 'ib] =14l m gy- Diameter of Longitudinal Bar

. . . B
Eq. 4.11.6-1 PlasticHinge(Fixity. fye, dy;) = |lp & 0.08 Fixity + |:.1J.T;E.db-_

fya

d
1000 ol

ae—lp flpzm

m «— 0.03.

ae—m if p<m

a

LP = P]asticHi:ge|T_Tierj.',fye,db]:| = 2897 il

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: v is the region of column with a moment demand excesding 75% of the
raximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp. The 0.75*Mp value should be divided by pgqg, to

take into account the model loads have not been multiplied by Dayrg,. The

location will alzo need to be INPUT inta the PlasticHingeRegion program in
inches.

MpT5:=075M,=2.197x 10 Ib-m

.:".astl.chgeRegfmeLn,Cu:-lm:n:udia.] = |z «— L3 Columndia
e Lp
v 10

A — max{z.x,¥)
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Note: Input the arguments into the program. Most likely the column diameter iz the only variakle that
hag changed.

INPUT Lor:= P]astchi:geREgiomin, Col.um:dia] =63 m

Article 8.6.2: Concrete Shear Capacity

Ag = Acolummn
Eq 8.6.2-2 Ae:=08Ag=1108x 100 i’
pp =2 Specified in Article 8.6.2 of Guide Spec.
INPUT 5=8 in 2. Spacing of hoops or pitch of spiral {in)
INPUT Aspi= 31 j:: Asp: Area of spiral or heop reinforcing {in?)
INBUT Disp := 0.625 n D=sp: Diameter of spiral or hoop reinforcing {in)
INPUT Cover = & n Cover: Concrete cover for the Column (in)
INPUT Dprime = 30 in Dprime: Diameter of spiral or hoop for circular columns {in}
_ 4Asp -3
£
fvh = _i =60 ku
1000
Eg. 8.6.2-5 StressCheck(p, . frh) = | & « p,-&h

ae1Is if 20735

fs = Stt‘E:sEC]J.EC]'LfFIF_.f}'-:.] =0413
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Eg. 8.6.2-5

ceprogram| £, |.|.D-'| =

by

+ 367 -
0.15 HD

Oprims «—

a s+« 0.3 f oprime =03
a « Opnme f oprime> 0.3 A pnme < 3
a+« 3 if oprme = 3

a

ofrime := oprogram| fs, I-LD-'I =3
\ J

If Pu iz Compressive

Eq. 8.6.2-3

Eq. 8.5.2-4

If Pu iz NOT Compressive VG = 0

i - i
veprogram| oFrime, fe P Ag| =
| )

P‘.'. | [ £

ve « 0032 aPrime| 1 + ——— | |——
\ 2Ag 1000 ~.|' 1000

minl e 0.11 |—=
~ 1000
. R | fe
min? «— 0.047aPrime.
A/ 1000

munimman — i mm ], min? )
a +— ve if ve £ mimmum

3 +— mmimum 1 ve > nuninmom

i

Note: If Pu is not compressive, will have to manually
input 0 for vo. Just input it below the ve=veprogram and
the variable will azsume the new value.

e = 1.':pru}g':a.1.1.ui-:t_7-'rime.fc.P._;..i'L_zzl =022 k=

Ve = we Ae =243 838

kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT ni=2 n: numkber of individual interlocking spiral or hoop core sections

Eq. 8.6.3-1 T [ nAsp-fvh Dpomes
Vs amin, Asp, fh, a0 As) = | — ——
Eq. 8.6.4-1 programin, Asp, fh, Dprime =, fo, As 5 ; |‘ - ]
fr
mamvs «— 0.25. I'—-Ae
y 1000

a+—ws if vs £ maxvs

A +— maxvs 1f v > maxvs

a

Wiz vsprogrami{n ., Asp. fvh. Dprime, 5. fo, Ae) = 2921688 kps
Eq. 8.6.1-2 dVn =, (Vs + Vo) = 482405 kips

ShearCheck{¢Vn, V) = |2« "OK" if ¢Vaz2V,
a « "FAILURE" if Vo<V
Shearcheck = ShearCheck(¢Vn,V, ) = "OK

Hote: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
{Aap), increase the area of shear reinforcing, or increase the section size (Acolumn). Theses
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement
For Circular Columns
Eq. 8.6.5-1 mu.m'a:pmgi'am|'-p;| = |z« "OK" if p =0003

@ + "Increase Shear Reinforeing Ratio” if p. < 0,003

i

CheckTransverss == mi:tral]:-r-:-grmfps'] ="0K"
\F5)

Hote: If the minimum shear reinforcement program responses "Increazse Shear Reinforcing
Ratio”, it is recommended to decrease the spacing (s) or increage the area of the shear
reinforcement (Aspl in the inputs.
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Article 8.8 Longitudinal and Lateral Reinforcement Requirements
Articla 8.8.7: Maximum Longitudinal Reinforcement
INPUT .i'l.l}l =156 "

INEUT MWumberBars = 12

[

A'.Dug = '.‘\:um':-a'ﬂars-.i\bl =18.72 m

Eq. 8.8.1-1  pprogram{&y . Az) = |2« "OK" if A : 0.04-Ag

. =
ongr e long =

|
A

a2 « "Section Over Reinforced" if Al-:u:g’ = 004 Ag

ni

RemforcamentRaitoCheck = pj.:ur-:ug_'ramf-.i't-jug, .-ig] ="0OK"

Note: If the Mazimum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increase the section size (Ag) or decreaze the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement

For Columnz in SDC B and C:
Eq. 8821  mnAlprogram(A) Az) = |a«— "OK" if &5, =0007Az

leng =
a2 + "Increase Longitudingl Remforcing”™ of Al-:-:g < 0007 Ag

Minimmm A, = mﬂl]prng'anz{rﬂlﬁnrigﬁ ="0QK"
Note: If the Minimum Longitudinal Reinforcing grogram retums "Increase Longitudinal Reinforcing”,

either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.
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Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

Theze Requirementz nead to be checked and satisfied.

Crozs-fie Requirements:
1} Continuous bar having a hook of not less than 135 Degress with an extenszion
MOT less than 6*dy or 3 in. at one end and a hook of NOT |ess than 90 Degrees
with an extension of NOT less than 6*dy, at the other end.

2} The hooks must engage perigheral longitudinal bars.
3} The 90 Degree hocks of two successive cross-ties engaging the =ame longitudina
rarz zhall be alternated end-for-end.

Hoop Reguirsments

1} Bar zhall be a closed tie or continuously wound tie.
2} A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*dy, but NOT less than 3 in. extenzion at each end.

3} A continugusly wound tie shall have at each end a 135 Degree hook with a Bdy
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 barz for #3 or smaller longitudinal bkars
#5 bars for #10 or larger longitudinal bars
#5 barz for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Mot Exceed the Smallest of:

Spacing'j:-rc}grauﬂil:c}lmn:dia,dh]:l = |q « i - {Cohuumdia

te 6

1 +— munig,r,t)

MaximmmSpacing = Spacingprogram| C olumndia, dy, =6 n
\ I
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SpacimgChecki MaximumSpacing. ) .= |a « 5 if 5 £ MaximumSpacing
a «— MamimmmSpacing if s > MaxmmumSpacing

FINALSPACTNG = SpacingCheck(MaximumSpacing, s) =6 m

scheck ;= ShearCheck(MaximumSpacing, s) = "OK"

MNote: If acheck retumns "Failure”, increass the spacing of shear reinforcing soacing (). The
spacing value may be FINALSFPACING, but verify this works for all other checks.

Article 5.10.711.4.2 (LRFD SPEC.). Column Conneclions

Mote: This needs (o be done whenaver the column dimenzsion changes. The spacing in the hings
region shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgramid) = |z « 15
xe— —d
2
a «— maxiz,x)

a

INEUT Extension ;= ExtensionProgram{Columndia) = 21 in

Mominal Shear Resistance for members OUTSIDE Flastic Hinge Region.
Fefer o the AASHTO LRFD Bridge Design Specifications.

5.6.3.3 Nominal Shear Registance

‘»’p:ETI.EE? kips

INPUT  spacelfOhinge:= 12 in

INPUT  bv = Colunmndia

b, =08
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Hote: B and § come from Article 5.8.3.4.1

B:=20

1
.
e
1
=
A
e
s
=t
}1)
=¥

Mote: Or, de, and dv eguations come from Article 5.8.2.9.

d

1l
Dy :i= bv — Cover — Dzp — T =34.67 m
Eqg. C5.8.2.9-2 de:= b—‘ + E =32036 m
2 ™

dvi:= 09de=28832 n

| &
V= 00316 B | —
+ 1000

Eg 58333 ‘e buv-dv = 153.065  kips

£y
2. 1-:i:u dv-cot( )
Eq 58334 vV = = 5938 kips
- zpacelN Ohmee
¢V, = (V. + V)¢, =2182 kips

SCIlealChecl-c|.rd}‘-."r1,"»'“\.| = |2+« "OK" if ¢Vn 2V
3« "FAILUEE" if dVn <V,
2
Shearcheck = SEEM{Zheckf.d:ﬁ.":ﬁ.’P.] ="0OR"

Hote: If ShearCheck returns "Failure”, either decrease the spacing () of the shear reinforcing
{A=p), increase the area of shear reinforcing, or increase the section zize (Acolumn). These

vanables can be changed in the inputz.
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5.8.2.5 Minimum Transverse Reinforcement

I' £ bv-spaceMNOhinge

Eq. 5.8.2.5-1 Avmin = 0.0316- |- = 0531 i
+ 1000 fve
1000
Av = 2.Asp = 0.62 i
TranCheck{Avmun, Av) = |a « "Decrease Spacing or Increase Bar Size"  if Awvmin = Av

a +« "0K" if Avmin £ Av

[N

Mimmmn Tran ;= TranCheek{ Avmun, Av) = "0OK"

Hote: If the minimum transverse reinforcement program respenses "Decreaze Spacing or

Increage Bar Size", it is recommended to decrease the gpacing (spaceMOhinge) or increagse the
area of the shear reinforcement (Agp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Va
Eqg. 5.8.2.91 = ————— = (0.240 ksi
v dv

Eq. 5.8.2.7-1 spacingProgram{Vu, dv, fo) = |v I:I.ll'E-i
Eg. 5.8.2.7-2 1000
q +— 0.3dv

1 Oddv
ze—q 1f g=24
z+ 24 if q=24
ter fr=12
te— 12 1f r=12
a+z if Vuavw
a1t if Vuzvy

MaxSpacing = spacingProgramiwu, dv, fc) = 23066 m

137




Spacecheck(MaxSpacinz. ) = |2 «— 3 of 5 = MaxSpacing
a +— MaxSpacing if = > MaxSpacing

a

MAMNSPACTNG := SpacecheckiMaxSpacing, spaceNOhmge} = 12 m

scheck := ShearCheck(MAKSPACTNG, spaceMNOhinge) = "OK"

Mote: If scheck returns “Failure”, change the spacing of shear reinforcing spacing (spaceMChinge).
The spacing valug may be MAXSPACING, but verify this works for all other checks.

BENT 3 DESIGN

Article 4.11,71-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

Hote: Uze 2ome kind of software to find the Moment Capacity of the Column. PCA
Column was usaed to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INBUT l’Ip = 2925920 Ib-in

Mote: Fixity is the point of fixity for the

INPUT Fixity = 310in column/drilledshaft.

J-l’IP
V= =18.903 lups

= — = 2.V =37.805 kips
P Fixity-1000

Mote: If the decizion iz made to design for ELASTIC FORCES then the above variakles nesd o be
override. Thiz can be done by simply changing the Vg variable to the elastic force from SAFP2000 that
has besn multiplisd by pelfpo.

Mote: Pu iz the combination of Elastic Axial force from the earthguake and dead load.

INBPUT P o=417000 Tk
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Article 8.6 Shear Demand and Capacity for Ductile Concrete Members

Mote: It is recommended to use the plastic hinging forces whensver practical.

V= ‘-;'P b, =09

Article 4.11.6. Analytical Plastic Hinge Length

Hote: For reinforced concrete columns framing into a footing, an integral bent cap, an
overzized shaft, or cased shaft.

INPUT dyy =141 in gy,- Diameter of Longitudinal Bar

LP = P]asticHi:ge|T_Tixlrj.',fye,db]:| =374% il

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Mote: vy is the region of column with & moment demand excesding 75% of the
maximum plastic momeant. From the SARP model, find the location at which the
moment demand is 0.75*Mp.  The 0.75*Mp value should ke divided by pqo

aTran 1NE

location will alzo nesd o be INPUT into the FlasiicHingeRegion program in
inches.

0
take into account the meodel loads have not been multiplied by p

Mp75i= 0750, =2197%10°  Ibin

?'.astchmgeRe_EimeLn,Cu:ul11.1:|:r1dia"| = |z« L3 Columndia
x4 Lp
v 10

A +— max{z.x,v)

Mote: Ingut the arguments into the program. Most likely the column diameter iz the only variable
that has chamged.

INPUT Lpr:= ?]astchiugeREgiamin, Cc}lum:dia] =63 i
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Article 8.6.2: Concrete Shear Capacity

Ag = Acolumn
; 3 . 2
Eq. 8.6.2-2 Ae=08Az=1108=10 m
Hp = 2 Specified in Article §.8.2 Guide Spec.
INEBUT 5= & in 2. Spacing of hoops or pitch of spiral {in)
INEUT Asp:=1031 j:E Asp: Area of spiral or hoop reinforcing (in?)
INEPUT Dsp:= 0625 in Dap: Diameter of spiral or hoop reinforcing {in}
INEBUT Cover = & in Cover: Concrete cover for the Column (in)
INEPUT Dprime := 30 in Dprime: Diameter of apiral or hoop for circular columns {in)
4. A=p -3
Eq. 8.6.2-7 p. = m =6.889 = 10
f
fh= —— =60 kei
1000
Eg. 8.6.2-6 fz == Stress'(_;].beckfps.f}":] =0.413

Eq. §.6.2-3 oPrime == oprogram) fs, I-LDIII =3

If Puis Compressive
Eqg. B.62-4
If Pu iz NOT Compressive VG = 0 Hote: If Pu iz not compressive, will have to manually

input 0 for ve. Just input it below the voi=vcprogram and
the variable will azzume the new value.

Vi = 1.':pr-:>g':a.1.1.u::a_7-‘r.'me.fc.Pu..i'c_z;'l =022 k=

Vo= wve Az = 304.797 kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INFPUT ni=2 n: numier of individual interlocking spiral or hoop core sections
Eq. 8.6.31
Eg. 8641 V== viprogram(n . Asp. fvh. Dpume, s fc, Ae) = 292168 kips
Eqg. 8.6.1-2 $Vn = d (Vo + Ve) = 537.269  kipe

Shearcheck := ShearCheck($Va, V| = "OK"

Mote: If ShearCheck returns "Failure”, either decrease the spacing (s) of the ghear reinforcing
(Azp), increase the area of shear reinforcing, or increass the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5 Minimum Shear Reinforcement

For Circular Columns
Eq. 8.6.5-1 CheckTransverss = mi:tralprngrm[rp&j ="0K"

Mote: If the minimum shear reinforcement program responses "Increasze Shear Reinforcing
Ratio”, it is recommended to decrease the spacing (s) or increass the area of the shear
reinforcement (Azp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.7: Maximum Longitudinal Reinforcement

-

INPUT Ay =156 i

INEUT MNumberBars = 12

ha

'j".cug i= MumberBars. Ay = 18.72 m

Eq. 8.8.1-1 FanforcementBaitoCheck 1= ppl'ﬁg'l'aﬂllrﬁl-:-:g"':"g.'l ="0K

Hote: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increase the section size (Ag) or decreaze the longitudinal reinforcing (Abl and NumberBars) in the

inputs.
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Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eq. £.8.2-1 Mimnmmd, = mi:Alpmg'ram[rAlD:g.Ag:I ="0K

Note: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,

either decrease the section size (Ad) or increase the longitudinal reinforcing (Abl and NumberBars) in
the inputs.

Article 8.58.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

Theze Reguirements nead to be checked and zatisfied.

Cross-tie Requirements:
1} Confinuous bar having a hook of not less than 135 Degress with an extension
MOT less than 6%dy, or 3 in. at one end and & hook of MOT less than 90 Degrees
with an extension of NOT less than §*dy, at the other end.

2} The hooks must engage perigheral longitudinal bars.
3} The 90 Degree hooks of two successive cross-ties engaging the same longitudina
barzs shall be alternated end-for-end.

Hoop Reguirsments

1} Bar zhall be a closed tie or continuougly wound tis.
2} A closed tie may be made up of several reinforcing elements with 133 Degree
hooks having a 6%y, but NOT less than 3 in. extengion at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6*dj,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minirmum Size of Lateral Reinforcement

#4 barz for #3 or smaller longitudinal bars
#2 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal kars
Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Mot Exceed the Smallest of:

MaxmumSpacing = Spacingprogram|C u:ulm:l:udia.-:".b- =6
| I

FINALSPACING := SpacingCheck{ MaxmmumSpacing . z) =6

schack = ShearCheck(MaxmumSpacing, 5) = "OK"

]
¢

Mote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (g). The
spacing value may be FINALSPACING, but verify this works for all other checks.
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Article 5.10,11.4.3 (LRFD SPEC.). Column Connaclionz

Hote: This needs to be done whenever the column dimension changes. The spacing in the hinge
region ghall continue into the drlled shaft or cap beam the Extenszion length.

INEBUT Extension := ExtensionProzram{Celumndia) = 21 n

Mominal Shear Resistance for members OUTSIDE Flastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
V_o=18203 kips

P

INPUT  spacellDhinge:= 12 m

INPUT  bv = Columndia

b, =05

Mote: B and & come from Article 5.8.3.4.1

B:=20

T 45-=0785 rad
180

[+=]
i

Mate: Or, de, and dv eguations come from Article 5.8.2.9.

dy) i
Dri=bv — Cover— Dap — T = 3467 m
Eq. C5.8.292 de:= b—‘ + E =32036 m
2 ™

dvi=09de=28832 i
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| L
o V.= 00316F |—bvdv= 153065 kips
Eq. 5.8.3.3-3 p 1000

fve

2 Asp.——dv-cot(8)
. 1000
Eg.5.8.334 WV .= =§938 kaps
= spacelDhmge
&V, = (Vo + V)b, =2182 kips

Shearcheck = ShearCheck(¢Vn, V) ="0K

Note: If ShearCheck returns "Failure”, either decreaze the spacing (s) of the shear reinforcing
{Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
vanables can be changed in the inputz.

5.8.2.5 Minimum Transwverse Reinforcement

K ~spaceNOhing
Eq. 5.8.2.5-1 Avmin = 00316, | —- 2 spacelNOkinge

J 1000 fye

1000

(]

=531 mn

Avo= 2 A-p =062 m”

MMmmmumTran = TranCheck( Avmin, Av) = "0K

Note: If the minimum transverss reinforcement program resgonses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceMNChinge) or increase the
area of the shear reinforcement (Azp) in the inputs.

144




5.8.2.7 Maximum Spacing of Transverse Reinforcement

Eq. 5.8.2.9-1 = ———— = 0.017 ksi
d_brdv
Eq. 5.8.2.7-1
Eg. 5a37.2 MaxSpacing = spacingProgrami{wu.dv.fc) = 23 066 n
MAXSPACTNG = Spacecheck{MaxSpacing . spacel¥Ohmge) = 12 m

scheck = ShearCheck(AMAXSPACING, spaceMNOhinge) = "0OK"

Mote: If scheck returns "Failure™, change the spacing of shear reinforcing spacing (spaceMChinge).
The zpacing valug may be MAXSPACIMNG, but verify this works for all other checks.

DRILLED SHAFT DESIGN

Article 6.5 Drlled Shafis

MOTE: The guide gpecification states that the drlled shafts shall conform o the requirements of
columns in S0C B, C, or O az applicable. Also, there are special provisions regarding liquefaction that
needs to be investigated if thiz iz a concern for a certain bridge.

Since the hinging will not occur in the drilled shaft, the drilled shaf will be design using the column

design from the LREFD Specification.

ABUTMENT DRILLED SHAFT

Mominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the A45HTO LRFD Bridge Cesign Specifications.

5.8.2.2 Nominal Shear Resistance

INPUT v

P

133 kips MOTE: Abutment Crilled shaft is being designsd for Elastic
Force.

W W '-'p

INPUT  spaceMOhinge:= 12 m

INPUT  Asp:i=031 in°
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INPUT  Cover=46 i

INPUT by = D5dia

INPUT  Dspi= 0625 in

INPUT dy = 141 in

d. =08

z

Hote: B and 8 come from Article 5.8.3.4.1
B:=20

8= 4520785 rad
150

Hote: Dr, de, and dv eguations come from Article 5.8.2.9.

d

1l
Dir == bv — Cover — Dzp — T = 3467 m
Eqg. C5.8.2.9-2 de = b—‘ + E =32036 m
2 ™

dvi=09de=28832 i

. i | £
Eq. 58333 Vo= 0036 '3;1'

bv.dv = 15330685 kps

£
2Asp- 1-:i:u dv-cot8)
Eg.5.8.3.34 V. = - =§9.38 kips
= spacelOhmee
&V, = (V + V)b, = 2182 kips

[

Shearcheck = ShearC hecl-c[d}‘v'u,‘vrp | ="0K"

Mote: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforzing
{As=p), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.
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5.86.2.5 Minimum Transverse Reinforcement

& v, ) Wihine
Eq. 5.8.2.5-1 Avmin = 0.0316. |- = bv-spacelNOhingze
~ 1000 fye

1000

=0531 in”

Avi= 2. Asp = 062 m

MmimmmTran = TranCheck({Avmin, Av) = "0K

Mote: If the minimurm transverse reinforcement grogram responses “Decreaze Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceMOhinge) or increass the
area of the shear reinforcemeant (Asp)in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Va
Eg. 5.8.2.3-1 = ———— =0.122 k=1
b, by-dv
Eq. 5.8.2.7-1
Eg. 5272 MaxSpacing = spacingProgram(vu.dv, fc) = 23.066 n
MAXSPACTNG = Spacecheck{MaxSpacing . spaceOhmge) = 12 m

scheck = ShearCheck(MARSPACING, spacelNOhinge) = "0OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (gpaceMChinge).
The spacing valus may be MAXSPACIMNG, but verify this works for all cther checks.

EENT 2 DRILLED SHAFT

Mominal Shear Resistance for members OUTESIDE Flastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.2.2 Nominal Shear Resistance

Vom o
INPUT ;:&:zn:s; kips
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INPUT  spacelfOhinge:= 12 i

-

INEPUT  Asp:=031 in”

.

INPUT  Cover=6 in

INPUT  bv = DSdia

INPUT  Dsp:= 0625 in

INPUT dy = 141 in

&, =09

3

Note: B and 8 come from Article 5.8.3.4.1

@:=20
6= —— 45=0785 rad
180

Note: Dr, de, and dv eguations come from Article 5.8.2.9.

dy)
Dy :i= bv — Cover — Dzp — T = 3467 m
Eq. C5.8292 de:= b—‘ + E =32036 i
2 o

vi= 09de=28832 m

iC
V.= 003163 |—bwdv=153.065 kips
Eq. 5.8.3.3-3 P A 000

fy
Jhsp. 1-:530 dv-cot(6)
Eqg. 58334 V. _:= - —§03% kips
- spacelNDhmge
BV, = |r1"rc + ""rs.ll'd'-‘s =2182 kips

Shearcheck = S]JeaIC]Jecl-cfd}‘»'u,Vpﬁ ="0K"

Note: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforcing
{Aap), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variablez can be changed in the inputs.
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5.8.2.5 Minimum Transverse Reinforcement

b

& bvepacehOhing
Eq. 5.8.2.5-1 Asmin = 00316 | — brspaceliOhinge
~ 1000 fye

1000

=0.531 m

Avi= 2. A=p = 062 1

MmimnmmTran = TranCheeki Avmin, Av) ="0K

Hote: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increaze Bar Size", it is recommended to decrease the spacing (spaceMChinge) or increase the
area of the shear reinforcement (Asp)in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Eq. 5.8.2.91 = ———— = (0,240 ksi
 bvedv
Eg. 5.8.2.71
Eg. 58272 MaxSpacing .= spacingProgram{vu, dv. fc) = 23.066 n
MAXSPACTNG = Spacecheck(MaxSpacing, spacellOhmege) = 12 m

scheck = ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Mote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceMNChinge).

The spacing value may be MAXSPACIMG, but verify this works for all cther checks.

BENT 3 DRILLED SHAFT

Mominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

INBUT V= _FEEE 18003 kips

149




INPUT  spaceMOhinge:=12 m

INPUT  Aspi=031 i

;]

INPUT  Cover=6 im

INPUT  bv = D5dia

INPUT  Dsp:= 0625 in

INPUT dy; = 141 n

h, =08

z

Note: B and & come from Article 5.8.3.4.1

B:=20

I}
=
L
1
=]
1
=]
L
L5
B
.

Hote: Or, de, and dv eguations come from Article 5.8.2.9.

dy)
Dr:=bv — Cover— Dzp — T = 3467 m
Eq. C5.8258.2 de:= b% + E =32036 in
2 ™

iz 09.de=28832 i

fe

|
V.= 003163 |
N

bv.dv = 153.065  kips
Eg. 5.8.3.3-3 o 0

£y
24 m-:D dv cati B)
EQ. 58334 V. = = §5.3% kips
- spaceNOhmge
SV, = (Vo + V)b, = 2182 kips

3

Shearcheck = SheaIChecl-cfd}Vu,Vﬂ ="0K"

Hote: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increase the area of ghear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.
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5.8.2.5 Minimum Transverse Reinforcement

7 ~=pacelNOhing -
Eq. 5.8.2.5-1 Avmin = 00316 | — ZvpacelObinge _ o, in-
\| 1000 fre
1000
Avi= 2.Asp = 0.62 in”

MmmumTran .= TranCheck{ Avimm, Av) = "0K

Hote: If the minimum transverse reinforcemsant grogram responses “Decrease Spacing or
Increage Bar Size", it is recommended to decrease the spacing (spaceNChinge) or increass the

area of the shear reinforcement (Azplin the inputs.

5.5.2.7 Maximum Spacing of Transverse Reinforcement

Eq. 58251 = ————— =0.017 ksi
by dv

Eqg. 5.8.2.7-1
Eg. 58772 MaxSpacing = spacingProgrami{wa.dv,fc) = 23.066 mn
MAXSPACTNG := SpacecheckiMaxSpacing , spaceNOhmge) = 12 m

scheck := ShearCheck(MAKSPACTNG, spacelOhinge) = "OK"

Mote: If scheck returns "Failure®, change the spacing of shear reinforcing spacing (gpaceMChinge).

The spacing value may be MAXSPACING, buf verify thiz works for all other checks.
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CONNECTION DESIGN FOR EENT/ABUTMENT TO GIRDER

Bent 3 Connection Design Mote: Also use for Bent 2 connection.
INEPUT Veolbent = V]:-Eieurl =342.578
INEUT Wzirderperbent .= & Mogirderbent = NMumber of girders per bent

Article 6§.5.4.2: Resistance Factors

iy o= 0.3 Tensicn for A307
g = 075 Shear for £207
iy, = 080 Block Shear

dn = 0.80 Bolis Bearing
.= 083 Shear Connectors
= 1.00 Flexure

¢';a:g]e = 1.00 Shear for the Angle

For Type lll Girders

Mote: Select the grade of bolt being uzed. It iz azsumed that a ASTM A30T Grade C bolt iz used.

INPUT Fub:= 58 ks1
INPUT ]:Zlizl]:| = 1.25 n
INPUT Ns:i=1 Mg = Mumber of Shear Planes per Bolt

Angle Properiies

INEUT Fy:= 36 ksi Fy = Yield Stress of the Angle
INEUT Fu:= 3% ksi Fu = Ultimate Stress of the Angle
INEUT t:= 0.875 in t = Thickness of Angle

INPUT hi=6 in h = Height of the Angle

152




INBUT w=6 n w = Width of the Angle

INEPUT 1:= 16 m | = Length of the Angle
INPUT k=137 in k = Height of the Bevel
INPUT  distanchorhole := 4 distanchorhole = Distance from the vertical leg to the center
of the hole. This is the location of the holes.
INPUT diahele = 1.75 m diaholz = Diamster of bolt hole
INPUT BLSHlength == 11 in BLSHIength = Block Shear Length
INPUT BLSHwidth :== 2 in BLSHwidth = Block Shear Width
INBUT Ubs:= 1.0 Ubg = Shear Lag Factor for Block Shear
iNEUT a=12 in a = Distance from the center of the bolt to the edge of plate
INPUT b:=35 m Iy = distance from center of bolt to toe of fillet of connected
part
Shear Force per Angle:
Vangle == _ Veolbent =33911 kips
2Wegirderparbant
Shear Force per Bolt
n=2 n = Mumber of bolis
Vangl
Vholt = —=" — 16556  kips
n
Article 6.13.2.12: Shear Resistance For Anchor Boliz
ol
m-Diay, 4

By = ——— =1227 n

A 4
Eq. 6.13.2.1241 dpsFn = o048 Ay Fub.ls = 25,624 kips

Shearcheck = ShearCheck(d=Fn, Vhelt) = "0OK

Hote: If the program returns "FAILURE", either increase diameter of the bolt {Diak), change grade of bolt,
increaze number of bolts, ete.
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Article 6.13.2.9: Bearing Resiztance at Bolt Holez

For Standard Holes

Eqg. 8.13.2.891 dbbRn = 2.4 Diay +Fub = 15225 kips

For Slotted Holes

INPUT Le=2 in Le = Clear dizt. between the hole and the end of the member

Eqg.6.13.2.54 bbFns = Le-t-Fub = 1015 kips

Bearingcheck = ShearCheck{¢bbFn, Vhals) = "OK"
Bearingscheck := ShearCheck{dbbEns, Vbelt) = "0OK

Hote: If the pragram returng "FAILURE", either change the diamster of the bolt, thickneas of the
angle, or Lc (hole location).

Article 6.13.210: Tensile Resistance

Mote: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken

about the through bolt in the vertical leg of the angle. The ling of action for the shear force is assumed o

enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Vangla- 1
Tu= —————  =8478 kips
distancherhole
Eq. 6.13.2.10.2-1 T = oy 0.76. Ay Fub = 43 275 kips

Tenzioncheck = ShearCheck({dtTn, Tun) = "0OK

Hote: If program returns "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combined Tension and Shear

Pu := Vholt
Eq. £.13.2.11-1 Cc}mbi:EdegIamfP'.;..i'Lb.F'.;b.d:u:E:,d:liﬁ = |t 0.76 Ay, Fub
Eq. 6.13.2.11-2 ) '
)
{ Pu
r+ 0.76 Ay Fub- |1 —| |
| | ¢psBn
B
st f ——— 033
[ dsBn
o)
2 r if — 20 _ =033
[ $sEn |
e )
a
T, ombined = C-:}m':nmed.Frcham[r?u.Ah .F'.;b.d:-sRu,d:ls] = 40.557 kips
d“1—”: ombined = I:“"t'T:uzncanm:ﬂ:ui:-eu:l = 32446 kips
Combinedcheck = 5-':&31{;h.eck|i¢-7'l':mmbﬂed,".-"I:u}ltzl ="0K
Note: If program returnz "FAILURE", change area of the bolt or grade of bolt.
AISC )4 Block Shear
.
Agv = t BLSHlength = 9,625 i
_ e - . 3 Mote this is for if there are
Anv = t.(BL:Hlength — 1.5 . diahola) = 7.328 n two through bolts in the
leg.
Ant := t.(BLSHwidth — 15.dizhole) =—0547  in° HpRerieg
{(J4-5) BLSHprogram{Agv, Anv, Ant, Ubs . Fu,Fvl = |b « 0.6.-Fo-Anv + Ubs-Fu- Ant

¢+ 0.6Fv Agv + Ubs-Fu-Ant
a+—b ifb=ec
ae—c fboc

=

Fxn:= BLSHprogram{Agv, Anv, Ant, Ubs, Fu Fy) = 176.181 kips
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¢hbsBn = ¢b3-3n:14|].945 kips
BlockShearCheck := ShearChack{db:En, Vangle) = "0OK

Note: If program refurns "FAILURE", change diametsr of the bolt, number of bolits, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer o

Ur=106 Table D3.1 in AISC Manual
Ant = t.[w — (1.dizhole)] = 3.719 m

(D3-1) Ae = Ant Ut = 2231 m

(D2-2) tFn = ¢, -Fub-Ae = 103.53 kips

TensionChack := ShearCheckidPn, Vangle) = "0OK"

Note: If program refurnz "FAILURE", change thickness of angle, length of angle, width of angle, etc.

AISC CH. F: Bending of Angls

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Mote: This is agsuming we
need the same size anchor

INPUT Muangle := 74.26 kip-in bolt in the top as we do the

bottom.
xi= ﬁ = 3.063 :3
4
Had to increase the
- . . thickness of the
bfMn = g Fy-Zx= 11025 kip-in angle to 7/8 in. or can

increase the length.
BendingAngleCheck = ShearCheck{chTvin, Muangls) = "0K"

Hote: If program refurns "FAILURE", change thickness of angle or length of angle
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AISC G: Shear Check

Cv=10
Aw = tw =525 i::
(32-1) thsangleVn == d 0.6FyAwCr=11314 kips

sangle’

ShearAngleCheck := ShearCheck{dizanzleVn, Vangle) = "0K
Hote: If program returns "FAILURE", change thickness of angle or width of angle.
Bent 2 Expansion Connection Design

INPUT Veolbent := ‘»’meTE =3542.578

INEPUT Nezirderparbent = & Moirderibent = Mumber of girders per bent

Article 6.5.4.2: Resistance Factors

gy = 0.3 Tensicn for A207
=073 Shear for A307
. = 0.30 Block Shear

by, = 0.80 Bolts Bearing

¢.5c = .85 Shear Connectors
de = 1.00 Flexure

¢'sa:g]e = 1.00 Shear for the &ngle

For Type lll Girders

Hote: Select the grade of bolt being used. It s assumed that a ASTM A30T Grade C bolt ig used.

INPUT Fub := 58 ksi
INBUT Diay, = 1.25 n
INEUT Ns:=1 Mz = Number of Shear Planes per Bolt
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Angle Properiies

INELUT Fy:= 36 ksi Fy = Yield Stress of the Angle

INPUT Fu:= 58 kst Fu = Ulimate Stress of the Angle

INPUT t:= D.BTS m t = Thickness of Angle

INPUT h:i=58 m h = Height of the Angle

INPUT w=8 n w = Width of the &ngle

INEUT 1:=20 in | = Length of the Angle

INPUT k:=1375 m k = Height of the Bevel

INEPUT  distanchorhole =4 i@ distanchorhole = Distance from the vertical leg to the center
of the hole. This is the location of the holes.

INBUT diahole = 1.75 mn diahole = Diameter of belt hole

INPUT SlottedHole = & n SlottedHole = Length of slotted hole

INPUT BLSHlength:= 15 m BLSHlength = Block Shear Length

INPUT BLSHwidth := 2 in BLSHwidth = Block Shear Width

INPUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INEUT a=12 in a = Distance from the center of the bolt to the edge of plate

INBUT b:=35 in Iy = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

Vangle = ﬁ =33.911
M girderperbant
Shear Force per Bolt
n=12 n = Mumber of bolts

Vansl
Vbolt i= ——=" ~ 16956  kips

n

Article 6.13.2.12; Shear Resistance For Anchor Boliz

7 Dizy,” :
Ay = ———— = 1227 -
4.,0 4

kips
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Eq. 6.13.2.12-1 dpsBn = - 0.48- A Fulb Mz = 25.624 kips
Shearcheck = ShearCheck(di:=En, Vbelt) = "0OK

Mote: If the program returns "FAILURE", either increase diameter of the bolt {Diab), change grade of bolt,
increase number of bolts, ste.

Article 6.13.2.9: Bearing Rezistance at Bolt Holes

For Standard Holes

Eg. 8.13.2.8-1 dbbFn = 2.4 Diag-+ Fub = 15225 kips

For Slotted Holes

INEUT Le=2 in Lc = Clear dizst. between the hole and the end of the member

Eq. 6.13.2.94 thbbFns = Le-t-Fub = 101.5 kps

Beanngcheck := ShearCheck{dbbFu, Vhalt) = "OK"
Baaringschack := ShaarCheck(dbbEns, Vielt) = "0K

Hote: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lo (hole location).

Article 6.13.2.10: Tensile Resistance

Mote: This a calculation of the Tension foree on the anchor bolt due to the shear. & moment iz taken
about the through bolt in the vertical leg of the angle. The ling of action for the ghear force is assumed o
enter the angle at 1" below the through bolt; therefore, the moment due fo shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Vangle 1
Tu= —————— =3478 kips
distanchorhole
Eq. 6.13.2.10.21 iTn = - 0.76- Ay, Fub = 43.275 kips

Tensioncheck := ShearCheck{ditTn, Tu) = "0OK

Mote: If program refurmns "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combined Tension and Shear

Pu := Vholt
o hined = CGm':umEd.FmgIam[?'.;.ﬂb _F'.;b.d:-:uRu,d:u;J =40.557 kips
PT0. bined = $ Theambined = 32446 kips

Combinedcheck = Sheu{;hﬁk”’ﬂ:{:ﬂmhiued'""FI:'Glt.] ="0K
Mote: If program returns "FAILURE", change area of the bolt or grade of bolt

AISC J4 Block Shear

-

Agv:= t+ BLSHlength = 13125 n
(. . SlottedHols | L2 Mote this is for if there are
Asvi= t| BLSHlength - 15 ———— [=0183  in" 0 tnrough bolts in the
upper leg.

Ant := t-(BLSHwidth — 1.5-dizhole) = -0.547
Fn := BLSHprogram{Agv, Anv, Ant, Ubs Fu, Fy) = 251.781 kips
drbsEn = dy,. -Fn =301 425 kips
BlockShearCheck := ShearCheck{dbsEn, Vangle) = "0OK

Hote: If program returns "FAILURE", change diametsr of the bolt, number of bolis, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer fo

Li=06 Table D3.1 in AISC Manual
Ant = t.[w — (1.dizhole}] = 3.718 i

(D3-1) Ae = Ant.Ut = 2.231 in

(D2-2) $tPn = ¢, Fub-Ae = 103 .53 kips

TenzionCheck := ShearCheck{diPn, Vangle) = "OK"

Mote: If program returnz "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Hote: & SAF Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the kolt location). Then the moment was found just above the K height for thiz angle.
The Critical section is a k distance away on the horizental leg. This location has the greatest moment.

Mote: This is assuming we

. - . need the same size anchor
INPUT Muzangle := 74.26 lkip-m bolt in the top as we do the
bottom.
N 3
ze= S _ 30 i

Had to increase the

- o o thickness of the
$ibin = ¢g-Fy-Zx = 137.813 kip-in angle to 7/8 in. or can
increase the length.

BendingAngleCheck = ShearCheck{dfin, Muangla) = "OK"
Hote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G Shear Check

Cv=1.0
Aw = tw =525 i::
(G2-1) rangleVn = &, EEIE-U.IS-F}'-AW-CT =1134 kips

ShearAngleCheck = ShearCheck(dsangleVn, Vangle) = "0OK

Hote: If program refurns "FAILURE", change thickness of angle or width of angle.
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Abutment to Girder Connection

INPUT Veolbent := 102
INPUT Nzirderpearbent .= 4

For Type lll Girders

Maoirderbent = Mumber of girders per bent

Hote: Select the grade of bolt being uged. It iz azsumed that a ASTM A307 Grade C boll is used.

INBUT Fub := 38 ksi
INPUT Dhay, = 123 n
INPLUT Ms:=1

Angle Properiies

INPUT Fy:= 36 ksi
INPUT Fu:= 58 ksi
INPUT t:= 075 m
INEUT L:=6 in
INPUT wi= n
INPUT 1:=12 m
INPUT k=123 in

INPUT  distanchorhole =4

INBUT dizhole := 1.5 m
INPUT SlottedHole := & in
INPUT  BLSHlength=6 in
INEPUT BLSHwidth := 2 in
INEPUT The = 1.0

INPUT

fu
|
[

INPUT h=3

L
L
=]

Mg = Mumber of Shear Planes per Bolt

Fy = Yield Streas of the Angle

Fu = Ulimate Siress of the Angle
f = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical l2g to the center of
the hole. This is the location of the holes.

diahole = Diameter of bolt hole

SlottedHole = Length of Slotted hole

BLEHIength = Block Shear Length

BLSHwicth = Block Shear Width

Ubs = Shear Lag Factor for Block Shear

a = Distance from the center of the belt to the edge of plate

lx = distance from cenfer of bolt to toe of fillet of connected
part
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Shear Force per Angle:

Veolka
Vangle == Lﬂt =1273 kips
W eirderparbant
Article 6.13.2.12: Shear Resistance For Anchor Bolis

-Dhay, ™ 5

Ay = 3 =1.227 n
. — - T L.
Eq. 6.13.2.12-1 dsBn = 048 Ay Fub-Ns = 25624 kips

Mote: This iz checking to verify that the anchor belt has enough shear strength.

Shearcheck := ShearCheck(dizEn, Vangle) = "0OK

Mote: If the program returng "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, stc.

Article §.13.2.9: Bearing Resiztance at Bolt Holez

For Standard Holes

Eqg. £.13.2.941 bbEn = T4 Diay t.Fub = 1303 kips
For Slotted Haoles

Eq.6.13.28.3 bbEns .= 2.0-Diay-t-Fub = 108.73 kips

Beanngcheck ;= ShearCheck{dbbFx, Vangle) = "OK"
Bearingscheck := ShearCheck{dbbEns, Vangls) = "0OK

Hote: If the program returns "FAILURE", either change the diamster of the bolt, thickness of the
angle, or Lc {hole location).
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Article 6.13.2.10: Tensile Resistance

Hote: This a calculation of the Tenszion force on the anchor bolt due to the shear. A moment iz taken

about the through bolt in the vertical leg of the angle. The ling of action for the shear force is assumed (o
enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangls* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Vangla- 1

distancherhole

Tu:= =31383 kips

Eq. £.13.2.10.2-1 &iTn := 0.76. Ay, Fub = 54,094 kips

Tensioncheck := ShearCheck({dgtTn, Tu) = "OK

Mote: If program returnz "FAILLURE", change area of the bolt or grade of bolt.
Article 6.13.2.11: Combined Tensicn and Shear

Pu = Vangle

Eg. 6132111 Tn .= CombinedProgram|Pu, &, Fub, $sFn, §_ | = 46.922 kips
b \ b )
Eq. £.13.2.11-2 comhmes

PIn. o mbined = $ Thoambined = 37-338 kips
Combinedeheck = ShearCheek( dtTn

combined Vangzle) = "OK

Hote: If program returnz "FAILLURE", change area of the bolt or grade of bolt.
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AISC )4 Block Shear

(J4-5)

Agv:= t.BLSHlength = 4.5 o

p Slottediole | 5 Mote this is for if there are
Anyi= t.| BLSHlength — 0.5 [=3375 m one through bolts in the

. 2 upper leg.

Ant := t-(BLSHwidth — 0.5-dizhole) = 0.938 in”
Bn = BLSHprogram{Agzv, Anv, Ant Ths, Fu Fy) = 131575 kips
dbzEn = d:ub,__-RJJ =121.26 kips

BleckShearCheck = ShearCheck({dbsEn, Vangla) = "OK"

Mote: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tenzion Member

(D3-1)

(D2-2)

. Ut = Shear Lag factor for single Angles. Refer fo
Ut:=06 Table D3.1 in AISC Manual

Ant = t:[w —{1.dizhola)] = 3.375 m
A= At The=2.025 m
$iPn =y -Fub-Ae =93 96 kips

TensionCheck := ShearCheck{htPn, Vangls) = "OK"

Mote: If program refurns "FAILURE", change thickness of angle, length of angle, widih of angle, etc.
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AISC CH. F: Bending of Angle

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the kolt location). Then the moment was found just above the k height for thiz angle.
The Critical secfion is a k dizstance away on the horizontal leg. This location has the greatest moment.

Mote: This is assuming we

INBUT Muangle := 44.52 kip-m need the same size anchor
bolt in the top as we do the
. bottom.
Lity” 3
Zaom 20 ) g in’
4

Had to increase the thickness
bfMn = by Fy-Zx = 60.75 kip-in of the angle to 3/4 in. or can
increase the length.

BendingAngleCheck = ShearCheck{din Muangls) ="0OK"

Hote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv=10
Awi=tw=45 in”
(G2-1) thoangleVn = -d:u,__ugle-ﬂ.é-l"}'-ghv-(': =972 kips

ShearingleCheck := ShearCheck{dzangleVn, Vangle) = "0K

Hote: If program returns "FAILURE", change thickness of angle or width of angle.
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Appendix B: Oseligee Creek Bridge LRFD Specification Design

Designer: Paul Coulston ORIGIN := 1
Project Name: Ossligee Creek Bridge

Job Mumber:

Date: 11272010

Description of workshest: Thiz workzheet iz a seismic bridge design worksheet for the
AASHTO LRFD Bridge Design Specification. 21l preliminary design should already
e done for non-seismic loads.

Project Known Information

Location: Chambers County
Zip Code or Coordinates: 350083 N 882025 W

Supersiructure Type: AASTHO | girders
Substructure Type: Circular columns supported on drilled shafts
Abutment Type: Abutment beam suppored on drilled shafts

Mote: Imput aif of the beiow information.

fo = 4000 p=
fye = 60000 p=i

Poone = 008681 -
:i.'l.'l:.

n
gi= 3864 -
Length of Bridgs (ft) L= 240 fit
Span (ft) Span := 80 fit
Deck Thickness (in) Yk = 7 n
Dreck Width (ft) DeckWidth := 32.75 fi
I-Girder X-Sectional Area {ind) IGiwderirea ;= 5505 |.1.12
Guard Rail Area (in?) GuardRailirea := 310 in”
Bent Volume (ft3) BentVaolume = 5.4.30 = 800
Column Diameter (in) Columnndia = 42 i
Crrilled Shaft Diamester (in) D5dia = 42 m
Crrilled Shaft Abutment Diameter (in) DSzbutdia .= 42 m
Average Column Height (ft) ColumnHeight .= 22 fi
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Colummdiz™ T

Column Area (in?) Arolumn = — =1.385x ll:I3 u:L2
DSdia ; .
Adrilledshaft = ——— = 1 385% 10° .

Crilled Shaft Area {ind)

33-a|:}117d;'.32-?r
- - § d— - 3
Drilled Shaft Abutment Area (in2) Adsabut = 1 =13

L
ad

* 10 m

Mote: These are variables that were easier to input in
ft and then convert to inches.

Span := Span-12 = 960 in

L=L12=288x10° in
DeckWidth := DeckWidth-12 = 393

BentVolume := Beuﬁ."o'.um.e-lf =103T= 1|:|5 i

ColumnHeaight .= ColummHeight 12 =264

Steps for Seismic Design

Use Appendix A2 Seiamic Design Flowcharis

Diezcription of Difference from Guide Specification

The LRFD Specification iz a force baged approach to design verses the Guide Specification which is a
displacement bazed approach. The LRFD Specification has an Responze Modification Factor (R} that
will be used in calculating the loads applied to the structure.

Article 3.10.1: Earthguake Effects - Thiz iz just the applicability of the Specifications.

Article 3.10.2: Determine Design Response Spectrum

Mote: AASHTO Guide Specifications for LRFD Seismic Bridge Design is accompaniad
with a program that has the Seismic Hazard maps. This program will calculate several
of the variakles that are needed for the analyzis.

1) Article 3.10.2.1:Determine the Site Class.

INEUT Site Class: D
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2) Enter maps and find PGA, S ,and 3. Then enter those values in their respective spot.
PGA:= 0115 ¢

INPUT 5,:=02711 g

S,= 0092 ¢

3) Article 3.10.3.2: Site Coefficients. Fram the PGA S, and 59 values and site class
choose Foga, Fy, and F o Mote: sfraight line interpolation is permitted.

Fpoa =157
INPUT

Fa = 1.58

F.=24

[o— L 127
A, =Fpgy PGA=0.182 ¢ A, : Acceleration Coefficient

(5

SDS=F, 5, =043 = Spg = Short Period Acceleration Coefficient

5Dl = F_l_-S- =0221 ¢ Spq = 1-22c Pericd Acceleration Cosfficient
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4) Creating a Response Spectrum

Mote: The DesignSpectrum Code creates a Response Spectrum for the Bridge. At this time
the period of the bridge is unknown; thereforg, the Sa value cannct be calculated.

Di:= 0001 s

Tmax:=2 s

DesignSpectnm| S5, 501, _-f'l: . Trooax, DT] =

sD1
v
* sDS

T, < 02T,

Trax
max Dt

i

for ie lung o

'1'.l — Dia

i At Dt
a o (SDS —A)—— + A, if Dri<T,

a

a «—SDS f DeizT,aDtisT,

5D1
if Dta =T

a -
- D

E «— augment(T,a)
E

BridzgeSpectium ;= DesiznSpectrum| 5D5, 5D1 .As.Tmax.DfJ

Response Spectrum

0.3 T T T

—

=11

=
o

 ——

= | b

2 0.4 N .
= |

tF] 1 h

]

o) \-

o ) ,
< o3f -
= |

—_ 1

-__J. 1

] |

=" |

' 0.2f .
=]

=9
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Article 3.10.6: Selection of Seismic Performance Zones

5D1 =0.221 g From Table 3.10.6-1 Choose SPZ

SDCprogram{ S0 == | for c= 3D1

c«"1" of SD1 =015

¢+ "7 of 3D1 =015 A 5D1 =03
ce="3" if 3Dl »03 A5DLl =035
c«—"4" of 5Dl =05

5DC = SDCprogram(5D1) ="2

Article 3.10.5: Bridge Importance Category

Operational Classified: Other bridges

Article 3.10.7. Rezponze Modification Factors
For Substructures: Table 2.10.7.1-1

INBUT Multiple Calumn Bents Bop=30

For Connections: Table 2.10.7.1-2
INPUT Superstructurs to Abutment B bptment = 0-8
INEUT Columns to Bent Cap Rl:l}hu.'l.\:’ap = 1.0

INEUT Column to foundation Rgundation = 1.0
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Article 4.7.4.3. Multispan Bridges
Article 4.7.4.2.1 Selection of Method

Refzrto Table 4.7 4.3.1-1 to select the required analysis procedure. This a function of 2eismic
performance zone, regularity, and operational classification. For the worst caze in Alabama, we
can use either the Uniform Load Elastic Method or Single-Mode Elastic Method.

Hote: There are two methods that can be used according to this procedurs. The Uniform Load Method is
suitable for regular bridges that respond principally in their fundamental mode of vibration. The Single
Mode Spectral Method may be a better method if there iz a major change in the gpans, aiiffness of the

piers, etc.
The Uniform Load Method iz simpler and less time conguming and will give accurate results, and this is

the reason it has been chosen in this design.

Article 4.7.4.3.2c Uniform Load Method

Siep 1: Build a bridge model

Step 20 Apply a uniform load of Po = 1.0 kigfin. in both the longitudinal and transverse dirsction.
Also, the uniform load can be converted into peint loads and applied as jeint loads in
SAP. Calculats the static displacement for both directions. In SAP, tables of the
dizplacements can be exported to EXCEL, and the MAX Funclion can be uzed fo find the
maximum displacement.

Step 32 Calculate the bridge lateral sfiffness, K, and total weight, W.

kip
pyi= L0 o
usmaxLong = 1671281 i
INPUT
Ve Tran = 3228449 in
Pyl 1 k
K gpg = ———— = 1723x 10° =
Usmax_f_.aug m
PoL ki
Kyay = ———— = 892,069 =
VomaxTran m

INPUT. Multighying factors

Peanc' | Lrtgack DeckWidth + 2-BentVolume + 4- Acolumn ColumnFeight ... |
|\ + L4 IGirderArea + 2-GuardRailArea L

1000

W=

W=1708.336 kips
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Step 4- Calculate the period, T

o | W .
Tml_mlg =2m | — =0318 s

g
- “Lomg £

Step 530 Calculate equivalent static earthquake loading pe.

: SD1
A):= —

a::|i533.53'..'1'm]-_.c':g.. RS p—

T, < 02T,

for ae Tyt one

'1' -
2« (SDS —.-13]-% FA Ty T,

o

miong=— "3

a+SDS of Tpg o 2To ATy =T
5Dl
TmLu:ung

a —

if T]JJJ_D]J_E = TE

Fa¢a

Camy gpg = ace(SDS,SD1, Tyyg o A) = 043

Comp W kip

P ]-_ =
el.ong T :
= L jhi

Step & Calculate the displacements and member forces for use in design by applying p, 1o
the model or by scaling the results by pfo,.

Pelong - .
Yemaxlong = 0 VemaxLonz = 0.4le m
o

Repeat Steps 4, 5, and & for franzverse loading.

Step 4: Calculate the period, T

W

T = 2.

mTran =044 =

|
3 ETran's

173




Step 5o Caleulate eguivalent static earthguake loading p,.

Camyy,, = ace(SDS,5D1, Tyrpon A, ) =043

Comr W -
P = = s kp
“aTran L

Step 8: Calculate the dizplacements and member forces for use in design by applying pg o
the model or by scaling the results by p./p,.

~ PaTram

YsmaxTran b smaxlram —
o

Single-Mode Spectral Method

Article 4.7.4.3.2. Single-Mode Speciral Method

Step 1 Build a bridge model
Step 27 Apply a uniform load of Po = 1.0 in both the longitudinal and fransverse direction.
Calculate the static displacement for both directions.

Step 32 Calculate factors @, B, and y.

Mote: The Deflection equations come from analysis of the SAP model. The displacement is
taken at the joints along the length of the brdge and input into an Excel Worksheet. Then a
gragh is created of the displacements along the length of the bridge. A best fit line is plotted,
and that is the equation that iz shown below.

V(9 = —1107 o 4 000382 - 02045 vy )= 2107 T 4+ 6107+ 13856
rL 'L
C4.7.4.3 201 OTran = | Vagran® d O omg = | Vslongl®) dx
"o ‘0
~L - ~L -
C4.74.3.20-2 PTran = T Vatran () 4% B'L-:mg = f'-‘-slon_iixz dx
Jo Js
~L - rL -
I f 32 — &7 3 — "o -.:
C47432b3 Tan™= | T Vemanl® dx=6739x 10 VLeng ™= | T Valongl®) dx
v E' v I:l
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a = Displacement along the length
B = Weight per unit lz2ngth * Displacement

y = Weight per unit length * Displacement?

Step 4 Calculate the Penod of the Bridge
. | TTran

T g
2| Po 8 %Tran

mTranl = =036l 5

| TLong

|
y Po B 0Long

-

TmL-:-ngl = 2w =0313 5

Step 5: Caleulats the eguivalent Static Earthguaks Loading

csn‘.f_.:-:g i= aee| 3D5, 5D 'Tm]_c}u_z'_"':*s.l =043
Step 6: Calculate the dizplacements and member forces for use in design by applying p, to
the model or by scaling the results by pJip,.

ﬁ'LauE'c smLong W
) gt g .
PeLong(x) = —'T"-'s'_uu_z*""v'

Long

”
Pelomg(x) — 0.0000094657645TE5618823161-x + —3.155254992853960772e-2.x + 0.25014861563346201

aW = L
100
1:=1..101
Felﬂ:g__ = Pelong[(i — 13.dW] El]{:-ug.l = Ts.]{:lug[{i - 13dW]

fhlu:-:gj = Pelong -dlong.
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Force Along the Length

T T
_ R -
= e o .
=
¥
[
= o1 -
=
| 1
3 3
0 110 210
Length (in)
Deflection Along the Length

_ 0.42 T 1

= 021 .

£ 04 T

¥

a!

0.39 — — )
0 110 2107 w10

Length {in)

Maximum Deflection

max{Along) =0.419 T

MOTE: Repeat Steps 5 and 6 for Transverse Direction.

Step 5 Calculate the eguivalent Static Earthquaks Loading

ConTran = acc[EDS SSDY. T Toam:

..i'LE"| =043
Step 62 Calculate the displacements and member forces for use in design by applying pg to
the medel or by scaling the results by p.ip,.

_ FEI'['1':41.1"::3r:r:11'1'.3: W

PeTran(x) : 'T""stra.u':x:'

TTran

;]

PeTran(x) — 0.000404015853870837045979. 2 + -1 188281923 1495207347e-T-x — 0.034954902636753385636
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dL = —
100

1:=1.101

PEtr:m.l = PeTran[(1 — 13-dL]

Atran = Pe.‘ra:j- Ertt‘;m.L

btran 1= vy [(1 = 1)dL]

Force along the Length

Force (kaps)
2
T

1107 210

Length (in)

Deflection along the Length

Detlection (in)

Mazximum Deflection

max(Atran) = 0.801

1x10° 210"

Length (in)
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Article 3.10.8 Combination of Seizmic Force Effects

LoadCazel = | /(1.0-yyay) +(0-3-Pepang) =0.266

PaLonzl 1% PaTyan) =0-266

LoadCazel := \II |_rl.{l-'.:u

Article 3.10,9.% Determine Design Forces
Maxl padCaselx.v) i= Jlas—x f x2¥
as—v fyzx
a
kip
NWominalForce .= MaxLoadCaselLoadCasel . LoadCazel) = 0.266 in

Hote: The Reqg values are factors that will be used to muliiple loads that come out of S4P 2000, The
MominalForce variale is truly just a factor also. It is eagier to apply these factors to the loading for po
than to change the loading in SAP 2000 because if an ermor is made in calculating pe then the loads
will have to re-entered.

MNommalForce

Koub

Eeq. =0.053

Multiple Column Bents substraetura =

Hote: Article 3.10.9.3 specifies that the Drilled shafis be designed for half of the R value. R/2 alzo must
not be taken less than 1.

MommalF oree _
ReqDrilledShatts =~ 55 =01
1k L

Connections

NominalForce

Superstructurs to Abutment Req.ybtozbuteon = . = 0333
Aaoufment
MominalFeoree
Columns to Bent Cap Reqoqltocapeon = ER 0.266
columneap
MNominalForea
Column to foundation Beqoltnfoundeen = = = 0.266

R‘fc-'.;udatic-u
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LOADS FOR DESIGN

HOTE: &l the loads calculated in thizs section are for a single column or drilled shaft.

COLUMM SHEAR PROGRAM

Shear{Vu, Begsubstucture) .= |2 «— Vu-Regsubstructure

2

AXIAL LOAD PROGRAM
FDEADNFag, Pd. Rsub, Regsubstructure) = |a « |

i,

Pd

Fzub |

Peq-Fegsubstructure —

2

Mote: The axial load program calculates the minimum axial load on the column. This will nesded later
in the design process.

BENT 2

Mote: Input the maximum shear value betwesn all the columnz in the bent from SAF which have not been
multiplied by pefoo or divided by the R factor. This will be taken care of in one of the eguations below.

INPUT Vugeniz = 523 kips

Hote: The Axial load consists of both the Earthguake effect and dead load effect. It should be the
minirum axial load the column will encounter during an earthguaks.

INPUT Pueqg, 40 = 1043 kips
INPUT Pudeadg, 0 == 285 kipz
Hote: Input the comect variables into the below program to get the axial load in the column or drlled shaft.

INPUT Pums 2= PDEAD[?'.;E:;BEE;,, Puds adBmﬁ'R‘Eub‘ Req 1.343 kip=

|
substructure!

"Bent

INBUT CelumnFeightg 0 = 18 ft
Hote: Input the comect variables into the below program to get the shear in the column or drilled shaft.

INEUT

27.855 kips

""“':'}]'Be:tf = ShEHl. 1".u3eut3‘REq3ub:tmct'.;Ie I=
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BENT 2

Hote: Input the maximum shear value betwesn all the columns in the bent from SAF which have not been
multiplied by pefpo or divided by the R factor. Thiz will be taken care in of one of the equations below.

INPUT  Wug,eq = 263 kips

Hote: The Axial load congistz of both the Earthguake effect and dead load effect. It should be the
minimum axial load the column will encounter during an earthguake.

INPUT Puegg,i3 = 340 kips

INPUT Pudeadg, ;5 := 292 kips

Mote: Input the comect variakles into the below program to get the axial load in the column or drilled shaft.

INPUT Puming,,.3 = PDEAD(Pusqg, 3. Pudeadp.a B Repop e | = 29.639 kips

INPUT  ColummHeightg, .= 25834 &

Mote: Input the correct variables into the below program to get the shear in the column or drilled 2haft.

INPUT

4114 kips

"'“mlBe:tS = ShEHl. 1"'"lB-EI:Lt_‘-‘1-\“'2:1311]:|:tn1u:l:'.;l'ﬁ_l |=1

DRILLED SHAFT 2

INPUT  Pusqpygy = 1045 kips

INPUT Pudeadpygy == 283 kips

Mote: Input the comect variakles into the below program to get the axial load in the column or drilled shaft.

INPUT Puminpyg; = PDEAD(Pueqng; Pudeadpgs. R. . Reapnedshag. | = 54.314 kips
INPUT  ColummHeightnygs = 7.9 ft
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Mote: The drilled shaft iz design for an R/2; therefore, the shear in the column can be doubled to equal
the design shear for the drilled shaft.

INPUT Vupgy = Vueolgapen-2 =3535.71 kips

DRILLED SHAFT 3

INPUT  Pueqpgs == 540 kips

INPUT P‘Lw'.eadjss = 292 kip=

Mote: Input the comect variables into the below program to get the axial load in the column or drilled shaft.

INEUT Fuminpcs = P:E;—';D[?uquH, Pudeadpycq K 4. R'Eq:)lilledﬁhaﬂszl =0.E79 kips

INEUT ColumnHeightyyeq = 3 fi

Mote: The drilled shaft is design for an R/2; therefore, the shear in the column can be doukled to equal
the degign shear for the drilled shaft.

INEPUT Vupegs = Vueolg -2 =28.228 kips

ABUTMENT DRILLED SHAFTS

Hote: Input the loads from SAP which have not besn muliiplied by pefpo or divided by the R factor. This
will be taken care of one of the equations below.

INPUT Vg o= 400 kips
INPUT  ColumnHeightay = 115 ft

Hote: Input the comect variables into the below program to get the shear in the column or drilled shaft.

INPUT

Vupg abm = S].'IEB[’["-"'I.'IA'mIt, R'Eqs'.;btc-a'mtcozj =1331351 kips
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Article 4.7.4.4. Minimum Support Length Requirements
Mote: May need to add more calculations if column heights are different at the bents.

M {im) = Minimum support length measursd normal o the bridge
L {ft) = Length of bridge to adjacent expansion joint or end of the bridge

H {ft) = average height of columns supporting bridge deck for abutments
for columnz and piers = column height

5 (Degree) = angle of skew

Abutment Support Length Requirement

Span _ ColummHaight

SPAnbytment = 12 80 & Libutment = - 1z 2
Mote: The Spangp, s 18 divided by number of spans and inches.
Skew pyemens = 0 Desrees
Mabutment := l.5-|:5 + E'{I:Sszbu.'meut + E'DSHabunuent.l'lxl + E.{Iﬂﬂlliﬂkewabun_ueﬂ |=17.04 m
Bent Support Length Requirement
BENT 2
Span
INPUT SpanBem =—= EQ ft
Mote: The Span g, .. is divided by number of spans and inches.
INBUT Hyopt = 18 ft INPUT: Column Height for this Bent

INPUT  Skewp,; =0 Degrsas

Mgy = 1.5:(8 + 0.025pang,  + 0.08Hp, .} 1 + 0.0001255kewp " | = 16 5tin
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BENT 3

Span
INPUT  Spang,, = % = §0 i
Mote: The Span g, ... is divided by number of spans and inches.

INEUT = 25 834 ft INFUT: Column Height for thiz Bent

:-IB ent

INPUT  Skewgap = 0 Degress

Ngant = 1.5:(8 + 0.02Spang,, + 0.08Hg ) 1+ 00001258kewg,y [=175  in

BENT 2 DESIGN

Article 5.10.71.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10.71.3: Longitudinal Reinforcement

INBUT 156  in-

A . —
“HMonghar —

INPUT M =12

bars
INEPUT  Ads = Acelumn

A]ﬂ:g‘.l’efﬂf{lr:lﬂg = Almgbarxbars. =181 m”

Minimum Longitudinal Reinforcing Check

Checkleastlongreinforcing{Ag, Along) = |a « "0K" 1if Along = Ag.0.01

a +— "Increase Longitudinal Remforemg Fato™ 1f Along <0.01.Az

i

Wil engRatio = Checkleastlongremnfore m3|r"ﬁ‘d‘-‘"j"_una'emf&1ting\| ="0R"

Hote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,
gither decreass the section size (Ad) or increase the longitudinal reinforeing (Abl and NMumberBars in
the inputs.
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Maximum Lengitudinal Reinforcing Check

Checkmaxlongremforeme{Az, Along) := |a «— "OK" 1if Along =< 006 As
a «— "Decrease Longitudinal Reinforcing Fatio”™ if Along = 0.06. Az

a
MaxLongFatio = Ch.e-:kma}s]ougrem.tbr-:m_zfﬁds.Alnngminfnmizzj ="0K

Hote: If the Maximum Longitudinal Reinforcing program refurns "Section Over Reinforced”, either
increaze the section size (Ag) or decrease the longitudingl reinforcing (Abl and NumberBars] in the
inputs.

Article 5.10,11.4. 1. Flexural Resistance

Check biaxial strength of columns shall not be less than that required for flexure, as specified in
Article 3.10.9.4.

Flexural Resistance check can be done uzing some kind of Column Design Program. PCA Column
was used for this project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.

Article 5.10.711.4.7¢: Column Shear and Transverse Reinforcement

Mote: This is for the end regions of the column.

Article 5.8.3.3: Mominal Shear Resistance

V= ‘Eu{:alﬂeuﬂ = 27855 kips

Pumimg, .y = 1.343 kips

INEUT b := Columndia bv: effective width

INEUT b, =08

INFPUT 5= 4 in 2. Spacing of hoops or pitch of spiral (in}

INFUT Aepi= 31 m: Asp: Area of spiral or hoop reinforcing (in?)

INPUT Dep = 0625 m D=p: Diameter of spiral or hoop reinforcing (in)

INFPUT Cover := 6 m Cover: Concrete cover for the Column {in}

INEUT Dprime 1= 30 m Dprime: Diameter of spiral or hoop for circular columns (in)
INPUT 'ibl =141 m gy, Diameter of the longitudinal bar
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Hote: B and & come from Article 5.8.3.4.1

=20

T 4520785 1ad
180

Mote: Or, de, and dv eguations come from Article 5.8.2.9.

d

Il
Dr = bv — Cover — D=p — T = 3467 m
{Equation: ©5.8.2.9-2) de:= bv + Dx =32036 m
2 ™

dv:=05de=28832 in

Article 5.10.11.4.1¢:

VeProgrami(fe, 3. bv, dv, Az, Pu) = |p « Pu

voe— 00316 B I b d
1'l
C — Ag fe
1000
H £

il

Hote: The arga of the Column and the Axial Load for this column nesd (o be input intz the
that calls the program above.

V.= ‘."u:Fmg'LEm[rf:, [3.b1.'.di‘,A{:a]‘.;mJJ_P'.;mmBeuﬂ\j =0371

Yo eguation

kips
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e
2Asp.——dv.cot(8)
Eq 5.5.3.3-4 Vo= 1000 =26814  Kips

5

Eg.5.83.341 V= (Vo +V,)-b, =241.66  kips

She 31{].1&-:k|_r-¢-‘fr1,‘v’u\_| = |ae "OK" if fVn 2V,
2+ "FAILURE" if ¢Vn <V
a
Shearchack = ShearCheck{$V_, Vu) = "OK"

Hote: If ShearCheck returmns "Failure", either decrease the spacing (s) of the shear reinforcing
(&ap), increaze the area of ehear reinforeing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 510.11.4.1¢c Length of End Region (Plastic Hinge Region)

End region is assumed to extend from the soffit of girders or cap beams at the top of the columns or
from the top of foundations at the bottom of columns.

EndRegsionProgram{d H} = |z« d
1
ve— —H.12
&
z+ 18

@+ max(x,v.z)

a

LendzthEndRegion = EudREgiaqug_Tame cu'_'.'.muuila.Ca'.'.;mul':eifjltBen_ﬂ =42 m

Article 5.10,71.4.3. Column Connections

Extension into Top and Boftom Connections

Mote: This needs o be done whenaver the column dimenzion changes.

ExtensionProgram(d) = |z « 13

xe— —d
3

3« maxiz,x)

a

Extension := ExtensionProgramiCelumndia) = 21 in
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Article 5.10,11.4.1e: Spacing of Tranzsverse Reinforcement for Confinement
Transverse Reinforcement for Confinermsent

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region
Shall Mot Exceed the Smallest of:
1
Spacingprogrami Columndia) .= | x «— — Columndia

¥4
a +— munix,¥)

MaamumSpacing == Spacngprogram(Columndiz) = 4 in

SpacingCheckiMaxmumSpacing, 5) := |a « 5 1if 5 £ MaximomSpacmg
a +— MamimumSpacing if 5 > MaximumSpacing

a
FINALSPACING = SpacingCheck(MaximumSpacing, s) = 4 n
schack ;= ShearCheckiMaximumSpacing, =) = "0OK"

Mote: If scheck returns "Failure”, increaze the apacing of shear reinforcing epacing (2). The
spacing value may be FINALSPACING, but verify thizs works for all other checks.

187




Articla 5.10,11.4.1d. Transverse Reinforcement for Confinement at Plastic Hinges

Required Yolumeatric Ratio of Spiral or Seismic Hoop Reinforcing

4.Ax
p, = ;P =0.01
5-Diprime
. (oo fe
RatioProgram| fe, &.p.| = |z « CI.IJ.E

a + "Inerease Transverse Reinforeing Ratio™ if p, <z

i

Checkp, = FaticFrogram(fe. fe, pE"| ="0K

Mote: If the minimum transverse reinforcement program responses “Increase Transverse
Reinforcing Ratio”, it is recommended fo decrease the spacing (s) or increaze the area of the

transverse reinforcement (Asp) in the inputs.

Hote:These Requirements need to be checked and zatisfied.

Crosa-tie Reguirementsa:
1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6%dy or 3 in. at one end and a hook of NOT less than 50 Degrees
with an extension of NOT less than 6%dy, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degres hocks of two successive cross-ties engaging the same longitudinal
barz shall be alternated end-for-end.

Hoop Reguirements

1) Bar shall be a cloged fie or continuoushy wound fie.
2} A closed tie may be made up of several reinforcing elements with 125 Degree
hooks having a §*dy, but NOT less than 3 in. extension at each end.

3} A continuously wound tie shall have at each end a 135 Degree hook with a 6%dy,
but HOT less than 3 in. extension that engages the longitudinal reinforcement.

Article 5. 10, 11.4.1F. Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hinge region.
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Mominal Shear Resistance for members QUTSIDE Flastic Hinge Region.

5.8.2.3 Nominal Shear Resistance

INEUT Vu_y = Vueolg, .4 = 27.855 kips

sub

INFPUT  spacelOhinge:= 12

Mote: { and 8 come from Article 5.8.3.4£.1

B=240

8= 450785 1ad
180

Mote: Or, de, and dv equationg come from Article 5.8.2.9.

Ay
Dr = bv — Cover — Dsp — - = 3467 m
Eq. C5.8.2.9-2 de = L =32036 m
2 T
dv = 0.%.de = 28 332 in
fi
Eg.5.8.3.3-3 V.= 003164 | " bvdv = 153.065 kips
= 4 1000
Asp. 1:;:& dv-cot(8)
V=——— 4480 kips
Eg. 5.8.3.3-4 3 spaceDhmge =
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WV = (Vo + V)b, =177.879  kips

ShearCheck( d}".-'n_‘."u"| = |a« "OKE" if dVnzV,
a +« "FAILURE" if ¢Vn <V,
a

Shearcheck := ShearCheck($V,, Vi, 3 | = "OK"

Hote: If ShearCheck returng "Failure”, either decrease the spacing (s) of the gshear reinforcing
(Azp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
vanahbles can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

[ f  bvs NOhmng 2
Eq. 5.8.2.5-1 Avmin = 0.0316. |—= DrepaceNOhings _ .. i
- 1004 fre
10040
Av:= 2 Asp =062 m
TranCheck{Avmm  Av) = |a « "Decreaze Spacing or Increase Bar S1ze”  1f Avmoum = Av

a2« "OK" if Avmin = Av
MimmumTran ;= TranCheck{Avmm , Av) = "0OK"

Mote: If the minimum transverss reinforcement program responses "Decreaze Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceMOhinge) or increass the
area of the shear reinforcement (Asp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi,
Eg. 5.8.291 = b =0.026 ksi
b, bv.dv
spacimgProgramiVu, dv, fe) == |+« 0125 fe
spacing (W, dv, fc) : y 185
g+ 0.8.dv
1 Dddw
zeq 1f g=24
z 24 1if g=24
te—r fr=12
te— 12 if r= 12
a+z if Vu<sw
a+—t if Vuzvy
a
MaxSpacing = spacingProgram{va.dv, fo) = 23066 n
Spacecheck(MaxSpacing.s) := |a « 3 f 5 = MaxSpacing
a «— MaxSpacing if s > MaxSpacing
a
MAXSPACING = SpacecheckiMaxSpacing . spacelNOhimge) =12 i

scheck := ShearCheck(MAXSPACING, spacelNOhinge) = "0OK"

Hote: If scheck returns "Failure®, change the spacing of shear reinforcing spacing (spaceMChinge).
The zpacing value may be MAXSPACING, but verify thiz works for all other checks.
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BENT 3 DESIGN
Article 5.10.11.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10,71.3 Longitudinal Reinforcement

-

INEUT 156 in

A i —
“longhar -~

INPUT 1, =12

Dars

INPUT  Ads = Acelumn

A]{:-:greiuf'{:-r:mg = Almgbar':\'—bars =18m n

Minimum Longitudinal Reinforcing Check

MMl enzRatio = Che-ﬂcleast]aug‘:em:’br:u.'Lg|r.-f'u:L'+..i'L-

_-}ug_'reiuf-::-rcingj ="0K

Hote: If the Minimum Longitudinal Reinforcing grogram retums "Increase Longitudinal Reinforcing”,
gither decrease the section size (AQ) or increase the longitudinal reinforeing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MMaxLongFatio = Checkmax]ougremfor{:m_q_rﬁ.ds.Along.l.ejnfomi QK

ng| =

Hote: If the Maximum Longitudinal Reinforcing gprogram returns "Seclion Over Reinforced”, either
increaze the section size (Ag) or decrease the longitudinal reinforcing (Abl and MumberBars) in the
inputz.

Article 5.10,71.4.1b: Flexural Resistance

Check biaxial strength of columns shall not be less than that required for flexure, as specified in
Arficle 3.10.9.4,

Flexural Resistance check can be done usging some kind of Column Desgign Program. PCA Column
was used for thizs project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.
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Article 5.10,71.4.1¢: Column Shear and Transverse Reinforcement

Hote: This iz for the end regions of the column.

Article 5.8.3.3: Mominal Shear Resistance

Vucelgay.s =14.114 kips
Puming,. .3 = 20.639 kips
INPUT by = Columndiz v effective width
INBUT $ =09
INBUT w=4 in = Spacing of hoops or pitch of spiral (in}
INEPUT Aspi= 31 j:E 4sp: Area of spiral or hoop reinforcing (ind)
INBUT Dsp:=0625 m Dzp: Diameter of 2piral or hoop reinforcing ({in}
iNEUT Cover = & in Cover: Concrete cover for the Column (in)
INEUT Dprime = 30 in Dprime: Diameter of apiral or hoop for circular columns {in)
INEUT dypi= 141 in dy,- Diameter of the longitudinal bar

Mote: B and & come from Article 5.8.3.4.1
=20

T 4520785 rad
180

Hote: Dr, de, and dv equations come from Article 5.8.2.9.

dy)
Dr:= bv — Cover — Dsp — - = 3467 m
Eq. C5.8.2.8.2 de= 3036 i
2 ™

dv = 0.9-de = 26,332 o
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Article 5.10.11.4.1¢: Column Shear and Transverse Reinforcement

INPUT V.= ‘."cFngmff:,[3.l:-1.'_di‘,A{a]'.;nm.P'.;ml.uBenﬁ] =5.136 kips
2 Asp i cot(8)
A=p. v eot(H)
1000
V.= =268.14 kips

!
SV = (V. + V)b, =248694  kips

Shearcheck := ShearCheck({¢V,, . Vu) = "OK"

Hote: If ShearCheck refurns "Failure”, either decrease the spacing (3) of the shear reinforcing
{A=zp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variablez can be changed in the inputs.

Length of End Region (Plastic Hinge Region)

End region is assumed to extend from the soffit of girders or cap beams at the top of the columns or

from the top of foundations at the bottom of columng.

LendzthEndFegion == Em:iRe_zLu}qugIameclum:dia, Colu.m:HefghrBe_ﬁ] =516588 m

Article 5.10,71.4.3: Column Connections

Extensicn into Top and Bottom Conneclions

Hote: This needs io be dons whenasver the column dimension changes.

Extension = ExtensionProgram(Celummdia) =21
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Article 5.10,71.4,1e: Spacing of Transverse Reinforcement for Confinement

Transverze Reinforcement for Confinemsent

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Reaion

MammumSpacing = Spacingprogiam( Columndiz) = 4 m

FIMALSPACTNG = SpacingCheck{MaxmimumSpacing,s) = 4 m

scheck := ShearCheck(MaxmumumSpacing, ) = "OK"

Mote: If scheck returns “Failure”, increase the spacing of shear reinforcing spacing (2). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.71.4.1d. Transverse Reinforcement for Confinement at Flasiic Hinges

Regquired Volumetric Ratio of Spiral or Seizmic Hoop Reinforcing

4-Ay
p. = —]:- =0.01
* 5 Dprme

Checkp, = R.Etiang':amiﬂ:.f}'e. |:|51_| ="0OK"

Hote: If the minimum transverse reinforcement program responses “Increase Transverse
Reinforcing Ratio”, it iz recommended to decrease the spacing (s or increase the area of the
transverze reinforcement i(Asp) in the inputs.
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Hote: These Requirements need to be checked and satisfied.

Crozs-tie Reguirements:

1) Continucus Lar having a hook of not less than 133 Degrees with an extension
MOT le2s than g*dy or 3 in. 8t one end and a hook of NOT leas than 30 Dearees

with an extension of NOT lezs than E*db at the cther end.

21 The hooks must engage peripheral longitudinal bars.
31 The 30 Degres hooks of two successive crogs-ties engaging the same longitudinal
bars shall be alternated end-for-end.

Hoop Requirements

11 Bar shall be a closed tie or continuously wound tis.
21 A closed tie may be made up of several reinforcing elements with 135 Degres
hooks having a 6%dy, but NOT less than 3 in. extenszion at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6%d,,
but NOT less than 3 in. extenzion that engages the longitudinal reinforcement.

Article 5.10.11.4.97F. Splices

Lap Splices im longitudinal reinforcement ghall not be used in plastic hings region.

Mominal Shear Resistance for members QUTSIDE Flaztic Hinge Region.

5.6.3.3 Nominal Shear Resistance
INBUT Vg = Vucolgys = 14.114 kips

INPUT  spacelfOhinge:= 12 in

MNote: { and 8 come from Aricle 5.8.3.4.1

B=20

6= 4520785 1ad
180
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Mote: Dr, de, and dv equations come from Article 5.8.2.9.

dy]

Dri= bwv — Cover — Dap — - = 34.67 i

Eq. C5.8.2.9-2 de = b + D =32036
2 T

05de=28832 m

dv

Eq. 5.8.3.3-3 V.= 003168 | brdv=153065 kips
e | 1000
Asp- IE‘:G dv-cot(8)
Vo= S —Ad gD kips
Eq 5.833-4 5 spacetOhinge )

HV, = Il‘."c + V|, = 177578 kips
Shearcheck := Shﬂal{he-ﬁc|r¢-‘-;'u,‘~’113ub"| ="0K"

Hote: If ShearCheck returnz "Failure”, either decreaze the spacing (s) of the shear reinforcing
(Agp), increasze the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.6.2.5 Minimum Transverse Reinforcement

[ f2 by spaceMNOhine
Eq. 5.8.2.5-1 Avmin = 0.0316. |- i b spacelDhinge
- 1000 fra

1000

=0.531 m

Avi= 2 Asp =062 m-

MintmumTran ;= TranCheck{Avmm , Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decreaze Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceMOhinge) or increase the
area of the shear reinforcement (Azp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Ylah

E{]. 5.8.284 s —
b, brdv

=0.013 ksi

MaxSpacing = spacingProgram(wa. dv, fc) = 23.066 o

Spacecheck(MaxSpacing .z) .= |a «— 5 1if 5 = MaxSpacing
1 +— MaxSpacing if 5 > MaxSpacing

MAXSPACING = Spacecheck(MaxSpacing . spacelNOlinge) =12 i

scheck := ShearCheck(MAXSPACING, spacaNOhnge) = "0OK"

Hote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceMNOhinge).
The spacing valus may be MAXSPACING, but verify thiz works for all other checks.

DRILLED SHAFT DESIGN
DRILLED SHAFT 2

Article 5.13.4.6.2b: Cast-in-place Piles

»

INPUT  Apggy = 156 i
INFLIT Ehars =12
INEUT  Ads == Adnlledshaft

A Miars = 18.72 m

longreinforeing = ":"lnngbar' ars
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Hote: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
minimum reinforcing check only applies to the FIRST 1/3*PILE LEMGTH OR 8 FT.

CHECHK: There alzo needs be a check mades if the column Diametsr iz less than 24.0 in. For these
drilled shaftg, spiral reinforcement or eguivalent ties of not less than Mo, 2 bars shall be provided at pitch
not excesding 9.0 in_, except that the pitch shall not excesd 4.0 in. within a length below the pile cap
reinforcement of not legs than 2.0 ft or 1.5 pile diameters, whichever is greater.

Minimum Longitudinal Reinforcing Check { First 1/3*Pile Length or 8 ft )

Checkleastlengrainforcing{Ag Along) = |a « "OK" if Along = Ag. 0005
a « "Increaze Longitudinzl Beinforemng Ratio” 1f Along < 0005 Az

i

| ="0K

MinLongRatio = C':E:lc]eastlu::-ug.'reiufu::—ltiug]iﬁ;ds,Alnzgmi:fﬂmiug.l
Mote: If the Minimum Longitudinal Reinforcing gprogram retums "Increase Longitudinal Reinforcing”,
either decreass the section size (AgQ) or increase the longitudinal reinforcing {Abl and MumbsrBars in
the inputs.

Article 5.10.71.3: Longitudinal Reinforcement

Minimum Longitudinal Reinforcing Check

) ="0K

MinLongRatio = C':E:lc]eastlcu;‘eﬁ:f&ltiuﬁiﬁ;ds,Alnzgmi:fﬂmiu&
Mote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,

either decrease the section size (Aq) or increase the longitudinal reinforcing {(Abl and MumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxlengFatio = C]Jec]cma:clu}ng_'reinfnmi:gi.i'td: ms:l ="0OR"

A ~
*“*longremfore

Mote: If the Maximum Longitudinal Reinforcing program refurns "Section Over Reinforced”, either
increaze the section size {Ag) or decreaze the longitudinal reinforcing (&bl and HumberBars) in the
inputs.
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5.8.3.2 Nominal Shear Resistance

INBUT Vigyp = Vupgy = 35.71
INPUT  spaceNOhinge:= 12 in
INPUT b := DSdia

INPUT Aspe= 31 in
INPUT D=p = 0625 in
INPUT Cover:= 6 in
INPUT Dprime := 30 in
INPUT dy; = 141 in

kips
5: Spacing of hoops or pitch of spiral {in}

bv: effective width

Asp: Area of spiral or hoop reinforcing (ind)

DOsp: Diameter of spiral or hoop reinforcing {in}
Cover: Concrete cover for the Column (in)
Dprime: Diameter of spiral or hoop for circular columns (in)

dy,: Diameter of the longitudinal bar

Mote: B and 8 come from Article 5.8.3.4.1

B=20

8= .45 =0.785

180

rad

Mote: Dr, de, and dv equations come from Article 5.8.2.9.

dus
Dr = bv — Cover — Disp — T = 34.67 in
Eq. C5.8.2.9-2 de = b + E=32.{I3I5 m
2 s
dv:=05%de =28832 m
fi
Eq. 5.8.3.3-3 V.= 003152 | prdv=153.065 kips
N 2 1000
IAsp lis;jcldv-cc}tﬁﬂ}
V.= = 5938 kips
Eg. 5.8.3.3-4 s spacelN0linge )
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GV, =V, +V |-¢, =2182 kips
Shearcheck := ShearCheck(dV, . Vu) = "OK"

Mote: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(&zp), increaze the area of shear reinforcing, or increase the section size (Acolumin). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

F wspacel =
Eq. 5.8.2.541 Ao 2= 0.0316. | e bv-spaceNOhmee
- 1000 fya

1000

=0.531 mo

Avi= 2 Asp =042 i

Mimmme Tran = TranCheck{Avoom, Av) = "0K"

Mote: If the minimum transverse reinforcemeant program responses "Decreaze Spacing or
Increaze Bar Size", it is recommended to decrease the spacing (spaceMOhinge) or increaze the
area of the shear reinforcemeant (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi
Eq. 5.8.2.8-1 = ————— = 0.051 ksi
d}s-b?-d':
MaxSpacing = spacingProgramivu.dv, fc) = 23.066 in
MANSPACTNG := SpacecheckiMaxSpacing, spaceOhmge) = 12 n

scheck = ShearCheck(MAXKSPACTNG, spaceMNOinge) = "OR"

Mote: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceNOhinge).
The zpacing valus may be MAXSPACIMNG, but verify thiz works for all other checks.
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DRILLED SHAFT 3

Article 5.13.4.6.2b: Cast-in-place Pilss

INPUT Al-::-n_zbar =156 in

INPUT Ny = 12

INPUT  Ads = Adrilledshaft

(=]

Alongreinforeing = Alongbar Nhars = 1872 in

Note: Article 5.13.4.6.2b only haz a provision for the minimum amount of longitudinal reinforcing. This
minirnum reinforcing check only apgplies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There alzo needs be a check made if the column Diameter iz less than 24.0 in. For theze

drilled shaftg, spiral reinforcement or eguivalent ties of not less than Mo, 2 bars shall be provided at pitch

not exceeding 2.0 in., sxcept that the pitch shall not excesd 4.0 in. within a length below the pile cap
reinforcement of not less than 2.0 f or 1.5 pile diameters, whichever is greater.

Minimum Lengitudinal Reinforcing Check | First 1/3*Pile Length or 8 ft)

MinLongRatio ;= Checkleastlonzgrainforcing] Ads, Aon

Lugj' = "0E"

greinfore

Hote: If the Minimum Longitudinal Reinforcing program retumns "Increase Longitudinal Reinforcing”,
gither decreage the section size (AQ) or increase the longitudinal reinforcing (Abl and MumberBars in
the inputs.

Articla 5.10,71.3; Longitudinal Reinforcement
Minimum Longitudinal Reinforcing Check
MWinlongRatio := Chedleastl&n;‘einfnlti:g]"ﬁad:,Ala:aeizfmimsl] ="0EK"

Note: If the Minimum Longitudinal Reinforcing program retums "Increasse Longitudinal Reinforcing”,
either decrease the section size (AQ) or increase the longitudinal reinforcing (Al and MumberBars in
the inputs.
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Maximum Longitudinal Reinforcing Check

MaxlongFatio = CLeckmaxl-:nugreinf-:nrci:gli.i'uis.,Alaugrmmﬂwcm;j ="0DK"

Hote: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increase the section size (Ag) or decrease the longitudinal reinforcing (&bl and NumberBars) in the

inputs.

5.8.3.3 Nominal Shear Resistance

INPUT WV = Vupgy = 28228 kips

INEUT  spaceMChinge := 12 in 5. Spacing of hoops or pitch of spiral (in)

INEUT b = DSdia bw: effective width

INFUT Asp= 31 j:z Asp: Area of spiral or hoop reinforcing (in?)

INFUT Dep == 0.625 in D=sp: Diameter of spiral or hoop reinforcing (in)

INEUT Covar =6 in Cover: Concrete cover for the Column {in)

INEUT Diprime := 30 n Dprime: Diameter of spiral or hoop for circular columns {in)
INEUT dy,p == 1.41 n dyy: Diameter of the longitudinal bar

Hote: B and & come from Article 5.8.3.41

B:=120

T 4520785 rad
180

Hote: Dr, de, and dv eguationz come from Article 5.8.2.9.

i
Dr = bv — Cover — Dsp — — =34.67

Eq. C5.8.2.9-2 de = =32036 m

ullﬁll
+
A|¥

dv = 09.de = 28 832 n
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Eg. 5.8.33-3 V, = 00316 |
e 4 1000

boedw = 153065 kaps

ye

2As=p.

Vo= 1000 =893 kips

dv.cot(8)

Eq.5.8.3.34 s spacel0hinge
&V, = (V. + V,)-4, = 2182 kips
&V, = (V. + V. )-b, =2182 kips

Shearcheck := ShearCheck|{$V . Vu) = "OK"

Hote: If ShearCheck refurns "Failure”, either decrease the zpacing (s) of the shear reinforcing
{A=p), increaze the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

—

Eq. 5.8.2.5-1 Avmin = 00316, | o DrepaeeiOhinge _ o,
| 1000 fre
1000
Avi= 2.Asp = 0.62 in’

MinimumTran = TranCheck{Avmm, Av) = "OK"

Mote: If the minimum fransverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing {spacelMChinge) or increase the
area of the shear reinforcement (Asp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi,
Eqg. 5.8.2.91 = — =0.026 k=i
d}s-bv-d‘:
MaxSpacing = spacingProgramiwn, dv. fc) = 23 068 m

MAXSPACTNG = Spacecheck{MaxSpacing ., spacelOhinge) = 12 n

scheck = ShearCheck(MANEPACTING, spaceNOhmee) = "0OK"

Hote: If scheck returns “Failure”, change the spacing of fransverss reinforcing spacing (spaceMChinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT

Article 5.13.4.6.2b: Cast-in-place Piles

INPUT Ay oy = 156 in”
INPUT N, =12
INPUT

Ads = Adsabut

3

Al-:}uz_'reiuf-:m:ing = Aln:gbar'b‘-bua =1872 in

Hote: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
minirmum reinforcing check only agplies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There alzo nesds be a check mads if the column Diametsr is less than 24.0 in. For these
drilled shaftg, spiral reinforcement or eguivalent ties of not less than Mo, 2 bars shall be provided at pitch
not exceading 9.0 in., except that the pitch shall not excesd 4.0 in. within a length below the pile cap
reinforcement of not legs than 2.0 ft or 1.5 pile diameters, whichever is greater.
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Minimum Longitudinal Reinforcing Check | First 1/3*Pile Length or 8 ft )

MmLongFatio = Chﬂckleazﬂongminforci:gf.i'ui:.A]auaemsar:mg'] ="DK"
Hote: If the Minimum Longitudinal Reinforcing program returns "Increass Longitudinal Reinforcing”,
either decreass the section size (Ag) or increass the longitudinal reinforcing (Al and MumberBars in

the inputs.

Article 5.10.11.3: Longitudinal Reinforcement
Minimum Longitudinal Reinforcing Check

MinlongRatio = Cheﬂ'.eastl-}ng.'reinfm‘ci:gfﬁ;d:,Ala:a Luz.] ="0K"

einfore
Mote: If the Minimum Longitudingl Reinforcing program retumns “lncrease Longitudinal Reinforcing”,
gither decrease the section size (Ag) or increaze the longitudinal reinforcing {Abl and MumbsrBars in
the inputs.

Maximum Longitudinal Reinforcing Check

Maxl ongFato = C]Jecl-cma:clu:-ugmiufu:-mi:gli.ﬂlds,A]Dugrmmﬂcmmz] ="OR"
Hote: If the Maximum Longitudinal Reinforcing program refurnz "Section Over Reinforced”, ether
increase the section size (Ag) or decreaze the longitudinal reinforcing (&bl and MumberBars) in the

inputs.

5.8.2.3 Nominal Shear Registance

INCUT Vi, = Vupg ap = 133.151 kips

INFUT  spaceMNChinge == 12 in 5. Spacing of hoops or pitch of spiral ({in)

INPUT bv = DSabutdiz b effective width

INFUT Asp= 31 j:E Asp: Area of spiral or hoop reinforcing {ind)

INPUT Disp = 0.623 in D=p: Diameter of spiral or hoop reinforcing {in)

INPUT Covar == 6 i Cover: Conecrete cover for the Celumn (in)

INFUT Diprime := 30 i CDprime; Diameter of spiral or hoop for circular columns {in)
INFUT dyyp = 1.41 in dy, Diamester of the longitudinal bar
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Mote: B and & come from Article 5.8.3.4.1

B:=20
8= 1 450785 r1ad
180

Hote: Or, de, and dv eguations come from Article 5.8.2.9.

dus
Dr = bv — Cover — Dsp —T- =34.47 n
- v D
Eq. C5.8.2.9-2 de=— +—=32036
2 L

dv = 09.ds = 28832 m

. . | fe -
Eg. 5.8.2.3-3 V. :=00316P |—bvdv = 153.065 kips
c B I Tom0 g
28:=p IIIZIF;E dv-cot{8)
V.= = 3938 k
Eg. 5.8.3.3-4 o spacell0hinge : ¥
GV, = (Vo + V.)}6,=2182  kips
OV, = (V. + V)b, =2182  kips

Shearcheck := ShearChack({$V,  Vu) = "OK"

Hote: If ShearCheck refurns "Failure", either decrease the spacing (s) of the shear reinforcing
(Azp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.
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5.8.2.5 Minimum Transwverse Reinforcement

fi vespaceNOhing
Eq. 5.8.2.5-1 Avmin = 0.0316. | - JepecelOhinge _ ..
J 1000 e

1000

Avi= L Asp =062 i

MmmumTran = TranCheck{ Avmm, Av) = "0K"

Mote: If the minimum fransverse reinforcemeant program rezponses "Decreage Spacing or
Increase Bar Size”, it is recommended to decrease the spacing {spaceMChinge) or increase the
arza of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vg
Eq. 5.6.2.541 s ———— =0.122 k=i
d}s-bv-d‘:
MaxSpacing = spacingProgrami(wu, dv,fc) = 23 066 m

MAXSPACING = SpacecheckiMaxSpacing , spaceNOhinge) = 12

zeheck = ShearCheck(MANSPACTNG, spacelNOhmge) = "0OK"

Mote: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceMOhinge ).
The zpacing value may be MAXSPACING, but verify thiz works for all other checks.
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Connection Design for Girder to Bent Cap
INPUT Veolbent == Vueolgg,.» = 27853

INPUT Wzirderparbent == 12

Article 6.5.4.2: Resistance Factorz

by =103 Tension for A307
b, =073 Shear for 4207
iy, == 0.80 Block Shear

oy = 0.0 Bolts Bearing

d:-m = 083 Shear Connectors
e = 1.00 Flexure

D, 2na1e = 100 Shear for the Angle

For Type lll Girders

Note: Select the grade of bolt being used. It iz assumed that a ASTM A307 Grade C bolt iz used.

INPUT Fub := 38 ksi
INPUT Diiay, := 1.23 n
INPUT Ms=1 Mg = Mumber of Shear Planes per Bolt

Angle Properiies

INEUT Fyi= 36 kst Fy = Yield Stress of the Angle
INBUT Fu:= 38 ksi Fu = Ultimate Siress of the Angle
INPUT t:= 0.5 in t = Thickness of Angle

INBUT h=6 in h = Height of the Angle

INBUT wi= & m w = Width of the Angls
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INPUT 1:=12 n | = Length of the Angle

INBUT k= 1.00 n k = Height of the Bevel

INPUT  distanchorhole =4 m distanchorhole = Distance from the vertical leg to the center of
the holg. This is the location of the holes.

INBUT diahole = 1.5 n diahole = Diamster of bolt hole

INBLUT BLSHlength = in BLSHlength = Block Shear Lengih

INPUT BLSHwidth := 2 in BLSHwicth = Block Shear Width

INBLUT Ths =10 Ubz = Shear Lag Factor for Block Shear

INEPUT a=2 n a = Distance from the center of the bolt {o the edge of plate

INPUT =35 n b = distance from center of bolt to toe of fillet of connected

part
Shear Force per Anale:
Vangle := —‘-;'c-:-lbe:t-l =2331 kips

2Mzirderperbant

Article 6.13.2.12: Shear Resistance For Anchor Bolts

Eg. 6.13.2.1241 fsBn:= 0484 Fub s =25.624 kips

Mote: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheckidisEn, Vangls) = "0OK"

Mote: If the pregram returns "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increaze number of bolts, ste.
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Article §.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. £.13.2.9-1 §bbFn = 2.4-Diay -t-Fub = 37 kips

For Slotted Holes

INPUT Le=2 m Lc = Clear dist. between the hole and the end of the member

Eg. 6.13.2.9-4 $bbEns := Let-Fub = 58 kips

Bearmngeheck := ShearCheck{dbbBn, Vangle) = "OK"

Bearingzcheck = ShearCheck(dbbRns, Vangls) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Le {hole location).

Article 6.13.2.10: Tensile Resistance

Hote: This a calculation of the Tension force on the anchor bolt due to the shear. A moment iz taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed fo
enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

ui= _va& =0.58 kips
distanchorhols
Eq. 6.13.2.10.2-1 ©tTn = dyy 0.76- Ay . Fub = 43275 kips

Tensioncheck := ShearCheck{dstTn, Tu) = "0OK"

Hote: If program returns "FAILURE", change area of the bolt or grade of bolt
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Article 6.13.2.11: Combingd Tensicn and Shear

Pu := Vangle
Eqg. £.13.2.111 Cu::vm':-qudegIamfP'.;.Ah.Fub.d:-sRu.d:-s] = |t 0.76- Ay Fub
Eq.6.13.2.11-2 ) '
s
r Pl W=
re 0764 Fub |1 -1 —— |
4 \dsEn/
2t i — <033
[ $sEn |
N, ¢'E !
aer if _Lﬂ =033
[ $:Ra |
| by
a
T ombined = C u:umbm.edegTam[?u.Ah, fub.-d:u:R.u_d:-E:| = 34094 kips
¢'7Tn:{:umbi.1.1.eui = d}t'T:cm.ubi:Ed =43273 kips

Combmedcheck = Eheu{hecklid:-r'l':cambjned.'i."a:gle.J ="0OK"
Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear
Note this is for if there are

_ ) .2 one through bolts in the
Agv = . BLSHlength = 3 m upper leg.
Anv = {-(BL3Hlength — 0.5-dizhole) = 2.625 irl2
i
Ant = t.(BLSHwidth — 0.5 dizhols) = 0.625 m
(J4-5) BLSHprogram{Agv, Anv, Ant Ubs, Fu. Fy) = |b «— 0.6.Fo-Anv + Ubs.Fu. Ant

¢ +— D6FvAzv + Ubs Fu Ant
a+—b ifb=c
a+—c b

a
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Bxn:= BLSHprogram{ Agv, Anv, Ant, Ubs Fu Fy) = 101.05 kips
dbsBn := ¢y, -En = 8084 kips
BlockShearCheck := ShearCheckidbsEn, Vangls) = "0K

Mote: If program refurnz "FAILURE", change diameter of the bolt, number of bolis, thickness of
angle, length of angle, etc.

BISC DZ: Tenszion Memier
Ut = Shear Lag factor for single Angles. Referio

Ut=06 Table D3.1 in AISC Manual
Ant = t.[w = (1.dizhaole)] = 2.25 i.u:

(D3-1) Ae = AntUt =133 i

(D2-2) tPn = ¢, Fub-Le = §2.64 kips

TensionCheck := ShearCheck(dtPu, Vangle) = "0OK

Mote: If program refurns "FAILLURE", change thickness of angle, length of angle, width of angle, etc.

AISC CH. F: Bending of Angle

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in_ {which iz at
the bolt location). Then the momeant was found just above the k height for thiz angle.
The Critical secfion is a k distance away on the horizontal l2g. This location has the greatest moment.

INEUT Muangle := 6.64 kip-in
L .2 .
Ix:= . =073 n’
4
biMn = dipFyr T = 17 kip-n

BendmgAnglaChack := ShearCheck{ dilhdn, Muangls) = "0OK"

Hote: If program returns "FAILURE", change thickness of angle or length of angle
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BISC G: Shear Check

Cvi=10
Awiztw=3 '.'::
(G2-1) dsangleVn = a0 6FpAw - Cv =643 kips

ShearAnglaCheck == ShearCheck(dzanzgleln, Vangle) = "0K

Mote: If program returns "FAILURE", change thickness of angle or width of angle.
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Expansion Connection Design for Girder to Bent Cap

INPUT Veolbent := Vueolg,. = 27.853

INPUT Mairderperbent := 12

Article 6.5.4.2: Resistance Factors

¢'t =03
b =073
dy,. = 0.80
dyy, = 0.80
11:-5: = 0.35
e = 1.00

= 1.00

d:'sa:g]e

For Type lll Girders

Tension for 4307
Shear for A307
Block Shear

Bolts Bearing
Shear Connectors

Flexure

Shear for the Angle

Note: Select the grade of bolt being used. It i azzumed that a ASTM A307 Grade C bolt iz used.

INPUT Fub := 58
INEUT Diiay, := 1.23
INBUT == 1

Angle Properties

INPUT Fy:= 36
nNeuT Fu:= 58
INPUT t:= 05
INPUT h:i=46
INPUT wi=18§

k=1

Mg = Number of Shear Flanes per Bolt

Fy = Yield Stress of the Angle

Fu = Ultimate Stress of the Angle
t = Thickne=zs of Angle

h = Height of the Angle

w = Width of the Angls
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INPUT 1:=12 m | = Length of the Angle

INPUT k:=1.00 m k = Height of the Bevel

INPUT  distanchorhele =4 distanchorhole = Distance from the verical leg to the center of
the hole. This iz the location of the holes.

INPUT diahele = 1.5 mn diaholz = Diamster of bolt hole
INPUT SlottedHolae'= 6 i SlottedHole = Length of slotted hole
INEUT BLSHlength:= 6 in BLSHlength = Block Shear Length
INPUT BLSHwidth = 2 n BLSHwicth = Block Shear Width
INPUT Uhs:= 1.0 Ubg = Shear Lag Factor for Block Shear
INPUT 1:=72 n a = Diztance from the center of the bolt 1o the edge of plate
INEUT b:=35% in Iy = distance from center of bolt to toe of fillet of connected
part
Shear Force per Angle:
Veolbent -2
Vangle = _reoents =2321 kips

2Mzirderperbent

Article 6.13.2.12: Shear Resistance For Anchor Bolts

Eqg. 6.13.2.121 dsBu = 048 A Fub-MNs = 13,624 kips

Mote: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck{d:En, Vangla) = "0OK"

Hote: If the program returns "FAILURE", either increass diameter of the bolt {Diab), changs grade of bolt,
increase number of bolts, ste.
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Article 6.13.2.9: Bearing Resisgtance at Bolt Holes

For Standard Holes

Eg. 6.13.2.91 b == 2.4-Diay-t-Fub = 37 kips

For Slotted Holes

INEUT Le=2 in Lc = Clear digt. between the hole and the end of the member

Eq. 6.13.2.94 bbEns ;= Le.t-Fub = 38 kips

Bearingcheck := ShearCheck{dbbBn, Vangle) = "OK"

Bearmngscheck .= ShearCheck(dbbEns, Vangls) = "0OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lo (hole location).

Article 6.13.2.10: Tensile Resistance

Mote: This a calculation of the Tension force on the anchor bolt due fo the shear. & moment is taken
about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed fo
enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam iz 47, and that is how the Tu equation was derived.

Vangle- 1
Tu= e 0.58 kips
distanchorhels
Eqg. 6.13.2.10.241 iTn = d}t-l:l.f-'é-.f;-n-_:ub =43275 kips

Tensioncheck := ShearCheck{dtTn, Tu) = "OK"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combinsd Tensicn and Shear

Pu = Vangle

T 4 = CombinedProgram(Pu. &, Fub, d<Fn. ¢, | = 54,004 kips

Boombine
T, binad = e Toopmbined = 43273 kips
Combmedcheck = E-hea.l{]:eckfd:-r"l':mmbined.‘.’a:gle-] = "QR"

Note: If program returnz "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear
Note this is for if there are

- . .2 one through bolts in the
Azv = - BLSHlength = 3 I upper leg.
( SlottedHols | ?
Awv:= t| BLSHlength — 0.5 ——— | =225 i
.
Ant = t.(BLSHwidth — 0.5 diahola) = 0625 m
En:= BLSHprogram( Agv, Anv, Ant, Ubs Fu, Fyv) = 101.05 kips

dbzEn := dn,.-Fn = B0.84 kaps
BlockShearCheck := ShearCheck(dbsFn, Vangls) = "0K

Hote: If program refurnz "FAILURE", change diameter of the bolt, number of bolis, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer to

Ut=106 Table D21 in AISC Manual
Ant = t[w— (1 .-dizhole)] = 2.23 :i.'IJ:

(D3-1) Ae= AntUt=135 in”

(D2-2) htPn = d:-T-l:'.;b-AE =62.64 kips

TensionCheck (= ShearCheck{dtPn, Vangle) = "0OK

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of &ngle

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

INFUT Muangle := £.64 kip-in
1. lu: -
Zx:= o =075 0
3
diflvin = d:.f-Fj-'-Zv; =27 kip-in

BendingAnglaChack = ShearCheck( dfhn, Muangls) = "OK"

Hote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G Shear Check

Cvi=1.0
Awiztw=13 i::
(G2-1) thsangleVn = __ 1 0.6.Fy Aw.Cv =648 kips

ShearAnglaCheck := ShearCheck({dzansleln, Vangle) ="0K

Hote: If program refurns "FAILURE", change thickness of angle or width of angle.
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Connection Design for Girder to Abutment

For Type lll Girders

INEUT Veolbant = "-'r"i]]E. Abt

INFUT Wzuderperbant := &

Hote: Select the grade of bolt being used. It iz assumed that a ASTM 307 Grade C bolt iz u=zed.

INEUT Fub := 58
INBUT Diay, = 1.5
INBPUT MWs:= 1

Angle Properiies

INPUT Fy:= 36
INPUT Fu:= 38
INPUT ti=075
INPUT h:=6
INPUT w=@
INPUT =12
INPUT k:=125

INPUT diahele = 1.75
INBPUT SlottedHola := &

INEUT BLSHlength = 6

INBUT BLSHwridth := 2

k=1

m

jhal

jhal

Mz = Number of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ulimate Stress of the Angle
f = Thickness of Angle

h = Height of the Angle

w = Width of the Angls

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center of
the holz. This is the location of the holes.

diahole = Diameter of bolt hole

SlottedHole = Length of slotted hole
BLSHlength = Block Shear Length
BLSHwicth = Block Shear Width

Ubeg = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt to the edge of plate

b = distance from center of bolt to toe of fillet of connected
part
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Shear Force per Angle:

Vangle = & =22.192 kips
MWeirderparbant

Article 6.13.2.12: Shear Resistance For Anchor Bolis

Eq.6.13.2.12-1 bsRn = ¢,-0.48 A Fub Ns = 36.898 kips

Mote: This is checking to verify that the anchor bolt has enowgh shear strength.
Shearcheck := ShearCheckidisEn, Vangla) = "0K"

Mote: If the pragram returns "FAILURE", either increase diameter of the bolt {Diab), changs grade of bolt,
increaze number of bolts, ste.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 8.13.2.9-1 dbbEn i= 2.4-Diag-t-Fab = 156.6 kips

For Slotted Holes

INPUT Le=2 in Le = Clear digt. between the hole and the end of the member

Eq. 6.13.2.9-4 dbbEns .= Le-t.Fub = 87 kips
Bearngcheck ;= ShearCheck{dbbBun, Vangle) = "OK"
Baanngcheck .= ShearCheck{dbbFxn, Vangle) = "OK"

Mote: If the program returng "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lo {hole location).
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Article 6.13.2.10: Tensile Resistance

Hote: This a calculation of the Tension fores on the anchor bolt due o the shear. & moment is taken
about the through bolt in the vertical leg of the angle. The ling of action for the shear force is assumed o
enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangls* 1°. The
distance to the anchor balt in the cap beam is 47, and that is how the Tu equation was derived.

Vangle- 1
Ta= ———— _ =5548 kips
distancheorhole
Eq. 8.13.2.10.241 $tTn := 0.76. Ay -Fub = 77856 kips

Tensioncheck ;= ShearCheck{dtTn, Tu) = "0K"

Mote: If program refurnz "FAILURE", change area of the bolt or grade of bolt.
Article 6.13.2.11: Combined Tension and Shear
Pu:= Vanzle

Eg 8.132.11-1  Ta_o- = CombinedProgram(Pu, Ay, Fub. dsRu. ¢, ) = 62.233 kipe
11- ) ) )

1
Eg £.13.2.11-2

DT ombined = P+ Teombined = 49786 Lips

Combmedchack = EhealChecH_rd}tTucmbi:ed.‘faug]e] ="DK"
Maote: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

-

Agv = . BLSHlength =45 i

SlunidHa.e | —1375 i

Anvi= | BLSHlength — 0.5,
Ant = t(BLSHwudth — 0.5.diahole) = 0.844 m

(J4-5) Fn = BLSHprogrami{ Agv, Anv, Ant. Ubs, Fu, Fv) = 146137 kips
dbsBn = dn,Bn = 116.91 kips

BlockShsarCheck = ShearCheck({dbbsEn, Vangle) = "OK"

Hote: If program returns "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.
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AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer fo

Ut = 0.6 Table D31 in AISC Manual
Ant = t-[w— (1 .dizhole)] = 3.138 i.u:

(D3-1) Ae = Ant Tt =1912 in”

(D2-2) $tPn = ¢ Fub-Ae = 82.74 kips

TensionCheck := ShearCheck{ditPn, Vangle) = "OK

Mote: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, stc.

AISC CH. F: Bending of Angle

Mote: & SAP Model of the angle was created. The ghear of the angle was applied at 4 in. {which iz at
the bolt location). Then the moment was found just above the k height for thiz angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

INPUT Muangle := 441 kip-in
7= 2 _ ) gs i
HiIn = g Fy T = 60.73 kip-in

BendingAnglaChack = ShearCheck( dihn, Muangle) = "OK"
Mote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G Shear Check

Cv=10
Aw = tw=43 m
(G2-1} drsanglaVn = d:'sa:g]e'u"s"::'-' Aw.Cw =572 kips

ShearAngleCheck := ShearCheck({dsanzleVn, Vangle) = "0OK

Mote: If program refurns "FAILURE", change thickness of angle or width of angle.
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Appendix C: Interaction Diagrams of Osiligee Creek Bridge
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Code: ACH318-02
Linizs; English
Run axis: About X-axis

W
Run aptian: Invassgaton ’_5/

Sandermess Mok consicanad

1800
Calurnn typs; Struciural Mz (R-ft)
Blars ASTM AB1E
Draba; 190210
T 12:54:47

-1500 =

praCalumn w284 Licersed tac Auburn Univarsty, License ID; 53161-1011581-4-20C30-27058

Fiie: :\Documenis snd SattngeicoulspjiDeskiop\Sesmic Design ResaarchiOsakgea Cre. \BenZColumnDasign.col
Promal: Dsefiges Crask

Colurrn, Bant 2 Enghnear: PJC

Moo= d kel Ty = &0 ksl g = 130544 in"2 12 #11 bars

Ec = 3604 k=i Es = 29060 ks g = 1BTZ 2 RFho =1 25%
fo=3.4 ks fo=3.4 ks Ko o= 00 In Ix = 162746 in"4.
e_u = 0003 infin o = 04din Iy = 152745 In"d
Bata] =085 Chaarspacno =6.73 iR Clapr covar =680 in
Confinement Tiad ghife) = 0.8, philb) = 0.9, phile) = Q.68
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pocatolimm #3, 64 @ Fortland Cemmat Aseoclatlon
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peaColumn v3.64 € Portland Cement Association Fage 2
Licensed to: Buburm University. License ID: 53161-1011561-4-20C30-2705% 11/02/10
£:%Documents and Settings‘\coulspd’\Desktoph\Seismic Design ResearchhOseliges Creek\FCR
Column'Bent2Call: 54 BM

01:54 BM

General Information:

File Wame: C:\Documents and Settingshcoulspj‘\Desktep\Seismic Design Research\Oseligee
Creek\PCA
ColumntBent2Calumnbesign. col

Project: Oseligee Cresk .

Column: Bent 2 Engineer: FJC

Code: BCI 318-02 Units: English
Run Option: Investigaticn Slenderness: Not considered
Run Axis: K-axis Celumn Type: Structural

Material Properties:
f'e = 4 kKsi Ey = 60 ksi
Ex = 3605 ksi Es = 29000 ksi
Oltimate strain = 0.003 infin
Betal = 0.85

Section:
Cireular: Dizmater = 42 in
Gross section area, Ag = 1385.44 in*2
Ix = 152745 in*~d Iy = 152745 in"4
¥ao = 0 in Yo = 0 in
Reinforcement:

Rebar Database: ASTM AG15

Size Diam (in) Area (in"2) Size Diam {in} Area (in"Z) Size Diam {(in) Area (in~2}
# 3 0.38 0.11 & 4 0.50 0.20 ¥ 5 0.63 0.31
# 6 0.75 0.44 & 7 0.88 0.60 8 1.40 0.7%
# 8 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.56
# 14 1.6% 2.25 # 18 2,26 4.00

Confinement: Tied; #3 ties with #10 hars, #4 with larger bars.
phifa) = 0.8, phi(b} = 0.9, ‘phi(c} = 0.83

Layout: Circular N

pattern: ALl Sides Egqual (Cover to transverse reinforcement)
Total steel area, As = 18.72 in~2 at 1.33%

12 #11 Cover = 6 in

Factersd Loads and Moments with Cerresponding Capacities: (see user's manual for notaticn)

Pu Mux frnx
Mo, kip k-ft k-ft M Ha
1 300.0 22.4 1467.2 65.498
2 16.0 22.4 1214.3 54.2140
3 584.0 22.4 1570.86 T0.116
4 520.0 1125.0 1564.1 1.390
5 BO.O 1125.0 1272.4 1.131
[ 300.40 77.48 14487.2 1&.858

wwe Program completed-as reguested! #FY
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Appendix D: Little Bear Creek Bridge Guide Specification Design

Designer: Paul Coulston OFRIGIN := 1
Project Mame: Little Bear Creek Bridge

Jiob Mumber:

Date: 7/22/2010

Description of workshest: Thiz worksheet iz a seismic bridge design worksheet for the

AASHTO Guide Specifications for LRFD Seismic Bridge Design. Al

preliminary design should already be done for non ssizsmic loads.

Project Known Information

Location: Franklin County
Zip Code or Coordinates: 3500850 N 382025 W

Supersiructure Type: AASTHO | girders
Substructure Type: Circular columns supported on drilled shafte
Abutment Type: Abutment beam supporied on drilled shafts

Mote: Input ail of the below information.

fo = 4000  pu
fie .= G0000  ps1

Poone = 008681 -

in”
z:= 3864 5
Length of Bridge (ft) L:= 300 ft
Short Span (ft) ShortSpan := &5 ft
Long Span ift) LongSpan := 130 ft
Deck Thickness (in) tdack = 7 n
Deck Width {ft) DeckWidth := 42.75 fi
I-Girder ¥-Sectional Area (ind) IGirderfArea = 5503 i.u:
Bull Girder X-Sectional Area (in?) BulbGirderirsa = 767 j_u:
Guard Rail Area (in?) GuardFaildrea = 310 m
Bent Volume (ft3) BentVolume = 40.(7.5 + 2425 =164 = 1|33
Column Diameter {in) Columndia == 54 in
Drilled Shaft Diameter (in) DS%dia = 60 in
Drilled Shaft Abutment Diameter (in) DSabutdia = 42 n

fi
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Average Column Height (ft) ColumnHerght = 14.5 ft

Column Area (in2) Acolumm = w =229 % 10°
Dsdia ™ 3

Drilled Shaft Area (in2) Adrilledshaft = ——— =2827x 10

Note: These are variables that were easier to input in
ft and then convert to inches.
ShortSpan := ShortSpan-12 =102 = 107 in
LeonzSpan = LengSpan 12 = 1.56 = 10’ n

L=LI2=36x10° ia
DackWidth := DeckWidth-12 =513 i
BentVolums := Be:.mﬁ."'rc:a'.u.1.1.1.e-133 =283= ll:l'r} :i:3

ColummBHaight := ColummHeight 12 =174

Steps for Seismic Design

Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.

Article 3.2 Bridges are design for the life safsty performance objective.
Articls 6.2. Requires a subsurface invesftigation take place.

Article 6.8 and C6.8: Liquefaction Design Reguirements - A liqguefaction assesament should
e made if loose to very loose zands are present to a sufficient extent to impact

the bridge stability and A_ is greater than or equal to 0.15.

Article 3.3. The type of Earthquake Resisting System (ERS) should be considersed. This
is not a requirement as in S0OC C and O, but should be considersd. A Type 1
ERS has a ductile substructure and es=zeniially elastic superstructurs.

Type of Bridge: TYFE 1

Article 3.4: Determine Design Response Spectrum

Note: AASHTO Guide Specifications for LRFD Seismic Bridge Design is accompanied
with a program that has the Seismic Hazard maps. This program will calculate several
of the variakles that are needed for the analysis.

1) Article 3.4.2 1.Determine the Site Clazs. Table 3.4.2.1-1
INBUT Site Class: D

a2

a2
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2) Enter maps and find PGA, 5_and 3,. Then enter thoze values in their respective spot. Also,

the the Guide Specification is accompanied with a cd that containe a program that will find
these values for the designer.

PGA=0116 g

INEUT 5. =027T2 g

0092 g

(7]
—
1

3) Article 3.4.2 3. Site Coefficients. From the PGA,S_, and 5, values and site class
choose Fog., Fy, and F. Mote: straight line interpolation iz permitted.

FPG_'—"L = 1.57 Table 3.4.2.3-1
INPUT F_:= 158 Takhle 3.4.2.31
F. =24 Table 3.4.2.3-2

Fa.341-1 A =Fpgy PGA=0151 ¢ A 1 Acceleration Coefficient

[T

Ea.3.4.1-2 SDS=F,5,=043 ¢ Spg = Short Period Acceleration Coefficient

Eq. 2.4.1-3 SD1:=F._.% =0221 ¢ Spy = 1-s&c Period Acceleration Coefficient
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41 Creating a Response Spectrum

MNote: The DesignSpectrum Code creates a Response Spectrum for the Bridoe.
Af this time the period of the bridge is unknown; therefore, the Sa value cannaot

be calculated.

Dt:= 0001 s

Tmax:=2 s

DlesignSpectrum| 505, 5D1, A, Tmax, DT'] =

SD1
T, «
© DS
T, 02T,

Tmnax

D

ie long

Tl «— D1

x 2\ Dt
s (D5 —A)—— + A, #fDei<T
| S T

a +SDS #f DtizT aDtisT,

5Dl
D

3 if Dei=T,

E «— augment(T.a)
E

BrdzeSpectum = :)E:xig_uﬁ]:ue-:tnuuli 3D5,5D1L A, Tmax,]]t]

Response Spectrum

0.5 T T T
—_—
=11}
=
m T
] |
5 o4F | b _
= | Y
] { Y
& | H,
o | Y

|
T 0af , T
— i
=l
a4
]
=N |
] ]
2 I E
=]
=%
7]
i
o
1 1 1
0.1

LA
[

Period (secs)

o
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Articla 3.5 Selection of Seismic Design Category

501 =0221 g From Tahle 3.53-1 Choosze S0C

SDCprogram (5010 = | for = 5D1

c«— "A" if 5D1 < 0.15

¢+ "B" if 5D1 = 0.15 » SD1 <03
e« "C" if SD1z203A5D1<03
ce"D" if 5Dl =05

SDC := SDCprogram(SD1) = "B"

Displacement Demand AI"I:!I},FSiS J'lD
Figure 1.2-2 Demand Analysis Flowchart

Article 4.2: Selection of Analysis Procedure

Thiz is a function of the S0C and the regularity of the bridge.

FProcedurs 1 = Equivalent Static Method
Article 4.3.3: Displacement Magnification for Short-Period Structures
g =2 forSDC B
Rd]:nr-:n_sram['l'.EDS .EDl_ud;] = | Ts &= ——

Th «— 125Ts

x{—jll——l:-—+;
uy | T uy
v 1.0
aex i.f'ﬁ, 10
T

A ¥ i.t"E‘_il.E

a

Note: This Rd valug will be calculated when the period of the structure is known. This factor will
amplify the displacement demand.
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Article 5.4: Analytical Procedurs 1 (Equivalent Static Analysiz)

Hote: There are two methods that can be used according to this procedurs. The Uniform Load Method is
zuitable for regular bridges that respond principally in their fundamental mede of vibration. The Single
Mods Spectral Method may be a better method if there iz & major change in the zpans, stiffness of the
pigrs, etc.

The Uniform Load Method i simpler and less time consuming and will give accurate results, and this is
the reason it has been chosen in this design.

Uniform Load Method

Siep 1: Build a bridge model
Step 22 Apply a uniform load of Po = 1.0 kipdin. in both the longitudinal and transverse direction.
Also, the uniform load can be converted into point loads and applied as joint loads in
SAP. Caleulats the static displacement for both dirsctions. In SAP, tables of the
dizgplacements can be exported to EXCEL, and the MAX Function can be used to find the
maximum displacement.

Step 3 Calculate the bridge lateral sfiffness, K, and total weight, W.

kip
Po=10 T
UsmaxLong = 0647204 in
INeuT
U, Tyan = S-263053  in
]:,ﬂ.]'_, ~ I kip
Eq. C5.4.2-1 Long = VomerLong e -
smzxleong
oL kip
AL a—— 7Y T .
Eg. C34.2-2 Tran YemaxTran =

INEUT: Multiphyiing factors

Peone [ Lrtgack DeckWidth + 2. BentVolume + 4- Acolumn ColumnHeight ...
.+ 25hortSpan- & - IGirderArea + 6 LongSpan: BulbGirderArea + 2 -GuardBailArea L
1000

W

W=731s4.123 kips
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Step 4: Caleulate the period, T

s
L =10.241 5

Eq. C5.4.2-3 mlong C 2
k A '{Luug'g

Step 5: Caleulats equivalent static earthguake loading p,.

\ 5Dl
A= |T. ———

ace(SDS, SDL, Ty gngs A ) s s

T, « 02T,

for ze Tm.T_cug

T -
2 (SDS-A)—=+A #T 5 <T

[+]
o

3 SDS if Typone 2T A Tyrone =T

mlong s

3Dl

a if Tl one™ Tg

TmLu:ung

Raea

Sal.aug = acc|_5]:|*5, SD1, TmLGu_E‘As.l =043

Sa W )
- P o _Lonz 7 4378 kip
Eg.C542-4 along :

Step B: Caleulate the dizplacements and member forces for use in design by applying p, to
the madel or by scaling the results by po'o,.

Rdy o, = Rdprogram(T, 7 .SDS, SD1.uy) = 1832

] = Fd Pslong .
VimaxLonz = ™ Long’ . Vimaxl ong
o

=448 in
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Repeat Steps 4, 5, and & for franzverse loading.

Step £: Calculate the period, T,".

T = 2w [—W 687
Eq. C5.4.2-3 mTean = <1 [ = HARL =
5 **Tran’ =

Step 5o Calculate equivalent static earthguake loading pg.

SaTyay = a0e(SDS.5D1, Ty, Al) = 0321

iy kip
‘— — e o
Eq C5.4.2.4 PeTran =~ = 0282
Step 6 Calculate the dizplacementz and member forces for use in design by applying p, to
the modsl or by scaling the resulis by p./p,.
Rdy 5y = Rdpro grmlleTran‘ 5D5.5D1 .'.;Ii_:l =1

. aTran .
1!11-1._3: —_— = 1486

- — " -
YsmaxTran YemaxTran

I

Single-Mode Spectral Method

This procedure iz not specifically addressed in the Guide Specifications. The Guide Spec. refers
you to the 8ASHTO LRFD Bridge Design Specifications.

Article 4.7.4.3.2. Single-Mode Speciral Method

Step 1: Build a bridge mode

Siep 2: Apply a uniform load of Po = 1.0 in both the lengitudinal and transverse direction.
Calculate the static displacement for both directions.

Step 2: Calculate factors a, B, and y.
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Mote: The Deflection eguations come from analysis of the SAP model. The displacement is

taken at the jointz along the length of the bridge and input into an Excel Werksheet. Then a

gragh iz created of the displacements along the length of the bridge. A best fit line is plotted,
and that iz the equation that iz shown below.

N P —7 2 - ! . -8 2 3
Vot = 1100 Tx” + 000172 + 0.3412 xslmg(x; = =2.10" ".x™ + 0.0001.x + 0.2223
rL L
A _ . 3 — - 3
C4.7.4.3 201 al—l_a: = % strau{x’ dx a]_mg = ":L:u:g{x" e
“0 “0
L rL
C4743262 Br_=| o  wa - FL e
T Tran *~ [ stran A dx E’I_mg = L Velong\® T
Yo Yo
AL -
W 2 . = W 2
£4.7 43203 “NTran = T'-‘-:tl'a:‘v‘" dx=6.102x 10 TLong = T'-‘-slnu_a’:x’ dx
i Yo
a = Displacement along the length
B = Weight per unit length * Displacement
y = Weight per unit length * Displacement2
Step 4: Calculate the Period of the Bridge
| “VTran
- T ey = W | ——— =872 5
Eq. 4.74.32b4 mTranl |
. -| Fo & %Tran
L
- T = | =25 _pios 5
4 2h- mLongl
Eq. 4.7.4.32b-4 onLE | PO ang

Siep 50 Calculate the eguivalent Static Earthguaks Loading

Comlonz = 3¢¢(SDS.5DL. Tyyg ge)-A,) = 043

mlong
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Step 6 Calculate the displacements and member forees for use in design by applying p, to
the medel or by scaling the results by p/p,.

Eq. C4.74.3.2b-5 Pelong(x) =

.
Falong(x) — 0.000050517538799082222132-x + -1 810350775981 6444426e-9. 2 + 0201 22048875035977

a0 = L
100
1:=1.101
Fel{:u:g__ := PaLlong[(i — 13-dW] El]aug.l = Ts]:-ug[':i - 1dW]

ﬁln:gj = Palong - blong.

Force Along the Length

T T T

& o |
E (e

L)

[

= 0.2 -
[l

1 1 1
2 2 1
0 Lelo” 2107 Fxl0”
Length (in)
Deflection Along the Length
0.3 T T T

1 0. -

- 0.1 .

L

fa

B 1 1 I
Q 100 I IO 40
Length (in)

Maximum Deflection

max{Mlong) =028 T
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MOTE: Repeat Steps 5 and 6 for Transverse Direction.

Siep 5o Calculate the eguivalent Static Earthquaks Loading

CopTyan = 30e{3DS.5DL. T p 0.4, ) = 0328

Step 62 Calculats the displacements and member forees for use in design by applying p, to
the medel or by scaling the results by p.ip,.

B L i ,
Eq. C4.74.3.2b-5 PaTran(x) := M-i-‘-'mm‘:ﬂ

-TT Tan =

PeTran(x) — 0.00009755430945480492103 7.2 + 5.73848879145511300222-9.x" + 0.019578723 736458493563

AL = —
100

1:=1..101
Pl!tra.u.l = PeTran[(1 — 1).dL] diam = v [(1=13dL]

stran

Atran = Pe.‘ra:].- -S‘tra.u.l

Force along the Length

T T T
- - 4
— 0.4
=)
Z o3 .
o
o 0.2F .
=
= olr N

all 1 1 1

0
33 3
a L1 210 ESS L]

Length {in)
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Deflection along the Length

4 T T T
= s
= 3 P
= e
5 2t . §
2
o i .
: .
o T | |
1 1 3 3
0 L1’ o3 [ 5 [/ S
Length {in)
Maximum Deflection
maxiAtran) = 3.453 o

Article 5.6: Effective Section Properties

Note: Uze 0.7*1g for ductile reinforced concrate members.
Refer to the charts on page 5-20 of the Guide Specification if & more precise value is desired.

Article 5.2 Abutment Modeling
Note: This iz taken care of in the SAP model.
Article 5.3 Foundations Modeling

MNote: Since in SDC B, Foundation Modeling Meathods | can be used.

FMM iz dependent on the type of foundaticn.

For bridges with Pile Bent/Drilled Shaft the depth of fixity can be eatimated.
Since detailzs regarding reinforcing are not known, reduce the stiffness of the
drilled shafts to one half the uncracked section.

MNote: Special provisions nead to be congidered if Liquefaction iz present. (Article 6.3)

Article 4.4: Combination of Orthogonal Seigmic Displacemeant Demands

m 3
. . | s W2 . . - N
- a— - F.oxr = iz
LoadCazel = Ny |_1 Vemaxlonz| T |t{l._ VmnaxTran) = 0.632 m

+ (034 J=1492 i

smaxLong)

. | ¢ W2
P -
LoadCazel := 4 |_1 VomaxTran)
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COLUMN DESIGN

Article 4.8: Displacement Demand/Capacity

Note: If the column height is different for each bent, a capacity check nesds to be

made at each bent.

Disglacement Demand/Capacity for the Benis

BENT 2

Mote: The displacement demand is taken as the bent displacement. This can be found by

==
L}

M

[ =

]

uging the SAP Bridge model that was created.

&D'.Dug = 0.2566 m '&D:_.{:-:g = R'dLn:g"ﬁDlmlg'PeL-:u:gz 0.178
Input o i ~
ADran = 0.7833 mn ADTran = RdTran B Dpan PeTran = 0223
5 - Columendia .
Input &
A=2 Fixed and top and bottom
AB
Eq. 4.8.1-3 xi= — = 0746
o
Eq. 4.8.1-1 A= 012H (127 Infx) - 0.32) =0075 in

DIZH,; =144 m

Chechimiq"&c] = |z« "OK" if An 2012H

2 « "FAILUEE" if Ap <0.12.H)

CheckLimit{A ) = "FAILURE"
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CheckCapacity{ Ac . Ap) == |« "OK” if AczAp
¢« "FAILURE" if Ac <Ap

CheckCapacit{ A, Ap[ o2 | = FAILURE"

CheckCapac LT:.‘|'..|ﬁ|: . ‘r}‘DTt‘m] ="FAILURE"

BENT 3
‘r}":)lc:-n= == 0.3702 m ‘ﬁ:)l_aug = 1':;‘:_.{:nflg"ﬂ":.‘Jl-:u.'u_z'P eLong = 0.256
INPUT Apyag = 22407 in AnTran = Riran A 0han PaTyan = 0-223
INPUT H, = 16.68 fi
INEUT B = Columnd:ia
- e 12
A=2 Fixed and top and bottom
AB
o -
Eg 4.8.1-3 wim e =0
o
Eq. 4.8.1-1 M= 013H (=127 In(x) — 0.32) =0528 in

0.12.H, =2.002 in

C':eckl_imitfﬁc] = la« "OK" if A-=012H
a + "FAILURE" if A-<0QI12.H,

Checl-cl_im;'q"f}.d ="FAILUEE
E]J.eu:kCapa:Lrn"ﬁc,ﬁD] = e« "0OK" i f}nc thD
e« "FAILURE" if A < Aq

CheckCap a-:it_11_rﬁc, ﬁDLn:g] ="0OK"

CheckCapacity{ Ac, Apry,,| = "OK"
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HOTE: IF THE SIMPLIFIED EQUATIONS ABOVE DO NOT WORK, & PUSHOVER AMALYESIS OF
THE BRIDGE CAMN BE DOMNE TO VERIFY THE DISPLACEMENT CARACITY. In SAF 2000, thers iz
an sarthguake design program that allows a pushover analysis to be done by setting the S0C to D.
Be sure to amplify the demand values by the appropriate Rd value. List the results below to verify
that the Dizplacement Capacity ig sufficiznt. The Demand Displacement muszt be multiplisd by
pelpo. The below chart was created in Excel and then brought into Mathcad.

GenDispl Demand (in) |Capacity (in)] Check
GD TR1 DReqgll] 0.808445256 2.801242 K
GD LG1 DReqll] 1.212062438 1.522609 OFK
GD TRZ2 DReqll| 3.883949328 | 13.210685 O
GD LG2 DReqll] 1.737604208 2.514419 OK

Article 4.12 Minimum Support Length Requirements
Note: May need to add more calculations if column heights are different at the bents.

M {in) = Minimum support length measured normal to the bridges
L {ft) = Length of bridge to adjacent expansion joint or end of the bridge

H (ft) = average height of columng supporting bridge deck for abutments
for columng and piers = column height

5 (Degree) = angle of shew
Abutment Support Length Requirement

, ShortSpan _ _ ColummHerght
INPUT Spanzpyiment = T g3 & Hibutment = T 145 =

Mote: The Spangy, .o 18 divided by number of spans and inches.

Skewab'.'.tmeu? =10 Desrees

Eq. 4.12.2-1

-

Mabutment = '..§-|:5 + 0.025pan o ont T E.CISZ'Iabumm]-U + 0.0001235kew 3o =16.25 m

=i
ent |
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Bent Support Length Requirement

BENT 2

INPUT  Spangy, = %ﬂ” =130 &

Mote: The Span_, . is divided by number of spans and inches.

INEUT :_IEELH = 12083 ft INPUT: Column Height for this Bent

INBUT Skewgan; =0 Degrses

Eq. 4.12.2-1

Npyt = 1.5(8 + 0.02Spang ., + 0.08Hg, )| 1 + 0.0001255kewg, ~ | = 17.348

BENT 3

INPUT  Spamg, = —22228 _ 130

fi
1-12

Mote: The Span ., ... is divided by number of 2panz and inches.

INBUT Z—IBE“_ = 16.851 ft INPLUT: Column Height for thiz Bent

INPUT  Skewpg,,, =0 Degrees

Eq. 4.12.2-1

Mg = 1.5(8 + 0.02Spang . + 0.08Hg, )| 1 + 0.0001258kewp,,~ | = 17.902

Article 4.14: Superstructure Shear Keys
vnl-c =2V

i

Mote: This does not apply to this bridge.
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Figure 1.3-5 50C B Detailing

Decide what Type of Lridge desgigning.

Structure Type: Type 1

Article 8.3 Determine Flexure and Shear Demands

Article 8.5: Plastic Moment Capacity

Hote: Article 8.5 refers the designer back to Article 4.11.1-4.

BENT 3 DESIGN

Article 4,11, 1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

Hote: Usze some kind of software to find the Moment Capacity of the Column. PCA
Column was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INEUT l’IF_ = 60000000 Ik

Mote: Fixity is the point of fixity for the

INPUT Fixity = 200in column/drilledshaft.

1M
V- £

=—P _ _600  kips v 2V, =12x10° K
P~ Fixity- 1000 P b

pBent? = P

Hote: If the decizion is mads to design for Elastic Forces then the above variakles need to be override.
This can be dons by simply changing the Vp variakle to the elastic force from SAP2000 that has been
miultiplied by peipo.

INPUT WV, = 250 kips W = 2.V, =380 kips

Hote: Pu is the combination of Elastic Axial force from the earthquake and dead load.

INPUT P = 1284000 1b

u‘
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Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Mote: It is recommendsd to use the plastic hinging forces whensver practical.

V= ‘»’P b =03

Article 4.11.6. Analytical Plastic Hinge Length

Mote: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shafi.

INEUT db] =141 m dy,- Diameter of Longitudinal Bar

Eq. 4.11.6-1 PlasticHinge(Fixity, fre, db11| = |lp « 0.08.Fraty + E.lj.i.db_
v d 1000

fya
0032 g
T o0 Rl

ae—lp iflpzm
ae—m if lp<m

a

:"p = P]astir:Hi:ge|T_Tf:ﬂtj.',fye.db]:| =28.69 m

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Hote: vy iz the region of column with a mement demand excesding 75% of the
maximum plastic moment. From the SAP model, find the location at which the

momeant demand is 0.75*Mp. The 0.75*Mp value should be divided by po,o, 1o
take into account the model loads have not been multiplied by paq,, The
location will alzo need to be INPUT into the PlasticHingeRegion program in
inches.
Mp75:=075M =45x '_{IT Ibin
?'.astchmgeE.egimq'-Lb,Cl:-hu:cudia"| = |z « L.5-Columndiz
X L]:'
ye10

a «— max{z. x, v
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Hote: Input the arguments into the program. Most likely the column diameter is the only variable that
has changed.

INPUT Lor = P]a:»ticHi:geREginmiLP, Calum:dia] =8l m

Article 8.6.2: Concrete Shear Capacity

Az = Acolumn

3 7
Eqg. 8.6.2-2 Ae=0BAz=1832x 10’ m
Hpy =2 Specified in Article 8.6 2 of Guide Spec.
INEUT 5= 6 i 2. Spacing of hoops or pitch of spiral (in)
INBUT Aspi= 31 i:: Asp: Area of spiral or hoop reinforcing (in?)
iNEUT Dsp = 0.625 in Dsp: Diameter of spiral or hoop reinforeing {in}
INEPUT Cover .= 3 I Cover. Concrete cover for the Column (in}
INEPUT Dprime == 48 in Dprime: Diameter of apiral or hoop for circular columng {in)
_ 4Asp -3
Eq 8.62-7 P o e A0
fvh = E =60 k=
1000
Eq. 8.6.2-5 StressChack(p, . 2] = |6 « p &k

a1 if 52035

fs = Stressﬂl'leckfpr_.fj.‘:.] =0.258

254




Eg. 5.6.2-53 apmgramlifs, PD:' =

Cprima —

iy

o P kD

2+ 03 if oprime =03

A+ oprme f oprme > 0.3 A cprime < 3

a+ 3 if oprime 2 3

a

oPrime = -:rpmgrauﬂif:. |.LD:| =3

If Puis Compressive

' " { P'.; .-n fe
Eq. 8.6.2-3 1'{:prn:_'|_'am|'o_PrjuJE_f:1_:'u1A§| = |wve — 0.032aPnms.| 1| + —— II_
' ! i 2821000 /) 1000
. | fe
minl «— 0.11 [——
4 1000
. - . | fc
min? + 0.047aFrime-
| 1000

Eq. 8.6.2-4

If Pu is NOT Compressive v = 0

pininm — munirein ], min?})
a2+ ve if vo= minmum

2+ mumimum 1f ve > mininnm

a

Hote: If Pu iz not compressive, will have to manually
input O for vo. Just input it below the ve:=veprogram and
the variable will azsume the new value.

R— 1.':pr-::-g':a.1.1.14"0‘_7-'15me.fc.P._;..i'L_z-] =022 k=

Ve = ve A = 403079

kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT ni=2 n: numizer of individual interlocking spiral or hoop core sections

Eq. 8.6.3-1 .

V5 am(n, Asp, fyh, i fe e = v n
Eq. 8.6.4-1 programin, Asp, fyh, Dprime . s, fe, Ae 5 : | :
| fc _
+ 1000

[ n Asp-fyh-Dpnme ||

marvs «— 0.25.

ae—vs 1f vs £ maxvs
a +— maxvs 1f vs > maxvs

a

V== vsprogram{n ., Asp.fvh Dprume, s fo, Ae) = 467469 kips

Eqg. 8.6.1-2 PVn = (Vs + Vi) = 783493 kips

ShearChack($Vn,V, ) = |2« "OK" if Va2V,
a«— "FAILURE" if ¢Vn <V,

Shearcheck := ShearC ':en:klrd}‘»'u,'-.-'u-] ="0K

Mote: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforzing
{A=p), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 86.5; Minimum Shear Reinforcement

For Circular Columns
Eq. 8.6.5-1 mu.m'a:pmg'ramlip;j = |a+« "OK" if p_ 20003

& « "Increase Shear Reinforeing Ratio” if p_ < 0.003

i

CheckTransverss == mi:trau]:urngrmfps'] ="0K"
i i)

Hote: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio”, it is recommended to decrease the spacing (s) or increage the area of the shear
reinforcement {(Asp) in the inpuis.
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Article 8.8 Longitudinal and Lateral Reinforcement Requirements
Article 8.8.7: Maximum Longitudinal Reinforcement

-

INPUT ~ Ay= 156 =

INPUT MumberBars := 28

.i'L'_oug = -_\:um-:.m-Ears._jlbl =43 58 o

Eq. 8.8.1-1 p]:-r-:-grmliﬁ:.-_ ..-ig] = |a« "OKE" if Ay o= 0044z

onE long =

a + "Section Over Feinforced" of A].l:l:g =004 Az

FemforcementFaitoCheck = pj.:-rl:-g_'ramf-.i't-jug. .-f'ng] ="gR"

Hote: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increase the section size (Ag) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement

For Columng in SDC B and C:
EQ.8.8.2-1  mmAlprogram(Ap.Az) = |a«— "OK" if A, = 0007 Ag

long =
3 « "Increase Longitudinal Remmforemg™ of Al-:-:g < 0007 Ag

Miniromm 4, 1= m&]prn;'auqrﬂl'}n,,zlgﬁ ="0K"
Mote: If the Minimum Longitudinal Reinforcing program retums “Increase Longitudinal Reinforcing”,

either decrease the section size (Aq) or increase the longitudinal reinforcing (Al and MumbserBars in
the inputs.
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Article 8.8.9: Requirements for Lateral Reinforcement for SOCs B,C, and D

Theze Reguirements nesd to be checked and satisfied.

Cross-tie Requirements:
1} Continuous bar having a hook of not less than 135 Degrees with an extension
MOT less than 6%dy or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extznzion of NOT lss than 6*d,, at the other end.

2} The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudina

bara shall be alternated end-for-end.

Hoop Reguirementis

1} Bar zhall be a closed tie or continuously wound tie.
2} A closed tie may be made up of several reinforcing elements with 135 Degree

hooks having a 6%dy, but NOT less than 3 in. extengion at each end.
3) A continucusly wound tie shall have at each end a 135 Degres hook with a 6*d,,

but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcemsnt
#4 barz for #3 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 barz for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Mot Exceed the Smallest of:

Ln | o=

Spaciug]:-mgrumi[:u}hun:dia,db]:l = |q ! IColumndia

t— &
a «— minig.r. )

MaximnmSpacing = Spacingprogram|C olumndia, dy; =8 n
| 1

SpacinzChecki{MaximumSpacing . =) := |a «— 5 if 5 £ MaximomSpacing

1« MaximunmSpacing if s > MamimumSpacing
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FINALSPACING = SpacingChecki{MamimumSpacing, s} =6

seheck == ShearCheck({MaximmmSpacing, =) = "OE"

Mote: If acheck retumns "Failure”, increase the spacing of ghear reinforcing soacing (2). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10,11.4.3 (LRFD SPEC.). Coclumn Conneclions

Note: This needs to be done whenaver the column dimenzion changes. The spacing in the hings
region zhall continue into the drilled shaft or cap beam the Extenzion length.

ExtensionProgramid) .= |z « 15
xe— —d
2

a «— maxiz,x)

a

INEPUT Extension := ExtensionProgram(Celumndia) =27 m

Mominal Shear Resistance for members QUTSIDE Flastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.2.3 Nominal Shear Registance

W, =180 kips

p-

INPUT  spaceliChings = 105 m

INPUT by = Columndia
. =09
Mote: B and & come from Article 5.8.3.4.1
B:=20

T 450785 rad
180
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Note: Dr, de, and dv eguations come from Article 5.8.2.9.

d

k1
Dr = bv — Cover — Dzp — T =49.67 n
Eq. C5.8.2.8-2 de = b + Dx =42 81 in
2 ™

dv:i=09de=38529

| fe
2 V.= 00316 P |——buvdv=262986  kips

fye

2Asp dv oot 8)
1000

Eg.5.8.3.34 V. = =136.504 kips
= spaceNOhmge

GV, = (Vo + V)9, =359541  kips

ShearCheck( Ve, V, | = |2« "OK" i ¢VazV,
a« "FAILURE" if ¢Vn <V,
a

Shearcheck = 5':&3.1‘Check|"¢|‘.":_‘."g"| ="DK"

Hote: If ShearCheck returns "Failure”, either decreasze the spacing (s) of the shear reinforcing
(Agp), increase the area of shear reinforeing, or increase the section gize (Acolumn). These
vanables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

2 - spaceNOhing 5
Eq. 5.8.2.5-1 Avmoin = 0.0516. | = b spaceliOhinge = 0.597 in
- 100D fye
10040
Avi= 2. A=p =062 m
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TranCheck({Avmun, Av) .= |a « "Decrease Spacing or Increaze Bar S1ze”  of Avmin = Av

a2+« "0K" 1f Aviin = Av

i

Minimm Tran := TranCheck{Avmuin, Av) = "OK"

Hote: If the minimum transverss reinforcement program responses "Decreaze Spacing or
Increage Bar Size", it is recommended to decrease the spacing (spaceMOhinge) or increase the
area of the shear reinforcemeant (Azp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Va
Eg. 5.8.2.941 = ——— =155 ksl
by dv
Eq. 5.8.2.7-1 spacingProgram({Vu, dv, &) i= |v + 0.125.- :
Eq. 5.8.2.7-2 1000
q + 0.8.dv
1o Oddw
zeq if g=24
z 24 if g=24
te—r fr=12
te 12 ifr=12
ae—z 1if Vuaw
a1 1f Vuzv
3
MaxSpacing = spacingProgramiwu, dv, fc) = 24 n
Spacacheck(MaxSpacing, ) i= |2+ = if 5 = MaxSpacing

3 « MaxSpacing 1f = = MaxSpacing

a

MAMNSPACTNG = Spacecheck{MaxSpacing . spaceOhmge) = 10.5 m

scheck = ShearCheck(MARSPACING, spacelNOhinge) = "OK"

Mote: If scheck returns "Failure”, change the gpacing of shear reinforcing spacing (spaceMChinge).
The spacing valug may be MAXSPACIMNG, but verify this works for all cther checks.
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BENT 2 DESIGN
Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

Hote: Usze some kind of softwars to find the Moment Capacity of the Column. PCA
Column was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INEUT _’IF_ = 55328000  Ibm

Mote: Fixity is the point of fixity for the

INPUT  Fuaty = 145m column/drilledshaft.

2:M -
. ] i . . B
Vo= ———— =E18317 kips W 4= 2N =1.637x 10 kips
P Fixity- 1000 pBent e

Hote: If the decizion iz made to design for ELASTIC FORCES then the above variables nesd o be
override. This can be done by simply changing the Yp variable to the elastic force from SAP2000 that
has been multipled by pelpo.

INPUT ‘»’? = 170 kips 1":]:IBH.'|TE = 2-‘-."P =340 kips
Hote: Pu iz the combination of Elastic Axial force from the earthguake and dead load.

INPUT B, =950000 b

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Mote: It is recommended to use the plastic hinging forces whenever practical.

Vi= ‘-;'P b, =08
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Article 4.71.6. Analytical Plastic Hinge Length

Note: For reinferced concrets columns framing inte a footing, an integral bent cap, an
oversized shaft, or cased =shaft.

INPUT dyp=141 in gy, Diameter of Longitudinal Bar

:"p = P]a:-.tchi:ge|T_Tixlt:.',fye,db]:| = 24728 m

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Hote: v iz the region of column with a moment demand excesding 75% of the
miaximum plagtic moment. From the SAP model, find the location at which the

moment demand is 0.75*Mp. The 0.75*Mp value should be divided by por o, to
take into account the model loads have not been multiplied by porg, The
lacation will alse need to be INPUT inte the PlasticHingeRegion program in
inches.
Mp75:=0.75M_ =445x '.{IT Ibin
?'.astL-:ngeE.egimq"LD,Cnl1Lmud:ia"| = |z « L5 Columndiz
X Lp
ye10

a +— max{z,x,¥)

Mote: Input the arguments into the program. Most likely the column diameter is the only variable
that has changed.

INPUT Lpr = ?]astchiugeREginm"LP, Cc}lum:dia] =&l i}

Article 8.6.2; Concrete Shear Capacity

Az = Acolumn
3 5
Eq. 8.6.2-2 fAe:= 08 Az =1832x 107 m
Hpy = 2 Specified in Article §.8.2 Guide Spec.
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INEUT 5= & im 2 Spacing of hoops or pitch of spiral (in)

INEPUT Aspi= 031 m 4sp: Area of spiral or hoop reinforcing (in?)
INBUT Dsp:= 0625 i Dzp: Diameter of spiral or hoop reinforcing {in)
INEUT Cover = 3 im Cover: Conerete cover for the Column (in)

INBUT Dprme = 48

in Dprime: Diameter of spiral or hoop for circular columns {in)
_ HAsp —3
Eq 8.62.7 Pe= Dt e 10
= % Z60 ke
1000
Eq. 8.6.2-6 fo .= StressChack(p_, fvh) = 0.258

Eq.8.6.2-5 oPrime = -:q:-mgrauﬂifs. |-L]:|:I =3
If Pu iz Compressive
Eq. 8.6.2-4
If Pu is NOT Compressive VG = [ Note: If Pu iz not compressive, will have to manually
input O for ve. Just input it below the ve=veprogram and

the variable will azsume the new value.

L= ‘.':PIGgTaJJJ];I:I'_:I'..mE.fC.P.I;..jl._z.] =022 k=

Ve:i=wve A

m

= 503.84% kips

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT ni=2 n: numizer of individual interlocking spiral or hoop core sections
Eq. 8.6.31
Eg. 8 .41 Vz = vaprogram{n. Asp. fyh, Dprme, 5. fo, Ae) = 467469 laps
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Eq. 8.6.1-2 dVni= d. (Vs + Vel = 874.186  kips

Shearcheck := ShearCheck( ¢Va,V, | = "OK"

Hote: If ShearCheck refurna "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increaze the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

For Circular Columns
Eq. 8.6.5-1 CheckTransverse := mintranpro gra.'mfps'] ="0RK"

Hote: If the minimum shear reinforcement program responses "Increaze Shear Reinforcing
Ratio”, it is recommended to decrease the gpacing (3] or increase the area of the shear
reinforcement {Azp) in the inputs.

Article 8.8 Longitudinal and Lateral Reinforcement Requirements

Article 8.8.7: Maximum Longitudinal Reinforcement

~

INPUT ~ Ay= 156 i

INPUT MNumberBars := 24

(]

Ayone = NumberBars Ay =37.44 m

ma

Eqg. 8.5.1-1 FeinforcementFaitoCheck == ppmgram[&ln:g,ﬁgg'] ="0K

Hote: If the Maxzimum Longitudinal Reinforcing program refurms "Section Over Reinforced”, either
increaze the section size (Ag) or decrease the longitudinal reinforcing (&bl and NumberBars] in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement

For Columns in S0OC B and C:

I

Eqg. 8.8.2-1 E-Ii:tmu:r_.-il = mi:AlpmgIamfAla“ E.Ag.] ="0K

Hote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,
gither decrease the section size (Ad) or increaze the longitudinal reinforcing (Abl and MumberBars) in
the inputs.

265




Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements nesd to be checked and satisfied.

Cross-tie Requirements:

1} Continuous kar having a hook of not lezs than 135 Degreses with an extenzion
MOT less than 6%dy, or 3 in. at one end and a hook of NOT less than 90 Degrees
with an extenzion of NOT les2 than g*dy, at the other end.

2} The hooks must engage perigheral longitudinal bars.

3} The 90 Degree hooks of two successive cross-ties engaging the zame longitudina
arz shall be alternated end-for-end.

Hoop Reguirsments

1) Bar shall be a closed tie or continuously wound tie.
2} A closed tie may be made up of several reinforcing elements with 135 Degres
hooks having a 6*dy, but NOT less than 3 in. extension at each end.

2} A continucushy wound tie shall have at each end a 135 Degree hook with a 6d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minirum Size of Lateral Reinforcement

#4 parz for #3 or smaller lengitudinal bars

#5 barz for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Mot Exceed the Smallest of:

MaximumSpacing = Spacingprozram| C u:ul111:|:udi.3.-:".b-_"| =& n
FINALSPACING := SpacmgCheckiMaximumSparing. =) =6 in

schack = ShearCheck({MaximumSpacing, s) = "OK"

Hote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing {2). The
spacing value may be FINALSPACING, but verify this worke for all other checks.
Articla 5.10.11.4.3 (LRFD SPEC.). Column Conneclionz

Mote: This needs to be dons whenever the column dimension changes. The spacing in the hinge
region shall continug into the drilled shaft or cap beam the Extenzion length.

Extension = ExtensionProgram{Columndia) =27 m
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Mominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.2.3 Nominal Shear Resistance

V=170 kips

-_:l_

INPUT  cpaceMOhing= = 10.5 in

INPUT b= Columndia
b =08

]

Note: B and 8 come from Article 5.8.3.41

Note: Dr, de, and dv eguations come from Article 5.8.2.9.

dy) .
D := bw — Cowver — Disp — = = 4087 n

Dr

Eq. C5.62.92  gaw= —4281 in
™

by
—+
3

dv:=09de=383529 in

. ) | fe .
Eq. 5.6.3.3-3 V. = 0.0316. |3-_.1| T000 badv = 262986 kips
fy
2ap. 1ci:u dv-cot(8)
Eg. 58334 V.= - =136504 kips
= spaceNOhmge
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V= (Vo + V), =359.541  kips

Shearcheck = S]J.eaIC':eck[d}‘v'u," | ="0K

W _"J,.I

Mote: If ShearCheck returnz "Failure”, either decreaze the spacing (s) of the shear reinforcing
(Asp), increasze the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.6.2.5 Minimum Transverse Reinforcement

[ f2  byepaceNOhine
Eq. 5.8.2.5-1 Avmin = 0.0316. |- i bv-spaceMNOhinge
5 1000 fre

1000

2
=0.597 mn

Avi= 2 Asp =042 i
MmimumTran = TranCheck(Avmin, Av) = "0K

HNote: If the minimum transverse reinforcement program responses "Decreaze Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceMChinge) or increase the

area of the shear reinforcement (Azp)in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Va
Eq. 5.8.2.9-1 = — =0.0591 k=
vedy
Eg. 5.8.2.71
Eg. 58272 MaxSpacing == spacingProgram(vu, dv, fe) = 24 m
MANSPACING := Spacecheck{MaxSpacing . spaceNOhmge) = 105 m

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Mote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceMNChinge).
The =pacing valus may be MAXSPACIMNG, but verify thiz works for all other checks.
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DRILLED SHAFT DESIGN

Article 6.5 Drilled Shafis

HOTE: The guide specification states that the drilled shafts shall conform o the requirements of
columns in S0C B, C, or D as applicable. Also, there are special provizions regarding liquefaction that
needs to be investigated if thiz is a concern for a certain bridoge.

Since the hinging will not occur in the drilled shaft, the drilled ghafi will be design using the column

design from the LEFD Specification.

DRILLED SHAFT 2

Mominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.32.3 Nominal Shear Resistance

INPUT

INPUT

INPUT
INPUT
INPUT
INPUT

INPUT

Hote: B and & come from Article 5.8.3.4.1

YV =170 kips

'-'..; = '-'?

spacelQhinga = 12 m
Asp:=1044 iu:

.

Cover = & i
by = D5dia
Dsp:=075 m

db] =141 in

b, =08

B:=20

8= 45=0785
150

rad
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Hote: Or, de, and dv eguations come from Article 5.8.2.9.

d

Dr == bv — Cover — Dzp — T =52545 mn

Eg. C5.8.2.9-2 da:= by + D: =467 in
2 ™

dv = 0.9-de = 42.032 in

| fe
i V. :=00316p | —Dbv.dv =318.93 kips
Eg. 3.8.3.3-3 € + 1000

fye

dv- cot{B)
00

2A=p.
Eq. 58334 Vv

=185033 |laps
spacelNOhmee

d}'\-’ﬂ =(V_+¥ Y-dp = 453

T = 5/ 758

in

a7 kips
Shearcheck = smaICLecm_‘q;vu.vp‘J ="0K"

Hote: If ShearCheck returns "Failure", either decrease the spacing (s) of the shear reinforcing
{Aap), increaze the area of shear reinforcing, or increase the section size (Acolumn). Thess
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

a % bv-spaceNOhing
Eq. 5.8.2.5-1 Avmin = 0.0316 | —— ——PICRTRER _ 5758 i
-/ 1000 fye

1000

ka2

Anw= 2. Asp =088 m

MmimmmTran = TranCheck(Avmin, Av) = "0K

Hote: If the minimum transverss reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Azp)in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Va
Eq. 5.8.2.9-1 = ——— = 0075 k=1
by dv
Eg. 5.8.2.7-1
Eg. 58772 MaxSpacing = spacingProgram(wua, dv, fe) = 24 n
MAXSPACTNG = Spacecheck(MaxSpacsing . spacelNOhmge) = 12 m

scheck ;= ShearCheck(MARSPACING, spacelNOhinge) = "0OK"

Hote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceMChinge).
The spacing valug may be MAXSEPACING, but verify this works for all other checks.

DRILLED SHAFT 3

Mominal Shear Resistance for members outzide Plastic Hinge Region.
Refer to the AA5HTO LRFD Bridge Cesign Specifications.

5.8.3.3 Nominal Shear Resistance

INPUT = 280 kips

=t
|

=V
u” tp

=
1

INPUT  spacellOhinge:= 12 in
INPUT  Azp:=044 im
INPUT  Cover=6  in
INPUT b := Didia

INPUT  Dep=0.75 in

INPUT & =141 in

b, =09
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HNote: B and & come from Article 5.8.3.41

Hote: Or, de, and dv eguations come from Article 5.8.2.9.

dp]
Dr = bv — Cover — Dzp — T =52545 i

Eg. C5.8.2.5-2 da:= bT‘ + D =46716 i

2 m
dv = 0.9.de = 42053 in

ic

|
cq 56333 Ve O0UI6B [qrobrdv=siess i
A lf]-‘:D dv-cot( 8}
Eq 58334 v = - = 185033 lips
= spacelNOhmee

¢V, = (Vo + "'"E.Il'd}E = 453567 kips

Lh

Shearcheck = ShearC hecl-c|_fd}‘v'u,‘v'“\_| ="0K"
Mote: If ShearCheck refurnz "Failure”, either decrease the spacing (5) of the shear reinforcing
{Agp), increase the area of shear reinforcing, or increase the seclion size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

b

) [ f  bv-spaceNOhing
Eq. 5.8.2.5-1 Avmin = 00316 |—— — P22 TIRER _ g 738 i
y 1000 fre

1000

;]

Avi:=2.A=p = 0EE m
MmimnmmTran = TranCheeki Avnun, Av) ="0K
HNote: If the minimum transverse reinforcement program responses "Decrease Spacing or

Increase Bar Size", it is recommended to decrease the spacing (spaceNChinge) or increase the
area of the shear reinforcement (Azp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Eq. 5.8.2.91 = ———— = 0128 ksi
_brdv
Eg. 5.8.2.71
Eg. 58772 MaxSpacing = spacingProgram(vu. dv. fe) = 24 n
MAXSPACTNG := Spacecheck{MaxSpacing , spacelOhmge) = 12 m

scheck == ShearCheck(MAXSPACTNG, spacel~Ohmege) = "OK"

Mote: If scheck returns "Failure™, change the spacing of shear reinforcing spacing {spaceMNChings).
The spacing valug may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT

Mominal Shear Resistance for members outzide Plastic Hinge Region.
Refer to the A25SHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
INEUT ".-'p = 140 kips

'n'uiz 'n'p

INPUT  spacelOhinge:= 12 in

.

INPUT asp =031 @
INPUT  bv = DSabutdia
INPUT  Cover=6 m
INPUT  Dsp:= 0625 in

INPUT g1 :=141 i

b, =09

]

273




Note: B and & come from Article 5.8.3.41

B:=210

6= —— 4520785 rad
180

Mote: Or, de, and dv eguations come from Article 5.8.2.9.
d

D := bv — Cover — Dsp — = = 3467 in
Eq. C5.8252 da:= bv + D =32016 in
2 o
dvi= 0%de=28.832 i
. . | fo e .
Eq 58333 1Ir‘._. = 003186 E'_\J _Eb';"d‘.' = 153065 l‘ilPS
fy
2Asp— v cot(8)
EQ.58334 V= 1000 =8938  kips
= spacelNOhmge
V= (Vo + V)4, = 2182 kips
Shearcheck = 5].1.&.31C':en:k|fd}‘v'u,".-'u.'| ="0K

MNote: If ShearCheck returns “Failure”, either decreass the spacing (g) of the shear reinforcing
rAsp), increase the area of shear reinforcing, or increaze the section size (Acclumn). These

variakles can be changed in the inputs.

5.6.2.5 Minimum Transverse Reinforcement

"5 bvspacelOhine ,
Eq. 5.8.2.5-1 Avmin = 00316, | - ZepacelObings _, o, ) i
|| 1000 fre
1000
Avi= 2. Asp = 062 in”

MmimmmTran = TranCheck{Avmin, Av) = "0K

Hote: If the minimum transverss reinforcement program respenses "Decrease Spacing or
Increass Bar Size", it is recommended to decrease the spacing (spaceMNOhinge) or increase the

area of the shear reinforcement (Asp) in the inputs.
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5.5.2.7 Maximum Spacing of Transverse Reinforcement

Eq. 582541 = ————=10.128 ksl
d:uz-b‘.'-c'.r
Eg. 5.8.2.71
Eg. 58770 MaxSpacing = spacingProgram{vu, dv, fc) = 23.066 m
MAXSPACTNG = Spacecheck(MaxSpacing, space™Ohmge) = 12 m

scheck := ShearCheck(MAXSPACING, spacelNOhinge) = "OK"

Hote: If scheck returns "Failure™, change the spacing of shear reinforcing spacing (spaceMNChinge).
The spacing valug may be MAXSPACING, but verify this works for all other checks.

CONNECTION DESIGN FOR EENT/ABUTMENT TO GIRDER

Bent 3 Connection Design Mote: Also use for Bent 2 connection.
INPUT Veolbent = V]:-BEIJ:! =380
INPUT Mairderperbent := 12 Moirderizent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

by = 0.8 Tensicn for 4207
b, =075 Shear for A307
iy, = 0.80 Block Shear

iy, = 0.80 Bolts Bearing
b= 085 Shear Connectors
de = 100 Flexure

-d:.;a:E]E = 1.00 Shear for the Angle
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For Type lll Girders

Hote: Select the grade of bolt being used. It iz assumed that a ASTM A307 Grade C boll is used.

INPUT Fub := 38
INPUT Diay, == 1.3
INPUT Ns:=1

Angle Properiies

NPUT Fy:= 36
INPUT Fu:= 58
INPUT t:= 1.00
INPUT hi=6
INPUT wi= 46
INPUT 1:=12
INBUT k:=15%

INPUT  distanchorhole = 4

INPUT diahole .= 1.75
INBUT BLSHlength =
INEUT BLSHwidth := 2
NPUT Ubsz:= 1.0

INPUT a:

-

INEPUT b:=35%

Shear Force per Angle:

Vangle :=

k=1

I

Veolbant

XN girderperbent

Mg = Mumber of Shear Flanes per Bolt

Fy = Yield Stress of the Angle

Fu = Ulimate Siress of the Angle
t = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle
k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center
of the hole. This is the location of the haoles.

diahole = Diamster of bolt hols
BLEHIength = Block Shear Length
BLSHwidth = Block Shear Width

Ubz = Shear Lag Factor for Block Shear

a = Distance from the center of the belt to the edge of plate

lx = distance from center of bolt 1o toe of fillet of connected
part

= 24167 kmps
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Article 6.13.2.12: Shear Resistance For Anchor Boliz

Dz, ,
Ay = T = 1.767 o

Eq. £.13.2.1241 dsBn = ¢, 0.48. A FubINs = 36,893 kips CONTROLS MUST USE
1.5" BOLT
Shearcheck = ShearChack(d:zEn, Vangle) = "OK

Mote: If the program returns "FAILURE", either increase diameter of the bolt {Diab), changs grade of bolt,
increase number of bolts, ste.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 8.13.2.841 $bbEn = 2.4 Thay -t Fub = 2088 kips

For Slotted Holes

INPUT Le=12 in Lc = Clear dizt. between the hole and the end of the member

Eg. 6.13.2.594 dbbFns = Le-t-Fub =116 kips

Beanngcheck = ShearCheck{dbbFn, Vangle) = "OK"
Bearingscheck := ShearCheck{dibbEns, Vangle) = "0K

Hote: If the program returns "FAILURE", either change the diameter of the bolf, thicknezs of the
angle, or Lo {hole location).
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Article 6.13.2.10: Tensile Resistance

Mote: This a calculation of the Tension force on the anchor bolf due to the shear. A moment iz taken

about the through bolt in the vertical leg of the angle. The line of action for the shear force is assumed o
enter the angle at 1" below the through bolt; therefore, the moment due fo shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Ta= gl _con kips
distanchorhole
Eq. 6.13.2.10.2-1 $iTn = ¢y-0.76- Ay, Fub = 62317 kips

Tensioncheck = ShearCheck{¢tTn, Tu) = "0OK

Mote: If program refurnz "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu := Vangle

Eg. £.13.2.111 CombinedProgram(Pu, & Fub,$:Rn, ¢ | = |t — 0.76.4; Fub
Eq. 6.13.2.11-2 ' :
 EEEE—1
" Pu
1+ 0.76 A, Fub- |1 - |
| \ sEm /
2t if —0 =033
[ $:Bn |
L ®s )
s if —2 033
(hsRa'|
e )
a
Tn:{:-mhined = CGm':umEd.FmgIam[?'.;.Ah .f'.;h.d:usRu,d:uE] =5BE&3 kips
ST onbined = O Tocombined = 4709 kap=

Combinedcheck .= ShearCheck| diTn

cambi::e-i""rmglezl ="0K

Hote: If program returns "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

Agzvi= t+BLSHlength =6 i
3 Mote this is for if there are
. e a1 s 19s .2
Anv = t-(BLSHlength — 0.5 diahola) = 5.123 n one through bolts in the
leg.
Ant = t-(BLSEwidis — 0.5-dishole) = 1.125 i Hpperica

(J4-5)

Fxn = BLSHprogram{Agv, Anv, Ant, Ubs Fu, Fy) = 19485

dbsBn = gy, -Bn =155 38 kips

BLSHprogram{Agv, Anv, Ant, Ubs Fu,Fv)

b «— 0.6 Fo-Anv + Ubs.Fu. Ant

¢« 0.6Fv Asv + Ubs.-Fu-Ant

ae—b fb=¢
aé—c fbh>e
kips

BlockShearCheck := ShearCheck(gibsEn, Vangle) = "0K

Maote: If program refurnz "FAILURE", change diameter of the bolt, numiber of kolis, thickness of

angle, length of angle, etc.

AISC D2: Tenzion Member
Uit:=06

Ant = t.[w - ({1.diahola]}] = 4.

(D3-1) Ae= Ant-Tt =253

(D2-2) dtPn = dp, Fub-Ae = 113.32

Ut = Shear Lag factor for single Angles. Refer o
Tablz D31 in AI5C Manual

g

kips

TensienChack := ShearCheck(dhiPn, Vangle) = "OK"

Mote: If program returnz "FAILURE", change thickness of angle, length of angle, widih of angle, stc.
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AISC CH. F: Bending of Angls

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the kolt lzeation). Then the moment was found just above the k height for thiz angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Mote: This is assuming we
nead the same =ize anchor

Jaanels <= 72 ciny. .
INPUT Muangle:= 722 kip-in bolt in the top as we do the

bottom,
Zx = E =3 :3
4
Had to increase the
- .. thickness of the
$fMn = g Fy-Zx = 108 kip-in angle to 1.00 in. or can

increase the length.
BendingAngleCheck ;= ShearCheck{ddin, Muangla) = "0K"
Mote: If program refurns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cvi=10
Awi=tw==56 i:E
(32-1) thsangleVn = d, EEIE-EI.'S-F}'-AW-{T =1206 kips

ShearAngleCheck == ShearCheck(dzanzleVn, Vangle) = "0OK

Maote: If program refurns "FAILURE", change thickness of angle or width of angle.

TYPE BT-72

Hote: Select the grade of bolt being used. It iz azssumed that a ASTM A3DT Grade C boll iz used.

INPUT Fub := 58 ks1
INEUT Diay, == 1.5 mn
INPUT Ns:i=1 Mg = Mumber of Shear Planes per Bolt
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Angle Properiies

INPUT Fy:= 36 k=i Fy = Yield Stress of the Angle

INBUT Fu:= 58 kst Fu = Uliimate Stress of the Angle

INPUT t:= 1.00 n t = Thickness of Angle

INEUT h:=§ in h = Height of the Angle

INEUT w=8& n w = Width of the Angle

INBUT 1:=12 in | = Length of the Angle

INPUT k=150 in k = Hzight of the Beval

INPUT  distanchorhole = 4 m distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the haoles.

INPUT diahole = 1.75 in diahole = Diameter of bol hole

INBUT BL%Hlength:= 6 in BLSHIength = Block Shear Length

INPUT BLSHwidth:=2 i BLSHwicth = Block Shear Width

INBUT TUbs:= 1.0 Ube = Shear Lag Factor for Block Shear

INBUT ai=2 mn a = Diztance from the center of the bolt to the edge of plate

INEUT b:=35 in Iy = distance from center of bolt to toe of filet of connected

part
Shear Force per Angle:
Vangle = ﬁ = 24167 kips
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Article 6.13.2.12: Shear Resistance For Anchor Boliz

0 Diay,” ,
g = ————— = 1767 m”
o 4
Eq. £.13.2.12-1 &P = ¢3-ﬂ.45-ﬁ;—n-3ub-1\' = 36808 kips

Shearcheck := ShearCheckidisEn, Vangle) = "0OK

Mote: If the program returns "FAILURE", either increase diameter of the ol (Diab), change grade of bolt,
increaze number of bolts, ste.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eqg. £.13.2.89-1 dbbEn = 1.4 Diay, -t Fob = 208.8 kips

For Slotted Holes

INFPUT Ie=2 i Lc = Clear dist. between the hole and the end of the member

Eqg. 6.13.2.9-4 $bbEns = Le.t:Fub =116 kips

Baanngcheck = ShearCheck{¢bbEn, Vangle) = "OK"

Baanngcheck ;= ShearCheck{¢bbEn, Vangle) = "OR"

Hote: If the program returns "FAILURE", either changs the diamester of the bolt, thickness of the
angle, or Le {hole location).
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Article 6.13.2.10: Tensile Resiztance

Hote: This a calculation of the Tension force on the anchor bolt due o the shear. A moment iz taken
about the through kolt in the vertical leg of the angle. The ling of action for the shear force is assumed o
enter the angle at 1" below the through belt; therefore, the moment due to shear is Vangls* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Wangla- 1

distancherhole

Tu = =6.042 kips

Eq. £.13.2.10.2-1 &iTn = 0.76- Ay, -Fub =77 856 kips
Tensioncheck ;= ShearCheck(dtTn, Tu) = "0OK
Mote: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu := Vangle
Eq. 6.13.211-1  To_ppe0 g = CombinedProgram|Pu, &, Fub,dsEn, ¢, ) = 58.863 kips
Eq. 6.13.2.11-2

OiT0 mbined = P TBaombined = 47.09 kipz

Combinedcheck = ShaarC ]J.EL‘]'L["thTtl

combi:ed'va:g]ejl = 0K

Maote: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear
.

Agvi= + BLSHlength = 6 m

3

Anv = {(BL3Hlength — 0.5-dizhols) = 5.125 m

()

Ant = t.(BLSHwidth — 0.5 dizhols) = 1.125 m
(J4-5) Fn = BLSHpregram({Agv, Anv, Ant, Ubs,Fu, Fv) = 19485 kips
$bsBn = d:--m-R: =155.88 kips

BlockShearCheck = ShearCheck{dbzEn, Vangle) = "OK"

Haote: If program returns "FAILURE", change diameter of the bolt, number of bolis, thickness of
angle, length of angle, efc.
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AISC D2: Tension Member

TensionChack == ShearChack{dyiPn, Vangle) = "0OK"

AISC CH. F: Bending of Angls

INPUT Muangle:= 722 kip-m

Zx= LGt~ =3 i
4
bfdn = dy-Fy-Zx= 108 kip-in

BendingAngleCheck ;= ShearCheck{¢fin, Muangls) ="0OK"

Ut = Shear Lag factor for gingle Angles. Refer o

Lr=086 Table D3.1 in AISC Manual
Asti= t.[w — (1-dishola)] = 4.25 in”

(D31 Ae = AntUt= 255 in”

(D2-2} iPn = f-Fub-Ae = 11832 kips

Note: If program refurnz "FAILLURE", change thickness of angle, length of angle, width of angle, etc.

Note: & SAF Model of the angle was created. The shear of the angle was applied at 4 in. (which iz at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Mote: This is assuming we
need the same size anchor
belt in the top as we do the
bottom.

Hote: If program returns "FAILURE", change thickness of angle or length of angle
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AISC G: Shear Check

Cv=140
Awi=tw=6 1::
(G2-1) zangleVn = -d:zugle-ﬂ.é-f}'-;kw{': =1296 kips

ShearAngleCheck = ShearCheck{dsangleVn, Vanzle) = "OK"

Hote: If program returna "FAILURE", change thickness of angle or width of angle.

Bent 2 Expansion Connection Design

TYPEBT-72

Hote: Select the grade of bolt being uged. It iz azsumed that a ASTM A307 Grade C boll is used.

INEUT Fub := 38 kesi
INPUT Diag, = 1.3 m
INPUT Ns:=1 Mg = Mumber of Shear Planes per Bolt

Angle Properiies

INPUT Fy:= 36 kst Fy = Yield Stress of the Angle

INBUT Fu = 58 kst Fu = Ultimate Stress of the Angle

INPUT t= 1.00 in t = Thickness of Angle

INPUT Lhi=6 in h = Height of the Angle

INPUT wi=6 in w = Width of the Angle

INPUT 1:=12 n | = Length of the Angle

INPUT k=150 in k = Height of the Bevel

INPUT  distanchorhele =4 o distanchorhole = Distance from the verical leg to the center of

the hole. This iz the location of the holes.
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INBUT diahole = 1.75 in diahole = Diamester of bolt hole

INPUT SlottedHola == & m SlottedHole = Length of sloitted hole
INEUT BLSHlength = in BLSHlength = Block Shear Length
INPUT BLSHwidth := 2 in BLSHwicth = Block Shear Width
INEUT Ths:=10 Uz = Shear Lag Factor for Block Shear
INPUT a=2 n a = Diztance from the center of the bolt {o the edge of plate
INPUT b:=35 m I = distance from center of bolt to toe of fillet of connected
part
Shear Force per Anale:
Vangle == _ Veolbeut = 24167 kips
2Weirderperbent

Article 6.13.2.12: Shear Resistance For Anchor Bolts

70 Diay, i

b = ——— = 1767 3

Ay r w
dsBn = 048 Ay Fub Nz = 36,838 kips

Eq. 6.13.2.12-1

Shearcheck := ShearCheckidisEn, Vangle) = "0K

Mote: If the program returns "FAILURE", ether increase diameter of the ol (Diab), change grade of bolt,
increase number of bolts, ste.

286




Article 6.13.2.9: Bearing Resiztance at Bolt Holes

Far Standard Holes

Eq. 6.13.2.91 $bbEn = 2.4-Diay -+ Fub = 2088 kips

For Slotted Holes

INPUT Le=12 i Lc = Clear dizst. between the hole and the end of the member

Eqg. 68.13.294 $bbEns = Lot.Fub =116 kips
Bearingcheck := ShearCheck{dbbFn, Vangle) = "OK"
Bearngcheck .= ShearCheck{dbbRn, Vangle) = "0OK"

Mote: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lo (hole location).

Article 6.13.2.10: Tensile Resistance

Hote: This a calculation of the Tension force on the anchor belt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The ling of action for the shear force is assumed (o
enter the angle at 1" below the through bolt; therefore, the moment due to shear is YVangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Ta= —2glel  _ cop kips
distancheorhole
Eg. 6.13.2.10.21 tTn = 0.76-Ay Fub = 77.856 kips

Tensioncheck = ShearCheck{dtTn, Tu) = "0OK

Note: If program refurns "FAILURE", change area of the bolt or grade of bolt.
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Article 613.2.11; Combined Tensicn and Shear
Fu = Vangle

Eg. 6.13.2.11-1 T

oq = CombinedProgram(Pu, &, Fub, ¢sFn, ¢, ) = 58.863 kips
Eg.6.13.2.11-2 | )

% combin

DT ombined = ®t Toeombined = 4709 kips

Combinedcheck := Shearl ]J.eu:k[d:-t'l'u

combine

d.‘.’a:g]e;] ="0K"

Hote: If program returnz "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

4

Agv = t BLSHlength = & in
( SlottedHola | 2
Anvi= t| BLSHlensth - 05— | =45 i
Ant = +.{BLSHwidth — 0.5.dizhole) = 1.125 iuj
(J4-3) Fn := BLSHprogram(Agv, Anv, Ant, Ubs Fu, Fy) = 194 83 kips

tbsRn = ¢y, -BEn =155 88 kips
BlockShearCheck = ShearCheck{db:En, Vangle) = "OK"
Hote: If program refurnz "FAILURE", change diameter of the bolt, number of koliz, thickness of

angle, length of angle, etc.

AISC D2: Tenzion Member
Ut = Shear Lag factor for gsingle Angles. Refer o

Ut:=06 Table D3.1 in AISC Manual
Ant = t.[w — (1.diahola)] = 4.25 m

(D2-1) Ae = Ant.Us=235 in”

(D2-2) it = - Fub-Ae = 11832 kips

TensionCheck := ShearCheck(diFn, Vangle) = "0OK"

Mote: If program refurnz "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Note: & SAP Model of the angle was created. The shear of the angls was applied at 4 in. {which iz at
the bolt location). Then the moment was found just above the k height for thiz angle.
The Critical section is a k distance away on the horizental leg. This location has the greatsst moment.

INEUT Muangle := 72.2  kip-m Mote: This is assuming we
need the same size anchor
bolt in the top as we do the

Ta e Lt} =3 _:3 bottom.
4
dfvn = -d:uf-ff-'-Zx =108 kip-in

BendingAngleCheck .= ShearCheck{dDvin, Muangls) ="0K"
Mote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cvi= 110
Awi=tw=46 i:z
(G2-1) dsangleVn = -d:EuElE-EI.IS-F}'-AW-C': =1294 kips

ShearAnzleCheck (= ShearCheck{dsangleVn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Abutment to Girder Connection
INPUT Veolbent == 420 kips

INEUT Mzirderperbent = 6 Moirderbent = Number of girders per bent

For Type lll Girders

Hote: Select the grade of bolt being used. It iz assumed that a ASTM A307 Grade C bolf is used.

INEUT Fub := 38 ksi
NeuT Diay, = 1.5 mn
INEPUT MNs:=1 Mz = Number of Shear Planes per Bolt

Angle Properiiss

INPUT Fy:= i6 ksi Fy = Yield Stress of the Angle

INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle

INPUT t:=1.0 in i = Thickness of Angle

INPUT hi=§ n h = Height of the Angle

NPUT wi=6 mn w = Width of the Angle

INPUT 1:=20 n | = Length of the Angle

INBUT k=15 n k = Height of the Bevel

INPUT  distanchorhele .= 4 m distanchorhole = Distance from the verical leg to the center of
the hole. This is the location of the holes.

INBPUT dizhole = 1.75 m diahole = Diameter of bolt haole

INBUT SlottedHola = & in SlottedHole = Length of slofted hole

INPUT BLSHlength == 15 in BLSHIlength = Block Shear Length

INPUT BLSHwidth := 2 in BLSHwicth = Block Shear Width

INEUT Ubs:= 1.0 Ubz = Shear Lag Factor for Block Shear

INBUT a=1 in a = Distance from the center of the bolt to the =dge of plate

INEUT b:=35% n b = distance from center of bolt to toe of fillet of connected

part
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Shear Force per Angle:

Veolbent
Vangle = L S 35 kips
2MWzirderperbent
INEUT Byl = 2 Mpoee = NUMber of bolts per flange
o Vangle .
Vperbolt := ——— =175 kips
“holts

Article 6.13.2.12: Shear Resisiance For Anchor Bolis

Tl'-:)la.b: -
Ay = =1.767 3
T 1 m

Mote: This ig checking to verify that the anchor belt has enough shear strength.

Shearcheck := ShearCheck(dzEn, Vperbalt) = "OK"

Haote: If the program returns "FAILURE", either increase diameier of the kol (Diab), change grade of baolt,
increaze number of bolts, ste.

Article 6,13.2,9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.91 bbEn = 2.4 Diay -+ Fuk = 208 8 kips
For Slotted Holes
En. 6.13.2.9.3 dibbEns = 2.0.-Diag, +-Fub = 174 kips

Bearingcheck = ShearCheck{dibbEn, Vperbelt) = "0OK
Baanngscheck = ShearCheck(dbbFns, Vperbolt) = "OK"

Hote: If the program returns "FAILURE", either change the diamester of the bolt, thickness of the
angle, or Lc {hole location).
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Article 6.13.2.10: Tensile Resistance

Hote: This a calculation of the Tensgion force on the anchor bolt due to the shear. & moment iz taken

about the through kolt in the vertical leg of the angle. The ling of action for the shear force is assumed o
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1°. The

distance to the anchor bolt in the cap beam is 47, and that iz how the Tu equation was derived.

Tu:= _ Vanglel =875 kips
distancherhele
Eqg. 6.13.2.10.21 biTn = 0.76-Ay -Fub =77.8%6 kips

Tensioncheck = ShearCheck(dtTn, Tu) ="0K

Mote: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tensicn and Shear

Pu := Vperbelt
Eq. 6132111 Tn .. := CombinedProgram(Pu. &, Fub,dsBn, b | = 68.577 kips
b gram{ Tu, Ay, » Fuo, ) P
Eq. £.13.2.11-2 combmes
PT0. o mbined = P Toombined = 34862 kaps

Combinedcheck = Ghear‘ChE{:kfd:utTn:Dmbﬁmd,'&-’angleﬁ ="0K

Maote: If program returng "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

Agv:= t- BLSHlength = 15 i

; SlottedEole | . Note this is for if there are
Anv =t BLSHlength - 15— [ = 105 " two through belts in the

. z o upper leg.

Ant := t-(BLSHwadth — 0.5.dizhole) = 1.125 m
(J4-3) Fn = BLSHprogram{Agzv, Anv, Ant Ubs, Fu Fy) = 33925 kips
dbsEn = by, Fn=3114 kips

BlockShearCheck := ShearCheck({dbsEn, Vangla) = "OK"

Hote: If program refurnz "FAILURE", change diameter of the bolt, number of bolis, thickness of
angle, length of angle, etc.

AISC D2: Tension Member

Ut:= 0.6 Table D3.1 in AISC Manual
Ant = t[w — (1-dishole)] = 4.25 i

(D21} As= Ane Ut =253 i

(02-2) $iPo = ¢, -Fub-Ae = 118.32 kips

TensionChack := ShearCheck(dPn, Vanzle) = "0OK"

Ut = Shear Lag factor for single Angles. Referio

Mote: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, stc.
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AISC CH. F: Bending of Angle

Note: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the kolt location). Then the moment was found just above the k height for thiz angle.
The Critical section is a k distance away on the horizental leg. This location has the greatest momeant.

Mote: This is assuming we

INBUT Muangle == 104  kip-m need the same size anchor
bolt in the top as we do the
- bottom.
Ixi= ﬂ =5 :3
4

Had to increase the thickness
dfiin = d:-f-_fj--Zx: 180 kip-in of the angle to 1.00 in. or can
increase the length.

BendingAngleCheck = ShearCheck{din, Muangls) = "0K"

Note: If program refurnz "FAILURE", change thickness of angle or length of angle

AISC G Shear Check

Cv=140
Awi=tw=28 i::
(G2-1) zangzleVn = d:-sa:gle-ﬂ.ﬁ-l:y-zlw{':: 129.6 kips

ShearAngleCheck := ShearCheck({dzangleVn, Vangle) = "OK

Hote: If program returns "FAILURE", change thickness of angle or width of angle.
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Appendix E: Little Bear Creek Bridge LRFD Specification Design

Designer: Paul Coulston ORIGIN := 1
Froject Name: Litfle Bear Creek Bridge

Job Mumber:

Date: /22010

Description of worksheet: Thiz worksheet iz a seismic bridge design workshest for the
AASHTO LRFD Bridge Design Specification. all preliminary design should already
be done for non-seismic loads.

Project Known Information

Location: Franklin County
Zip Code or Coordinates: 250085 N 382025 W

Supersfructure Type: AASTHO | girders
Substructure Type: Circular columns supported on drilled shafte
Abutment Type: Abutment beam suppored on drilled shafts

Mote: Input s of the beiow information.

fo = 4000 pa
fye = 60000 ps=i

Peone = 0.0BGE] —
i

in
gi= 3864 -
Length of Bridge (ft) = 300 ft
Short Span (ft) ShortSpan = 85 ft
Long Span (ft) LongSpan := 130 fi
Deck Thickness (in) tdeck = 7 m
Dreck Width (ft) DeckWidth := 42.75 ft
|-Girder X-Sectional Area ( nE} IGirderdyea := 5595 |.1.12
Bulb Girder X-Secticnal Area (ind) BulbGirdarArea := 767 |.1.12
Guard Rail Area (ind) CuardRailArea = 310 -
Bent Volume (ft¥) BentVelume (= 40.(7.5 + 2425 = 1 .64 x 10
Column Diameter (in) Columndia := 54 m
Crrilled Shaft Diameter (in) D5dia = 60 m

3
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Drilled Shaft Abutment Diamster (in) DSzbutdia = 42

m

Average Column Height (ft) ColmmmnHeight = 145 fi
Column Area (in2) Acolumn = Somdia T _ 5 59 107 in

4
i e D*Sd;'a:'ﬂ.' _ - 3 u:L2
Drilled Shaft Area (in2) Adrilledshaft := ———— = 2827 10

:)Szburd;'az-?'r - H 2
Drilled Shaft Abutment Area (in2) Adeabut := ———— =1385x 10 n

Mote: These are variables that were easier to input in
ft and then convert to inches.
ShortSpan ;= ShortSpan- 12 = 1.02 = 10 in

3

LonzSpan = LongSpan- 12 = 1.56 = 10 in

L=L12=36x10" in

DeckWidth := DeckWidth-12 = 513

BentVolume = BentVohme. 127 = 2.834x 105 i

ColumnBHeight := ColumnHerght 12 =174 in

Steps for Seismic Design

Use Appendix A2 Seizmic Design Flowcharts

Cescription of Difference from Guide Specification
The LRFD Specification iz a force bazed approach to design verses the Guide Specification which is a

displacement based approach. The LRFD Specification has an Responze Modification Factor (R) that
will b2 used in calculating the loads applied to the structure.

Article 3.10.1: Earthguake Effects - Thiz is just the applicability of the Specifications.

Article 3.10,2: Determine Design Response Spectrum

Mote: AASHTO Guide Specifications for LRFD Seismic Bridge Design is accompanied
with a program that haz the Seismic Hazard maps. This program will calculate several
of the variables that are needed for the analysis.

1) Article 3.10.3.1:0etermine the Site Class.

INPUT Site Class: D
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2) Enter maps and find PGA, 5_,and 5. Then enter those values in their respective spot.

PGA =0116 =
INPUT 5, =022 g
S,= 0092 g

3) Article 3.10.3.2: Site Coeflicients. From the PGA S  and 5, values and site class

chooss Fog,, Fy, and F. Mote: straight line interpolation iz permitted.

Fpga =157

INEUT
— 1.58

i

F.=124

A, = Fpga PGA =0.182

sSD5 = 1"2-53 =043 £

SD1:=F.5 =0221 ¢

4} Creating a Responae Spectrum

A_ . Acceleration Coefficient

SDS = Short Pericd Acceleration Coefficient

5[11 = 1-zec Pericd Acceleration Coefficient

MNote: The DesignSpectrum Code creates a Response Spectrum for the Bridge. At this time
the period of the bridge is unknown; therefore, the Sa value cannot be calculated.

Tmax:=2 s Dt=0001 s

Deslguﬂpe:tnu:cli SD%,5D1 A, Tmax, DT] =

sDI
- =
=" SDS
T,« 02T

]

Tonax
max Dx

for 1= 1. By e

T.l<—]3|7-i

2« (DS —A,]-E +A4 HDeieT

] 1 kT, -l' 5 o
]

a < 5DS FDeizTyaDtisT,

B «— augment(T.a)
E
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BridzeSpectium = DesiznSpectnmm| SD5, 501, A, Tomax, Dt\_|

Fesponse Spectrum

0.5 T T T
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ol ] ] ]
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Article 3.10.6: Selection of Seismic Performance Zones

From Tabkle 3.10.6-1 Choose SPZ

5D1 =0.221

g

SDCprogram(S0]) = | for ce 3D1
c«"1" if 5D1 =015
ce—"2" of SD1 =015 A5D1 203
ce"3" if 5Dl =03 A5D1 =05
e "47 if 5D1 =05
Fse=c
c

SDC = SDCprogram(5D1) = "2

Article 3.10.5: Bridge Importance Catsgory

Operational Classified; Other bridges

(3]
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Article 3.10.7. Rezponzse Modification Factors
For Substructures: Table 2.10.7.1-1

1
n
=

INPUT Multiple Column Benis sub -

For Connections: Table 3.10.7.1-2

INPUT Superatructure to Abutment Fobutmant = 0-8
INPUT Columns to Bent Cap Rmhmﬂp =10
INBPUT Column to foundation Ffoumdation = 1.0

Article 4.7.4.3: Multizpan Bridoges
Article 4.7.4.3.1 Selection of Method

Referto Table 4.7.4.3.1-1 to 2elsct the required analysiz procedure. Thiz a function of ssizmic
performance zone, regularity, and operational classification. For the worst caze in Alabama, we
can use gither the Uniform Load Elastic Method or Single-Mode Elastic Method.

Note: There are two methods that can be used according to this procedure. The Uniform Load Method
iz zuitable for regular bridges that rezpond principally in their fundamental mode of vibration. The Single
Mode Spectral Method may be a better methed if there iz a major change in the spans, stiffness of the
piers, ete.

The Uniform Load Method is simpler and less time consuming and will give accurate results, and this is
the reason it has been chosen in this design.

Article 4.7.4.3.2c Uniform Load Method

Siep 1 Build a kridge model

Step 20 Apply a uniform lead of Po = 1.0 Kipdin. in both the longitudinal and transverse dirsction.
Also, the uniform lcad can be converted into point loads and applied as joint loads in
SAP. Calculate the static displacement for Both directions. In SAP, tables of the
dizplacements can be exported to EXCEL, and the MAX Function can be uzed to find the
maximum displacement.

Step 3: Calculate the bridge lateral stifiness, K, and fotal weight, W.

kip
p.=10 —
@ in
YsmaxLong = 0647204 in
INBPUT
Yoy Tran = -26053 n

299




PoL 1 k
Kf gng = ———— =5.562x 10° —=
VomaxLong n
Ky = ———— = 684342 kp
VmaxTran m

INPUT: Multiphying factors

(Lot gap DeckWidth + 2. BentVolume + 4- Acolumn. ColumnHeizht ...

Peone’ 4
W \+ 25hortSpan & IGirderAvea + 6-LonzSpan- BulbGirderArea + 2 -GuardBalArea L /
o 1000
W=73164123 kips
Step 4: Calculate the period, T,
W
Tlopg = 2W | —— =0.241 5
B - KI_E}J.I_E'g

Step 5: Calculate equivalent static earthquake loading p..

az:liE}S'SjL'TmLD:g'Aszl = Ts — %
T, < 02T,
for ae Tt ope
. . Tm_Lcnug .
2 8DS A ) ———+ A T .-<T,
\, ¥ T,:, - =
ae8DS F T g 2T AT g on.2T,

5Dl
TmLu:-ng

a —

if Tm.T_l:-n_z = T:

Eaea

5J

C:J:r_]-_cm,:: ace(5D5,.5D1,T_ - uE'A =043
Czmn A
Long ™ _ _ .-
Palomzg = — 7 = 0.378 o
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Step 6 Calculats the displacements and member forees for use in design by applying p, o
the model or by scaling the results by pfo,..

PeLong .
VsmaxLong = o UemaxLong = 0244 n
o

Repeat Steps 4, 5, and & for franzverse loading.

Step 4: Calculate the period, T ..

W
Tm'l'ra.u = 2 IK - =0687 s
s “Tran'=

Step 5o Caleulate equivalent static earthguake loading p,.

Cam,, == ace{SDS, 5D1, Ty A ) = 0321
_ Compp, W a kip
PaTran = f =1.282 :

Step &: Calculate the dizplacementsz and member forces for use in design by applying pg to
the madsl or by scaling the results by p/p,.

i _ PaTran
“smaxTran *— " “smaxTran
o

= 1435 m

Single-Mode Spectral Method

Article 4.7.4.3.2: Single-Mode Spectral Mathaod

Siep 1: Build a bridge mode

Step 2: Apply a uniform load of Po = 1.0 in both the longitudinal and transverse direction.
Calculate the static displacement for both directions.

Step 3: Calculate factors o, B, and y.

Mote: The Deflection equationg come from analyziz of the SAP model. The dizplacement iz

taken at the jointz along the length of the bridge and input into an Excel Worksheet, Then a

graph iz created of the dizplacements along the length of the bridge. A best fit line iz plotted,
and that iz the equation that ig shown below.
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I | _ 3
Vopan( = 1107 x” + 0.0017-x + 0.3412 ¥1ongl) = ~2107 "’ +0.0001x + 0.2223

rL 'L
C4.7.4.3.20-1 OTyan = | Vagran(®) dx X ong = Valong(*) dx
“0 “0
AL L -
C4.7.4.32b-2 ﬁTl'al'l = T 1_-5“3”(_1-;) dx E']'_ccug = rf-rslnn_aj:}{] dhx
J Jo
L L
T = | vy ()7 dx = 6102 10° e R
C4.7.4325.3 i Tleng ™ | 7 Vilomg®
v E' v l:l

a = Displacement along the length
B = Weight per unit length * Displacemeant

y = Weight per unit length * Displacement2

Step £: Caleulate the Period of the Bridge

T
T = |0 =672 5
mTranl
3| Po'20Tman
.| TLong
TmL-:-ngl = 2m —— = 0.154 5
Yy Po B0 ong

Step 5: Calculate the equivalent Static Earthquaks Loading

Csng = au::|_.":-D.":-,S:)'_, Tm.T_-:m_z'_ ,-‘15| =043
Step 6: Calculate the dizplacements and member forces for use in design by applying p, to
the model or by scaling the results by p.ip,.

ﬁ':..:-u.g' c smlong E

Pelong(x) = T -‘.'3'_,},_1_!{75;'

Long

N
Pelong(x) — 0.000050517538799082222132-x + 1610330775981 644442 68e-3 20 + 0201 22048375035977
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Pelong = Peleong[{: — 1)-dW]

ﬁln:gj = Palong -dlong.

El]ﬂug.l = "-s]cnug[':i - 11dW]

Force Along the Length

1 1 1
Z
:-'E 0.4
L
[
& e -
I
1 1 1
3 3 1
0 L1’ 2107 3x10°
Length (in)
Deflection Along the Length
. 0.3 T T T
g 0.2 .
= o1 T
¥
fa
a 1 1 1
Q 10 B0 A0 40
Length (in)
Maximum Deflection
max{Along) =028 m
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MOTE: Repeat Steps 5 and & for Transverse Direction.

Step 5 Caloulate the equivalent Static Earthguake Loading

ComTrm = a{:c[?DS DL T Trand __i'LE:| =0.328
Step € Calculate the dizplacements and member forces for use in design by applying p, to

the model or by scaling the results by p/p,,.

_ FEI'l"rzu.m"‘t:~|':|:Ll'1'.34: W

PeTran(x) : 'f""strm':xj

TTran

PeTran(x) — 0.00009755430045480402103 7% + 5.7384887014591130022e-9 + 0019579723 756458403563

dL = —
100
1:=1.101
P'Etrzl.'l.Ll := PeTran[(: — 1)-dL] El:rau._ = Vgl (1 — 10dL]

Atran o= Pe.'ra:].- E-tra.u.L

Force along the Length

T T T
o 0.4 T
an
=
] 0.3 .
‘_I N
) - -
';. I_I.L
R ol .
1 1 1
0
31 3
0 L 10 2 1L J= 10

Length {in)
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Deflection along the Length

4 T T T
i i -
5 /
5 I p .
oo
o 1+ -
A
plam—=——T — | |
1 1 3 3
] 110” 3 0 S U/ RS [
Length (i)
Maximum Deflection
max{Mtran) = 3453 m
Article 3.10.8 Combination of Seizmic Fores Effects
. N 2y 2 kip
LoadCazel = J | l'ﬂ'?e'l'ra.u,' + Lﬂj'PEL{:nug,' =0.304 T
- ) kip
. I n . W -
LoadCazel i= | ( l'ﬂ'pell}ngj + |_|:I'3':‘:'ETra.1.1,| =0387 I

Article 3.10.9.3: Determing Desgign Forces
MazloadCase(x.v) = Jlas+—x f x=y
a—vy ifyzx

a

MWeominzlForee := MaxLoadCase{LoadCasel . LoadCasze2) = 0,387

kip
n

Note: The Reg values are factors that will be used to multiple loads that come out of SAP 2000, The
MominalForce variabile iz truly just a factor also. It is eagier fo apply these factors to the loading for po
than to change the leading in SAP 2000 because if an error is made in calculating pe then the loads

will have to re-entered.

Multiple Column Bents Redoyhetmenrs =

MommalForce

Eol

=0.077
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Hote: Article 3.10.9.3 specifies that the Drilled shafis be desgigned for half of the R valus. R/2 also must
not e taken lezs than 1.

NommalFeoree _
RedDnilledshafts =~ o5 =015

sl

Connections

NommalForce

Superstructure to Abutment R, htozhuteon = R— = 0484
Aontment
MommalForce -
Columns to Bent Cap Red o liocapoon = . 0.387
colummeap
_ NominalForee -
Column to foundation Eeq oltofoundeon = & = 0.387

R frumdation

LOADS FOR DESIGN

HOTE: &ll the loads calculated in thiz section are for a single column or drilled shafi.

COLUMM SHEAR PROGRAM

Shear{ Vu, Begsubstueture) = |z +— Vu: Regsubstructure

=

AXlAL LOAD PROGRAM

( Pd |
FDEATDNPeq,Pd, Fsub, Regsubstructure) := |2 « | (Peg Regsubstmeture — - |
() SEap | S
Mote: The axial load program calculates the minimum axial load on the column. This will needed later
in the design process.
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BENT 2

Maote: Input the maximum shear value between all the columng in the bent from SAP which have not been
multiplied by pefpo or divided by the R factor. Thiz will be taken care of in one of the equations below.

INPUT vy,

Bent? = 194 kips

Hote: The Axial load congists of both the Earthguake effect and dead load effect. It should be the
minirmum axial load the column will encounter during an earthquake.

INPUT Pusqg ey = 9724 kips

INPUT Pudeadp .= 637 kips

Hote: Input the comect variables into the below program to get the axial load in the column or drilled shaft.

INPUT Puming e = PDEAD[?:EqBEDTJ‘ Pudeadpey - Ropp Beaoyperen =31113 kips

[
.i.t’E_l

INPUT ColumnFHeightn 12063 &

nt? =
Hote: Input the comect variables into the below program to get the shear in the column or drilled shaft.

INEUT

Vucelgapng = Shear|.r1":u3eut3'REqsubstmct'.u'e\J =43.988 kips

BENT 2

Hote: Input the maximum shear value between all the columng in the bent from SAP which have not been
multiplied by pelpo or divided by the R factor. Thiz will be taken care in of one of the eguations below.

INPUT Vg o= 1029 kips

Hote: The Axial load congiste of both the Earthgquake effect and dead load effect. It ghould be the
minirmum axial load the column will encounter during an earthquaks.

INBUT Puegg 3 = 1124 kips

INEUT Pudeadg .o := 658 kips
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Hote: Input the comect variables into the below program to get the axial load in the column or drilled shaft.

INEUT Puming .o = F 3EE=D|"Pueq3E,t3, Pudeadg .. .K_o 'REq:\ub'-u"-:n.u'e\' =40 583 kips

INPUT ColumnHeighty g = 16.68] ft

Hote: Input the comect variables into the below program to get the shearin the columm or drilled shaft.

INPUT

Vueelganes = E-hear|_r‘-."u3eut_;.Reqmbsmwtu.e] =T79.667 kips

DRILLED SHAFT 2

INPUT  Pusqpyg, = 1100 kips

INPUT Pudeadpygy 1= 637 kipz

Hote: Input the comect variables into the below program to get the axial load in the column or drilled shaft.

INPUT Fm:ciunsz = PDEAD[?'.;E:;DSE 'P";d‘eadDSE‘Rsu':-‘ REquil'.edShaﬁs_: =42927 kips
INPUT ColumnFeightye, = 4.6 fit

Hote: The drilled shaft is design for an Ri2; therefore, the shear in the column can be doubled to equal
the degign shear for the drilled shaft.

INPUT Vupgy = Vueclgpen-2 = 81877 kips

DRILLED SHAFT 3

INEUT Pueqnye == 2124 kips

INEUT P11c'ead:)53 = 65T kips
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Hote: Input the comect variakles into the below program to get the axial load in the column or drilled shaft.

INEUT FuranE} = szmli?quDSS‘ Puds adD53 'R':-,u':u‘ R'Ec-:)lilled.ﬁhaﬂs:l =2124971 kips

INPUT  ColunmHeightygy = 3.2 fi

Hote: The drilled shaft is design for an R/2; therefore, the shear in the column can be doukled to equal
the design shear for the drilled shaft.

INPUT Vupygg = Vueelg,, -2 =159.333 kips

ABUTMENT DRILLED SHAFTS

Hote: Input the loads from SAP which have not besn multiplied by pefpo or divided by the R factor. This
will be taken care of one of the equations below.

INPUT Wy, = 356 kips
INPUT  CoblmmHeight gy . .= 7.638 ft

Hote: Input the comrect variakles into the below program to get the shear in the column or drilled shafi.

INPUT

'l..r“DE.jL-Dth = 'Shear[".-'u_jt-mt, R'Eqsz;htc-a'mnca::' =172.263 kips

Article 4.7.4.4- Minimum Support Length Requirements
Mote: May need to add more calculations if column heights are different at the bents.

M {in} = Minimum support length measurad normal to the bridge
L {ft} = Length of bridge to adjacent expansion joint or end of the bridge

H {ft) = average height of columns supporiing bridge deck for abutments
for columnz and piers = column height

5 (Degres) = angle of skew
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Abutment Support Length Requirement

_ ShertSpan _
buiment 17 -

S

wn
=

Spaua

Mote: The Span_p .o 18 divided by number of spans and inches.

Skewr 0 Degrees

abutment =

Mabutment = '_.§-|'\5 + E.ﬂlSpwEbqum + E'CIS:_IEBLI.UJJEDI:J'&

Bent Support Length Requirement

BENT 2

LongSpan _

12

INPUT Spang.. 1= 130

Mote: The Span g, iment 15 divided by number of spans and inches.

202 _

Hpepe = |, = 168318

Sl-cewBEm =0 Degraaz
Ngene = 1.5(8 + 0.02Spang, + 0.08Eg,. )| 1+ 0.00012

BENT 3

LongSpan _

INPUT Spanp,.. = - =130 fi

Mote: The Span g, ... is divided by number of spans and inches.

238.56
INPUT  Hpope = 5 =198 fi INFUT: Column
INPUT Skewg b= 0 Degrees
XRapt = 158 + 0.025pang,, + E_ClSj—IBmL'H'_ + 0000125

H

| 1+ 0.0001255kew

_ ColumnHaight
abutment T 12

a0

abutme:t‘ /=16.19

INPUT: Column Height for this Bent

$Skewg,, | =179 m

Height for thiz Bent

%E“'Eeu‘t—:- =18286 in

=145

m

ft
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BENT 2 DESIGN
Article 5.10.11.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10.71.3: Longitudinal Reinforcement

-

INPUT Ay sy = 136 in
INEUT hars = 24
INEPUT  Ads = Acclumn
A]a:gmiufhr:mg = 'j"_ml_sbar'xbars =3T44 -

Minimum Longitudinal Reinforcing Check

Checklaastlongrainforeing{ s, Along) = |z « "0K" if Along = Ap.0.01
z + "Increase Longitudinal Reinforcing Fatic”™ 1f Alomg < 0.01. Az

2

MinLonzRato = Checkleastlongremdore mg[.-f'.d_'». A "OR"

it
.u::-ug_'re:iuf-:}n:ing.l -

Hote: If the Minimum Longitudinal Reinforcing grogram retums "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and MumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

CheckmaxlongremforemeAg, Along) ;= |a « "OK" if Along = 0.08-Ag
a « "Dlecrease Lonzitudinal Beinforeing Fatie”™ if Along = 0.06.Ag

a
MaxLongRatie = Checkma.x]ou_sremfor{:mg[rﬁds.Alnngminfnmizgj ="0K

Hote: If the Maximum Longitudinal Reinforcing program refurns "Section Owver Reinforced”, either
increaze the gection size {Ag) or decreasze the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 5.10.11.4.1b: Flexural Resistance

Check biaxial strength of columns shall not be less than that required for flexure, as specified in
Article 3.10.9.4,

Flexural Resistance check can be done uging some kind of Colurmn Dezign Program. PCA Colurn
was used for this project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.
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Article 5.10.11.4.1¢c: Column Shear and Transverze Reinforcement

MNote: This iz for the end regions of the columin.
Article 5.8.3.3: Mominal Shear Resistance
Vu:= ‘Eu{:a]EEmE =45988 kips

Pummg, .y = 52115 kips

INPUT by = Columndia bw: effective width

INEUT b, =00

INPUT si=13 in a: Spacing of hoops or pitch of spiral {in)

INBUT Aszpi= 31 ._1_12 &sp: Area of spiral or hoop reinforcing (in?)

INPUT D=p == 0625 m Dap: Diameter of apiral or hoop reinforcing (in)

INPUT Cover:= 3 m Cover: Concrete cover for the Column {in)

INBUT Dprime = 48 m Dprime: Diameter of spiral or hoop for circular columns (in)
INEPUT dy; = 1.41 mn dy: Diameter of the longitudinal bar

Note: § and & come from Article 5.8.3.4.1

B:=20

T 450785 1ad
180

Hote: Dr, de, and dv eguations come from Article 5.8.2.9.
dp)
Dr = bv — Cowver — Dzp - T = 4987

(Equation: C5.8.2.9-2) da:= h—‘ + E =42 81 in

2 ™

dvi=09de=38529 1
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Article 510.11.4.1¢:

VeProgramife, 3, bv, dv, Ag, Pu) =

i

Mote: The area of the Column and the Axial Load for thiz column need o be input into the Ve eguation
that calls the program above.

Eq. 5.6.3.3-4

Eq. 5.6.3.3-1

oV,

V.= ‘."cFmg'J.Emff:, ﬁ.b\'.-i'-:,ﬁu:c-]'.;mu.P'.;mulBeuﬂ] = 14861 kips

2Asp— 4y cot(B)
AsSpe—av: it ]
P 000 T

3

=477.765  kips
= (Ve + V)4, 2443453 kips

Shea1(heck|r¢l‘fu,‘»'u‘| = |z« "OK" if Vo=V
a2+« "FAILURE" if dVn <V

a

Shearchack = EhearChE¢|i¢".-':.'i."‘.;:| ="0K"

Hote: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforcing
(A=p), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.
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Article 510.11.4.1¢c Length of End Region (Plastic Hinge Region)

End region is assumed fo extend from the soffit of girders or cap beams at the top of the columns or
from the top of foundations at the bottom of columns.

EndFezionProgram{d . H) = |x«— d
¥ — l:'I-'.E
z+ 18

3 +— max(x,¥.z)

a

LendzthEndRegion = EudREgiouPrcng_'rame cn'.'.;rm:-:".ta.C:n'.'.;mul':ei_zhtBen_ﬂ =54

Article 5.10.71.4..3. Column Connections

Extension into Top and Bottom Connections

Note: This needs io be done whenever the column dimension changes.

ExtensionProgramid) .= |z« 15
e —d
2
3 «— max(z,x)

a

Extension := ExtensionProgram(Celumndiay =27 in
Article 5.10,71.4.1e: Spacing of Transverse Reinforcement for Confinement

Transverse Reinforcement for Confinemsnt

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Mot Excesd the Smallest of:
Spacingprogram( Columndia) = |x « %-Cc}hun:dia

v 4
a +— muinlx, ¥)

Maamum Spacing := Spacimngprogram(Columndia) = 4 mn
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SpacingCheck{MaxmumSpacing, s) = |a « 5 1if 5 £ MaximumSpacing
1 +— MaxmmumSpacing 1f 5 > MaximmmSpacing

FINALSPACING := SpacingCheck(MaximumSpacing,s) = 3 n

scheck := ShearCheck{ Mammum Spacing, =) = "0OK"

Hote: If scheck returns "Failure”, increaze the spacing of shear reinforcing spacing {s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Articla 5.10,11.4.1d" Transverse Reinforcement for Confinement at Plastic Hinges

Required YVeolumetric Ratio of Spiral or Seismic Hoop Reinforcing

]

b= —P_ _ggllx 10

5. Diprime

Raria].:'lug':szf'c,fy. |:|._\| = |z 0.12.—
\ 5)

a+ "OK" ifp z=z

a + "Increase Transverse Reinforeing Ratio” if p, <z

a

Checkp, = thichg'ram'-fc.fj.'e_psﬁ ="0OK"

Hote: If the minimum transverse reinforcement program responses “Increase Transverse
Reinforcing Ratio”, it is recommendsd fo decrease the spacing (s or increaze the area of the
trangverse reinforcement (Asp) in the inputs.
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Hote: These Requirements need to be checked and satisfied.

Cross-tie Reguirements:
1) Centinuous bar having a hook of not l2ss than 135 Degrees with an extension
MOT less than 6%dy or 3 in. at one end and a hook of NOT less than 50 Degrees

with an extension of NOT lezs than B¥dy, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive croas-ties engaging the same longitudinal

barz shall be allemated end-for-end.

Hoop Reguirements

1) Bar shall be a clozed fie or continuoushy wound fie.
2) & closed fie may be mads up of several reinforcing elemants with 135 Degres

hooks having a 6*dy, but NOT less than 3 in. extension at each end.
3) A continuously wound tie shall have at each end a 135 Degree hook with a 6%dy

but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Article 5.10.71.4.9F: Splices

Lap Splices in longitudinal reinforcement shall not be used in plasiic hinge region.

Mominal Shear Resistance for members OUTSIDE Flaztic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INEUT Vu_ = Voeolg, > = 45.988 kips

sub

INPUT  spaceNOhinge:= 105 in

MNote: B and 8 come from Article 5.8.3.41
B=20

™
180

45 =0785 rad
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Mote: Or, de, and dv equations come from Article 5.8.2.9.

. dpl ,
Dr = bv — Cover — Dsp — - = 4957

bvy D
Eq C5.825.2 de = — + — =42 E1 In
2 T
dv:=09da=38529 in
Egq.5.8.3.3-3 V= 003168 | fcﬂbt'--:l*:: 162 086
c A
Asp. ’-*;()dx-.cet(e:-
V=& ———————— 68252
Eg 5.8.3.3-4 3 spacel Ohmge

SV = (Vo + V)4, = 298115 kips

Eheer':E:kf.d}".-'n.‘."u'] = |a«"0OK" if

mn

kips

kips

dVn =V,

a « "FAILURE" if ¢Vn <V

a

Shearcheck := ShearCheck( &V, Vu, 3 | = "OK"

Note: If ShearCheck returnz "Failure”, either decreaze the spacing (s) of the shear reinforcing
{Agp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

varnables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

E: £ NOhing
Eqg. 5.8.2.5-1 Avmin = 0.0316. | = by spaceNOhinge -0
- 1000 five
1000
Av = 2-Asp =042 m:

~
597 in”
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TranCheck{Avmm ., Av) = |2 « "Decreasze Spacing or Increasze Bar 51z2”  1of Avmom = Av

2« "OK" if Avmin £ Av

I

MimimumTran := TranCheck{Avmm Av) = "0K"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increage Bar Size", it is recommended to decrease the spacing (spaceMNOhinge) or increase the
area of the shear reinforcement (Azp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

WV,
Eq. 58281 wm=—"0 _g025 ksi
b, bv.dv
spacingProgram (V. dv, f2) = v« 0125 fe
T T T
g+ 0.8.dv
r+— 04.dv
ze—q if g=24
ze24 if g=24
te—r if r=12
te=12 1f r»12
asz 1if Vu<vy
a+~—t if Vuzvw
a
MaxSpacing ;= spacinzProgram{wa, dv, f) = 24 n
Spacecheck{MaxSpacing.s) := |a « 5 1f 5 = MaxSpacing
1 +— MaxSpacmeg if = > MaxSpacing
a
MAXSPACING = Spacecheck(MaxSpacing , spacelNOhinge) = 10.5 it

scheck = ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Mote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceMNChinge).
The zpacing value may be MAXSPACIMG, but verify thiz works for all other checks.
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BENT 3 DESIGN
Article 5.10.11.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10,71..3. Longitudinal Reinforcement

-

INBUT 15 m"

A . —
“*longhar -~

INPUT W, =28

oars

INFUT  Ads:= Acolumn

Mz = 4368 m

A - = A
longremforcng longhar

Minimum Longitudinal Reinforcing Check

MinlonzRano = Checkleastlongremfore IJ.'I.glr.':'th-..jl.-

.u::-ug_'reiufu}rcing.l ="0K

Hote: If the Minimum Longitudinal Reinforcing program retums “Increass Longitudinal Reinforcing”,
either decreasze the section size (Aq) or increase the longitudinal reinforcing {Abl and NMumbsrBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MMaxLongRatio = Checkmax]cugremfor{:mg[zlds..-f';lnngmjufmtizz'I ="0K

4

Note: If the Masimum Longitudinal Reinforcing program retumns "Section Over Reinforced”, either
increaze the section size (Ag) or decreaze the longitudinal reinforcing (Abl and MumberBarz) in the
inputs.

Article 5.10.71.4.1b; Flexural Resistancs

Check biaxial sfrength of columns shall not be less than that required for flexure, as specified in
Article 3.10.9.4.

Flexural Resistance check can be done uzing some kind of Column Cesign Program. PCA Column
was used for thiz project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.
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Article 5.10,71.4.7¢: Column Shear and Transverse Reinforcement

Hote: This is for the end regions of the column.

Article 5.8.3.3: Mominal Shear Resistance

Vucelgy,q = 79.667 kips
mei:Eeuti- = 40585 kips
INPUT by = Colummndia v effective width

INPUT b, =09

INEUT 5s=3 in = Spacing of hoops or pitch of spiral (in)
INPUT Aspi= 31 j:z 4sp: Area of spiral or hoop reinforcing (ind)
INBUT Dsp:=0625 i Dzp: Diameter of 2piral or hoop reinforcing {in)
INPUT Cover = 3 in Cover: Concrete cover for the Column (in)

INEUT Diprime = 48 Dprime: Diameter of spiral or hoop for circular columns {in)

B

INPUT dyyj=141 in dy: Diameter of the longitudinal bar

Mote: B and & come from Article 5.8.3.4.1
B=20

B= 4520785 1ad
180

Hote: Or, de, and dv eguations come from Article 5.8.2.9.

dy] :
Dr:=bv — Cover — Dsp — — = 40.67 m

bv  Dr

Eqg. C5.8.2.8-2 dei= — + — =42181 n
2 ™

05da=38529 in

dv :
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Article 5.10,11.4.1¢: Column Shear and Transverse Reinforcement

INPUT Vo= ‘."cFmgr-_m[rf:,F':l.b'.'.di‘,ﬁa{ﬂ]'.;mu_P'.;mmBeuﬁ\j = 11651

2Asp 2 dy-cot(8)
Asp——dv-cot(8)
P o00" °

5

'|i.1"

g =477.765  kips

WV, = |: Vo + V)b, =440474  kips

Shearcheck := E-':earCheck|'-¢ﬁ."u.‘.".;"| ="0OK"

kips

Note: If ShearCheck refurns "Failure", either decrease the spacing (2) of the shear reinforzing
(Azp), increaze the area of shear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.

Length of End Region (Plastic Hinge Region)

End regicn is assumed to extend from the soffit of girders or cap beams at the top of the columns or

from the top of foundations at the bottom of columns.

LendgthEndF.egion = EndRagionFrogram| Columndia, Calum:Heigh:BE:tﬂ =34

Article 5.10,71.4.3. Column Connections

Extension into Top and Bottom Connesclions

Note: This needs io be dons whenever the column dimensgion changes.

Extension .= ExtensionProgramiColummndia) =27 o
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Article 5.10,71.4.1e: Spacing of Tranaverse Reinforcement for Confinement

Transverse Reinforcement for Confinement

Maximum Spacing of Lateral Reinforcing in Plastic Hinges Region

Maamum Spacing ;= Spacingprogram(Colunmdiz) = 4 mn

FINALSPACING = SpacingCheck(Maximum Spacing, s} = 3 m

scheck := ShearCheck(MammumSpacing, 5) = "0OK"

Hote: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing {g). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.71.4.1d: Transverse Reinforcement for Confinemeant at Plastic Hingss

Reguired Volumetric Ratic of Spiral or Seismic Hoop Reinforcing

Lad

pm —AP gl 10
*  s.Dprime

Checkp, = thiongramifc_ﬁ.'e.ps] ="0K"

Mote: If the minimum transverse reinforcement program responses “Increase Transverse
Reinforcing Ratic”, it is recommended fo decrease the spacing (s) or increase the area of the
trangverze reinforcement (Asp) in the inputs.
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Hote:These Requirements need to be checked and satisfied.

Cross-lie Reguirements:
13 Continuous bar having a hook of not less than 135 Degrees with an extension
MNOT less than 6*dy or 3 in. at one end and a hook of NOT less than 30 Degrees
with an extension of NOT less than §*dy, at the other end.
21 The hooks must engage perpheral longitudinal bars.
3) The S0 Degres hooks of two successive cross-ties engaging the same longitudinal
bars shall be atternated end-for-end.

Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.
21 A cloged tie may be made up of several reinforcing elements with 125 Degres
hooks having & 6%dg, but NOT less than 3 in. extensicn at each end.

3) A continuouely wound tie shall have at each end a 135 Degree hook with a 6%,
but NOT less than 3 in. extenzsion that engages the longitudinal reinforcemsent.

Article 5.10.11.4.17. Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hinge region.

Mominal Shear Resistance for members OUTSIDE Flastic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INBUT Vu,_ = Vaeelg, 4o = 79.667 kips
INPUT  spaceNOhinge:= 105 in
Mote: { and 8 come from Aricle 5.8.3.4.1
=20

8= 450785 1ad
180
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MNote: Or, de, and dv equations come from Article 5.8.2.9.

_ dy] .
Dr = bv — Cover — D=p — - = 49 67 m

" . bv Do
Eq. C5.8.2.9.2 de = + — =42 81 m
2 ™

dv:=09de=38329 m
Eq.5.8.3.3-3 V.= 0031653 |f—cb1.'--:l':: 262086 kips
< - 1000
A:p-ii:ldr-mt(ﬂ}
Eq.5.8.3.3-4 ‘."5 = ——————— = 68.252 kips=

space Ohmge
&V, = I;‘.".: + W, |-, =298.115 kips
Shearcheck = ShealC].'ued-c|r¢-‘-;'u,"»'113ub.'| ="0K"

Hote: If ShearCheck returns "Failure”, either decreasze the spacing (3) of the shear reinforcing
{A=p), increase the area of shear reinforcing, or increase the section size (4column). These
vanables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

T & bvepacsNOhine
Eq. 5.8.2.5-1 Avmin = 0.0316. | —o v paceliOhinge
4| 1000 fye

1000

3

=0.597 m

Avi= 2 Asp =062 m

MinmumTran ;= TranCheck{Avmum, Av) = "OR"

Hote: If the minimum transverse reinforcemsant grogram responses “Decrease Spacing or
Increage Bar Size", it is recommended to decrease the spacing (spaceNChinge) or increass the
area of the shear reinforcement (Azp) in the inputs.

324




5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vlayb

Eq 582841 = —
b, bvdv

=0.043 ksi

MaxSpacing = spacingProgram(wu. dv, fc) = 24 in

Spacecheck(MaxSpacing .z) .= |a«— 5 1f 5 = MaxSpacing
1 «— MaxSpacing if 5 > MaxSpacing

MAXRSPACING = Spacecheck(MaxSpacing . spacelNOhinge) = 10.5 i

scheck := ShearCheck(MAXSPACING, spacaNOnge) = "OK"

Hote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceMNOhinge).
The zpacing valus may be MAXSPACING, but verify thiz works for all other checks.

DRILLED SHAFT DESIGN
DRILLED SHAFT 2

Article 513.4.6.2b: Casl-in-place Files

»

INPUT 'j‘lu::-u_zbar =135 m
INFLIT bﬁ:lars = 24
INEUT  Ads = Adnlledshaft

.
A'.mlgr&iu.ﬁ}rcm_z = ":"lnngbar'N':uu's =374 m

Hote: Article 5.13.4.6.2b only has a provision for the minimurm amount of longitudinal reinforcing. This
minirmum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECHK: There alzo needs be a check made if the column Diameter is less than 24.0 in. For these
drilled shaftz, gpiral reinforcement or eguivalent ties of not less than Mo, 2 barz ghall be provided at pitch
not exceading 9.0 in., except that the pitch ghall not excesd 4.0 in. within a length below the pile cap
reinforcement of not less than 2.0 f or 1.5 pile diameters, whichever is greater.
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Minimum Longitudinal Reinforcing Check { First 1/3*Pile Length or 8 ft )

Checkleastlongreinforemg{Ag, Along) .= |a « "0K" if Along = Ag-0.005
z « "Inecrease Longitndinal Remnforcmmg Fatie™ 1f Along < 0.005. Az

&

MinLongRatio := C':E:k]eastl.-:}ug_'reiufu}m:ing{ﬁ;ds,Aln:g_mi:fmciugj ="0K

Note: If the Minimum Longitudinal Reinforcing program retums “Increase Longitudinal Reinforcing”,
either decrease the section size (Aq) or increase the longitudinal reinforcing (Abl and MumbsrBars in
the inputs.

Article 5.10.11.3: Longitudinal Reinforcement

Minimum Longitudinal Reinforcing Check

MimLongRatio = C':E:k]eastl.-:}ug_'reiufu}m:ing]iﬁ;ds,Aln:gmi:fﬂming ="0K

Mote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,
either decreasze the section size (4aQ) or increaze the longitudinal reinforeing (Al and MumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLongFatio = Checkmaxlu::—ng_'reinfm‘ci:gf.i\d:,A]Duaem:'br:mg.'l ="0OR"
Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increase the section size (Ag) or decrease the longitudinal reinforcing (Abl and NumberBars) in the

inputs.

5.8.3.3 Mominal Shear Resistance

INPUT Vigyp = Vupgy =91.877 kips

INPUT  spaceNOhinge:= 12 n 5: Spacing of hoops or pitch of spiral {in)
INPUT b := DEdia bv: effective width

INPUT Asp= 44 jn: Asp: &rea of spiral or hoop reinforcing (in?)
INPUT Dzp = 0.75 in D=p: Diameter of spiral or hoop reinforcing (in}
INEUT Cover == & in Cover: Concrete cover for the Column (in)
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INPUT Dprime := 48 i Dprime; Diameter of spiral or hoop for circular columns {in)

INPUT dyy = 1.41 i dy,: Diameter of the longitudinal bar

Mote: B and 8 come from Article 5.8.3.4.1

B=20

B= 4520785 rad
180

Mote: Dr, de, and dv equations come from Article 5.8.2.9.
dy)

Dr := bv — Cover — Dsp — T = 52545 in

Eg. C5.8.2.9-2 de= — 4 Dr =467 m
2 T

dvi= 0.9%.de = 42053 m

Eg. 5.8.3.3-3 V= 003165 I'ib-c.d—.-: 31893 kips
Ihsp lrc-";nm-.cm(a:-
Vo= = 185033 |kips
Eg 5.8.3.34 3 spacelNOlunge )

GV = (V. + V. |-, =453.567  kips
Shearcheck := ShearCheck|$V,, Vu) = "0K"

Note: If ShearCheck refurns "Failure”, either decrease the spacing (5) of the shear reinforcing
(Asp), increase the area of ghear reinforcing, or increase the section size (4column). These

variables can be changed in the inputz.
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5.8.2.5 Minimum Transverse Reinforcement

e bv-spaceMOhins
Eq.5.8.2.5-1 Avmin := 0.0316. | ,I':m. br-spacelOhmge s n

A 10 fye

[

1000

Ayi:= 2 Asp =083 in

Mimpme Tran = TranCheck{Avman, Av) = "0K"

Hote: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increaze Bar Size", it is recommended to decrease the spacing (spaceMOhinge) or increass the
area of the shear reinforcement (Azp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi,
Eq. 5.8.2.51 = ————— =0.041 ksi
dr. - b-dv
MaxSpacing = spacingProgram{wua,dv. fc) = 24 mn
MAZSPACING = SpacecheckiMaxSpacing. spacelNOhmege) = 12 n

scheck = ShearCheck(MAXSPACING, spaceNOhmge) = "0OK"

Note: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceNORinge).
The spacing value may be MAXSPACIMNG, but verify this works for all other checks.

DRILLED SHAFT 3

Article 513.4.6.2b: Cast-in-place Piles

-

INPUT 136 im

_qun ghar =
) - ) .
INPLN Wpaps = 32

INPUT  Ads = Adrilledshaft

) . 3
Alc}ug_'reiuf&ming = Alﬂ:ngf.:\bal‘S =48.82 n
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Hote: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
minimum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There alzo needs be a check mads if the column Diameter iz less than 24.0 in. For thesze
drilled shaftz, apiral reinforcement or eguivalent fies of not less than Mo, 2 bars shall be provided at pitch
not excesding 9.0 in., except that the pitch ghall not excesd 4.0 in. within a length below the pile cap
reinforcement of not less than 2.0 ft or 1.5 pile diameters, whichever is greater.

Minimum Lengitudinal Reinforcing Check [ First 1/3*Pile Length or & ft )

| ="OKE"

MinLongRatio := Checkleastlonzreinforcing{ Ads, Alc-:z':ei:f'c-r: ine

Note: If the Minimum Longitudingl Reinforcing program returng "Increase Longitudinal Reinforcing”,
gither decrease the section size (Ag) or increase the longitudinal reinforcing (Al and NumberBars in
the inputs.

Article 5.10,71.% Longitudinal Reinforcement

Minimum Longitudinal Reinforcing Check

MinlongRatio = Cheﬁleastlc}ng.'l.'einfnl\:i:g]lﬁ;d:,Ala:gei:fm:mgj ="0K"
Hote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,
either decreasse the section size (Ag) or increase the longitudinal reinforeing {(Abl and MumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLonzBatio = Checkmaxlongreini'l:-lti:g|".i'uis..A]ougt.mmbr{m;] ="DR"

Hote: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increaze the section size (Ag) or decreaze the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

5.8.3.3 Nominal Shear Resistance

INEUT Vi = Vupgy = 158.333 kips
INFUT  spaceMNChinge == 12 i s: Spacing of hoops or pitch of spiral {in)
INEUT b = DSdia b effective width
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INPUT Asp= M4 in Asp: Area of spiral or hoop reinforcing (ind)

INFUT Dsp = 075 in D=sp: Diameter of spiral or hoop reinfarcing {in}

INPUT Cover := 6 in Cover: Concrete cover for the Column (in)

INPUT Diprime = 48 in Dprime: Diameter of spiral or hoop for circular columns {in}
INFUT 'ibl =141 in dy,: Diameter of the longitudinal bar

Mote: B and § come from Article 5.8.3.4.4

B:=20

Bz 4520785 1ad
180

Mote: Or, de, and dv eguations come from Article 5.8.2.9.

bl
Dr == bv — Cover — Dsp — — = 352.543 i

Eq. C5.8.2.9-2 dei= =% 4 Dr =46726 in
2 ™

dv = 0.9.de =42 053 m

Eg. 538333 V= 0.0315.p Ili':n'-d\' =31893 kips
4 1000

fye |
2Asp——dv-cot(8)

Eg. 5.8.2.34 e spaceMOhinga

&V, = (Vo + V.)-d, = 453567  kips

&V, = (V. + V)b, =453.567  kips

Shearcheck = 5‘:E3.1.{:].1E{!k|“¢‘i.ru.1';-u1| ="OR"

Hote: If ShearCheck refurnz "Failure”, either decrease the spacing (s) of the shear reinforcing
{A=zp), increase the area of ghear reinforcing, or increase the section size (Acolumn). These
variablez can be changed in the inputs.
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5.8.2.5 Minimum Transverse Reinforcement

fi v-spaceNOhing
Eq. 5.8.2.5-1 Avmin = 0.0316. | =, D-spaceNOhinge
| 1000 e

1000

=0.7

wh

&

o

Av = 2. Asp =085 i

MmmmumTran = TrenCheck{ Avmm, Av) = "0OK"

MNote: If the minimum fransverse reinforcement program responses "Decrease Spacing or
Increase Bar Size”, it is recommended to decreasze the spacing {spaceMNChinge) or increase the
area of the shear reinforcement (Asp) in the Inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu,_
Eq 58281 = — 0 _go7 ki
e b-dw
MaxSpacing = spacingProgram{wu, dv_fc) = 24 m
MAXSPACING = SpacecheckiMaxSpacing . spacelOhinge) =12 n

scheck = ShearCheck(MANSPACTNG, spaceNOhmee) = "OK"

Note: If scheck returns “Failure”, change the spacing of fransverss reinforcing 2pacing (spaceMOhinge).
The spacing valus may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT

Article 5.13.4.6.2b: Cast-in-place Piles

=
iE
[
-
&
B
i,
i
B
i
—
wn
L=
g

-
Alﬂ-]lf-'l-'é!il‘lfﬂl‘ﬂil‘lg = All:l:gbar'-\bu_s =18.72 m
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Hote: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
miirtirnum reinforcing check only applizs to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECHK: There alzo needs be a check made if the column Diameter is less than 24.0 in. For these
drilled shafts, gpiral reinforcement or eguivalent ties of not less than Meo. 3 bars shall be provided at pitch
not exceading 2.0 in_, except that the pitch shall not exceed 4.0 in. within a length below the pile cap
reinforcement of not legs than 2.0 ff or 1.5 pile diameters, whichever is greafter.

Minimum Longitudinal Reinforcing Check { First 1/3*Pile Length or 8 ft )

)= "oK"

MmLongFRatio = 'Check'.easﬂ-:nug'l'eiuf-:nrci:g|"_i'uis,A]ﬂuzmmibr, ine
LY =3 L =4

Hote: If the Minimum Lengitudinal Reinforcing program returns “Increase Longitudinal Reinforcing”,
either decreass the section size (Ag) or increass the longitudinal reinforcing (4] and MumberBars in
the inputs.

Article 5.10.11.3: Longitudinal Reinforcement

Minimum Longitudinal Reinforcing Check

Minl ongRatio == Chei'_eastl-}n;'einfm‘ci:g:;-'Ld:,AID:ETE::EW:ME} = "0K"
Mote: If the Minimum Longitudinal Reinforcing program retums “Increaze Longitudinal Reinforcing”,
gither decreass the section size (AQ) or increase the longitudinal reinforcing (&bl and NMumberBars in

the inputs.

Maximum Longitudinal Reinforcing Check

3

ng{ Ads, A o - ="DKE"
= “ongreinforcing)

MaxlonzRatio := Checkmaxlongreinfore:

Hote: If the Maximum Longitudinal Reinforcing program returns "Section Owver Reinforced”, either
increase the ssction size (Ag) or decreaze the longitudinal reinforcing (Abl and MumberBars) in the
inputs.

5.8.3.2 Hominal Shear Resistance

INFUT Vi, = Vupg apyge = 172.263 kips=

INCUT  spaceMNOhinge := 12 in 5: Spacing of hoops or pitch of spiral {in)
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INEUT bv = DSabutdia b effective width

INBUT Asp = 3] m Asp: Area of spiral or hoop reinforcing {in2)

INFUT Dsp = 06235 in Dsp: Diameter of spiral or hoop reinforcing {in)

INPUT Caover := 6 in Cover: Concrete cover for the Column {in)

INBUT Diprime = 30 n Dprime: Diameter of spiral or hoop for eircular celumns (in)
INPUT dpp = 1.41 in dy;: Diameter of the lengitudinal bar

Hote: B and § come from Article 5.8.3.4.1

B

20

T 4520785 1ad
180

Mote: Dr, de, and dv eguations come from Article 5.8.2.9.

Eg. C5.82.9-2

Eg. 5.8.3.3-3

Eg. 5.8.3.3-4

ds -
Dr:= bv — Cover — Dsp —% =34.47 i

&
1i
ul"—l

c Dr
+ = =3203 in
™

=
i

0.9.da =28 832 m

V= 0.0316.3 Ili':lv-dx-:lﬁi.ﬂéf- kips
+ 1000

2A=p. dv.cot{8)
Vo= 100 = 8938 kips

spaceNOhmge

dV, = (V. + V)b, = 2182 kips

dV, = (V. + V)b, =218 kips

Shearcheck = S-IEEJ.{:]JE{]'Ef'd:l‘i.Tu..";-Ll] ="0OR"

Hote: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforcing
{A=p), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.
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5.8.2.5 Minimum Tranzsverse Reinforcement

fi vespacel Ohing
Eq. 5.5.2.5-1 Avmin = 00316, | = DrepaceXOhings
| 1000 fre

100

=0.531

T

Av= 2 Asp =062 i

MmmumTran = TranCheck{ Avmm, Av) = "OK"

Mote: If the minimum transverse reinforcemant program responses "Decrease Spacing or
Increase Bar Size”, it is recommended to decrease the spacing {spaceMNChinge) or increase the
area of the shear reinforcement (Asp) in the inpuis.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi,
Eq 5.8.2.91 = ——— =0.158§ k=i
'115']:'1"'11'
MaxSpacing = spacingProgramiu, dv, fc} = 23 068 n
MANSPACTNG = SpacecheckiMaxSpacing . space’Ohinge) = 12 in

scheck = ShearCheck(MANSPACING, spacelNOhmge) = "0OK"

HNote: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceNOhinge).

The spacing valus may be MAXSPACIMNG, but verify thiz works for all other checks.
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Connection Design for Girder to Bent Cap

INPUT Vealbent := Vucolg, 3

INPUT Nzirderperbent = 12

Article 6.5.4.2: Resistance Factors

-|1:|t =03

b, =075
iy, = 080
iy, = 080
b, = 0.85
e = 1.00

'd:'sa:g]e =10

For Type Ill Girders

Tension for A307
Shear for A207
Block Shear

Bolts Bearing
Shear Connectors

Flexure

Shear for the Angle

Hote: Select the grade of boll being used. It is azsumed that a ASTM A30T Grade C bolf is used.

JNPUT F'|_1':| = E-E l'i:s.
iNEUT Diay, := 1.23 n
INPUT Ms:=1

Angle Propertiss

INPUT Fy:= 36 ksi
INPUT Fu:= 58 k=1
INBPUT t:= 05 n
INPUT h:=6 n
INEUT wi=6 in
NPUT 1:=12 n

Mg = Mumber of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ultimate Stress of the Angle
f = Thickness of Angle

h = Height of the Angle

w = Width of the Angls

| = Length of the Angle
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INEPUT k:=1.00 n k = Height of the Bevel

INPUT  distanchorhole =4 @ distanchorhole = Distance from the vertical leg to the center of

the hole. This is the location of the holes.
INEUT dizhole = 1.5 in diahole = Diamster of bolt hole
INEPUT BLSHlength:= 6 in ELZHlength = Block Shear Length
INEBUT BLSHwidth = 2 n EBEL=Hwicth = Block Shear Width
iNEUT Ubs:= 1.0 Ubs = Shear Lag Factor for Block Shear
INEUT q:=1 m a = Distance from the center of the bolt to the edge of plate
iNeUT b:=35% m b = distance from center of bolt to toe of fillet of connected

part
Shear Force per Anale:
Veolbent-2
Vangle = __I:D_—Et = 6.639 kips
MW eznrderparbeant

Article 6.13.2.12: Shear Resistance For Anchor Bolis

Eg. 6.13.2.121 disBn = - 0.48. 4 Fub-Ns = 25.624 kips

Hote: This is checking to verify that the anchor bolt has encugh shear strength.

Shearcheck := ShearCheck{d:En, Vangls) = "0OK"

Mote: If the program returns "FAILURE", either increase diameter of the bolt {Diakb), change grade of bolt,
increaze number of bolts, ste.
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Article 6.13.2.9: Bearing Resiztance at Bolt Holes

For Standard Holes

Eg 5.13.2.9-1 dbbFn = 2.4 Diay,-t- Fub = 87 kips

For Slotted Holes

INPUT Le=2 in Lc = Clear digt. between the hole and the end of the member

Eq. 6.13.2.9.£ bbBns = Le.t-Fub = 38 kips

Bearingcheck := ShearCheck{dbbEn, Vangle) = "OK"

Bearingzcheck .= ShearCheck(dbbEns, Vangls) = "OK"

Hote: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lo (hole location).

Article 6.13.2.10: Tensile Resistance

Hote: This a calculation of the Tension fores on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The ling of action for the shear force is assumed fo
enter the angle at 1" below the through belt; therefore, the moment due to shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Vangle: 1
Tu = — e 1.66 kips
diztanchorhols
Eq.6.13.2.10.21 T = d}t-Cl.f-'lS-A-DEub =43275 kips

Tensioncheck := ShearCheck{dtTn, Tu) = "OK"

Hote: If program returns "FAILURE", change area of the bolt or grade of bolt
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Article 6.13.2.11: Combined Tenzion and Shear

Pu = Vangle
Eqg. £.13.2.111 C-:}m':-qudeg'ramfP'.;..-ih .l:u'h.d:-sRu.-d:-s] = |t 0.76 A Fub
Eq. 6.13.2.11-2 ) '
- =
{ P S
re 0.76.Ap Fub |1 —— |
1 \ hsBn /!
det i —% <033
[ thsEn |
| b,
der if — 033
[ BeFn |
:I. ¢|E
a
Tncombi:ed. = ombmed.?mg‘ramlr?u.ﬂb. fuh.d:-:Ru.d:-E:| =33.0%4 kips
biTn mbined = & Toombined = 43-273 kips

Combmedcheck := Shear( hecklld:'ﬂ-:{:ambine

d.‘."a:gle} ="0K"

Hote: If program returns "FAILURE", change area of the bolt or grade of bolt

AISC J4 Block Shear

~

Agv = +.BLSHlength = 3 m
Amer = t-(BLSHlength — 0.5 dizhola) = 2.625
Ant = t({BLSHwidth — 0.5 dizhols) = 0625

{J4-5) BLSHprogram{Agv, Anv, Ant Uks Fu Fy) =

Mote this is for if there are
one through bolts in the
upper leg.

m

b« 0.6.Fu-Anv + Ubs.-Fu. Ant
¢ +— 0.6FvAzv + Ubs Fu Ant
a+—b if b=c

as—rc fb=c

a
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En = BLSHprogram{ Agv, Anv, Ant, Ubs Fu, Fy) = 101.05 kips
dbzEn = dn,..Fn = 80.84 kips
BlockShearCheck = ShearCheck({dphbsEn, Vangls) = "OK

Hote: If program returns "FAILURE", change diameter of the bolt, number of bolis, thickness of
angle, length of angle, etc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer fo

Ut=106 Table D3.1 in AISC Manual
Ant := t-[w — (1.dizhole)] = 2.25 i.1.'|:

(D3-1) A= AntUt =133 i.1.'|:

(D2-2) P = ¢,.-Fub-Ae = 61.64 kips

TensienCheck := ShearCheck{$tPn, Vangle) = "0OK

Mote: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.

AlISC CH. F: Bending of Angle

Mote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which iz at
the balt location). Then the moment was found just above the k height for this angle.
The Critical section is a k distance away on the horzontal leg. This location has the greatest moment.

INPUT Muangle := 21.25 kip-in
1.(e)° 3
Zx:= ) =075 n
4
i = fpFria=27 kip-in

BendingAnglalhack = ShearCheck{ ¢fhin, Muangla) = "OKE"

HMote: If program returns "FAILURE", change thickness of angle or length of angle
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AISC G: Shear Check

Cvi=10
Awiztw=3 '.':2
(G2-1) dsangleVn = ¢ 1 -06-FyAw-Cv = 648 kips

ShearAnglaCheck := ShearCheck(dhzanzleVn, Vangle) = "0OK

Note: If program refurnz "FAILURE", change thickness of angle or width of angle.

TYPEBT-72

Note: Select the grade of bolt being used. It iz assumed that a ASTM A307 Grade C boll is used.

INPUT Fub := 58 k=
INPUT Diiay, := 1.23 n
INPUT Ns =1 Mg = Number of Shear Flanes per Bolt

Angle Properiies

INFUT Fy:= 36 kst Fy = Yield Stress of the Angle

INPUT Fu:= 58 k=i Fu = Ultimate Stress of the Angle

INBUT t:= 0.5 in t = Thickness of Angle

INBUT Li=§ n h = Height of the Angle

INPUT w= 6 in w = Width of the Angle

INEUT 1:=12 in | = Length of the Angle

INBUT ki=1.00 in k = Height of the Bavel

INPUT  distanchorhole =4  in distanchorhole = Distance from the verical leg to the center of
the hole. This is the location of the holes.

INBUT diahole := 1.3 in diahole = Diameter of bolt hols

INPUT BLSHlength := in BLSHIlength = Block Shear Length

INPUT BLSHwudth := 2 in BLSHwicth = Block Shear Width
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INBPUT Ubs = 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT a:=2 n a = Digtance from the center of the bolt to the sdge of plate
INPUT b:=35 n b = distance from center of bolt to toe of fillet of connected
part

Shear Force per Anale:

Veolbent-2
Vangle = __CD_—Et = 6.639 kips
2Mzirderperbant

Article 6.13.212: Shear Resistance For Anchor Bolts

7. Diay,” .
Ay = f =1.227 m
Eq. 6.13.2.12-1 hsFn = & -048 Ay Fub Ns=25.624 kips

Hote: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheckidzEn, Vangls) = "0E"

Mote: If the program returns "FAILURE", either increase diameter of the Lol (Diab), change grade of bolt,
increase number of bolts, ste.

Article 6.13.2.9: Bearing Registance at Bolt Holes

For Standard Holes

Eg.6.13.2.8-1 dpbbFn == 2.4-Diay, -t Fub = 87 kips

For Slotted Holes

INPUT Le=2 n Lc = Clear dist. between the hole and the end of the member
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Eq. £.13.2.9-4 dbbFxns = Le-t-Fub = 58 kips

Baanngcheck ;= ShearCheck{dbbEn, Vangle) = "OK"

Baaringehack := ShearCheck{dbbEn, Vangle) = "0OK"

Mote: If the program returns "FAILURE", either change the diamster of the bolt, thickness of the
angle, or Lo {hole location).

Article 613.210: Tensile Resistance

Mote: This a calculation of the Tensgion fores on the anchor bolt due to the shear. A moment iz taken
about the through bolt in the vertical l2g of the angle. The ling of aclion for the shear force is assumed o
enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangle* 1°. The

distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Vangle 1
Tz ————— nEE =le&6 kips
distanchorhole
Eq. 6.13.2.10.21 GtTn := I:I.'._'Ei-.-fkb-l"'.;bz 54004 kips

Tensioncheck ;= ShearCheck{dtTn, Tu) ="0K"

Hote: If program refurna "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combinad Tenzsicn and Shear
Pu:= Vangle

Eq 6132111 Ta,ppin-q = CombinedProgram|Pu, Ay Fub.dsRu. ¢, | = 54.094
Eq 6.13.2.11-2 ' '

d:'tT:{:omb:ined = d:'T'Tuc-}m':-med =43.275 kips

Combmedchack = S].Lea1Checl-c|T¢tTutmbi:ed_‘-faug]e\.| ="DK"

Mote: If program returns "FAILURE", change area of the bolt or grade of balt.

kips
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AISC J4 Block Shear

-

Agv = t.BLSHlangth = 3 i
Anv = t(BLSHlength — 0.5 dizhole) = 2,625 u:L2
Ant = t-{BLSHwidth — 0.5-diahole) = 0.625 m

(J4-5) Fx = BLSHprogram{ Agv, Anv, Ant, Ubs, Fu, Fvl = 101.05 kips
dbsEn = ¢y, -Bn = £0.84 kips

BlockShearCheck := ShearChack{dbsEn, Vanzle) = "0OK"
Hote: If program returns "FAILURE", change diameter of the bolt, number of bolis, thickness of

angle, length of angle, ete.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Referfo

Ut:=06 Table D3.1in AISC Manual
Ant = t-[w — {1.dizhole}] = 2.25 i.u:

(D31 Ae = AntUt =135 in”

(D2-2) §tPn = b Fub-Ae = 62.64 kips

TensionCheck := ShearCheck( $tPn, Vangle) = "0OK

Mote: If program returnz "FAILURE", change thickness of angle, length of angle, widih of angle, etc.
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AlSC CH. F: Bending of Angle

Mote: & SAF Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the baolt location). Then the moment was found just above the k height for thiz angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

INEUT Muangle := 21.25 kip-in

L{t)" 3
Zx:= ) =075 i’

rl
dflvin = ¢-f-1:'f-'- Zx=27 kip-mn

BendingAnglaCheck .= ShearCheck{ dihn, Muangle) = "OK"

Mote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G Shear Check

Cv=10
i
Aw:i=tw=13 i
(G2-1) thsangleVn = 'd:'sa:g]e'u'ﬁ"f}-' Aw Cv =643 kips

ShearingleCheck := ShearCheck(dhzangleVn, Vangle) = "OK

Hote: If program returns "FAILURE", change thickness of angle or width of angle.
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BENT 2 EXPANSION CONNECTION

TYPE BT-72

Hote: Select the grade of bolt being used. It iz assumed that a ASTM A307 Grade C bolt is used.

NPUT Fub := 38 k=i
INBUT Diay, := 1.23 n
INPUT We:=1

Angle Properties

INPUT Fy:= 36 k=i
INPUT Fu:= 58 k=1
NPUT t:= 0.5 in
INPUT hi=6& in
INPUT wi= & n
INPUT 1:= 12 n
INBUT k=100 n

INPUT  distanchothole:= 4  in

INPUT diahola = 1.5 in

INPUT SlottedHole == 6 m

INPUT BLSHlength = 6§ i

INPUT BLSHwndth :== 2 m

INBUT Ubs := 1.0
INPUT a=2 m
INPUT b:=33 m

Ms = Mumber of Shear Flanes per Bolt

Fy = Yield Siress of the Angle

Fu = Ultimate Streas of the Angle
t = Thickness of Angle

h = Height of the Angle

w = Width of the &ngle

| = Length of the Angle

k = Height of the Beve

distanchorhole = Distance from the vertical leg to the center of
the hole. This iz the location of the holes.

diahole = Diameter of bolt hole

SlottedHole = Length of Slotted Hole
ELSHIength = Block Shear Length

BELSHwicth = Block Shear Width

Ubs = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt o the edge of plate

b = distance from center of bolt to toe of fillet of connected
part
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Shear Force per Angle:

Veolbent- 2
Vangle := e 5630 kips
MW girderperbent

Article 6.13.2.12: Shear Resiztance For Anchor Boliz

TED]E]:I -
A = =1227 m
Ty
Eq. £.13.2.12-1 $sBn = ¢5-E.43-.i'1b-F11':|-'f\:5 = 25624 kips

Mote: Thiz is checking to verify that the anchor bolt has encugh shear strength.

Shearcheck := ShearCheck(disFEn, Vangls) = "OK"

Mote: If the program returns "FAILURE", either increase diameter of the boli (Diak), changs grade of balt,
increaze number of bolts, ste.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eg. 6.13.2.9-1 dbbBn = 2.4-Diag -t Fub = 37 kips

For Slotted Holes

INPUT Le:=2 in Lc = Clear dist. between the hole and the end of the member

Eg . 6.12.254 ¢bbFnz .= Le-t-Fub = 58 kips

Baarngeheck := ShearCheck{dbbBn, Vangle) = "OK"
Beanngcheck := ShearCheck{dbbEn, Vangle) = "OK"

Hote: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).
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Article 6.13.2.10: Tensile Resistance

Hote: This a calculation of the Tenzion fores on the anchor bolt dus to the shear. A moment is taken
about the through Bolt in the vertical leg of the angle. The line of action for the shear force is assumed
to enter the angle at 1" below the through Boli; therefore, the moment due to shear is Vangle* 1°. The
distance to the anchor belt in the cap beam iz 4", and that is how the Tu equation was derived.

Vangla- 1
Tu = — e 1.66 kips
diztanchorhols
Eq. 6.13.2.10.2-1 $tTn = ﬂ.?Ei-Ab-l"'.;hszf.ClB:l kips

Tensioncheck := ShearCheck{dtTn, Tu) = "OK"

Hote: If program refurng "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combinged Tension and Shear

Pu = Vangle

Eg. 6.13.2.1141 T

B ombined = C{-mbined_:'ru:-gramf.Fu,A-:',Fu':-, ¢5Ru_d}3"| = 54094 kips
Eg. 6.13.2.11-2 ) ’

d:'tTuchlbi:ed. = d:'t'ru’-:lmbuud =43275 kips
Combinedchack = ShearCheck(dtTn 00 g, Vangle) = "OK"
Mote: If program refurnz "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

Az = ¢ BLSHlenzth = 3 m”

;]

Anv = t| BLSHlenth - {Ij-m |=225 @

Ant = t(BLSHwudth — 0.5 diahele) =0.625 |.1.12
(J4-5) Fx:= BLSHprogram(Agv, Anv, Ant, Ubs Fu,Fy) = 101.03 kips
dibsEn = iy, -Fn = B0.84 kips

BlockShearCheck := ShearCheck({dbzFn, Vangle) = "0K

Mote: If program refurnz "FAILURE", change diameter of the bolt, number of boliz, thickness of
angle, length of angle, efc.
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AISC D2: Tenzion Member

Utz 06 Ut = Shear Lag factor for single Angles. Refer
p= to Table D3.1 in A1SC Manual

Ant = t-[w — {1-diahole}] = 2.25

in

(D3-1) Ae:= Ant.Ut=135 i
(D2-2) $tPn = § -Fub-Ae = 62.64 kips

TenzionCheck := ShearCheck{dtPn, Vangls) = "OK
Hote: If program returnz "FAILURE", change thickness of angle, length of angle, width of angle, stc.

AISC CH. F: Bending of Angle

Mote: A SAP Modsl of the angle was created. The shear of the angle was applied at 4 in. {which iz
at the bolt location). Then the moment was found just above the k height for this angle.

The Critical secticn is a k distance away on the horzontal leg. This location has the greatest
moment.

INFUT

Muangle := 21.25 kipm

Ix = ]Ii =0.75 m
4

bffvin = dp Fy-Zm = 27 kip-in

BendingAngleCheck (= ShearCheck(dildn, Muangls) = "OK"
Mote: If program refurnz "FAILURE", change thicknesz of angle or length of angle

AISC G: Shear Check

Cv:=140
.
Aw=tw=3 m
(@2-1) dsangleVn = ¢saugle-ﬂ.15-f}'-ﬁuv-c1.' =43 kips
2-1) E

SheardngleCheck := ShearChack{dzanzleVn, Vangle) = "0OK

Mote: If program returnz "FAILURE", change thickness of angle or width of angle.
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Connection Design for Girder to Abutment

For Type lll Girders
INFUT

INEUT

Veolbant = "-"'-1[]."-_\.1'{:-ut

MWzinderperbent = 6

Hote: Select the grade of bolt being used. |t iz assumed that a ASTM A307 Grade C bolt iz used.

INPUT

INPUT

INPUT

Fub := 38
Diab =15
Ns:=1

Angle Properiies

INPUT
INPUT
INEPUT

INPUT

Fy:= 36

diaheole = 1.75

SlottedHole := 6

BLSHwidth .= 2

Ubsz:= 1.0

&

BLSHlength = 15

ksi

m

I

il

Mz = Number of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ulimate Stress of the Angle
f = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

diahaole = Diameter of bol hole
SlottedHole = Length of Slotted Hole
BLSHIength = Block Shear Length
BLSHwicth = Block Shear Width

Uz = Shear Lag Factor for Block Shear
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INPUT

u
1
b

B

a = Distance from the center of the beolt to the =dge of plate

INEUT b:=35 n I = distance from center of bolt to toe of fillet of connected
part
Shear Force per Andle:
Veolbent.3
Vangle = # = 43.066 kips
XN girderparbant

INEPUT Bl = 2 Mpzg = NUMBEr of bolts per flange

Vperbelt = Vangle =21.533 kips

Tholts

Article 6.13.2.12; Shear Resistance For Anchor Boliz

Eq. £.13.2.12-1 zFm = 048 Ay Fub M= = 36808 kips
Hote: This is checking to verify that the anchor bolt has enough shear strength.
Shearcheck = ShearCheck(di=En, Vperbalt) = "OK"

Mote: If the program returns "FAILURE", either increase diameter of the bolt {Diab), changs grade of bolt,
increaze number of bolts, ste.

Article §.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eng. 8.13.2.941 dbbFn := 2.4-Diag -t-Fub = 208.8 kips
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For Slotted Holes

INPUT Le=2 in Lc = Clear digt. between the hole and the end of the member

Eqg. £.13.2.5-4 $bbFns ;= Le-t-Fub = 116 kips

Beanngcheck ;= ShearCheck{dbbFn, Vangls) = "OK"

Beaanngcheck = ShearCheck{dbbRn, Vangle) = "OK"

Hote: If the program returns "FAILURE", either changs the diamester of the bolt, thickness of the
angle, or Le {(hole location).

Article 6.13.2.10: Tensile Resistance

Mote: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bkolt in the vertical l=g of the angle. The line of action for the shear force is assumed fo
enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Tu= g2l 566 kips
distanchorhels
Eqg. 8.13.2.10.241 $itTn = I].TIS-A]J-F'.;b:TT.E% kips

Tensioncheck = ShearCheck{dtTn, Tu) ="OK"

Mote: If program returns "FAILURE", change area of the bolt or grade of bolt.
Article 6.13.2.11: Combined Tension and Shear
Pu := Vperbalt

Eq. 6.12.2.

1 Tnombined = C{:u]:l:biu.ed_:'mgrauuiP‘u,Ab,_7111:_'1}5.R_u_d}5:| =63.256 kips
Eg. 6.13.2.11-2

11-
11-
ST mbined = Pt Theqmbined = 30.603 kips

Combinadehack = ShaarChack|dtTn

cmbi:ed'vaug]ej ="0OK"

Mote: If program returns "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

Agv = t BLSHlength = 15 m Note: this is for two
2 bolts.
Anv = t.(BLSHlensth — 1.5-dizhole) = 12375 in oS

Ant = t+{BLSHw:dth — 0.5.diahole) = 1.125 mn

(J4-5) Fu := BLSHprogram({Agv, Anv, Ant, Ubs, Fu, Fv) = 389.25 kips
dbsEn = ¢y, BEn=3114 kips

BlockShearCheck := ShearCheck{dbsEn, Vangle) = "OK"

Note: If program refurnz "FAILURE", change diameter of the bolt, number of bolis, thickness of
angle, length of angle, ete.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer o

U= 06 Table D3.1 in AISC Manual
Ant = t[w — (1.dizhole)] = 4.25 :i.'IJ:

(D3-1 Ae = Ant Ut =253 i

(D2-2) tPn = ¢, Fub-Ae = 118.32 kips

TensionCheck (= ShearCheck{dtPn, Vangle) = "0OK

Note: If program returnz "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Hote: & SAP Maodel of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the bolt location). Then the moment was found just above the k height for this angle.
The Critical secfion is a k distance away on the horizontal leg. This location has the greatest moment.

INEUT Muangle .= 1374 kip-in
1(y)° 3
Ix:= () =5 "
4
dfhn = dp-FyZe = 180 kip-in

BendingAnglaChack .= ShearCheck( dihin, Muangls) = "0K"

Mote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cw=1.0
-
Awiztw=¢8 n
(G2-1) ¢hsanglaVn = d:usazg]e-ﬂ.f:--f].'- Aw Cv=1296 kips

ShearAngleCheck := ShearCheck(dizangleVn, Vangle) = "0K

Hote: If program returns "FAILURE", change thickness of angle or width of angls.
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Appendix F: Interaction Diagrams for Little Bear Creek Bridge

Designar: PTC

Project Mamer Limiec FERE CRECER.
Jody Muimber:

Dake: . Ifz b Zeip

Moment Capecity and Infgraction Diagram Data

Cofwme ar Driled Shaft EE-ST 7 geuitmed

INPUTS

Coiarnn Diaeskar e in
fe 4 kgl
iy (PR -] ksl
Langiucieal Reinferdng Bar 5lze = i

sumber of Locdtudina) Senfordng Bars i
Transurrse Reinfancing Bar S 3
Soacmg of Transverse Reinforcing Bars -l n
Column Helght 12862 e
LCoeer 2 in
Oend Logd Rparrions

Fulead [=ps] 17 beuid

M iDaad ki) 5% ca s Bl

Enper bate Cofwmn Design Softwee [PCA COLLIRR
Finding Moment Capacity af the mlumn,

Mp = k05 55 kip*ft

Wpcol = "™ p'Halghbookumn =» TE¥F 3 ki

Ypbert = I*vncol | i Kigs
Lretnte S48 modsf of Bent

Aty shear [Vpkent} at the ceoter of mass of the substnicture

Axlal Force due 1o Vphent 3 Pramarturaing = Bl= 7 btz
Fui = Fuesd 4/~ Pueverturning [Ea- or Z2E5  kips

Regnter bndp Coilumn Design Saftwane (004 COLLIANY]

Mip = MG 45 44 kip*ft
vocol = FpApHeightoohemn -=» ol =] kips
wpbant = 2*¥pcol b 4a kps

Verify thot Wnbent i within 108 of firsé Upgant. If nak, repeot i obous process.

Chak = {[¥pbent? - Vphantl) f Wpbant2} * 100% 2,9 4 o

Check Otber Seismis Lood Coxes
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e T
Fu-PuI:Imdl-."-P'-ﬂ:n—} ':-H'?It or 3Zh.8 Hps
M = MuDwad + Mupdtron = 20732 kg™t
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80 Lin diam.

Code: ACI 31602

Units: English

Run axis: About X-axis

Fun option: Invastigatian
Slenderness: Mot considarad
Column type: Structural
Bars: ASTM AB15

Cate; 11/02110

Time: 10:059:52

-3000 -

poaCalumn w364, Licensed to; Auburn University. License 1D 53161-101 15614-20C30-270458

Praoject:

Column:

fo=d ksi

Ec = 3605 ksi
fo=13.4 ksl

e_u = 0,003 infin
Betal = 085
Canfinamant Tled

File: C-\Documents and SetfingsicouispiDesktop!Seismic Design ResearchiLitle Bear Cre..\Driled ShaftBent2 cal

Enginaer.
fy =60 kel Ag = 2827 43 In"2 24 #11 bars
Ez = 22000 ksi Mg =37 44 in"2 Rho = 1.32%
fo=3.4 ksl Xo =0.000n I =B35173 in"™d4
Yo =000 Iy = B3B173 In™4
Clear spacing = 4.54 in Clear cover = §.50 in

phifa) = 0.8, phi(b) = 0.8, philc) = 0.65
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peaColumn w3.64 & Portland Cement Association

Licensed
C: % Diocum
COLUMHY DE

10:0% BM

Page 1
11/02/10

tor Bubure University. Licensa ID: -53161-1011561-4-20030-27059
gnts and Settingslcoulspd'\Desktop\Seismic Design ResearchiLittle Bear Creek\FCA
4110:09 RM

COCO000 [Ce ey Qoooo el [ela e lala] e]
oo o0 0O O3 OO 00 00 00 o2 00 00
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[t} ooooo 0D 00 Q0000 ooo00 00000 (TH)

Computer program for the Strength Dezsign of Reinforced Concrete Sections

Licenses stated above acknowledges that Partland Cement Asscciation
(PCA) ia not and cannot be responsible for aither the accuracy or
adequacy of tha material supplied as input for processing by the
peaColumn (tm} computer program. Furthermore, BCA neither makes any
warranty expressed nor implied with respect te the correctness of the
sutput prepared by the peaColumnitm] praaram. Although PCA has endeavored
tp praduce poaColumndtm) error fres, the program is not and <San't be
eartifiod imfallible., The final and only respensibility fer analysis,
design and enginesring documents is the licensess. hAocordingly, FCA
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in connectlon
Wwith the use of the poaColumnitm) program.
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peacolumn w3.64 @ Portland Cement Associstion Page 2

Licensed to: Auburn University, License ID; 53161-1011561-4-20030-27053 11/02/10

C:\Documents and Settingsiecoulspi\Deskzepi\Seismic Design Ressarchilittle Bear Cresk\PCA
COLUMNYDrili0:09 AM '

10:0% AM

General Information:

File Meme: C:\Documents end Settingsicoulspii\DesktophSeismic Design Ressarchhlittle Bear
Creek'\PCA
coLUMHY DrilledShaftBent2. col

Froject:

Column: Enginest:

Code: ACI 318-0Z Unita: English

Fun Option: Investigation Blenderness: Hot comsidered
Bun Axis: A-axis Coluwn Type: Structural

Material Properbies:

L'e = 4 kui £y = gl ksi

EQ = 360% ksi Eg = 29000 ksi
Ultimste strain = 0.002 infin

Batal = 0.85

Zectico:
SEmE——

Circular: Dlameters — 60 in

Gross =ection ares, Ag = 2827.43 int2

Ix = B3IE173 in~d Iy = 636173 An"4
o= O in Yo = 0§ in
Eoinforcement:

Tr—— I

Bebar Datzbase: ASTM BGLS

size Diam (in) Area (in"2} Size Diam {in} Area (in~Z) Zize Diam (in) &rea [in"2}
4 3 0,38 0.11 ¥ 4 0.50 0.20 # -5 0.63 .31
# & 0.75 0.44 & .1 g.88 pD.60 # B 1.90 0.79
# 9 i.13 i.og & 10 1.27 AiEr #11 1.42 1.%8
# 14 1.69 2,23 # 18 2.26 4.00

confinemsnt: Tied; #3 ties with #10 bars, #4 with larger bars.
phi{a) = 0.8, phifb) = 0.9, phiic) = 0.65

Layout: Clreoular

Pattern: All Sides Equal [Cover to transverse reinforcement)
Total stesl arsa, Bs = 37.44 in™2 at 1.32%

24 %11 Cover = 6 in

Facstared Loads and Moments with Corresponding Capacities: [(seo usex's manual for notation)

P Mux £linx
Ko, kip k-ft k=ft M/ M
1 650,90 260.0 4437.4 17.298
2 1517.4 260.0 5187.0 19,950
3 217.0 260.0¢ 39438 15,168
q 1edd.0 260.0 5165.0 19,865
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[ 960.2 2015, 0 4857 .4 2,411
7 339.8 2015.0 4104.1 2.037
g B50.0 F30.0 4497.4 6.161

s#x pPragram completed as reguested! TEF

357



Designar  Fre

Praject NAMEL oo moar o mpnre
I Bewimibar:

Date: gz rzem

i i Capacity and fan Diagram Data

Cofumn ar Orifed Shaft, T B b AT BEWT T
INFUTS

Cidigrmn Diamater _ﬁ..‘?._h
fc P
i e £ ks
Lomgitudinsl Beinforcing Bar Soz & I/

Mt of Lonitadenl Reinforcng Bans e

Transwerse Renloring Bar Se P e

Spacing of Transerss Reinforcing Bars LE In
Calumn Heght 1 X2 ki
Covar [ In
S Lood Reoctions

Pubsac W50 kips

s Zen Kip*hs

Enrer iatc Cohumn Design Seftere [PCA COLLIMN

Fevdirg M omant Capacty af the colurmn.

Wip = S - __ ross Kok

ptol = I*MpHesghiooumn < b kipx

L phent = 2"Weenl L k=

Ervaid 24P rodel of Bent

#pply shesr [pbent] o the center of mass of the sebsirecoung

Augial Force ds bo Vpbent By guertuimeng = BEL7 klps g4 4

Pu= Subesd +f- Plenermening [T s or AT kips I 4% s

Re-enter (nho Chire Design Saftuware [PCA COLLIBAN]

Mp = e 5 T Te X kip*ft Frdn
Wprel = 2%Mg/Halghoalmn = fu7 ps &
Wpbent = 2*¥gal iT 33 Wps P T2k

Verify that Vbent i witiin 6% af Frst Vedent, Jfnat, repeat the b profess

Check = {[Wpbentd - Vpbentl] f Wobent2) * 100M rz.2 3 Weo Eopm
"
Check Crber Seisnic Land Cases ® il
Mupetrass [ & wp*ft petran = o, 282
Putran PR kips pelang = p. a7 E
Mupelong jrez gt
P'h!'ﬂ'ﬂ N (-]
i
Py=Pudsad+/-Pulraa s o Lo, T or IS E Kips
i = MuDead + Mupotaan -+ Fois Klp=m
Py = Pulead +f- Puioeg —* e o pe kips
KA = Mulesd + Mupoiong = k[ sip*ft

358

TR



P (kip)
7000 T

oo APEX)

54 in diam.

Code; ACIH 318-02
Imits: English
Run axis: About X-axis

Fun option: Investigation

Slendarmass: Not considared
Caolumn typa: Structural
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Time: 10:08:05
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pealolusn v3.64 @ Partland Cemant Asscciation

Licensed bo: Auburn University. License ID: 53161-1011561-4-20C30-27D58
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Computer program for the Strength [esign af Eeinforced Concrete Sections

Licenmes stated aheove acknowledges that Portland Cement Assaciatian
(pea) is not and  cannot he responsible  for either the aofuracy or
adeguacy of the material supplied as input for processing by the
poatolumn (tm)  computer progeam. Furthermore, BCA neither makes -any
warranty expressed nor implied with respect to the correctness of the
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any analysis, desian or engineering documents prepared in  connection
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poaCslumn w3, 64 @ Porrland Cement Association Page 2
Licensed ta: Auburn University. Licensa IIY £3161-1011561-4-20C30-2705% 11/02/10
£:\Documents asd Sertingshceulspd\DesktophSeismie Design Regearchilittle Bear Cresk\PCA
COLUMECelull: 08 BM

10:08 AM

Genaral Infoermatlont

Tile Hame: ©:\Documents and Settingsicoulspi‘Desktop'\Selsmic Design RegearchiLittls Bear
Creek) PCA
COLEMEY ColumnDesignient 2, col

Frojech:

Column: Enginear:

Code: ACT 318-02 Onits: English

Fun Dption: Investigation glenderneas: Kot considered
Run Bxis: X-axnis Column Type: Structural

Material Froperties:
f£1a = 4 kai Ey = B hsi
s = 3605 ksl ES = 290080 ksi
Ultimate strain = 0,002 in/fin
Betal = 0.B3

Gestion:

e
Circular: Diameters = 34 din
Gross seckbion area, Rg = 2280.22 Amng
Ix = &173%3 in™d Iy = 417303 1in™4
¥o = 0 4in Yo = 0in

Reinforcement:

Bebar Database: RETH RELE

Size Dlam (in) Rzea (in"2) 5iza Diam (in] Area (in~Z} Size Diam [in) Area (in*Z}
# 3 n.3e 0.11 # 4 0.50 a.20 # &8 0.63 0.31
& B 3.78 0,44 7 0.88 0.e0 & B 1.00 0,78
L - 1.13 1.00 # 10 1227 1:LET # 11 1-41 1.58
& 14 1.6% 2,25 & 18 2.26 .00

Confinement: Tied; #3 ties with #10 bazs, W with larger bars.
phifal = 0.8, phife) = 0.9, phije]l = 0.65

Layout: Circular

Pattein: ALl Sides Bgual {Cover to transverse reinforcement}
Tatal stesl area, As = 37.44 in"2 at 1.63%

24 %11 Cover = 3 in

Factorad Loads and Moments with Corrasponding Capacities: (see user's manusl for notation]

Bu Mux £H¥nx
Hao. kip k-ft k-ft  fdnfMu
1 B37.0 256.0 A0%8, 3 16.60%
2 15040 256.0 4450.3 17.384
3 230.0 256.0 36a7.1 14,208
4 947 .2 2073.0 4380.9 2:113
5 3i6.8 2073.0 a743.9 i.\809
5 §37.0 5700 4088.3 7,140

#++ Program completed as reguested! 4
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DeEgnon I

Project Mame: wilfiR SRS L fC@s
loks Kumber:

Oate:  wifz 4 Rodd

Mioment Capacity and Interaction Disgran Dats

column ar Srited Shafr FE=T T cps e

INFUTS

Codyenn Diameter 4 in
fc 5 ki
Fr I st
Longtudingl Reinforting Bar Size ® o
Mumbier of Lanituding] Rerforting Bars Fis
Transverse Reinforcing Bar Size -

spacing of Transwerse Rewnlordng Bars I in
Coturmn Heght Te. kgl R
e b in
P {ood Reoctiony

PuDesd e & 7 g

Mulead b 1] kgtft

o pirupn ame EESBiaE

v rATaE AEE ETLawss = I8
Entir into Cofirrs Gesiga Soffware (POA COULRNG
Firding Biomsant Capadty of the oolumn.

Mp = 4hipiaa 3 FTE kit
Wpid = 2%MpHeightcolumn < 49 kg
phbant = 2*%pool P tes kg
Crehmte SAP moo's of fent

dpphy shear [Vpbsans) at the menker of maed of the substructurs

Aaled Fores dun to Vpbent Pusteearturning = | kios

Pu = Pullesd +/- Puoverturning Fie d or A s

Ba-gatar {nda Column Design Softwore (SO0 COCLWIN]

Mp=dhiplT - Fesd lep*it
vpead = ¥ Ma/Halghtolu=n = & & kips
Vpbert = 2Vpocal P e kg

Wiepify Hrat Vednant & within L0 of first Vpbent. \faot, repeat the above process

ek = [TWpbenid - Vphentl] / vobentd] * 100% &Er F G
Cherk Other Splmic Lood Coses
Muzpotrans jienc Ep*ft pasran = LA
Putran 2TE 4 kips plang = &, T
Muipokang et E Hp*ft
Pulong 4+ & kips
LERE
Fu & Puliesd +- Putran = T EY ar 5= (2] R CEM B ATIER pF Atk i AL o
My-= WuTead + Mupobran < AT Kot AMKEE JEED =i
TE

[
TR, B g

Pu = Fuaad +- Pulceg 4 b s or &8 kips #* IB . " e
Mu = MuDesd Mupﬂlurﬁ—} piReE kip*ft
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54 in diam.

Code; ACH318-02

Units: English

Run axis: About X-axis

Run option: Investigation
Slenderness: Mot consldered
Calumn type: Structural
Bars: ASTM AB1E

Date: 1100210

Time: 10:11:52

peaColumn v364. Lisensed tor Auburn University. License 10; 53161-1011561-4-20030-27D58

Projest

Calume:

fo =4 ksi

Ec= 3605 ksi
fo= 3.4 kei
a_u=0,003 infin
Betal =065
Confimement: Tied

Enginear.
fy =80 ksi Ag = 2260022 in"2
Es = 29000 ksi A5 = 4368 int2
fo=3.4 ksl ¥o =0.0010n
Yo =0.00in

Clear spacing = 3.691n
phifa) = 0.8, philb) = 0.8, philc) = 0.EE

File: CADocuments and Setlings'coulspjDesktopiSetsmic Dasign RasearchiLitie Bear | \ColumnDesignBent3.cal

28 #11 bars
Rho = 1.91%

fx = 417393 in"4
Iy =417393 in~4

Clegr cover = 3.50 in
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peaColumn w3.64 @ Portland Cementl Azesociation

Licensed te: Buborn Oniversity. License ID: 53161-1011561=4=20C30-2705%
C:%Documents and Settingshcoulspi\Desktop)Seismic Design Researchi\Little Hear Creakh BCA
COLUMMYCaluldeil M

10:11 AM

[slalalalainie] s{uluinln} [er el COo00 Q00 oo
Qg oo oo 0% o2 D0 ©0 00 00 00 OO
co oo 0o o0 o0 0o oo o0 ©0 D0 0O
O oo O o0 oo oo oo 00 00
oo G0 0D frosieieleléin R ] oo 0o 0o
QOOoDo0o 00 00 00 oo o) 00 oD 00 00
o0 [+ = I+ = R v oo oo O 0D 00 oD
Q0 o nom o i oo oo QOO0 oooos 00D (TH]

Computer program for the Strength Deaign of reinforced Concrete Sections

Licenses ststed sbowe acknowledges that Portland Cesmnt Rssoclation
{BECA) i= not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
peaColumn(tm) computer program. Furthermore, BCA neither makes any
warranty expressed nor implled with respect to the correctness of tha
cutput prepared by the poatolusm(tml progeam,Rlthough PCA has endeavored
te produce peoaColumnitm] error fres, the program is not and can't La
cartified infallible, The final and only responsibility for analysis.
design and enginesring decuments is the licensess, Accardingly, FPCA
diselaime 21l respensibility in contract, negligence or other Loxt for
any analysis, design or engineering documents prapared ln connection
with the use of the poalelumnitm) program.
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poatolumn w3, 64 @ Portland Cement Assoclation Page 2
Li=ensed to: Auburn University, Llcense ID: £3161-1011561-4-20C30-2705% 11702710
& \Documents and Settingshooulspi\Desktophfelsmic Degign Researchilittle Bear Cresk’\PCA
CoLDMNMYColuld:1ll AM

10211 AW

Gemeral Information:

File Mame: C:%\Deocuments and Settings\coulspi’\Desktop'Sedsmic Dezign Researchh\Little Bear

CraskiPCR
COLUMM\ColumnDesignBent3. col

Froject:

Column: Enginger:

Code: ACI 31&-02 Onits: English

Aun Option: Inwvestigation Slenderness: Wot considered
Bun Axlo: E-anis Column Type: Structural

Material Properties:

E'g = 4§ ks5i £y = &0 ksi

Ec = 3605 ksi Es = 20000 kai
Ultimete strain = 0,003 infin

Betal = 0.85%

Zecticn:
oI e ——

Circular: plameter = 54 in

ross section area, Ag — 2290.22 in*2

Ix = 417393 in~4 Iy = 4172931 in~d4
Yo = 0 in Yo= 0 in
Reinforcement:

o e e e T T

Rebar Database: ASTM AGLS

Size Diam {in) Araa {in"2} Size Diam [in} Area {in"2] Size Diam (in) Ares (in*2)
4 32 0.38 0.:1 # 4 .50 G.20 ¥ 5 0.63 0.31
4 B 0.75 D.44 # 7 0.88 0.60 & 8 .00 0.78
& 9 1.13 1.00 # 10 1,27 1.27 £ 11 1.41 1.56
14 1.&9 2.25 & 1B 2.26 4.00

Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phifja} = 0.8, phifh) = 0.9, philci = 0,65

Layout: Clrcularc

pattern: All Sides Equal (Cover to transverse reinforcement)
Total steel arsa, As = 43,68 in"2 at 1.81%

28 #il Cover = 3 in

Factered Loads and Moments with Corresponding Capacities: (se= user's manual for notatian}

Fu Hux frinx
MNa kig k-ft k-ft  fMn/Mu
1 657.0 950.0 4546.5  4.736
2 13£8.0 60,0 4795 .4 4,999
3 54,0 960.0 3902,3  4.063
A 1284.0 36560 48zg.1  1.306
s 30,0 3696.0 38745  1.048
6 60,0 1195.0 4548.2  3.807
7 55.0 1195.0 4544.6 3.803

«+* Program completed as reguested! ***
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Designen #rc

Project Name: Ly iF SENE  Emars
Job Msembar:

D ligpfE#'2

TMomart Capacity and Interaction DSagram Data

Column ar Srived S o EHAFT i
INBUTS

Codumn Dlametes =) in
e & ks
fy L sl
Lengtudingl Rewforcing Bar Size wor

Mumber of Lonituding] Reeforting Bars F
Traniverse Aninforcng Bar Elze .y

Spacing af Transeerse Relnlordng Bars ¥ L}
Catumn Haight fr- It
Cawar i In
Deod Loed Repctian

FuDezd el klgs

Malead LY kip*ft

Enter e Solumn Deslgpe Software (S04 COLLMRY
Anding Mament Capstity of fhi columa.

ot

Wip = pApf0LD =
Wocnl = I*MpHalgncolamn -
Yphert = 2*Wpeol

Creat= SAF rroceel off Bt
Apply shear [Vpbent] at the center of miks af gle sabstracture

Axdal Fioroe dus ta vipbent = Pugverpdning =

—tEeE M

Py = Pulsad +f- Fuoverturming )R RS o 8 kps

iTe-aniar o Conume Dedign Sofl {PCA COLLIMN]

Mg = pi0e o L8e Ep*h

ool = 2*MpfHeightoaturph - FERT kg

Wppant = 2*Vpcool L S (-3

Virvifle thatt Vpbent /£ withs 109 of st Vipbent. If not, repéot 1t oliows process.

Chriagk = i = VWpbentl) f Vpbant2] * 100% g e

Check Cfner Seirmic Lpod Cises

g JZETH wptft patran = o, t&7

Putran A e L] pelang = S, 5T8

Mupeiong =y kit

Pulorg 7 ks

Pua s PUDEBd 4/~ Futran & ;29T - x5 kips WMETE ! ceormuaaTos oF Smece paAd

ML = MuDead + Mupatias = + 5oz kip™h Lans ERRE UEER TE JUCEEALE
Lewe. RErFotciss

Pu = Pulead +/- Pl ong = b ki or &L i Kips =

M= MuDead + Mupclceg - | Tad kip*i FZ w0 w
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60 in diam.

Code: ACI 318-02

Units: English

Run axis: About X-axis

Run aption; Investigation
Slendemaess: Not consldered
Column typa: Structural
Bars: ASTM AB1E

[Crate: 1100201140

Timsa: 10:12:58

P {kig)
2000
_|_

e \PmaX)

M (k)

peaColumn va B4, Licensed to: Auburn University, Licensa ID: 53161-1011561-4-20C30-27058

Praject:

Column:

fo =4 ksi

Ec= 3605 ksi
fo= 3.4 kel

#_U = 0.003 infin
Betal =0 85
Caonfinemant Tied

fy =60 ksl
Es = 29000 ksl
fo= 3.4 ksi

Enginaer.

Ag = 282743 Int2

As =40.52in"2

¥o =0.000n

Yo =0.00In

Clear spacing = 3.06 In

phi(a) = 0.8, phifb} = 0.8, phils) =0.85

Elle: CADceuments and SettingsicoulspiDesktop\Seismic Design ResearchiLittle Bear Cre.. \DrilledShahBent3.col

32 #11 bars

Rho =1.77%

Ix = B3E1T3 in"4

Iy = GIFITS In"4
Chear cover = 8.50 In
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peaColumn v3.64 @ Portland Cement Rasociaticn Page 1

licensed to: Buburs University. License ID: 53161-1011561-4=20C30-2705% 11/02/10
C15\Documents and Settings‘coulspj'\Desktop'Seismic Design pessarchiLittle Bear Creek“PCA COLUME

10:12.AM

CooGo00 00G00  0OOGd 0000 O0oDO 00
o6 00 60 o0 00 00 00 00 00 00 00
o3 oo 00 0D 00 00 0O OO 00 Q0 &0
o0 00 oo o0 oo 00 oo oo o0
oo 00 00 0000060 00 oF 0o 00
oooocoo 0o 00 DO DO DO 00 00 00 OO
oo o0 0O 60 OO 00 00 00 0o o
oo pgoce 0o OO0 0O0OC Q000D 00000 (T

Computer program for the strength Design of Reinforced Concrets Sections

Licenses stated abewe acknowledges that Portland Cement Association
[FCAl is mot and cannot  be  responsible  fox gither +the =accuracy or
adeguacy of the material supplied as input for progessing by the
pocaColumnitm) compubter program. Furthermare, PCA nelther makes any
warranty ewpressed nor implied with respect to the correctness of the
autput preparsed by the poaColumnitm] program.Although FCA hes sndeavered
te preduce  poalolumn(tm) erroc free, the program is net and =an't be
cortifiad infallible. The final and only responsibility for analysis,
design and enginesering documents 1= the licensees. Iooordingly, PCA
disclaims ell respenzibility in contract, negligence oT ather tort for
any analyeis, dealgn or engineering documents prepared in connection
with the use of the pralfolumn(tm) program. 3
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poaColunn v3.64 @ Portland Cement Associstion page. 2
Licensad to: Ruburn University. Licansze ID: 53161=1011561-4-20C30-27054 11/02/10
£1 "Documents and SettingsicoulspiiDesktophSeismic Design Researchilittle Beaz CreekMPCA COLUMEY

10:12 nM

Genearal Informaticm:

File Hame: C:%DOocuments and Settingshcoulspii\DesktophSeismic Design ResearchiLittle Bear C

Project:

Calumn: Enginesc

Coda: ARCI 31E-02 Unitcs: English

Aun Option: Investigation Slenderness: Hot considered
Run Bxis: K-axis Column Type: Structural

Material Preperties:

£re = 4 kgi fy = &0 ksi

EC = 3605 ksi Es = 28000 ksi
Uitimate gtrain = 0.003 in/in

Ratal = .83

Segtioni

Cireular: Diameter = &0 in

Grasa section area, Ag = 2827.43 in™2
Ix = BIELTI An™d Iy = 36173 in"4
¥o = 0 in Yo = 0 in

REeinforcemant:

febar Datzbass: ASTH ASLSE

Sige Olam {in} Area [in"2] Size Diasm {in] Area (in~"2} Size Diam (in) Azea (in"2}
i 3 0.38 0.11 # 4 0.50 0,290 3 0. 683 0.31
g & 0.75 0.44 # 7 0.4a4 0. B0 £ B 1.an 0.7%
+ 4 1.:1:3 i-00 4 10 1,27 1.27 #11 1.41 1.58
+ 14 1.69 22N £ 18 2.26 4,00

Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phifa) = 0.8, phiik} = 0.9, phife) = 0.63

Layout: Circular

Pattern: ALl Sides Egqual (Cover to transverse reinforcement)
Total steel area, As = 49,92 in*2 et 1.77%

32 $#11 Cover = & in

Factored Loads and Moments with Corresponding Capacities: (see user's mapual for netatlon)

] Mz fHn=
Mo kim k-£t k=fr  fMn/Hu
1 BEE. O 10%81.0 5423.4 4.871
2 1928.0 1081 .40 5638.2 5.168
3 59&.0 1091.0 5345.6 4,603
4 12835 4553.0 EIBG. B 1:271
5 9.0 4553.0 46B81.0 1,028
a &66.0 1304.0 5423.4 4,159

a4s Pregram completed as requested! #=¢
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Dasigner. = Te

Brofef Meme e MbE BLse cREDE
Jobs Numer:

Oabe WY gwais

Mament Capacity ad Interaction Diagram Data

Cofumn ar Orifed Shofl: AR)T €Y T G fR ghArF
INFUTS

Cabkinn Criameta 4+ 2 in
f'c [ = L]
iy s o KM
Longitedifal Reinfordrg Bar Se =2 |f

Nuimber of Losgudinal Reinforgng Bars 1z

Treewaarse Reinforcing Bar Size k3

agcing of Transusesa Reinforcing Bars 1z in
Cabamn Heght 9, w3? "
Covar {8 In
Puewnd Lood Repetians

Pultaad L igs

Pl 14, 72 k"t

Vpcol = 2%Wip/Halg
3
Ypbaw 24V peod

Crpare SAE mool of Beat

Aogeal Fanom dise ba VpkeaT =3
Pu = Pubiead - Fusverturning kpa
Be-saler intn Column Design Soft
Mg =MD =

wpcal = 2*WpHeghtfeiumn
Wpbent = 2*Vpaal
Verify that Viphew! s nithin 10% of firgt Vobent. [ oo, e the iowe (VTGREE.

Chavi = |[Vpbent2? vpbentl) ) Vpberad] * 100 14,

ek Gther Sl Leod Coess

Maipatrans q &8 kip*h peran = o . #0 L
Puiran =] Hps pEong= @ 37T 8
Mupaiong e kg™

Fulong a kins

Pu = Pubesd +- Futran = Fut or i kips

Wiy = WiuDaad = Mupotran - e R kgt

#u = Fulead +- Pulang £ ar £or Kios

bl = iiuDedd + Mapalong =¥ Exp Kip*it
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(Pmax)

42 in diam.

Code: ACH31B8-02
Linits: English
Run axis: About X-axis

Run aption; Investigation

Slenderness: Mot considarad
Celumn type: Structural
Bars: ASTM A516

Date: 11/02/10

Time: 10:94:02

1500 L

peaColumn w354, Licensad to: Auburn Universlty. License 10: 53161-1011581-4-20C30-27D38

Elle: C\Documents and Settings'coulspiDeskiop\Seismic Design Ressarchilitile Bear DrilledShaftsbutment.col

Project:

Calumn; Engineer:

fe=4 ksi ‘ fy =60 ksi Ag= 138544 In*2 12 #11 bars

Ec= 3605 ksl Es = 290040 ksl As = 187202 Rho = 1.35%

fo = 3.4 ksi fo=3.4 ksi ¥o =000 In fx = 152745 in"4
e_u=0.003 infin Yo = 0.00in Iy = 152745 in"4
Betatl = 0.85 Clear spacing =5.73 In Claar cover = 8.50 In
Confinemant; Tied phia) = 0.8, phi{k) = 0.8, phi{e) = 0.65
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pracolumn v3.64 © Portland Cement Assoclatien
Lirensed to: Auburn Univeraity. License ID: 53161-3011561-4-20C30-2705%

G\ Documents and Settingsicoulspl

COLUMMADrill0:13 RAM

113 AM

Q000000 00000 alelalu]n] [ale/alala (ululnluls} {ula]
oo oh oo o0 o 0% 0o oo 00 oo G
ful] oo 0o oo oo Qo oo oo oo L

oo a0 Qo o 0o 00 Qo oo O
oo ({0 B 5.0 OO0 00 o 0 o0
ooooood 0o 00 0D 00 00 00 Q0 o0 Q0
00 o0 0oo oo 00 00 00 DO Do oo
00 Q0000 oo [ul%] wiu]ulnla] 00000 ooooo.  {TIH)

Computer program for the Strangth Design of Reinforced Concrete Sections

Licenses stated sbove acknowledges that Portland Cemant Asscciation
(PCRA) is not and cannet be responsibla for either the accuracy or
pdequacy of the materlal supplied as input for progesaing by the
poacolumn (tm) conputer program. Furthermore, POR  neither makes  any
warranty sxpresssd nor implied ‘with respact ta the corzsctness af the
cutput prepared by the pealelumn (TR} program, Although ECA has endeavored
ts preduce poalelumn(tm} error free, the program is notT and can't be
certifisd infallible. The £iral and only regponsibility for analysis,
design - and engineering documents is the lieensees, Aocordingly, FPCA
disclaims all eesponsibility in contract, negligence or other tort for
any analyeis, design or angineering documents prepared in connaction
with the use of the peafolumnitm; PLogram.
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poaColumn w3.6d @ Portland Cement Association Page 2
Licepnzad to: Auburn Oniversity. License 1D: 5§3141-1011561-4-20C30-27059 11702710
C:\bocumenta and SettingshcoulspiiDesktopSeismic pesion Researchilittle Bear CreskiEFCh
COLUMMYDeill0:13 AM

10:13 AM

General Informaticn:

File Hamé: C:hOocuments and Settingsicoulspj\Desktop\Seismic Design RasgarchiLittle Bear
troskiYPOR
COLUMNY BrilledShaftabutment . col

Braject:
Column: Engineer:
Code: ACT 31B-02 Units: English
Run Option: Investigation flepderness: Hot considersd
Fun Axis: X-axis Column Type: Structural
Material Properties:
fhgl = 1. kel Ey =80 ksi
Ec = 3605 k=i Es = 29000 ksi
Ultimate strain = 0.003 infin
Betal = 0,85
Fecticn:
Circularc: Diameters = 42 in
Gross section area, Ag = 1285.44 in~2
Ix = 152745 ln~4 Iy = L52745 in"4
%o = 0 in Yo = 0 in
Reinforcemsnt:
T e o T
Rebar Database: ASTH REL5
Size Giam (in) Area (in®2) Size Diam {in} Azea (in™Z) Size Diam |in) Area {in~2]
# 3 0.38 0.1 # 4 0.50 0,20 # 5 .63 0.3
# & 0.75 0.44 L 0.848 O.80 % 8 1.00 0.7%
8 5 1.13 1.00 # 10 1.2% 1.27 § 11 1.41 1.56
¥ L4 1.63 2.25 # 18 2.28 4.00 L

#3 ties with #10 bars,
phi{ct = D.63

Confinemant: Tied; #4 wich larger bars.

phi(a) = 0:8, phi(hl = 0.9,

Layout: Cireunlar
Pattern: All Sides Bqual (Cover to transverse rainforcement)
#atzl stesl area, As = 18,72 in"Z at 1.35%

12 #11 Cover = & in
Factored Lozds and Moments with Corresponding Capacities: {see user's manual for notationl
Pu Pfux fH¥nx
Mo, kip k-ft k-f£  fMn/Mu
1 5.5 114.4 1204.5 10.45%7
2 . 383.0 1204.5 3,145
3 525 836.0 12045 1.441
4 £38.5 114.8 1434.2 12,324
= 227.5 114.8 1404.8 12,240
ER B

*+x Program completed as reguestad]|
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Appendix G: Scarham Creek Bridge Guide Specification Design

Dezigner: Paul Coulzton OFRIGIN =1
Project Mame: Scarham Cresk Bridge

Job Mumbser:

Date: 11/10/2010

Dezcription of worksheet This worksheet iz a seismic bridge design worksheet for the
AASHTO Guide Specifications for LRFD Seismic Bridge Design. ai

preliminary design should already be done for service loads.

Project Known Information

Location: Marshall County
Zip Code or Coordinates: 350069 N 882025 W

Superstructure Type: AASTHO | girders
Substruciure Type: Circular columns supported on drilled shafts
Abutment Type: Abutment beam supported on drilled shafte

Mote: input all of the below information.

fo = 4000 p=:
fya = 0000 ps=i

Peone = 008681 —
:i.1.'|:‘

el
g:= 3864 4
Length of Bridge ift) =520 ft
Span Length {ft) Span := 130 fit
Deck Thickness (in) tack = 7 in
Deck Width (ft) DeckWidth := 40 ft
Girder X-Sectional Area (ind) Girderdrea = 767 i::
Bent Volume (ft2) BemtVolume == 7.5.53.540=165 = 1|:I3
Guard Rail Area (in! GuardFaildrea = 310 n
Column 1 Diameter (in) Columndial = &0 in
Column 2 Diameter (in) Columndia? = 72 in
Crill Shaft 1 Diameter (in) Drillzhafidial = 66 in
Crill Shaft 2 Diameter (in) Drillzhaftdia? = 78 mn
Drill Shaft 3 (Abutment) Diameter {in) Dirillshafidiad = 54 m

L
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Strut 2 & 4 Depth (in)
Strut 2 & 4 Width {in)
Strut 3 Depth (in)
Strut 3 Width {in)

Tallest Above Ground Column Height Bent 2 ()

Tallest Above Ground Column Height Bent 3 (ft)

Tallest Above Ground Column Height Bent 4 (ft)

Length of Strut 2 & 4 ()
Length of Strut 3 (ft)

Column 1 Area (ind)

Column 2 Area (ind)

Bent 2 and 4 Strut Velume (ft3)

Bent 3 Strut Volume (f2)

Stmut2Depth = 72
Strut2Wadth == 42
Stmat3Depth .= 120
Stiut3Wadth = 42

ColummBeight? (= 34022

ColummHeight? = 59.136

ColummBeightd = 3
Lstut? := 19 f

Lstut3 := 18 fi

Colmndial ~.m

4

Cc'.um:dlﬂz

=287 10°

- —ommndias W 07 100
4

Strut]l = 6.3.5.19 =399

Strur? = 10-3.5.18 = 630

HNote: These are variables that were easier to input in

ft and then convert to inches.

L=L12=624x%10°

Span = Span-12 = 1.56 x 107

DeckWidth = DeckWidth-12 =430

BentVolume = BentVolums: 123 =2851l= 155 in

ColumnHeight? = CohmmnHeight?. 12 = 408 264 in
ColumnHeight3 = ColomnHeight3. 12 = 708632

ColumnHeaightd := ColmmnHeightd. 12 = 385872 m

Strutl = Strut] 12 = 4788 % 10°

Strut? = Strut?.12 = 756 % 10°

in
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Steps for Seismic Design
Articls 3.1. The Guide Specification only applies to the design of CONVENTIONAL ERIDGES.

Article 3.2 Bridges are design for the life safety performance objective.

Articls 6.2: Requires a subsurface invesligation take place.

Article 6.8 and C8.8: Liguefaction Design Reguirements - A liqguefaction assesament should
be made if loose to very looze 2ands are present to a sufficient extent to impact
the bridge stability and A_ is greater than or equal to 0.15.

Articls 3.3: The type of Earthguake Resisting System (ERS) should be considered. This
P g gy }
iz not a reguirement as in S0OC C and D, but should ke conzidered. A Type 1
ERS has a ductile substruciure and essentially elastic superstructure.

Type of Bridge: TYPE 1

Article 3.4 Determine Design Response Spectrum

Note: AASHTO Guide Specifications for LEFD Seismic Bridge Design is accompanied
with a program that haz the Seismic Hazard maps. This program will calculate several

of the variables that are needed for the analysis.

1) Article 3.4. 2 1.Determine the Site Class. Table 3.4.2.1-1
INPUT Site Class: D

2) Enter maps and find PG4, 5.,and 54. Then enter those values in their respective spot. Also,
the the Guide Specification is accompanied with a cd that contains a program that will find
these values for the designer.

PGA=0116 g

INEUT 5. :=0272 g

5;=0092 =

3) Article 3.4. 2 3: Site Coefficients. From the PGA,S_, and 5, values and site class
choose Fpg,, Fy, and F o Mote: sfraight ling interpolation iz permitted.

Fpgp =137 Table 3.4.2.31
NPT F =158 Table 3.24.2.31
F. =24 Table 3.4.2.3-2
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Eg. 3.4.1-1 A, =Fpga PGA=0182 ¢ A, : Acceleration Coefficient

Eq. 3.4.1-2 SDS=Fy5,=043 ¢ Spg = Short Period Acceleration Cosfficient

Eqg. 3.4.1-3 SD1:=F -5, =0221 g Spq = 1-sec Perigd Acceleration Coefficient

41 Creating a Responze Spectrum

Note: The DesignSpectrum Code creates a Response Spectrum for the Bridge.
At this time the period of the bridge i unknown; therefore, the Sa value cannot

be calculated.

Tmax:=2 s De:= 0001 s

‘ \ SD1
Designpectrum| S05,5D1 A Tmax, Dt) = |T, «— —
. N ! *  SDS

T, « 02T,

Tmax
n —
Az Ds

for 1= 1. Moo

Tl — Dia

: | Dei
2« (D3 —ASJ-% + A if Dri=T,
o

a e SDS F DrizTyaDeisT,

5Dl
Dix

if Dti>T,

a «—

E «— augment(T.a)
E

BridzeSpectum = DesignSpectrum| 305, 5D1 .AS,Tmax,Dﬂ
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Response Spectrum
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Article 3.5: Selection of Seismic Design Category

5Dl =0221 g From Table 3.5-1 Chooze SDC

SDCprogram{SD1) := | for c = 5D1
c+— "A" if 5D =015
c« "B" if SD1=0.15 ~ 5D1 <03
c«"C" 1ifSD1=03A5D1<035
c+ "D" if SD1 =035
Bz

[

SDC := SDCprogram(SD1) = "B"

(=]

378




Displacement Demand Analysis A

Figure 1.2-2 Demand Analysis Flowchart

Article 4.2: Selection of Analysis Procedure

Thiz is a functicn of the S0C and the regularity of the bridge.

Procedure 1 = Equivalent Static Method

Article 4.3.3: Displacement Magnification for Short-Period Structures

ug=2 forSDCB

Edprogram|T,5D5.5D1, ud.] =

Hote: This Rd valug will be calculated when the period of the struciure is known. This factor will
amplify the displacement demand.

Article 5.4: Analytical Procedure 1 (Equivalent Static Analysis)

Note: There are two methods that can be used according to this procedure. The Uniform Load Method is
suitable for regular bridges that rezpond principally in their fundamental mode of vibration. The Single
Mode Spectral Method may be a better methed if there iz a major change in the spans, stiffness of the

piers, ete.

The Uniform Load Method iz simpler and leas time consuming and will give accurate results, and this is

SD1
Ts & —
SDS
Th «— 1.25Ts
x|l -——}—+—
ug | T uy
v 1.0
ae—x if — =10

T
ae—y if — =10
T

a

the reason it has been chosen in this design.

Uniform Load Method

Step 1: Build a bridge model

Siep 27 Apply a uniform lead of Po = 1.0 Kig/in. in both the longitudinal and transverze dirsction.
Alzo, the uniform lcad can be converied into point loads and applied as joint loads in
SAP. Calculate the static displacement for both directions. In SAP, tables of the
dizplacements can be exported to EXCEL, and the MAX Function can be used to find the
maximum displacement.
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Step 32 Caleulats the bridge lateral stiffness, K, and total weight, W.

. kip
Po= 10
UimaxLong = 0382075 1n
INEUT
U, e Tran = 4330046 1
Py L 4 kip
E-__= =1633x 10 —
Eq. C5.4.2-1 Long Vomaxlons in
pel 3 kip
E- = =1.441 = 10 —
Eq.C5.42-2 Tr: K ;
9 e YemaxTran m

INEUT: Multiplying factors

Peone L |rt.:-E:k-Dec]ﬁl-'idt': + GirderArea-6 + GuardRailfrea) + 3-BentVolume ...
| +4- Acolumn]-(2ColumnHeight? + 2-.ColumnHeightd) + 2 Acolumn? . ColumnHeight3

W= _+ Stmatl-2 + Stutd
o 1000

W="7283919 kip=
Step 4- Calculate the period, T

Eq. C5.4.2-3 mLang = =™
. - -l Elongz
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Step 50 Caleulats equivalent etatic earthguake loading p..

: SOl
A= |T. = —
- T EDS

T, < 02T,

a::|:533_53'. 'Tan:g'

for ae Tm]_mlg

T -
2« (SDS -AE‘J-% FA T <T,

o

3 SDS if Tolone2To A Tonlone =T

mlong = 35
a 5Dl if Tmlnu:-:'-h T,
Tml.u:-ng =
Fa+a
a
Sal.aug = acc[EDE, 5D1, Tml-:}ug“".‘;] =043
o SLane™ kip
Eq. C5.4.2-4 Pelong = T =035 E

Step & Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by pfp,.

RAp gyg = Reprogram(Typ oo, DS, 5D, ug) = 2.004

Palong .
VsmaxLong = RdL-:ung' . Vemaxlong = 0334 m
o

Repeat Steps 4, 5, and & for franzverse loading.

Step 4: Calculate the period, T,n.

i

i—
Ty Tran = 2T

Eqg. C5.4.2-3 = =0719 =

i =
A '{Trau
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Step 50 Calculate eguivalent static earthguake loading p..

$3Tyan = 305(SDS,SD1, Ty, A,) = 0307

_ ST W s kip
Eq. C5.4.2-4 PeTpan = — [ = 0339 .

Step & Calculate the displacements and member forces for use in design by applying p. to
the modsl or by sealing the resultz by p/p,.
Rdpn = Rd]:-ru:-gra:.ull'l'mrl.m, 5D%,.5D1 .'.'.djl =1

= — 3 —_ —1553
VsmaxTran ° R":"'1'1'.3:: o VernanTran = - n

Single-Mode Spectral Method
Thizg procedure is not epecifically addressed in the Guide Specifications. The Guide Spec. refers
you to the AASHTO LRFD Bridge Design Specifications.

Article 4.7.4.3.2: Single-Mode Spectral Method

Siep 1: Build a bridge mode
Step 2: Apply a uniform load of Po = 1.0 in both the longitudinal and fransverse direction.

Calculate the static displacement for both directions.

Siep 30 Calculats factors a, B, and v.
Mote: The Deflection equations come from analysis of the SAP model. The displacement is
taken at the jointz along the length of the bridge and input into an Excel Worksheet, Then a
gragh iz created of the displacementis along the length of the bridge. A best fil ling is plotied,
and that is the equation that iz shown below.

INPUT v, (= —3007 %" + 00016 + 14093 Yolongl®) = ~1-107 % + 0.0001x + 0.1563

382



L

C4.7.4.3.26-1 Opag = | Vipran(®) dx
"0
~L
CATAID  Brgy= | — g
L h
Tem = | () dx = 5.308% 10°
C47.43203 Tran™ | 7 oganh® GX=IU8X

Yoy
o

d = Displacement along the length
B = Weight per unit l=ngth * Displacemeant

y = Weight per unit length * Displacement?

Siep 4: Calculate the Period of the Bridge

[V Tram
- T, Toan] = 2W | ——————— = (.580
Eq. 4.7.4.32b-4 mTranl |
a +| Po' ¥ CTran
Long
T =2 | ———= = 0.206
4 h- mLongl "
Eq. 4743 2b-4 ong | Poe .

Siep 5 Calculate the eguivalent Static Earthguake Loading

Coml omg = 3c¢(SDS,SD1. Ty

mlong

TLong*

1.4, ) =043

W
L

]

r_'-‘-:-.l-:-u_z':xr dx

Step & Calculats the displacements and member forces for use in design by applying p, o

the maodel or by scaling the results by pJ/p,.

Br onzC- = W
Eq C4.7.4.32b-5 PeLonz(s) = ——ong wleng

“Long =

—Velang(®
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.
Felomg(x) — 0.00014153071445361569124.x + -1 41530714453615691 24e-8.0 + 0221212506753521325

dW = —

100
1:=1.101

[(i — 1}dW]

Felﬂ:g__ := PeLong[{1 — 13-dW] E-]{:uug.l = Velong

ﬁl-:-:gj = Pelong -&long.

Force Along the Length

T RLE—— —T
z
:-E_ 04— n
[
o
= 0. .
(=
1 | |
3 3 1
o 2107 2107 &x10
Length (in)
Deflection Along the Length
0.25 T L
B 0.2 .
k= 015 ) 1
B LR S .
T L i
E I:I.IE
1 | |

0 10T 4xl0 6xl0” B 10"

Length (i)

Mazimur Deflection

max{Along) =0.234 m
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MOTE: Repeat Stepa 5 and 6 for Transverse Direction.

Siep oo Calculate the eguivalent Static Earthquaks Loading

C = ace(5D5.5DL.T

smTran mTranl 'A:J =0.375
Step B: Calculate the dizplacements and member forces for use in design by applying p, to
the model or by scaling the results by pip,.

B, .C ] .
Eq. C4.7.4.3.2b-5 PeTran(x) 1= o wim W
Tran =
PeTran(x) — 0.00024113243850551203633 x + —4.5212332219783506812e-8-x" + 0.2123924659911363205
4L = =
100
1:=1..101
P‘Etrzl.u.l = PeTran[(: — 1}-dL] -El:rau__ = Vgl (1 — 1)dL]

Miran = Pe.‘ra:j- -S‘Ira.u.l

Force along the Length

Force (kips)

0 1 - 1 - 1% -
] oty [ 5 [ - 3 1

Length {in)
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Deflection along the Length

-

Deflection (in)

%,
1 1 |

~ B ; ;
0 2107 107 107 Bx 10"

Length (1m)

Maximum Deflection

maxiAtran) = 1.891 I

Article 5.6: Effective Section Properties

Mote: Uze 0.7*1g for ductile reinforced concrete members.
Fefer to the charts on page 5-20 of the Guide Specification if & more precise value is desired.

Article 5.2: Abutment Modeling
Mote: This is taken care of in the SAF model.
Article 5.3 Foundations Modeling

Mote: Since in S0C B, Foundation Modeling Methods | can be used.

FKM iz dependent on the type of foundation.

For bridges with Pile Bent/Crilled Shaft the depth of fixity can be estimated.
Since details regarding reinforcing are not known, reduce the stiffness of the
drilled shafts to @ne half the uncracked section.

Mote: Special provisions need to be congiderad if Liquefaction iz present. (Article 6.8)

Article 4.4: Combination of Orthogonal Seizmic Displacement Demands

. . | s W2 P \2 .
LoadCazel := | | 1""5ma.xll:}u_z,| + I;ﬂ'j""'smmTIm.l ={0.604 i

W2y 2 o .
"+ 0.3+ 557 1

. | . .
. - . _ _
LoadCazel := ) (1 ¥omaxTran) smaxLong! =1
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COLUMN DESIGN

Article 4.8 Displacement Demand/Capacity

Hote: If the column height iz different for each bent, a capacity check nesds to be
made at each bent.

Displacement Demand/Capacity for the Bentz bp<lpn

Hote: Since the bridge haz frame bents, the simplified equations cannct be usad; therefore a pushover
analysis must be done.

NOTE: IF THE SIMPLIFIED EQUATIONS ABOVE DO NOT WORK, &4 PUSHOVER AMALYSIS OF
THE BRIDGE CAN BE DONE TO VERIFY THE DISPLACEMENT CARACITY. In SAP 2000, thers is
an earthguake design program that allows a pushover analysis to be done by setting the SDC to D.
Be =ure to amplify the derand values by the agpropriate Rd valus. List the results below to verify
that the Dizplacement Capacity iz sufficient. The Demand Displacement must be multiplied by
peipo. The below chart was created in Excel and then brought into Mathcad.

GenDispl Demand {in)| Capacity (in) Check
GD TR1L DReqgl 2440858 9.7681 OK
GD LGl DReqgl 0.54952 2.196964 OK
GD TRZ DRegl 6.903604 25640073 DK
GD LG22 DRegl 0.870083 3.574987 OK
GD TR3 DRegl 2.8705498 11.474508 OK
GD LG3 DReqgl 0.61659E55 2.6424054 QK
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Article 4.12; Minimum Support Length Requirements

Mote: May need to add mors calculations if column heights are different at the bents.

M {in} = Minimum support length measurad normal to the bridge
L {ft} = Length of bridge to adjacent expansgion joint or end of the bridge

H {ft) = average height of columns supporiing bridge deck for abutments
for columng and piers = column height

S (Degree) = angle of skew

Abutment Support Length Requirement

, _ Span _ .. - _ ColmmnfHerght? _ .
INEUT 3F}a]'1a|:>urj.uemlt T 130 e '_Ia'l:-utment = —2 =3a0ds
Mote: The Spangy awant 18 divided by number of 2pans and inches.

T —— L Degrees
Eqg. 4.12.2-1
MNabutment := l.§-|15 + E'{I:Spmabu?meut + E'Dgﬂabutment.l'lxl + E.ﬂﬁﬂllﬂﬁkewabum.ﬂt | =18.983 m
Bent Support Length Requirement
BENT 2
Span
INPUT  Spang,, == —— =130 ft
Mote: The Span_g, ... is divided by number of spans and inches.
INPUT 3 o= SSRmfeishs 00 5 INEUT: Column Height for this Bent
12
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INPUT  Skewg,;, =0 Degreas

Eq. 4.12.2-1

Npent = 1.5(8 + 0.025pangpy + 0.08Hgay )| 1 + 0.0001255kewp, | = 19.983

BENT 3

Span
INPUT  Spangy, = % =130 f

Mote: The Span_, .. is divided by number of spans and inches.

R
. ColummHeightd .. & INPLUT: Column Height for this Bent

INPUT  pgp
' 12

INPUT  Skewpggyy =0  Degrees

Eq. 4.12.2-1
Npens = 1.3(8 + 0.02Spangy, + 008Hg )| 1 + 0.0001255kewp " [=22996 i
BENT 4
Span
INPUT  Spanga;:= T2 =130 fi

Note: The Span is divided by number of spans and inches.

alputment

Hpeps = MT—:IE“EMJ' =11156 ft INPUT: Columin Height for this Bent

INPUT

INPUT  Skewg_, =0 Degiees

Eq. 4.12.2-1

Npeps = L.5(8 + 0.025panpp, + 0.08Hg )| 1 + 0.0001258kewp,y,” | 19759 i
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Article 4.14: Superstructure Shear Keys

Mote: This does mot apply o this bridge.

Figure 1.3-5 S30C B Detailing

Decide what Type of bridge designing.

Structure Type: Type 1

Article 8.3 Determine Flexure and Shear Demands

Article 8.5 Plastic Moment Capacity

Mote: Article 8.5 refers the designer back o Article 4.11.1-4.
BENT 2 DESIGN
Article 4.11.71-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

Hote: Use zome kind of softwars to find the Moment Capacity of the Column. PCA
Column was usaed to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INBUT B ’IP = 73696000 Ibm

Mote: Fixity is the point of fixity for the

INPUT Fixity = 300 in column/drilledshaft.

M -
r B . . . \ .3
V o=—— =30464 kips W =2V _ =1.009x 100 kps
P " Fixity- 1000 pBent] E

Mote: If the decizion iz made to design for Elastic Forces then the above variables nesd to be override.
This can be done by simply changing the Vp variable fo the elastic force from SAP2000 that has been
multiplied by pe/po.

Vo= 490 kips W

b pBent? = J-".-'P =980 kips
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Maote: Pu is the combination of Elastic Axial force from the sarthguake and dead load.
INPUT P, = 1725000 Ib

Article 8.6. Shear Demand and Capacity for Ductile Concrete Members
Mote: It iz recommendsd to use the plastic hinging forces whenever practical.

1"'-11 = ‘»"P 'd:-E =109

Article 4.11.6. Analytical Plastic Hinge Length

MWote: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shafl.

INPUT dpy=141 m dy,- Diameter of Longitudinal Bar
. . foye o [ —_ = f}'E
Eq. 4.11.8-1 FlasticHinge( Fixity. fre. dy)| == |lp + 0.08 Fraty + E'IJ'M'{]E
fye
m «— J.03.——.d
1000 Ot

ae—lp iflpzm

ae—m if Ip<m

a

LP = P]ast:'u:Hi:ge|_f_Tier:.',fye,db]:| = 36.65 il
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Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Hote: vy is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the

moment demand is 0.75*Mp. The 0.75*Mp value should be divided by p_r. to
take into account the meodel loads have not been multiplied by Potray. The
location will also need to be INPUT into the PlasticHingeRegion program in
inches.
Mp73:=0T75M_ =3567Tx 10 Iin
?'.astchmgeRegimq"LD,C-:nlumudia"| = |z« L5 Columndiz
X ._,]:I
v« 0

A +— max{z.x.¥)

Hote: Input the arguments into the program. Most likely the column diameter iz the only variable that
has changed.

INEUT Lpr = P]a:»ticHi:geReginmin, Colu:.u:dia'_] =9 m

Article 8.6.2: Concrete Shear Capacity

Ag = Acolumnl
3 1
Eqg. 8.6.2-2 fe= 08 Az =2262% 107 m
ppy= 2 Specified in Article 8.6.2 of Guide Spec.
INEPUT 5= 68 in 2. Spacing of hoops or piteh of spiral (in)
INEUT Aspi= 44 1:: Asp: Area of spiral or hoop reinforcing (ind)
INEUT Dsp := 0.75 n Dap: Diameter of spiral or hoop reinforcing {in)

INEPUT Cover := 3

Cover. Concrete cover for the Column (in}

INEUT Dprime := 54 in Dprime: Diameter of spiral or hoop for circular columns {in)
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_ 4Asp

3

Eq. 8.6.2-7 P = oo = 5432 % 10
£
fh= —— =60 ksi
1000
Eg. 5.6.2-6 Stressltheck[ps_fg.-':j = |f— p, b

a1z if =035

fo 1= StressChack(p,_, frh) = 0.326

Eg. 5.6.2-53 .:rpmg'ramlifs, I-lD:| =

Oprima «— o

a

a

4

4

Iz

¥ + 367 — pp
— 0.3 of oprime = 0.3
«— oprime 1f oprime > 0.3 A oprime < 3

— 3 if oprmma = 3

ofrime = -:tpmgramjif:. |.I.-D:| =3

If Pu iz Compressive

Eq. 8.6.2-3 1'::.:-r-:-3.‘ramf0P1‘j.1.1.1.e.f:,.:'u,z'-".g] = |ve « 0.0320Fms| 1 +

Eq. 3.5.24

If Pu is NOT Compressive VC = 0

B, "._. £
2421000 ) 1000
. | fe
minl «— Q.11 |——
~ o0
. N
min? «— 0.047aFrme | ——
1) 1000

i — mundmin ], min?)
a s+ ve if ve £ minmum

2 +— mmimum 1f ve > mininnm

a

Hote: If Pu iz not compreszive, will have o manually
input O for vo. Just input it below the vo=vegrogram and
the variable will assume the new value.

e = 1.':pru}g':a.1.1.u:-:t_7-'rime.fu:_P._;_.i"L_zzl =022 k=

Ve i= ve-As = 497628

kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

INPUT ni=2 n: numizer of individual interlocking spiral or hoop core sections
Eq. 8.6.31 T | nAsp fvh-Dponmes |
V] amin, Asp, fh, Ju.fe, A = | — == |
Eq. 8.6.4-1 programin, Asp, &b, Dprime L, A8 5 = 3 |t -

| fe _
3 1000

maxvs «— 0.25.

a4 vy 1f vs £ maxvs
A+ manvs 1f v > manvs

a

Vs = vsprogram{n ., Asp. fvh, Dpnme, s fc, Ae) = 746442 kaps
Eq. 8.6.1-2 dhin = '113":"'"5 + V=112 % 107 kips

) o
11.| -

ShearCheck{ dVa, V. 2 "OK" if Va2V,

2« "FAILURE" if Vo <V

Shearcheck = 5].1.&.31C':en:k|_fd}‘»’u,'-.-'._;"| ="0K

Mote: If ShearCheck refurnzs "Failure”, either decrease the spacing (s) of the shear reinforcing
{Agp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

Faor Circular Columns
Eq. £.6.5-1 mmu'a:pmg'ramlips] = |a« "OK" if p_ 20003
@+ "Increase Shear Reinforcing Ratio” if p. < 0.003

ol

CheckTransversa = mi:tral]:-r-:-_srmfps.] ="0K"

Hote: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio”, it is recommended to decrease the spacing (s) or increase the ares of the shear
reinforcement {Asp) in the inputs.

394




Article 8.8: Longitudinal and Lateral Reinforcement Requirements
Article 8.8. 7. Maximum Longitudinal Reinforcement

~

INEUT MumberBars .= 24

.i't'_ccu.g = '_“:um-:.a-ﬂars-.i\.bl =3744 m

Eq. 8.8.1-1 pprogram( Ay . Az) = |ae "OK" if Ay <0044z

1 ht
ong” long =

2« "Section Over Bainforced” if ‘s‘ln:g =004 Az

FeinforcementFaitoCheck = p:.:-ru:-g_'ram|'..i't-ﬂu,, Ag) ="OK"

Hote: If the Maximum Longitudinal Reinforcing program refurns "Section Over Reinforced”, either
increaze the ssction size (4g) or decreasze the longitudinal reinforcing (Abl and NumberBars] in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinfercemeant

For Columns in S0DC B and C:
Eq. 8821  mmAlprogam(A).Ag) = |a — "OK" if 4 =0007 Az

3 +— "Inerease Longmitudinal Reinforemng™ of ‘!"ln:g < 0007 Ag
Minimmmd, = m.iJJ_i'L]j.:-rng_'ram{r.-f'ann .Ag) = "OK"
Hote: If the Minimum Longitudinal Reinforcing program retumns "Increase Longitudinal Reinforcing”,

gither decrease the section size (AQ) or increase the longitudinal reinforeing (Abl and MumbsrBars in
the inputs.
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Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Reguirements need to be checked and satisfied.

Cross-tie Requirements:

1} Continuous bar having a hock of not less than 125 Degress with an extension
NOT less than 6*dy or 3 in. at one end and a hook of MOT less than 90 Degrees
with an extengion of NOT less than 6*dy, at the other end.

2} The hooks must engage perigheral longitudinal bars.

3) The 90 Degree hooks of two successive crosse-ties engaging the same longitudina
bars shall be alternated end-for-end.

Hoop Reguirements

1} Bar shall be a closed tie or continuously wound tis.
2} & closed tis may be made up of several reinforcing elements with 135 Degree
hooks having a 6*dy, but NOT les2 than 3 in. extengion at each end.

3} A continuously wound fie shall have at each end a 135 Degres hook with a 6*dy
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #3 or smaller longitudinal bars
#5 barz for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Mot Exceed the Smallest of:

5pacing]:umgra.1.1.ﬂiﬂ&l1un:dia,db]:l = |lg i < {Columndia
T Gdyy
te &

a +— minig.r.t)

MaximumSpacing = “':':.:-acmg'_::u:{:-g_'ramlic olumndial ,db-_::l = n

SpacimzCheckiMaximumipacing.s) == |a « 5 if 5 = MaximumSpacing
2 +— MaxiwumSpacing if = > MaximumSpacing
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FINALSPACING = SpacingCheck{MamnmumSpacing.s) =6 1m

scheck = ShearCheck({MaximumSpacing, 5) = "OK"

Mote: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing (=) The
spacing value may be FINALSPACING, but verify this works for all other checks.

Articla 5.10.71.4.3 (LRFD SPEC.). Column Connections

Hote: This needs to be dons whenever the column dimension changes. The spacing in the hinge
region ghall continueg into the drilled shaft or cap beam the Extenzion length.

ExtenzionProgramid) = |z « 15
xe— —-d
2

2 +— maxiz,x)

a

INEPUT Extension = ExtensionProgram{Columndial) = 30 in

Mominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

W, =480 kips

b=
INPUT  spacelDhingz:== 12 m

INPUT  bv = Columndial
g, =09
Mote: B and & come from Article 5.8.3.4.1

@F:=20

T 4520785 1ad
180
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Mote: Or, de, and dv eguations come from Article 5.8.2.9.

dy .
Dy i=Tbwv — Cover — Dap — T = 55545 m
Eqg. C5.8.2.8-2 de = v + D =4768l in
2 ™

dvi=0%de=42%12 in

| fe
) V.= 003163 | —bvdv = 325448 kaps
Eg.5.8.3.3-3 c + 1000

fve

2h=p. dv oot 8)
00

Eg. 58334 V. = =183.815 |laps
spaceNOhmge

d}".-'u = |_r‘nf’c + ".-':;'|--:1'.tE =462 837 kips

ShearCheck({dVn, V, )= |2 «— "OK" i ¢Vn 2V,
a e "FAILURE" if ¢Vn <V,
a

Shearcheck := 5':eutheck|"¢ﬁ.-':.ﬁ.fp"| ="DK"

Mote: If ShearCheck returng "Failure”, either decreaze the spacing (s) of the ghear reinforcing
(&sp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
vanables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

2

) &  bvspaceNOhing 2
Eq. 5.8.2.5-1 Avmin = 0.0316. |—— ——Poo " TPER _ 758 i
|| 1000 e

1000

Av:=2.A-p=082 i
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TranCheck{Avmun, Av) = |z +— "Decrease Spacing or Increase Bar S1ze"  of Awvmm = Av

a+ "0OE" if Avmin £ Av

i

Mimmum Tran ;= TranCheck{Avmin, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increass Bar Size", it is recommended to decrease the spacing (spaceNChinge) or increass the
area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Va
Eq. 5.8.2.9-1 = ———— =0.211 k=1
b, bv-dv
Eg. 5.8.2.7-1 spacingFrogram(Vu, dv, f2) == |v«— 0,125 —
Eg. 5.8.2.7-2 1000
q «— 0.5.dv
1= Dddw
zé—q f g= M
z+— 24 f q=24
te—r f r=12
te—12 1f r= 12
a+—z if Vu=<v
as—t if Vuzwv
a
MaxSpacing = spacingProgrami{wu, dv. fc) = 24 mn
Spacecheck(MaxSpacing. =) := |a «— s if 5 = MaxSpacing
2 +— MaxSpacing if s > MaxSpacing
a
MAFSPACING = Spacecheck{MaxSpacing . spacelNOhmee) = 12 m

scheck (= ShearCheck(MAXSPACING, spaceNOhmnge) = "OK"

Hote: If scheck returns “Failure”, change the spacing of shear reinforcing spacing {spaceMNOhinge).
The spacing valus may be MAXSPACIMNG, but verify thiz works for all other checks.

399




Strut Design for Bent 2

Mote: The struts are designed for the linear lasfic forces. The loads need o be converied to design
loads. This can be dons by simply multiplying the SAF load by pel/po.

Vo= 325 Lips
MP = 4280  kipft

T o= 7 .
B, = 226 kips

Article 4.11.6. Analytical Plastic Hinge Length

Hote: For reinforced concrete columns framing into a footing, an integral bent cap, an
overzized shaft, or cased shaft.

INPUT dy=141 in gy Diameter of Longitudinal Bar

:"]:- = ?]asthHiuge|_rL:~tn172,f_'r'e.db-_"| =142] m

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: y is the region of column with 2 moment demand excesding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp.  The 0.753*Mp value should be divided by pr, 1o
take into account the model loads have not been multiplied by pag,, The
location will alzo need o be INPUT into the FlasticHingeRegion program in
inches.

MpT75 = {I.TS-_{P:3.21Y 10 Ib-in

Plastic :'Im.geR.e_zmm'.Ln.C olummdia) = |z « 1.5-Columndia
X LP
w1

a4+ max{z, % ¥

Mote: Input the arguments into the program. Maost likely the column diameter is the only varable
that has changed.

INPUT Lpr = ?'.astlc:'ImgeF.egil:}miLD.StmTEDepﬂl\j =103 in
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Article 8.6.2: Concrete Shear Capacity

Az = Stui2 Depth- Sout2Width

Eq. 8.6.2-2 fe:=08Ag =2419% 107 in
HEy = 2 Specified in Article §.8.2 Guide Spec.
INEUT 5i=4 in 2. Spacing of hoops or pitch of gpiral {in)
INPUT Asp =031 -_':2 Asp: Area of spiral or hoop reinforcing (in?)
INPUT Dsp:= 0625 in Dap: Diameter of spiral or hoop reinforcing (in)

INPUT Cover == 2 Cover: Concrete cover for the Column {in)

INPUT b= Strut?Depth m bz Depth of the Strut (in)

INBUT d=70 i d: Effective Depth (in)
a2
Av = 2. Asp =062 m
Eq. 8.6.2-10 Py = - =2133x 10
£y
fhi= — =60 ks
1000
Eq.8.62-9 Stressih.ecklecq: pw.fg.-':j = |f e 2p, b

aefs if =035

fw := StressCheckRect(p_. &h) = 0.258

Eg. 8.6.2-8 oPrime = oprogram| fw, IJD.'I =3
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If Pu iz Compressive
Eq 8624
If Pu iz NOT Compressive VC — ] Mote: If Pu is not comprassive, will have to manually

input O for ve. Just input it below the veo=veprogram and
the variable will azsume the new value.

e = vepro grauﬂia_:‘nme.fc.Pu.A_z:l =0.152 k=a

=380.63 kips

Vo= A

ma

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

Eq. 8.6.3-2 v fyhd
Eg B E.4-1 viprogrambBect{Av, Hh.d, 5. fc, Ae) = [ «— Av-fyb-d
maxvs < 025 = T
- 1000

3+ vs If vs £ maxys

a ¢ maxvs if vs > maxvs

R

Vi = vsprogramBect Av, fvh.d. s, fc. Ae) =45 kips
Eq. 8.6.1-2 V= ¢.5-|:‘."s + Viej = 1.108 = 10 kips

Shearcheck = ShearC ]J.eck|"¢n‘-;'r1.‘»"u\| ="0K"

Hote: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Agp), increaze the area of shear reinforcing, or increase the section size (Acolumn). These
vanables can be changed in the inputs.
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Article 8.6.5: Minimum Shear Reinforcement
For Rectangular Shapes
mmu'a:prcgramiect[rps\J = |a < "OK" if p z0.002
a + "Inersase Shear Reinforeing Ratio™ if p, < 0.002

a
Eg. 8.6.5-2 CheckTransversa = m;':trm:.:-rog.‘ramRecﬂipw) ="0K

Hote: If the minimum shear reinforcement program responses "Increase Shear Reinforeing
Raftio”, it iz recommended 1o decrease the spacing (s) or increase the area of the shear

reinforcement (Asp) in the inputs.

Article 8.8 Longitudinal and Lateral Reinforcement Requirements

Article 8.8.7: Maximum Longitudinal Reinforcement

INPUT A6 =031

INPUT Mumber_5_Bars == 200

.

INEUT Ally =156 o
INELUT Mumber_11_Bars = 16
.
.i'LlGug = Aﬁh]-f‘{m:cbm'_j_ﬂu*s + Al 1-:'-_-5_'.;.111]:-er_1 1_Bars = 31.16 m

Eg. 8.8.1-1 FeinforcementBatoCheck = ppmg':amfz'—'ﬂ.la“ g_;l';g'] ="0K

I

Hote: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increaze the seclion size (Ag) or decreaze the longitudinal reinforcing (Abl and NumberBars) in the

inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B and C:
Eq. £.8.21 }n-IiuLmurr_Al = rl:in.Alpmg‘:am{A]ﬂug.A_zj = "0K"

Mote: If the Minimum Longitudinal Reinforcing program returng “Increase Longitudinal Reinforcing”,
either decreass the section size (Ag) or increase the longitudinal reinforcing (Al and NumbserBars) in

the inputs.

403




Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

Theze Reguirements need to be checked and satisfied.

Cross-tie Requirements:

1} Continuous bar having a hook of nof less than 135 Degrees with an extension
NOT less than 6*dy or 3 in. at one end and a hook of MOT less than 90 Degrees
with an extension of NOT less than 6°dy, at the other end.

2} The hooks must engage perigheral longitudinal bars.
3) The 90 Degree hocks of two successzive cross-ties engaging the same longitudinal
bars zhall be altzrnated end-for-snd.

Hoop Reguirements

1} Bar ghall be a clozed tie or continuougly wound tie.
2} A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a §*dy, but NOT less than 3 in. extension at each end.

3) A continugusly wound fie shall have at each end a 125 Degree hook with a 6*dy
but HOT less than 3 in. extension that engages the longitudinal reinforcement.

Mirimum Size of Lateral Reinforcement

#4 bars for #3 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hings Region

Shall Mot Exceed the Smallest of

MaxmumSpacing = S;Ia:mgpr{:-gramli{ olumndia? _-:-'.-:l-_-] =6 mn
FINALSPACTMG = SpacingCheck{MaxmumSpacing, s) =4 m

zcheck (= ShearCheck(MaamummSpacing, 5) = "OK"

Mote: If acheck retums "Failure”, chamge the spacing of shear reinforcing spacing {2). The
spacing value may be FINALSPACING, but verify this works for all other checks.
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Mominal Shear Resistance for members QUTSIDE Flastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance

V=325 kips

INPUT  spacelOhings:= 12 i

INPUT by = St Width

b, =08

Hote: B and 8 come from Article 5.8.3.4.1
B:=20

=" 4520785 rad
150

Note: Dr, de, and dv eguations come from Article 5.8.2.9.

Eg. 5.8.2.9-2 de:=694 in de = ds which = the distance from top of the member
to the centriod of the tensile fiber

dvpreliminary .= 66.75 in dvpreliminary = distance between compressive
and tenszile reinforcing

dvprogram(de, dv. b} == |x«— 05de

v+ 0.75.h

z «— max{x.v)
aedv f dvzz
a+—z fdvaz

a

dv = dvprogram{de, dvprelimmary, Strat2Dapth) = 66.73 n

fo

£q 58333 Ve~ VOER 1Ty

bvdv = 354362 kips
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fye
2 Asp.——dv- cot{ )
~ 1000

Eq 58334 V. = '- = 206925 kips
= spacelNDhinge

$V, = (V, + V)¢, =505159  kips

i

Shearchack = GhearC':E:k|_fd}"."n,".":,:| ="0K

MNote: If ShearCheck returns "Failure”, either decreasze the spacing (3) of the shear reinforcing
{&sp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
varnables can be changad in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

M 175 T = a
Eq. 5.8.2.5-1 Avmin := 0.0316. | o BrspaceNOhmge _ , o5, w
- 1000 fve
Avi= 2 Asp=10.62 in

Mmoo Tran = TranCheck{ Avmnin, Av) = "OK"

Hote: If the minimum transverse reinforcement program responses "Decreaze Spacing or
Increase Bar Size", it is recommended to decrease the spacing {spaceMChinge) or increase the
area of the shear reinforcement (Azp)in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

o 1lrr]:I
Eg. 5.8.2.91 = ———— = 10129 k=1
. bvdw
Eqg.5.8.2.7-1
Eg. 58272 MaxSpacing = spacingProgram{w, dv, fc) = 24 m
MAXSPACING = SpacecheckiMaxSpacing . spacalNOhinge) = 12 m

scheck (= ShearCheck(MANSPACING, spaceNOhmge) = "OK"

Hote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceMNChings).
The spacing valus may be MAXSPACING, but verify this works for all other checks.
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BENT 3 DESIGN

Article 4.11.7-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

Hote: Use some kind of software to find the Moment Capacity of the Column. PCA
Celumn was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

INBUT MP = 132528000 lap-ft

Note: Fixity is the point of fixity for the

INPUT Fusity := 660 in columnfdrillzdshaft.

1M
vy -

=— P _a016  ips v =2V =8032 ki
P~ Fixity 1000 . P b

pBent?

Hote: If the decizion iz made o design for ELASTIC FORCES then the above variables need fo be
overnde. This can be done by simply changing the Vo vanable to the elastic force from SAFP2000 that
has besn multiplisd by peipo.

‘»’P = 262 kips ‘.’PEE_“_; = E-ETP =524 kips

Note: Pu iz the combination of Elastic Axial force from the earthguake and dead lcad.

INPUT P o= 2095000 1b

u'"

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Mote: It is recommendead to use the plastic hinging forces whenever practical.
V= R:P b =08
Article 4.11.6. Analytical Plastic Hinge Length

Note: For reinforced concrets columns framing inte a footing, an integral bent cap, an
oversized shaft, or cased shaft.

INPUT dy=141 in dy,- Diameter of Longitudinal Bar

LP = P]ast:'u:Hi:ge[fithj.‘,fg.—'e,db]:| = 63.4% il
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Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Hote: vy is the region of column with a moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp.  The 0.75*Mp valus should be divided by pgrg, 10

take into account the model loads have not been multiplied by P, The

location will also need to be INPUT into the PlasticHingeRegion program in
inches.

Mp75:= 0.75-M_ = 9.94 % 10 Ib-in
?'.astchmgeRe_EimuiLD,C-:nlumudiazl = |z« L5 Columndiz
X Lp
y 0

A +— max{z.x,¥)

Mote: Input the arguments into the program. Most likely the column diameter ig the only variable
that has chamged.

INEUT Lpr:= ?]astchiugeREginm"LP, Columndia 2\| = 108 m

Article 8.6.2: Concrete Shear Capacity

Ag = Arolumn?
Eq. 8.6.2-2 Ae=08Az=3257x 100  in°
ppy= 2 Specified in Article §.8.2 Guide Spec.
INEUT =6 in 2 Spacing of hoops or pitch of spiral (in)
INEUT Aspi= 044 j:: 4sp: Area of spiral or hoop reinforcing (in?)
INBUT Dsp = 0.73 in Dzp: Diameter of spiral or hoop reinforeing {in}
INEUT Cover = 3 i Cover: Conerete cover for the Column (in}
INEPUT Dprime == 66  in Dprime: Diameter of apiral or hoop for circular columns {in)
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tad

4-Asp

Eq BE2T Fl5 = m =4.444 = 10
fy
fih= —— =60 ksi
1000
Eg. 8.6.2-6 £ := StressCheck(p, . fyh) = 0.267

Eg 8.6.2-5 ofrime = oprogram £, |.LD"| =3

If Pu iz Compressive

Eq. 8.6.2-4

If Pu is NOT Compressive e = Hote: If Pu iz not compressive, will have to manually
input O for ve. Just input it below the ve:=vcprogram and

the variable will azzume the new value.

ve = veprogram|oPrime, fo, P Az) =022 ks
Ve =vo A =B85 731 kips

Article 8,6.3 & 8.6.4: Shear Reinforcement Capacity

INBUT ni=2 n: numizer of individual interlocking spiral or hoop core gections
Eq. 8631
Eliqtl. B.E.4-1 Vs = vsprogram{n . Asp. fvh. Dprme, s, fe, Ae) = 912319 kps
En. 8.6.1-2 Vo= i (Ve + Ve) = 1L627x 10 kips

Shearcheck := E-heu{ﬂuckli-d:ﬁ.":_‘fu] ="0OK"

Note: If ShearCheck refurns "Failure", either decrease the spacing (s) of the shear reinforcing
(Azp), increaze the area of ghear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.
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Article 8.6.5 Minimum Shear Reinforcement

For Circular Columns
Eqg. 8.6.5-1 CheckTransverse := mi:tral]:ur-:ugrm[rps} ="0K"

Note: If the minimum shear reinforcement program responses "Increasze Shear Reinforcing

Ratio”, it is recommended to decrease the spacing (s) or increass the arga of the shear
reinforcement (Azp) in the inputs.

Article 8.8 Longitudinal and Lateral Reinforcement Requirements

Article 8.8 7: Maximum Longitudinal Reinforcement

-

INPUT A= 156

INEUT WumberBars = 32

'j".m.lg = ?‘:I.IJ.'I.'I.:IE.'EEI’S.-Ab_l =4992 m

Eg. 8.8.1-1 FamforcementFatoCheck := ppmgl‘amfz'—'&ln:g,ﬁ;g'] ="0K

i)

Note: If the Masimum Longitudinal Reinforzing program returns "Section Over Reinforced”, either
increaze the section size (Ag) or decrease the longitudinal reinforcing (Abl and MumberBarzs) in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement

For Columnz in SDC B and C:

Eq. £.8.2-1 Mintmumdy = mi:AlpmgTam[Alﬂ:g.Ag'] ="0K

I

Note: If the Minimum Longitudinal Reinforcing program retumns “Increase Longitudinal Reinforcing”,
either decrease the section size (AQ) or increase the longitudinal reinforcing (Al and MumberBars) in
the inputs.
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Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Crogs-tie Requirements:

1} Confinuous kar having a hook of not less than 135 Degress with an extension
MOT less than 6*dy or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extenzion of NOT less than G*dy, at the other end.

2} The hocks must engage peripheral longitudinal bars.

3} The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
bars zhall be alternated end-for-end.

Hoop Reguirsments

1} Bar zhall be a closed tie or continuously wound tie.
2} A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*dy, but NOT less than 3 in. extension at each end.

2} A continucusly wound tie shall have at each end a 135 Degree hook with a 6*d,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #5 or smaller longitudinal bars
#5 bara for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Mot Exceed the Smallest of:

MaxmumSpacing = Spaciugpu'{:-gamﬁﬁ olummdial ‘db]J =& in
FINALSPACTNG = SpacingCheckibMaximumSpacing.s) =6 i

scheck := ShearCheckiMaxmmumSpacing, =) = "OK"

Note: If scheck returns “Failure”, change the spacing of shear reinforcing spacing {g). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10.71.4.3 (LRFD SPEC.) Column Connections

Mote: This needs o be dons whenaver the column dimenzion changes. The 2pacing in the hinges
region shall continue into the drilled shaft or cap beam the Extension length.

INPUT Extension ;= ExtensionProgram({Columndial) = 36 n
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Mominal Shear Resistance for members OUTSIDE FPlastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
V_ =262 kips

?_

INPUT  spaceMNOhings = & 1

INPUT by = Colummdia?

i, = 0.5
Mote: B and @ come from Article 5.8.3.41
B:=20
8= 4520785 rad
180

Hote: Dr, de, and dv eguationz come from Article 5.8.2.9.

dy)

D := bv — Cover — Dsp — = = 67545 m

EQ.C5.82.82  de= — + — =57
dvi=09de=5175 in

. . | fe - .
Eq. 5.8.3.3-3 WV, = 0.0316- |3-_.1| 1000 budv = 470968 kips
fy
24 1<i:u dv-cot(8)
Egq. 58334 v = =455402  kips
- spaceNOhmze
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OV, = (Vo + V,)-d,=833733  kips

Shearcheck = Sh.eaIC':eck[d}‘»’u," | ="0K

vV
:-:'-II

Mote: If ShearCheck returnz "Failure”, either decreazse the epacing (s) of the gshear reinforcing
(&Azp), increasze the area of shear reinforcing, or increase the section size (Acolumn). These

vanables can be changed in the inputs.

5.8.2.5 Minimum Transverze Reinforcement

b2

[ fz by spaceMNOhine
Eq. 5.8.25-1 Avmin := 0.0316. |- B b spaceNOhinge
~ 1000 fre

1000

=045

wh
B

Av:= 2. A=sp=0EE i
MmimmmTran = TranChaeki Avmin, Av) ="0K

Note: If the minimum transverses reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceMOhinge) or increass the
area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Eq. 5.8.2.91 = ——— =0.073 ksi
d:us-bt'-c'.r
Eg. 5.8.2.7-1
Eg. 58772 MaxSpacing = spacingProgramiwu, dv fe) = 24 n
MAMNSPACTNG := SpacecheckiMaxSpacing, spacelNOhmee) = & m

scheck ;= ShearCheck(MAKSPACING, spacelNOhinge) = "OK"

Mote: If scheck returns "Failure™, change the spacing of shear reinforcing spacing (spaceMChinge).
The spacing valug may be MAXSPACING, but verify this works for all other checks.
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Strut Design for Bent 3
Hote: The struts are designead for the linear elasfic forces. The loads need to be converied to design

lzads. This can be dons by simply multiplying the SAP load by pefpo.

‘u’p = 545 kips
}-{P = &840 kip-ft

P =5 .
B, = 51 kips

Article 4.11.6. Analytical Plastic Hinge Length

Hote: For reinforced concrete columns framing inte a footing, an integral bent cap, an
overzized shaft, or cased shafi.

INEUT 'i'nl =141 i dy- Diameter of Longitudinal Bar
Lp = ?]astlu:Hiuge|_L3tn173,fy‘e_db-_J =1413 m

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Mote: v is the region of column with & moment demand exceeding 75% of the
maximum plastic moment. From the SAP model, find the location at which the
momant demand is 0.75*Mp.  The 0.75*Mp value should be divided by por, 1o

take into account the model loads have not been multiplied by porg, The
location will alzo need to be INPUT into the FlasticHingeRegion program in

inches.
Mp7i = {I.Tf--l'Ip:i.lS&-f 10° It in
?la:tl::-lmgeRe_zmm'.LD.C olumndia) := |z « 1.5-Columndia
X L]:.
=10

A — max{z.x.¥)

Mote: Input the arguments into the program. Most likely the column diameter is the only variabls
that has changed.

INEUT Lpr:= ?Lastlc:'lmgeRegi-}m'.Lu,EtmﬂDepﬂ.ﬂ = 180 in

414



Article 8.6.2: Concrete Shear Capacity

Az = StudDepth- SmutdWidth

g 8.6.2-2 Ae:= 0BAz=4032% 100  in
pp =12 Specified in Article §.8.2 Guide Spec.
INPUT 5:=35 In 2. Spacing of hoops or pitch of gpiral {in)
INBUT Asp =044 i:: Asp: Area of spiral or hoop reinforcing (in?)
INPUT Disp := 0.75 n Dzp- Diameter of apiral or hoop reinforcing ({in)

INEPUT Cover = 2

Cover: Concrete cover for the Column {in)

INPUT b= StrutiDepth  m b Depth of the Strut {in)
INPUT d:=116 in d: Effective Depth (in)

Avi=2.Asp =088  in°

[

Av -
P = pry =2.085= 10

Eqg. B.6.2-10 .
v
fh= — =60 ksi
1004
Eg.8.6.2-8 fr = StrassCheckRectp k) =0.25]
Eq. 8.5.2-8 oFrime = aprogram(fiv, pp) = 3
If Pu iz Compressive
Eq. BE.2-4
If Pu iz NOT Compressive VC — 0 Mote: If Pu is not compressive, will have fo manually

ingut O for ve. Just input it below the veo=vcprogram and
the variable will azsume the new value.

Ve = 1':prngrmia_:'rlm.e.fc.Pu._i't_z:| =0.192 ka

Ve = vo- Ap = 967685 kips
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

Eq. 8.6.3-2 N
Eg. A .41 Ve = vsprogramBect(Av fyh.d, s, fc Ae) =1 73 = kips
Eq. 8.6.1-2 $Vn = (Vs + Vi) = 2446 x lﬂ-ki]:-:

Shearcheck := Shearl ]J.eck|"1:|:u‘w."u.‘-."ut| ="0OR"

Hote: If ShearCheck returng "Failure”, either decreaze the spacing (s) of the ghear reinforcing
(Azp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

Eq. 8.6.5-2 CheckTransverss == n:j:trmprng.‘t‘amRecq"HU"| ="0K

Hote: If the minimum shear reinforcement program responses "Increase Shear Reinforcing
Ratio”, it iz recommended 1o decrease the spacing (s) or increase the area of the shear
reinforcement (Asp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.7: Maximum Longitudinal Reinforcement

INPUT A5, =031 o’

INEUT Wumber 5 Bars = 36

»

INPUT Ally =15
INPUT Mumber_11_Barz = 16
5
'j"lc:-u! = Aib]-fﬁmbﬂ_i_ﬁ ars + &1 1-:'-_-5_'.;mber_l 1_Bars =36.12 m

Eq. 8.8.1-1 FeinforcementRatoCheck := ppmg:ramfz'—'ﬂ.lﬂ:g_ﬁ;g'] ="0K

¥

Hote: If the Maximum Longitudinal Reinforcing program returng "Section Over Reinforced”, either
increaze the seclion size (Ag) or decrease the longitudinal reinforcing (Abl and NumberBarzs) in the

inputs.
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Article 8.8.2: Minimum Longitudinal Reinforcement
For Columnz in S0OC B and C:
Eqg. 8.8.2-1 MinimumA, = miuAlpmg‘:amJiA]aug.A_zj ="0OK"

Hote: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
gither decrease the section size (Ag) or increase the longitudinal reinforcing (Al and MumberBars) in
the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Reguirements need to be checked and satisfied.

Cross-tie Requirements:

1) Centinuous bar having a hook of not less than 135 Degrees with an extension
MOT lese than 6*dy or 3 in. at one end and a hook of NOT less than 90 Degrees
with an extension of NOT less than &*dy, at the other end.

2} The hoocks must engage peripheral longitudinal bars.

3} The 90 Degree hooks of two successive cross-ties engaaing the same longtudinal
bars zhall be altzrnated snd-for-snd.

Hoop Reguirements

1) Bar zhall be a clozed tie or continuowsly wound tie.
2} A closed tie may e made up of several reinforcing elements with 135 Degree
hocks having a 6*dy, but NOT less than 3 in. extension at each end.

2} & continucusly wound tis shall have at each end a 133 Degree hook with a 6*d,,
but NOT less than 3 in. exiension that engages the longitudinal reinforcement.

Minimum Size of Lateral Reinforcemeant

#£ bars for #3 or smaller lengitudinal bars
%S bare for #10 or larger longitudinal barz
#2 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region
Shall Mot Exceed the Smallest of:
Maximum Spacing := Spacingprogram| Colummdia? .-:".-:I-_-'| =& m

FIMNAT SPACTNG = SpacingCheck(MaxmumSpacing, s) =35 m

scheck (= ShearCheck({MaamumSpacing, ) = "OK"

Mote: If acheck retums "Failure”, change the gpacing of shear reinforcing spacing {g). The
spacing valuge may be FINALSPACING, but verify this works for all other checks.
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Mominal Shear Resistance for members OUTSIDE Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.2 Hominal Shear Resistance

W, = 345 kips

INPUT  spaceMOhinge:=12 m

INPUT by = Soat3iWidth

b, =08

HNote: B and & come from Article 5.8.3.4.1

B:=20

[4=]
|
g
e
1l
=
-]
e
=
-
&
L

Hote: Or, de, and dv eguations come from Article 5.8.2.9.

Eg. 5.8.2.9-2 de:=117 in de = ds which iz the distance from fop of the member

to the centriod of the tensile fiber

dvpreliminary = 114 in dvpreliminary = distance between compressive

and tensile reinforcing

dv .= dvprogram{de, dvprelimmary, Strut3Depth) = 114 m

£

T 031G v = 605003 kine
Eg. 5.8.3.3-3 %.:-—'J-E-*lﬁﬂ_qu —op v =603.203 kip
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Eg. 5.8.3.3-4 V.= = =30l.& kips
- spaceNOhinge

vd:ﬁ."mL = |"'.-'c + "":,'"4‘5 =996.123 kips

L}

Shearchack = *ShearC':E:lc|_r¢".-'n,"-':,:| ="0K

Mote: If ShearCTheck returns "Failure”, either decreasze the spacing (2) of the shear reinforcing
{&sp], increase the arsa of shear reinforcing, or increase the section size (Acolumn). These
varnahles can be changsd in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

— -
] Iy E 2
Eg. 5.8.2.5-1 Avmin = 00316, (o DrspaceNOhmge _ oo, m
- 1000 fva
Avi= 2 Asp = 083 :in:

MinimumTran = TranCheck{ Avmin, Av) = "OK"

HNote: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decreaze the spacing (spaceMNOhinge) or increase the

area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

1~_r
Eg. 5.8.2941 = —]:l =0.128 k=1
i, bdv
Eqg. 58271
Eg. 58772 MaxSpacing = spacingProgramivu, dv, fe) = 24 i
MAXSPACING = SpacecheckiMaxSpacing , spacelNOhinge) = 12 mn

scheck = ShearCheck(MANSPACING, spaceNOhmge) = "OK"

Hote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing {spaceMNChings).
The spacing valus may be MAXSPACING, but verify this works for all other checks.
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BENT 4 DESIGN

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

Note: Use some Kind of software to find the Moment Capacity of the Column. PCA
Column was used to create an Interaction Diagram and to calculate the Moment
Capacity. The shear for the bent was found by knowing the Moment.

L= 75504000  kap-ft

INPUT TR

Meote: Fixity is the point of fixity for the

INPUT  Fudty = 300in column/drillzdshaft.

M .
T B 3 - - - . - . .
V i=—— =50336 laps WV g = 2N =1.007x 10 kips
P Fixity- 1000 pBentd P

Note: If the decizion iz mads o design for ELASTIC FORCES then the above variables nesd o be
overnde. This can be done by simply changing the Vg varable o the elastic force from SAPZ000 that
has besn multiplsd by pefpo.

V_ =323 kips ""r'.:-3e:t4 = J-VD =105% 107 kips

P

Hote: Pu iz the combination of Elastic Axial force from the earthguake and dead load.

INPUT B, = 991000 1b

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Mote: It is recommended to use the plastic hinging forces whenever practical.

‘w;'“ = ‘»"P '|:|:-E =08

Article 4.11.6. Analytical Plastic Hinge Length

Hote: For reinforced concrete columns framing into a footing, an integral bent cap, an
overzized shaft, or cased shafi.

INPUT dyp=141 in gy,- Diameter of Longitudinal Bar

LP = P]asticHi:ge[fixlrj.',fy‘e,db]:| = 36.69 n
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Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Note: vy is the region of column with a moment demand excesding 75% of the
maximum plastic moment. From the SAF model, find the location at which the
moment demand iz 0.75"Mp.  The 0.75*Mp value should be divided by paq, to

take into account the model loads have not been multiplied by parg,. The

lzcation will alse need to be INPUT into the PlasticHingeRegion program in
inches.

Mp75 = 075M, =5663% 100 Ibin
?'.astchmgeE.egimq"LD,Cu:ul11.1:r:udia"| = |z « L5 Columndiz
® Lp
y«—10

a +— max{z,x,¥)

Mote: Input the arguments into the program. Most likely the column diameter is the only variable
that has changed.

INPUT Lpr = ?]astchiugeREgiam:Lp, C-}lum:dial] =90 i

Article 8.6.2: Concrete Shear Capacity

Az = Acolummnl
Eq 8.6.2-2 Ae:=08Az=2262x10°  in°
pp=2 Specified in Aricle .82 Guide Spec.
INPUT == in 2. Spacing of hoops or pitch of apiral {in)
INEPUT Asp:= 044 i:z Asp: Area of spiral or hoop reinforeing {in?)
INPUT Dsp = 0.73 in Dzp: Diameter of spiral or hoop reinforcing (in}
INPUT Cover == 3 in Cover: Concrete cover for the Column (in)
INEPUT Dprime := 54 in Dgprime: Diameater of apiral or hoop for circular columns (in)
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Eq. 8.6.2-7 P, = m =5432= 10
fih = ﬂ =50 kei
1000
Eg.3.628 fs = 5trE:~:Cl1eck|_pr_f:.-':"| = 0126

Eg. 8.6.2-5 oPrime = oprogram fs. pp)| =3

If Puis Compressive

Eq. 8.6.24

If Pu iz NOT Compreseive v = 0 Hote: If Puig not compressive, will have to manually
input O for vo. Just input it below the vo=vcprogram and
the variable will azsume the new value.

Ve = ‘.'EPIGETJJJJ.];I:I'_DIimE.fE.P._;..jl._E.] =022 k=
Vei=ve Ag = 622035 kips

Article 8.6.3 & 8.6.4; Shear Reinforcement Capacity

INPUT ni=2 n: numizer of individual interlocking spiral or hoop core sections
Eq. 8.6.3-1
Eg. B4 Vi = viprogrami{n. Asp. fvh, Dprime, 5. fc, Ae) = 746442 kips
Eqg. 8.6.1-2 Vo = (Vs + Ve) = 1232 ll:l-l-ci]:-s

Shearcheck := ShearCheck{$Va,V, | = "OK"

Hote: If ShearCheck refurns "Failure"”, either decrease the zpacing (s) of the shear reinforcing
{A=p), increaze the area of shear reinforcing, or increase the section size (4column). These

variables can be changed in the inputs.
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Article 8.6.5: Minimum Shear Reinforcement

For Circular Columns
Eqg. 8.6.5-1 CheckTransvarse == mi:t:al]:-rn_srmfps-] ="0K"

Hote: If the minimum shear reinforcemeant program responses "Increase Shear Reinforcing
Ratio”, it is recommended to decrease the spacing (s) or increage the arsa of the shear
reinforcement {Azp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements
Article 8.8. 7. Maximum Longitudinal Reinforcement

-

INEUT 'jlbl =156 im
INEUT WumberBars := 24

.i't'_mlg = NumberBars Ay = 3744 -

Eq. £.8.1-1 FemforcementRatoCheck = ppmg'ramfAlD:g,Ag} ="0K

Hote: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increase the section size {Ag) or decrease the longitudinal reinforcing (Abl and HumberBars) in the

inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in S0C B and C:
Eqg. 8.8.2-1 Minimumfy = mi:.e'-";lpmgam[zilﬂzg.ﬁ;gzl ="0K

Hote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,
gither decreass the section size (Ad) or increase the longitudinal reinforeing (Al and MumberBars) in
the inputs.

423




Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

Theze Reguirementz nead to be checked and satisfied.

Cross-tie Requirements:

1} Continuous bar having a hook of not less than 135 Degress with an extenzion
MOT less than 6*dy or 3 in- at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than 6*dy, at the other end.

2} The hooks must engage peripheral longitudinal bars.

3} The 90 Degree hooks of two successive cross-ties engaging the same longitudina
barzs shall be alternated end-for-end.

Hoop Reguirements

1} Bar shall be a closed ties or continuously wound tie.
2} A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6%dy, but NOT less than 3 in. extenzion at each end.

3} A continuously wound tie shall have at each end a 135 Degree hock with a 6*dy,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Minirnum Size of Lateral Reinforcement

#4 barz for #3 or smaller longitudinal bars
#2 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Mot Exceed the Smallest of:

MaximumSpacing = Spacingprozram| Columndial ,db-"| =&

FINALSPACING := SpacimgCheck{ MaxipumSpacing.=) = 6

=

scheck := ShearCheck(Maxmmum Spacing, 5) = "0OK"

Mote: If scheck returns "Failure”, change the spacing of shear reinforcing sgacing {(2). The
spacing value may be FINALSPACING, but verify this worke for all other checks.
Article 5.10,11.4.3 (LRFD SPEC.). Column Connections

Hote: This needs to be dons whenever the column dimension changes. The spacing in the hinge
region ghall continue into the drilled shaft or cap beam the Extenszion length.

INEUT Extension ;= ExtensionProzram{Columndial ) = 31 n
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Mominal Shear Resistance for members OUTSIDE Flastic Hinge Region.
Refar o the AASHTO LRFD BEridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
V=525 kips

P

INPUT  spacelOhinge:= 12 m

INPUT by = Colunmdial

d, =05
Hote: B and & come from Article 5.8.3.4.1
B:=2.0

T 4520785 rad
180

Hote: Dr, de, and dv eguations come from Article 5.8.2.9.

dyl
D1 := bv = Cover — Dzp - T = 53545 m

Eq. C5.82.52 de:= bv + D =4768l in
2 ™

dvi=05%de=42912 i

| fc
i V.= 003163 [—bv.dv = 325448 kips
Eg.5.8.3.3-3 c 4| 1000

fye

2 Asp- dv-cot{8)
1000

Eg.5.8334 V= =188.815 |lips
= spacelNOhmge
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d}".-'u = |.r‘»’c + ".-'E:|-d}: =462 837 kips

) ="OK

Vo)

Shearcheck = S]J.eaIC':eck[d}"»'n,

Hote: If ShearCheck returns "Failure”, either decreasze the spacing (s) of the shear reinforcing
(Agp), increaze the area of shear reinforcing, or increase the section size (Acolumn). These
vanables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

b2

Eq. 5.8.2.5-1 Avmin = D.0316 | fe bv-zpacelNOhinge
~ 1000 fye

1000

=738 1

Avi=2.A=p=0EE m

MmmmmTran = TranCheck{ Avmim, Av) = "0K

Mote: If the minimurm transverse reinforcement grogram responses "Decreaze Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceMOhinge) or increass the
area of the shear reinforcemeant (Asp)in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

1.,.'
Eg. 5.8.2.9-1 = — 20227 ksi
b, bvdv
Eg. 5.8.2.7-1
E: 587272 MaxSpacing = spacingProgram{wu, dv fc) = 24 n
MAMSPACING = Spacecheck(MaxSpacing ., space’N0Ohmge) = 12 m

scheck = ShearCheck(MAXRSPACING, spacelNOhinge) = "0OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceMChinge).
The spacing valus may be MAXSPACING, but verify thiz works for all other checks.
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Strut Design for Bent 4

Note: The struts are degigned for the linear elasfic forces. The loads need o be converied to design
loads. This can be dong by simply muliiplying the SAP load by pefpo.

"»'? = 348 kaps

l’IP = 4438 lap-ft

P, := 216 kips

Article 4.11.6: Analytical Plastic Hinge Length

HNote: For reinforced concrete columns framing into & footing, an integral bent cap, an
oversized shafi, or cased shafi.

INFPUT 'i':-l =141 in dy,- Diameter of Longitudinal Bar

Lp = ?]asthHiuge[Lstm:l,fye_d-h-_J =1421 m

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

Mote: vy is the region of column with a moment demand exceeding 73% of the
maximum plastic moment. From the SAP model, find the location at which the
moment demand is 0.75*Mp.  The 0.75*Mp value should be divided by p g 1o
take into account the model loads have not been multiplied by patran. The

location will alzo need o be INPUT into the FlasticHingeRegion program in
inches.

3

Mp75 = {].75-_'1?:3.3733{ 10 Ib-in
?la:tl:ﬂlugeﬂegmmil_n.( c-]11n"_11d;'.3:| = |z « 1.5.Columndia
X I-];.
v 10

3 & max{z.x¥)

Mote: Input the arguments into the program. Most likely the column diameter is the only vanable
that has changed.

INEUT Lpr := PlasticHingeFs gil}m"l_n. StmTEDepﬂfJ =108 in
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Article 8.6.2: Concrete Shear Capacity

Ag = Stut?Depth. Strat? Width
Eq 8.6.2-2 Ae:=08Ag=2419%100 i
po=2 Specified in Article §.8.2 Guide Spec.
INPUT 5i=4 in 2. Spacing of hoops or pitch of spiral (in)
INPUT Asp:=031 -_':2 Asp: Area of spiral or hoop reinforcing (in?)

INPUT Disp := 0.625

Dap: Diameter of spiral or hoop reinforcing {in)

INPUT Cover = 2

Cover. Concrete cover for the Column {in)

INPUT b= Strut?Depth I b Depth of the Strut (in)

INPUT d:==70 in d: Effective Depth ({in)
3
Av= 2 Asp =062 m
Av . -3
Eq. 8.6.2-10 N
f
fhim —— =60 ks
1000
Eg. 5629 fw = Su'essih.ec]ﬂ.ectf-pw.fj.":-] = 0258
Eq. 8628  oPrime= aprogram|fiv, pp) = 3

If Pu is Compressive
Eq. 8.6.2-4
If Pu iz NOT Compreasive VC = 0 Mote: If Pu is not compressive, will have to manually

input 0 for ve. Just input it below the vo=vcprogram and
the variakle will azsume the new value.

e i= 1'{:]:-1-:-;ra.1.1.11i-:x_7-'r1me.fc.Pu..i'L_z:I =0.192 ka

= 380.63 kipz

Vo= A

m
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Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

Eq. 8.6.3-2

Eq. 8.6.4-1 Ve = vsprogramPect{ Av, fvh.d. s, o, As) =651 kips

Eq. 8.6.1-2 6V = &_(Vs+ Ve) = 1108 10 kipe

Shearcheck := Shea1{].1.eck|'.-¢-‘-;'u.‘v'u\| ="0QK"

Hote: If ShearCheck returng "Failure”, either decreaze the spacing (s) of the shear reinforeing
(Agp), increaze the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

Eqg. 8.6.3-2 CheckTransverse = ni:trmprn;‘am.ﬁ.e:u"pw'] ="0K

Note: If the minimum shear reinforcement program responzes "Increase Shear Reinforcing
Ratic”, it iz recommended to decrease the spacing (5] or increass the arsa of the shear
reinforcement (Azp) in the inputs.

Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.7: Maximum Longitudinal Reinforcement

~

INPUT A5y =031 o

INBUT Wumber_5_Bars = 20

]

INPUT Ally =156 i
INPUT Mumber_11_Barz == 16
Aope = AdppMhumber 5 Bars + Allpg, Number 11 _Bars = 31.16 m

Eq. 8.5.1-1 FeinforcementFartoCheck (= ppl‘ogTEml_rAlc.:g'AEI] ="0K

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increase the section size (Ag) or decrease the longitudinal reinforcing (Abl and MumberBars} in the

inputs.
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Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in 30DC B and C:
Eg. 8.5.2-1 Minimumdy = miu.a’l.lpmg‘:amliﬁs]aug..i\_z:l ="0K"

Note: If the Minimium Longitudinal Reinforcing program returns "Increass Longitudinal Reinforcing”,
either decreass the section size (Ag) or incresse the longitudinal reinforeing (Al and MumberBars) in
the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

Theze Reguirements need to be checked and satisfied.

Cross-tis Requirements:

1} Continuous bar having a hook of not leas than 135 Degrees with an extension
MNOT less than 6°dy or 3 in. at one end and a hook of NOT less than 90 Degrees

with an extension of NOT less than §*dy, &t the other end.

2} The hooks must engage perigheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal

barz shall be alternated end-for-end.

Hoop Reguirements

1} Bar ghall ke a closed tie or continuously wound tie.
2} A closed tie may be made up of several reinforcing elements with 135 Degree
hooks having a 6*d but NOT less than 3 in. extension at each end.

3) A continucusly wound tie shall have at each end a 135 Degree hook with a 6*dy,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Mirimum Size of Lateral Reinforcemeant

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Maximum Spacing of Lateral Reinforcing in Plastic Hings Reagion
Shall Mot Exceed the Smallest of:
Maxmium Spacing = Euj.:-a:Lugprc-gl‘am|'-*311'.;t2‘l-':id:':.-:".-:I-\| =8 m

FINALSPACTNG = SpacingCheckiMaxmumSpacing. s} =4 m

scheck = ShearCheck(Mammmm Spacing, =) = "OK"

Mote: If scheck retums "Failure”, change the spacing of shear reinforcing spacing {2). The
spacing value may be FINALSPACING, but verify this works for all other checks.
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Mominal Shear Resistance for members OUTSIDE Plastic Hings Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.2 Nominal Shear Resistance

WV, =348 kips

INPUT  spacelOhinga:= 12

INPUT by = Sout?Width

b, =089

Hote: B and § come from Article 5.8.3.4.1
=20

™

B:= A45=0785 rad

Mote: Or, de, and dv eguations come from Article 5.8.2.9.

Eg. 5.8.29-2 de:= 694 in de = ds which s the distance from fop of the member

to the centriod of the tensile fiber

dvpreliminary = 66.75 in dvpreliminary = diztance between compressive

and tenszile reinforcing

dv = dvprogram{ds, dvprelimmary, Strut2Depth) = 58.75 m

fc

".-'c = 003163 |-

bv-dv = 354362  kaps
| 1000

Eqg. 5.8.3.3-3
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£
2 Asp—— dv cot(8)
Eq 58334 vV = 1060 Z206925  kips
- spaceOhinge

V= (Vo + V), = 505159 kips

L}

Shearcheck = *S]JearC':E:kfd}".-'n,'-.-',J"| ="0K

Note: If ShearCheck returns "Failure", either decrease the spacing (s) of the shear reinforcing
{Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
varnables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

£ T 5] B =
Eq. 5.8.2.5-1 Amin = 0.0316. | .Ic _ by spaceliOhmge
~ 1000 fire

10
L

=0.531 m

Avi= 2 Asp=0.62 n

MmimumTran = TranCheck Avmin, Av) = "OE"

Note: If the minimum transverse reinforcemeant program responsaes "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing {spaceNOhinge) or increase the
area of the shear reinforcement (A2p) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

v

Eg. 5.8.2941 = —]:- =0.138 k=
d}s-bt'--:'::
Eqg. 5.8.2.71
Eg. 58272 MaxSpacing ;= spacingProgramiwu, dv. fc) = 24 1
MAXSPACING = Spacecheck{MaxSpacing . spacelNOhinge) =12 n

seheck = ShearCheck(MANSPACING, spacelNOhmge) = "OK"

Hote: If scheck returns "Failure™, change the spacing of shear reinforcing sgacing (2paceMNChings).

The spacing value may be MAXSPACING, but verify this works for all other checks.
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DRILLED SHAFT DESIGN

Article 6.5 Drlled Shafiz

NOTE: The guide specification states that the drilled shafts shall conform fo the requirements of
columns in S0OC B, C, or D as applicable. Also, there are special provigionz regarding liquefaction that
nesds to be investigated if this is a concern for a cerain bridge.

Since the hinging will not occur in the drilled shaft, the drilled shaft will be design using the column

design from the LRFD Specification.

DRILLED SHAFT 2

Mominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.2.2 Nominal Shear Resistance

kips

spacelQhinge = 12 m

i

;]

in

in

in

INPUT V, = 450

V= ".-':I:I
INEUT
INPUT  asp = 0.44
INPUT  Cover=4§
INPUT by := Dnllshafidial
INPUT  Dsp:= 073
INBUT dy, = 141

. =05

=

Hote: B and & come from Article 5.8.3.4.1

Bi=

20

X 45=0785
150

rad
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Hote: Or, de, and dv eguations come from Article 5.8.2.9.

Eg. C3.8.2.8-2

Eg.5.8.3.33

Eq. 5.8.3.3-4

Hote: If ShearCheck returns "Failure", either decrease the spacing (3) of the shear reinforcing
{Agp), increaze the area of ehear reinforcing, or increass the section size (Acolumn). These

dy)
Dr = bwv — Cover — Dap — T =58.543 m

de::¥+E:Sl.ﬁ35 i

2 ™
dv:=0%de=46472 in

| fe
V.= 00316.5 |——bwv.dv = 387687  kips
e ?. | Tooe F
fy
2 Asp—— dv cot(B)
Vo= 1000 =204476  kips
= spaceNOhmze
d}".-'u = |r‘»'_: + ".-',_..'|--:1},_. = 532047 kips

Shaarcheck = 5hea:Check|_’¢vu.vp‘_| ="OK"

variables can be changed in the inpuis.

5.8.2.5 Minimum Transverse Reinforcement

Eq. 5.5.2.5-1

Note: If the minimum transverse reinforcement grogram responses "Decreaze Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNChinge) or increass the

fz2 bv-spacelNOhing
Avmin = 00316 | c bv-space inge
|| 1000 fre

1000

Av o= 2. Asp = 0EBR in

MmimumTran = TranCheck{Avmin, Av) = "0K

b2

=[.B34

area of the shear reinforcemant (Azp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

1i'TLI. - ¢'3'1i'?|_} i
Eg. 5.8.2.9-1 = —————— = (018 ksi
d}s-b'.'--:'.':
Eq. 5.8.2.7-1
Eg. 58770 MaxSpacing = spacingProgramivu.dv, fc) = 24 m
MAMSPACTNG = Spacecheck{MaxSpacing . spaceMOhmge) = 12 m

scheck := ShearCheck(MAKSPACING, spacelN0hmee) = "0OK"

Hote: If scheck returns “Failure”, change the spacing of shear reinforcing spacing (spaceMChinge).
The spacing valus may be MAXSPACING, but verify thiz works for all other checks.

DRILLED SHAFT 3

Mominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Desgign Specifications.

5.8.3.2 Nominal Shear Resistance

INFPUT '-.-'P = 262 kips

""ru - ,l__,p
INPUT  spaceMOhinge = 6 n

INPUT  fsp-= 044  in”

INPUT  Cover=6 in

INPUT by = Drillshaftdia?

INPUT  Dsp:=07% in

INPUT  dy =141 in

¢, =09
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Note: B and & come from Article 5.8.3.41
F=240

Bz 4520785 rad
150

Note: Dr, de, and dv eguations come from Article 5.8.2.9.

dy)
Dir = bv — Cover — Dzp — T =T70.545 n

Eq. C5.8.2.5.2 da:= v + D =61455 m
2 ™

dv = 09.de= 5531 in

| fe
V.= 003165
Eg.5.8.3.3-3 c _\‘I 1000

brvdv = 545309 kaps

fy
JAp. 1ci:u dvcat(8)
Eg. 58334 V. = =—486.725 kips
= spaceNOhmge

&V, = (Vo + V)b, =928831  kips

[

Shearcheck = S]JearChecl-cfd}‘»'u,‘»’M ="0K"

Hote: If ShearCheck returns "Failure", either decrease the spacing (s) of the shear reinforcing
(Azp), increaze the area of ghear reinforeing, or increase the section zize (Acolumn). These
variablez can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

[ bws MNOhing
Eq. 5.8.2.5-1 Avmmin = 00316, | = 2¥epaceliOhinge
+| 1000 fre

1000

b2

=0.453 mn

Av o= 2. A-p =08 i
MmimumTran = TranCheeki Avmin, Av) = "0OK
Note: If the minimum transverss reinforcemeant program responses "Decreasze Spacing or

Increagze Bar Size", it is recommended to decrease the spacing (spaceMOhinge) or increase the
area of the shear reinforcement (Agp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Va
Eq. 5.8.2.9-1 = ———— = 0.087 ksi
t, brdv
Eq. 5.8.2.71
Eg. 58772 MaxSpacing = spacingProgramiwu.dv, fc) = 24 n
MAXSPACING := Spacachecki(MaxSpacmg, spacelNOhmes) = 6 m

scheck i= ShearCheck(MANSPACTNG, spacelOhmee) = "OK"

Mote: If scheck returns "Failure™, change the spacing of shear reinforcing spacing (gpaceMChings).
The zpacing value may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT 4

Mominal Shear Resistance for members outside Plastic Hinge Region.
Refer to the AA5SHTO LEFD Bridge Ciesign Specifications.

5.8.32.3 Nominal Shear Resistance

INPUT V), = 525 Kins
V=Y,

INPUT  spacsNOhinge:= 12 in
INPUT ~ Asp:= 044  in°
INPUT  Cover:=6 in°
INPUT  bw:= Drllshaftdial
INFUT  Dsp:=075 in

INPUT  gy=141  in

b, =09
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Hote: B and & come from Article 5.8.3.41

@F:=20

8= = 450785 r1ad
150

Hote: Cr, de, and dv eguations come from Article 5.8.2.9.

dy)
Dr:=bv — Cover — Dzp — T = 58.543 mn

Eg. C5.8.2.8-2 de:= h%' + Dx =351635 i

A ™
dv:=0%de=46472 in

| fa
2 V.:= 00316 |——bv-dv=38T687 kips
Eg. 5.8.3.3-3 < 5 1000

fve

2Asp. dv cot{ 8)
1000

Eq.58.334 VvV = =24478 kaps
spacelNOhmge

SV, = (Vo + V)b, = 332047 kips

Shearcheck = 5].1-&.31Che-:l-c|_rd}‘v'u,‘v'u\_| ="0K"

Mote: If ShearCheck refurns "Failure", either decrease the gpacing (s) of the shear reinforcing
(&Azp), increaze the area of shear reinforcing, or increase the section zize (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

[ f2 by spaceNOhine
Eq. 5.8.2.5-1 Avemin = 0,0316. | —o, ¥-spacsNOhinge
|| 1000 fre

1040

= 0.834 in

.

Av:i=2.A=-p=0E8 1
MominumTran = TranCheck{ Avmun, Av) = "0K
Hote: If the minimum transverse reinforcement program responsss “Decreaze Spacing or

Increase Bar Size", it is recommended to decrease the spacing (spaceMNChinge) or increase the
area of the shear reinforcement (Asp)in the inputs.
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5.8.2.7 Maximum Spacing of Trangverse Reinforcement

Va
Eq. 5.8.2.9-1 = ———— =10.19 k=i
$ brdv
Eg. 5.8.2.7-1
Eg. £a37.0 MaxSpacing = spacingProgram(wu.dv. fe) = 24 n
MAXSPACTNG := Spacecheck{MaxSpacing . spaceNOhmge) = 12 m

seheck ;= ShearCheck(MANSPACTNG, spacelNOhmge) = "OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (gpaceMChings).
The spacing valug may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT 1

Mominal Shear Resistance for members outside Plastic Hinge Region.
Fefer to the AASHTO LRFD Bridge Design Specifications.

5.8.3.3 Nominal Shear Resistance
INPUT '-.-'P = 209 kips

'-'u.— 'n'p

INPUT  spacelDhinge:= 10 m

.

INPUT  asp =031 in~
INPUT  bv = Drllzhaftdiz3
INPUT  Cover:=6 m
INPUT  Dspi= 0625 in

INPUT dyyp = 141 n

B, = 0.9

=]
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Hote: B and & come from Article 5.8.3.441

@B:=20

8=~ 450785 rad
180

Mote: Or, de, and dv eguations come from Article 5.5.2.9.

dy) -
D := bw — Cowver — Disp — = = 46.67 n
Eqg. C5.82.52 de = b + D =418%5% i
2 )

dv = 0.9.de = 37.67 in

| fe
. V. =003160 | —bvdv =257.12 kips
Eg.5.8.3.3-3 [ -, 1000

fve

2Asp: dv- cot{8)
1000

Eg. 58334 V. = =140.132 lkps
spacelNOhmge

Tt o AT LA T — 25T =7 :
¢V, = (Vo + V) ¢, = 357.527 kips

Shearcheck = ShearCheck(¢Vn, V| = "0K

Mote: If ShearCheck returns "Failure”™, either decrease the spacing (g} of the shear reinforcing

(Asp), increase the area of shear reinforcing, or increaze the section size (Acclumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

%2 s NOhine
Eq. 5.8.2.5-1 Avmin = 0.0316. |- = by spacelOinge
- 1000 fre

1000

= 0,560 n

Av:= 2 Asp =062 m
MmimmmTran = TranCheeki{ Avmm, Av) = "0K

Hote: If the minimum transverss reinforcement program responses "Decreaze Spacing or
Increage Bar Size", it is recommended to decrease the spacing (spaceNChinge) or increass the
area of the shear reinforcement (Azp)in the inputs.
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5.8.2. 7 Maximum Spacing of Transverse Reinforcement

Va
Eq. 5.8.2.91 = —— =0.114 ksi
d:uz-b‘.'-c'.'r
Eg. 5.8.27-1
EE. 5272 MaxSpacing = spacingProgram(wn, dv, fe) = 24 n
MANSPACING = Spacecheck{MaxSpacing, space®NOhmge) = 10 m

scheck ;= ShearCheck(MAXSPACING, spacelNOhinge) = "OR"

Hote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (zpaceMChinge).
The spacing valus may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT 5

Mominal Shear Resistance for members outzide Plastic Hinge Region.
Refer to the AASHTO LRFD Bridge Design Specifications.

5.8.2.3 Hominal Shear Resistance

INEUT 1’P = 50 krps

V= ‘."p

INPUT  spaceliOhinge:= 10 m

INPUT  Asp =031 in
INPUT by := Duillzhaftdia3
INPUT  Cover=6 in
INPUT  Dsp:= 0625 in

INPUT =141  in

$. =09

=
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Note: B and & come from Article 5.8.3.4.1

1
b
[=]

EE

Bi= ——45=0785 rad

Note: Dr, de, and dv equations come from Article 5.8.2,9.

dy)
Dr := bv — Cowver — Disp — - = 4667

m

EQ. 058292 de= P+ 41856 i
2 T

dv:=0%de=3767 o

f
V.= 003163 | — rdv = 257.12 ips
Eq. 5.8.3.3-3 V= 00316 ﬁ_ﬂl '_{IClI]I:H dv =257.1 kip
28522 g con(l)
Eq 58334 V = 100 = 140132 kips
= spacelNDhinge

V= (Vo + V), = 357527 kips

Shearcheck = 'S]JEEt’C.:E:LZ[d}".'r]J,"."D.] ="0K

Mote: If ShearCheck returns "Failure”, either decrease the spacing {2) of the shear reinforcing
{Asp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

e bv-spaceMOhing 1
Eq. 5.8.2.5-1 Avmin = 00316, | —o_ DrpaceiOhings o oo -
- 1000 fre
Avi= 2. A=p =062 in

MmimumTran = TranCheck{ Avmin, Av) = "0OE"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceMNOhinge) or increase the

area of the shear reinforcement (A=sp) in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Va
Eg. 5.8.2.941 = ———— = 0027 k=1
d};'b'-"'l"'
Eg. 5.8.2.71
Eg. 58770 MaxSpacing ;= spacingProgram{u, dv. fc) = 24 i
MAFSPACING = SpacecheckiMaxSpacing . spaceNOhinge) = 10 n

scheck = ShearCheck(MANSPACTING, spaceNOhmge) = "0OK"

Note: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (spaceMNChings).
The spacing valug may be MAXSPACING, but verify this works for all other checks.

CONNECTION DESIGN FOR BENT/ABUTMENT TO GIRDER

Bent 2 Connection Design

INBUT Veolbent == V]:.BEDTE =580

INPUT Mzirderperbent = 12 Moirderbent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

dy = 0.3 Tension for A307
b= 073 Shear for A307
iy, = 0.30 Block Shear

dyp, = 0.80 Bolts Bearing

. =035 Shear Connectors
e = 1.00 Flesure

lrl:-m:g]E = 1.00 Shear for the Angle




For Type BT-72 Girders

Hote: Select the grade of bolt being used. It is azsumed that a ASTM A3D7 Grade C bolt is used.

INPUT
INPUT

INPUT

Fub := 38 ksi
Diab =15 m

Ns:=1

Angle Properiies

INPUT
INPUT
INPUT
INPUT

INPUT

INBPUT
INPUT

INPUT

INPUT
INPUT
INPUT
INPUT
INPUT

INPUT

Fyvi= 36 kst
Fu:= 58 k=i
ti=10 n
h:=6 n
w=§ n
l1:=16 m
k=15 m

distanchorhole =4 m

diakeole = 1.75 m
BLSHlength = 11 m
BLSHwadth := 2 mn
Ubs:= 10

a=12 m

[=n
1
[
L
B

Mg = Number of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ultimate Stress of the Angle
t = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle
k = Height of the Bevel

distanchorhele = Distance from the vertical leg to the center
of the hole. This is the location of the holes.

diahole = Diamster of bolt hole
BLSHIength = Block Shear Length
BLSHwidth = Block Shear Width

Uks = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt o the edge of plate

b = distance from center of bolt to toe of fillet of connected
part




Shear Force per Angle:

Vangle = __Veolbent = 40833 kips
XM zirderperbamnt
INPUT n=72 n = number of bolis
Vangle
Vperbolt .= ——= =20.417

Article 6.13.2.12: Shear Resistance For Anchor Bolis

T Diay,” .
A= — = 1787 -
A-b 4

Eq. 6.13.2.1241 thsFn = d:.s-':].-lE-Ab-F'.;b-Ns =36.898 kips CONTROLS MUST USE
1.5" BOLT
Shearcheck = ShearCheck(di:zEn, Vperbolt) = "OK"

HNote: If the program returns "FAILURE", either increase diameter of the bolt {Diab), changs grade of bolt,
increase number of bolts, ste.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

Faor Standard Holes

Eqg. §.13.2.9-1 $bbEn = 2.4 Diay -+ Fub = 205.3 kips

Faor Slotted Holes

INPUT Le=2 in L = Clear dizt. between the hole and the end of the memier

En. 613294 $bbFns .= Le-t.Fub = 116 kips

Bearingcheck = ShearCheck{dbbEn, Vparbelt) = "0K
Beanngschack ;= ShearCheck( dbbEns, Vperbolt) = "0OK"

Hote: If the pragram returng "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Le (hole location).
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Article 6.13.2.10: Tensile Resistance

Hote: This a calculation of the Tension fores on the anchor bolt due o the shear. & moment is taken
about the through bolt in the vertical leg of the angle. The ling of action for the shear force is assumed o
enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangls* 1°. The
distance to the anchor balt in the cap beam is 47, and that is how the Tu equation was derived.

Vangle 1
To= — 22" 10208 kips

distancherhole
Eq. £.13.2.10.241 ©tTn = dy-0.76.Ap - Fub = 62317 kips
Tensioncheck = ShearCheck{ditTn, Tu) ="0K

Mote: If program refurnz "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu := Vpatbelt
Eq. 6.13.2.11-1 Cc:-mbi:EdegTamfP'.;._i'tb_l"'.;b_d::-i:,d:uﬂ = |t 0.76 Ay Fub
Eq. 6.13.2.11-2 ) '
—
i P y £
T 0.76 Ay Fub- |1 - |
'\l] N, 11:!33: g
Bu
2t if ——— =033
[ fsBn |
e )
aer i 22033
[ dsEn)
\ b )
a
Inbined = C-}m':nmed.Frcham[?'.;.Ah .f'.;b.-d:nsRu,-d:nE] =64 B84 kips
itTn. opiad = d Toopbineg = 31.508 kips

Combinedcheck := ShearCheck{diTn

‘combined

Vperbolt| = "0K"

Mote: If program refurnz "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

-

Azv:=t+BLSHlength = 11 m
2 Note this is for if there are
B 18 dahelat — @ 375 . 2
Any = +.(BLSHlength — 1.5 diahola) = 8.375 in 2 through bolts in the
Ant := +(BLSHwidth — 0.5.-dishole) = 1125 in° upper leg.
(Jd-3) BLSHprogram{Agv, Anv, Ant, Ubs Fu,Fv) = |b «— 0.6.Fo-Anv + Ubs-Fu- Ant

¢« 0.6Fy Agv + Ubs.Fu-Ant
a+—hb fbh=c
ae—c fbee

Fxn = BLSHprogram{Agv, Anv, Ant, Ubs Fu, Fy) = 30285 kips

dbsEn = gy, Bn =242.28 kips

BlockShearCheck = ShearChecki{db:Fn, Vangle) = "OK

Note: If program refurns "FAILURE", change diameter of the bolt, number of belis, thickness of
angle, length of angle, efc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer fo

Ur=108 Table D3.1 in AISC Manual
Ant = t.[w — (1-dizhols)] = 425 in”

(D3-1) Ae = AntUt= 235 in

(02-2) 3P = ¢y, -Fub-Ae = 11332 kips

TensionCheack := ShearCheck(diPn, Vanzle) = "0K"

HNote: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {(which iz at
the bolt location). Then the moment was found just above the k height for thiz angle.
The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Mote: This is assuming we
need the same size anchor

INPUT Muangle := 121 kip-m bolt in the top as we do the
bottom.
Zx = & =4 :3
4

Had to increase the

- . thickness of the
n = dpFy-Zx =144 kip-in angle to 1.00 in. and

increase the length 16 in

BendingAngleCheck ;= ShearCheck{din, Muangls) = "0OK"
Hote: If program refurnz "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cee=10
Aw=tw=6 in
(G2-1) thsangleVn = 'dJ:uglE'D-'S'f!r"A\""c" =1294 kips

ShearAngleCheck := ShearChecki{dsangleVn, Vangle) = "OK'

Hote: If program refurnz "FAILURE", change thickness of angle or width of angle.
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BENT 2 EXPANSION CONNECTION

For Type BT-72 Girders

Hote: Select the grade of bolt being uged. It iz azsumed that a ASTM A307 Grade C boll is used.

INPUT Fub := 38
INPUT Day, == 1.5
INPUT Ms =

Angle Properiies

INPUT Fyi= 36
W_UT Fu:= 38
INPUT t:= 1.0
INPUT hi=6
INPUT wi=14
INPUT 1:=20
INBUT k=15

INPUT  distancherhole = 4

INPUT diahole := 1.75
INPUT SlottedHole .= &
INPUT BLSHlength .= 15

INPUT BLSHwidih := 2

INPUT bz =
INPUT a=
INPUT b:=23

k=1

m

I

I

Mg = Mumber of Shear Flanes per Bolf

Fy = Yield Stress of the Angle

Fu = Ulimate Siress of the Angle
f = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center
of the hole. This is the location of the holes.

diahole = Diameter of bolt hole
SlottedHole = Length of Slotted Hole
BLEHlength = Block Shear Length
BLSHwidth = Block Shear Width

Ubs = Shear Lag Factor for Block Shear

a = Diztance from the center of the bolt to the edge of plate

b = distance from cenfer of bolt to toe of fillet of connected
part
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Shear Force per Andle:

Veolbent

Vangle = ——— = 40 833 kips
XNegirderparbent
INEUT n=2 n = number of bolts
Vangls
Vperbolt = —= = 20417

Article 6.13.212: Shear Resistance For Anchor Bolizs

W-Diabj 4
'j"b = T = 1.7&7 o

Eq. 6.13.2.1241 ¢sEn = q:s-{l.-lﬁ-Ab-F'.;b-Ns =36.898 kips CONTROLS MUST USE
1.5" BOLT
Shearchack := ShearCheck(dh=En, Vperbalt) = "OK"

Hote: If the program returns "FAILURE", either increase diameter of the bolt {Diab), change grade of bolt,
increaze number of bolts, stc.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eng. 6.13.2.91 $bbFn = 2.4 Diay -+-Fub = 208.3 kips

For Slotted Holes

INPUT Le=12 i Lc = Clear dist. between the hole and the end of the member

Eq. 6.13.2.94 $bbEn: = Let.Fub =116 kips

Baaringcheck ;= ShearCheck({dbbEn, Vparbolt) = "0OK
Baanngscheck := ShearCheck{ dibbEns, Vperbalt) = "OK"

Hote: If the grogram returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Le {hole location).
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Article 6.13.210: Tensile Resistance

Mote: This a calculation of the Tenszion force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The ling of action for the shear force is assumed o
enter the angle at 1" kelow the through bolt; therefore, the moment due to shear iz Vangle* 1°. The
distance to the anchor kolt in the cap beam is 47, and that is how the Tu equation was derived.

Vangle 1
To= ——2% " _ 10208 kips

distanchorhole
Eq. 6.13.2.10.241 $1Tn = dy-0.76- Ay -Fub = 62317 kips
Tenzioncheck = ShaarCheck{dtTn, Tu) = "0OK

Mote: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.41: Combined Tension and Shear

Pu = Vperbolt
To,ombined = Ccm':-mEdegmm[?u.Ab .F'.;b.d:-sRu,d:u;_l =54.884 kips
$Tocmbined = ® TRcombined = 71908 kips

Combinedcheck = E-':E;J‘Ch.e-:klid:-r'f:cﬂmhﬂed,"..-']:uerba'::l = "OR"

Mote: If program refurnz "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

-

Azvi= t+BLSHlength = 13 m
. SlottadHelz | . . 2 MNote this iz for if there are
e =t ofh _ ] S
A= t|tE-..,5:IlEL1=I:_ 1.5 - | =105 i 2 through bolts in the
' leg.
Ant = +(BLSHwidth — 0.5-dizhole) = 1.125  in° upper ieg

Bn:= BLSHprogram{Agv, Anv, Ant, Ubs, Fu,Fy) = 38523 kips

dbsEn = gy, -Fn =3114 Lips
BlockShearCheck = ShearCheck{dbsFn, Vangle) = "0OK

Hote: If program returns "FAILURE", change diameter of the bolt, number of belis, thickness of
angle, length of angle, etc.

AISC D2: Tenszion Member

Ut = 06 Ut = Shear Lag factor for single Angles. Refer o
T Table 031 in AISC Manual

Ant = t.[w — (1-dizhole)] = 4.25 n”
(D2-1) Ae = AntUt=255 in”
(D2-2) $tPn = ¢, Fub-Ae = 118.32 kips

TensionCheck := ShearCheckidiPn, Vangle) = "0OK"

Mote: If program refurnz "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angls

Note: &4 SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the bolt location). Then the moment was found just above the k height for thiz angle.
The Critical section is a k dizstance away on the horizental leg. This location has the greatest moment.

Mote: This iz assuming we
need the same size anchor

bolt in the top as we do the
bottom,

INEUT Muangle := 121  kipm

Had to increase the

= . thickness of the
GfMn = p-Fy-Zx = 180 kip-in angle to 1.00 in. and
increase the length 16 in

BendingAngleCheck .= ShearCheck{ddin, Muangls) = "0OK"
Hote: If program refurns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv= 10
Awi=tw=58 -
(G2-1) dzangleVn = d:-sa:gle-l:l.ﬁ-}'y-giw{':: 1294 kips

ShearAngleCheck := ShearCheck{dsanzleVn, Vanzle) = "0K

Note: If program refurns "FAILURE", change thickness of angle or width of angle.
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Bent 3 Connection Design

INBUT Veolbent = V]:-Bp_fu:! =324

INPUT MWzirderperbent := 12 Moirderbent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

iy o= 0.8 Tensicn for A307
=073 Shear for 42307
by, = 080 Block Shear

iy, = 080 Bolts Bearing
.= 083 Shear Connectors
e = 1.00 Flexure

ltl:-m:g]E = 1.00 Shear for the Angle

For Type BT-72 Girders

Hote: Select the grade of bolt being used. It is azsumed that a ASTM A30T Grade C boll iz used.

JNPUT F'|_1-:| = 55 l'i3.
INPUT Dhiay, == 1.5 in
INPUT Mz=1 Mg = Number of Shear Planes per Bolt

Angle Properiies

INPUT Fy = 36 ksi Fy = Yield Stress of the Angle
INEUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INEUT t:= 1.00 in t = Thickness of Angle

INEUT hi=6 n h = Height of the &ngle

INPUT w=§& n w = Width of the Angle
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INBUT 1:=12 m | = Length of the Angle

NPUT k=15 in k = Height of the Bevel

INPUT  distanchorhole =4 distanchorhole = Distance from the vertical leg to the center
of the hale. This is the location of the holes.

INPUT diahole = 1.75 n diahole = Diameter of belt hole

INEPUT BLSHlengthi= 6 in ELSHIength = Block Shear Length

INPUT BLSHwidth =2 in BLSHwidth = Block Shear Width

INBUT Ths:=10 Uz = Shear Lag Factor for Block Shear

INPUT 1:=12 n a = Distance from the center of the bolt to the edge of plate

INBUT b:=135 n b = distance from center of bolt 1o toe of fillet of connected
part

Shear Force per Anale:

Veolbe
Vangle = Lﬂt =21.833 kips
2Mzirderperbant
INPUT ni=1 n = number of bolts
WVangle
Vperbolt .= ——=— =21 §33

Article §.13.2.12: Shear Resistance For Anchor Bolts

7 Disy” .
Ay = ——— = 1.767 -
41:' 4

Eq. 6.13.2.12-1 dhsBn = b -0.48.4; Fub.Ms = 36,858 kips CONTROLS MUST USE
1.5" BOLT
Shearcheck := ShearCheckidsEn, Vperbolt) = "0OK"

Hote: If the pregram returns "FAILURE", either increase diameter of the bolt {Diab), change grade of bolt,
increaze number of bolts, ste.
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Article 6.13.2.9: Bearing Resgistance at Bolt Holes

For Standard Holes

Eq. 6.13.2.91 $bbEn = 2.4 Diay -+ Fub = 208.8 kips

For Slotted Holes

INPUT Le=2 in L = Clzar dist. between the hole and the end of the member

Egq. 613264 bbEns = Let-Fub = 114 kips

Beaningcheck = ShearCheck({dbbRn, Vperbelt) = "0K
Beanngscheck := ShearCheck(dbbbEns, Vperbolt) = "OK"

Maote: If the program returng "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lo (hole location).

Article §.13.2.10: Tensile Resistance

Hote: This a calculation of the Tension foree on the anchor bolt due to the shear. & moment iz taken

about the through kolt in the vertical leg of the angle. The line of action for the shear force is assumed o

enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle® 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Vangla 1

distancheorhole

= 35438 kips
Eqg. £.13.2.10.241 §tTa = &by 0.76-Ay, Fub = 62.317 kips

Tenzioncheck ;= ShearCheck(dtTn, Tu) = "0K

Maote: If program returnz "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combined Tension and Shear

Pu = Vperbolt
o mbined = CGm':-mEdegIam[r?'.;_Ab .F'.;b.d:-sRu,d:.E] =62.793 kips
o, pinad = @ T000mbined = 30236 kips

Combinedcheck = Eheuﬁhe:klid:-ﬂ':mmbﬁjed.".-']:-erh{-'.rzl ="0R"

Mote: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

-

Azvi= +BLSHlength = & i
] . . R .2 Mote this is for if there are
wr — W o— (1 5. dizhalal — in
Anv = t.{BLSHlength — 0.5 diahola) = 5125 in 1 through bolts in the
leg.
Ant := t.(BLSHwidth — 0.5.dizhole) = 1.125  in° Hpperieg
Fxn:= BLSHprogram{Agv, Anv, Ant, Ubs, Fu,Fy) = 194 85 kips

¢bsBn = ¢b3-3n:135.33 kips
BlockShearCheck = ShearChecki{dhbsFn, Vangle) = "0OK

Mote: If program returns "FAILLURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, efc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer o

Ur:= 0.6 Tahle D3.1 in AISC Manual
Ant = t[w — (1-diahole)] = 4.25 in”

(D21 Ae = Ant.Ut= 255 i

(D2-2) iPn = b, -Fub-4e = 11832 kips

TensionCheck ;= ShearCheckidiPn, Vangle) = "0OK"

Mote: If program returns "FAILURE", change thickness of angle, length of angle, widih of angle, ete.
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AISC CH. F: Bending of Angle

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the kolt location). Then the moment was found just above the k height for this angle.

The Critical section is a k distance away on the horizontal leg. This location has the greatest moment.

Mote: This is assuming we

need the same size anchor
INEUT Iuansle = 65 —
—_— Muangle := 65 kip-m bolt in the top as we do the
bottom,
Ix = ﬁ =1 513
4

Had to increase the

- . thickness of the
$n = o FyZx = 108 kip-1n angle to 1.00 in. or
increase the length.

BendingAngleCheck := ShearCheck{din, Muangla) = "0K"
Hote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G- Shear Check

Cv=10
Awi=tw=98 in”
(G2-1) thsangleVn == d:EEElE-D.G-F}'-Aw-C': = 1294 kips

ShearAngleCheck := ShearCheck{dzanzleVn, Vangle) = "0OK

Hote: If program returns "FAILURE", change thickness of angle or width of angle.
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Bent 3 Expansion Connection Design

INPUT Veolbent = V]:-BEL'.:E =324

INPUT Wzirderperbent = 12 Moirderbent = Number of girders per bent

Article 6.5.4.2: Resistance Factors

iy = 0.3 Tension for A307
11:.5 =075 Shear for 4307
dy,, = 030 Block Shear

dyy, = 0.80 Bolts Bearing
.= 083 Shear Connectors
11:'; = 1.00 Flesure

11:-53121E = 1.00 Shear for the Angle

For Type BT-72 Girders

Note: Select the grade of bolt being vused. It iz assumed that a ASTM A307 Grade C bolt is used.

INEUT Fub := 58 k=i
INPUT Diay, = 1.5 m
INEUT Hs=1 Mz = Number of Shear Planes per Bolt

Angle Properiies

INBUT Fy:= 36 kst Fy = YWield Stress of the Angle
INBUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INBUT t:= 100 in t = Thickness of Angle

INPUT h=@ in h = Height of the Angle

INBUT wi= & m w = Width of the Angle

INPUT 1:=12 in | = Length of the Angle

INPUT k=15 n k = Height of the Bavel
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INPUT  distanchorhole = 4_ n distanchorhole = Distance from the vertical leg to the center
of the hale. This is the location of the holes.

INPUT diahole := 175 @ diahole = Diamster of bolt hole

INBUT SlottedHole := & m SlottedHole = Length of Slotted Hole

INPUT BLSHlength:=6 in EBELSHIength = Block Shear Length

INEUT BLSHwidth := 2 in BLSHwidth = Block Shear Width

INPUT TUbs:= 1.0 Ubs = Shear Lag Factor for Block Shear

INPUT ai=2 m a = Digtance from the center of the bolt to the edge of plate

INELT bh:=35 in by = distance from center of bolt to toe of fillet of connected
part

Shear Force per Angle:

Veolbant

Vangle = ———— = 21.833 kips
Weirderparbant
INFUT n=1 n = number of bolts
Vangle
Vpatbolt = ——2" — 2] 833

Article 613.212: Shear Resistance For Anchor Bolis

7 Disy,” :
A = —— = 1767 m
4;0 4

Eqg. 6.13.2.1241 dsFu = g 0.48.-4 Fub Is = 36.898 kips CONTROLS MUST USE
1.5" BOLT
Shearchack := ShearChack(dsFEn, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either increase diameter of the boli {Diab), changs grade of bolt,
increaze number of bolts, stec.
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Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eg. 6.13.2.5-1 bbEn = 2 4.Thay, -+ Fub = 208.3 kips

For Slotted Holes

INEUT Le=12 in Lc = Clear dizt. between the hole and the end of the member

Eqg.6.13.2.94 fbbFns i= Le-t-Fub = 116 kips

Beanngcheck = ShearCheck({ ¢bbRn, Vperbelt) = "OK
Baanngscheck = ShearChack({dbbbEns, Vperbolt) = "0OK"

Hote: If the program returns "FAILURE", either change the diamster of the bolt, thickness of the
angle, or Lc {hole location).

Article 8.13.2.10: Tensile Resizstance

Hote: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken

about the through bolt in the vertical leg of the angle. The ling of action for the shear force is assumed o

enter the angle at 1" kelow the through bolt; therefore, the moment due to shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

To= —oomel  _5usg kips
distancherhole
Eg. 6.13.2.10.241 1T = dy-0.76.43 - Fub = 62317 kips

Tensionchack := ShearCheck({¢tTn, Tu) = "0OK

Hote: If program returns "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combined Tension and Shear

Pu = Vparbolt

Tu Cu::-m':uLuEd.Fmgamf?'.;_ﬂb .F'.;b.d:-sRu,d:-E] =62.795 kips

combined =
oy o bined = S T8 ombined = 30236 kips

Ceombinedcheck = Sheu{;h’ecklld:'ﬂ-:{:ﬂmhmed B

Vperbolt] = "0OK"
Mote: If program returns "FAILURE", change area of the bolt or grade of bolt.
AISC )4 Block Shear

-

Agvi= t BLSHlength = 6 m
S . SlottedHeola | .2 Mote this is for if there are
Aavi= t| BLSHlength — 0.5 ———— | =4.5 1 through bolts in the
legq.
Ant := t.(BLSHwidth — 0.5.dishole) = 1.125  in" Hpperieg
Fn := BLSHprogram{Agv, Anv, Ant, Ubs Fu,Fv) = 194 83 kips

¢bsBrn = ¢b3-3n:135.33 kips
BlockShearCheck := ShearCheck(dhbsFn, Vangle) = "0OK

Hote: If program refurnz "FAILLURE", change diameter of the bolt, number of bolis, thickness of
angle, length of angle, efc.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer fo

Ut:= 06 Table D3.1 in AISC Manual
Ant = t.[w — (1 dizhole)] = 4.25 i

(D3-1) Ae= Ant.Ut=2.55 in

(D2-2) P = b, Fub-Ae = 113.32 kips

TensionChack ;= ShearChecki{diFn, Vangle) = "0OK"

Mote: If program refurns "FAILLURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which is at
the bolt loeation). Then the moment was found just above the k height for thiz angle.

The Critical section is a k distance away on the horizontal leg. This location has the greatsst moment.

Mote: This is assuming we

nead the same size anchor
INPUT fuanels ‘= 65 i
—— Mnangle := 65 kip-m belt in the top as we do the
bottom.
Zxi= ﬂ =3 513
4

Had to increase the

- o thickness of the
G = dp Fy Zx = 108 kip-in angle to 1.00 in. or

increase the length.

BendingAnsleCheck = ShearCheck{dhin, Muangls) = "0K"
Hote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cr=1.10
Awiztw=8 i::
(G2-1) thsangleVn = d:usa:glE-D.lS-f}'-Aw-C':: 1296 kips

ShearAngleCheck := ShearChack(dsanzleVn, Vangle) = "0OK

Hote: If program returns "FAILURE", change thickness of angle or width of angle.
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Bent 4 Connection Design

INPUT Veolbent = V]:-B entd
INPUT Mzrderperbent == 12 Moirderizent = Mumber of girders per bent

Article 6.5.4.2. Resistance Factors

by o= 0.8 Tension for A207
b, = 073 Shear for A307
by, = 080 Block Shear
= 0.0 Bolts Bearing
.= 085 Shear Connectors
e = 100 Flexure

11:-53:%]E = 1.00 Shear for the Angle

For Type BT-72 Girders

Hote: Select the grade of bolt being used. It iz azsumed that a ASTM A307 Grade C boll is used.

JN:DII_.IIT F'|_1':| = 53 l'i:s.
INPUT Diay, == 1.5 n
INEUT Ns:=1 Mg = Number of Shear Flanes per Bolt

Angle Properiies

INPUT Fy:= 36 ksi Fy = Yield Stress of the Angle
INPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INPUT t:= 10 n t = Thickness of Angle

INPUT hi=6 n h = Height of the Angle

INPUT w= & in w = Width of the Angle
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INPUT 1:= 16 n
INPUT k=15 n
INPUT  distanchorhele = 4 @
INPUT diahole == 1.75 n
INEUT BLSHlength == 11 in
INBPUT BL&Hwidth := 2 in
INPUT e = 1.0

INBLUT a:=2 TH
INPUT b: =35 I

Shear Force per Anale:

Veolbant
Vangla ' = ————
2Mezuderparbant
INPUT ni=2
Vperbelt := Vangle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center
of the hale. This is the location of the holes.

diahole = Diameter of bolt hols
BLEHIength = Block Shear Length
BLSHwidth = Block Shear Width

Ubz = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt to the =dge of plate

b = distance from center of bolt to toe of fillet of connected
part

.
e
g
L

kips

n = number of bolis

=21.875

Article 6.13.2.12: Shear Resistance For Anchor Bolts

,
m-Diay,”
4

= =1.747

A

Eg. 6.13.2.1241

Shearcheck ;= ShearCheckid:En, Vperbaolt)

drsFn = -0 48- Ay Fub.Ms =36.898

CONTROLS MUST USE
1.5" BOLT

kips

QK"

Mote: If the program returns "FAILURE", either increase diameter of the ol (Diab), change grade of bolt,

increaze number of bolts, etc.
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Article 6.13.2.9: Bearing Reszistance at Bolt Holes

For Standard Holes

Eqg. 8.13.2.9-1 dbbEn = 2.4-Diay -t Fub = 208.8 kips

For Slotted Holes

INEUT Le=2 in Lc = Clear dist. between the hole and the end of the member

Eg.£.13.2.54 $bbBns = Let-Fub = 116 kips

Beanngcheck = ShearCheck( d¢bbFn, Vperbelt) = "0K
Beanngscheck := ShearCheck(dhbbEns, Vperbalt) = "OK"

Mote: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lc (hole location).

Article 6.13.210: Tensile Resiztance

Hote: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through Bolt in the vertical leg of the angle. The line of action for the shear force is assumed to
enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Vangla 1
To= ——=%"  _ 10938 kips
distancheorhole
Eq. 6.13.2.10.2-1 iTn = e 0.76- 4y Fub = 62317 kips

Tensionchack := ShearCheck(ditTn, Tn) ="0K

Mote: If program returns "FAILLIRE", change area of the bolt or grade of bolt
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Article 6.13.2.11: Combined Tension and Shear
Pu := Vparbolt

Tu CGm':umEd.FmgIamf?'.;..ﬂ.b .f'.;b.-d:usRu,d:-;| =62.73 kips

combined =

iTn =50.184 kips

combimed = P T2combined
Combinedcheck = S-'ZEal{:hECklid:lTT:{:Dmmed,"."]:lEt‘.IZICI'.T::l = "0OK"
Note: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

Agv:= + BLSHlength = 11 n
_ e e m e . 2 MNote this is for if there are
Anv = t.{BLSHlength — 1.5-diahola) = 8375 n 2 through bolts in the
leq.
Ant = t-(BLSEwidth — 0.5.dizhole) = 1,125 ix- UPpEricg
Fn = BLSHprogram(Azv, Anv, Ant, Ubs, Fu,Fy) = 302,85 kips

dbsBn = g, -Bn =242 28 kips
BlockShearCheck = ShearCheck(dhbsFn, Vangle) = "0K

Mote: If program returns "FAILURE", change diameter of the bolt, numizer of bolis, thickness of
angle, length of angle, etc.

AISC D2: Tenzion Member
Ut = Shear Lag factor for single Angles. Refer o

L= 08 Table D3.1 in AISC Manual
Ant = t.[w —{1.dizhols)] = 425 m

(D2-1) A= Ant.Ut=2.55 i

(D2-2) dtPn = b, -Fub-Ae = 11832 kips

TensionCheack ;= ShearChecki{diPn, Vangle) = "OK"

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angls

Hote: & SAF Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the kolt location). Then the moment was found just above the k height for this angle.
The Critical section is a k dizstance away on the horizental leg. This location has the greatest moment.

Mote: This is assuming we
need the same size anchor
bolt in the top as we do the
rottom.

INFUT Muangle := 125

kipm

Loty 3
Ix = u =4 i
1

Had to increase the

= . thickness of the
o= gpFy-Zx= 14 kip-in angle to 1.00 in. or
increase the length 16 in.

BendingAngleCheck = ShearCheck{ddhin, Muangls) = "0K"
Mote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cvi=1.0
Awi=tw==6 i
iG2-1) dsangleVn = d:sa:g.le-l:l.ﬁ-l"y-z'-".w-(': =1294 kips

ShearAngleCheck == ShearCheck({dsanzleVn, Vangle) = "0K

Hote: If program refurns "FAILURE", change thickness of angle or width of angle.
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Abutment 1 to Girder Connection

Veolbent := 627

INPUT

INPUT Mzwderperbent = &

For Type BT-72 Girders

kips

Moirderbent = Mumber of girders per bent

Hote: Select the grade of bolt being used. |t iz assumed that a ASTM 2307 Grade C bolt iz used.

INBUT Fub := 38 ksi

INPUT Diay:=13 i
INPUT Ms:=1

Angle Properiies

INBUT Fy:= 36 ksi
INBUT Fu := 58 k=
INBUT t:= 1.0 n
INEUT hi=6 n
INPUT wi=§ n
INPUT 1:= 20 n
INBUT k=15 n
INPUT  distanchorhole:=4 @

INBUT diahole == 1.73 in
INBUT SlottedHaola := 6 in
INPUT BLSHlength = 15
INBUT BLSHwadth :== 2 in
INPUT Uhs:= 1.0

INEUT a:=2 1
INPUT h:=35 in

Mg = Mumber of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ulimate Stress of the Angle
t = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the vertical leg to the center of
the hole. This iz the location of the holes.

diahole = Diamster of bolt hole
SlottedHole = Length of Slotted Hole

BLSHIength = Block Shear Length

BLSHwicth = Block Shear Width

Ubs = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt to the edge of plate

lx = distance from center of bolt o toe of fillet of connected
part
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Shear Force per Angle:

Veolbent
Vangla .= — 52.25 kips
Menderparbant
INPUT ni=2 Mo = NUMBET of boitz per flange
. Vangle
Vperbelt := ——— = 26125 kips
n

Article 6.13.2.12: Shear Resistance For Anchor Bolts

TT-:)Lab: -
Ay = =1.767 3
T 1 In

Note: This iz checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheckidizEn, Vperbalt) = "OK"

Hote: If the program returns "FAILURE", either increase diameter of the bolt {Diab), change grade of bolt,
increase number of bolts, ste.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes

Eq. £.13.2.9-1 bbbEn = 2.4-Diay -+ Fub = 2088 kips
For Slotted Holes

Eq. 68.13.2.9.3 bbEns = 2.0-Diay-t-Fub =174 kips

Bearngcheck := ShearCheck{dbbFn, Vparbelt) = "0K
Bearingscheck .= ShearCheck(dbbEns, Vperbolt) = "OK"

Note: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Le (hole location).
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Article 6.13.2.10: Tensile Resistance

Note: This a calculation of the Tension force on the anchor bolt due o the shear. A moment iz taken

about the through bolt in the vertical leg of the angle. The ling of action for the shear force is assumed (o
enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangle* 1°. The

distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Ta= —o2glel 306 kips

distancheorhole
Eg. £.13.2.10.21 biTn = 0.76-Ay Fub = 77.806 kips

Tensioncheck = ShearCheck({dgtTn, Tu) = "0OK

Mote: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear
Pu := Vperbelt
Eq. 6.13.2.111 Tn

hinad = C-}m':ui:ed.Fmg'ram_rP'.;._i'tb_l"'.;b,d:uslu,d:u;_| = 35008 kipz
Eq. 6.13.2.11-2 combmes

P T0. o mbined = P TRopmbined = #4-007 kips

Combinedcheck = EhearCheckf-d:ntTn:Dmbmd,".-']:nerb-nlr"| ="0K"

Note: If program returns "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear

Agv:= t+ BLSHlength = 15 i

F SlottedHole | s Mote this is for if there are
Anv:= t.| BLSHlength — 15002 | _ 105 in° 2 through bolts in the

. ! upper leg.

Ant = t-(BLSHwadth — (.5 -dzahele) = 1.125 n

(J4-5) En = BLSHprogram(4gv, Anv, Ant, Ubs, Fu,Fy) = 389.25 kips

dbeEn = by Fn=3114 kips

BlockShearCheck = ShearCheck(dbsEn, Vangle) = "OE"

Mote: If program returng "FAILLURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etec.

AISC D2: Tension Member
Ut = Shear Lag factor for single Angles. Refer o

Lr=086 Table D3.1 in AISC Manual
Ant = t-[w — (1.dizhola)] = 4.25 m

(D31 Ae = Ant.Ut=1255 i

(D2-2) $tPni= b, Fub-Ae = 118,32 kips

TensionCheck = ShearCheckidiPn, Vangle) = "0OK"

Note: If program returns "FAILLURE", change thickness of angle, length of angle, width of angle, ete.
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AISC CH. F: Bending of Angle

Note: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. (which iz at
the baolt location). Then the moment was found just above the k height for thiz angle.
The Critical seclion is a k distance away on the horizontal leg. This location has the greatest moment.

Mote: This iz assuming we

INEUT Muangle := 155  kipm need the same size anchor
bt in the top as we do the
" bottom.
Zni= LU =35 ":3
4

Had to increase the thickness

dfhn = iy FyZx = 180 kip-in of the angle to 1.00 in. and
increase the length 18 in.

BendingAngleCheck = ShearCheck{ddhin, Muangls) = "0K"

Note: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cwvi=110
Awi=tw=16 i::
(G2-1) dsangleVn = d:-EuglE-l:l.lS-F}'-Aw-'C': = 1294 kips

ShearAngleCheck = ShearCheck(dsanzleVn, Vangle) = "0OK

Note: If program returns "FAILURE", change thickness of angle or width of angle.
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Abutment 5§ to Girder Connection

INPUT Veolbent := 130 kips

INPUT Mzirderperbent .= 6 Moirderient = Number of girders per bent

For Type BT-72 Girders

Mote: Select the grade of bolt being used. It iz aszumed that a ASTM A30T Grade C bolt iz used.

INPUT Fub := 58 ki
INPUT Dia-h = 1.25 m
INBUT Ns:=1 Mz = Number of Shear Planes per Bolt

Angle Properiies

INBLUT Fy:= 36 kst Fy = Yield Stress of the Angle

INPUT Fu = 5% k=i Fu = Ulimate Stress of the Angle

INPUT t:=0.75 n t = Thickness of Angle

INPUT h=6 n h = Height of the Angle

INPUT w= 6 in w = Width of the Angle

INBUT 1:=12 n | = Length of the Angle

INPUT k=15 in k = Height of the Bevel

INPUT  distancherhole = 4 o distanchorhole = Distance from the vertical leg to the center of
the hole. This is the location of the holes.

INBLUT diahele = 1.5 n diahole = Diameter of belt hole

INPUT SlottedHola:= §  in SloftedHole = Length of Slofted Hole

INBLUT BLS5Hlength := in BLSHlength = Block Shear Lengih

INPUT BLSHwidth == 2 m BLSHwicth = Block Shear Width

INBLUT TUhs:= 10 Ubs = Shear Lag Factor for Block Shear

INPUT 1:=72 n a = Distance from the center of the bolt to the edge of plate

INBUT bi=35 m b = distance from center of bolt to toe of fillet of connected

part
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Shear Force per Angle:

Veolbant

Vangla = ——— =125 kips
2Mgirderparbant
INEPUT n=1 Myoee = NUMber of bolts per flange
L Vangle o=
Vperbolt:= ——— =125 kips
I

Article 6.13.2.12: Shear Resistance For Anchor Bolis

Tl'-:)Lab: -
A= =1.227 in~
4
Eq. 6.13.2.12-1 sBn = ¢5-ﬂ.43-a'-hb-fub-N:~ =15.624 kips

Mote: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck(d:En, Vperbalt) = "0OK"

Mote: If the program returng "FAILURE", either increase diameter of the bolt (Diak), change grade of balt,
increaze number of bolts, etc.

Article 6.13.2.9: Bearing Reszistance at Bolt Holes

For Standard Holes

Eqg. £.13.2.5-1 bbEn = 1.4 Diay,-t-Fub = 1305 kips

For Slotted Holes

Eq. 6.13.2.8.3 tbbEns = 2.0-Diay,-t-Fub = 108.75 kips
Baanngcheck = ShearCheck{dbbFxn, Vparbelt) = "0OK
Baaringscheck := ShearCheck( dbbBns, Vperbelt) = "OK"

Hote: If the program returns "FAILURE", either change the diamster of the bolf, thickness of the
angle, or Le (hole location).
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Article 6.13.2.10: Tensils Resistance

Mote: This a calculation of the Tension forcs on the anchor belt due to the shear. A moment iz taken
about the through kolt in the vertical leg of the angle. The ling of action for the shear force is assumed o
enter the angle at 1" below the through belt; therefore, the moment due to shear is Vangls* 1°. The
distance to the anchor balt in the cap beam is 47, and that is how the Tu equation was derived.

Ta= —vmglel 4595 kips
distancherhole
Eq. £.13.2.10.2-1 &tTn = 0.76. A Fub = 54.094 kips

Tensioncheck = ShearCheck(dtTn, Tu) = "0OK

Mote: If program returnz "FAILURE", change area of the bolt or grade of bolt.

Article 5.13.2.11: Combined Tension and Shear

Pu := Vperbelt

Eg g EE 1 :-; Tn,_ ohined = C-}m':ui:ed.FrﬂgIam[P'.;._i'tb.F'.;b,d:-siu,-d:u;J =47221 kips
P T8 bined = $ T0oombined = 37777 kips

Combinedcheck = ShearCheck{dbtTn Vangle) = "0K

combined-

Note: If program returnz "FAILURE", change area of the bolt or grade of bolt.
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AISC )4 Block Shear

Agv:= t+ BLSHlength = 4.5 in
SlottedHols | 5 Mote this is for if tljere are
— one through bolts in the
2 J upper leg.
Ant := t-(BLSHwidth — 0.5-dizhole) = 0.938 n

1
L
[
i
N

=

Anv:= t.| BLSHlength — 0.5

(J4-3) Fn = BLSHprogram{Agv, Anv, Ant TThs Fu Fy) = 151 575 kips
bsEn = ¢y, Bn=121.26 kips

BlockShearCheck = ShearCheck(db:En Vangls) = "OE"

Mote: If program refurnz "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, elc.

AISC D2: Tenszion Member
Ut = Shear Lag factor for single Angles. Refer o

Ut:= 0.6 Table D3.1 in AISC Manual
Ant = t.[w —(1.dizhols)] = 3375 m

(D3-1) Ae= AneUr=2005 in”

(D2-2) iPn = dy-Fub-Ae = 9306 kips

TensionCheck := ShearCheck{htPn, Vangls) = "OK"

Mote: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, stc.
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AISC CH. F: Bending of Angle

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the bolt location). Then the moment was found just above the k height for thiz angle.
The Critical secfion is a k dizstance away on the horizontal leg. This location has the greatest moment.

Mote: This is assuming we

INPUT Muangle := 44  kip-m need the same size anchor
bolt in the top as we do the
- bottom.
Lty 3
zxo= 2 ) g in
4

Had to increase the thickness
bMn = by FyZx = 60.75 kip-im of the angle to 0.75 in. or
increase the length.

BendingAngleCheck := ShearCheck{dihin, Muangls) = "0K"

Hote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G Shear Check

Cvi=10
Awi=tw=435 -
(G2-1) thzangleVn = -d:uzugle-ﬂ.é-l:}'-gl\v-(': =972 kips

ShearAngleCheck := ShearChecki{dzangleVn, Vangle) = "0K

Mote: If program returns "FAILURE", change thickness of angle or width of angle.
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Appendix H: Scarham Creek Bridge LRFD Specification Design

Designer: Paul Coulston ORIGIN == 1
Project Mame: Little Bear Creek Bridge
Joby Mumber:

Date: 8/2/2010

Descrigtion of worksheset: This worksheet iz a seismic bridge design workshest for the
AASHTO LRFD Bridge Design Specification. 2l preliminary design should already
e done for non-seismic loads.

Project Known Information

Location: Marshall County
Zip Code or Coordinates: 350069 N 882025 W

Superstruciure Type: AASTHO | girders
Substructure Type: Circular columns supported on drilled shafiz
Abutment Type: Abutment beam sugported on drilled shafte

Mote: Input al of the below information.

fo = 4000 pai
fya = 60000 pu

Peone = 008681 -
:i.'l.'l-t
in
g:= 3864 2
Length of Bridge ift) L:=3520 it
Span Length {ft) Span = 130 &
Deck Thickness (in) Yack = 7 in

Ceck Width (ft) Deck Width := 40 ft

Girder ¥-Sectional Area (in?) GirderArea := 767 n

Lo
La
N
.
=]
1
—
=
ey
=
ot
=

Bent Volume (ft2)
Guard Rail Area (in?)

Column 1 Diameter (in)

Column 2 Diameter (in}

Cirill Shaft 1 Diamester (in)

Cirill Shaft 2 Diamester (in)

Drill Shaft 3 (Abutment) Diameter (in)

BentVolume == 7.5-3.5

CuardRailAres .= 310 m

Colummndial == 60
Colummdia? = 72 in
Dinllshaftdial := &6 mn
Drillzhaftdia2 := 78 m
Dinllshaftdiald := 54 m

(=]




Strut 2 & 4 Depih (in)
Strut 2 & 4 Width {in)
Strut 3 Depth (in)
Strut 3 Width {in)

Tallest Above Ground Column Height Bent 2 {fi)
Talllest Above Ground Column Height Bent 3 (ft)

Tallest Above Ground Column Height Bent 4 (fi)

Length of Strut 2 & 4 [ft)
Length of Strut 3 (ft)

Column 1 Area {ind)

Column 2 Area (ind)

Crilled Shaft 1 Area (in?)

Crilled Shaft 2 Area (ind)

Crilled Shaft 3 Area (ind)

Bent 2 and 4 Strut Yelume (ft3)

Bent 3 Strut Volume (ft2)

Stmat2Depth = 72 m
Stut?Width = 42 m
Stmat3Depth = 120 m
Stuat3Width = 42 m

ColummHe:ght? = 34022

ColummHeightd = 58 134

ColummBHe:ghtd .= 32156

Lstrat? := 19 i
Lztratd := 18 fi
Columndial ™ 32
Acolumn] = 203 T _5827%10° i’
4

N ] ) .

Acolumn? = w =4072% 107 i
Ads] o DElaBARLTT s 10? in”

4
Drillshaftdia2” 70 3 )
Adsd = —— 0 R 778 107 w
4

Aded = DIi]]shafdiaS_ T =239 C'3 iuj

Strutl (= 6.3.5.19 = 399

Stru? = 1003518 = 630

Note: Theze are variables that were easier to input in

ft and then convert to inches.

L=112=624%10°

Span := Span-12 = 1.56 % 10° in
DeckWidth = DeckWidth.12 = 480 in

BentVolume = BentVolums- 127 = 2.851 = 155 in

ColumnHeight? := ColmmnHeighi?. 12 = 408,264 in

ft
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ColumnHeight3 == ColumnHeight3. 12 = 709632 in
ColumnHeaightd := ColomnHeight4. 12 = 3185872 1m
Strutl = Strut]-12 = 4.788 x 10° i

-

Strut? = Strut2. 12 = 756 % 10° i

Steps for Seismic Degign

Use Appendix A3 Ssizmic Design Flowchars

Dezcription of Difference from Guide Specification

The LRFD Specification is a force based approach to design verses the Guide Specification which is a
displacement based approach. The LREFD Specification has an Response Modification Factor (R) that
will b2 uzed in calculating the loads applied to the struciure.

Article 3.10.1: Earthguake Effects - This iz just the applicability of the Specifications.

Article 2.10.2: Determine Design Responge Spectrum

MNote: AASHTO Guide Specifications for LRFD Seismic Bridge Design is accompanied
with a program that hag the Seismic Hazard maps. Thig program will caleulate several
of the variables that are needed for the analysiz.

1) Article 3.10.3.7:Determine the Site Class.
INPUT Site Class: D
2) Enter maps and find PGA, 5_and 5,. Then enter thoze valugs in their respective spot.
PGA :=0.116 z

INEUT 5 =0272 g

5, =0092 g

3) Article 3.10.3.2: Site Coefficients. From the PGA, 5, and 5, values and site class
choose Fpgy, Fy, and F . Mote: straight ling interpolation iz permitted.

Fpoa = 137
INBUT
1"E = 1.58
1"_‘_ =24
A =FpoaPGA=0182 g

£ ":‘5 : Acceleration Coefficient
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5Ds

D1

F.§ =022 ¢

4} Creating a Response Spectrum

Spg = Short Period Acceleration Coefficient

5|:u1 = 1-gec Pericd Acceleration Coefficient

Note: The DesignSpectrum Code creates a Response Spectrum for the Bridge. At this time
the period of the bridge is unknown; therefore, the Sa value cannot be calculated.

Tmax:=2 s Dt:= 0001 s

DasignSpectrum| SDS . 5D1, A, Tmax, D:‘| =

T, +

a'.

3._

a‘.

E «
E

T.
i

SD1
SDS

T,< 02T,

Tmax

«— D1

co Del
.-5.5|-—_I + A,

a

«—3SDS f DeizT, ADtisT

«— (5Ds - if Dei<T,
5D1
Dt1

if Dta»T

—

s

augmenti T, a)

BrdzeSpectium = :)E:»ig_'uﬁ]:ue-:tnuul: :Ds,5D1A,, Tmax,ij

482




Response Spectrum

0.5 T T T
—
=1}
= | \
= o4 | E
= -
5 Ay
¥ ,
o
o ) \".
< o3p .
]
¥
W
s 0.2 -
g
o
4
o
0.1 — L —
0 0.5 5 2

Penod (secs)

Article 3.10,6: Selection of Seismic Performance Zones

5D1 =0221 g From Table 3.10.6-1 Choose SPZ

SDCprogram(501) == | for ce 3D1

e« "1" of SD1 =015

e "2" if SD1 =015 A 5Dl =03
ce="3" f 5Dl =03A5D1=05
¢ "47 of SD1 =05

5DC = SDCprogram(SD1) = "2
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Article 3.10,5. Bridge Importance Category

Operational Classified: Other bridges

Article 3.10.7: Rezsponse Modification Factors
For Substructures: Table 2.10.7.1-1

INPUT Multiple Column Bents Eoup =30

For Connections: Table 3.10.7.1-2
INPUT Superstructurs to Abutment R_lm_mem = 0.8
INPUT Columns to Bent Cap Rmhm,ap =10
INPUT Column to foundation By mdation = 10

Article 4.7.4.3 Multizpan Bridges
Article 4.7.4.3.1 Selection of Mathod

Referto Table 4.7.4.3.1-1 to zelect the required analysis procedure. Thiz a funclion of ssizmic
performance zone, regularity, and operational classification. For the worst case in Alabama, we
can use gither the Uniform Load Elaztic Method or Single-Mode Elastic Method.

Mote: There are two methods that can be used according to this procedurs. The Uniform Load Method is
auitable for regular bridges that respond princigally in their fundamental mode of vibration. The Single
Mode Spectral Method may be a better method if there iz & major change in the gpans, stiffness of the
piers, etc.

The Uniform Load Method iz simpler and less time consuming and will give accurate results, and this iz
the reason it has been chosen in this design.

Article 4.7.4.3. 2c Uniform Load Method

Siep 1: Build a bridge model

Siep 20 Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse dirsction.
Also, the uniform locad can be convertzed into peint loads and applied as joint loads in
SaP. Calculate the static displacement for beth directions. In SAP, tables of the
dizplacements can be exported to EXCEL, and the MAX Funciion can be used fo find the
maximum displacement.

Step 32 Calculate the bridge lateral sfiffness, K, and total weight, W.

kip

P, = 1.0 ”
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VmaxLong =
INPUT
VemaxTran =
pyL
K onz= - _
smaxLong
p.-L
Po
Efyan =
Y maxTran

0.382075

43

=1633x 10"

= 1441 % 10°

kip

I

=

B g

INPUT: Multiplying factors

L (t3o.) DeckWidth + GirderArea 6 + GuardRailfres) + 3. BentVelume ...

Peone'|
| +4-Acelumn]-(2ColhmmHaight? + 2-Colunnfeightd) + 2 Acohuon? - ColumnHeight3 .
- + Strutl -2 + Stui?
W= =
1000
W=T28591% kips

Step 4: Calculate the peried, T

W

T J=2m |
mLong - K]_Gui_,-g

0.213

Step 50 Calculate equivalent static earthguake loading p_.

; . \ s5D1
355|\533-53--Tan:g-;‘:J = 5{_E
Tc — {I.E-T3
for ae Tm.T_uug
] [ Tﬂ‘.'l:.{lﬂE
3« |5D5 —As_|-—r —+ A Torone<Ts
R £
3+ 3D5 if Tn:l.T_ou_s “-_"TD . Tm:_.a:z = 'l's

3 if Tm.T_-:-n_z S T:

Tml.-:-ug

Basea
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Camy o, 0= 20e(SDS, SD1, Tyg oo A,) = 043

o ey M
in

Palong =

Step B: Calculate the dizplacements and member forces for use in design by applying p, to

the model or by scaling the results by pip,.

PeLong )
VsmaxLong = P_'vsulaxLo:g =012 n
o

Repeat Steps 4, 5, and & for franzsverse loading.

Step 4: Calculate the period, T,
W

T. =2m |
mTran
A Etyan'2

=0719 =

Step 50 Calculate eguivalent static earthguake lcading p,.

Camp. = a:c|:533-. SDLT Tpan- ) = 0307
Cam, .. W B
i =350 k-_:'

PaTran =

the model or by scaling the results by p.fp,.

. _ PaTran .
YsmaxTran -~ “VemaxTran = 1573 m
o

Step 8: Calculate the displacements and member forces for use in design by applying p, to
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Single-Mode Spectral Method

Article 4.7.4.3.2: Single-Mode Spectral Mathod

Siep 1: Build a bridge mode

Step 2: Apply a uniform load of Po = 1.0 in both the lengitudinal and franzverse direction.
Calculate the static displacement for both directions.

Siep 2: Calculate factors o, B, and y.

Mote: The Deflection equationg come from analysiz of the SAP model. The digplacement iz
taken at the jointzs along the length of the bridge and input into an Excel Worksheet, Then a
graph iz created of the displacements along the length of the bridge. A best fit line is plotted,

and that iz the equation that iz shown balow.

INPUT v 00 = —3107 - + 0.0016-x + 1.4093
L
C4.7.4.3 201 OTpan = | Vatgan(®) dx
o
oL
CaTAIW2  Brygy= | T ama(®
L
" — 1].: - i *2 — & I 4
C47.43203 Trw™™ | T Teman(® dx=3308x10

o = Displacement along the length
B = Weight per unit length * Displacemeant

y = Weight per unit length * Displacement?

Siep 4: Calculate the Period of the Bridge

1T
T =Im | ——— -0389 5
mlranl
2| Po 8 %Tan
. | TLong
Tyl ol = 2T | ———o— =0.206 :

y Po' B ong

"'slnnE{X} =110

O ong

TLong *

L5 + 0.0001x + 0.1563

L

"':ln:g’:}{: dx
‘0

L -
'—-1-5101_1_1{:{} dx

L
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Step 5 Calculate the eguivalent Static Earthguake Loading

C = ace(3D%,8D1, Tpp gpo - Ag) = 043

sl ong ¢

Step & Calculate the displacements and member forces for use in design by applying p, to
the model or by scaling the results by po'pe.

PLongComlons W
. gy = .
Pelong(x) == —'f""s'.uu_z:"‘"

Long

W = L
100
i:=1.101
Felﬂ:g__ = Paleong[{z — 15.dW] El]{:-ug.l = "-s]{:-ug[{i - 1NdW]

fhl-:u:gj = Pelong -dlong.

Force Along the Length

T T —T
7
:-E_ 04 N
LY
£F
= 0.2 4
[
] 1 ]
3 3 K
4] 210 2x10 G 10

Length (in)

Felonglx) — 0.00014153071445361569124-2 + —1.Jf1'53E'.-'14--1936155912er-S-:‘:2 + 0.221212506753521325
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Deflection Along the Length

0.25 T L

= 0o ' ' i
k= 0.15 ]
o f/
E ol .
= -
[ e -
2 0.03

| 1 1 1

- - - - -

0 10T 10 610 10

Length (in)

Mazimum Deflection

max{Along) =0.234 m

MOTE: Repeat Steps 5 and 6 for Transverss Direction.

Siep 5o Calculate the eguivalent Siatic Earthguaks Loading

ComTran = 3c¢(SDS.SDL. Ty ) A, ) = 0375

Step B: Calculate the displacements and member forces for use in design by applying pg to
the model or by scaling the results by p/o,.

ﬁTran'c smlran W

PeTran(x) = Sty (%)
TTran L o
PeTran(x) — 0.000241132438505512023633 1 + —l.5213332219?53536ElEe-S-x: + 0.2123824659911363203
AL = —
100
1:=1..101
P‘E’cr;u.Ll = PeTran[(1 — 1).dL] El:rau__ = Voppanl i — 12dL]

Atran = Pe.‘ra:].- -5‘tr:a.1.1.l

489




Force along the Length

T T T
Z
z l
0
:'-'j 0.2 .
0 1 1 I
0 23{153 -1-:><'.'.'3E &{193
Length (in)
Deflection along the Length
2 — T
= x' .
= Lir ' 7
b= - _
=
7 0.sH .
o N,
1 1 |
] 2=l E'3 -‘I-><:1l:I3 l5:><'.u-3 E><]Cl'='
Length (in)
Maximum Deflection
maxiAtran) = 1.891 i
Article 2.10.8 Combination of Seismic Force Effects
. oy 2y 2 kip
LoadCazel = | | l'ﬂ'?e'l'rau) + LG'S'PEL{ng =385 T
T 2 g W2 kip
LoadCaze? := I l'ﬂ':‘:'el_c:-n_zj + |_':'"':‘:'e'1'r311,| =103513 e
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Article 3.10,9.3 Determing Design Forces
MaxloadCase(x. vl = Jase—x f x2y
ae—v ifvyzx
a

NominalForee := MaxLoadCase(LoadCaszel . LoadCasze2) = 0.513

Mote: The Reg values are factors that will be used to muliiple loads that come out of SAP 2000, The
MominalForce variatle ig truly just a factor also. It is eagier to apply these factors to the loading for po
than to change the loading in SAP 2000 because if an error is made in calculating pe then the loads
will have to re-entered.

- MommalForce — 0,103

Multiple Column Bents Req.yhetmcture R
sub

Hote: Article 3.10.9.3 specifies that the Drilled shafis be desgigned for half of the R valus. R/2 also must
not ke taken lezs than 1.

NommalForce

Reapiledshatts = 5 o - 0207
. wEE E 03
Connections
_ NommalForea -
Superstructure to Abutment Eeq.yhtozbuteon = . =064l
ADutment
R _ NommalForee 0513
Columns to Bent Cap Fleoltocapeon = =il
columncap
R _ NominalFores — 0513
Column to foundation Fleoltofoundeon = -

R‘f{:rmdatiﬂu
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LOADS FOR DESIGN

HOTE: &ll the loads calculated in this section are for a single column or drilled shaft.

COLUMM SHEAR PROGRAM

Shear{Vu, Begmubstucture) = |2 +— Vu-Ragoubstmuctore

2

AXIAL LOAD PROGRAM

PDEATNPeq.Pd, Fsub, Regmubstmeture) i= |2 « | |Peq Ragsubstruchore — —
\ Foub |/

( Pd |

=l

Mote: The axial load program calculates the minimum axial load on the column. This will needed later
in the design process.

BENT 2

Hote: Input the maximum shear value between all the columns in the bent from SAP which hawve not been
multiplied by pefpo or divided by the R factor. Thig will be taken care of in one of the equations below.

INPUT Vg = 854 kips

Hote: The Axial load conzsists of both the Earthguake effect and dead load effect. It should be the
minirmum axial load the column will encounter during an earthgquaks.

INPUT Pqu3e"t" = 2431 kips
INPUT Pudeadp, ;o = 833 kips

Hote: Input the comrect variables into the below program to get the axial load in the column or drlled shaft.

INPUT Pmli:EeutE = PDEAD'.?-‘;Edeurl‘ P";dﬂdEmﬂ'R:ub‘ R'E':lsl.ﬂ:I:-,tl:'m:.'.;rla.l =78.52 kap=
Cel Haight?
INPUT  ColumnHeighty, - = %}_lgt =3402 &

Mote: Input the comect variakles into the below program to get the shear in the columm or drilled shafi.
INEPUT
) =91.761 kips

Vucolp o = Shear(Vugg, . Rea iy tcture
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BENT 3

Wote: Input the maximum shear value betesen all the columng in the bent from SAF which have not been
multiplied by pefpo or divided by the R factor. Thiz will be taken care in of one of the equations below.

INBUT Vug,.q = 623 kips

Mote: The Axial load congiste of both the Earthguake effect and dead load effect. It ehould be the
minimum axial load the column will encounter during an earthquake.

INPUT Pusgg e = 2895 kips
INPUT Pudeadg g = 1053 kips

Mote: Input the comect variables into the below program to get the axial load in the column or drlled shaft.

INPUT Puming_ .3 = F:EAD|'.PUEQ3E:I3, Pudeadpg, .3 'RS'.;]J'REqmbEu'.;che] =86.145 kips
' er o _ ColumnHsightd . ..
INPUT ColumnHeighty o= T =38.136 ft

Mote: Input the comect variables into the below program to get the shear in the column or drilled shafi.

INEPUT

o) = 63.945 kips

Vucolgapg = Shear| Vag a3, Redoyhe potur

BENT 4

Hote: Input the maximum shear value betesen all the columng in the bent from SAF which have not been
multiplied by pefpo or divided by the R factor. Thiz will be taken care in of cne of the eguations below.

INPUT Vug ey = 948 kips

Mote: The Axial load congistz of both the Earthguake effect and dead load effect. It ehould be the
minimum axial load the column will encounter during an earthquake.

INBUT Pueag g = 2760 kips

INEUT Pudeadg ., := 872 kips
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Hote: Input the comect variakles into the below program to get the axial load in the column or drilled shaft.

INPUT Puming ey = F:)EﬁsD|:Pueq3E:t4, Pudeadp,psq-Fopp Bed b hyengra ) = 108338 kips
INPUT  ColumnHeighty__, = w =32156 &

Note: Input the comect variables into the below program to get the shear in the column or drilled shaft.

INPUT

Vucolgansg = Shearfvuﬂeuﬂ'REqsubsuuct'.;re] =97.303 kips

DRILLED SHAFT 2
INPUT  Pusqpgy = 2431 kips

INPUT P‘udea-:lDE-. = 872 kips

Note: Input the comect variables into the below program to get the axial load in the column or drilled shaft.

INPUT Puminpygy = PDEAD(Pueqpygy . Pudeadpgy . Boyp. ReapyledShaf: ) = 324639 kips
INPUT ColmmHeightyeq = 14 ft

Note: The driled shaft iz design for an R/2; therefore, the shear in the column can be doubled to equal
the design shear for the drilled shaft.

INPUT Vupgy = Vucelg, 2 = 183.522 kips

DRILLED SHAFT 3
INPUT Puegpyeq == 2895 kips

INPUT  Pudeadpgs := 1075 kips
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Hote: Input the comect variakles into the below program to get the axial load in the column or drilled shaft.

INEUT Puminpygy = P:)E;&Df-?quDSIE, Pudeadngs. B . R'E':-}illedﬂhafts-] =379.29 kips

INPUT  CelumnHeightyes = 17 fi

Mote: The drilled shaft iz design for an R/2; therefore, the shear in the column can be doubled to equal
the degign shear for the drilled shaft.

INEUT Vupgs = Vueelggpeq-2 =127.89 kips

DRILLED SHAFT 4

INEUT P‘ueq:)s_1 = 2760 kips

INEUT Pudeadnygy == 384 kipz

Hote: Input the comect variables into the below program to get the axial load in the column or drlled shaft.

INEUT Puminpyc, = P:)EﬁaD|;?quD34.. Pudeadpyc, K5 R'e‘:-}illedﬁhaﬂs,ll =389.777 kips

INPUT ColummHeightyey = 18 fi

Hote: The driled shaft iz design for an R/2; therefore, the shear in the column can be doubled to equal
the design shear for the drilled shaft.

INPUT Vapgy = Vueelg, a2 = 194607 kips

ABUTMENT 1 DRILLED SHAFT

Hote: Input the loads from SAP which have not besn multiplied by peipo or divided by the R factor. This
will ke taken care of one of the equations below.

INPUT  Vuyge = 417 kips

INPUT  ColummFeightyy g = 12.5 ft
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Hote: Input the comect variables into the below program to get the shear in the column or drilled shaft.
INPUT

267.507 kips

%epbtoabuteon) =

Vupg gpyt] = Shear| Vugp, 4. Re

ABUTMENT 5 DRILLED SHAFT

Hote: Input the loads from SAP which have not beesn multiplied by pelpo or divided by the R factor. This
will be taken care of one of the equations below.

INPUT ""r“.i'{:-uti =274 kips
INPUT Cl}lluuu_"IEig':tAbut: =27 fi

Note: Input the comect variables into the below program to get the shear in the column or drilled shaft.

INEPUT

Vups abuts = Sheaﬂi""r“.i'{:-uti' Red. hioabute -:-::' =175.772 kips

BENT 2 STRUT

Hote: Input the maximum shear value between all the columng in the bent from SAFP which have not been
multiplied by pefpo or divided by the R factor. Thiz will be taken care in of one of the eguations below.

INEUT Vg, = 501 kips
Mote: The Axial load consists of both the Earthquake effect and dead load effect. It should be the
minimum axial load the column will encounter during an earthguake.

INEPUT Pueggy, .0 = 398 kips
INPUT Pudead, ., :=11 kips

Hote: Input the comect variables into the below program to get the axial load in the column or drilled shaft.

INFUT Puming, 9 = PDEAD[PW_'-:_Smu},P‘L1dead5mﬂ,Rm-n, R'Ec-subs.tm{:m:e:] =359179
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Note: Input the comect variables into the below program to get the shear in the column or drilled shaft.

INPUT

1=92479  kips

Vucolgyny = Shea:l.rvuﬂtmﬂ 'Raqsu':-:.'r.;:tl.me_.
BENT 3 STRUT

Note: Input the maximum shear value betwesn all the columns in the bent from SAF which have not been
multiplied by pefpo or divided by the R factor. This will be taken care in of one of the eguations below.

INEUT Vug, a:= 1316 kips
Hote: The Axial load congists of both the Earthquake effect and dead load effect. It should be the
minimum axial load the column will encounter during an earthguake.

INEPUT Pueqgy, 03 = 125 kips
INPUT P“'iea'dﬁ.tmt" =4 kips

Hote: Input the comect variables into the below program to get the axial load in the column or drilled shaft.

INPUT Pumingy.¢3 = FDEAD{PME—Stmﬂ'Pudead?:.xmt}Rsu':-' R'EE-E'11|}5.|:]'LL{!1.11.TE-II = 10.63

Hote: Input the comect variables into the below program to get the shear in the column or drilled shaft.
INPUT

. =155 603 e
bstructure) = 155.603 kips

Vuecelg, s = S]J;ea:[r‘»'usu.m_;: .Reg
BENT 4 STRUT

Hote: Input the maximum shear value between all the columns in the bent from SAP which have not been
multiplied by pefpo or divided by the R factor. Thiz will be taken care in of one of the eguations below.

INPUT Vg, eq = 967 kips
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Mote: The Axial load congists of both the Earthguake effect and dead load effect. It should be the
minimum axial load the column will encounter during an earthguake.

INEUT Pueqgy,,.q = 603 kips
INBUT Pu-:".ea.dstmﬂ_ =0 kips=

Hote: Input the comect variables into the below program to get the axial load in the column or drilled shaft.

INEUT Puming, .. = PDEAD|:P‘L1.ec_Smu4,P11dead5mt4,R,

b Rog 60.298

substracture) =

Mote: Input the comect variables into the below program to get the shear in the column or drilled shafi.

INPUT

| =95.254 kips

. . et . i
Vucelgyyeg = Shear{Vugn - Bt onvctue)

Article 4.7.4.4- Minimum Supgort Length Requirements
Miote: May need to add more calculations if column heights are different at the bents.

M {in) = Minimum zupport length measured normal (o the bridge
L {ft) = Length of bridge to adjacent expanzion joint or end of the bridges

H {ft) = average height of columns supporiing bridge deck for abutments
for columns and piers = column height

5 (Degree) = angle of skew

Abutment Suppeort Length Requirement

Spa ColomnHe:ghs?
SPA et = % =130 # H btment = % =402 #
Mote: The Spangy .o 18 divided by number of 2panz and inches.
) —— Degrees
Mabutment = '..§-|'¥5 + E.ﬂ]SpauEbqum + E.CISZ'IabummJ-U + E.ﬂEDlJSSkewabumEﬂ j=199383 m
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Bent Support Length Requirement

BENT 2

INPUT Spang_ . 1= SP—:D =130 fit

Note: The Span is divided by number of spans and inches.

alputment

ColumnHeight?
12

INPUT Hyant = =34022 £ INPUT: Column Height for this Bent

INBUT Skewg,, = 0 Degraes
Npent = 1.5(8 + 0.025pangpy + 0.08Hgape )| 1+ 0.0001255kewg, | = 19.98in

BENT 3

INPUT  Spang_ = % =130 &

Mote: The Span g, cmens 15 divided by number of spans and inches.

o
INPUT  Hp,. = % =59.136 ft  INPUT: Column Height for this Bent

INPUT Skewg . = 0 Degrees

o

Npent = 1.5-(B + 0.025pang o, + 0.08Hg )| 1 + 0.0001255kewp,,,~ | = 22996 in

BENT 4

Span
INPUT Spa:EEH:z%zﬁ{l 8

Hote: The Span is divided by number of spans and inches.

aloutment

INPUT  Hg,, = oot ) 16 &  INPUT: Column Height for this Bent

INFPUT Skewg . = 0  Degraes

Npayt = 1.5-(8 + 0.02Spang + 0.08Hg, )| 1+ 0.0001258kewg, ~ | =19.759  in
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BENT 2 DESIGN

Article 5.10.71.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10.71.3 Longitudinal Reinforcement

-

INPUT Ay oy = 136 in”
INPUT My =24
INPUT  Ads = Acolumm]
J!"]{:-:g'mil:tf'-::-r:|.|:L_E = Almgbal"}'—bars =3T44 w

Minimum Longitudinal Reinforcing Check

Checkleastlonzremforemg{Ag, Along) = |a « "0OK" if Along = Ag.0.01
3 + "Increase Longitudinzl Beinforcing Fate™ 1f Along < 0.01-Az

mi

[

MmmlLongRato = Che-ﬂcleast]aug‘:emfbr:|.1.13|_r.-fkd_'-,..i'L- "OR"

.u::-ug_'l.'eiuf-::-n:iug.l -

Mote: If the Minimum Longitudinal Reinforcing program returms “Increase Longitudinal Reinforcing”,
either decreass the section size (Aq) or increase the longitudinal reinforcing {Abkl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

Checkmaxlongremforemg{Ag, Along) = |a « "OK" 1if Along = 0.06-Az
a +— "Decrease Lonzitudinal Beinforeing Fane™ if Along » 0.06-Ag

a
MaxLongFatic = Checkmax]nugremfcr{:m_z[rﬁ.ds.Along.l.ejnfomizzj ="0K

Hote: If the Maximum Longitudinal Reinforcing program refurns "Section Over Reinforced”, either
increaze the section size (Ag) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 5.10.71.4.1b. Flexural Resistance

Check biaxial atrength of columnz shall not be less than that required for flexure, as specified in
Aricle 3.10.9.4.

Flexural Resistance check can be done using some kind of Column Design Program. PCA Column
was used for this project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.
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Article 5.10,11.4,1¢c. Column Shear and Transverse Reinforcement

Hote: This iz for the end regions of the column.
Article 5.8.3.3: Nominal Shear Resistance
Vui= ‘-;'u{:{u]BEmE =51.761 kips

Pummp_ .y =788 kips

INPLUIT b := Columndial bv: effective width

INEPUT d =08

INPUT 5i=4 n 2. Spacing of hoops or pitch of spiral {in)

INPLUIT Aspi= 44 m: Asp: Area of spiral or hoop reinfercing (inf)

INPUT D=p = 0.725 m Dep: Diameter of spiral or hoop reinforcing (in)

INPUT Cover == 3 m Cover: Concrete cover for the Column {in)

INPLUIT Dprime = 54 m Dprime: Diameter of spiral or hoog for circular colurmng (in)
INBUT dpp = 141 m gy Diameter of the longitudinal bar

Hote: B and & come from Article 5.8.3.4.1

B=20

T 4520785 1ad
180

Mote: Dr, de, and dv eguations come from Article 5.8.2.9.

dy

D := bv — Covar — Dep — — = 55.57 in

(Equation: ©5.8.2.9-2) daee 2% + DF _i76s i
2 ™

dvi=05de=4252 in
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Article 5.10.11.4.1¢:

VeProgram(fe 3. bv.dv, Az, Pu) = |p«— Pu

ve 003160 | —bvdv
| 1000
c+— 01 A= £
=" 1000
Py
X e—
[

Hote: The area of the Column and the Axial Load for thiz column need to be input into the Ve equation
that calls the program above.

Eq.5.8.3.3-4

Eq. 5.8.3.3-1

Vo= ‘."chgiEm[rf:, B.bv. dv, Ads, ?'.;JJJjJJBEDtﬂ =22714 kips

fva

28zp——dv-cot(8)
? 1000 (

'|;.Z" —_

-

|
Il
A
=3
h
LA
[
(=]

kips
DV, = I:‘."c + ‘-;';_|-¢-3 =53032% kips

ShearCheck{¢Va, V) = |a « "OK" if ¢VazV,
a«— "FAILURE" if ¢Vn <V,

a

Shearchack = EhearCheiidl".-':.?‘.;j ="0OK"

Hote: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforcing
{A=zp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variablez can be changed in the inputs.
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Article 510.11.4.1¢ Length of End Region (Plastic Hinge Region)

End region iz assumed to extend from the soffit of girders or cag beams at the top of the columns or
frem the top of foundations at the bottom of columns.

EndFegionProgran(d . H) = |z« d

z+ 18

@+ man(x,v.z)

2

LendzthEndRemon = EudREgiauPrag_'ram[C olumndizl .Ccn]'.;mul':ei_zhthT::l =68.044 m

Articla 5.10,71.4.3: Column Connections

Extension into Top and Bottom Connesctions
Note: This needs io be done whenever the column dimengion changes.
ExtensionProgram(d} = [z« 15
xe— —d
2
a «— maxiz,x)

a

Extension := ExtensionProgram(bv) = 30 in

Article 5.10,11.4.1a: Spacing of Tranaverse Reinforcement for Confinement
Transverse Reinforcement for Confinement

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Mot Excesd the Smallest of:
1
Spacingprogrami Columndia) == |x « I-Cc—hun:dia

¥4
a +— minlx,¥)

Mamimum Spacing := Spacingprogramiby) =4 n
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SpacingCheckiMaxmmumSpacing, 5) ;= |a «— 5 1f 5 = MaximomSpacing
a +— MaximnumSpacing if 5 > MaximumSpacing

a
FINALSPACING = SpacingCheck{MammumSpacing, ) = 4 n
schack := ShearChecki{MaminmumSpacing, s) = "0OK"

]
i

Hote: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing {2). The
spacing value may be FINALSPACING, but verify thiz works for all other checks.

Article 5.10.11.4.1d: Transverse Reinforcement for Confinement at Plastic Hinges

Requirsd Volumetric Ratio of Spiral or Seismic Hoop Reinforcing

4.4 _3
p= ——— =§148% 107"
5. Dprime
RarjﬂngIam[rfc,fy'. F'::.' = |z~ E.ll-—:

a+ "OK" ifp. 2=

2 « "Increase Transverse Kemnforemeg Batio" if p_ <z
-

]
Checkp, = R.Et:iol:'rc}g'rauuifc.f_'.'e.p;_| ="0OK"

Mote: If the minimum transverse reinforcement program responses “Increase Transverss
Reinforcing Ratio”, it iz recommended to decrease the spacing {s) or increaze the area of the
trangverse reinforcement (Aspl in the inputs.
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Hote: Theze Requirements need to be checked and zatisfied.

Cross-tie Reguirementa:

1) Continuous bar having a hook of not less than 135 Deagrees with an extension
MOT less than 6*dy or 3 in. at cne end and a hock of NOT less than 50 Degrees

with &n extension of NOT less than 6*dy, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
barz shall be alternated end-for-end.

Hoop Reguirements

1) Bar shall be a clozed tie or continuoushy wound tie.
2) A clozed fie may be made up of several reinforcing elements with 135 Degree
hooks having a 6%dy, but NOT less than 3 in. extension at each end.

3} A confinuously wound tie shall have at each end a 135 Degree hook with a 6%dy,
but NOT less than 3 in. extension that engages the longitudinal reinforcement.

Article 5.10.71.4.77. Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hinge region.

Mominal Shear Resiztance for members OUTSIDE Plaztic Hinge Region.

5.8.2.3 Nominal Shear Resistance

INPUT W = Vuealg > = 51761 kips

LU B
un

INEPUT  spaceMOhinge:= 12 in

MNote: B and 8 coms from Article 5.8.3.4.1

B=20

8= 4520785 1ad
180
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MNote: Dr, de, and dv equationg come from Article 5.8.2.9.

!
Dr = bi‘—Cm'er—D:p—T = 3357 m
Eqg. C5.8.2.59-2 de = by + Dx =47688 m
2 ™
dv = 05.de = 4252 I
Eg.5.8.3.3-3 V.= 003165 'f—cbt'-d':: 325502  kips
- 4 1000 .
A:p-ﬁdv-cm(ﬂ}
Eq. 5.8.3.34 Vym ————— =54423 kips

spaceOhmee

OV = (Vo + V,) -4, =377.933  kips

ShearCheck( d}".-'n.‘."u"| = Jae"0KR" if dVnzV

a « "FAILURE" if Vo<V

a

Shearcheck := ShearCheck( &V, Vu, 3 | = "OK"

Hote: If ShearCheck returnz "Failure”, either decrease the gpacing (3) of the shear reinforeing
(Azp), increase the area of shear reinforcing, or increase the section size (Acolumn). These

vanables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

T & bvcpacelOhine
Eq. 5.8.2.5-1 Avmmin = 00316, =, ¥ spaceNOhnge
|| 1000 fe

1000

=0.758

Av:= 2 Asp =088 m

ha
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TranCheck{Avmm ., Av) = |2 « "Decreasze Spacing or Increasze Bar 51z2”  1of Avmom = Av

2« "OK" if Avmin £ Av

I

MimimumTran = TranCheck{Avmm Av) = "0K"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increage Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Azp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi,
Eq. 5.8.2.81 i i= b =0.04 ksi
b, bv.dv
spacingProgram (V. dv, fo) = v« 0125 fe
T L S (11
g+ 0.8.dv
r+ 04.dv
zi-q 1if g=24
ze24 if g=24
te—r if r=12
te— 12 1f r= 12
asz 1if Vu<v
a—t if Vuzvw
a
MaxSpacing .= spacingProgram{wa, dv, fo) = 24 n
Spacecheck(MaxSpacing. =) := |a « 5 1f 5 = MaxSpacing
a +— MaxSpacmg if s> MaxSpacing
a
MAXSPACING = Spacecheck(MaxSpacing, spacelNOhinge) = 12 i

scheck (= ShearCheck(MAXKSPACING, spaceNOhinge) = "OK"

Hote: If scheck returns "Failure™, change the spacing of shear reinforcing spacing {spaceNChinge).
The spacing value may be MAXSPACIMNG, but verify this works for all other checks.
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STRUT 2 DESIGN

Article 5.10.71.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10.71.3 Longitudinal Reinforcement

INPUT ASy:=031

bl

INPUT Mumber_5_Bars := 20

INEUT Ally =156 i
INPUT MWumber 11 _Bars = 16
A e = ASp Number_5_Bars + Ally,) Number_11_Bars =31.16 in

Ag = StruDepth Stut?Width = 3024 % 10°  in”

Minimum Longitudinal Reinforcing Check

Checklsastlongreinforeing{As, Along) = |z « "0K" if Along 2 Apg.0.01
2 « "Inecrease Longindinal Reinforcing Fatie”™ 1if Along < 0.01.Az

LimLenzFato = Checkleastlongremfor: u.lg|_r_-5lg__-5tlnng\_| ="0K
Hote: If the Minimum Longitudinal Reinforcing program retums "Increass Longitudinal Reinforcing”,

gither decreass the section size (Aq) or increage the longitudinal reinforcing {Abl and MumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

Checkmaxlongremforemg(Ag, Along) = |a « "OK" if Alonz= 006 Az
a + "Decrease Longitndinal Beinforcing Fatie”™ if Along = 0.05.4Ag

a
MaxLongRatio = Checkma}s]nugrem.t‘or{:iu_zfzig,A]Q_E.] ="0K"

Hote: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increase the ssction size (Ag) or decrease the longitudinal reinforcing (Abl and NumberBSars) in the
inputs.
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Article 5.10.71.4.10: Flexural Resistance
Check biaxial atrength of columng shall not be less than that required for flexure, as specified in
Article 3.10.9.4,
Flexural Resistance check can be done using some kind of Column Design Program. PCA Column

was used for thiz project. After creating an interaction diagram, verify that all the eritical load
combinations fall within the diagram.

Articla 5.10,71.4.1¢. Column Shear and Transverze Reinforcement

Hote: This iz for the end regions of the column.

Article 5.8.3.3: Nominal Shear Resistance
Vu = Vueolg, 0 = 82,479 kips

P";mm‘:‘.—r.;tl =59179 kips

INPUT b = Strui2Width b effective width

INPUT b, =08

INBUT =35 in = Spacing of hoops or pitch of spiral {in}

INEUT Aspi= 044 m: &sp: Area of spiral or hoop reinforcing (in?)

INPUT Dep = 075 m Dap: Diameter of apiral or hoop reinforcing (in)

INPUT Coaver == 2 m Cover: Concrete cover for the Column (in)

INPUT Dprime = 54 m Dprime: Diameter of spiral or hoog for circular columns (in)
INPUT 'ibl =141 m dy,- Diameter of the longitudinal bar

Hote: B and & come from Article 5.8.3.4.1

B:=20

T 4520785 1ad
180
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Hote: Or, de, and dv eguations come from Article 5.8.2.9.

Eq. 5.8.2.89.2 de=6%4 m de = ds which iz the distance from top of the member
to the centricd of the tensile fiber

dvpreliminary = 6675 m dvpreliminary = distance betwesn compressive
and tensile reinforcing

dvprogiam(de,dv,h} = |x+ 09.de

v« 0.75h

z +— maxix,v)

ae—dv f dvzz

ae—z ifdvez

ol

dv = dvprogrami{de, dvpreliminary, Sthut2Depth) = 6575 in

Article 5.10.11.4.1c:

VeProgram(fe, 3. bv, dv, Ag. Pu) = (p + Pu

v 0.0316P | —bv-dv
| 1000
fr
¢+ 0.1.Az
1000

by
X

[

il

Hote: The arsa of the Column and the Axial Load for thiz column nesd o ke input into the Yo eguation
that calls the program above.

V.= ‘."u:Fmgnmff:, [3.br.u:".r,Ag,Pmui:Smuz'] =17337 kips
fya
2A:p. ll:‘:I:ICI dv- cot(8) )
Eg. 5.8.3.3-4 Vo= = 1.007 = 10 kips
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Eg. 5.8.3.3-1 &V, = (Vo + V)b, =921878  kips

Shearchack = ShearChEif-d}'\;':.‘."'.;"| ="0K"

Maote: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Azp), increaze the area of shear reinforeing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Article 510.11.4.1¢c Length of End Region (Plastic Hinge Region)

End region iz azsumed to extend from the soffit of ginders or cag beams at the top of the columns or
from the top of foundations at the bottom of columns.

EndRegionProgram{d H) i= [|x+« d
Vo l:-I-'.E
&

z+ 18

2« maxix,v.z)

i

LendzthFndRegion = EndResionProgram Stut2Depth, Letrut2) = 72 m
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Article 5.10.11.4.7e: Spacing of Transverse Reinforcement for Confinement
Transverse Reinforcement for Confinement

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Mot Excesd the Smallest of:
1
Spacingprogrami Columndia) == |x« I Cehimndia

voa—d
a — minfx, v}

MaomumSpacing = Spacingprogram(Saut2Width) = 4 m

SpacingCheckiMaxmmumSpacing, 5) = |a + 5 1f 5 = MavimomSpacemg
a «+— MaximnmSpacmg of 5 > MaxinmumSpacing

a
FRJALSPACING = SpacingCheck(MaximumSpacing,s) = 3.5 m
schack ;= ShearCheck{MammumSpacing, 5) = "OK"

Mote: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing (2). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10,71.4.7d. Transverse Reinforcement for Confinement at Plastic Hinges

Required Yolumetric Ratio Seizmic Hoop Reinforcing

INPUT he = 68 m hc = core dimension of strut
INPUT  Ac = he (Strat?Width — Cover-2) =2.584% 10°  in”
Avi=2Asp=088  in
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- . fo Ag
RectangularProgram{fe fy. s, Ag, Ac Av he) = |z «— 03 s5he —) —
¥

r\ Ac
3+ "0K" if Avzz

2 « "Increase Transverse Reinforcing Fatie”™ if Av <z

-1

i

Checkp, = RectangulaProgram(fe. fye s, Ag, Ae Av he) = "OK"

Hote: If the minimum transverse reinforcement program responses “Increase Transverse
Reinforcing Ratio®, it ig recommendsd fo decrease the spacing (s) or increaze the area of the
transverse reinforcement (4sp) in the inputs.

Mote: These Requirements need to be checked and aatisfied.

Cross-tie Reguirements:

1) Continuous bar having a hook of not less than 135 Degrees with an extension
MOT less than 6*dy or 3 in. at one end and & hook of NOT less than 50 Degrees
with an extension of NOT less than 6*dy, at the other end.

2) The hooks must engage peripheral longitudinal bars.
3) The 290 Degres hooks of twio successive cross-lies engaging the same longitudinal
bars shall be altermated end-for-end.

Hoop Reguirements

1) Bar shall be a clozed tie or continuoushy wound fie.
2) & clozed fie may be made up of several reinforcing elements with 125 Degree
hiooks having a 6%dy, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6%dy,
but NOT lezs than 3 in. extension that engages the longitudinal reinforcement.

Article 5.10.71.4.77- Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hings region.
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Mominal Shear Resistance for members QUTSIDE Flaztic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INPUT WV, = Vuecolgy o0 = 92479 kips

INPUT  spacelOhinge:= 12

INPUT by = Stat?2Width

¢, =09

Hote: B and & come from Article 5.8.3.4.1
=20

8= 3520785 rad
150

Hote: Dr, de, and dv equations come from Article 5.8.2,9.

Eg. 5.8.2.9-2 de:= 694 in de = ds which s the distance from top of the member

to the centriod of the tensile fiber

dvprelimmmary := 66.75 in dvpreliminary = diztance between compressive
and tensile reinforcing

dvpregramide. dv, k) = |x «— 0.9.de

v+ 0.75h

z +— max(x,¥)
ae—dv f dvzz

ae—z fdvesz

a
dv = dvprogram{de. dvprelimmary, Siut2Depth) = 66,75

Tt s i
Eq 58333 ve= 0OIIER [T

bv-dv = 354,362 kips
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f
Eisp-?;dr-mt{ﬂj
Eq. 5.8.334 W _:= - =1937 kips
= spaceNDhinge

d:i’u = |"'.-'c + W '|-¢-5 =583.256 kips

! 5

Shearcheck = Ehearﬂhezkfdﬁ-':,".-'115“-::] ="OR"

Mote: If ShearCheck returnz "Failure”, either decreasze the spacing {3} of the shear reinforcing

(Asp), increase the area of shear reinforcing, or increase the section gize (Acolumn). These
varnahkles can be changsd in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

[ fe  byvspaceM . 2
Eq. 5.8.2.5-1 Avmmin = 0.0316. |2 Br-spaceNOhmge _ , 5, w
- 1000 fve
1000
Avi= 2. A=p =088 i

MimimumTran .= TranCheck({ Avnun, Av) = "OE"

Mote: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decreaze the spacing {2paceMOhinge) or increase the
area of the shear reinforcement (Asp)in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

1":"ls"lz}
Eg. 5.8.2941 = —“ =0.037 k=1
i, bv-dv
Eg. 5.8.2.71
Eg. 589272 MaxSpacing .= spacingProgram{wu, dv. fc) = 24 it
MAFSPACING = SpacecheckiMaxSpacing . spacelNOhinge) =12 n

scheck .= ShearCheck(MANSPACING, spaceNOhmge) = "0OK"

Mote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing {2paceMNChings).
The zpacing value may be MAXSPACING, but verify this works for all other checks.
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BENT 3 DESIGN
Article 5.10.71.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10,71..3. Longitudinal Reinforcement

INPUT 156 m

A ) —
“Hlonghar -~

INEUT M, =132

Dars

INPUT  Ads = Acolumn?

A =499 i

eremforcing 'j'".cugbar'-'\'bars

Minimum Longitudinal Reinforcing Check

MMinl engFatio := Checkleastlongremfore |.1.1g|r.-f';d_1..i"1-

.-:}ug_'reiuf-}rcing.' ="0K

Hote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,
gither decrease the section size (Ag) or increaze the longitudinal reinforeing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLongFatio = Chﬂckmaﬁ]cugremfcr{:m_z[rﬁ.d:».Alaugl.ejufﬂmi:z) ="0K

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increaze the section size {Ag) or decreaze the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 5.10.71.4.1b: Flexural Resistance

Check biaxial strength of columnz shall not be less than that required for flexure, as specified in
Article 3.10.0.4.

Flexural Resistance check can be done uging some kind of Column Degign Program. PCA Column
was used for this project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.
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Article 5.10,71.4.7¢: Column Shear and Transverze Reinforcement

Mote: This iz for the end regions of the column.

Article 5.8.3.2: Mominal Shear Resistance

Vueelg,,q = 63.945 kips
lei:Eeuti- =B6.143 kips
INBUT by o= Columndia? bv: effective width

INPUT 4. :=09

INBUT 5 =3 in 2. Spacing of hoops or pitch of gpiral {in)
INPUT Aspi= 44 j;: Lsp: Area of spiral or hoop reinforcing (in?)
INEUT Dsp:=0725 in Dzp: Diameter of zpiral or hoop reinforcing (in}
INEUT Cover .= 3 in Cover. Concrete cover for the Column (in

INEPUT Dprime = &6 Dprime: Diameter of apiral or hoop for circular columns {in)

B

INPUT dy =141 in dy: Diameter of the lengitudinal kar

Mote: B and & come from Article 5.8.3.4.1
B=20

B 45 =0785 1ad
180

Hote: Or, de, and dv eguations come from Article 5.8.2.9.

dy)
Dir = bv — Cover — Dsp — — = 67.37 in
Eq. C5.6.2.9-2 deom BT D _ecoe o
oo

05d2a=51757 in

dv:
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Article 5.10.11.4.1¢c: Column Shear and Transverse Reinforcement

INPUT V.= ‘."cFmng-_m[rf:, @b, dv, Ads, ?'.iJJJ.‘iJ.‘lBEDtE] =24913 kips
Asp—2=_dv.cot(8)
Asp——dv-cot(8)
v Ploo0”

5

=91093 kips

5
GV, = [V, +V |-b, =842261  kips
Shearchack := ShearCheck{ ¢V, Va)| = "OK"

Note: If ShearCheck returns "Failure", either decrease the 2pacing (3) of the shear reinforcing
(Azp), increaze the area of ghear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

Length of End Region (Plastic Hinge Region)

End regicn is assumed to extend from the soffit of girders or cap beams at the top of the columns or
from the top of foundations at the bottom of columns.

LendgthEndFegion = Em:".R;e_zmu.Fmg'ramfh'.'.Ca]11mulieighthT3"| = 118272 m

Article 5.10,71.4.3. Column Connections

Extension into Tog and Bottom Connsclions

Note: This needs o be dons whenever the column dimengion changes.

Extenzion := ExtensionProgramiby) = 36 n
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Article 5.10,71.4,1e; Spacing of Tranzaverse Reinforcemant for Confinement

Transverse Reinforcement for Confinement

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

MammumSpacing ;= Spacingprogramiby) =4 n

FINALSPACTNG = SpacingCheck{Maxmmum Spacing, s) = 3 m

scheck ;= ShearCheck(MammumSpacing, 5) = "OK"

Hote: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing {2). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10,71.4.1d. Transverse Reinforcement for Confinement at Plastic Hinges

Required Volumetric Ratio of Spiral or Seiamic Hoop Reinforcing

pi= AP _gagg s 107

*  5Dprime

3

Checkp, = R.Etiol:'rc:-g:ramifc.ﬁ'e. p:_:| ="0OK"

Mote: If the minimum transverse reinforcement program responses “Increase Transverse
Reinforcing Ratio®, it iz recommendsad o decrease the spacing (s or increase the area of the
transverse reinforcement (Asp) in the inputs.

Mote:Theze Requiremants need to be checked and satisfied.

Crozs-tie Reguirements:
1) Continucus kar having a hook of not less than 135 Degrees with an extension
MOT less than 6*dy, or 3 in. at cne end and a hook of NOT less than 90 Degrees
with an extension of NOT less than 6*dy, at the other end.

2) The hooks must engage penpheral longitudinal bars.
3) The 20 Degres hooks of two successive cross-lies engaging the same longitudinal
bars shall be atternated end-for-end.
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Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.

2) A clozed tie may be made up of several reinforcing elements with 125 Degree
hooks having a 6%dy, but NOT less than 3 in. extansion at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6%d,
but HOT less than 3 in. extension that engages the longitudinal reinforcement.

Article 5.10.71.4.9F- Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hinge region.
Mominal Shear Resistance for members QUTSIDE Flastic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INBUT WV, = Ve

- °]3er1t_‘- = 635845 kips

INPUT  spacaNOhinge := 6 mn

Mote: f and 8 come from Article £.8.3.4.1

B=20

6= 450785 1ad
150

Mote: Dr, de, and dv equations come from Article 5.8.2.9.

dy,)

Dr = by — Cover — Dsp — -

= 6757 n

Eq. C5.5.2.9.2 de= 2 D 57508
2 m

In

dv:=09da=51757T imn

C

fi
1000

Eg. 5.8.3.3-3 Vo= 0.0316-B |I bvdv = 471034 kaps
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A:]:--ljr'—edr-cc}t(@}

Vi=————=227732 kips

Fg.5.8.3.34 s spacelOhmee
GV = (Vo + V)4, =628.889  kips
Shearcheck = Sh.ea1{hedc|_r¢u‘fu,‘v'113ub:| = "0E"
Wote: If ShearCheck returng "Failure”, either decreaze the spacing (s) of the shear reinforcing

(&zp), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

| & v, J hine
Eg. 5.8.2.5-1 Avmin = 0.0316. |, BrspaceNOhings
4 1000 e

1000

ka2

=043

A
-
=]

Avi=2Asp=1088 m

MimimumTran ;= TranCheck({Avmm , Av) = "0K"

Mote: If the minimum transverss reinforcement program responses "Decreaze Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceMNOhinge) or increass the
area of the shear reinforcement (Agp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vb
Eg. 58291 m= —— —gols ki
b bv-dv
MaxSpacing = spacinzProgramitu, dv, fo) = 24 in
MAXSPACTNG = Spacecheck(MaxSpacing , spacelOhinge) = & n

scheck = ShearCheck(MAXSPACTNG, spaceMNOhinge) = "OK"

Mote: If scheck returns "Failure”™, change the spacing of shear reinforcing spacing {(spaceMChinge).
The spacing valug may be MAXSPACING, but verify this works for all other checks.

521




STRUT 3 DESIGN

Article 5.10.71.3: Provisions for Seismic Design for Seismic Zone 2
Article 5.10.71.3 Longitudinal Reinforcement

INPUT — ASy =079 i

INPUT Number § Bars:= 36

INPUT Ally =156 i
INPUT Mumber_11_Bars = 16
"'.”.nug = Adp MNumber & _Bars + AllypMumber 11_Bars =334 in

Ag = StrusdDepth-Strutd Width = 5.04 = 107 in
Minimum Longitudinal Reinforcing Check
Ml engFatio := Che&cleast]aug:rem:'br:u.1g|r.-f';g..-fk10ng\| ="0K
Hote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,

gither decreage the section size (Ag) or increaze the longitudinal reinforeing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLongFatio = Ch.eckmax]augremfor-:m_zfﬁ.g,A]D:E'J'l ="0K"

Note: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increaze the section size {Ag) or decreaze the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 5.10,71.4,1b. Flexural Resistance

Check biaxial atrength of columnz shall not be less than that required for flexure, as specified in
Arficle 3.10.9.4.

Flexural Resistance check can be done uzing some kind of Column Design Program. PCA Column
was used for thiz project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.
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Article 5.10,71.4.1c. Column Shear and Transverze Reinforcement

Mote: This ig for the end regions of the column.
Article 5.8.3.3: Mominal Shear Resistance
Vu = Vueolgy 3 = 155603 Japs

Puminge. .z = 10.63 kips

INPUT by = StrutdWidth by: effective width

INEUT b, =109

INPUT =35 in =: Spacing of hoops or pitch of spiral (in)
INPUT Asp = 060 m: Asp: Area of spiral or hoop reinfercing (ind)
INPUT Dep == 0.875 m D=p: Diameter of apiral or hoop reinforcing (in)
INPLUIT Cover := 2 m Cover: Concrete cover for the Column {in)
INPUT 'ibl =141 m gp- Diameter of the longitudinal bar

Hote: B and § come from Article 5.8.3.4.1

B=20

= T 45=0785 1ad
180

o
Ti

Note: Or, de, and dv eguations come from Article 5.8.2.9.

Eq. 58.2.89.2 d2:=117 m de = ds which iz the distance from top of the member
to the centricd of the tensile fiper

dvpreliminary := 114 m dvpreliminary = distance between compressive
and tensile reinforcing

dv == dvprogram(de, dvpreliminary, Stui Depth) = 114 i
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Article 5.10.11.4.1¢:

MNote: The area of the Column and the Axial Load for thiz column need to be input inta the Ve eguation

that calls the program above.

-

V. = 'i."cFmglr-_mff:,[3.b\'.di‘,Ag,Pmni:Stmt-,.] =319

fya
2A=p- llgmdr-mtﬁﬂ} )
Eq.5.8.3.3-4 V= =2.345% 10 kips
5
Eq. 5.6.3.31 ¢|1-;'n = |"‘.-'I: + ‘w;';| -¢|3 =2114% 107 kips

Shearchack = ﬁhearChE&fd}".’:.‘."'.;.'| = "0K"

Note: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforcing
{Asp}, increase the area of ghear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.

Article 5.10.11.4.1¢ Length of End Region (Plastic Hinge Region)

kips

End region iz assumed to extend from the soffit of girders or cag beams at the top of the columns or

frem the top of foundations at the bottom of columns.

LendzthEndRegmion ;= EndResionProgram S ut3Depth, Leaut3) = 120
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Articla 5.10,11.4.1e: Spacing of Tranzverse Reinforcement for Confinement
Transverse Reinforcement for Confinement
Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region
MamimumSpacing := Spacingprogram{Stut3Width) = 4 in

FINALSPACING = SpacingCheck(MaxmumSpacing.s) =35 m

schack := ShearCheckiMaxmmum Spacing, =) = "OK"

Hote: If scheck returns “Failure”, increase the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACIMG, but verify thiz works for all other checks.

Articla 5.10,11.4.1d. Transverss Reinforcement for Confinemeant at Plastic Hinges

Requirsd Velumetric Ratio Seismic Hoop Reinforcing

INPUT he=116 m hc = core dimension of strut

INeUT Ae = he (Strat3Width — Cover-2) = 4 408 x 1'3'3 n

Checkp,_ = RectangularProgramife. fre.s. Ag. Ac, Av.he) = "OR"

Hote: If the minimum transverse reinforcemsnt program responses “Increase Transverse
Reinforcing Ratic”, it is recommended to decrease the spacing {s) or increase the area of the

trangverze reinforcement (Asp) in the inputs.

Hote:These Requirements need to be checked and safisfied.

Cross-tie Reguirementa:
1) Continuous bar having a hook of not less than 135 Degrees with an extension
NOT less than 6%dy, or 3 in. at one end and a hook of MOT less than 20 Degrees
with an extension of NOT less than &*dy, at the other end.

2} The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive crozs-ties engaging the same longitudinal
bars shall be aliemated end-for-end.
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Hoop Reguirements

1) Bar shall be a clozed tie or continuously wound fie.
2) A closed tie may be made up of several reinforeing elements with 135 Degres
hooks having a 6°dy but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6%d,,
but NOT leas than 3 in. extension that engages the longitudinal reinforcement.

Article 5.10.71.4.17F. Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hinge region.

Mominal Shear Resistance for members OUTSIDE Flastic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INPUT W = Vueolgy g = 133,603 kips

INPUT  spacelOhinge:= 12 i

INPUT by = StoutiWidth

$, =09
Note: B and & come from Article 5.8.3.4.1
B:=20

8= — 4520785 rad
180

Note: Dr, de, and dv eguations come from Article 5.8.2.9.

Eg. 5.8.2.9-2 de:=117 in de = ds which s the distance from top of the member

to the centriod of the tensile fiber

dvprelimmary = 114 i dvprzliminary = distance between compressive

and tenszile reinforcing
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dv := dvprogram{de, dvprelimmary, Strat2Depth) = 114 m

Ic

V. = 0.0316 3 ~dv = 605.203 ins
Eq 5.58.3.3-3 V.= 00316 ;':l_ql . I]l:n dv = 605203 kips
IAsp f]":u dv-cot( 8}
Eq 58334 V.= - — =634 l'ilPS
= spacelN Ohinze

SV, = (Vo + V) b, = 116 x 10° kips

i

Shearchack = 5hearC':E:lc|_rdJ"r':,".-'

) —_—
“511 El_l -

"OE"

Mote: If ShearCheck returng "Failure”, either decreaze the spacing (2) of the shear reinforcing
{&sp), increase the arsa of shear reinforcing, or increase the section size (Acolumn). These
varables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

M 175 T3] = a
Eq.5.8.2.5-1 Avmin = 0.0316. | —o Dy-epaceNOhinge _ .., in”
+ 1000 fira
1000
Avi= 2 Asp=12 o

Mt Tran = TranCheck( Avmin, Av) = "OE"

Hote: If the minimum transverse reinforcemant program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceNOhinge) or increase the
area of the shear reinforcement (Azp)in the inpuis.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

WV,
Eg. 5.8.2.9-1 = b = 0.036 ksi
by dv
Eg. 5.8.27-1
Eg. 5a27.2 MaxSpacing = spacingProgramiwn,dv, fe) = 24 n
MAXSPACTNG = Spacecheck(MaxSpacing, spaceNChmege) = 12 m

scheck := ShearCheck(MAXSPACING, spaceNOhinge) = "OK"

Mote: If scheck returns “Failure”, change the spacing of shear reinforcing spacing (spaceMNChinge).
The spacing value may be MAXSPACIMNG, but verify this works for all other checks.
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BENT 4 DESIGN
Article 5.10.11.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10.71.3 Longitudinal Reinforcement

-

INEUT 156 im

A ) —
Heonghar -~

INEPUT N, =24

Dars

INPUT  Ads = Acolumnl

Ao = A IT44 m"

sremforeing * '.ccugbal"}'bars. =

Minimum Longitudinal Reinforcing Check

MmLonzRato = Checkleastlongremsore |.1.1g|_r:f'.d5..i't-

it
.Gng.'reiufu}n:ing.l -

"OR"

Hote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or incresse the longitudinal reinforcing {(Abl and MumberBars in
the inputs.

Maximum Lengitudinal Reinforcing Check
MaxLongFatio = Ch.eckmax]nugremfnrcm_zfﬂds.Alnugm]-ufmti:g'] ="0K
Hote: If the Maximum Longitudinal Reinforcing program refurns "Section Over Reinforced”, either

increaze the section size (Ag) or decrease the longitudinal reinforcing (Abl and NumberBarzs} in the
inputs.

Article 5.10,71.4.1b: Flexural Resistancs

Check biaxial atrength of columng shall not be less than that required for flexure, as specified in
Arficle 3.10.9.4.

Flexural Resistance check can be done using some kind of Column Design Program. PCA Column
was used for thiz project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.
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Article 5.10.71.4.1c: Column Shear and Transverse Reinforcement

Note: This iz for the end regions of the column.

Article 5.8.3.3: Nominal Shear Resistance

Vueelganeg =97.303 kips
Puming, .. = 108888 kips
INPUT by := Colummndial bv: effective width

INPUT =03

iNeuT 5= 4 in =: Spacing of hoops or pitch of spiral (in)

INPUT Aspi= 44 j:: Asp: Area of spiral or heop reinforcing {in?)

INPUT Dsp:= 0725 in Dap: Diameter of apiral or hoop reinforcing {in)

INPUT Cover = 3 in Cover: Concrete cover for the Column (in)

INEUT Dprme = 54 in Dprime: Diameter of spiral or hoop for circular columns {in}
INPUT d':-'. =141 i dy,- Diameter of the longitudinal bar

Mote: B and & come from Article 5.8.3.4.1
B=20

Bz 450785 rad
130

Note: Dr, de, and dv equations come from Article 5.8.2.9.

dyp . :
Dr:i=bv — Cover — D=p — — =3 57 n

=

Eqg. C5.8.2.9-2 de = bT‘ + Dr =47688 m

ELY

dvi= 0.5.de = 4252 in

=
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Article 5,10.11.4.1¢c: Column Shear and Transverse Reinforcement

INEUT ‘.": = ‘."u:Fmgr-_m[f:, B.bv. dv, Ads, ?'mBeutS] =24.793 kips

2sp 2 dv-cot(8)
Asp——dv-cot(8)
P00

5

=
1

= 366.53% kips

GV, = (V, + V), =532199  kips
Shearchack := ShearCheck{ WV, . Vu) = "OK"

Hote: If ShearCheck returns "Failure”, either decrease the spacing (s) of the shear reinforcing
(Azp), increaze the area of ghear reinforcing, or increase the section zize (Acolumn). These
variables can be changed in the inputs.

Length of End Region (Plastic Hinge Region)

End regicn is assumed to extend from the soffit of girders or cap beams at the top of the columns or
from the top of foundations at the bottom of columns.

LendgthEndFegion = Ew:".R;e_zmn.Fmg‘ramfbr.Ea]11muEeighth_4"| =64312 m

Article 5,10, 71.4.3. Column Connections

Extension into Top and Bottom Connsclions

Hote: This needs io be dons whensver the column dimenzsion changes.

Extenzion := ExtensionProgramib+) = 30 n

531




Article 5.10,11.4,1e: Spacing of Transverse Reinforcement for Confinement
Transverze Reinforcement for Confinement

Maximum Spacing of Lateral Reinforcing in Plastic Hings Region

MamimumSpacing := Spacinsprogram(by) =4 mn

SpacingCheck(MammumSpacing, ) = 4 m

FINALSPACING
scheck := ShearCheck(Maamumm Spacing, 5) = "ORK"

Mote: If scheck returns "Failure”, increaze the spacing of shear reinforcing spacing (). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10,71.4.1d" Transverse Reinforcement for Confimemeant at Plastic Hinges

Reguirsd Volumeatric Ratio of Spiral or Seiamic Hoop Reinforcing

[

_ 4Asp

p. = —— =§.148x 107
* 5 Dprme

Checkp, = RatinPI-}gIauuifc.f:.'e.p;_| ="0OK"

Hote: If the minimum transverse reinforcement program responses “Increase Transverse
Reinforcing Ratio®, it iz recommendead fo decrease the spacing (s) or increaze the area of the

tranzsverze reinforcement (Asp) in the inputs.

Hote: Theze Requirements need to be checked and satisfied.

Crozss-tie Reguirements:
1) Continucus kar having & hook of not less than 135 Degrees with an extension
NOT less than 6*dy or 3 in. at one end and a hook of NOT lezs than 90 Degrees
with an extensicn of NOT less than 6*d,, at the other end.

2) The hooks must engage peripheral lengitudinal bars.
3) The 30 Degres hooks of two successive crogs-ties engaging the same longitudinal

bars shall be alternated end-for-end.
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Hoop Requirements

1) Bar shall be a closed tie or continuously wound tie.

2) A clozed tie may be made up of several reinforcing elements with 135 Degres
hooks having a 6%dy but NOT less than 3 in. extensicn at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6%dj,

but HOT less than 3 in. extenzion that engages the longitudinal reinforcement.

Article 5.10.71.4.1F- Splices

Lap Splices in longitudinal reinforcement shall not be used in plastic hinge region.

Mominal Shear Resistance for memberz OUTSIDE Plaztic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INPUT WV, o= Ve

- °]3er1t-l =57.303 kips

INPUT  spacelOhinge:= 12 in

Mote: B and 8 comes from Article 5.8.3.£.1
B=20

Bz 450785 1ad
180

MNote: Or, de, and dv equaticns come from Article 5.8.2.9.
d
Dr:= bv — Cover — Dsp — # =3357

A

Eqg. C5.8.2.8-2 de == b + Dr =47688 m
™

-

0.9.ds=4292

dv:

0.0316.0 | £ pvdv = 325,502

Eg. 5.8.3.3-3 v
c | 1000

kips
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fy=
Asp——dv cot(d)
1000

Vo —— - G4473 kips
Eg. 5.5.3.34 3 spacaOhings N

bV, = I;‘."c + V|-, =377.933 kips
Shearcheck := Shﬂal(]ned-c|r¢-1-."u,‘v'113ub.'| = "DE"

Hote: If ShearCheck returns "Failure", either decrease the spacing (s) of the shear reinforcing
(Agp), increaze the area of shear reinforcing, or increase the section size (Acolumn). These
vanables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

ba

) "%  bv-spaceNOhing
Eq. 5.5.2.5-1 Avmin = 00316 | — ——Pe HBER _ 758 in
|| 1000 fre

1000

Av:i=2.A=p=0E8§ m

MimimumTran = TranCheck{Avmom  Av) = "OK"

Hote: If the minimum transverss reinforcement program responsss "Decreaze Spacing or
Increage Bar Size", it is recommended to decrease the spacing (spaceNChinge) or increass the
area of the shear reinforcement (Azp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu_, —d -V 2
EQ.58209-1 =0 5 B4 j0g5 1073 ks
o bvdv
MaxSpasing = spacingProgram{wa,dv, fc) = 24 i
MAXSPACTING = Spacecheck(MaxSpacing . spacelNOhinge) =12 1

scheck ;= ShearCheck(MAXSPACING, spacelNOhinge) = "OR"

Mote: If scheck returns "Failure”, change the spacing of shear reinforcing spacing (gpaceMChinge).
The spacing valug may be MAXSPACIMNG, but verify thiz works for all cther checks.

534




STRUT 4 DESIGN
Article 5.10.11.3: Provisions for Seismic Design for Seismic Zone 2

Article 5.10.11.3: Longitudinal Reinforcement

INPUT ASpp =031 i

o

INBUT Mumber_5_Bars := 20

INPUT Ally =156 i
INPUT Mumber_11_Bars = 18
Ay ope = ASp Number_5_Bars + Ally) Mumber_11_Bars =31.16 i:u:

Az = Stut2Depth- Strat2Width = 3 .024 = i i)

Minimum Longitudinal Reinforcing Check
MMinl engBatio = C]Jed-cleast]c-ug‘:em:'\'ar:m_s|_r.-ig..-ilnng] ="0K
Hote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,

either decrease the section size (Aq) or increase the longitudinal reinforcing (Abl and MumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLongRatio = Ch.eckmax]uugremfor:m_zleg,A]D:E'J'l ="0EK"

Hote: If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increase the section size (Ag) or decrease the longitudinal reinforcing (&bl and NumberBars) in the

inputs.
Article 5.10,11.4,1b. Flexural Resistancs

Check biaxial atrength of columns ehall not be less than that required for flexure, as specified in
Arficle 3.10.9.4,

Flexural Resistance check can be done using some kind of Column Cesign Program. PCA Column
was used for this project. After creating an interaction diagram, verify that all the critical load
combinations fall within the diagram.
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Articlte 5.70.71.4.7c: Column Shear and Transverze Reinforcement

Hote: This is for the end regions of the column.
Article 5.8.3.3: Mominal Shear Resistance
V= Vueolgp g = 99254 kips

P'.;mm.gn__;t_l = 60293 kips

INPLUT by o= St Width . effective width

INEUT b, =09

INPUT =35 in 2: Spacing of hoops or pitch of spiral {in}

INPUT Aspi= 044 mz &sp: Area of spiral or hoop reinforcing (inf)

INPLUIT Depi= 075 m Dap: Diameter of gpiral or hoop reinforcing (in)

INBPUT Cover =2 m Cover: Concrete cover for the Column {in)

INPUT Dprime = 54 m Dprime: Diameter of spiral or hoog for circular columng (in)
INPUT 'ibl =141 m dy,- Diameter of the longitudinal bar

Hote: B and & come from Article 5.8.3.4.1

B:=20

8= 450735 1ad
120

Hote: Or, de, and dv eguations come from Article 5.8.2.9.

Eq. 5.5.2.9-2 de=6%4 m de = dz which iz the distance from top of the memier
to the centricd of the tensile finer

dvpreliminary = 6675 m dvpreliminary = distance betwesn compressive
and tensile reinforcing

dv = dvprogram(de, dvpralimnzry, Stut2Depth) = 66.75
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Article 510.11.4.1¢:

Hote: The area of the Column and the Axial Load for this column nesd to be input into the Ve sguation

that calls the program above.

‘.": = ‘."u:Fmgr;m[rf:.ﬁ.b\'.d?.ﬁs_z.Pluni:Sth] =17.665

2Asp- 1?3& dv-cot(8) _
Eq.5.8.3.3-4 v, = =1.007% 10 kips
3
Eq. 5.8.3.3-1 GV = (V_+ V)b, =922173  kips

¥

Shearchack = EhearChE&fd}".’:.‘."'.;-'| = "OK"

Note: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforcing
{Aszp), increase the area of ghear reinforcing, or increase the section size (4column). These

variables can be changed in the inputs.

Article 5.10.11.4.1¢c Length of End Region [Plastic Hinge Region)

kips

End region iz assumed to extend from the soffit of girders or cap beams at the top of the columns or

from the top of foundations at the bottom of columns.

LendsthEndFegion = EndFesionFrograml Stut2Depth, Latrut2) = 72
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Article 5.10,71.4.7e: Spacing of Tranaverse Reinforcement for Confinement

Transverse Reinforcement for Confinement

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

MaxmumSpacing ;= Spacingprogram( Strut2Width) = 4 m

FINALSPACING = SpacingCheck{MammumSpacing. s} =35 m

scheck = ShearCheck(MaximumSpacing, 5) = "OR"

Note: If scheck returns "Failure”, increase the spacing of shear reinforcing spacing (s). The
spacing value may be FINALSPACING, but verify this works for all other checks.

Article 5.10,71.4.7d. Transverse Reinforcement for Confinemeant at Plastic Hinges

Required Volumetric Ratio Seiamic Hoop Reinforcing

INPUT he=68 m he = core dimension of atrut

INPUT e = he (Strat?Width — Cover 23 = 2584 % 107 i

;]

Avi=2.A=p =088 m

'C].1.nan:1:|':l5 = BectanzularProgram(fe, fie. s, Az, Ac Av he) = "OK"

HNote: If the minimum transverse reinforcement program responses “Increase Transverse
Reinforcing Ratio®, it iz recommendsd fo decrsase the spacing (s) or increase the area of the

transverse reinforcement (Asp) in the inputs.

Note:Theze Requirements need to be checked and satisfied.

Cross-tie Reguirementa:
1} Continuous bar having a hook of not less than 135 Degrees with an extension
MOT less than 6%dy or 3 in. at cne end and a hook of NOT less than 50 Degress
with an extension of NOT less than &%dy, at the other end.

2} The hooks must engage peripheral longitudinal bars.
3) The 90 Degree hooks of two successive cross-ties engaging the same longitudinal
barzs shall be altermnated end-for-end.
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Hoop Reguirements

1) Bar shall be a closed tie or continuously wound fie.
2) A closed fie may be made up of several reinforeing elements with 125 Dagree
hooks having a 6%dy, but NOT less than 3 in. extension at each end.

3) A continuously wound tie shall have at each end a 135 Degree hook with a 6°dy,
but NOT lezs than 3 in. extension that engages the longitudinal reinforcement.

Article 5.10.11.4.7f- Splices

Lap Splices in longitudinal reinforcement shall not be usaed in plastic hinge region.

Mominal Shear Resistance for members QUTSIDE Flastic Hinge Region.

5.8.3.3 Nominal Shear Resistance

INPUT Vu_ = Vueolg, .4 =99.254 kips

zub °

INPUT  spacaMNOhinga:= 12 i

INPUT by = Stuat2Width

b, =08

Hote: B and 8 come from Article 5.8.3.4.1
B:=20

™
180

A435=0.785 rad

Hote: Dr, de, and dv eguationz come from Article 5.8.2.9.

Eg. 5.8.2.9-2 de= 694  in de = ds which s the distance from top of the member

to the centriod of the tensile fiber

dvprelimmary = 66.75 1n dvpreliminary = distance between compressive

and tensile reinforcing
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dv = dvpregrami{de, dvprelimmary, Saut2Depih) = 68,75 m

. fe .
Eq. 5.8.3.3-3 Vo= U.E.‘lﬁ-ﬁ-_.‘l ] Dbx'-dt- =35436F ks

£y
2Asp —— dv-cot(8)

Eg. 5.8.3.3-4 V= - =2937 kips
= spacelN Ohinze

$Vy = (V, + V)4, =583256  kips

L1

Shearchack = *S]Jeer':E:k|_rd}".-':,".-'115“-::_| ="0OK"

Mote: If ShearCheck returnz "Failure”, either decreasze the spacing (2) of the shear reinforcing
{&sp), increase the arsa of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

i v-spacel] - 2
Eq. 5.8.2.5-1 Avmin = 0.0316. |- DrspaceNOhmee _, o) i
\| 1000 fye
000
Avi:= 2. A=p=0283 in

Mmimum Tran .= TranCheck( Avmin, Av) = "OE"

Mote: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing {spaceMChinge) or increase the

area of the shear reinforcement (Azp)in the inputs.
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5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vb

Eg. 5.8.2.91 Vi i= ; =0.039 kst
. bv-dv
Eg. 58271
Eg. 58272 MaxnSpacing = spacingProgramiwu, dv, fc) = 24 i
MAXSPACING = Spacecheck{MaxSpacing . spacelNOhinze) =12 m

zcheck = ShearCheck(MMANSPACING, spacelNOhmge) = "OK"

Mote: If scheck returns “Failure”, change the spacing of shear reinforcing sgacing {spaceMNOhinge).
The spacing value may be MAXSPACING, but verify this works for all other checks.
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DRILLED SHAFT DESIGN
DRILLED SHAFT 2

Article 5.13.4.6.2b: Cast-in-place Files

»

INPUT  Agopaygy = 156 in”

INEUT 1, =24

““bars T

INBUT  Ads:= Adsl

A.'mErEim‘m'fm_E = 'a‘ll:lngbar'N':.m; =37.44 o

Mote: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
minirmum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There alzo nesds be a check mads if the column Diameter iz less than 24.0 in. For these
drilled shaftg, spiral reinforcement or equivalent ties of not less than Mo. 2 barg shall be provided at pitch
not exceading 9.0 in_, except that the pitch shall not exceed 4.0 in. within a length below the pile cap
reinforcement of not less than 2.0 ft or 1.5 pile diameters, whichever is greater.

Minimum Longitudinal Reinforcing Check { First 1/3*Pile Length or 8 ft )

Checkleastlonzremmforemg{Ag, Along) = |a « "OK" 1if Along = Ag 0005

a + "Increase Longitudinzl Beinforcmg Fate™  1f Along < 0005 Az

ni

MinLongRatio == C':E:k]eastluu;‘emfultingiﬁxds,Alnzg.mizfﬂm._-ual

="0K

Mote: If the Minimum Longitudinal Reinforcing program retums “Increage Longitudinal Reinforcing”,

gither decreass the section size (AQ) or increase the longitudinal reinforcing {Abl and NumberBars in
the inputs.
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Article 5.10.71.3; Longitudinal Reinforcement

Minimum Longitudinal Reinforcing Check

| ="0K

MinLongRatio == C':E:k]ea:-,tlc:-ug_'remfc:-ming]:ﬁxds,Alnzgmizfﬂmiug’
Mote: If the Minimum Longitudinal Reinforcing program returms “Increage Longitudinal Reinforcing”,
either decreass the section size (AQ) or increass the longitudinal reinforcing (Al and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check
j="0K"

MaxLongFato = 'C]Jeu:]cma:cllz-nj_'reinfl:-lti:gf.i\d:.A]ﬂuzmmz-ur:mg
Mote: If the Maximum Longitudinal Reinforcing program refurns "Section Over Reinforced”, either
increase the section size {Ag) or decrease the lengitudinal reinforcing (&bl and HumberBars) in the
inputs.

5.8.3.2 Nominal Shear Resistance

INPUT v.';:'.'.b = ‘»’11]]52 =183.522 kips

INPUT  spaceMNOhings = 12 in 5. Spacing of hoops or pitch of spiral {in}

INPUT b := Dillshaftdial bv: effective width

INPUT Aspi= 44 ju.E Asp: Area of spiral or hoop reinforcing {in?)

INBUT Dapi= 075 in Dsp: Diameter of spiral or hoop reinforcing {in)

INEUT Cover == 6 in Cover: Concrete cover for the Column (in)

INPLUT Diprime = 54 in Dprime: Diameater of spiral or hoop for circular columns {(in)
INPUT dyp = 141 in dy,: Diameter of the longitudinal bar

Mote: B and 8 come from Article 5.8.3.4.1

@F=2.0
8= 4520785 rad
180




Mote: Dr, de, and dv equaticns coms from Article 5.8.2.9.

dy;
Dr = bv — Cover — Dsp — T = 38543 in
Eq. C5.8.2.9.2 de= T+ D 51635 @
il
2 ki

dvi= 0.9.de = 46472 m

En 56333 V = 003168 |5 brdv=387687  kips
c | 1000
2Asp I’I':-”:Ddr..:m(a:-
Vo= =204476 kips
Eg. 5.8.3.3-4 s spacalOhinga -

V= (V. + V)b, =532.947  kips
Shearcheck = Ef:ealﬁheckf-d:ﬁ.’u.‘fu] ="0OR"

Hote: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforcing
{Asp}, increase the area of ghear reinforcing, or increase the section size (Acolumn). These
variableg can be changed in the inputs.

5.8.2.5 Minimum Transverze Reinforcement

[ fc  byv-spaceM = 2
Eq. 5.8.2.5-1 Avmin = 0.0316. (¢ Br-spaceNOhige _, oqy w*
- 1000 fve
1000
Avi:= 2. Asp =083 in

MimmumeTran := TranCheck{Avmun, Av) = "OK"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended to decrease the spacing (spaceMOhinge) or increase the
area of the shear reinforcement (Agp) in the inputs.




5.8.2.7 Maximum Spacing of Transverse Reinforcement

V., - b Vu
Eq. 58251 u= % = 6648 % 10°
- bedy

[

k=1
MaxSpacing = spacingProgram(wu, dv, fe) = 24 1

MAXSPACTNG = Spacecheck{MaxSpacing . spaceliOhmge) = 12

scheck = ShearCheck(AMAXSPACING, spaceMNOhinge) = "0OK"

Mote: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceMOhinge).
The spacing value may be MAXSPACING, but verify thiz works for all other checks.

DRILLED SHAFT 3

Article 5.13.4.6.2b: Casi-in-place Piles

=15 1

i T
INPUT ':"lc:-u_zhar :

INPUT 2, = 32
INPUT  Ads = Ads2

Mongreinforeing = Mongbar Vhars = 4952 in

Hote: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
miirtirnum reinforcing check only applizs to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECHK: There alzo needs be a check made if the column Diameter is less than 24.0 in. For these
drilled shafts, gpiral reinforcement or eguivalent ties of not less than Meo. 3 bars shall be provided at pitch
not exceading 9.0 in_, except that the pitch shall not exceed 4.0 in. within a length below the pile cap
reinforcement of not less than 2.0 ff or 1.5 pile diameters, whichever is greater.
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Minimum Longitudinal Reinforcing Check | First 1/3*File Length or 3 ft )

Minl ongRatio == Cheﬁ'_eastl-}ngleinfu:umi:gfﬁxd:,Ak.: ms.] = "QK"

)
ETeInion

MWote: If the Minimum Longitudinal Reinforcing program returng “Increase Longitudinal Reinforcing”,
either decreass the section size (Ag) or increase the longitudinal reinforcing (Al and MumberBars in
the inputs.

Article 5.10,71.3. Longitudinal Reinforcement
Minimum Longitudinal Reinforcing Check

= "oK"

Minl ongRatio = Chei'.eastl-}ug_'reiuf-:-n:i:giﬁ;d:,Alﬂ:mei::-m:mgj
Hote: If the Minimum Longitudinal Reinforcing program retums "Increase Longitudinal Reinforcing”,
gither decrease the section size (Aa) or increase the longitudinal reinforcing (Al and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

MaxLongBato = C]Jeu:l-cma::ll:-ngm:infl:-mi:g|".i'uis.Ahusrmm«arcm;j ="DR"
Mote: If the Maximum Longitudinal Reinforcing program returnz "Section Over Reinforced”, either
increase the section size (Ag) or decrease the longitudinal reinforcing (&bl and NumberBars) in the

inputs.

5.8.3.2 Mominal Shear Resistance

INPUT Vu, = Vupgy = 12769 kips

INEUT  spaceMNOhinge = 12 in 5: Spacing of hoops or pitch of spiral {in)

INEUT bv = Drillshafidial b effective width

INPUT Asp = 44 i:: Asp: Area of spiral or hoop reinforcing (in?)

INEUT Dsp = 075 in Dsp: Diameter of spiral or hoop reinfarcing {in)

INCUT Cover = 6 in Cover: Concrete cover for the Column (in)

INPUT Diprime = 668 in Dprime: Ciameter of spiral or hoop for eircular columns {in)
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INFUT dyp = 1.4 in dyy: Diameter of the longitudinal bar

Hote: B and & come from Article 5.8.3.4.1

Be=20

T 4520785 1ad
180

Mote: Dr, de, and dv eguations come from Article 5.8.2.9.

s -
Dr = bv — Cover — Disp — T:' =70343 i

|

Eg. C5.8.2.9-2 do= — + —=61435 i

ul[—}l'
=

dv:= 08de=3531 m

Eg. 5.8.2.3-3 V.= 00316 B [—bvdv = 345309  kips
e B 1 7000 ]
2Asp. e dvr-cot{ @)
V.= 0 =243362 ks
Eq 58334 = :.,pa{:e_\_ﬂ':fuge

GV, = (Vo + V)b, = 709804  kips

Shearcheck := ShearCheck( V. Vu)| = "OK"

Hote: If ShearCheck refurns "Failure”, either decrease the spacing () of the shear reinforcing
(Azp), increase the area of shear reinforcing, or increass the section size (Acolumn). These
variables can be changed in the inputs.
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5.8.2.5 Minimum Transverse Reinforcement

—

fi vospacelOhing
Eq. 5.8.2.5-1 Avmin = 00316, | o DrepsceliOhinge oo
| 1000 fre
1000
Av:= 2.Asp = 0.88 in”

M Tran = TranCheek({ Avmm , Av) = "Decrease Spacmg or Increase Bar Size”

Mote: If the minimum fransverse reinforcement program responses "Decreasze Spacing or
Increase Bar Size”, it iz recommended to decrease the spacing (2paceMNOhinge) or increase the
area of the shear reinforcement (Asp) in the inpuis.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vagyh = @ Vg,

EQ 58281 ue=——2 5 W 4oagy. 1070 ke
b, bvdv
MaxSpacing = spacingProgram(wn, dv, fe) = 24 m

MAXSPACING = SpacecheckiMaxSpacing . spaceNOhinze) = 12 o

scheck = ShearCheck(BMANIPACTNG, spacelNOhmge) = "OK"

Mote: If scheck returns "Failure”, change the spacing of tfransverss reinforcing spacing (spaceMOhinge).
The spacing valug may be MAXSPACING, but verify this works for all other checks.

DRILLED SHAFT 4

Article 5.13.4.6.2b: Cast-in-place Piles

INPUT 2y 4 =156 i

-:\:bars =24

INPUT  Ads = Adsl

3

Alc}ug_'reinf-:m:ing = Al-:-:gbar"wbu*s =314 w

548




Note: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This
minirmum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECK: There alzo needs be a check mads if the column Diameter iz less than 24.0 in. For these
drilled shaftz, gpiral reinforcement or equivalent ties of not less than No. 3 bars shall be provided at pitch
not exceading 9.0 in., except that the pitch shall not exceed 4.0 in. within a length below the pile cap
reinforcemnent of not less than 2.0 ft or 1.5 pile diameters, whichever is greater.

Minimum Longitudinal Reinforcing Check [ First 1/3*Pile Length or 8 ft )

"| ="0K"

MinLongRatio = Cheﬁ'.eastl.ung.'reinfomi:gfﬁ;&.Ala:aei::-m:lus

Mote: If the Minimum Loengitudinal Reinforcing program returns "Increass Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and MumberBars in
the inputs.

Articla 5.10,11.3: Longitudinal Reinforcement
Minimum Longitudinal Reinforcing Check

MinlongRatio := Ched'_eaztlu}ng_'reinfnmi:g"ﬁxd:,Alﬂ: ms.] ="0K"

greinfore
Mote: If the Minimum Longitudinal Reinforcing grogram retums "Inereage Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and NumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

Maxl ongRatio = C]Jecl-cma:cl-:-ngminfu:-mi:gliﬁlds,A]Dusremfmcmz] ="DK"

Hote: If the Maximum Longitudinal Reinforcing program refurns "Section Owver Reinforced”, either
increase the section size (Ag) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

549




5.8.3.3 Nominal Shear Resistance

INFUT Vg, = Vupgy = 194.607 kips

INFUT  spacelOhinge == 12 in 5. Spacing of hoops or pitch of spiral {in)

INFUT bv := Drllshafidial bw: effective width

INPUT Asp = 44 ]_:: Aszp: Area of spiral or haop reinforcing (in?)

INFUT Dsp = 073 in Dsp: Diameter of spiral or hoop reinforcing (in}

INFUT Cover ‘= 6 in Cover: Concrete cover for the Column (in)

INFUT Diprime = 54 n Dprime: Diameter of spiral or hoop for circular columns {in}
INFUT 'ihl =141 in dy;: Diameter of the longitudinal bar

Mote: B and & come from Article 5.8.3.4.1

B=20
Bo= 4520785 1ad
180

Mate: Dr, de, and dv eguations come from Article 5.8.2.9.

%pl

Dr=tv—Cover—Dsp—— =358545 @

Egq. C5.82.9-2 de:= = + E =51635% i
2 ™
dv = 09de =46472 m

Eg. 5.8.3.3-3 V.= 0.0316.B II 1;‘:{":'

h

bv-dv = 387.687 kips

2Asp. 11;;: dvr-cot{ @)
Vo= =204476 kips
Eq 58334 2 5p 3.:&570‘:5&2& g
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$Vy = (Vo + V)b, = 532847 kips

Shearcheck := ShearCheck{¢V, . Vu) = "OK"

Hote: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforcing
{A=p), increase the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverze Reinforcement

fi vospacelOhing
Eq. 5.8.2.5-1 Avmin := 0.0316. | —o_ -spaceNOhinge
| 1000 fye.

1000

=0E834

)

Av=2.Asp =083 in

MmmmumTran = TranCheck{ Avmm, Av) = "0OK"

MNote: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size”, it iz recommended to decrease the spacing (spaceMNChinge) or increase the
area of the shear reinforcement (Asp) in the inputs.

5.58.2.7 Maximum Spacing of Transverse Reinforcement

Vu,_ g, — V. -
Eq 58201 meo 0 75 W0 oae g3 ksi
11:-5-131.'-(".1'
MaxnSpacing = spacingProgramwu, dv, fc) = 24 m
MANSPACTNG = Spacecheck{MaxSpacing , space?Ohinge) =12 in

scheck = ShearCheck(MAXSPACTNG, spacelNOhmge) = "OK"

Hote: If scheck returns "Failure™, change the spacing of transverse reinforcing 2pacing (spaceMOhinge).
The spacing valug may be MAXSPACING, but verify this works for all other checks.
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DRILLED SHAFT ABUTMENT 1

Article 5.13.4.6.2b: Cast-in-place Pilss

156 im”

INEUT ":"lunghar =

INPUT Ny, = 24

INPUT  Ads = Ads3

(35

'j"l-::-ug_'reinf-}rcing = ‘!"ln:gbzr'b'-buﬂ =37.44 n

Hote: Article 5.13.4.6.2b cnly has a provision for the minimum amount of longitudinal reinforcing. This
minimum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECHK: There alzo nesds be a check mades if the columin Diameter is less than 24.0 in. For these
drilled shaftz, spiral reinforcement or eguivalent ties of not less than Mo, 3 bars shall be provided at pitch
not exceading 9.0 in., except that the pitch ghall not exeeed 4.0 in. within a length below the pile cap
reinforcement of not legs than 2.0 ft or 1.5 pile diameters, whichever is greater.

Minimum Longitudinal Reinforcing Check { First 1/3*Pile Length or 8 ft )

| = "OK"

MmlLongFatic = Check'.ez:ﬂougﬁiufurci:gf..i\d:,A]ﬂumemfm,mg
\ g cmg/

Hote: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decreass the section size (Ag) or incresse the longitudinal reinforcing {(Abl and MumberBars in
the inputs.

Article 5.10.71.3: Longitudinal Reinforcement
Minimum Longitudinal Reinforcing Check

Minl ongFatio = ChE&leastl-}ug_'reiufnl\:i:a'.ﬁ;d:,Ala:aeizfm:lug.ll = "0K"

Mote: If the Minimum Longitudinal Reinforcing pragram retumsa "Increass Longitudinal Reinforcing”,
either decreaze the section size (AQ) or increase the longitudinal reinforcing (Abl and MumberBars in
the inputs.
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Maximum Longitudinal Reinforcing Check

MaxlongRatio = Checkmaxlu:ung'ueinfnlti:gli.i\ds,A]Gusrmmbrcm;j ="DK"

Note: If the Mazimum Longitudinal Reinforcing program refurns "Section Over Reinforced”, either
increaze the section size {Ag) or decreaze the longitudinal reinforcing (Abl and NumberBSars] in the

inputs.

5.8.32.3 Nominal Shear Resistance

INFUT Vu_ = Vupe apoen = 267.507 kips

INEUT  spaceMChinge = 10 in 3. Spacing of hoopsa or pitch of apiral {in)

INPUT bv = Drillshafidia3 bv: effective width

INFUT Asp = 31 533 Asp: Area of spiral or hoop reinforcing {in?)

INPUT Disp = 0623 in Dap: Diameter of spiral or hoop reinfarcing {in)

INeUT Covar == 6 in Cover: Concrete cover for the Coelumn (in)

INEUT Diprime = 42 in Dprime: Diameter of spiral or hoop for circular columns (in)
INFUT 'ibl =141 in dy, Diameter of the longitudinal bar

Hote: B and § come from Article 5.8.3.4.1
=20

8= ——45=0.785 r1ad
180

Note: Dr, de, and dv eguations come from Article 5.8.2.9.

dp)
Dr = bv — Cover — Dsp —— =46.67

Eq. C5.82.9-2 da = % + D =4185% m
2 ™

dv = 0.9.de = 3767 n
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Eg. 58333 V.= 003163 | bv.dv = 257.12 kips
£ 2 1000

fya |
2 Asp.—— dv-cot{Q)

_ 1001 ; ;
Vo= =140.132  kips
Eg. 5.8.2.5-4 5 spacel0hinge

¢V = (Vo + V)0, = 357527 kips

$Vy = (Vo + V), =357527  kips

Shearcheck := ShearCheck($V,_ ,Va| = "0K"

Hote: If ShearCheck refurns "Failure”, either decrease the spacing (s) of the shear reinforcing
{A=p), increase the area of shear reinforcing, or increase the section size (Acolumn). These

variables can be changed in the inputs.

£.8.2.5 Minimum Transverze Reinforcement

— o -

ve-spacelNDhing

Eq. 5.8.2.5-1 Avmin = 00316, | o DvepacenOhinge
| 1000 fre

1000

=0569

Avi= 2.Asp = 0.62 i’

MmmumTran = TranCheck{ Avmm, Av) = "0K"

Note: If the minimum transverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it is recommended o decrease the spacing (spaceMNChinge) or increase the
area of the shear reinforcement (Asp) in the inputs.

5.8.2.7 Maximum Spacing of Transverse Reinforcement

_ Vi — s Vi,

tbvdv

Eqg. 5.8.2.9-1 v =0.013 ksi

MaxSpacing = spacingProgram(wu, dv, fc) = 24 m
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MANSPACING = Spacecheck{MaxSpacing , spaceMNOhinge) = 10 n

scheck = ShearCheck(MANSPACTING, spacelNOhmge) = "OK"

Note: If scheck returns "Failure”, change the spacing of transverse reinforcing spacing (spaceMOhinge).
The spacing value may be MAXSPACIMNG, but verify this works for all other checks.

DRILLED SHAFT ABUTMENT 5

Article 5.13.4.6.2b: Cast-in-place Piles

156 im”

] T —
INPLT 'b‘l-}n_zhar =

i - ..
INPL Wpare = 24

INPUT  Ads:= Ads3

(35

'j"l-::-ug_'reinf-}rcing = ‘!"ln:gbzr'b'-buﬂ =37.44 n
Note: Article 5.13.4.6.2b only has a provision for the minimum amount of longitudinal reinforcing. This

minimum reinforcing check only applies to the FIRST 1/3*PILE LENGTH OR 8 FT.

CHECHK: There alzo nesds be a check mades if the columin Diameter is less than 24.0 in. For these
drilled shaftz, spiral reinforcement or eguivalent ties of not less than Mo, 3 bars shall be provided at pitch
not exceading 9.0 in., except that the pitch ghall not exeeed 4.0 in. within a length below the pile cap
reinforcement of not legs than 2.0 ft or 1.5 pile diameters, whichever is greater.

Minimum Longitudinal Reinforcing Check { First 1/3*Pile Length or 8 ft )

MinLongRatio = Checkleastlongreinforcing| Ads | = "OK"

A "
*Hlongremforomg

Hote: If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (4g) or increass the longitudinal reinforcing {4kl and MumberBars in
the inputs.
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Article 5.10,71.3 Longitudinal Reinforcement
Mimimum Longitudinal Reinforcing Check

MinLongFatio = Cheﬁleastleug.'reinf-:-m:i:gfﬁ;&.AID:ETE__-:EDHME'] ="0R"

Note: If the Minimum Longitudinal Reinforcing program retums “Increass Longitudinal Reinforcing”,
either decreasze the section size (Aq) or increass the longitudinal reinforcing {Abl and MumberBars in
the inputs.

Maximum Longitudinal Reinforcing Check

[

Maxl ongRatio == C]Je-:l-cmaxlnugmini'-:um'_':gf.i'uis,A]Gusrmmbmmﬂ ="OKR"

Hote: If the Masimum Longitudinal Reinforcing program returns "Section Over Reinforced”, either
increaze the section size (Ag) or decreaze the longitudinal reinforcing (Abl and MumberBars) in the
inputs.

5.8.3.3 Nominal Shear Resistance

INPUT k:us.'.;h = v“D*SAbut:‘ =175.772 kips

INCUT  spaceMNChinge == 10 in 5! Spacing of hoops or piteh of 2piral {in)

INPUT by := Drillshafidia3 bw: effective width

INFUT As=p = 31 j:: Aszp: Area of spiral or hoop reinforcing (in?)

INEUT Dsp = 0625 in Dsp: Diameter of spiral or hoop reinforcing (in}

INEUT Covar == 6 i Cover: Concrete cover for the Column (in)

INFUT Diprime = 42 i Dprime: Diameter of spiral or hoop for circular columns (in)
INFUT 'ibl =141 in dy,: Diamneter of the longitudinal bar

Hote: B and & come from Article 5.8.3.4.1

=20

8= ——45=0.785 1ad
180
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Mote: Dr, de, and dv eguations come from Article 5.8.2.9.
':;":u'.
Dr == bv — Cover — Dsp — — =46.67 i

Eq. C5.82.9-2 da =

Sk

D.
+ 241856 in
™

dv = 09.da = 3767 m

. ; | fe | - _
Egq. 5.8.23-3 V.= 00316 B'\Iﬁm—'d‘. =1257.12 kips
2A=p. 1?':': dv-eot{8)
V.= =140.132 ki
Eg. 5.8.3.34 * spacelOhnge °

SV, = (Vo+ Vo), = 357527 kips

GV, = (V, + V)b, =357527  kips

Shearcheck := ShearCheck{¢V, . Vu) = "OK"

HNote: If ShearCheck returnz "Failure”, either decrease the spacing (s) of the shear reinforcing
(Asp), increaze the area of shear reinforcing, or increase the section size (Acolumn). These
variables can be changed in the inputs.

5.8.2.5 Minimum Transverse Reinforcement

2 vspacelOhine
Eq. 5.5.2.5-1 Avmin = 00316, | —=_ D epacenOhinge
4 1000 e

1000

=0.569

o

Avi= 2 Asp =062 in

MinmumTran = TranCheck{ Avmm, Av) = "OK"

Mote: If the minimum fransverse reinforcement program responses "Decrease Spacing or
Increase Bar Size", it iz recommended to decrease the spacing (spaceMOhinge) or increase the
area of the shear reinforcement (Asp) in the inpuis.
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3.8.27 Maximum Spacing of Transverse Reinforcement

Vu_ g — .V
Eq.5.82.91  wu= % =9.601 % 10~ ksi
- bw-dv

[

MaxSpacing ;= spacingProgrami~u, dv. fc) = 24 m

MAFSPACING = SpacecheckiMaxSpacing . spacelNOhunge) = 10 in

scheck = ShearCheck(MANSPACING, spacelNOhmee) = "OK"

Mote: If scheck returns "Failure”, change the spacing of transverss reinforcing spacing (spaceMChinge).
The spacing valus may be MAXSPACING, but verify this works for all other checks.

Connection Design for Girder to Bent Cap

INPUT Veolbent := ‘»’11\:@'.3 antd

Mote: Since Bent 4 has the highest shear out of the 3 bents, use bent 4 shear force.

INPUT Nzirderperbent == 12

Article 6.5.4.2: Resistance Factors

¢'t =08 Tension for 4307
b, =073 Shear for A307
iy, = 0.30 Block Shear

by, = 080 Bolis Bearing
= 085 Shear Connectors
by = 100 Flexure

'd:'sa:g]e =100 Shear for the Angle
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Hote: Select the grade of bolt being used.

INPUT Fub := 58
INPUT Diab = 1.
INPUT Ns:=1

Angle Properiies

INEUT Fy:= 36
INPUT Fu:= 58
INPUT ti=0.625
INPUT hi=6
INPUT wi= 6
INPUT 1:=12
INPUT k:=1125

INPUT  distanchorhols

INEPUT diahele = 1.
INBUT BLS5Hlength :

INPUT BL:Hwidth

INPUT Ubs:= 1.0

=]

INEPUT a

INEUT bh:=35

25

L

Shear Force per Angle:

Vangle =

k=1

m

10

In

10

Veolbent 2

2Menderperbent

It iz assumed that a ASTM A30T Grade C bolf is used.

Mg = Mumber of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ultimate Stress of the Angle
f = Thickness of Angle

h = Height of the Angle

w = Width of the Angls

| = Length of the Angle

k = Height of the Bavel

distanchorhole = Distance from the verical leg to the center of
the hole. This iz the location of the holes.

diahole = Diamester of bolt hole
BLSHlength = Block Shear Lengih
BLSHwicth = Block Shear Width

Ubsg = Shear Lag Factor for Block Shear

a = Diztance from the center of the boll {o the edge of plate

b = distance from center of bolt to toe of fillet of connected
part

= 2109 kips
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Article 6.13.2.12: Shear Resistance For Anchor Boliz

Eqg. 6.13.2.1241 dsBn = & 0484, Fub-Ns =15.624 kips

Note: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearChecki{hsEn, Vangls) = "0OK"

Hote: If the program returns "FAILURE", either increase diameter of the bolt (Diab), changs grade of bolt,
increaze number of bolts, ste.

Article 6.13.2.9: Bearing Regizgtance at Bolt Holes

For Standard Holes

Eg. 6.13.2.941 ¢bbFn = 1.4.Diay -t Fub = 108.75 kips

For Slofted Haoles

it Lc = Clear dist. between the hole and the end of the member

Eq. §.13.2.9-4 dbbFns = Lot Fub =725 kips

Bearnngcheck = ShearCheck{dbbEn, Vangle) = "0OK"

Beanngscheck := ShearCheck{bbEns, Vangle) = "0OK"

Hote: If the proegram returns "FAILURE", either change the diamster of the bolt, thickness of the
angle, or Le (hole location).
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Article 6.13.2.10: Tensile Resistance

Mote: This a calculation of the Tension force on the anchor bolt due to the shear. A moment is taken
about the through bolt in the vertical leg of the angle. The ling of action for the shear force is assumed fo
enter the angle at 1" kelow the through bolt; therefore, the moment due to shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Tu= —mgel 50y kips
distanchorhols
Eq. 6.13.2.10.241 $tTn = dy-0.76- 4 -Fub = 43.275 kips

Tensioncheck = ShearCheck{dtTn, Tu) ="0OK"

Hote: If program returns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tension and Shear

Pu = Vangle
Eq. 6.13.2.11-1 CGm':uqudegIamfP'.;.Ab .fub.-d:usRu.d:-sﬁ = |t 0.76 4y, Fub
Eqg. £.13.2.11-2 ' '
]
£ opg 2
e 076 Ay Fub 1| —— |
| | thsEn |
2
a—t - L =033
| -d:-sRu
e,
aer i —T0 .33
{ thsEn |
|
a
T ombined = © -:-mbmedl:'mg':zm[?u..-ih. Fub.d:-:Ru_d:-E:| = 54.094 kips
d:'TTn:clmbiued = d}t'T:cnmbi:Ed =43275 kips

Combmedcheck = .":-heaJC]J.eu:klid:u:'l':mmh]-ued_ﬁ.’a:glej = "0K"

Mote: If program refurnz "FAILURE", change area of the bolt or grade of bolt.
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AISC J4 Block Shear
Note this is for if there are

- 3 = . 2 one through bolts in the
Agzv = {.BLSHlength = 3.75 m upper leg.
Any = t-(BLSHlength — 0.5 diahole) = 3 281 iuj
Ant = t(BLSHwidth — 0.5 dizhole) = 0.781 m
(J4-3) BL5Hprogram(Agv, Anv, Ant, Ubs_ Fu,Fy) .= |b +«— 0.6.Fu-Anv + Ubs Fu- Ant

¢ «— D.8Fy Azv + Ubs.Fu- Ant
as—b ifb=¢
as—c fbhee

a
Bn = BLSEprogrami Agv, Anv, Ant, Ubs Fu Fy) = 126312 kips
dbsRBn := ¢y, BEn = 101 .05 kips
BlockShearCheck := ShearCheckidbsEn, Vangls) = "0OK

Hote: If program returns "FAILURE", change diameter of the bolt, number of belis, thickness of
angle, length of angle, eic.

AISC D2: Tenzion Member
Ut = Shear Lag facter for single Angles. Refer o

Ut=106 Table D3.1in AISC Manual
Ant = t.[w — (1 .dizhala)] = 2 E13 i.u:

{D3-1) Ae = Ant.Ut = 1688 i

(D2-2) tPn =, Fub-Ae =783 kips

TensienChack = ShearCheck(§tPu, Vangle) = "0K

Note: If program returns "FAILURE", change thickness of angle, length of angle, width of angle, ste.
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AISC CH. F: Bending of Angle

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the bolt location). Then the moment was found just above the k height for thiz angle.
The Critical section is a k distance away on the honzontal leg. This location has the greatest moment.

INPUT Muangle := 26.5 kip-in
Ze= 10 17 ~
4
$fMn = ¢y Fy-Zx = 42188 kip-in

BendmgAnglaCheck = ShearCheck( ddn, Muangle) = "OK"

Mote: If program refurnz "FAILLURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv=110
-
Aw = tw=375 m
1G2-1) drsangleVn = g oy 0.6 Fy Aw.Cv = 81 kips

ShearAngleCheck := ShearCheck{dzanzleVn, Vangle) = "0K

Hote: If program returnz "FAILURE", change thickness of angle or width of angle.
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Expansion Connection Design for Girder to Bent Cap

INBUT Veolbent := ‘»’m:o'.B entd

Mote: Since Bent 4 has the highest shear cut of the 3 bents, use bent 4 shear force.

INPUT Wairderperbent = 12

Article 6.5.4.2: Resistance Factors

by =08 Tension for A307
g, = 073 Shear for A307
dn,. = 0.80 Block Shear

d’bb = 0.80 Bolis Bearing

.. = 083 Shear Connectors
i = 1.00 Flexure

11:-;_3|:g]E = 1.00 Shear for the Angle

Hote: Select the grade of bolt being vused. It iz azzumed that a ASTM A307T Grade C bolt iz used.

INEUT Fub := 58 ksi
INPUT Diay, = 1.25 in
INEPUT Ns:=1 Mg = Mumber of Shear Planes per Bolt

Angle Properiies

INPUT Fy:= 3§ k=i Fy = Yield Stress of the Angle
NPUT Fu:= 58 ksi Fu = Ultimate Stress of the Angle
INPUT ti= 0625 in t = Thickness of Angle

NPUT hi=§ in h = Height of the Angle

INPUT w= 6 in w = Width of the Angle

INPUT 1:=12 n | = Length of the Angle

INPUT k==1.123 in k = Height of the Bevel
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INPUT  distanchorhole = 4 i distanchorhole = Distance from the verical leg to the center of
the hole. This is the location of the holes.

INEUT diahole = 1.5 in dizhole = Diamster of bolt hole
INEPUT SlottedHole := & mn SlottedHole = Length of Slotted Hole
INEUT BLSHlength:= 6 in BLSHIength = Block Shear Length
INEUT BLSHwidth == 2 in BLSHwicth = Block Shear Width
INEUT Thz:= 1.0 Uz = Shear Lag Factor for Block Shear
INEBUT a:=21 in a = Diztance from the center of the bolt to the edge of plate
INEUT b:=35 n b = distance from center of bolt to toe of fillet of connected
part
Shear Force per Angle:
Veolbent. 2
Vangla = __m_—Et =g109 kips
M zirderperbant

Article 6.13.2.12: Shear Resistance For Anchor Bolizs

Eq. 6.13.2.121 dsFa = o, 0.48. A Fub-Ns = 25,624 kips

Hote: This is checking to verify that the anchor bolt has enough shear strength.

Shearcheck := ShearCheck{d=En, Vangls) ="0K"

Mote: If the program returng "FAILURE", either increase diameter of the bolt (Diab), change grade of bolt,
increase number of bolts, stc.
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Article 6.13.2.9: Bearing Registance at Bolt Holes

For Standard Holes

Eq. 6.13.2.9-1 dibbFa i= 2.4 Diay, t-Fub = 108.75 kips

For Slotted Holes

INPUT Le=2 n Lc = Clear dist. between the hole and the end of the member

Eq. 5.13.2.9-4 dibbFxns = Le-t-Fub =725 kips

Bearmngcheck .= ShearCheck{dbbRn, Vangle) = "OK"

Bearngzcheck .= ShearCheck{dbbFus, Vangls) = "OK"

Hote: If the program returns "FAILURE", either change the diamster of the bolt, thickness of the
angle, or Le {hole location).

Article 6.13.2.10: Tensile Resistance

Mote: This a calculation of the Tension force on the anchor bolt due to the shear. 4 moment iz taken
about the through Bolt in the vertical leg of the angle. The ling of action for the shear force is assumed o
enter the angle at 1" below the through bolt; therefore, the moment due to shear is Vangle* 1°. The
distance to the anchor balt in the cap beam is 47, and that iz how the Tu equation was derived.

Vangle 1

= 2027 kips
distancheorhola

Eq. 6.13.2.10.21 &tTn := dy-0.76. Ay .Fub = 43 275 kips
Tensioncheck = ShearCheck{dtTn, Tu) ="0K"

Mote: If program refurnzs "FAILURE", change area of the bolt or grade of bolt.
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Article 5.13.2.11: Combinad Tensicn and Shear

Pu = Vangle
Tn-:nmbi:ed = -:nmbmed.?rcg'ram[?u_.-ib, Fub_¢nsRu_¢|E:| =54.094
T, pined = v Toombined = 43273 kips

Combmedcheck = Shear( ]J.eck|"-¢|7T:mmb]-ned.‘.’a:gle'] ="0K"

kips

Mote: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

-

Mote this is for if there are
one through bolts in the

Agzv .= +BLSHlength = 3.75 m upper leg.
Any = £.{BLSHlength — 0.5.dizhola) = 3.281 '.'r:|.j
Ant = t{BLSHwidth — 0.5 dizhole) = 0.781 m

[Jd4-5) BL5Hprogram(Agv, Anv, Ant, Ubs, Fu.Fy) = |b « 0.6.Fu-Anv + Ubs - Fu- fAnt

¢« 0.6FyAzv + Ubs Fu-Ant

a+—b fb=c

a+—oc fbh>e

Bn = BLSHprogrami Agv, Anv, Ant, Ubs Fu Fy) = 126312 kips
dbzEn = dy, . En = 101.03 kips

BlockShearCheck = ShearCheckihbsFn, Vangls) = "OK

Hote: If program returns "FAILURE", change diameter of the bolt, number of belts, thickness of

angle, length of angle, etc.
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BISC DZ: Tenszion Member
Ut = Shear Lag factor for single Angles. Refer io

Ut=06 Table D3.1 in AISC Manual
Ant = t-[w - (1.dizhaola)] = 2.513 i.u:

(D3-1) Ae = Ant.Ut = 1,688 in”

(D2-2) $tPn = ¢, Fub.Le =783 kips

TensionCheck := ShearCheck(dtPu, Vanzle) = "0OK

Note: If program refurnz "FAILURE", change thickness of angle, length of angle, width of angle, etc.

AISC CH. F: Bending of Angle

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which is at
the bolt location). Then the moment was found juat above the k height for thiz angle.
The Critical secfion is a k distance away on the horizontal leg. This location has the greatest moment.

INEUT Muangle := 263 kip-in
zx= 2 _1m W
4
$fMn = g Fy-Zx = 42188 kip-in

BendmpgAnglaChack .= ShearCheck{dihin, Muangls) = "OK"

Mote: If program returns "FAILURE", change thickness of angle or length of angle
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AISC G: Shear Check

(G2-1)

Cvi=1.0
i
Aw:=tw=375 i
dizangleVn = o 0.6-Fy Aw. Cv = 81 kips

ShearAnglaCheck := ShearCheck{dzanzleVn, Vangle) ="0K

Hote: If program refurns "FAILURE", change thickness of angle or width of angle.

Connection Design for Girder to Abutment 1

INEUT

INEUT

Veolbant == Vupg s but]

Nanderperbent := &

Mote: Select the grade of bolt being used. It iz assumed that a ASTM A30T Grade C bolt is vused.

INPUT

INEUT

INPUT

Fub := 38
Diah =15
Ns:=1

Angle Properiies

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

INPUT

INEUT

Fy:

By

1
L
o

Fu:= 38

distanchorhols = 4

ksi

m
Mg = Mumber of Shear Planes per Bolt
ks Fy = Yield Stress of the Angle
ksi Fu = Ullimate Stress of the Angle
m t = Thickness of Angle
in h = Height of the Angle
n w = Width of the Angls
n | = Length of the Angle
n k = Height of the Bevel
mn distanchorhole = Distance from the vertical leg to the center of

the hole. This is the location of the holes.
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INBUT dizhole = 1.75 n diahole = Diameter of bolt hole

INPUT SlottedHaola := & n SlottedHole = Length of Slotted Hole

INEUT BL%Hlength := 21 in BLSHlength = Block Shear Length

INPUT BLSHwidth:=2 in BLSHwicth = Block Shear Width

INPUT TUbs:= 1.0 Uz = Shear Lag Factor for Block Shear

INPUT a:=2 n a = Diztance from the center of the bolt to the edge of plate

INPUT he=35 m I» = distance from center of bolt fo toe of fillet of connected
part

Shear Force per Anale:

Veolbent.2

Vangla = ——— = 66877 kips
2Mznirderparbant
INEUT ol 3 Mgz = Number of bolts per flange
Vansl
Vperbolt == SRR 22292 kips
Tholts

Article 6.13.2.12: Shear Resistance For Anchor Bolis

.-[ha
b 3
= =1.787 3
b 1 m
Eq. £.13.2.12-1 =En = ¢3-D.45-;—1b-1:'11b-5-'5: 36,898 kips

Note: This is checking to verify that the anchor bolt has enouwgh shear strength.
Shearcheck ;= ShearCheck(dsEn, Vperbolt) = "OK"

Hote: If the program returng "FAILURE", either increase diameter of the bolt (Diab), change grade of baolt,
increaze number of bolts, ete.
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Article 6.13.2.9: Bearing Rezistance at Bolt Holes

Faor Standard Holes
Eq. 6.13.2.841 ¢bbFn = 1.4-Diay-t-Fub = 208.8 kips
For Slofted Holes

INEUT Le=2 n Lc = Clear digt. between the hole and the end of the memier

Eq. 6.13.2.9-4 bbFns = Le-t-Fub =118 kips

Beaningcheck = ShearCheck({dbbRn, Vperbelt) = "0K

Beanngcheck := ShearCheck(dbbRn, Vpearbelt) = "0K

Mote: If the program returns "FAILURE", either change the diameter of the bolt, thickness of the
angle, or Lo (hole location).

Article 6.13.2.10: Tensile Resistance

Hote: This a calculation of the Tensien force on the anchor bolt due to the shear. & moment is taken
about the through bolt in the vertical l2g of the angle. The line of action for the shear force is assumed o
enter the angle at 1" below the through bolt; therefore, the moment due fo shear iz Vangle* 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Tu= —r2Eel 6719 kips
distancherhels
Eq. §.13.2.10.241 §tTo = EI.TEi-Ab-F'.;b: TT.R%6 kips

Tensioncheck := ShearCheck{dtTn, Tu) ="0K"

Hote: If program returns "FAILURE", change area of the bolt or grade of bolt.
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Article 6.13.2.11: Combined Tension and Shear
Pu := Vperbolt

Eg.6.13.2.11 1 T, bined = Camh:iu.ed_:'mgram{P‘u,Ab,_711b.d}s.R_u_d}5:| = 62.072 kips
Eg. 6.13.2.11-2

d:'tT::omhiued = d:':'Tuc'}m':-med =45.638 kips

Combmeadchack := Shealﬂhecl-c|_rd}t1"u.cmubi:ed.‘-;'pm'balt\_| ="0K"

Mote: If program returns "FAILURE", change area of the bolt or grade of bolt.

AISC J4 Block Shear

-

Agv = t BLSHlength = 21 m MWaote: this is for
’ le | ) th baolts.
Anv = +| BLSHlength - 2.3% =135 @ es hots
Ant = t.(BLSHw:udth — 0.5.diahole) = 1.125 Lr12
(J4-3) Fn = BLSHprogram{ Agzv, Anv, Ant, Ubs, Fu, Fv) = 51885 kips

dbsEn = oy, Fn =415.08 kips

BlockShearCheck := ShearCheck{dbsEn, Vangle) = "OK"

Mote: If program refurnz "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tenzion Member
Ut = Shear Lag factor for single Angles. Refer o

Ut=106 Table D31 in AISC Manual
Ant = t:[w — (1 .dizhola)] = 4.25 i.u:

(D3-1) Aei= Ant Tt = i.u:

{D2-2) §tPn = b, Fub-Ae = 118.32 kips

TensionCheck = ShearCheck{dtPn, Vangle) = "0K

Note: If program returnz "FAILURE", change thickness of angle, length of angle, width of angle, etc.
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AISC CH. F: Bending of Angle

Hote: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the bolt location). Then the moment was found just abowe the k height for this angle.
The Critical secfion is a k distance away on the horizental leg. This location has the greatest moment.

INEUT Muangle := 200. kip-in
Lt 2 . Hote Heed to ADD
Ini= 1 =43 m stiffners in order for
4 this to work.,
dflvin = d:f-Ff-'-Zx =234 kip-m

BendmgAnglaChack := ShearCheck{ diMn, Muangle) = "OK"

Hote: If program returns "FAILLURE", change thickness of angle or length of angle

AISC G Shear Check

Cw:=10
-
Aw:i=tw=06 m
(G2-1) dsanglaWVn = d:sa:g]e-ﬂ.ﬁ-_f}'-ﬁ;w-(v =194 kips

ShearAngleCheck == ShearCheck{dsanzleVn, Vangle) = "0K

Mote: If program refurns "FAILURE", change thickness of angle or width of angls.
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Connection Design for Girder to Abutment 5

INFUT

INFUT

Veolbant := Vapg Abuts

Wanderperbant = 6

Mote: Select the grade of bolt being vsed. It iz assumed that a ASTM A307 Grade C bolt iz used.

INPUT Fub := 38
INPUT ]:Ilia]:I =15
INPUT Ms:=1

Angle Properiies

INEUT Fy:=36
NPUT Fu:= 38
INBUT t:=0.875
INPUT hi=6
INPUT wi= 1§
INPUT 1:=20
INPUT k:= 1375

INPUT  distanchorhole = 4

INBUT diahole = 1.75
INPUT SlottedHaole := 6

NePuT BLSHlength = 15

INBUT BLSHwidth := 2

INEUT TThs =
iNEUT a=1
INEUT b:=35

L0

k=1

In

I

I

Mz = Number of Shear Planes per Bolt

Fy = Yield Stress of the Angle

Fu = Ulimate Stress of the Angle
f = Thickness of Angle

h = Height of the Angle

w = Width of the Angle

| = Length of the Angle

k = Height of the Bevel

distanchorhole = Distance from the verical leg to the center of
the holz. This is the location of the holes.

diahole = Diamester of bolt hole

SlottedHole = Length of Slofied Hole
EL=HIength = Block Shear Length
ELSHwicth = Block Shear Width

Ubz = Shear Lag Factor for Block Shear

a = Distance from the center of the bolt to the =dge of plate

b = distance from center of bolt to toe of fillet of connected
part
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Shear Force per Angle:

Veolbant.2

Vangle = ———— = 43943 kips
XM girderparbant
INPUT ol = 2 My = NUMBber of bolts per flangs
. Wangzle
Vperbelt = ——— = 21.972 kips
Tholts

Article 6.13.2.12: Shear Resistance For Anchor Bolis

Eq.5.13.2.12-1 dsBn = b, 048 Ay Fub-Ns = 36 898 kips

Mote: This is checking to verify that the anchor bolt has enough shear strength.
Shearcheck := ShearCheck(dh:En, Vperbolt) = "OK"

Hote: If the program returns "FAILURE", ether increase diameter of the bolt (Diak), change grade of bolt,
increase number of bolts, ete.

Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes
Eq. £.13.2.91 dbbEn = 2.4-Diab-t-Fub =1827 kips
For Slotted Holes

INFPUT Le=2 n Lc = Clear dist. between the hole and the end of the member

Eg. §.13.2.9-4 hbbEns == Le-t-Fub = 1013 kips

Beanngeheck = ShearCheck{dbbEn, Vparbelt) = "0OK

"OK

Beanngcheck ;= ShearCheck{¢bbEn, Vparbolt)

Note: If the program returng "FAILURE", either change the diamster of the bolt, thickness of the
angle, or Lc (hole location).
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Article 6.13.2.10: Tensile Resistance

Hote: This a calculation of the Tension force on the anchor bolt due to the shear. & moment is taken
about the through kolt in the vertical leg of the angle. The ling of action for the shear force is assumed o
enter the angle at 1" below the through bolt; therefore, the moment due to shear iz Vangle® 1°. The
distance to the anchor bolt in the cap beam is 47, and that is how the Tu equation was derived.

Ta= —o g2l 0 ogg kip=
distancherhols
Eq. 6.13.2.10.2-1 &tTn := 0.76- Ay -Fub = 77.896 kips

Tensioncheck = ShearCheck{dtTn, Tu) ="0OK"

Hote: If program refurns "FAILURE", change area of the bolt or grade of bolt.

Article 6.13.2.11: Combined Tensicn and Shear

Pu := Vperbolt
Eg.8.13.2.11-1 Toombined = C{:-mh:iu.ed.“ru::—grauﬂiPu,Ab,fub.d}sRJJ_d}sj = 62.58 kips
Eg.6.13.2.11-2

ST bhined = Py Tagmbinad = 20.064 kips

Combmmadchack = ShenChecl-c|rd}tTu\._.mbi:Ed.‘fpm'bGlt\| ="0OK"

MNote: If program returns "FAILURE", change area of the bolt or grade of bolt.
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AISC )4 Block Shear

Agv = +BLSHlength = 13.125 m Mote: this is for 2

bolts.

Anv = t| BLSHlength — 1 _j._m““iﬂ'k'-e

|=9188

Ant := t-(BLSHwidth — 0.5.diahele) = 0984 u:L2

(J4-3) Fn := BLSHprogram{ Agv, Anv, Ant, Ubs, Fu, Fv) = 340.594 kips
drbsEn = dy, Fn =272.475 kips

BlockShearCheck := ShearCheck{dhb:En, Vangle) = "OK"

Hote: If program refurnz "FAILURE", change diameter of the bolt, number of bolts, thickness of
angle, length of angle, etc.

AISC D2: Tension Memier

Ut= 06 Ut = Shear Lag factor for single Angles. Refer fo
p= Table D3.1 in AISC Manual

Ant = t[w — (1 .dizhols)] = 3.719 m
(D3-1) Ae = AntUt=2.231 i
(D2-2) $tPn = d Fub-Ae = 103.53 kips

TensionCheck = ShearCheck{dtPn, Vangle) = "0K

Mote: If program refurng "FAILURE", change thickness of angle, length of angle, widih of angle, etc.

S77




AISC CH. F: Bending of Angle

Note: & SAP Model of the angle was created. The shear of the angle was applied at 4 in. {which iz at
the kol location). Then the moment was found just above the k height for this angle.
The Critical secfion is a k distance away on the horizental leg. This location has the greatest moment.

INPUT Muangle := 68.75 kip-im
1(° 3
7= 28 3 g0 ~
ifn = dpFrZe = 137813 kip-m

BendingAnglaCheck ;= ShearCheck{dfhln, Muangla) = "OK"

Hote: If program returns "FAILURE", change thickness of angle or length of angle

AISC G: Shear Check

Cv=10
.
Aw = tw=325 m
(G2-1) ¢hsanglaVn = d:-sa“zle-l:l.ﬁ-_:}'-ﬁ;w-(v =1134 kips

ShearAngleCheck := ShearCheck{dsangleVn, Vangle) = "0K

Hote: If program returns "FAILURE", change thickness of angle or width of angle.
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Appendix |: Interaction Diagrams for Scarham Creek Bridge

Designer: T4

Prioject Name: LA R HR A

ok Kumbar:

Date: [ R Rl )

Nepmant Capacity and Intaraction Diagram Data

Calwma ar Deilled Shaft:

BR=T =

C i e

INPUTS

Coturmn [Hameter [N -] n
fc & ks
fy G kst
Longituding! Reinforcing 3ar Size = 1
Mumber of Loaitudinal Reinforcing Bars %

Transuersn Reinfosdng Bar Sie s

Spacding of Transverse Apinforcing Bars F) In
Calumn Haight iE fi
Cover 3 m
Derd L Repetioaid

Puliegad g3 fips

MAuDead I BT kip*ft

Enter into Colurnn Design Software [FOA COLUMM]
Findimg Mament Capacty of the calumn,

Mo = piip/0.9 &5y kip*ft
wpml = 2*MpfHeightcoluma 3 4 a8 kips
wpkent = 2*Wpeol EhE kips
Create SAP madel aff Bent

Apply shear (¥obent] a1 the center of mass of tha substructure

Axlal Force due ta Vplment =» Puovarturning = 1] e & kips 1T
- - 2T :
Fu = PuDgad =/~ Puovariuming 2o 18 ar feips 2 i E - E i

Ae-erter inte Colomn Design Softwane [FCA COLLMN]

Mp = pMp/0E 3 & EO8 kgt b 2E&
‘pcol = 2*MpHelghtoolumn FeL kips +18
Wpbent = 2*Vpral e KIps 55

Werify thot Vobent is within 10% of frst Vibent. [ nok repeat fhe sbove orocess,

Chatk = [{vpbent2 - ¥pbentll / Vobenta] * 100% /.22 toga
Eheck Otbar Seismic Lood Joses

upatrans 2180 kip*t peiran = o, 359

Putran ATE kips pelong = g o

Mupolong 24.7 kig*fe

Pulang -0 - kips

Pu= Pubgad +/= Putran = 1725 ar 15 kigs

8y = fMubead + Mupotran = Eges kig*ft

Pu = Pullead #f- Fulong 8rs ae BfS

My = MuDead + Mupolong = 432 kip*ft
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60 in diam.

Code: ACI 318-02
Linitz: English
Rin axiz: About X-axis

Run option: Investigation

Slendemess: Not considerad
Column type: Structural
Bars: ASTM AB1E

Date: 1110110

Time: 14:05:40

-3000 —

pcaColumn v3.64. Licansed to: Auburm University. License ID: 53161-1011561-4-20C30-270D59

File: CA\Documents and SattingsicoulspjiDeskiopiSeismic Design RessarchlSCARHAM CR..ABENT2 COLUMN.col
Project Scarham Creek

Calumn:; Bent 2 Engineer: PJC

fo=4ksi fy =60 ksi Ag = 282743 in*2 24 #11 hars

Ec= 3505 ksi Es = 29000 ksi Ag =37.44 n"2 Rho =1.32%

fo =34 ksi fo= 3.4 ksi Xo =0.001n Ix = 638173 In"4
a_u = 0.003 infin Yo =0.000n Iy = 636173 in"4
Betat = 0.85 Clear spacing = 5.32 in Clear cover = 3.50 in
Confinement: Tied phi{a) = 0.8, phi{b) = 0.8, philc) = 0.65
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poaColumn vi. 64 @ Portland Cement Asscciation Fage 1
Licensed Lo:; Auburn Upiversity. License ID: 53161-1011561-4-Z0C30-27D5% 11/10/10
C:%\Documents and Settingsicoulspii\Desktop\Seismis Dasign Besearch\3CARHAM CREEE\PCA COLUMN\BENTZ
CoD2:05 PH

02:05 BM

COOLa0G0 als o] QO0A0 QOC00 CQO00 oo
04 oo ad oo a0 Qo Qg oo o DO 00
oo oo O Qo Qo 00 Q0 oo 00 00 00
0g oo Qo Q0 oo ag oo 0o 00
oo Q0 Qo QOo0000 00 o0 oo 02
COO0Da0 o0 oo a9 00 0a Qo oo oo 0o
o aa 0o aa Q0 00 oo 0D oo 00
o QO0a0 aa oo Q0000 o000 QQO0o  (TM)

Computer program for the Strength Design of Reinforced Concrete Sections

Licenses stated above acknowledges that Fortland Cement Association
(PChA) 1is mot and cannot be responsible for aither the acourscy or
adequacy of the material supplied as input Ffor processing by the
poaColumn{tm) computer program. Furthermors, PCA neither makes any
warranty expressed nor implied with respect to the sorrectness of the
output prepared by the peaCelumnitm} progzam.Although PCR has endeavored
to preduce pcaColumn(tm) error free, the program is not and can't be
certified infallible, The  final and only responsibility for analysis,
design and enginesring documents 4is ths licensses. Accordingly, FPCR
disclaims all responsgibility in contract, negligence or other tort for
any analysis, désign or engineering documents prepared in connection
with the use of the pecaColumn{tm) program.
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pocaColumn w3.64 @ Portland Cement Association Page 2

Licensed to: Buburn University. License ID: 53161-1011561-4-20C30-27D59 117107510

&% Documents and Settings\coulspi\Desktop\Seismic Design Research\SCARHAM CREEK\FCR COLOMNBENTZ
Co02:05 PM

02:05 PM

General Information:

File Name: C:\Documents and Settings‘coulspj\Desktop\Seismic Design Ressarch\SCRARHAM
CREEK\PCA COLUMNYBENTZ COLUMN.col
project: Scarham Creek

Column: Bent 2 Engineer: BJC

Code: ACI 318-02 Units: English

gun Option: Investigation slenderness: Wot considered
Run RAxis: K-axis Column Type: Structural

Material Properties:

f'c = 4 ksi fy = 60 ksi
Ec = 305 ksi Es = 29000 ksi
Ultimate strain = 0.003 in/in

Betal = 0.85

Section:

————====

Circular: Diameter = &0 in

Gross section area, Ag = é327.43 in*2
Ix = 635173 in"4 Iy = 636173 in"~4
¥o = 0 in Yo = 0 in

Reinforcement:

Bebar Database: ASTHM RELS
Size Diam {in) Area (in°2) Size Diam {in) Area [in"Z) Size Diam (in} Area (in"2)

# 3 Q.38 0.11 # 4 0.50 0.20 £ 5 .63 0.31
# & a.75 0.44 # 7 0.88 0.60 £ 8 1.00 0.749
# 9 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.586
# 14 1.6%9 2.25 # 18 2.26 4,00

Confinement: Tied; #3 ties with #10 bhars, #4 with larger bars.
philz} = 0.8, philb) = 0.%, philc} = 0. 85

Layout: Clrcular

cattern: Bll Sides Bgual ([Cover to transverse reinforcement)
Total stesl area, As = 37.44 in”2 at 1.32%

24 #11 Cover = 3 in

Factored Loads and Moments with Corresponding Capacities: [see user's manual for notation)

Pu Mz f¥nx
Ho. kip k-ft k=ft £Mn/Mu
1 B53.0 185.0 5035.5 27.219
2 Z018.0 1B5.0 5677.2 30,688
3 2168.0 185.0 5604.4 30,284
4 1725, 0 3315.40 5782.8 1.744
3 19.0 3315.0 3895.5 1,175
[ 853.0 432.0 5035.5 11.656

##% program completed as regquested! %%
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Designer =

Praject Mame; ge mE HAYL S & FFA
Jab Kumber:
Dmte: il fte fgave

Meperant Capacity and interaction Diagram Data

Catumn o Drilfed Shaft: BRuT 2 P 5

INPUTS

Column hameter b i in

fic 4+ sl
O esi

Lorgituding! Reinfarcing Bar Sze LRl

Humber of Lonttudinal Reinfarcdng Sars 4

Transverse Aginforcing Bar Size =

spading of Transwerse Reirforcng Bars 2 in

coum e — c—

Comwer

Dead Lord Remctions
PuDdead B2 EIps
Pulead P BT kip®ft

Enter into Colwna Design Softwars (PCA COLUMN]
Finding Marnent Cagacity of the cobirn.

g = PipSE
Vpoal = 2*Mp/Heightoolumn =
Vpbant = 2*vpcol

Crepte SAP model of Beat
Apply shear [Vabent} at the center of mags of the 5

Axial Force due to Vpbent = kps
Pu = Pulwead +(- Puaverturning ar kips
Be-gwter [nta Cofumn Design 52 [PCA COLLMNY

Mp=dMp/i9 > EIp*ft

Wpeol = 2*MaHesghtcoldmn = kips

Vptenit = 2*Vocod klps

Cherk Other Selimic Logd Cosos

Mupatrans A= kip*ft patran =

Futran ETE kips palong = o To3
Mupolong z &9 kip*ft

Pulang o, & ¥ips

Pu=PuDead &= Putran = 1Te® o L= Telps

WU = MisDead + Mupstran = Fxi £ kip*ft

Pu = Pubesd +/- Pulong = g7E or BT ks

R = Mubead + Mupolong - 433 kip*ft
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66 in dism.

Code; ACI 318-02

Linits: English

Run axis: About X-axis

Run optien: Investigation
Slendemess: Not considerad
Column type: Structural
Bars; ASTM AB15

Date: 1171010

Time: 14:10:08

-3000 —

peaColumn v3.84. Licensead to: Auburn University. License I0: 53181-1011561-4-20C30-27D58

Project: SCARHAM CREEK
Column; BENT 2 DS

fo=4 ksi

Ec= 3606 kei

fo=2.4 ksi

g_u = 0.003 infin

Betal = 0,85

Cenfinement Tied

fy =80 ksi
Es = 29000 ksi
fo=3.4 ksl

Engineer; PJC

Ag = 34211810002

As = 37.44 in"2

Ko =0.000n

Yo =0.00In

Clear spacing = 5.32 in

phifa) = 0.8, phi(b) = 0.8, phi(c) = 0.65

File: C:\Documents and Settings\coulsp)iDesktop\Seismic Design ResearchiSCARHAM CREEK\ \BENT2 OS.col

24 #11 bars

Rhe = 1.08%

Iat = 831420 in"4

Iy = 831420 in"4
Clear caver = 8.60 in
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pcaColumn v3.64 © Portland Cement Association Page 2

Licensed to: Auburn University. License ID: 53161-1011561-4-Z20C30-2705%9 11510510
C:\Documents and Settingshcoulspd\Desktop\Seismic Design Research\SCARHAM CREEK\PCA COLUMNMBEHTZ
D80Z:0% BM

02:09 PM

General Information:

File Mame: C:)\Documents and Settingshcoulspi‘\Desktopi\Seismic Design Ressarch)\SCARHREM
CREEK\PCA COLUMMA\BENT2 DS.col
Project: SCARHAM CREEK

Column: BENT 2 DS Enginesr: BJC

Code: LTI 318-02 Units: English

Run Optien: Investigaticon Slenderness: Not considered
Run Axis: H=axis Column Type: Structural

Materiasl Froperties:
-4 =4 ksi Iy = &0 ksl
Ec = 3605 ksl Es = 22000 ksi
Ultimate strain = 0,003 in/in
Betal = 0.85

Saction:
Ciroular: Diameter = &6 in
Gross section area, Ag = 3421.19 in~2
Ix = 931420 in~4 Iy = 931420 in™d
Xe = 0 in Yo = 0 in

Eeinforcement:
Rebar Database: ASTM RA615
Size Biam {in) Area {in*Z}) Sire Diam {in} Area {in"2) Size Diam (in)] Area (in™2)
& 3 Q.38 0.11 # 4 d.50 0.20 # =5 0.E3 0.31
# 6 0.75 0.44 # 7 0.B8 0. 60 # B 1.040 0.7%
# 9 1.13 1.00 & 10 1.27 1.27 % 11 1.41 1,586
# 14 1.89 Z.25 # 18 2.286 4,00

Confinement: Tied; #3 tis= with #10 bars, #4 with larger bars.
phifa) = 0.8, phi(h) = 0.9, phifc] = 0.85

Layout: Circular

Fattern: All Sides Equal (Cover to transverse reinforcement)
Total steel area, As = 37.44 in~Z at 1.09%

24 $11 Cover = 6 in

Factored Loads and Moments with Corresponding Capaclties: (see user’'s manual for notation}

Fu Mz fMnx
Ho. kip k-ft k-ft  £Mn/Mu
1 872.40 185.0 5512.9 29,7499
2 872.40 432.0 5512.9 12.761
3 1744.0 3315.0 6602.5 1.992
4 0.0 3315.0 4180.4 1.255

¥+ Program completed as requested! ***

585



Dedignes: PIC

Project Mame: S AEWAR  cEELE

ol Numiber:

Datez i1 Jig s Eete

nioment Capacity and Interaction Diagram Data

Catumn ar Drilied Shafe: FEMNT 3 cobwums
INPLITS

Columa Diametar 7E in
fe = kst
ty o ks
Longitudinal Reinfercing Bar Size o mar
mumber af Lonituding] Reinfarcng Bars Jr

Transverse Rainfarcing Bar Slze &G
Spacing of Trangwerse Rainfarcing Bars 1z in
Cialumn Hedght Lo ft
Cover 2 in
Dead Laad Reochions

Pubead [LELE kips

MubDaad [En] kig*ft

Enter inte Colwmn Design Software (PC8 COLUVNG
Finding Mament Capacity of the column,

Mp = didp 03 =+ qos 0 kipft
wpood = 2* Mg Heightoohemn = =Eao Hipd
wphent = 2*Wpen o L@ kips
Create 5AP mode! af Bent

Appiy shear {Wpbent) et the center of mass of the substruciee
Al Farce dug o Vpbent Pushertuming = 15at

Fu= Pubaad +/= Puoverturning 1 Fed ar +49

He-pater inte Column Design Software (PCA COLURNG

B = /08 1D 4 kip=it FEETE
Wpeod = 2*MprHEghtmlumn 0T %ps e
Wphant = 2"Wpeol feo4 kips F90

Verilly thert Vobent i within 20% of first Vobent, [f not, repeat the abawe arocess,

Chack = [[Wpbeatd - Vpbentl) / Vpbentzh * 300% Ll TS

kips IRER

Mps oz gd 7

Chick Other Seismic Logd Cayes

Mupatrans THe? Kipft patran =
Putran fete Kips pelong =
BAupalong &3 Elp*ft

Pulong 2.3 kips

Fu = Pulsad +/- Putran & T ogs or ‘e lape
MU = MuDead + Mupatran » +ir? kip*ft
Pu= PuDead /- Palong = rer x> ar 19T fipy

Mu = huDesd + Mupolong - 24z kip*ft
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P (kip)
12000 +

L (Pmax)

72 in diam.

Code: ACI 318-02
Units: English

Run axis: About X-axis
Run option: Investigation

Slendemess: Mot considerad

10000
M (k-ft)

Column type: Strictural
Bars: ASTM AB15
Date: 11/10M0

Tirme: 14:11:07

-4000 -

peaColumn v3.64. Licensed to: Aubum University. License ID: 53161-1011561-4-20C30-27058

File: C\Documents and Settings\coulspjiDeskiop\Seismic Design ResearchiSCARHAM CR.ABENTS COLUMN.cal
Project SCARHAM CREEK

Column: BENT3 COLUMN Engineer: PJC

fo=4ksi fy =60 ksi Ag=4071.5in"2 32 #11 bars

Ec= 3605 ksi Es = 28000 ksi As = 4982 in"2 Rho =1.23%

fo = 3.4 ksl fo=3.4 ks Xo =0.00In I% = 1.31917e+006 in*4
€_u=0.003inin Yo =0.00in ly = 1.31917e+008 in"4
Betal =0.85 Clear spacing = 4.82 in Clear cover = 3.50 in
Confinement: Tiad phi(a) = 0.8, phi{b) = 0.8, phi(c) = 0.85
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pcaColumn v3.64 @ Portland Cement Asscciation Page 2
Licensed to: Ruburn University. License ID: 53161-1011561-4-20C30-27D5S 11/10/10
C:\Documents and Settings\coulspi\Desktopi\Seismic Design Research\SCARHAM CREEK\PCA COLUMNYBENT
Cco02:10 PM

02:10 PM

General Information:

File Name: C:%Documents and SettingsicoulspihDesktophSeismic Design Research'\SCRRHAM
CREEK\PCA COLUMNA\BEWT3 COLUMN.cel
Projact: SCARHAM CREEK

Calumn: BENT3 COLUMN Engineer: BJC

Code: ACI 316-02 Units: English

Run Option: Investigation Slenderneas: Net considered
Run Axis: H-axis Column Type: Structural

Material Properties:

f'e = 4 ksi £y = 60 ksi
Ec = 3605 ksi Es = 29000 ksi
Ultimate straian = 0.003 in/in

Betal = 0.85

Section:
Circular: Diametar = 72 in
Gross section area, Bg = 4071.5 in*2
Ix = 1.31917e+006 in™4 Iy = 1.31917e+006 in"4
¥o= 0 in Yo = 0 in
Eeinforcemant :

Rebar Database: ASTM RG15

Size Diam (in) Area [(in™2) Size Diam {(in} Area {in~2) Size Diam {ln) Area (in™Z)}
# 3 0.38 .11 # 4 .50 0.20 # 5 0.63 7.31
# B 0.75 0.44 ¥ 7 0.88 .80 # 8 1.00 q.79
+ 0 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.56
+ 14 1.6% 2.25 # 18 2.26 4.00

Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phi(a) = 0.8, phii{b) = 0.9, phi{c} = D.65

Layout: Circular

Pattern: All Sides Equal (Cover te transverse reinforcement)
Total stesl area, A = 49.%2 in~2 at 1.23%

32 #11  Cover = 3 in

Factored Loads and Moments with Corresponding Capacities: [see user's manual for notation}

Pu Mux fMnx
Ho. kip k-ft k=ft fMn /M
1 L055.0 150.0 3145.0 54,300
z 25640.0 150.0 99£0.0 66.267
3 2887.0 150.0 9785.4 65,236
4 2095.0 4117.0 B557.4 2.321
H] 15.0 4117.0 £369.0 1.547
L 1055.0 283.0 8145.0 27.79%

we% Pragram completed as regquested! =**
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Desigaer: o

Frogect Name: SEMEHEFR Slve
Job Number:
Carte: ilfreieare

Momens Capacity and Interaction Diagram Data

Coduenn ar Beilhed Shoft: _BEwT T TS

INPUTS

Coldmn Diametar TE liri

f'e L3 esi
iy = © ksl
Longitudinel Reinfordng Sar Sive -

Nurnber of Lonttudinal Reinferding Bars i

Transwarse Relnfarcirg Bar Size L)

Spacing af Transverse Aeinforcing Bars - In

Cofumn Height E ft

Coar [ 5 in

Deod Loog Reactlons

Pulead | & kigs

MuDead T kip*f

Enter Intg Calwma Design Saftware (POA COLUANS
Fireding Moment Capadity of the columa.

hep = Sp/O.E ek *ft

Vpcel = 2*Mp/Helghteolumn
\fabert = Z*Wpoal kips

Create S48 model af Bart
Apply shear [Vpaent) st the ceater of of the subsructure

Axiaf Farce due to Vpbent warturning = kips

Pu = Pulaad +/- Puowertusnis ar kips
Fe-gnter o Cotumn Desilin Saftware (PCA COLLIMN)

Bip = 0.9 kip*it

wpcol = 3*Mp/Heightoolumn = kips

Wpnent =27 vpost kips

Verild that Wobent is withia 10% af first Ustent if nol, repect the abowe process.

Chack = {[Vphentl - Vpbertl) / Vpbent2) * 100%

Check Other Selemic Logd Coges

Mupotrsns __3%eT  weh petmn= 0371
Futran BN kips peloig= o red
Mugniang (43 Kip*ft

Pudang . ¥ loipa

Pu = Pubead +/- Putran = zhE oF TE kipa

Biu = MuDesd » Mupoiran = el s kEip*ft

Pu = Pullead +- Puiang 3 (07T or T ks

P = hulead + Mupolong - 293 ket
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FH in diam.

Code: ACE318-02

Units: English

Run axis: About X-axis

Run option; Investigation
Slenderness: Mot considered
Column type: Stuctural
Bars: ASTM AS15

Date; 1171010

Time; 14:11:42

14000
................... (Pmax)
)X

fe=0 fa=0 \
| 7 \
fe=0.5fy fs=0.5fy !
i / 1
V
N 12000
Mx (k-ft)
" (Pmin)
-4000 -

peaColumn v3.84. Licensed to: Aubum University. License ID: 53181-1011561-4-20C30-27D59

Praject: SCARHAM CREEK
Column; BENT3 DS

fo=4 ksl

Ec= 3605 ksl

fe=34ksi

e_u= 0.005 infn

Betz1 = 0.85

Confinemant: Tied

fy =60 ksi
Es = 29000 ksi
fo= 3.4 ksl

Engineer; PJC

Ag = 4778.38 In2

As =49.02 In"2

Xo =0.001n

Yo =0.00in

Clear spacing = 4.82 in

phi(a) = 0.8, phi{b) = 0.8, phi(c) = 0.65

File: CA\Documents and Settings\coulspiDeskiop\Seismic Design Research\SCARHAM CREEKL.ABENTS DS.col

32 #11 bars

Rhe =1.04%

Ix = 1.81697e+006 in*4
Iy = 1.B81897e+0086 in"4
Clear cover =6.50 in
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pcaColumn v3.64 @ Portland Cement Association Page 2
Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D59% 11/10/10
C:\Documents and Settingshcoulspj‘\Desktop\feismic Design Research'\SCARHAM CREEK\PCA COLUMN\BENT3
D502:11 PH

02:11 PM

General Information:

File Name: C:\Documsnts and Settingshcoulspj\DesktopiSeismic Design Research’\SCARHAM
CREEENFCRA COLUMNYBENTI DS.col
Project: SCARHAM CREEK

Column: BENT3 [0S Enginesr: PJC

Code: ACI 318-02 Units: English

Run Option: Investigation Slenderness: Hot considered
Run Axis: X=-axis Column Type: Structural

Material Properties:
£ = 4 ksi £y = B0 ksi
EC = 3605 ksi Es = 29000 ksi
Ultimate strain = 0.003 infin
Betal = D.B%

Saction:

Circular: Diameter = 78 in

Gross section area, Ag = 4778.38 in~2

Ix = 1.8le97e+008 in™§ Iy = 1.81697e+006 in~4
¥o = 0 in Yo = 0 in
Reinforcement:

RBebar Database: ASTHM AGLS
Size Diam (in)} Area (in*2) Size Diam (imn) Area (in~2} Slze Diam (in) Area {in"2)

# 3 0.38 0.11 # 4 G.50 0.20 # 35 0.63 0.31
LI 0.75 0,44 & 7 0.88 0.60 # &8 1.00 0.73
4 9 1.13 1.00 ¢ 10 .53 1.27 % 11 1.41 1.56
# 14 1.69 2.25 & 18 2,26 4.00

Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phi{a) = 0.8, phifb} = 0.3, phi(ec} = 0.865

Layout: Circular

Pattern: Rll Sides Equal (Cover to transverse reinforcement)
Total steel area, As = 48.92 in"2 at 1.04%

32 #11 Covar = & in

Factored lLoads and Moments with Corresponding Capacities: [ses user's manual for notation]

Fu Mux Mnx
N, Kip k-ft k- £Mn/Mu
1 1075.0Q 150.0 §7749.0 58.527
2 1075.0 253.40 B374.0 29.963
3 2115.0 4117.0 104£31.5 2.534
4 35.0 4117.40 6793.5 1.650

*%¥% . Program completed as reguested! *vv
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Dagignar: PIe

Project Marme: SERE da £ & EEE
Job Numter;
Date: fMira | Eare

Mament Capaclyy and Imteraction Diagram Data

Colummy or Drifted Shafts ZELT #  gscum
INPUTS

Column Ceameter el in
fc 4 k=
fiy - ks
Longitudinal Reinforcing e Size =
number ef Lenitudinal Reinforcing Bars ot

Transyerse Reinforcing Bar Sae * b

Spacing of Transearsa Reinfordng Barc _m®  Im
Column Height i ft
Cover a2 in
Deod [aod Beactions

PuEad _ Beo s

MuDead o Ep*ft

Entes it Codumn Design Software (PCA COLUNNY
Finiding Moment Capacity of the ool mmn

i e — ke wrh
Wpcol = 2%Wp/Halghtoalumn =5 4+E kips
Wipbent = 2*Vpeal g9 & Kips

Create T4 mode! of Bent
Apply shesr [Vobant] at the center af mass of the substruciure

Axial Forse due o Vpbent = Pucvarurming = P19 kips 12T
Pu = Pulead #/- Pugwarturning 2oLt ar 21 kipr o7

Re-enter intn Calume Degign Software [PCA COLLIN]

Mp =dhdpfig fp® 92 HEft e 2a?
Wpeol = 2*haHelghtectumn -5 £e3 ks 497
Vphent = 2*Vpeal LN kips 5 9%

Verify that Vibent is within 10% of first Vobent, If nol, repeot the Gowe [YoDess,

Chack = [[vaobent2 - Vpbentd) / Vpbert2] = 100% 48, g

Check Otar Seismie Lovd Coses

Wupotrans iTEz kip™fe patran = .29
Pugran LN kigs paleng = o, el
hugeleng 2§79 kit

Pulang 2.5 kipg

Pu=Pulead - Putran 1B or (5L kips

WU = MuDead + Mugotran = 29487 kip*ft

Pu=Pulead +- Pulong -» po ar Bée  kps

BAu = WuDead + Mupolong g kig*ft

592

+ 77



poaColumn v3.64-® Portland Cement Association vage &
Licensed to: Auburn University. License ID: 53161-1011561-4-20C30-27D5% 11/10/10
£:\Documents and Settingshcoulspii\Desktop'Seismic Design ResearchhSCARHAM CREEK\PCA COLUMNA\BENTA

Cond:1e PH
02:12 PM

General Information:

File Name: C:‘\Documents and Settingsicoulspi\DesktopiSeismic Design ResszrchhSCARHAMN
CREEK\PCA COLUMNABENT{ COLUMN.col
Project: SCARHAM CREEK

Column : BENT4 COLUHN Engineer: BJC

Code: ACT 318-02 Units: English

Fun Option: Investigation Slenderness: Mot considered
Fun Axis: K-axis Column Type: Structural

Matarizl Froperties:

= &0 ksi
s = 23000 ksi

£'c = 4 ksi

Ec = 3805 ksi

Dltimate strain = 0.003 infin
Betal = .85

9

Section:

=

Cireular: pDiamster = &0 in

Gross section area, hg = 2827.43 in"Z
Ix = €36173 in™4

Iy = 626173 in"a
¥o = 0 in Yo =

0 in

Reinforcement:
Rebar Database: RSTM AGLS ;
Size Diem (in) Area (in"2) Size plam (in) Area (in*Z) Bize Diam {in) Ares {[in"2]

# 3 0.38 .11 L a.50 0.20 # 5 0.63 0.31
# B .75 0,44 # 7 Q.88 .60 $ # 1.00 0.38
# 0 1,13 1.00 # 10 1.27 1.27 ¥ 11 1.41 1.56
# 14 1.69 2.25 # 18 2.28 4.00

Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phifa) = 0.8, phiib} = 0.9, phi(c} = 0.85

Layout: Circular

Pattern: All Sides Egqual [Cowver to-transverse reinforcement})
Total stesl area, Az = 37.44 in*2 at 1.32%

24 #11  Cover = 3 in

Factored Loads and Moments with Corresponding Capacities: (ses user's manual for netation)

Fu Mux Mnx
Mo, kip k-£t k—-£t n/ Mu
1 B60. 0 155.0 5044,1 32.543
Z 2051.0 155.4 5663.1 36.536
3 2187.0 155.0 5586.6  36.042
il 1851.0 33907.0 5741.4 1.470
5 131:0 3807.0 6069.86 1.042
[ BG0.D 444.0 5044.1 11.361

=+ Program completed as requested! *¥#
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P (kip)
00

§0 in Jdiam.

Cods: ACI 318-02
Units: English |
Run axis. About X-axis

Run option: Investigation

Slendemess: Mot considerad
Celumn type: Structural
Bars: ASTM AG15

Date: 1110M10

Time: 14:12:39

-3000 =

peaColumn v3.684. Licensed fo: Auburn University. License 1D: 53161-1011561-4-20C30-2705¢

File: C\Documents and Settings\coulspi\Deskiop\Seismic Design ResearchSCARHAM CR. \BENT4 COLUMM.cal
Project: SCARHAM CREEK

Column: BENT4 COLUMMN Enginear PJC

fo=4 ksi fy =60 ksi Ag = DBIT 43 in*2 24 #11 bars

Ec= 3605 ksi Es = 29000 ksi As = 37.44 in*2 Rho =1.32%
fo=3.4 ksi foc= 3.4 ksi Xo =0.000n Ix = B36173 in"4

& u=0.003infin Yo =0,00in ly = 836173 in"4
Betal = 0.85 Clear spacing = 5.32 in Clear cover = 3.50 In
Confinement; Tied phi{a) = 0.8, phi(b) = 0.3, phi{c) = 0.65
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Dasignar; Fd e

Project Mame: EERE A SR
lab Numbsar:
Date: g im rsale

Koment Capacdty and |nteraction Disgram Data
Column ar Deilled Shaft: PesT & T3 s

INPUTS

Column Dlameter ba in
fic & ki
fir L ksi
Longituding] Reinfarcing far Size =

Mumber of Lonltudna! Aminforeing Bars 2 #+

Transverse Renfordng Bar Size & L
Spaging of Transverse Rednforcng Bars rz

Column Height Iy fi
Caver Lr in

Deay Load Reactians

Pubaad g8+ Kips
Mubesd s Kip™it

Entar (o Cofumn Design Softwmee {(PLA SOHLLMA)

Firding ficmens Capacity of the column,

M = $MR0E > A"ﬁ
Ypzal = 2*Mp/Heightoolumn = // Kipa
Vpbent = 2*Vpcol kips

Cremte SAP mods aff B

Anphy shear (Vpbenk) at the center of ma the substructure

fuaigt Force dua to Wpbent 3 [ FEUFRing = kips

Fu = Fubead +- Pusvertsming of kips

Re-enter inta Column Desion Saftware (PC4 COLLMAN]

wp = pibip/0.8 = kip*fr

Vpcol = M/ Haighstolurnn = Kips

Wpbent = 2*Vp kips

Yerify that Yobent is within 10% of first Vpbent, If not, repeal the obowe prooess,

Check |Vipbent2 - Vpbentl) / Vpbent2] * 100%

ch Other Selsmic (ood Coses

hupotrans ER R kip*fe petran = o ¥ 9
Putran Faf kips plong = &8 L
Lo leng 287 Lip*ft

Pulong oK kips

Pu = Puead «- Futran = _ﬂr ar _H"?_u:“

Mu = MuDead + Mupatran = Fadd I * Y

Pu = Pulesd +/- Pulong - F§& ar B2 japs

Mu = MuDesd ¢ Mupalang 3 g kip*h




pecaColumn v3.64 & Portland Cement Asscciation Page 2
Licensed to: Auburn University. Licemse ID: 53161-1011561-4-20C30-27D53 11/10/10
C:\Documents and Settings\coulspd'\DesktophSelismic Design Research'SCRRHAM CREEK\PCA COLUMN'\BENT4
D30Z:12 FH

Q2112 PM

Gansral Information:

File Mame: C:\Documents and Settings\coulspi‘DesktophSeismic Design Research’\SCARRAM
CREEENPCA COLUMNABENT4 DS.col
Project: SCARHAM CREEK

Calumn: BENT4 DS Enginesrc: FJC

Code: ACI 318-02 Units: English

Run Cption: Investigation Slendernsss: Mot considered
Run Axia: w=axis Column Type: Structural

Material Properties:

f'e =4 ksi fy = 60 ksi
Ec = 3605 ksi Es = 29000 ksi
Ultimate strain = 0.003 indin

Betal = 0.85

Section:
[ —

Circular; Diameter = &6 in

Gross gection area, Ag = 3421.19 in”Z2

Ty = 5931420 in"™4 Iy = 831420 in"4
¥o = 0 inm Yo = [ in

Reinforcement:
Rebar Database: ASTHM Ae15
Size Diam (in) Ares (in"2} Size Diam (in} Area (in~2) %ize Diam {in) Rrea (in*2)
¥ 3 0.38 0,11 & 4 a.50 0.20 # 5 D.63 0.31
¥ B 0.75 O.dé & 7 .88 Q.80 # B 1.00 0.79
L 1.13 1.00 # 14 1.27 1.27 # 11 1.41 1.56
g 14 1.69 2.25 # i 2.28 4.00

confinement; Tied; #3 ties with #10 bars, #4 with larger bars.
phifa) = 0.8, ‘phiib) = 0.9, phi{c) = 0.65

Layoub: Circular

Pattern: All Sides Egual (Cover to transverse reinforcement)
Total steel area, RS = 37.44 1ip*2 at 1.00%

24 BLL Cover = & in

Factored Loads and Moments with Corresponding Capacities: (see user's manual for notation)

Pu Mux fHnx
o kip k=ft k—f& Mo/ M
1 B84.0 155.0 5529.8 35.676
2 1875.0 3907.0 BE43.2 1,702
3 147.0 3907.0 4341.4 1:111
4 gH4.0 444¢.0 5529.8 12.455

**+ Program completed as reguested! *¥*
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Dasignier: PIC

Projecs Mame! __ gehRHAm ceg €
Lol Muswaer:
Ciata: il finitale

Moment Capacity and Interaction Disgram Data

Colurmut ar Drifed Shaft: @ TuTE T | ==
INPUTS

Colirmn Deametes ﬁé 5 i In
f'c i & ]]
¥ - sl
Longitudinal Reinfarcing Bar Size 2

Humbar of Lonstudingl Reinfarcing Bars FE i E
&5

Traneverse Reinforcing Bar Siae

Sraoing of Transerse Aainforcing Bars rE in
Column Heght ft
Cower = in
Derrd Lood Aeechions

Pubgad T ot kips

plDesd 2% 52 kip*ft

Enterinto Calwta Design Software (PCA COLLIRA)

Firding Micment Capacity of the column,
hp = dbp/03 -4 4%
Upsal = 2*Mp/Halghtoalumn = klps

Ninbant = 2*Vpool

Create 248 model af Sent
Apaly shear [Wpbent) at the center af mageaf the substructura

Axlal Force due to Vobent = Pugverturning = kips

Fu= Pubead +/- Fuoverturming o kips

Re-gater inta Cofomn fTwimne [FCA COLLMNG

Mp = dhipita & kig™f1

Wpeol = 2*MpHeghtcolumn kips

Wpbent= 2%y kips

Verlfir Vphent is within 20% of fiest Vabent i not, repeat the above grocess.
Check = {[¥poent2 - Vabentl) / Vobentd} * 100%

Check Other Eelsrmit Load Cases ;,5,2 4 T R

MupokTand =B bip™ft petran = b, 259
Puftran F kips pelong = [ A
Mugcieng BL4 ipft

PLiong o, kips

Py = PUDERd +f= Putran < 2o of __‘_-iifl_ﬁﬂi

Mu = bhulead + Mupotran - 23re s ITE Wptft

Bu=Pubead - Pulong = 1a8 oF s kips

Ml = MuDaad +Mupoleng = RN kip™iE
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pecatolumn v3.64 ® Portland Cement Association Bage 2
Licensed to: Auburn University. License ID: 53161-10113561-4-20C30-27052 ' 11/10/10
C:\Decuments and Settings\coulspi\Desktop\Seismic Design Research)\SCARHAM CREEK\PCAR
COLUMNN\ABUTMENTO2:13 PM

02:13 PH

Gensral Informaticn:

File Mame: ©:%Decuments and Settings\ceulspi\DesktopiSeismic Design Research)\SCARHAM
CREEK\PCRE COLUMNA\RBUTMENTL.col
Project: SCARHEM CREEK

Column: ABUTMENTL Engineer: PJC

Code: ACT 318-02 Units: English

Eun Option: Investigation Slendsrness: Hot considered
Run Axis: X-axis Column Type: Structural

Material Properties:
.-
f'e = 4 ksi fy = &0 ksl
Ec = 3605 ksi Es = 29000 kai
pitimate strain = 0,003 infin
Betal = 0.85

Section:

Circular: Diameter = 54 in

Gross section area, RAg = 2290.22 in"2

Ix = 417333 in™d Iy = 417393 in"d
¥o = 01n Yo = 0 1n

Reinforcement:

== e - —e
kepar Database: ASTM AGLS
3iza Diam (in) Area (ip*2) Size Diam {in} Area {in~2] Size Diam (in} Area {(in"2)
# 3 0.38 d.11 ¥ 4 0.50 0.240 # 3 0.63 0.31
P e 4.75 .44 # 7 .88 .80 # 8 L.00 0.7%
¢ 2 1.13 1.00 # 10 127 1.27 # 11 1.4l 1.56
$ 14 1.68 2.25 41 2.26 4.00

confinemsnt: Tied: #3 ties with #10 bars, #4 with larger bars.
phi{s} = 0.8, phiib) = 0.9, phife] = 0.65

Layout: Circular .

Pattern: A1l Sides Equal (Cover To transverse reinforcement)
Total steel area, As = 37.44 in*2 at 1.63%

24 11 Cover = & in

Factored Loads and Moments with Corresponding Capacities: {see user's manual for notation)

Pa Mux THn=
[ule] kip k=Et k=ft M/ Mu
1 305.0 374.0 3452.1 9.230
2 305.0 2352.0 3452.1 1.468
3 305.0 3216.0 3452.1 1.073

“#% Program completed as reguestedl **Y
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__(Pmax)

54 in diam.

Code: ACI 218-02
Units: English
Run axis: About X-axis

FRun opticn: Investigation

Slenderness: Not considered
Column type: Structural
Bars: ASTM AB15

Date: 111010

Time: 14:14:12

-3000 -

peaColumn v3.64, Livensed to; Auburn University, License 1D: 53161-1011581 -4-20C30-27D59

File: C\Documents and Settings\coulspjDesktop\Seismic Design ResearchiSCARHAM CREE._\ABUTMENT1.cal
Project: SCARHAM CREEK

Column: ABUTMENT1 * Enginesr: PJC

fo=dksi fy =80 ksi Ag = 220022 in*Z 24 #11 bars

Ec= 3605 ksi Es = 28000 ksi As = 3T.440n"2 Rho =1.83%
fo=3.4 ksi fo = 3.4 ksi Xo =0.00in Ix = 417383 in"4
g_u = 0.003 n/in Yo =0.00in Iy = 417383 in"4
Betal = 0.85 Claar spacing = 3.76 in Clear cover = 6.50 in
Confinement; Tiad phi(a) = 0.8, phi{b) = 0.8, phi(c) = 0.65
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Diesipnar: F X<

Project Mame: SeMmBEHWN CRE R &
Jak Numbar:
Date; T ELRD

T

Mament Capacity and Interaction Disgram Data
Coduma ar Drillgd Shaft: pESTAEST & BE

IKPUTS A
Calumn Diameter

_ 4% cnm
fc 5': ksi

fy - sl
Langitidinal Reirfordng Bar Siza o i

Mumber of Lanitudinal Reinfordng Bars E é;
Trangverse Reinforcing Bar Size -1

Specing of Transverse Relnforcing Bars I n
Calumn Helght 1
Cover le in

Cread Lood Resciions
Pubaad 3% “kipz

MuDazd il a kip*it

Enter into Column Design Software (PCA COLUIMRY
Finding Moment Capecity of the cofumn,

hp = ip/0E - ip*d

Wippol = 2"Mp/Helghtastumn = kigg
\pbent = 27Wpool

Create 5AF mode! of Bent

apphy shear [Vobert) st the center of mgsk of the sunstructure

Hacal Foree e 1o Vpbent overuming = kips

Pu=Pubead +/- Puovertuml| ar klps
Rpegnter into Colurn Softwore (POE4 COLLAN]

= Ay kip*ft

Vpool = 2°M Kips

Wpbent kigs

Vierify that Viobent is within 10% of first Vobent. ff not, repeot the aboue process.

Chack = {[Vphent2 - vpbentd] / Ypoentd) * 100%

Check Other Selsmic Losd Coses
PRTER miBaE & fBE|
Mupatrans 1<) kip*ft pean = s 1Y
Putran 35 kips pelang = g.5S02
Mupalong Lad kip*ft
Pulong L kips
Pu = Pulead +/- Putran = FES or TE5 hips
My = Mulead + Mupotran = st f .ﬁpi EETES kip*ft
o = FuDaad +/- Aulsag y Lkl T L
B = MauDead + Mupolong - Zaz¢% kip*ft
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poaColumn v3.64 & Portland Cement Association

Licensed to: Buburn University. License ID: 53161-1011561-4-20C30-27D339

Page 2
11710710

C:\Documents and Settingshcoulspj\Desktop\Seismic Design Researchh\SCARHAM CREEEMNECR

COLUMN\RBUTMENTOZ2:14 PH

02:14 FH

Genaral Information:

File Mame: C:\Documents and Settingsicoulspj‘\Desktop\Seismic Design Research’\SCARHAM

CREEK\PCA COLUMN\ABUTHMENTZ.col

Project: SCRARHAM CREEEK

Column: BEUTMENTZ Engineer: FJC

Code: BRCI 318-02 Units: English

Run Option: Investigation Slenderness: Mot considered

Column Type: Structural

60 ksi
29000 ksai

417383 in™4d

0 in
hrea (in~2) Sige Diam {in) Area (in~Z)
o.20 ¥ 5 0.63 0.31
0. 60 # 8 1.00 0.79
1.27 # 11 1.41 1.58
4.00

f#4 with larger bars.

rze reinforcement}

Capacities: (see user's manual for notation)

Fun Axis: A=axis
Material Properties:
fre = 4 ksai £y
Ec = 3805 ksi Es
Nltimate strain = 0.003 infin
Betal = 0.85
Section:
Circular: Diameter = 54 in
Gross section area, Bg = 2250.22 in~2
Ix = 417383 in~4 Iy =
o = 0 in Yo =
Reinforcement:
Rebar Database: ASTM A6L5
Size Diam {in) Area {in"2] Size Diam (in}
# 3 0.38 .11 # 4 0,50
# @ 0.75 0.44 ® 7 0.88
# 9 1.13 1.00 & 10 1.27
# 14 1.69 2.25 & 18 2.286
Confinement: Tied; #3 ties with #10 bars,
phi{a) = 0.8, philb} = 0.9 phi{c) = 0.65
Layeut: Circular
Fattern: ALl Sides Egual ({Cowsr to transwve
Total steel area, As = 37.44 in~2 at 1.83%
24 #11 Cover = & in
Factored Loads and Mements with Corresponding
Fu M fHnx
il kip k-t k=t
1 325.0 2255.0 3474.0
2 325.0 233%.0 3474 .0
3 325.0 10z21.0 3474.0

#w¥ Program completed as reguestad! vE*
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£in/Mu
1.541
1.182
3.403



54 in diam.

Code: ACI 318-02

Units: EﬁgLish

Run axis: About X-axis

Run option: Investigation
Slendemess: Mot considered
Column type: Structural
Bars: ASTM AS15

Date: 111010

Time; 14:14.44

P (kip)
7000 —+

(Pmax)

pcaColumn va.84. Licensed to: Auburn University. License 10: 53161-1011561-4-20C30-27D58

File: C\Dacuments and Settingscoulspj\Desklop\Seismic Design Research\SCARHAM CREE..\ABUTMENTZ.col

Project: SCARHAM CREEK
Column: ABUTMENTZ2
fo=4 ksi

Ec= 3605 ksi

fo= 3.4 ksi
a_u=0.003infin

Betal = 0.85

Confinemeant. Tied

fy =860 ksi
Es = 29000 ksi
fo=3.4 ksi

Enginear. PJC

Ag =2290.22 in"2

As =37.44in°2

¥o =000in

Yo =0.00in

Clear spacing = 3.76 in

phi{a) = 0.8, phib} = 0.8, philc) = 065

24311 bars

Rho =1.63%

Ix= 4172303 in™4

Iy = 417393 In™4
Clear cover =650 in
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