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Abstract

The Alabama Department of Transportation (ALDOT) has been required to update their
bridge design specifications from the Standard Specifications for Highway Bridges to the LRFD
Bridge Design Specifications. This transition has resulted in changes to the seismic design
standards of bridges in the state. These changes, as well as their resulting effects on the design
of bridges, have been researched and are discussed in this thesis. One of the goals was to
determine if standard drawings and details for bridges in Seismic Design Categories A and B,
which are low to moderate seismic regions, could be generated. Multiple bridges, provided by
ALDOT, were re-designed so that they satisfied the requirements of the LRFD Specifications.
These new design details were used to create standard drawings for bridges in SDC A and B.
The superstructure-to-substructure connection was also investigated to determine if it was
adequate to resist the expected horizontal design forces. It was determined to be inadequate, but
instead of proposing a new connection design, the original connection was recommended along
with supplying an extended seat width in the longitudinal direction. A new equation for
determining the minimum seat width was recommended, and this new design philosophy was

incorporated into the re-design of the bridges.
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Chapter 1: Introduction

1.1 Problem Statement

The Alabama Department of Transportation (ALDOT) currently designs precast
prestressed concrete bridges in the state of Alabama using the latest edition (17") of the
American Association of State Highway and Transportation (AASHTO) Standard Specification
(Standard Specifications for Highway Bridges, 2002). This specification, which was originally
based on allowable stress design (ASD) theory and since updated to include Load and Resistance
Factor (LRFD) principles, has not been updated since 2002. Recently, ALDOT has been
required to update their bridge design specifications to the AASHTO LRFD Design
Specifications (LRFD Bridge Design Specifications, 2009). This specification is based on LRFD
principles and is updated every few years by AASHTO. Some of the major changes in the new
specification have been in the area of seismic design, which prompted ALDOT to update their
seismic design criteria. A previous study by Coulston and Marshall (2011) concluded that the
AASHTO Guide Specifications for LRFD Seismic Bridge Design (Guide Specifications for
LRFD Seismic Bridge Design, 2009) is an acceptable alternative to the seismic design criteria in
the LRFD Specification. This project deals specifically with updating the seismic design criteria
for ALDOT in low seismic regions (SDC A and B) as well as addressing the superstructure-to-

substructure horizontal strength connection.



1.2 Problem Overview

During an earthquake, inertial forces are generated by the bridge in response to the
ground accelerations. The larger the ground accelerations, the larger the inertial forces in the
bridge. During the design process for low seismic regions, such as Seismic Design Category
(SDC) B, these expected forces are typically applied as static lateral loads on the bridge. The
bridge must maintain a complete load path from the point of load application to the foundation,
with each element being able to resist the loads acting on the bridge. Since bridge design is
focused on preventing collapse and ensuring that bridges remain open to at least emergency
vehicles after a design earthquake, the desirable behavior for a bridge experiencing extreme
loading conditions is for the substructure of the bridge to receive damage without loss of span.
This allows the superstructure of the bridge, the roadway deck and girders, to be passable.
Therefore, the superstructure of the bridge is designed to remain elastic during a seismic event,
while the substructure of the bridge is designed to dissipate energy through inelastic response.
This is accomplished by designing for plastic hinging to occur in the columns and/or
foundations, which allows the substructure to dissipate energy through cracking of the concrete
and yielding of steel. Plastic hinges form when reinforcement in one cross section yields,
without failure, and allows the element to redistribute moments from additional loads to cross
sections that have not yielded (Wight & MacGregor, 2009). In order for these plastic hinges to
occur in the columns, the columns must be designed as ductile elements. Ductility is defined as
the ability of the structure to absorb and dissipate energy without significant strength loss.
Research following the 1994 Northridge and 1995 Kobe earthquakes showed the importance of
having ductile substructures to prevent failure of a bridge. If the substructure is not ductile, it

will not be able to dissipate all the energy from the earthquake and the entire bridge will be at



risk of collapse. Specific reinforcement detailing is required to allow for plastic hinging to occur
in bridge columns. Both the Standard Specification and the Guide Specification address the
importance of detailing for ductility in SDC B. However, the Standard Specification results in
most of the state being classified as SDC A, for which no minimum detailing is required. This
occurs because the seismic hazard maps used in the Standard Specification were last updated in
1988 and are based on a return period of 475 years. The research that has been incorporated into
new seismic hazard maps is included in the Guide Specifications, which uses maps from 2007.
They are based on a design earthquake of 1000 years that has been determined by seismological
research. These maps result in the classification of many more bridges in the state as SDC B.
Therefore, the Standard Specification does not require bridges in the state to be designed as

having ductile substructures, while the Guide Specification does.

1.3 Project Deliverables

This thesis reports on two separate objectives that are related to the changes in the bridge
design specifications. The first is a recommendation for a new superstructure to substructure
connection. It was assumed that the current connection would not allow for a complete load path
during an earthquake. One of the first steps was studying already established connections used
by other state DOTs. These different options were analyzed based on safety, constructability and
economy. Once a final recommendation concerning the connection was approved by the
ALDOT Bridge Bureau, it was included in the new bridge designs.

The second objective was a refinement of design standards for those bridges classified as
SDC B and the development of standard drawings and design sheets for bridges in SDC A.

Some design standards had been developed in a previous project by Coulston and Marshall



(2011); these were refined by using two additional case studies to show the differences between
the two specifications. Computer aided design sheets were created for each of the bridges
studied in SDC B, and each of the bridges studied in SDC A. Also, two additional bridge models

were created for the two additional bridges studied.

1.4 Project Outline

This thesis is organized into five chapters and multiple appendices. The first chapter is
an introduction to the problem and description of the thesis. The second chapter is a literature
review, including a discussion on the differences between the two design specifications. The
third chapter describes an analysis of the current superstructure-to-substructure connection and
recommends a new design. The fourth chapter reviews the seismic design process for bridges in
SDC A and B and provides detailed procedures used for the design of each bridge. The fifth
chapter concludes the thesis and presents the final design recommendations. The appendices
contain the design sheets for each of the bridges studied, moment-axial load interaction diagrams

for bridges (where appropriate) and the connection design calculations.



Chapter 2: Literature Review

2.1 Introduction

The Standard Specification and the LRFD Specification express different design
philosophies, which control the design procedure of the bridge. Research is constantly
completed in the area of seismic design that results in a better understanding of bridge behavior
during an earthquake and, consequently, better design procedures to mitigate poor behavior.
The Standard Specification was first compiled in 1921 using allowable stress design (ASD)
standards. ASD uses elastic analysis to determine the stresses in an element. It requires that
these calculated stresses be less than the allowable stress the material can withstand divided by a
factor of safety. Only one factor of safety is used, incorporating uncertainties in both the load
and material resistance. However, this factor of safety does not recognize that some loads are
more variable than others. In the 1970s, load factor design (LFD) was introduced to the Standard
Specifications. It requires the nominal strength to be greater than the factored load demand and
uses two factors of safety, one for the load and one for strength reduction, which allow more
efficient structures to be designed. The load factors are calibrated for specific loads because
LFD recognizes that some loads are more variable than others. In 1994, the first edition of the
LRFD Specifications, on which the AASHTO Guide Specifications for LRFD Seismic Bridge
Design are based, was published. It uses load and resistance factor (LRFD) design and both
elastic and plastic analysis to determine the nominal strength. It also requires the factored
nominal strength to be greater than the factored load. LRFD is an extension of LFD, but uses

various load and resistance factors that are specifically analyzed for each limit state to account



for variability in both resistance and load while achieving a uniform level of safety (Caltrans,
2011). In 2000, the Federal Highway Administration decided to stop updating the Standard
Specifications and only maintain the LRFD Specifications. In 2007, states were required to
adopt the new LRFD Specification for all bridge design. Any new research in the area of bridge
seismic design, such as return periods for design earthquakes, has been addressed in the LRFD
Specifications but not in the Standard Specifications. Therefore, the differences in the seismic
design of the two specifications is due mainly to continuing research, which has been included in

the LRFD Specifications, but not in the Standard Specifications.

2.2  Specification Comparison

One part of this thesis was to develop standard details for bridges in SDC A and B. In
order to accomplish this task, the design specifications needed to be compared. This section will
discuss the design procedures of each specification and examine the differences between them.
As mentioned earlier, the LRFD Specifications are required to be used for bridge design since
the Standard Specifications can no longer be used. But another alternative to the LRFD
Specifications, in the area of seismic bridge design, is the Guide Specifications. These
specifications use a displacement-based design, while the LRFD Specifications use a force-based
design. A displacement-based design requires a bridge to meet certain displacement criteria,
determined by estimating the inelastic displacement of the bridge using a model that represents
the first mode of vibration. The forces are determined from this displacement demand. For
example, in Figure 2.1 the actual force at an expected displacement of 6 inches would be about

300 kips, while the elastic force would be 600 kips.



Displacement-Based Design
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Figure 2.1: Displacement Based Design

A force based design determines the design loads by dividing the elastic force by a
response modification factor. The bridge is designed for this lower force, but still expected to
achieve the same lateral displacement from the elastic force. For example, in Figure 2.2, the
elastic force is 800 kips, but the design force is 200 kips. Both are expected to reach the ultimate
displacement of 8 inches, but the elasto-plastic response allows for smaller design forces. In
order to achieve this displacement, the structure must be designed to be ductile so that it can

dissipate the additional energy expected from the inelastic response.



Force Based Design
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Figure 2.2: Force-Based Design

While most of the current design codes feature a force-based design, recent research has
suggested that a displacement-based design better estimates the true response of a bridge. This is
one of the reasons why the Guide Specifications are recommended for design instead of the
LRFD Specifications. These two design specifications are compared later in this chapter. In
order to understand how changes in research have influenced bridge design, the Standard

Specifications are discussed first.

2.2.1 Standard Specifications

Like the LRFD Specifications, the Standard Specifications are a force based design.
They are applicable only for conventional bridges, meaning those of steel or concrete girder
construction with spans less than 500 feet. Bridge sites are classified as one of four Seismic
Performance Categories (SPC) based on the acceleration coefficient at the site and importance
classification of the bridge. The importance classification comes from the bridge being classified

as either “Essential” or “Other.” Bridges classified as “Essential” must remain functional during

8



and after a design earthquake, and “Other” encompasses all other bridges. The acceleration
coefficient is determined from the seismic hazard maps, which were last updated in 1988. These
maps are based on an estimated return period of 475 years with the soil assumed to be rock.
Once the bridge SPC has been classified, the response coefficient is determined based on the
acceleration coefficient, soil profile type and bridge period. The soil profiles are based on the
type of soil present at the bridge site or by a shear wave velocity test or “other appropriate means
of classification” (AASHTO, 2002). Applying these procedures to bridge sites in Alabama
results in most bridges in the state being classified as SPC A.

For SPC A, no structural analysis is required to determine the design forces. The
horizontal design forces are determined to be 20% of the tributary weight resisted by the
substructure. The only other requirement is for the minimum seat width to be provided.

For SPC B, the design forces are determined from an elastic structural analysis and are
divided by a response modification factor. The minimum seat width is also required to be
provided. One additional requirement in this SPC is minimum detailing requirements in the top
and bottom of a column. These minimum details are intended to provide a limited measure of

ductility to the column.

2.2.2 LRFD Specifications

The LRFD Specification uses a force based design and is applicable to bridges with
conventional construction only. Bridges are classified as one of four Seismic Design Categories
(SDC) that are roughly equivalent to the SPC in the Standard Specification. The SDC of a
bridge is based on the soil site class and 1.0-second spectral response acceleration coefficient.

The soil site classes are divided into six categories, determined using the shear wave velocity,



undrained shear strength, or average blow count of the soil. Whereas in the Standard
Specifications the soil profile affects the forces after the SPC was determined, in the LRFD
Specifications the soil profile is used to determine the SDC and not the design forces. One key
difference is the seismic hazard maps used in the LRFD Specifications. Three maps are used to
determine the peak ground acceleration, 0.2-second spectral response acceleration, and 1.0-
second spectral response acceleration. These maps were updated in 2007 and based on an
estimated return period of 1000 years. This results in the ground accelerations in the LRFD
Specifications being much larger than those in the Standard Specifications. Also, bridges are
classified into three categories: “Critical,” “Essential,” and “Other.” Both “Critical” and
“Essential” bridges must remain open after a design earthquake, but “Essential” bridges are
designed for earthquakes with 1000-year return period, and “Critical” bridges for earthquakes
with 2500-year return period. The LRFD Specifications result in many more bridges in the state
of Alabama classified as “Essential” or “Other” to be SDC B. So the biggest difference between
the two specifications is the change in the seismic design classification of a bridge, which has a
significant effect on its design.

For SDC A, only the horizontal connection forces and minimum seat width are designed.
The horizontal connection force is either 15% or 25% of the vertical reaction due to the tributary
load depending on the acceleration coefficient at the site. For sites with an acceleration
coefficient of less than 0.05g, the connection force is 15% of the vertical reaction, otherwise it is
25%. The Standard Specifications do not allow for a reduction at sites with smaller expected
accelerations. The minimum seat width in this design category is calculated using the same
equation as the Standard Specification, but is also allowed to be reduced by 25% if the expected

acceleration is less than 0.05g.
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For SDC B, a structural analysis is required to determine the elastic forces. These elastic
forces are then divided by a response modification factor to determine the seismic forces. In this
SDC, the minimum seat width is still calculated with the same equation, but the supplied seat
width is required to be 150% of the minimum seat width equation to accommodate the full
capacity of the plastic hinging mechanism. The major difference in this category compared to
the Standard Specifications is the more extensive detailing requirements. These requirements are
the same as those required for SDC C and D, with the exception of a larger maximum
longitudinal reinforcement ratio limit. These details include designing a plastic hinge zone at the
top and bottom of the column that adheres to specific transverse reinforcement spacing
requirements, maximum and minimum longitudinal reinforcement ratio limits, and splicing
requirements. These design requirements are the result of research in earthquake engineering

that has been incorporated into the LRFD Specifications, but not the Standard Specifications.

2.2.3 Guide Specifications

The differences between the Guide Specifications and Standard Specifications are the
same as those between the Standard Specifications and LRFD Specifications. For this reason,
this section will focus on the differences between the Guide and LRFD Specifications. The
Guide Specifications are not applicable for use of “Critical” or “Essential” bridges. They are
only for conventional bridges, which fall into the “Other” category in the LRFD Specifications.
The largest difference is that the Guide Specifications use a displacement based design, meaning
the bridge must satisfy displacement demands at each of the bents and abutments. This makes

sure the bridge is capable of transmitting the maximum force effects developed by the plastic
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hinges into the foundation. The calculation of the horizontal design forces will be discussed
next.

The calculation of the horizontal design force in SDC A is the same as in the LRFD
Specifications, where it is equal to either 15% or 25% of the vertical reaction. The one
difference in this design category is the requirement of bridges to satisfy the minimum detailing
requirements of SDC B if they are within 0.05g of the SDC B classification.

A structural analysis is still required for SDC B, but the design forces are not divided by a
response modification factor. Once the bridge is determined to have satisfied the displacement
demand, the design forces that result from the displacement analysis are used unless the plastic
forces are greater. The minimum detailing requirements are similar, with two exceptions. The
maximum spacing of the transverse reinforcement in the plastic hinge zone is 6 inches, whereas
in the LRFD Specification it is 4 inches. And there is no requirement of an extension of the
plastic hinge zone into the bent cap or foundation in the Guide Specifications. The largest
difference is the determination of the design forces. The previous study by Coulston and
Marshall (2011) determined the Guide Specifications to be an acceptable and more economical
alternate for seismic bridge design. These specifications will be used to design the remainder of

the bridges in this thesis, except where they specifically require the LRFD Specifications.

2.3  State DOT Connections

Another part of this thesis is the investigation of the superstructure-to-substructure
connection. This connection is an important link in the load path. The current connection used
by ALDOT was assumed to be inadequate because of its inability to resist the expected loads. In

order to find a better connection between the superstructure and substructure, connections
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currently in use by other state departments of transportations (DOTSs) were researched and
surveyed for their potential use. States that are in similar or higher seismic hazards as Alabama
were contacted. These states include the following: Alaska, Oregon, Georgia, Illinois, North
Carolina, South Carolina, Missouri, and Tennessee. The connections will be shown and

discussed in Chapter 3.

2.4  Bridge Locations

Seven different bridges were chosen to be re-designed using the Guide Specifications in
order to create new bridge standards. These bridge locations can be seen below in Figure 2.3,
and are listed in Table 2.1. These bridges were supplied by ALDOT and were chosen because
they are representative of many different bridges throughout the state. The two bridges in the
southern part of the state, Stave Creek and County Road 39, are in low seismic hazard zones but
assumed to be in poor soil conditions. The three bridges in the northern part of the state, Little
Bear Creek, Scarham Creek, and Norfolk Southern Railroad, are in the highest seismic zones of
the state but are assumed to be over rock. The three remaining bridges are a combination of the
two. Having bridges in different locations allowed the standards to be applicable for bridges not

just in high seismic zones, but throughout the state.

Table 2.1: Bridge Locations

Number Bridge Location
1 Little Bear Creek Russellville
2 Scarham Creek Albertville
3 Norfolk Southern RR Gadsden
4 Oseligee Creek Lanett
5 Bent Creek Road Auburn
6 Stave Creek Jackson
7 County Road 39 Mobile
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Figure 2.3: Bridge Locations

2.5 Summary

This chapter has reviewed the reasons why new design standards are necessary for
bridges in Alabama. Changes in the seismic hazard maps and research in earthquake engineering
have been included in the LRFD and Guide Specifications, but not in the Standard
Specifications. These changes have resulted in the bridges in Alabama being classified in higher
seismic design categories, which requires different design procedures and has significant impacts
on the design requirements for a bridge. The old standards are not based on the new design

requirements, and therefore must be updated. The horizontal design forces have also changed,
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and the superstructure to substructure connection needs to be updated to ensure it can resist these

new forces and maintain the load path.
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Chapter 3: Superstructure-to-Substructure Connection

3.1 Introduction

The first part of this thesis is the investigation of the superstructure-to-substructure
connection. One of the most important aspects of bridge engineering is ensuring a complete load
path exists. If there is any element of the bridge that is unable to provide a complete load path,
the bridge will not behave as designed and may suffer unexpected failure. The superstructure
should be able to resist all of the forces and transfer them to the ductile substructure. Thus, the
connection between the superstructure and substructure is very important to ensuring the
ductility of the bridge. It must be able to resist the loads in each orthogonal direction and
transfer them to the substructure. ALDOT had expressed concern about the current connection
and wanted to find another option that is simple to construct, cost effective, and structurally safe.
So the first step was to analyze the current ALDOT connection and determine if it was adequate
to transfer the loads. Once the problem areas of the connection were identified, other
connections from state DOTSs were studied to determine if they could be used to design a new
connection that addressed the design issues as well as be constructible and economical. This
chapter will detail the steps that were taken to design the new connection. All design checks and

calculations for this chapter can be found in Appendix A.

3.2  Connection Study
The first step was to review the current connection used by ALDOT, seen below in

Figure 3.1. The precast beam rests on the bearing pad and is connected to the bent cap by two
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steel angles. A 3-inch cap screw with a diameter of 0.875 inches is attached to the side of the
beam and an anchor bolt is attached to the bent cap (Alabama DOT, 2012). The two directions
of movement are transverse and longitudinal. In the transverse direction, the angles are expected
to transfer the loads into the anchor bolts, and in the longitudinal direction, the cap screws would
transfer the loads into the anchor bolts. However, after discussion with the Bridge Bureau, it was
determined that the cap screw inserts were not adequate to resist the longitudinal forces and a
new design in the longitudinal direction was necessary. With this in mind, the other connections
from other state DOTs were studied. The clip angles that resist loads in the transverse direction

were assumed to be adequate, but this assumption is discussed in Chapter 4.
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Figure 3.1: Alabama DOT Connection

3.2.1 Modified ALDOT Connection
In a previous study conducted at Auburn University, a modified connection was
proposed. This connection is seen in Figure 3.2. By placing a bolt through the bottom of the

girder, the longitudinal restraint of the connection was achieved by increasing the bearing area of
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the concrete which would allow the forces to be transferred into the anchor bolts. The rest of the
connection stayed the same, so this design allowed the connection to transfer the forces into the
bent cap. However, this bolt interferes with the prestressing strands in the concrete girder. Since
these strands in the girder could not be moved without sacrificing strength and ductility, it was

determined that the modified connection would not be acceptable (Coulston & Marshall, 2011).
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Figure 3.2: Previously Modified ALDOT Connection

3.2.2 Alaska DOT

The next connection to be studied was the Alaska DOT connection, seen in Figure 3.3. It
is only used at the abutments. Over the pier bents, the beams rest on a bearing pad and
longitudinal bars are used to transfer the horizontal forces into the diaphragms and end abutment
walls. The concrete diaphragms and abutment walls transfer the horizontal load to the
foundation. Modular bridge joint systems are used at the expansion joints to allow for thermal

movement of the bridge. The connection at the abutment has shear studs cast into the bottom of
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the precast beam. These studs are cast on an anchor plate that is bolted to a steel sliding plate
that rests on top of the elastomeric bearing pad (Alaska DOT, 2008). This connection was able
to resist the forces in both directions; however, it was designed to be used only at the abutments
and not the pier cap seats. ALDOT wanted to use the same connection at the bent and abutment,
so this design was not investigated further.
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Figure 3.3: Alaska DOT Connection

3.2.3 Oregon DOT

Figure 3.4 and Figure 3.5 show the connection used by Oregon DOT, which was studied
next. This connection uses a sole plate with anchor studs cast with the concrete girder to transfer
the forces from the girder to the seat. The sole plate rests on a bearing that transfers the forces
into the bent cap. The bearing could be of any type (pot, disc, radial, etc.) based on the intended
use, such as allowing rotational motion or translational motion. However, it only provides
minimal connecting force between the girder and bent. Restrainer rods and cables, which engage

beyond a certain deflection, were to be added between the superstructure and substructure if
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large forces are expected. Transverse shear lugs can also be used to resist lateral forces (Oregon
DOT, 2012). This connection did not have a clearly defined load path without adding restrainer
rods or cables. From a constructability viewpoint, this connection required more work and
would not be something with which ALDOT’s contractors would be familiar. For this reason,

this connection was not used in the new design.
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3.24 Georgia DOT

The next connection studied was the Georgia DOT connection, seen in Figure 3.6. Itisa
very simple connection from a design standpoint. A steel dowel is embedded at least 10 inches
into the bent cap and extended through the bearing pad, at least 5 inches into the beam. At
expansion joints, the slot in the beam is typically 6 inches long to allow for day to day thermal
movement and construction tolerance. During a seismic event, the dowel will engage the beam
and provide restraint in both directions. A 1.5 inch Grade 50 dowel is typically used based on
the calculated shear force. While a 1.25 inch steel dowel rod is specified in the figure, Georgia
DOT is soon planning to begin using a 1.5 inch rod. Figure 3.7 shows the detail for the end of
the precast concrete girder. The reinforcement in the girder is arranged such that the dowel has
enough space to anchor through the bottom without affecting the prestressing strands (Georgia
DOT, 2012). This connection was simple from a design standpoint, but not very easy to
construct. The girders would have to be placed exactly on top of the dowel rod, which was
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something ALDOT did not feel their contractors would be able to do. For this reason, this

connection was not studied further.
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Figure 3.6: Georgia DOT Connection

22



8-45I

Ty

TE T O
2888

I" CL. —=

Ao
I
2'-11Y5"

8-350

juxln

i
ot Loss

Figure 3.7: Georgia DOT Connection (End Beam)

- =

H

3.2.5 lllinois DOT

The next connection studied is used by the Illinois DOT. This connection was designed
after Illinois conducted research into its earthquake resisting system (ERS). Their new ERS
utilizes three tiers to prevent span loss. The first tier is the connection between the
superstructure and substructure, seen in Figure 3.8. This connection is designed to provide
resistance in the transverse direction. In the longitudinal direction, no restraint is provided, as is
evident in the figure. This will result in the connection slipping during a design earthquake,
which will dissipate energy. However, the seat width must be large enough to allow the
superstructure to “ride out” the remainder of the earthquake since it will not be restrained in the
longitudinal direction. The second tier of the ERS is to provide additional seat length. This seat
length, calculated using Equation 3.1, is larger than the seat length as calculated in the LRFD

Specifications. The third tier includes plastic hinging of columns and foundation elements. The
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connection has a steel plate cast with the bottom of the concrete girder. The bearing pad
assembly is then connected to the girder by pintles. The assembly resists transverse movement
by side retainers connected to the bent cap by two anchor bolts (Tobias, Anderson, Hodel,
Kramer, Wahab, & Chaput, 2008). This connection has the same problem of the current
ALDOT connection, which is a lack of restraint in the longitudinal direction. For this reason, it
was not studied further. Other aspects of the Illinois ERS, however, were studied and will be

discussed later in this chapter.
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Figure 3.8: lllinois Connection

3.2.6 North Carolina DOT

The next connection that was studied can be seen in Figure 3.9 and is the North Carolina
DOT connection. A steel plate is cast on the bottom of the concrete girder. This plate is welded
to the sole plate in accordance with detail “A” (Figure 3.10). The sole plate is placed on top of
an elastomeric bearing pad, and the entire assembly is connected to the bent cap through two

anchor bolts. The sole plate and bearing pad can be slotted to accommodate an expansion joint.
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The weld and the anchor bolts are designed to resist the horizontal forces in both the transverse
and longitudinal directions (North Carolina DOT, 2012). This connection is very similar to the
next two connections to be studied, the South Carolina DOT connection and Missouri DOT

connection. Because of their similarity, the other two connections will be discussed before a

specific analysis is performed.
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Figure 3.9: North Carolina DOT Connection
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DETAIL “A”

Figure 3.10: North Carolina DOT Connection Detail "A"

3.2.7 South Carolina DOT

The South Carolina DOT connection, seen in Figure 3.11, is used for both expansion and
non-expansion bearings. A sole plate is cast with the precast beam and welded to the bearing
plate. Two anchor bolts connect the entire assembly to the bent cap. The welds and anchor bolts
are designed for the horizontal forces in each direction. For expansion bearings, the bearing
plate is slotted to allow for movement (South Carolina DOT, South Carolina Bridge Design
Manual, 2006). This connection is very similar to the North Carolina connection because it uses
an embedded sole plate welded to a bearing plate that transfers the forces into the bent cap. The

Missouri connection will be discussed next, and then the results of an analysis will be presented.
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Figure 3.11: South Carolina DOT Connection

3.2.8 Missouri DOT

The Missouri DOT Connection is detailed in Figure 3.12. An anchor plate is cast at the
bottom of the girder and welded to a steel plate on top of the elastomeric bearing. This steel
plate is bolted to the bent cap with two anchor bolts, which transfer the loads to the bent cap.
The anchor bolts are placed above the bearing pad to reduce the deformations in the pad. The
weld and anchor bolts provide the resistance for the longitudinal and transverse horizontal forces
(Missouri DOT, Bridge Standard Drawings - Bearings, 2009). As mentioned earlier, this
connection is very similar to the North Carolina and South Carolina connections. The weld
resists the forces in both directions and allows the anchor bolts to transfer the forces into the bent
cap. ALDOT has a welded connection design in its standard drawings, seen in Figure 3.13, so it
was assumed that the contractors would be familiar with it and be able to construct it. The weld
could be designed to resist the appropriate horizontal design force for a specific bridge and also
would eliminate the need for cap screws, which were assumed not to transfer any load. For these
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reasons, a welded design was chosen to be used as the basis for a new connection design

design will be discussed below.
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3.2.9 Connection Recommendation

The welded plate connection used by ALDOT was used as the backbone for the new
design connection. The new connection can be seen in Figure 3.14 and has a sole plate that is
cast with the bottom of the concrete girder. Shear studs protrude from the plate into the girder to
transfer the forces from the girder. The sole plate would be welded to another plate that rested
on the bearing and anchor bolts would connect the assembly with the bent cap. The weld would
provide sufficient restraint in both directions, and the anchor bolts would transfer the loads into
the bent cap. Another option would be to have the anchor bolts cast with the sole plate,
eliminating the need for a weld. However, after discussion with ALDOT, it was decided to keep
the current connection because there was concern about the ability of their contractors to be able
to transition to a new connection design. Instead, it was decided to allow the connection to
move in the longitudinal direction. In order to prevent span loss, either the displacements would
be decreased by using longitudinal restrainers, or the seat width would be increased. Both

options will be addressed below.
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3.3  Longitudinal Restrainers

The first option for longitudinal design was to limit the displacement of the girders to
prevent seating loss. Longitudinal restrainers are placed between girders at expansion joints that
prevent the girders from moving in the longitudinal direction and transfer the forces generated by
preventing the movement into the bridge deck and girders. Once again, state DOTs were
surveyed in order to see what types of longitudinal restrainers existed. The following state DOT
details were surveyed because their seismic hazard is equivalent to the most severe hazards
expected in Alabama: Tennessee, South Carolina, and Missouri. ALDOT recommended another
detail that was designed by Volkert and Associates as a hurricane tie-down in the southern parts
of the state. This detail was also studied and will be discussed below along with the other

details.
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3.3.1 Volkert Heavy Chain Detail

The Volkert detail can be seen in Figure 3.15 and Figure 3.16. It was created by Volkert
and Associates, Inc. for ALDOT as a hurricane tie-down connection to keep the girders from
becoming unseated during the event of a flood caused by a hurricane. It was thought that these
same heavy chain details could be used to limit the longitudinal displacement of the bridge, but
their primary design purpose is a vertical restraint against uplift. This detail was not studied

further because it would not provide longitudinal restraint (ALDOT, 1971).
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3.3.2 Tennessee DOT Longitudinal Restrainer

Figure 3.17 and Figure 3.18 show the longitudinal restrainer detail used by Tennessee.
The diaphragm is integral with the bent cap so both lateral and longitudinal horizontal forces are
transferred directly into the bent cap through anchor bolts. There is no bearing pad connection
and no expansion joints are present in the bridges because expansion is performed by rotation of
the substructure. This option provides resistance to the horizontal forces along the entire length
of the bent cap instead of just at the bearing pad connection, but requires a deeper diaphragm
capable of connecting to the bent cap (Tennessee DOT, 2010). Because ALDOT wanted to use a

bearing pad connection, this detail was not studied further.
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3.3.3 South Carolina DOT Longitudinal Restrainer
The South Carolina DOT uses a cable restrainer system as its longitudinal restrainer. As

seen in Figure 3.19 and Figure 3.20, the cables run between the girders and extend a distance
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specified by the engineer. Sufficient slack in the cable is provided to allow for thermal
expansion before the system engages. When the restrainer unit engages, it transfers the forces
into the deck, which transfers the forces into the girders and, through the connection shown in
Figure 3.11, into the bent cap. The cable restrainer unit attached at either end of the cable is seen
in Figure 3.21 (South Carolina DOT, Seismic Restrainer Details, 2005). This connection was
considered, but the use of cables required more analysis and design than the use of a bar
restrainer system, like the one used by Missouri DOT discussed next. Also, if this connection
were used by ALDOT, the current bearing pad connection would be unable to transfer the
longitudinal forces into the bent cap because the current connection does not have any restraint
in the longitudinal direction. While the displacements would be limited, the load path would not
be complete and the forces would not be able to be transferred into the substructure. So even
with this restrainer detail, a change to the connection would be necessary to prevent the girders

from becoming unseated.
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3.3.4 Missouri DOT Longitudinal Restrainer

Figure 3.22 shows the longitudinal restrainer detail used by Missouri DOT. Restrainer
bars are located in the diaphragm on either side of a girder. An anchor plate is cast with the
diaphragm on the girder with a fixed connection. For the expansion girder connection, an
expansion gap for temperature is allowed before a bearing plate and nut assembly is welded to
the bar. The bar passes through a PVC sleeve before being attached to the opposite anchor plate.
During a seismic event, the restrainer bar would engage and transfer forces into the diaphragm.

The diaphragm would transfer the forces into the deck and girders, and the girders would transfer
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the forces into the bent cap through the connection discussed earlier and detailed in Figure 3.12.
(Missouri DOT, Bridge Design Manual Section 6.1, 2002). This restrainer bar connection was
considered easier to design and construct than the South Carolina connection, so it was used to
create a design for ALDOT. However, the bearing pad connection would still be unable to

transfer the longitudinal forces into the bent cap. This issue will be addressed after the restrainer
design is discussed.
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Figure 3.22: Missouri DOT Longitudinal Restrainer

3.3.5 Longitudinal Restrainer Recommendation

After deciding to base a new restrainer design on the Missouri DOT restrainer, the design
in Figure 3.23 and Figure 3.24 was proposed. It features two longitudinal bars per girder
spanning between diaphragms. When the bars displace past the expansion gap distance, steel
plates at the end of the bears will engage the diaphragms and prevent additional longitudinal
movement. The forces generated in the bars will be transferred into the diaphragms. The

diaphragms would transfer the loads to the bridge deck and girders.
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Figure 3.24: Proposed Longitudinal Restrainer (Elevation)

The main concern with this design was the resistance of the diaphragms to the restrainer
force. The 12 inch diaphragms currently used by ALDOT at the bent webwall needed to be
checked to ensure they could resist the loads. The two limit states studied were two-way
concrete shear and local yielding of the steel bearing plate. The AISC Manual (2005) and LRFD
Specifications (2009) were used in this design. This connection was designed to resist the
maximum force from the bridges studied, which was 49 kips per girder, or 24.5 kips per
restrainer rod. These forces were determined in the design of the bridges, which is discussed in
Chapter 4. For the specific design force calculations, refer to the appendix for the specific

bridge. It was calculated that 1 inch steel bars with a tensile strength of 36 ksi would be adequate
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for the design. Using 4,000 psi concrete, 60 ksi steel and a steel bearing plate with 4 inch sides,
the two limit states were found to be adequate to resist the 24.5 Kkip load, as seen in Table 3.1.

These calculations can be seen in Appendix A.

Table 3.1: Longitudinal Restrainer Design

Design Strength
Limit State (kip)
Local Yielding 1296.0
Punching Shear 29.7

After designing the restrainer, the load path from the diaphragm to the girder and bridge
deck was analyzed because the forces in the diaphragm would be transferred into the bridge deck
and girders through the reinforcing steel. It was necessary to analyze the diaphragms and make
sure the steel would be able to transfer the loads without failing in shear. Figure 3.25 shows the
typical detail used by ALDOT for an intermediate webwall at Scarham Creek. ALDOT is
currently using a diaphragm thickness of 12 inches for the webwall at the bearings for all bridges
in the state. The diaphragm between two girders is what was analyzed. A model was created for
each bridge diaphragm using SAP2000 to determine where the restrainer rods could be placed
where the loads would distribute to all the steel evenly without failure. The steel capacity was
determined using Equation 3.2, where the area of the steel and strength of steel were the
variables.

Vs =0.6*xA,*fy Equation 3.2

Figure 3.26 illustrates the model used for the Scarham Creek Bridge diaphragms. The
thickness of these models was taken as 12 inches. When compared with the webwall detail used
by ALDOT for the same bridge, it can be seen that the diaphragm between two girders is what

was modeled. The dark plus signs represent where the reinforcing steel is present and will
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transfer the loads into the deck or girders. However, a real bridge concrete diaphragm is cast
integrally with the bridge deck, so some of the force could be transferred into the bridge deck
through the concrete. This analysis assumed that the restrainers would not be designed for a
serviceability limit state, but for an ultimate strength limit state, to prevent span loss from
occurring. For this reason, it was assumed that when the restrainers engaged, the concrete
between the diaphragm and deck would be cracked and not transfer any load. The reinforcing
steel would transfer all of the forces. But, some friction between the diaphragm and the girders
on the side and deck on the top is still expected to occur as a result of the longitudinal movement
of the diaphragm. This will dissipate some of the energy from the longitudinal restrainers. So
the surrounding concrete, which in the model was represented by the grid points not labeled with
a plus sign, was modeled as springs in order to reduce the amount of force transferred into the
steel. The amount of force the concrete would transfer was a point of uncertainty. After
discussion, a conservative assumption was made that the concrete would take 10% of the force
from the restrainers through friction. Another limit state that was considered was out-of-plane
bending. But, since the concrete was assumed to be cracked at the joint between the deck and
diaphragm, it was assumed that the shear limit state would control, so out-of-plane bending was

not checked for these diaphragms.
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Figure 3.26: Diaphragm Model (Scarham Creek)

Once the model was created, the restrainer forces were moved symmetrically around the
diaphragm until the forces in the steel were below the established thresholds from Equation 3.2.

One of the goals of this design was to determine if the restrainer bars could be placed at a
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standard location in all of the bridge diaphragms without requiring any additional reinforcement.
In order to determine this, five bridges that used different girder types and spacing were analyzed
separately and the locations of the bar restrainers in their diaphragms was determined. Figure
3.27 shows the forces resulting from the loading of the Scarham Creek diaphragm. The
restrainers had to be placed 10 inches below the bottom of the deck so the forces would spread
evenly among the four steel connections at the top. This even spread was desirable in all of the
diaphragms so that all of the steel carried smaller amounts instead of one or two carrying the
entire load. However, the bar locations were different for the other diaphragms studied. Two
additional diaphragm studies will be discussed to provide a better understanding of how the

restrainer locations were different.

Figure 3.27: Scarham Creek Diaphragm Model Shear Forces

The second bridge diaphragm that was studied was the Mobile County bridge, which

used BT-72 girders spaced at 6 feet and had a diaphragm height of 36 inches. It had four steel
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connections extending from the deck into the diaphragm and four longitudinal bar locations that
transferred load to the girders. By comparison, the Scarham Creek bridge also used BT-72
girders, but with 7 foot spacing between them and a diaphragm height of 61.5 inches. It also had
four steel connections extending from the deck into the diaphragm and four longitudinal bar
locations along the side. Figure 3.28 shows the results from the analysis of the Mobile County
bridge diaphragm. For this particular diaphragm, the bars had to be at mid-height of the
diaphragm (18 inches from the bottom of the bridge deck) and between the top steel for the
entire load to be transferred and none of the bars to be over capacity. It could not have the
restrainer bars located at 10 inches like in the Scarham diaphragm because the top steel would be
over capacity. Even though the same girder types were used, the restrainer bar locations were

different. Flexure was also checked for this diaphragm, but it did not control the design.

30!!

3-6”

66”

Figure 3.28: Mobile County Bridge Diaphragm Model Shear Forces

The third bridge diaphragm studied was Bent Creek Road Bridge, which uses BT-54
girders spaced at 5.33 feet with a diaphragm height of 54 inches. It had six places where
reinforcing steel connected the diaphragm with the deck and two longitudinal reinforcing bar

42



locations that transferred loads to the girders. For this bridge diaphragm, seen in Figure 3.29, the
bars had to be placed at least 12 inches below the bottom of the bridge deck so that some of the
forces would be carried by the longitudinal steel. It also had to be between the top reinforcement
so that the forces spread out between them. Just among these three diaphragms, the location of
the restrainer bars was different. The location is determined based on the geometry of the
diaphragm, specifically the height, and the number of reinforcing steel locations on the top and
side of the diaphragm. Since the heights and steel amounts varied for each diaphragm, the
restrainer bar locations could not be at the same location. So if the longitudinal restrainer details
were used by ALDOT, the diaphragms would have to be analyzed for each bridge. This was one

of the reasons this design was not recommended.

20”

54”

32”

Figure 3.29: Bent Creek Road Diaphragm Model Shear Forces
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The final design step was to make sure connection provided a complete load path. The
force would be transferred into the bridge deck and girders, but would still need to travel through
the connections before going into the bent cap. Because the original connection was still to be
used, there was no longitudinal load path for the forces at the connection. The displacement of
the bridge girders would be reduced, but the connection would not be able to transfer the
longitudinal forces into the bent cap. The idea of allowing the girders to transfer the forces
through friction between the girders and bent cap was presented, but Article 4.13.1 in the Guide
Specifications does not allow friction to be considered as an effective restrainer, so this idea
would require additional effort in detailing and design. After discussion with ALDOT, the
longitudinal restrainer option was not recommended because the original problem of an
incomplete load path in the longitudinal direction still existed. Instead, it was decided to provide
additional seat width and allow the girders to move in the longitudinal direction after the

connection slipped.

3.4  Extended Seat Width

As discussed earlier, a second option exists to prevent span loss. By extending the
minimum seat width for the girders, more room can be provided for the girders to displace once
the connection slips to prevent unseating. This technique is utilized by Illinois DOT as discussed
earlier. The equation used by Illinois was one of two alternate equations that was compared with
the current seat width calculations in the Guide Specifications to determine if they provided more
seat width for the bridges studied.

The current method of calculating the seat width uses Equation 3.3 from the Guide

Specifications in Article 4.12.2. 1t is based on the span length, column height, and skew of the
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bridge. 100% of this equation is required to be supplied in SDC A and 150% is required to be
supplied for SDC B, C, and D.
N = (8 + 0.02L + 0.08H) * (1 + 0.00012552) Equation 3.3

The first alternative was Equation 3.1 which is used by the Illinois DOT as shown earlier
in the chapter. This equation was selected because the Illinois earthquake resisting system
design strategy is similar to the current design strategy in this thesis, which is to allow the girders
to “ride out” the design earthquake. This equation is based on research performed by the
Applied Technology Council (ATC) and the Multidisciplinary Center for Earthquake
Engineering Research (MCEER) in 2003. It gives a better estimation of the expected
displacements and deformations that occur at the seat (ATC/MCEER Joint Venture, 2003).
Instead of multiplying the seat width by 1.5 for SDC B, which is the procedure found in the
Guide Specifications, the multiplier is based on the expected spectral acceleration coefficient at a
1-second period, Sp;. As such, the seat width can vary for different sites in SDC B. The largest
and lowest values of Sp; (0.15 and 0.30) will be used to find the seat width using this method
and compared to the results from the other methods. The equation was converted from metric

units into English units in Equation 3.4.

N = <0.10 +0.0017L + 0.007H + 0.05VH |1 + (2 5)2> . (FE2RR) Equation 3.1
L cos(a)

N = <4 +0.02L + 0.08H + 1.09VH |1 + (2 5)2> « (F22201) Equation 3.4
L cos(a)

The second alternative would be to perform a rigorous analysis that is required for SDC
D. Article 4.12.3 in the Guide Specifications provides a minimum seat width equation,
represented as Equation 3.5, for SDC D that uses the expected displacement demand instead of

the column height and span length. The expected displacement demand was calculated for each
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bridge in SDC B using the structural analysis and computer bridge models in Chapter 4. The
calculated seat width from this equation is not allowed to be less than 24 inches.
N = (4+1.65* Aggy) * (1 +.00025 * S2) > 24 Equation 3.5

Seat widths for each bent of each bridge studied in SDC B were calculated using each of
the three equations. These seat widths were compared to determine which provided the greatest
seat length. The results in Table 3.2 show that the maximum seat width depended on the Sp;
coefficient for that particular site. In SDC B, it can range from 0.15 to 0.30. At 0.15, Equation
3.3 in the Guide Specification controls. But at 0.30, the Equation 3.4 from the ATC/MCEER
study controls. This is because the multiplier for the Guide Specification equation is 1.5 for all
sites in SDC B, and the multiplier for the ATC 49 Equation varies based on Sp;. The equation
for SDC D did not control because all the calculated longitudinal displacements for these bridges
were less than 1 inch (with one exception), so only small seat widths were determined.
Technically these cannot be less than 24 inches, but in order to show the effect of the small

displacements, values less than 24 inches were shown.

Table 3.2: Minimum Seat Width Calculations

Minimum Seat Lengths (in)
Littl Littl
Equation Bent Norfolk B':t; B':t; Oseligee | Oseligee | Scarham | Scarham | Scarham
Creek | Southern Creek | Creek Creek Creek Creek Creek Creek
Road | Railroad Bent 2 Bent 3 Bent 2 Bent 3 Bent 4
Bent2 | Bent 3
Guide Spec | o ¢ 19.2 173 | 179 16.5 17.5 20.0 23.0 19.8
SDCB
Guide Spec
SDCD 5.7 5.7 5.7 5.7 6.1 6.3 5.7 5.7 5.7
AT_C:ZS()SM 17.1 18.2 14.3 15.8 15.2 17.4 19.9 25.1 19.5
AT_C::é)Sm 19.8 21.1 16.6 18.3 17.6 20.1 23.1 29.1 22.6
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As the table shows, for all but one of the bents, assuming Sp; equals 0.30 gave the most
conservative value for minimum seat width. The current Guide Specification controlled the
minimum seat width for bent 2 of Little Bear Creek bridge. This is a result of the small column
heights at this bent. But, because the ATC 49 equation is designed to give a better estimation of
the seat displacement, and because the minimum seat width obtained from this equation is only
one inch less than the current specifications, this anomaly was not considered important.
Equation 3.4 was selected to be recommended assuming Sp; equals 0.30 because it would be the
upper limit for SDC B and result in a larger value than the Guide Specifications equation. Since
the equation has been researched by ATC and MCEER and designed to give a better estimation
of the deformations and displacements at the seat and is currently in use by Illinois DOT, it is
reasonable to assume that this equation will provide enough seat width to prevent the girders

from unseating during a design earthquake.

3.5  Conclusion

This task of the thesis was necessary because it was unknown if the current
superstructure-to-substructure connection was adequate to resist the calculated horizontal design
forces. After analysis, it was determined that it was adequate in the transverse direction, but not
in the longitudinal direction, so a complete load path did not exist between the superstructure and
substructure and a new connection design was necessary. Several options were investigated and
designed, but ALDOT chose to keep the original connection design and allow the girders to
move in the longitudinal direction after the connection slipped. This would be accomplished by
providing additional seat width in the longitudinal direction using Equation 3.4 described above.

Since the original connection design will continue to be used, the clip angles and anchor bolts
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will also have to be checked to ensure they can withstand the horizontal design forces. They will

be checked in Chapter 4 for each bridge in SDC B to show if the connection is adequate.
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Chapter 4: Bridge Design Standards

4.1 Introduction

Another objective of this thesis was to determine if standard design details and drawings
could be created for bridges in Seismic Design Categories (SDC) A and B. As discussed in
chapter 2, the Guide Specifications contain updated seismic hazard maps that have higher
expected ground motions than the maps in the Standard Specifications. These greater
accelerations, along with changes to the bridge design resulting from additional research in
earthquake engineering, have resulted in changes in the minimum details and seismic design
procedures for bridges. By redesigning multiple bridges in each SDC that had previously been
designed under the Standard Specifications and comparing the column details, the change in the
design details could be shown and standard details could be developed. Along with the standard
details, design sheets for each bridge were developed to provide examples of the new seismic
design procedures. In the previous study by Coulston and Marshall (2011), design sheets and
standards for three bridges in SDC B were created. These design sheets were updated to include
changes in the Guide Specification from the 2009 edition to the revised 2011 edition, and design
sheets for two additional bridges in SDC B were created. Design sheets for SDC A, which has
two subclasses, were developed using the same revised 2011 edition. ALDOT supplied the
design drawings for each bridge studied in this thesis designed using the Standard Specifications,
as well as a foundation report. While the expected ground accelerations a bridge would be
expected to experience is typically determined from the Guide Specifications seismic hazard

maps, this thesis used values that allowed different bridges to be placed in the SDC of choice.
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This allowed some bridges to be designed in multiple SDCs in order to show the difference in
the details resulting from the two design categories. The procedure for determining the SDC as
well as the differences between the categories will be discussed further in this chapter.

The first subclass of SDC A, termed SDC A1 throughout this thesis, classifies bridges in
seismic regions that are not likely to experience substantial ground accelerations and do not
require minimum details. The two bridges designed in SDC Al include the following: County
Road 39 Bridge over CSX in Mobile County and Stave Creek Bridge in Clarke County. The
design calculations and design sheets can be found in Appendices B and C.

The second subclass of SDC A, termed SDC A2, classifies bridges in low seismic
regions that are not likely to experience plastic forces, but still require minimum detailing. The
following four bridges were designed in SDC A2: Bent Creek Road Bridge in Lee County,
Bridge over Norfolk Southern Railroad in Etowah County, Oseligee Creek Bridge in Etowah
County, and Stave Creek Bridge in Clarke County. The Stave Creek Bridge was also designed in
the SDC Al category. All of the calculations for these details can be found in Appendices D-G.

Finally, five bridges were redesigned in SDC B, including the three designed under the
previous study. SDC B bridges are in a moderate seismic hazard and must be designed using
additional analysis techniques and must also satisfy minimum detailing. The analysis of all five
of the bridges was completed using computer software, with the results recorded in the design
sheets. The design sheets and supplemental design data for these five bridges can be found in
Appendices H-Q. The five bridges include the following: Bridge over Little Bear Creek in
Franklin County, Bent Creek Road Bridge over 1-85 in Lee County, Oseligee Creek Bridge in
Chambers County, Bridge over Norfolk Southern Railroad in Etowah County, and Scarham

Creek Bridge in Marshall County. Bent Creek Road Bridge, Oseligee Creek Bridge and Bridge
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over Norfolk Southern Railroad had also been designed as SDC A2 so their design details could
be compared.

All bridge design sheets can be found in the Appendices and were created using Mathcad
(PTC, 2007). The first step was to input the given bridge information at the beginning of the
sheet, including the length of the bridge, span lengths, deck thickness and widths, girder cross
sectional areas, etc. Other information needed for specific articles or bridge components, such as
reinforcement type and spacing, were input at that location in the sheet. All of the input
variables were notated with a green background and all output information necessary for design
was notated with a yellow background. This allows the variables to be quickly located and
changed during the design. The steps in the design sheets were laid out in the same order as the
design charts in the Guide Specification. Each specific article used either in the Guide
Specifications or LRFD Specifications was cited. Each step of the design process will be

discussed below.

4.2  SDC Determination

The first step in the design process is to determine the Seismic Design Category (SDC) of
the bridge. The SDC will determine what type of analysis and detailing is necessary for the
bridge. Chapter 3 of the Guide Specifications lists the steps involved in determining the design
category. The soil site class is determined first. The site class plays a large role in the
determination of the SDC, as a change from one class to the other can result in a change in the
SDC. Site classes range from A (hard rock) to F (poor soil such as stiff clay) and are determined
using either soil shear wave velocity, uncorrected blow counts, or undrained shear strengths.

However, it should be noted that site classes A and B cannot be verified without performing a
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shear wave velocity test. Table 3.4.2.1-1 in the Guide Specifications is used to determine the
appropriate site class.

The next step is to determine the response spectra from national ground motion maps.
The AASHTO Ground Motion Calculator (AASHTO, 2007) was used to determine these ground
accelerations. The latitude and longitude of the bridge site, along with the site class of the solil, is
input into the program and the acceleration coefficient, A, design spectral acceleration
coefficient at 1-sec period, Sp;, and design spectral acceleration coefficient at 0.2-sec period,
Sps, is output. If the longitude and latitude are not known, the zip code of the area can be used,
but the spectral coefficients will not be as precise. Once Sp; is known, the seismic design
category can be determined according to Table 4.1.

Table 4.1: SDC Category Determination

Value of Sp; SDC

Sp1< 0.10g Al
0.10g < Sp1 < 0.159 A2
0.15g <Sp1<0.30g B
0.30g < Sp; <0.50g C

0.50g < Spx D

In order to show the significance of the site class, the following three maps were created
for Alabama. The AASHTO Ground Motion Calculator program (2007) was used to find the
highest spectral accelerations for each county in Alabama. The SDC was determined for each
county using three different site classes. The maximum spectral acceleration for each county in
the northern half of the state was assumed to occur at either the northeast or northwest corner of

the county since the maximum accelerations in the state are in the northeast and northwest
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corners. For the southern counties, the maximum spectral acceleration was assumed to occur at
the northernmost point of the county. The results can be seen in Figure 4.1, Figure 4.2, and
Figure 4.3. The entire state is classified as SDC Al for soil site class B. This would also mean
that soil site class A would result in the entire state being classified as SDC Al. For soil site
class C, the northern part of the state is classified as SDC A2, with one county being in SDC B.
Finally, for soil site class D, the majority of the state is at least SDC A2, with the northern part of
the state being SDC B and the southern part of the state still in SDC Al. The changes in the soil
site class can have a significant effect on the determination of the SDC, which affects the design
of a bridge. It is recommended to use the soil shear wave velocity test to verify soil site class A
or B at the site because it would result in the bridge being in SDC Al, generating a more
economical design. It should be noted that these maps are only an estimation of the spectral
accelerations in each county. Certain sites may have higher values than the average value

assumed over the county.
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Figure 4.1: Alabama SDC Map for Soil Site Class B
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Figure 4.2: Alabama SDC Map for Soil Site Class C

55



F

|
B soce (ss:20.15g)

SDC A2 (0.10555,<0.15g)
[ ] sbca1(sp:<0.10g)

Figure 4.3: Alabama SDC Map for Soil Site Class D

4.3  Guide Specification Design Process for SDC Al

The design process for SDC Al will be discussed first. SDC Al is the lowest design
category in the Guide Specifications, and bridges in this category are expected to experience low
seismic forces. It does not require additional structural analysis or minimum detailing. The
expected horizontal design forces are minimal and used only for designing the superstructure-to-
substructure connection and the column for shear. These design forces are calculated as a

percentage of the total tributary weight resisted at a bent. The minimum support length is also
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calculated as a part of the design. The steps involved with this design category will be discussed

next.

4.3.1 Determine Vertical Reactions at Bent

The first step in calculating the horizontal design force is to determine the vertical
reaction at the bent. This is accomplished by finding the tributary area of the bent, the total dead
weight of the bridge in that tributary area, and the uniform live load acting on the area. The dead
weight of the bridge includes the weight of the deck, girders, piers, columns, and guard rails.
The uniform live load consists of a 0.64 kip per linear foot per lane load that is applied
simultaneously with the dead load. The LRFD Specifications, in Article C3.4.1, recommends
including 50% of this live load in the vertical reaction calculations, but does not require it. It
does require the bridge owner to determine the live load factor, yeq, On a project specific basis.
This live load factor determines what percentage of the live load is to be included in the weight
calculations. For bridges in high traffic areas, such as major highways in large city centers, it is
recommended to include at least half of the live load, because it is possible for that bridge to
experience live loads during a seismic event. Once the live load is determined, it is multiplied by
the number of design lanes and the tributary length of the bent. The total vertical reaction is the
sum of the dead and live load resisted by the bent. This thesis will show two horizontal design
forces for all bridges in SDC A, one that includes the 0.50 live load factor and one that includes a
factor of zero, so that no live load is considered. A comparison between these two design forces

will show if the live load factor has a significant effect.
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4.3.2 Determine Design Forces

Using the vertical reaction at the bent, the horizontal design forces are calculated using
Avrticle 4.6 of the Guide Specifications. This article details the seismic design requirements for
bridges in SDC A. The horizontal design force is used to design the columns for shear as well as
the connection between the superstructure and substructure. For column shear, the vertical
reaction is divided by the number of columns at the bent to represent the amount of load each
column will resist. For the connection, the vertical reaction is divided among the number of
connections, which is equal to the number of girders at the bent. The horizontal design forces
presented in this thesis will be the connection design forces. The design force is then multiplied
by either 0.15 or 0.25 times the vertical reaction at the bent depending on the acceleration
coefficient at the site. The acceleration coefficient (As) is calculated when the SDC is
determined, as discussed earlier. For sites with an acceleration coefficient less than 0.05g, the
design force is 0.15 times the tributary weight. For all other sites, the design force is 0.25 times
the vertical reaction. This difference in design forces is only possible in SDC Al because the
ground accelerations in SDC A2 will be above 0.05g. The reason for the difference is the Guide
Specifications recognize that since seismic forces in some parts of the country are very small, the
seismic design forces will also be small (AASHTO, 2011). All the design forces are multiplied
by a factor of 1.0 in accordance with the load combinations found in the LRFD Specification.
Table 4.2 shows the relationship between the acceleration coefficient and horizontal design
force. The Standard Specifications require 0.20 times the vertical reactions for all sites in SDC

A. It does not allow for a different force in low seismic regions.
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Table 4.2: Design Force Multiplier

A Force
<0.05g 15%
20.05g 25%

4.3.3 Determine Minimum Support Lengths

Support lengths are the length of overlap between the girder and pier or abutment seat.
The minimum support length must be provided to accommodate differential movement between
the superstructure and the substructure. These displacements occur during a design earthquake
and are typically conservative. However, providing the minimum support length alone does not
guarantee the girder will remain seated during an earthquake, especially if it is larger than the
design earthquake. Providing seat widths larger than the minimum or using restrainer bars and
cables can limit the displacement if unseating is a concern. Article 4.12 in the Guide
Specifications uses Equation 4.1 to determine the minimum support length. Currently, ALDOT
uses this equation to determine the minimum support lengths, but in chapter 3 of this thesis, it
was recommended to use Equation 4.2 from the ATC-49 study (ATC/MCEER Joint Venture,
2003) to determine the minimum seat length because it will give a larger seat width. The
Standard Specification uses Equation 4.1 in both SDC A and B. In this thesis, the minimum seat
lengths for bridges in SDC Al will be calculated using Equation 4.2 and compared with the
results from Equation 4.1, which represent the minimum seat length from the Standard
Specifications.

N = (8 + 0.02L + 0.08H) = (1 + 0.0001255?2) Equation 4.1

N = <4 +0.02L + 0.08H + 1.09vVH |1 + (2 §)2> * ( Equation 4.2

1+1.25$D1)
cos(a)
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4.3.4 Minimum Column Detailing

Once the design forces and minimum support lengths are determined, no further analysis
is required for SDC Al. For bridges in this category, the bridge is not expected to experience
forces that will result in the formation of plastic hinges. Therefore, the minimum design details
are not required. The design force is used to design the superstructure to substructure connection
and the remainder of the substructure. Article 8.6.1 of the Guide Specifications allows for the
use of the LRFD Specifications to design the column for the areas outside of the plastic hinge
region. For SDC A1, there is no plastic hinge region, so the LRFD Specifications are used to

design the transverse reinforcement for the column.

4.3.4.1 Design of Reinforcement outside Plastic Hinge Region

The detailing for transverse reinforcement outside of the plastic hinge region is not
mentioned in the Guide Specifications because the equations for determining concrete capacity
used in the Guide Specification are not meant to be used outside of the plastic hinge region.
They include the expected concrete behavior as the hinge region becomes plastic, which will not
occur outside of the plastic hinge zone. Therefore, the LRFD Specifications are used to design
the shear reinforcement outside of the plastic hinge region. The shear reinforcement must be
checked to ensure that it provides greater resistance than the expected horizontal design force in
the column. Equations 4.3 and 4.4 from Article 5.8.3.3 in the LRFD Specifications are used to
determine the shear capacity of the transverse reinforcement and the concrete. Once the design
is satisfied for strength, three spacing requirements are checked. These spacing requirements
could control the design and must be checked. The first requirement can be found in Article

5.8.2.5 of the LRFD Specifications and is a minimum amount of transverse reinforcement. It is
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only required when the factored load is greater than half of the factored resistance by the
concrete section and prestressing steel (if present). It is intended to provide reinforcement in
regions where there is a significant chance of diagonal cracking (AASHTO, 2009). Ifitis
determined that this minimum reinforcement is required, then Equation 4.5 is used to determine
the minimum area of transverse reinforcement. This equation in the LRFD Specifications is
different than the equation found in the Standard Specifications. It results in a larger minimum
area of transverse steel in the column. Article 8.19.1.2 of the Standard Specification uses
Equation 4.6 to find the minimum area. The value is a constant, 0.05 ksi. Article 5.8.2.5 in the
LRFD Specifications uses Equation 4.5, and the coefficient is a function of the compressive
strength of concrete. For 4,000 psi concrete, the value is 0.0632 ksi.

The second check is the maximum spacing check found in LRFD article 5.8.2.7. This
check addresses the need for tighter spacing if the section experiences very high shear stress.
Most sections will not experience very high shear stress, so this requirement will not typically
control the design. The final check is an ALDOT standard maximum spacing of 12 inches. In
the event that the column is not required to meet the minimum area of transverse reinforcement

requirement, this 12 inch maximum spacing will likely control.

V., = 0.0316 = B = \/f! * b, * d,, Equation 4.3
Vs = M Equation 4.4
Ay min = 0.0316 * \[f b;;S Equation 4.5
Ay min = 0.05 2= Equation 4.6

y

Another factor that would affect the spacing of the reinforcement would be the

requirement of cross-ties. LRFD Article 5.10.6.3 requires the use of cross-ties in rectangular
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columns to ensure that no longitudinal bar is more than 2 feet from a restrained bar. However,
for all of the bridges in this study, no columns were large enough for this requirement to be

necessary. Therefore, this requirement did not control the design.

4.4  Bridge Design Examples in SDC Al

The design procedure in the Guide Specifications for SDC Al was used to redesign two
bridges previously designed under the Standard Specifications. These bridges were supplied by
ALDOT and are conventional bridges in the “other” category as described in Chapter 2, making
them applicable to the Guide Specifications. One bridge was designed with an acceleration
coefficient less than 0.05g and the other with an acceleration coefficient greater than 0.05g to
show how the lower accelerations affect the design of the bridge, as well as highlight the
differences between the Standard Specifications and Guide Specifications for bridges in each.
For each bridge, design sheets were created with references to specific articles in the Guide
Specifications or LRFD Specifications and can be seen in Appendix B and C. Notes and other
information necessary to the understanding of a certain variable were also noted. Since the
purpose of these designs is to determine if a standard set of drawings and details can be
identified for these bridges, design data is established for each bent of a bridge. This information
will be summarized for each bridge. The two bridges include County Road 39 Bridge over CSX

in Mobile County and Stave Creek Bridge in Clarke County.

4.4.1 County Road 39 Bridge
County Road 39 crosses over CSX railroad and US Highway 90 in Mobile County. The

overpass has two bridges designed to carry traffic in both the northbound and southbound
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directions. Each bridge is similarly designed, but the deck of the southbound bridge flares from
a width of 54.75 feet at the second pier to 66 feet at the north abutment. The northbound bridge
deck remains constant at a width of 54.75 feet. Because the northbound bridge is closest to the
conventional bridge definition, it was chosen to be redesigned instead of the southbound bridge.
It is a four span bridge with three equal spans of 135 feet and one unequal span of 80 feet at the
north end of the bridge. The three equal spans support the 7-inch concrete deck with 9 BT-72
Girders. The unequal span supports the deck with 9 Type Il girders. The three bridge piers are
53’ x 4’ x 4.5’ and are supported by three rectangular columns 3.75 feet in diameter with 2
inches of concrete cover. The columns are longitudinally reinforced with 16 #11 bars and
transversely with #4 ties uniformly spaced at 12 inches from the bottom of the pier cap to the top
of the foundation. The average clear height of each bent was measured from the bottom of the
pier cap to the top of the pile cap foundation. The average clear height is 23.6 feet for Bent 2,
28.84 feet for Bent 3, and 26.6 feet for Bent 4. All columns are supported on pile caps with
dimensions of 8.6’ x 8’ x4.5” and each pile cap is supported by nine HP 12x53 driven steel piles.
All design calculations can be found in Appendix B.

The first step is finding the vertical reaction at each of the bridge bents. The uniform live
load on the bridge, discussed in LRFD 3.6.1.2.4, over the 4 design lanes was 1.28 kips per linear
foot. The dead weight included the deck, girders, pier, columns, and guard rails. The total loads
were determined using the tributary area of the bents. Table 4.3 compares the design forces
when the 0.5 live load factor is used. It shows that using the 0.5 live load factor increases the

design forces by 10%.
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Table 4.3: Mobile County Bridge Design Force Live Load Factor Comparison

Bent Design Force Design Force Percent
with yeq (kips) | without yeq (kips) | Difference
2 32.0 29.1 9.9%
3 32.0 29.1 9.9%
4 25.4 23.1 10.0%

Once the vertical reactions were calculated, the design forces for each column were

calculated. The acceleration coefficient for this bridge was 0.045g. Since it was less than the
0.05g limit found in Article 4.6, the horizontal design forces were 15% of the vertical reactions.

The design forces using the Standard Specifications were 20% of the vertical reactions. As seen

in Table 4.4, the design forces are reduced by 25% in the Guide Specifications.

Table 4.4: Mobile County Bridge Design Force Specification Comparison

Vertical Guide Spec Standard Spec
Bent Reaction Design Force Design Force Percent
(kips) (kips) (kips) Difference
2 1948 32.0 42.6 -25.0%
3 1948 32.0 42.6 -25.0%
4 1400 254 33.9 -25.0%

The minimum support lengths were calculated next. They were different for each bridge
bent because of the difference in heights of each bent. Equation 4.2 was used to calculate the
new minimum seat lengths and Equation 4.1 was used to calculate the Standard Specifications

seat lengths. At each bent, the new lengths were 31-36% greater than those required by the

Standard Specifications. Table 4.5 shows the minimum lengths for each bent.
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Table 4.5: Mobile County Bridge Minimum Support Lengths

Standard Spec
Bent New Design Minimum Minimum Support Percent
Support Length (in) Length (in) Difference
2 16.6 12.6 31.7%
3 17.8 13.1 35.9%
4 16.7 12.3 35.8%

For SDC A1, no structural analysis is necessary and the detailing requirements of SDC
A2 and B do not apply. The design of the column outside of the plastic hinge zone is
accomplished using the LRFD Specifications. #4 ties were used to remain consistent with the
previous design. The tie spacing was controlled by 12 inch ALDOT standard. Since the
calculated shear was less than half of the nominal shear resistance of the concrete, the minimum
area of transverse reinforcement was not required to be satisfied for any of the bents. This
resulted in the same amount of transverse reinforcement being required for the designs since the
Standard Specifications design also used ties spaced at 12 inches. The results from the redesign
of the column can be seen in Table 4.6. Figure 4.4 compares the final design details from the
Guide Specifications and Standard Specifications at bent 2. The details for bents 3 and 4 will be
similar, except for a different column height, so they are not shown. The only changes in this
design were the decrease in the horizontal design force and the increase in the minimum seat

width.
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Table 4.6: Mobile County Bridge Design Summary

Bent 2 Bent 3 Bent 4
Standard Guide Standard Guide Standard Guide
Specification | Specification | Specification | Specification | Specification | Specification
Column Height
(in) 283 283 346 346 319 319
Tie Size #4 #4 #4 #4 #4 #4
Tie Spacing (in) 12 12 12 12 12 12
Number of Ties 24 24 29 29 27 27
Area of Steel
(in?) 4.8 4.8 5.8 5.8 5.4 5.4
Percent
Difference 0% 0% 0%
STANDARD
GUIDE SPECIFICATIONS SPECIFICATIONS
. #4 STIRRUPS . #4 STIRRUPS
23.6 SPACED AT 12" MAX 23.6 SPACED AT 12" MAX
45" 45"

Figure 4.4: Mobile County Bridge Bent 2 Final Design Details
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4.4.2 Stave Creek Bridge

State Road 69 crosses over Stave Creek in Clarke County. The overpass has two bridges
designed to carry traffic in both the northbound and southbound directions. It is a three span
bridge with the two end spans 40 feet long and middle span 85 feet long. The 7-inch concrete
deck is a constant 42.75 feet in width and supported by 6 Type | girders in the end spans and 6
Type 111 girders in the middle span. The two bridge piers are not rectangular because of the
different girder types. They are 40 feet long, 4 feet wide, and have depths of 3.75 feet and 5.4
feet. The depths change at approximately 2 feet of width. The piers are supported by two square
columns 3 feet in width with 2 inches of concrete cover. The columns are reinforced
longitudinally with twelve #11 bars and transversely with #4 ties spaced uniformly at 12 inches
from the bottom of the pier cap to the top of the foundation. The average clear height of the
columns in Bent 2 is 10.2 feet and for the columns in Bent 3 is 14.34 feet. All columns are
supported on 7° x 6.5” x 4.5’ pile caps and the pile caps are supported on five HP 12x53 driven
steel piles. All design calculations can be found in Appendix C.

The first step is determining the vertical reaction at each of the bridge bents. The
uniform live load on the bridge, discussed in LRFD 3.6.1.2.4, over the 3 design lanes was 0.96
kips per linear foot. The dead weight included the deck, girders, pier, columns, and guard rails.
The total loads were determined using the tributary area of the bents. Because the bridge was
symmetric, the vertical reactions of the bents were equal. Table 4.7 compares the connection
design forces when the live load factor is considered and not considered. As the table shows, the

design forces increased by 11% when the live load factor of 0.5 was included.

67



Table 4.7: Stave Creek Bridge Design Force Live Load Factor Comparison (SDC A1)

Bent Design Force Design Force Percent
with yeq (kips) | without yeq (kips) | Difference
2 25.2 22.7 11.0%
3 25.2 22.7 11.0%

Once the vertical reactions were calculated, the horizontal design forces were calculated
for each column. The acceleration coefficient for this bridge was 0.086g, greater than the 0.05g
limit found in Article 4.6, so the horizontal design forces were 25% of the vertical reactions. The
design forces from the Standard Specification were 20% of the vertical reactions. The design
forces can also be found in Table 4.8, displaying the design forces, shows that the Guide
Specifications resulted in a 25% increase in the horizontal design forces.

Table 4.8: Stave Creek Bridge Vertical Reactions and Design Forces Comparison (SDC A1)

Vertical Guide Spec Standard Spec
Bent Reaction Design Force Design Force Percent
(kips) (kips) (kips) Difference
2 604 25.2 20.1 25.0%
3 604 25.2 20.1 25.0%

The minimum support lengths were calculated next. They were different for each bridge
bent because of the difference in clear heights of each bent. The support lengths from the
Standard Specifications were calculated using Equation 4.1 and the recommended design support
lengths were calculated using Equation 4.2. The new support lengths are greater than the
Standard Specifications support lengths by 14-23%, as seen in Table 4.9.

Table 4.9: Stave Creek Bridge Minimum Support Lengths Comparison (SDC A1)

New Design Standard Spec Percent
Bent Minimum Support Minimum Support Difference
Length (in) Length (in)
2 11.5 10.1 13.9%
3 12.8 104 23.1%
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For SDC A1, the detailing requirements of SDC A2 and B do not apply. The LRFD
Specifications were used to design the transverse reinforcement in the columns since there is no
plastic hinge zone. #4 ties were used to remain consistent with the current design. The tie
spacing was controlled by the minimum area of transverse reinforcement requirements instead of
the shear capacity of the ties, which decreased the maximum spacing to 10 inches. This spacing
decrease resulted in a 20% increase in the number of ties at each bent compared to the Standard
Specification design. The results from the redesign of the column can be seen in Table 4.10.
Figure 4.5 and Figure 4.6 compare the final design details from the Guide Specifications and the

Standard Specifications.

Table 4.10: Stave Creek Bridge Design Summary (SDC A1)

Bent 2 Bent 3
Standard Guide Standard Guide
Specification Specification Specification Specification
Column Height (in) 120 120 168 168
Tie Size #4 #4 #4 #4
Tie Spacing (in) 12 10 12 10
Number of Ties 10 12 14 17
Area of Steel (in’) 2 2.4 2.8 3.4
Percent Difference 20.0% 21.4%
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GUIDE SPECIFICATIONS

10.2'

#4 STIRRUPS

SPACED AT 10" MAX

- 36"

GUIDE SPECIFICATIONS

STANDARD

SPECIFICATIONS

#4 STIRRUPS
SPACED AT 12" MAX

- 36"

Figure 4.5: Stave Creek Bridge Bent 2 Final Design Details (SDC A1)

STANDARD
SPECIFICATIONS

14.3'

#4 STIRRUPS
SPACED AT 10" MAX

36"
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14.3'

#4 STIRRUPS
SPACED AT 12" MAX

36"

Figure 4.6: Stave Creek Bridge Bent 3 Final Design Details (SDC A1)



4.4.3 Summary of Differences in SDC Al

The changes in bridge design from the Standard Specification to the Guide Specification
in SDC A1 were different for lower and higher seismic regions. For very low seismic regions
(As < 0.059), the design forces decreased by 25%. For other regions in SDC Al (As > 0.05g),
the design forces were increased by 25%. The design forces increased because the changes in
the seismic hazard maps resulted in higher ground accelerations than those used in the Standard
Specifications. However, the Guide Specifications recognizes that bridges in areas of low
seismicity will not experience very high seismic design forces and reduces them accordingly.
Another change was that the new seat width equation resulted in greater seat widths for both
bridges studied, which was expected since it was designed to give larger seat widths than the
equation used in the Standard Specifications and Guide Specifications.

The other change between the two specifications was not related to seismic design. The
amount of transverse reinforcement was the same for Mobile County Bridge but different for
Stave Creek Bridge. When it did change, it was the result of the minimum area of transverse
reinforcement equation in the LRFD Specifications requiring a tighter spacing than that required
by a similar equation in the Standard Specifications. This equation was not required for the
Mobile County Bridge because the nominal shear resistance of the concrete was twice as large as
the expected shear. Though it only affected one of the bridges, this minimum area check is still
an important change because it could control the spacing of the ties in the columns. Therefore, it
is possible that the transverse reinforcement spacing requirements outside of the plastic hinge
zone for bridges designed using the LRFD Specifications will be tighter than the Standard
Specifications. However, there are some options that can be used to increase the spacing to 12

inches. Using cross-ties will increase the area of shear reinforcement at each tie level, which
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would allow the spacing to be increased. Similarly, using a larger size reinforcing bar would
also increase the area and spacing of reinforcement. These options could be used if 12 inch

spacing was more desirable.

45  Guide Specification Design Process for SDC A2

Bridges in SDC A that are expected to experience moderate seismic forces are classified
as SDC A2. The possibility exists that these bridges will experience seismic forces that result in
plastic hinging and, therefore, require the same minimum detailing from SDC B so that the
hinges form at the top and bottom of the column in the transverse direction, and at the bottom in
the longitudinal direction. However, there is no structural analysis required. Like SDC Al, the
design forces are determined using simplified relationships between the vertical reaction at a
bent and the expected ground acceleration. The design steps for SDC A2 bridges will be

discussed next.

45.1 Determine Vertical Reactions at Bent

Like SDC Al, the first step in calculating the horizontal design force is to determine the
vertical reaction at the bent. This is accomplished by finding the tributary area of the bent, the
total dead weight of the bridge in that tributary area, and the uniform live load acting on the area.
The dead weight of the bridge includes the weight of the deck, girders, piers, columns, and guard
rails. The uniform live load consists of a 0.64 Kkip per linear foot per lane load that is applied
simultaneously with the dead load. The LRFD Specifications, in Article C3.4.1, recommends
including 50% of this live load in the vertical reaction calculations, but does not require it. It

does require the bridge owner to determine the live load factor, yeg, On a project specific basis.

72



This live load factor determines what percentage of the live load is to be included in the weight
calculations. For bridges in high traffic areas, such as major highways in large city centers, it is
recommended to include at least half of the live load, because it is possible for that bridge to
experience live loads during a seismic event. Once the live load is determined, it is multiplied by
the number of design lanes and the tributary length of the bent. The total vertical reaction is the
sum of the dead and live load resisted by the bent. This thesis will show two horizontal design
forces for all bridges in SDC A, one that includes the 0.50 live load factor and one that does not.
A comparison between these two design forces will show if the live load factor has a significant

effect.

4.5.2 Determine Design Forces

Using the vertical reaction at the bent, the horizontal design forces are calculated using
Article 4.6 of the Guide Specifications. This article details the seismic design requirements for
bridges in SDC A. The design force is used to design the column for shear and the connection
between the superstructure and substructure. For column shear, the vertical reaction is divided
by the number of columns at the bent to represent the amount of load each column will resist.
For the connection, the vertical reaction is divided by the number of connections, which is equal
to the number of girders at the bent. The design force is then multiplied by 0.25 times the
vertical reaction at the bent. Unlike SDC A1, it is not possible for the design force to be 0.15
times the vertical reaction at the bent because As will not be below 0.05g, which is the limit for
the lower design force in Article 4.6. The Standard Specifications require 0.20 times the vertical

reactions for all sites in SDC A.
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4.5.3 Determine Minimum Support Lengths

Support lengths are the length of overlap between the girder and pier or abutment seat.
The minimum support length must be provided to accommodate differential movement between
the superstructure and the substructure. These displacements occur during a design earthquake
and are typically conservative. However, providing the minimum support length alone does not
guarantee the girder will remain seated during an earthquake, especially if it is larger than the
design earthquake. Providing seat widths larger than the minimum or using restrainer bars and
cables can limit the displacement if unseating is a concern. Article 4.12 in the Guide
Specifications uses Equation 4.1 to determine the minimum support length. Currently, ALDOT
uses this equation to determine the minimum support lengths, but in chapter 3 of this thesis, it
was recommended to use Equation 4.2 from the ATC-49 study (ATC/MCEER Joint Venture,
2003) to determine the minimum seat length because it will give a larger seat width. The
Standard Specification uses Equation 4.1 in both SDC A and B. In this thesis, the minimum seat
lengths for bridges in SDC Al will be calculated using Equation 4.2 and compared with the
results from Equation 4.1, which represent the minimum seat length from the Standard
Specifications. Because the new equation uses the spectral acceleration, Sp, in the multiplier
factor, for SDC A2 greater seat widths can be expected since these bridges will have higher
accelerations than those in SDC Al.

N = (8 + 0.02L + 0.08H) * (1 + 0.00012552) Equation 4.1

1+1.25$D1)
cos(a)

N = <4 +0.02L + 0.08H + 1.09vVH |1 + (2 §)2> * ( Equation 4.2
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4.5.4 Minimum Column Detailing

Once the minimum seat widths and horizontal design forces are calculated, the minimum
detailing requirements of SDC B must be met, according to Article 8.2. These include the
minimum shear reinforcement of Article 8.6.5 and the minimum requirements for lateral
reinforcement in Article 8.8.9. This shear reinforcement is to extend over the entire plastic hinge
length determined in Article 4.11.7. These details will allow the column to be ductile and form

plastic hinges in the high moment regions if the bridge experiences high seismic forces.

4.5.4.1 Plastic Hinge Length

The plastic hinge length (PHL) is the assumed length of the column where the plastic
hinge will form and is designed to be at the top of the column and the bottom of the column for
bending in the transverse direction and at the bottom of the column for bending in the
longitudinal direction, where the column meets the foundation, although the location of the
plastic hinge at the bottom can vary depending on the soil and foundation type. For the bridges
in SDC A2, the plastic hinge was assumed to form at the connection between the column and
foundation element. These locations occur at the point of maximum moment and shear in the
column. These flexural areas allow the bridge to dissipate energy. The shear reinforcement
helps confine the concrete and prevent buckling of the longitudinal reinforcement, as well as
increase the shear resistance of the section, which decreases the possibility of a brittle failure that
will not allow the column to dissipate energy and remove vertical capacity. Article 4.11.7 in the
Guide Specification defines the PHL to be the largest of three lengths (AASHTO, 2011):

e 1.5 times the largest cross-sectional dimension in the direction of bending
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e The region of the column where the moment demand exceeds 75% of the
maximum plastic moment

e The analytical plastic hinge length, L,

The largest cross-sectional dimension will be either the diameter of a circular column or
the width in the direction of bending of a rectangular column. The maximum plastic moment is
determined by a moment-axial load interaction diagram. For this project, the software program
spColumn was used (StructurePoint, 2012). The dimensions of the column and the
reinforcement layout are input into the program, and the maximum moment is determined from
the resulting moment interaction diagram. Once the maximum plastic moment is determined, the
moment diagram from the computer analysis software can be used to determine the length of the
column where the moment exceeds 75% of the plastic moment. The analytical plastic hinge
length is determined in Article 4.11.6 using Equation 4.7. This equation is specifically for
reinforced concrete columns framing into a footing, integral bent cap, oversized shaft, and cased
shaft, which meets the criteria for this project.

L, =0.08+L+0.15* fio x dp; = 0.3 % f,c * dp; Equation 4.7

In most cases, the PHL is controlled by the 1.5 times the gross cross-sectional dimension.
This can result in a large PHL for large columns and since the PHL is at the top and bottom of
the column, the entire column could be considered to be within the plastic hinge. This makes it
difficult to satisfy the lap splicing requirements found in Article 8.8.3 for the longitudinal
column reinforcement. The splicing is required to be outside of the plastic hinge length. Failure
to do so could lead to undesirable seismic performance because the splice would be subject to
plastic forces and deformations, which could lead to a reduced effective plastic hinge length and

severe local curvature demand (AASHTO, 2011). While this article only applies to SDC C and
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D, the commentary recommends that they also be applied to SDC B. While these splicing
requirements are not required in SDC A2, the designer should consider their effects.

An alternative to this PHL is given in Article 8.2 of the Guide Specifications. This article
allows the use of Article 5.10.11.4.1e in the LRFD Specifications to calculate the length. These
requirements are easier to determine and do not require any computer software. The maximum
of three limits is taken as the PHL (AASHTO, 2007):

e The largest cross-sectional dimension
e One-sixth the clear height of the column

e 18 inches

The largest cross-sectional dimension will be either the diameter of a circular column or
the largest width of a rectangular column. The clear height of the column depends on the
foundation type and geometry. For three of the bridges, driven piles were used as the
foundations. It was assumed the plastic hinge would form at the column to pile cap connection,
and the column height was taken from the bottom of the pier cap to the top of the pile cap.
However, one of the bridges used drilled shafts as the foundation. The drilled shaft was the same
diameter as the column, so because of the similar geometry and relatively small amount of soil
able to resist flexure of the column and drilled shaft, it was conservatively assumed that the point
of fixity of the column to be at the rock line. It is important to understand how the column and
foundation will interact in order to determine where the plastic hinge is likely to form. Using the
maximum of these three values will typically result in a smaller PHL than that found in the
Guide Specifications. This will allow for a greater length of column for splicing. For the

bridges in SDC A2, both values will be checked.
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The LRFD Specifications, in Article 5.10.11.4.3, discuss an extension of the plastic hinge
length into the cap beam or the foundation (pile cap or drilled shaft). The extension length is an
extra length over which the ties from the plastic hinge zone span. The spacing of these ties is the
same required in the plastic hinge zone. This is an extra measure to ensure the plastic hinge
forms at the top or bottom of the column. Article 5.10.11.4.1¢e in the LRFD Specifications
requires the extension length to be the maximum of the following:

e One-half of the column diameter

e 15inches

This extension is only required in SDC C and D, but it is recommended in SDC B. This
extension length is not found in the Guide Specifications, but since the plastic hinge zone
requirements for SDC A2 include the same detailing from SDC B, the extension length will be

calculated for all four bridges, but will not be provided in the design drawings.

4.5.4.2 Transverse Reinforcement inside the Plastic Hinge Zone

Once the plastic hinge length is determined, the size and spacing of the transverse
reinforcement within the PHL can be determined. For SDC A2, the minimum ratios of
transverse reinforcement in Article 8.6.5 and the requirements of Article 8.8.9 must be met. The
ratios are calculated in Article 8.6.2, and must be greater than or equal to 0.003 for spirals in
circular columns and greater than or equal to 0.002 for rectangular columns. Article 8.8.9 lists
standard tie requirements that will ensure the lateral support is supplied to the longitudinal
reinforcement. These requirements will not be discussed, with the exception of the maximum
spacing requirements inside the plastic hinge regions. The maximum spacing is to be the smaller

of the following:
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e One-fifth the least dimension of the cross-section for columns
e Six times the nominal diameter of the longitudinal reinforcement

e 6inches

If the longitudinal reinforcement is at least a #9 bar and the column size is at least 30
inches, as all of the bridges in this study are, then the 6 inch maximum spacing controls.
However, the spacing must still satisfy the minimum ratios. Once this ratio and all the

requirements of Article 8.8.9 have been satisfied, the detailing within the PHL is finished.

4.5.4.3 Transverse Reinforcement outside the Plastic Hinge Zone

The detailing for transverse reinforcement outside of the plastic hinge region in SDC A2
is the same as SDC Al. The LRFD Specifications were used to design the shear reinforcement
outside of the plastic hinge zone. The shear reinforcement must be checked to ensure that it
provides greater resistance than the expected horizontal design force in the column. Equations
4.3 and 4.4 from Article 5.8.3.3 in the LRFD Specifications are used to determine the shear
capacity of the transverse reinforcement and the concrete. Once the design is satisfied for
strength, three spacing requirements are checked. These spacing requirements could control the
design and must be checked. The first requirement can be found in Article 5.8.2.5 of the LRFD
Specifications and is a minimum amount of transverse reinforcement. It is only required when
the factored load is greater than half of the factored resistance by the concrete section and
prestressing steel (if present). It is intended to provide reinforcement in regions where there is a
significant chance of diagonal cracking (AASHTO, 2009). If it is determined that this minimum
reinforcement is required, then Equation 4.5 is used to determine the minimum area of transverse

reinforcement. This equation in the LRFD Specifications is different than the equation found in
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the Standard Specifications. It results in a larger minimum area of transverse steel in the column.
Article 8.19.1.2 of the Standard Specification uses Equation 4.6 to find the minimum area. The
value is a constant, 0.05 ksi. Article 5.8.2.5 in the LRFD Specifications uses Equation 4.5, and
the coefficient is a function of the compressive strength of concrete. For 4,000 psi concrete, the
value is 0.0632 ksi. The difference between the values shows that the LRFD Specifications will
result in a higher minimum area of reinforcement compared to the Standard Specifications.

The second check is the maximum spacing check found in LRFD article 5.8.2.7. This
check addresses the need for tighter spacing if the section experiences very high shear stress.
Most sections will not experience very high shear stress, so this requirement will not typically
control the design. The final check is an ALDOT standard maximum spacing of 12 inches. In
the event that the column is not required to meet the minimum area of transverse reinforcement

requirement, this 12 inch maximum spacing will likely control.

V. = 0.0316 = B = \/f! * b, * d,, Equation 4.3
Vs = M Equation 4.4
Ay min = 0.0316 * \[f ”;’;S Equation 4.5
Ay min = 0.05 == Equation 4.6

y

Another factor that would affect the spacing of the reinforcement would be the
requirement of cross-ties. LRFD Article 5.10.6.3 requires the use of cross-ties in rectangular
columns to ensure that no longitudinal bar is more than 2 feet from a restrained bar. However,
for all of the bridges in this study, no columns were large enough for this requirement to be

necessary. Therefore, this requirement did not control the design.
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4.6 Bridge Design Examples in SDC A2

Four bridges in SDC A2 were redesigned using the Guide Specifications. These bridges
were supplied by ALDOT and are conventional bridges in the “other” category as described
earlier, making them applicable to the Guide Specifications. One of the bridges was also
redesigned in the SDC Al category. The differences between the two designs will be discussed
to show how SDC Al and SDC A2 are different. Three other bridges will be redesigned as SDC
B bridges for similar purposes, but comparisons will not be mentioned in this section. For those
comparisons, refer to the “Bridge Design Examples in SDC B” chapter of the thesis. For each
bridge, design sheets were created with references to specific articles in the Guide Specifications
or LRFD Specifications. Notes and other information necessary to the understanding of a certain
variable were also recorded. Since the purpose of these redesigns is to determine if a standard
set of drawings and details can be identified for these bridges, design data is established for each
bent of a bridge. This information will be summarized for each bridge. The four bridges to be
redesigned include the following: Stave Creek Bridge in Clarke County, Bent Creek Road Bridge
in Lee County, Bridge over Norfolk Southern Railroad in Etowah County, and Oseligee Creek

Bridge in Etowah County.

4.6.1 Stave Creek Bridge

This bridge has been previously designed in the SDC Al section and will be compared to
it in order to determine the differences in design. The designs from the Standard Specification to
the Guide Specification will also be compared. Stave Creek Bridge is in Clarke County and
carries State Road 69 over Stave Creek. The overpass has two bridges designed to carry traffic

in both the northbound and southbound directions. It is a three span bridge with the two end
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spans 40 feet long and middle span 85 feet long. The 7 inch concrete deck is a constant 42.75
feet in width and supported by 6 Type | girders in the end spans and 6 Type 11 girders in the
middle span. The two bridge piers are not rectangular because of the different girder types.
They are 40 feet long, 4 feet wide, and have depths of 3.75 feet and 5.4 feet. The depths change
at approximately 2 feet of width. The piers are supported by two square columns 3 feet in width
with 2 inches of concrete cover. The columns are reinforced longitudinally with 12 #11 bars and
transversely with #4 ties spaced uniformly at 12 inches from the bottom of the pier cap to the top
of the foundation. The average clear height of the columns in Bent 2 is 10.2 feet and for the
columns in Bent 3 is 14.34 feet. All columns are supported on 7’ x 6.5’ x 4.5’ pile caps and the
pile caps are supported on five HP 12x53 driven steel piles. All design calculations for this
bridge can be found in Appendix D.

The first step is determining the vertical reaction at each of the bridge bents. The
uniform live load on the bridge, discussed in LRFD 3.6.1.2.4, over the 3 design lanes was 0.96
kips per linear foot. Since the tributary area of the bents was equal, the vertical reactions at each
bent will be equal. Since the horizontal design force is 25% of the vertical reaction, these design
forces are equal to the design forces from SDC Al. As Table 4.11 shows, including the 0.50 live
load factor increases the design forces by 11%.

Table 4.11: Stave Creek Bridge Design Force Live Load Factor Comparison (SDC A2)

Bent Design Force Design Force Percent
with yeq (kips) | without yeq (kips) | Difference
2 25.2 22.7 11.0%
3 25.2 22.7 11.0%

Once the vertical reactions were calculated, the horizontal design forces were calculated.

For SDC A2, the design forces are 25% of the vertical reaction. The design forces in the
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Standard Specification are 20% of the vertical reaction, meaning the Guide Specification results
in a 25% increase in the horizontal design forces, as seen in found in Table 4.12.

Table 4.12: Stave Creek Bridge Vertical Reactions and Design Forces Comparison (SDC A2)

Vertical Guide Spec Standard Spec
Bent Reaction Design Force Design Force Percent
(kips) (kips) (kips) Difference
2 604 25.2 20.1 25.0%
3 604 25.2 20.1 25.0%

The minimum support lengths were determined next. They were different for each bridge
bent because of their difference in clear heights. The support lengths from the Standard
Specifications were calculated using Equation 4.1 and the recommended design support lengths
were calculated using Equation 4.2. Table 4.13 shows the minimum support lengths for each
bent required by each specification. The seat length increases by 16-26%. The new design seat
length is greater for the Stave Creek Bridge bents designed in SDC A2 (compared to SDC Al)
because the spectral acceleration values are slightly greater.

Table 4.13: Stave Creek Bridge Minimum Seat Width Comparison (SDC A2)

New Design Standard Spec Percent
Bent Minimum Support Minimum Support Difference
Length (in) Length (in)
2 11.8 10.1 16.8%
3 13.1 10.4 25.9%

Once the design forces and seat widths were calculated, the transverse reinforcement was
designed. Table 4.14 shows the results from the design. Both bents had the same plastic hinge
lengths, tie sizes, and tie spacing. The plastic hinge length was determined to be 36 inches for
each bent. The width of the columns controlled the plastic hinge length since the columns were
relatively short. The spacing inside the plastic hinge zones was controlled by the reinforcement

ratio, and a maximum spacing of 5 inches was determined to satisfy the ratio. The spacing
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outside of the plastic hinge zone was 10 inches, controlled by the minimum area of transverse
reinforcement, which was required for these columns. A 12 inch maximum spacing throughout
the entire column was required by the Standard Specifications. So, the tighter spacing resulted in

a 40-45% increase in the number of ties required. Figure 4.7 and Figure 4.8 compare the final

design details from the Standard Specifications and the Guide Specifications.

Table 4.14: Stave Creek Bridge Design Summary

Bent 2 Bent 3
Standard Guide Standard Guide
Specification Specification Specification Specification
Column Height (in) 122 122 172 172
Tie Size #4 #4 #4 #4
Plastic Hinge Length (in) - 36 - 36
PHL Spacing (in) - 5 - 5
Spacing outside PHL (in) 12 10 12 10
Number of Ties 11 16 15 21
Area of Steel (in%) 2.2 3.2 3 4.2
Percent Difference 45.5% 40.0%
STANDARD
GUIDE SPECIFICATIONS SPECIFICATIONS
#4 STIRRUPS 3%"
SPACED AT 5" MAX ¥
#4 STIRRUPS 10.2' #4 STIRRUPS 10.2'
SPACED AT 10" MAX SPACED AT 12" MAX
36" 36"

Figure 4.7: Stave Creek Bridge Bent 2 Final Design Details (SDC A2)
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GUIDE SPECIFICATIONS

#4 STIRRUPS
SPACED AT 5" MAX

#4 STIRRUPS
SPACED AT 10" MAX

|
36“
]

14.3'

36"

STANDARD
SPECIFICATIONS

#4 STIRRUPS

SPACED AT 12" MAX

~-—36"

14.

Figure 4.8: Stave Creek Bridge Bent 3 Final Design Details (SDC A2)

One change from SDC Al to SDC A2 was the addition of the plastic hinge zone. As

Table 4.15 shows, requiring tighter tie spacing over a portion of the column results in a 25-30%

increase in the number of ties. The design forces stayed the same, but the minimum seat widths

as determined by the recommended equation increased slightly as a result of higher expected

spectral accelerations.

Table 4.15: Stave Creek SDC Al and A2 Design Comparison

Bent 2 Bent 3
Guide SDC A1 | Guide SDCA2 | Guide SDCA1 | Guide SDC A2
Number of Ties 12 16 17 21
Area of Steel (in’) 2.4 3.2 3.4 4.2
Percent Difference 33.3% 23.5%
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4.6.2 Bent Creek Road Bridge

The next bridge to be designed was Bent Creek Road Bridge in Lee County. It is a five-
lane bridge that crosses over Interstate 85 with two spans of 135 feet. Each span is comprised of
15 modified BT-54 girders spaced approximately 5.33 feet apart that support a 6 inch concrete
deck that is 80.75 feet wide. The only bridge pier is 79’ x 4’ x 4.5’ and supported by five square
columns 3.5 feet in width. The columns are reinforced longitudinally with 12 #11 bars and
transversely with #4 ties uniformly spaced at 12 inches from the bottom of the bent to the top of
the pile cap foundation. The average clear height of the columns is 20.1 feet. The bridge is
supported on driven piles. The pile cap is 8.5’ x 8’ x 4.5’ and each pile cap is supported by 9 HP
12x52 steel piles. The design calculations for this bridge can be found in Appendix E.

The first step is determining the vertical reaction at the bridge bent. The uniform live
load on the bridge, discussed in LRFD 3.6.1.2.4, over the 6 design lanes was 1.92 kips per linear
foot. The total loads were determined using the tributary area of the bent. The horizontal design
forces including the live load factor of 0.50 were compared with the design forces with no live
load considered. As Table 4.16 shows, the design forces increased by 10% with the addition of

the live load.

Table 4.16: Bent Creek Road Bridge Design Force Live Load Factor Comparison (SDC A2)

Design Force Design Force Percent
Bent . . . . .
with ygq (kips) | without ygq (kips) | Difference
2 47.5 43.2 9.9%

Once the vertical reaction was found, the horizontal design forces were calculated. For
SDC A2, the vertical reactions are 25% of the vertical reactions. These forces were 25% greater
than those calculated using the Standard Specification, where the design force is 20% of the

vertical reaction. Table 4.17 compares the two design forces.
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Table 4.17: Bent Creek Road Bridge Vertical Reaction and Design Forces (SDC A2)

Vertical Guide Spec Standard Spec
Bent Reaction Design Force Design Force Percent
(kips) (kips) (kips) Difference
2 2852.2 47.5 38.0 25.0%

The next step was to calculate the minimum seat widths. Equation 4.1 and Equation 4.2

were used to calculate the seat widths according to the Standard Specifications and the new

design recommendation, respectively. The new design equation resulted in a 30% longer seat

width, as seen in Table 4.18.

Table 4.18: Bent Creek Road Bridge Minimum Seat Width Comparison (SDC A2)

New Design Minimum Standard Spec Minimum Percent
Bent . . .
Support Length (in) Support Length (in) Difference
2 16.4 12.3 30.1%

The design of the transverse reinforcement in the columns was completed next. Table

4.19 summarizes the results from the design. The plastic hinge length was controlled by the

width of the column and determined to be 42 inches. The spacing inside the plastic hinge zones
was controlled by the reinforcement ratio, and a maximum spacing of 4 inches was determined to

satisfy this ratio. The spacing outside of the plastic hinge zone was 9 inches. The minimum area

of transverse reinforcement check in the LRFD Specifications controlled this spacing. The

Standard Specifications design only required 12 inch spacing. Using the Guide Specification

resulted in an 85% increase in the number of ties required, both from the tighter spacing of ties in

the plastic hinge zone and the tighter spacing of ties outside of the plastic hinge zone.
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Table 4.19: Bent Creek Road Bridge Design Summary (SDC A2)

Bent 2
Standard Guide
Specification Specification
Column Height (in) 240 240
Tie Size #4 #4
Plastic Hinge Length
(in) - 36
PHL Spacing (in) - 4
Spacing outside PHL
(in) 12 9
Number of Ties 20 37
Area of Steel (in?) 4 7.4
Percent Difference 85.0%

The major differences between the two design specifications were the design forces and
spacing of ties. The design forces increased by 25% and required approximately 85% more ties
because of the tighter spacing requirements. This was due to the addition of the plastic hinge
zone, which requires tight spacing, and the increase in spacing outside of the plastic hinge zone
from the minimum area requirements. The only thing not affected was the minimum seat width,
which was the same. Figure 4.9 shows the design details from each specification. While this
design used #4 ties to maintain consistency with the Standard Specifications design, another
option that would increase the spacing would be to use cross-ties or a larger bar size. This would

maintain the same amount of reinforcing steel, but allow for larger spacing between ties.
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GUIDE SPECIFICATIONS STANDARD SPECIFICATIONS

#4 STRRUPS{EEE= | 4b
SPACGED AT 4" MAX |EE L

#4 STIRRUPS——H 20.1' 20.1 Ll 44 STIRRUPS
SPACED AT 9" MAX | SPACED AT 12" MAX
42" 42

Figure 4.9: Bent Creek Road Bridge Bent 2 Final Design Details (SDC A2)

4.6.3 Bridge over Norfolk Southern Railroad

The third bridge to be designed in SDC A2 was the Bridge over Norfolk Southern
Railroad. The southbound 1-59 bridge in Etowah County is a two lane bridge that crosses over a
Norfolk Southern railroad line and a state highway. It is a two span bridge with unequal span
lengths of 125 feet and 140 feet. Nine modified BT-54 girders support a 6 inch concrete deck
that is 46.75 feet wide. The only bridge pier is 53’ x 4.5’ x 4’ and supported by three square
columns 3.5 feet in width. The columns are reinforced longitudinally with twelve #11 bars and
transversely with #4 ties uniformly spaced at 12 inches from the bottom of the bent to the top of
the pile cap foundation. The average clear height of the columns is 25.25 feet. The bridge is
supported on driven piles. The pile cap is 8.5’ x 8’ x 4.5” and each pile cap is supported by 7 HP

12x53 steel piles. Appendix F contains the design calculations for this bridge.
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The first step was to determine the horizontal design forces at the bridge bent. This live
load was calculated using 3 design lanes. The horizontal design forces were determined with and
without the live load factor and are compared in Table 4.20. Including the live load increased
the design forces by almost 8% for this bridge.

Table 4.20: Norfolk Southern Bridge Design Force Live Load Factor Comparison (SDC A2)

Bent Design Force Design Force Percent
with yeq (kips) | without yeq (kips) | Difference
2 49.1 45,5 7.9%

Once the vertical reaction was found, the horizontal design forces were calculated. For
SDC A2, the design forces are 25% of the vertical reactions according to the Guide
Specifications. In the Standard Specifications, the horizontal design forces are 20% of the
vertical reaction. Table 4.21 shows that using the Guide Specifications increased the forces by
25%.

Table 4.21: Norfolk Southern Bridge Design Force Comparison (SDC A2)

Vertical Guide Spec Standard Spec
Bent Reaction Design Force Design Force Percent
(kips) (kips) (kips) Difference
2 1766 49.1 39.3 25.0%

The next step was to calculate the minimum seat width. Equation 4.1 was used to
calculate the seat width for the Standard Specification and Equation 4.2 was used to calculate the
new recommended seat width. As Table 4.22 shows, the new seat length is nearly 45% greater

than the seat length provided by the Standard Specifications.

Table 4.22: Norfolk Southern Bridge Minimum Seat Width Comparison (SDC A2)

Bent New Design Minimum Standard Specification Percent
Support Length (in) Minimum Support Length (in) | Difference
2 18.4 12.7 44.9%
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Next, the design of the transverse reinforcement in the columns was completed. Table
4.23 summarizes the results from the design. The plastic hinge length was controlled by the
height of the column and determined to be 50.5 inches. The spacing inside the plastic hinge
zones was controlled by the reinforcement ratio, and a maximum spacing of 4 inches was
determined to satisfy this ratio. The spacing outside of the plastic hinge zone was 9 inches. The
minimum area of transverse reinforcement check in the LRFD Specifications was required for
this bent and it controlled the spacing. Using the Guide Specification resulted in an 85%
increase in the number of ties required because of the tighter spacing. An option that could be
used to increase the spacing would be to use cross-ties or increase the tie size.

Table 4.23: Bridge over Norfolk Southern Railroad Design Summary (SDC A2)

Bent 2
Standard Guide
Specification Specification
Column Height (in) 303 303
Tie Size #4 #a
Plastic Hinge Length
(in) - 50.5
PHL Spacing (in) - 4
Spacing outside PHL
(in) 12 9
Number of Ties 26 48
Area of Steel (in%) 5.2 9.6
Percent Difference 84.6%

The major differences between the two design specifications were the design forces,
minimum seat widths, and amount of transverse reinforcement. The design forces increased by
25% and the new design needed approximately 85% more ties. This was due to the addition of
the plastic hinge zone and the increase in spacing outside of the plastic hinge zone from the

minimum area requirements. The minimum seat width increased because of the new equation
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that is used. Because the bent was very tall, the change in the seat length was greater than in any

of the previously studied bridges. Figure 4.10 shows the design details from each specification.

GUIDE SPECIFICATIONS STANDARD SPECIFICATIONS
#4 STIRRUPS—EE 50?_5--
SPACED AT 4" MAX |EE J
#4 STIRRUPS 25.3 288 #4 STIRRUPS
SPACED AT 9" MAX SPACED AT 12" MAX
42 42

Figure 4.10: Bridge over Norfolk Southern Railroad Final Design Details (SDC A2)

4.6.4 Oseligee Creek Bridge

The final SDC A2 bridge to be re-designed was Oseligee Creek Bridge. This two lane
bridge carries County Road 1289 over Oseligee Creek in Chambers County. It is a three span
bridge with equal span lengths of 80 feet. The 7 inch concrete deck is supported by 4 Type Il
girders. The two bridge piers are 30 x 4’ x 5” and supported by two circular columns 3.5 feet in
diameter with 3 inches of concrete cover. The columns are reinforced longitudinally with 12 #11
bars and transversely with #5 hoops uniformly spaced at 12 inches from the bottom of the pier

cap to the rock line. The average clear height of Bent 2 is 17.93 feet and 25.83 feet for Bent 3.
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All columns are supported on drilled shafts 3.5 feet in diameter with concrete cover of 3 inches.
Because the column and drilled shaft were the same diameter with no clear transition between
them, it was unknown where the plastic hinge would form. It was assumed that the soil would
not provide enough lateral reinforcement alone to force the plastic hinge to form at the ground
line, so the plastic hinge was designed to form at the rock line. For this reason, the height of the
columns used for the plastic hinge calculation was assumed to be from the bottom of the bent cap
to the rock line. The design calculations for this bridge can be seen in Appendix G.

The first step in calculating the horizontal design force was determining the vertical
reaction at each of the bridge bents. Each bent was similar, with the same dead weight and
tributary area, so the vertical reactions were the same. The horizontal design forces including
and excluding the live load factor were compared. As Table 4.24 shows, including the live load
increased the design forces by 9%.

Table 4.24: Oseligee Creek Bridge Design Force Live Load Factor Comparison (SDC A2)

Bent Design Force Design Force Percent
with ygq (kips) | without ygq (kips) | Difference
2 38.8 35.6 8.9%
3 38.8 35.6 8.9%

Once the vertical reactions were found, the design forces were calculated. The Guide
Specifications require the horizontal design forces to be 25% of the vertical reactions for bridges
in SDC A2. The Standard Specifications requires the design forces to only be 20% of the
vertical reactions. Table 4.25 shows that the design forces increased by 25% when the Guide

Specification was used.
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Table 4.25: Oseligee Creek Bridge and Design Force Comparison (SDC A2)

Vertical Standard Spec
Bent Reaction Guide Spec Design Design Force Percent
(kips) Force (kips) (kips) Difference
2 621 38.8 31.0 25.0%
3 621 38.8 31.0 25.0%

The next step was to calculate the minimum seat widths. Equation 4.1 and 4.2 were used

to calculate the seat widths. As the results in Table 4.26 show, the new minimum seat lengths

are 32-42% greater than those required by the Standard Specifications.

Table 4.26: Oseligee Creek Bridge Minimum Support Lengths Comparison (SDC A2)

New Design
Bent Minimum Support Standard Spec Minimum Percent
Length (in) Support Length (in) Difference
2 14.6 11.0 32.7%
3 16.6 11.7 41.9%

The design of the transverse reinforcement in the columns was completed next. Table
4.27 summarizes the results from the design. The plastic hinge length for Bent 2 was 42 inches,
controlled by the diameter of the column. Bent 3 was controlled by the height of the column and

determined to be 51.7 inches. The design using the Standard Specifications used a #5 bar as the

hoop size, but during the re-design, it was determined that a #4 hoop could be used at the

maximum spacing, which inside the plastic hinge zones was controlled by the reinforcement

ratio and was 6 inches. The spacing outside of the plastic hinge zone was 12 inches. The

minimum area of transverse reinforcement check in the LRFD Specifications was not required
because the shear resistance of the concrete was twice as large as the expected shear. Using a #4

hoop at the maximum spacing actually reduced the amount of transverse reinforcement by 11%

for each of the bents.
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Table 4.27: Oseligee Creek Bridge Design Summary (SDC A2)

Bent 2 Bent 3
Standard Guide Standard Guide
Specification | Specification | Specification | Specification

Column Height (in) 215 215 310 310
Hoop Size #5 #a #5 #4

Plastic Hinge Length (in) - 42 - 51.7
PHL Spacing (in) - 6 - 6
Spacing outside PHL (in) 12 12 12 12
Number of Hoops 18 25 26 36
Area of Steel (in’) 5.6 5.0 8.1 7.2

Percent Difference

-10.7%

-11.1%

There were three significant differences between the two designs: increase in design

forces, increase in the minimum seat length, and decrease in the amount of transverse

reinforcement. Interestingly, the design forces increased by 20% but the amount of transverse

reinforcement was actually reduced by 11%, even with the addition of the plastic hinge zone. In

the Standard Specifications design, #5 hoops were used. However, in the re-design it was

determined #4 hoops could be used with the maximum spacing of the reinforcement. So even

though the number of hoops increased, the area of the reinforcement decreased. Since only the

seismic load condition was used in the re-design, it is possible that another load case resulting in

a higher shear force controlled the original bridge design performed using the Standard

Specifications, which required #5 hoops. The minimum seat width also increased, which is the

result of the using the recommended minimum seat width equation. Figure 4.11 and Figure 4.12

show the design details from each specification.
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GUIDE SPECIFICATIONS STANDARD SPECIFICATIONS

#4 HOOPS s
SPACED AT 6" MAX
GROUND LINE GROUND LINE
179 17,9
#4 HOOPS #5 HOOPS—FH
SPACED AT 12" MAX SPACED AT 12" MAX ][]
42" 42"
ROCK LINE ROCK LINE

Figure 4.11: Oseligee Creek Bridge Bent 2 Final Design Details (SDC A2)
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GUIDE SPECIFICATIONS STANDARD SPECIFICATIONS

#4 HOOPS 51,7"
SPACED AT 6" MAX [
GROUND|LINE GROUND|LINE
#4 HOOPS 25.8' #5 HOOPS
SPACED AT 12" MAX ' SPACED AT 12" MAX 25 8'
42" 42"
ROCK LINE ROCK LINE

Figure 4.12: Oseligee Creek Bridge Bent 3 Final Design Details (SDC A2)

4.6.5 Summary of Differences in SDC A2

In SDC A2, the differences between the specifications are the increased horizontal design
forces, change in the amount of transverse reinforcement, and the increased minimum seat
length. The design force increased by 25% because SDC A2 requires the design force to be 25%
of the vertical reaction, while the Standard Specification only requires 20%. The amount of
transverse reinforcement increased by 40-85% for three of the bridges because the addition of the
plastic hinge zone required more ties to satisfy the minimum ratios. The Standard Specification
does not require a plastic hinge zone for bridges in SDC A, so the reinforcement is allowed to be

spaced further apart. For all the bridges in this study, 12 inch uniform spacing was used for the
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Standard Specification design and the Guide Specifications require a maximum spacing of 6
inches in the plastic hinge zone. The one exception came at Oseligee Creek Bridge, where #4
hoops were able to be used instead of #5 hoops as specified in the original design. And even
with more hoops required because of the plastic hinge zone, the overall area of transverse
reinforcement decreased. It is expected, however, that when the plastic hinge zone is required
the amount of transverse reinforcement will increase because a larger number of ties or hoops
will be needed. Taller columns will require more reinforcement because of the larger length over
which the more tightly spaced ties or hoops will span. The minimum seat width increased in the
range of 16-45%, depending on the height of the bridge and the expected spectral acceleration at
the bridge site. This is a direct result of using the recommended ATC-49 equation, which gives a
better estimation of the displacement of the girder during a seismic event.

There were three changes from SDC Al to SDC A2. The first was the addition of the
plastic hinge zone. This resulted in an increase in the amount of transverse reinforcement as
mentioned earlier. The second was a slight increase in the minimum seat width. This is because
the spectral accelerations for sites in SDC A2 are higher than sites in SDC Al. Since Equation
4.2 uses the spectral acceleration in the calculation of the minimum seat length, a higher value
will give a higher minimum seat length. The third change was an increase in the horizontal
design forces. They were required to be 25% of the vertical reaction because, unlike SDC Al
where they were 15% of the vertical reaction, bridges in SDC A2 will not experience low

seismic forces (As < 0.05Q).
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4.7  Guide Specification Design Process for SDC B

SDC B bridges are expected to experience moderate seismic forces that will cause plastic
hinges to form in the columns. These forces cannot be estimated using the simple relationships
from SDC A. Additional structural analysis is required to determine the shear forces in the
columns at individual bents during a design earthquake. These bents must be designed to resist
the shear forces and moments. Minimum detailing is also required in this design category to
ensure that the hinges form in the top and bottom of the column in the transverse direction and
only in the bottom in the longitudinal direction. The design steps for this SDC are discussed

below.

4.7.1 Create a Design Response Spectrum

Bridges in SDC B require a design response spectrum in order to calculate the horizontal
design forces. The response spectrum is created from the three spectral accelerations, As, Spi,
and Sps, calculated when determining the SDC. Article 3.4.1 in the Guide Specification outlines
the steps to create the design spectrum. Figure 4.13 illustrates the three-point method found in

the article, with T, and Ts calculated from the three spectral acceleration values.
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b= F_, PGA

Response Spectral Acceleration, Sa

Period, T (seconds)

Figure 4.13: Design Response Spectrum, Construction Using Three-Point Method

4.7.2 Create and Analyze Bridge Model

The design forces will be the lesser the elastic forces and the plastic forces. The plastic
forces will be determined at a later step. The elastic forces are determined from a bridge model
and structural analysis. An equivalent static earthquake loading factor is determined from the
structural analysis and design response spectrum. This factor is multiplied by the forces in the
model to determine the elastic forces. Each of the five SDC B bridges in the project was modeled
using the structural analysis software, CSI Bridge 15 (Computer and Structures Inc., 2012). The
three bridges from the previous study, Little Bear Creek, Oseligee Creek, and Scarham Creek,
had already been modeled so new models of those bridges were not necessary. Once the model
is created, a structural analysis method is performed on the model to determine the
displacements. The Guide Specifications allow for the use of either an Equivalent Static

Analysis (ESA) or Elastic Dynamic Analysis (EDA). It recommends using the ESA if the bridge
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is regular and EDA if it is not. Bridge regularity is defined as having fewer than 7 spans, no
abrupt or unusual change in geometry and satisfying the requirements in Table 4.28 (Guide
Specifications Table 4.2-3). Regular bridges typically respond in their fundamental mode of
vibration, and the procedures in an ESA are calibrated for that specific response. For the
bridges in this study, ESA methods were used because all of the bridges in this project were
“regular” bridges. The EDA provides a much better model for inelastic behavior by better
representing inelastic elements and secondary modal responses. However, if it is used, the
bridge model should be based on cracked section properties for concrete components and secant

stiffness coefficients for foundations and abutments (AASHTO, 2011).

Table 4.28: Regular Bridge Requirements

Parameter Value
Number of Spans 2 3 4 5 6
Maximum subte_nded 30° 30° 30° 30° 30°
angle (curved bridge)
Maximum span length 3 5 5 15 15

ratio from span-to-span
Maximum bent/pier
stiffness ratio from span-
to-span (excluding
abutments)

Two different ESA options that are acceptable are the uniform load method and single-
mode spectral method. The uniform load method is simpler, but it can overestimate the lateral
forces in the abutment by as much as 100% (AASHTO, 2011). The uniform load method
procedure is described in article C5.4.2 of the Guide Specification. This analysis should be
completed in each direction (transverse and longitudinal) because the results will need to be
combined. This method places a uniform load of 1 Kip/in along the entire length of the bridge
and determines the maximum displacement along the bridge length. The maximum

displacement is used to calculate the bridge lateral stiffness as seen in Equation 4.8. The period
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of the bridge is calculated using Equation 4.9. Using the bridge period and response spectrum,

the equivalent static earthquake loading is calculated using Equation 4.10.

K = vp"—*L Equation 4.8
Ty = 2*mx Equation 4.9

Kxg

_ SaxW
e p

Equation 4.10

Another analysis procedure, the single-mode spectral method, is described in article
4.7.4.3.2b of the LRFD Specifications. This is a more complicated analysis, but can be used to
determine more accurate design forces if the results from the uniform load method are too
conservative. This analysis should also be done in both the transverse and longitudinal direction,
just like the uniform load method. The procedures are similar, but generalized functions are used
to describe the displacement instead of a maximum value. The first step is building a bridge
model and applying a uniform load of 1 kip/in. The displacement of the bridge is calculated as a
function along the entire length of the bridge. A program such as Microsoft Excel can be used to
input the displacements along the length of the bridge and generate a function from a graph.

Three factors are determined from this displacement function as seen in Equations 4.11, 4.12,

and 4.13: o, generalized flexibility, B, generalized participation, and vy, generalized mass.

a= fOL vs(x) * dx Equation 4.11
B = fOL w(x) * vs(x) * dx Equation 4.12
y= [y w) * v2(x) * dx Equation 4.13

The period of the bridge is determined using Equation 4.14 and the equivalent static
earthquake load is determined using Equation 4.15. In the LRFD Specifications, the variable Cyy,
is equal to S, used in the Guide Specifications.
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Ty, =2*m* —— Equation 4.14

Pe(x) = ﬁ*% * w(x) * vg(x) Equation 4.15

The equivalent static earthquake loading factor, pe, represents the response of the bridge
in the primary mode of vibration. Both the transverse and longitudinal directions have their own
factor since the response of the bridge is different in each direction. This factor is used to
determine the bridge displacement demand as well as the design forces. The design forces are
determined by multiplying the appropriate equivalent static earthquake loading by the forces
from the model (either longitudinal or transverse). The displacement demand will be discussed in

the next section.

4.7.3 Bridge Capacity vs. Displacement

Article 4.8 in the Guide Specification requires a capacity displacement check to be
satisfied for bridges in SDCs B, C, and D. The bridge is required to have a larger displacement
capacity than displacement demand at each of the bents. This ensures that the bridge can achieve
its inelastic deformation capacity (AASHTO, 2011). Since the bridge is designed to be ductile, it
is assumed that the bridge will be able to carry load without failure through the entire demand
displacement. But the capacity of the bridge must be greater than the demand for this to be true.
Equation 4.16 shown below is used to determine the capacity of the bridge based on the
geometry and clear height of the columns for bridges in SDC B. It is only intended for
determining displacement capacities of single and multiple reinforced concrete column bridges
with clear heights greater than 15 feet, plastic hinging occurring above ground, and where fusing
of the superstructure and substructure during a design earthquake is not expected (AASHTO,

2011). The five bridges studied in SDC B were assumed to have the plastic hinging occur either
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where the column was connected to the foundation or where the foundation reached the rock
line, which was below ground, and would violate the requirements for use of the equations.
However, the Guide Specifications specifically allow for these equations to be used for bridges
with a plastic hinge occurring below ground where the column connects with the foundation.
Equation 4.17 requires a factor for column end restraint condition (A), which for this project was
assumed to be fixed at the top and bottom for movement in the transverse direction and pinned at
one end for movement in the longitudinal direction. The Guide Specifications provides guidance
if a different end restraint condition exists. If a bridge does not satisfy the requirements for use
of Equation 4.16, a Nonlinear Static Procedure or “pushover” analysis, mentioned in Article
4.8.2, is to be used. Also, if any of the bent displacements are greater than the capacities of

Equation 4.16, a pushover analysis could be performed on the model using the computer

software.
AL =012« H, * (—1.27In(x) — 0.32) = 0.12 * H, Equation 4.16
= % Equation 4.17

The demand displacement of the bridge is determined in each orthogonal direction at
each bent from the bridge model and structural analysis. Once the static analysis is performed,
the displacements of the bent in each orthogonal direction are recorded and multiplied by the
equivalent static earthquake load and short period magnification factor. The short period
magnification factor is determined in Article 4.3.3, and corrects the displacement determined
from an elastic analysis for bridges in a short period range as determined from the response
spectrum. The expected displacement of the bents is determined using Equations 4.18 and 4.19.
Avrticle 4.4 in the Guide Specification requires the use of two unique load cases to capture the

expected displacement of the bridge based on the uncertainty of earthquake motions and
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simultaneous earthquake forces in two perpendicular horizontal directions. Equations 4.18 and
4.19 determine the displacement by taking the square root sum of the squares of 100% of the
absolute value of seismic displacements in one direction (either longitudinal or transverse) with
30% of the absolute value of seismic displacements in the other orthogonal direction. The larger
of the two displacements is taken as the expected displacement of the bent. If all bents in a
bridge have a higher capacity than demand, then detailing of the reinforcement in each column
can begin. If a single bent does not satisfy the displacement demands, a pushover analysis can
be performed, the capacity equations from SDC C can be used, or the dynamic characteristics of
the bridge can be modified. If these equations for SDC C are used, the bridge must be designed
according to SDC C requirements. This project did not deal with this method, instead using a

pushover analysis if a bent did not meet the capacity requirements.

AD = /(1 * ADpng)? + (0.3 % ADpgay)? Equation 4.18

AD = /(1 * ADrgan)? + (0.3 * ADppng)? Equation 4.19
4.7.4 Column Seismic Detailing
Once the capacity of a bridge bent is confirmed, the reinforcement for each column can
be detailed. For SDC B, there is minimum detailing that must be met within the plastic hinge
region as well as detailing for reinforcement outside of the plastic hinge region. The first step is

to determine the plastic hinge length (PHL) for each individual column.

4.7.4.1 Plastic Hinge Length
The plastic hinge length (PHL) is the assumed length of the column where the plastic
hinge will form and is designed to be at the top of the column and the bottom of the column,

where the column meets the foundation, although the location of the plastic hinge at the bottom
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can vary depending on the soil and foundation type. For the bridges in SDC B, the plastic hinge
was assumed to form at the top of the column and at the bottom of the column, at the connection
with the foundation element, in the transverse direction, but only at the bottom of the column in
the longitudinal direction. The minimum detailing requirements increase the amount of shear
reinforcement, which helps confine the concrete and prevent buckling of the longitudinal
reinforcement, as well as give the section more shear resistance, decreasing the possibility of a
brittle failure that will not allow the column to dissipate energy. Article 4.11.7 in the Guide
Specification provides the PHL to be the largest of three lengths (AASHTO, 2011):

e 1.5 times the largest cross-sectional dimension in the direction of bending

e The region of the column where the moment demand exceeds 75% of the

maximum plastic moment

e The analytical plastic hinge length, L,

The largest cross-sectional dimension will be either the diameter of a circular column or
the largest width of a rectangular column. The maximum plastic moment is determined by a
moment-axial force interaction diagram. For this project, the software program spColumn was
used (StructurePoint, 2012). The dimensions of the column and the reinforcement layout are
input into the program, and the maximum moment is determined from the resulting moment
interaction diagram. Once the maximum moment is determined, the moment diagram from the
computer analysis software can be used to determine the length of the column where the moment
exceeds 75% of the plastic moment. The analytical plastic hinge length is determined in Article
4.11.6 using Equation 4.7. This equation is specifically for reinforced concrete columns framing
into a footing, integral bent cap, oversized shaft, and cased shaft, which meets the criteria for this

project.
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L, =0.08xL+0.15%* fy, xdp; = 0.3 % f,o % dpy, Equation 4.7
In most cases, the PHL is controlled by the 1.5 times the gross cross-sectional dimension.
This can result in a large PHL for large columns and since the PHL is at the top and bottom of
the column, the entire column could be considered to be within the plastic hinge. This makes it
difficult to meet the splicing requirements found in Article 8.8.3 for the longitudinal column
reinforcement. The splicing is required to be outside of the plastic hinge length. Failure to do so
could lead to undesirable seismic performance because the splice would be subject to plastic
forces and deformations, which could lead to a reduced effective plastic hinge length and severe
local curvature demand (AASHTO, 2011). While this article only applies to SDC C and D, the
commentary recommends that they also be applied to SDC B.
Avrticle 8.8.9 in the Guide Specifications gives an alternative PHL that can be used in
SDC B that is calculated using Article 5.10.11.4.1e of the LRFD Specification. These
requirements are easier to determine and do not require any computer software. The maximum
of three limits is taken as the PHL (AASHTO, 2007):
e The largest cross-sectional dimension
e One-sixth the clear height of the column

e 18 inches

The largest cross sectional dimension will be either the diameter of a circular column or
the largest width of a rectangular column. The clear height of the column depends on the
foundation type and geometry. The foundations from the three bridges in the previous project
were drilled shafts. For two of the bridges, Little Bear Creek Bridge and Scarham Creek Bridge,
the drilled shafts were six inches wider than the columns, and the plastic hinge was assumed to

form at the transition between the two. The clear height was taken from the bottom of the bent
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cap to this transition point. However, for Oseligee Creek Bridge, the drilled shaft was the same
size as the columns, and it was unknown if the plastic hinge would form at the transition point
because there was no change in stiffness between the two members. Therefore, it was assumed
the plastic hinge would form at the rock line because below the drilled shaft would be unable to
displace below the rock line. The clear height of these columns was measured from the bottom
of the bent cap to the rock line. For the other two bridges, driven piles were used as the
foundations. It was assumed the plastic hinge would form at the column to pile cap connection,
and the column height was taken from the bottom of the pier cap to the top of the pile cap. Itis
important to understand how the column and foundation will interact in order to determine where
the plastic hinge is likely to form. Using the plastic hinge length from the LRFD Specifications
will typically result in a smaller PHL than that found in the Guide Specifications. This will
allow for a greater length of column for splicing and fewer confinement ties. For the bridges in
SDC B, both values will be checked.

The LRFD Specifications, in Article 5.10.11.4.3, discuss an extension of the plastic hinge
length into the cap beam or the foundation (pile cap or drilled shaft). The Guide Specifications
do not specifically mention this extension length, but since it is mentioned in the same article as
the LRFD plastic hinge length, it will be considered appropriate for use. This extension is only
required in SDC C and D, but it is recommended in SDC B. The extension length is an extra
length over which the ties from the plastic hinge zone extend. The spacing of these ties is equal
to the spacing from the plastic hinge zone. This is an added measure to protect the elements
adjacent to the plastic hinge. Article 5.10.11.4.1¢e in the LRFD Specifications requires the
extension length to be the maximum of the following:

e One-half of the column diameter
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e 15inches

The extension length will be calculated and shown in the details for each bridge in SDC
B, but it should be noted that the inclusion of this length in the design is at the Owner’s

discretion and not required.

4.7.4.2 Transverse Reinforcement inside Plastic Hinge Zone

Once the plastic hinge length is determined, the size and spacing of the transverse
reinforcement within the plastic hinge length can be determined. Unlike SDC A2, the flexure
and shear demands in the column are used, along with the minimum ratios, to determine the
spacing. The column will be designed for the maximum expected forces in the plastic hinge, and
the minimum ratios will be checked. In order to determine the design forces, Article 8.3.2 states
that for SDC B “the design forces shall be the lesser of the forces resulting from the overstrength
plastic hinging moment capacity or unreduced elastic seismic forces in columns or pier walls”
(AASHTO, 2011). The elastic seismic forces come directly from the software analysis,
multiplied by the equivalent static earthquake load factor. For SDC B, the plastic moment
capacity comes from the moment-axial force interaction diagram computed earlier. The Guide
Specifications allow for the use of the nominal plastic moment from the interaction diagram
instead of the idealized capacity because the inelastic demands should be small (AASHTO,
2011). This plastic moment must still be multiplied by an overstrength factor to account for
material strength variations between the column and adjacent members. A shear force is
calculated from this overstrength plastic moment, and the lesser of the plastic shear force and

elastic shear force is used to design the transverse reinforcement. Article 8.6 recommends
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designing for the plastic force whenever possible, but does not require it. In this project, the
lesser of the elastic forces and plastic forces will be used in the design.

Once the design forces have been determined, the concrete shear capacity and steel
reinforcement shear capacities are determined according to Articles 8.6.2 through 8.6.4. These
equations are based on the degradation of the concrete shear capacity within the plastic hinge
region (AASHTO, 2011). To determine these capacities, column dimensions and reinforcement
size and spacing must be known. A computer based design sheet can be used to easily allow for
an iterative process. The Guide Specifications does give some guidance to the size of ties and
the spacing of ties. Article 8.8.9 requires at least #4 bars to be used for transverse reinforcement
if #9 bars or smaller are used as longitudinal reinforcement, and at least #5 bars for transverse
reinforcement if #10 bars or greater are used as longitudinal reinforcement. The article also has
maximum spacing requirements. These requirements indicate that the maximum spacing of
transverse reinforcement cannot be greater than the smallest of the following:

e One-fifth the least dimension of the cross-section for columns
e Six times the nominal diameter of the longitudinal reinforcement

e 6inches

If the longitudinal reinforcement is at least a #9 bar and the column size is at least 30
inches, as all of the bridges in this study are, then the 6 inch maximum spacing controls. Once
the concrete and shear capacities are determined to be greater than the demand, the minimum
ratio of transverse reinforcement in Article 8.6.5 must be checked. It requires a minimum ratio
of transverse reinforcement, as calculated in Article 8.6.2, of greater than or equal to 0.003 for

spirals in circular columns and greater than or equal to 0.002 for rectangular columns. Once this
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minimum requirement has been satisfied and the transverse reinforcement is determined to

provide sufficient capacity, the detailing within the PHL is finished.

4.7.4.3 Transverse Reinforcement outside Plastic Hinge Zone

The detailing requirements inside the plastic hinge region are specifically outlined in the
Guide Specifications. However, the equations for determining concrete capacity used in the
Guide Specification are not meant to be used outside of the plastic hinge region because they
include the expected concrete behavior as the hinge region becomes plastic. Therefore, the
LRFD Specifications are used to design the shear reinforcement outside of the plastic hinge
region. The shear force to be used in the design is the same shear force calculated in the static
analysis. Article 5.8.3.3 in the LRFD Specifications is used to determine the capacity of the
column. Since these requirements are different than those used in the Guide Specifications they
should not be used to calculate the concrete capacity within the plastic hinge zone. Equations 4.3
and 4.4 are used determine the shear capacity of the transverse reinforcement and the concrete.
These equations are specific to the bridges studied and should be checked against the other
methods for calculating shear capacity in the LRFD Specifications. Once the design is satisfied
for strength, three spacing requirements are checked. The reinforcement size is already known
from the plastic hinge zone calculations, but the spacing of reinforcement is determined from the
capacity equations and the limit checks. The first requirement can be found in Article 5.8.2.5 of
the LRFD Specifications and is a minimum amount of transverse reinforcement. It is only
required when the factored load is greater than half of the factored resistance by the concrete
section and prestressing steel (if present). It is intended to provide reinforcement in regions

where there is a significant chance of diagonal cracking (AASHTO, 2009). If it is determined
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that this minimum reinforcement is required, then Equation 4.5 is used to determine the
minimum area of transverse reinforcement. This equation in the LRFD Specifications is
different than the equation found in the Standard Specifications. It results in a larger minimum
area of transverse steel in the column. Article 8.19.1.2 of the Standard Specification uses
Equation 4.6 to find the minimum area. The value is a constant, 0.05 ksi. Article 5.8.2.5 in the
LRFD Specifications uses Equation 4.5, and the coefficient is a function of the compressive
strength of concrete. For 4,000 psi concrete, the value is 0.0632 ksi. The difference between the
values shows that the LRFD Specifications will result in a higher minimum area of
reinforcement compared to the Standard Specifications.

The second check is the maximum spacing check found in LRFD article 5.8.2.7. This
check addresses the need for tighter spacing if the section experiences very high shear stress.
Most sections will not experience very high shear stress, so this requirement will not typically
control the design. The final check is an ALDOT standard maximum spacing of 12 inches. In
the event that the column is not required to meet the minimum area of transverse reinforcement

requirement, this 12 inch maximum spacing will likely control.

V., = 0.0316 = B = \/f! * b, * d,, Equation 4.3
y, = Lvtfyrdvrcod®) *ds"*wt(e) Equation 4.4
Ay min = 0.0316 * \[f ”;;S Equation 4.5
Ay min = 0.05 2= Equation 4.6

y

Another factor that would affect the spacing of the reinforcement would be the
requirement of cross-ties. LRFD Article 5.10.6.3 requires the use of cross ties in rectangular

columns to ensure that no longitudinal bar is more than 2 feet from a restrained bar. However,
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for all of the bridges in this study, no columns were large enough for this requirement to be

necessary. Therefore, this requirement did not control the design.

4.7.4.4 Longitudinal Reinforcement

The longitudinal reinforcement is designed using the moment-axial force interaction
diagrams for the columns. For this project, the longitudinal reinforcement in the original designs
was used in the new designs. This reinforcement was checked using the moment-axial force
interaction diagrams to determine if the column capacity is greater than the load demand. The
load demands are calculated from the bridge model and structural analysis. Multiple load cases
need to be analyzed, as discussed in Article 4.4 of the Guide Specifications. The axial load is
determined by taking the largest axial force from the dead load and adding it to the largest axial
force from the combination of earthquake loads multiplied by the equivalent static earthquake
load. In order to determine the maximum moment, the maximum and minimum dead load cases
should be considered because the axial load can affect the moment capacity. The most severe
axial loads and moments should be input into the spColumn software to determine if the column
capacity is sufficient to resist the loads.

Once the capacity of the columns is ensured, a minimum and maximum ratio check is to
be performed. Articles 8.8.1 and 8.8.2 detail these checks. The maximum check, found in
Article 8.8.1, requires the area of longitudinal reinforcement to be equal to or less than 4% of the
gross area of the column. Limiting the amount of longitudinal reinforcement increases the
ductility of the column. The minimum check in Article 8.8.2 requires that the longitudinal

reinforcement area be greater than or equal to 0.7% of the gross area. This check is done to
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“avoid a sizable difference between the flexural cracking and yield moments” (AASHTO, 2011).

Once these checks are satisfied, the longitudinal reinforcement design is finished.

4.8  SDC B Design Examples

The design procedure in the Guide Specifications for SDC B was used to redesign five
bridges previously designed under the Standard Specifications. These bridges were supplied by
ALDOT and are conventional bridges in the “other” category as described earlier, making them
applicable to the Guide Specifications. For each bridge, design sheets were created with
references to specific articles in the Guide Specifications or LRFD Specifications. Since the
purpose of these redesigns is to determine if a standard set of drawings and details can be
identified for these bridges, design data is established for each bent of a bridge. This information
was summarized for each bridge. Under the previous study by Coulston and Marshall (2011),
three bridges in SDC B were redesigned using both the Guide Specifications and the LRFD
Specifications. These three bridges are included in the five bridges to be redesigned in this
project so that all the bridges will have been designed using the most recent edition of the Guide
Specifications. The two new bridges to be redesigned are Bent Creek Road Bridge over 1-85 in
Lee County and the Bridge over Norfolk Southern Railroad in Etowah County. The three
bridges previously designed include Bridge over Little Bear Creek in Franklin County, Oseligee
Creek Bridge in Chambers County, and Scarham Creek Bridge in Marshall County.

The superstructure-to-substructure connection must be investigated for bridges in this
SDC. As discussed in chapter 3, the current connection is to be used for all bridges, and any
longitudinal forces will be dealt with by allowing the girders to move and “ride out” the

earthquake without unseating. This is accomplished by providing greater seat widths than
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provided by the equations in the Guide Specifications. However, in the transverse direction, the
connection needs to be checked to ensure it can transfer the loads into the substructure. Article
4.11 in the Guide Specifications requires those elements “not participating as part of the primary
energy-dissipating system” to be capacity protected, meaning they must be designed for the
maximum expected forces (AASHTO, 2011). These forces are determined from a pushover
analysis. The clip angles and anchor bolts from this connection were designed for each bridge
based on these forces. The results from the pushover analysis, as well as the design of the

transverse connection, will be discussed for each bridge.

4.8.1 Bent Creek Road over 1-85

This bridge was already designed in the SDC A2 category and will be re-designed in
SDC B to compare the two designs determine if it is more economical to design the bridge as a
SDC B bridge. Bent Creek Road bridge is a five-lane bridge that crosses over Interstate 85 in
Lee County. It is a two span bridge with equal span lengths of 135 feet comprised of 15
modified BT-54 girders spaced approximately 5.33 feet apart and supports a 6 inch concrete
deck that is 80.75 feet wide. The only bridge pier is 79’ x 4’ x 4.5’ and supported by five
rectangular square columns 3.5 feet in width. The columns are reinforced longitudinally with 12
#11 bars and transversely with #4 ties uniformly spaced at 12 inches from the bottom of the bent
to the top of the pile cap foundation. The average clear height of the columns is 20.1 feet. The
bridge is supported on driven piles. The pile cap is 8.5’ x 8” x 4.5’ and each pile cap is supported
by 9 HP 12x52 steel piles. Figure 4.14 shows a 3D view of the bridge as modeled in SAP2000.
All design calculations can be seen in Appendix H and the moment-axial force interaction

diagrams for the columns can be seen in Appendix |.
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Figure 4.14: SAP2000 3D Model of Bent Creek Road Bridge

The first step was to determine if the bridge capacity was greater than the demand. Table
4.29 shows the results from this analysis. The bridge model was used to analyze the bridge and
determine the displacements of the bents. The uniform load method was used to determine the
equivalent static earthquake loading factor, which, along with the short period magnification
factor, was multiplied by the bent displacements in each direction to determine the expected
displacement at the bent. The capacity of the bridge bent was determined in each direction using
Equations 4.16 and 4.17. The largest displacement from the square root sum of the squares
(SRSS) of the two orthogonal displacements was compared to the smallest capacity. As the table
shows, the capacity was greater than demand, so this bent passed the demand/capacity check and

could be designed.

116



Table 4.29: Analysis Results for Bent Creek Road Bent 2

Transverse Longitudinal
Displacement at Bent from Model 3.012" 0.052"
Expected Displacement at Bent 0.862” 0.078”
Bent Capacity 2.448" 4.567”
SRSS Displacement 0.863”

A pushover analysis of the bridge was also performed. The design force for the
connection was determined using the expected transverse displacement of the bent calculated in
the structural analysis as described above. Figure 4.15 shows that, for this bridge, the base shear
was 620 kips and since the bridge had 15 girder connections, the connection design force was
41.3 kips. This force was used to design the clip angles and anchor bolts, which will be

discussed below.
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Figure 4.15: Static Pushover Curve for Bent Creek Road Bridge Bent 2

Using the design force from the pushover analysis, the transverse clip angles and anchor

bolts were designed. The LRFD Specifications and AISC Specifications were used to design
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them. The specific articles are referenced in the design which can be seen in the appendices.
The clip angle size was chosen from the original connection and block shear, tension and shear
capacities of the angles were checked against the design force. It was assumed that one of the
angles would have to resist the entire design force because the other angle would not be able to
transfer a tensile force. Table 4.30 shows the capacity of the clip angle for these three limit
states. For this design force, the clip angle was acceptable. The anchor bolt was designed for
shear, bearing, tension, and combined tension and shear. Like the clip angle, only one anchor
bolt was assumed to resist the load since only one clip angle would be able to transfer load. It
was determined that an ASTM A307 Class C bolt with a diameter of 1.75 inches would be
required for this connection.

Table 4.30: Capacity of the Steel Clip Angle

Limit State Cap.aCIty
(kips)
Block Shear 156
Tension 118
Shear 130

Once the capacity check was satisfied and the connection design completed, the
minimum seat widths were calculated. The ATC-49 equation, Equation 4.2, was used to
calculate the minimum seat widths and Equation 4.1 was used to find the Standard Specifications
minimum seat width. As recommended in chapter 3, Sp; was taken to be 0.30 for all of the
bridges in SDC B. This resulted in a 70% increase in the minimum seat length required, as seen
in Table 4.31.

Table 4.31: Bent Creek Road Bridge Seat Width Specification Comparison (SDC B)

Specification Standard | New Design
Minimum Seat Width (in) 12.3 19.8
Percent Difference 70.0%
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The column design was completed next. The longitudinal reinforcement satisfied both
checks, and the column capacity was acceptable. Table 4.32 shows the results from this design
analysis. The plastic hinge length from the LRFD Specifications was used, because it resulted in
a 50% decrease of the plastic hinge length calculated using the Guide Specifications. The length
was calculated to be 42 inches, with an extension length of 21 inches. The column length
outside of the plastic hinge region that could be used for splicing was 156 inches or about 13
feet. Similar to SDC A2, the new design requires 95% more ties than the original design under
the Standard Specifications. Figure 4.16 shows the differences between the two specifications

using the design details.

Table 4.32: Bent Creek Road Bent 2 Design Results (SDC B)

Bent 2
Plastic Hinge Length (in) 42
Extension Length (in) 21
Available Splice Length
(in) 156
Tie Size #4
Specification Standard | Guide
Spacing within PHL (in) - 4
Spacing outside PHL (in) 12 9
Total Number of Ties 20 37
Area of Ties (in?) 4 7.8
Percent Difference 95.0%
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GUIDE SPECIFICATIONS STANDARD SPECIFICATIONS

21
#4 STIRRUPS f
SPACED AT 4" MAX 4f
#4 STIRRUPS 201 20.7 #4 STIRRUPS
SPACED AT 9" MAX SPACED AT 12" MAX
42" 42

Figure 4.16: Bent Creek Road Bridge Bent 2 Final Design Details (SDC B)

When compared with the same design in SDC A2, the only differences are the horizontal
design force and minimum seat width. With the exception of the extension length, which is not
required for SDC B and therefore not included in the reinforcement calculation, the amount of
transverse reinforcement was the same in both categories. The horizontal design force from
SDC A2 that was compared did not include the live load because it resulted in the smaller force.
As Table 4.33 shows, the horizontal design force was determined to be 4.4% less for SDC B than
for SDC A2. For this bridge, it would be more economical to perform a structural analysis to
determine the horizontal design forces for the connection. The minimum seat width is almost
21% greater in SDC B than in SDC A2, because the new equation increases the seat width for
higher SDC because of the increase in expected spectral acceleration. The amount of transverse
reinforcement did not change, because both categories satisfy the same minimum detailing

requirements.
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Table 4.33: Bent Creek Road SDC A2 and SDC B Design Comparison

SDC A2 SDCB
Design Force (kip) 43.2 41.3
Percent Difference -4.4%

Minimum Seat Width

(in) 16.4 19.8
Percent Difference 20.7%
Number of Ties 37 37
Percent Difference 0.0%

4.8.2 1-59 Bridge over Norfolk Southern Railroad

This bridge was the second SDC A2 bridge redesigned as an SDC B bridge. The designs
will be compared to determine if it is more economical to design the bridge as a SDC B bridge.
The southbound 1-59 bridge in Etowah County is a two lane bridge that crosses over a Norfolk
Southern railroad line and a state highway. It is a two span bridge with unequal span lengths of
125 feet and 140 feet. Nine modified BT-54 girders support a 6 inch concrete deck that is 46.75
feet wide. The only bridge pier is 53” x 4.5’ x 4* and supported by three square columns 3.5 feet
in width. The columns are reinforced longitudinally with 12 #11 bars and transversely with #4
ties uniformly spaced at 12 inches from the bottom of the bent to the top of the pile cap
foundation. The average clear height of the columns is 25.25 feet. The bridge is supported on
driven piles. The pile cap is 8.5’ x 8’ x 4.5’ and each pile cap is supported by 7 HP 12x53 steel
piles. Figure 4.17 shows the 3D model of the bridge used in the structural analysis. All design
calculations can be found in Appendix J and the moment-axial force interaction diagrams can be

seen in Appendix K.
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Figure 4.17: SAP2000 3D Model of Bridge over Norfolk Southern RR

The capacity of the bridge was checked first. All results from the capacity analysis can
be found in Table 4.34. The bridge model was used to determine the demand displacements at
each of the bents, as well as the equivalent static earthquake loading following the uniform load
method. The equivalent static earthquake loading factor in each direction was multiplied by the
short period magnification factor to determine the expected displacement at the bent. The
capacity of the bridge bent was determined in each direction using Equations 4.16 and 4.17. The
largest displacement from the square root sum of the squares (SRSS) of the two orthogonal
displacements was compared to the smallest capacity. As the table shows, the capacity was

greater than demand, so this bent passed the demand/capacity check and could be designed.
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Table 4.34: Analysis Results for Bridge over Norfolk Southern Railroad Bent 2

Transverse Longitudinal
Displacement at Bent from Model 5.601” 0.042”
Expected Displacement at Bent 0.788” 0.241”
Bent Capacity 3.967” 6.634”
SRSS Displacement 0.788”

A pushover analysis of the bridge was performed next. The static pushover curve can be
seen in Figure 4.18. The design force for the connection was determined using the expected
transverse displacement of the bent calculated in the structural analysis as described above. For
this bridge, the base shear was 200 Kkips, and since the bridge had 9 girder connections, the

connection design force was 22.2 kips. This force was used to design the clip angles and anchor

bolts, which will be discussed below.
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Figure 4.18: Static Pushover Curve for the Bridge over Norfolk Southern Railroad Bent 2
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The design force from the pushover analysis was used to design the clip angles and
anchor bolts. Since the clip angles were adequate for a force of 41.3 kips, used in the Bent Creek
Road Bridge above, they would also be adequate for the force of 22.2 kips. ASTM A307 Class
C anchor bolts were used in the design, and it was determined they would have to be 1.375
inches in diameter to resist the connection. This is smaller than the diameter determined above,
and it can be seen that the anchor bolts should be designed for each bridge.

The minimum seat width was calculated once the capacity check and connection design
were completed. The comparison can be seen in Table 4.35. The seat width is increased by 68%
using the new equation.

Table 4.35: Norfolk Southern Bridge Seat Width Specification Comparison (SDC B)

Specification Standard | New Design
Minimum Seat Width (in) 12.7 21.3
Percent Difference 67.7%

The column design was completed next. The longitudinal reinforcement was sufficient
for the expected loading, and both longitudinal checks were satisfied. Table 4.36 shows the final
results from this design. The plastic hinge length was calculated to be 50.5 inches using the
LRFD Specifications. For these columns, one-sixth of the column height controlled the hinge
length instead of the width of the column. However, the length was still almost 25% less than
that calculated by the Guide Specifications. The column length outside of the plastic hinge zone
available for splicing was approximately 202 inches or 16.5 feet. The extension length was 21
inches, controlled by one-half of the column width. When compared to the original design using
the Standard Specifications, the main difference is the increase in the amount of transverse
reinforcement. Like SDC A2, more ties are required because of the plastic hinge zone and the

stricter minimum area requirements. The seat width is also required to be 68% larger than the
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Standard Specification seat width. Figure 4.19 compares the design details between the two
specifications.

Table 4.36: Bridge over Norfolk Southern RR Bent 2 Design Results

Bent 2
Plastic Hinge Length (in) 50.5
Extension Length (in) 21
Available Splice Length (in) 202
Specification Standard Guide
Spacing within PHL (in) - 4
Spacing outside PHL (in) 12 9
Total Number of Ties 26 48
Area of Ties (in?) 5.2 9.6
Percent Difference 84.6%
GUIDE SPECIFICATIONS STANDARD SPECIFICATIONS
E LU
#4 SPACED f X
AT 4" MAX |EE 5‘){5
#4 SPACED I 25.3' 25.3' { #4 SPACED
AT 9" MAX ' AT 12" MAX
42" 42
#4 SPACED
AT 4" MAX

Figure 4.19: Bridge over Norfolk Southern Railroad Final Design Details (SDC B)
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Table 4.37 compares the designs in SDC A2 and SDC B, and it can be seen that the
horizontal design force for the connection is 50% smaller than the design force in SDC A2 that
does not use the live load factor. For this bridge, it is more economical to perform a structural
analysis to determine the horizontal design forces. The minimum seat width is larger in the SDC
B design because the spectral acceleration value is higher in SDC B than in SDC A2. Even
though the SDC B design force is half of the SDC A design force, the amount of transverse

reinforcement does not change because the same minimum requirements still apply.

Table 4.37: Bridge over Norfolk Southern Railroad SDC A2 and SDC B Comparison

SDCA2 | SDCB
Design Force (kip) 45.5 22.2
Percent Difference -51.2%

Minimum Seat Width

(in) 18.4 21.3
Percent Difference 15.8%
Number of Ties 48 48
Percent Difference 0.0%

4.8.3 Oseligee Creek Bridge

Oseligee Creek Bridge is the final bridge that was designed in both SDC A2 and SDC B.
The SDC B design will be compared to the Standard Specification design to show the differences
between the Standard Specification and Guide Specification in SDC B and it will be compared to
the Guide Specification SDC A2 design to determine if it is more economical to design the
bridge as SDC B instead of SDC A2. This bridge carries two lanes of County Road 1289 over
Oseligee Creek in Chambers County. It has three spans of equal lengths of 80 feet. The 7 inch
concrete deck is supported by 4 Type III girders. The two bridge piers are 30’ x 4’ x 5° and

supported by two circular columns 3.5 feet in diameter with 3 inches of concrete cover. The
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columns are reinforced longitudinally with 12 #11 bars and transversely with #5 hoops uniformly
spaced at 12 inches from the bottom of the pier cap to the rock line. The average clear height of
Bent 2 is 17.93 feet and 25.83 feet for Bent 3. All columns are supported on drilled shafts 3.5
feet in diameter with concrete cover of 3 inches. Because no clear transition between the drilled
shaft and the column existed, it was unknown where the plastic hinge would form. It was
assumed that the soil would not provide enough lateral reinforcement alone to force the plastic
hinge to form at the ground line, so the plastic hinge was designed to form at the rock line. For
this reason, the height of the columns used for the plastic hinge calculation was assumed to be
from the bottom of the bent cap to the rock line. Figure 4.20 shows the 3D model of the bridge
used in the structural analysis. All the design calculations can be seen in Appendix L and the

moment-axial force interaction diagrams can be seen in Appendix M.

Figure 4.20: SAP2000 3D Model of Oseligee Creek Bridge
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The first step was to determine the demand displacements and compare them to the

bridge capacity. The SAP2000 bridge model and uniform load method were used to determine

the displacement at each bent. Table 4.38 lists the results from the capacity analysis. The

expected displacement was determined by multiplying the bent displacement from the model by

the equivalent static earthquake load and short period magnification factor. The largest

displacement from the square root sum of the squares of the two orthogonal displacements was

compared to the smallest capacity. As the table shows, the capacity was greater than demand for

both bents, so this bridge satisfied the capacity check.

Table 4.38: Displacement Results for Oseligee Creek Bridge

Bent 2 Bent 3
Transverse | Longitudinal | Transverse | Longitudinal
Displacement at Bent from Model 2.081" 1.346" 2.90" 1.437"
Expected Displacement at Bent 0.446” 0.359” 0.621” 0.383”
Bent Capacity 1.833” 3.777” 4.149” 6.878”
SRSS Displacement 0.458” 0.632""

Once the capacity check was satisfied, a pushover analysis of the bridge was performed
to determine the sequence of plastic hinging as well as determine the connection design forces.
Figure 4.21 shows the static pushover curve for bent 3 of this bridge. The greatest displacement
occurred at this bent. The connection design force was determined using the expected transverse
displacement of the bent calculated in the structural analysis mentioned above. The base shear at
the expected displacement of 0.50” was 173 kips, which works out to 43.3 kips per connection.

This force was used to design the clip angles and anchor bolts, which will be discussed below.
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Figure 4.21: Static Pushover Curve for Oseligee Creek Bridge Bent 3

Using the design force from the pushover analysis, the transverse clip angles and anchor
bolts were designed. The clip angle size was chosen from the original connection and block
shear, tension and shear capacities of the angles were checked against the design force of 43.3
kips. Since this was larger than the previous connection design forces, the clip angles had to be
checked. It was assumed that one of the angles would have to resist the entire design force
because the other angle would not be able to transfer a tensile force. Table 4.39 shows the
capacities of the clip angle as determined above using the design checks, and it can be seen that
the clip angles can withstand the design force. The anchor bolt was designed for shear, bearing,
tension, and combined tension and shear. Like the clip angle, only one anchor bolt was used to

resist the loads. It was determined that an ASTM A307 Class C bolt with a diameter of 1.75
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design force, the bolt should be specifically designed for each bridge.

Table 4.39: Capacity of the Steel Clip Angle

Limit State Cap.aCIty
(kips)
Block Shear 156
Tension 118
Shear 130

inches would be required for this connection. Since the bolt size is designed using the horizontal

The minimum seat width was calculated for each bent using Equation 4.2 once the
connection design was completed. The results, seen in Table 4.40 show that the minimum seat
width using the new equation is 60-70% greater than the seat width calculated using the Standard
Specifications. Bent 3 is a taller by almost 8 feet, and the effect of the height on the seat width
can also be seen, since the minimum seat length is 2.5 inches greater for the taller column.

Table 4.40: Oseligee Creek Bridge Seat Width Specification Comparison (SDC B)

Bent 2 Bent 3
Specification Standard | New Design | Standard | New Design
Minimum Seat Width (in) 11.0 17.6 11.7 20.1
Percent Difference 60% 71.8%

The next step was to design the columns. The plastic hinge length was determined for
each bent using both the Guide and LRFD Specifications to show the advantages of using the
LRFD Specifications. These lengths can be seen in Table 4.41. As it shows, the plastic hinge
lengths from the LRFD Specification is less than the Guide Specification length. This results in
a larger length of column available for splicing to occur. For these columns, this length
increased by 2 to 3.5 feet. The advantage of using the LRFD Specifications is that a shorter
hinge length is required and having a shorter plastic hinge reduces the total number of ties and

increases the length over which splicing may occur. The LRFD Specifications also allow for an
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extension of the plastic hinge length into the connecting member in order to ensure the formation

of a plastic hinge by increasing the shear resistance of the section. The extension length was 21

inches for both bents.

Table 4.41: Oseligee Creek Plastic Hinge Length Comparison (SDC B)

Bent 2 Bent 3
Specification Guide LRFD Guide LRFD
Plastic Hinge Length (in) 63 42 63 51.7
Available Splice Length
(in) 89 131 183 206
Extension Length (in) - 21 - 21
% Difference PHL -33.3% -17.9%

The LRFD plastic hinge length was used throughout the remainder of this design. It is
important to note that the diameter of the columns controlled the hinge length in Bent 2 but one-
sixth of the column height controlled for Bent 3. This shows that the hinge lengths can vary for
different columns supporting a bridge. And it can also vary for different columns at a bent if the
columns differ significantly in height.

The longitudinal reinforcement was determined to be sufficient for the loads. The
maximum and minimum longitudinal reinforcement checks were also satisfied, so the transverse
reinforcement was designed next. Table 4.42 shows the final design of transverse reinforcement
using both the Standard and Guide Specifications. #4 ties were used for the transverse
reinforcement. Using the Guide Specifications, a maximum spacing of 6 inches was required
inside the plastic hinge. The extension length, which is not required for SDC B but
recommended, required the same maximum spacing as the PHL, which was 6 inches. The
maximum spacing outside of the plastic hinge length was determined to be 12 inches using the
Standard Specification and 9 inches using the Guide Specification. This spacing resulted in

approximately 60% more reinforcement in the Guide Specification design than the Standard
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Specification design. This is typical, because the addition of the plastic hinge length requires
tighter hoop spacing. Figure 4.22 and Figure 4.23 show two details of a column at Bents 2 and
3, respectively, using each of the design specifications. The spacing of the reinforcement can be

seen, as well as the plastic hinge zone and extension length.

Table 4.42: Oseligee Creek Final Design Comparison (SDC B)

Bent 2 Bent 3
Specification Standard Guide Standard Guide
Spacing within PHL (in) - 6 - 6
Spacing outside PHL (in) 12 12 12 12
Total Number of Hoops 18 29 26 41
Area of Hoops (in?) 5.6 5.8 8.1 8.2
% Difference 3.6% 1.2%
GUIDE SPECIFICATIONS STANDARD SPECIFICATIONS
#4 @ 6" MAX{=H 21"
#4 HOOPS 42"
SPACED @ 6" MAX
GROUND LINE GROUND LINE
#4 HOOPS 179 #5 HOOPS 17.9
SPACED @ 12" MAX SPACED @ 12" MAX
42" 42"
ROCK LINE ROCK LINE

Figure 4.22: Oseligee Creek Bent 2 Final Design Details (SDC B)
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GUIDE SPECIFICATIONS STANDARD SPECIFICATIONS

#4 @ 6" MAX{HE 21
#4 HOOPS J?“
SPACED @ 6" MAX J [
GROUND LINE GROUND LINE
#4 HOOPS 25.8' 25.8 #5 HOOPS
SPACED @ 12" MAX SPACED @ 12" MAX
— 42" 42"
ROCK LINE ROCK LINE

Figure 4.23: Oseligee Creek Bent 3 Final Design Details (SDC B)

The designs from SDC A2 and SDC B were compared in Table 4.43. The connection
design forces in SDC B are 21.6% larger than the horizontal design force in SDC A2 that does
not include the live load factor, meaning that performing a more rigorous analysis on the bridge
does not guarantee smaller design forces. Therefore, it cannot be recommended to create a
bridge model and perform a structural analysis for the sole purpose of getting lower design
forces. The minimum seat width increased by about 20%, because SDC B bridges have higher
spectral accelerations than SDC A2 bridge sites. The amount of transverse reinforcement did not
change in the designs. This comparison shows that for this bridge, it would not be economical to

design the bridge as SDC B because higher horizontal design forces would be required.
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Table 4.43: Oseligee Creek Bridge SDC A2 and SDC B Comparison

Bent 2 Bent 3

SDCA2 | SDCB | SDCA2 | SDCB

Design Force (kip) 35.6 43.3 35.6 43.3
% Difference 21.6% 21.6%

Minimum Seat Width (in) 14.6 17.6 16.6 20.1

% Difference 20.5% 21.1%
Number of Hoops 29 29 41 41
% Difference 0.0% 0.0%

4.8.4 Little Bear Creek Bridge

Little Bear Creek Bridge was designed as SDC B to show the differences between
designs from the Standard Specifications and Guide Specifications in SDC B. This bridge
carries the two lanes of State Road 24 over Little Bear Creek in Franklin County. It is a three
span bridge with spans of unequal lengths. The outer span lengths are 85 feet and the interior
span is 130 feet. The outer spans support the 7 inch concrete deck with 6 Type Il Girders and
the interior span supports the deck with 6 BT-72 Girders. The two bridge piers are 40’ x 5° x 7’
and supported by two circular columns 4.5 feet in diameter with 3 inches of concrete cover. The
columns are reinforced longitudinally with 24 #11 bars and transversely with #5 hoops uniformly
spaced at 12 inches from the bottom of the pier cap to the top of the foundation. The average
clear height of Bent 2 is 12.06 feet and 16.88 feet for Bent 3. All columns are supported on
drilled shafts 5 feet in diameter. The concrete cover of the drilled shafts is 6 inches but the
longitudinal reinforcement in the drilled shaft still aligns with the longitudinal reinforcement of
the column. Figure 4.24 shows the 3D model of the bridge used in the structural analysis. The
design calculations for this bridge can be seen in Appendix N and the moment-axial force

interaction diagrams can be seen in Appendix O.
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Figure 4.24: SAP2000 3D Model of Little Bear Creek Bridge

The first step was to perform the displacement capacity check. The SAP2000 bridge
model and the uniform load method were used to determine the maximum displacements of the
bridge. Table 4.44 lists the results from the capacity analysis. The expected displacement was
determined by multiplying the bent displacement from the model by the equivalent static
earthquake load and short period magnification factor. The largest displacement from the square
root sum of the squares of the two orthogonal displacements was compared to the smallest
capacity. For bent 2, the capacity in the longitudinal direction was smaller than the displacement
demand. However, the Guide Specifications has a minimum value that can be taken as the bent
capacity, which in this case was greater than the demand displacement. As the table shows, the

capacity was greater than demand for both bents, so this bridge satisfied the capacity check.

135



Table 4.44: Displacement Results for Little Bear Creek Bridge

Bent 2 Bent 3
Transverse | Longitudinal | Transverse | Longitudinal
Displacement at Bent from
Model 0.795” 0.257” 2.241” 0.370”
Expected Displacement at Bent 0.183” 0.142” 0.516” 0.257”
Bent Capacity 1.35” 0.075” 0.97” 2.753”
Bent Capacity Lower Limit 1.448” 2.026”
SRSS Displacement 0.188” 0.519”

Once the capacity check was satisfied, a pushover analysis was performed to determine
the connection design forces. Figure 4.25 shows the static pushover curve for Bent 3, which had
the greatest expected displacement in the transverse direction. The displacement from the
pushover analysis was less than the displacement from the elastic displacement of the bent in the
structural analysis, so it was used as the displacement. As the figure shows, the design

connection force was 400 kips, or 66.7 kips per connection.
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Figure 4.25: Static Pushover Curve for Little Bear Creek Bridge Bent 3
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Using the design force of 66.7 kips from the pushover analysis, the transverse clip angles
and anchor bolts were designed. The clip angle size was chosen from the original connection
and block shear, tension and shear capacities of the angles were checked against the design force.
Since this was larger than the previous connection design forces, the clip angles had to be
checked. It was assumed that one of the angles would have to resist the entire design force
because the other angle would not be able to transfer a tensile force because of the screw caps.
Table 4.45 shows the capacities of the clip angle as determined above using the design checks,
and it can be seen that the clip angles can withstand the design force. The anchor bolt was
designed for shear, bearing, tension, and combined tension and shear. Like the clip angle, only
one anchor bolt was used to resist the loads. It was determined that an ASTM A307 Class C bolt
with a diameter of 2.25 inches would be required for this connection. This bolt size is different
than the previous two connection designs. This shows that the bolt should be specifically

designed for each bridge.

Table 4.45: Capacity of the Steel Clip Angle

Limit State Cap.aCIty
(kips)
Block Shear 156
Tension 118
Shear 130

Once the capacity check and connection design were completed, the bent was designed.
First, the minimum seat width was calculated for each bent using Equation 4.2. The results, seen
in Table 4.46, show that the results from Equation 4.2 are approximately 50% greater than

Equation 4.1, which is used in the Standard Specifications.
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Table 4.46: Little Bear Creek Bridge Seat Width Specification Comparison

Bent 2 Bent 3
Specification Standard | Guide | Standard Guide
Minimum Seat Width (in) 11.1 16.3 11.5 18.0
% Difference 46.8% 56.5%

The next step was to design the columns. The minimum and maximum longitudinal
reinforcement checks were satisfied and the longitudinal reinforcement was determined to be
sufficient for the loads from the moment-axial force interaction diagram. The plastic hinge
length was determined for each bent using both the Guide and LRFD Specifications and can be
seen in Table 4.47. As it shows, the plastic hinge lengths from the LRFD Specification is less
than the Guide Specification length. This results in a larger length of column available for
splicing to occur. For Bent 2, there was no splice length because the plastic hinge extended the
entire length of the column. Using the LRFD Specifications, however, allowed for a 36 inch
section over which splicing could occur. For Bent 3, this available splice length increased by 4.5
feet. The advantage of using the LRFD Specifications for the plastic hinge length is includes
having a shorter plastic hinge length, which results in a larger length over which splicing may
occur. The LRFD Specifications also allow for an extension of the plastic hinge length into the
connecting member in order to better ensure the formation of a plastic hinge by increasing the
shear resistance of the section. This extension length was 27 inches.

Table 4.47: Little Bear Creek Plastic Hinge Length Comparison (SDC B)

Bent 2 Bent 3
Specification Guide LRFD Guide LRFD
Plastic Hinge Length (in) 81 54 81 54
Available Splice Length (in) 0 36 40 94
Extension Length (in) - 27 - 27
% Difference PHL -33.3% -33.3%
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The LRFD plastic hinge length was used throughout the remainder of this design. It is
important to note that the diameter of the columns controlled the plastic hinge lengths in both
bents. This shows that for short columns, the hinge length will be controlled by the diameter of
the columns.

The transverse reinforcement was designed next using both the Standard and Guide
Specifications. Table 4.48 shows the results of the final designs. The spacing of reinforcement
inside the hinge length was determined using #5 hoops. The Guide Specifications determined a
maximum spacing of 6 inches inside the plastic hinge. The extension length, which is not
required for SDC B but recommended, was 27 inches long with the same hoop spacing that was
in the plastic hinge length. The maximum spacing outside of the plastic hinge length was
determined to be 12 inches using the Standard Specification and 10 inches using the LRFD
Specification. The Guide Specification design resulted in an increase of 65-80% of hoops
compared to the original design. This shows that bridges requiring plastic hinges will need more
transverse reinforcement. Figure 4.26 and Figure 4.27 show two details of a column at Bents 2
and 3 using both design specifications. The spacing of the reinforcement can be seen, as well as

the plastic hinge zone and extension length.

Table 4.48: Little Bear Creek Final Design Comparison (SDC B)

Bent 2 Bent 3
Specification Standard Guide Standard Guide
Spacing within PHL (in) - 6 - 6
Spacing outside PHL (in) 12 10 12 10
Total Number of Hoops 12 22 17 28
Area of Hoops (inz) 3.72 6.82 5.27 8.68
% Difference 83.3% 64.7%
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GUIDE SPECIFICATIONS STANDARD SPECIFICATIONS

#5 HOOPS @ 6" MAX | 27"
#5 HOOPS 54"
SPACED AT 6" MAX &
#5 HOOPS 121" 194" #5HOOPS
SPACED AT 10" MAX SPACED AT 12" MAX
54" 54"

Figure 4.26: Little Bear Creek Bridge Bent 2 Final Design Details
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GUIDE SPECIFICATIONS STANDARD SPECIFICATIONS

#5 HOOPS @ 6" MAX o7"

#5 HOOPS 5L‘.

SPACED AT 6" MAX l

#5 HOOPS

SPACED AT 10" MAX
16.8' 16.8' #5 HOOPS
SPACED AT 12" MAX
54" 54"

Figure 4.27: Little Bear Creek Bridge Bent 3 Final Design Details

4.8.5 Scarham Creek Bridge

Scarham Creek Bridge is the last bridge designed in SDC B. It differs from the other
bridges because it is designed with struts at mid-height of the columns at each bent. These struts
are required to provide stability and load transfer. These struts will also be redesigned since they
play an important role in the behavior of the substructure. The bridge is two lanes and carries
State Route 75 over Scarham Creek in Marshall County. It is a four span bridge with equal span
lengths of 130 feet. The 7 inch concrete deck is supported by 6 BT-72 girders. The bridge pier
at bents 2 and 4 are 40’ x 5.5’ x 7.5” and the pier at bent 3 is 40’ x 6.5’ x 7.5.” Bents 2 and 4 are
supported by two circular columns 5 feet in diameter with 3 inches of concrete cover. Bent 3 is

supported by two circular columns 6 feet in diameter with 3 inches of concrete cover. All
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columns are supported on drilled shafts, which are six inches larger in diameter than the
columns. It is assumed that the plastic hinge will form at this transition, so the clear height of the
columns is measured from the bottom of the bent cap to the transition between the column and
drilled shaft. The average height of columns is 34.02 feet at Bent 2, 59.17 feet at Bent 3, and
32.16 feet at Bent 4. Because of the height of the columns, struts are provided at approximately
mid-height of the columns and span the full length between columns with a thickness of 3.5 feet.
The strut at bents 2 and 4 are 6 feet deep and 10 feet deep at bent 3. Figure 4.28 shows the 3D

model of the bridge used in the structural analysis. The design calculations can be seen in

Appendix P and the moment-axial force interaction diagrams can be seen in Appendix Q.

Figure 4.28: SAP2000 3D Model of Scarham Creek Bridge

The capacity check was completed first. However, the capacity equations for SDC B
could not be used because of the struts. A pushover analysis was performed to verify the
capacity of the columns for the expected displacements. The results from the pushover analysis

performed using the computer software can be seen in Table 4.49. Since all three bents have
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greater capacities than demand in each orthogonal direction, the bridge satisfies the capacity
check.

Table 4.49: Pushover Analysis Results for Scarham Creek Bridge

Location - Direction Demand (in) Capacity (in) Check
Bent 2 - Transverse 2.44 9.77 OK
Bent 2 - Longitudinal 0.55 2.20 OK
Bent 3 - Transverse 6.90 25.64 OK
Bent 3 - Longitudinal 0.87 3.57 OK
Bent 4 - Transverse 2.87 11.47 OK
Bent 4 - Longitudinal 0.62 2.64 OK

A static pushover curve, seen in Figure 4.29, was developed for Bent 3, where the largest
displacement demand occurs. This curve was used to determine the horizontal design force for
the connection as well as the sequence of plastic hinging. From the SAP2000 model, it could be
seen that the plastic hinges in the bottom of the column and in the struts formed at the same time.
At the time of the pushover analysis was completed, these were the only two hinges that had
activated. This suggests that the struts were too large, because the struts should be the first to
yield in order to protect the columns. If the struts were smaller, it would allow them to yield first
and form plastic hinges, which would dissipate more energy from the system and protect the

columns.
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Figure 4.29: Static Pushover Curve for Scarham Creek Bridge Bent 3

The horizontal connection force was determined to be 81.67 kips. This comes from the
490 kips found in the graph above divided by 6 girders. The clip angles were designed to resist
this force, and based on Table 4.50, were determined adequate. The anchor bolts were also
designed. Using ASTM A307 Class C grade bolts, it was determined that bolts with a diameter
of 2.5 inches would be adequate to resist the loads. In all of the bridges in SDC B, the clip

angles were adequate to resist the loads, but the anchor bolts were all different sizes, ranging

from 1.25 inches to 2.5 inches.
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Table 4.50: Capacity of the Steel Clip Angle

Limit State Cap.aCIty
(kips)
Block Shear 156
Tension 118
Shear 130

The next step was to calculate the minimum seat widths. Equation 4.2, the ATC-49
equation, was used to calculate the new design seat widths and was compared with the seat
widths from the Standard Specifications, found using Equation 4.1. Table 4.51 shows the
minimum seat widths. For bents 2 and 4, the seat widths increased by 78%. But for bent 3, the
seat width was almost double what was required by the Standard Specifications. This is because

the columns in bent 3 are very tall.

Table 4.51: Scarham Creek Minimum Seat Width Comparison

Bent 2 Bent 3 Bent 4
Specification Standard | Guide | Standard Guide Standard Guide
Minimum Seat Width (in) 13.3 23.7 15.3 30.0 13.2 23.2
% Difference 78.2% 96.1% 75.8%

The next step was to design the columns and struts. The design of the columns will be
discussed first. The plastic hinge lengths were calculated using the Guide and LRFD
Specifications in order to discuss their effect on the amount of splice length in the column. Table
4.52 displays the plastic hinge lengths, available splice lengths, and extension lengths for each
bent. At Bents 2 and 4, the LRFD plastic hinge length was approximately 25% shorter than the
hinge length from the Guide Specifications. The plastic hinge length was controlled by the
column height instead of the column diameter. The available splice length was calculated a little
differently than for the other bridges. Because of the presence of the struts, it was assumed
splicing could not occur at a location where the strut connected to the column, which further
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shortened the splice length. However, because all of the columns were tall, there was still quite a
bit of length over which splicing could occur. By using the LRFD plastic hinge length, the
splicing length increased by about 2 feet for both Bents 2 and 4. Bent 3 was unique because it
was very tall, and because of its height, the Guide Specifications hinge length was shorter than
the LRFD hinge length. This is only bent in any of the bridges studied in this thesis where the
plastic hinge length from the Guide Specifications was shorter. Therefore, it should be noted
that for extremely tall columns, it is recommended to check the plastic hinge lengths from both
the LRFD Specifications and Guide Specifications. The length available for splicing was also
larger using the Guide Specifications, allowing for ten more inches. The extension lengths were
also calculated to be 30 inches for Bents 2 and 4, and 36 inches for Bent 3. These lengths were
controlled by the column diameters.

Table 4.52: Scarham Creek Plastic Hinge Length Comparison

Bent 2 Bent 3 Bent 4
Specification Guide LRFD Guide LRFD Guide LRFD
Plastic Hinge Length (in) 90 68 108 118 90 64.3
Available Splice Length (in) 78 100 187 177 66.5 92.7
Extension Length (in) - 30 - 36 - 30
% Difference PHL -24.4% 9.3% -28.6%

Once the plastic hinge lengths were determined, the transverse reinforcement was
designed and the results can be seen in Table 4.53. The design forces were determined from the
structural analysis and uniform load method. #6 hoops were used in the columns so that an
accurate comparison with the original design by the Standard Specifications could be made.
Bents 2 and 4 required the same maximum hoop spacing of 6 inches in the plastic hinge zone and
12 inches outside of it. This resulted in an approximately 33% increase in the number of hoops

in both bents. Bent 3 required a maximum spacing of 6 inches in the plastic hinge zone and 10
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inches outside of it, increasing the number of hoops by 43% compared to the Standard
Specifications. Once again, the redesign of this bridge shows that using the Guide Specifications

will require more ties because of the tighter spacing requirements.

Table 4.53: Scarham Creek Final Column Design Summary

Bent 2 Bent 3 Bent 4
Specification Standard | Guide | Standard | Guide | Standard | Guide
Spacing within PHL (in) - 6 - 6 - 6
Spacing outside PHL (in) 12 12 12 10 12 12
Total Number of Hoops 34 46 60 86 33 44
Area of Hoops (in?) 14.96 20.24 26.4 37.84 14.52 19.36
% Difference 35.3% 43.3% 33.3%

The struts were designed next. Table 4.54 shows the final design results for the struts.
Because the struts at Bents 2 and 4 were of equal geometry, their design will be the same. The
plastic hinge lengths for the struts were determined using the Guide Specifications to be 72
inches for Struts 2 and 4, and 120 inches for Strut 3. The depth of the strut controlled the length
of the plastic hinge. #5 ties were used as transverse reinforcement for Struts 2 and 4. The
maximum spacing was 4 inches inside the plastic hinge zone and 14 inches outside. This
resulted in a 120% increase in the amount of shear reinforcement in the strut. For Strut 3, #6 ties
were used. The maximum spacing requirements using #5 ties was determined to be 2 inches. It
was determined that this spacing was too small to allow the concrete to be consolidated. If a
self-consolidating concrete is used, #5 ties may be a possibility. Using #6 ties, the maximum
spacing inside the plastic hinge length was 3.5 inches, and since the plastic hinge length covered
the entire length of the strut, this spacing was used across its entire length. Because of the use of
a larger tie size and the much tighter spacing, the amount of transverse reinforcement increased
by 390%. Another option that could be used to increase the spacing of the ties would be to use
cross-ties. Adding two additional vertical legs to the strut at Bent 3 would allow the spacing to
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be increased to the 6 inch maximum, which would make the reinforcement cage less congested
and allow the concrete to be more easily consolidated. The depth of the struts contributes to the
length of the plastic hinge zone. If the struts were smaller, the plastic hinge zone would be
smaller and the amount of transverse reinforcement would be significantly smaller. Figure 4.30,
Figure 4.31, and Figure 4.32 show the final design details for each bent using both the Standard

Specification and Guide Specification for the columns and struts.

Table 4.54: Scarham Creek Final Strut Design Summary

Strut 2 Strut 3 Strut 4
Plastic Hinge Length (in) 72 120 72
Specification Standard | Guide | Standard Guide | Standard | Guide
Spacing within PHL (in) - 4 - 3.5 - 4
Spacing outside PHL (in) 12 14 12 18 12 14
Total Number of Ties 19 42 18 62 19 42
Area of Ties (in%) 5.89 13.02 5.58 27.28 5.89 13.02
% Difference 121.1% 388.9% 121.1%
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Figure 4.30: Scarham Creek Bridge Bent 2 Final Design Details
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Figure 4.31: Scarham Creek Bridge Bent 3 Final Design Details
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Figure 4.32: Scarham Creek Bridge Bent 4 Final Design Details

4.8.6 Summary of Differences in SDC B

In SDC B, designing by the Guide Specification resulted in many changes compared to
the Standard Specification design. The most significant was the addition of the plastic hinge
zone, which resulted in higher amounts of transverse reinforcement. The spacing inside of the
plastic hinge zone could not be greater than 6 inches, and the spacing outside of the plastic hinge
zone was either equal to or smaller than the spacing from the original designs. Another change
was the larger minimum seat widths required by the recommended equation from the ATC-49
study, notated in Equation 4.2. All five bridges required a greater seat width than that required
by the Standard Specifications. This is because the new equation is designed to give a better
estimation of the displacement of the seat, which turns out to be larger. This change affected all

bridges in SDC B.
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The new designs also showed that using the LRFD Specifications to determine the plastic
hinge length results in smaller hinge lengths, which decreased the amount of transverse
reinforcement required and increased the length of the column over which splicing can occur.
The one exception was for the very tall columns in Bent 3 of Scarham Creek Bridge. At this
bent, the Guide Specifications actually resulted in a smaller hinge length. So while it is
recommended to use the LRFD Specifications for the plastic hinge length, the Guide
Specifications should be checked, especially for tall columns.

Three of the SDC A2 bridges were redesigned as SDC B bridges to determine if the
horizontal design forces from a structural analysis method found in the Guide Specifications
were smaller than those determined by the simple equations of SDC A2. This was the case in
two of the bridges. The horizontal design forces for Bent Creek Road Bridge and the Bridge
over Norfolk Southern Railroad were reduced when a structural analysis was completed. But the
design forces for Oseligee Creek Bridge increased by 20%. Therefore, it cannot be assumed that
a bridge in SDC B will have lower horizontal design forces than a bridge in SDC A. The other
change from SDC A2 to SDC B was the increase in minimum seat width. The ATC-49 seat
width equation uses the spectral acceleration to multiply the seat width. Since, by definition,
SDC B sites have a higher spectral acceleration than SDC A sites, the minimum seat width will
be greater in SDC B. The amount of transverse reinforcement did not change for the bridges
studied with the exception of Oseligee Creek Bridge. Smaller transverse reinforcing bars were
able to be used and even with the tighter spacing, the amount of reinforcement only increased by

1-3%.
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4.9  Design Standards

Design standards were created by comparing the designs from bridges in each SDC. The
procedures of the Guide Specifications were used to design these bridges. By designing multiple
bridges, multiple designs could be checked against the standard details to ensure that a variety of
bridges would satisfy the criteria, instead of the few that were designed. These new design

standards and details will be discussed below.

4.9.1 Design Standards for SDC Al

SDC Al is for bridges in low seismic hazard areas (Sp; < 0.10). There are three changes
in the design to these bridges: an increase in the seat width, a change in the horizontal design
forces and a possible decreased spacing of the transverse reinforcement. The seat length is
calculated using Equation 4.2, which is the recommended ATC-49 equation. This equation
results in a greater seat length than that calculated by the Standard Specifications as well as the
Guide Specifications, as discussed in chapter 3. The design force is changed based on the
expected ground acceleration at the site. For bridges in areas where the ground acceleration is
less than 0.05g, the horizontal design force is 15% of the vertical reaction carried by the bent
being designed. Otherwise, the horizontal design force is 25% of the vertical reaction carried by
the bent. The vertical reaction includes the dead weight of the bridge tributary to the bent. It can
also include the live load tributary to the bent at the discretion of the Owner. Choosing to
include the live load will increase the design forces by approximately 10%. Since the live load is
not required by the Specifications and choosing not to include it would decrease the horizontal
design force, it is recommended that it not be included on every bridge. However, it should be

considered for bridge that could experience a significant live load presence during an earthquake.
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1+1.255D1)
cos(a)

N = (4 +0.02L + 0.08H + 1.09VH |1 + (2 §)2> x ( Equation 4.2

The final difference was a possible increase in the amount of transverse reinforcement.
This change resulted from a new design equation in the LRFD Specifications for the required
minimum amount of transverse reinforcement, which is used to design the reinforcement outside
of the plastic hinge zone. Equation 4.5 can be seen below, and is applicable only if the design
procedures used in this project are used, which are detailed in Article 5.8.3.4 of the LRFD
Specifications. In the equation, the spacing is the variable that will be changed until the area of
reinforcement supplied is greater than the minimum area required. This is only required when
the design shear force in the column is greater than half of the factored shear resistance of the
concrete. Only one of the bridges in this SDC required the minimum amount of reinforcement.
If the minimum reinforcement equation is not required, a 12 inch ALDOT standard will control
the spacing outside of the plastic hinge zone. If tight spacing outside of the hinge zone is a
problem, cross-ties can be used to allow for the same amount of reinforcement at a larger
spacing. For aid with determining the required spacing when the minimum requirements must be
satisfied, Table 4.55 and Figure 4.33 were developed. For a given column width or diameter and
known size of transverse reinforcement, the maximum spacing can be determined from the
graph. The table can be used to find a specific value if it cannot be obtained from the graph. It
should be noted that these aids do not include the effects of cross-ties, and are only applicable to

columns with 4,000 psi concrete and 60 ksi reinforcing steel.

Avmin = 0.0316 » f + 2= Equation 4.5
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Table 4.55: Maximum Spacing Requirements outside of Plastic Hinge Zone

Maximum Spacing

Column Width (in)

or Diameter (in) | #4 Bars #5 Bars
24 16.0 24.5
30 13.0 20.0
36 11.0 16.5
42 9.5 14.0
48 8.0 12.5
54 7.0 11.0
60 6.5 10.0
66 6.0 9.0
72 5.5 8.5
78 5.0 8.0
84 4.5 7.0

Maximum Spacing (in)

25.00

20.00

15.00

10.00

5.00

0.00

Minimum Area of Transverse Reinforcement
Maximum Spacing

\
N\

\ \
\_
24 36 48 60 72 84

Column Width or Diameter (in)

= #t4 Reinforcement

= #§5 Reinforcement

Figure 4.33: Maximum Spacing Requirements outside of Plastic Hinge Zone
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4.9.2 Design Standards for SDC A2
SDC A2 bridges are still in areas of low seismicity (0.10 < Sp; < 0.15) but with a greater

possibility of experiencing forces that could cause plastic behavior to occur in the column. The
changes to this design category from the Standard Specification reflect this possibility. They
include an increased minimum seat width, the addition of the plastic hinge zone, and smaller
spacing of the reinforcement inside the hinge zone. The seat widths are increased because
Equation 4.2 is used to determine them. By increasing the seat width, the girders are provided
with more room to “ride out” a design earthquake, as discussed in chapter 3. The plastic hinge
zone is calculated using the LRFD Specifications because it resulted in a smaller hinge length.
However, for very tall columns, the length from the Guide Specifications may control and should
be checked. The plastic hinge length is determined to be the maximum of the following:

e The largest cross-sectional dimension

e One-sixth the clear height of the column

e 18 inches

The spacing of the transverse reinforcement inside the plastic hinge zone is only required
to satisfy minimum ratios and not shear capacity equations. The minimum ratio for circular
columns is 0.002 and for rectangular columns is 0.003. Article 8.6.2 in the Guide Specifications
shows how to calculate these ratios. Once a reinforcement size has been chosen, the spacing of
the reinforcement will affect the ratio. Figure 4.34 and Figure 4.35 have been developed to
provide standard design drawings for bridges in SDC A2. They are applicable to bridges with
largest column widths or diameters less than or equal to 6 feet. The plastic hinge length is based
on the LRFD Specifications, so it is recommended to check the Guide Specifications hinge

length if the columns are very tall. Because none of the rectangular columns in this study were
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large enough to require the use of cross-ties, the design drawings were developed using only one
tie around the outside of the reinforcement. The transverse reinforcement spacing is based on the
ratios, and the values given will satisfy them. The longitudinal reinforcement is not shown
because it is determined on a project specific basis.

The reinforcement spacing outside of the plastic hinge zone is controlled either by the
minimum area of transverse reinforcement requirement, discussed in the design standards for
SDC Al, or by the 12 inch ALDOT standard. Therefore, those spacing requirements should also
be checked. Figure 4.33 and Table 4.55 are recommended to be used when the minimum

requirements are necessary.
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Figure 4.34: Standard Details for Circular Columns in SDC A2
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Figure 4.35: Standard Details for Rectangular Columns in SDC A2

4.9.3 Design Standards for SDC B

SDC B bridges are expected to experience moderate seismic forces (0.15 < Sp; < 0.30).
These forces may be large enough that the columns must be designed with plastic hinges in order
to dissipate the energy. Many changes were made to the design procedures for this category
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including the need for a bridge model and structural analysis to determine the horizontal design
forces, an increase in the minimum seat width, and the recommendation of an extension of the
plastic hinge zone into the bent cap or footing.

When the horizontal design forces from the rigorous structural analysis in SDC B were
compared with the horizontal forces from the simple relationships in SDC A2, it was discovered
that the structural analysis resulted in lower forces in only two out of the three bridges. So it
cannot be assumed that performing a structural analysis will result in lower design forces.

As discussed in chapter 3, the purpose of the superstructure-to-substructure connection
was to transfer forces in the transverse direction and allow the girders to move in the longitudinal
direction by providing greater seat width. For bridges in SDC B, the minimum seat width is
increased by using Equation 4.2. This is by design since the superstructure-to-substructure
connection does not provide a complete load path in the longitudinal direction and must have
additional room to move during a design earthquake. The greater seat widths prevent them from
becoming unseated. And since the original connection was to be used, the components of the
connection that contribute to the resistance in the transverse direction were checked against the
calculated capacity design forces. The clip angles were determined to be adequate for the largest
forces encountered, and the diameter of the anchor bolts was increased until it was also adequate
to resist the forces. However, the anchor bolt diameters were different for each bridge, and it is
recommended they be designed on a per bridge basis, as indicated on the current connection
details.

The plastic hinge length is determined in the same manner as in SDC A2, but the
transverse reinforcement must resist the shear forces in the cross section as well as satisfy the

minimum ratios. For all five bridges studied, however, the minimum ratios still controlled the
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spacing of the transverse reinforcement in the plastic hinge length. The reinforcement outside of
the hinge length was still controlled by either the minimum area of reinforcement check, if
required, mentioned in the standards for SDC Al or the 12 inch ALDOT standard. The
extension of the plastic hinge zone is recommended by the Guide Specifications to increase the
shear capacity of the cross section and allow the plastic hinge to form at the top of the column.
This extension length should have the same transverse reinforcement spacing that is in the plastic
hinge zone. This thesis recommends the use of the extension length in bridges in SDC B.

Figure 4.36 and Figure 4.37 were developed as standard details for SDC B. Like SDC
A2, none of the rectangular columns in the bridges studied were large enough to require cross-
ties, so the standard details were developed using only one tie to surround the longitudinal
reinforcement in the plastic hinge zone. These details are similar to the details in SDC A2,
except for the addition of the extension length. They are only applicable for columns with a

width or diameter less than or equal to 72 inches.
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Figure 4.36: Standard Details for Circular Columns in SDC B
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Figure 4.37: Standard Details for Rectangular Columns in SDC B

410 Conclusion

The purpose of this task was to develop new seismic design standards and details for
bridges in the state of Alabama in Seismic Design Category A and B. These new standards are
based on the Guide Specifications. This was accomplished by redesigned bridges in each SDC
and comparing the new designs with the old designs under the Standard Specifications. 11
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different bridges were re-designed by the Guide Specifications and compared with their designs
using the Standard Specifications. The changes between the designs were used to develop
design standards for each SDC.

For all of the bridges, the use of the ATC-49 equation (Equation 4.2) to determine the
minimum seat length resulted in larger seat widths than those required by the Standard
Specifications. The difference between the minimum lengths increased as the SDC increased,
and specifically as the spectral accelerations within each SDC increased. The results from the
research conducted in chapter 3 suggested that larger seat widths should be provided to allow the
girders more room to displace in the longitudinal direction. The 11 bridges studied in this
chapter proved that using the new equation did increase the minimum seat width.

The two bridges designed in SDC Al showed that the horizontal design forces were
different than they were in the Standard Specifications. The design force was either 15% or 25%
of the vertical reaction resisted by the bent depending on the ground acceleration at the site,
whereas in the Standard Specification, it was always 20%. The only other change in this SDC
was a change in the LRFD Specifications that increased the amount of transverse steel in
columns. This change affected all bridges that were designed, not just those in SDC Al.

One of the issues that was raised was the inclusion of the live load in the determination of
the horizontal design force. The LRFD Specifications suggest including 50% of the live load at
the Owner’s discretion, but if the live load was included it would increase the horizontal design
force, albeit only on the order of 10%. It was recommended not to include the live load in the
design force calculation on every bridge, but to consider it on bridges that experience a
significant live load presence throughout its service life. In summary for SDC Al, it was

recommended to calculate the horizontal design force, minimum seat width, and maximum
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spacing of transverse reinforcement for the column. These three design steps controlled the
design for the two bridges studied.

The bridges designed in SDC A2 showed an increase in the amount of transverse
reinforcement required for the columns because of the requirement that the plastic hinge zone be
detailed. The transverse reinforcement in the plastic hinge zone also had to satisfy minimum
ratios found in the Guide Specifications. Once these minimum ratios were satisfied the plastic
hinge zone design was completed. The horizontal design forces were calculated to be 25% of
the vertical reaction in all cases, which resulted in higher forces than in the Standard
Specifications. In summary for SDC A2, it was recommended to calculate the horizontal design
force, minimum seat width, plastic hinge length, maximum spacing within the plastic hinge
length, and the maximum spacing of transverse reinforcement outside of the plastic hinge length.
These design steps were easily calculated and did not require any computer analysis of the
bridge.

The biggest changes occurred in SDC B. Unlike the Standard Specifications, which
simply required that the columns be designed to resist the expected loads, the Guide
Specifications required the bridge displacement capacity to be greater than the expected
displacement. In order to accomplish this, a computer model was built and a structural analysis
was run. Once the capacity was confirmed, minimum detailing requirements had to be met as
well as checking that the column section in the plastic hinge zone was capable of resisting the
expected shear forces. However, for the five bridges studied, the minimum ratios from the
detailing controlled the transverse reinforcement design instead of the strength. An additional

extension length was recommended by the LRFD Specifications to promote the forming of a
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plastic hinge at the top and bottom of the column and protect the elements around the hinge.
While not required for SDC B, it was recommended to use this extension length.

Another question that arose concerned the use of structural analysis to get smaller
horizontal design forces for the connections and columns. Three bridges were designed in both
SDC A2 and SDC B categories, and for only two of them were the design forces from SDC B
lower than those for SDC A2. Therefore, it was not recommended to attempt a more
complicated structural analysis to get smaller design forces.

Finally, the original superstructure-to-substructure connection used by ALDOT and
discussed in chapter 3 was to be used. The longitudinal direction was allowed to displace and
greater seat widths were provided to accommodate the movement, but the transverse direction
needed to be analyzed to determine if it was adequate to resist the design forces. So for the five
bridges studied in SDC B, the transverse connection was designed, and it was determined that
the clip angles were adequate to resist the largest horizontal design force of 82 kips. The anchor
bolts were also designed, but they varied in diameter from 1.25 inches to 2.5 inches. Therefore,
as long as the anchor bolts were designed, it was recommended that the current connection be
used as the superstructure-to-substructure connection since the minimum seat lengths provided
were expected to provide enough room for the girders to move and the clip angles would provide
enough resistance to transfer the forces into the substructure.

In summary for SDC B, it was recommended to first model the bridge in a structural
analysis software package, such as SAP2000 or CSI Bridge, and determine the bridge
displacement capacity and column and connection design forces. Next, the plastic hinge length,
extension length, and spacing of the transverse reinforcement based on the minimum ratios were

to be calculated, and then the section was checked to ensure it could resist the forces from the
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structural analysis. The transverse reinforcement outside of the plastic hinge zone was designed
next and, finally, the minimum seat width was calculated and anchor bolts for the connection
were designed. While this SDC does require the use of computer software and analysis, the
design sheets and design aids created in this thesis provide guidance on how to accomplish
certain design steps, as well as examples. The standard details and designs developed in this
chapter are not intended to be used in lieu of designing the bridge, but do provide a starting point

where designers can begin.
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Chapter 5: Conclusion and Recommendations

5.1 Introduction

This objective of this thesis was to update the seismic standards for bridge design in the
state of Alabama. With the transition of design from the Standard Specification to the new
LRFD Specification, ALDOT wanted to know the changes that would occur in bridge design as a
result. These changes are due mainly to the research in seismic hazard mapping and earthquake
engineering that have been incorporated into the LRFD Specifications, but not the Standard
Specifications. The seismic hazard maps in the Guide Specifications have a higher return period
than the maps in the Standard Specifications, meaning that bridges must be designed to
experience larger seismic forces. This increase in forces must be dealt with by the designer.
This particular thesis dealt with the changes to bridges in low to moderate seismic regions, SDC

A and SDC B, as well as the changes in the superstructure to substructure connection.

5.2  Superstructure-to-Substructure Connection

The superstructure-to-substructure connection was analyzed because it was unknown if
the current connection was adequate to resist the expected horizontal design forces. In this
study, it was resist that the current connection used by ALDOT did not provide a complete load
path in the longitudinal direction, so a new connection was designed that would provide the load
path. However, it was eventually decided to continue using the original connection and allow

the girders to move after the connection slipped. The connection needed to be analyzed in both
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orthogonal directions to ensure that it was acceptable. The results from this study include the
following:

e Using Equation 5.1 to determine the minimum seat width was found to be acceptable for
estimating the minimum seat width in the longitudinal direction and ensuring the girders
had enough room to “ride out” the design earthquake.

e It was determined that for bridges in SDC B, the Sp; value used in Equation 5.1 should
be taken as 0.3 in order to provide a greater seat width than that provided by the Guide
Specifications.

e The connection was determined adequate in the transverse connection because the steel
clip angles and anchor bolts were designed to resist the largest horizontal loads from the
SDC B bridges studied.

e The anchor bolts were recommended to be designed for each bridge, since the diameter

of the bolts depended on the expected horizontal force.

Equation 5.1 can be seen below. This equation was created through research conducted by the
Applied Technology Council and Multidisciplinary Center for Earthquake Engineering Research
(ATC/MCEER Joint Venture, 2003) that resulted in a better estimation of the seat width demand

for girders.

1+1.25$D1)
cos(a)

N = <4 +0.02L + 0.08H + 1.09vVH |1 + (2 §)2> * ( Equation 5.1

5.3 Bridge Design Standards
Once the superstructure-to-substructure connection was analyzed, design standards were

developed for bridges in SDC A and B. These standards were developed by re-designing
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multiple bridges in each SDC and observing the differences in the final design between the two
specifications. SDC A was split into two categories representative of the expected spectral
accelerations, Al and A2. The design standards for bridges in SDC Al included only designing
the connection for the horizontal design forces, supplying the minimum seat width using
Equation 5.1, and designing the transverse reinforcement for the column. Once these standards
were met, the design for bridges in SDC Al was completed. Bridges in SDC A2 were still
expected to experience low seismic forces, but had the possibility of experiencing plastic forces,
and thus required to satisfy the minimum detailing requirements of SDC B. The design
standards for bridges in SDC A2 included designing the connection for the horizontal design
forces, determining the plastic hinge length, calculating the spacing of reinforcement within the
hinge, supplying the minimum seat length using Equation 5.1, designing the transverse
reinforcement outside of the plastic hinge length. Standard design details for bridges in SDC A2
were developed to aid the designer with these calculations. Bridges in SDC A did not require

any structural analysis.

However, for SDC B, a computer model and structural analysis were required to be
completed in order to determine the bridge displacement capacity and column design forces.
These bridges were expected to experience plastic forces, so the columns were designed to allow
plastic hinges to form in order to dissipate the energy from the expected design earthquakes. The
other design standards included calculating the plastic hinge length using the LRFD
Specifications, detailing the transverse reinforcement inside this length using the minimum ratios
of the Guide Specifications, supplying the minimum seat length calculated from Equation 5.1
and designing the transverse reinforcement outside of the plastic hinge length. Standard design

details for bridges in SDC B were developed to aid the designer with these calculations. One
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additional recommendation was made for bridges in SDC B: to use the extension length

suggested in the LRFD Specifications to promote the formation of plastic hinges.

Other recommendations that were made concerning the seismic design of bridges include

the following:

5.4

Use a soil shear wave velocity test to verify soil site class of A or B at a bridge site to
decrease the SDC of a bridge.

The live load factor from the LRFD Specifications should not be used when calculating
the horizontal design force in SDC A. However, it should be considered for high traffic
bridges that constantly experience a full live load, such as in a major city center.

The plastic hinge length should be determined using the LRFD Specifications because it
results in a smaller hinge length, which allows a greater length of the column over which
splicing can occur. For extremely tall columns, however, the length in the Guide
Specifications should be checked.

Cross-ties should be used to increase the spacing of transverse reinforcement outside of
the plastic hinge length if it is determined that using only one tie around the perimeter of
the longitudinal reinforcement results in very tight spacing.

Smaller struts should be used in bridges with very tall columns to allow the struts to yield

first and protect the columns.

Future Research

Future research should be conducted to study the effects of the transition from the

Standard Specifications to the Guide Specifications for all types of bridges. This thesis focused

on precast concrete bridges in SDC A and B, but these bridges do not reflect all of the bridges in
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the state. Since the LRFD Specifications are required to design all bridges in Alabama, research
should be conducted to analyze how these new design specifications affect other types of
bridges, including steel bridges in all seismic design categories. Future research could also
address the change in the LRFD Specifications of the use of the soil site class in the
determination of the SDC. Site Class A and B cannot be verified without using the results of a
soil shear wave velocity test. If a correlation between shear wave velocity of soil and other
parameters, such as standard blow count or undrained shear strength, can be determined, these
site classes could be used, which could reduce the SDC for a bridge. Finally, the location of
plastic hinges in drilled shafts was an area of uncertainty in this thesis. There was not a
significant change in the stiffness of the column versus the drilled shafts, so a conservative
assumption was made to determine the column height, which was to assume the column height to
be from the bent cap to the rock line. Because the column height can affect the plastic hinge
lengths, if a more reasonable assumption could be determined through additional research, the
plastic hinge length could be reduced. The transition to the LRFD Specifications for bridge
design marks a significant change in the philosophy of bridge engineering for the state of
Alabama. This thesis, and future research, provides tools and information that help alleviate this
transition, but it is still the responsibility of the Engineer to understand the design process and

ensure the safety of a bridge.
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Appendix A: Connection Design

ORIGIN:=1

AAAAAAAAAAAA

Check(demand , capacity ) := |"OK" if demand < capacity
"NOT GOOD" otherwise

ALDOT Current Connection Steel Angle Design Check

Vcolbent := 10C

LRFD Article 6.5.4.2: Resistance Factors

oy :=0.¢ Tension for A307
bg:=0.7! Shear for A307

dpg =08 Block Shear

dpp =08 Bolts Bearing

bge :=0.8! Shear Connectors
of =10 Flexure

dsangle = 1.0 Shear for the Angle

Bolt Properties

Fub := 5¢ Ksi Strength of Cap Screw (It is assumed that ASTM A307 Grade C
bolt is used)
Diy, = 2_73 in Diameter of Cap Screw INPUT

Angle Properties

Fy := 3¢ Ksi Yield Stress of the Angle

Fu := 5¢ Ksi Ultimate Stress of the Angle
t:=1.0 in Thickness of Angle

h:=¢€ in Height of the Angle

w:=¢€ in Width of the Angle

|:=1C in Length of the Angle
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k=1t in Height of the Bevel INPUT
distanchorhole :=4 ir Distance from the vertical leg to the center of the hole. This is
the location of the holes.
_ in  Diameter of bolt hole
BLSHIength:=€ ir Block Shear Length
BLSHwidth:==z ir Block Shear Width
Ubs :==1.( Shear Lag Factor for Block Shear
a=: in Distance from the center of the bolt to the edge of plate
b =3¢ in Distance from center of bolt to toe of fillet of connected part
Le=2 in Clear dist. between the hole and the end of the member
Shear Force per Angle:
Vangle := Veolbent =50 Kips
ShearCheck(d)Vn ,Vu) = |a « "OK" if ¢vn >V,
a < "FAILURE" if ¢vn <V,
la
AISC J4: Block Shear
Agv :=t-BLSHIength = 6 in?
Anv :=t-(BLSHIlength — 0.5diahole) = 5.5 in’
: . .
Ant :=t-(BLSHwidth— 0.5diahole) = 1.5 in AISC Eq. J4-5

BLSHprogram(Agv,Anv,Ant,Ubs,Fu,Fy) :=

b « 0.6Fu-Anv + Ubs-Fu-Ant
¢ « 0.6/y-Agv + Ubs-Fu-Ant
a«b ifb<c
a«cifb>c

a

Rn := BLSHprogram{Agv , Anv , Ant,Ubs, Fu, Fy) = 216.6 kips
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dbsRn = hp,e-RN = 173.28

kips

BlockShearCheck := ShearCheck (¢hsRn , Vangle) = "OK"

AISC D2: Tension Member

Ut :=0.¢

AAAAAAA

Ae :=Ant-Ut =3

#Pn = ¢ FubAe =139.2

Shear Lag factor for single Angles. Refer to Table
D3.1in AISC Manual

in’ AISC Eq. D3-1

Kips AISC Eq. D2-2

TensionCheckp g := ShearCheck (¢tPn , Vangle) = "OK™

AISC G: Shear Check

Cv:=1.(
.2
Aw =t-w=06 in
dsangleVvn ::¢5ang|e~0.6Fy~AW~Cv =129.6 Kips AISC Eq. G2-1

ShearAngleCheck := ShearCheck (¢sangleVn ,Vangle) = "OK"

If program returns "FAILURE", change thickness of angle or width of angle.

Summary

BlockShearCheck = "OK"
TensionCheckAlSC ="0OK"

ShearAngleCheck ="OK"
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Longitudinal Restrainer Design Check

EXPANS|ION GAP + 1/2"

il ——
11 . /DIAPHRAGM
NEOPRENE WASHER AND/-_ || r
4" X 4" BEARING PLATE| ™~ l I 1r
‘:-:- E H v T T Al . Y "{'f--
© o | |
| || T17 36 KSI
| |STEEL BAR
I |

— o e

The two limit states were local yielding of the steel bearing plate and two way shear of the
restrainer through the diaphragm. The largest restrainer force was calculated to be one-half of
the design force because two restrainers would be present at each girder

R, =24t Kips
Local Yielding AISC J7
b =4 in Width of Square Bearing Plate
Fy =60 Ksi Yield Strength of Bearing Plate
A= b2 =16 in’ Area of Bearing Plate
¢ :=0.7! Resistance Factor for Local Yielding
R yjeld = ¢-1.8F A = 1296 kips AISC Equation J7-1

Two Way Shear LRFD 5.13.3.6.3
psi Compressive Strength of Concrete
in Distance to Reinforcement from Extreme Compression Fiber

Area of Reinforcing Steel

5

in Spacing of Reinforcing Steel
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f,, =6 Ksi Yield Strength of Reinforcing Steel

¢ :=0.¢ Resistance Factor for Shear LRFD5.5.4.2.1

bg :=(d +b)-4 =40 in Perimeter of Critical Section

;
Ve = o.oes{/r:m-bddj -30.336  kips  Shear Resistance of Concrete LRFD 5.13.3.6.3-3

Aty -d _ :
Vg = =9.3 Kips Shear Resistance of Steel LRFD 5.13.3.6.3-4

S

4R nshear = ¢-(Ve + Vo) =1 Kips

R, = mir(¢R nYield: 4R nShear) =35672  Kips

Check(R,4R ) = "OK"

Seat Width Calculations

The minimum seat width was calculated for each bent using three different equations.
The longitudinal displacement was not greater than 1 inch for any bridge except
Oseligee Creek Bridge, so 1 inch was used as a minimum.

N1 will be the equation used in Guide Specification for SDC B
N2 will be the equation used in the Guide Specifications for SDC D
N3 will be the equation used in the MCEER/ATC-49 study with Sp1 = 0.15

N4 will be the equation used in the MCEER/ATC-49 study with Sp1 = 0.30
SDla =0.1

Bent Creek Road

L:=13 ft Largest Span Length

B:=80.7! ft Deck With

HCoggnp:=2( Average Column Height at Bent 2

Skew :=C deg Skew of Bridge

Agent2 =1 in Longitudinal Displacement of Bridge Bent
Bent 2
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N1, = 1.5(8 + 0.0 + o.omcmBentz).(l + 0.0001255ken?) — 18.45 in

2 :
N2, = (4 + 1.65A Bent2)~(1 + 0.00025Skew ) =5.65 in
2l (1+1.258
N3, :=[4+ .02 + .08HColggo + 1.09 [HCO 1422 D2 | _ 17.002
2 ' ' Bent2 ™ \/ Bent2 g Skew- '
- ~ | cos
180

180

N4, :=|4 + .02 + .08HCol +1.09 [HCoI 1+ 2= || ———| =19.791
2 i Bent2 Bent2 ( 8) | cos(Skewn)

Norfolk Southern RR Bridge

L =14 ft Largest Span Length

B:=46.7' ft Deck With

HCOB g 0.:= 25 ft Average Column Height at Bent 2

Skew:=C deg Skew of Bridge

Ageniz:=1 in Longitudinal Displacement of Bridge Bent
Bent 2
Nip ;= 1.5(8 + 0.02 + o.ochmBentz)-(1 + 0.000125Skew2) =19.2 in
N2y = (4+ 1.65A Bent2)~(1 + O.OOOZSSkeWZ) =5.65 in

N3, ;=4 + .04 + .08HCol + 1.09 [HCOI -11+|2—| || — | =18.233
ANV | Bent2 Bent2 ( L)_ cos(San]

180

=21.111

B\2| ( 1+ 1.25Spp

N, =4+ .02 + .0HColg gy + 1.09 [HCOg oy 1+ | 2—| || ———
[ Bent2 + 1.09,/HColgenty ( J p—

CoS

180
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Little Bear Creek
ft Largest Span Length
ft Deck With

ft Average Column Height at Bent 2
Average Column Height at Bent 3

deg Skew of Bridge

in Longitudinal Displacement of Bridge Bent

=3

in Longitudinal Displacement of Bridge Bent

Bent 2
N1, := 1.5(8 + 0.02 + o.omcmBemz)-(l + 0.0001255kew2) =17.34 in
2 .
N2 = (4 + 1.65A Bent2)~(1 + 0.00025Skew ) =5.65 i
N3y :=[4+ .0 + .08HColggpyp + 1.09 [HCOIggny [1+ | 2— | || ———— | =14.344
AN Bent2 Bent2 ( Lj o Skewn
180
Ndy :=[4+ .02 + .08HColg gy + 1.09 [HCOIggnry [1+( 2= | || ——=———| =16.609
VO Bent2 Bent2 ( Lj o Skew-n
180
Bent 3
N1z := 1.5(8 + 0.0 + 0.08-|C0IBent3)-(1 + 0.0001258kew2) =17.94 in
2 .
N2g = (4 + 1.65A Bent3)~(1 + 0.00025Skew ) =5.65 in

2 1+1.25S
g } 1e1BSp)

N33 :=|4+ .01 + .08HColggp3 + 1.09 HCOIBentS'jl + (ZE Skew -1t
c0s
( 180 j
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N43 =14+ .02 + .08HColggpnz + 1.09, [HCOlgenya: 1+ (Z'E mS[Skwn) =18.341
180
Oseligee Creek
ft Largest Span Length
ft Deck With
ft Average Column Height at Bent 2

Average Column Height at Bent 3

deg Skew of Bridge

in Longitudinal Displacement of Bridge Bent

=3

in Longitudinal Displacement of Bridge Bent
Bent 2
N1y :=1.5(8 + 0.0 + 0.08HCol (1 0.0001255k 2) = 16.56 i
=1. ( + 0. + 0. OBentz)' + 0. < Ew | = . n
2 :
N2y = (4 + 1.65A Bent2)~(1 + 0.00025Skew ) = 6.145 in

N3, :=|4 + .04 + .08HCol + 1.09 [HCol 1+ 2—-| || —— | =15.224
I i Bent2 \’ Bent2 ( 8) | Cos(SkeW'“)

180

N4, :=|4 + .04 + .08HCol + 1.09 ’HCOl 1+ |2—=| || ———— | =17.628

180
Bent 3
N13 :=1.5(8 + 0.02_ + 0.08HCol (1 0.0001255k 2) =17.52 i
=1. ( + 0. + 0. OBents)' + 0. E Ew | = . n
2 .
N2g,:= (4 + 1.654 Bent3)~(1 + 0.000255ken?) - 6.31 in
N33 =4+ .04 + 08_|C0|Bent3 + 109\/HCOIBent3 1+ (25) . W =17.37
cos
%)
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2
3
N4, =4+ .04 + .08HCol +l.09’HCO| -1+|2-=| || — | =20.113
FIVEE W |: Bent3 Bent3j ( 8j:| COS(SkeW'“)

Scarham Creek

180

L=13 ft Largest Span Length
Bi= 4(C f Deck With
_ f Average Column Height at Bent 2
_ f Average Column Height at Bent 3
_ ft Average Column Height at Bent 4
Skew:=C deg  Skew of Bridge
- in Longitudinal Displacement of Bridge Bent
- in Longitudinal Displacement of Bridge Bent
- in Longitudinal Displacement of Bridge Bent
Bent 2
N1, ;= 1.5(8 + 0.02 + o.oa-|Co|Bent2)-(1 + 0.0001258kew2) =19.98 in
N2p,:=(4+1.65A Bent2)~(1 + 0.000258kew2) =5.65 in

=14+ .04 +. I 1. [HI -1 2-—
+ .04 + 08—ICOBent2+ 09 COBenth +( L) |

2] 1+1.25S
B D1
) |8 =19.93

Skew-mt
COoS
180

B\2| (( 1+ 1.255p
N45 :=| 4+ .02 + .08HColggpyp + 1.09 /HCoIBentz- 1+(2-E) e =23.076
. - CoS
(=)
Bent 3
N1z :=1.5(8 + 0.0 + 0.08HCol (1 0.0001255k 2) =22.98 i
= ( + 0. + 0. OBents)' + 0. g Ew | = . In
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N2g,:=(4+1.654 Bem3)-(1 + 0.000255ken’) = 5.65 i

N3, :=(4+ .0 + 08_|C0|Bent3 + 1.09 'HCOIBent3 1+ (th . Tm =25.117
- — | cos
( 180 )
B\2| (1+ 1.25Spp
N43 =14+ .0 + 08‘|COIBent3 + 1.09 'HCOIBents 1+ (2 E) o W =29.082
- — | cos
S
Bent 4
N1, := 1.5(8 + 0.02 + 0.08-|CO|Bent4)-(1 +0.0001255ken?) — 19.74 in
N2 = (4 + 1.65A Bem4)-(1+ O.OOOZSSkewZ) =5.65 in
N3, :=|4+ .04 + .0&8HCol + 1.09 [HCol 1+ 2—| || ——— | =19.475
4 | Bent4 \[ Bent4 ( Lj 1 Skew-
180
N44 =14+ .04 + O&-lCOIBenM + 1.09 'HCOIBent4 1+ (ZE) ° W =22.55
- ~— | COS
180 j
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Appendix B: County Road 39 Bridge SDC Al

Designer: Jordan Law

Project Name: County Road 39 ORIGIN— 1
Job Number: ST-049-039-0020 o
Date: 5/24/2012

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information

Coordinates: 30.512N, 88.227W

Soil Site Class: D

Superstructure Type: AASTHO BT-72 girders for long spans
AASTHO Type Il girders for simple span

Substructure Type: Rectangular columns supported on piles

Abutment Type: Abutment beam supported on piles

Note: Input all of the below information.

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,
bent volume(s), and guard rail volume(s). Also, information about foundations should also
be included if the bridge is classified as SDC B.

Ic =400( psi Ag = .04
fye :=6000( psi
SD]. =.07:
Peonc =0.0868 INPUT
in SDS =.1
g.:= 386.¢ SDC = A"
Length of Bridge (ft) L =48 ft
Skew of Bridge (degrees) Skew:=(C  degrees
Span Length 1 (ft) Spanl:=13 ft
Span Length 2 (ft) Span2 := 8( ft
Deck Thickness (in) tdeck =1 in
Deck Width (ft) DeckWidth :=54.70
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Number of Bridge Girders
Girder Type I11 X-Sectional Area (in2)
Bulb Tee Girder X-Sectional Area (in2)

Bent 2 and 3 Volume (ft3)
Bent 4 VVolume (ft3)

Guard Rail Area (in2)
Bent 2, 3, 4 Column Width (in)

Number of Columns per Bent

The column height is measured from the bottom of the bent to the top of the pile footing.
Other options include measuring from the top of the bent to the ground surface or to a
change in diameter (if possible). If the plastic hinge location (at the bottom of the column)
Is known, then the column height should be measured from the bottom of the bent to the
known hinge point.

Average Column Height Bent 2 (ft)

Average Column Height Bent 3 (ft) _ f

Average Column Height Bent 4 (ft)

Bent Column Area (in2)

5.

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

L= L12=582x 10° in
Spanl := Span1-12 = 1.62x 10° in
Span2 := Span2-12 = 960 in
DeckWidth := DeckWidth-12 = 657 in
BentVolumes := BentVqumeZ3«123 =1.649x 106 in3
BentVolume, := BentVqumerz3 =1.649x 106 in3

ColumnHeighBEmz := ColumnHeighigg o 12 = 283.272 in
ColumnHeightso g == ColumnHeighigg 312 = 346.116 in
Columnl—leighhemq := ColumnHeighigg 412 = 319.56 in
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Find Vertical Reactions at Each Bent:

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)

DeckWidth-2-1.375 Number of Lanes On Bridge (Design
Num Lanes = trunc 12 —4 Lane Width of 10 ft) See LRFD 3.6.1.2.4
- 12
YEQ=0. LRFD Specificaiton C3.4.1 (Extreme Case I) INPUT

The y Q value is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification
recommends a value of 0.5. See LRFD Article C3.4.1 under "EXTREME EVENT

III
LL. design : 0.6/ % LRFD Specification 3.6.1.2.4
kIf
:= LL_design-y gy =0.32 —
Q - SIgnYEQ lane
LL_fot := QNum_Lanes = 1.28 kit Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

Dlgent =+ KiF Llgent2 =+ Kir

Dlgentz =1 i LLgorga =1 ke |INPUT
Dlgenig =1 kig Llgentg =1 Kip

VRgent2 = Plgent2 + Llent2 =1 Kir

VRgent3 = Plgent3 + Llgent3 =1 Kir

VRgenta = Plgentsa + Llgents =+ s

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

188




Ltdeck -DeckWidth ...
+2- BentVqumeZ3 + BentVqule

Pconc’

+3-Acolumnggpiog4 ColumnHeighg oo -
+3Acolumnggpiozg ColumnHeighig et -
+3Acolumnpg o34 ColumnHeighigenis -
+ 3-Spanl-N-GirderlllArea + Span2-N-BulbTeeArea + 2-GuardRailArea L

1000

W = 6266.326 kips

To determine the vertical reaction at the bent, the bents tributary area will be calculated
and multiplied by the total weight. A similar calculation will be done for the live load.
This vertical reaction will be used to determine the connection force (below).

. Spanl
BentT ribLengthy := pl—2 =135
Spanl+Span2
. 2
BentT ribLengthy := — 0 =107.5
Spanl

BentT ribAreas, := —— =0.278
23 L

Spanl+Span2

BentT ribArea4 = ; =0.222
L

Dlganto3 = BentTribAreayg W = 1744.235
LLgantp3 = BentTribLengthyzLL_bot =172.8
Dlgeants = BentTribArea, W = 1388.928

Llgenta = BentTribLengthy LL_Pot = 137.6

VRgent23 = Dlgent23+ Llgento3 = 1917.035

VRgerta = Dlgerta + LLgenta = 1526.528

VRBent2 = VRBent2: VRBent3 = VRBent2:
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Percent of Area Tributary to Bent

Kig

kig

kif

kig

Kig

Kig

VRgent4 = VRBent4




Steps for Seismic Design

Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.
Article 3.2: Bridges are designed for the life safety performance objective.

Article 3.4: Determine Deisgn Response Spectrum

Article 3.5: Determine SDC

Article 4.6: Determine Design Forces

Article 4.12: Determine Minimum Support Length

Article 8.2: Column Detailing

Articles 3.4 and 3.5 have already been determined from the "SDC Classification™ sheet.
Make sure the four values (As, Sps, Sp1, and SDC) have been input above.

Bent 2 Design

Reinforcement Information Guide Article 8.6.5

The designer should input all information concerning the longitudinal and transverse
reinforcement of the column, specifically within the plastic hinge zone. Both circular and
rectangular columns are allowed.

dy =14 in  Diameter of Longitudinal Reinforcement
Stirrup := "#4" Stirrup Size
Agp =2 in°  Area of Transverse Reinforcement
Dgp =0.62 in  Diameter of Transverse Reinforcement INP
UT
Dprime:= ( in Diameter of Spiral or Hoop for Circular Columns
si=¢ in Pitch of Spiral or Spacing of Hoops/Ties for Circular Columns
b := Columnwidttgarioa, in  Width of Rectangular Column
Cover :=Z in Column Concrete Cover

Article 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is
based on the tributary dead load and live load assumed to be present during an earthquake.
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DesignForoe(AS) = |A <« Ag
a <« 0.15 if A <0.05
a<« 0.25if A>0.05

a

VR_Multiplier:= DesignForoe(AS) =0.15

VRgent2' VR_Multiplier

Horizontal DesignForce := N =31.951 kir

Dlgent2z VR_Multiplier

Horizontal DesignForce2 := N =29.071 Kig

Article 4.12: Determine Minimum Support Length

L= BentT ribLengthy5 =135

ColumnHeighiggpto
H:=
Y 12

Standard Specifications

=23.606

Npstan = (8 + 0.02L + 0.08+)-(1 + 0.0001255Ken?) — 12588 i

ATC-49 Equation (New Design)

N2 =4+ .01+ .08H + 1.09\/H- 1+|2—-]| || — | =16.615 in
8 COS(Skew-n)

180
Article 8.2: Column Detailing

Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must be met.
Otherwise, no minimum column detailing is required and the checks below can be ignored.

a < "Minimum SDC B Detailing Required'if SD1> 0.1(
a < "No SDC B Detailing Required" otherwise

SD1Check(SD1) :=

|a
Bent2 := SD1ChecK Spy; ) = "No SDC B Detailing Required”

LRFD 5.8.3.3 Nominal Shear Resistance Guide Article 8.6.1

. . N
V,, = HorizontalDesignForce: —— = 95.852 Kips
Neol

dg =0.¢
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B:=2.(
T

0 :=—-45=0.785 rad
180

dy .
Dr :=b — Cover — D, — — =41.67 in
Sp 2

de :=b — Cover =43 in

dv :=0.9de =38.7 in
V. = 0.0316p- |——b-dv = 220.126 Kips
S M v-cot(0)
P 1000 _
\ S =116.1 Kips
Vj, == 0.25f b-dv = 1.567x 10° Kipe
v = mif Vo, (V; + V)¢ =302.608 Kips

ShearCheck (¢vn , V) == |a < "OK" if ¢vn >V,
a < "FAILURE" if ¢vn <V,

a

Shearcheck? := ShearChed<(¢Vn ,vu) = "OK"

LRFD Article 5.8.3.4.1

LRFD Eg. 5.8.2.9-1

LRFD Eg. 5.8.3.3-3

LRFD Eqg. 5.8.3.3-4

If ShearCheck?2 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

variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

Avmin = 0.0316 .25 _¢.379 2
1000 fye in

1000

.2
Av = 2ASIO =04 in

TranCheck(Avmin,Av) := |a <« "Decrease Spacing or Increase Bar Size"

a <« "OK" if Avmin< Av

a
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LRFD Eqg. 5.8.2.5-1

if Avmin > Av




MinimumTran:= TranCheck(Avmin, Av) ="OK"

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V,
VU= — = 0.061 Ksi LRFD Eq. 5.8.2.9-1
$gb-dv
spacingProgram(Vu,dv,fc) = [v « 0.125—_ LRFD Eq.5.8.2.7-1 and 5.8.2.7-2
1000
g « 0.8dv
r < 0.4dv

z«q ifg<24
2z« 24 if q>24
ter if r <12
t« 12 ifr >12
a<«z if Vu<v

a«tifVuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,ft)) =24 in
The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"
ALDOT standard

Spacecheck (MaxSpacing,s,Vu,VC) = |a < min(MaxSpacing,12) if V|, <0.50.9V,

a « min(s,MaxSpacing,12) otherwise

a

s = Spacecheck (MaxSpacing,s,Vu,VC) =12 in
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Design Summary - Bent 2

Stirrup = "#4"
s =12 in
N, =16.615 in

Design Check Summary - Bent 2
Shearcheck2 = "OK" Shear capacity outside hinge zone >Vn

MinimumTran= "OK" Minimum shear reinforcement outside hinge zone

Bent 3 Design
Reinforcement Information Guide Article 8.6.5
The designer should input all information concerning the longitudinal and transverse

reinforcement of the column, specifically within the plastic hinge zone. Both circular and
rectangular columns are allowed.

dpyi=14 in Diameter of Longitudinal Reinforcement
Stirrup := "#4" Stirrup Type
| in®  Area of Transverse Reinforcement
De :=0.62! in Diameter of Transverse Reinforcement
— INPUT
Dprime:=( in Diameter of Spiral or Hoop for Circular Columns
si=¢ in Pitch of Spiral or Spacing of Hoops/Ties for Circular Columns
b = Columnwidttg o3, in  Width of Rectangular Column
Cover :=Z in Column Concrete Cover

AAAAAAAAAA

Article 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is
based on the tributary dead load and live load assumed to be present during an earthquake.
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DesignForoe{As) = |A « Ag

a <« 0.15 if A <0.05
a<«0.25if A>0.05
a

VR Multielierzz DesignForce(AS) =0.15

VRgent3 VR_Multiplier
HorizontalDesignForoe = en N =31.951 ki

Dl VR_Multiplier
Horizontal DesignForce2 := Bent23 . —29.071 Kig

Article 4.12: Determine Minimum Support Length

L :=BentTribLengthy3 = 135

ColumnHeighigent3

H:= =28.843
il 12

Standard Specifications

Ngstan = (8 + 0.02L + 0.084)-(1 + 0.0001255Ken?) ~13.007 in

ATC-49 Equation (New Design)

Np =4+ .01+ .08H+ 1.004H [1+|2=| || —————| =17.835 in
3 oH ( 8) COS(SKEWR)

180
Article 8.2: Column Detailing

Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must be met.
Otherwise, no minimum column detailing is required and the checks below can be ignored.

Bent3 := SDlChecl(SDl) ="No SDC B Detailing Required"

LRFD 5.8.3.3 Nominal Shear Resistance Guide Article 8.6.1
. ) N )
M= HorlzontaIDeS|gnForce-—I =95.852 Kips
(60]

Q=0
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B.i=2(

0:=—_.45-0785 rad
180

0

dp) .
Dr :=b — Cover — Dyp —— = 41.67 in
MW P 2

de :=b — Cover =43 in

AAAAA

LRFD Article 5.8.3.4.1

LRFD Eqg. 5.8.2.9-1

dv :=0.9de =387 in
fc : LRFD Eq. 5.8.3.3-3
V, :=0.03168 |—=b-dv =220.126 s
o b To00” ip
fye

sp"To00" V@O LRFD Eg.5.8.3.3-4
N 5 =116.1 Kips
V= g 25T b-dv = 1.567x 10° Kip
Qv :=mif Vo, (Vg + V)¢ =302.608 kip

ShearCheck (¢Vn ,Vu) = |a < "OK" if ¢vn =V,

a < "FAILURE" if ¢vn <V,

a

Shearchedk? := ShearCheck(¢vn , ) = "OK"
MWWWWWWWWWA

If ShearCheck2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

LRFD Eg. 5.8.2.5-1

Avmin = 0.0316 | .25 _0.379 2
P 1000 fye in
1000
AV = 2A.. =0.4 in’
AM\A/N'_ sp =0. n
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TranCheck(Avmin,Av) := |a « "Decrease Spacing or Increase Bar Size" if Avmin > Av
a « "OK" if Avmin< Av

a

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V,
u=—" _ —0.061 ksi LRFD Eq. 5.8.2.9-1

VU =
WV b gebedv

spacingProgram(Vu, dv, ) = |v « 0125%) LRFD Eqg. 5.8.2.7-1 and 5.8.2.7-2

g « 0.8dv

r < 0.4dv

z«q ifg<24
2z« 24 if q>24
ter if r <12
t«12 if r >12
a«z if Vu<v
a«tif Vvuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,fc)) =24 in

AAAAAAAAAAAAAA

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"

ALDOT standard
Seacecheck (MaxSpacing,s,Vu,Vc) = |a <= min(MaxSpacing,12) if V|, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise

a
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5= Spacecheck (MaxSpacing,s,Vu,VC) =12 in

Design Summary - Bent 3

Stirrup = "#4"
s =12 in
Ny =17.835 in

Design Check Summary - Bent 3
Shearcheck?2 = "OK" Shear capacity outside hinge zone > Vn

MinimumTran="OK" Minimum shear reinforcement outside hinge zone

Bent 4 Design
Reinforcement Information Guide Article 8.6.5
The designer should input all information concerning the longitudinal and transverse

reinforcement of the column, specifically within the plastic hinge zone. Both circular and
rectangular columns are allowed.

dppi=1.4 in Diameter of Longitudinal Reinforcement
Stirrup :="#4" Stirrup Type
= in®  Area of Transverse Reinforcement
De :=0.62! i Diameter of Transverse Reinforcement
— INPUT
Dprime:=( in Diameter of Spiral or Hoop for Circular Columns
s:=¢ i Pitch of Spiral or Spacing of Hoops/Ties for Circular Columns
b := Columnwidttg g3, in Width of Rectangular Column
Cover :=2 in Column Concrete Cover

AAAAAAAAAA

Article 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is
based on the tributary dead load and live load assumed to be present during an earthquake.
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DesignForce(As) = A <« Ag

a <« 0.15 if A <0.05
a<« 025 if A>0.05

a

VR MultiRIier:: DesignForoe(AS) =0.15

VRgenta' VR_Multiplier

Horizontal Designorce := N =25.442 Kir
DLgenta VR_Multiplier
Horizontal DesignForceZ = en N =23.149 Kig

Article 4.12: Determine Minimum Support Length

,!»7:: BentT ribLength, = 107.5

ColumnHeighigenta
H:=

: = 26.63
v 12
Standard Specifications

Nggtan = (8+ 0.02L + 0.08H)-(1 + 0.0001258kew2) =12.28 in

ATC-49 Equation (New Design)

N4 =4+ .01+ .0H + 1.09\/H~ 1+|2—-| || — | =16.728 in
8 COS(SkeW-n)

180
Article 8.2: Column Detailing

Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must be met.
Otherwise, no minimum column detailing is required and the checks below can be ignored.

Bent4 := SDlChecI(SDl) ="No SDC B Detailing Required"

LRFD 5.8.3.3 Nominal Shear Resistance Guide Article 8.6.1
Mun= HorizontalDesignForce-l =76.326 Kips
col
g=0.¢
B=21 LRFD Article 5.8.3.4.1
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0= .45-0785 rad
180

M
dp
Dr:=b —Cover — Dy, — — =41.67 in
MW p 2
de:=b —Cover =43  in LRFD Eg. 5.8.2.9-1
dv :=0.9de =387 in
3 . LRFD Eq. 5.8.3.3-3
V. :=0.0316 [——b-dv = 220.126 Kips
M b J 1000 'P
fye
Asp TogoV (O LRFD Eq. 5.8.3.3-4
A\A/w:: S =116.1 Kips
V= bg25% b-dv = 1.567x 10° Kips
Q= mif Vi, (Vg + Vg )-d] = 302.603 kipe

ShearC heck | ¢Vn ,Vu) = |a <« "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a

Shearchedk? := ShearChedk(¢vh ,\/,) = "OK"
MWWWWWWWWWA

If ShearCheck2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

LRFD Eg. 5.8.2.5-1

Avmin = 0.0316 | .25 _0.379 2
AW 1000 fye in
1000
AV = 2A.. =0.4 in’
AM\KN'_ sp =0. n
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TranCheck(Avmin,Av) := |a <« "Decrease Spacing or Increase Bar Size" if Avmin > Av
a « "OK" if Avmin< Av

a

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V,
VU = =0.049 ksi LRFD Eqg. 5.8.2.9-1
WV hgbedv
spacingProgram(Vu,dv, fc) == |v « 0.125- LRFD Eq. 5.8.2.7-1and 5.8.2.7-2
1000
g « 0.8dv
r < 0.4dv

z«+q if g<24
z« 24 ifg>24
ter if r <12
t«12 ifr >12
a<«z if Vu<v
a«tif Vvuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,ft)) =24 in

AAAAAAAAAAAAAA

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"
ALDOT standard

Spacecheck (MaxSpacing,s,Vu,VC) = |a « mi(MaxSpacing,12) if V; <0.50.9V,

a < min(s,MaxSpacing,12) otherwise
a

§,:= Spacecheck (MaxSpacing,s,Vu,VC) =12 in
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Design Summary - Bent 4

Stirrup = "#4"
s =12 in
Ny =16.728 in

Design Check Summary - Bent 4
Shearcheck2 = "OK"

MinimumTran="OK"

Shear capacity outside hinge zone > Vn

Minimum shear reinforcement outside hinge zone
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Appendix C: Stave Creek Bridge SDC Al

Designer: Jordan Law ORIGIN:=1

Project Name: Stave Creek Bridge

Job Number: BR-0069 (501)

Date: 5/24/2012

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information
Coordinates: 31.551N, 87.930W
Soil Site Class: D

Superstructure Type: AASTHO Type | girders for end spans
AASTHO Type Il girders for middle span

Substructure Type: Rectangular columns supported on piles
Abutment Type: Abutment beam supported on drilled shafts

Note: Input all of the below information.

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,
bent volume(s), and guard rail volume(s). Also, information about foundations should
also be included if the bridge is classified as SDC B.

fc :=400( psi Ag = .07t
fye :=6000( psi
N Spg = .08 INPUT

Poonc = 0.0868 —

) n SDS =.10

ﬂ
g.:= 386.¢ ;2 SDC -~ "A"
Length of Bridge (ft) L:=16¢ ft
Skew of Bridge (degrees) Skew :=C degrees
End Spans (ft) EndSpan := 4( ft
Middle Span (ft) MidSpan := 8¢ ft
Deck Thickness (in) theck =7 in
Deck Width (ft) DeckWidth :=42.7! ft
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Number of Bridge Girders N:=¢€

I-Girder (AASHTO Type I11) X-Sectional Area (in2) IGirderlllArea := 559.! in?
I-Girder (AASHTO Type 1) X-Sectional Area (in2) IGirderlArea := 27¢ in?
Guard Rail Area (in2)

Bent Volume (ft3)

Column Diameter (in)
Number of Columns per Bent

Drilled Shaft Diameter (in) in

Drilled Shaft Abutment Diameter (in) in

The column height is measured from the bottom of the bent to the top of the pile footing.

Other options include measuring from the top of the bent to the ground surface or to a
change in diameter

(if possible). If the plastic hinge location (at the bottom of the column) is known, then
the column height should be measured from the bottom of the bent to the known hinge

PQBlage Column Height for Bent 2 (ft)

Average Column Height for Bent 3 (ft)

Column Area (in2)

Drilled Shaft Area (in2) _

Drilled Shaft Abutment Area (in2)

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

EndSpan := EndSpan-12 = 480 in
MidSpan := MidSpan-12 = 1.02x 10° in
L:=L12=1.98x 10° in
DeckWidth := DeckWidth-12 =513 in
3 6 .3
BentVolume:= BentVolumel?2™ =1.217x 10 in

AAAAAAAAAAAAAAAAAA
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Columnl—leighsagmz := ColumnHeighigg o 12 = 122.448 in
CqumnHeighhems := ColumnHeighigg 312 = 172.08 in

Find Vertical Reactions at Each Bent:

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)

DeckWidth-2-1.375 Number of Lanes On Bridge (Design Lane
12 Width of 10 ft) See LRFD 3.6.1.2.4
Num_Lanes := trunc =3
12
YEQ=0. LRFD Specificaiton C3.4.1 (Extreme Case I) INPUT

The y gQ Vvalue is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification
recommends a value of 0.5. See LRFD Article C3.4.1 under "EXTREME EVENT

1" KIf

LL_design := 0.6 e LRFD Specification 3.6.1.2.4
KIf
:=LL_designygq=0.32 —
Q —ESIINTEQ lane
LL_fot := Q- Num_Lanes = 0.9 kit Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

Dlgent2 =+ ki Llgenip =1 ki
i INPUT
D = Kir L = iF
Lgent3 =1 Lgent3 =1
VRgent2 = Plgent2 + Llgent2 =1 Kir
VRBent3 ‘= Plgenta + Llgenta =1 ki

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

Litgeck -DeckWidth + 2-BentVolume+ 2-Acolumn-ColumnHeighiggpio -
+2-Acolumn-ColumnHeighig g3 + 2EndSpan-N-IGirderlArea ...
+ N-MidSpan-IGirderlllArea + 2-GuardRail Area- L

1000

Pconc’

W =
MWy
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W = 1436.686 kips

Note: An elevation view of the bridge shows that the tributary area for Bents 2 and 3 are
identical, and therefore the tributary weights will be equal. The information below should be
adjusted for different bridges.

EndSpan-MidSpan

2
BentT ribLength := 5 =625 ft

EndSpan-MidSpan
2

BentT ribArea := - =0.379 Percent of Area Tributary to Bent
DlLpgent = BentT ribArea: W = 544.199 Kig
LLgggyy := BentTriblengthLL_bot = 60 ki
VRgent = Plgent + Llgent = 604.19 Kig

VRBent2 = VRgent VRgent3 = VRBent

Steps for Seismic Design

Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.
Article 3.2: Bridges are designed for the life safety performance objective.

Article 3.4: Determine Deisgn Response Spectrum

Article 3.5: Determine SDC

Article 4.6: Determine Design Forces

Article 4.12: Determine Minimum Support Length

Article 8.2: Column Detailing

Articles 3.4 and 3.5 have already been determined from the "SDC Classification” sheet.
Make sure the four values (Ag, Sps, Sp1, and SDC) have been input above.

Bent 2 Design

The designer should input all information concerning the longitudinal and transverse
reinforcement of the column, specifically within the plastic hinge zone. Both circular and
rectangular columns are allowed.
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Reinforcement Information

dyp =14 in Diameter of Longitudinal Reinforcement

Stirrup := "#4" Stirrup Type

Asp =2 in>  Area of Transverse Reinforcement

Dy, = 0.62 in  Diameter of Transverse Reinforcement

Dprime:= in  Diameter of Spiral or Hoop for Circular Columns INPUT
s.:=1( in Pitch of Spiral or Spacing of Hoops/Ties for Circular Columns
b := Columnwidtt in Width of Rectangular Column

Cover :=2 in Column Concrete Cover

Article 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is
based on the tributary dead load and live load assumed to be present during an earthquake.

DesignForoe(As) = |A « Ag

a <« 0.15 if A <0.05
a<« 025 if A>0.05
a

VR_Multiplier:= DesignForce(AS) =0.25

VRgent2' VR_Multiplier
Horizontal DesignForce := =25.175

N

DLgent VR_Multiplier

Horizontal DesignForce2 := N =22.675

Article 4.12: Determine Minimum Support Length

L :=BentTribLength = 62.5
ColumnHeighig gyt

H:=

m 12

Standard Specifications

=10.204

Nogtan = (8 + 0.02L + 0.08H)-(1 + 0.0001255Ken?) = 10.066

ATC-49 Equation (New Design)
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2| [ 1+1.255p;
Ny := |4+ .02 + .08H + 1.09yH- 1+(2.—j | —————| =11.539 in

8 Skew-mt
COoS
180

Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must be met.
Otherwise, no minimum column detailing is required and the checks below do not apply.

Article 8.2: Column Detailing

SD1Check(SDY) := |a <« "Minimum SDC B Detailing Required'if SD1 > 0.1(
a < "No Minimum SDC B Detailing Required'btherwise
a

SDlChecI«(SDl) ="No Minimum SDC B Detailing Required

LRFD 5.8.3.3 Nominal Shear Resistance Guide Article 8.6.1
V= HorizontalDesignForcel =75.525 Kips
col
g =0.
B=2( LRFD Article 5.8.3.4.1
0:=—.45=0.785 rad
180
dp|
Dr :=b — Cover — DSp - — =3267 in
2
de:=b —Cover =34 in LRFD Eg. 5.8.2.9-1
dv :=0.9de =30.6 in
V, = 0.0316p- flb.dv — 139.242 Kipe LRFD Eq. 5.8.3.3-3
1000
fye

2Asp TooglV et ®) LRFD Eg.5.8.3.3-4

Vg = =73.44 Kips
S

V, 1= .25 b-dv = 9.914x 10° Kipe
v = mif Vo, (Vg + V)b = 101414 Kips
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ShearCheck (¢vn , V) == |a « "OK" if ¢vn >V,
a < "FAILURE" if ¢vn <V,

a

Shearcheck? := ShearChed<(¢Vn ,vu) = "OK"

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

_ S b-s LRFD Eqg. 5.8.2.5-1
Avmin:=0.0316 [—- =0.379 .2
1000 fye in
1000
Av :=2A., =04 in?
v i=2Agy =0. in
TranCheck(Avmin,Av) := |a « "Decrease Spacing or Increase Bar Size" if Avmin > Av

a <« "OK" if Avmin<Av

a

MinimumT ran:= TranCheck(Avmin, Av) = "OK"

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V
VU= ——  =0.076 ks LRFD Eg. 5.8.2.9-1
$gb-dv
spacingProgram(Vu,dv,fc) == v « 0.125— % LRFD Eq.5.8.2.7-1 and 5.8.2.7-2
1000
g « 0.8dv
r < 0.4dv

z«q ifg<24
2z« 24 if q>24
ter if r <12
t«12 ifr >12
a<«z if Vu<v

a«tifVuxv

a
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MaxSpacing := floor (spacingProgram(vu,dv,ft)) =24 in

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"

AL%%aIe%ﬁ%&dGWaxSpaoing,s,Vu,VC) = |a < min(MaxSpacing,12) if V|, <0.50.9V,

a « min(s,MaxSpacing,12) otherwise

a

5= Spacecheck (MaxSpa:ing,s,Vu,VC) =10 in

Design Summary - Bent 2

Stirrup = "#4"
s =10 in
N, =11.539 in

Design Check Summary - Bent 2
Shearcheck2 = "OK" Shear capacity outside hinge zone >Vn

MinimumTran= "OK" Minimum shear reinforcement outside hinge zone

Bent 3 Design

The designer should input all information concerning the longitudinal and transverse
reinforcement of the column, specifically within the plastic hinge zone. Both circular and
rectangular columns are allowed.

Reinforcement Information
=14 in Diameter of Longitudinal Reinforcement
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Stirrup := "#4" Stirrup Type

AAAAAAAAAA

»ﬁsw:: 2 in>  Area of Transverse Reinforcement

Dsp :=0.62! in Diameter of Transverse Reinforcement

Dprime:=( in  Diameter of Spiral or Hoop for Circular Columns INPUT
s.:=1( in Pitch of Spiral or Spacing of Hoops/Ties for Circular Columns
b_ := Columnwidtt in Width of Rectangular Column

Cover =2 in Column Concrete Cover

AAAAAAAAAA

Avrticle 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is
based on the tributary dead load and live load assumed to be present during an earthquake.

VR Multiplier:= DesignForce(Ag) =0.25
VRgent3 VR_Multiplier
HorizontalDesignForce := ents - — 25.175 ki

_ _ Dlgent VR_Multiplier .
Horizontal DesignF-orce? := N =22.675 Kig

Article 4.12: Determine Minimum Support Length
L :=BentTribLength = 62.5
ColumnHeighigents

H:= =14.34
il 12

Standard Specifications

Nagtan := (8+ 0.02L + 0.08H).(1 + 0.0001285Kken?) = 10.307 i

ATC-49 Equation (New Design)

2| ( 1+ 1.255p;
Ng:=[4+ .02+ .08H + L.ONH- |1+ [ 22| || ——=| =12.799 in
3 oH ( 8) COS(Skew-n)

180

Article 8.2: Column Detailing
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Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must be met.
Otherwise, no minimum column detailing is required and the checks below do not apply.

SDlChecl(SDl) ="No Minimum SDC B Detailing Required

LRFD 5.8.3.3 Nominal Shear Resistance Guide Article 8.6.1
N HorizontaIDesignForce~l =75.525 kips
col
&\SX: 0.¢
R.=2! LRFD Article 5.8.3.4.1
0:=—45=0.785 rad
M 180
dp|
Dr :=b — Cover — DSp - — =32.67 in
MY 2
de:=b —Cover =34  in LRFD Eqg. 5.8.2.9-1
dy :=0.9de =30.6 in
fc . LRFD Eg. 5.8.3.3-3
v::.1-f—. =139.242 ¢
Vo= 0.0816- | ——D-dv =139 Kips
fye

2Asp TooglV-eet(©) LRFD Eg. 5.8.3.3-4
Xw; S =73.44 Kips
Vo= 025 -b-dv = 9.914x 10° Kips
Qv := mif Vo, (Vg + V)b = 191.414 Kips

ShearCheck ( ¢Vn ,Vu) = |a « "OK" if ¢vn =V,

a « "FAILURE" if ¢vn <V,
|a
Shearchedk? := ShearCheck (¢vn , ) = "OK"
MWWWWWWWWA

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement
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Avmin = 0.0316 /%) bs 4479 . LRFD Eg. 5.8.2.5-1

fye in
1000

AV =2A, =0.4 in?

AW Sp

TranCheck(Avmin,Av) := |a < "Decrease Spacing or Increase Bar Size" if Avmin > Av

a <« "OK" if Avmin< Av
la

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V,
VU =

=0.076 i . 0.0.2.9-
B o ks LRFD Eq. 5.8.2.9-1

spacingProgram(Vu,dv, t) := |v « 0.125%) LRFD Eq. 5.8.2.7-1and 5.8.2.7-2

q <« 0.8dv

r < 0.4dv

z«+q if g<24
2z« 24 ifg>24
ter if r <12
t« 12 if r >12
a«z if Vu<v

a«t ifVuxv

a

MaxSpacing := floor (spacingProgram(vu, dv,t)) =24 in
The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"
ALDOT standard
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Spacecheck (MaxSpacing,s,Vu,VC) = |a < minMaxSpacing,12) if V|, <0.50.9V,
a < min(s,MaxSpacing,12) otherwise

a
5= Spacecheck (MaxSpacing,s,Vu,VC) =10 in

Design Summary - Bent 3

Stirrup = "#4"
s =10 in
Ng =12.799 in

Design Check Summary - Bent 3
Shearcheck2 = "OK" Shear capacity outside hinge zone >Vn

MinimumTran= "OK" Minimum shear reinforcement outside hinge zone
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Appendix D: Stave Creek Bridge SDC A2

Designer: Jordan Law ORIGIN:=1

Project Name: Stave Creek Bridge

Job Number: BR-0069 (501)

Date: 5/24/2012

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information
Coordinates: 31.551N, 87.930W
Soil Site Class: D

Superstructure Type: AASTHO Type | girders for end spans
AASTHO Type Il girders for middle span

Substructure Type: Rectangular columns supported on piles
Abutment Type: Abutment beam supported on drilled shafts

Note: Input all of the below information.

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,
bent volume(s), and guard rail volume(s). Also, information about foundations should also
be included if the bridge is classified as SDC B.

fc :=400( psi Ag = .07
fye :=6000( psi

N Spp =101 INPUT
Poonc = 0.0868 —

n Spg = -15:

in

g.:= 386.¢ ;2 SDC = "A"
Length of Bridge (ft) L:= 16 ft
Skew of Bridge (degrees) Skew :=C degrees
End Spans (ft) EndSpan := 4( ft
Middle Span (ft) MidSpan := 8¢ ft
Deck Thickness (in) tdeck =7 in
Deck Width (ft) DeckWidth :=42.7! ft
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Number of Bridge Girders N:=€

I-Girder (AASHTO Type I11) X-Sectional Area (in2) IGirderlllArea := 559.! in?
I-Girder (AASHTO Type I) X-Sectional Area (in2) IGirderlArea := 27¢ in?
Guard Rail Area (in2)
Bent VVolume (ft3)

Column Diameter (in)
Number of Columns
Drilled Shaft Diameter (in)

in

=
w

Drilled Shaft Abutment Diameter (in)

The column height is measured from the bottom of the bent to the top of the pile footing.
Other options include measuring from the top of the bent to the ground surface or to a
change in diameter

(if possible). If the plastic hinge location (at the bottom of the column) is known, then the
column height should be measured from the bottom of the bent to the known hinge point.

Average Column Height for Bent 2 (ft)
Average Column Height for Bent 3 (ft)

=3

Column Area (in2) Acolumn := Columnwidtt? = 1.206x 10° in’

DSdidn

Adrilledshaft <= —2.827x 10°

Drilled Shaft Area (in2)

DSabutdiaz-n 3 2
Drilled Shaft Abutment Area (in2) Adsabut := ———— =1.385< 10 in

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

EndSpan := EndSpan-12 = 480 in
MidSpan := MidSpan-12 = 1.02x 10° in
L:=L12=1.98x 10° in
DeckWidth := DeckWidth-12 = 513 in
BentVolume:= BentVqume123 =1.217x 106 in

AAAAAAAAAAAAAAAAAA
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CqumnHeigthmz := ColumnHeighigg o 12 = 122.448 in
ColumnHeigthms := ColumnHeighigg 312 = 172.08 in

Find Vertical Reactions at Each Bent:

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)

DeckWidth-2-1.375

Number of Lanes On Bridge (Design Lane

12
Num_Lanes := trunc 5 =3 Width of 10 ft) See LRFD 3.6.1.2.4
YEQ =0 LRFD Specificaiton C3.4.1 (Extreme Case 1) INPUT

They EQ value is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification
recommends a value of 0.5. See LRFD Article C3.4.1 under "EXTREME EVENT

III
LL._design := 0.6 % LRFD Specification 3.6.1.2.4
Q:=LL_design =0.32 ﬁ
=S EQ =T lane
LL_fot := Q Num_Lanes = 0.9 kit Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

Dlgent2 =t ki Llgerto =1 ki
. ) INPUT
D " Kig L " Kig
Lgent3 =" Lgent3 ="
VRgent2 = Dlgent2 + Llgent2 =1 ki
VRgent3 = Dlgenta + Llgent3 =1 Kir

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

Lrtgeck -DeckWidth + 2-BentVolume+ 2 Acolumn-ColumnHeighigepio -
+2-Acolumn-ColumnHeighiggpt3 + 2EndSpan-N-IGirderlArea ...
+ MidSpan-N-IGirderlllArea + 2-GuardRailArea- L

1000

Pconc’

W =
MWV
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W = 1436.686 Kips

Note: An elevation view of the bridge shows that the tributary area for Bents 2 and 3 are
identical, and therefore the tributary weights will be equal. The information below should be
adjusted for different bridges.

EndSpan-MidSpan

BentT ribLength := 122 =625 tt

EndSpan-MidSpan
2

BentT ribArea := - =0.379 Percent of Area Tributary to Bent
DLpggnt = BentT ribArea: W = 544.199 Kig
Kif

Llgenyt := BentTribLength-LL_bot = 60

VRgert == Dlient + Llgent = 604.199 ki

VRgent2 = VRBent VRgent3 = VRBent

Steps for Seismic Design
Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.

Article 3.2: Bridges are designed for the life safety performance objective.
Article 3.4: Determine Deisgn Response Spectrum

Article 3.5: Determine SDC

Article 4.6: Determine Design Forces

Article 4.12: Determine Minimum Support Length

Article 8.2: Column Detailing

Articles 3.4 and 3.5 have already been determined from the "SDC Classification"” sheet.
Make sure the four values (Ag, Sps, Sp1, and SDC) have been input above.

Bent 2 Design
Reinforcement Information Guide Article 8.6.5

The designer should input all information concerning the longitudinal and transverse
reinforcement of the column, specifically within the plastic hinge zone. Both circular and
rectangular columns are allowed.
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Reinforcement Information

dyp =14 in Diameter of Longitudinal Reinforcement

Stirrup := "#4" Stirrup Type

Asp =2 in>  Area of Transverse Reinforcement

Dy, = 0.62 in  Diameter of Transverse Reinforcement

Dprime:=( in  Diameter of Spiral or Hoop for Circular Columns INPUT
S=F in Spacing of Stirrups or Hoops/Ties

sNOhinge := 1( in Pitch of Spiral or Spacing of Hoops/Ties outside PHL

b := Columnwidtt in Width of Rectangular Column

Cover :=2 in Column Concrete Cover

Article 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is
based on the tributary dead load and live load assumed to be present during an earthquake.

DesignForce(AS) = |A « Ag
a <« 0.15 if A <0.05
a<«0.25if A>0.05
a

VR_Multiplier:= DesignForoe(AS) =0.25

VRgento' VR_Multiplier

Horizontal DesignForce := N =25.175
DLgent VR_Multiplier
Horizontal DesignForce, := en N =22.675

Article 4.12: Determine Minimum Support Length
L :=BentTribLength = 62.5
ColumnHeighiggpio
B= 12
Standard Specifications

=10.204

Nogtan = (8 + 0.02L + 0.08H)-(1 + 0.0001255Ken?) = 10.066
219
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ATC-49 Equation (New Design)

_ N2|( 1+1.255p;
Ny :=|4+ .01 +.08H+ 1.09%YH |1+ |2~ | || ——=| =11825 in
8 COS(SkeW-n)

180
Article 8.2: Column Detailing

Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must
be met. Otherwise, no minimum column detailing is required and the checks below can be
ignored.

SD1Check(SDY) := |a <« "Minimum SDC B Detailing Required'if SD1 > 0.1(

a < "No SDC B Detailing Required" otherwise

a
SDlChecl«(SDl) ="Minimum SDC B Detailing Required

The Guide Specifications has a minimum shear reinforcement of 0.003 for spiral or circular
hoop reinforced columns and 0.002 for ties in the direction of bending.

Calculate p \y:

2A - ' -
By = b.ssp 0,002 Guide Equation 8.6.2-10

CheckReinbrcement(pW) = |a « "PASS" if py, > 0.00:

a <« "FAIL" otherwise

a
ReinforcementCheck := CheckReinbroement(pW) ="PASS"

If the reinforcement check is not satisifed, the spacing between the hoops/ties or pitch of
spirals can be reduced or the area of the reinforcement can be increased

Note (Guide Article 8.8.9): The Guide Specification has a maximum spacing of six
inches within the plastic hinging zone (See below section regarding 'maximum spacing of
lateral reinforcement within plastic hinging region’ for more information).

All requirements in Artcile 8.8.9 must be satisfied:
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Cross-tie Requirements:
1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, 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

longitudinal bars shall be alternated end-for-end.
Hoop Requirements

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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the long reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Plastic Hinging Region (4.11.7)

Guide Article C8.8.9

The length over which the transverse reinforcement calculated above is to extend over
the plastic hinge length to be calculated. For SDC A, this region can be calulated using
Article 5.10.11.4.1e of the LRFD Specifications, as it is here. The LRFD Specifications
allows for a shorter plastic hinge.

LRFD Article 5.10.11.4.1e
PlasticHingeLength(ColumnDia ColumnHeigh) := |a < ColumnDia

b « %ColumnHeigh‘

c« 18
PHL «— maxa,b,c)
PHL
PHL:= PIasticl—|ingeLength(CoIumnvvidth, CqumnHeighbentz) =36 in

Maximum Spacing of Lateral Reinforcement in Plastic Hinge RegionGuide Article 8.8.9

Shall Not Exceed the Smallest of:
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Spacingprogram(Cqumndiadb|) =1g « [éjColumndia
t« 6
a <« min(q,r,t)
a
MaximumSpacing:= Spacingprogram(ColumnWi dth, dbl) =6 in

Check reinforcement spacing vs maximum allowed spacing:

SpaceCheck (s, MaximumSpacing :=

a < "PASS" if s < MaximumSpacing

a < "SPACING GREATER THAN MAXIMUM'btherwise

a

SpacingCheck := SpaceCheck (s, MaximumSpacing = "PASS"

LRFD 5.8.3.3 Nominal Shear Resistance

. . N .
V, = HorizontalDesignForce: —— = 75.525 Kips

NcoI

c])s =0.¢
B:=2.(

T
0:=—-45=0.785 rad

180

dp) .

Dr :=b — Cover — Dsp - 7 =32.67 in

de :=b — Cover =34

dv :=0.9de =30.6

in

in

fc
V. := 0.0316- f—b-dv =139.242 Kips
¢ p 1000 P

5 ~fy—edv~cot(9)
P 1000 _
Vg = S =146.88 Kips
Vj, == 25T -b-dv = 9.914x 10° Kipe
v = mif V. (Vg + Vg)-06] =257.51 Kips
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Guide Article 8.6.1

LRFD Article 5.8.3.4.1

LRFD Eg. 5.8.2.9-1

LRFD Eq. 5.8.3.3-3

LRFD Eqg. 5.8.3.3-4




ShearCheck(d)Vn ,Vu) = |a <« "OK" if ¢Vn 2V,
a < "FAILURE" if ¢vn <V,

a

Shearcheck? := ShearCheck(¢vn , ) = "OK"

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

- LRFD Eqg. 5.8.2.5-1
Avmin = 0.0316 | D-SNONinge - 7 q 2
1000 fye In
1000
=2Ay, =0 in’
Av = sp = 4 in
TranCheck(Avmin,Av) := |a « "Decrease Spacing or Increase Bar Size" if Avmin > Av

a < "OK" if Avmin< Av

a

MinimumTran:= TranCheck(Avmin, Av) ="OK"

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V
VU= —— =0.076 ks LRFD Eq. 5.8.2.9-1
$gb-dv
. fc
spacingProgram(Vu, dv. fc) = v < 0.125 700 LRFD Eq. 5.8.2.7-1 and 5.8.2.7-2
g < 0.8dv
r < 0.4dv

z«q ifg<24
2z« 24 if g>24
t«r ifr <12
t«12 ifr >12
a«z if Vu<v

a«tif Vvuxv

a
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MaxSpacing := floor (spacingProgram(vu,dv,ft)) =24 in

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"
ALDOT standard
Spacecheck (MaxSpacing,s,Vu,VC) = |a < min(MaxSpacing,12) if V|, <0.50.9V,
a « min(s,MaxSpacing,12) otherwise

|a

SNOhinge := Spacecheck (MaxSpacing,sNOhinge,Vu,Vc) =10 in

There are no seismic foundation design requirements for SDC A
Design Summary

Stirrup = "#4" Stirrup size of transverse reinforcement
s=5 i Spacing of stirrups in PHL

sNOhinge = 10 in  Spacing of stirrups outisde PHL

PHL =36 i Plastic Hinge Length

N, =11.825 in  Minimum Seat Length

Design Check Summary

ReinforcementCheck = "PASS" Reinforcement ratio

SpacingCheck = "PASS" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumTran="OK" Minimum shear reinforcement outside hinge zone

Bent 3 Design
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Reinforcement Information

Guide Article 8.6.5

The designer should input all information concerning the longitudinal and transverse
reinforcement of the column, specifically within the plastic hinge zone. Both circular and

rectangular columns are allowed.

Reinforcement Information

=14 in Diameter of Longitudinal Reinforcement

Stirrup :="#4" Stirrup Type

Aospa= 2 in°  Area of Transverse Reinforcement

Dgp,:=0.62 in Diameter of Transverse Reinforcement

Dprime:= ir  Diameter of Spiral or Hoop for Circular Columns INPUT
= in Spacing of Stirrups or Hoops/Ties

sNOhinge := 1( in Pitch of Spiral or Spacing of Hoops/Ties outside PHL

b := Columnwidtt in Width of Rectangular Column

Cover :=2 in Column Concrete Cover

AAAAAAAAAA

Article 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is
based on the tributary dead load and live load assumed to be present during an earthquake.

DesignForce{AS) = |A « As

a<« 015 if A <0.05
a« 02 if A=>0.05
2

VR Multielierzz DesignForoe(AS) =0.25

VRgent3 VR_Multiplier
Horizontal DesignForce := ent3 . = 25175

D -VR_Multiplier
HorizontalDesignForoea = LBent N =22.675

Article 4.12: Determine Minimum Support Length
L :=BentTribLength = 62.5
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ColumnHeighgents

H:= =14.34
v 12
Standard Specifications
N3gign = (8 + 0.02L + 0.08H)'(1 + 0.0001258kev\/2) =10.397 in

ATC-49 Equation (New Design)
N3 :=|4+ .01+ .08H + 1.0K\H- [1+ (23) | —— | =13.117 in

(Skew-n)
cos| —
180
Article 8.2: Column Detailing

Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must be met.
Otherwise, no minimum column detailing is required and the checks below can be ignored.

SDlChecﬂSDl) = |a « "Minimum SDC B Detailing Required'if SD1 > 0.1(
a < "No SDC B Detailing Required" otherwise
a

SDlChecl(SDl) ="Minimum SDC B Detailing Required

The Guide Specifications has a minimum shear reinforcement of 0.003 for spiral or circular
hoop reinforced columns and 0.002 for ties in the direction of bending.

Calculate p \y:

2A
=—P _0.002
b-s

CheckReinbreement(py,) == [a < "PASS" if p,, > 0.00:

a <« "FAIL" otherwise

Guide Equation 8.6.2-10

a
ReinforcementCheck := CheckReinbroement(pW) ="PASS"

If the reinforcement check is not satisifed, the spacing between the hoops/ties or pitch of
spirals can be reduced or the area of the reinforcement can be increased

Note (Guide Article 8.8.9): The Guide Specification has a maximum spacing of six
inches within the plastic hinging zone (See below section regarding 'maximum spacing of
lateral reinforcement within plastic hinging region’ for more information).

All requirements in Artcile 8.8.9 must be satisfied:
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Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, 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
longitudinal bars shall be alternated end-for-end.

Hoop Requirements

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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the long reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Plastic Hinging Region (4.11.7)

Guide Article C8.8.9

The length over which the transverse reinforcement calculated above is to extend over
the plastic hinge length to be calculated. For SDC A, this region can be calulated using
Article 5.10.11.4.1e of the LRFD Specifications, as it is here. The LRFD Specifications
allows for a shorter plastic hinge.

LRFD Article 5.10.11.4.1e
PIasticHingeLength;CqumnDiaColumnHeight) := |a < ColumnDia

b « %ColumnHeigh‘

c<« 18
PHL «— maxa,b,c)
PHL
PHL := PlasticHingel ength( Columnwidth ColumnHeight o) = 36 in

Maximum Spacing of Lateral Reinforcement in Plastic Hinge RegionGuide Article 8.8.9

Shall Not Exceed the Smallest of:
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1
Spacingprogram Columndiadb|) =1q e(ngolumndi:

I <« 6~db|

t<« 6

a « min(q,r,t)

a

MaximumSRacigg:: Spacingprogram(Cqumnvvi dth dbl) =6 in

Check reinforcement spacing vs maximum allowed spacing:
SpaceCheck (s, MaximumSpacing := |a < "PASS" if s < MaximumSpacing
a < "SPACING GREATER THAN MAXIMUM btherwise
|a

AAAAAAAAAAAAAAAAAA

LRFD 5.8.3.3 Nominal Shear Resistance Guide Article 8.6.1
N R HorizontalDesignForcel =75.525 kips
col
B,:=0.¢
fi=2d LRFD Article 5.8.3.4.1
0:=—.45=0.785  rad
M180
dp) .

Dr:=hb —Cover—DSp—— = 32.67 in
MY 2
de:=b —Cover =34 in LRFD Eg. 5.8.2.9-1
dv :=0.9de =30.6 in
Vi~ 0.0316p- f -b-dv - 139.242 Kipe LRFD Eq. 5.8.3.3-3

2Asp 100 dV cot(6) LRFD Eg. 5.8.3.3-4
Vo= - = 146.88 Kips
Vo= bg-25% b-dv = 9.914x 10° Kips
v, ;= mif Vo, (Vg + Vg)-05] = 257.51 Kips
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ShearC heck ( ¢Vn ,Vu) = |a <« "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a

Shearcheck? := ShearChed<(¢Vn ,vu) = "OK"
MWWWWWWWWWWA

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

. LRFD Eq. 5.8.2.5-1
Avmin = 0.0316 | 2-SNOhinge _ o 4 2
AW 1000 fye in
1000
AV =2A.. =0.4 in’
/wxv'_ sp = 0. n

TranCheck(Avmin,Av) := |a < "Decrease Spacing or Increase Bar Size" if Avmin > Av
a <« "OK" if Avmin< Av

a

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement
VU

VU = =0.076 Ksi LRFD Eg. 5.8.2.9-1
WV b gebedv
spacingProgram(Vu,dv. &) = v « 01251 LRFD Eg. 5.8.2.7-1 and 5.8.2.7-2
RASUILIRAATS 1000
q < 0.8dv
r < 0.4dv

z«q ifg<24
2z« 24 if q>24
ter if r <12
t«12 if r >12
a«z if Vu<v

a«tifVvuxv

a
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MaxSpacing := floor (spacingProgram(vu,dv,ft)) =24 in

AAAAAAAAAAAAAA

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"

AL%ORa-Ee%Eae&diMaxSpacing,s,Vu,VC) = |a < min(MaxSpacing,12) if V|, <0.50.9V,

a « min(s,MaxSpacing,12) otherwise

a
sNOhng := Spacecheck (MaxSpacing,sNOhinge,Vu,VC) =10 in
Design Summary
Stirrup = "#4" Stirrup size of transverse reinforcement
s=5 i Spacing of stirrups in PHL
sNOhinge = 10 i Spacing of stirrups outisde PHL
PHL =36 i Plastic Hinge Length
N3 =13.117 in  Minimum Seat Length
Design Check Summary
ReinforcementCheck ="PASS" Reinforcement ratio
SpacingCheck = "PASS" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumT ran="OK" Minimum shear reinforcement outside hinge zone

230




Appendix E: Bent Creek Road Bridge SDC A2

Designer: Jordan Law ORIGIN:=1
Project Name: Bent Creek Road Bridge

Job Number:STPOA-9032 (600)

Date: 6/4/2012

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information

Coordinates: 32.605N, -85.428W

Soil Site Class: D

Superstructure Type: BT-54 girders for both spans

Substructure Type: Rectangular columns supported on piles

Abutment Type: Abutment beam supported on drilled shafts

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,
bent volume(s), and guard rail volume(s). Also, information about foundations should also
be included if the bridge is classified as SDC B.

Note: Input all of the below information.

2400  psi As =01
fye :=60001 psi w

" Spp =% INPUT
Poonc = 0.0868 —

in’ Spg =15

in

g.:=386.: S_z SDC:="A"
Length of Bridge (ft) L:=27( ft
Skew of Bridge (degrees) Skew :=C degrees
Span Length (ft) Span = 13 ft
Deck Thickness (in) tgeck =€ in
Deck Width (ft) DeckWidth :=80.7! ft
Superstructure Depth (ft) Dy :=5.08 ft
Number of Bridge Girders N:=1¢
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.2
n

Bulb (BT-54) Girder X-Sectional Area (in2)
.2
In

BulbGirderArea := 76
GuardRailArea := 31¢
Bent VVolume (ft3) BentVolume:=31:(44.9 =558 ’
Columnwidth:= 4

Guard Rail Area (in2)

Column Width (in)

in

Number of Columns at Each Bent

The column height is measured from the bottom of the bent to the top of the pile footing.
Other options include measuring from the top of the bent to the ground surface or to a
change in diameter

(if possible). If the plastic hinge location (at the bottom of the column) is known, then the
column height should be measured from the bottom of the bent to the known hinge point.

Average Column Height for Bent 2 (ft)

Column Area (in?) Acolumn - Colummwictf ~ 1766 160 i
Pile Area (in2) Apile:=15(  in’

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

Span, := Span-12 = 1.62x 103 in

AAAAA

L= L12=3.24x 10° .
DeckWidth := DeckWidth-12 = 969 in

AAAAAAAAAAAAAAAAA

BentVolume:= BentVqumelZ3 =9.642x 105 in

AAAAAAAAAAAAAAAAAA

ColumnHeights o o := ColumnHeightgg o 12 = 240.708 in

Find Vertical Reactions at Each Bent:

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)

Number of Lanes On Bridge (Design

DeckWidth-2-1.375
=6

Num_Lanes := trunc[

12
T Lane Width of 10 ft) See LRFD
3.6.1.2.4
- LRFD Specificaiton C3.4.1 (Extreme Case 1) INPUT

They EQ value is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification
recommends a value of 0.5. See LRFD Article C3.4.1 under "EXTREME EVENT
Ill

232




it

LL_design := 0.6 = LRFD Specification 3.6.1.2.4
KIf
:= LL_design-y g =0.32 —
Q SO EQ lane
LL_fot := QNum_Lanes = 1.92 ki Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

Dlggpip =1 ki Llgento :=1 Kig
it . INPUT
Dlgent3 =1 Ligent3 =1
VReent2 = Plgent2 + Llgent2 =1 Kig
VRgent3 ‘= Plgenta + Llgenta =1 Kir

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

pconc-[L-tdeck-DeckWidth + BentVolume+ 2-Acolumn-ColumnHeighig oo J
w

+ 2Span-N-BulbGirderArea...
+ 2-GuardRail Area- L

W 1000

W =5186.151 Kips

To determine the vertical reaction at the bent, the bents tributary area will be calculated
and multiplied by the total weight. A similar calculation will be done for the live load.
This vertical reaction will be used to determine the connection force (below).

BentT ribLength := Span =135 tt
12

. Span .
BentT ribArea := - - 0.5 Percent of Area Tributary to Bent
DlLgept := BentT ribArea W = 2593.076 Kir
LLgent := BentTribLength-LL_fot = 259.2 Kig
VRgent = Dlgent + Llgent = 2852.276 KiF
VRgent2 = VRgent
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Steps for Seismic Design

Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.
Article 3.2: Bridges are designed for the life safety performance objective.

Article 3.4: Determine Deisgn Response Spectrum

Article 3.5: Determine SDC

Article 4.6: Determine Design Forces

Article 4.12: Determine Minimum Support Length

Article 8.2: Column Detailing

Articles 3.4 and 3.5 have already been determined from the "SDC Classification™ sheet.
Make sure the four values (As, Sps, Sp1, and SDC) have been input above.

Bent 2 Design

Reinforcement Information Guide Article 8.6.5

The designer should input all information concerning the longitudinal and transverse
reinforcement of the column, specifically within the plastic hinge zone. Both circular and
rectangular columns are allowed.

Reinforcement Information

dyp =14 in Diameter of Longitudinal Reinforcement

Stirrup := "#4" Stirrup Type

Asp =2 in°  Area of Transverse Reinforcement

Dgp, =0.62 in  Diameter of Transverse Reinforcement

Dprime:=( in  Diameter of Spiral or Hoop for Circular Columns INPUT
s:=4 in Spacing of Stirrups or Hoops/Ties

sNOhinge := ¢ in Pitch of Spiral or Spacing of Hoops/Ties outside PHL

b := Columnwidtt in Width of Rectangular Column

Cover :=2 in Column Concrete Cover

Article 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is
based on the tributary dead load and live load assumed to be present during an earthquake.
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DesignForce(As) = |A < Ag

a <« 0.15if A <0.05
a<« 025 if A>0.05
a

VR_Multiplier:= DesignForoe(AS) =0.25

VRgento' VR_Multiplier
Horizontal DesignForce := N =47.538 Kig

DLgent VR_Multiplier
Horizontal DesignForce?2 := il N =43.218 Kig

Article 4.12: Determine Minimum Support Length
L :=BentTribLength = 135
ColumnHeighigapio
o 12
Standard Specifications

=20.059

Nogtan = (8 + 0.02L + 0.08H)-(1 + 0.0001253kew2) =12.305 in
ATC-49 Equation (New Design)

3\2| [ 1+ 1.258p;
Ny :=|4+ .02+ .0H+ L.0%H [1+|2=]| || ————= | =16.352 in
8

Skew-rt
cos| ———
180

Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must be met.
Otherwise, no minimum column detailing is required and the checks below can be ignored.

Article 8.2: Column Detailing

SD1Check(SD)) := |a « "Minimum SDC B Detailing Required'if SD1 > 0.1(
a <« "No SDC B Detailing Required" otherwise
a

SDlChecl(SDl) ="Minimum SDC B Detailing Required

The Guide Specifications has a minimum shear reinforcement of 0.003 for spiral or circular
hoop reinforced columns and 0.002 for ties in the direction of bending.

Calculate p \y:
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ZAsp

Py = =0.0024 Guide Equation 8.6.2-10

CheckReinbrcement(pW) = |a « "PASS" if p,, >0.00:

a <« "FAIL" otherwise

a
ReinforcementCheck := CheckReinbroement(pW) ="PASS"

If the reinforcement check is not satisifed, the spacing between the hoops/ties or pitch of
spirals can be reduced or the area of the reinforcement can be increased

Note (Guide Article 8.8.9): The Guide Specification has a maximum spacing of six
inches within the plastic hinging zone (See below section regarding ‘'maximum spacing of
lateral reinforcement within plastic hinging region’ for more information).

All requirements in Artcile 8.8.9 must be satisfied:
Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp 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
longitudinal bars shall be alternated end-for-end.

Hoop Requirements

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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the long reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Plastic Hinging Region (4.11.7)
Guide Article C8.8.9
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The length over which the transverse reinforcement calculated above is to extend over
the plastic hinge length to be calculated. For SDC A, this region can be calulated using
Article 5.10.11.4.1e of the LRFD Specifications, as it is here. The LRFD Specifications
allows for a shorter plastic hinge.

LRFD Article 5.10.11.4.1e

PlasticHingeLength(ColumnDia ColumnHeigh) := |a < ColumnDia
1 .
b « E~C0IumnHelgh‘

c <« 18
PHL «— maxa,b,c)
PHL

PHL:= PIasticl—|ingeLength(Cqumnvvi dth CqumnHeighBentz) =42 in

Maximum Spacing of Lateral Reinforcement in Plastic Hinge RegionGuide Article 8.8.9

Shall Not Exceed the Smallest of:

Spacingprogram(Cqumndiadb|) =g « (é)Columndia
I <« 6~db|
t <6
a <« min(q,r,t)
a
MaximumSpacing:= Spacingprogram(Cqumnwi dth dbl) =6 in

Check reinforcement spacing vs maximum allowed spacing:
SpaceCheck (s, MaximumSpacing := |a « "PASS" if s < MaximumSpacing
a < "SPACING GREATER THAN MAXIMUM 'btherwise
a

SpacingCheck := SpaceCheck (s, MaximumSpacing = "PASS"
LRFD 5.8.3.3 Nominal Shear Resistance Guide Article 8.6.1
V= HorizontalDesignForce-L =142.614 Kips

NcoI

b =08 (5 Columns)
5 =0

=2 LRFD Article 5.8.3.4.1

0 := —-45=0.785
180
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rad

dp) .
Dr :=b — Cover — D, — — =38.67 in

de :=b — Cover =40 in

dv :=0.9de =36 in
V. = 0.0316p- |—*—b-dv = 101,117 Kips
¢ 1000 ' P
2842 dv-cot(6)
P 1000 _
Vs = - =96 Kips
sNOhinge
Vj i= b 25T b-dv = 1.361x 10° Kips
v = mifVp, (Vg + Vg )¢ =258.405 kips

ShearCheck (¢Vn , V) == |a « "OK" if ¢vn >V,
a < "FAILURE" if ¢vn <V,

a

Shearcheck? := ShearChedk(¢vn ,\{ ) = "OK"

LRFD Eg. 5.8.2.9-1

LRFD Eg. 5.8.3.3-3

LRFD Eqg. 5.8.3.3-4

If ShearCheck?2 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

variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

Avmin = 0.0316 | . 2-SNOhinge _ 5 o9¢ 2
1000 fye in
1000
AV = 2A.. =0.4 in’
V = Sp =U. n

TranCheck(Avmin, Av) := |a <« "Decrease Spacing or Increase Bar Size"

a <« "OK" if Avmin< Av

a

MinimumTran:= TranCheck(Avmin, Av) ="OK"
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If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu

VU = =0.105 Ksi LRFD Eg. 5.8.2.9-1
$gb-dv

spacingProgram(Vu,dv,fc) := |v « 0.1251L LRFD Eq. 5.8.2.7-1 and 5.8.2.7-2

000

q < 0.8dv

r < 0.4dv

z«q ifg<24
z<« 24 ifg>24
t«r ifr<i2
t«12 ifr >12
a«z if Vu<v

a<«tifVuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,fc)) =24 in

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"
ALDOT standard

Spacecheck (MaxSpacing,s,Vu,VC) = |a <~ mi(MaxSpacing,12) if V|, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise
a

sNOhng := Spacecheck (MaxSpacing,sNOhinge,Vu,VC) =9 in

There are no seismic foundation design requirements for SDC A
Design Summary
Stirrup = "#4" Stirrup size of transverse reinforcement

s=4 in  Spacing of stirrups in PHL
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sNOhinge =9 in  Spacing of stirrups outisde PHL
PHL =42 i Plastic Hinge Length

N, =16.352 in Minimum Seat Length

Design Check Summary

ReinforcementCheck ="PASS" Reinforcement ratio

SpacingCheck = "PASS" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumTran="OK" Minimum shear reinforcement outside hinge zone
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Appendix F: 1-59 Bridge over Norfolk Southern Railroad SDC A2

Designer: Jordan Law ORIGIN:=1

Project Name: Norfolk Southern RR

Job Number: STMAAF-1059 (342)

Date: 6/4/2012

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information

Coordinates: 34.125N, 85.982W

Soil Site Class: D

Superstructure Type: BT-54 girders for both spans
Substructure Type: Rectangular columns supported on piles
Abutment Type: Abutment beam supported on piles

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,
bent volume(s), and guard rail volume(s). Also, information about foundations should also
be included if the bridge is classified as SDC B.

Note: Input all of the below information.

fc:=400( psi Ag =1
fye :=6000t psi
Poonc = 0.0868 =
n Spg = -3

in
g,:=386.: 52 SDC:—"B"
Length of Bridge (ft) k=28 f
Skew of Bridge (degrees) Skew :=C degrees
Span Length 1 (ft) Spanl = 12¢ &
Span Length 2 (ft) Span2 = 14( &
Deck Thickness (in) tgeck =€ in
Superstructure Depth (ft) Dg:=¢ ft
Deck Width (ft) DeckWidth := 46.7! ft
Number of Bridge Girders N:=¢
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Bulb (BT-54) Girder X-Sectional Area (in2) BulbGirderArea := 76: in’

Guard Rail Area (in2) GuardRail Area := 31( in?
Bent Volume (ft3) Bent\ol ume:= 53 (4.54) — 954 3
Column Width (in) Columnwidth:= 4. in

Noo| = ¢

Number of Columns per Bent

The column height is measured from the bottom of the bent to the top of the pile footing. Other
options include measuring from the top of the bent to the ground surface or to a change in
diameter(if possible). If the plastic hinge location (at the bottom of the column) is known, then
the column height should be measured from the bottom of the bent to the known hinge point.

Average Column Height for Bent 2 (ft) ColumnHeighigeyo := 25.2! ft
Tallest Abutment Height Above Ground (ft) Habutment = f
Column Avrea (in2) Acolumn = Columnwidtt? = 1.764x 10° in’

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

Spanl :=Spanl-12 = 1.5x 103 in
Span2 := Span2-12 = 1.68x 103 in
3 .
L:=112=3.18x 10 in
DeckWidth := DeckWidth-12 = 561 in
3 6
BentVolume:= BentVolumel2™ = 1.649x 10 in
CqumnHeighiagmz := ColumnHeighigg o 12 = 303 in

Find Vertical Reactions at Each Bent:

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)

DeckWidth2-1.375 Number of Lanes On Bridge (Design Lane
N Lanes — trunc 12 _a Width of 10 ft) See LRFD 3.6.1.2.4
- 12
YEQ =0 LRFD Specificaiton C3.4.1 (Extreme Case I) INPUT

They EQ value is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification

recommends a value of 0.5. See LRFD Article C3.4.1 under "EXTREME EVENT
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kIf

LL_design := 0.6 = LRFD Specification 3.6.1.2.4
kIf
:= LL_design- =0.32 —
Q —ESIOMYEQ lane
LL_bot := Q-Num_Lanes = 0.96 kit Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

DLBentZ =1 le LLBentZ = le
) ) INPUT
D w Kir L - Kir
LBent3 =" Lgent3 =+
VRgent2 = Dlgent2 + Llgent2 =1 Kir
VReent3 ‘= Dlgenta + Llgent3 =1 Kig

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

pconc'{L'tdeck'De‘:kWidth + BentVolume+ 3-Acolumn-ColumnHeighg oo J
W

+ Spanl-N-BulbGirderArea+ Span2-N-BulbGirderArea...
+ 2-GuardRail Area- L

il 1000

W =3278.339 Kips

To determine the vertical reaction at the bent, the bents tributary area will be calculated
and multiplied by the total weight. A similar calculation will be done for the live load.
This vertical reaction will be used to determine the connection force (below).

Spanl+Span2
BentT ribLength := + =132.5 tt
Spanl+Span2
BentT ribArea := + =05 Percent of Area Tributary to Bent
Dlggpt := BentTribArea W = 1639.169 kir

Llggnt := BentTribLength-LL_foot =127.2 Kig

VRgert = Dlger + Llgent = 1766.369 ki
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VRgent2 = VRBent

Steps for Seismic Design

Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.
Article 3.2: Bridges are designed for the life safety performance objective.

Article 3.4: Determine Deisgn Response Spectrum

Article 3.5: Determine SDC

Article 4.6: Determine Design Forces

Article 4.12: Determine Minimum Support Length

Article 8.2: Column Detailing

Articles 3.4 and 3.5 have already been determined from the "SDC Classification™ sheet.
Make sure the four values (Ag, Sps, Sp1, and SDC) have been input above.

Bent 2 Design

Reinforcement Information Guide Article 8.6.5

The designer should input all information concerning the longitudinal and transverse
reinforcement of the column, specifically within the plastic hinge zone. Both circular and
rectangular columns are allowed.

Reinforcement Information

dyy =14 in Diameter of Longitudinal Reinforcement

Stirrup := "#4" Stirrup Type

Asp =2 in°  Area of Transverse Reinforcement

Dgp, =0.62 in Diameter of Transverse Reinforcement

Dprime:=( in  Diameter of Spiral or Hoop for Circular Columns INPUT
s:=4 in Spacing of Stirrups or Hoops/Ties

sNOhinge := ¢ in Pitch of Spiral or Spacing of Hoops/Ties outside PHL

b := Columnwidtt in Width of Rectangular Column

Cover :=2 in Column Concrete Cover

Article 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is
based on the tributary dead load and live load assumed to be present during an earthquake.
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DesignForce(AS) = |A « Ag

a <« 0.15 if A <0.05
a<« 025 if A>0.05

a

VR_Multiplier:= DesignForce(AS) =0.25
VRgent2' VR_Multiplier

Horizontal DesignForce := N =49.066 kig
DLgent VR_Multiplier
Horizontal DesignForce, := n 5 = 45,532 Kir

Article 4.12: Determine Minimum Support Length
L :=BentTribLength = 132.5

ColumnHeighigepto

H:= =25.25
m 12
Standard Specifications
Nogian = (8 + 0.02L + 0.08H)-(1 + 0.000125Skew2) =12.67 in

ATC-49 Equation (New Design)

_ N2|( 1+1.255p;
Ny :=|4+ .01+ .0H+ 1.09%H [1+ |2~ | || ————<| =18.426 in
8 COS(SkeW-n)

180

Article 8.2: Column Detailing

Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must be met.
Otherwise, no minimum column detailing is required and the checks below can be ignored.

SD1Check(SDJ) := |a « "Minimum SDC B Detailing Required'if SD1 > 0.1(
a < "No SDC B Detailing Required" otherwise
a

SDlChecl«(SDl) ="Minimum SDC B Detailing Required
The Guide Specifications has a minimum shear reinforcement of 0.003 for spiral or circular
hoop reinforced columns and 0.002 for ties in the direction of bending.

Calculate p \y:

2A
Py = P _0.0024 Guide Equation 8.6.2-10
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CheckReinbrcement(pW) = |a « "PASS" if p, > 0.00:

a <« "FAIL" otherwise

a
ReinforcementCheck := CheckReinbroement(pW) ="PASS"

If the reinforcement check is not satisifed, the spacing between the hoops/ties or pitch of
spirals can be reduced or the area of the reinforcement can be increased

Note (Guide Article 8.8.9): The Guide Specification has a maximum spacing of six
inches within the plastic hinging zone (See below section regarding ‘'maximum spacing of
lateral reinforcement within plastic hinging region’ for more information).

All requirements in Artcile 8.8.9 must be satisfied:
Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, 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
longitudinal bars shall be alternated end-for-end.

Hoop Requirements

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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the long reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Plastic Hinging Region (4.11.7)
Guide Article C8.8.9

The length over which the transverse reinforcement calculated above is to extend over
the plastic hinge length to be calculated. For SDC A, this region can be calulated using
Article 5.10.11.4.1e of the LRFD Specifications, as it is here. The LRFD Specifications
allows for a shorter plastic hinge.

LRFD Article 5.10.11.4.1e
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PlasticHingeLength(ColumnDig ColumnHeigh) := |a <« ColumnDia

1
b « E-ColumnHeigh‘

c« 18
PHL < maxa,b,c)
PHL
PHL .= PI%tid—ﬁngeLength(Columnvvidth Columnl—leighbemz) =505 in

Maximum Spacing of Lateral Reinforcement in Plastic Hinge RegionGuide Article 8.8.9

Shall Not Exceed the Smallest of:

Spacingprogram(Cqumndiadb|) = |q « (é}Columndi;
I < 6db|
t« 6
a <« min(q,r,t)
a
MaximumSpacing:= Spacingprogram(Cqumnvvi dth dbl) =6 in

Check reinforcement spacing vs maximum allowed spacing:
SpaceCheck (s, MaximumsSpacing := |a < "PASS" if s < MaximumSpacing
a < "SPACING GREATER THAN MAXIMUM btherwise
|a

SpacingCheck := SpaceCheck (s, MaximumSpacing = "PASS"

LRFD 5.8.3.3 Nominal Shear Resistance Guide Article 8.6.1
V= Horizon'[alDesignForce-L =147.197 Kips
col
dg =0.¢
pi=2( LRFD Article 5.8.3.4.1
0= _.45-0785 rad
180
dy
Dr :=b — Cover — DSp — — =38.67 in
2
de:=b —Cover =40 in LRFD Eg. 5.8.2.9-1

dv :=0.9de =36 in 247




V, := 0.03163- f%)b.dv =101.117 Kip LRFD Eqg. 5.8.3.3-3

fye
2Asp 00"V et (0) LRFD Eg. 5.8.3.3-4
Vg = _ =96 Kips
sNOhinge
Vj i= b 25T b-dv = 1.361x 10° Kips
v = mif Vo, (V; + V)¢ =258.405 Kips

ShearCheck (¢vn , V) == |a < "OK" if ¢vn >V,
a < "FAILURE" if ¢vn <V,

a

Shearcheck? := ShearCheck(¢vn , ) = "OK"

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

LRFD Eg. 5.8.2.5-1

Avmin = 0.0316 | 2-SNOhinge _ ;) 4o¢ 2
1000 fye in
1000
AV =2A.. =0.4 in’
V = Sp = V. In

a <« "Decrease Spacing or Increase Bar Size" if Avmin > Av

a « "OK" if Avmin< Av

TranCheck(Avmin, Av) :=

|a

MinimumTran:= TranCheck(Avmin, Av) ="OK"

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V
VU= ——  =0.108 ks LRFD Eg. 5.8.2.9-1
$gb-dv
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spacingProgram (VL. dv. &) == |v « 0125%) LRFD Eqg. 5.8.2.7-1 and 5.8.2.7-2

g < 0.8dv

r < 0.4dv

z«q ifg<24
2z« 24 if g>24
t«r ifr <12
t«12 ifr >12
a«z if Vu<v

a«tif Vvuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,ft)) =24 in

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"
ALDOT standard

Spacecheck (MaxSpacing,s,Vu,VC) = |a <= mi(MaxSpacing,12) if V|, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise
a

sNOhigg := Spacecheck (MaxSpacing,sNOhinge,Vu,Vc) =9 in

There are no seismic foundation design requirements for SDC A
Design Summary

Stirrup = "#4" Stirrup size of transverse reinforcement
s=4 in  Spacing of stirrups in PHL

sNOhinge =9 in  Spacing of stirrups outisde PHL

PHL =50.5 i Plastic Hinge Length

N, =18.426 in  Minimum Seat Length

Design Check Summary
ReinforcementCheck = "PASS" Reinforcement ratio
SpacingCheck = "PASS" Max spacing of transverse reinforcement
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Shearcheck2 ="OK"

MinimumTran="OK"

Shear capacity outside hinge zone > Vn

Minimum shear reinforcement outside hinge zone
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Appendix G: Oseligee Creek Bridge SDC A2

Designer: Jordan Law ORIGIN:=1
Project Name: Oseligee Bridge

Job Number: BR-1V20 (515)

Date: 5/24/2012

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information

Coordinates: 32.902N, 85.196W

Soil Site Class: D

Superstructure Type: AASTHO Type Il girders for all spans

Substructure Type: Circular columns supported on drilled shafts

Abutment Type: Abutment beam supported on drilled shafts

Note: Input all of the below information.

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,
bent volume(s), and guard rail volume(s). Also, information about foundations should also
be included if the bridge is classified as SDC B.

It :==400( psi Ag = .07

fye :=60000 psi

Poonc = 0.0868 —

in Sps =11
in

g,:=386.: S2 SDC:="B" INPUT
Length of Bridge (ft) L =24 ft
Angle of skew of bridge (degrees) Skew :=C Degrees
Span (ft) Span := 8( ft
Deck Thickness (in) theck =7 in
Deck Width (ft) DeckWidth := 32.7! ft
Depth of Superstructure (ft) D :=4.187 ft
Number of Bridge Girders N:=4
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I-Girder X-Sectional Area (in2) GirderArea := 559.!

Guard Rail Area (in2) GuardRail Area = 31(

Bent Volume (ft3) BentVolume:=5430=600 '
Neol =
Dsdia:= 4
Dsabutdia := 4:

Column Diameter (in)
Number of Columns per Bent

Drilled Shaft Diameter (in)
Drilled Shaft Abutment Diameter (in)

The column height is measured from the bottom of the bent to the top of the pile footing.
Other options include measuring from the top of the bent to the ground surface or to a
change in diameter(if possible). If the plastic hinge location (at the bottom of the column)
is known, then the column height should be measured from the bottom of the bent to the

“PQWPBBDRAH Height of Bent 2 (f) Colummbeighigyp = 1793 1
Average Column Height of Bent 3 (ft) _ ft
Height of tallest abutment above ground (ft) _ ft

2

n
Drilled Shaft Area (in2) _

2
Drilled Shaft Abutment Area (in2) n

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

Span := Span-12 = 960 i

AAAAA

=

L= L12=2.88x 10° i

=

DeckWidth := DeckWidth-12 = 393 i

AAAAAAAAAAAAAAAAA

=

>S5
w

BentVolume:= BentVqumelZ?J =1.037x 106 i

AAAAAAAAAAAAAAAAAA

Columnteights e 1o := ColumnHeighgg o 12 = 215.208 i
Columnl—leighhgms := ColumnHeighigg 1312 = 310.008 i

|

|
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Find Vertical Reactions at Each Bent:

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)

DeckWidth-2-1.375

Num Lanes ‘= trunc 12 _ 9 Number of Lanes On Bridge (Design Lane Width
- ' 12 of 10 ft) See LRFD 3.6.1.2.4
YEQ =0 LRFD Specificaiton C3.4.1 (Extreme Case I) INPUT

The y EQ value is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification
recommends a value of 0.5. See LRFD Article C3.4.1 under "EXTREME EVENT

III
LL._design := 0.6 % LRFD Specification 3.6.1.2.4
Q:=LL_design =0.32 ﬁ
=S EQ =T lane
LL_fot := Q Num_Lanes = 0.64 kit Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

Dlgent2 =+ ki Llggrp =1 ki
) ) INPUT
D " Kig L " Kig
Lgent3 =" Lgent3 =1
VRgent2 = Dlgent2 + Llgent2 =1 ki
VRgent3 = Plgenia + Llgentz =1 ki

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

Litgeck -DeckWidth + 2-BentVolume+ 2-Acolumn-ColumnHeighiggpio ---
+2:Acolumn-ColumnHeighigept3 + L'N-IGirderArea ...
+ 2-GuardRail Area- L

Pconc’

W =
mww 1000

W = 1708.667 Kips
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To determine the vertical reaction at the bent, the bents tributary area will be calculated
and multiplied by the total weight. A similar calculation will be done for the live load.
This vertical reaction will be used to determine the connection force (below).

Span

BentT ribLength := —— =80 ft
12
. Span .
BentT ribArea := = 0.333 Percent of Area Tributary to Bent
DLgept := BentT ribArea W = 569.556 Kif
Ligey = BentTribLength LL_pot =512 <
VRgent = Dlgent + Llgent = 620.756 Kif

VRgent2 = VRBent VRgent3 = VRBent

Steps for Seismic Design

Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.
Article 3.2: Bridges are designed for the life safety performance objective.

Article 3.4: Determine Deisgn Response Spectrum

Article 3.5: Determine SDC

Article 4.6: Determine Design Forces

Article 4.12: Determine Minimum Support Length

Article 8.2: Column Detailing

Articles 3.4 and 3.5 have already been determined from the "SDC Classification™ sheet.
Make sure the four values (Ag, Sps, Sp1, and SDC) have been input above.

Bent 2 Design

Reinforcement Information Guide Article 8.6.5

The designer should input all information concerning the longitudinal and transverse
reinforcement of the column, specifically within the plastic hinge zone. Both circular and
rectangular columns are allowed.

Reinforcement Information
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in2
in
'Dprime:= Columndia— Cover
5.=€ in
sNOhinge =€ in
b := Columndi in

Diameter of Longitudinal Reinforcement

Column Concrete Cover

Stirrup Type

Area of Transverse Reinforcement

Diameter of Transverse Reinforcement INPUT

in  Diameter of Column Core for Circular Columns
Spacing of Stirrups or Hoops/Ties
Pitch of Spiral or Spacing of Hoops/Ties outside PHL

Width of Rectangular Column

Article 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is

based on the tributary dead load and live load assumed to be present during an earthquake.

DesignForce(AS) = A < Ag

a <« 0.15if A <0.05
a<« 0.25if A>0.05

a

VR_Multiplier:= DesignForce(AS) =0.25

Horizontal DesignForce :=

Horizontal DesignForce =

ent2’ VR_Multiplier

=38.797 Kif
N

Lgent VR_Multiplier

= 35.597 Kif
N

Article 4.12: Determine Minimum Support Length

L := BentT ribLength = 80
ColumnHeighiggpto

H:=

m 12

Standard Specifications

=17.934
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Nogtan = (8 + 0.02L + 0.08H)-(1 + 0.0001255Ken?) = 11035 in

ATC-49 Equation (New Design)

Ny :=|4+.0L+.0H+ L.O9H [1+|2>]| || ——= | =14.565 in
8 Skew- 1t
coOS| —
180

Article 8.2: Column Detailing

Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must be met.
Otherwise, no minimum column detailing is required and the checks below can be ignored.

SD1Check(SDY) := |a « "Minimum SDC B Detailing Required'if SD1 > 0.1(
a < "No SDC B Detailing Required" otherwise
a

SDlChecl«(SDl) ="Minimum SDC B Detailing Required

The Guide Specifications has a minimum shear reinforcement of 0.003 for spiral or circular
hoop reinforced columns and 0.002 for ties in the direction of bending.

Calculate p g:

4Aq

- s-Dprime

ps =0.0033 Guide Equation 8.6.2-10

CheckReinbreement(pg) := |a « "PASS" if pg > 0.00:

a <« "FAIL" otherwise
a

ReinforcementCheck := CheckReinforcemmt(pS) ="PASS"

If the reinforcement check is not satisifed, the spacing between the hoops/ties or pitch of
spirals can be reduced or the area of the reinforcement can be increased

Note (Guide Article 8.8.9): The Guide Specification has a maximum spacing of six
inches within the plastic hinging zone (See below section regarding 'maximum spacing of
lateral reinforcement within plastic hinging region’ for more information).

All requirements in Artcile 8.8.9 must be satisfied:
Cross-tie Requirements:
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1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, 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
longitudinal bars shall be alternated end-for-end.

Hoop Requirements
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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Plastic Hinging Region (4.11.7)
Guide Article C8.8.9

The length over which the transverse reinforcement calculated above is to extend over
the plastic hinge length to be calculated. For SDC A, this region can be calulated using
Article 5.10.11.4.1e of the LRFD Specifications, as it is here. The LRFD Specifications
allows for a shorter plastic hinge.

LRFD Article 5.10.11.4.1e
PlasticHingeLength(ColumnDig ColumnHeigh) := |a < ColumnDia

1
b « E-ColumnHeigh

c« 18
PHL < maxa,b,c)
PHL

PHL .= PIastid—|ingength(Cqumndia Columnl—leighbemz) =42 in

Maximum Spacing of Lateral Reinforcement in Plastic Hinge RegionGuide Article 8.8.9

Shall Not Exceed the Smallest of:
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Spacingprogram(Cqumndiadb|) =

q « (%JColumndia
I <« 6~db|

t<«< 6
a <« mirn(q,r,t)
a

MaximumSpacing:= Spaci ngprogram(Cqumndiadb|) =6 in

Check reinforcement spacing vs maximum allowed spacing:

SpaceCheck (s, MaximumSpacing :=

a « "PASS" if s < MaximumSpacing

a <« "SPACING GREATER THAN MAXIMUM'btherwise

la

SpacingCheck := SpaceCheck (s, MaximumSpacing = "PASS"

LRFD 5.8.3.3 Nominal Shear Resistance

N
V, = HorizontalDesignForce: —— = 71.194 Kips
Neol

dg =0
B:=2.(

T
6 :=—-45=0.785 rad

180

dp|

Dr :=b — Cover — Dsp ey =38.67 in

de :=b — Cover =40

dv :=0.9de =36

in

in

fc
V. := 0.0316- f—b-dv =191.117 Kips
¢ p 1000 P

S fy_edvcot(e)
P 1000 _
Vs = - =96 kips
SNOhinge
V, = ¢¢.25fc -b-dv = 1.361x 10° Kips
v = mif Vo, (V; + V)¢ =258.405 Kips
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Guide Article 8.6.1

LRFD Article 5.8.3.4.1

LRFD Eg. 5.8.2.9-1

LRFD Eq. 5.8.3.3-3

LRFD Eqg. 5.8.3.3-4




ShearCheck(d)Vn ,Vu) = |a <« "OK" if ¢Vn 2V,
a < "FAILURE" if ¢vn <V,

a

Shearcheck? := ShearCheck(¢vn , ) = "OK"

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

- LRFD Eqg. 5.8.2.5-1
Avmin = 0.0316 |, D-SNONINGe _ ; 4o 2
1000 fye In
1000
Av :=2A., =04 in?
Vi=2Agy =0. in
TranCheck(Avmin,Av) := |a « "Decrease Spacing or Increase Bar Size" if Avmin > Av

a <« "OK" if Avmin< Av

a

MinimumTran:= TranCheck(Avmin, Av) = "OK"

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V
VU= —— = 0.052 ks LRFD Eq. 5.8.2.9-1
$gb-dv
spacingProgram(Vu.dv. ) - |v < 0.125_%_ LRFD Eq. 5.8.2.7-1 and 5.8.2.7-2
1000
g < 0.8dv
r < 0.4dv

z«q ifg<24
2z« 24 if g>24
t«r ifr <12
t«12 ifr >12
a«z if Vu<v

a«tif Vvuxv

a
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MaxSpacing := floor (spacingProgram(vu,dv,fc)) =24 in

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"

ALDOQOT standard
Spacecheck (I\/IaxSpacing,s,Vu,VC) = |a < min(MaxSpacing,12) if V|, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise

|a

sNOhigg := Spacecheck (MaxSpacing,sNOhinge,Vu,VC) =12 in

There are no seismic foundation design requirements for SDC A
Design Summary

Stirrup = "#4" Stirrup size of transverse reinforcement
s=6 in  Spacing of stirrups in PHL

sNOhinge = 12 in  Spacing of stirrups outisde PHL

PHL =42 in  Plastic Hinge Length

N, = 14.565 in Minimum Seat Length

Design Check Summary

ReinforcementCheck ="PASS" Reinforcement ratio

SpacingCheck = "PASS" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumTran="OK" Minimum shear reinforcement outside hinge zone

Bent 3 Design

Reinforcement Information Guide Article 8.6.5

The designer should input all information concerning the longitudinal and transverse
reinforcement of the column, specifically within the plastic hinge zone. Both circular and
rectangular columns are allowed.
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Reinforcement Information

in Diameter of Longitudinal Reinforcement

Cover =2 in  Column Concrete Cover
Stirmup:="#4" Stirrup Type
- in’ Area of Transverse Reinforcement

in Diameter of Transverse Reinforcement INPUT

Dprime:= Columndia— Cover in  Diameter of Column Core for Circular Columns

in Spacing of Stirrups or Hoops/Ties

s=€
SNOhinge := ¢ in  Pitch of Spiral or Spacing of Hoops/Ties outside PHL
b, := Columnd

in Width of Rectangular Column

Article 4.6: Determine Design Forces

The Guide Specification requires only a minimum design force for SDC A. This design force is
based on the tributary dead load and live load assumed to be present during an earthquake.

DesignForce(As) = |A <A

a<« 0.15 if A <0.05
a«02if A>0.05
a

VR Multiglier:= DesignForce(AS) =0.25
VRgent3 VR_Multiplier

Horizontal DesignForce := N =38.797 Kig
DLgent VR_Multiplier
Horizontal DesignForce, := n N =35.597 Kig

Article 4.12: Determine Minimum Support Length
L = BentT ribLength = 80
ColumnHeighiggpnt3

H:= =25.834
il 12
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Standard Specifications

Nagian = (8 + 0.02L + 0.08H)-(1 + 0.0001258keW2) =11.667 in
ATC-49 Equation (New Design)

N2| 1+ 1.255p,;
N3 :=|4+ .01 +.0H+ 1L.ORWH [1+|2=| || ——= | =16.598 in
8

Skew-rt
CoS| ——m
180

Article 8.2: Column Detailing

Note: If SD1 is greater than or equal to 0.10, the minimum requirements from SDC B must be met.
Otherwise, no minimum column detailing is required and the checks below can be ignored.

SDlChecﬂSDl) := |a « "Minimum SDC B Detailing Required'if SD1 > 0.1(
a < "No SDC B Detailing Required" otherwise
a

SD1ChecK Spy) = "Minimum SDC B Detailing Required

The Guide Specifications has a minimum shear reinforcement of 0.003 for spiral or circular
hoop reinforced columns and 0.002 for ties in the direction of bending.

Calculate p g:

4A
=— P _0.0033 Guide Equation 8.6.2-10
s-Dprime

CheckReinbreement(pg) := |a « "PASS" if pg > 0.00:

a <« "FAIL" otherwise

a
ReinforcementCheck := CheckReinforcemmt(pS) ="PASS"

If the reinforcement check is not satisifed, the spacing between the hoops/ties or pitch of
spirals can be reduced or the area of the reinforcement can be increased

Note (Guide Article 8.8.9): The Guide Specification has a maximum spacing of six
inches within the plastic hinging zone (See below section regarding 'maximum spacing of
lateral reinforcement within plastic hinging region’ for more information).

All requirements in Artcile 8.8.9 must be satisfied:
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Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, or 3 in. at one end and a hook of NOT less than

90 Degrees with an extension of NOT less than 6*dp, 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 bars shall be alternated end-for-end.

Hoop Requirements

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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the long reinforcement.

Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Plastic Hinging Region (4.11.7)
Guide Article C8.8.9

The length over which the transverse reinforcement calculated above is to extend over
the plastic hinge length to be calculated. For SDC A, this region can be calulated using
Article 5.10.11.4.1e of the LRFD Specifications, as it is here. The LRFD Specifications
allows for a shorter plastic hinge.

LRFD Article 5.10.11.4.1e
PIasticHingeLength;CqumnDiaColumnHeight) := |a < ColumnDia

b « %-ColumnHeigh‘

c <« 18
PHL «— maxa,b,c)
PHL
PHL := PIasticHingeLength(Cqumndia ColumnHeightBenB) =51.668 in

Maximum Spacing of Lateral Reinforcement in Plastic Hinge RegionGuide Article 8.8.9

Shall Not Exceed the Smallest of:
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1
Spacingprogram Columndiadb|) =1q e(ngolumndi:

I <« 6~db|

t<« 6

a « min(q,r,t)

a

MaximumSRacigg:: Spaci ngprogram(Cqumndiadb|) =6 in

Check reinforcement spacing vs maximum allowed spacing:
SpaceCheck (s, MaximumSpacing := |a < "PASS" if s < MaximumSpacing
a < "SPACING GREATER THAN MAXIMUM btherwise
|a

AAAAAAAAAAAAAAAAAA

LRFD 5.8.3.3 Nominal Shear Resistance Guide Article 8.6.1

. . N .
N R HorlzontaIDeS|gnForce~—I =77.594 Kips
co

Q=0

B.=2( LRFD Article 5.8.3.4.1

0:=—.45-0.785 rad
180

M

d

bl
Dr:=b—Cover—DS - — =38.67 in
N P 2

de:=b —Cover =40 in LRFD Eg. 5.8.2.9-1

AAAAA

dv :=0.9de =36 in

AAAAA

V= 0.0316p- f b-dv = 191.107 Kip LRFD Eg. 5.8.3.3-3

2 gy o o-v-0ot(6) LRFD Eq. 5.8.3.3-4

= =96 Kips
sNOhlnge

§,<

V1= .25 -b-dv = 1.361x 10° Kip

£
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A= mid Vo, (Vo + Vg )65 = 258.408 Kips

ShearCheck ( ¢Vn ,Vu) = |a <« "OK" if ¢Vn 2V,

a < "FAILURE" if ¢vn <V,

|a
Shearchedk? := ShearCheck(¢vn , ) = "OK"

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

s LRFD Eq. 5.8.2.5-1
Avmin = 0.0316 | 2-SNORInge _ 1, ogg 2
AN 1000 fye in
1000
AV =2A.. =0.4 in’
/wxv'_ Sp =U. In

TranCheck(Avmin,Av) := |a < "Decrease Spacing or Increase Bar Size" if Avmin > Av
a « "OK" if Avmin< Av

a

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V,
vy =
WV b gebedv

=0.057 Ksi LRFD Eq. 5.8.2.9-1
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. fc
sRacmgProgram!Vu,dv,fc) = [v « 0.125——
1000

LRFD Eq. 5.8.2.7-1 and 5.8.2.7-2

g < 0.8dv

r <« 0.4dv

z«q ifg<24
z« 24 ifq>24
tr ifr <12
t«12 ifr >12
a«z if Vu<v

a«t if Vvuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,fc)) =24 in

AAAAAAAAAAAAAA

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"

ALDOT standard

Seacecheck (MaxSpacing,s,Vu,VC) = |a < min(MaxSpacing,12) if V|, <0.50.9V,

a « min(s,MaxSpacing,12) otherwise
a

sNOhigg := Spacecheck (MaxSpacing,sNOhinge,Vu,VC) =12 in

There are no seismic foundation design requirements for SDC A

Design Summary

Stirrup = "#4"

s=6 in
sNOhinge = 12 in
PHL = 51.668 in
N3 = 16.598 in

Design Check Summary

Stirrup size of transverse reinforcement

Spacing of stirrups in PHL

Spacing of stirrups outisde PHL
Plastic Hinge Length

Minimum Seat Length
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ReinforcementCheck = "PASS" Reinforcement ratio

SpacingCheck ="PASS" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumT ran="OK" Minimum shear reinforcement outside hinge zone
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Appendix H: Bent Creek Road Bridge SDC B

Designer: Jordan Law ORIGIN:=1

Project Name: Bent Creek Road Bridge

Job Number:STPOA-9032 (600)

Date: 6/4/2012

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information

Coordinates: 32.605N, -85.428W

Soil Site Class: D

Superstructure Type: BT-54 girders for both spans

Substructure Type: Rectangular columns supported on piles
Abutment Type: Abutment beam supported on drilled shafts

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,
bent volume(s), and guard rail volume(s). Also, information about foundations should also
be included if the bridge is classified as SDC B.

Note: Input all of the below information.

fc :=400( psi Ag =10
fye :=60001 psi
Poonc = 0.0868 =
n Spg = .24

in
9.=386¢ 2 e INPUT
Length of Bridge (ft) L:=2% ft
Angle of Skew of Bridge (degrees) Skaw = Degrees
Span Length (ft) Span = 13 &
Deck Thickness (in) bdedtc — € in
Deck Width (ft) DeckWidth := 80.7! ft
Superstructure Depth (ft) D :=5.08 ft
Number of Bridge Girders N =1t
Bulb (BT-54) Girder X-Sectional Area (in2) BulbGirderArea := 76: in’
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Column Width (in) in

Number of Columns per Bent

Bent Volume (ft?) Bemvolume=78(449 <1404 1
Colurmwicth:=4;

The column height is measured from the bottom of the bent to the top of the pile footing. Other
options include measuring from the top of the bent to the ground surface or to a change in
diameter(if possible). If the plastic hinge location (at the bottom of the column) is known, then
the column height should be measured from the bottom of the bent to the known hinge point.
Average Column Height for Bent 2 (ft)

Height of Tallest Abutment Above Ground (ft)
Column Area (in2)

Pile Area (in2)

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

AAAAA

L= L12=3.24x 10°

DeckWidth := DeckWidth-12 = 969 in

AAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAA

Columnl—leigh}aemz := ColumnHeighigg o 12 = 240.708 in

Find Vertical Reactions at Each Bent:

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)

12
12

Number of Lanes On Bridge (Design Lane
Width of 10 ft) See LRFD 3.6.1.2.4

DeckWidth-2-1.375
6

Num_Lanes := trunc[

- LRFD Specificaiton C3.4.1 (Extreme Case 1) INPUT

They EQ value is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification
recommends a value of 0.5. See LRFD Article C3.4.1 under "EXTREME EVENT

Ill k_If

LL_design := 0.6 = LRFD Specification 3.6.1.2.4
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klf
Q = LL_ChSlgn’Y EQ =0.32 E

LL_fot := Q- Num_Lanes = 1.92 kit Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

Dlggnto =1 kig Llgento :=1 kig
. _ INPUT
D " kig L ™ kig
LBent3 =1 LBentS =1
VReent2 = Dlgent2 + Llgent2 =1 ki
VRgent3 = Dlgenta + Llgenta =1 Kir

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

+ 2Span-N-BulbGirderArea ...
+ 2-GuardRail Area- L

pconc'[L‘tdeck'DECkWidth + BentVolume+ 2-Acolumn-ColumnHeighgapto }
W :
mww 1000

W = 5313.058 kips

To determine the vertical reaction at the bent, the bents tributary area will be calculated
and multiplied by the total weight. A similar calculation will be done for the live load.
This vertical reaction will be used to determine the connection force (below).

Span

BentT ribLength := =135 ft

BentT ribArea := SpTan =0.5 Percent of Area Tributary to Bent
DLggpt = BentTribArea W = 2656.529 kig

Llgeyt := BentTribLength-LL_fot = 259.2 Kig

VRaent = Dlgent + Llgent = 2915.729 s

VRgent2 = VRgent
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Steps for Seismic Design
Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.
Article 3.2: Bridges are designed for the life safety performance objective.
Article 3.4: Determine Deisgn Response Spectrum
Article 3.5: Determine SDC
Guide Figure 1.3-2: Seismic Design Procedure Flowchart for SDC B
Displacement Demand Analysis (Fig 1.3-2):

Article 4.1: Seismic Design Proportioning

Article 4.2: Determine Analysis Procedure

Article 4.3.1: Determine Horizontal Ground Motion Effects Along Both Axis

Article 4.3.2/4.3.3: Damping and Short Period Considerations

Article 5.4/5.5: Select Analytical Procedure

Article 5.6: Effective Section Properties

Article 5.2: Abutment Modeling

Article 5.3: Foundation Modeling and Liquefaction (if present)

Article 5.1.2/4.4: Conduct Demand Analysis

Article 4.8: Determine Displacement Demands Along Member Local Axes

Displacement Capacity Check (A ¢ > A p):
Article 4.12: Determine Minimum Support Length
Article 4.14: Shear Key
Guide Figure 1.3-5: Foundation and Detailing Flowcharts
Foundation Design (Fig 1.3-5):
Article 6.8: Liquefaction Consideration
Article 6.3: Spread Footing Design
Article 6.4: Pile Cap Foundation Design
Article 6.5: Drilled Shaft
Article 6.7: Abutment Design
Detailing:
Article 8.3: Determine Flexure and Shear Demands
Article 8.7: Satisfy Requirements for Ductile Member Design
Article 8.6: Shear Demand and Capacity Check for Ductile Elements
Article 8.8: Satisfy Lateral and Longitudinal Reinforcement Requirements
Articles 3.4 and 3.5 have already been determined from the "SDC Classification"” sheet.
Make sure the four values (Ag, Sps, Sp1, and SDC) have been input above.

Displacement Demand Analysis (A D)
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Article 4.1: Seismic Design Proportioning
See Guide Specification

Article 4.2: Determine Analysis Procedure

This is a function of the SDC and the regularity of the bridge.

For a regular bridge in SDC B, Procedure 1 or 2 can be used.

For a non-regular bridge in SDC B, Procedure 2 must be used.
Guide Table 4.2-1

A regular bridge is defined as a bridge having fewer than 7 spans, no abrupt or unusual change in
geometry and that saisfy the requirements below (Guide Table 4.2-3)

Table 4.2-3: Regular Bridge Requirements

Parameter Value
Number of Spans 2 3 4 5 6
Maximum subte.nded angle 30° 30° 30° 30° 30°
(curved bridge)
Maximum span length ratio 3 ) ) 15 15

from span-to-span
Maximum bent/pier stiffness
ratio from span-to-span - 4 4 3 2
(excluding abutments)

Article 4.3.1: Determine Horizontal Ground Motion Effects Along Both Axis

Seismic displacement demands shall be determined independently in two orthogonal directions,
typically the longitudinal and transverse axes of the bridge

Article 4.3.3: Displacement Magnification for Short-Period Structures

Ug =2 for SDC B

demgram(T’SDS,SDl,ud) — |75 SDL This Rd valug will be calculated_
SDS when the period of the structure is
Tb « 1.25Ts known. This factor will amplify
N Tb 1 the displacement demand.
X |1-—| —+ —
Ud T Ud
y «< 1.0

T
a « X if—b>1.0
T

a<«y ifT—bsl.O
T

a

Article 5.4: Analytical Procedure 1 (Equivalent Static Analysis)
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There are two methods that can be used according to this procedure. 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 is a major change in the spans,
stiffness of the piers, etc.

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.

Uniform Load Method

Step 1: Build a bridge model

Step 2: Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse

direction. Also, the uniform load 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

displacements can be exported to EXCEL, and the MAX Function can be used to find the
maximum displacement.

Step 3: Calculate the bridge lateral stiffness, K, and total weight, W.

Kip
VsmaxLong = 0-079 in
INPUT
VsmaxTran = 4- 767 ir
PoL . _ -
Kiong = 2 — 4.001x 10" kip Guide Eq. C5.4.2-1
YsmaxLong in
Pe-L . _ ]
KTran = — 2 _679.658 ﬂ’ Guide Eq. C5.4.2-2
VUsmaxTran in

The weight of the structure has already been calculated above

Step 4: Calculate the period, Tp.

TmLong =2t ’ KLW i 0115 s Guide Eqg. C5.4.2-3
ong
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Step 5: Calculate equivalent static earthquake loading pe.
SD1
s < She
SDS
Ty « 0.2T

acc(SDS,SDL Ty ong-As) =

for ae TmLong

Tm Long

a « (SDS - Ay)-
0

a « SDS if TmLong

SD1

Tm Long

Ra « a

a

S8 ong = ¢(Sps» St TmLong As) = 0-229

S8y ong'W kip
peLong = f =0.375 F

ZTO/\T

if TmLong> Ts

if Tm Long < TO

mLong =T

Guide Eq. C5.4.2-4

Step 6: Calculate the displacements and member forces for use in design by applying pe to

the model or by scaling the results by pe/po.

R} ong = Rdprogram( Ty ong Sps: Spa Ug) = 3-983

PeLong

VsmaxLong = RdLong’ ‘UsmaxLong
0

=0.118 in

Repeat Steps 4, 5, and 6 for transverse loading.

Step 4: Calculate the period, T.

W

T 2m- =0.894 S

mTran -~
KTran9

Step 5: Calculate equivalent static earthquake loading pe.

Sarpan = aCC(SDS’SDl’TmTran”A‘s) =0.175
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PeTran =

Kip
in

Guide Eq. C5.4.2-4

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/pg.

RoTan = derogram(TmTran, SDS’S’Dlﬂud) =1

VsmaxTran = ROTran

PeT ran
Po

“UsmaxTran

=1.365

in

LRFD Article 4.7.4.3.2: Single-Mode Spectral Method

Single Mo

de Spectral Analysis

This procedure is not specifically addressed in the Guide Specifications. The Guide Spec. refers
you to the AASHTO LRFD Bridge Design Specifications.
Step 1: Build a bridge model
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,  ,and y.

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

Vetran () 1= 110" % + 0.004x+ 1.401;

INPUT
-9 2 )
Vslong(x) =710 "X + 310 "-x+ 0.074
- t LRFD C4.7.4.3.2b-1
%Tran ::J Vstran (%) 0> % ong = | Vslong(® & S
0 Y0
" w " w LRFD C4.7.4.3.2b-2
BTran = L Vstran > BLong = T'Vslong(x) e e
Y0 Y0
rL W rL W
Tran= | T Vstrn (7 dx=5.173x 160y gpy = T'Vslong(x)z‘” LRFD C4.7.4.3.2b-3
“0 “0

275




a = Displacement along the length
B = Weight per unit length * Displacement
vy = Weight per unit length * Displacement2

Step 4: Calculate the Period of the Bridge

Y Tran
TmTrant =2t [————— =0.739 S LRFD Eq. 4.7.4.3.2b-4
Po 9-%Tran
Y
TrLongl = 2T | — 9 —0.166 s LRFD Eq. 4.7.4.3.2b-4
Po 9% ong

Step 5: Calculate the equivalent Static Earthquake Loading
CsmLong = a‘3‘3(3DS’ Sp1> TmLong?: As) =0.243

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/po.

BLong'Csm Long W

PeLong(X) := 'T'Vslong(x) LRFD Eq. C4.7.4.3.2b-5

YLong

PeLong(X) — 0.00007274395081461219979% 1.69735885234095132869)5 + 0.18088995769233567(

dw := L
100
i:=1..10]
Pelongi :=PeLong[(i — 1)-dW] ESlongi = Vslong[(i —1)dw] Along Q= Pelongi-éilongi
Force Along the Length
T T T
g
g/ 04r n
8
S 0.2 }H’/ .
L
0 | | |
0 1100 2400 30

Length (in)
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Deflection Along the Length

0.15 T T T

—~
c /
£
o 01r 1
=]
g
= 0.05F -
[¢D)
D ‘_,...-'-'—"'"FFFF

0 | | |

0 1x10°0 2«00 3x10°  4x10°

Length (in)

Maximum Deflection:

maxAlong ) =0.146 in

NOTE: Repeat Steps 5 and 6 for Transverse Direction.
Step 5: Calculate the equivalent Static Earthquake Loading

CsmTran = a‘3(3(3DS’ Spt> TmTrant: As) =0.211

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/pg.

BrranC
PET ran(y) = M-%-vstran(x) LRFD Eq. C4.7.4.3.2b-5
Y Tran

PeTran(X) — 0.000106149664168744727%3 —1.0614966416874472753&9)5 + 0.14874752439966198¢
L:= L
100
i:=1.10]
Petrani :=PeTran[(i — 1)-dL] éStrani = Vgtran [(1 — DdL]

Atran Q= Petraniﬁtrani
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Force along the Length

T T T
e
g 041 "/_’,/j 1
i‘, 03F ,./'/ -
8 ol 7 |
S e
LL O.l_ —
0 | | |
0 1x10° 2x10° 3x10°
Length (in)
Deflection along the Length
25 T T T
g ok / _
.5 15F e .
g 1k // _
= prd
a ot " .
- I I I

Maximum Deflection:

1100 200 30 4l

Length (in)

max Atran ) =2.184 in

Article 5.6: Effective Section Properties
Use 0.7*Ig for ductile reinforced concrete members.

Refer to the charts on pag

Article 5.2: Abutment Modeling

e 5-20 of the Guide Specification if a more precise value is desired.

This is taken care of in the SAP model.

Article 5.3;: Foundations Modeli

ng

Since in SDC B, Foundation Modeling Methods I can be used.
FMM is dependent on the type of foundation.

For bridges with Pile Bent/Drilled Shaft the depth of fixity can be
estimated.Since details regarding reinforcing are not known, reduce the

stiffness of the drilled shafts t

Special provisions need to be

o one half the uncracked section.

considered if Liquefaction is present. Guide Article 6.8
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Article 4.4: Combination of Orthogonal Seismic Displacement Demands

LoadCasel := \/(1'VsmaxLong)2 + (0'3VsmaxTran)2 =0.426 in

LoadCase2 := \/(1'VsmaxTran)2 +(0.3Vgmaxtong)” = 1365 in

COLUMN DESIGN

Article 4.8: Displacement Demand/Capacity

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

Displacement Demand/Capacity for the Bents Ap<Ac

BENT 2

The displacement demand is taken as the bent displacement. This can be found by using the
SAP Bridge model that was created.

A Dlong ‘= 0.052 in
‘ . INPUT
A Dtran == 3.012; in

ApLong =R ong2 Dlong PeLong = 0-078 in

A BT ran = ROTranA Diran PeT ran = 0-862 in

LoadCasel = J(m bLong) + (034 pran)” =0.27 in

LoadCase? = \/(m DTran)” + (034 b ong)” =0.863 ir

A p = maxLoadCasel, LoadCase2) = 0.863 in

ColumnHeigh ;
Ho e Bent2 20,059 & B . Columnwidth

° 12 0" 12
Transverse Direction
A=2 Fixed and top and bottom Guide Article 4.8.1

3.5 tt

>

-B .
= — ° _ 5349 Guide Eq. 4.8.1-3

0
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Bent Support Length Requirement

A1 =0.12H,(-1.27In() —0.3) =2.448
Longitudinal Direction

A=1 Fixed-Free

AL i=0.12H, (-1.27In(%) —0.33 =4.567
0.12H, =2.407 ir

CheckLimifA o, Hy) =

A= CheckLimifA ¢, H)

A =2.448

CheckCapacity(A cA D) =

CheckCapadity(A ¢, A p) ="OK"

Pushover Analysis Results (if necessary):

BENT 2

280

a<Ac otherwise

in

in

a < 0.12H, if A <0.12H,

c « "OK" if ACZAD

¢ < "FAILURE" if Ac <Ap

Article 4.12: Minimum Support Length Requirements
Abutment Support Length Requirement Guide Eq. 4.12.2-1
Nabutment := 1.5(8 + 0.05pan + O'O&Habutment)'(l + 0.000lZSkewabutmemz) =1

Guide Eq. 4.12.2-1

Guide Eq. 4.8.1-1

Guide Article 4.8.1
Guide Eq. 4.8.1-3

Guide Eqg. 4.8.1-1

If the simplified equations do not work ("FAILURE") for any of the bents, a pushover analysis
of the bridge can be done to verify the displacement capacity.

In SAP 2000, there is an earthquake design program that allows a pushover analysis to be done
by setting the SDC to D. Be sure to amplify the demand values by the appropriate Rd value.
List the results below to verify that the Displacement Capacity is sufficient. The Demand
Displacement must be multiplied by pe/po. The below chart was created in Excel and then
brought into Mathcad.




L :=BentTribLength = 135 Spi=0-X
ColumnHeighigapio
H = et 20.059
v 12
Standard Specifications
Nogian = (8 + 0.02L + 0.08H)-(1 + 0.000125SkeW2) =12.305 in
ATC-49 Equation (New Design)
Ny :=|4+.0L+.0H+ L.OXH [1+|2>] || ————=| =19.81 in
8 Skew- 1t
coS| ——
180

Article 4.14: Superstructure Shear Keys

Vi :=1.5V,,  This does not apply to this bridge

BENT 2 DESIGN

Guide Article 4.11.2: For SDC B, it is acceptable to use the moment capacity based on
expected material strengths when the concrete reaches an extreme compressive fiber strain of

0.003.
Force Inputs

MneBent2 = 300(

Vpelastic = 33!

Py := 128400
Reinforcement Details

Ag := Acolumn

Ae :=0.8Ag =1411

Bp =2

n:=:z

StirrupSize:= "#4"

s:=4

sNOhinge :=¢

kip —ft

kig

Ik

.2
n

Nominal moment from PCA Column
Elastic shear from SAP2000 model INPUT

Axial load from earthquake and dead load combination

Guide Eq. 8.6.2-2
Guide Article 8.6.2

n: Number of individual interlocking spiral or hoop core sections
StirrupSize: Bar size used for stirrups

s: Spacing of hoops or pitch of spiral (in)

sNOhinge: Spacing of hoops or pitch outside PHL
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Asp =2
Dsp :=0.62!
Cover =2

b := Columnwidtt

d :=b — Cover =40
NumberBars := 12
Ap| =15

dpy :=1.4

bv := Columnwidtt

in

Asp: Area of hoop reinforcement in direction of loading (in2)
Dsp: Diameter of spiral or hoop reinforcing (in) INPUT

Cover: Concrete cover for the Column (in)

b: Width of rectangular column (in)

d: Effective depth of section in direction of loading (in)
Total number of longitudinal bars in column cross-section
Abl: Area of longitudinal bar

dbl: Diameter of longitudinal bar

bv: Width of column side

Article 8.3: Determine Flexure and Shear Demands

The design forces shall be the lesser of the forces resulting from the overstrength plastic hinging
moment capacity or unreduced elastic seismic forces in columns or pier walls.

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

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.

Amo:= 1.4 for ASTM A 615 Grade 60 reinforcement Guide Article 8.5
7 )
MpBent2 = *moMneBent2 100012 = 5.04x 10 Ib —ir
Fixity:= ColumnHeightgeyto = 240.708 in
2-M
o PBeZ g 765
P Fixity1000

Npelastic, = Vpelastic'ma>(peT ran »peLong) =124.139  Kips

Article 8.7: Requirements for Ductile Member Design

Each column must satisfy the minimum lateral flexural capacity

A:=2 Fixed and top and bottom Guide Article 4.8.1
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Fixity

+ 0.5Dg

MpeminBent := 0-1Dlgent f =3001.944 klp ft Guide Eq8.7.1-1

CheckMoment( My o, Mg) := |a « "OK" if Mo < Mg
a <« "FAILURE" otherwise

CheckMoment Mpemingent Mnegent2) = "FAILURE"
If the moment check comes back "FAILURE" then the column size can be
increased or the reinforcement can be increased.

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

It is recommended to use the plastic hinging forces whenever practical, but in this case the elastic
forces will be used.

V1= mirf(Vy, Vpglastic) = 124139 Kips g =0.¢

VoBent2 =W

Article 8.6.2: Concrete Shear Capacity

Py = szzp - 0.0024 Guide Eq. 8.6.2-10
fye .
=—— =60
fyh 1000 ksi

StressCheck pg.fyh ) := |fs « 2pg-fyh
la « & if & <0.35

fv := StressCheck(py,,, h ) =0.286 Guide Eq. 8.6.2-9

oPrime:= Oﬂls +3.67— g = 3.575 Guide Eq. 8.6.2-8

If Pu is Compressive:
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Pu

vcprogram (aPrimefc ,Pu,Ag) = |VC « 0.032aPrime[l +

minl < 0.11 |-
1000
. . fc
min2 < 0.04®&Prime | —
1000

minimum« minminl, min2
a < vc if vc <minimum

a < minimum if vc > minimum

a

If Puis NOT Compressive:

2Ag-100

j- / fc Guide Eq. 8.6.2-3
0 1000

Guide Eq. 8.6.2-4

If Pu is not compressive, manually input 0 for vc. Input it below the vc:=vcprogram

and the variable will assume the new value.
VC = vcprogram(aPrimefc ,Pu,Ag) =0.22 ksi
Ve :=vc-Ae =310.464 kips

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

- Asp-fyh -d
s

maxvs < 0.25 L~Ae
1000

a < vs if vs < maxvs

vsprogram (Asp,fyh ,d,s,fc,Ae) := Jvs

a < maxvs if vs > maxvs

a

Vs :=vsprogram (Asp,fyh ,d,s,fc,Ae) =120 kips

dvn =4 (Vs + Vc) =387.418 Kips

284

Guide Eq 8.6.3-2 and 8.6.4-1

Guide Eqg. 8.6.1-2




ShearCheck(d)Vn ,Vu) = |a <« "OK" if ¢Vn 2V,
a < "FAILURE" if ¢vn <V,

a

Shearcheck := ShearCheck(¢Vh , V) = "OK"

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
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement
For Rectangular Columns:
mintranprogram(pw) = |a «"OK" if p,, =0.002 Guide Eq. 8.6.5-1
a < "Increase Shear Reinforcing Ratio" if p,,, < 0.00:

a

Transversecheck := mintranprogran(pw) ="OK"

If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

Ajong = NumberBars- Ay 1872 in’

pprogram(Amng,Ag) = |a « "OK" if Along <0.04Ag Guide Eq. 8.8.1-1
a « "Section Over Reinforced" if Along > 0.04Ag

a

ReinforcementRatioCheck := pprogram(Along,Ag) ="OK"

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 Guide Eq. 8.8.2-1

minAIprogran(A|,Ag) = |a « "OK" if Along > 0.007Ag
a « "Increase Longitudinal Reinforcing” if Along < 0.007Ag

a
MinimumA := minAIprogran(Amng,Ag) ="OK"
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If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal
Reinforcing", either decrease the section size (Ag) or increase the longitudinal reinforcing
(Abl and NumberBars in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D
These Requirements need to be checked and satisfied.
Cross-tie Requirements:
1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp or 3 in. at one end and a hook of NOT less than
90 Degrees with an extension of NOT less than 6*dp, 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 bars shall be alternated end-for-end.

Hoop Requirements
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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. )
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.6: Analytical Plastic Hinge Length

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

PIasticHinge(Fixityfye ’dbl) = |lp < 0.08Fixity+ 0.15%)@“ Guide Eq. 4.11.6-1

m< 0.3 g,
1000

a<«Ip iflp=m

a<«miflp<m

a

:= PlasticHingd Fixityfye ,d,, ) = 31.947 in
Ly q b1)

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region
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'y' 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
PeTran to take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the
PlasticHingeRegion program in inches.
Mp75 := 0.75Mpgentp = 3.78x 10" Ibir

PIasticHingeRegior(Lp,Columndia) := |z « 1.5Columndi:

x<—Lp
y <0

a < max{z,x,y)

Lpl = PIestid—IingeRegior(Lp,Columnwidth) =63 in

The Guide Specifications allows for the use of the plastic hinge length from the LRFD
Specification in SDC A and B (Guide Article C8.8.9).
LRFDPIlasticHingeLength(ColumnDia ColumnHeigh) := |a < ColumnDia

b « (—15~ColumnHeigh

c<« 18

PHL « maxa,b,c)
PHL

Lp2 := LRFDPIlasticHingeLengti{ Columnwidth Fixity = 42 in

Guide Article C8.8.9

The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:

PHL:=mir(Lyg,Lpo) =42 i

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region:
Shall Not Exceed the Smallest of:

Spacingprogram(Cqumndiadb|) = |q « (éjColumndi:

I <« 6'db|

t«< 6
a < min(q,r,t)

a
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MaximumSpacing:= Spacingprogram(Cqumnvvi dth, dbl) =6 in

SpacingCheck (MaximumsSpacings) := |a « s if s < MaximumSpacing
a <« MaximumSpacing if s > MaximumSpacin

|a
FINALSPACING= SpacingCheck(MaximumSpacings) =4 in

scheck := ShearCheck (MaximumSpacings) = "OK"

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 5.10.11.4.3 (LRFD SPEC.): Column Connections

This needs to be done whenever the column dimension changes. The spacing in the hinge region
shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgram(d) := |z « 15
1
X<« —-d
2
a < maxz,%
a
Extension := ExtensionProgram(Columnwidth) =21 in

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

LRFD 5.8.3.3 Nominal Shear Resistance

v, =124.139 Kip

¢g =0.9

B =2 LRFD Article 5.8.3.4.1
0:=—.45-0785 rad
180
dp
Dr :=bv — Cover — Dsp — > = 38.67 in

de :=d =40 in LRFD Eg. 5.8.2.9-1
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dv :=0.9de =36 in

V= 0.0316B-\/va-dv —191.117 Kips LRFD Eg. 5.8.3.3-3
1000
fye
ZASP'de'COt(G) LRFD Eqg. 5.8.3.3-4
Vs = - =96 Kips
SNOhinge

Vj = g 25f-bv-dv = 1.361x 10 kips

W= mifV, (Vg + Vg)-06] =258.406 Kips

ShearCheck ( $vn ,Vu) = |a « "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a

Shearcheck? := ShearChedk(¢vh ,\/,) = "OK"

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement LRFD Eg. 5.8.2.5-1
Avmin = 0.0316, fc_ bv-sNOhinge _; 395 2
1000 fye in
1000
AV == 2Asp = 0.4 in’

TranCheck(Avmin, Av) := |a <« "Decrease Spacing or Increase Bar Size" if Avmin > Av
a <« "OK" if Avmin< Av

a

MinimumTran:= TranCheck(Avmin, Av) ="OK"

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

VU
Vu :

=——— =0.091 ksi LRFD Eq. 5.8.2.9-1
dgbv-dv
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spacingProgram (VU dv. &) == |v < 0.1251L LRFD Eq. 5.8.2.7-1 and 5.8.2.7-2

000

g < 0.8dv

r <« 0.4dv

z«q ifg<24
7z« 24 if q>24
t«r ifr <12
t« 12 if r >12
a«z if Vu<v

a«tif Vvuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,ft)) =24 in

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"
ALDOT standard

Spacecheck (MaxSpacing,s,Vu,VC) = |a <~ min(MaxSpacing,12) if V|, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise

a

sNOhigg := Spacecheck (MaxSpacing,sNOhinge,Vu,VC) =9 in

Design Summary - Bent 2

StirrupSize = "#4"

s=4 in
sNOhinge =9 in
PHL =42 in

Extension = 21 in

N, = 19.81 in

Design Check Summary - Bent 2

Shearcheck ="OK" Shear capacity > Vn
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Transversecheck = "OK" Minimum shear reinforcement ratio

ReinforcementRatioCheck = "OK" Maximum longitudinal reinforcement ratio
MinimumA = "OK" Minimum longitudinal reinforcement ratio

scheck ="OK" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumTran="OK" Minimum shear reinforcement outside hinge zone

Transverse Connection Design
Pushover Analysis Results

Static Pushover Curve
3000

P

2000 -

1500 //
1000

620 /

500

BaseShear [kip)

1 2 3 4 5 ]
0.86” Displacement {in)

ALDOT Current Connection Steel Angle Design Check

Vcolbent := %) =41.333  Kips

LRFD Article 6.5.4.2: Resistance Factors
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by :=0.¢
Qs =0.7¢

dps =0.8&
dpp =0.8
dgc :=0.8!

¢f =10

1.00

Psangle =

Bolt Properties

Fub = 5¢ ks
ol
Ne :=1
Angle Properties
Fy:=3¢ ks
Fu:=5¢ ks
ti=1.0 in
hi=¢ in
wi=€ in
L=1 in
k=1t in
distanchorhole :=4 ir

Tension for A307
Shear for A307
Block Shear
Bolts Bearing
Shear Connectors

Flexure
Shear for the Angle

Strength of Anchor Bolt (It is assumed that ASTM A307 Grade
C bolt is used)

Diameter of Anchor Bolt INPUT

Number of Shear Planes per Bolt

Yield Stress of the Angle

Ultimate Stress of the Angle

Thickness of Angle

Height of the Angle

Width of the Angle

Length of the Angle

Height of the Bevel INPUT

Distance from the vertical leg to the center of the hole. This is
the location of the holes.

Diameter of bolt hole

Block Shear Length

Block Shear Width

Shear Lag Factor for Block Shear

Distance from the center of the bolt to the edge of plate
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Lc:=2 in Clear dist. between the hole and the end of the member

ShearCheck ( $vn ,Vu) = |a « "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a

Clip Angle Check:

AISC J4: Block Shear

Agv = t-BLSHIength = 6 in’
AnV = t-(BLSHIength — 0.5diahole) = 5.063 in’
Ant :=t-(BLSHwidth— 0.5dizhole) — 1.063 in’

AISC Eq. J4-5
BLSHprogram(Agv ,Anv, Ant,Ubs,Fu,Fy) := |b « 0.6Fu-Anv + Ubs-Fu-Ant

c < 0.6-y-Agv + Ubs-Fu-Ant

a«b ifb<c

a«cifb>c

a

Rn := BLSHprogran{Agv , Anv , Ant, Ubs, Fu, Fy) =191.225 kips
¢bsRn :=¢g-Rn =152.98 Kips

BlockShearCheck := ShearCheck (¢bsRn , Vcolbent) = "OK"

AISC D2: Tension Member

Shear Lag factor for single Angles. Refer to Table

=04 D3.1 in AISC Manual

Ant :=t-[w — (L-dighole)] =4.125 in

Ae = Ant-Ut = 2.475 in? AISC Eg. D3-1
#Pn = Fub-Ae =114.84 Kips

AISC Eg. D2-2

TensionCheckp g := ShearCheck (¢tPn , Veolbent) = "OK"

AISC G: Shear Check
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Cv:=1.(

Aw =tw=6 in2

dsangleVn := ¢ gangje-0.6Fy-Aw-Cv = 129.6 Kips AISC Eq. G2-1

ShearAngleCheck := ShearCheck (¢sangleVn , Vcolbent) = "OK"

Anchor Bolt Check:

LRFD Article 6.13.2.12: Shear Resistance For Anchor Bolts

1t-Diab2
Ap = ~2.405 in’
4
RN = ¢4 0.48A, FubNs = 50.222 ips LRFD Eq. 6.13.2.12-1

ShearAnChorbons := ShearCheck (¢sRn , Vcolbent) = "OK"

LRFD Article 6.13.2.9: Bearing Resistance at Bolt Holes

For Standard Holes
@bRn = 2.4Dia, t-Fub = 243.6 Kips LRFD Eq. 6.13.2.9-1

For Slotted Holes

¢bbRns :=Lct-Fub =116 Kips LRFD Eg. 6.13.2.9-4

Bearingg|tstandard = ShearCheck (¢bbRn , Veolbent) = "OK"

Bearingg|tsiotted = ShearCheck (¢bbRns , Veolbent) ="OK™

LRFD Article 6.13.2.10: Tensile Resistance

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 is Vangle* 1". The distance to the anchor bolt in the cap beam is 4", and that is
how the Tu equation was derived.

Vcolbent-1

=————— =10.333 Kips
distanchorhole

LRFD Eg. 6.13.2.10.2-1
¢tTn :=¢0.76 Ay, Fub = 84.82 Kips
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TensionCheck := ShearCheck (¢tTn ,Tu) = "OK"

Article 6.13.2.11: Combined Tension and Shear

Pu := Vcolbent

CombinedProgran(Pu,Ab,Fub,¢sRn ,¢S) = [t « 0.76 A,,-Fub
2
r < 0.76A,-Fub |1 -( Pu )
. ¢sRn
a et if —Y_ <0.33
¢sRn
ds
a<«r if Pu >0.33
¢6Rn
ds
a
TNeombined = CombinedProgran(Pu,Ab, Fub, dsRn , ¢ s) — 60,225 Kips
TN ombined = 9t TNoombined = 48-18 Kips
CombinedCheck := ShearChedk (¢Tn oo mpined - Veolbent) = "OK"

Summary
Diab =1.75 in
Shear Apchorbolts = "OK”

Bearingg|tstandard = OK"

Bearingg|tsotted = "OK”
TensionCheck = "OK"
CombinedCheck = "OK"

BlockShearCheck = "OK"
TensionCheckAlSC ="0OK"

ShearAngleCheck ="OK"
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Appendix I: Bent Creek Road Moment-Interaction Diagrams

Bent 2

STRUCTUREPOINT - spColumn v4.81 (TM)
15 day trial license. Locking Code: 4-1EC2Z0. User: oem,

Hewlett-Packard Company
C:\Users\]dl0003\Documents\Research\ALDOT Bridge Design Examples)\SDC...%\Bent Creek Road Bent 2.col

Page 1
03/06/13
03:57 PM

000000 o
oo oo oo
00000 000000 oo 00000 oo 00 00 O 0DOCOOOCOD [aleTallelal
oo o ©o 0o 0O oo oo 0O oo 0o oo oo 00 oo 0o
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00 000000 0o oo oo 0o o0 00 oo 00 00 oo 00
o oo 00 0o oo 00 00 00 o0 00 oo 00 00 oo 00
00000 00 000000 00000 ooo 00000 O 00 00 00 oo 00 (TM)
spColumn v£.81 (TM)

Computer program for the Strength Design of Reinforced Concrete Sections

Copyright © 1988-2012

All rights reserved

STRUCTUREPOINT, LLC.

Licensee stated above acknowledges that STRUCTUREPOINT
the accuracy or adequacy of the material supplied as
program. Furthermore, STRUCTUREFOINT nelther

correctness of the output prepared by the spColumn
produce spColumn error free the program 1s not and
responsibility for analysis, design and engineering

STRUCTUREPOINT disclaims all responsibility in contract,

(SF)

1s

not and cannot be

input for

processing by the spColumn
makes any warranty expressed nor implied with respect to
program. Although
cannot be certified
documents
negqligence or other tort for any analysis,

is

responsible for either
computer
the
STRUCTUREPOINT has endeavored to

infallible. The final and only
the licensee"s. Accordingly,
design

or engineering documents prepared in connection with the use of the spColumn program.
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STRUCTUREFOINT - spColumn w4.81 (TM)

15 day trial licens
Ci\Users\1dl0003\Do

General Information
File Mame: C:\Use
Froject:

Column:
code: ACI 318

Run Option: Inves
Run Axis: X-axi

Material Properties
f'c = 4 ksi
EC - 3605 ksi

e. Locking Code: 4-1EC20. User: oem, Hewlett-Packard company

cumentsi\Research\ALDOT Bridge Design Examples\SDC...\Bent Creek Road Bent Z.col

rs% Jd10003\Document s\ Research\ALDOT Bridge Design Exa...\Bent Creek Road Bent 2.

Englneer:
-11 Units: English
tigatien Slenderness: Mot considered
i Column Type: Structural

fy = 60 ksi
Es = 29000 ksi

Ultimate strain - 0.003 in/in
Betal - 0.85
section:
rRectangular: width - 42 in Depth - 42 1in

Gross section are
Ix - 259308 in~4
rx - 12.1244 1in
¥0o = 0 in

Reinforcement:

a, Ag = 1764 1in"~Z
Iy - 2559308 in~4
ry = 12.1244 1in
Yo = 0 1in

Bar Set: ASTM A615
Size Diam (in) Area (in*2) size Diam (in) Area (in*2) Size Diam (in) Area (in*Z2)
# 3 0.38 0.11 # £ 0.50 0.20 # 5 0.63 0.31
# 6 0.75 0.44 # 7 0.88 0.60 # 8 1.00 0.79
¥ 9 1.13 1.00 # 10 1.27 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, phi(b} = 0.5, phifc} = 0.65
Layout: Rectangular
Pattern: All Sides Equal (Cover to transverse reinforcement})
Total steel area: As - 18.72 in~2 at rho - 1.06%
Minimum clear spacing - 10.45 in
12 #11 Cover - 2 1in
Factored Loads and Moments with Corresponding Capacities:
Fu Mux FhiMnx FhiMn/Mu NA depth Dt depth eps_t Fhi
No kip k-ft k-ft in in
1 864.00 1012.50 2552.14 2.560 10.58 38.79 0.00800 0.500

=** End of output

=%
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42 x 42 in

Code: ACI 318-11

Units: English

Run axis: About X-axis

Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: ASTM A615

Date: 03/06/13

Time: 15:58:00

_____________________

fs=0.5fy / \

/ \

/ \

/

spColumn v4.81. 15 day trial license. Locking Code: 4-1EC20. User: oem, Hewlett-Packard Company

File: C:\Users\jdI0003\Documents\Research'\ALDOT Bridge Design Examples\SDC B\Moment |...\Bent Creek Road Bent 2.col

Project:

Column:

f'c = 4 ksi fy =60 ksi

Ec = 3605 ksi Es = 29000 ksi
fc = 3.4 ksi

e u=0.003in/in
Betal = 0.85
Confinement: Tied

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65

Engineer:

Ag = 1764 in"2
As =18.72in"2
Xo =0.00in
Yo =0.00in

12 #11 bars
rho = 1.06%
Ix = 259308 in"4
ly = 259308 in"4

Min clear spacing = 10.45 in Clear cover = 2.50 in
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Appendix J: 1-59 Bridge over Norfolk Southern Railroad SDC B

Designer: Jordan Law ORIGIN:=1

Project Name: Norfolk Southern RR

Job Number: STMAAF-1059 (342)

Date: 6/4/2012

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information

Coordinates: 34.125N, 85.982W

Soil Site Class: D

Superstructure Type: BT-54 girders for both spans
Substructure Type: Rectangular columns supported on piles
Abutment Type: Abutment beam supported on piles

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,
bent volume(s), and guard rail volume(s). Also, information about foundations should also
be included if the bridge is classified as SDC B.

Note: Input all of the below information.

fc :=400( psi A = .1
fye :=6000( psi
Spy :=.1!

b D1 INPUT
Poonc = 0.0868 =

in Sps = 2¢

in

g.:= 386.- ;2 SDC-— "B"
Length of Bridge (ft) k=26 f
Skew of Bridge (degrees) Skew :=C degrees
Span Length 1 (ft) Spanl = 12¢ #
Span Length 2 (ft) Span2 = 14( #
Deck Thickness (in) theck = in
Superstructure Depth (ft) D, =t ft
Deck Width (ft) DeckWidth := 46.7! ft
Number of BridgeGirders N:=¢
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Bulb (BT-54) Girder X-Sectional Area (in2) BulbGirderArea := 76: in’

Guard Rail Area (in2) GuardRailArea := 31( in?
Bent Volume (ft3) Bent\ol ume:= 53 (4.54) — 954 3
Column Width (in) Columnwidth:= 4. in

The column height is measured from the bottom of the bent to the top of the pile footing. Other
options include measuring from the top of the bent to the ground surface or to a change in
diameter(if possible). If the plastic hinge location (at the bottom of the column) is known, then
the column height should be measured from the bottom of the bent to the known hinge point.

Average Column Height for Bent 2 (ft) ColumnHeighigeyo = 25.2! ft
Tallest Abutment Height Above Ground (ft) Habutment =1 f
Column Avrea (in2) Acolumn := Columnwidtt? = 1.764x 10°  in°

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

Spanl := Span1-12 = 1.5x 10° in
Span2 = Span2-12 = 1.68x 10° in
3 .
L:=L12=3.18x 10 in
DeckWidth := DeckWidth-12 = 561 in
3 6
BentVolume:= BentVolumel2™ = 1.649x 10 in
ColumnHeigho o := ColumnHeighgg - 12 = 303 in

Find Vertical Reactions at Each Bent:

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)

DeckWidth-2-1.375

Number of Lanes On Bridge (Design Lane

12
Num_Lanes := trunc 5 =3 Width of 10 ft) See LRFD 3.6.1.2.4
YEQ=0! LRFD Specificaiton C3.4.1 (Extreme Case 1) INPUT

The y gQ Vvalue is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification
recommends a value of 0.5. See LRFD Article C3.4.1 under "EXTREME EVENT

Ill
LL design:=0.6 T LRFD Specification 3.6.1.2.4

lane
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kif
Q = LL_deS|gny EQ =0.32 %

LL_fot := Q- Num_Lanes = 0.9 ki Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

Dlggnto =1 kig Llgento :=1 Kig
. _ INPUT
D " Kig L " Kig
LBent3 =1 LBentS =1
VReent2 = Dlgent2 + Llgent2 =1 ki
VRgent3 = Dlgenta + Llgenta =1 Kir

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

+ Spanl-N-BulbGirderArea+ Span2-N-BulbGirderArea...
+ 2-GuardRail Area- L

pconc'{L'tdeck'DeCkWidth + BentVolume+ 3-Acolumn-ColumnHeighg oo J
W :
Y 1000

W =3278.339 Kips

To determine the vertical reaction at the bent, the bents tributary area will be calculated
and multiplied by the total weight. A similar calculation will be done for the live load.
This vertical reaction will be used to determine the connection force (below).

Spanl+Span2
BentT ribLength := + =132.5 ft
Spanl+Span2
. 2 .
BentT ribArea := —) = 0.5 Percent of Area Tributary to Bent
DLggpt = BentT ribArea W = 1639.169 kit
Llggnt := BentTribLength-LL_fot =127.2 kig
VRgent = Dlgent + Llgent = 1766.369 kig
VRgent2 = VRgent
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Steps for Seismic Design
Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.
Article 3.2: Bridges are designed for the life safety performance objective.
Article 3.4: Determine Deisgn Response Spectrum
Article 3.5: Determine SDC
Guide Figure 1.3-2: Seismic Design Procedure Flowchart for SDC B
Displacement Demand Analysis (Fig 1.3-2):

Article 4.1: Seismic Design Proportioning

Article 4.2: Determine Analysis Procedure

Article 4.3.1: Determine Horizontal Ground Motion Effects Along Both Axis

Article 4.3.2/4.3.3: Damping and Short Period Considerations

Article 5.4/5.5: Select Analytical Procedure

Article 5.6: Effective Section Properties

Article 5.2: Abutment Modeling

Article 5.3: Foundation Modeling and Liquefaction (if present)

Article 5.1.2/4.4: Conduct Demand Analysis

Article 4.8: Determine Displacement Demands Along Member Local Axes

Displacement Capacity Check (A ¢ > A D):
Article 4.12: Determine Minimum Support Length
Article 4.14: Shear Key
Guide Figure 1.3-5: Foundation and Detailing Flowcharts
Foundation Design (Fig 1.3-5):
Article 6.8: Liquefaction Consideration
Article 6.3: Spread Footing Design
Article 6.4: Pile Cap Foundation Design
Article 6.5: Drilled Shaft
Article 6.7: Abutment Design
Detailing:
Article 8.3: Determine Flexure and Shear Demands
Article 8.7: Satisfy Requirements for Ductile Member Design
Article 8.6: Shear Demand and Capacity Check for Ductile Elements
Article 8.8: Satisfy Lateral and Longitudinal Reinforcement Requirements
Articles 3.4 and 3.5 have already been determined from the "SDC Classification" sheet.
Make sure the four values (Ag, Sps, Sp1, and SDC) have been input above.

Displacement Demand Analysis (A D)
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Article 4.1: Seismic Design Proportioning
See Guide Specification

Article 4.2: Determine Analysis Procedure

This is a function of the SDC and the regularity of the bridge.

For a regular bridge in SDC B, Procedure 1 or 2 can be used.

For a non-regular bridge in SDC B, Procedure 2 must be used.
Guide Table 4.2-1

A regular bridge is defined as a bridge having fewer than 7 spans, no abrupt or unusual change in
geometry and that saisfy the requirements below (Guide Table 4.2-3)

Table 4.2-3: Regular Bridge Requirements

Parameter Value
Number of Spans 2 3 4 5 6
Maximum subter\ded angle 30° 30° 30° 30° 30°
(curved bridge)
Maximum span length ratio 3 7 2 15 15

from span-to-span
Maximum bent/pier stiffness
ratio from span-to-span - 4 4 3 2
(excluding abutments)

Article 4.3.1: Determine Horizontal Ground Motion Effects Along Both Axis

Seismic displacement demands shall be determined independently in two orthogonal directions,
typically the longitudinal and transverse axes of the bridge

Article 4.3.3: Displacement Magnification for Short-Period Structures
Ug =2 for SDC B
SD1 This Rd value will be

derogrm(T’SDS’SDl’ud) = SDS calculated when the period
Tb < 1.25Ts of the structure is known.
N\ b 1 This factor will amplify the
X < (1 - —J-— + — displacement demand.
Ud T Ud
y < 1.0

-
a <« X if—b>1.0
T

a<«y if T—bsl.o
T

a
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Article 5.4: Analytical Procedure 1 (Equivalent Static Analysis)

There are two methods that can be used according to this procedure. 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 is a major change in the spans,
stiffness of the piers, etc.

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.

Uniform Load Method

Step 1: Build a bridge model
Step 2: Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse

direction. Also, the uniform load 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
displacements can be exported to EXCEL, and the MAX Function can be used to find the
maximum displacement.

Step 3: Calculate the bridge lateral stiffness, K, and total weight, W.

kip
po =1.( F
U s 0 ir INPUT
UgmaxTran = 11478 ir
ps-L . ] ]
Kiong = % _snexad kip Guide Eq. C5.4.2-1
YsmaxLong in
Po-L . ) ]
KT ran i= ———— = 277.03 kip Guide Eq. C5.4.2-2
YUsmaxTran in

The weight of the structure has already been calculated above

Step 4: Calculate the period, T.

TLong = 2 j 0084 s Guide Eq. C5.4.2-3

KLong'9

Step 5: Calculate equivalent static earthquake loading pe.
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SD1

s < 2npe
SDS
Ty < O.2~TS

acc(SDS,SDl,Tm Long,As) =

for ae TmLong

Tm Long

a <« (SDS - A)- + A if Ty ong < To

0
ZTO/\T

a< SDS if T <Tg

mLong mLong

if T

mLong > Ts

Tm Long

Ra < a

a

S8 ong = acc(Sps, Spy- TmLong,AS) =0.262

S8 gng'W kip
PeLong = —— — =0 n Guide Eq. C5.4.2-4

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/pg.

RdLong = derogl’am(TmLong, SDS’ SD].’ Ud) =4.337

PeLong

=0.079 in

VsmaxLong = RdLong' ‘UsmaxLong

0

Repeat Steps 4, 5, and 6 for transverse loading.

Step 4: Calculate the period, T.

Tt =20 |—0— =11 s Guide Eq. C5.4.2-3
KTran'9

Step 5: Calculate equivalent static earthquake loading pe.

Saryan = 2¢(Sps, Sp1 TmTran As) = 0-136

Sarran'W kip

=0.141 Guide Eq. C5.4.2-4

PeTran = in
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Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/po.

Rdtan = derogram(TmTran, Sps: SDl’“d) =1

PeT ran

VsmaxTran:= RoTran 0 ‘UsmaxTran
0

=1.614 in

LRFD Article 4.7.4.3.2: Single-Mode Spectral Method

Single Mode Spectral Analysis
This procedure is not specifically addressed in the Guide Specifications. The Guide Spec. refers
you to the AASHTO LRFD Bridge Design Specifications.

Step 1: Build a bridge model
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, f , and y .

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

Vgtran (¥ =210 "2 + 0.0025x + 1.503

INPUT
Vslong® =710 92 + 2107 *x+ 0.062
rL L
LRFD C4.7.4.3.2b-1
OTran = | Vstran(¥ &> U ong = Vslong(x) d>
“0 2o
" w " w LRFD C4.7.4.3.2b-2
Prran = | 7 Vstran®I & PLong = | VYslong® & [:5.0.2D0-
Y0 ‘0
L W L "
Y Tran ::J T'Vstran(x)zdx = 1.513x 10 ¥ Long ::J T~VS|0ng(x)2d) LRFD C4.7.4.3.2b-3
0 0

a = Displacement along the length

B = Weight per unit length * Displacement

vy = Weight per unit length * Displacement2
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Step 4: Calculate the Period of the Bridge

Y Tran
TmTrang =21 [————— =0.889 S LRFD Eq. 4.7.4.3.2b-4
Po 9 %Tran
T —on | 0" g LRFD Eq. 4.7.4.3.2b-4
mLongl-= <™ = S g.4.7.4.3.2b-
Po 9% ong

Step 5: Calculate the equivalent Static Earthquake Loading
CsmLong = aCC(SDS’SDl’TmLonglﬂAs) =029

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/po.

BLong'Csm Long W

PeLong(X) := 'T'Vslong(x) LRFD Eq. C4.7.4.3.2b-5

YLong

PeLong(X) — 0.00004555593173005733818#4 1.5944576105520068365695 + 0.1432734052910303z

L
100
i:=1.10]

dw :

Pelongi :=PeLong[(i — 1)-dW] 6|0ngi = Vslong[(i - 1)dw]

Along Q= Pelongi~8|ongi

Force Along the Length

T T T

o 04r / -1
=2 P
< 03f /// i
8 02F . -
o o
L 01F .

0 | | |

0 1x10° 2x10° 3x10°
Length (in)
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Deflection Along the Length

01 T T T

e P

= 008 // 7

S o006 ' .

B 0041 / .

Y o~

A oo T .

0 - I I I
0 1x10° 2«0 3x10°  4x10°
Length (in)

Maximum Deflection:

maxAlong ) =0.089 in

NOTE: Repeat Steps 5 and 6 for Transverse Direction.
Step 5: Calculate the equivalent Static Earthquake Loading

CsmTran= acc(SDS, Sp1: TmTranz: As) =0.169

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/pg.

BrranC
Tran"»smTran W LRFD Eq. C4.7.4.3.2b-5

PeT ran(x) := —'T'Vstran 6]
Y Tran

PeTran(X) — 0.00005795824259167799356- 4.636659407334239480595 + 0.03485145043522781 1(

L
100
i:=1..10!
Petrani :=PeTran[(i — 1)-dL] éitrani = Vgtran (i — DdL]

dL:

Atran Q= Petrani'Btrani
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Force (Kips)

Force along the Length

02f e -

01 - .

0  1x10° 2x10° 3x10°

Length (in)
Deflection along the Length
4 T T T
z | .
5 pe
B i S N
g L e ]
o ! e
O_F-'—f'""l | |
0 1x10°  2x10°  3x10°  4x10°
Length (in)

Maximum Deflection:

max(Atran ) = 3.053

Article 5.6: Effective Sect
Use 0.7*Ig for duc

in

ion Properties
tile reinforced concrete members.

Refer to the charts on page 5-20 of the Guide Specification if a more precise value is desired.

Article 5.2: Abutment Modeling
This is taken care of in the SAP model.

Article 5.3: Foundations Modeling

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

FMM is dependent on the type of foundation.

For bridges with Pile Bent/Drilled Shaft the depth of fixity can be
estimated. Since details regarding reinforcing are not known, reduce the
stiffness of the drilled shafts to one half the uncracked section.

Special provisions need to be considered if Liquefaction is present.
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Article 4.4: Combination of Orthogonal Seismic Displacement Demands

LoadCasel := J(l'vsmaxLong)z + (0-3VgmaTrar) = 0-491 in

LoadCase2 := \/(1-vsm(,ixTran)2 +(0.3Vgmaxtong” = 1615 in

COLUMN DESIGN

Article 4.8: Displacement Demand/Capacity

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

Displacement Demand/Capacity for the Bents Ap<Ac

BENT 2

The displacement demand is taken as the bent displacement. This can be found by using the
SAP Bridge model that was created.

A =0.041 in
Dlon
g INPUT
Apian :=5-601 ir
ApLong = RdLong2 Dlong PeLong = 0-049 in
ADTran = RO7ran A Dran'PeTran =0-788 in
LoadCasel := [(1A 2+ (034 2 _0.241 i
A= ( DLong) + ( SADT ran) =v. Ir
LoadCase? := (1A 24 (0.34 2 _0.788 i
AL Ee, = ( DT ran) + ( ' DLong) =v. Ir
A p = maxLoadCasel, LoadCase2) =0.788 in
ColumnHeigh ;
Hy = Be2 _ e 25 f B, = Joummwidih_ 5 o g
12 12
Transverse Direction
A=z Fixed and top and bottom Guide Article 4.8.1
A-B :
e — 0 0977 Guide Eq. 4.8.1-3
|-|0
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At i=0.12H,(-1.27In() —0.3) =3.967  in Guide Eq. 4.8.1-1

Longitudinal Direction
Guide Article 4.8.1

A=1 Fixed-Free
Guide Eq. 4.8.1-3
A'B,
X = =0.139
%4 HO
Ay =0.12H,(-1.27In(Y) —0.3) =6.634 in Guide Eq. 4.8.1-1

0.12H, =3.03 in

CheckLimifA ¢, H) == |a < 0.12Hy if A <0.12H,

a<Ac otherwise
A .= CheckLimifA o, Ho)
Ac=3.967

CheckCapacity(A c.A D) = |c«"OK" if Ac>2Ap

¢ « "FAILURE" if Ao <Ap
CheckCapacity(A cA D) ="OK"

If the simplified equations do not work ("FAILURE") for any of the bents, a pushover analysis
of the bridge can be done to verify the displacement capacity.
In SAP 2000, there is an earthquake design program that allows a pushover analysis to be done
by setting the SDC to D. Be sure to amplify the demand values by the appropriate Rd value.
List the results below to verify that the Displacement Capacity is sufficient. The Demand
Displacement must be multiplied by pe/po. The below chart was created in Excel and then
brought into Mathcad.

Pushover Analysis Results (if necessary):

Article 4.12: Minimum Support Length Requirements

Abutment Support Length Requirement Guide Eq. 4.12.2-1

Nabutment :=1.5(8 + 0.05pan1 + o.omabutment)(1 + 0-000125kewabutment2) = in

Bent Support Length Requirement Guide Eq. 4.12.2-1
L :=BentTribLength = 132.5 o= 0-X
ColumnHeighigenio 311

H:= =25.25
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Standard Specifications

Nogian = (8+ 0.02L + 0.08H)~(1 + 0.0001258kew2) =12.67 in

ATC-49 Equation (New Design)

2| ( 1+ 1.255p;
Ny :=[4+ .02+ .08H + L.ONH- |1+ [2>| || ——=| =21.335 in
2 H ( 8) COS(Skew-n)

: 180
Article 4.14: Superstructure Shear Keys

Vok =15V,  This does not apply to this bridge

BENT 2 DESIGN

Guide Article 4.11.2: For SDC B, it is acceptable to use the moment capacity based on expected
material strengths when the concrete reaches an extreme compressive fiber strain of 0.003.

Force Inputs

MpeBent2 = 300( kip — ft Nominal moment from PCA Column

Voelastic = 60 kir Elastic shear from SAP2000 model INPUT

P, := 128400 It Axial load from earthquake and dead load combination
Reinforcement Details

Ag := Acolumn

Ae = 0.8Ag — 1411 in’ Guide Eq. 8.6.2-2

Guide Article 8.6.2

MD =2

n:=z n: Number of individual interlocking spiral or hoop core sections

StirupSize:= "#4" StirrupSize: Bar size used for stirrups

s:=4 in s: Spacing of hoops or pitch of spiral (in)

sNOhinge := ¢ in sNOhinge: Spacing of hoops or pitch outside PHL

Asp := 0.4 in’ Asp: Area of hoop reinforcement in direction of loading (in2)

Dsp :=0.X in Dsp: Diameter of spiral or hoop reinforcing (in) INPUT

Cover :=2 in Cover: Concrete cover for the Column (in)
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b := Columnwidtt in b: Width of rectangular column (in)

d :=b — Cover =40 in d: Effective depth of section in direction of loading (in)
NumberBars := 12 Total number of longitudinal bars in column cross-section
Ap) = 1.5t in’ Abl: Area of longitudinal bar

dpy == 1.4 in dbl: Diameter of longitudinal bar

bv := Columnwiditf bv: Width of column side

Article 8.3: Determine Flexure and Shear Demands

The design forces shall be the lesser of the forces resulting from the overstrength plastic hinging
moment capacity or unreduced elastic seismic forces in columns or pier walls.

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

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.

A = 1. for ASTM A 615 Grade 60 reinforcement

mo-

7 .
MpBent2 = *moMneBentz- 100012 = 5.04x 10 Ib — ir

Fixity:= ColumnHeightggyio = 303 in

. 2'MpBen'[2

=— =332.673  Kips
P Fixity1000

Npelastic, = Vpelastic'ma’(peT ran> peLong) =162.979 Kips
Article 8.7: Requirements for Ductile Member Design

Each column must satisfy the minimum lateral flexural capacity

A:=2 Fixed and top and bottom
F'lx'ty+ 0.5Dy
MneminBent = 0-1Dlgent’ I 2274.347 kip ft

CheckMoment( My o, Mg) := |a « "OK" if Mo < Mg
a <« "FAILURE" otherwise
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CheCk'Vlomem('vlneminBent’ MneBentZ) ="OK"

If the moment check comes back "FAILURE" then the column size can be
increased or the reinforcement can be increased.

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

It is recommended to use the plastic hinging forces whenever practical, but in this case the elastic
forces will be used.

Vy = mir(Vy, Voglastic) = 162.979  Kips g =0.¢

Article 8.6.2: Concrete Shear Capacity

By = % - 0.0024 Guide Eq. 8.6.2-10
fye .
=—— =60
fyh 1000 ksi

StressCheck(pg.fyh ) := | « 2pg-fyh
acf iffs <0.35

fv := StressCheck(py,,, fh ) =0.286 Guide Eq. 8.6.2-9

cxprogram(fs ’“D) = |oprime < Oil5 +3.67-pp

a <« 0.3 if aprime<0.3
a < oprime if aprime > 0.3 A oprime <3
a <« 3 if aprime>3

a

oPrime:= ouprogram(ﬁN,uD) =3 Guide Eq. 8.6.2-8

If Pu is Compressive:
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vcprogram (aPrimefc ,Pu,Ag) =

Pu

VC <« 0.0BZaPrime[l +

minl < 0.11 |-
1000
. . fc
min2 < 0.04®&Prime | —
1000

minimum« minminl, min2

a < vc if ve <minimum

a

If Puis NOT Compressive:

If Pu is not compressive, manually input 0 for vc. Input
and the variable will assume the new value.

VC = vcprogram(aPrimefc ,Pu,Ag) =0.22 ksi

Ve :=vc-Ae =310.464 kips

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

Asp-fyh -d
o Aspyhd
S

maxvs < 0.25 L-Ae
1000

a < vs if vs < maxvs

vsprogram (Asp ,fyh ,d,s,fc,Ae) := |vs

a

Vs := vsprogram (Asp,fyh ,d,s,fc,Ae) =240

VN = (Vs + Vo) =495.418  Kips

ShearCheck(d)Vn ,Vu) = |a «"OK" if ¢Vn 2V,
a < "FAILURE" if ¢vn <V,

a

Shearcheck := ShearCheck (¢ , V) ="OK"

t
2Ag-1000/ + 1000

Guide Eq. 8.6.2-3

a < minimum if vc > minimum

Guide Eq. 8.6.2-4

it below the vc:=vcprogram

Guide Eq 8.6.3-2 and 8.6.4-1

a < maxvs if vs > maxvs

kips

Guide Eqg. 8.6.1-2

If ShearCheck returns "Failure™, either decrease the spacing (s) of the shear reinforcing (Asp),
increase the area of shear reinforcing, ofqiicrease the section size (Acolumn). These

variables can be changed in the inputs.




Article 8.6.5: Minimum Shear Reinforcement
For Rectangular Columns:
mintranprogram(pw) = |a «"OK" if p,, >0.002 Guide Eq. 8.6.5-1
a < "Increase Shear Reinforcing Ratio" if p,,, < 0.00:

a

Transversecheck := mintranprogran(pw) ="OK"

If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

Along = NumberBars- Ay 1872 in’

pprograrn(A|0ng,Ag) = |a < "OK" if Ajgpg <0.04Ag Guide Eq. 8.8.1-1
a « "Section Over Reinforced" if Along > 0.04Ag

a
ReinforcementRatioCheck := pprogram(A|0ng,Ag) ="OK"

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

minAlprogran(A|,Ag) = |a < "OK" if Ajgqy >0.007Ag Guide Eq. 8.8.2-1
a « "Increase Longitudinal Reinforcing” if Along < 0.007Ag

a

Minimum4 := mi”A|pr09faﬂ(A|ong,Ag) oK

If the Minimum Longitudinal Reinforcing program returns “Increase Longitudinal Reinforcing™,
either decrease the section size (Aq) or increase the longitudinal reinforcing (Abl and NumberBars
in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D
These Requirements need to be checked and satisfied.
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Cross-tie Requirements:
1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp or 3 in. at one end and a hook of NOT less than
90 Degrees with an extension of NOT less than 6*dp, 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 bars shall be alternated end-for-end.

Hoop Requirements
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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. )
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shaft. )
Guide Eqg. 4.11.6-1

PlasticHingd Fixityfye ,dy) := [Ip « 0.08Fixity+ 0.15%)-%'

me 003 g
1000

a<«Ip iflpxm

a«<miflp<m

a
Ly == PlasticHinge( Fixityfye ,dy) = 36.93 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

'y' 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
PeTran to take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the
PlasticHingeRegion program in inches. 317




7 :
Mp75 := 0.75Mpgentp = 3.78x 10" Ibiir

PIasticHingeRegior(Lp,Columndia) = |z « 1.5Columndi:

x<—Lp
y <« 0
|a<—ma>(z,x,y)

Lpl = Plastid—ﬁngeRegior(Lp,Columnwidth) =63 in

The Guide Specifications allows for the use of the plastic hinge length from the LRFD
Specification in SDC A and B (Guide Article C8.8.9).
LRFDPIlasticHingeLength(ColumnDia ColumnHeigh) := |a < ColumnDia

b « é«CqumnHeigh

c <« 18
PHL « maxa,b,c)
PHL

Lp2 := LRFDPIlasticHingeLength Columnwidth Fixity =50.5 in

Guide Article C8.8.9

The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:

PHL = mir(Lpyg,Lpp) =50.5 i
Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region: Guide Article 8.8.9

Shall Not Exceed the Smallest of:

Spacingprogram(Columndiadb|) =g « (éjColumndi:
I < 6'db|
t«6
a <« mirn(q,r,t)
a
MaximumSpacing:= Spacingprogram(Cqumnwi dth, dbl) =6 in

SpacingCheck (MaximumSpacings) := |a < s if s < MaximumSpacing
a <« MaximumSpacing if s > MaximumSpacin

a
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FINALSPACING= SpacingCheck(MaximumSpacings) =4 in

scheck := ShearCheck (MaximumSpacings) = "OK"

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 5.10.11.4.3 (LRFD SPEC.): Column Connections

This needs to be done whenever the column dimension changes. The spacing in the hinge region
shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgram(d) := |z « 15

Extension := ExtensionProgram(Columnwidth) =21 in

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

LRFD 5.8.3.3 Nominal Shear Resistance

v, =162.979 Kips
¢g =0.9
p=2( LRFD Article 5.8.3.4.1
I
0:=—-45=0.785  rad
180
dp
Dr :=bv — Cover —Dsp — - =38.795 in
de:=d =40 in LRFD Eqg. 5.8.2.9-1
dv :=0.9de =36 in
V= 0.0316[3-\/LbV-dv =191.117  Kips LRFD Eq. 5.8.3.3-3
1000
fye
ZASD'de'COt(e) LRFD Eg. 5.8.3.3-4
Vg = - =192 Kips
sNOhinge
V, := ¢ .25 -bv-dv = 1.361x 10° 319




Kips

W= mifV, (Vg + V)0 6] =344.805 Kips

ShearCheck ( $vn ,Vu) = |a « "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a

Shearcheck? := ShearChedk(¢vh ,\/,) = "OK"

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

Avmin = 0.0316 | . 2V-SNOhinge _; .og 2 LRFD Eq.5.8.2.5-1
1000 fye in
1000
2
Av :=Asp =0.4 in

a <« "Decrease Spacing or Increase Bar Size" if Avmin > Av
a « "OK" if Avmin<Av

TranCheck(Avmin, Av) :=

la

MinimumTran:= TranCheck(Avmin, Av) ="OK"

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V
VU= ——— =0.12 Ksi LRFD Eg. 5.8.2.9-1
b g-bv-dv
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spacingProgram(Vu,dv,fc) :=

v 0.125_©_
1000

g < 0.8dv

r <« 0.4dv

z«q ifg<24
7z« 24 if q>24
t«r ifr <12
t« 12 if r >12
a«z if Vu<v
a«tif Vvuxv

a

LRFD Eqg.5.8.2.7-1 and 5.8.2.7-2

MaxSpacing := floor (spacingProgram(vu,dv,ft)) =24 in

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"

ALDOT standard

Spacecheck (MaxSpacing,s,Vu,VC) = |a <~ mi(MaxSpacing,12) if V|, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise

a

sNOhng := Spacecheck (MaxSpacing,sNOhinge,Vu,VC) =9

Design Summary - Bent 2

StirrupSize = "#4"

s=4 in
sNOhinge =9 in
PHL =50.5 in

Extension = 21 in

N, =21.335 in

Design Check Summary - Bent 2

Shearcheck ="OK"

Transversecheck ="OK"
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Shear capacity > Vn

Minimum shear reinforcement ratio




ReinforcementRatioCheck = "OK"

MinimumA = "OK"
scheck ="OK"
Shearcheck?2 ="OK"
MinimumTran="OK"

scheck2 ="OK"

Transverse Connection Design
Pushover Analysis Results

Maximum longitudinal reinforcement ratio

Minimum longitudinal reinforcement ratio

Max spacing of transverse reinforcement

Shear capacity outside hinge zone > Vn
Minimum shear reinforcement outside hinge zone

Max spacing of transverse reinforcement outside hing
zone

Static Pushover Curve

1800

1600 |

1400

1200 |

/

g

BaseShear (kip)
=

2
N

a
8 =
a8

4 5 & 7 B

Displacement (in)

ALDOT Current Connection Steel Angle Design Check

Vcolbent := %0 =22.222  Kips

LRFD Article 6.5.4.2: Resistance Factors
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Bolt Properties

Angle Properties

ksi

ksi

ksi

Tension for A307
Shear for A307
Block Shear
Bolts Bearing
Shear Connectors

Flexure
Shear for the Angle

Strength of Anchor Bolt (It is assumed that ASTM A307 Grade
C bolt is used)

Diameter of Anchor Bolt INPUT

Number of Shear Planes per Bolt

Yield Stress of the Angle

Ultimate Stress of the Angle

Thickness of Angle

Height of the Angle

Width of the Angle

Length of the Angle

Height of the Bevel INPUT

Distance from the vertical leg to the center of the hole. This is
the location of the holes.

Diameter of bolt hole

Block Shear Length

Block Shear Width

Shear Lag Factor for Block Shear

Distance from the center of the bolt to the edge of plate

323




o) = i Distance from center of bolt to toe of fillet of connected part

Lc:=2 in Clear dist. between the hole and the end of the member

ShearC heck (¢vn ,Vu) = |a«"OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a
Clip Angle Check:

AISC J4: Block Shear

Agv = t-BLSHIength = 6 in’
Anv = t-(BLSHIlength — 0.5diahole) = 5.25 in?
Ant :=t-(BLSHwidth— 0.5diahole) = 1.25 in?

AISC Eq. J4-5
BLSHprogram(Agv ,Anv , Ant,Ubs,Fu,Fy) := |b < 0.6Fu-Anv + Ubs-Fu-Ant

c <« 0.6/y-Agv + Ubs-Fu-Ant

a«b ifb<c

a«cifb>c

a

Rn := BLSHprogran{Agv , Anv , Ant,Ubs, Fu, Fy) =202.1 kips
¢bsRn :=¢,s-RN =161.68 Kips

BlockShearCheck := ShearChedk (¢bsRn , Vcolbent) = "OK"

AISC D2: Tension Member
Shear Lag factor for single Angles. Refer to Table

=01 D3.1 in AISC Manual

Ant :=t-[w — (Ldighole)] =4.5 in

Ae = Ant-Ut =2.7 in’ AISC Eg. D3-1
dtPn = d)t-Fub-Ae =125.28 Kips

AISC Eq. D2-2
TensionCheckp g = ShearCheck (¢tPn , Vcolbent) ="OK"

AISC G: Shear Check
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Aw =tw==6 in2

¢gsangleVn := ¢sang|e'0'6 Fy-Aw-Cv =129.6 kips

ShearAngleCheck := ShearChedk(¢sangleVn ,Vcolbent) ="OK"

Anchor Bolt Check:

LRFD Article 6.13.2.12: Shear Resistance For Anchor Bolts

Tc-Diab2
Ap = =1.485 in2
4
¢8RN := ¢ 4-0.48Ap-Fub-Ns =31.005 Kips

Shear ponchorbolts = ShearCheck (¢sRn , Veolbent) = "OK"

LRFD Article 6.13.2.9: Bearing Resistance at Bolt Holes
For Standard Holes

¢bbRn :=2.4Dig,t-Fub =191.4 Kips

For Slotted Holes

¢bbRns :=Lct-Fub =116 Kips

Bearinggtstandard = ShearCheck (¢bbRn , Veolbent) ="OK™

Bearingg|tsiotted = ShearCheck (¢bbRns , Veolbent) = "OK™

LRFD Article 6.13.2.10: Tensile Resistance

AISC Eq. G2-1

LRFD Eg. 6.13.2.12-1

LRFD Eg. 6.13.2.9-1

LRFD Eg. 6.13.2.9-4

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 is Vangle* 1". The distance to the anchor bolt in the cap beam is 4", and that is

how the Tu equation was derived.

Vcolbent-1

=———— =5556 Kips
distanchorhole
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¢Tn :=¢0.76 Ap-Fub =52.363

kips

TensionCheck := ShearCheck (¢tTn , Tu) = "OK"

Pu := Vcolbent

Article 6.13.2.11: Combined Tension and Shear

CombinedProgran(Pu, Ap, Fub,¢sRn ,¢g) := [t « 0.76A,-Fub
2
e 0.76Ay Fub [1- [ ——
¢6RN
a<«tif Pu <0.33
¢sRN
bs
acr if —0 5033
¢sRN
0s
a
TNoombined = CombinedProgran(Pu,Ab,Fub,qun ,q)s) =45.644 Kips

TN ombined = Pt TNoombined = 36.515

Kips

CombinedCheck := ShearCheck (TN oompined - Veolbent) = "OK"

Summary
Dia, =1.375 in

Shear anchorbolts = "OK"

Bearinggjtstandard = "OK"

Bearinggtsjotted = "OK"

TensionCheck = "OK"
CombinedCheck = "OK"

BlockShearCheck = "OK"
TensionCheckNSC ="OK"

ShearAngleCheck ="OK"
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Appendix K: 1-59 Bridge over Norfolk Southern Railroad Moment-Interaction Diagrams

Bent 2

STRUCTUREPOINT - spColumn v4.81 (TM) Page 1
15 day trial license. Locking Code: 4-1EC20. User: oem, Hewlett-Packard Company 03/06/13
untitled.col 04:20 PM
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oo o =] oo 00 oo oo 00 =] oo oo oo oo oo oo
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spColumn v4.381 (TM)
Computer program for the Strength Design of Reinforced Concrete Sections
Copyright ® 1988-2012, STRUCTUREPOINT, LLC.
All rights reserved

Licensee stated above acknowledges that STRUCTUREPOQINT (SP) is not and cannot be responsibkble for either
the accuracy or adeguacy of the material supplied as input for processing by the spColumn computer
program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to the
correctness of the output prepared by the spColumn program. Although STRUCTUREPCINT has endeavored to
produce spColumn error free the program 1is not and cannot be certified infallible. The final and only
responsibility for analysis, design and engineering documents is the licensee's. Accordingly
STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design
or engineering documents prepared in connection with the use of the spColumn program.
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STRUCTUREPOINT - spColumn v4.81

(TM)

15 day trial license. Locking Code: 4-1EC2Z0. User: oem, Hewlett-Packard company

untitled.col

General Information:

File Name: untitled.col
Project:

Column:

Code: ACI 318-11

Run Opticon: Inwestigation
Run Axis: X-axis

Material Properties:
f'c - 4 ksi
EC - 3605 ksi
Ultimate strain - 0.003 in/in
Betal - 0.85

Section:

Rectangular: width - 42 in

Gross section area, Aag - 176
IX = 259308 1in~4

rx = 12.1244 1in

¥o - 0 in

Reinforcement :
Bar Set: ASTM A6l5
S5ize Diam (in) Area (in*~2)

¥ 3 0.38 0.11
£ 6 0.75 0.44
¥ 05 1.13 1.00
$ 14 1.69 2.25

Confinement: Tied; #3 ties wi
phi{a} - 0.8, phi(b) - 0.9,

Layout: Rectangular

Engineer:
Units: English

Slenderness: Mot considered
Column Type: Structural

fy - &0 ksi
Es = 29000 ksi

Depth = 42 1in

4 in~2
Iy = 259308 in~4
ry = 12.1244 1in
Yo = 0 in

size Diam (in) Area (in~2) Size Diam (in) Area (in*~Z)

# 4 0.50 0.20 # 5 0.63 0.31
# 7 0.88 0.60 # 8 1.00 0.79
# 10 1.27 1.27 # 11 1.41 1.56
# 18 2.26 4.00

th #10 bars, #4 with larger bars.
phi{c) - 0.65

Pattern: All Sides Egual {Cover to transwverse reinforcement)

Total steel area: As - 18.72
Minimum clear spacing - 10.45

12 #11 Cover - 2 1in

Factored Loads and Moments with

in*2 at rho - 1.06%
in

Corresponding Capacities:

Pu Mux
Ho. kip k-ft
1 1072.50 1415.00

*=** End of output ==*+*

PhiMnx FhiMn/Mu NA depth Dt depth eps_t Phi
k-ft in in
2769.96 1.958 12.09 38.79 0.00663 0.900
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42 % 42 in

Code: ACI 318-11

Units: English

Run axis: About X-axis

Run option: Inv estigation
Slenderness: Mot considered
Column type: Structural
Bars: ASTM AB15

Date: 03/06/13

Time: 16:22:56

_____________________

spColumn v4.81. 15 day frial license. Locking Code: 4-1EC20. User: ocem, Hewlett-Packard Company

File: untitled.col
Project:

Column:
fc=4ksi

Ec = 3605 ksi

fc= 3.4 ksi

e_u= 0003 inin
Betal = 0.85
Confinement: Tied

fy = 60 ksi
Es = 29000 Ksi

phi{a) = 0.8, phi(b) = 0.9, phi(c) = 0.65

Engineer:

Ag= 1764 in"2
Az = 1872in"2
X0 =0.00in
Yo = 0.00in

12 #11 bars

rho = 1.06%

Ix = 259308 in*4
Iy = 259308 in"4

Min clear spacing = 10.45 in Clear cover = 2.50 in
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Appendix L: Oseligee Creek Bridge SDC B

Designer: Jordan Law
Project Name: Oseligee Bridge
Job Number: BR-1V20 (515)

ORIGIN:=1

xxxxxxxxxxxx

Datertpidi?0fi dvorksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information
Coordinates: 32.902N, 85.196W
Soil Site Class: D

Superstructure Type: AASTHO Type Il girders for all spans
Substructure Type: Circular columns supported on drilled shafts
Abutment Type: Abutment beam supported on drilled shafts

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,

bent volume(s), and guard rail volume(s). Also, information about foundations should also
be included if the bridge is classified as SDC B.

Note: Input all of the below information.

fc :=400( psi
fye :=60001 psi
Ib
Poonc = 0.0868 -
in
i_n
:= 386.
9, $2
Length of Bridge (ft)

Angle of skew of bridge (degrees)
Span (ft)
Deck Thickness (in)

Deck Width (ft)
Depth of Superstructure (ft)
Number of Bridge Girders

I-Girder X-Sectional Area (in2)

A =1
SD]. = 1¢
Spg =2
SDC:="B"
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DeckWidth :=32.7!

DS :=4.187

N_:=4

IGirderArea := 559.!




Guard Rail Area (in2) GuardRailArea = 31
Bent Volume (ft9) BereVolume:= 5430 =600
Column Diameter (in) ‘Columndia:= 4: in
Dsdia:= 42
Dsabutdia := 4

Number of Columns per Bent

Drilled Shaft Diameter (in)
Drilled Shaft Abutment Diameter (in)

The column height is measured from the bottom of the bent to the top of the pile footing. Other
options include measuring from the top of the bent to the ground surface or to a change in
diameter (if possible). If the plastic hinge location (at the bottom of the column) is known, then
the column height should be measured from the bottom of the bent to the known hinge point.

Average Column Height of Bent 2 (ft)

Average Column Height of Bent 3 (ft) _ ft

Height of tallest abutment above ground (ft)

Column Area (in2) in’
2
n
Driled Shaft Area (in?) s - 482 17
in2
Drilled Shaft Abutment Area (in2)

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

o |

Span, := Span-12 = 960 i

AAAAA

L:=L12=2.88x 10° i

o |

DeckWidth := DeckWidth-12 = 393 i

AAAAAAAAAAAAAAAAA

o |

>
w

BentVolume:= BentVolumel2® = 1.037x 10° i

AAAAAAAAAAAAAAAAAA

Columnl—leighhemz := ColumnHeighiggpytp 12 = 215.208 i

Columnl—leighsagms := ColumnHeighigg 312 = 310.008 i
Find Vertical Reactions at Each Bent:

=

=

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)
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DeckWidth-2-1.375

12 Number of Lanes On Bridge (Design Lane Width of
N L = =2
Hm_Lanes = trune D ft) See LRFD 3.6.1.2.4
YEQ =0t LRFD Specificaiton C3.4.1 (Extreme Case I) INPUT

The y Q value is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification
recommends a value of 0.5. See LRFD Article C3.4.1 under "EXTREME EVENT

1" KIf

LL_design := 0.6 e LRFD Specification 3.6.1.2.4
KIf
= LL_design-y pn=0.32 —
Q - SlgnyEQ lane
LL_fot := Q Num_Lanes = 0.64 ki Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

. _ INPUT
D " kif L ™ kif
LBent3 =1 Lgent3 =1
VRgent2 = Dlgent2 + Llgentz =1 Kir
VRgent3 = Dlgenta + Llgenta =1 ki

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

Poonc’( Lldeck -DeckWidth + 2-BentVolume+ 2-Acolumn-ColumnHeighiggpio ---
+2-Acolumn-ColumnHeighig a3 + L-N-IGirderArea ...
+ 2-GuardRail Area: L

W =
Y 1000

W =1708.667 kips

To determine the vertical reaction at the bent, the bents tributary area will be calculated
and multiplied by the total weight. A similar calculation will be done for the live load.
This vertical reaction will be used to determine the connection force (below).

S
BentT ribLength := % =80 ft
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Span

BentT ribArea := = - 0.333 Percent of Area Tributary to Bent
DLggpt = BentT ribArea: W = 569.556 kig
kit

LLggnyt := BentTribLength-LL_bot = 51.2

VRgert == Dlent + Llgent = 620.756 ki

VRgent2 = VRBent VRgent3 = VRBent

Steps for Seismic Design
Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.
Article 3.2: Bridges are designed for the life safety performance objective.
Article 3.4: Determine Deisgn Response Spectrum
Article 3.5: Determine SDC
Guide Figure 1.3-2: Seismic Design Procedure Flowchart for SDC B
Displacement Demand Analysis (Fig 1.3-2):

Article 4.1: Seismic Design Proportioning

Article 4.2: Determine Analysis Procedure

Article 4.3.1: Determine Horizontal Ground Motion Effects Along Both Axis

Article 4.3.2/4.3.3: Damping and Short Period Considerations

Article 5.4/5.5: Select Analytical Procedure

Article 5.6: Effective Section Properties

Article 5.2: Abutment Modeling

Article 5.3: Foundation Modeling and Liquefaction (if present)

Article 5.1.2/4.4: Conduct Demand Analysis

Article 4.8: Determine Displacement Demands Along Member Local Axes

Displacement Capacity Check (A ¢ > A D):

Article 4.12: Determine Minimum Support Length

Article 4.14: Shear Key
Guide Figure 1.3-5: Foundation and Detailing Flowcharts
Foundation Design (Fig 1.3-5):

Article 6.8: Liquefaction Consideration

Article 6.3: Spread Footing Design

Article 6.4: Pile Cap Foundation Design

Article 6.5: Drilled Shaft
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Article 6.7: Abutment Design
Detailing:

Article 8.3: Determine Flexure and Shear Demands

Article 8.7: Satisfy Requirements for Ductile Member Design

Article 8.6: Shear Demand and Capacity Check for Ductile Elements

Article 8.8: Satisfy Lateral and Longitudinal Reinforcement Requirements
Articles 3.4 and 3.5 have already been determined from the "SDC Classification™ sheet.
Make sure the four values (As, Sps, Sp1, and SDC) have been input above.

Displacement Demand Analysis (A D)

Article 4.1: Seismic Design Proportioning
See Guide Specification

Article 4.2: Determine Analysis Procedure

This is a function of the SDC and the regularity of the bridge.
For a regular bridge in SDC B, Procedure 1 or 2 can be used.
For a non-regular bridge in SDC B, Procedure 2 must be used.

Guide Table 4.2-1

A regular bridge is defined as a bridge having fewer than 7 spans, no abrupt or unusual change in
geometry and that saisfy the requirements below (Guide Table 4.2-3)

Table 4.2-3: Regular Bridge Requirements

Parameter Value
Number of Spans 2 3 4 5 6
Maximum subte.nded angle 30° 30° 30° 30° 30°
(curved bridge)
Maximum span length ratio 3 ) ) 15 15

from span-to-span
Maximum bent/pier stiffness
ratio from span-to-span - 4 4 3 2
(excluding abutments)

Article 4.3.1: Determine Horizontal Ground Motion Effects Along Both Axis

Seismic displacement demands shall be determined independently in two orthogonal directions,
typically the longitudinal and transverse axes of the bridge

Article 4.3.3: Displacement Magnification for Short-Period Structures

Ug =2 for SDC B
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This Rd value will be calculated when

SD1 ) :
derogralﬂ(T,SDS,SDl,ud) = |Ts « DS the period of the structure is known.
This factor will amplify the
Tb < 1.25Ts displacement demand.
1YTb 1
Xe—|l-—|—+ —
( UdJ T Ud
y < 1.0

-
a <« X if—b>1.0
T

a<«y if T—bsl.o
T

a

Article 5.4: Analytical Procedure 1 (Equivalent Static Analysis)

There are two methods that can be used according to this procedure. The Uniform Load Method
is suitable for regular bridges that respond principally in their fundamental mode of vibration.
The Single Mode Spectral Analysis may be a better method if there is a major change in the
spans, stiffness of the piers, etc.

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.

Uniform Load Method

Step 1: Build a bridge model
Step 2: Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse

direction. Also, the uniform load 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
displacements can be exported to EXCEL, and the MAX Function can be used to find the
maximum displacement.

Step 3: Calculate the bridge lateral stiffness, K, and total weight, W.

Kip
po =1.( F
VsmaxLong ‘= 1.67128 in
INPUT
UgmaxTran = 3-2844 i
Po-L i . i
Ki ong = —— _1.723x 10° kip Guide Eq. C5.4.2-1
g R
VUsmaxLong In
ps-L . . ]
K pan = 0 892,069 @ Guide Eg. C5.4.2-2
VsmaxTran in
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The weight of the structure has already been calculated above

Step 4: Calculate the period, Tpp.

W
T =21 =0.318 S
mLon
J J Kiong9

Step 5: Calculate equivalent static earthquake loading pe.

acc(SDS,SDL T ong-As) = [Ts

a

S8 ong = a‘CC(SDS’SDlﬂTmLong’As)

SaLong'W

peLong = =0.16

Te <
To

for aeT

SD1

SDS

« 0.2Tg
mLong

Tm Long

a <« (SDS - Ay)-
0

a < SDS if T\ ong

if T

Tm Long

Ra < a

=0.27

ﬂ)
in

2T,

mLong ~

Guide Eq. C5.4.2-3

+ Ag If TmLong <Ty

AT STS

mLong

Ts

Guide Eq. C5.4.2-4

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/pg.

RdLong = derogram(TmLong, SDS’SDl’Ud) =1.664

PeLong
VsmaxLong ‘= RdLong’
0

"‘UsmaxLong

=0.445 in

Repeat Steps 4, 5, and 6 for transverse loading.

Step 4: Calculate the period, Tpy.
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—0.442 s Guide Eq. C5.4.2-3

T =21
mTran
\/KTran‘g

Step 5: Calculate equivalent static earthquake loading pe.

SaTan = aCC(SDS’ SDlaTmTran’As) =0.27

S -W .
PeTran = an” ~0.16 %’ Guide Eq. C5.4.2-4

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/pg.

RdTran = derogram(TmTran, SDS’SDl’Ud) =1.337

PeT ran 0692

‘UsmaxTran n
Po

VsmaxTran = ROTran

LRFD Article 4.7.4.3.2: Single-Mode Spectral Method

Single-Mode Spectral Method

This procedure is not specifically addressed in the Guide Specifications. The Guide Spec. refers

you to the AASHTO LRFD Bridge Design Specifications.

Step 1: Build a bridge model
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.

Note: The Deflection equations come from analysis of the SAP model. The displacement is
taken at the joints along the length of the bridge and input into an Excel Worksheet. Then a
graph is created of the displacements along the length of the bridge. A best fit line is plotted,

and that is the equation that is shown below.

Vgtran (¥ :==-1-10 6.2 + 0.0034x — 0.294
INPUT

-8 2 =5
Vslong(x) :=-2-10 -X + 6-10 ~-x+ 1.585

LRFD C4.7.4.3.2b-1

L L
Tran = J Vstran (%) dx % ong = J Vslong(®) &
0 0
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rL rL

w w LRFD C4.7.4.3.2b-2
BTran = L Vstran Q> PrLong = T’Vslong(x) d>
70 70
rL W rL W
TTran= | T Vstran (W dx=6.737< 10"y gp = T‘Vslong(x)zd’ LRFD C4.7.4.3.2b-3
J O J 0

a = Displacement along the length
B = Weight per unit length * Displacement
vy = Weight per unit length * Displacement2

Step 4: Calculate the Period of the Bridge

Y Tran
TTran1 = 28 [——— =0.361 s LRFD Eq. 4.7.4.3.2b-4
Po 0 %Tran
T o |09 313 LRFD Eq. 4.7.4.3.2b-4
mLongl-~=<"% |[— — =Y S g.4.7.4.3.2b-
Po 9% ong

Step 5: Calculate the equivalent Static Earthquake Loading
CsmLong = aCC(SDS’S’DlﬂTmLonglfAs) =0.27

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/po.

BLong'Csm Long W

PeLong(X) := 'T'Vslong(x) LRFD Eq. C4.7.4.3.2b-5

Y Long
PelL.ong(X) — 0.00000594460926657263096X8 —1.98153642219087698936)5 + 0.15709620755129272i

L
100
i:=1.10]

dw :

PeIongi :=PeLong[(i — 1)-dW] 6|ongi =V, 1Hdw]

slong[(i -

Along Q= Pelongi-éilongi
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Force Along the Length

T T
Q015 -
g
§ 01 1
£ oost .
0 | |
0 1x10° 2x10°
Length (in)
Deflection Along the Length
0.265 I/,,—~—~ T
= N
= 0261 // \\\ -
S - \
g5 0255 / N\
ks / \
© 025 -
)
0245 L L
0 1x10° 2x10° 3x10°
Length (in)

Maximum Deflection:

maxAlong ) = 0.263 in

NOTE: Repeat Steps 5 and 6 for Transverse Direction.
Step 5: Calculate the equivalent Static Earthquake Loading

CsmTran= aCC(SDS’ SDlﬁTmTranl’As) =0.27

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/pg.

BrranC
PeT ran(x) := M‘.%-vstran(x) LRFD Eq. C4.7.4.3.2b-5
Y Tran

PeTran(X) — 0.000253726602572771754%%+ —7.46254713449328688866)é —0.021977201311082729¢

dL := i
100

i:=1..10]
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Petrani :=PeTran[(i — 1)-dL] éitrani = Vgtran (i — DdL]

Atran P = Petrani'Btrani

Force along the Length

T —1T

pd \
0.15( // .
01f / T
0.05( / .

0 1x10° 2x10°

Force (Kips)

Length (in)

Deflection along the Length
06 T T

04F Ve AN .

Deflection (in)
|

0 1x10° 2x10° 3x10°

Length (in)

Maximum Deflection:
maxAtran ) =0.503 in

Article 5.6: Effective Section Properties

Use 0.7*Ig for ductile reinforced concrete members.
Refer to the charts on page 5-20 of the Guide Specification if a more precise value is desired.

Article 5.2: Abutment Modeling
This is taken care of in the SAP model.

Article 5.3: Foundations Modeling

Since in SDC B, Foundation Modeling Methods I can be used.

FMM is dependent on the type of foundation.
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For bridges with Pile Bent/Drilled Shaft the depth of fixity can be
estimated. Since details regarding reinforcing are not known, reduce the
stiffness of the drilled shafts to one half the uncracked section.

Special provisions need to be considered if Liquefaction is present. Guide Article 6.8

Article 4.4: Combination of Orthogonal Seismic Displacement Demands

LoadCasel := J(l'vsmaxLong)z + (O'SvsmaxTran)z =0.491 in

LoadCase2 := \/(1-vsmaxTran)2 +(0:3VgmaxLong)” =0-704 ir

COLUMN DESIGN

Article 4.8: Displacement Demand/Capacity

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

Displacement Demand/Capacity for the Bents Ap<Ac

BENT 2

The displacement demand is taken as the bent displacement. This can be found by using the
SAP Bridge model that was created.

A Dlong :=1.346 in

INPUT
A pran = 2.080! in
ApLong = RdLong2 Dlong PeLong = 0-359 i
A DT ran = RO7ran A Diran PeT ran = 0-446 i
LoadCasel = [(1 )? + (038 o7 pap)” = 0.383 i
Fruvtevivivvevv el DLong ) DT ran - In
LoadCase2 = |(1A oy pan)” + (034 2 _0.458 i
NI DTran ' DLong) - "
A p := maxLoadCasel, LoadCase2) = 0.458 in
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ColumnHeigh ;
Hy = B2 1703 4 B, = —oumndia_g5 4
12 12
Transverse Direction
A=z Fixed and top and bottom Guide Article 4.8.1
A-B .
e — 9 _ 039 Guide Eq. 4.8.1-3
0
AcT=0.12H,(-1.27In() —0.3) =1.883  in Guide Eq. 4.8.1-1
Longitudinal Direction
Guide Article 4.8.1
A=1 Fixed-Free
Guide Eq. 4.8.1-3
A-B,
Xi= =0.195
0
Acp =0.12H,-(-1.27In(x) —0.3) =3.777  in Guide Eqg. 4.8.1-1

Aci= mlr(ACT,AC|_) =1.883
0.12H, =2.152 ir

CheckLimifA ¢, Ho) == |a < 0.12H, if A <0.12H,

a<Ac otherwise
A .= CheckLimifA ¢, Hy)
Ac=2152

CheckCapacity(A cA D) = e« "OK" if Ac>2Ap

¢ < "FAILURE" if Ac <Ap

CheckCaoacity(A cA D) ="OK"

If the simplified equations do not work ("FAILURE") for any of the bents, a pushover
analysis of the bridge can be done to verify the displacement capacity.

In SAP 2000, there is an earthquake design program that allows a pushover analysis to be
done by setting the SDC to D. Be sure to amplify the demand values by the appropriate Rd
value. List the results below to verify that the Displacement Capacity is sufficient. The
Demand Displacement must be multiplied by pe/po. The below chart was created in Excel
and then brought into Mathcad.

BENT 3
342




INPUT

AMlong = RdLong 2 Dlong PeLong = 0-383

AoTsan, = RoTran 2 Diran'PeTran = 0-621

LoadCasel := J(M DLong)2 + (038 oy ) = 0.426

L oadCase? := J(m DTran) + (034 b ong)” = 0.632

A= max(LoadCasel, LoadCase?) = 0.632 in

ColumnHeighigents

H

Ha.: =25.834 tt

12

Transverse Direction

A:=2 Fixed and top and bottom
A-B

Xi= —— =0.271
HO

AcT=0.12H-(-1.27In(X) - 0.3 =4.149
Longitudinal Direction

A=1 Fixed-Free

A cyi=0.12Hy (-1.27In(¥) - 0.3 = 6.878

Aci=mifAcTAcy) =4.149

0.12H, =3.1 in

CheckLimifA o, H) == |a < 0.12Hy if A <0.12H,

a<Ac otherwise

CheckLimifA ¢, Hy) =4.149
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Columndia
B, =——— =

: 3.5

Guide Article 4.8.1
Guide Eqg. 4.8.1-3

Guide Eq. 4.8.1-1

Guide Article 4.8.1
Guide Eqg. 4.8.1-3

Guide Eqg. 4.8.1-1




CheckCapadity(A ¢, Ap) := [c « "OK" if Ac>Ap

¢ < "FAILURE" if Ac <Ap

CheckCapacity(A ¢, A p) = "OK"

Pushover Analysis Results (if necessary):

GenDispl Demand (in) | Capacity (in)| Check

GD_TR1_DESIGN|  0.9609 2.753592 OK
_GD_LGL DESIGN| 1.243476 2.11728 OK INPUT
_GD_TR2_DESIGN| 1.058172 | 3.612048 oK (from SAP2000)
_GD_LG2 _DESIGN| 1.1439 4.627332 OK

Article 4.12: Minimum Support Length Requirements
Abutment Support Length Requirement Guide Eq. 4.12.2-1
( ) |
Nabutment1 := 1.5(8 + 0.05pan + 0.08H,, 1t )-\1 + 0.000125kew”) = 4 in

Bent Support Length Requirement Guide Eq. 4.12.2-1

BENT 2
L := BentT ribLength =80 Sop=0.X
ColumnHeighigenio
= 12
Standard Specifications

=17.934

Nogtan = (8+ 0.02L + 0.08H)-(1 + 0.000125Skew2) =11.035 in
ATC-49 Equation (New Design)

2| ((1+1.255p,
Ny :=|4+ .01 +.0H+ 1L.OWH [1+|2=| || ——=| =17.606 in
8 COS(SKGWTE)

180
BENT 3

L :=BentT ribLength = 80 Spi=0-X
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ColumnHeighigenis

H:= =25.834
il 12

Standard Specifications

Nagtan := (8+ 0.02L + 0.08H).(1+ 0.0001285Kkew?) = 10667 i

ATC-49 Equation (New Design)

2| 1+1.255p;
Ng :=[4+ .02 + .08H + 1.09/H- 1+(2-—) | ———<1 =20.064 in
8

Skew-rt
coS| —
180

Vok =15V,  This does not apply to this bridge

Article 4.14: Superstructure Shear Keys

BENT 2 DESIGN

Guide Article 4.11.2: For SDC B, it is acceptable to use the moment capacity based on expected mat
strengths when the concrete reaches an extreme compressive fiber strain of 0.003.

Force Inputs

My eBent2 = 153¢ kip — Nominal moment from PCA Column INPUT
Volastic = 51 kir Elastic shear from SAP2000 model
P, := 128400 It Axial load from earthquake and dead load combination

Reinforcement Details

Ag := Acolumn
Ae = 0.8Ag = 1108 in? Guide Eq. 8.6.2-2
= Guide Article 8.6.2
H,D =2
n:=z n: Number of individual interlocking spiral or hoop core sections
StirrupSize:= "#4" StirrupSize: Bar size used for stirrups
s:=¢€ in s: Spacing of hoops or pitch of spiral (in)
sNOhinge := ¢ in sNOhinge: Spacing of hoops or pitch outside PHL
Asp :=0.: in’ Asp: Area of hoop reinforcement in direction of loading (in2)
Dsp :=0.62! in Dsp: Diameter of spiral or hoop reinforcing (in) INPUT
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Cover :=¢€ in Cover: Concrete cover for the Column (in)

b := Columndi in b: Diameter of column (in)

d :=b — Cover =36 in d: Effective depth of section in direction of loading (in)
Dprime:=b — 2-Cover in Dprime: Diameter (in column) of hoop reinforcing (in)
NumberBars := 12 Total number of longitudinal bars in column cross-section
Ap) = 1.5t in’ Abl: Area of longitudinal bar

dpy == 1.4 in dbl: Diameter of longitudinal bar

bv := Columndi. bv: Diameter of column

Article 8.3: Determine Flexure and Shear Demands

The design forces shall be the lesser of the forces resulting from the overstrength plastic hinging
moment capacity or unreduced elastic seismic forces in columns or pier walls.

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

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.

Amo:= 1.4 for ASTM A 615 Grade 60 reinforcement Guide Article 8.5

7 .
MpBentZ = AmoMneBent2- 100012 = 2.584x 10 Ib —ir
Fixity:= ColumnHeightgeyto = 215.208 in

2M
A= ZTPBOZ 10125 kipe
Fixity1000
Npelastic, = Vpelastic'ma>(peT ran> peLong) =82.497 kips
Article 8.7: Requirements for Ductile Member Design

Each column must satisfy the minimum lateral flexural capacity

A:=2 Fixed and top and bottom Guide Article 4.8.1
Filxzity+ 0.5D,
MpeminBent = 0-1Dlgent: — " 570.346 Kip ft Guide Eq 8.7.1-1
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CheckMoment(Mne,Me) = |a < "OK" if Mg <Mg

la < "FAILURE" otherwise

CheCI"Vlomem(MneminBent’ lV'neBentZ) ="OK"

If the moment check comes back "FAILURE" then the column size can be increased or

the reinforcement can be increased.

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

It is recommended to use the plastic hinging forces whenever practical, but in this case the elastic

forces will be used.

Vy = mif( My, Vielastic) = 82497 Kips g =0.¢

Article 8.6.2: Concrete Shear Capacity

4-Asp

=—— =0.0044
Ps s-Dprime
fye .
=—— =60 ksi
b 1000

StressCheck pg,fyh ) := |fs < pg-fyh
la % ifs <035

f := StressCheck(pg, fyh ) =0.267

aprogram(fs ,pD) = |aprime < &SJr 3.67-up

a <« 0.3 if aprime<0.3
a < aprime if oprime > 0.3 A aprime <3

a <« 3 if aprime>3

a
oPrime:= aprogram(fs , “D) =3

If Pu is Compressive:

347

Guide Eq. 8.6.2-7

Guide Eq. 8.6.2-6

Guide Eq. 8.6.2-5




P

veprogram (ocPrimefc ,Pu,Ag) = |ve « 0.032aPrime[1 + " ulOOO). /1:?00 Guide Eq. 8.6.2-3

minl < 0.11 |—©—
1000
. . fc
min2 < 0.04©Prime | —
1000

minimum«— minminl, min?
a < vc if vc <minimum

a < minimum if vc > minimum

a

If Puis NOT Compressive:

If Pu is not compressive, manually input 0 for vc. Input it below the vc:=vcprogram

and the variable will assume the new value.
VC = vcprogram(aPrimefc ,Pu,Ag) =0.22 Ksi
Ve :=vc-Ae =243.838 Kips

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

vsprogram (n, Asp,fyh ,Dprimes,fc,Ae) := |vs « 5
S

maxvs < 0.25 L-Ae
1000

a <« vs if vs < maxvs

a <« maxvs if vs > maxvs

a
Vs :=vsprogram(n, Asp,fyh ,Dprime s, fc, Ae) = 188.496 Kips
dvn =4 (Vs +Ve) =389.1 Kips

ShearCheck(¢vn , V) == |a < "OK" if ¢vn >V,
a < "FAILURE" if ¢vn <V,

a

Shearcheck := ShearChedk(¢vh ,\) = "OK"
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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
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement
For Circular Columns:
mintranprogram(ps) = |a < "OK" if pg >0.003 Guide Eq. 8.6.5-1
a < "Increase Shear Reinbrcing Ratio” if pg < 0.00:

a

Transversecheck := mintranprogran‘(ps) ="OK"

If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

Along = NumberBars-Ab| =18.72 in2

pprogram(A|0ng,Ag) = |a « "OK" if Along <0.04Ag Guide Eq. 8.8.1-1
a « "Section Over Reinforced" if Along > 0.04Ag

a

ReinforcementRatioCheck := pprogram(A|ong,Ag) ="OK"

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.
ArticFI)e 8.8.2: Minimum Longitudinal Reinforcement

minAlprogram(A(,Ag) := [a < "OK" if Ajgpq >0.007Ag Guide Eq. 8.8.2-1

a « "Increase Longitudinal Reinforcing” if Along < 0.007Ag

a

MinimumA := minAIprograrT(A|ong,Ag) ="OK"

If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing",
either decrease the section size (Aqg) or increase the longitudinal reinforcing (Abl and
NumberBars in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.
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Cross-tie Requirements:
1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, or 3 in. at one end and a hook of NOT less than
90 Degrees with an extension of NOT less than 6*dp, 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 bars shall be alternated end-for-end.

Hoop Requirements

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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. _
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.6: Analytical Plastic Hinge Length
Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shaft.

PlasticHingg Fixityfye ,dy) := |lp « 0.08Fixity+ 0.15%)-%, Guide Eq. 4.11.6-1

m e 0.032% .y,
1000

a«<Ipifilp=m

a«miflp<m

a

Ly, := PlasticHinge(Fixityfye ,dp ) =20.907 ir

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

'y' 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
PeTran o take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the
PlasticHingeRegion program in inches.
Mp75 := 0.75Mpgntp = 1.938x 10" Ibir
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PIasticHingeRegior(Lp,Columndia) := |z « 1.5Columndi:

x<—Lp
y <0

a <« max{z,x,y)

%1:m$mmmmwmﬂwammm©=m in

The Guide Specifications allows for the use of the plastic hinge length from the LRFD
Specification in SDC A and B (Guide Article C8.8.9).
LRFDPIlasticHingeLength(ColumnDia ColumnHeigh) := |a < ColumnDia

b « (—15~ColumnHeigh

c« 18

PHL « maxa,b,c)
PHL

Lp2 := LRFDPIlasticHingeLength(Columndia Fixity = 42 in

Guide Article C8.8.9

The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:

PHL:=mir(Lyy,Lpo) =42 i

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region: Guide Article 8.8.9
Shall Not Exceed the Smallest of:
Spacingprogram(Cqumndiadb|) = 1q « (éjColumndi:

I‘(—G'db|
t«6

a « min(q,r,t)
a

MaximumSpacing:= Spacingprogram(Cqumndia dbl) =6 in

SpacingCheck (MaximumSpacings) := |a < s if s < MaximumSpacing
a < MaximumSpacing if s > MaximumSpacin

a
FINALSPACING= SpacingCheck(MaximumSpacings) =6 in

scheck := ShearCheck (MaximumSpacings) = "OK"
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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 5.10.11.4.3 (LRFD SPEC.): Column Connections

This needs to be done whenever the column dimension changes. The spacing in the hinge region
shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgram(d) := |z « 15

Extension := ExtensionProgram(Columndig = 21 in

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

LRFD 5.8.3.3 Nominal Shear Resistance

V, =82.497 Kips
¢s =0.9
p=2( LRFD Article 5.8.3.4.1
T
0:=—-45=0.785  rad
180
dp| .
Dr :=bv — Cover — Dsp — > = 34.67 in
de:=d =36 in LRFD Eqg. 5.8.2.9-1
dv :=0.9de =324 in
V := 0.0316p- f bv-dv = 172.005 kips LRFD Eq.583.3-3
2Asp- —dv cot(6) LRFD Eq. 5.8.3.3-4
Vg = =86.4 Kips

sNOhlnge

Vj 1= g 25f-bv-dv = 1.225¢ 100 kips

W= midVo, (Vg + Vg )65 =232.565 Kips
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ShearCheck(Vn ,V ) == |a « "OK" if ¢vn >V,

a < "FAILURE" if ¢Vn <V,

a

Shearcheck? := ShearChedk(¢vn , ;) = "OK"
If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

_ . LRFD Eg. 5.8.2.5-1
Avmin = 0.0316 | <. DV-SNOhinge _ ; 454 2
1000 fye in
1000
.2
Av :=2Asp =0.4 in
TranCheck(Avmin,Av) := |a < "Decrease Spacing or Increase Bar Size" if Avmin > Av

a <« "OK" if Avmin< Av

a

MinimumT ran:= TranCheck(Avmin, Av) ="OK"

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu

VU := ———— =0.067 ksi LRFD Eg. 5.8.2.9-1
¢ gbv-dv

spacingProgram(Vu,dv,fc) := |v « 0125 LRFD Eg. 5.8.2.7-1and 5.8.2.7-2
1000

g <« 0.8dv

r <« 0.4dv

z«q ifqg<24

2«24 if g>24

t«r ifr <12

t« 12 if r >12

a«z if Vu<v

a«tif Vvuxv

a
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MaxSpacing := floor (spacingProgram(vu,dv,fc)) =24 in
The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"
ALDOT standard

Spacecheck (MaxSpacing,s,Vu,Vc) = |a < minMaxSpacing,12) if V, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise
a

sNOhigg := Spacecheck (MaxSpacing,sNOhinge,Vu,VC) =9 in

Design Summary - Bent 2

StirrupSize = "#4"

S=6 in
sNOhinge =9 in
PHL=42 in

Extension = 21 in
Ny =17. 606 in

Design Check Summary - Bent 2

Shearcheck ="OK" Shear capacity > Vn

Transversecheck = "OK" Minimum shear reinforcement ratio
ReinforcementRatioCheck = "OK" Maximum longitudinal reinforcement ratio
MinimumA = "OK" Minimum longitudinal reinforcement ratio

scheck ="OK" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone >Vn
MinimumTran="OK" Minimum shear reinforcement outside hinge zone

BENT 3 DESIGN

Guide Article 4.11.2: For SDC B, it is acceptable to use the moment capacity based on expected
material strengths when the concrete reacg%s& an extreme compressive fiber strain of 0.003.




355




Force Inputs

_ kip — tt Nominal moment from PCA Column
INPUT

kir Elastic shear from SAP2000 model

Ik Axial load from earthquake and dead load combination

Reinforcement Details

Ag, := Acolumn

Ae = 0.8Ag = 1108 in’ Guide Eq. 8.6.2-2

- Guide Article 8.6.2

ni=: n: Number of individual interlocking spiral or hoop core sections
StirrupSize:= "#4" StirrupSize: Bar size used for stirrups

si=€ in s: Spacing of hoops or pitch of spiral (in)

SNOhinge := ¢ in sNOhinge: Spacing of hoops or pitch outside PHL

Asp_:= 0.2 in’ Asp: Area of hoop reinforcement in direction of loading (in2)
Dsp :=0.62! in Dsp: Diameter of spiral or hoop reinforcing (in) INPUT
Cover :=¢ in Cover: Concrete cover for the Column (in)

b, := Columndi in b: Diameter of column (in)

d :=b — Cover =39 in d: Effective depth of section in direction of loading (in)
Dprime:=b — 2-Cover in Dprime: Diameter (in column) of hoop reinforcing (in)

Total number of longitudinal bars in column cross-section
Abl: Area of longitudinal bar

in dbl: Diameter of longitudinal bar

5

bv := Columndi. bv: Diameter of column

AAAAA

Article 8.3: Determine Flexure and Shear Demands

The design forces shall be the lesser of the forces resulting from the overstrength plastic hinging
moment capacity or unreduced elastic seismic forces in columns or pier walls.
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Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

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.

A= 14 for ASTM A 615 Grade 60 reinforcement Guide Article 8.5
MpBent3 = *moMneBent3 100012 = 2.584x 10’ Ib —ir
Fixit¥:= ColumnHeighigept3 = 310.008 in

2M

pBent3 .

V, = ————— =166.695 Kips
M Fixity1000 P
Npelastic, = Vpelastic'ma’(peT ran> peLong) =82.497 Kips

Article 8.7: Requirements for Ductile Member Design

Each column must satisfy the minimum lateral flexural capacity

A=z Fixed and top and bottom Guide Article 4.8.1
Fixity+ 0.5D
Vs
Maemingent = 0-+Dlgent| ———— | =7%.32 Kip ft Guide Eq 8.7.1-1

CheckMomen;!Mne,Me) = |a < "OK" if Mo <M,

a < "FAILURE" otherwise

CheCkMome”t(Mnemiant lV'neBentZ) ="OK"

If the moment check comes back "FAILURE" then the column size can be increased or
the reinforcement can be increased.

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

It is recommended to use the plastic hinging forces whenever practical, but in this case the elastic
forces will be used.

Vo= MV, Vielastic) =82497  Kips g, =0.¢
Article 8.6.2: Concrete Shear Capacity

= 2P 0037 Guide Eq. 8.6.2-7
s-Dprime
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fye .
h .=—— =60 ksi

StressCheck(pg.fyh ) := | « pg-fyh

a«f iffs <0.35

5, = StressChedk(pg, fyh ) =0.222 Guide Eq. 8.6.2-6
aprogram/ fs ’“D) = |oprime « %5 +3.67-up Guide Eq. 8.6.2-5

a <« 0.3 if aprime<0.3

a < oprime if aprime> 0.3 A aprime < 3
a <« 3 if aprime>3

a

aPrime:= aprogram(fs ’“D) =3
If Pu is Compressive:

P

fc .
veprogram (aPrime fo ,Pu,Ag) = |vc « 0.032aPrime| 1 + u . Guide Eq. 8.6.2-3
2Ag-1000 1000

minl < 0.11 | &
1000
. . fc
min2 <— 0.04®Prime | —
1000

minimum«— min(minl min2

a < vc if vc < minimum

a < minimum if vc > minimum

a

If Puis NOT Compressive:

If Pu is not compressive, manually input 0 for vc. Input it below the vc:=vcprogram
and the variable will assume the new value.

Ve = vcprogram(ocPrimefc,Pu,Ag) =0.22 ksi Guide Eq. 8.6.2-4

Ve :=vc-Ae =243.838 kips

AAAAA

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity Guide Eq 8.6.3-2 and 8.6.4-1
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. n ( nAsp-fyh -Dprime
vsprogram (n, Asp,fyh ,Dprimes,fc,Ae) := |vs « —-
SpiggE(n-Asp.5h Dprimes.o.Ae) i [vs - 2 ALY

maxvs < 0.25 L-Ae
1000

a <« vs if vs < maxvs

a < maxvs if vs > maxvs

a

Vs .= vsprogram(n, Asp,fyh ,Dprimes,fc, Ae) =226.195 Kips

AAAAA

N =g (Vs + Vo) =423.029 Kips Guide Eq. 8.6.1-2

ShearC heck ( ¢vn ,Vu) = |a <« "OK" if ¢Vn 2V,
a < "FAILURE" if ¢Vn <V,

a
Shearchedk := ShearCheck(¢vh , V) = "OK"
NMWWWWIWWWWWWA

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
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

For Circular Columns:
mintranprogram ps) = |a < "OK" if pg >0.003 Guide Eqg. 8.6.5-1

a < "Increase Shear Reinbrcing Ratio” if pg < 0.00:

a

Transyersectedc = mintranprogran{(pg) = "OK"

If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

Along,= NumberBarsAp 1872 in’
pRIograM(Ajong-AQ) i= |a « "OK" if Ajgpq <0.04Ag Guide Eq. 8.8.1-1

a « "Section Over Reinforced" if Along > 0.04Ag

a
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ReinforeementRatioCheds := ppragram{ Ajgng. Ag) ="OK"

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

minAlprogran] A|,Ag) = |a « "OK" if Ajppg 20.007Ag Guide Eqg. 8.8.2-1
a <« "Increase Longitudinal Reinforcing" if Along < 0.007Ag

a

Minimuma = minAIprograrT(Along,Ag) ="0OK"

If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing",
either decrease the section size (Aqg) or increase the longitudinal reinforcing (Abl and
NumberBars in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D
These Requirements need to be checked and satisfied.
Cross-tie Requirements:
1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, 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
longitudinal bars shall be alternated end-for-end.

Hoop Requirements
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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. )
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shaft.
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PlasticHingd Fixityfye ’dbl) := |lp < 0.08Fixity+ 0.15%)@“ Guide Eq. 4.11.6-1

me 003 g,
1000

a<«Ip iflp>m

a<miflp<m

a
ko= PIasticHinge(Fixityfye ,db|) =37.491 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

'y' 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
PeTran to take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the
PlasticHingeRegion program in inches.
MR75,:= 0.75Mpgentp = 1.938x 10" Ibir

PIasticHingeRggioa Lp,Cqumndié = |z « 1.5Columndii

x<—Lp

y <0

a « maxz,x,y)

Lo1= Plasticl—ﬁngeRegior(Lp,cOlumndia) =63 in

The Guide Specifications allows for the use of the plastic hinge length from the LRFD Specification
in SDC A and B (Guide Article C8.8.9).

LRFDPIasticHingeLengtaColumnDiaCqumnHeighl) := |a « ColumnDia

1
b « E-ColumnHeigh

c <« 18
PHL < maxa,b,c)
PHL

m:: LRFDPIasticHingeLengti Columndig Fixity = 51.668 in

Guide Article C8.8.9

The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:
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PHL:=mir{Lyy, L) =51.668 in

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region: Guide Article 8.8.9

Shall Not Exceed the Smallest of:

1
SeacinggrogramjColumndiadb|) =]q « (ngolumndia
I < 6db|
t« 6
a < min(q,r,t)
a
MaximumSeacigg:: Spaci ngprogram(Cqumndia dbl) =6 in

SeacingCheckgMaximumSpacings) = |a « s if s <MaximumSpacing
a <« MaximumSpacing if s > MaximumSpacin
a

AAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAA

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 5.10.11.4.3 (LRFD SPEC.): Column Connections

This needs to be done whenever the column dimension changes. The spacing in the hinge region
shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgramgd) = |z« 15
1
X« —-d
2
a <« maxz,x)
a
Extension := ExtensionProgram(Columndig =21 in

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

LRFD 5.8.3.3 Nominal Shear Resistance

V, = 82497 Kips
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¢ =0.9
B.=2( LRFD Article 5.8.3.4.1

0:=—.45=0785 rad
180

d
bl
Dr :=bv — Cover — Dsp — — =37.67 in
YW 2

de:=d =39 in LRFD Eg. 5.8.2.9-1

AAAAA

dv :=0.9de =35.1 in

— 0.0316- f -bv-dv = 186.339 Kip LRFD Eqg. 5.8.3.3-3

2Asp- —dv cot (6) LRFD Eg. 5.8.3.3-4

V. = =93.6 Kips
B sNOhlnge P

ANQA

6 .
A\A/sz ¢g.25fc-bv-dv = 1.327x 10 Kips

W= mif Vo, (Vg + Vg )6 =251.945 Kips

ShearC heck ( ¢Vn ,Vu) = [a <« "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a

Shearchedk? := ShearCheck(¢vn , ) = "OK"
MYWWWWWWIYWWWA

If ShearCheck?2 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

variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

. fc  bv-sNOhinge
Avmin := 0.0316 / . =0.398 . LRFD Eqg. 5.8.2.5-1
MYWWWWY 1000 1'ye n q
1000
.2
Av :=2Asp =0.4 in

xxxxxx

a <« "Decrease Spacing or Increase Bar Size" if Avmin > Av
a <« "OK" if Avmin<Av

TranCheck(Avmin, Av) :=

la
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If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V,

=0.062 ksi LRFD Eqg. 5.8.2.9-1

vy =
WV gebv-dv

spacingProgram(Vu,dv, c) := [v « 0.125%) LRFD Eq.58.2.7-1and 5.8.2.7-2

q < 0.8dv

r « 0.4dv

z«q if g<24
2« 24 if q>24
t«r ifr<i12
t« 12 if r >12
a«z if Vu<v

a<«tifVuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,ft)) = 24 in

AAAAAAAAAAAAAA

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"

ALDOT standard
Sgacecheck (MaxSpacing,s,Vu,VC) = |a <= min(MaxSpacing,12) if V|, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise
a

sNOhigg := Spacecheck (MaxSpacing,sNOhinge,Vu,Vc) =12 in

Design Summary - Bent 3
StirrupSize = "#4"
S=6 in
sNOhinge = 12 in
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PHL = 51.668 in

Extension = 21 in

N3 = 20.064 in
Design Check Summary - Bent 3
Shearcheck ="OK" Shear capacity > Vn
Transversecheck = "OK" Minimum shear reinforcement ratio
ReinforcementRatioCheck = "OK" Maximum longitudinal reinforcement ratio
MinimumA = "OK" Minimum longitudinal reinforcement ratio
scheck ="OK" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumT ran="OK" Minimum shear reinforcement outside hinge zone

Transverse Connection Design
Pushover Analysis Results

Static Pushover Curve
3500
3000 //...--
]
2500
=
T 2000 _.../
/
=
W 1500 »
= /
1000 —
500 7
173 —
0
o | 2 4 6 8 10
0_50” Displacement (in)

ALDOT Current Connection Steel Angle Design Check
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Vcolbent := %3 =43.25

LRFD Article 6.5.4.2: Resistance Factors

Bolt Properties

Angle Properties

ksi

ksi

ksi

Tension for A307
Shear for A307
Block Shear
Bolts Bearing
Shear Connectors

Flexure
Shear for the Angle

Strength of Anchor Bolt (It is assumed that ASTM A307 Grade
C bolt is used)

Diameter of Anchor Bolt INPUT

Number of Shear Planes per Bolt

Yield Stress of the Angle

Ultimate Stress of the Angle

Thickness of Angle

Height of the Angle

Width of the Angle

Length of the Angle

Height of the Bevel INPUT

Distance from the vertical leg to the center of the hole. This is
the location of the holes.

Diameter of bolt hole

Block Shear Length
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BLSHwidth:= 2 in Block Shear Width

Ubs := 1.( Shear Lag Factor for Block Shear

a:=: in Distance from the center of the bolt to the edge of plate
EE=Ist in Distance from center of bolt to toe of fillet of connected part
Lc:=2 in Clear dist. between the hole and the end of the member

ShearC heck  $vn ,Vu) = |a « "OK" if ¢vn =2V,

a < "FAILURE" if ¢vn <V,

a
Clip Angle Check:

AISC J4: Block Shear

Agv :=t-BLSHIength = 6 in’
Anv := t-(BLSHIlength — 0.5diahole) = 5.063 in’
. . .2
Ant :=t-(BLSHwidth— 0.5diahole) =1.063 in AISC Eq. J4-5

BLSHprogram{(Agv, Anv, Ant,Ubs,Fu,Fy) := |b < 0.6Fu-Anv + Ubs-Fu-Ant
¢ < 0.6ry-Agv + Ubs-Fu-Ant
a«b ifb<c

a«<c ifb>c

a

Rn := BLSHprogram{Agv , Anv , Ant,Ubs, Fu, Fy) =191.225 kips
dbsRn :=¢,g-RN =152.98 Kips

BlockShearCheck := ShearCheck (¢bsRn , Vcolbent) = "OK"

AISC D2: Tension Member
Shear Lag factor for single Angles. Refer to Table

Ut =04 D3.1 in AISC Manual
Ant :=t-[w — (L-diahole)] =4.125 in
Ae = Ant-Ut = 2.475 in? AISC Eq. D3-1




#Pn = o FubAe =114.84 Kips

TensionCheckagc = ShearCheck (¢tPn , Vcolbent) = "OK"

AISC G: Shear Check

Cv:=1.(
.2
AW =tw=6 in
¢sanglevn = ¢Sang|e‘0.6Fy~Aw-Cv =129.6 kips

ShearAngleCheck := ShearCheck(¢sangleVn , Vcolbent) = "OK"

Anchor Bolt Check:
LRFD Article 6.13.2.12: Shear Resistance For Anchor Bolts

)
n-Dlab
— 2.405 in’

Ab =
¢8RN := ¢ 4-0.48 A -Fub-Ns =50.222 Kips
Shear onchorbolts = ShearCheck (¢sRn , Veolbent) ="OK"

LRFD Article 6.13.2.9: Bearing Resistance at Bolt Holes
For Standard Holes

¢bbRn :=2.4Dig,t-Fub =243.6 Kips

For Slotted Holes

¢dbRns :=Lct-Fub =116 Kips

Bearingg|tstandard = ShearCheck (¢bbRn , Veolbent) ="OK™

Bearingg|tsiotted = ShearCheck (¢bbRns , Veolbent) ="OK™

LRFD Article 6.13.2.10: Tensile Resistance

AISC Eg. D2-2

AISC Eq. G2-1

LRFD Eq. 6.13.2.12-1

LRFD Eg. 6.13.2.9-1

LRFD Eqg. 6.13.2.9-4

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 is Vangle* 1". The distance to the anchor bolt in the cap beam is 4", and that is

how the Tu equation was derived.
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Vcolbent-1
Tu= 22 10813
distanchorhole

#Tn :=¢0.76A,Fub = 84.82

Kips

Kips

TensionCheck := ShearCheck (¢tTn ,Tu) = "OK"

Article 6.13.2.11: Combined Tension and Shear

Pu := Vcolbent

CombinedProgran(Pu,Ab, Fub,¢sRn ,¢ s) =

TNombined = CombinedProgran(Pu,Ab,Fub, ¢sRn "I’s) =53.894

a<«tif

#TN combined = 9t TNcombined = 43115

r < 0.76Ap-Fub- |1 - (

t < 0.76Ay,-Fub

Pu )2
¢sRn

<0.33

kips

Kips

CombinedCheck := ShearCheck(¢tTn oo mpined - Veolbent) = “FAILURE"

Summary
Dia, =1.75 in
Shear pnchorbolts = "OK"

Bearingg|tstandard = OK"

Bearinggtsotted = "OK”

TensionCheck = "OK"
CombinedCheck = "FAILURE"

BlockShearCheck = "OK™

TensionCheckNSC ="0OK"

ShearAngleCheck ="OK"
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Appendix M: Oseligee Creek Bridge Moment-Interaction Diagrams

Bents 2 and 3

STRUCTUREPOINT - spColumn vé4.81 (TM) Page 1
15 day trial license. Locking Code: 4-1ECZ20. User: oem, Hewlett-Packard Company 03/06/13
untitled.col 04:31 PM
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spColumn v4.81 (TM)
Computer program for the Strength Design of Reinforced Concrete Sections
Copyright ® 1988-2012, STRUCTUREPOINT, LLC.
All rights reserved

Licensee stated above acknowledges that STRUCTUREPCINT (SP) is not and cannot be responsible for either
the accuracy or adeguacy of the material supplied as input for processing by the spColumn computer
program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to the
correctness of the cutput prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to
produce spColumn error free the program is not and cannot be certified infallible. The final and only
responsibility for analysis, design and engineering documents is the licensee's. RAccordingly

STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design
or engineering documents prepared in connection with the use of the spColumn program.
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STRUCTUREFPOINT - spColumn v4.81
15 day trial license. Locking C
untitled.col

General Information:
File Name: untitled.col
Froject:
Column:
Code: ACI 318-11

Run Option: Investigation
Run Axis: X-axis

Material Properties:
f'e - & ksi
Ec - 3605 ksi
Ultimate strain - 0.003 in/in
Betal - 0.85

section:

Circular: Diameter = 42 in

Gross section area, Ag - 138
Ix = 152745 in*4

rx - 10.5 in

¥o = 0 in

Reinforcement:

Bar Set: ASTM RG615

Size Diam (in) Area (in~2)
$# 3 0.38 0.11
$# 6 0.75 0.44
# 9 1.13 1.00
# 14 1.89 2.25

(M)
ode: 4-1ECZ0. User: oem, Hewlett-Packard Company

Engineer:
units: English

Slenderness: Not considered
Column Type: Structural

fy - &0 ksi
Es - 29000 ksi

5.44 1n~2
Iy - 152745 in~4
ry = 10.5 1in
Yo = 0 in

5ize Diam (1in) Area (1in~2) Size Diam (in) Area (1in~Z)
& 4 0.50 0.20 # 5 0.63 0.31
# 7 0.48 0.60 # & 1.00 0.79
# 10 1.27 1.27 # 11 1.41 1.56
# 138 2.26 4.00

confinement: Spiral; #3 ties with #10 bars, #5 with larger bars.

phi{a) - 0.85, phi(b) - 0.9,

Layout: Circular

phi(c) - 0.75

Pattern: all sides Egual (Cover to transwverse reinforcement)

Total steel area: As - 18.72
Minimum clear spacing = 5.67

12 #11 Cover = & in

Factored Loads and Moments with

in*2 at rho - 1.35%
in

Corresponding Capacities:

Pl Mux
No kip k-ft
1 1294.00 810.00

*** End of output **+*

FhiMnx FhimMn/Mu NA depth Dt depth eps_t Fhi
k-ft in in
1707. 86 2.108 20.15 34.67 0.00216 0.755

371

Fage 2
03/06/13
04:31 FPM




o y o \III
’] «Pg o |
Y o 0 x.-'
[s]
42 in diam.

Code: ACI 318-11
Units: English
Aun axis: About X-axis

Run option: Inv estigation

Slenderness: Mot considered

Column type: Structural

Bars: ASTM AB15
e R

Time: 16:34:07

-1500 -

spColumn v4.81. 15 day trial license. Locking Code: 4-1EC20. User: cem, Hewlett-Packard Company

File: CilUsers\jdi0003\Documents\Research\ALDOT Bridge Design ExamplestSDC B\Mo...\Oseligee Creek Bents 2 and 3.col
Project:

Column: Engineer:

fio=4ksi fy = B0 ksi Ag = 138544 in"2 124811 bars

Ec = 3605 ksi Es = 29000 ksi As = 1872in"2 rho = 1.35%

fc = 3.4 ksi Xo =0.00in ¥ = 152745 in"4
e_u=0.003in/in Yo =0.00in ly = 152745 in"4
Betal = 0.85 Min clear spacing = 5.67 in  Clear cover = 6.63 in

Confinement: Spiral
phifa) = 0.85, phi(b) = 0.9, phi(c) = 0.75
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Appendix N: Little Bear Creek Bridge SDC B

Designer: Jordan Law ORIGIN:=1

Project Name: Little Bear Creek Bridge

Job Number: APD-355 (501)

Date: 5/24/2012

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information
Coordinates: 34.461N, 88.003W
Soil Site Class: C

Superstructure Type: AASTHO Type IlI girders for end spans
BT-72 girders in middle span

Substructure Type: Circular columns supported on drilled shafts

Abutment Type: Abutment beam supported on drilled shafts

Note: Input all of the below information.

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,
bent volume(s), and guard rail volume(s). Also, information about foundations should also
be included if the bridge is classified as SDC B.

AS =.1¢

ft :=400( psi
fye := 6000 pSl SDl =1t

Ib
Poonc :=0.0868  — - INPUT

in3 SDS =.3

In SDC:="B

g.:=386.: S_z =
Length of Bridge (ft) L :=30( ft
Skew of Bridge (degrees) Skew :=C degrees
End Spans (ft) EndSpan := 8¢ ft
Middle Span (ft) MidSpan := 13 ft
Deck Thickness (in) theck =7 in
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Deck Width (ft)
Superstructure Depth (ft)
Number of Bridge Girdes

I-Girder (AASHTO Type I11) X-Sectional Area (in2)
Bulb (BT-72) Girder X-Sectional Area (in2)

=

Guard Rail Area (in2)

Bent VVolume (ft3)

Column Diameter (in)
Number of Columns per Bent

Drilled Shaft Diameter (in)
Drilled Shaft Abutment Diameter (in)

=
w

The column height is measured from the bottom of the bent to the top of the pile footing. Other
options include measuring from the top of the bent to the ground surface or to a change in
diameter (if possible). If the plastic hinge location (at the bottom of the column) is known, then
the column height should be measured from the bottom of the bent to the known hinge point.

Average Column Height for Bent 2 (ft) ft
Average Column Height for Bent 3 (ft) ft
Tallest Abutment Height Above Ground (ft) f
2
Column Area (in2) Acolumn := M —2.29x 10° in”
2 .
. __ DSdian 3 in
.2
__ DSabutdia™n 3 .2
Drilled Shaft Abutment Area (in2) Adsabut ;= ———— =1.385< 10 in

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

EndSpan, := EndSpan-12 = 1.02x 10° in
MidSpan := MidSpan 12 = 1.56x 10° in
L:=L12=36x10° in
DeckWidth .= DeckWiith-12 = 513 in

AAAAAAAAAAAAAAAAA
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BentVolume:= BentVqume123 =2.834x 106 in3

AAAAAAAAAAAAAAAAAA

CqumnHeigh}agmz := ColumnHeighigg o 12 = 144.756 in
CqumnHeighhgms := ColumnHeighigg 3 12 = 202.572 in

Find Vertical Reactions at Each Bent:

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)

DeckWidth-2.1.375

Number of Lanes On Bridge (Design Lane

12
Num_Lanes := trunc B =3 Width of 10 ft) See LRFD 3.6.1.2.4
YEQ =0 LRFD Specificaiton C3.4.1 (Extreme Case I) INPUT

The y gQ Vvalue is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification
recommends a value of 0.5. See LRFD Article C3.4.1 under "EXTREME EVENT

III
LL. design := 0.6 % LRFD Specification 3.6.1.2.4
kIf
:= LL_design-y gy =0.32 —
Q —ESIINTEQ lane
LL_fot := Q- Num_Lanes = 0.9 ki Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

. _ INPUT
DI " kig L ™ kig
LBent3 =1 Lgent3 =1
VReent2 = DPlgent2 + Llgent2 =1 ki
VRBent3 = Plgent3 + Llgenta =1 Kir

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

Poonc’( Lldeck -DeckWidth + 2-BentVolume+ 2-Acolumn-ColumnHeighiggpio ---
+2-Acolumn-ColumnHeighig g3 + 2EndSpan-N-IGirderArea ...
+ N-MidSpan-BulbGirderArea + 2-GuardRail Area: L
1000
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W = 3163.856 Kips

To determine the vertical reaction at the bent, the bents tributary area will be calculated
and multiplied by the total weight. A similar calculation will be done for the live load.
This vertical reaction will be used to determine the connection force (below).

EndSpan-MidSpan

BentT ribLength := 122 =107.5 ft

EndSpan-MidSpan

: 2 .
BentT ribArea := - =0.358 Percent of Area Tributary to Bent
DLpggnt = BentTribAreaW = 1133.715 kig
Ligor = BentTribLengthLL_bot =103.2 <

VRgent2 = VRgent VRBent3 = VRBent

Steps for Seismic Design

Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.
Article 3.2: Bridges are designed for the life safety performance objective.

Article 3.4: Determine Deisgn Response Spectrum

Article 3.5: Determine SDC

Guide Figure 1.3-2: Seismic Design Procedure Flowchart for SDC B

Displacement Demand Analysis (Fig 1.3-2):
Article 4.1: Seismic Design Proportioning
Article 4.2: Determine Analysis Procedure
Article 4.3.1: Determine Horizontal Ground Motion Effects Along Both Axis
Article 4.3.2/4.3.3: Damping and Short Period Considerations
Article 5.4/5.5: Select Analytical Procedure
Article 5.6: Effective Section Properties
Article 5.2: Abutment Modeling
Article 5.3: Foundation Modeling and Liquefaction (if present)
Article 5.1.2/4.4: Conduct Demand Analysis
Article 4.8: Determine Displacement Demands Along Member Local Axes
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Displacement Capacity Check (A ¢ > A D):
Article 4.12: Determine Minimum Support Length
Article 4.14: Shear Key
Guide Figure 1.3-5: Foundation and Detailing Flowcharts
Foundation Design (Fig 1.3-5):
Article 6.8: Liquefaction Consideration
Article 6.3: Spread Footing Design
Article 6.4: Pile Cap Foundation Design
Article 6.5: Drilled Shaft
Article 6.7: Abutment Design
Detailing:
Article 8.3: Determine Flexure and Shear Demands
Article 8.7: Satisfy Requirements for Ductile Member Design
Article 8.6: Shear Demand and Capacity Check for Ductile Elements
Article 8.8: Satisfy Lateral and Longitudinal Reinforcement Requirements
Articles 3.4 and 3.5 have already been determined from the "SDC Classification™ sheet.
Make sure the four values (Ag, Sps, Sp1, and SDC) have been input above.
Displacement Demand Analysis (A D)
Article 4.1: Seismic Design Proportioning
See Guide Specification

Article 4.2: Determine Analysis Procedure

This is a function of the SDC and the regularity of the bridge.
For a regular bridge in SDC B, Procedure 1 or 2 can be used.
For a non-regular bridge in SDC B, Procedure 2 must be used.

Guide Table 4.2-1

A regular bridge is defined as a bridge having fewer than 7 spans, no abrupt or unusual change in
geometry and that saisfy the requirements below (Guide Table 4.2-3)

Table 4.2-3: Regular Bridge Requirements

Parameter Value
Number of Spans 2 3 4 5 6
Maximum subte.nded angle 30° 30° 30° 30° 30°
(curved bridge)
Maximum span length ratio 3 5 ) 15 15

from span-to-span
Maximum bent/pier stiffness
ratio from span-to-span - 4 4 3 2
(excluding abutments)
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Article 4.3.1: Determine Horizontal Ground Motion Effects Along Both Axis

Seismic displacement demands shall be determined independently in two orthogonal directions,
typically the longitudinal and transverse axes of the bridge

Article 4.3.3: Displacement Magnification for Short-Period Structures

Ug =2 for SDC B

This Rd value will be calculated when the period of the structure is known. This factor will
amplify the displacement demand.

SD1
SDS

Th « 1.25Ts

1) Thb 1
X|[1l-— | —+ —
Ud T Ud

y <« 1.0

Rdprogram(T,SDS,SD1,ug) == |Ts «

a<« X ifT—b>1.0
T

T
a<«y if —bsl.o
T

a

Article 5.4: Analytical Procedure 1 (Equivalent Static Analysis)

There are two methods that can be used according to this procedure. 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 is a major change in the
spans, stiffness of the piers, etc.

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.

Uniform Load Method

Step 1: Build a bridge model

Step 2: Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse
direction. Also, the uniform load 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
displacements can be exported to EXCEL, and the MAX Function can be used to find the
maximum displacement.

Step 3: Calculate the bridge lateral stiffness, K, and total weight, W.

kip

=1.(
Po in

UsmaxLong :=0.64720 in
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INPUT

UgmaxTran = 5.26305 in
P,-L . ] )
Kl ong = 0 = 5562.388 Kip Guide Eg. C5.4.2-1
ong = -
smaxLong
ps-L : . i
KT ran = 0 — 684.014 ﬂ) Guide Eq. C5.4.2-2
UsmaxTran in

The weight of the structure has already been calculated above

Step 4: Calculate the period, Tpy.

=0.241 s Guide Eg. C5.4.2-3

T, =2n-
mLon
d jKLong'g

Step 5: Calculate equivalent static earthquake loading pe.
SD1

s < 2he
SDS

Ty « 02T

acc(SDS,SDL T ong-As) = [T

for a e TmLong

Tm Long

a « (SDS - Ag)- +A

s 1T Tmiong<To
0

a « SDS if TmLong > TO A TmLong < TS
SD1

if Tm Long > TS

Tm Long

Ra « a

a

S8y ong = acc(SDS,SDl,TmLong,AS) =0.33

S8y ong'W kip
PeLong = —— — =02 m Guide Eq. C5.4.2-4

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/pg.
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R} ong = Rdprogram( Ty ong Sps: Spy Ug) = 1914

' PeLong
VsmaxLong = RdLong' D "UsmaxLong
0

=0.359 in

Repeat Steps 4, 5, and 6 for transverse loading.

Step 4: Calculate the period, Tpy.

W Guide Eq. C5.4.2-3

T =0.687 S
KTran9

2m-

mTran =

Step 5: Calculate equivalent static earthquake loading pe.

Sarpan = aCC(SDS’ SDl’TmTran’As) =0.262

Sarran W kip
in

PeTran = Guide Eq. C5.4.2-4

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/po.

Royran = demgram(TmTran’ Sps> SDl’“d) =1

PeT ran

VsmaxTran:= RoTran o ‘UsmaxTran
)

=1.211 in

LRFD Article 4.7.4.3.2: Single-Mode Spectral Method

This procedure is not specifically addressed in the Guide Specifications. The Guide Spec. refers
you to the AASHTO LRFD Bridge Design Specifications.
Step 1: Build a bridge model
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 a, B ,and y.

Note: The Deflection equations come from analysis of the SAP model. The displacement is
taken at the joints along the length of the bridge and input into an Excel Worksheet. Then a
graph is created of the displacements along the length of the bridge. A best fit line is plotted,
and that is the equation that is shown b%QX"




INPUT

~L rL
OTran = | Vstran(®) &> % ong = | Vslong® P

J 0 J 0

rL W rL W
BTran = L Vstran R BLong = T'Vslong(x) d>

“0 °0

t W t W

2 4 2

YTran = T'Vstran(x) dx =6.102x 10 ¥Long ‘= T'Vslong(x) d>

Y0 Y0

a = Displacement along the length
B = Weight per unit length * Displacement
vy = Weight per unit length * Displacement2

Step 4: Calculate the Period of the Bridge

Y Tran
T =21 | —— =0.672 S
mTranl
J Po 9 %Tran

YLong

T =0.194 S

=21
mLongl
g Po 9% ong

Step 5: Calculate the equivalent Static Earthquake Loading

CsmLLong = 2¢(Sps, Sp1: Tmiongz:As) =0-33

LRFD C4.7.4.3.2b-1

LRFD C4.7.4.3.2b-2

LRFD C4.7.4.3.2b-3

LRFD Eq. 4.7.4.3.2b-4

LRFD Eq. 4.7.4.3.2b-4

Step 6: Calculate the displacements and member forces for use in design by applying pe to

the model or by scaling the results by pe/po.

BLong CsmLong W
PeLong(X) := M~—~VS|0ng(x)
Y Long L
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PeLong(x) — 0.0000694998726129264473R6- —1.38999745225852894619)5 + 0.15449821681853549:

_ L
100
i:=1..101

dw :

Pelongi :=PeLong[(i — 1)-dW] ESlongi = Vslong[(i - 1)dw]

Along Q= Pelongi-éilongi

Force Along the Length

T T T
/
~ _,_,.//’
8_ 03 " -
) "

% 0 2_//// 4
L o1t .
0 | | |

0 1x10° 2x10° 3x10°
Length (in)
Deflection Along the Length
0.25 T T T
£ 02f / .
[
o 0.151 // .
E 01F // N
Y ’_/
A 005~ .
0 | | |
0 1100 2100 30 4x10°
Length (in)

Maximum Deflection:

max{Along ) =0.215 in

NOTE: Repeat Steps 5 and 6 for Transverse Direction.
Step 5: Calculate the equivalent Static Earthquake Loading

ComiTran = 2¢(Sps-Sp1: TmTran1:As) = 0.268

Step 6: Calculate the displacements and member forces for use in design by applying pe to

the model or by scaling the results by pe/pg.
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Brran
PeT ran(x) := M~%~vstran(x) LRFD Eq. C4.7.4.3.2b-5

Y Tran

PeTran(X) — 0.000079524611576029477%4 4.67791832800173395539)5 + 0.015961057335141916:

L
100
i:=1..10]
Petrani :=PeTran[(i — 1)-dL] Strani = Vgtran [(i — DdL]

dL:

Atran Q= Petrani-éitrani

Force along the Length

T T T
K /-/ -
< e
8 02r o 1
— -
UO_ 01_ // =
0 il I I I

0 1x10° 2x10° 3x10°

Length (in)

Deflection along the Length

3 T T T ,
= /
= /
c 2 N
=

//

3 /
= 1r / 7
(D)
) .

0 T 1 1

0 1x10°  2x10°  3x10°  4x10°
Length (in)

Maximum Deflection:
max(Atran ) =2.815 in
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Article 5.6: Effective Section Properties

Use 0.7*Ig for ductile reinforced concrete members.
Refer to the charts on page 5-20 of the Guide Specification if a more precise value is desired.

Article 5.2: Abutment Modeling
This is taken care of in the SAP model.

Article 5.3: Foundations Modeling

Since in SDC B, Foundation Modeling Methods | can be used.
FMM is dependent on the type of foundation.

For bridges with Pile Bent/Drilled Shaft the depth of fixity can be
estimated. Since details regarding reinforcing are not known, reduce the
stiffness of the drilled shafts to one half the uncracked section.

Special provisions need to be considered if Liquefaction is present. Guide Article 6.8

Article 4.4: Combination of Orthogonal Seismic Displacement Demands

LoadCasel := J(l'vsmaxLong)z + (O'SVsmaxTran)z =0.511 in

LoadCase2 := J(l'vsmaxTran)z + (O'SVsmaxLong)Z =1.216 in

COLUMN DESIGN

Article 4.8: Displacement Demand/Capacity

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

Displacement Demand/Capacity for the Bents Ap<Ac

BENT 2

The displacement demand is taken as the bent displacement. This can be found by using the
SAP Bridge model that was created.

A Dlong = 0.256 in INPUT
A Dtran :=0.795 in

A pLong = RALong"2 Dlong PeLong = 0-142 in

A DT ran = ROran2 DtranPeT ran = 0-183 in
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LoadCasel := J(m bLong) + (034 prpan)” = 0.153 in

LoadCase? = \/(lA OTran) + (0-38 pong)” = 0.188 in
A p := max(LoadCasel, LoadCase2) =0.188 in
ColumnHeigh ;
Hy = B2 _p06s ot B, = —omdiz_,5 g
12 12
Transverse Direction
A=z Fixed and top and bottom Guide Article 4.8.1
AB :
e — 0 0746 Guide Eq. 4.8.1-3
0
Ac1:=0.12H,(-1.27In(x) —0.3) =0.075 in Guide Eq. 4.8.1-1
Longitudinal Direction
Guide Article 4.8.1
A:=1 Fixed-Free
Guide Eq. 4.8.1-3
A-B,
Xi= =0.373
0
Ay =0.12H,-(-1.27In(x) —0.3) =1.35 in Guide Eq. 4.8.1-1

0.12H, =1.448 in

CheckLimifA o, H) == |a < 0.12Hy if A <0.12H,

a<Ac otherwise
A ;.= CheckLimifA o, Ho)
Ac=1.448

CheckCapacity(A cA D) = |c«"OK" if Ac>2Ap

¢ < "FAILURE" if Ac<Ap

CheckCapacity(A ¢, A p) = "OK"
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If the simplified equations do not work ("FAILURE") for any of the bents, a pushover analysis

of the bridge can be done to verify the displacement capacity.

In SAP 2000, there is an earthquake design program that allows a pushover analysis to be done
by setting the SDC to D. Be sure to amplify the demand values by the appropriate Rd value.
List the results below to verify that the Displacement Capacity is sufficient. The Demand
Displacement must be multiplied by pe/po. The below chart was created in Excel and then
brought into Mathcad.

BENT 3

A Dlong, = 0.370 in
INPUT
m: 2.240 in
AMDlong = RdLong 2 Dlong PeLong = 0-206 in
ADsan, = ROTranA Dtran PeT ran = 0-516 in

LoadCasel = \/(m bLong) *+ (0-38 o ) = 0.257

2 2
LoadCase := \/(m oTran) + (0-3A ppong) = 0519
A p.;= maxLoadCasel, LoadCase2) = 0.519 in

ColumnHeighigenis

H. = =16.881 ft :
Transverse Direction
Ai=2 Fixed and top and bottom
A-B
- % _ 0533

e

A= 0.12H-(-1.27In(x) - 0.3) =0.97 in
Longitudinal Direction

A=1 Fixed-Free

AB
0 —0.267

X:=
»
0

Ay, =0.12Hy (-1.22In(9 —0.33 =2.753 in
Agi=mifAcT,Acgy) =0.97

0.12H, = 2.026 in
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4.5 tt

Guide Article 4.8.1
Guide Eq. 4.8.1-3

Guide Eg. 4.8.1-1

Guide Article 4.8.1
Guide Eq. 4.8.1-3

Guide Eqg. 4.8.1-1




CheckLimifA o, Hq) ==

a < 0.12H, if A <0.12H,

a<Ac otherwise

CheckLimifA o, Hy) = 2.026

CheckCapacity(A ¢, A p) :=

¢« "OK" if Ac>Ap

¢ < "FAILURE" if Ac <Ap

CheckCapacity(A ¢, A p) = "OK"

Pushover Analysis Results (if necessary):

GenDispl Demand (in) |Capacity (in)| Check
_GD_TR1_DReql1| 0.808448256 | 2.801242 OK
_GD_LG1 DReql1| 1.212062438 | 1.522609 OK
_GD_TR2_DReq11]| 3.883949328 | 13.210685 OK
_GD_LG2 DReql1| 1.737604208 | 2.514419 OK

Article 4.12: Minimum Support Length Requirements
Abutment Support Length Requirement Guide Eq. 4.12.2-1
Nabutment :=1.5(8 + 0.0EndSpan + 0-08*abutment)'(1 + 0.000125kewabutment2) =1

Bent Support Length Requirement  Guide Eq. 4.12.2-1

BENT 2
L := BentTribLength = 107.5 Spg,=0.X
ColumnHeighiggpio
= 12
Standard Specifications

=12.063

Nogtan = (8 + 0.02L + 0.08H)~(1 + 0.0001258kew2) =11.115 in

ATC-49 Equation (New Design)

2| ((1+1.258p;
Ny :={4+ .0+ .08H+ 1LOKNH [1+|2=]| || ———= | =16.29 in
8 Skewn
CcoOS| —
180
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BENT 3

L := BentTribLength = 107.5 Spg,i= 0.
ColumnHeigh
H = Bent3 _ 16 gg1
Y 12
Standard Specifications
Nagtan = (8 + 0.02L + 0.08H)-(1 + 0.000125Skew2) =115 in
ATC-49 Equation (New Design)
Ny :={4+ .01+ .08H+ 1.0KH [1+|2=]| || ———=| =18.01 in
8 Skewn
coOS| —
180

Article 4.14: Superstructure Shear Keys

Vok =15V,  This does not apply to this bridge

BENT 2 DESIGN

Guide Article 4.11.2: For SDC B, it is acceptable to use the moment capacity based on expected
material strengths when the concrete reaches an extreme compressive fiber strain of 0.003.

Force Inputs

Mpegent2 = 453 kip — ft
Vpelastic =102 kIF
P, = 128400 It

Reinforcement Details

Ag := Acolumn

Ae = 0.8Ag — 1832 in’

StirrupSize:= "#5"

Nominal moment from PCA Column
Elastic shear from SAP2000 model INPUT

Axial load from earthquake and dead load combination

Guide Eq. 8.6.2-2
Guide Article 8.6.2

n: Number of individual interlocking spiral or hoop core sections

Tiesize: Bar size used for ties
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s:=€ in s: Spacing of hoops or pitch of spiral (in)

sNOhinge := 1( in sNOhinge: Spacing of hoops or pitch outside PHL

Asp :=0.3 in? Asp: Area of spiral or hoop reinforcing bar (in2)

Dsp := 0.62! in Dsp: Diameter of spiral or hoop reinforcing (in) ~ INPUT
Cover :=2 in Cover: Concrete cover for the Column (in)

b := Columndi in b: Diameter of column (in)

d :=b — Cover =51 in d: Effective depth of section in direction of loading (in)
Dprime:=b — 2-Cover in Dprime: Diameter (in column) of hoop reinforcing (in)
NumberBars := 1¢ Total number of longitudinal bars in column cross-section
Ap| = L.5¢ in’ Abl: Area of longitudinal bar

dpj =14 in dbl: Diameter of longitudinal bar

bv := Columndi bv: Diameter of column

Article 8.3: Determine Flexure and Shear Demands

The design forces shall be the lesser of the forces resulting from the overstrength plastic hinging
moment capacity or unreduced elastic seismic forces in columns or pier walls.

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

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.

Amo:= 1.4 for ASTM A 615 Grade 60 reinforcement Guide Article 8.5
7 .

MpBent2 = *moMneBent2 100012 = 7.615x 10 Ib —ir

Fixity:= ColumnHeighigg 1o = 144.756 in

. 2'MpBentZ

— ~1.052¢ 100 kips
P Fixity1000

Npelastic, = Vpelastic'm@(peT ran> peLong) =2%.821  kips
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Article 8.7: Requirements for Ductile Member Design

Each column must satisfy the minimum lateral flexural capacity

A=z Fixed and top and bottom
F|1>(2|ty+ 0.5D;
MneminBent = 0-1Dlgent A ) 870.381 kip ft

Checkl\/loment(Mne,Me) = |a < "OK" if Mg <Mg

la < "FAILURE" otherwise

CheCkMomem(MneminBent’ IV'neBentZ) ="OK"

Guide Article 4.8.1

Guide Eq 8.7.1-1

If the moment check comes back "FAILURE" then the column size can be increased or

the reinforcement can be increased.

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

It is recommended to use the plastic hinging forces whenever practical, but in this case the elastic

forces will be used.

Vy 1= mirf( My, Vigastic) =295.82L  Kips g =0

VoBent2 =W

Article 8.6.2: Concrete Shear Capacity

4-As
ps = ——P_ _0.0043
s-Dprime
fye .
h :=—— =60 ksi
k4 1000

StressCheck pg, fyh ) = |fs « pg-fyh
lac® if & <035

f := StressCheck(pg, fyh ) =0.258

. fs
aprogram(fs ,pD) = |aprime « 0 +3.67-pup

a <« 0.3 if aprime<0.3

a < oprime if aprime > 0.3 A aprime <3
a<« 3 if aprime>3

a
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oPrime:= (xprogram(fs ’“D) =3

If Pu is Compressive:

veprogram (ocPrimefc ,Pu,Ag) = |vec « 0.032aPrime(l +

minl < 0.11 |
1000

a

If Puis NOT Compressive:

a < vc if vc < minimum

Py fc .
: Guide Eq. 8.6.2-3
2Ag-1000/ 1000
. . fc
min2 < 0.04©Prime | —
1000

minimum«— minminl min?

a < minimum if vc > minimum

If Pu is not compressive, manually input O for vc. Input it below the vc:=vcprogram

and the variable will assume the new value.

VC = vcprogram(aPrimefc , Pu,Ag) =0.2 Ksi

Ve :=vc-Ae =403.079 Kips

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

Guide Eq. 8.6.2-4

Guide Eq 8.6.3-2 and 8.6.4-1

vsprogram (n, Asp ,fyh ,Dprimes,fc,Ae) :=

a

Vs := vsprogram(n, Asp ,fyh ,Dprime s, fc , Ae) = 467.469

Vn =4 (Vs + V) =783.493 Kips
ShearCheck(¢Vn ,Vu) = |a < "OK" if ¢vn =V,

a < "FAILURE" if ¢Vn <V,

a
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Asp-fyh -Dpri
Us E.(n sp-fyl prlmej
s

maxvs < 0.25 L-Ae
1000

a <« vs if vs < maxvs

a < maxvs if vs > maxvs

Kips

Guide Eq. 8.6.1-2




Shearcheck := ShearCheck(¢Vh ,V,) = "OK"

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

variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement
For Circular Columns:
mintranprogram(ps) = |a < "OK" if pg >0.003 Guide Eq. 8.6.5-1

a < "Increase Shear Reinbrcing Ratio” if pg < 0.00:

a

Transversecheck := mintranprogran(ps) ="OK"
If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

Along = NumberBars- Ay 2496 in’

pprogram(A|ong,Ag) = |a « "OK" if Along <0.04Ag Guide Eq. 8.8.1-1
a « "Section Over Reinforced" if Along > 0.04Ag

a
ReinforcementRatioCheck := pprogran1(A|0ng,Ag) ="OK"

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.
Articqe 8.8.2: Minimum Longitudinal Reinforcement

i = " " > .
mlnAIprogran(A|,Ag) = |a « "OK" if Along > 0.007Ag Guide Eq. 8.8.2-1
a <« "Increase Longitudinal Reinforcing” if Along < 0.007Ag

a

MinimumA := minAIprogran(Amng,Ag) ="0OK"
392




If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal
Reinforcing™, either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl
and NumberBars in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D
These Requirements need to be checked and satisfied.
Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, or 3 in. at one end and a hook of NOT less than
90 Degrees with an extension of NOT less 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
longitudinal bars shall be alternated end-for-end.

Hoop Requirements

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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. )
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.6: Analytical Plastic Hinge Length
Note: For reinforced concrete columns framing into a footing, an integral bent cap, an
oversized shaft, or cased shaft.

PIasticHinge(Fixityfye ’dbl) := |Ip « 0.08Fixity+ O.lS%)dm Guide Eqg. 4.11.6-1

me 0032 g,
1000

a<«Ip iflp>=m
a<«<miflp<m
a

Ly = PlasticHingg( Fixityfye ,dy) = 24.27 in
Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region
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'y' 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
PeTran to take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the
PlasticHingeRegion program in inches.
MPp75 := 0.75Mppgentp = 5.712x 10" Ibir

PIasticHingeRegior(Lp,Columndiz% = |z « 1.5Columndi;

x<—Lp

y <0

a <« max{z,x,y)

Lpl = PIasticI—IingeRegior(Lp,Columndi% =81 in

The Guide Specifications allows for the use of the plastic hinge length from the LRFD
Specification in SDC A and B (Guide Article C8.8.9).

LRFDPIlasticHingeLength(ColumnDig ColumnHeigh) := |a « ColumnDia

1 .
b « E-ColumnHelgh
c <« 18

PHL < maxa,b,c)
PHL

Lp2 := LRFDPIlasticHingeLength(Columndig Fixity =54 in

Guide Article C8.8.9:
The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:

PHL:=mir(Lyg,Lpp) =54 in
Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region: Guide Article 8.8.9

Shall Not Exceed the Smallest of:

1
Spacingprogram(Cqumndiadb|) =]q « (ngolumndia
I < 6'db|
t« 6
a < min(q,r,t)
a
MaximumSpacing:= Spaci ngprogram(Cqumndia dbl) =6 in
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SpacingCheck (MaximumSpacings) := |a < s if s < MaximumSpacing
a <« MaximumSpacing if s > MaximumSpacin

a
FINALSPACING= SpacingCheck(MaximumSpacings) =6 in

scheck := ShearCheck (MaximumSpacings) = "OK"

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 5.10.11.4.3 (LRFD SPEC.): Column Connections

This needs to be done whenever the column dimension changes. The spacing in the hinge region
shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgram(d) := |z < 15
1
X« —-d
2
a < maxz,x)
a
Extension := ExtensionProgran(Columndi3 = 27 in

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

LRFD 5.8.3.3 Nominal Shear Resistance

W, =29%.821 Kips
5 =09

B:=2.( LRFD Article 5.8.3.4.1

0:=—.45-0785 rad
180

dp| .
Dr :=bv — Cover — Dsp — > =49.67 in
de:=d =51 in LRFD Eg. 5.8.2.9-1
dv :=0.9de =45.9 in
V, = 0.03168- f%)bv-dv 313295 kip LRFD Eq. 5.8.3.3-3
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fye
2Asp-——-av-0ot(6) LRFD Eq. 5.8.3.3-4
Vs = - =170.748 Kips
sNOhinge

V,

6 .
n= ¢S~.25fc-bv-dv =2.231x 10 Kips

W= mi Vo, (Vg + Vg )65 = 435.639 Kips

ShearChedk(¢vn , V) == a « "OK" if ¢vn >V,

a < "FAILURE" if ¢Vn <V,

a

Shearcheck? := ShearCheck(¢vn , | ) = "OK"

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

. fc  bv-sNOhi
Avmin := 0.0316 | —_. 2V STNNGE 5 gaq 2 LRFD Eq. 5.8.2.5-1
1000 fye in
1000
.2
Av :=2Asp =0.62 in
TranCheck(Avmin,Av) := |a « "Decrease Spacing or Increase Bar Size" if Avmin > Av

a <« "OK" if Avmin< Av

a

MinimumT ran:= TranCheck(Avmin, Av) ="OK"

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V
VU= ——  =0.133 Ksi LRFD Eg. 5.8.2.9-1
bgbv-dv
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spacingProgram (Vu,dv. &) = |v « O.lZSL LRFD Eg. 5.8.2.7-1 and 5.8.2.7-2
1000

g < 0.8dv

r < 0.4dv

z«q ifg<24

z« 24 if q>24

ter ifr <12

t« 12 if r >12

a«z if Vu<v

a<«t if Vuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,ft)) =24 in

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"
ALDOT standard

Spacecheck (MaxSpacing,s,Vu,VC) = |a < mi(MaxSpacing,12) if V|, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise

a
sNOhinge := Spacecheck (MaxSpadng,sNOhinge,Vu,VC) =10 in

Design Summary - Bent 2
StirupSize = "#5"
s=6 in
sNOhinge =10 in
PHL = 54 in
Extension = 27 in
N, =16.29 in
Design Check Summary - Bent 2
Shearcheck ="OK" Shear capacity > Vn
Transversecheck = "OK" Minimum shear reinforcement ratio
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ReinforcementRatioCheck = "OK" Maximum longitudinal reinforcement ratio

MinimumA = "OK" Minimum longitudinal reinforcement ratio

scheck ="OK" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn

MinimumT ran="OK" Minimum shear reinforcement outside hinge zone

BENT 3 DESIGN

Guide Article 4.11.2: For SDC B, it is acceptable to use the moment capacity based on expected
material strengths when the concrete reaches an extreme compressive fiber strain of 0.003.

Force Inputs

MneBent3 = 453¢ kip — ft Nominal moment from PCA Column
Voelastic, = 1021 ki Elastic shear from SAP2000 model INPUT
Py,i= 128400 o Axial load from earthquake and dead load combination

Reinforcement Details

Ag, := Acolumr
Ae = 0.8Ag = 1832 in’ Guide Eq. 8.6.2-2
. Guide Article 8.6.2
Ry~
n:=: n: Number of individual interlocking spiral or hoop core sections
StirrupSize:= "#5" Tiesize: Bar size used for ties
s:=¢€ i s: Spacing of hoops or pitch of spiral (in)
sNOhinge := 1( i sNOhinge: Spacing of hoops or pitch outside PHL
Asp :=0.3 in’ Asp: Area of sprial or hoop reinforcing bar (in2)
Dsp := 0.62 in Dsp: Diameter of spiral or hoop reinforcing (in) INPUT
Cover :=2 i Cover: Concrete cover for the Column (in)
b_:= Columndi ir b: Diameter of column (in)
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d :=b — Cover =51 ir d: Effective depth of section in direction of loading (in)

Dprime:=b — 2-Cover i Dprime: Diameter (in column) of hoop reinforcing (in)
NumberBars := 1€ Total number of longitudinal bars in column cross-section
Ap,= 15 in’ Abl: Area of longitudinal bar

dpy =14 i dbl: Diameter of longitudinal bar

by := Columndi bv: Diameter of column

xxxxx

Article 8.3: Determine Flexure and Shear Demands

The design forces shall be the lesser of the forces resulting from the overstrength plastic hinging
moment capacity or unreduced elastic seismic forces in columns or pier walls.

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

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.

A= 14 for ASTM A 615 Grade 60 reinforcement Guide Article 8.5
MpBent3 = *moMneBent3 100012 = 7.615x 10" b —ir
Fixity:= ColumnHeighigg 3 = 202.572 in
2-M
pBent3 .
V,:=—— " - =751.875  Kips
M Fixity1000 P
Npelastic, = Vpelastic'ma)<peT ran> peLong) =29%.821  Kips

Article 8.7: Requirements for Ductile Member Design

Each column must satisfy the minimum lateral flexural capacity

A=z Fixed and top and bottom Guide Article 4.8.1
Filxzity+ 0.5D;
Moemingent = 0-:Dlgent — " 1143.493 kip ft Guide Eq 8.7.1-1

CheckMomengMne,Me) = |a « "OK" if Mpe < Mg

a <« "FAILURE" otherwise

CheCkMomem(MneminBenP IV'neBentZ) ="OK"
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If the moment check comes back "FAILURE" then the column size can be increased or
the reinforcement can be increased.

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

It is recommended to use the plastic hinging forces whenever practical, but in this case the elastic
forces will be used.

Vo= Mif( Vo, Vioelastic) =295.82L  Kips g, =0.
VpBent3 =W
Article 8.6.2: Concrete Shear Capacity

o= 2P _0.0043 Guide Eq. 8.6.2-7

- s-Dprime

fye )
h :=—— =60 ksi

StressCheck(pg,fyh ) := |fs « pg-fyh

a«f if s <0.35

£, := StressCheck(pg, fyh ) =0.258 Guide Eq. 8.6.2-6
aprogram/ fs ’“D) = |oprime « 0£15 +3.67-up Guide Eq. 8.6.2-5

a <« 0.3 if aprime<0.3
a < oprime if aprime > 0.3 A aprime <3

a <« 3 if aprime>3

a
oPrime:= ouprogram(fs , “D) =3

If Pu is Compressive:

P / ft
vcerogram!aPrimefc,Pu,Ag) = |VC « 0.032aPrime(1+ A ulOOO) 1000
g.

minl < 0.11 | ¢
1000
. . ft
min2 <— 0.04®Prime | —
1000

minimum«— minminl, min2

Guide Eqg. 8.6.2-3

a < vc if vc < minimum

a < minimum if vc > minimum

a
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If Puis NOT Compressive:

If Pu is not compressive, manually input 0 for vc. Input it below the VC:=VCProgram 4o Eq. 8.6.2-4
and the variable will assume the new value. g. ©-0.

VG = veprogram (aPrimefc , Pu,Ag) =0.2 ksi

\Vc :=vc-Ae =403.079 Kips

AAAAA

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity Guide Eq 8.6.3-2 and 8.6.4-1

. n ( nAsp-fyh -Dprime
vsprogram (n, Asp ,fyh ,Dprimes,fc,Ae) := |vs « —-
migr (. Asp.5h Dprimes. o A0) i [us - 2 DALY

maxvs < 0.25 L-Ae
1000

a < vs if vs < maxvs

a < maxvs if vs > maxvs

a

Vs .= vsprogram(n, Asp,fyh ,Dprimes,fc,Ae) = 467.469 kips

gVn =dg (Vs + Vc) =783.493 kips Guide Eq. 8.6.1-2

ShearCheck ( $vn ,Vu) = |a < "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a

Shearchedk := ShearCheck (¢ , V) = "OK"
NWWWWWWWWA

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
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement
For Circular Columns:

mintranprogramy ps) = |a « "OK" if ps >0.003 Guide Eqg. 8.6.5-1

a < "Increase Shear Reinbrcing Ratio” if pg < 0.00:

a

Transversecheck := mintranprogran“(ps) ="OK"
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If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

Along.= NumberBars Ap 2496 in”
mAlong’Ag) = |la « "OK" if Along <0.04Ag Guide Eq. 8.8.1-1

a « "Section Over Reinforced" if Along > 0.04Ag

a
ReinforcementRatioCheck := pprograr(A|org,Ag) ="0OK"

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.
Articﬁe 8.8.2: Minimum Longitudinal Reinforcement

minAlprogran{A,Ag) == [a < "OK" if Ajgp, >0.007Ag Guide Eqg. 8.8.2-1
a « "Increase Longitudinal Reinforcing™ if Along < 0.007Ag

a

MinimumA := minAIprogran(Amng,Ag) ="0OK"

If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing",
either decrease the section size (Aqg) or increase the longitudinal reinforcing (Abl and NumberBars
in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D
These Requirements need to be checked and satisfied.
Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, 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
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 closed tie may be made up of several reinforcing elements with 135
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. )
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.6: Analytical Plastic Hinge Length

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

PlasticHingd Fixityfye ’dbl) := |Ip < 0.08Fixity+ 0.15%)@“ Guide Eq. 4.11.6-1

m < 0.3 g, ,
1000

a<«Ip iflp=m

a<«miflp<m

a
o= PlasticHinge(Fixityfye ,dpy) = 28.896 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

'y" 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
PeTran to take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the
PlasticHingeRegion program in inches.
Mp75,:= 0.75Mpgentp = 5.712x 10" Ibir

PIasticHingeRggioa Lp,Cqumndiz% = |z « 1.5Columndi:

x<—Lp

y <0

a < max{z,x,y)
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/I\ijlv:: Plastid—ﬁngeRegior(Lp,Columndiz% =81 in

The Guide Specifications allows for the use of the plastic hinge length from the LRFD Specification
in SDC A and B (Guide Article C8.8.9).

LRFDPIasticHingeLengtaCqumnDiaColumnHeighb := |a « ColumnDia

1
b « —6-C0IumnHeigh

c <« 18
PHL < maxa,b,c)
PHL

/I\I_vaV:: LRFDPIlasticHingeLengti Columndia Fixity = 54 in

Guide Article C8.8.9
The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:
PHL :=mir(Lyg,Lp) =54 in

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region: Guide Article 8.8.9

Shall Not Exceed the Smallest of:

Seacinggrogram]Columndiadb|) = |gq « (SCOIumndia
t« 6
a « min(g,r,t)
a
MaximumSBacng:: Spacingprogram(CoIumndiadb|) =6 in

SeacingCheckgMaximumSpacings) = |la « s if s <MaximumSpacing
a « MaximumSpacing if s > MaximumSpacin
B

AAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAA

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 5.10.11.4.1e (LRFD SPEC.): Extension Length

The spacing in the hinge region shall continue into the drilled shaft or cap beam the Extension length.
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ExtensionPrograde) = |z« 15
1
X<« —-d
2
a <« maxz,x)
a
Extension := ExtensionProgram(Columndi3 = 27 in

AAAAAAAAAAAAAAA

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.

Refer to the AASHTO LRFD Bridge Design Specifications.

LRFD 5.8.3.3 Nominal Shear Resistance
\, =29%.821 Kips

bg =0.9

B.=2(

0= %0.45 ~0.785 rad

M

d

bl
Dr :=bv — Cover — Dsp — — =49.67 in
MY 2
de:=d =51 in
dv :=0.9de =459 in
V= 0.0316p- / bv dv =313.295 kips

2Asp- —dv cot(0)

Ve o= =170.748 kips
MBA sNOhlnge P
Vo= bg-25f-bv-dv = 2.231x 10°  kips

A= mif Vo, (Vg + Vg )65 = 435.639 Kips

ShearC heck ( ¢Vn ,Vu) = |a <« "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a
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Shearchedk2 := ShearChedk(¢vh ,\/,) = "OK"
MWWWWWWWWWA

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

LRFD Eqg. 5.8.2.5-1

Avmin == 0.0316 |_°_. Pv-sNOhinge _ ;g 2
AR 1000 fye in
1000
2
Av =2-Asp =0.62 in

TranCheck(Avmin,Av) := |a < "Decrease Spacing or Increase Bar Size" if Avmin > Av
a « "OK" if Avmin< Av

a

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu

vy ;= ———
M grbvedv

=0.133 Ksi LRFD Eg. 5.8.2.9-1

spacingProgram(Vu, dv, ) == |v « 0125%) LRFD Eg.5.8.2.7-1 and 5.8.2.7-2

g « 0.8dv

r < 0.4dv

z«q ifg<24
2z« 24 if q>24
ter if r <12
t«12 if r >12
a«z if Vu<v
a«tif Vvuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,fc)) =24 in

AAAAAAAAAAAAAA
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The following check determines the maximum spacing of the hoops or ties outside of
the PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is
required, then it is included in the check along with LRFD 5.8.2.7 and an assumed 12"
ALDOT standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and
the 12" ALDOT standard

Spacecheck (MaxSpacing,s,Vu,VC) = |a < min(MaxSpacing,12) if V, <0.50.9V,

a < min(s, MaxSpacing,12) otherwise

a
sNOhinge := Spacecheck (MaxSpacing,sNOhinge,Vu,Vc) =10 in

Design Summary - Bent 3
StirrupSize = "#5"
S=6 in
sNOhinge = 10 in
PHL =54 in
Extension = 27 in

Ny =18.01 in

Design Check Summary - Bent 3

Shearcheck = "OK" Shear capacity > Vn

Transversecheck = "OK" Minimum shear reinforcement ratio
ReinforcementRatioCheck = "OK" Maximum longitudinal reinforcement ratio
MinimumA = "OK" Minimum longitudinal reinforcement ratio

scheck ="OK" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumTran="OK" Minimum shear reinforcement outside hinge zone

Transverse Connection Design
Pushover Analysis Results
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Static Pushover Curve
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Displacement (in)

ALDOT Current Connection Steel Angle Design Check

Vcolbent := %O =66.667  kips

LRFD Article 6.5.4.2: Resistance Factors

¢y :=0.¢
s, =0.7¢
Ppg = 0.8
Ppp = 0.8
g =0.8!
¢f =10
¢ sangle = 1.
Bolt Properties

Ksi

Fub := 5¢

Strength of Anchor Bolt (It is assumed that ASTM A307 Grade

Tension for A307
Shear for A307
Block Shear
Bolts Bearing
Shear Connectors

Flexure
Shear for the Angle

C bolt is used)
Diameter of Anchor Bolt
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Angle Properties

Fy = 3¢ Ksi
Fu :=5¢ Ksi
t=1.0 in
- in
- in
- in
- in
distanchorhole :=4 ir

in

Number of Shear Planes per Bolt

Yield Stress of the Angle

Ultimate Stress of the Angle

Thickness of Angle

Height of the Angle

Width of the Angle

Length of the Angle

Height of the Bevel INPUT

Distance from the vertical leg to the center of the hole. This is
the location of the holes.

Diameter of bolt hole

Block Shear Length

Block Shear Width
Shear Lag Factor for Block Shear

Distance from the center of the bolt to the edge of plate
Distance from center of bolt to toe of fillet of connected part

Clear dist. between the hole and the end of the member

ShearCheck(¢vn , V) == [a < "OK" if ¢vn >V,

a < "FAILURE" if ¢Vn <V,

a
Clip Angle Check:

AISC J4: Block Shear

Agv := t-BLSHIength — 6 in’
Anv :=t-(BLSHIlength — 0.5diahole) = 4.813 in’
Ant := t-(BLSHwidth— 0.5diahole) = 0.813 in’
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BLSHprogran{Agv,Anv ,Ant,Ubs,Fu,Fy) := |b « 0.6Fu-Anv + Ubs-Fu-Ant
¢ « 0.6/y-Agv + Ubs-Fu-Ant
a«b ifb<c

a«<c ifb>c

a

Rn := BLSHprogran{Agv , Anv , Ant,, Ubs ,Fu, Fy) = 176.725 Kips
¢bsRn :=¢g-Rn =141.38 Kips

BlockShearCheck := ShearCheck (¢hsRn , Vcolbent) = "OK"

AISC D2: Tension Member

Ut :=0.¢ .
D3.1in AISC Manual
Ant :=t-[w — (L-dichole)] = 3.625 in?
Ae = Ant-Ut = 2.175 in’
{tPn = ¢ ¢-Fub-Ae =100.92 Kips

TensionCheckp g := ShearCheck (¢tPn , Veolbent) = "OK"

AISC G: Shear Check

Cv:=1.(
.2
Aw =t-w=06 in
¢gsanglevVn := ¢sang|e'0'6 Fy-Aw-Cv =129.6 Kips

ShearAngleCheck := ShearCheck (¢sangleVn , Vcolbent) = "OK"

Anchor Bolt Check:

LRFD Article 6.13.2.12: Shear Resistance For Anchor Bolts

T ~Dia.b2
Ay = =3.976 in2
4
¢sRn = ¢S-O.48Ab~Fub-NS =83.021 Kips
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Shear Lag factor for single Angles. Refer to Table

AISC Eq. D3-1

AISC Eq. D2-2

AISC Eg. G2-1

LRFD Eg. 6.13.2.12-1




Shear onchorbolts = ShearCheck (¢sRn , Veolbent) = "OK"

LRFD Article 6.13.2.9: Bearing Resistance at Bolt Holes
For Standard Holes

{bRn :=2.4Dia t-Fub =313.2 Kips LRFD Eq. 6.13.2.9-1

For Slotted Holes

dbbRns :=Lct-Fub =116 Kips LRFD Eg. 6.13.2.9-4

Bearingp|tstandard = ShearCheck (¢bbRn , Veolbent) = "OK™"

Bearingg|tsiotted = ShearCheck (¢bbRns , Veolbent) ="OK™

LRFD Article 6.13.2.10: Tensile Resistance

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 is Vangle* 1". The distance to the anchor bolt in the cap beam is 4", and that is
how the Tu equation was derived.

Tu:= —_Vcolbentl =16.667 Kips
distanchorhole
LRFD Eq. 6.13.2.10.2-1
dTn = <|>t-0.76Ab-Fub =140.212 Kips

TensionCheck := ShearCheck (¢tTn , Tu) = "OK"

Article 6.13.2.11: Combined Tension and Shear

LRFD Eg. 6.13.2.11-1
Pu := Vcolbent LRFD Eq. 6.13.2.11-2

CombinedProgran{Pu, Ap, Fub,¢sRn ,¢g) = |t « 0.76A,-Fub

Pu 2
r < 0.76Ab~Fub~ 1-
. ¢sRn

a<«tif <0.33

>0.33

a<«r if

(%)
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TNombined = CombinedProgran(Pu,Ab,Fub, ¢sRn ,q)s) =104.451

¢tTn combined = ¢t‘Tnoombined =83.561 Kips

CombinedCheck := ShearCheck (TN o pined - Veolbent) = "OK"
Summary

Dig, =2.25 in

Shear apchorbolts = “OK”

Bearingg|tstandard = OK"

Bearinggjtsiotted = "OK"

TensionCheck = "OK"
CombinedCheck = "OK"

BlockShearCheck = "OK"
TensionCheckAlSC ="0OK"

ShearAngleCheck ="OK"
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Appendix O: Little Bear Creek Bridge Moment-Interaction Diagrams

Bents 2 and 3
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STRUCTUREFOINT - spColumn vé.81
15 day trial license.
untitled.col

Locking Code:

cGeneral Information:

{TM)

Fage 2
03/06/13
04:31 PM

4-1EC20. User: oem, Hewlett-Packard Company

File Name: untitled.col
Project:
Column: Englneer:
Code: ACI 318-11 Units: English
Run option: Investigation Slenderness: Not considered
Run Axis: X-axils Column Type: Structural
Material Froperties:
f'c - 4 ksi fy = &0 ksi
Ec - 3605 ksi Es = 25000 ksi
Ultimate strain - 0.003 in/in
Betal - 0.85
Section:
Circular: Diameter - 42 in
Gross section area, Ag = 1385.44 in~2
Ix = 152745 in~4 Iy = 152745 in~4
rx = 10.5 in ry = 10.5 in
¥o - 0 in Yo - 0 in
Reinforcement:
Bar Set: ASTM A615
Size Diam (in) Area (in*2) Size Diam {(in) Area (in*2) Size Diam {(in) Area (in"~Z)
# 03 0.38 0.11 # 4 0.50 0.20 # 5 0.63 0.31
L 0.75 0.44 &7 0.88 0.80 ¥ 8 1.00 0.79
£ 05 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.56
£ 14 1.69 2.25 # 18 2.26 4.00
Confinement: Spiral; #3 ties with #10 bars, #5 with larger bars.
phi{a) - 0.85 phi(b) - 0.% phi(c} - 0.73
Layout: Circular
Pattern: All Sides Egual ({Cover to transverse reinforcement)
Total steel area: As = 18.72% in”2 at rho = 1.35%
Minimum clear spacing = 5.67 in
12 #11 Cover — 6 in
Factored Loads and Moments with Corresponding Capacities:
Fu Mux PhiMnx PhiMn/Mu NA depth Dt depth eps_ t Fhi
No kip k-ft k-ft in in
1 1294.00 310.00 1707.86 2.108 20.15 34,67 0.00216 0.755

*++ End of output **+
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I". l.l'l \
- \ T /
54 in diam. / \ /

| v/ \

Code: ACI 318-11 \ | /
\
Linits: English \

Run axis: About %-axis i

Run option: Inv estigation
Slendemess: Mot considered
Column type: Structural
Bars: ASTM AB15

Date: 03/06/13

Time: 16:39:35

-3000 -

spColumn v4.81. 15 day trial license. Locking Code: 4-1EC20. User: oem, Hewlett-Packard Company

File: CiUsers\jdi0003\Documents\Researcn\ALDOT Bridge Design Examples\SDC B\M...\Little Bear Creek Bents 2 and 3.col
Project:

Column: Engineer:

f'c = 4 Ksi fy = 60ksi Ag = 2290.22 in"2 24 #11 bars

Ec = 3605 Ksi Es = 28000 Kksi Az = 37.44 in"2 rho = 1.63%
fc= 3.4 ksi Xo =0.00in I = 417393 in"4
e U= 0.003 infn Yo = 0.00in Iy = 417393 in"4
Betal = 0.B5

Confinement: Tied
phi(a) = 0.8, philb) = 0.9, phi{c) = 0.65

Min clear spacing = 4.54 in  Clear cover = 3.50in
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Appendix P: Scarham Creek Bridge SDC B

Designer: Jordan Law ORIGIN:=1
Project Name: Scarham Bridge

Job Number: STPAA-0075 (502)

Date: 5/24/2012

Description of worksheet: This worksheet is a seismic bridge design worksheet for the
AASHTO Guide Specification for LRFD Seismic Bridge Design. All preliminary design
should already be done for non-seismic loads.

Project Known Information

Coordinates: 34.294N, 86.164W

Soil Site Class: C

Superstructure Type: AASTHO BT-72 girders for all spans

Substructure Type: Circular columns supported on drilled shafts

Abutment Type: Abutment beam supported on drilled shafts

The designer should input any information that can be used to calculate the dead weight of
the bridge, including but not limited to length of bridge, column height(s), deck thickness,
bent volume(s), and guard rail volume(s). Also, information about foundations should also
be included if the bridge is classified as SDC B.

Note: Input all of the below information.

Ag =1

It :==400( psi
fye :=60000 psi Spp =1

b
Poonc = 0.0868 = Spg = 30

in INPUT
q.:= 386. SDC:="B"
Length of Bridge (ft) L:=52 ft
Skew of Bridge (degrees) Skew:=C  degrees
Span Length (ft) Span := 13 ft
Deck Thickness (in) e in
Deck Width (ft) DeckWidth := 4( ft
Depth of Superstructure (ft) D :=6.58 ft
Number of Bridge Girders N:=¢€
Girder X-Sectional Area (in2) GirderArea := 761 in’
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Bent Volume (ft3) _

Guard Rail Area (in2)

GuardRail Area := 31¢
Bents 2 and 4 Column Diameter (in) _ in

Bent 3 Column Diameter (in)
Number of Columns per Bent

The column height is measured from the bottom of the bent to the top of the pile footing. Other
options include measuring from the top of the bent to the ground surface or to a change in
diameter

(if possible). If the plastic hinge location (at the bottom of the column) is known, then the

TLRP R EngullcReSNAR TSGR ERE BHpm of the oint. 4
Talllest Above Ground Column Height Bent 3 (ft) ft
Tallest Above Ground Column Height Bent 4 (ft) ft
Tallest Above Ground Abutment Height (ft) ft
Length of Strut 2 & 4 (ft)
Length of Strut 3 (ft)
Strut 2 & 4 Depth (in)
Strut 2 & 4 Width (in)
Strut 3 Depth (in)
Strut 3 Width (in)
Columndigg 2~n
Bents 2 and 4 Column Area (in2) Acolumngapog = 7 e 2827k 10° in
. 2
Columndi ‘T

Bent 3 Column Area (in2) Acolumnggpz = 4fBent3 = 4.072x 10° in’
Bent 2 and 4 Strut VVolume (ft3) Strutl:=6-3.519 = 399 3

Strut2:= 103.518 = 630 3

Bent 3 Strut VVolume (ft3)

Drill Shaft 2 Diameter (in)

DSdia2:= 6¢
Drill Shaft 3 Diameter (in) DSdia3:= 7¢ in
DSdiad = 6¢

Drill Shaft 4 (Abutment) Diameter (in)

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

L= L12=6.24x 10° alr




AAAAA

AAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAA

Columnl—leighhamz := ColumnHeighigg o 12 = 408.264 in
Columnl—leighbgms := ColumnHeighigg 312 = 709.632 in
ColumnHeighBEm := ColumnHeighiggpyt4- 12 = 385.872 in

Strutl = Strutl:12 = 4.788x 10° inS

AAAAAAAAAA

AAAAAAAAAA

Find Vertical Reactions at Each Bent:

Live Loads assumed to be present during an earthquake (see LRFD Article 3.4.1)

DeckWidth-2-1.375

12 Number of Lanes On Bridge (Design Lane Width g
N L = =3
Hm._Lanes ;= trune 1 10 ft) See LRFD 3.6.1.2.4
YEQ =0t LRFD Specificaiton C3.4.1 (Extreme Case I) INPUT

They EQ value is to be determined on a project-specific basis. In the standard

specification, a value of 0.0 was used, however, the LRFD Specification
recommends a value of 0.5. See LRFD Atrticle C3.4.1 under "EXTREME EVENT

" KIf

LL_design := 0.6 e LRFD Specification 3.6.1.2.4
KIf
:= LL_design-y g =0.32 —
Q —ESIOMYEQ lane
LL_fot := Q- Num_Lanes = 0.9 kit Live Load per linear foot of deck (includes all lanes)

Note: If the Vertical Reactions at each bent are already known, input them below, otherwise the
sheet will calculate vertical reactions based on the given information above.

Dlgento =1 ki Ligent2 =1 Kig
Dlgentz =+ r Ligent3 =+ I INPUT
Dlgentg =1 KiF Llgentq =1 Kir

VRgent2 = Dlgent2 + Llgent2 =1 Kif

VRgent3 = Dlgentz + Llgent3 =1 Kir
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VRgent4 = Plgents + Llgenta =1 Kir

The weight calculation takes into account the entire dead weight of the structure, including
the deck, bents, abutments, columns, girders, and railings. Any other expected dead loads
should also be included.

Poonc’( Lldeck -DeckWidth + 2-BentVolume+ 2-Acolumnggpip g ColumnHeighiggpio -
+ Acolumnggpiz: ColumnHeighig otz + Acolumnganiog ColumnHeighigapis -
+ L-N-GirderArea + 2-GuardRail Area: L

W =
Y 1000

W =5689.793 kips

Note: An elevation view of the bridge shows that the tributary area for Bents 2, 3, and 4 are
identical, and therefore the tributary weights will be equal. The information below should be
adjusted for different bridges.

BentT ribLength := Sp_an =130 ft
12
. Span .
BentT ribArea := —— =0.25 Percent of Area Tributary to Bent
DLpent = BentTribArea W = 1422.448 Kig
LLgery = BentTriblengthLL_bot =124.8 <
VReert := Dlgent + LLgent = 1547.248 Kif

VRgent2 = VRBent VRBent3 = VRBent VRBenta = VRgent

Steps for Seismic Design

Article 3.1: The Guide Specification only applies to the design of CONVENTIONAL BRIDGES.

Article 3.2: Bridges are designed for the life safety performance objective.
Article 3.4: Determine Deisgn Response Spectrum
Article 3.5: Determine SDC
Guide Figure 1.3-2: Seismic Design Procedure Flowchart for SDC B
Displacement Demand Analysis (Fig 1.3-2):

Article 4.1: Seismic Design Proportioning

Article 4.2: Determine Analysis Procedure
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Article 4.3.1: Determine Horizontal Ground Motion Effects Along Both Axis
Article 4.3.2/4.3.3: Damping and Short Period Considerations
Article 5.4/5.5: Select Analytical Procedure
Article 5.6: Effective Section Properties
Article 5.2: Abutment Modeling
Article 5.3: Foundation Modeling and Liquefaction (if present)
Article 5.1.2/4.4: Conduct Demand Analysis
Article 4.8: Determine Displacement Demands Along Member Local Axes
Displacement Capacity Check (A ¢ > A D):
Article 4.12: Determine Minimum Support Length
Article 4.14: Shear Key
Guide Figure 1.3-5: Foundation and Detailing Flowcharts
Foundation Design (Fig 1.3-5):
Article 6.8: Liquefaction Consideration
Article 6.3: Spread Footing Design
Article 6.4: Pile Cap Foundation Design
Article 6.5: Drilled Shaft
Article 6.7: Abutment Design
Detailing:
Article 8.3: Determine Flexure and Shear Demands
Article 8.7: Satisfy Requirements for Ductile Member Design
Article 8.6: Shear Demand and Capacity Check for Ductile Elements
Article 8.8: Satisfy Lateral and Longitudinal Reinforcement Requirements
Articles 3.4 and 3.5 have already been determined from the "SDC Classification™ sheet.
Make sure the four values (Ag, Sps, Sp1, and SDC) have been input above.
Displacement Demand Analysis (A D)
Article 4.1: Seismic Design Proportioning
See Guide Specification

Article 4.2: Determine Analysis Procedure

This is a function of the SDC and the regularity of the bridge.

For a regular bridge in SDC B, Procedure 1 or 2 can be used.

For a non-regular bridge in SDC B, Procedure 2 must be used.
Guide Table 4.2-1

A regular bridge is defined as a bridge having fewer than 7 spans, no abrupt or unusual change in
geometry and that saisfy the requirements below (Guide Table 4.2-3)
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Table 4.2-3: Regular Bridge Requirements

Parameter

Value

Number of Span

S 2 3

4 5 6

Maximum subtended
(curved bridge)

angle

30° 30° 30°

Maximum span length ratio
from span-to-span

(excluding abutme

Maximum bent/pier stiffness
ratio from span-to-span - 4

nts)

Article 4.3.1: Determine Horizontal Ground Motion Effects Along Both Axis

Seismic displacement demands shall be determined independently in two orthogonal directions,
typically the longitudinal and transverse axes of the bridge

Article 4.3.3: Displacement Magnification for Short-Period Structures

Ug =2 for SDC B

derogram(T,SDS,SDl,ud) =

SD1
SDS
Th « 1.25Ts

1) Thb 1
X<|[1l-— | —+ —
Ud T Ud

y <« 1.0

Ts «

a<« X ifT—b>1.0
T

T
a<«y if —bsl.o
T

a

This Rd value will be calculated when
the period of the structure is known.
This factor will amplify the
displacement demand.

Article 5.4: Analytical Procedure 1 (Equivalent Static Analysis)

There are two methods that can be used according to this procedure. 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 is a major change
in the spans, stiffness of the piers, etc.
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.

Uniform Load Method
Step 1: Build a bridge model

Step 2: Apply a uniform load of Po = 1.0 kip/in. in both the longitudinal and transverse
direction. Also, the uniform load 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
displacements can be exported to EXCEL, and the MAX Function can be used to find the

maximum displacement.
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Step 3: Calculate the bridge lateral stiffness, K, and total weight, W.

Kip
pO =1.( F
UsmaxLong ‘= 0.38207 in
. INPUT
VgmaxTran -= 4.33004 in
Pe-L .
KLong = ———— = 1.633< 10" kip
YsmaxLong in
p -L .
K g = —— — 1.441x 10° kip
YsmaxTran In

The weight of the structure has already been calculated above

Step 4: Calculate the period, Tpp.

=0.189 S

T, =2n-
mLon
d jKLong'g

Step 5: Calculate equivalent static earthquake loading pe.

Guide Eqg. C5.4.2-1

Guide Eq. C5.4.2-2

Guide Eq. C5.4.2-3

SD1
acc(SDS,SDl,TmLong,AS) = [Tg « e
T0 <« 0.2-TS
for ae TmLong
T
mLong .
a « (SDS - Ag)- — As it Ty ong < To
0
a <« SDS if TmLOI‘lg > TO AN TmLong < TS
SD1 .
T if Tm Long > TS
mLong
Ra <« a
a

S8 ong = a‘3‘:(5’DS’SD1’ TmLong As) =03
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S8 ong'W kip
PeLong == —— — =0-274 n Guide Eq. C5.4.2-4

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/po.

R ong = Rdprogram( Ty ong Sps: SpisUg) = 2-156

PeLong

VsmaxLong = RdLong’ 0 "UsmaxLong
0

=0.225 in

Repeat Steps 4, 5, and 6 for transverse loading.

Step 4: Calculate the period, Tpy.

W Guide Eq. C5.4.2-3

2n- =0.635 S

T =
mTran-
KTran9

Step 5: Calculate equivalent static earthquake loading pe.

SeTan = a‘:C(SDS’ SDl’TmTran’As) =0.236

S ‘W .
PeTran = aﬂ% =0.215 %’ Guide Eq. C5.4.2-4

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/po.

R = derogram(TmTran, Sps: SDl’ud) =1

PeT ran

VsmaxTran:= RoTran 0 ‘UsmaxTran
)

=0.932 in

LRFD Article 4.7.4.3.2: Single-Mode Spectral Method

Single Mode Spectrum Analysis
This procedure is not specifically addressed in the Guide Specifications. The Guide Spec. refers
you to the AASHTO LRFD Bridge Design Specifications.
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Step 1: Build a bridge model
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 a, B ,and y.

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

INPUT
rL rL
LRFD C4.7.4.3.2b-1
OTran = | Vstran(®) d> % ong = | Vslong® @
°0 “0
" w " w LRFD C4.7.4.3.2b-2
BTran = L Vstran > BLong = T'Vslong(x) d> e
“0 °0
L W L w
Tran= | T Vstran (9 dx = 4.146x 10" Y Long = T.vslong(x)2d> LRFD C4.7.4.3.2b-3
o) Y0

a = Displacement along the length
B = Weight per unit length * Displacement
vy = Weight per unit length * Displacement2

Step 4: Calculate the Period of the Bridge

Y Tran
TnTran1 =28 | ————— =0.52 s LRFD Eq. 4.7.4.3.2b-4
Po'9-%Tran
Y
TLongt = 2t | ——9— 0.182 s LRFD Eq. 4.7.4.3.2b-4
Po 9% ong

Step 5: Calculate the equivalent Static Earthquake Loading
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CsmLong = aCC(SDS’SDlaTmLongl’AS) =03

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/pg.

BLon 'CsmLon W
PeLong(X) := M'T'Vslong(x)

Y Long

LRFD Eq. C4.7.4.3.2b-5

PeLong(x) — 0.0000771539332633941824%3- —7.71539332633941824539)5 + 0.120591597690685101

L
100
i:=1..10]

dw :

Pelongi :=PeLong[(i — 1)-dW]

Along Q= Pelongi-élongi

8|ongi =V

Force Along the Length

T T T
‘?  o3f P -
£ —
3 o2k 7 —
S e
i 01F .
0 | | |
0 2x10° 4x10° 6x10°
Length (in)
Deflection Along the Length
0.15 T T T
£ T
= 01f pad .
= 005 .
A Ve
0 | | |
0 2x10°  4x10° 6x10°  8x10°
Length (in)

Maximum Deflection:

maxAlong ) =0.127 in
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NOTE: Repeat Steps 5 and 6 for Transverse Direction.
Step 5: Calculate the equivalent Static Earthquake Loading

ComTran = a‘:C(SDS’ Sp1> TmTranz: As) =0.288

Step 6: Calculate the displacements and member forces for use in design by applying pe to
the model or by scaling the results by pe/po.

BTran'csmTran W

PeT ran(x) := “— Vgtran LRFD Eq. C4.7.4.3.2b-5
T Tran L

PeTran(X) — 0.00014476176919215373583% —2.71428317235288254319)5 + 0.12750797582656391 %

L
100
i:=1.10!

dL:

Petrani :=PeTran[(i — 1)-dL] Strani = Vgtran [(i — DdL]

Atran = Petrani~6trani

Force along the Length

03f P

021 /

01F \ -
0 | | \

0 2x10° 4x10° 6x10°

Force (Kips)
.
\
|

Length (in)
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Deflection along the Length

15 T T T
= -
— 1+ /’ .. ]
5 /SN
B /7 \
= osF / .
T : \
A / ‘

0 ! ! AN

0 2100 4100 6x10°  8x10°
Length (in)

Maximum Deflection:
maxAtran ) = 1.135 in

Article 5.6: Effective Section Properties

Use 0.7*Ig for ductile reinforced concrete members.
Refer to the charts on page 5-20 of the Guide Specification if a more precise value is desired.

Article 5.2: Abutment Modeling
This is taken care of in the SAP model.

Article 5.3: Foundations Modeling

Since in SDC B, Foundation Modeling Methods I can be used.
FMM is dependent on the type of foundation.

For bridges with Pile Bent/Drilled Shaft the depth of fixity can be
estimated. Since details regarding reinforcing are not known, reduce the
stiffness of the drilled shafts to one half the uncracked section.

Special provisions need to be considered if Liquefaction is present. Guide Article 6.8

Article 4.4: Combination of Orthogonal Seismic Displacement Demands

LoadCasel := J(l.vsmaxl_ong)z + (0-3Vgmaerrar)” = 0359 in

LoadCase2 := \/(1-vsmaxTran)2 +(0.3VgmaxLong)” = 0935 ir

COLUMN DESIGN

Article 4.8: Displacement Demand/Capacity
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Note: If the column height is different for each bent, a capacity check needs to be
made at each bent.

Displacement Demand/Capacity for the Bents Ap<Ac

Guide Article 4.8

Since the bridge has frame bents, the simplified equations cannot be used; therefore a pushover analysis
must be done.

In SAP 2000, there is an earthquake design program that allows a pushover analysis to be done
by setting the SDC to D. Be sure to amplify the demand values by the appropriate Rd value.
List the results below to verify that the Displacement Capacity is sufficient. The Demand
Displacement must be multiplied by pe/po. The below chart was created in Excel and then

brought into Mathcad.
Pushover Analysis Results (if necessary):

GenDispl Demand (in)| Capacity (in) Check
_GD_TR1_DReql|  2.440858 9.7681| OK
_GD_LG1_DReql 0.54952 2.196964 OK
_GD_TR2 DReql|  6.903604 25.640073] OK INPUT
_GD_LG2_DReql|  0.870083 3.574987| OK
_GD_TR3_DReql 2.870598 11.474908 OK
_GD_LG3_DReql| 0.616989 2.644054| OK

Article 4.12: Minimum Support Length Requirements
Abutment Support Length Requirement Guide Eq. 4.12.2-1

Nabutment := 1.5(8 + 0.05pan + 0.0EHabutmem)-(l + 0.000lZSkewabutmemz) = in

Bent Support Length Requirement  Guide Eq. 4.12.2-1

BENT 2
L :=BentTribLength = 130 Spae=0-X
ColumnHeigh
H = Bert2 _ 24 020
Y 12
Standard Specifications

Nogtan = (8 + 0.02L + 0.08H)~(1 + 0.0001258kew2) =13.322 in

ATC-49 Equation (New Design)

2| ((1+1.255p,;
Ny :=|4+.0L+.0H+ L.OWH [1+|2>]| || ———=| =23.745 in
8

Skew-rt
CoS| ——m
180
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BENT 3

L := BentTribLength = 130 Spi= 0-X
ColumnHeighiggnt3

H = 1 59136

Y 12

Standard Specifications

Nagtan = (8+ 0.02L + 0.08H).(1 + 0.0001285kew?) = 15.331 i

ATC-49 Equation (New Design)

N3 :=|4+ .0+ .08H+ 1L.OKNH- [1+|2= =29.987 in
8 Skewn
cos| —
180
BENT 4
L :=BentTribLength = 130 Spg,= 0.3
ColumnHeigh
H = Bert4 _ 35 156
m 12
Standard Specifications
Nggtan = (8 + 0.02L + 0.08H)-(1 + 0.0001258kew2) =13.172 in
ATC-49 Equation (New Design)
Ng:=|4+ .01 +.0H+ L.ORWH [1+|2=| || ————= | =23.236 in
. 8 Skewn
cos| —
180

Article 4.14: Superstructure Shear Keys

Vok =15V,  This does not apply to this bridge

BENT 2 DESIGN

Guide Article 4.11.2: For SDC B, it is acceptable to use the moment capacity based on expected
material strengths when the concrete reaches an extreme compressive fiber strain of 0.003.

Force Inputs
M eBent2 = 576! kip — ft Nominal moment from PCA Column

Vpelastic = 1361 Kif Elastic shear from SAP2000 model INPUT
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Axial load from earthquake and dead load combination

o~

Reinforcement Details

in’ Guide Eq. 8.6.2-2
Guide Article 8.6.2

n: Number of individual interlocking spiral or hoop core sections
Tiesize: Bar size used for ties

in s: Spacing of hoops or pitch of spiral (in)

in sNOhinge: Spacing of hoops or pitch outside PHL

in? Asp: Area of hoop reinforcement in direction of loading (in2)
in Dsp: Diameter of spiral or hoop reinforcing (in) ~ INPUT

in Cover: Concrete cover for the Column (in)

b: Diameter of column (in)

in d: Effective depth of section in direction of loading (in)

in Dprime: Diameter (in column) of hoop reinforcing (in)

Total number of longitudinal bars in column cross-section

in’ Abl: Area of longitudinal bar

in dbl: Diameter of longitudinal bar

S

bv: Diameter of column

Article 8.3: Determine Flexure and Shear Demands

The design forces shall be the lesser of the forces resulting from the overstrength plastic hinging
moment capacity or unreduced elastic seismic forces in columns or pier walls.

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

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 knovﬁﬁa the moment.




Amo:= 1.4 for ASTM A 615 Grade 60 reinforcement
MpBent2 = *moMneBent2 100012 = 9.685x 10’ Ib —ir
Fixity:= ColumnHeighig 1o = 408.264 in

b= % =474.458  Kips
A\N/pﬁlaaxiﬁ/: Vpelastic'peTran =292.872  kips

Article 8.7: Requirements for Ductile Member Design

Each column must satisfy the minimum lateral flexural capacity

A =2 Fixed and top and bottom
F'lxz'ty+ 0.5D;
Mnemingent = 0-XDlgent — A7 2653.826 kip ft

CheckMoment(Mne,Me) = |a < "OK" if Mg <M,

a <« "FAILURE" otherwise

CheCkMomem(MnerninBent’ lV'neBentZ) ="OK"

If the moment check comes back "FAILURE" then the column size can be

increased or the reinforcement can be increased.

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

Guide Article 8.5

Guide Article 4.8.1

Guide Eq 8.7.1-1

It is recommended to use the plastic hinging forces whenever practical, but in this case the elastic

forces will be used.

Vy 1= mirf( My, Vogastic) =292.872  Kips g =0.¢

Article 8.6.2: Concrete Shear Capacity

4-As
Pg = ——P_ _0,0054
s-Dprime
fye .
h :=—— =60 ksi
4 1000

StressCheck pg, fyh ) = |fs « pg-fyh

la « & if & <0.35
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f := StressCheck(pg, fyh ) =0.326

. s
aprogram(fs ,uD) = |oprime « PRT +3.67-pp

a <« 0.3 if aprime<0.3
a < aprime if oprime > 0.3 A aprime <3

a <« 3 if aprime>3

a
oPrime:= (xprogram(fs »“D) =3

If Pu is Compressive:

veprogram (ocPrimefc ,Pu,Ag) =

Guide Eq. 8.6.2-6

Guide Eq. 8.6.2-5

VC <« O.O320LPrime(l +

minl < 0.11 |—©—
1000
. . fc
min2 < 0.04&Prime | —
1000

minimum«— minminl, min?
a < vc if vc <minimum

a < minimum if vc > minimum

a

If Puis NOT Compressive:

fc
1000

PU
2Ag-1000

Guide Eq. 8.6.2-3

Guide Eq. 8.6.2-4

If Pu is not compressive, manually input 0 for vc. Input it below the vc:=vcprogram

and the variable will assume the new value.

VC = vcprogram(oaPrimefc ,Pu,Ag) =0.2 ksi
Vc :=vc-Ae =497.628 kips

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

vsprogram (n,Asp,fyh ,Dprimes,fc,Ae) =
S

maxvs < 0.25 L-Ae
1000

a < vs if vs < maxvs

a < maxvs if vs > maxvs

a
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Us < E.(nAsp-fyh -Dprim

Guide Eq 8.6.3-2 and 8.6.4-1
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Vs := vsprogram(n, Asp ,fyh ,Dprimes,fc ,Ae) = 746.442 Kips
3 .
dvn =¢ 4 (Vs + Vc) =1.12x 10 Kips Guide Eq. 8.6.1-2

ShearCheck((])Vn ,Vu) = |a <« "OK" if ¢vn =V,
a < "FAILURE" if ¢Vn <V,

a

Shearcheck := ShearCheck(¢vhn , V) = "OK"

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
variables can be changed in the inputs.
Article 8.6.5: Minimum Shear Reinforcement
For Circular Columns:
mintranprogram(ps) = |a < "OK" if pg >0.003 Guide Eq. 8.6.5-1

a < "Increase Shear Reinbrcing Ratio” if pg < 0.00:

a

Transversecheck := mintranprogran(ps) ="OK"

If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

Along = NumberBars-Ab| =37.44 in2

pprogram(Along,Ag) = [a < "OK" if Ajgpg <0.04Ag Guide Eq. 8.8.1-1
a « "Section Over Reinforced" if Along >0.04Ag

a
ReinforcementRatioCheck := pprogram(Amng,Ag) ="OK"

If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the

inputs.
Articrie 8.8.2: Minimum Longitudinal Reinforcement
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minAIprogran(A|,Ag) = |a « "OK" if Ajgpy >0.007Ag Guide Eq. 8.8.2-1
a <« "Increase Longitudinal Reinforcing" if Along < 0.007Ag

a

Minimum#4 := minAIprogran(Along,Ag) ="0OK"

If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal
Reinforcing", either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl
and NumberBars in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.
Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, 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
longitudinal bars shall be alternated end-for-end.

Hoop Requirements
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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. _
Minimum Size of Lateral Reinforcement
#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.6: Analytical Plastic Hinge Length

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

PIasticHinge(Fixityfye »dbl) := |Ip « 0.08Fixity+ O.15%)-db| Guide Eq. 4.11.6-1

me 0032 4,
1000

a<«Ip iflp>m

a<«<miflp<m

a
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:= PlasticHingd Fixityfye ,d},|) = 45.351 in
Ly q b1)

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

'y' 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
PeTran to take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the
PlasticHingeRegion program in inches.

7 .
Mp75 := 0.75Mygentp = 7.264x 100 lbiir
PIasticHingeRegior(Lp,Columndiz% = |z « 1.5Columndii

x<—Lp

y <0

a <« max{z,x,y)
Lpl = PIasticI—IingeRegior(Lp,ColumndiaBem24) =90 in

The Guide Specifications allows for the use of the plastic hinge length from the LRFD Specification
in SDC A and B (Guide Article C8.8.9).

LRFDPIlasticHingeLengthlColumnDig ColumnHeigh) := |a < ColumnDia

b « %ColumnHeigh

c« 18
PHL <« maxa,b,c)
PHL

Lo := LRFDPlesti cHingeLengt Columndigseio, Fixity = 68.044 in

Guide Article C8.8.9
The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:

PHL = mir(Lyy, L) =68.044 in

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region: Guide Article 8.8.9

Shall Not Exceed the Smallest of:
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1
Spacingprogram(Cqumndiadb|) =]q « (ngolumndia
I < 6db|
t« 6
a < min(q,r,t)
a
MaximumSpacing:= Spacingprogram(CoIumndi%entzzp dbl) =6 in

SpacingCheck (MaximumSpacings) := |a « s if s < MaximumSpacing
a <« MaximumSpacing if s > MaximumSpacin

a
FINALSPACING= SpacingCheck(MaximumSpacings) =6 in

scheck := ShearCheck (MaximumSpacings) = "OK"

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 5.10.11.4.3 (LRFD SPEC.): Column Connections

This needs to be done whenever the column dimension changes. The spacing in the hinge region
shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgram(d) := |z < 15
1
X« —-d
2
a < maxz,x)
a
Extension := ExtensionProgran(CoIumndizBent24) =30 in

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

LRFD 5.8.3.3 Nominal Shear Resistance

W, =292.872 kips

g =0.9
B :=2.( LRFD Article 5.8.3.4.1

0=~ .45-0785 rad
180
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dp
Dr :=bv — Cover — Dsp — 7b =55.545 in

de :=d =57 in LRFD Eqg. 5.8.2.9-1
dv :=0.9de =51.3 in

— 0.0316p- / bv-dv = 389.059 ips LRFD Eq. 58.3.3-3

2Asp- —dv cot(6) LRFD Eq.5.8.3.3-4
Vs = =225.72 Kips
sNOhlnge

Vp = bg.25f-bvedv =2.77x 10 kipe
v :=mif V. (Vg + Vg) 6| =563.30L Kip

ShearC heck  $vn ,Vu) = |a « "OK" if ¢vn =V,

a < "FAILURE" if ¢vn <V,

a

Shearcheck? := ShearChedk(¢vh ,\/,) = "OK"

If ShearCheck?2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

) . LRFD Eqg. 5.8.2.5-1
Avmin .= 0.0316 | . PV-SNOhinge -, g 2
1000 fye in
1000
.2
Av :=2.Asp =0.83 in

TranCheck(Avmin,Av) := |a « "Decrease Spacing or Increase Bar Size" if Avmin > Av

a « "OK" if Avmin< Av

la

MinimumTran:= TranCheck(Avmin, Av) =

If the minimum transverse 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 (Asp) in the inputs.
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LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V
VU= ——  =0.106 Ksi LRFD Eq. 5.8.2.9-1
bgbv-dv

spacingProgram (Vu,dv. &) = |v « 0.125L LRFD Eg. 5.8.2.7-1 and 5.8.2.7-2
1000

g < 0.8dv

r < 0.4dv

z«q ifg<24

z« 24 if q>24

ter ifr <12

te« 12 if r >12

a«z if Vu<v

a<«t if Vuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,fc)) =24 in

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required,
then it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT
standard maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12"
ALDOT standard

Spacecheck (MaxSpacing,s,Vu,VC) = |a < min(MaxSpacing,12) if V|, <0.50.9V,
a < min(s,MaxSpacing,12) otherwise

a
sNOhinge := Spacecheck (MaxSpa:ing,sNOhinge,Vu,VC) =12 in

Design Summary - Bent 2

StirrupSize = "#6"

s=6 in
sNOhinge = 12 in
PHL = 68.044 in
Extension = 30 in
N, =23.745 in
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Design Check Summary - Bent 2

Shearcheck ="OK" Shear capacity > Vn

Transversecheck = "OK" Minimum shear reinforcement ratio
ReinforcementRatioCheck = "OK" Maximum longitudinal reinforcement ratio
MinimumA = "OK" Minimum longitudinal reinforcement ratio

scheck ="OK" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumTran="OK" Minimum shear reinforcement outside hinge zone

Bent 2 Strut Design

The struts are designed for the linear elastic forces. The loads need to be converted to design loads.
This can be done by simply multiplying the SAP load by pe/po.

Force Inputs
Vostrut2 = 90L:PeT zn =194.028 Kips
Mpstrut2 = 11920pgT gy =2566.941  kiptt

Pustrut2 := 1929pgT ran = 329.266 Kips

Reinforcement Details

Ag, := Strut24Depth-Strut24Wictt

pe-08g ~2419:10°  in’ Guide Eq. 8.6.2-2
- Guide Article 8.6.2
StimupSize:="#5"

s:=4 in s: Spacing of hoops or pitch of spiral (in)

SNOhinge :=14 i sNOhinge: Spacing of transverser reinforcement outside PHL
Asp :=0.3. in? Asp: Area of spiral or hoop reinforcing (in2)

Dsp:=0.620 ir Dsp: Diameter of spiral or hoop reinforcing (in) INPUT
Cover :=2 in Cover: Concrete cover for the Column (in)
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b: Depth of the Strut (in)

=

=

d: Effective Depth (in)
bv: Effective width of strut (in)
Total number of longitudinal bars along strut width (top and bottom)
Total number of longitudinal bars along strut depth (side)
in? Abl1: Area of longitudinal bar 1
in? AbI2: Area of longitudinal bar 2

in dbl1: Diameter of longitudinal bar 1

in dbl2: Diameter of longitudinal bar 2

Article 8.6.2: Concrete Shear Capacity

AV = 2.Asp =0.62 in’
Py = A 00022 Guide Eq. 8.6.2-10
s-b
fye .
=—— =60
M, 1000 ksi
Str&csCheckRect(pW,fyh ) = |B « 2pyyh Guide Eq. 86.2.9

a«f if 5§ <0.35

fw = StressCheckRect(pW,fyh ) =0.258

aPrime:= oprogram(fw, up) =3 Guide Eq. 8.6.2-8
If Pu is not compressive then vc=0 Guide Eq. 8.6.2-4

If Pu is not compressive, will have to manually input O for vc. Just input it below the
vc:=vcprogram and the variable will assume the new value.

Ve = vcprograrn(aPrimefc,Pu,Ag) =0.22 ksi

Ve :=vc-Ag =665.28 Kips

AAAAA

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity
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o Av-iyh d Guide Eqg. 8.6.3-2 and 8.6.4-1
S

maxvs < 0.25 L-Ae
1000

a « vs if vs < maxvs

vsprogramRect(Av,fyh ,d,s,fc,Ae) := |vs

a < maxvs if vs > maxvs

a

Vs := vsprogramRect (Av,fyh ,d,s,fc,Ae) =651 Kips

AAAAA

4V i= b5-(Vs + Vo) = 1.185x 10° Kips Guide Eq. 8.6.1-2

Shearchedk := ShearChedk(¢vh , V) = "OK"
YVWWWWWWIYWA

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
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement

For Rectangular Shapes
mintranprogramRecI(ps) = |a « "OK" if ps >0.002 Guide Eq. 8.6.5-2

a < "Increase Shear Reinbrcing Ratio" if pg < 0.00:

a

Transversecheck = mintranprogramRect(pW) ="0OK"

If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

. 2
m._ ApjpNumberBars; + Ay o> NumberBars, = 31.16 in Guide Eq. 8.8.1-1

ReinforcementRaitoCheck := pprogran1(A|0ng,Ag) ="OK"

If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either

increase the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the

inputs.
ArtPcIe 8.8.2: Minimum Longitudinal Reinforcement

For Columns in SDC B: Guide Eq. 8.8.2-1
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Minimum& = minAIprogran(A|ong,Ag) ="0OK"

If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing”,
either decrease the section size (Aqg) or increase the longitudinal reinforcing (Abl and

NumberBars) in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D
These Requirements need to be checked and satisfied.

Cross-tie Requirements:
1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, or 3 in. at one end and a hook of NOT less than
90 Degrees with an extension of NOT less than 6*dp, 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 bars shall be alternated end-for-end.

Hoop Requirements
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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. _
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

'y' 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
PeTran to take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the

PIasticHi_régeRegipn program in inches. o o
The Guide Specifications allows for the use of the plastic hinge length from the LRFD Specification

in SDC A and B (Guide Article C8.8.9).
LRFDPIasticHingeLengtaCqumnDiaCqumnHeighl) := |a <« ColumnDia

b « éCqumnHeigh

c « 18
PHL <« maxa,b,c)
PHL
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m:: LRFDPIasticHingeLength(max Strut24Depth, Strut24Width), LStrut24 =72 in

Guide Article C8.8.9
The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:
PHL =Ly =72 in

Guide Article 8.8.9

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region

Shall Not Exceed the Smallest of:

MaximumSRacing; Spacingprogram(ma>(Strut24Depth,Strut24Width),db|) =6 in
FINALSPACING= SpacingCheck(MaximumSpacings) =4 in

AAAAAAAAAAA

If scheck returns "Failure”, change the spacing of shear reinforcing spacing (s). The spacing
value may be FINALSPACING, but verify this works for all other checks.

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

LRFD 5.8.3.3 Nominal Shear Resistance

¢ =09

Bi=2.(

0= 45-0785  rad LRFD Article 5.8.3.4.1
180

de:=69.. in de = ds which is the distance from top of the member to the

centriod of the tensile fiber

dvpreliminary := 66.7! in dvpreliminary = distance between compressive and
tensile reinforcing
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dvprogram(de,dv,h) := |x « 0.9de LRFD Eg. 5.8.2.9-2

y < 0.75h
Z < maxx,y)
a<«dv ifdvz>z

a<«z ifdv<z

a

dv := dvprogram(de, dvpreliminary, Strut24Depth) = 66.75 in
f fc
V. :=0.0316(3- [——bv-dv = 354.362 Kips LRFD Eq. 5.8.3.3-
fye
ZASD'de'COt(O) LRFD Eg. 5.8.3.3-4

V. = =177.364 Kips
MBA sNOhinge N

W= (Vo + Vo) b5 =478.554 Kip

Shearchedk := ShearCheck(¢vn , V) = "OK"
MYWWWWWWWWWA p

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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

Avmin = 0.0316 | <. 2V-SNOhinge _; ¢1q in2 LRFD Eg. 5.8.2.5-1
P 1000 fye

1000
Av =2-Asp =0.62 in

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp)._in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement
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Yo

MY vy o ksl LRFD Eq. 5.8.2.9-1
MaxSpacing := spacingProgram(vu,dv, fc) =24 ir LRFD Eqg.5.8.2.7-1 and 5.8.2.7-2

Spacecheck MaxSpacing,s,Vu,VC) = |a <~ miMaxSpacing,12) if V; <0.50.9

a < min(s,MaxSpacing,12) otherwise

a
sNOhinge := Spacecheck (MaxSpacing,sNOhinge,Vu,VC) =12 in
Design Summary - Strut 2
StirrupSize = "#5"
s =4 in
sNOhinge =12 in
PHL=72 in
Extension = 36 in
Design Check Summary - Strut 2
Shearcheck ="OK" Shear capacity > Vn
Transversecheck = "OK" Minimum shear reinforcement ratio
ReinforcementRatioCheck = "OK" Maximum longitudinal reinforcement ratio
MinimumA = "OK" Minimum longitudinal reinforcement ratio
scheck = "OK" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumTran="OK" Minimum shear reinforcement outside hinge zone

BENT 3 DESIGN

Guide Article 4.11.2: For SDC B, it is acceptable to use the moment capacity based on expected
material strengths when the concrete reaches an extreme compressive fiber strain of 0.003.

Force Inputs
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_ kip — ft Nominal moment from PCA Column INPUT
_ Kir Elastic shear from SAP2000 model
- Ib Axial load from earthquake and dead load combination

Reinforcement Details

in’ Guide Eq. 8.6.2-2
Guide Article 8.6.2

n: Number of individual interlocking spiral or hoop core sections

Tiesize: Bar size used for ties

i s: Spacing of hoops or pitch of spiral (in)
ir sNOhinge: Spacing of hoops or pitch outside PHL INPUT
in? Asp: Area of hoop reinforcement in direction of loading (in2)
ir Dsp: Diameter of spiral or hoop reinforcing (in)
i Cover: Concrete cover for the Column (in)
b: Diameter of column (in)
ir d: Effective depth of section in direction of loading (in)
ir Dprime: Diameter (in column) of hoop reinforcing (in)

Total number of longitudinal bars in column cross-section
in? Abl: Area of longitudinal bar
ir dbl: Diameter of longitudinal bar

bv: Diameter of column

S

Article 8.3: Determine Flexure and Shear Demands

The design forces shall be the lesser of the forces resulting from the overstrength plastic hinging
moment capacity or unreduced elastic seismic forces in columns or pier walls.

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force
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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.

A= 14 for ASTM A 615 Grade 60 reinforcement Guide Article 8.5
MpBent3 = *moMneBent3 100012 = 1.665x 1 Ib —ir
Fixit¥:= ColumnHeighlgepig = 709.632 in
2-M
pBent3 .

=— " = =469.223  Kips
M Fixity1000 P
Npelastic, = Vpelastic PeTran =292.872 kips

Article 8.7: Requirements for Ductile Member Design

Each column must satisfy the minimum lateral flexural capacity

A=2 Fixed and top and bottom Guide Article 4.8.1
Fixity+ 0.5D
) S
Maemingeat = 0-+Dlpent| ——— | = 4439.994 Kip ft Guide Eq 8.7.1-1

CheckMoment(My o, Mg) = |a « "OK" if Mo <M,

a < "FAILURE" otherwise

CheCkMomem(MneminBent’ MneBentZ) ="OK"

If the moment check comes back "FAILURE" then the column size can be increased or
the reinforcement can be increased.

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members

It is recommended to use the plastic hinging forces whenever practical, but in this case the elastic
forces will be used.

Vo= Mif( Vo, Voeastic) = 292872 kips g, =0.¢
Article 8.6.2: Concrete Shear Capacity

= 4B 60084 Guide Eq. 8.6.2-7
s-Dprime

fye 447
h :=—— =60




Ksi
StressCheck(pg,fyh ) := | « pg-fyh
a<«f if s <0.35
k.= Str&sCheck(ps,fyh ) =0.267

. s
aerogram]fs »“D) = Joprime « L +3.67-pp

a <« 0.3 if oprime<0.3
a < oprime if aprime> 0.3 A aprime < 3

a <« 3 if aprime>3

a
oPrime:= aprogram(fs , “D) =3
If Pu is Compressive:

Pu

Guide Eq. 8.6.2-6

Guide Eq. 8.6.2-5

vcerogram!aPrimefc,Pu,Ag) = |vCc « 0.032aPrime(l +

mint < 0.11 |
1000

min2 < 0.04%Prime L
1000

minimum«— minminl, min2
a <« vc if ve <minimum
a < minimum if vc > minimum

a

If Puis NOT Compressive:

fc
0/ y 1000

2Ag-100

Guide Eqg. 8.6.2-3

Guide Eq. 8.6.2-4

If Pu is not compressive, manually input O for vc. Input it below the vc:=vcprogram

and the variable will assume the new value.

G = veprogram(aPrime fc P, Ag) =0.22 ks

Ve :=vc-Ae =716.585 kips

AAAAA

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity
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Asp-fyh -Dpri
vsprogram (n, Asp,fyh . Dprime s, fc, Ae) := vseg.(n Sp-fy prlme)
S

maxvs < 0.25 L-Ae
1000

a < vs if vs < maxvs
a < maxvs if vs > maxvs

a

Vs :=vsprogram(n, Asp,fyh ,Dprime s, fc, Ae) =912.319 kips

AAAAA

— . — 3 inc
$Vn =g (Vs+ Vc) =1.466x 10 Kips Guide Eq. 8.6.1-2

ShearCheck ( $vn ,Vu) = |a « "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a

Shearchedk := ShearCheck (¢ , V) = "OK"
NWWWWWWWWA

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
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement
For Circular Columns:

mintranprogram ps) = |a «"OK" if pg >0.003 Guide Eqg. 8.6.5-1

a < "Increase Shear Reinbrcing Ratio" if pg < 0.00:

a

Transversecheck = mintranprograrr(ps) ="OK"

If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

m:: NumberBars-Ab| =49.92 in2

449




— " "o < .
mAlong’Ag) = |a « "OK" if Along <0.04Ag Guide Eq. 8.8.1-1
a « "Section Over Reinforced" if Along > 0.04Ag

a

ReinforcementRatioCheck := pprograr(A|org,Ag) ="0OK"

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

minAlprogran(A,Ag) == [a < "OK" if Ajgps >0.007Ag Guide Eq. 8.8.2-1
a « "Increase Longitudinal Reinforcing™ if Along < 0.007Ag

a

Minimuma = minAIprogran(Amng,Ag) ="OK"

If the Minimum Longitudinal Reinforcing program returns “Increase Longitudinal Reinforcing”,
either decrease the section size (Ag) or increase the longitudinal reinforcing (Abl and
NumberBars in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D

These Requirements need to be checked and satisfied.

Cross-tie Requirements:
1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, 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
longitudinal bars shall be alternated end-for-end.

Hoop Requirements

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
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal
reinforcement.
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars

#5 bars for #10 or larger longitudinal bars

#5 bars for bundled longitudinal bars
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Article 4.11.6: Analytical Plastic Hinge Length

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

PlasticHingd Fixityfye ’dbl) = |lp « 0.08Fixity+ 0-15%)'% Guide Eq. 4.11.6-1

m< 0.3 g,
1000

a<«Ip iflp=m

a«miflp<m

a
:= PlasticHingq Fixityfye ,dp, ) = 69.461 in
Ao { o)

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

'y" 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
PeTran to take into account the model loads have not been multiplied by

PeTran. The location will also need to be INPUT into the
PlasticHingeRegion program in inches.
Mp75,= 0.75Mpgenty = 7.264x 100 Ibir

PIasticHingeRggioa Lp,Cqumndiz§ = |z « 1.5Columndi:

X<« L

P
y <0
a « max(z,x.y)
AlszN:: Plasticl—ﬁngeRegior(Lp,CqumndieBent3) =108 in

The Guide Specifications allows for the use of the plastic hinge length from the LRFD Specification
in SDC A and B (Guide Article C8.8.9).

LRFDPIasticHingeLengtaCqumnDiaColumnHeighl) := |a <« ColumnDia

b « éCqumnHeigh

c <« 18
PHL «— maxa,b,c)
PHL
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Lo, LRFDPIasti cHingeL engtf Columndiggey, Fixity = 118.272 in

Guide Article C8.8.9

The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:

PHL:=mir{Lyy, L) =108 in

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region: Guide Article 8.8.9

Shall Not Exceed the Smallest of:

Seacinggrogram]Columndiadb|) =]q « [éjCOIumndia
t<« 6
a « min(g,r,t)
a
MaximumSgacigg: Spaci ngprogram(CqumndieBentg,db|) =6 in

SeacingCheckgMaximumSpacings) = |a « s if s <MaximumSpacing
a « MaximumSpacing if s > MaximumSpacin
a

AAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAA

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 5.10.11.4.3 (LRFD SPEC.): Column Connections

This needs to be done whenever the column dimension changes. The spacing in the hinge region
shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgramgd) = |z« 15
X<« =-d
a <« maxz,x)
a
Extension := ExtensionPrograrr(CoIumndi%emg,) =36 in
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Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.

Refer to the AASHTO LRFD Bridge Design Specifications.

LRFD 5.8.3.3 Nominal Shear Resistance

V, =292.872 Kips

g =0.9
B.=2.(

0= .45-0785 rad
180

M

dp
Dr :=bv — Cover — Dsp — — =67.545 in
MWW 2

de :=d =69 in

AAAAA

dv :=0.9de =62.1 in

AAAAA

V,:=0.0316p- / bv dv =565.16 Kips

2Asp- —dv cot(0)

V= = 327.888 kips
MBA sNOhmge P

Vo= bg.25c-bv-dv = 4.024x 106 Kips

A= mif Vo, (Vo + V)65 =808.743 kip

ShearCheck ( ¢Vn ,Vu) = |a < "OK" if ¢vn =V,

a < "FAILURE" if ¢vn <V,

a

Shearchedk2 := ShearChedk(¢vh ,\/,) = "OK"
MWWWWWWWWWA

LRFD Article 5.8.3.4.1

LRFD Eg. 5.8.2.9-1

LRFD Eq. 5.8.3.3-3

LRFD Eq. 5.8.3.3-4

If ShearCheck2 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

variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

Avmin == 0.0316 | _C_. Pv-sNOhinge _ ;g 2
AW 1000 fye in
1000
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Av :=2Asp =0.83 in

xxxxxx

TranCheck(Avmin,Av) := |a <« "Decrease Spacing or Increase Bar Size" if Avmin > Av
a « "OK" if Avmin<Av

a

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V,
V= — 4 -0.073 Ksi LRFD Eq. 5.8.2.9-1
WM grbvedv
spacingProgram(Vu,dv, fc) == |v « 0.125- LRFD Eq. 5.8.2.7-1 and 5.8.2.7-2
1000
q <« 0.8dv
r < 0.4dv

z«q if g<24
2z« 24 ifqg>24
ter if r <12
t« 12 if r >12
a<«z if Vu<v
a«tif Vvuxv

a

MaxSpacing := floor (spacingProgram(vu,dv,ft)) =24 in

AAAAAAAAAAAAAA

The following check determines the maximum spacing of the hoops or ties outside of the
PHL. If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required, then
it is included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT standard
maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12" ALDOT
standard

Seacecheck (MaxSpacing,s,Vu,VC) = |a < min(MaxSpacing,12) if V|, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise

a
sNOhinge := Spacecheck (MaxSpacing,sNOhinég'A/u,Vc) =10 in




Design Summary - Bent 3

StirrupSize = "#6"

s=6 in
sNOhinge = 10 in
PHL=108 in
Extension = 36 in

Ng =29.987 in

Design Check Summary - Bent 3
Shearcheck ="OK"
Transversecheck ="OK"
ReinforcementRatioCheck = "OK"
Minimum4 = "OK"
scheck ="OK"
Shearcheck2 ="OK"

MinimumTran= "OK"

Bent 3 Strut Design

Shear capacity > Vn

Minimum shear reinforcement ratio
Maximum longitudinal reinforcement ratio
Minimum longitudinal reinforcement ratio
Max spacing of transverse reinforcement
Shear capacity outside hinge zone > Vn

Minimum shear reinforcement outside hinge zone

The struts are designed for the linear elastic forces. The loads need to be converted to design loads.
This can be done by simply multiplying the SAP load by pe/po.

Force Inputs
kips
kip ft

Kips

Reinforcement Details
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5.

= = 5 =
=
=

=

s: Spacing of hoops or pitch of spiral (in)

Guide Eq. 8.6.2-2
Guide Article 8.6.2

sNOhinge: Spacing of transverser reinforcement outside PHL

Asp: Area of spiral or hoop reinforcing (in2)

Dsp: Diameter of spiral or hoop reinforcing (in)

INPUT

Cover: Concrete cover for the Column (in)

b: Depth of the Strut (in)
d: Effective Depth (in)

bv: Effective width of strut (in)

Total number of longitudinal bars along strut width (top and bottom)

Total number of longitudinal bars along strut depth (side)

Abl1: Area of longitudinal bar 1
AbI2: Area of longitudinal bar 2
dbll: Diameter of longitudinal bar 1

dbl2: Diameter of longitudinal bar 2

Article 8.6.2: Concrete Shear Capacity

Av=2Asp —0.88  in’

AAAAAA

Av
P = — = 0.0021
s-b

L LY S
1000

I

StressCheckRect (py. fyh ) := |5 < 2:py,fyh

a<« T

if § <0.35

Mﬁ%zz StressCheckRect(pW,fyh ) =0.251
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aPrime:= aprogram(fw,uD) -3 Guide Eq. 8.6.2-8

If Pu is not compressive then vc=0 Guide Eq. 8.6.2-4

If Pu is not compressive, will have to manually input O for vc. Just input it below the
vc:=veprogram and the variable will assume the new value.

Ve = vcprogram(aPrimefc ,Pu,Ag) =0.216  ksi

Vei=veAg =1.001x 100 Kips

AAAAA

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

Av-fyh -
o Avbhd

vserogramRectsAv,fyh ,d,s,fc,Ae) := |vs
S

maxvs < 0.25 L-Ae
1000

a < vs if vs < maxvs

Guide Eq. 8.6.3-2 and 8.6.4-1

a < maxvs if vs > maxvs

a

AAAAA

V= b (Vs + Vo) =2.584x 10° Kipe Guide Eq. 8.6.1-2

Shearcheck := SheerChed<(¢Vn ,vu) = "OK"
MYWWWWWWYWWWWA

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
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement
For Rectangular Shapes Guide Eq. 8.6.5-2

mintranRrogramRecg ps) = |a < "OK" if pg >0.002

a < "Increase Shear Reinbrcing Ratio” if pg < 0.00:

a

Transversecheck := mimranprogramRec(pW) ="OK"

If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to decrease the spacing (s) or increase the area of the shear reinforcement
(Asp) in the inputs. 457




Article 8.8: Longitudinal and Lateral Reinforcement Requirements

Article 8.8.1: Maximum Longitudinal Reinforcement

.2
M’Z Apl1 NumberBarsl + Ab|2NumberBar52 =36.12 in Guide Eq. 8.8.1-1

ReinforcementRaitoChedk := pprogram(A|ong,Ag) ="0OK"

If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either increase
the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement
For Columns in SDC B:
Minimum@ = minAIprogran(A|0rg,Ag) ="OK"

If the Minimum Longitudinal Reinforcing program returns “Increase Longitudinal Reinforcing"”,
either decrease the section size (Aq) or increase the longitudinal reinforcing (Abl and NumberBars)
in the inputs.

Guide Eq. 8.8.2-1

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D
These Requirements need to be checked and satisfied.

Cross-tie Requirements:
1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp or 3 in. at one end and a hook of NOT less than
90 Degrees with an extension of NOT less than 6*dp, 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 bars shall be alternated end-for-end.

Hoop Requirements

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
Degree hooks having a 6*dp, 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. )
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region
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'y' 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
PeTran to take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the
PlasticHingeRegion program in inches.

The Guide Specifications allows for the use of the plastic hinge length from the LRFD Specification
in SDC A and B (Guide Article C8.8.9).

LRFDPIasticHingeLengtaColumnDiaCqumnHeighD := |a « ColumnDia

1
b « aCqumnHeigh

C« 18
PHL < maxa,b,c)
PHL
m:z LRFDPIlasticHingeLengthmaxStrut3Depth, Strut3wWidth), LStrut3 = 120 in

Guide Article C8.8.9
The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:

PHL:=Lpp =120 in

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region Guide Article 8.8.9

Shall Not Exceed the Smallest of:
MaximumSaaci ng:= Spaci ngprogram(ma>(Stmt3Depth,Stmt3\Nidth) ’dbl) =6 in

FINALSPACING= SpacingCheck (MaximumSpacings) = 3.5 in

AAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAA

If scheck returns "Failure”, change the spacing of shear reinforcing spacing (s). The spacing
value may be FINALSPACING, but verify this works for all other checks.

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

LRFD 5.8.3.3 Nominal Shear Resistance

¢5=0.9
Bi=2(
0=~ .45-0.785 rad LRFD Article 5.8.3.4.1
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de:=69.« in de = ds which is the distance from top of the member to the
centriod of the tensile fiber

dvpreliminary :=66.7! in dvpreliminary = distance between compressive and
tensile reinforcing

dvprogram(de,dv,h) := |x < 0.9de LRFD Eqg. 5.8.2.9-2
y < 0.75h
Z <« maxx,y)

a<«dv ifdv>z

a<«z ifdv<z

a

dv := dvprogram(de, dvpreliminary, Strut3Depth) =90 in
fc
V. :=0.0316B- [——bv-dv = 477.792 Kips LRFD Eg. 5.8.3.3-3
MO P j 1000 P f
fye
2Asp- o odv-cot(0) LRFD Eq. 5.8.3.3-4

V. = =264 kips
BN sNOhinge P

W= (Ve + Vo) 65 =667.613 ips
Shearchedk := ShearCheck (v , Vi) = "OK"
NWWWWWWWW p

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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

Avmin = 0.0316 | . 2V-sNOhinge -, 24 in? LRFD Eq. 5.8.2.5-1
P 1000 fe

1000
Av =2-Asp =0.88 in

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp)_in the inputs. 460




LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

V,

o P _ :
My vy O ks LRFD Eq. 5.8.2.9-1
MaxSpacing := spacingProgram(vu,dv,fc) =24 in LRFD Eq. 5.8.2.7-1 and 5.8.2.7-2
MAXSPACING:= Spacecheck (MaxSpacing, sNOhinge) = 18 in

Seaoecheck1MaxSpacing,s,Vu,VC) = |a < min(MaxSpacing,12) if V, <0.50.

a < min(s,MaxSpacing,12) otherwise

a
sNOhinge := Spacecheck (MaxSpa:ing,sNOhinge,Vu,VC) =12 in

Design Summary - Strut 3
StirrupSize = "#6"
s =35 in
sNOhinge = 12 in
PHL=120 in

Extension = 60 in

Design Check Summary - Strut 3

Shearcheck ="OK" Shear capacity > Vn

Transversecheck = "OK" Minimum shear reinforcement ratio
ReinforcementRatioCheck = "OK" Maximum longitudinal reinforcement ratio
MinimumA = "OK" Minimum longitudinal reinforcement ratio

scheck ="OK" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumTran= "OK" Minimum shear reinforcement outside hinge zone
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BENT 4 DESIGN

Guide Article 4.11.2: For SDC B, it is acceptable to use the moment capacity based on expected
material strengths when the concrete reaches an extreme compressive fiber strain of 0.003.

Force Inputs

_ kip — ft Nominal moment from PCA Column
_ kir Elastic shear from SAP2000 model INPUT
- Ib Axial load from earthquake and dead load combination

Reinforcement Details

Ae:=08Ag =222  in’ Guide Eq. 8.6.2-2

- Guide Article 8.6.2

ni=: n: Number of individual interlocking spiral or hoop core sections
StirrupSize:="#6" Tiesize: Bar size used for ties

si=€ in s: Spacing of hoops or pitch of spiral (in)

SNOhinge := 12 in sNOhinge: Spacing of hoops or pitch outside PHL

Asp = 0.4 in? Asp: Area of hoop reinforcement in direction of loading (in2)
Dsp:=0.7¢ in Dsp: Diameter of spiral or hoop reinforcing (in) INPUT
Cover :=¢ in Cover: Concrete cover for the Column (in)

_ in b: Diameter of column (in)

d.:=b — Cover =57 in d: Effective depth of section in direction of loading (in)
Dprime:=b —2.Cover ir Dprime: Diameter (in column) of hoop reinforcing (in)
‘NumberBars := 3z Total number of longitudinal bars in column cross-section
- in? Abl: Area of longitudinal bar

- in dbl: Diameter of longitudinal bar

462




by := Columndiggepyio, bv: Diameter of column

Article 8.3: Determine Flexure and Shear Demands

The design forces shall be the lesser of the forces resulting from the overstrength plastic hinging
moment capacity or unreduced elastic seismic forces in columns or pier walls.

Article 4.11.1-4: Steps to find Moment Capacity, Shear Capacity, and Axial Force

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.

A= 14 for ASTM A 615 Grade 60 reinforcement Guide Article 8.5
MpBent4 = *moMneBenta 100012 = 9.685x 10" Ib —ir
Fixit¥:= ColumnHeightgeptg = 385.872 in

2-M

pBent4 .

V., =—— =501.99 Kips
M Eixity1000 P
A\N/Qempvzz Vpelastic'peTran =292.872  kips

Article 8.7: Requirements for Ductile Member Design

Each column must satisfy the minimum lateral flexural capacity

A=z Fixed and top and bottom Guide Article 4.8.1
Fixity+ 0.5D;
Moemingent = 0-:Dlgent — " 2521.112 kip ft Guide Eq 8.7.1-1

CheckMomengMne,Me) = |a «"OK" if Mg <Mg

la < "FAILURE" otherwise

CheckMoment(Mnemiant, Iv'neBentZ) ="OK"

If the moment check comes back "FAILURE" then the column size can be increased or
the reinforcement can be increased.

Article 8.6: Shear Demand and Capacity for Ductile Concrete Members
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It is recommended to use the plastic hinging forces whenever practical, but in this case the elastic
forces will be used.

Vo= Mif( Vo, Viogastic) = 292872 kips B, i=0.¢

Article 8.6.2: Concrete Shear Capacity

4-Asp

= = 0.0054 i . 8.6.2-
P8~ 3 Dorime Guide Eq. 8.6.2-7

fye )
h :=—— =60 ksi

StressCheck(pg,fyh ) := |5 « pg-fyh

a«f if 5§ <0.35

£, := StressCheck(pg, fyh ) =0.326 Guide Eq. 8.6.2-6
aprogram/ fs ’“D) = |oprime « 0£15 +3.67—-pp Guide Eq. 8.6.2-5

a <« 0.3 if aprime<0.3
a < oprime if aprime > 0.3 A aprime <3

a <« 3 if aprime>3

a
oPrime:= aprogram(fs , “D) =3

If Pu is Compressive:

p S
vcerogram!aPrimefc,Pu,Ag) = |ve « 0.032aPrime(1+ u Oj\/ fc Guide Eq. 8.6.2-3

2Ag-100 1000
mint < 0.11 |—©—
1000
. . fc
min2 < 0.04©Prime | —
1000

minimum«— minminl, min?
a < vc if vc <minimum

a < minimum if vc > minimum

a

If Puis NOT Compressive: Guide Eq. 8.6.2-4
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If Pu is not compressive, manually input O for vc. Input it below the vc:=vcprogram
and the variable will assume the new value.

VG = veprogram (ozPrimefc R Pu,Ag) =0.22 ksi

\c :=vc-Ae =497.628 Kips

AAAAA

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity Guide Eq 8.6.3-2 and 8.6.4-1

. n ( nAsp-fyh -Dprime
vsprogram (n, Asp ,fyh ,Dprimes,fc,Ae) := |vs « —-
migr (. Asp.5h Dprimes. o A0) i [us - 2 DALY

maxvs < 0.25 L-Ae
1000

a < vs if vs < maxvs
a < maxvs if vs > maxvs

a

Vs = vsprogram(n, Asp,fyh ,Dprimes,fc,Ae) = 746.442 kips

AAAAA

o . — 3 inc
Vn = (Vs + Vo) =1.12x 10 kips Guide Eq. 8.6.1-2

ShearCheck ( $vn ,Vu) = |a < "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a

Shearchedk := ShearCheck (¢ , V) = "OK"
NWWWWWWWWA

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
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement
For Circular Columns:

mintranprogramy ps) = |a « "OK" if pg >0.003 Guide Eq. 8.6.5-1

a < "Increase Shear Reinbrcing Ratio" if pg < 0.00:

a

Transversecheck = mintranprogran(ps) ="OK"
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If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio", it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

Along.= NumberBars Apy <4992 in”
WAIOHQ’AQ) = |la « "OK" if Along <0.04Ag Guide Eq. 8.8.1-1

a « "Section Over Reinforced" if Along > 0.04Ag

a

ReinforcementRatioChedk := pprogran1(A|0rg,Ag) ="0OK"

If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either increase
the section size (Aq) or decrease the longitudinal reinforcing (Abl and NumberBars) in the inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement

minAIBrongAhAg) = [a < "OK" if Ajgpg >0.007Ag Guide Eq. 8.8.2-1
a <« "Increase Longitudinal Reinforcing" if Along < 0.007Ag

a

Minimum& = minAIprogran(Amng,Ag) ="0OK"

If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing",
either decrease the section size (Aqg) or increase the longitudinal reinforcing (Abl and
NumberBars in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D
These Requirements need to be checked and satisfied.
Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an
extension
NOT less than 6*dp or 3 in. at one end and a hook of NOT less than 90

Degrees with an extension of NOT less than 6*dp, 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 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 closed tie may be made up of several reinforcing elements with 135
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. )
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.6: Analytical Plastic Hinge Length

Note: For reinforced concrete columns framing into a footing, an integral bent cap, an

oversized shaft, or cased shaft.

PIasticHinggFixityfye ’dbl) = |Ip « 0.08Fixity+ O.15%)-db|

me 003X g
1000

a<«Ip iflp=m
a<miflp<m

a

L= PlasticHinge(Fixityfye ,dy) = 43.56 in

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

'y' 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
PeTran to take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the
PlasticHingeRegion program in inches.
Mp75,:= 0.75Mgentp = 7.264x 10" Ioir

PIasticHingeRggioa Lp,Cqumndié = |z « 1.5Columndii

X<—Lp

y <« 0

|a <« maxz,x,y)
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/prJN:: PIasticHingeRegior(Lp,Columndi%entm) =90 in

The Guide Specifications allows for the use of the plastic hinge length from the LRFD Specification
in SDC A and B (Guide Article C8.8.9).

LRFDPIasticHingeLengtaCqumnDiaColumnHeighb := |a « ColumnDia

1
b « —6-C0IumnHeigh

c <« 18
PHL < maxa,b,c)
PHL

/I\I_vaV:: LRFDPIasti dﬂingeLengtl(ColumndizBemzzp Fixit}) =64.312 in

Guide Article C8.8.9
The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:
PHL :=mir(Lyy,Lyp) =64312 ir

Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region: Guide Article 8.8.9

Shall Not Exceed the Smallest of:

1
Sgacingerogram]Columndiadm) =1]q « (ngolumndia
I <« G'db|
t« 6
a < min(q,r,t)
a
MaximumSpacing:= Spacingprograrn(CqumndiaBem24, dbl) =6 in

SeacingChecksMaximumSpacings) = |a « s if s <MaximumSpacing
a < MaximumSpacing if s > MaximumSpacin
a

AAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAA

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 5.10.11.4.3 (LRFD SPEC.): Column Connections
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This needs to be done whenever the column dimension changes. The spacing in the hinge region

shall continue into the drilled shaft or cap beam the Extension length.

ExtensionProgramgd) = |z« 15
X« —-d
a <« maxz,x)
a
Extension := ExtensionPrograrr(CoIumndi%entm) =30 in

Nominal Shear Resistance for members OUTSIDE Plastic Hinge Region.

Refer to the AASHTO LRFD Bridge Design Specifications.

LRFD 5.8.3.3 Nominal Shear Resistance

V, =292.872 Kips

$g =09
B:=2(

T
0 :=—:45=0.785 rad
M 180

dp .

Dr :=bv — Cover — Dsp — — =55.545 in
MWW 2

de:=d =57 in

AAAAA

dv :=0.9de =513 in

V. = 0.0316p |—C—bv-dv = 389.050 Kip

MO 1000 ' b
%p-%)dv-cot(e)

V. = =225.72 Kips

B sNOhinge P

Vo= bg25% by dv = 2.77x 10° kips

Qv = mifiVp, (Vg + Vg )-é] =553.301 kip

ShearC heck ( Vn ,Vu) = |a <« "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a
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LRFD Article 5.8.3.4.1

LRFD Eg. 5.8.2.9-1

LRFD Eq. 5.8.3.3-3

LRFD Eq. 5.8.3.3-4




Shearchedk? := ShearCheck(¢vn , ) ="OK"
MWWWWWWWWWA

If ShearCheck2 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
variables can be changed in the inputs.

LRFD 5.8.2.5 Minimum Transverse Reinforcement

. LRFD Eq. 5.8.2.5-1
Avmin = 0.0316 |_C_. Pv-sNOhinge _ ;g 2
AW 1000 fye in
1000
2
Av :=2-Asp =0.88 in

xxxxxx

TranCheck(Avmin,Av) := |a < "Decrease Spacing or Increase Bar Size" if Avmin > Av
a « "OK" if Avmin< Av

a

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp) in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vu

vy ;= ——
M pgrbv-dv

=0.106 Ksi LRFD Eg. 5.8.2.9-1

spacingProgram (Vu,dv.fe) = v « 0125%) LRFD Eg.5.8.2.7-1 and 5.8.2.7-2

g < 0.8dv

r <« 0.4dv

z«q ifg<24
2z« 24 if g>24
t«r ifr <12
t«12 ifr >12
a«z if Vu<v

a«tif Vvuxv

a
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MaxSpacing := floor (spacingProgram(vu,dv,fc)) =24 in

xxxxxxxxxxxxxx

The following check determines the maximum spacing of the hoops or ties outside of the PHL.
If the minimum area of transverse reinforcement from LRFD 5.8.2.5 is required, then it is
included in the check along with LRFD 5.8.2.7 and an assumed 12" ALDOT standard
maximum spacing. Otherwise, the check only considers 5.8.2.7 and the 12" ALDOT standard

SRacecheck (MaxSpacing,s,Vu,Vc) = |a < min(MaxSpacing,12) if V|, <0.50.9V,

a < min(s,MaxSpacing,12) otherwise
a

sNOhinge := Spacecheck (MaxSpacing,sNOhinge,Vu,Vc) =12 in
Design Summary - Bent 4
StirrupSize = "#6"
S=6 in
sNOhinge = 12 in
PHL =64.312 in
Extension = 30 in

N, =23.236 in

Design Check Summary - Bent 4

Shearcheck ="OK" Shear capacity > Vn

Transversecheck = "OK" Minimum shear reinforcement ratio

ReinforcementRatioCheck = "OK" Maximum longitudinal reinforcement ratio

MinimumA = "OK" Minimum longitudinal reinforcement ratio

scheck ="OK" Max spacing of transverse reinforcement

Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn

MinimumTran="OK" Minimum shear reinforcement outside hinge zone

scheck2 = "OK" Max spacing of transverse reinforcement outside hin
zone

Bent 4 Strut Design

The struts are designed for the linear elastic forces. The loads need to be converted to design loads.
This can be done by simply multiplying the SAP load by pe/po.
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Force Inputs
kips
kipft

Kips

Reinforcement Details

Guide Eqg. 8.6.2-2
Guide Article 8.6.2

=
N

s: Spacing of hoops or pitch of spiral (in)

=

sNOhinge: Spacing of transverser reinforcement outside PHL

=

Asp: Area of spiral or hoop reinforcing (in2)

Dsp: Diameter of spiral or hoop reinforcing (in) INPUT

=

=

Cover: Concrete cover for the Column (in)

=

b: Depth of the Strut (in)

=

d: Effective Depth (in)

=

bv: Effective width of strut (in)
Total number of longitudinal bars along strut width (top and bottom)
Total number of longitudinal bars along strut depth (side)

in? Abl1: Area of longitudinal bar 1

in? AbI2: Area of longitudinal bar 2

in dbll: Diameter of longitudinal bar 1

in dbl2: Diameter of longitudinal bar 2

Article 8.6.2: Concrete Shear Capacity

AV =2Asp =0.62 in’

AAAAAA
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Av Guide Eq. 8.6.2-10
o= — = 0.0022
s-b

fye .
=—— =60 ksi
m"” 1000

StressCheckRect(py. fyh ) = [ « 2.y, fyh Guide Eq. 8.6.2-9
a«f if 5 <0.35

= Str&esCheckRect(pW,fyh ) =0.258

oPrime:= ocprogram(fw,uD) =3 Guide Eq. 8.6.2-8

If Pu is not compressive then vc=0 Guide Eq. 8.6.2-4

If Pu is not compressive, will have to manually input O for vc. Just input it below the
vc:=veprogram and the variable will assume the new value.

Ve = vq)rogram(aPrimefc,Pu,Ag) =0.22 Ksi

Ve :=vc-Ag =665.28 Kips

AAAAA

Article 8.6.3 & 8.6.4: Shear Reinforcement Capacity

vsprogramRect (Av fyh ,d,s,fc,Ae) := [vs « Av-fyh -d Guide Eq. 8.6.3-2 and 8.6.4-1
T s

maxvs < 0.25 L-Ae
1000

a < vs if vs < maxvs

a < maxvs if vs > maxvs

a

Vs := vsprogramRect (Av,fyh ,d,s,fc,Ae) =651 Kips

AAAAA

VN = ¢ ¢(Vs + Vo) = 1.185x 10° Kips Guide Eq. 8.6.1-2

Shearchedk := ShearChedk(¢vh ,V,) = "OK"
YVWWWWWWIYWA

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
variables can be changed in the inputs.

Article 8.6.5: Minimum Shear Reinforcement
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For Rectangular Shapes

mintranprogramRec ps) = |a < "OK" if pg >0.002 Guide Eqg. 8.6.5-2

a < "Increase Shear Reinbrcing Ratio” if pg < 0.00:

a

CheckT ransverse := mimranprogramRad(pW) ="OK"

If the minimum shear reinforcement program responses "Increase Shear Reinforcing Ratio”, it
is recommended to 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 8.8.1: Maximum Longitudinal Reinforcement

.2
m; ApjpNumberBars; + Ay o NumberBars, = 31.16 in Guide Eq. 8.8.1-1
ReinforcementRaitoCheck := pprogram(Along,Ag) ="OK"

If the Maximum Longitudinal Reinforcing program returns "Section Over Reinforced", either
increase the section size (Aqg) or decrease the longitudinal reinforcing (Abl and NumberBars) in the
inputs.

Article 8.8.2: Minimum Longitudinal Reinforcement

For Columns in SDC B: Guide Eq. 8.8.2-1

Minimum& = minAIprogran(A|0ng,Ag) ="0OK"

If the Minimum Longitudinal Reinforcing program returns "Increase Longitudinal Reinforcing",
either decrease the section size (Aqg) or increase the longitudinal reinforcing (Abl and

NumberBars) in the inputs.

Article 8.8.9: Requirements for Lateral Reinforcement for SDCs B,C, and D
These Requirements need to be checked and satisfied.

Cross-tie Requirements:

1) Continuous bar having a hook of not less than 135 Degrees with an
extension NOT less than 6*dp, or 3 in. at one end and a hook of NOT less than

90 Degrees with an extension of NOT less than 6*dp, 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 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 closed tie may be made up of several reinforcing elements with 135
Degree hooks having a 6*dp 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*dp but NOT less than 3 in. extension that engages the longitudinal

reinforcement. _
Minimum Size of Lateral Reinforcement

#4 bars for #9 or smaller longitudinal bars
#5 bars for #10 or larger longitudinal bars
#5 bars for bundled longitudinal bars

Article 4.11.7: Reinforced Concrete Column Plastic Hinge Region

'y' 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
PeTran to take into account the model loads have not been multiplied by

PeTran- The location will also need to be INPUT into the

PIasticHi_r(\igeRegipr_l program in inches. o o
The Guide Specifications allows for the use of the plastic hinge length from the LRFD Specification

in SDC A and B (Guide Article C8.8.9).

LRFDPIasticHingeLengtaCqumnDiaColumnHeighl) := |a <« ColumnDia

b « é-CqumnHeigh

c <« 18
PHL <« maxa,b,c)
PHL

,przvzz LRFDPIasticHingeLength(max Strut24Depth, Strut24Width), LStrut24 =72 in
Guide Article C8.8.9
The plastic hinge length will be the smaller of the two values, as the Guide Specification allows:
PHL:=Lyp =72 in
Maximum Spacing of Lateral Reinforcing in Plastic Hinge Region Guide Article 8.8.9

Shall Not Exceed the Smallest of:

MaximumsSpacing:= Spacingprogram(ma)(Strut24Depth,Strut24Width) ’dbl) =6 in
FINALSPACING= SpacingCheck(MaximumSpacings) =4 in
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AAAAAAAAAAA

If scheck returns "Failure”, change the spacing of shear reinforcing spacing (s). The spacing
value may be FINALSPACING, but verify this works for all other checks.

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

LRFD 5.8.3.3 Nominal Shear Resistance

¢ =09

Bi=2.(

0= .45-0785 rad LRFD Article 5.8.3.4.1
M 180

de:=69.. in de = ds which is the distance from top of the member to the

centriod of the tensile fiber

dvpreliminary :=66.7" in dvpreliminary = distance between compressive and
tensile reinforcing

dvprogram(de,dv,h) := |x < 0.9de LRFD Eg. 5.8.2.9-2
y < 0.75h
Z < max(X,y)

a<«dv ifdv=>z

a«z ifdv<z

a

dv := dvprogram(de, dvpreliminary, Strut24Depth) = 66.75 in
fc
V. :=0.03163- | ——bv-dv = 354.362 kips LRFD Eqg. 5.8.3.3-
\/% B’lOOO ip g.5.8.3.3-3
fye
ZASP'M)O'V'CO"(@) LRFD Eqg. 5.8.3.34
\. = =177.364 Kips
MEA sNOhinge 'P

W= (Vo + Vo) b5 =478.554 Kips
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Shearchedk := ShearCheck (¢ , V,
MYWWWWWWWWWA p

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
variables can be changed in the inputs.

) = oK

LRFD 5.8.2.5 Minimum Transverse Reinforcement

Avmin = 0.0316 | _C_. Bv-sNOhinge . . o 2 LRFD Eq. 5.8.2.5-1
PV 1000 fye

1000
Av :=2-Asp =0.62 in

AAAAAA

AAAAAAAAAAAAAAAAAAAA

If the minimum transverse 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 (Asp)_in the inputs.

LRFD 5.8.2.7 Maximum Spacing of Transverse Reinforcement

Vi
. =42 i
VU = —M?J— —%.199 ksi LRFD Eqg. 5.8.2.9-1

M pgrbvedv

MaxSpacing := spacingProgram(vu,dv,fc) =24 ir LRFD Eq.5.8.2.7-1 and 5.8.2.7-2

AAAAAAAAAAAAAA

Spacecheck MaxSpacing,s,Vu,VC) = |a < min(MaxSpacing,12) if V, <0.50.9

a < min(s,MaxSpacing,12) otherwise
a
sNOhinge := Spacecheck (MaxSpacing,sNOhinge,Vu,Vc) =12 in

Design Summary - Strut 4
StirrupSize = "#5"
s =4 in
sNOhinge = 12 in
PHL=72 in
Design Check Summary - Strut 4

Shearcheck ="OK" Shear capacity > Vn
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Transversecheck = "OK" Minimum shear reinforcement ratio

ReinforcementRatioCheck = "OK" Maximum longitudinal reinforcement ratio
MinimumA = "OK" Minimum longitudinal reinforcement ratio

scheck ="OK" Max spacing of transverse reinforcement
Shearcheck2 = "OK" Shear capacity outside hinge zone > Vn
MinimumTran="OK" Minimum shear reinforcement outside hinge zone

Transverse Connection Design
Pushover Analysis Results

Static Pushover Curve
2000

- //

:
N\

BaseShear (Kip)
3
=

2000
1000
490
ﬂ 1 1}
0 3 10 15 20 25 a0
1.48" Displacement (in)

ALDOT Current Connection Steel Angle Design Check

Vcolbent := %0 =81.667  kips
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LRFD Article 6.5.4.2: Resistance Factors

Bolt Properties

Fub :=5¢ ks
o2t
Ne =1
Angle Properties
ksi
Fu=5¢ ks
t=10 in
hi=¢ in
wi=€ in
L=1 in
k=1t in
distanchorhole =4 ir
BLSHIength:=€ ir
BLSHwidth:=2 ir

Tension for A307
Shear for A307
Block Shear
Bolts Bearing
Shear Connectors

Flexure
Shear for the Angle

Strength of Anchor Bolt (It is assumed that ASTM A307 Grade
C bolt is used)

Diameter of Anchor Bolt INPUT

Number of Shear Planes per Bolt

Yield Stress of the Angle

Ultimate Stress of the Angle

Thickness of Angle

Height of the Angle

Width of the Angle

Length of the Angle

Height of the Bevel INPUT

Distance from the vertical leg to the center of the hole. This is
the location of the holes.

Diameter of bolt hole

Block Shear Length
Block Shear Width
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Ubs := 1.( Shear Lag Factor for Block Shear

a:=: in Distance from the center of the bolt to the edge of plate
Jo) ;=L in Distance from center of bolt to toe of fillet of connected part
Lc:=2 in Clear dist. between the hole and the end of the member

ShearCheck ( $vn ,Vu) = |a « "OK" if ¢Vn 2V,

a < "FAILURE" if ¢Vn <V,

a

Clip Angle Check:

AISC J4: Block Shear

Agv :=t-BLSHIength — 6 in’
Anv = t-(BLSHIength — 0.5diahole) — 4.688 in’
Ant := t-(BLSHwidth— 0.5diahole) — 0.688 in’
BLSHprogranm(Agv , Anv, Ant,Ubs, Fu,Fy) := |b « 0.6Fu-Anv + Ubs-Fu-Ant AISC Eq. J4-5
c < 0.6-y-Agv + Ubs-Fu-Ant
a«b ifb<c
a«cifb>c
a
Rn := BLSHprogran{Agv , Anv , Ant, Ubs, Fu, Fy) = 169.475 kips
¢bsRn :=¢g-RN =135.58 Kips

BlockShearCheck := ShearCheck (¢bsRn , Vcolbent) = "OK"

AISC D2: Tension Member

UL = O.¢ Shear Lag factor for single Angles. Refer to Table
T D3.1in AISC Manual

Ant :=t-[w — (Ldiahole)] =3.375 in
£6./= AUt =2.025 i’ AISC Eq. D3-1
{tPn :=¢-Fub-Ae =93.96 Kips

AISC Eq. D2-2




TensionCheckp g := ShearCheck (¢tPn , Veolbent) = "OK"

AISC G: Shear Check

Cv:=1.(
.2
Aw =tw =06 in
¢gsanglevn := ¢sang|e'0'6 Fy-Aw-Cv =129.6 kips

ShearAngleCheck := ShearCheck (¢sangleVn , Vcolbent) = "OK"

Anchor Bolt Check:

LRFD Article 6.13.2.12: Shear Resistance For Anchor Bolts

1t-Diab2
Ap = ~4.909 in’
4
RN = h-0.48A, FubNs = 102,494 kips

Shear onchorbolts = ShearCheck (¢sRn , Veolbent) = "OK"

LRFD Article 6.13.2.9: Bearing Resistance at Bolt Holes
For Standard Holes

¢bbRn :=2.4Dig, t-Fub = 348 kips

For Slotted Holes

¢bbRns :=Lct-Fub =116 Kips

Bearingg|tstandard = ShearCheck (¢bbRn , Veolbent) = "OK"

Bearingg|tsiotteg = ShearCheck (¢bbRns , Veolbent) ="OK™

LRFD Article 6.13.2.10: Tensile Resistance

AISC Eq. G2-1

LRFD Eg. 6.13.2.12-1

LRFD Eg. 6.13.2.9-1

LRFD Eg. 6.13.2.9-4

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 is Vangle* 1". The distance to the anchor bolt in the cap beam is 4", and that is

how the Tu equation was derived.

Ty Yeolbentl o5 417 Kips
distanchorhole
481




#Tn :=0.76AFub = 173.102

Kips

TensionCheck := ShearCheck (¢tTn ,Tu) = "OK"

Article 6.13.2.11: Combined Tension and Shear

Pu := Vcolbent
CombinedProgran{Pu,Ab,Fub,dnsRn ,d)s) = |t « O.76Ab~Fub
2
f < 0.76AyFub |1 - ——
. ¢sRn
et if —Y <033
¢sRn
o
aer if —Y 5033
¢sRnN
¢s
a
Thombined = CombinedProgran{Pu, Ay, Fub, ¢sRn ,¢5) = 130.747 Kips

TN ombined = 9t TNeombined = 104-598

CombinedCheck := ShearCheck(¢tTn

Summary
Diab =25 in
Shear anchorbolts = "OK”

Bearinggtstandard = "OK”

Bearingg|tsotted = "OK"
TensionCheck = "OK"
CombinedCheck = "OK"

BlockShearCheck = "OK"
TensionCheckAlSC ="0OK"

combined >

Kips

\col bent) ="0OK"

ShearAngleCheck ="OK"
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Appendix Q: Scarham Creek Bridge Moment-Interaction Diagrams

Bents 2 and 4
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STRUCTUREFOINT - spColumn wv4.81
15 day trial licemse. Locking C
untitled.col

General Information:
File Name: untitled.col
project:
Column:
Code: ACI 318-11

Run Opticn: Investigation
Run Axis: X-axils

Material Propertles:
f'c - 4 kst
EcC = 3605 ksi
Ultimate strain - 0.003 in/in
Betal - 0.85

Section:

Circular: Diameter = 42 in
Gross section area, Ag - 138
IX - 152745 1in~4
rx = 10.5 in
¥o = 0 in

Reinforcement :
Bar Set: ASTM A615
5ize Diam (in) Area (in"2)

# 3 0.38 0.11
¥ 6 0.75 0.44
# 9 1.13 1.00
# 14 1.69 2.25

confinement: Spiral; #3 ties
phi(a} - 0.85, phi{b) - 0.9,

Layout: Circular

Pattern: All Sides Egual
Total steel area:r As - 18.72
Minimum clear spacing - 5.67

12 #11 Cover = & in

[TM)
ode: 4-1EC20. User: oem,

Engineer:

Hewlett-Fackard Company

units: English

Slenderness:
Column Type:

Hot considered
Structural

fy = &0 ksi
ES = 29000 ksi

5.44 in*2

Iy — 152745 1n~4
ry - 10.5 1in

Yo = 0 in

S5ize Diam (in) Area (in*
# 4 0.50 0
#F 7 0.88 0
# 10 1.27 1
# 18 2.26 4

with #10 bars,
phiic) = 0.75

#5 with

in~2 at rho - 1.35%
in

larger bars.

(Cover to transverse reinforcement)

Factored Loads and Moments with Corresponding Capacities:

Pu Mux
Ho. kip k-1t
1 1294.00 810.00

*+* End of output **+*

PhiMnx PhiMn/Mu NA depth Dt depth

k-ft

(1in~2)

2) Size Diam (in) Area
.20 # 5 0.63

.60 8 1.00

.27 # 11 1.41

a0

1707.86 2.108
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Code: ACI 318-11

Units: English

Aun axis: About X-axis

Run option: Investigation
Slenderness: Mot considered
Column type: Structural
Bars: ASTM AB15

Date: 03/06/13

Time: 16:45:58
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spColumn v4.81. 15 day tral license. Locking Code: 4-1EC20. User: oem, Hewlett-Packard Company

File: C\Users\jdio003\Documents\Research\ALDOT Bridge Design Examples\SDC B\Mo.. \Scarham Creek Bents 2 and 4.col

Project:

Column:

f'c = 4 ks

Ec = 3605 ksi
fo=3.4 ksi

e u=0.003 infin
Betal = 0.85
Confinement: Tied

fy = 60 ksi
Es = 29000 ksi

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65

Engineer:

Ag = 2827 .43 in"2
As = 37.44 in"2
Xo =0.00in

Yo = 0.0010n

Min clear spacing = 5.32 in

24 #11 bars

tho = 1.32%

Ix = B36173 in*4
ly = 636173 in"4

Clear cover = 3.50 in
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STRUCTUREFOINT - spColumn vd.81
15 day trial license. Locking Code: 4-1EC2Z0. User: oem,

untitled.col

General Information:
File Name: untitled.col
Project:
Column:

Code: ACI 318-11

Run Option: Investigation

Run Axis: X-axis

Material Properties:
f'c - 4 ksi
EC - 3605 ksi
Ultimate strain = 0.003
Betal = 0.85

Section:

Circular: Dlameter =

Gross section area, Ag -

Ix = 152745 in*~4
rx = 10.5 imn
¥o = 0 in

Reinforcement :

Bar Set: ASTM R615

infin

42 in

(TM)

Engineer:
units: English

Slenderness: Not

Hewlett-Fackard Company

considered

Column Type: Structural

fy = &0 ksi
ES = 29000 ksi

1385.44 1in*2

5ize Diam (in) Area (in*2)

& 3 0.38 0.
# 6 0.75 0.
# 05 1.13 1.
# 14 1.69 2.

confinement: Spiral; #3
phi(a) = 0.85,

Layout: Circular

Pattern: all Sides Egual

12 #11 Cover = 6 in

11
44
1]

25

ties with #10 bars
phi(b) = 0.5,

Iy - 152745 in*4

ry = 10.5 in
Yo = 0 in

ize Diam (in) Area (in*2)
4 0.50 0.20
7 0.88 0.60
10 1.27 1.27
18 2.26 4.00

pht(c) = 0.75

Size Diam (in)} Area (in"2)

# 5 0.63 a.31
# 8 1.00 a.79
# 11 1.41 1.56

#5 with larger bars.

(Cover to transwerse reinforcement)
Total steel area: As = 18.72 in*2 at rho = 1.35%
Minimum clear spacing = 5.67 in

Factored Loads and Moments with Corresponding Capacities:

Fu
Ho. kip
1 1294.00 8

*+* End of output *+**

Mux
k-ft

10.00

FhiMnx PhiMn/Mu NA depth Dt depth

k-ft

z.108 20.

1707.86

in in
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72 in diam.

Code: ACl 318-11

Units: English

Run axis: About X-axis

Run option: Investigation
Slenderness: Mot considered
Column type: Structural
Bars: ASTM AB15

Date: 03/06'13

Time: 16:52:45

spColumn v4.81. 15 day trial license. Locking Code: 4-1EC20. User: oem, Hewlett-Packard Company

Project:

Column:

f'c = 4 ka

Ec = 3605 ksi

fo =34 ksi

e u=0.003 infin
Betal = 0.85
Confinement: Tied

fy = 60 ksi
E= = 29000 ksi

phila) = 0.8, philb) = 0.9, phiic) = 0.65

Engineer:

Ag = 4071.5in"2

As = 49.92in"2

Xo =000in

Yo = 0.00in

Min clear spacing = 4.82 in

File: C:\Users\jdi0003\Documents'\AesearchlALDOT Bridge Design Examples\SDC BiMoment In...\Scarham Cresk Bent 3.col

32#11 bars

rho = 1.23%

x = 1.319172+008 in*4
ly = 1.31917+008 in"4

Clear cover = 3.50 in

488




