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Currently, the Alabama Department of Transporta{®LDOT) uses the load
factor rating (LFR) methodology of tifemerican Association of State Highway and
Transportation Official{AASHTO) Manual for Condition EvaluatiogMCE) of Bridges
(1994) in load rating of highway bridges acrossdtate. With the introduction of the
newAASHTO MCE and Load and Resistance Factor R4tiRFR) of Highway Bridges
(2003), the need arose to assess the impact ofémgpiting the new manual on
ALDOT’s current bridge rating practices. To thigdlea comparative study was
performed between ALDOT’s current rating practiaébzing the older LFR
methodology, according to the AASHTO MCE (1994)] éime new LRFR methodology.

This comparative study was performed on a reptasee sample of 95 bridges
from Alabama’s state and county owned bridge inmgnat all three primary levels of

\



LRFR rating: Design, Legal and Permit rating levelfie load models that were utilized
in the rating analysis were the AASHTO design loamtlels, AASHTO standard legal
loads, ALDOT state legal loads, and a sample of ®0bverweight loads. The bridges
were modeled in AASHTO BridgeWare’s Virtis versigi® (2007) and analyzed in
BRASS-GIRDER LRFR and LFR analysis engines (200Rating results were
generated for interior and exterior girders of elgtdge analyzed as well as for moment
and shear load effects.

The rating data at all three primary levels oingindicated that the LRFR
methodology produces lower rating factors thanlfRR. It was therefore concluded that
adopting the AASHTO MCE LRFR (2003) can have aificgnt impact on the rating
practices of ALDOT.

Comparisons were additionally made between theR.BRRkd LFR rating data, at
the Design rating level, in the context of estirdgbeobability of failure for a bridge
based on the Monte Carlo simulation technique.s Thimparison showed that rating
factors produced under the LRFR methodology hawagtcorrelation to a bridge’s
estimated probability of failure, whereas ratingtéais under the LFR methodology

showed only sporadic correlation to a bridge’sneated probabilities of failure.
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Chapter1  INTRODUCTION
1.1 Overview

In 1994 the American Association of State Highwag dransportation Officials
(AASHTO) Load and Resistance Factor Desi@tRFD) Bridge Design Specifications
was introduced (Minervino et al. 2004). The AASHIRFD introduced a new limit
state design philosophy based on structural rdiliabiThe bridge design philosophy of
the time was load factor design (LFD) or allowadtiess design (ASD) as found in the
AASHTO Standard Specifications for Highway Bridg&vakumar 2007). The main
advantage of the LRFD over ASD and LFD is thatrisato achieve a more uniform
level of reliability in bridge design among the iaus types of materials and systems
employed (Minervino et al. 2004).

The AASHTO design specifications are intended tavjole guidelines for the
design of new bridges. To assist in the evaluatfoexisting bridges, AASHTO
developed guidelines for bridge condition evaluatis well. This evaluation involves a
process that is often referred to as bridge ratiflge specifications for bridge rating are
found in the AASHTOManual for Condition EvaluatianThe second edition of the
AASHTO Manual for Condition Evaluation of Bridgegublished in 1994, provides
guidelines for evaluating existing bridges accogdim the allowable stress and load
factor methodologies (Sivakumar 2007). With theaduction of the new AASHTO

LRFD Bridge Design Specifications, a new methodglofjevaluation and rating was



needed for consistency with the new limit statagtephilosophy (Minervino et al.
2004). In March 1997 the National Cooperative kight Research Program (NCHRP)
Project 12-46 was initiated and resulted in a gatmanual based on the load and
resistance factor approach (Lichtenstein 2001)e id result of NCHRP’s Project 12-
46 was the AASHTManual for Condition and Evaluation and Load ancsR&nce
Factor Rating(LRFR) of Highway Bridgeshereatfter referred to as AASHTO MCE
LRFR (Minervino et al. 2004).

Currently, the Alabama’s Department of TranspootaALDOT) uses the
AASHTO MCE (1994) for bridge rating. With the inttuction of the new AASHTO
MCE LRFR (2003) ALDOT expressed concern over hogvrtbw bridge rating system
would affect state rating practices. In orderddrass this concern, a comparative bridge
rating study between the existing AASHTO MCE (19843l the new AASHTO MCE

LRFR (2003) was conducted on a sample of Alabastate bridges.

1.2 Motivation

The study described in this thesis is in respoos®incerns expressed by ALDOT
over how adopting the new AASHTO MCE LRFR (2003)udbaffect their current
bridge rating practices in regard to legal loadtipgsand the issuance of overweight
permits. For the legal load posting, ALDOT is netted in evaluating how the number
of bridges required to be posted and the degradich they are posted would change
under the new rating methodology. For the overigigrmits, ALDOT is interested in
evaluating how the number of bridges that overwieiggds are allowed on will be
affected and how the allowances for overweight pisrmill be affected.
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1.3 Research Objectives and Scope
The research described in this thesis compardsvtheating methodologies
LRFR and LFR on a select sample of Alabama StaleCaunty owned and maintained
bridges. The research objectives for this stuaybmbroken into primary and secondary
objectives
The primary objectives are as follows:
1. Generate and compare LRFR and LFR rating factaoitseat the Design
Inventory level of rating
2. Generate and compare LRFR and LFR rating factoitseat the Legal
load level of rating for AASHTO and ALDOT legal lds.and provide
LRFR load postings
3. Generate and compare LRFR and LFR rating factoltseat the Permit
level of rating for ten ALDOT permit trucks
The secondary objectives are as follows:
1. Compare the effect of ALDOT state legal loads ®@¢fect of
AASHTO typical legal loads and design load modetlmrating results
2. Compare the rating factor results of the LRFR aR®& lin the context of
bridge reliability, as discussed in Chapter 6
The research presented within this thesis is lunitethe selected sample of
Alabama State and County owned and maintained ésidgscribed in Chapter 3. The
rating factors used in all comparisons within thelg were generated through the use of
software and with the assumptions listed in Chad2eand 4.
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1.4 Approach

The approach taken to accomplish the researchtolgsoutlined above can be

broken into the following briefly described tasks:

1.

2.

Review previous research comparing the LRFR and iéfhodologies.
Select representative bridge samples for use irdtiveg analysis from
Alabama’s State and County owned and maintainetjbrinventory.
Develop experience modeling and rating bridgesASATO BridgeWare’s
Virtis Version 5.6.0.

Model the selected bridge samples in Virtis and batdges at the Design,
Legal, and Permit levels of rating.

Review and analyze LRFR and LFR results at theddesiegal, and Permit
levels of rating.

Develop LRFR load posting based on Legal levehgatesults as described in
the AASHTO MCE LRFR (2003).

Perform a reliability study on the selected bridgenple and compare to
LRFR and LFR rating results at the Design Inventewel of rating.

Prepare final report on the research findings.

1.5 AASHTO Specifications

Several AASHTO publications are referred to in gtisdy. The AASHTO Bridge

Design Specifications used in the study are asvidi
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1. AASHTO Standard Specification for Highway BridgesfhlEdition, 2002.
This document will be referred to as AASHTO Staddapecifications 2002.
2. AASTHO Load and Resistance Factor Design Bridge Desigrci8pation 4"

Edition, 2007. This document will be referred to as AASHIRFD 2007.

The AASHTO Manuals for Condition Evaluation usedhe study are as follows:
1. AASHTO Manualfor Condition Evaluation of Bridges Second Editia894,
with revisions and interims through 2003. Thiswwoent will be referred to
as AASHTO MCE 1994.
2. AASTHO Manual for Condition Evaluation and Load and Resnsie Factor
Rating of Highway Bridge2003 with 2005 interim. This document will be

referred to as AASHTO MCE LRFR 2003.

1.6 Thesis Organization and Presentation

The thesis is organized into seven chapters. @hagtrovides an introduction to
the research objectives and the research apprea&ch uChapter 2 provides the
background information on the two rating method@egompared in the research, a
listing of the different live load models used atle rating level, and a summary of the
previous comparative research done. Chapter 3slbtav the bridge samples used in
the research were selected as well as descripicthe bridges included in the samples.
Chapter 4 presents an overview of the analysisvaoft used in the study, a detailed

rating example, and a description of the in-hooséstdeveloped to aid in the research.



Chapter 5 presents the rating results for Desiggal, and Permit rating levels and the
comparisons and trends found between the LRFRrentlRR. Chapter 6 provides an
introduction to bridge reliability as well as a goanison between LRFR and LFR factors
of reliability at the Design Inventory level of mag). Chapter 7 presents a summary of the
research findings as well as conclusions and recamdations based on the comparative

study.



Chapter2 BACKGROUND

2.1 Overview of Bridge Rating

The purpose of bridge rating is to provide a measifila bridge’s ability to carry
a given live load in terms of a simple factor, rede to as the rating factor. These bridge
rating factors can be used by bridge owners tonagtcisions about the need for load
posting, bridge strengthening, overweight loadvedinces, and bridge closures
(AASHTO 2003). The way that these rating factoescalculated depends on the rating
methodology used. The AASHTO MCE (1994) provideglglines as to how to
calculate rating factors based upon load factangaind allowable stress rating
methodologies (Minervino et al. 2004). The loactdarating and allowable stress rating
methodologies are commonly referred to as LFR a8R Aespectively. With the
introduction of the AASHTO LRFD 1994, which was edon structural reliability
methods, a new rating methodology was also needikd. AASHTO MCE LRFR was
developed based on the same limit state philoss@sehe AASHTO LRFD (Minervino
et al. 2004). The Load and Resistance Factor atethodology is more commonly

referred to as the LRFR.

2.2 Rating Methodologies
The basic concept of the load factor rating (LFRtmodology is to analyze a

structure at its ultimate load level under multiptd the actual dead and live loads. The



load factors used to accomplish this are specifigdde AASHTO MCE (1994) and are
based on engineering judgment and not on statistigdies or probability of failure
(Sivakumar 2007). The factors were developed asgunormal traffic and overload
conditions. The AASHTO MCE (1994), however, doesprovide any additional
guidance as to how to adjust the load factors tceraocurately reflect actual conditions.
In essence, the load factor methodology represetiteed and true approach” to the
rating problem (Sivakumar 2007).

The load and resistance factor rating methodolbB¥R, was developed under
the NCHRP project 12-46 to be a rating methodolomysistent in philosophy with the
AASHTO LRFD Bridge Design Specifications in its usfereliability-based limit states
(Lichtenstein 2001). The goal of the design plujwsy in the AASHTO LRFD was to
achieve a more uniform level of reliability in bgel design. With the introduction of the
AASHTO MCE LRFR (2003), the new methodology of mgtprovided a systematic and
flexible approach to bridge rating based on relighi The LRFR rating philosophy
allows for a realistic assessment of a bridge’sadafe load capacity as opposed to the

“tried and true approach” in the LFR (Sivakumar 200

2.3 Rating Equations
The general load rating equations for both the BRR LRFR are arranged in the
same way to provide a ratio of the live load cafyaai a member to its live load demand.

As shown in Equation 2 - 1.



Capacity- DeadLoadEffect
Live Loac Effect

RatingFactor= Equation 2 - 1

The numerator of each equation represents thédaacapacity of a member, the
difference between the factored capacity and tipiiexpfactored dead load effect. The
denominator of each equation consists of the fadttive load model’s effect. For the

LFR methodology found the in the AASHTO MCE (1994¢ rating factor is given as:

=% Equation 2 - 2

where,

RF = Rating factor

C = Factored Capacity

A = Factor for dead loads

D = Dead load effect

A, = Factor for live load

L = Live load effect

I = Impact factor

For the LRFR methodology found the in the AASHTO KICRFR (2003) the

rating factor is given as:

— C- (/]DC)(DC) B (ADW)(DW) * (AP)(P)

Equation 2 — 3
(A )(LL+1M)

RF

where,



RF = Rating factor
C = Capacity, defined ag@¢R, for the strength limit state arig

for the service limit states

Aoe = LRFD load factor for structural components attdchments
DC = Dead-load effect due to structural componentsatachments
Aow = LRFD load factor wearing surface and utilities

DW = Dead-load effect due to wearing surface andiesl

Ap = LRFD load factor for permanent loads

P = Permanent loads other than dead loads

A = Evaluation live-load factor

LL = Live-load effect

M = Dynamic load allowance

While the general form of both the LRFR and LFRngequations is the same,
there are several distinct differences betweervibeas summarized in Table 2 - 1. The
first difference is the inclusion of two new reaiste factors in the LRFR equations: the
condition factor,g, which deals with the amount of deterioration anher has
experienced, and the system factar which deals with the global structural redundancy
of the bridge (Lichtenstein 2001). The * sign assted with the permanent loads in
Equation 2 - 3 accounts for the favorable or unfalite effect that permanent loads can
have on the live load capacity. The resistancédbn the LRFR and the LFR is

calculated differently as well. The resistancetfer LRFR capacity is calculated
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according to the LRFD Bridge Design specificatiansording to the AASHTO MCE
LRFR (2003). The capacity for the LFR is calculbéecording to the Standard

Specification for Highway Bridges based on the Lpiidhciples according to the

AASHTO MCE (1994).

Table 2 - I Differences Between the LRFR and LFR

Rating Methodology LRFR LFR
Capcity According to LRFD According to LFD

& - Resistance
Condition and System Factors | &, - Condtion

@ - System
Distribution Factors LRFD Formulas "= Ower" Formulas
Aoc-125
Dead Load Factors Ay - 13
Ao - 1.5
?"'L -"5'-2
] Iventary - 175 Iventory - 2.17
Live Load Factors Operating - 1.35 Operating - 1.3

Legal - 14t0 1.8
Permit - 1.15t0 1.8

Dynamic Load Allowance /

Constant =pan Length Dependent
Impact Factor

Another difference between the two equations istth@ LRFR equation separates
the dead loads into two parts: structural compankattachments and the wearing
surface. This allows for unique load factors taapelied to the each of the categories

based on their variable statistics (Lichtenstei®1)0 Under the LFR load factdk,, was
specified as 1.3 for all dead loads (AASHTO 1994hthe LRFR the load factot, is
specified as 1.25 and,,,, as 1.5 unless the in-place thickness of the wgaumface can

11



be verified by field measurements. Then, the fadty, can be reduced to 1.25

(AASHTO 2003).
The live load factors for the two methodologies also different. The\, factor

in the LFR is fixed at 2.17 for Inventory ratingdah.3 for Operating rating for all traffic
conditions and vehicle loadings. The differencetsvieen these rating levels are
discussed in a later section. The LRFR, howe\s®s ealibrated live load factors which
vary based on the vehicular loadings, bridge ADTd eating level (Lichtenstein 2001).
In addition to differing live load factors, botheth RFR and LFR use different live load
distribution factors. The live load distributioactor accounts for how live load effects
are passed through the deck to the supportingtatalelement of a bridge (Lichtenstein
2001). The LFR uses the live load distributiontdas from the AASHTO Standard
Specification which accounts for the distributidrtte live load across the deck using a
simplistic “S over” approach, S referring to girdgracing. LRFR uses the reevaluated
live load distribution equations found in the AASBTTRFD, which accounts for
additional effects in transverse load distributsoich as the deck stiffness. The changes
made to the live load distribution equations in ANSD LRFD result in a more complex
but supposedly more accurate live load distributemtor (Lichtenstein 2001).

The impact factor is also calculated differently éach of the rating equations.
The LFR impact factor is based on a formula whieeiinpact factor increases with a
bridge’s span length. The dynamic load allowancempact factor, of the LRFR is
fixed at 33% for all legal loads; however, the catlews for the factor to be lowered

based upon riding surface conditions (Lichtens2€i@l).
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2.4 LRFR Condition and System Factors

The resistance factog as defined in the AASHTO LRFD 2007, is usually a
reduction factor applied to the nominal resistanice new member to account for the
uncertainties associated with its resistance. rAsxasting member experiences
deterioration, the uncertainties associated wihdsistance increase and can no longer
be accounted for solely through the use of thegtlesisistance factor. The condition
factor, @, was introduced to provide an additional estimaéghliction to a member’s
resistance to account for the added uncertaindiesexl by the deterioration a member
has experienced and that it is likely to experidme®veen inspections (Minervino et al.
2004).

The recommended values for the condition factanébin Table 2 - 2, are from
the AASHTO MCE LRFR (2003), and are related toS$perstructure Condition Rating
number found in the bridge’s inspection report. i/the condition factor is related to
the structural condition of a member, it only aaatsufor deterioration from natural

causes, such as corrosion, and not from incideat@d damage.

Table 2 - 2:Recommended Condition Factor Values According ASATO MCE

LRFR (2003)

Structural Condition of Member 0,
Good or Satisfactory 1.00
Fair 0.95
Poor 0.85

13



The superstructure of a bridge is composed ofiplelstructural members
interacting with one another to form a single dwual system. A bridge’s redundancy is
the capacity of the structural system to carry $oafter one or more of its structural
members has been damaged or has failed. The puoptise system factog, is to be a
multiplier applied to the nominal resistance of ember to account for the redundancy of
the full superstructure system. As a result, legdthat are less redundant have a lower
system factor, which lowers each individual membéaitctored capacities and ratings
(Minervino et al. 2004).

The recommended values for the system factor dowpto the AASHTO MCE
LRFR (2003) are shown Table 2 - 3. The recommensgstem factor values are based
on a bridge’s superstructure type as describedamMASHTO MCE LRFR (2003). The
system factor ranges from 1.00 for redundant systeoch as bridges with more than
four girders, to 0.85 for non-redundant systemeshsas truss bridges, arch bridges, or
bridges with two girders or less. If the preseotadequate redundancy can be
demonstrated, the system factor can be differemt those presented and can exceed 1.0,
but is limited to a maximum value of 1.2 accordiadfNCHRP Report 406 (1998). The
simplified system factors can only be used whertking the flexural and axial effects
under the strength limit states. When checkingusbader the strength limit states, a
system factor of 1.0 is recommended for all supecsire types according to the

AASHTO MCE LRFR (2003).
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Table 2 - 3: Recommend System Factor Values According to AASHICE

LRFR (2003)

Superstructure Type o,
Welded Members in Two-Girder/Truss/Arch
; 0.85
Bridges
Riveted Members in Two-Girder/Truss/Arch
. 0.90
Bridges
Multiple Eyebar Members in Truss Bridges 0.90
Three-Girder Bridges with Girder Spacing
0.85
<6 ft.
Four-Girder Bridges with Girder Spacing
0.95
<4 ft.
All Other Girder Bridges and Slab Bridges 1.00
Floorbeams with Spacing >12ft. and Non-
. . 0.85
Continuous Stringers
Redundant Stringer Subsystems Between
1.00
Floorbeams

The minimum value of the combined effect of thadition and system factors on
an individual member’s capacity shall not be mads than 0.85 according to the general

load rating procedure provided in the AASHTO MCEHRER(2003).

2.5 Live Load Factors

The live load factors are unique for each of the tating methodologies. LFR
has fixed factors of 2.17 for Inventory rating dn@ for Operating rating (AASHTO
1994), whereas LRFR uses varying calibrated liagl ltactors. The LRFR factors vary
not only with rating level, but also with vehichgpe and bridge ADTT (Lichtenstein

2001). For design level rating in the LRFR theelilwad factord, , is specified as 1.75

for Inventory rating and 1.35 for Operating rat(AgASHTO 2003). Live load factors for

Legal loads vary based upon a bridge’s ADTT, ragdiom 1.4 to 1.8 (AASHTO 2003).
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Table 2 - 3 from the AASHTO MCE LRFR (2003) shoWws specified values fo#,

based on a bridge’s ADTT.

Table 2 - 4:Live Load Factors as a Function of ADTT (AASHTO 200

Traffic Volume (one
direction) Load Factor
Unknown 1.80
ADTT 2 5000 1.80
ADTT = 1000 1.65
ADTT £100 1.40

Permit loadings have 4, that is based upon several variables, the peydt, t

number of trips, whether the permit truck is allovte be mixed with traffic, ADTT of
the bridge, and total weight of the permit trudkable 2 - 4 from the AASHTO MCE

LRFR (2003) summarizes these variables and shaavsatiespondingl, for a given

permit truck’s situation; this factor can rangenfrd.15 to 1.85 (AASHTO 2003).
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(AASHTO 2003)

Table 2 - 5:Live Load Factors for Permit Loads Based on Bridg&DTT

Load Factor by Permit
Weight®
ADTT (one Up to >150 kips
Permit Type Frequency Loading Condition DF* direction) 100 kips
Routine or Unlimited Mix with traffic Two or more >5000 1.80 1.30
Annual Crossings (other vehicles may | lanes
be on the bridge) =1000 1.60 1.20
<100 1.40 1.10
All Weights
Special or Single-Trip Escorted with no
Limited other vehicles on One lane N/A 1.15
Crossing the bridge
Single-Trip Mix with traffic >5000 1.50
(other vehicles may One lane =1000 1.40
be on the bridge) <100 1.35
Multiple-Trips Mix with traffic >5000 1.85
(less than 100 (other vehicles may One lane =1000 1.75
crossings) be on the bridge) <100 1.55

2.6 Load Combinations

The AASHTO Standard Specifications 2002 and the WAS LRFD 2007 both
specify a series of load combinations that newgaridesigns must satisfy. The different
load combinations for each specification allowdastructure to be designed for a degree
of different loading conditions.

The AASHTO Standard Specifications 2002 specifoesliIcombinations in two
main groups: service load combinations and loatbfadesign combinations. Each load
combination in the two groups has different load ad factors that are evaluated
against the design capacity of a member. For atialy existing bridges according to the
AASHTO MCE (1994) under the LFR methodology, thene service load combinations
and load factor design combinations are not usestead, two load combinations are

specified. The first corresponds to the LFR Ineeptevel of rating, and the second
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corresponds to the Operating level of rating. Botlentory and Operating levels of
rating are discussed in greater detail in the valhg Section 2.7. The load factors
associated with these load combinations are based‘wied and true approach” and are
not calibrated (Sivakumar 2007).

The AASHTO LRFD (2007) specifies load combinatiom$our different
categories: strength, service, fatigue, and extreveat. Each of the load combinations
under the LRFD methodology are calibrated spedijid¢ar the loading condition and
limit state under evaluation (Minervino et al. 2D08trength load combinations relate to
limit states associated with the strength of a nemliservice load combinations relate to
operational effects a structure will experiencdie Tatigue load combinations relate to
the effect of repetitive live loads. The extrerwerd load combinations relate to
structural response under extreme loading conditsmch as an earthquake loading
(AASHTO 2007). The load combinations that areizdi in the LRFR rating
methodology are taken from the AASHTO LRFD (200HApwever, the LRFR load
combinations are limited to the strength, servioe fatigue categories, according to the
AASHTO MCE LRFR (2003). Within this comparative dyuall of the LRFR rating
analysis is performed using the Strength | loadlmoation at the Design and Legal
levels of rating and using the Strength Il load bamation at the Permit level of rating.
These levels of rating are discussed in greataildetSection 2.7. The Strength | load
combination is defined as the “[basic] load comborarelating to the normal vehicular
use of a bridge without wind” according to the AABBI LRFD (2007). The Strength Il

load combination is defined as the “[load] combimatrelating to the use of the bridge
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by Owner-Specified special design vehicles, evanatf permit vehicles, or both

without wind” according to the AASHTO LRFD (2007).

2.7 Rating Levels

The rating systems for both the LFR and LRFR ao&édm down into a series of
levels that bridges can be evaluated under, eaehderresponding to a different level of
safety. The LFR has a simple two-level system,r&h&RFR has a more complex
three-level system.

The two levels of the LFR’s rating system are tineehtory and Operating levels.
The Inventory level of rating is the highest legékafety corresponding to “a live load
which can safely utilize an existing structure &orindefinite period of time”, according
to the AASHTO MCE (1994). Rating results under 20 design truck at this level
are used in reporting to the Federal Highway Adstration (FHWA) for the National
Bridge Inventory, NBI (Lichtenstein 2001). The ogiing rating level is a secondary
lower level of safety corresponding to “the maximparmissible live load to which the
structure may be subjected”, according to the AASHMCE (1994). The results from
the Operating level of rating can be used for deteations of load postings, bridge
strengthening, and possible closure (AASHTO 19%Brmitting is recommended to
only be allowed on bridges that are found to bestsattory at the operating level of
rating under the HS-20 load model (AASHTO 1994).

The three levels that make up the LRFR rating systee the design, legal and
permit load rating levels. Each of these threelkewérating are discussed in detail in
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immediately following sections. The procedure tihat LRFR uses in its rating system is
shown in the flow chart in Figure 2 — 1 as givethie AASHTO MCE LRFR (2003).
The process starts with a bridge first being rattetthe design Inventory level under HL-
93 load model. If the bridge is found to be satsbry at this level of rating, it's
considered not to require posting for “AASHTO lelgalds and state legal loads within
the LRFD exclusion limits”, according to the AASHTMICE LRFR (2003), and hence
the bridge can be evaluated directly for permitilgahicles.

However if the rating factor at the Design Invegttavel is found to be less than
1.0, the bridge must be evaluated under eitheD#sgn Operating level or the Legal
load level. At these levels of rating if the bredig found to be satisfactory it is
considered not to require posting for “AASHTO lelyslds and state legal loads having
only minor variations form the AASHTO legal loadsitcording to the AASHTO MCE
LRFR (2003), and the bridge can be evaluated fonjpéoad vehicles. If, however, the
bridge is found to be not satisfactory, load pagtill be required for legal loads and no
permit analysis is allowed. There is however theom for higher forms of evaluation,
such as load testing of the bridge or the usenttefielement modeling, for when a bridge
is found to be unsatisfactory at the Legal loagl@nd the engineer feels the bridge may

not require posting.
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LOAD AND RESISTANCE FACTOR RATING FLOW CHART

DESIGN LOAD CHECK
HL-93
+ NO RESTRICTIVE
INVENTORY LEVEL RELIABILITY | RF>1.0 POSTING REQUIRED*
« MAY BE EVALUATED
* FOR PERMIT VEHICLES
RF<1.0
CHECK AT RF>1.0
= OPERATING -
LEVEL RELIABILITY
\
. RF<10 '
|
LEGAL LOAD RATING
AASHTO OR STATE LEGAL LOADS BFs10
(GENERALIZED LOAD FACTORS) 21
EVALUATION LEVEL RELIABILITY
RF<1.0
|
Y HIGHER LEVEL EVALUATION
(OPTIONAL)
« REFINED ANALYSIS
__RF<1.0 | * LOAD TESTING __ _RF>10
« SITE-SPECIFIC LOAD
FACTORS
« DIRECT SAFETY
ASSESSMENT
\ \
« INITIATE LOAD POSTING + NO RESTRICTIVE
AND/OR REPAIR/REHAB POSTING REQUIRED?
- NO PERMIT VEHICLES - MAY BE EVALUATED
FOR PERMIT VEHICLES

a-For AASHTO legal loads and state legal loads within the LRFD exclusion limits.
b~ For A ASHTO legal loads and state legal loads having only minor variations
from the AASHTO legal loads.

Figure 2 — 1:Load and Resistance Factor Rating Flow Chart RlremAASHTO

MCE LRFR (2003)
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2.7.1 LRFR Design Load Rating

The design load rating is the first level of theRRRrating system that a bridge
undergoes. The design level of rating is intenewieasure the performance of an
existing bridge relative to the LRFD Bridge Despecifications. The load model used
for this rating level is HL-93 live load model, disssed in Section 2.9.1. Design load
analysis can be done at one of two sublevels ditigeinventory level, checking design
level reliability, or the Operating level, checkiagecond lower level of reliability
(Minervino et al. 2004). The LRFR shares the listéte philosophy of its design
counterpart, the LRFD. The design level of ra@nglysis is primarily checked at the
strength limit state (Lichtenstein 2001). The mdiiference between the two sublevels
of the design level rating is a difference in Ahefactor. The Inventory level usega
factor of 1.75 calibrated that a passing bridgdiatlevel would correspond to reliability
index of 3.5 or greater (Minervino et al. 2004).reliability index of 3.5 represents a
probability of failure of two hundred and thirtyrée in one million. The Operating level

uses ad, factor of 1.35, which was calibrated to a relidpiindex of 2.5 (Minervino et

al. 2004). A reliability index of 2.5 corresportgsa probability of failure of six thousand
two hundred and ten in one million. The resultamfinventory level of rating under the

HL-93 load model are used in the reporting to tiisd {Lichtenstein 2001).

2.7.2 LRFR Legal Load Rating
The second level of rating in the LRFR is legadloating. At this rating level,

live load factors are selected based upon bridg& Rialues and are used in conjunction
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with AASHTO and state Legal Loads. The legal Isadi’ factors are “calibrated by

reliability methods to provide a uniform [level sdifety] over varying traffic exposure
conditions,” according to Lichtenstein EngineerB(®). Rating results at this level can
be used for the purpose of load posting and mat@&uisions on potential bridge
strengthening needs or closures. The strength sitaie is the primary limit state used

for evaluation at this level (Lichtenstein 2001).

2.7.3 LRFR Permit Load Rating

The third level of bridge rating in the LRFR systenthe permit load rating for
overweight vehicles. This level of rating is omlyailable to bridges that have at least the
capacity to carry AASHTO or state legal loads.eB8gth and service limit states are

typically used in evaluations at this rating level.

2.8 Posting

When a bridge is found to be unsatisfactory undayal loads load posting may
be required, which restricts the weight of legalds for the bridge. Posting procedures
differ between the LFR and LRFR methodologies. &ite LFR, bridge owners are
given a wide range of freedom as to how postingeisormed. The AASHTO MCE
(1994) recommends that the general proceduresedtfor rating in Section 6 of the
code should be followed for determination of nemddad posting (AASHTO 1994).
The AASHTO MCE (1994) provides three typical lelgeds: type 3, type 3-3 and type

3S2. These models can be used for posting comasioles in addition to state legal loads.
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However, the determination of the exact postingl$oand procedure to obtain these
loads is left up to the Bridge owner’s own postongctices.

The LRFR methodology provides a more structurech&rfor load posting than
the LFR, however it also allows Bridge Owners te thgeir own posting polices. The
LRFR makes an important distinction between bricigeections and rating, which are
considered “engineering-related activities” andlge posting, which is a “policy
decision made by the Bridge Owner” according toARSHTO MCE LRFR (2003).

The recommended posting procedure outlined in RRER.calls for bridges to be rated at
the legal load level under the legal load truckustion. If the rating factor from the
analysis is greater than one, the bridge doesewd to be posted for the given truck. If
the rating factor is between 0.3 and 1.0, the AASHMCE LRFR (2003) recommends

the following safe posting load based on the ratawgor:

Safe Posting Loaek %[(RF) -03] Equation 2 -5
Where,

W = Weight of rating vehicle

RF = Legal load rating factor

If the rating factor from the legal load analyisibelow 0.3, the AASHTO MCE
LRFR (2003) recommends that the legal truck usdgteranalysis not be allowed to
cross the bridge. When the rating factors fothake of the AASHTO standard legal

loads is below 0.3, the bridge should be considéedosure (AASHTO 2003).
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2.9 Live Load Models

The live load models used during rating analysispbth the LFR or LRFR
methodologies, come from two main sources: the AAGHand from individual bridge
rating agencies. The AASHTO MCE (1994) and the AA® MCE LRFR (2003)
specify live load models in two categories, desgad models and legal load models.
The design load model for the LFR is composed eH820 load model and a design
lane load AASHTO MCE (1994). The AASHTO MCE LRFROQ3) for the LRFR
specifies the LRFD’s design load model the HL-&&ch of these design load models is
discussed in greater detail in Section 2.1.5.1thBASHTO MCE (1994) and the
AASHTO MCE LRFR (2003), for the LFR and the LRFRpectively, specify the same
three legal load models the Type 3, Type 3-3, T3$2, discussed in greater detail in
Section 2.1.5.2. Additionally under both ratingtheelologies individual bridge rating
agencies can specify their own alternative livalloeodels that can be used in their own
rating practices. The live load models used is #tiidy are those specified in the
AASHTO MCE (1994) and the AASHTO MCE LRFR (2003dahose used in
ALDOT’s own rating practices. A detailed breakdowfreach live load model used in
the study is given below. The models are divided their corresponding rating levels

according to the LRFR methodology.

2.9.1 Design

The LFR analysis at the Design Inventory ratingelawses the maximum load

effect from either the HS20 load model or the @ as defined in the AASHTO
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Standard Specification (2002) according to the AASHMCE (1994). The HS20 load
model consists of three axles weighing 8 kips, ip2 land 32 kips spaced at 14 feet and
14 to 30 feet respectively. The variable spacinipe last axle is used to maximize the
desired load effect (AASHTO 1994). The lane loadaoading to the AASHTO Standard
Specification (2002) is the combination of a unmdioad of 640 Ib per linear foot and a
moving concentrated load of 18,000 Ibs for investt@n of moment load effects and
26,000 Ibs for shear load effects.

The LRFR methodology at the Design Inventory ratengl uses the HL-93 live
load model as defined in the AASHTO LRFD Specifimataccording to the AASHTO
MCE LRFR (2003). The HL-93 load model is composéthree parts: the design truck,
the design tandem, and the design lane load. @kigmltruck resembles that of the HS20
load model with three axles weighing 8 kips, 3kand 32 kips spaced at 14 feet and 14
to 30 feet, respectively. The variable spacingheflast axle is once again used to
maximize the desired load effect. The design tamecomposed of two concentrated
loads of 25 kips spaced at 4 feet. The designltzackis composed of a uniform load of
640 pounds per foot. The live load effect usedating analysis is the combined
maximum effect of the design lane load with eitther design truck or design tandem.

An additional live load model can be consideredegative moment regions in
continuous bridges consisting of the design laad land two design trucks, with fixed

axle spacings of 14 ft, spaced at no closer thaie&ito each other (AASHTO 2003).

26



2.9.2 Legal

The LRFR Legal rating level is not explicity defthtor the LFR methodology,
although its counter part would be the Operatingllef rating. The AASHTO MCE
(1994) does not specify any required load modelstased at the Operating level of
rating. However the AASHTO MCE (1994) does suggfeste typical legal load models
to consider: the Type 3, Type 3-3, and the Type 39g8ure 2 - 2, below, provides a
depiction of each of these three load models shypwiair axle weights and
configurations. The LFR methodology, under the AR® MCE (1994), additionally
allows agencies to specify their own unique loadlet® for use at the operating level of
rating for posting, strengthening, and closureslens. The LRFR methodology, under
the AASHTO MCE LRFR (2003), also allows for agesdie specify their own unique
load models at the legal load level of rating ai a&specifying the same three
AASHTO standard legal loads found in the AASHTO M(1R94). The three AASHTO
standard legal load models provide a baselineefgallload rating and posting decisions
and are intended to envelope unique state legdsltet have only minor variations in

axle and weight configurations (Moses 2001).
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Figure 2 - 2 AASHTO Legal Load Models (AASHTO 1994)

In addition to the three AASHTO standard legal ®ad.DOT provided eight
legal load models currently being used in theingapractices to be considered at this
level of the study. Currently ALDOT bases its pogtdecisions on rating results from
these eight legal load models. This selection afl imodels consists of the H20, HS20,
two axle tuck, three axle dump truck, concretekrd® wheeler (3S2 Alabama), 6 axle
truck (3S3 Alabama), and school bus. A depictibaazh load model showing its unique

axle configuration and weight is shown in Figure 2.
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Figure 2 - 3 ALDOT Legal Load Models
2.9.3 Permit

The AASHTO MCE (1994) and the AASHTO MCE LRFR (200®r the LFR

and the LRFR respectively, do not specify any @maatipermit evaluation load models.
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This is due to permit load models consisting ofraxgght loads that tend to be unique to
individual rating agencies according to the AASHWCE LRFR (2003). ALDOT
provided ten unique overweight load models for useke permit rating portion of the
study. These load models were selected by ALDOFeta representative sample of their
current overload model inventory. A depiction etk load model’s axle weight and

configuration is shown below in Figure 2 - 4 andufe 2 - 5.
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Figure 2 - 4 ALDOT permit load models part 1

30



200K 200K 210K 210K 210K 200K 200K
| 4 2" | 18' 2" | L5 | 8 | Hip | 8'10" |

NZZENZZ- CIAN RN VRN VRN RN
180K 180K 180K 220K 220K 170K 170K 170K
|4' 1" | 4'1" | 1_8’ | 55" | 73 | 5 5* | 92" |
NZZE\ZENZN G- RN RN PR PR RN
200K 200K 210K 210K 210K 210K 200K 120K
(| wm .o | e | owafma ] e |

NI v N
200K 200K 200K 200K 200K 200k 200K 200K 120K
Lo | v | o | 42'3" | o | we |eel| e |

IR 2R\ NR\% NZ

Figure 2 - 5 ALDOT permit load models part 2

2.10 Previous Research

With the introduction of the LRFR a significant anmb of research has been
conducted with regards to its implementation. HKegpvithin the scope of this project,
only research comparing the LRFR and the LFR igeveed within this section. The
comparative research published to date is limibetthtee studies. The first comparative
study was conducted by Lichtenstein Consulting E@eis as reported in their final
NCHRP project C12-46 report, which introduced tee/n.RFR philosophy and the
AASHTO MCE LRFR (Lichtenstein 2001). This reseai€kliscussed in detail in
Section 2.10.1. The second comparative study wesnmed by Mertz in his final report
on NCHRP project 20-07 Task 122 (Mertz 2005). Thgearch is discussed in detail in

Section 2.10.2. The third comparative study, whschnore limited in scope than the
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previous two, was conducted by Rogers and Jau(Bmgjers and Jauregui 2005). This
research is discussed in detail in Section 2.1 a&ll three comparative studies only the
Strength | limit state for Design and Legal levahsl Strength 1l limit state for rating at

the Permit level were considered for the LRFR medtihagy.

2.10.1 Lichtenstein Consulting Engineers (2001)

The comparative work done by Lichtenstein Consgl&mgineers in their project
C12-46 report was performed on 37 bridges ratdxbtht the Design and Legal ratings
levels. The LRFR analysis was preformed accortbripe Final Draft Manual of the
AASHTO MCE LRFR in March of 2000. The LFR analysias performed according to
the AASHTO MCE (1994). The 37 bridge sample usedHe study consisted of 17
Steel multi-girder bridges, 9 reinforced concretbebm bridges, and 11 prestressed
concrete I-girder bridges. The bridges used irsthdy were provided by nine different
states, including one bridge from Alabama. Eadtigerwas analyzed at the Design,
Inventory and Operating levels of rating underkte93 and HS-20 load models for the
LRFR and LFR, respectively. A subset of the bridgmple was additionally analyzed
under AASHTO Legal loads at the Inventory and Ofpegdevel of rating for the LRFR
and the LFR (Lichtenstein 2001). The entiretyha tating analysis was performed on
interior girders of a bridge with only the flexuttata reported and compared. Shear
analysis data, although mentioned in the repors, ned reported or directly compared.
Analysis of exterior girders was not performedddher flexure or shear.

During the comparative study, the following assuond and factors were used.

All LRFR analysis was performed at the Strengiimitistate. The system factag, and
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condition factor ., for the LRFR were allowed to vary in accordarcée AASHTO
MCE LRFR (2003) per bridge. The live load factosed at the Design Inventory level of
rating were 1.75 for the LRFR and 2.17 for the LFRe live load factors used at the
Design Operating level of rating were 1.35 for tfRFR and 1.67 for the LFR.

Table 2 - 6 summarizes the rating results of thdyst The values displayed here
are the mean LRFR to LFR ratios for each type wmfgar evaluated for each rating level
investigated. If the displayed rating ratio isajes then 1.0 than on average LRFR
produced higher rating factors than LFR, and ifrdie is less than 1.0 than LRFR

produced lower rating factors than LFR.

Table 2 - 8 Rating Ratio Results From Lichtenstein Consgltamgineers (2001)

LRFR / LFR Rating Ratios
Material / Structural Type Design Load AASHTO Legal Loads
Inventory | Operating | Inventory | Operating
Steel Multi-Girder 0,90 0.71 1.74 1.04
Reinforced concrete T-beam 0.87 0.68 1.33 0.80
Prestressed Concrete I-Girder 0.79 0.65 1.08 0.65

As can be seen from Table 2 — 6, the LRFR prodim&dr rating results than the
LFR under the design load model at both the Inwgraad Operating levels of rating, for
all bridge types evaluated. Under AASHTO legatmahowever, this trend did not
always hold true. At the Inventory level of ratitige LRFR produced larger rating
factors than the LFR. However, legal loads rategylts at the Inventory level have little
meaning under the LRFR or the LFR. The operatnegllthough, is the critical level of

rating for legal loads as results here are usealgeycies for: posting decisions,
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availability of the bridge to be evaluated for aveight loads, and decisions on bridge
closure. At the Operating level of rating, undex AASHTO legal loads, it was

observed that the LRFR produced nearly equal oetaating results.

Table 2 - 7 Controlling Load Effect Data From Lichtensteinr@Gulting

Engineers (2001)

Material Limit |Percentage
Flexzure a1%
Steel Shear 19%
Reinforced Flexzure 0%
concrete Shear 10%
Prestressed Flexure 41%
Concrete Shear S8%
Timber Flexure 100%
Shear 0%
Flexzure 5%
Total Shear 25%

In addition to the rating factor comparisons répaiby Lichtenstein Consulting
Engineers, observations were made about the congrédad effect for the LRFR. The
reported observations were made under the HL93nuzdkl at the Design Inventory
level of rating. Table 2 - 7 provides a summaryhis controlling load effect data.
Primarily, it was observed that the majority of thr@ges in the sample, 75%, were
controlled by flexure. No comparisons to the colfitrg load effect for the LFR were

reported however.

2.10.2 Mertz (2005)
In June 2005 Mertz’s report on the findings frorma NICHRP Project 20-07 Task

122 were released. The goal of Task 122 wasnduwd a comparative study between
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the LRFR and LFR bridge rating methodologies. Gtmmparative study by Mertz
consisted of 74 different bridges. The bridge damm@s composed of reinforced
concrete, prestressed concrete, and steel bridgesh of the bridges used in the study
was provided by either the New York Department @riEportation or Wyoming
Department of Transportation. Bridges were modaletianalyzed in using AASHTO
Bridgeware’s Virtis Version 5.1 with analysis enggrBRASS-GIRDER" (version 5,
release 08, level 6) and BRASS-GIRDER(LRFD}Version 1, release 5, level 4, beta
version). For more information about AASHTO Bridgae’s Virtis and analysis
engines BRASS-GIRDEW see Chapter 4.

The assumptions used in the Task 122 comparatidy sire summarized in
Table 2 - 8. Virtis Version 5.1 uses these sunmedrvalues by default. Using these
default factors can have a profound impact on théys One example of this can be seen
in the use of 1.35 as the live load factor for ldgad rating (Mertz 2005). The
AASHTO MCE LRFR (2003) specifies that the minimalwe that the live load factor
for legal loads should be taken as is 1.4 and @aage as high as 1.8 for bridges exposed
to large volumes of truck traffic (AASHTO 2003).hdrefore, use of a 1.35 factor in the
study resulted in higher LRFR rating factors fagydeloads than can even be allowed
under the current code previsions. Additionallyngghe default values for system
factor, @, and condition factorp, results in the highest possible factored rest&tan
under the AASHTO MCE LRFR (2003); see Section 211ahd Section 2.1.2.2 for more

details.
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Table 2 - 8 Virtis 5.1 Default LRFR Factors (Mertz 2005)

e 1.00
e 1.00
Desian Inventory  1.75

A; d Operating  1.35
Legal 1.35

Fermit 1.30

Apw 1.50
e 1.25

Similar to Lichtenstein Consulting Engineers conapige study, the rating
analysis for Task 122 was performed on interiodeyis and only for flexure. The entire
74 bridge sample was analyzed at each of the LRERgrlevels and their corresponding
LFR counterparts. For the Design Inventory andréqoeg rating levels the HL93 live
load model was used for LRFR and the HS20 for LARthe Legal load rating level, the
three AASHTO standard legal load models were usedidth the LRFR and LFR
analysis. For the permit portion of this studyrayle overload model was used

consisting of 8 axles with a combined weight of kifis.
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Table 2 - 9 Rating Ratio Results Rrom Dennis Me2005)

LRFR /LFR Rating Ratios
DIaterial / Stuctural Type Design Load AASHTO Legal Loads .
Permit Truck
Inventory [Operating] Type 3 | Type 352 | Type 3-3
All 1.07 0.84 1.17 1.18 1.18 1.14
Prestressed Concrete Box 1.11 0.86 1.14 1.14 1.14 1.14
FPrestressed Concrete I-Girder 0.97 0.75 0.93 1.03 1.03 096
Prestressed Concrete Slab 1.31 1.01 1.27 1.27 1.27 1.27
Remforced Concrete Slab 0.80 0.62 0.83 0.87 0.85 083
Stee] Plate Girder 1.19 0.93 1.42 1.42 1.43 1.36
Steel Rolled Beam 1.05 0.80 1.10 1.10 1.09 1.07

A summary of the rating results from Mertz’'s Td<R report is given in Table 2
- 9. The data presented as the mean LRFR to L&&Rfos each material and structural
bridge type for the different rating levels analyzeAs can be seen from Table 2 - 9,
LRFR to LFR ratios in Mertz’s report tend to begar than those presented by
Lichtenstein Consulting Engineers. At the Desigvehtory level the LRFR tended to
produce nearly equal or higher rating factors tienLFR, with the one material and
structural bridge type exception, reinforced coteestab. Additionally, unlike
Lichtenstein Consulting Engineers finding, at tlegéal rating level the LRFR produced
nearly equal or higher rating factors then the LARportant to keep in mind while
reviewing the results from Task 122 are the assiompused during its rating analysis
which can produce higher LRFR rating factors themb be specified by the AASHTO
MCE LRFR. This would tend to bias the LRFR to LFRo to be slightly higher than
they truly would be.

In addition to LRFR to LFR rating factor compavatsstudy found in the Task
122 report, Mertz also reported the results froraliability study. This reliability study

shows the relationship between the LRFR and LFiRgdactors and a bridge’s
37



estimated probability of failure. More informatiabout reliability studies in regards to

bridge rating and Mertz’s reliability study will lsBscussed in Chapter 6.

2.10.3 Rogers and Jauregui (2005)

The third comparative study by Rogers and Jaur@f@5) had a limited scope of
only comparing the LRFR to the LFR for five simpglypported prestressed concrete
I-girder bridges. The five bridges included in 8tady were provided by the New
Mexico Department of Transportation and were setbtd provide a range of span
lengths from 38 to 107 feet. Analysis of the badgvas performed only for the interior
girders of the bridges for both flexure and shélre bridges were evaluated using both
a BRASS rating analysis software and hand calanati The hand calculations were
done to insure the accuracy of the BRASS ratindyaisasoftware. The rating analysis
for the comparative study was performed using tRABS software, after it was
verified, at the Design Inventory and Operatingngitevels. The live load models used
in the analysis were the HL-93 load model for tiRFR and the HS-20 load model for
the LFR.

The results of the rating analysis revealed thatfRFR produced nearly equal to
or lower rating factors when compared to the LFhatDesign Inventory rating level for
both flexure and shear. Additionally, at the Das@perating rating level, the LRFR
produced significantly lower rating factors thae ttFR for flexure and nearly equal to
or lower rating factors for shear. However whemparing the load effects it was
discovered that the majority of the bridges inshely were controlled by shear load
effects. The flexural rating results were foundbéoin agreement with those presented by
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Lichtenstein Consulting Engineers (2001) and arelar to those presented by Mertz
(2005). Direct comparison for the shear ratingitsscannot be made due to the
limitations of Lichtenstein Consulting Engineer§@2) and Mertz (2005) studies. To
farther understand the source of the disagreenfeghed.RFR and LFR rating results,
Rogers and Jauregui studied the individual paramétat make up each the rating
factor, ie the resistance, dead load and live tmadponents. Through this study, Rogers
and Jauregui found that for prestressed concrgi@érs:
» The critical dead load flexural and shear effefthe LRFR and the LFR
showed little disagreement
» The critical flexural resistance of the LRFR and LR showed little
disagreement
» The critical shear resistance of the LRFR and thR Ehowed varying
degrees of disagreement due to differences in dgdigosophy
» The critical live load flexural effect was shownlie nearly equally or
higher for the LRFR compared to the LFR
» The critical live load shear effect was shown tgybeater for the LRFR

compared to the LFR
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Chapter3 BRIDGE SAMPLE

3.1 Determining Bridge Sample

The bridge samples used in the study can be briokenhree categories: the
standard, unique, and permit bridge samples. Dhakig the development of these
samples was to insure that they would be reprethemiaf the Alabama’s state and
county owned and maintained bridge inventory. dlueve this two things are required,
first an understanding of the Alabama’s state anthty owned and maintained bridge
inventory and second what limitations would beaethe development of each of the
bridge samples. To assist with the first requinetnie the understanding of Alabama’s
bridge inventory, ALDOT provided two main toolshé first was a set of standard
bridge plans that are commonly used and appeaatexqtlg in Alabama’s bridge
inventory. The second tool provided by ALDOT wasopy of Alabama’s state and
county owned and maintained bridge database, egféoras the SCOMB database from
here on. The combination of these two tools pregidn understanding of the ALDOT
bridge composition. The second requirement, irettgment of the bridge samples, was
to determine what limitations would be used for bnielge samples. The primary source
of these limitations were dictated by the limitasoof the principle modeling and rating
software used for the study, AASHTO BRIDGEWare'stigiversion 5.6. Virtis version
5.6 was used in this study and is discussed inldet@hapter 4. A secondary source of

limitations came from ALDOTs own modeling and rgtjpractices using Virtis.
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Based on the modeling and rating limitations atti¥iversion 5.6 and ALDOT's
own practices using Virtis, a number of useabldd®itype categories were identified
and used in selecting the bridge samples. Therénar main bridge type categories: the
material type and structural system type of thddwi These two categories are defined
based on their usage in the SCOMB database. Ttexialdaype of a bridge denotes, the
material type of the principle structural elemehadridge and the end support
conditions of a bridge. An example of a materygktin this context would be a
reinforced concrete simply supported bridge. Tthactural system type of a bridge
denotes the principle structural element of a l@idgn example of a structural system
type in this context would be a T-Beam. Six maidgpes and five structural system
types were selected to be included in the bridgg$aselection criteria.

The six material types included are as follows, areddefined in accordance with
ALDOT'’s SCOMB database:
* Reinforced Concrete, Simply Supported
* Reinforced Concrete, Continuously Supported
e Steel, Simply Supported
» Steel, Continuously Supported
» Prestressed Concrete, Simply Supported
* Prestressed Concrete, Continuously Supported
The five structural system types included are #evis, and are defined in
accordance with ALDOT’s SCOMB database; also sgarki3-1.:
* Slab

e Stringer / Multi Beam or Girder
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e T-Beam
* Box-Beam

¢ C-Channel

L I ]
I 1 [ 1

T-Beam

String . Mulit Beam or Girder

)
TV VU VU O oeeEs

C-Channel Box-lBeam

Figure 3 - 1 Structural System Types

Virtis version 5.6 can be used to model all of th&terial and structural system
types listed above straightforwardly with one exmep the structural system type C-
Channel. Currently this structural system typedsdirectly supported in Virtis version
5.6. However ALDOT uses a modeling simplificatiarhich allows the inclusion of this

structural system type and has requested thisipeact be used within this study.

bs bt
E/_\E\
0.5 bw 0.5 As 10 As 1.0 bw
C - Channel Section Modeled Single T Section

Figure 3 - 2 Virtis C - Channel Cross Section Conversion toSection
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The modeling simplification developed by ALDOT iepicted in the above
Figure 3 - 2. Here the two outside webs of thel@uthel cross-section are moved
together to form a single web, resulting in a ntoaditional T-Beam cross-section.
Therefore, using this cross-section transformatiixGhannel bridges can be modeled in
Virtis version 5.6 as T-Beam bridges. The impimas$ of modeling a C-Channel bridge
as a T-Beam bridge were not studied in this researc

With the tools previously described, the standardge plans and the SCOMB
database, and the usable material and structwstdmytypes listed above, the bridge
samples were selected. The three bridge sam@ewvére created are: the standard,
unique and permit bridge samples. The standaddjérsample is composed of bridges
from standard bridge plans, which are repeatediy us the Alabama’s bridge inventory.
These standard bridges could have multiple Bridgatification Numbers, BIN,
associated with each standard bridge. A BIN isigue number given to identify a
single existing bridge. Standard bridges, theesfoould have multiple BIN numbers
associated with each. The unique bridge sammerngosed of bridges that have a
single BIN associated with each of them. The pebmédge sample is composed of a
mixture of the standard and unique bridge sampsed on selection criteria discussed
in Section 3.1.3 and Chapter 5.

The standard bridge sample was selected by ALDOMe sample was composed
of the standard bridge plans that ALDOT desireshétude in the comparative study. In
total the standard bridge sample has 50 standatgds; which are discussed in greater

detail in Section 3.1.2.
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The unique bridge sample was selected to be rapegse of the SCOMB
database. The SCOMB database provided a greabtiefbrmation about each of the
bridges found in Alabama’s bridge inventory. Th#dwing information for each bridge
is included: BIN, material type, structural systgpe, location, total length, maximum
single span length and whether or not a standandidg was incorporated the bridge’s
design. The SCOMB database originally containé8B®9ridges however not all the
bridges listed meet the previously described selledriteria for the study. Limiting the
database to the selected material and structustgsytypes reduces the database to 7556
bridges. Before the sample of bridges was selabee@COMB database was evaluated
with regards to the selected material and strukfiystem types and span length. The
breakdown of the material types within the reduS&DMB database can be found in
Table 3 - 1 below. A breakdown of the structusatem types and span length ranges for
each of the six material types is shown in TableslAhrough A - 6, in Appendix A.

These distributions are important as they quaihity the SCOMB database is composed

and provide a guideline as to how a reflective dammpould be composed.

Table 3 - T Material Type Distribution of the Reduced SCOMBtBbase

Material Type: Number of | Percent of
) Bridges Total
Reinforced Concrete, Simply Supported 3372 44 5%
Reinforced Concrete, Continuously Supported 599 7.9%
Steel, Simply Supported 1440 19.1%
Steel, Continuously Supported 813 10.8%
Prestressed Concrete, Simply Supported 912 12.1%
Prestressed Concrete, Continuously Supported 420 5.6%
Total 7556

Using the material and structural system type iistions of the SCOMB

database, a matrix was formed detailing what bridgegories should be included in the
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unique bridge sample with regards to material,cstmal system type and span length.
The matrix consists of 78 bridge categories covgtire full range of usable bridge types
found within the reduced SCOMB database. A copthisfbridge matrix can be seen in
Appendix A, Tables A - 7 and A - 8. Initially, thban was for the unique bridge sample
to have at least one bridge from each of the bra#gegories listed to insure that the full
range of bridge categories would be representéxtn;Tas time permitted, additional
bridges could be added to different bridge categorHowever, due to difficulties in
locating bridge plans, mislabeled bridges withia 8COMB database and time
restrictions, the final unique bridge sample camgdionly 46 unique bridges spanning 31
bridge categories. A detailed breakdown of thddes included in the unique bridge

sample is provided in Section 3.1.2.

3.1.1 Standard Bridge Sample

The standard bridge sample was extracted from éndians that were provided
by ALDOT and are used repeatedly throughout the MB@atabase. The sample is
composed of 50 standard bridges, from 20 diffeptamts. The material breakdown of
the standard bridge sample is presented in Tab2 &hd is compared with the material
distribution of the SCOMB database. As can be seematerial distribution found in
the SCOMB database is well represented in the atdriatidge sample. A detailed
description of each bridge including its structigydtem type as well as span length can

be found in Appendix A, Table A - 9.

Table 3 - 2 Material Type Distribution of Standard Bridgengae
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Material Type: Number of| Percent of | Percent of
Bridges Sample SCOMB
Reinforced Concrete, Simply Supported 2B 52.0% 44 5%
Reinforced Concrete, Continuously Supported 2 4.0% 7.9%
Steel, Simply Supported 11 22.0% 19.1%
Steel, Continuously Supported b 12.0% 10.8%
Prestressed Concrete, Simply Supported 3 B.0% 12.1%
Prestressed Concrete, Continuously Supported 2 4.0% 5.6%
Total il

3.1.2 Unique Bridge Sample

The goal of the unique bridge sample was to refthet SCOMB database in

regards to material type, structural system typd,span length. The sample consists of
46 unique bridges spanning 31 different bridgeg@ies. The material type distribution
of the sample is shown in Table 3 — 3. Table lisplays which structural system types
are found within each material type. While the enal type percentages of the unique
bridge sample do not directly reflect that of tl@C8VIB database the goal of the sample
was to capture as many of the unique bridge caegyound within the database as

possible. A matrix showing the material type, stuual system type, and span length

breakdown of the sample is shown in Table A — 18mendix A.

Table 3 - 3 Material Type Distribution of Unique Bridge Salap
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Number of| Percent of | Percent of
Bridges Sample SCOMB

Reinforced Concrete, Simply Supported 11 23.9% 44 6%

Material Type:

Reinforced Concrete, Continuously Supported & 17.4% 7.9%

Steel, Simply Supported 3] 13.0% 19.1 %

Steel, Continuously Supported 7 15.2% 10.8%

Prestressed Concrete, Simply Supported 7 15.2% 12.1%

Prestressed Concrete, Continuously Supported 7 15.2% 5.6%
Total 45

Table 3 -4 Structural System Type Breakdown for each Matdrype

Material Type: Structural System Type:
Slab

Reinforced Concrete, Simply Supported T - Bearmn

C - Channel
Reinforced Concrete, Continuously Supported - LS Eeam -

stringer - MultiBeam ¢ Girder

Steel, Simply Supported stringer - MultiBearn / Girder
Steel, Continuously Supported stringer - MultiBeam ¢ Girder
Prestressed Concrete, Simply Supported stringer - MultiBeam / Girder

Box - Beam
Prestressed Concrete, Continuously Supported stringer - MultiBearn / Girder

3.1.3 Permit Bridge Sample

The permit bridge sample is composed of bridges flooth the standard and
unique bridge samples. The bridges that were dedduvithin the sample were those that
are eligible for overweight load evaluation undiner the LFR or LRFR methodologies.
A detailed description of bridges comprising trasnple is provided in Section 5.4 of

Chapter 5.
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3.2 Bridge Sample Information
Information about each of the bridges in both tiaadard and unique bridge
samples is provided in Appendix A, Tables A - 1tbtlgh A - 14. These tables provide

the following additional information for each brigtg

* BIN (bridge identification number)

* Year (fiscal year reported on bridge plans)

e ADTT (average daily truck traffic as reported by[2OT)
» Live Load Factord, (based on bridge ADTT)

* Bridge Span Lengths

* Number of Spans

* Girder Spacing

» Condition Factorg, and System Factog
* Material Type

e Structural System Type

» Deck Concrete Compressive Strengft},

» Girder Concrete Compressive Strengfl, / Structural Steel

Grade
* Reinforcement Grade
* Prestressing Tendon Grade
In the few cases where the provided plans fordgleridid not specifically report a
required material property, the following assumpsiovere used. For unknowfij on
bridges constructed prior to 1954, 2.5 ksi wasmagsli For bridges constructed post
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1954 f was assumed to be 3 ksi. For unknown structteal grade on bridges

constructed between 1936 and 1963, yield strenfg®B &si was assumed. Bridges
constructed after 1963, 36 ksi was assumed. Fanknown steel reinforcement grade,
Grade 40 was assumed. These assumptions weregddwy ALDOT based on their

current bridge rating practices.
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Chapter 4  ANALYSIS TOOLS

4.1 Analysis Software

Several computer programs were used for the aisadysl rating in the project.
AASHTO BridgeWare’s Virtis Bridge Load Rating sofive version 5.6 (2007) was the
primary analysis and rating tool for both LRFR &R methodologies. Additionally,
in-house rating tools were developed in Mathcadivearl4 (2007) for several simply
supported bridge cases to develop a working uraleilstg of the new LRFR
methodology. Two additional programs were develdpédisual Basic to aid in data

collection and organization of the Virtis outpues.

4.1.1 Virtis

Virtis is a bridge analysis and rating computergoaon (BridgeWare 2007). The
program is composed of two major components: taplgcal user interface (GUI) used
to model a bridge, and the analysis engines. niteeling of a bridge is done through
the use of several input screens where neededspiéaeformation about each
component of the bridge is required, including mendimensions, material properties,
member locations, weight, etc. Once a bridgellg faodeled, it can be analyzed under
several different rating methodologies and undearéety of different live load models
(BridgeWare 2007).

While the actual modeling of a bridge is done witkirtis, the analysis is

preformed by a separate analysis engine. Durnagirgg exercise Virtis allows the user
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to specify what rating methodology to be used d$ asewhat engine to use for the
analysis (BridgeWare 2007). In this study verdah0 of Virtis, released in November
of 2007, was used. This was the first versiomtdude an analysis engine capable of
rating under the LRFR methodology. Version 5.6.¥idis is capable of rating in three
methodologies: ASR, LFR and LRFR. To perform thalgsis according to these
different rating methodologies, six analysis engiaee available; BRASS ASD, BRASS
LFD, BRASS LRFR, Mandero ASD, Virtis ASD, VirtisHAD. For this study the
BRASS LFD engine was used for the LFR analysistatedBRASS LRFR engine was
used for the LRFR analysis. The BRASS LFD engsneaised on the AASHTO MCE
1994 with interims up 2003 and the AASHTO Standspécifications of Highway
Bridges 17" edition 2002. The BRASS LRFR Engine is basechetAASHTO MCE
LRFR (2003) with the 2005 interim and the AASHTORIR (2007) Bridge Design
Specification (BridgeWare 2007).

Each of the analysis engines that Virtis uses apgrfia a similar fashion. First,
an influence line analysis is conducted to deteentive maximum effect for a given live
load model. The influence line approach by defaulidivides each span into 100
increments and moves the specified live load madeiss the span one increment at a
time to determine the maximum effect. Next, thalgsis engine subdivides each span
into 10 equal increments and analyzes the elevess&ection created. For each of the
cross-section the dead load, the maximum live &fBett, and resistance are determined
at that specific location. Rating factors for botbment and shear are then produced at
each cross section for the live load model (Bridge®\2007). The assumption Virtis
makes is that the maximum shear and moment efidadaeur at one of its eleven
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predetermined analysis points. This is howeverheays the case. Additionally,
different shear provisions allow for the shearugtports to be taken at a specified
distance from the support in reinforced and prestd concrete members, AASHTO
LRFD (2007) Section 5.8.3.2. These provisions wéygplied would reduce the shear
effect at the supports. The BRASS LRFR analysggrenhowever does not use these
provisions by default, and as such all shear raimagysis done at the support uses the
non reduced shear effect. The result of thisighsl/ lower shear rating factors for the

support analysis points, for those bridges thatroake use of these shear provisions.

4.1.2 In-House Rating Tools

In-house rating tools were developed for severap$y supported bridge cases
using Mathcad version 14 (2007). Mathcad is a plwenathematical program that can
be used to develop worksheets that can perforntit@pecalculations efficiently. This
allows for analysis problems with constrained Valea and predefined calculations to be
repeated with little difficulty through only the @hge of predefined variables. An
example of this can be seen in the Mathcad workgbaad in Appendix B1 that
performs LRFR analysis for slab bridges. Oncenbesheet was developed, analyzing
different slab bridges could be done simply throogmipulation of the variables
describing the uniqgue components of a bridge |lacateghe top of the file. In this study,
the use of Mathcad served two purposes. Firstet@lop an understanding of LRFR
methodology through developing worksheets to perftire rating analysis for simply
supported reinforced concrete, steel, and prestldssdges. Secondly, to perform the
LRFR analysis for the single slab bridge foundha tinique bridge sample. A copy of
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the final Mathcad worksheets for a simply supportdforced concrete, steel and

prestressed bridges can be found in Appendix B2aB8 B4 respectively.

4.1.2.1 AASHTO Rating Example Comparisons

To develop a working understanding of the LRFR moéttogy, three Mathcad
worksheets were developed to perform Strength liyaisaand rating for simply
supported reinforced concrete, steel, and prestldssdges. These worksheets followed
the rating procedure outlined in the AASHTO MCE LBRE2003) and the resistance and
load effect calculations as detailed in the AASHIRFD (2007) Bridge Design
Specification. To assess the accuracy of the dpedl worksheets, three example
problems form the AASHTO MCE LRFR (2003) Appendixvgre analyzed and the
results were compared. Table 4 — 1 provides ariggiem of the three bridges used in the
comparison. The example bridges were also modeiddanalyzed in Virtis allowing for
an additional point of comparison. The live loadd®l used for the comparison was the

HL-93.

Table 4 - T Description of AASHTO MCE Example Bridges (AASBT2003)

Example Span Length Material Type Structural System Type
Al 65 # Steel, Simply Supported | Girder

A2 26 # Reinforced Concrete Simply Supported T—Beam

A3 oo it Prestressed Concrete, Simply Supported | Girder

Comparing the results from the example problem Athe AASHTO MCE
LRFR (2003) and the Mathcad file to the resultgi¥iversion 5.6 analysis two

discoveries were made. The first discovery wasdHactor of 0.8333 or 5/ 6 was being
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applied by Virtis to live load before it was usedhe general rating equation. This
factor reduced the actual live load effect causiggrating factor to be greater than
anticipated by 1.2 or the reciprocal of the appfector. Upon further investigation, it
was found that this error originated in Virtis fraxprovision in the AASHTO LRFD
(2007) which allows for the multiple-presence facfor a single-lane loaded condition,
1.2 to be removed from the live load distributiactbr through the application ofa 5/ 6
factor when analyzing under the fatigue limit statace multiple presence factors should
not be used with the fatigue limit state. HoweVetis was using this reduction for all
limit states not just for the fatigue limit state specified in the code. While this error
was known by AASHTO'’s BRIDGEWare and would be coted in a later release of
Virtis, version 6.0, it was not known to ALDOT ar the researcher until this exercise
was performed. To compensate for this unwantedatezh factor Virtis’s Scale Factor,
used to amplify live loads, was set to 1.20. Thapct of the scale factor setto 1.2 and
the applied reduction factor of 5/6 is 1.0, sodbtual live load effect used during the
rating analysis is correct.

The second discovery that was made dealt withivleddad distribution factors,
discussed in Section 2.1.2. While the AASHTO MOEHAR (2003) example problem,
the Mathcad worksheet, and Virtis all producedgame live load distribution factors,
the factor used in the Virtis analysis was différersection 4.6.2.2.2 of the AASHTO
LRFD (2007) specifies that the controlling, largdise load distribution factor should be
used in the analysis. However while the AASHTO MI(AEFR (2003) example and the
worksheet did use the controlling live load digttibn factors as specified in the code,
Virtis used the smallest of the factors. Due tmgshe smaller of the factors Virtis was
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producing lower than anticipated live load effestsl higher than anticipated rating
factors. This error was also know by AASHTO’s BgdWare and would be corrected in
a later release of Virtis, version 6.0. The elrowever was not known to ALDOT or to
the research until this investigation was perform&d compensate for the error during
the research the live load distribution factor wenually set to the controlling factor for
each bridge during its modeling process.

With the inclusion of these two corrections Table 2 shows a comparison of the
dead load moment results between the AASHTO MCERRID03) example problem,
the Mathcad worksheet, and Virtis results. Asloeen seen there is virtually no
difference between the calculated total dead loathemts from the three different

methods.

Table 4 - 2 Steel I-Girder Example Eead Load Results

MCE Example MathCad File Virtis
Component Name |  wivmy | Moment (i) | w (kio/) |Moment (k) | Moment (ki | COmPonent
(MCE and MathCade) \ Name [Virtis)
Supenmposed
Deck 066 3807 0BG 3510 3508 Uniform Dead
Load (DC)
Stringer 0.14 248 0.4 723 St
Cover Plate 0.0 7.4 0.m 7.4 .
Stringer + Cover Flate an.3 803 /99 Girder YWeight
Diaphrarns 0.0z i3 0.02 7.8 ---
Parapel 017 90,8 0.7 a0 5 e
Railing 001 £3 0.01 5.3 .
Llaptrae:+-Foarapel 104.0 104.0 139 [po
Railing
Curh 0.06 327 006 333 28 D2
Total DC Load S67.7 568.6 567 4
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Table 4 — 3 shows a comparison of the live loadnerat results for the three
different methods for the HL-93 live load modelheTmoment and shear results
presented for the AASHTO MCE LRFR (2003) example e Mathcad worksheet are
un-factored effects. Virtis however only outpuastbred live load effects which include
the live load distribution factor, the impact facémd the scale factor, where applicable.
The un-factored live load effects for Virtis wen@guced by manually removing those
known factors in Microsoft Excel. When comparihg tive load moment results from
the AASHTO MCE LRFR (2003) example and the Matheadksheet, little difference
can be seen. The live load moment for Virtis howesalightly lower. This is due to
Virtis assuming that the maximum moment effect es@i one of its eleven
predetermined analysis points. The maximum morfogrthis case then would occur at
the mid-span analysis point, due to the bridgejgsut conditions. When dealing with a
simply supported member and a moving live loadséwar, the maximum moment
typically occurs just off of mid-span, which occimsre. Thus this causes Virtis to
slightly underestimate the true maximum live loaohnent as it does not occur at one of

its predefined analysis points.

Table 4 - 3 Steel I-Girder Example Live Load Moment Results

MCE Example | Mathcad File Virtis
Name (MCE and Morment [kit) Mornent (k1) Moment (kit) | Moment (ki)
MathCade) {unfactored) {(unfactored) (unfactored) (factored)
Design Truck B90.0 B90.9 BEE.9 7398
Design Lane 338.0 33s.0 337 8 2118
Design Tandem 7625 7629 fe2.0 B354
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The shear results however show very little disanegdetween the three different
methods, Table 4 — 4. This is due to the maximbeasactually occurring at one of the

Virtis eleven predetermined analysis point, thepsufs.

Table 4 - 4 Steel I-Girder Example Live Load Shear Results

MCE Example | Mathcad File Virtis
Name (MCE and Shear (kip) Shear (kip) Shear (kip) Shear (kip)
MathCade) {unfactored) (unfactored) {unfactored) (factored)
Design Truck B1.7 B1.6 B1.4 B2.B
Design Lane 208 208 208 159
Design Tandam 48.5 48.4 48.5 49 .4

The factored capacities and a summary of the tatabred load effects for the
steel I-girder example problem are shown in Tablex Little disagreement can be
found between the three methods with regards tfiekaral capacity and load effects.
The capacities for shear however are differentferAASHTO MCE LRFR (2003)
example compared to the Mathcad worksheet andsViifthis difference is due to
changes in the AASHTO LRFD Bridge Design Specifaraf001 code used in the
AASHTO MCE LRFR (2003) example and the AASHTO LREIDO7) code used in the
Mathcad worksheet and Virits. In the 2001 codefittet depth is excluded from the web
depth for shear calculations. The 2007 code homawes not exclude the fillet depth for
shear calculations, thus the full web depth is yselding a large shear capacity.

Table 4 - 5 Steel I-Girder Example Capacity Comparison

Flexural Shear
Capacity Load Effects Capacity Load Effects
£ Mu (kit) Mo (kft) | Mo (ki) £V (kip) | Vo (kip) [ Vo (kip)
MCE 2877.8 709.7 16671 360.3 43.8 135.1
MathCad 2874.0 710.3 1669.4 380.1 43.7 137.9
Virtis 28722 709.4 1664.9 380.0 43.7 137.5
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The Strength | rating results for the three défégrmethods for the steel | girder
example are compared in Table 4 — 6. The thrderdiit methods produce nearly the
same moment rating results and similar shear raéisglts with the exclusion of the
AASHTO MCE LRFR (2003) example due to code changédss affirms that the use of
the Mathcad worksheet and Virtis using the two fasly noted corrections can produce
reliable rating results with regards to the AASHWCE LRFR (2003) and the

AASHTO LRFD (2007) Bridge Design Specification &ieel I-girders.

Table 4 - 8 Steel I-Girder Example Rating Comparison

MCE Example | Mathcad Virtis
Moment Rating Factor 1.30 1.30 1.30
Shear Rating Factor 2.28 2.44 2.45

Similar results were found when comparing the AA® MCE LRFR (2003)
example reinforced concrete T-beam and the prestlesoncrete I-girder problems to
there Mathcad worksheets and Virtis results. Sunasaf these comparisons similar to
those presented for the steel I-Girder examplebeafound in Appendix B5 and B6,
respectively. One important differences to notthenAASHTO LRFD 2001 Bridge
Design code used in the AASHTO MCE LRFR (2003) epl@sand the AASHTO
LRFD (2007) code used in the Mathcad worksheetsvartid, deals with the way shear
capacity is calculated for reinforced and presgdsoncrete members. The 2007 code
provides a more refined form of analysis in caltotashear capacity allowing @t a

factor relating effect of longitudinal strain onestn capacity, ané, the angle of
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inclination of diagonal compressive stresses, tedvable with regards to a calculated
longitudinal straingy, at the cross section under analysis. Thiefeyred to as the
general procedure for shear design with tablesin#plified approach still is allowed
which assumes @aof 2.0 andd of 45° which tends to yield lower shear capacities than
the general approach. By default Virtis usesgireeral procedure and the general

procedure was used for all concrete analysis swrésearch.

4.1.2.20utput Sorting Programs

One of the goals of the research was to be aldertgpare both moment and shear
rating factors for LRFR and LFR for each bridge hemunder every used live load
model. This however created a problem because\inly displays the absolute
controlling rating factor after each rating anatysMoreover, in order to be able to
perform bounding studies for the rating results luehanges iy, @, andg, all the
components of the rating equations need to be knsweh as: the resistance, applied
dead and live load/factors andpfactors. For more information about the bounding
studies see Chapter 5. All this information is reatdily available from the Virtis output
screens; therefore, the data was required to Ieigat from Virtis’s output files. This
presented an additional challenge in that the faérngpof Virtis output files is not
standard. For example during an LRFR analysis aaelysis point generates its own
unique file and the structure of that file chandepending on the material and structural
system type of the bridge. LFR on the other hand pll its output for each analysis
point into a single file but again the structurdlwé file changes with each bridge’s

material and structure type.
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To overcome this problem of gathering the requdath two options presented
themselves. The first was to manually gather tita 8y hand. This however presented
significant problems in locating the controllingta@as well as gathering it, this would
introduce two possible sources of human error. S@o®nd option, was to write a
computer program that would be able to read thrdbgtvarious types of Virtis output
files and gather the required data. To accomphightask the Virtis Output Sorter
program was written by the author (2008). Thei¥©utput Sorter allows its user to
specify the bridge type, material type, rating neelttiogy and location of the output
file(s) and then using this information the progrgathers all the required controlling
data for the bridge and exports it into an orgeashizkcrosoft Excel file. Figure 4 -1

shows the graphical user interface of the program.

-~ Virtis Output Reader

Progiammed by:
Michae! Murdock
murdomb@auburm.edu
Bin: |B007699 | Bridge 1D that wil be displayed in Excel output —
L I= |[Z) Program Files ~
R l = [ ABSHTOWARE
Material Type: |3 Steel 6} B B3 virkisss
S . [ [ Endinies
Construction Method: |05 Box Beam or Girders - Multiple ~| ® [C5) MCEL
() Migration Wizard
Grider Type- ;Extenm . @ ‘j STD_714_All_Spans
STD_716_All_Spans
= () 5TD_B2200_All_Spans
Select Directory | | C:\Program Files\AASHT OWARE WirtisO pisHRAMigratio) = 3 Spanis
BDaGl
B
InputTyne: .7\' lg BRASS_LFD
2] I£3) BRASS_LRFR
How to use: L -—' &2
=I5 i -
- Provide the requested information abowve about the bridge in question B mnace e -
- Click o the “Selzct Directony” button and select the appropriate directary for the
span. Example provided to the right.
- If appending an output file select file using "Output File" button
- Click. on the “Sort Output” button ta being output saiting. Ditectons Selection Cxample
- Once sorting is complete results will be exported inta the appended file or into a
new Excel file created in the Selected Directory
Sort Output

Figure 4 - I Virtis Output Sorter User Interface (Murdock©(&)
The Microsoft Excel file that the Virtis Output iSer exports the data to is

extremely large containing over 450 different pgeoédata per bridge. This caused the
60



file to be very cumbersome to work with in reganasnipulating the data and graphically
presenting it. Therefore, a need arose to betalileeak the data down into smaller
segments allowing it to be worked with easier. Dia¢a Organizer written by the author
(2008) extracts the data from the Microsoft Exdeldnd splits it into several smaller
Excel files, allowing for the large amount of dgtthered over the course of the research
to be broken down into smaller data files. Thesalker files allow for the data to be

analyzed more easily and rapidly.

61



Chapter5 RATING RESULTS

5.1 Overview

In order to facilitate the presentation of the lssuhe data gathered from the
comparative study has been subdivided into segemnaller sections based on the rating
level considered. The data from each LRFR rainwgllis presented in its own separate
section. The Design Inventory rating data is pnesgkin Section 5.2. The Legal load
rating data is presented in Section 5.3. The Réoad rating data is presented in Section
5.4. Each section will present comparisons betwieeh RFR and the LFR with regards
to flexure and shear rating factors for interiod &xterior girders. The data presented in
each of the sections follows a similar patterne data will be presented in two primary
manners, and will be presented in alternate marwieess needed. The first manner in
which the data will be presented is through theafdeRFR versus LFR rating factor
plots, which will be described in the following pgraphs. The second manner in which
the data will be presented is through the useldésaproviding various statistics of the
data.

The LRFR versus LFR rating factor plots, commordggdiin the presentation of
the data in this thesis, can provide a great deiafermation in a concise manner.
Examples of this type of plot can be seen in Figlre 1 through 5 - 3. Each of these

example plots have been divided into numbered nsgidata falling into each of the
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shaded regions holds a specific meaning. To ladititate the discussion of data

presented shortly, these regions are first defined.
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LFR Factor

Figure 5 - I LFRVersusLRFR Region Plot 1
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LRFR Factor

0.0 10 210 30 40
LFR Factor

Figure 5 - 2 LFRVersusLRFR Region Plot 2

The horizontal and vertical dashed lines showrRigure 5 - 1 subdivide the plot
into four regions. These four regions are labél¢rough 4. The solid diagonal line
further divides the LRFR verses LFR rating factimt ;nto two more regions as seen in
Figure 5 - 2, creating Regions 5 and 6. Theseregmns are of high importance. Data
in Region 5 have lower LRFR rating factors than LiaRng factors. Data in Region 6
have higher LRFR rating factors than LFR ratingdes. Overlaying Figures 5-1 and 5

- 2 a six-region plot is created as found in Fighire3.
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LRFR Factor
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Figure 5 - 3 LFRVersusLRFR Region Plot 3

Data found in each of these six regions holdsegiip meaning when comparing
the rating factors produced by the LRFR to the LFERta found in Region 5 - 1
indicates unsatisfactory rating factors for both tfiRFR and the LFR, and lower LRFR
rating factors than the LFR rating factors. Datanid in Region 5 - 2 indicates
unsatisfactory rating factors for the LRFR, satitbay rating factors for the LFR, and
lower LRFR rating than the LFR rating factors. ®&iund in Region 5 - 3 indicates
satisfactory rating factors for both the LRFR ahnel LFR, and lower LRFR rating factors
than the LFR rating factors. Data found in Redionl indicates unsatisfactory rating
factors for both the LRFR and the LFR, and highRFR rating factors than the LFR
rating factors. Data found in Region 6 - 2 indesasatisfactory rating factors for the

LRFR, unsatisfactory rating factors for the LFRddmgher LRFR rating factors than the
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LFR rating factors. Data found in Region 6 - 3giets of satisfactory rating factors for

both the LRFR and the LFR, and higher LRFR ratagdrs than the LFR rating factors.

5.2 Design Level Rating Results

Comparisons at the design level of rating were nimteeen the LRFR’s Design
Inventory level and the LFR'’s Inventory level. The load models used were the HL-
93 live load model for the LRFR and the HS-20 Desrgck for the LFR. The live load
factors used at this level of rating were as spatiby the AASHTO MCE LRFR (2003)
for the LRFR and the AASHTO MCE (1994) for the LF#®,1.75 and 2.17, respectively.
Data comparisons for the standard bridge samplgiaea in Section 5.2.1 and for the
unique bridge sample in Section 5.2.2. Combinedparisons for both the standard and
unique bridge samples are given in Section 5. 223ummary of the comparisons for

both samples at the design level of rating is mlediin Section 5.2.4.

5.2.1 Standard Bridges

The rating data generated for the standard bridgeke (refer to Section 3.1.1),
at the Design Inventory rating level, are providethe tables from Appendix C1, Tables
C1l-1through C1-12. A summary of the ratiagtérs used in the comparisons for this
section are provided in Table 5-1and 5 - 2.bl@® - 1 provides the moment and shear
rating factors generated for both the interior artkrior girders for each bridge in the
sample, under the LRFR methodology. Additionatlig controlling rating factor for the
interior and exterior girders are identified, adlwas the controlling rating factor for the
bridge. Table 5 - 2 provides the same ratingofaictformation as Table 5 -1 but for the
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LFR methodology. The material and structural systype key for this table is as
follows.
For material types:
* Reinforced Concrete, Simply Supported - 1

* Reinforced Concrete, Continuously Supported 2

o Steel, Simply Supported - 3
* Steel, Continuously Supported - 4
* Prestressed Concrete, Simply Supported - 5

* Prestressed Concrete, Continuously Supported 6 -

For structural system types:

e Stringer / Multi Beam or Girder - 2
e T-Beam - 4

* Box-Beam - 5

* C-Channel - 22
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Table 5 -1 LRFR Rating Factors Generated for the StandaidgB Sample at the

Design Inventory Rating Level

Bridge Information

LRFR Rating Factors

Bin Material| Structural Interior Girder Exterior Girder Absolute
Type |System Type|Moment| Shear |Controlling|Moment| Shear |Controlling| Controlling
STD 714 24 1 4 0.49 0.458 0.48 0.44 0.47 0.44 0.44
STD 714 26 1 4 0.45 0.43 0.45 0.39 0.43 039 039
STD 714 28 1 4 0.50 0.51 0.50 0.44 0.51 0.44 0.44
STD 714 30 1 4 0.53 0.51 0.51 0.47 0.51 0.47 0.47
STD 714 32 1 4 0.52 0.55 052 0.47 0.56 0.47 0.47
STD 714 34 1 4 0.52 0.59 0.52 0.47 0.60 0.47 0.47
STD 716 42 1 4 0.45 0.55 0.45 0.45 0.58 0.45 0.45
STD 716 44 1 4 0.4 0.64 0.4 0.49 0.60 0.49 0.41
STD 7168 46 1 4 0.39 0.67 0.39 0.47 070 0.47 039
STD 716 438 1 4 0.38 0.73 0.38 0.47 0.69 0.47 035
STD 716 &0 1 4 0.41 0.76 0.41 0.45 0.80 0.45 0.41
STD 716 52 1 4 0.38 0.82 0.33 0.45 0.87 0.45 0.38
STD C2401 32 1 4 0.62 0.63 0.62 0.54 0.61 0.54 0.54
STD C2401 34 1 4 0.63 070 063 0.56 0.68 0.56 0.56
STD C2401 36 1 4 0.62 0.74 0.62 0.60 0.75 0.60 0.60
STD C2401 38 1 4 0.34 0.76 0.34 0.56 079 0.56 0.34
STD C2411 32 1 4 0.68 0.74 0.68 0.60 072 0.60 0.60
STD C2411 34 1 4 0.69 0.80 0.69 0.61 079 0.61 0.61
STD C2411 36 1 4 0.63 0.81 0.63 0.56 0.80 0.56 0.56
STD C2411 38 1 4 0.68 0.91 0.68 0.62 0.91 0.62 0.62
STD C2414 32 1 4 0.85 1.04 0.85 0.81 1.05 0.51 0.81
STD C2414 34 1 4 0.587 1.18 087 0.85 1.21 0.585 085
STD C2414 36 1 4 0.86 1.25 0.86 0.85 1.28 0.85 0.85
STD C2414 38 1 4 0.83 1.28 0.83 0.82 1.33 0.52 082
STD PC34 24R 1 22 1.39 1.71 1.39 1.14 161 1.14 1.14
STD PC34 26R 1 22 1.02 1.40 1.02 0.94 1.73 0.94 0.94
STD 52403 2 2 0.E9 0.94 0.69 0.57 0.82 057 0.57
STD C52404 2 2 1.17 0.28 028 0.95 0.30 0.30 0.28
STD B2200 16 3 2 1.43 1.19 1.19 1.36 1.13 1.13 1.13
STD B2200 20 3 2 1.30 1.30 1.30 1.47 1.24 1.24 1.24
STD B2200 24 3 2 1.31 1.43 1.31 1.28 1.51 1.28 1.28
STD B2200 28 3 2 1.34 1.64 1.34 1.29 1.74 1.29 1.29
STD B2200 30 3 2 1.23 1.58 1.23 1.16 167 1.16 1.16
STD B2200 32 3 2 1.22 1.64 1.22 1.14 1.74 1.14 1.14
STD B2200 34 3 2 1.34 1.8 1.34 1.28 1.99 1.28 1.28
STD B2200 36 3 2 1.24 1.82 1.24 1.16 1.92 1.16 1.16
STD B2300 3 2 1.13 2.8 1.13 0.96 293 0.96 0.96
STD BC2402 3 2 1.34 2.93 1.34 1.21 314 1.1 1.21
STD BCZE01 3 2 1.52 275 1.52 1.37 298 1.537 1.537
STD B2400 4 2 0.71 2.05 071 0.58 214 0.58 058
STD B2411 4 2 0.92 262 0.92 0.70 274 0.70 0.70
STD B2s09 4 2 1.09 249 1.09 0.98 268 0.95 0.95
STD CSCZ800 35 4 2 0.59 3.33 0.59 0.52 364 0.52 0.52
STD CSCZ800 45 4 2 0.58 3.30 0.58 0.52 360 052 052
STD B32 4 2 0.32 1.80 0.32 0.26 1.76 0.26 0.26
STD 528130 ) 2 1.438 1.77 1.48 1.36 1.89 1.36 1.36
STD PC34 24R ) 22 1.29 1.53 1.29 0.64 1.26 0.64 0.64
STD PC34 26R ) 22 1.46 1.71 1.45 0.51 1.10 0.51 0.51
STD PSC4041 B 2 1.20 0.60 0.60 1.71 1.22 1.22 0.60
STD PSC4465 &) 2 0.46 1.11 0.46 0.53 1.56 0.53 0.46
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Table 5 - 2 LFR Rating Factors Generated for the StandardiggrSample at the

Design Inventory Rating Level

Bridge Information

LFR Rating Factors

Bin Material| Structural Interior Girder Exterior Girder Absolute
Type |System Type|Moment| Shear |Controlling|Moment| Shear |Controlling| Controlling
STD 714 24 1 4 0.8 0.45 0.45 0.61 0.42 0.42 0.42
STD 714 26 1 4 0.61 0.43 0.43 0.57 0.41 0.41 0.41
STD 714 28 1 4 0.66 0.45 045 0.61 0.44 0.44 0.44
STD 714 30 1 4 0.67 0.46 0.46 0.63 0.44 0.44 0.44
STD 714 32 1 4 0.E5 0.54 0.54 0.62 052 0.52 0.52
STD 714 34 1 4 0.64 0.56 0.56 0.60 0.54 0.54 0.54
STD 716 42 1 4 0.50 0.53 0.50 0.54 0.54 0.54 0.50
STD 716 44 1 4 0.45 0.60 0.45 0.56 0.59 0.56 0.45
STD 7168 46 1 4 0.43 0.63 0.43 0.55 0.62 0.55 0.43
STD 716 438 1 4 0.44 0.68 0.44 0.56 067 0.56 0.44
STD 716 &0 1 4 0.47 0.7o 0.47 0.53 0.69 0.53 0.47
STD 716 52 1 4 0.44 0.74 0.44 0.54 0.74 0.54 0.44
STD C2401 32 1 4 0.78 0.61 0.61 0.73 0.58 0.558 0.58
STD C2401 34 1 4 0.78 0.65 0.65 0.73 063 0.63 063
STD C2401 36 1 4 0.76 0.70 0.70 0.73 0.67 0.67 0.67
STD C2401 38 1 4 0.41 0.74 0.41 0.71 0.71 0.71 0.41
STD C2411 32 1 4 0.86 0.68 0.68 0.81 0.66 0.66 0.66
STD C2411 34 1 4 0.54 0.73 073 0.81 070 070 0.70
STD C2411 36 1 4 077 0.73 0.73 0.74 0.71 0.71 0.71
STD C2411 38 1 4 0.82 0.82 0.82 0.79 0.80 0.79 0.79
STD C2414 32 1 4 1.13 0.83 0.83 1.09 0.86 0.56 0.86
STD C2414 34 1 4 1.15 0.958 0.98 1.12 0.96 0.95 0.95
STD C2414 36 1 4 1.13 1.04 1.04 1.11 1.02 1.02 1.02
STD C2414 38 1 4 1.0 1.07 1.07 1.068 1.05 1.05 1.05
STD PC34 24R 1 22 2.21 1.91 1.91 1.36 1.20 1.20 1.20
STD PC34 26R 1 22 251 2.18 218 1.12 1.05 1.05 1.05
STD 52403 2 2 0.91 0.87 087 0.85 0.82 0.52 082
STD C52404 2 2 1.34 0.56 0.56 1.36 0.59 0.59 0.56
STD B2200 16 3 2 1.65 1.48 1.48 1.67 1.51 1.51 1.48
STD B2200 20 3 2 1.63 1.43 1.43 1.66 1.46 1.46 1.43
STD B2200 24 3 2 1.79 1.65 1.65 1.81 1.67 1.67 1.65
STD B2200 28 3 2 1.75 1.87 1.75 1.78 1.89 1.78 1.75
STD B2200 30 3 2 1.51 1.80 1.51 1.54 1.82 1.54 1.51
STD B2200 32 3 2 1.45 1.687 1.45 1.48 1.90 1.458 1.45
STD B2200 34 3 2 1.59 218 1.59 1.62 2139 1.62 1.59
STD B2200 36 3 2 1.43 2.09 1.43 1.46 212 1.45 1.43
STD B2300 3 2 1.33 3.48 1.33 1.34 3.70 1.34 1.33
STD BC2402 3 2 1.47 3.7 1.47 1.52 3.86 1.52 1.47
STD BCZE01 3 2 1.63 3.4 1.63 1.77 376 1.77 1.63
STD B2400 4 2 0.587 273 087 0.54 271 0.54 084
STD B2411 4 2 1.16 3.72 1.16 1.11 3N 1.1 1.11
STD B2s09 4 2 1.158 341 1.15 1.25 369 1.25 1.15
STD CSCZ800 35 4 2 0.582 4.18 0.82 0.91 458 0.91 0382
STD CSCZ800 45 4 2 0.582 4.18 082 0.91 458 0.91 082
STD B32 4 2 0.87 214 0.87 0.80 2.09 0.80 0.80
STD 528130 ) 2 1.99 1.44 1.44 2.33 1.68 1.68 1.44
STD PC34 24R ) 22 1.58 1.71 1.58 1.39 1.54 1.39 1.39
STD PC34 26R ) 22 1.58 1.70 1.58 1.38 1.95 1.38 1.38
STD PSC4041 B 2 1.25 0.44 0.44 2.05 0.756 0.75 0.44
STD PSC4465 &) 2 0.54 0.65 0.54 1.05 1.34 1.05 0.54

The first aspect of the data analyzed was the monaéng factor data for the

interior and exterior girders. This data is pldtte the previously described LRFR
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verses LFR rating factor plot and is shown in Fegbir- 4 for the entire sample. As can
be seen from the figure the data points fall iniBe® of the plot, meaning that the
moment rating factor data shows the LRFR methodoprgducing lower rating factors
than the LFR. The data points, however, are geattever Regions5-1,5-2,and 5 -

3.
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Figure 5 - 4: Moment Rating Factor Comparison at the Design ItougrLevel for the

Standard Bridge Sample

The shear rating factor data at the Design Invgriemel for the standard bridge
sample is presented in Figure 5 - 5 for the extenl interior girders. The shear rating
factor data differs from the moment rating datéhiat parts of the data fall in Regions 5

and 6. Bridges with low shear rating factors, belo0, seem to be found primarily in
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Region 6 - 1. Bridges with high shear rating fest@above 2.0, are within Region 5 - 3.
Bridges with rating factors between 1.0 and 2.0saedtered over Regions 5- 3 and 6 - 3.
This suggests that LRFR produces higher ratingtethan LFR for bridges with low
shear rating factors and produces lower ratinglte#iuan LFR for bridges with high

shear rating factors.
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Figure 5 - 5 Shear Rating Factor Comparison at the Design lovgrntevel for the

Standard Bridge Sample

Results from a statistical analysis of the ratiagtdr data are presented in Tables
5-1to05 - 4 for the standard bridge sample atDbsign Inventory level. These Tables
provide the mean and standard deviation for theRRF-R, and ratio of LRFR to LFR

rating factor data. The tables provide thesestiedi for the entire standard as well as for
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the various bridge categories represented withersimple, as shown. Tables 5-3 and 5
- 6 provide the results for the interior girderglod sample for moment and shear
respectively. For moment rating factors for indegirders, Table 5 - 3, the LRFR

always produced lower rating results than LFR. €hesults are in agreement with those
of Lichtenstein Consulting Engineers who found floathis rating level, LRFR

produced nearly equal or lower rating factors thBR (Lichtenstein 2001). The same
trend is seen in Table 5 - 5 for the exterior gisdeThe results form the shear rating
factor analysis showed that the LRFR and LFR predwgmilar results, as shown in
Tables5-4 and 5 - 6. However, at the matendl structural system level, Table 5 - 4
and 5 - 6, that for reinforced concrete T-beamsstpessed concrete channel and I-girder
bridges, LRFR produced greater or equal ratingpfadhan the LFR, for interior and
exterior girders. An interesting observation isrsé® the reinforced concrete channel
bridges, where for exterior girders the LRFR pradlaonsiderably larger rating results
than the LFR, Table 5 - 6, but for interior girdére opposite was seen, Table 5 - 4. For
all other bridge types the LRFR produces lowemngafactors than LFR, for interior and

exterior girders.

Table 5 - 3 Mean and Standard Deviation Data at the Desigaritory Level for the

Standard Bridge Sample — Interior Girder MomentiRpData
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Numhber

Int Moment

Type of LRFR LFR LRFR/LFR
Bridges | Mean Stalfda.rd Mean Stalrda.rd Mean Stalfda.rd
Dewviation Deviation Deviation
All 50 .85 038 1.08 0.51 .80 .11
RCSS T-Beam 24 0.57 017 0.71 0.23 .81 0.05
RCSS Channel . 1.21 026 236 0.22 052 016
RC Con Girder 2 093 0.34 1.13 0.30 .81 0.0a
RC Con T-Beam 0 - - - - - -
Steel SS Girder 11 1.31 .11 167 0.14 .84 0.05
Steel Con Girder 6 070 027 0.95 0.16 0.73 020
PS SS Girder 1 1.48 - 1.89 - 074 -
PS SS Box 0 - - - - - -
PS SS Channel 2 1.37 012 1.68 0.a0 0.87 0.0a
PS Con Girder 2 083 052 0.90 .50 .80 0.07

Table 5 - 4 Mean and Standard Deviation Data at the Desigaritory Level for the

Standard Bridge Sample — Interior Girder Shearrigdiiata

Numb Int Shear
Type “';'f er LRFR LFR LRFR/LFR
Bridges | Mean Stal!d?m Mean Stal!d?m Mean Stal!d?m
Deviation Deviation Deviation
All 50 1.32 079 1.46 1.10 0.99 020
RCSS T-Beam 24 076 023 (I =t= 018 1.10 0.05
RCSS Channel 2 1.65 022 205 019 077 018
RC Con Girder 2 0.51 047 072 022 079 042
RC Con T-Beam 0 - - - - - -
Steel SS Girder 11 1.91 053 227 0.85 0.85 0.04
Steel Con Girder 6 2 B0 0.E3 339 0a2 077 0.05
PS SS Girder 1 177 - 1.44 - 1.23 -
PS SS Box 0 - - - - - -
PS SS Channel 2 162 013 1.70 0.01 0.95 0.0a
PS Con Girder 2 086 0.3R 056 017 1.80 019

Table 5 -5 Mean and Standard Deviation Data at the Desigaritory Level for the

Standard Bridge Sample — Exterior Girder MomeniriRgData
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Number Ext Moment
Type of LRFR LFR LRFR /LFR
Bridges | Mean Stallda.rd Mean Stalrda.rd Mean Stallda.rd
Deviation Deviation Deviation
All 50 07a .35 1.07 0.45 0.73 012
RCSS T-Beam 24 0.55 0.14 072 0.19 078 0.05
RC SS Channel 2 1.04 0.14 1.24 017 .84 0.00
RC Con Girder 2 076 027 1.11 0.35 .58 0.03
RC Con T-Beam 0 - - - - - -
Steel SS Girder 11 1.24 0.14 1.61 0.15 078 0.05
Steel Con Girder 6 .59 0.23 097 017 .59 015
PS SS Girder 1 1.36 - 233 - .58 -
PS SS Box 0 - - - - - -
PS SS Channel 2 058 .09 1.39 .01 0.41 0.07
PS Con Girder 2 1.12 0.83 1.55 070 0.67 023

Table 5 - 8 Mean and Standard Deviation Data at the Desigaritory Level for the

Standard Bridge Sample — Exterior Girder Sheamigdiiata

Numb Ext Shear
Type “':f er LRFR LFR LRFR/ LFR
. Standard Standard Standard
Bridges | Mean . .. Mean . . Mean ..
Deviation Deviation Deviation
All 50 1.37 0.86 1.48 117 1.02 0.23
RCSS T-Beam 24 0.76 0.24 067 0.18 1.14 0.07
RCSS Channel 2 167 0.08 1.13 0.10 1.49 0.21
RC Con Girder 2 0.56 0.37 0.70 0.16 0.76 0.36
RC Con T-Beam 0 - - - - - -
Steel S5 Girder 11 2.00 0.70 2.35 0.94 0.86 0.06
Steel Con Girder 6 276 0.76 356 1.00 0.78 0.04
PS SS Girder 1 1.89 - 1.68 - 1.12 -
PS SS Box 0 - - - - - -
PS SS Channel 2 1.18 012 175 0.29 0.69 0.18
PS Con Girder 2 1.39 0.24 1.05 0.41 1.39 0.32

Based upon material type alone, prestressed bralgeseen to have the highest
LRFR to LFR ratio for both moment and shear exéepéxterior girder moment rating.

Reinforced concrete bridges on average tend to theviewest LRFR to LFR ratio for
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moment rating factors, with steel bridges havirgltwest LRFR to LFR ratio for shear
rating factors.

The statistical data also shows that reinforcectiie C — Channel bridges,
rating factors for both load effects tend to haveveer than usual LRFR to LFR ratio for
interior girders and a higher than usual LRFR t&L&tio for exterior girders. The
reason for these usual ratios was not investigéieggver it is believed that this may in
part be due to the modeling assumptions made i®btidge type as discussed in
Chapter 3. Further investigation however woulddzpiired to determine the exact
reason for the C — Channel's unusual LRFR to LRRsa

Table 5 - 7 compares the interior with exteriodgi's LRFR moment rating
factor statistical data. The comparison reveals ttie exterior girder controls over the
interior girder for all material and structural s/ types with the exception of
prestressed concrete continuously supported gmd@ges. This trend was not observed
for the LFR moment statistical data or the sheatistical data of either methodology, as

shown in Tables5-3to5- 6.

Table 5 - 7 Mean and Standard Deviation Data at the Desigaritory level for the
Standard Bridge Sample — Interior to Exterior LRFABment Rating
Comparison
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Numb Ext Moment Int Moment
Tyne “';'f er LRFR LRFR
Bridges | Mean Stalrda_rd Mean Staltda_rd
Deviation Deviation
All 50 078 0.36 0.85 0.35
RC SS T-Beam 24 0.56 0.14 0587 017
RC SS Channel 2 1.04 0.14 1.21 0.26
RC Con Girder 2 076 027 0.53 0.34
RC Con T-Beam 0 - - - -
Steel SS Girder 11 1.24 0.14 1.31 011
Steel Con Girder 6 0.59 0.23 070 027
PS SS Girder 1 1.36 - 1.48 -
PS SS Box 0 - - - -
PS SS Channel 2 0.53 0.09 1.37 012
PS Con Girder 2 1.12 0.83 0.83 052

The final point of comparison for this sample aflges was made to determine
the controlling load effect for each rating methlody. Table 5 - 8 shows the results of
this comparison. The data in this table was caogtd by counting the number of times
a rating factor for each load effect controlled ddoridge within the sample. The data
indicates that for the LRFR methodology exteriadgr moment load effects primarily
controlled. The controlling load effect for the RFnethodology is seen to be evenly

split between the interior girder moment and extegirder shear load effects.

Table 5 - 8 Controlling Load Effect Comparison, Design Intay Level for the

Standard Bridge Sample
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Number of Times Load Effect Controlled

Rating - - - -
Methodology Interior Girder Exterior Girder
Moment | Shear | Moment | Shear
LRFR 8 2 a8 2
LFR 19 3 3 19

Note The standard bridge sample consists of 50 bsidge

5.2.2 Unique Bridges

The rating data generated for the unique bridgep$arefer to Section 3.1.2) at
the Design Inventory rating level are providedtia tables from Appendix C2, Tables C2
- 1 through C2 - 12. A summary of the rating éastused in the comparisons for this
section are provided in Table 5-9 and 5 - 1@Gbl& 5 - 9 provides the moment and
shear rating factors generated for both the intemal exterior girders for each bridge in
the sample, under the LRFR methodology. Additignéhe controlling rating factors for
the interior and exterior girders are identifiesl veell as the controlling rating factor for
the bridge. Table 5 - 10 provides the same rdtntpr information as Table 5 - 9 but

for the LFR methodology.

Table 5 - 9 LRFR Rating Factors Generated for the Uniquel@giSample at the

Design Inventory Rating Level
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Bridge Information LRFR Rating Factors
Bin Material| Structural Interior Girder Exterior Girder Absolute
Type |System Type|Moment| Shear |Controlling]Moment| Shear |Controlling| Controlling
B0013593 1 4 074 1.05 0.74 1.18 1.82 1.18 0.74
BO11017 1 4 n7a 073 073 0.80 0.80 0.80 073
BOO7E55 1 4 0.50 0.50 0.50 0.45 0.43 0.45 0.45
BO0S167 1 4 0.55 0.85 0.55 0.55 0.85 0.65 0.85
BO0E3E0 1 4 075 0.87 0.75 0.583 0.81 0.83 075
B003411 1 4 n.3z2 0.85 0.32 0.55 1.22 0.56 032
BO03E53 1 22 0.40 1.20 0.40 0.40 1.7 0.40 0.40
BO15507 1 22 0.55 n7a 0.55 0.55 0.8 0.55 0.55
BO159555 1 22 1.41 1.49 1.41 1.07 1.22 1.07 1.07
B014573 1 22 1.66 23.45 1.66 1.36 21.41 1.36 1.36
B007334 2 4 072 067 0.67 074 0.55 0.658 0.67
BO03523 2 4 n.87 0.51 0.61 0.85 0.0 0.50 0.50
B007334 2 4 n72 0.&7 0.67 074 053 0.68 067
BO0S005 2 4 1.18 0.85 0.85 0.7s 0.65 0.65 0.56
BO08521 2 4 1.0 0.7a 0.7a 0.85 0.87 0.87 0.yo
BO07545 2 4 1.12 1.52 1.12 1.05 1.63 1.05 1.05
BO11110 2 4 1.07 033 0.38 0.84 0.40 0.40 039
BO11208 2 2 n72 1.71 072 n7o 126 070 0.yo
BO11081 3 2 1.85 218 1.85 316 4.31 3.16 1.85
BO0S752 3 2 1.61 287 1.61 1.28 282 1.28 1.28
5005315 3 2 0.43 280 0.43 0.4a 3.14 0.4a 0.4a
BO07535 3 2 1.64 274 1.64 1.61 3.00 1.61 1.61
BO12525 3 2 157 3.51 1.57 1.14 3.25 1.14 1.14
BO11335 3 2 1.37 1.93 1.37 1.1 1.93 1.1 1.1
BO0Z2310 4 2 0.35 1.43 0.35 n.42 175 0.42 035
BO11057 4 2 1.29 2483 1.29 1.21 3.09 1.21 1.21
5012555 4 2 0.87 3.18 0.87 0.63 3.02 0.63 0.63
B011344 4 2 0.52 1.43 0.82 0.55 1.37 0.65 0.85
BO12318 4 2 0.50 1.82 0.50 052 238 0.52 0.50
BO12350 4 2 1.3 080 0.80 1.05 0.81 0.91 080
BO17781 4 2 1.36 1.89 1.36 1.33 1.91 1.33 1.33
BO15764 A 2 125 1.25 1.25 125 1.39 1.25 1.25
5015141 & 2 203 1.27 1.27 175 1.30 1.30 1.27
BO15550 = 2 1.71 725 1.71 1.0 5.54 1.01 1.01
B018473 5 2 1.44 1.70 1.44 1.20 1.43 1.20 1.20
BO16531 5 5 213 1.47 1.47 1.71 213 1.71 1.47
BO13106 5 5 2.44 370 2.44 158 264 1.59 1.549
BO16345 A 5 1.95 163 1.68 1.64 1.38 1.38 1.38
5014450 ] 2 1.44 073 0.78 .77 0.67 0.67 0.67
BO18510 B 2 1.1 1.27 1.1 1.12 1.32 1.12 1.1
BO16111 B 2 1.14 0.55 0.88 1.00 0.85 0.85 0.85
BO16310 G 2 0.83 177 0.88 0.84 177 0.84 0.84
BO15285 5 2 167 14.67 1.67 1.86 15.10 1.86 1.67
BO17505 3 2 0.41 160 0.41 0.34 1.24 0.34 0.34
BO15520 & 2 1.04 1.54 1.04 0.20 173 0.50 050

Table 5- 10 LFR Rating Factors Generated for the Unique @i&ample at the Design

Inventory Rating Level
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Bridge Information LFR Rating Factors
Bin Material| Structural Interior Girder Exterior Girder Absolute
Type [System Type|Moment| Shear |Controlling| Moment| Shear |Controlling| Controlling
BO01393 1 4 1.05 1.15 1.05 1.65 1.9 1.65 1.05
BO11017 1 4 0.80 0.54 0.64 0.95 0.53 0.65 0.64
BO07ESS 1 4 0.54 0.74 055 0.54 0.75 055 055
BO0S167 1 4 0.8a 0.558 0.65 0.54 0.73 0.73 0.55
BO0E3E0 1 4 0.s0 0.78 076 1.01 077 077 078
Bo03411 1 4 0.38 0.91 0.35 0.74 1.03 074 0.33
BO0SESS 1 22 0.87 1.80 0587 0.54 1.18 0.54 0.54
BO196507 1 22 1.43 1.37 1.37 0.80 0.74 074 074
BO19555 1 22 212 1.73 173 1.20 089 059 0589
BO14579 1 2 2.58 26.50 256 1.74 18.03 1.74 1.74
BO073354 2 4 0.84 1.07 0.94 0.84 1.04 0.94 0.84
BO0S52S 2 4 1.24 0.54 054 1.18 080 080 080
BO07334 2 4 0.84 1.07 094 0.84 1.04 094 0.4
BO0S005 2 4 1.47 1.42 1.42 0.84 053 053 0.83
Bo0E5s21 2 4 1.13 1.16 1.13 1.43 1.52 1.43 1.13
BOO7545 2 4 1.20 1.60 1.20 1.25 1.66 1.25 1.20
Bo11110 2 4 1.24 1.10 1.10 1.33 1.17 117 1.10
5011206 2 2 0.87 2.04 0.57 0.85 1.34 0.95 0.87
B011031 3 2 2.11 237 211 4.01 4.52 4.01 211
BO0S7 52 3 2 1.81 3.85 1.81 1.57 3.84 167 167
BO0S315 3 2 0.60 3.70 0.60 0.65 3.54 0.65 0.60
BOO7S3E 3 2 1.74 3.13 1.74 1.93 3.45 1.93 1.74
BO12525 3 2 1.76 4.55 1.76 1.55 4.33 1.55 1.55
B011335 3 2 1.67 278 167 1.24 2.86 1.24 1.4
BO0X310 4 2 1.65 1.71 165 1.19 1.75 1.14 1.18
5011057 4 2 1.49 368 1.49 1.57 377 167 1.49
BO0125589 4 2 1.14 4.12 1.14 1.09 4.04 1.09 1.09
BO11544 4 2 1.18 1.90 1.18 1.16 1.87 1.16 1.16
BO12319 4 2 0.88 252 0.55 0.82 273 052 0.52
BO12350 4 2 1.49 1.34 1.34 1.67 1.50 1.50 1.34
B017781 4 2 1.58 2.01 1.58 1.59 2.05 1.549 153
BO15764 3 2 1.33 1.16 1.16 1.54 1.35 1.35 1.16
B019141 = 2 2.08 1.64 1.64 213 1.96 1.96 1.64
BO19990 = 2 2.03 15.13 2035 1.95 14.91 1.95 1.95
BO19473 3 2 255 1.75 1.75 2.31 1.74 1.74 1.74
B0165N = & 1.99 1.62 162 1.99 1.62 162 162
BO15106 & & 2.08 282 209 1.89 275 1.849 1.89
BO16545 3 3 224 1.82 1.82 237 1.86 1.86 1.82
5014450 ] 2 1.59 0.83 0.83 1.03 0.52 0.52 0.52
BO1E510 ] 2 1.31 1.24 1.24 1.51 1.36 1.36 1.24
BO1E1N ] 2 1.36 0.54 0.54 1.33 0.83 0.583 0.53
BO16310 ] 2 1.14 085 095 1.26 1.04 1.04 0.85
BO15295 & 2 2.05 8.68 205 24 8.5 247 205
BO175905 ] 2 0.57 1.06 057 0.55 1.02 0.55 0.55
BO15520 ] 2 1.16 1.10 1.10 1.27 1.21 1.2 1.10

The unique bridge sample yielded similar trendthtse of the standard bridge
sample at the Design Inventory rating level. Fegub - 6 and 5 - 7 present the LRFR

verses LFR rating factor data for moment and sbfacts, respectively.
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Figure 5 - 8 Moment Rating Factor Comparison at the Desigemtory Level for

Unique Bridge Sample

The moment data for both exterior and interior gisdfalls primarily within
Region 5 of the plot, indicating that the LRFR mgtfactors are lower than their LFR
counterparts. Data again is heavily scattered Beglions5-1,5-2 and 5 - 3 as was
seen previously for the standard sample. Howevgreater number of data points fall
within Region 2 of the plots, which signify satisfary ratings under LFR but
unsatisfactory ratings under the LRFR. The po&tefifect of this would be a greater
number of bridges being reported as unsatisfadtotlye NBI under the LRFR as

opposed to the LFR.
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Figure 5 - 7 Shear Rating Factor Comparison at the Desigantory Level for Unique

Bridge Sample

The shear data for the unique bridge sample hasadey degree of scatter than
was observed in the standard bridge sample, asrstmolkigure 5 - 7. The trend of the
LRFR producing higher shear rating results than l¢iRbridges with low shear rating
factors, seen previously for the standard bridgepde, is not as pronounced for the
unique bridge sample. The majority of the datalierunique bridge sample falls within
Region 5 with only portions of the data, with ratifactors near 1.0 for LFR, falling
within Region 6.

Results from the statistical analysis of the ratlatp for the unique bridge sample

produced similar trends to those of the standadbbrsample. The mean and standard
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deviations for the moment rating results of theiior and exterior girders are presented
in Table 5-11 and 5 - 12 respectively. Acros$sradterial and structural system types
the LRFR method produced nearly equal or lowengatesults compared to the LFR for
flexure for interior girders, Table 5 - 11. Thisrid was also seen for the standard bridge
sample and concurs with the findings of Lichtemst@onsulting Engineers (Lichtenstein

2001). Similar results can be observed for thergxt girder, Table 5 - 12.

Table 5-11 Mean and Standard Deviation Data at the Desigantory Level for the

Unique Bridge Sample — Interior Girder Moment Rgtidata

Numb Int Moment
Type “':f er LRFR LFR LRFR/ LFR
Bridges | Mean Stal_lda_ard Mean Sta'.]d?rd Mean Sta'.“h.“d
Deviation Deviation Deviation
All 45 1.13 052 1.41 054 0.580 016
RCSS T-Beam 6 0E3 018 077 025 0.a2 0.0&
RC SS Channel 4 1.01 0.R2 176 074 0.54 014
RC Con Girder 1 072 - 087 - 0.83 -
RC Con T-Beam 7 096 019 1.17 019 0.a2 0.08
Steel 55 Girder 6 1.41 .50 162 052 .56 0.05
Steel Con Girder 7 0.94 .39 1.34 0.2a 071 023
PS SS Girder 5 162 0.29 1.89 0.43 0.84 017
PS5 S5 Box 2 2.18 0.24 212 015 1.03 016
PS SS Channel 0 - - - - - -
PS Con Girder 7 1.00 0.34 1.19 .35 0.53 0.07

Table 5-12 Mean and Standard Deviation Data at the Desigartory Level for the

Unique Bridge Sample — Exterior Girder Moment Ratidata
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Number

Ext Moment

Type of LRFR LFR LRFR/LFR
Bridges | Mean Stallda_rd Mean Stallda_rd Mean Stallda.rd
Deviation Deviation Deviation
All 45 1.03 0451 1.39 0.R3 0.74 011
RCSS T-Beam 6 075 026 097 037 078 0.04
RC SS Channel 4 0.85 0.45 1.07 052 077 0.05
RC Con Girder 1 070 - 0.96 - 073 -
RC Con T-Beam 7 087 012 1.14 021 077 0.06
Steel 55 Girder 6 1.45 0492 1.83 1.15 078 0.09
Steel Con Girder 7 0.e4 0.35 1.30 032 054 017
PS SS Girder 5 1.41 037 204 0.31 0.70 016
PS5 S5 Box 2 1.65 0.06 208 026 0.580 0.0s
PS SS Channel 0 - - - - - -
PS Con Girder 7 083 027 1.16 033 0.70 0.0k

Shear statistics are reported for the interior extdrior girders in Table 5 - 13

and 5 - 14 respectively. For nearly all materrad atructural system types, for interior

girders, the LRFR method produced nearly equabwef rating results when compared

to the LFR for shear. With the exception of prestesl concrete continuously supported

girder bridges where the LRFR tended to produchkérigating factors than the LFR.

Similar results were found for the exterior girdefshe unique bridge sample.

Table 5 - 13 Mean and Standard Deviation Data at the Desigartory Level for the

Unique Bridge Sample — Interior Girder Shear Rabaga
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Numb Int Shear
Type “':f er LRFR LFR LRFR/ LFR
Bridges | Mean Stal_lda_ard Mean Sta'.]d?rd Mean Sta'.“h.“d
Deviation Deviation Deviation
All 45 2.43 3.93 278 436 0.90 0.0
RCSS T-Beam 6 0.a1 018 0.a2 019 1.01 021
RCSS Channel 4 G.73 11.15 705 12.44 075 015
RC Con Girder 1 171 - 204 - 0.84 -
RC Con T-Beam 7 077 .36 1.19 023 0.R3 017
Steel 55 Girder 6 2.h5 0.56 3.40 079 0.80 0.0s
Steel Con Girder 7 1.894 0.83 245 1.03 0.75 0.05
PS5 S5 Girder 5 523 506 871 G.10 0.93 045
PS S5 Box 2 2.29 1.23 209 0G4 1.05 023
PS S5 Channel 0 - - - - - -
PS Con Girder 7 1.29 .39 1.00 016 1.29 035

Table 5 - 14 Mean and Standard Deviation Data at the Desigartory Level for the

Unique Bridge Sample — Exterior Girder Shear Rabata

Numb Ext Shear
Type “':f er LRFR LFR LRFR/ LFR
Bridges | Mean Stal_lda_ard Mean Sta'.]d?rd Mean Sta'.“h.“d
Deviation Deviation Deviation
All 45 2.4k 3.70 2 B3 338 0.93 0.0
RCSS T-Beam 6 1.02 046 0.95 043 1.04 021
RC SS Channel 4 6.2 10.13 5.24 853 1.1 0.10
RC Con Girder 1 1.26 - 1.34 - 0.94 -
RC Con T-Beam 7 074 .40 1.18 0.30 055 019
Steel 55 Girder 6 3.09 076 3.82 0.R0 .50 0.10
Steel Con Girder 7 206 0.a2 253 1.02 081 013
PS SS Girder 5 521 G.01 571 505 .95 0.50
PS5 S5 Box 2 205 0.R3 208 060 1.00 029
PS SS Channel 0 - - - - - -
PS Con Girder 7 1.26 0.44 1.04 021 1.20 033

The final point of comparison for this sample oflges was made to determine
the controlling load effect for each rating methlogdy. Table 5 - 15 shows the results of
this comparison. The data in this table was caogtd by counting the number of times
a rating factor for each load effect controlled ddoridge within the sample. The data

indicates that for the LRFR methodology exteriadgr moment load effect mainly
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controlled, similar to what was seen with the staddridge sample. However this trend
is less dominant as moment and shear load effectlé interior girder controlled a
larger number of bridges for the unique bridge dampor the LFR methodology
however, the trend seen for the standard bridg@leaisinot seen at all as bridges in this

sample were nearly evenly controlled across adl leffects.

Table 5- 15 Controlling Load Effect Comparison, Design Intay Level for the

Unique Bridge Sample

Mumber of Times Load Effect Controlled

Rating - - - -
Methodology Interior Girder Exterior Girder
Moment | Shear | Moment | Shear
LRFR 11 g8 23 o
LFR 12 12 14 8

Note The unigue bridge sample consists of 45 bridges

5.2.3 Combined Sample Comparison

The final comparison made at the Design Inventevgl of rating was in
studying the absolute controlling rating factonioetn the two rating methodologies. For
this comparison, rating factor data was used froth khe standard and unique bridge
samples. The absolute controlling rating data deethese comparisons can be found in
the previously shown Tables5-1,5-2,5-% &n 10. Provided in Figure5-8is a
LRFR versus LFR plot of the controlling rating daftaom this plot it is seen that the
majority of the data falls into Region 5 with ordgoradic data found in Region 6. This

indicates that the LRFR produced lower rating risstilan the LFR in general.
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Figure 5 - 8 Controlling Rating Factor Comparisons at theifesnventory Level

Additionally, the absolute controlling load effentd rating methodology was

investigated; Table 5 - 16 shows the results af thwvestigation. The data provided in

Table 5 - 16 is the total number of times each leiéelct and methodology controlled for

the combined bridge samples. This data indicéi@isthe LRFR exterior girder moment

load effect primarily controlled. This finding iis agreement with the previously

reported results showing the LRFR producing neaglyal or lower rating results than

the LFR, in general. An additional point of obssdion, however, is that for the few

occasions where the LFR methodology did contradas only for the shear load effect.

86



Table 5-16 Controlling Load Effect and Rating Methodologytlze Design Inventory

Level
LRFR Methodology LFR Methodology
Interior Girder Exterior Girder Interior Girder Exterior Girder
Moment | Shear | Moment| Shear | Moment| Shear | Moment | Shear
18 bl s B ] 3 ] 4

Note The combined bridge sample consists of 95 badge

5.2.4 Summary
Analysis of the standard and unique bridge samglése design rating level
provided the following general findings:
* LRFR methodology produces predominantly lower mannating factors
than the LFR methodology for exterior and integoders.
* LRFR methodology produces predominantly lower sinating factors
than the LFR methodology for exterior and integoders.
* Flexural rating factors predominantly controlleceoghear rating factors
for the LRFR methodology
* Flexural and shear rating factors nearly evenlyrodied for the LFR
methodology
* Moment rating factors for the Exterior girders teéactontrol over
moment rating factors for the interior girders unte LRFR
* Prestressed bridges tend to have the highest LBERR ratio of the

different material types
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e C —Channel bridges tend to have unusual LRFR ® t&fio when

compared to other structural system types.

5.3 Legal Load Rating Results

The primary objective of this portion of the studyo compare rating factors
produced by LRFR and LFR methodologies under ALDEOGWn legal loads. Before the
results of this primary investigation are presentld findings of a sub-investigation are
given in Section 5.3.1. This sub-investigationrakees how the rating results produced
under ALDOT's legal loads should be handled inltR&-R procedure; see Section 2.7
for the LRFR procedure description and flowchdarhis sub-investigation was performed
through a comparison of ALDOT’s legal loads and AN® load models under the
LRFR rating procedure. The rating results of congoas between the LRFR and LFR
methodologies for ALDOT legal loads are then présgim the following sections. Due
to the unknown ADTT (Average Daily Truck Trafficales for the standard bridge
sample, a series of bounding studies were perfocoetparing the LRFR to the LFR.
Results of these studies are presented in Sect®o?. 5SADTT information, however, was
available for the unique bridge sample allowingrfwre explicit comparisons to be
made for the two rating methodologies under ALDO&al loads. These rating results
are presented in Section 5.3.3. A summary ofitidirfgs for all of the investigations

made at the Legal load level of rating are provioke8ection 5.3.4.
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5.3.1 AASHTO Load Models and ALDOT Legal Loads Comparison

To determine whether or not the provisions forestagal loads can be applied to
ALDOT legal loads, as outlined in Section 2.7, emparison study was performed
between ALDOT legal loads and the AASHTO load medé@lhis comparative study is
broken into two parts. The first part is a compami between the controlling rating
factors for the AASHTO standard legal loads and AllDlegal loads at the Legal load
level of rating. The second part is a comparisemvben the controlling rating factors for
the HL-93 load model at the Design Inventory lesedating and ALDOT legal loads at
the Legal load level of rating. Both parts of teiady used the standard and unique
bridge samples.

The first part of the study was conducted at thgal éoad level of rating and used
the following assumptions. The condition factgy;,is set to 1.0 and system factgs;,
was allowed to vary as defined in the AASTHO MCEHHER(2003). However, for this
study, all the bridges included have a system fagi@qual to 1.0 according to the
specification. For the standard bridge samplelittedload factor,/, , was taken as 1.4.
For the unique bridge samplé, was determined based on each bridge’s unique ADTT
as provided by ALDOT. For bridges from the uniduielge sample with unknown

ADTT values, A, was assumed to be 1.8 according to the AASTHO MRER (2003).

The first part of the study considered eight ALD{@@al loads and three
AASHTO legal loads, at the Legal load level of tiRFR. However for ease of
comparison only the controlling load from the ALD@Qal loads, see Section 2.9.2, and
AASHTO legal loads, see Section 2.9.2, are comparég controlling load for a given

bridge is defined as the load which produced tlhekt rating factor. Tables 5- 17 and 5
89



- 18 show the number of times an AASHTO and ALD®dadl load, respectively,
controlled for each load effect. Each of the AASHIEgal loads controlled segments of
the bridge within the study with the Type 3 loadhirolling the most. Within the

ALDOT legal loads, the Tri-Axle load predominantigntrolled across all load effects,

with the 6-Axle load occasionally controlling.

Table 5 - 17 Controlling AASHTO Legal Loads

Load Total Per

Load Effect Type 3 | Type 33 | Type 352| Load Effect
] ) Moment B0 13 22 05
Exterior Girder Shear £3 o 1a oF,
Interior Girder Moment G0 13 22 95
Shear 54 24 17 a5

Table 5 - 18 Controlling ALDOT Legal Loads

Load Total Per
LLLAEiLE TriAxle | 6 Axle | Load
] ] Moment 50 5 o5
Exterior Girder Shear o = o
. . Moment a9 B o5
Interior Girder Shear aa = o

The LRFR rating results from the controlling AASBT&nd ALDOT legal loads
are compared in Figures 5 - 9 and 5 - 10 for morardtshear, respectively. The plots
are set up in an ALDOT controlling rating factorses AASHTO controlling rating
factor fashion. Therefore, data falling abovegbkd diagonal line would indicate
ALDOT legal loads controlled over AASHTO Legal L@aand vice versa for data below

the diagonal line.
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Figure 5 - 9 LRFR Moment Rating Factor under AASHTO and ALDOdgal Loads
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Figure 5 - 10 LRFR Shear Rating Factor under AASHTO and ALDI¥Dal Loads

For both load effects, and for exterior and integwders, all the rating factor data
can be found in Region 6 of the plots showing KaDOT legal loads always produce
lower rating factors than AASHTO legal loads. Timdicates that ALDOT legal loads
are not enveloped by AASHTO legal loads. The curtd&RFR rating procedure,
discussed in Section 2.7, indicates that a bridgg lbe evaluated for permit loads if it
has a satisfactory rating at the Legal load lewekither AASHTO or State legal loads

(AASHTO 2003). Because ALDOT legal loads are notetoped by AASHTO Legal
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loads, it is therefore that ALDOT legal loads bedighstead of AASHTO Legal loads for
load posting decisions and for determinations oetiwr a bridge can be evaluated for
overweight loads.

The second part of the comparative study was deteden the ALDOT legal
loads and the AASHTO HL-93 live load model, seeti®ac2.9.1. In this part of the
comparison the same factors as described in f$tgh the study were used. Rating
results for ALDOT legal loads at the Legal loaddeare compared to the rating results

from the HL-93 load model at the Design Inventayel, for which, is equal to 1.75.

As stated before, the comparisons presented herferathe controlling rating factor for
both the ALDOT legal loads to the HL-93 load modElgures 5 - 11 and 5 - 12 present

the moment and shear rating factor data, respégtive
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Data from these plots can be found in both Regiand6 for each load effect
and for interior and exterior girders. This shdtest the HL-93 load model does not
always envelope ALDOT’s legal loads. This obsaorats in agreement with
Hayworth’s findings in a 2008 study comparing savdifferent states’ legal loads to the
different AASHTO load models. Hayworth (2008) digsered that state legal loads are

not always enveloped by the AASHTO legal load medeid the HL-93 load model.
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The implication of this for ALDOT is that even fbridges that are found to be
satisfactory at the Design Inventory level of rgtumder the HL-93 load model, posting
restrictions for the heavier ALDOT legal loads nsaiyl be required. Therefore to insure
a bridge does not require posting, rating analysthe Legal load level under ALDOT
legal loads will always be required even if themgtfactor under the AASHTO design or

legal loads is satisfactory.

5.3.2 Standard Bridge Sample

Comparisons made at the legal load level for thedsrd bridge sample are
broken into three bounding studies. This was reszgdecause the bridges in the
standard bridge sample did not have unique ADTTiesldue to this the LRFR rating
factor data generated are based on assumed lidddoers. However, this allowed for
the effects of several different factors in the ERfethodology to be studied. The rating
factor data generated for these studies was gatlfien@ rating analysis performed at the
Legal load level of rating for the LRFR and the @img level of the LFR under
ALDOT legal loads. The three bounding studies wendormed by varying the live load

factor,A, , and the product of the condition factg, and system factogg. The first
bounding study shows the effect of varyiAg from 1.4 and 1.8 while keeping the

product ofgg andg@ at 1.0. The second bounding study shows theteffebie product of

@ and g varying from 1.0 to 0.85 while keeping at 1.4. The third bounding study

shows the possible effect that actual ADTT valwss ftave ord; and the LRFR rating
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factor. Within this third study, three unique ADVa&lues were provided for each

standard bridge used, bounding thefactors for each bridge; whilg and @ were held

at 1.0.

5.3.2.1 A, Bounding Study Results

The A, factor for the LRFR at the Legal rating level cange from 1.4 to 1.8
depending on a bridge’s ADTT (AASHTO 2003). Théaation of A, can change a
bridge’s rating factor by nearly 30% under the LRFRhis bounding study shows how
this variation inA, can influence LRFR and LFR comparisons. The LRRR LFR data

that are presented in this section are limitedvéodontrolling ALDOT truck for each load
effect, for both interior and exterior girders.

Results for the interior girder are shown in Figuse- 13 and 5 - 14 for moment
and shear load effects, respectively. For monat Effects, the LRFR produced lower
rating results than LFR independenfipf with all the data falling within Region 5 of the
plot. This trend is similar to what was seen atltiventory level of rating. The variation
of A, only served to amplify the degree to which the BRE&ting factors are below the
LFR factors. This would be especially importantases where posting is required (i.e.
for bridges with rating factors below 1.0). Theahresults for the majority were also

found within Region 5. However the possible influae A, can have is seen on the few
shear rating results found in region 6 fir equal to 1.4. Two of these bridges wh&n

is increased to 1.8 fall into Region 5 changingréteng method that controlled them
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from LFR to LRFR Similar results were found foetexterior girders for the standard

bridge sample as seen in Figures 5 - 15 and Serlfaioment and shear, respectively.
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LRFR Moment Rating Factor
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LFR Moment Rating Factor
Figure 5 - 13 Effect of varyingl, on Moment Rating at the Legal Level for

Interior Girders
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5.3.2.2¢@ and @ Bounding Study Results

According to the AASHTO MCE LRFR (2003), the protiatthe condition
factor, @, and system factogg cannot be taken less than 0.85. To study thetefiat
the product ofg andgcan have on the rating results for ALDOT'’s legalds, a
bounding study was performed on the combined etfetite factors. For this study the

LFR Operating level rating results, which remaie #ame, are compared to the bounded
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results of the LRFR at the Legal load level with gfroduct ofg and @ effect ranging
from 0.85to 1.0. The live load factot, , for this study is fixed at 1.4. The AASHTO
MCE 2005 allowsg to be greater than 1.0, when higher order analygerformed to
determine a member specific structural redundanowever, this effect was not studied.
Comparisons of the rating results for interior ginglof the standard bridge sample
are shown in Figures 5 - 17 and 5 - 18 for momadtshear, respectively. The effect of
the product ofg andg on the rating comparisons between LRFR and LR
similar to what was seen in the bounded study; of All the moment rating data is once
again found in Region 5 of Figure 5 - 17 for thenbined ¢ @ effect equal to 0.85 and
1.0. The only change lowering the combinga effect had, was to increase the degree
to which LRFR produced lower factors than LFR. ikimichanges id, , which had a
fixed effect on a bridge’s rating factor, changeshie product ofg and @ have varying
impacts on different bridge’s rating factors dueitleffect on the factored resistance of a
member. Shear data predominately was found wiieigion 5 of Figure 5 - 18 with few
exceptions in Region 6. Similar to the trend seemd, wheng@g@ is reduced, the parts

of the data found in Region 6 shift to Region Smi&r trends were seen for exterior

girders as seen in Figures 5 - 19 and 5 - 20 fanerd and shear, respectively.
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5.3.2.3Varying ADTT Bounding Study Results

The standard bridge sample is composed of bridggsate used repeatedly
throughout Alabama’s bridge inventory. As a resedtch bridge in the sample does not
have unique ADTT, average daily truck traffic, daffeo provide a reference point as to
how actual ADTT values on standard bridges wileaffrating results under the LRFR a

small sample of bridges were analyzed using melthiDTT values. ALDOT provided

106



three different ADTT values for four standard beddor the study, shown in Table 5 —
19. Additionally, in Table 5 — 19 are the corresging A, values for the ADTT data
provided by ALDOT. Bridges “STD C2411 34” and “STHL34 RC 24R” have a the
sameA, due to the relationship between ADTT ahd this relationship is described in

Section 2.5.

Table 5-19 Standard Bridge Varying ADTT Values

] M aterial Structural ADTT

AL Type System Type ot % of AADT | ADTT T

3120 27% 431 1.49

STD 714 34 1 4 et 229% 391 1.48
3730 16% 295 1.46

o250 1% 3 1.40

STD C2411 34 1 4 1686 1% g 1.40
S50 1% 3 1.40

G2 9% 28 1.40

STD PC34 RC 24R 1 22 285 2% 3 1.40
285 2% 3 1.40

4530 16% 3652 1.47

STD PSC4041 B 2 4530 16% 362 1.47
200 1% 1 1.40

The lack of change i, factors provided in Table 5 - 19 is due to the JWTT
values for the studied bridges. The selected bsidgsing their uniquel, factors, were

analyzed under ALDOT's legal loads for LRFR at tiegjal load level of rating. The
rating results from the controlling legal load arevided in Table 5 - 20 along with
corresponding LFR factors. Similar to what hasnb&sen before, the LRFR produced

lower rating factors than the LFR. Additionalas A, increased due to higher ADTT

values, the difference between the LRFR and LF®fadncrease.
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Table 5 - 20 Standard Bridge Sample Rating Results, Legal)axarying ADTT

Structural System Type

Interior Exterior
Bin Moment Shear Moment Shear

LRFR LFR LRFR LFR LRFR LFR LRFR LFR
0.50 0.57 0.45 0.57

=ST0 714 34 0.50 0.80 0.58 0.80 0.46 0.76 0.58 077
0.49 0.59 0.47 0.56
0.71 0.80 0.63 0.78

STD C2411 34 0.71 1.06 0.80 1.02 0.63 1.02 0.78 0.99
0.71 0.80 0.53 0.78
1.44 1,73 1.18 1,63

STDPC34 RC AR 1.44 2.81 1.73 274 1.18 1.72 1.63 1.71
1.44 1.73 1.18 1.63
1.16 0.62 1.67 1.18

STD PSC4041 1.16 1.64 0.62 0.55 1.67 269 1.18 0.94
1.22 0.65 1.75 1.23

5.3.3 Unique Bridge Sample
Comparisons made for the unique bridge samplerasepted between the LRFR
at the Legal Load level and the LFR at the Opegdinel under ALDOT legal loads.
The following assumptions were used for the LRFRIysis:
c @ setto 1.0
@ as specified in the AASHTO MCE LRFR 2003
( 1.0 for every bridge in sample )
e A based on bridge-specific ADTT
The rating comparisons made in this section aréh@icontrolling ALDOT legal
load. Similar to the results found for the staddaridge studies, the Tri-Axle and 6-Axle

loads produced the lowest rating factor resultgamtrolling rating factors. Table 5 — 21
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provides a summary of the number of times eaclktcoatrolled for LRFR and LFR, for

each load effect, and for both interior and extegioders.

Table 5 - 21 Controlling ALDOT Truck Comparison at Legal Léver the Unique

Bridge Sample

LRFR LFR
Load Effect Tri-Axle | 6 Axle | Tri-Axle | 6 Axle
. ] Moment 42 3 42 3
Exterior Girder Shear =5 : 1 e
. . Moment 41 4 41 4
Interior Girder Shear = B 1 3

The presentation of the data for the unique brlgaple is broken down into the
following sections to highlight the different trenthat were found. Section 5.3.3.1
provides an overall summary of the LRFR and LFihgatactor data compared at this
Legal load level under ALDOT Legal loads. Sectto®.3.2 looks at how the age of the
bridge may influence the rating data. Section®3briefly discusses the relationships
between span length and girder spacing on thegragisults. Section 5.3.3.4 presents the
suggested load posting for the unique bridge satmpded on the AASHTO MCE LRFR

(2003) recommendations.

5.3.3.10verall Summary
A summary of the rating factors used for the unibudge sample (refer to
Section 3.1.2) comparisons at the Legal load lef/ehting are provided in Table 5 - 22

and 5 - 23. Table 5 - 22 provides the momentsingdr rating factors generated for both
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the interior and exterior girders for each bridge¢he sample, under the LRFR
methodology. Additionally, the controlling ratifigctor for the interior and exterior
girders are identified, as well as the controlliaing factor for the bridge. Table 5 - 23

provides the same rating factor information as &&b 22 but for the LFR methodology.
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Table 5 - 22 LRFR Rating Factors Generated for the Uniquel@iSample at the

Legal Load Rating Level

Bridge Information LRFR Rating Factors
Bin Material| Structural Interior Girder Exterior Girder Absolute
Type |System Type|Moment| Shear |Controlling]Moment| Shear |Controlling| Controlling
BO01319 1 4 0.62 0.88 0.62 1.00 1.58 1.00 052
BOOM7 1 4 0.80 0.79 079 0.81 0e? 081 079
BOO7E99 1 4 0.40 0. 0.40 0.37 0.40 0.37 037
BO0OS167 1 4 0.53 0.66 0.53 0.52 0.66 0.52 052
BO0G3A0 1 4 0.60 072 0.60 0.56 0.76 0.66 0.60
BO03411 1 4 0.34 0.98 0.34 0.59 1.38 0.59 0.34
BO03653 1 4 0.42 1.29 0.42 0.42 1.37 0.42 0.42
BO19607 1 4 0.58 0.81 0.58 0.58 1.00 0.58 0.558
BO19558 1 4 1.44 1.56 1.44 1.08 1.33 1.08 1.08
BO14979 1 4 1.71 2338 1.71 1.41 21.32 1.41 1.41
BO07334 2 4 0.76 0.66 0.66 0.78 0.57 0.67 0.66
BOG523 2 4 0.81 0.s7 0.sv 0.80 0.s7 0.sv 0.57
BO07334 2 4 0.75 0.E5 0.66 0.78 0.57 0.67 .55
BO09005 2 4 1.10 0.84 0.84 0.73 0.66 0.66 0.66
BO0BA21 2 4 1.05 0.76 0.76 1.00 0.94 0.94 0.75
BOO7a48 2 4 1.06 1.62 1.06 1.00 1.63 1.00 1.00
EO11110 2 4 1.34 0.54 0.54 1.18 0.55 0.55 0.54
B011206 2 4 0.7o0 1.84 0.70 0.68 1.27 0.65 0.68
BO11031 3 4 1.70 1.98 1.70 2.80 3.89 2.90 1.70
BO097E2 ] 4 1.79 323 1.79 1.42 3.30 1.42 1.42
BO0S318 5] 4 0.51 351 051 0.48 3.79 0.45 0.48
BO0O7536 3 4 1.42 2.47 1.42 1.39 270 1.39 1.38
BO012825 3 4 1.92 4.41 1.92 1.40 4.09 1.40 1.40
BO011335 3 4 1.55 2.20 1.55 1.26 2.20 1.26 1.26
BO02310 4 22 0.37 1.38 0.37 0.42 1.68 0.42 037
BO11097 4 22 1.13 272 1.13 1.06 287 1.06 1.06
BO12555 4 2 1.01 3.94 1.01 0.73 377 073 073
BO11344 4 2 0.84 1.48 0.54 0.67 1.41 0.67 0.67
BO012319 4 2 1.09 2.04 1.09 1.14 2.66 1.14 1.09
BO012350 4 2 2.56 1.09 1.09 2.05 1.10 1.10 1.09
BO17781 4 2 2.58 220 220 2.08 222 2.08 2.08
BO15764 &) 2 1.11 1.23 1.11 1.11 1.37 1.11 1.11
BO19141 &) 2 1.92 1.24 1.24 1.66 1.26 1.26 1.24
E019990 5 2 1.86 8.50 1.86 1.39 7.99 1.39 1.39
BO019473 B 2 2.04 247 2.04 1.70 2.18 1.70 1.70
BO16591 &) 2 216 1.56 1.56 1.73 227 1.73 1.55
BO18106 &) 2 255 4.04 255 1.66 3.00 1.66 1.66
BO16345 &) 2 2.56 2.34 2.34 2.14 225 2.14 214
BO14450 5] 2 1.50 0.70 0.70 0.81 0.61 051 0.51
BO16510 ] 2 1.33 1.32 1.32 1.28 1.40 1.28 1.28
BO16111 ] 2 1.09 0.72 0.72 0.97 0.69 0.69 0.69
BO16310 B 2 1.31 2.03 1.31 1.24 2.04 1.24 1.24
BO15295 &) 2 1.79 1767 1.79 1.99 17.03 1.99 1.79
BO17909 &) 2 0.87 2.08 0.87 0.72 1.71 072 07z
BO15820 B 2 1.83 1.87 1.83 1.59 209 1.59 1.55
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Table 5 - 23 LFR Rating Factors Generated for the Unique @i&ample at the Legal

Load Rating Level

Bridge Information LFR Rating Factors
Bin Material| Structural Interior Girder Exterior Girder Ahsolute
Type |System Type|Moment| Shear |Controlling]Moment| Shear |Controlling| Controlling
BO01319 1 4 1.18 1.59 1.18 1.84 2E5 1.84 1.18
BO11017 1 4 1.19 0.94 0.94 1.27 1.00 1.00 .94
BO07E99 1 4 074 1.05 074 074 1.05 074 074
BO0S16Y 1 4 1.00 0.96 0.95 1.06 1.02 1.02 0.96
BO0E3E0 1 4 1.17 1.11 1.11 1.31 1.12 1.12 1.11
BO03411 1 4 052 1.36 052 1.03 1.R2 1.03 052
BO0BRS3 1 4 1.05 239 1.04 0.ER 1.58 0 6R .66
B019R07 1 4 1.66 1.50 1. 6R 0.20 1.03 0.90 0.90
Bi019558 1 4 277 282 252 1.66 1.44 1.44 1.44
B0145979 1 4 3.26 2787 326 2.22 2787 222 222
BO07 334 2 4 1.29 1.53 1.29 1.37 1.49 1.37 1.37
BORS23 2 4 1.68 1.37 137 1.63 1.32 1.32 132
BO07 334 2 4 1.39 153 139 1.37 1.49 137 137
BO0S005 2 4 206 209 2 06 1.30 1.37 1.30 1.30
BO03521 2 4 1.62 1.65 1.52 1.91 217 1.91 1.52
BO07E48 2 4 1.73 2.37 1.73 1.81 246 1.81 1.73
BO11110 2 4 1.84 1.66 1.66 1.596 1.77 1.77 1.66
B01 1206 2 4 1.29 272 1.29 1.43 206 1.43 129
B011081 3 4 2.ER 3.40 2 BR 5.05 B.48 505 2 BB
BOOS7E2 3 4 2 ER 593 2 Bh 2.31 G.06 2.3 231
BO0S318 3 4 0.e8 068 0a&s 0.94 0.89 0.94 0.88
BO07S36 3 4 2.45 4.73 245 2.72 5.22 272 245
B12825 3 4 2.61 7.06 261 2.20 B.71 2.30 230
B011335 3 4 252 437 2562 1.87 4 48 1.87 187
BOOZ2310 4 X2 1.38 239 1.38 1.43 246 1.43 1.38
B011097 4 X2 206 544 206 217 571 217 206
B12559 4 2 1.62 6.21 1.62 1.55 6.10 1.55 1.55
B011344 4 2 1.73 2.91 1.73 1.69 2.86 1.69 1.69
B012319 4 2 1.58 3.93 1.58 1.71 4.26 1.71 1.58
B012350 4 2 260 2.11 211 2.90 2.3k 236 211
BO17781 4 2 2.89 3.84 289 3.04 4.21 3.04 289
B15764 A 2 1.82 1.74 1.74 211 202 202 174
B019141 ) 2 2.95 2.29 239 3.14 2.48 2.48 238
B019990 ] 2 3.10 2350 3.10 2.97 23.24 297 297
B019473 6 2 3.93 2.24 2.34 3.56 2.23 2.33 233
B16591 & 2 289 1.595 1.95 289 1.595 1.95 1.95
BO18106 ] 2 2.89 3.48 289 2.61 336 261 261
B1G6845 A 2 3.45 200 200 357 204 204 200
B014450 5 2 2.34 1.13 1.13 1.51 1.12 1.12 1.12
BO1ES10 5 2 1.62 1.42 1.42 2.12 1.63 1.63 1.42
BO1ET11 5 2 2.00 1.29 1.29 1.497 1.27 1.27 1.27
BO1E310 3] 2 2.04 1.45 1.45 2.6 161 161 1.45
BO15295 ] 2 2.83 12.93 283 3.13 12.490 313 283
B017909 A 2 1.20 165 1.20 1.19 161 1.19 119
BO15820 ] 2 293 169 169 321 1.85 1.84 169

Presented in Figure 5 -21 is the LRFR versus LFRerd rating factor data for
the controlling ALDOT legal load data for exteramd interior girders. Similar to what

has been seen before, the majority of the datauisd to be within Region 5 of the plot,
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indicating that for the unique bridge sample atléwal load level the LRFR produces
lower rating results than LFR. Of key interesAldDOT however would be the portions
of the data that fall into Regions 5 - 1 and 5 Oata found in Regions 5 - 1 signify
bridges that would require posting in both the &Rl the LRFR; under the LRFR the
posting loads are likely to be lower. Data foundRiegion 5 - 2 corresponds to bridges
that are not required to be posted under the LRRvbuld require posting under the

LRFR. Data found in Regions 5 - 3 has no impagbasting under either rating system.
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Breaking the information found in Figure 5 - 21waointo material types can
reveal which types of bridges may be more prongetéound in Regions5-1and 5 - 2.
A material type plot of the data for the interiardgr is shown in Figure 5 - 22. From
this we find that the majority of bridges in Regsdn- 1 and 5 - 2 are simply and
continuously supported reinforced concrete bridgdse continuously supported steel
bridges appear to be broken into two groups. Qaeggfound in Region 5 - 3 and the
second primarily in Region 5 - 2. Upon inspectidrthe two groups, it was discovered
that bridges with high rating factor had span lesgiver 140 whereas the bridges with
lower rating factors had span lengths under 100 f€ke majority of simply and
continuously supported prestressed concrete briges found to be in Region 5 - 3.

Similar trends were found for the exterior girdsge Figure 5 - 23.
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Analysis of the shear ratings factor data prodwsiedlar trends to moment rating
data. An overview of the shear ratings for boterilor and exterior girders is presented
in Figure 5 - 24. A material breakdown of thisahdata for the interior and exterior
girders is shown in Figure 5 - 25 and 5 - 26, res8pely. Similar trends to what were
seen in the moment data are found in the sheamdtitaone exception. Prestressed
concrete, simply and continuously supported, bsdged to transition from Region 5 - 3
into Region 6 - 3 as the rating factors for eaclthoe increase. Reinforced concrete,

simply and continuously supported, bridges tenulaosition from Region 5 - 2 into
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Region 5 - 3 as the rating factors for each methogkase. Steel simply and
continuously supported bridges primarily were foumé&egion 5 - 3 These trends would

indicates that as shear rating factors increastosbe LRFR to LFR ratios.
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In addition to the material level of behavior beéndhe LRFR and the LFR, the
structural system type differences were studielde fEsults are presented in the same
form previously discussed. Table 5 - 24 and 5 s@B&marize the data for the flexural
load effects for interior and exterior girders resgvely. Similar to what has been seen
before, LRFR for all material and structural systgpes produced lower rating results
than the LFR. Prestressed concrete bridges haveighest LRFR to LFR ratio ranging
from 0.62 to 0.82 between different structural egst, for interior girders. C — Channel

bridges are observed to have the significantly EViRFR to LFR ratio for interior

119



girders and the highest LRFR to LFR ratio for extegirders; similar to the trends
previously observed. Table 5 - 26 and 5 - 27 sunz@sithe data for the shear load
effects for interior and exterior girders respesiyv Similar to the trends previously
stated, the LRFR produced nearly equal or lowengatsults than the LFR for the shear

load effect.

Table 5 - 24 Mean and Standard Deviation Data at the LegabLcevel for the Unique

Bridge Sample — Interior Girder Moment Rating Data

Number Int Moment
Type of LRFR LFR LRFR/LFR
. Standard Standard Standard
Bridges | Mean . Mean . Mean -
Deviation Deviation Deviation
All 45 1.28 0.4 202 Q.80 .61 013
RCSS T-Beam 6 .55 017 097 028 057 0.07
RCSS Channel 4 1.04 054 218 1.01 045 .09
RC Con Girder 1 070 - 1.29 - 0.54 -
RC Con T-Beam 7 0.93 022 1.66 0.25 0.59 .09
Steel SS Girder 6 1.48 .51 220 0.70 054 0.05
Steel Con Girder 7 1.37 .86 1.98 057 054 024
PS SS Girder 5 1.63 045 252 .89 052 0.05
PS SS Box 2 242 0.23 208 0.44 082 0.07
PS SS Channel 0 - - - - - -
PS Con Girder 7 1.31 017 208 0.18 053 0.05
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Table 5 - 25 Mean and Standard Deviation Data at the LegabLcevel for the Unique

Bridge Sample — Exterior Girder Moment Rating Data

Number Ext Moment
Type of LRFR LFR LRFR/LFR
. Standard Standard Standard
Bridges | Mean . Mean . Mean ..
Deviation Deviation Deviation
All 45 1.14 0.55 202 0.89 .55 0.0a
RCSS T-Beam 6 0.6R 022 1.21 037 0.54 0.06
RCSS Channel 4 087 0.45 1.33 070 .65 0.03
RC Con Girder 1 (I =t= - 1.43 - 0.48 -
RC Con T-Beam 7 .89 017 162 0.2a 0.55 0.04
Steel SS Girder 6 1.47 079 253 1.37 .58 0.07
Steel Con Girder 7 1.16 0.65 207 065 053 016
PS SS Girder 5 1.45 0.42 276 0.a2 0.53 0.06
PS SS Box 2 1.84 0.26 292 .56 0.53 0.04
PS 5SS Channel 0 - - - - - -
PS Con Girder 7 1.07 022 1.96 032 0.54 0.05

Table 5 - 26 Mean and Standard Deviation Data at the LegallLcevel for the Unique

Bridge Sample — Interior Girder Shear Rating Data

Numb Int Shear
Type “':f er LRFR LFR LRFR/ LFR
. Standard Standard Standard
Bridges | Mean . . Mean . . Mean ..
Deviation Deviation Deviation
All 45 2 B5 419 386 526 067 027
RCSS T-Beam 6 074 0.20 117 026 054 016
RCSS Channel 4 7R 11.09 867 12.80 0.51 017
RC Con Girder 1 1.84 - 272 - 068 -
RC Con T-Beam 7 079 034 174 036 044 010
Steel SS Girder 6 297 09z 519 1.29 057 0.05
Steel Con Girder 7 212 .98 383 1.53 055 0.05
PS SS Girder 5 o.01 6,14 6.61 8.52 0.9 038
PS SS Box 2 2 B5 1.27 248 087 1.04 0.2
PS 5SS Channel 0 - - - - - -
PS Con Girder 7 1.19 0E3 1.32 015 0.aa 038
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Table 5 - 27 Mean and Standard Deviation Data at the LegalLcevel for the Unique

Bridge Sample — Exterior Girder Shear Rating Data

Numb Ext Shear
Type “';‘f er LRFR LFR LRFR/ LFR
Bridges | Mean Stal.lda.ard Mean Stal.lda.]rd Mean Stal.lda.]rd
Deviation Dewviation Deviation
All 45 2 k5 388 3493 526 .59 025
RCSS T-Beam 6 094 045 1.41 .65 057 018
RCSS Channel 4 G.25 10.05 7.98 13.27 0.8a 0.0
RC Con Girder 1 1.27 - 206 - 052 -
RC Con T-Beam 7 .81 038 172 0.44 045 010
Steel SS Girder 6 333 075 a.81 0.83 057 0.0&
Steel Con Girder 7 225 093 3.09 1.52 0.55 0.0s
PS SS Girder 5 480 588 G.E3 8.37 0.85 0.35
PS SS Box 2 251 043 245 079 1.05 014
PS SS Channel 0 - - - - - -
PS Con Girder 7 1.18 067 1.41 0.25 0.80 034

An additional point of comparison was made forc¢batrolling load effect for
each rating methodology. Table 5 - 28 shows thkelt of this comparison. The data in
this table was constructed by counting the numbé&nes a rating factor for each load
effect controlled for a bridge within the samplehe data indicates that for the LRFR
methodology exterior girder moment load effect maaontrolled. For the LFR
methodology it can be observed that the samplen@ady evenly controlled across all

load effects with the exception of the exteriodgirshear load effect.
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Bridge Sample

Table 5 - 28 Controlling Load Effect Comparison, Legal Loaewvel for the Unique

Number of Times Load Effect Controlled

Rating - - - -
Methodology Interior Girder Exterior Girder
Moment | Shear | Moment | Shear
LRFR 10 8 23 4
LFR 14 12 14 5

Note The unigue bridge sample consists of 45 bridges

The final point of comparison was on the absolatetiolling rating factor
between the two rating methodologies. The absaomérolling rating data used for this
comparison can be found in the previously showné&b - 22 and 5 - 23. Provided in
Figure 5 - 27 is a LRFR verses LFR plot of the &ldsocontrolling rating data. From this
plot it is seen that the majority of the data fatt® Region 5 with only a single data point
found in Region 6. This indicates that the LRFBduced lower rating results than the

LFR in general.
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Figure 5 - 27 Controlling Rating Factor Comparisons at thedldgad Level

Additionally, the absolute controlling load effentd rating methodology was
investigated; Table 5 - 29 shows the results af ithwestigation. The data provided in
Table 5 - 29 is the total number of times each leiéelct and methodology controlled for
the bridge sample. This data indicates that thERRxterior girder moment load effect
primarily controlled. This finding is in agreemewith the previously reported results
showing the LRFR producing nearly equal or lowdéingaresults than the LFR, in

general.
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Table 5 - 29 Controlling Load Effect and Rating Methodologytlze Legal Load Level

LRFR Methodology LFR Methodology
Interior Girder Exterior Girder Interior Girder Exterior Girder
Moment | Shear | Moment | Shear | Moment | Shear | Moment | Shear
10 8 22 4 0 1 0 0

Note The unique bridge sample consists of 45 bridges

5.3.3.2Bridge Age

The potential effect of bridge age on the ratirgutes was also investigated. The
age of the bridge used in this portion of the stwdg assumed to be the fiscal year of the
bridge as indicated on each bridge’s set of plar® fiscal year corresponds to the year
in which the plans for the bridge were producedjufe 5 - 28 shows a plot of interior
girder moment rating factor, for both the LRFR &®dR, against the bridge’s fiscal year.
As can be seen, a trend emerges that progressigelgr bridges have the tendency to
produce a higher rating factor for each methodaloggditionally, only two bridges
built after the mid-1980s yielded unsatisfactoyn@results for either rating system, for

the flexural load effect.
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Figure 5 - 28 Bridge Age and Moment Rating Factor Comparisoiheé Legal Load

Level for the Unique Bridge Sample

A material breakdown of just the LRFR data is sedrigure 5 - 29, which shows

additional trends. In general, the trend of tisedi year of the bridge increasing along

with the moment rating factor of a bridge can benseOn the material level, this trend

can be well observed in continuously supported stégges. Reinforced concrete

simply and continuously supported bridges, howetegrdl to have similar rating factors

under the LRFR independent of their fiscal agemilar trends were seen for exterior
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girders. These trends suggest that a correlagbmden a bridge’s moment rating factor

and its fiscal age does exist.

Moment Rating Factor
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Figure 5 - 29 Bridge Age and Moment Rating Factor Compariddaterial Level, at

the Legal Load Level for the Unique Bridge Sample

Analyzing a bridge’s fiscal year compared to shraing data yielded less

apparent trends than when compared to the momimg Gata, as can be seen in Figure

5-30. Comparing the LRFR and LFR factors toidd®’s age produced a large degree

of scatter with no apparent trends for the shaargdactor data. Breaking the data

down into its material level for the LRFR yielded additional trends, as shown in

Figure 5 — 31 for interior girders. Similar resulere found for exterior girders. This

127



suggests that for both LRFR and LFR little correlaexists between a bridge’s shear

rating factor and its fiscal age.
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Figure 5 - 30 Bridge Age and Shear Rating Factor Comparisdheat.egal Load Level

for the Unique Bridge Sample
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Figure 5 - 31 Bridge Age and Shear Rating Factor Comparisaaiekial Level, at the

Legal Load Level for the Unique Bridge Sample

5.3.3.3Span Length and Girder Spacing

The potential effect of span length and girder sgpon the rating results was
investigated. Figures 5 - 32 and 5 - 33 showrnkerior girder moment rating factors for
LRFR versus span length and girder spacing, reispéct Little correlation between
span length and the LRFR moment rating factor eaoldserved. The one exception
however, is for continuously supported steel bridige which the rating factor is

observed to increase with span length.
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Figure 5 - 32 Span length and Moment Rating Factor Comparistaterial Level, at

the Legal Load Level for the Unique Bridge Sample
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at the Legal Load Level for the Unique Bridge Saanpl
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Little correlation between girder spacing and LRRBment rating factors was
found with one exception for continuously suppodeskl bridges, for which the rating
factor is observed to increase with girder spacifgr the completeness the same
variables, span length and girder spacing, aregul@gainst the LRFR / LFR in Figures
5- 34 and 5 - 35; however, little additional infation was learned. Similar results were

found for both moment and shear for interior antkear girders.
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Figure 5 - 34 Span length and LRFR to LFR Ratio Comparisontedal Level, at the

Legal Load Level for the Unique Bridge Sample
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Figure 5 - 35 Girder Spacing and LRFR to LFR Ratio Compariddaterial Level, at

the Legal Load Level for the Unique Bridge Sample

5.3.3.4LRFR Load Posting Recommendations

The load posting recommendations found in the AAGHMCE LRFR (2003),
were applied to the ALDOT legal loads for the uduidge sample of this study. The
recommended posting procedure under the LRFR hsesontrolling rating factor for a
bridge and a legal load’s weight to determine thstipg load, as described in Section
2.8. For comparison purposes ALDOT’s posting Ipeatedure was used to determine
LFR, load posting data. ALDOT's current postingdgorocedure uses the controlling
LFR legal load rating factor and a legal load’sgi®i The posting load is determined by
multiplying a load’s controlling rating factor blge¢ weight of the load, in units of tons.

Figure 5 - 36 graphically presents the differeringte LRFR posting load equation and
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ALDOT's posting load procedure. As Figure 5 - B®ws, for a given rating factor
LRFR load postings will be lower than an LFR loadting, calculated by ALDOT's
procedure. Load posting is only required for wheads produce rating factors below 1.0

for both methods.
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Figure 5 - 36 Posting Weight Fraction Compared to Rating Facto

The ALDOT legal loads weights are summarized inl@&b- 30. Using this
LRFR load posting procedure, the load postings daarirable 5 - 31 were developed.
Load posting information for each truck per loafieff for interior and exterior girders
according to the LRFR procedure can be found ineflx E Tables E - 1 through E - 4.
Using this ALDOT’s LFR load posting procedure, tbad postings found in Table 5 - 32

were developed. Load posting information for etiabk per load effect for interior and
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exterior girders according to the LFR procedurelmafound in Appendix E Tables E - 5
through E - 8. As expected the load posting daterated under the LRFR procedure,
Table 5 - 31, is lower than the LFR load postintad&able 5 - 32. Additionally the
differences in the number of bridges requiring lpadting under the two methods is
seen. From the unique bridge sample 23 bridgsspjer half the sample, required load
posting under the LRFR methodology. From the umibidge sample only 8 bridges
required load posting under the LFR methodologlger&fore, the number of bridges that
require load posting under the LRFR is triple thenber that require load posting under

the LFR.

Table 5-30 Summary ALDOT Legal Loads Weights

G 18 School

Legal H20 HS20 |Two-Axle| Tri-Axle | Concrete 6 Axle | ~<M"0°
Wheeler Bus

Load

Weight [, 36 295 375 33 0 12 12.5

{tons)

Table 5- 31 ALDOT Legal Loads LRFR Posting Weights
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ALDOT Legal Load
Bin Posting (Tons)
H20 HS20 |Two.Axle| TriAxle | Concrete| . 10 6 Axle | School
Wheeler Bus

BO01319 17.3 307 233 16.1 18.1 36.4 315
BO11017 18.3 - - - - 255 285 - - - -
BOO7E99 8.1 10.0 9.4 3.8 5B 15.4 13.4
BOOS167 15.0 20,4 186 11.9 13.6 285 26.0
BO0G360 16.2 241 222 15.9 17 6 359 339
BO03411 7.3 49 5.0 1.4 3.3 121 10.8
BOOSES3 8.1 145 12.1 5.4 8.0 21.1 15.9
B019607 15.9 286 217 146 16.5 34.8 29.3
B019555 - - - - - - - - - - - - - -
B014979 - - - - - - - - - - - - - -
BO07334 14.0 257 25.4 17.2 EE 37.9 36.0
BOS523 11.7 206 2149 13.1 15.6 35,1 337
BO07334 14.0 257 26.4 17.2 198 37.9 36.0
BO0S005 19.0 2349 256 17.8 20.5 35.4 34.4
BOOSS21 19,1 - - - - 24 8 27.3 - - - -
BOO7S45 - - - - - - 357 - - - - - -
BO11110 94 182 215 12,7 15.8 316 28.2
BO11206 - - 245 253 205 224 30.7 306
BO11081 - - - - - - - - - - - -
BO0S7S2 - - - - - - - - - - - - - -
BO0S315 14.8 12.0 13.3 5.8 10.7 17.0 17.4
BOO7536 - - - - - - - - - - - - - -
BO12825
B011335 - - - - - - - - - - - - - - - -
BOOZ310 5.4 97 75 26 3.9 14.1 11.2 11.1
BO11097 - - - - - - - - - - - - - - - -
BO12559 28,1 28.1 228 246 37.2 377
B011344 223 231 18.4 20.2 252 28.0
BO012319 - - - - - - - - - - - -
BO12350
BO17781
BO15764
BO19141
B015990
B015473
BO16591
BO18106
BO16345 - - - - - - - - - -
BO14450 150 276 210 157 19,9
BO16510 - - - - - - - - - -
BO16111 17.9 353 21.1 26.0 40.1
BO16310 - - - - - - - - - -
BO15205 - - - - - - - - - - - -
B017909 240 25.2 223 243 25.4 257
BO15320 - - - - - - - - - - - - - -
Table 5- 32 ALDOT Legal Loads LFR Posting Weights
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Bin

Controlling Posting Load for ALDOT Legal Loads LFR

Posting

(Tons)

H20

HS20

Two-Axle

Tri-Axle

Concrete

18
Wheeler

6 Axle

School
Bus

BO01319

BO11017

351

BO07YESS

278

BO0S1R7

354

36.1

A

BOOGB3E0

BO03411

17.7

2248

20.8

19.6

19.5

32.3

BO0SES3

246

32.8

B019607

18.2

327

271

24.5

33.2

B015555

33.8

BO14578

BO07334

BO3523

BO07Y534

BO0S005

BO0S521

BO07Y545

BO11110

B011206

BO0110581

BO0SY 52

BO0S318

3249

32.7

BOO7536

BO12525

BO011335

BO02310

BO11057

BO12555

B011344

BO012318

B012350

BO017751

BO15764

BO15141

BO015550

BO19473

BO16551

BO0158106

BO16545

B014450

BO16510

BO16E111

355

BO16310

BO15255

B017503

B015520
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5.3.4 Summary

Analysis of the standard and unique bridge samgiléise Legal Load level of

rating led to the following general findings:

ALDOT legal loads are not enveloped by AASHTO tygpilegal loads
ALDOT legal loads are not enveloped by the HL-9@ lioad model
Moment rating factors for exterior girders tencttmtrol over interior
girders under the LRFR, as opposed to no domiraat éffect per girder
was observed for the LFR

For moment load effects the LRFR methodology predwgenerally
lower rating results than the LFR methodology

For shear load effects the LRFR methodology in goduces equal
or lower rating results than the LFR methodology

Variations inA,_ andg@g only amplify the degree to which LRFR
produces lower rating results than LFR

Newer bridges tend to have higher LRFR and LFRofact

Load posting values produced under the LRFR waraddo be
significantly lower than load postings values unitier LFR

The number of bridges requiring load posting fa timique bridge

sample was found to be much larger for the LRFR tha LFR
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5.4 Permit Load Rating

Work conducted at the permit load level consisteivo main tasks. The first
task was the selection of the permit bridge samplee second task was a comparison of
LRFR and LFR rating factor data. Section 5.4.1cdbss the permit bridge sample and

its selection. Section 5.4.2 compares the ratetpf data of the permit sample.

5.4.1 Permit Bridge Sample

The permit bridge sample is a collection of bridgesm both the unique and
standard bridge samples, that are eligible forweeght load evaluation under at least
one of the rating methodologies. Initially, all B6dges from the unique and standard
bridge samples were considered for inclusion inp@nit bridge sample. However, as
the rating criteria was checked, the sample sizeedsed. To aid in the discussion of the
permit bridge sample, the Venn diagram shown imféé — 28 is used. Each region of
this figure refers to a different set of bridgé&egion ‘A’ represents the set of all 95
bridges from the unique and standard bridge samf@egion ‘B’ represents the set of
bridges that are allowed to be permitted undelLf. In the LFR rating methodology,
bridges are allowed to be permitted if they arenfbto be satisfactory at the Operating
level under the HS-20 design truck (AASHTO 2003¥.the 95 bridges, 76 were found
to be allowed to be permitted under the LFR. Red® represents the set of bridges
that are allowed to be permitted under the LRFBrnfitting allowance under the LRFR
is determined based on whether a bridge is foure teatisfactory at the Legal load level
under at least the AASHTO standard legal loadshasvn in Section 2.7. Of the 95
bridges considered, 60 meet the LRFR criteria &ynpt allowance. Region ‘D’

138



represents the set of bridges that are allowee foebmitted under both rating
methodologies, which consists of 59 bridges. Tioeee the permit bridge sample
consists of a total of 77 bridges, which as indidabove, is the number of bridges that

are allowed to be permitted under at least onaefating methodologies.

-

A
B 0 6

Figure 5 - 37 Permit Bridge Sample Diagram

A material type breakdown of the permit bridge sk provided in Table 5 -
24 along with material type breakdowns of the Bafy D regions of the sample. This
shows that while the LRFR allows fewer bridgeséglkrmitted than the LFR, there is
no material type that is more susceptible to naidgallowed under either of the two

systems.
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Table 5 - 33 Material Type Breakdown of the Permit Bridge $&n

Rating Method

Material Type Fermit LFR &
Sample | LRFR LFR LRER
All 77 60 76 59
Reinforced Concrete, Simply Supported 15 14 19 14
Reinforced Concrete, Continuously Supported G 7 8 7
Steel, Simply Supported 17 16 17 16
Steel, Continuously Supported 13 g 13 8
Prestress Concrete, Simply Supported 11 10 11 10
Prestress Concrete, Continuously Supported 8 5 7 4

5.4.2 Permit Rating Results

The permit bridge sample was analyzed under thAt&OT permit trucks
previously described in Section 2.9.3. The truskse analyzed at the Operating level of
the LFR with a live load factor of 1.3. Analysisder the LRFR was done at the Permit
level with a live load factor of 1.15. The LRFRdiload factor of 1.15 corresponds to
the lower bound of the possible live load factansgermit trucks and assumes a single
trip frequency with the permit truck being escoréed no other vehicles on the bridge
during crossing.

The comparisons made in this section in regardseLDOT permit loads are
for the controlling permit vehicle. Table 5 — 3#®gents the breakdown of which permit
vehicle controlled for each rating method, inteaod exterior girder, and load effect.
Data is only presented for Vehicles 1, 3, 4, 7, &miie to these five vehicles controlling

all of the permitting analysis. Vehicle 4 was fdun predominately control in moment
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rating factors with Vehicle 3 and 4 largely conlira in shear rating factors for both

methodologies.

Table 5 - 34 Controlling Permit Vehicles

Permit Vehicle
SCLLIRICC Vehicle 1| Vehicle 3 | Vehicle 4 | Vehicle 7 | Vehicle 8
Flexural 2 15 36 16 5
Exterior i Shear 1 35 41 1] 1]
Girder LER Flexural 2 20 35 15 5
Shear 1 25 40 1 ]
Flexural 2 15 36 16 5
Interior LA Shear 1 36 40 1] 1]
Girder LER Flexural 2 149 36 16 4
Shear 1 35 38 2 1

The LRFR to LFR comparisons are presented in dagiridrmat as before. A
summary of the controlling rating factors usedhe tomparisons at the Permit level of
rating are provided in Table 5 - 35 through 5 - 3Bable 5 - 35 and 5 - 36 provides the
moment and shear rating factors generated for thetinterior and exterior girders for
each bridge in the sample, under the LRFR methggol@dditionally, the controlling
rating factor for the interior and exterior girdar® identified, as well as the controlling
rating factor for the bridge. Table 5 - 37 and38 provides the same rating factor

information but for the LFR methodology.
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Table 5 - 35 LRFR Rating Factors Generated for the Permil@iSample at the

Permit Rating Level, Part 1

Bridge Information LRFR Rating Factors
Bin Material| Structural Interior Girder Exterior Girder Absolute
Type [System Type|Moment| Shear |Controlling| Moment| Shear |Controlling| Controlling
STD c2401 34 1 4 0677 0765 0.65 0599 0.754 0.60 0.0
STD C2401 36 1 4 0655 0.834 0.66 0636 0535 0.64 064
STD c2411 52 1 4 0743 0514 074 0.651 0794 0.65 055
STD C2411 354 1 4 0737 0.853 074 0.655 0.871 0.66 0.55
STD C2411 36 1 4 0.657 0.509 067 0.600 0.90m 0.60 050
STD C2411 35 1 4 0715 1.026 072 0652 1.028 0.65 0.65
STD C2414 52 1 4 095 1.145 082 0.574 1161 0.57 0.87
STD C2414 34 1 4 0.5934 1.290 083 0.8 1.321 0.91 0.91
STD C2414 356 1 4 0914 1.356 0.91 0.900 1.426 080 080
STD C2414 35 1 4 0.550 1.432 0.85 0.570 1477 0587 n.87
STD PC34 24R 1 22 1.485 1.899 1.49 1.219 1.795 1.22 1.22
STD PC34 26R 1 22 1.040 1.564 1.09 1.004 1.932 1.00 1.00
STD 52403 2 2 0.6590 0.867 069 0572 0752 057 .57
STD B2200 15 3 2 1.820 1.535 1.54 1.734 1.464 1.46 1.45
STD BZ2200 20 3 2 161 1.545 1.54 1.825 1.474 1.47 1.47
STD B2200 24 3 2 1.668 1.681 157 1.625 1672 1.53 1563
STD B2200 25 3 2 1.608 1.761 1.51 1.451 1.862 1.45 1.45
STD B2200 30 3 2 1.351 1.706 1.35 1.277 1.805 1.28 1.28
STD BZ2200 52 3 2 1.319 1.797 1.32 1.235 1.901 1.24 1.24
STD BZ200 34 3 2 1.442 2075 1.44 1.368 21597 1.37 1.37
STD BZ2200 35 3 2 1.323 2043 1.32 1.239 2139 1.24 1.4
STD B2800 3 2 1.1490 2,868 1.14 1.013 25955 1. 1.1
STD BC2402 3 2 1.444 3.012 1.44 1.309 320 1.3 1.3
STD BC28M 3 2 1.595 2.8M 1.60 1.445 3.044 1.44 1.44
STD B2400 4 2 0.755 2045 076 0.570 2157 057 057
STD B2411 4 2 0.550 2545 0.55 0.664 2 B55 0.66 0.5
STD B804 4 2 1.061 2442 1.06 0.931 2632 083 083
STD CSC2800 35 4 2 0.645 3,205 0.64 0.575 3.500 0.57 057
STD CSC2300 45 4 2 0.645 3.204 0.65 0.576 3,455 0.55 0.53
STD B32 4 2 0.3535 2010 0.35 02587 1.963 029 023
STD 528130 5 2 1.487 1.344 1.34 1.369 1.425 1.37 1.34
STD PC34 4R 5 22 1.424 1.798 1.42 0710 1. 406 071 0.71
STD PC34 26R 5 22 1612 2025 161 0.563 1.197 0.55 0.55
STD PSC4041 3 2 1.283 0.760 076 1.835 1.238 1.24 075
STD PSC44B5 ] 2 0.367 09595 0.37 0.421 1.4149 0.42 0.37
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Table 5 - 36 LRFR Rating Factors Generated for the PermiddziSample at the

Permit Rating Level, Part 2

Bridge Information LRFR Rating Factors
Bin Material| Structural Interior Girder Exterior Girder Ahsolute
Type |System Type|Moment| Shear |Controlling]Moment| Shear |Controlling| Controlling
BO01393 1 4 .851 1.249 0.85 1.365 2.281 1.3k .85
BO11017 1 4 0828 (. 86R 083 0837 0.953 084 I=E]
BO0S167 1 4 0.705 0.939 0.7 0.694 0.945 069 0.69
BO0E3E0 1 4 0792 1.003 079 0.871 1.056 087 079
BO19607 1 22 0.647 0,922 065 0.647 1.137 065 0.65
B19558 1 22 1.484 1 R34 1.48 1.119 1.443 1.12 112
B014979 1 22 1772 | 26225 177 1456 | 23045 1.44 1.45
BO07334 2 4 0823 0. G485 065 0841 0. GRS 067 065
BO0ES23 2 4 1.026 0616 062 1.012 0613 061 061
BO07 334 2 4 0.823 0.64g 065 0.841 0.6Ea 067 0.65
BOOS005 2 4 1.085 .859 0.89 0728 0.709 0.71 071
BO0RS21 2 4 1.179 [.GEY 067 1.132 0.851 0.85 067
BOO7848 2 4 1.249 1 662 125 1.169 1 /38 117 117
BO11110 2 4 1.181 0.453 0.45 1.040 0.464 0.46 0.45
B011206 2 2 0.7%9%6 1.636 0.a0 077k 1.254 078 0.7a
B011081 3 2 1.997 2.411 2.00 3.410 4,737 3.41 2.00
BO9782 3 2 1.700 290k 1.70 1.346 2 966 134 135
BO0S318 3 2 0. 463 2 963 046 0.433 3206 0.43 043
BO07536 3 2 1863 2 860 186 16828 3134 183 183
BO12825 3 2 1.647 3577 1.65 1.200 3.318 1.20 1.20
B011335 3 2 1.427 1.728 1.43 1.163 1.724 1.16 1.16
BOOZ310 4 2 0. 447 1647 0.45 0513 1,885 0.51 .45
B011097 4 2 1.178 3.014 1.18 1.096 3.181 1.10 1.10
Bi012699 4 2 0859 3.180 0.86 063k 3.021 064 064
B011344 4 2 0.895 1.605 089 0.691 1.440 069 0.69
B012319 4 2 0575 1.737 058 0598 2,285 060 058
B12350 4 2 1.714 0783 0.78 1.376 0.794 079 0.7a
BO17781 4 2 1.h42 1576 1.58 1.589 1.591 159 158
BO15764 =] 2 1.362 1600 1.3k 1.369 1674 137 1.36
B019141 5 2 2145 1.306 131 1853 1333 133 1.31
019990 = 2 1.745 0.886 1.75 1.049 0639 1.05 1.05
B019473 = 2 1.449 1.361 1.36 1.204 1.153 1.14 1.15
B1E591 = 6 2231 1678 1 ha 1.792 2432 1749 168
BO18106 = 6 2723 4 M7 272 1774 3.486 177 177
BO16R45 =] ] 2047 1642 164 1.707 1.492 1.449 1.49
Bi014440 5] 2 13467 0.870 087 0729 0800 073 073
BO1ES10 5 2 1.020 1.434 1.02 1.030 1.514 1.03 1.02
BO1ET11 5 2 1.076 0,963 0.96 0,952 0.930 0.93 0.93
BO1EA10 G 2 0.781 1 F96 078 0.741 1 /g 074 074
B15295 = 2 1.840 16.558 1.84 2 057 15 955 206 1.85
B017909 5] 2 0.381 1.399 038 0314 1170 032 032
B15520 5 2 1.110 1.363 1.1 0.963 1.529 0.96 0.95
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Table 5 - 37 LFR Rating Factors Generated for the Permit @i&ample at the Permit

Rating Level, Part 1

Bridge Information LFR Rating Factors
Bin Material| Structural Interior Girder Exterior Girder Absolute
Type |System Type|Moment| Shear |Controlling|Moment| Shear |Controlling| Controlling
STD C2401 34 1 4 0.825 0818 0.82 0782 0733 073 073
STD C2401 36 1 4 0.811 0.853 0.81 0773 0533 077 077
STD C2411 32 1 4 0.8a7 0.854 0.85 0.8558 0.520 0.52 0.52
STD C2411 34 1 4 0.902 0810 0.5a 0.882 0.5878 0.85 0.85
STD C2411 36 1 4 0522 0813 0.82 0.787 0.8581 n7s n7s
STD C2411 38 1 4 0.855 1.033 0.89 0.850 1.005 0.85 0.85
STD C2414 32 1 4 1.193 1.107 1.1 1.152 1.080 1.08 1.08
STD C2414 34 1 4 1.233 1.224 1.22 1.193 1.185 1.20 1.20
STD C2414 36 1 4 1.215 1.296 1.21 1.187 1.2658 1.19 1.19
STD C2414 38 1 4 1.1649 1.346 1.17 1.146 1.325 1.15 1.15
STD PC34 24R 1 22 2373 2412 237 1.456 1612 1.45 1.45
STD PC34 26R 1 22 2702 2.751 270 1.197 1.325 1.20 1.20
STD C52403 2 2 0.845 0752 0.75 0.803 0.708 0.71 0.71
STD B2200 16 3 2 2167 1.832 1.83 21596 1.861 1.86 1.83
STD B2200 20 3 2 1.925 1.81 1.81 1.954 1.839 1.84 1.81
STD B2200 24 3 2 1.904 2.080 1.90 1.934 2114 1.93 1.90
STD B2200 25 3 2 1.826 23 1.83 1.857 23682 1.86 1.83
STD B2200 30 3 2 1.593 2243 1.53 1.623 2275 162 153
STD B2200 32 3 2 1.545 2355 1.54 1.575 2386 153 154
STD B2200 34 3 2 1.704 2732 1.71 1.741 27N 1.74 1.71
STD B2200 36 3 2 1.549 2672 1.55 1.581 2708 1.558 1.55
STD B2300 3 2 1.404 3.454 1.40 1.420 3670 1.42 1.40
STD BC2402 3 2 1616 3834 1.62 1.669 3986 167 162
STD BiC2801 3 2 1.699 3.341 1.70 1.852 3651 1.85 170
STD B2400 4 2 0.896 2665 0.5a 0.795 2648 0.50 0.50
STD B2411 4 2 1.1 3.280 1.1 1.005 3.272 1.00 1.00
STD B2303 4 2 1.218 2.8966 1.22 1.321 3214 1.32 1.22
STD CSC2300 35 4 2 0.855 3.865 0.858 0.832 4.353 0.8 0.8
STD CSCZ2500 43 4 2 0.895 3.5963 0.5a 0.853 4347 0.85 0.5
STD B32 4 2 1.059 26822 1.06 0.875 2554 0.85 0.85
STD 528130 & 2 1.764 1.077 1.03 20652 1.260 126 1.08
STD PC34 24R 3 22 1.850 2370 1.85 1.607 1938 161 161
STD PC34 26R = 22 1.847 2372 1.85 1.723 2461 1.72 1.72
STD PSC4047 ] 2 1.430 0.450 0.45 2340 0.510 0.81 0.43
STD PSC44E5 ] 2 0422 0.780 0.42 0.519 1.360 0.582 0.42
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Table 5 - 38 LFR Rating Factors Generated for the Permit @i&ample at the Permit

Rating Level, Part 2

Bridge Information LFR Rating Factors
Bin Material| Structural Interior Girder Exterior Girder Absolute
Type |System Type|Moment| Shear |Controlling]Moment| Shear |Controlling| Controlling
BO01393 1 4 1.076 1.451 1.08 1.675 2417 1.67 1.08
BO11017 1 4 1.021 0.528 0.53 1.089 0.831 0.55 0.583
BO0S167 1 4 0.852 0.855 0.85 0.900 0.907 0.90 0.85
BOOG360 1 4 0.993 0.977 0.95 1.115 0.988 0.99 0.98
BO19607 1 22 1.654 1.742 1.55 0.841 0.941 0.54 0.84
B019555 1 22 2.349 2.207 221 1.323 1.266 1.26 1.26
BO014979 1 22 27583 | 33707 275 1.874 | 22542 1.87 1.87
BO07334 2 4 1.113 1.227 1.11 1.112 1.191 1.11 1.11
BO02523 2 4 1.457 0.959 0.95 1.395 0.939 0.94 0.94
BO07334 2 4 1.113 1.297 1.11 1.112 1.191 1.11 1.11
BO09005 2 4 1.364 1.362 1.36 0.854 0.915 0.85 0.85
BO0g521 2 4 1.385 1.303 1.30 1.745 1.695 1.70 1.30
BO07345 2 4 1.344 1.781 1.34 1.414 1.843 1.41 1.34
BO11110 2 4 1.324 1.231 1.23 1.413 1.31 1.31 1.23
BO11206 2 2 0.934 1.337 0.93 1.030 1.481 1.03 0.93
BO11081 3 2 226G 3.004 227 4.308 5731 4.31 299
BO9752 3 2 1.895 3.797 1.90 1.645 3.881 1.65 1.65
BO0S315 3 2 0.549 3.925 0.65 0.599 4.070 0.70 0.65
BO07536 3 2 2.064 3.474 2.06 2.300 3.830 2.30 2.06
BO12825 3 2 1.837 4.459 1.84 1.618 4.240 1.62 1.62
BO11335 3 2 1614 2.193 1.61 1.194 2,260 1.19 1.19
BO02310 4 2 1.177 2112 1.18 1.260 2,169 1.25 1.18
BO11097 4 2 1.463 3.918 1.46 1.553 4.113 1.55 1.45
B012599 4 2 1.133 4.121 1.13 1.059 4.022 1.06 1.06
BO11344 4 2 1.238 2.028 1.24 1.210 1.957 1.21 1.21
BO12319 4 2 0714 2.282 071 0.664 2472 0.66 0.66
BO012350 4 2 1.430 1.044 1.04 1.687 1167 1.17 1.04
BO177E1 4 2 1.420 2.080 1.42 1.491 2.350 1.49 1.42
BO15764 5 2 1.554 1.357 1.36 1.795 1.584 1.58 1.36
BO19141 5 2 2112 1.825 1.82 2.252 1.950 1.95 1.82
BO19990 5 2 1.858 | 12494 1.86 1.780 | 12.329 1.78 1.78
BO19473 A 2 2.245 1.618 1.62 2.034 1.405 1.40 1.40
BO16591 A &) 2.198 1.816 1.82 2.198 1.816 1.82 1.82
BO18106 5 B 2.475 3.115 2.45 2.233 3.102 223 223
BO16845 5 B 2.245 1.520 1.52 2323 1.572 1.57 1.52
BO14450 B 2 1.471 1.014 1.01 0.943 0.966 0.95 0.95
BO16S10 G 2 1.211 1.396 1.21 1.405 1.419 1.40 1.21
BO16111 3] 2 1.258 1.068 1.07 1.234 1.044 1.04 1.04
BO16310 2] 2 0.899 1.160 0.90 0.995 1.251 0.99 0.90
BO015295 5 2 241 10.444 241 2670 9.939 267 241
B017909 B 2 0.434 0.990 0.43 0.430 0.969 0.43 0.43
BO15820 G 2 1.132 0.880 0.85 1.243 0.950 0.95 .55

Comparisons of the moment rating factors are pteden Figure 5 - 38. Similar
to previous results, the majority of data is fouvithin Region 5, with only a few data
points found in Region 6, indicating that for thRER produces nearly equal or lower

rating results when compared to the LFR at the pgdewel. Bridges found within
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Region 5 - 1, while having lower LRFR factors, &end to be unsatisfactory for both
LRFR and LFR for the controlling permit truck. $heesults in the controlling load not
being permitted for bridges found within this ragioBridges within Region 5 - 3, while
having lower LRFR factors, are found to be satisfigcfor both LRFR and LFR for the
controlling permit load. This results in permitsiig granted under LRFR and LFR for
all bridges within this region. Data found in Regi5 - 2 are satisfactory under LFR but
not under LRFR. These represent bridges whereifsewould be under LFR, but not

LRFR.
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Figure 5 - 38 Moment Rating Factor Comparison at the PermvielLéor the Permit

Bridge Sample
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Breaking down the LRFR interior girder moment rgtdata into its material
types produced little additional information. Agjlire 5 - 39 shows, nearly all the
material types can be found in Regions 5 - 1, pan? 5 - 3. However a large amount of
the simply supported steel and presstresed conarieliges can be found in Region 5 — 3.
Additionally only simply supported prestressed cete bridges and steel continuously

supported bridges were found in Region 6 — 3. [@mtiends were found for the exterior

girders.
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Figure 5 - 39 Moment Rating Factor Material Type ComparisothatPermit Level for

the Permit Bridge Sample Interior Girders
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Figure 5 - 40 shows the LRFR to LFR shear ratirtg flar the interior and
exterior girders. As can be seen there are lang#ops of the data in both Region 5 and
6 of the plot. Additionally a trend can be seedt s rating factors become greater than
2.0 for either rating methodology the data prinyafalls in Region 5. However, for shear

rating factors less than 2.0 for either rating rodtilogy, the data falls in both Regions 5

and 6.
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Figure 5 - 40 Shear Rating Factor Comparison at the PermieL®r the Permit Bridge

Sample

Breaking down the LRFR interior girder shear ratiiaga into its material types

produced some additional information as seen inf€i$ - 41. From this plot it is shown
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that all the simply and continuously supportedIdbeielges can be found in Region 5.
Additionally all the reinforced and prestressedarete bridges tend to be near the border

of Region 5 with Region 6.
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Figure 5 - 42 Moment Rating Factor Material Type ComparisothatPermit Level for

the Permit Bridge Sample Interior Girders

Statistical analysis was performed on the Pemnitlirating factor data and the
results are provided in Tables 5 - 39 through 8.- #ables 5 - 39 and 5 - 40 provide the
moment rating factor data analysis for the inteaind exterior girders. Similar to
previous findings the LRFR is shown to produce lyezgual or lower rating results

when compared to the LFR. The C-Channel strucgystem type produced unusual low
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and high LRFR to LFR ratios for the interior andesbor girders, respectively, as seen

previously.

Table 5 - 39 Mean and Standard Deviation Data at the PermieLfor the Permit

Bridge Sample — Interior Girder Moment Rating Data

Numb Int Moment
Type “':f er LRFR LFR LRFR/ LFR
Bridges| Mean Sta'.m?rd Mean Staljda.ard Mean Stal.m?rd
Dewviation Deviation Deviation
All [ 1.18 0.49 1.44 0.54 0.81 0.14
RCSS T-Beam 14 0.79 0.10 0.99 0.16 0.80 0.03
RCSS Channel 5 1.30 0.44 2.35 0.43 0.54 0.12
RC Con Girder 2 0.74 0.03 0.89 0.06 0.83 0.03
RC Con T-Beam 7 1.05 017 1.30 0.13 0.81 0.09
Steel S5 Girder 17 1.49 0.34 172 0.36 0.86 0.05
Steel Con Girder 13 0.90 .42 1.13 0.23 078 0.24
PS SS Girder 6 167 0.30 1.99 0.32 0.85 0.13
PS SS Box 3 2.33 0.35 2.31 0.15 1.01 0.09
PS SS Channel 2 152 0.13 1.85 0.00 0.g2 0.07
PS Con Girder 8 0.92 0.33 1.03 0.41 .89 0.04

Table 5 - 40 Mean and Standard Deviation Data at the PermieLfor the Permit

Bridge Sample — Exterior Girder Moment Rating Data

Numb Ext Moment
Type “':f er LRFR LFR LRFR/ LFR
Bridges| Mean Stal.“h.“d Mean Stal.]d?rd Mean Stal.]d?rd
Dewviation Deviation Deviation
All [ 1.07 0.50 1.43 0.59 074 0.12
RCSS T-Beam 14 0.79 0.20 1.03 0.25 077 0.0z
RC SS Channel 5 1.09 0.30 1.34 0.33 0.81 0.04
RC Con Girder 2 0.67 .14 0.92 0.16 073 0.03
RC Con T-Beam 7 0.97 017 1.29 0.29 0.76 0.07
Steel S5 Girder 17 1.46 .60 1.83 0.74 079 0.03
Steel Con Girder 13 0.73 0.37 1.15 0.29 057 0.20
PS SS Girder 6 1.48 0.39 2.10 0.33 070 0.10
PS 5SS Box 3 176 0.04 2.25 0.06 078 0.04
PS SS Channel 2 0.64 0.10 167 0.03 0.35 0.08
PS Con Girder 8 0.87 0.47 1.18 0.56 073 0.09
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Tables 5 - 41 and 5 - 42 provide the shear datlysiador the interior and
exterior girders. Similar to pervious data the IERIB shown to generally produce nearly
equal or lower rating factors when compared tolfRR. There are a few exceptions to
this with regards to a few reinforced and prestdsoncrete bridge types showing the

LRFR produced slightly higher rating factors thha t FR.

Table 5 - 41 Mean and Standard Deviation Data at the PermieLfor the Permit

Bridge Sample — Interior Girder Shear Rating Data

Numb Int Shear
Type “';‘f er LRFR LFR LRFR/ LFR
Bridges| Mean Stal.lda.ard Mean Stal.lda.]rd Mean Stal.lda.]rd
Deviation Dewviation Deviation
All (i 223 338 2 B3 4.03 .89 025
RCSS T-Beam 14 1.04 022 1.03 0. 1.00 0.05
RCSS Channel 5 6. 46 11.05 a.56 14 06 .52 013
RC Con Girder 2 1.28 058 1.04 .41 1.21 0.0a
RC Con T-Beam 7 07a 037 1.30 0.25 0.59 016
Steel SS Girder 17 230 .66 2.9 .82 079 0.03
Steel Con Girder 13 222 079 285 0.95 077 0.03
PS SS Girder 6 4 bR G.10 479 522 1.00 0.40
PS SS Box 3 245 1.36 215 .85 1.10 018
PS SS Channel 2 1.91 016 237 0.00 .81 0.07
PS Con Girder 8 1.19 033 097 027 1.25 029
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Table 5 - 42 Mean and Standard Deviation Data at the PermieLfor the Permit

Bridge Sample — Exterior Girder Shear Rating Data

Numb Ext Shear
Type “':f er LRFR LFR LRFR/ LFR
Bridges| Mean Sta'.m?rd Mean Staljda.ard Mean Stal.m?rd
Dewviation Deviation Deviation
All [ 227 3.14 253 3.00 0.9z 0.24
RCSS T-Beam 14 1.13 0.40 1.09 0.42 1.04 0.06
RCSS Channel 5 B.05 10.01 5.60 9.70 1.21 0.15
RC Con Girder 2 1.07 .40 1.10 0.55 1.01 0.13
RC Con T-Beam 7 0.80 0.39 1.30 0.35 0.61 0.18
Steel S5 Girder 17 2.52 .89 316 1.08 .80 0.02
Steel Con Girder 13 2.35 0.83 2.97 1.01 079 0.07
PS SS Girder 6 451 5.85 474 5.01 .95 0.40
PS SS Box 3 2.47 1.00 216 0.82 1.14 0.20
PS SS Channel 2 1.30 0.15 2.20 0.37 0.61 0.17
PS Con Girder 8 1.29 0.31 1.10 0.22 1.18 0.23

Additionally, as was observed with the Design imeey level rating data, the
Permit level rating data suggests that the exteiroler produces lower flexural rating

factors than the interior girder for the LRFR metblogy, as shown in Table 5 - 43.

Table 5 - 43 Mean and Standard Deviation Data at the PepwdlIfor the Permit

Bridge Sample — Interior to Exterior LRFR MomentiRg Comparison

Nurmb Ext Moment Int Moment
Type “':f er LRFR LRFR
Bridges | Mean Stal_lda?rd Mean Stal.lda?rd
Deviation Deviation
All T7 1.07 0.50 1.18 0.49
RCSS T-Beam 14 079 0.20 079 0.10
RC SS Channel b} 1.09 0.30 1.30 0.44
RC Con Girder 2 0.67 0.14 074 0.03
RC Con T-Beam [i 0.97 017 1.05 017
Steel SS Girder 17 1.46 0.60 1.49 0.34
Steel Con Girder 13 0.78 0.37 .90 0.42
PS SS Girder 6 1.48 039 167 0.30
PS SS Box 3 1.76 0.04 2.33 0.35
PS SS Channel 2 0.64 0.10 1.52 0.13
PS Con Girder 8 0.87 0.47 092 0.38
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An additional point of comparison was made forc¢batrolling load effect for
each rating methodology. Table 5 - 44 shows thelt® of this comparison. The data in
this table was constructed by counting the numbémes a rating factor for each load
effect controlled for a bridge within the samplehe data indicate that, for the LRFR
methodology, exterior girder moment load effectsntyacontrolled. For the LFR
methodology, the sample was more heavily contrdigdhoment load effects for both

exterior and interior girders.

Table 5 - 44 Controlling Load Effect Comparison, Permit Let@ the Permit Bridge

Sample
. Number of Times Load Effect Controlled
Rating - - - -
Methodology Interior Girder Exterior Girder
Moment | Shear | Moment | Shear
LRFR 11 10 49 7
LFR 25 14 29 ]

Note The permit bridge sample consists of 77 bridges

Additionally, the absolute controlling rating factoetween the two rating
methodologies was compared. The absolute comtgaliiting factor data used for this
comparison can be found in the previously shownésb - 35 through 5 - 38. Provided
in Figure 5 — 42 is a LRFR verses LFR plot of thedute controlling rating data. From
this plot it is seen that the majority of the diatiés into Region 5 with only two data
points found in Region 6. This indicates thatltiRR-R produced lower rating results

than the LFR in general.
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Figure 5 - 42 Controlling Rating Factor Comparisons at theniteLevel for the Permit

Bridge Sample

The final point of comparison was on the absolutatlling load effect and
rating methodology, Table 5 - 45 shows the resaflthis comparison. The data
provided in Table 5 - 45 is the total number of@sreach load effect and methodology
controlled for the bridge sample. This data inthsahat the LRFR exterior girder

moment load effect primarily controlled.
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LRFR Methodology LFR Methodology
Interior Girder Exterior Girder Interior Girder Exterior Girder
Moment | Shear | Moment | Shear | Moment | Shear | Moment | Shear
9 7 43 7 1 5 0 0

Note The permit bridge sample consists of 77 bridges
Table 5 - 45 Controlling Load Effect and Rating Methodologytlee Permit Level for

the Permit Bridge Sample

5.4.3 Summary
Analysis of the Permit bridge samples at the Pelew#l of rating provided the
following general findings:

* The LFR allows a slightly greater number of bridgebe considered for
permitting compared to the LRFR
* Permit Vehicle 3 and 4 largely controlled the rgtanalysis for both

LRFR and LFR for both load effects

* LRFR tends to produce nearly equal or lower momatimg factors

compared to the LFR

* LRFR tends to produce nearly equal or lower shatamng factors

compared to the LFR, with a few exceptions

» Exterior girders tend to control over interior gird for moment load

effects under the LRFR
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5.5 Analysis of Rating Results

As shown in the previous sections, reviewing tlselts at each of the LRFR
rating levels reveals that on average the LRFRyres nearly equal or lower rating
results when compared to the LFR. To gain addidiamsight into the observed trends,
the results at the legal load level were analymegteater detail. In particular, the
variation of each of the of the components of thedmental rating equation, Equation 2
- 1, (i.e. the factored capaci®@, factored dead load effe®, and factored live load
effect,L) with the rating factor was investigated. FigGre43, shows a plot of LRFR to
LFR component ratios verses the LRFR to LFR momegtirig factor ratio, for the
standard and unique bridge samples at the Legadllénal of rating. The live load data
used in this study was from the ALDOT Tri-Axle loaobdel. Three sets of data are
shown on the y-axis. The first set is for the LRIBR.FR capacity ratio, denoted as ratio
C ratioin the figure. The second set is for the LRFRFE®R dead load effect ratio,
denoted a® ratio in the figure. The third set is for LRFR to LARd load effect ratio,

denoted as ratio in the figure.
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Figure 5 - 43 LRFR to LFR Component Ratio Comparisons for BateGirder

Moment Rating Factors

Examining Figure 5 - 43 two important observatians made. First, it can be

observed that thB ratio for the two methodologies is nearly constant fbLRFR to

LFR moment rating factor ratios. This is expediedause there is be no difference in

the way the dead load is calculated between thentetbiodologies. The observation that

theD ratiosis slightly less than 1.0 is due to the differeircdead load factors for the

two methodologies (i.e. dead load factor for LRERqgual to1.25 and 1.3 for the LFR).

The second observation is that eatio for the two methodologies is relativity

constant, being equal to 1.0 or slightly greatettwhe exception of two data points, as

discussed next.
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Figure 5 - 44 LRFR to LFR Capacity Ratio Comparisons for Extetirder Moment
Rating Factors
Breaking the resistance ratios studied previousty their material types, as

shown in Figure 5 - 44, reveals additional infonnmaiabout differences between the two
rating methodologies. In general, it can beem $leat the resistance ratios for
reinforced concrete simply and continuously sumablridges and steel simply
supported bridges are constant, indicating thide kifference in the capacities between
the LRFR and the LFR is observed for these matyes. Prestressed concrete simply
and continuously supported bridges tended to etxaiBiratio of about 1.1 suggesting
that LRFR capacities are roughly ten percent hidgfimen the LFR capacities. Steel
continuously supported bridges shoW aatio closer to 1.3 suggesting that the LRFR

capacities are on the order of thirty percent gretlian the LFR capacities. The
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differences in the capacities shown for these natgpes can be attributed to
differences in the capacity calculation guidelifmsnd in the AASTHO LRFD Bridge
Design Specification (2007) and the AASTHO Standapdcification for Bridge Design
(2002), used for the LRFR and LFR respectively.

Examining the. ratio data from Figure 5 - 43 a decaying trend can lseed.
To investigate this trend the LRFR to LFR ratingtée, RF, ratio is examined in greater

detail. The LRFR to LFRRF ratio can be written in the following form:

(C-D)irer
RFrer = Licer Equation 5 -1
RF e %
I‘LFR
Equation 5 - 1 can be written in the followingrfar
RFrer _ ((C ~D) LRFR ) ( Lier ) Equation 5 - 2

RFLFR (C - D) LFR LLRFR

Since the capacity;, and the dead load effe@, have been shown to be
consistent between the rating methodologies, the odthe subtraction of the two can be
approximated as a constant, so that:

RF
—LRR = (Constan)(

RF ex Lirer

) Equation5 -3
I—LFR
Equation 5 - 3 can be written in the following farm

L
—LRFR =~ (Constan)(

LFR

1 .
) Equation 5 - 4
RI:LRFR

R I:LFR

Examining Equation 5 - 4 reveals that wii2andD are constant the ratio bfis

related to the ratio dRF through adecaying function. Therefore the decaying trend fo
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thel ratio data seen in Figure 5 - 43 can be expected wiesd thtio andD ratio are
constant. To farther understand the decaying to&xsérved for thée ratio data, the
components of the were investigated to determine a possible souncthé trend.

For the investigation of the components of the loed effectL, the standard and
unique bridge samples are studied separately.sdimples are separated to study the
effect that the live load factor may have on theesbed decaying trend. For this
investigation bridges in the standard bridge sarhpiee a fix live load factor of 1.4 and
bridges in the unique bridge sample have a varyiregoad factor based on bridge
ADTT. Figure 5 - 45 and 5 - 46, shows the plotsRFR to LFR live load component
ratios verses the LRFR to LFR rating factor ratinthe standard and unique bridge
samples, respectively. There are again threeo$efsta shown on the y-axis for these
plots. The first set is for the LRFR to LFR fa&ddive load effect ratio, denotedlas
ratio in the figure. The second set is for the LRFRRE® live load factor ratio, denoted
asA ratio in the figure. For the standard bridge sampleAtiatio is constant and is
equal to 1.08 as seen in Figure 5 - 45. The #etds for LRFR to LFR unfactored live

load effect, without live load factor, ratio, deedtasB ratio in the figure.
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Figure 5 - 45 LRFR to LFR Live Load Component Ratio Comparséor Standard
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Examining Figure 4 - 45 reveals that when the logsl factor ratioA ratio, is
constant the decaying trend is observed to beaB thatio, or the live load effect without
live load factor. Examining Figure 5 - 46 revetilat when the live load factor ratia,
ratio, is variable the decaying trend is observed isseen for thé ratio, or the live load
effect without live load factor. This implies tbeserved trend in the live load effect
ratio, L ratio, is due to the combined effects of the componkrgdoad effect (i.e. the
live load factor, live load distribution factor,&impact factor). This indicates that
variations in moment rating factors produced byltR&R and LFR methodologies can
be contributed to the components of the live |oéece

A similar investigation was conducted for the sHead effects at the Legal load
level for the ALDOT Tri-Axle load on the unique asthndard bridge samples. Figure
5 - 47 shows the plot of LRFR to LFR componentostiersus the LRFR to LFR shear
rating factor ratio. Three sets of data are showthe y-axis. The first set is for the
LRFR to LFR capacity ratio, denoted as r&ioatio in the figure. The second set is for
the LRFR to LFR dead load effect ratio, denote® aatio in the figure. The third set is

for LRFR to LFR live load effect ratio, denotedlasatio in the figure.
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Figure 5 - 47 LRFR to LFR Component Ratio Comparisons for EgteGirder Shear

Rating Factors

Examining Figure 5 - 47 three important observetiare made. First, it
can be observed that tBeratio for the two methodologies is constant for all LRfeR
LFR shear rating factor ratios. This is expectedduse there is be no difference in the
way the dead load is calculated between the twiesys and is in agreement with the
moment rating factor analysis previously reviewdthe second observation is that e
ratio for the two methodologies is no longer constaltie C ratio is observed to
increase with increasing rating factor ratios. Atemial type breakdown of th& ratio

data is provided in Figure 5 - 48. The third olaéon is that the decaying trend
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previously observed for tHeratio data is no longer seen. This is due toGhatio and

D ratio no longer being constant; therefore, the decatyggd would not be expected.
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Figure 5 - 48 LRFR to LFR Capacity Ratio Comparisons for ExteGirder Shear
Rating Factors
From Figure 5 - 48 it can be seen that the ste¢énal type bridges had a

constantC ratio across different rating factor ratios. Howevex thinforced concrete
and prestressed concrete material type bridgeseshawaryingC ratio. This difference
in shear capacity for the two methodologies caattréuted to the new shear provisions
found in the AASHTO LRFD (2007) relating shear aapafor reinforced concrete and
prestressed concrete members. This indicates #nations in shear rating factors
produced by the LRFR and LFR methodologies carob&ibuted to variations in shear

capacities and live load effect.
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Investigating the effects the components of tiel&imental rating equation on the
rating factors generated for the Tri-Axle load micatehe Legal load level for the
standard and unique bridge samples produced tloavial findings:

 Moment capacities and dead load effects calculiabed the LRFR
and LFR methodologies are similar

» Variations in moment rating factors produced by ttRFR and LFR
methodologies can be contributed to the compordritse live load
effect (i.e. the live load factor, live load disttion factor, and impact
factor)

» Dead load effects calculated from the LRFR and okdhodologies
are similar

» Shear capacities for steel bridges calculated ffel.RFR and LFR
methodologies are similar

» Shear capacities for reinforced concrete and mesdd concrete
bridges calculated from the LRFR and LFR methode®ghow
significant variation

» Variations in shear rating factors produced by tHRFR and LFR
methodologies can be contributed to variationeas capacities and

the live load effect
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Chapter 6 BRIDGE RELIABILITY

6.1 Introduction

The goal of the development of the AASHTO MCE LRE2R03) was to have a
bridge rating specification consistent with thelpsophy of the AASHTO LRFD (2007)
in its use of reliability-based limit states. Thitows the LRFR to produce a more
rigorous assessment of a bridge’s actual safedapdcity when compared to the LFR
(Sivakumar 2007). To show how the rating resuitthe LRFR compare to those of the
LFR in the context of a bridge’s reliability, rabidity analyses were performed on both
standard and unique bridge samples. In this aisadyisridge’s reliability was assessed

through the use of the Monte Carlo simulation tegie (Nowak and Collins 2000).

6.2 Background Information

In structural design, the capacity and applied $dad a member are not
deterministic in nature. There are varying degodascertainty associated with each.
Structures are therefore designed in a manneilifit fioeir requirements with an
acceptable degree of probability of failure basedhese uncertainties. One way to
define failure is when the applied load effect edsethe capacity of the structure. The
load effect and capacity can be defined as twoicootis random variables Q and R,
respectively. Q and R then would have unique fribhadensity functions (PDF)

similar to the ones found in Figure 6 - 1. Failtiven could be expressed as wker Q
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< 0 (Nowak and Collins 2000). Using this terminolpgyperformance function, g, can

be defined for a given structural member as (Noarzdk Collins 2000):

g(RQ)=R-Q Equation 6 — 1
Where,
g = Performance Function
R = Capacity (Resistance)
Q = Demand (Load Effect)

PDF R, resistance

/

R — (), safety margin Q. load effect

/o

Probability
of failure

Figure 6 - 1 Probability of Failure Depiction (Nowak and Ga$ 2000)

When the performance functigr® 0, then the capacity is greater than or equal to
the demand and the member is considered safe,hasigquate capacity for the demand.
Wheng < 0, then the capacity is less than the demandrenchember is considered
unsafe, not having adequate capacity for the dem@hdrefore, the probability of
failure of the member would be equal to the proltgiof g < 0 (Nowak and Collins

2000). This can be expressed mathematically aw@d@nd Collins 2000):
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P, =P(R-Q<0)=P(g<0) Equation 6 — 2

Where,
P, = Probability of Failure
P = Probability
g = Limit State Function
R = Capacity (Resistance)
Q = Demand (Load Effect)

SinceR andQ are defined as continuous random variables eadhdia PDFg
would also be a random variable with is own unig#. Moreover, if the PDF fdR,
fr, and the PDF fo®, fo, are Gaussian (i.e. having a normal distributiben the PDF

for g, fg, is Gaussian as well. The meanffpthen could be defined as:

Om = Rm - Om Equation 6 — 3
Where,
Om = Mean offy
Rm = Mean offr
Qn = Mean offg

The standard deviation féy could be defined based on the standard deviatibns o
fr andfg as:
Oy’ = o) + 0o Equation 6 — 4
Where,

Oy = Standard Deviation df
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OR Standard Deviation dk

0o Standard Deviation d§
Sincefy is Gaussian, it is convenient to use standard albdistribution tables to
evaluateP;, However, these tables are prepared for a PDmfavimean of 0 and a

standard deviation of 1.0. However, sifigdoes not necessarily have a mean of 0 and a

standard deviation of 1.0, the following transfotima is used:

Equation 6 — 5

Where,u is a standard normal variate of the random noraaableU, which has
a PDF with a mean of 0 and a standard deviatidn@f Settingy to O in Equation 6 - 5,

this corresponds to the condition of failure. Then,

u= ~ O =-p£ Equation 6 — 6

This provides a relationship between the standarchal variatey, andg. Where,

p defined as:

L= I Equation 6 — 7
Ug

The significance of is graphically represented in Figure 6 - 2, aslmaseen, as
f increases thB; decreases and vise vergais commonly referred to as the reliability

index or safety index in the literature when irerehce to the probability of failure.
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fyr (2)
Probability
of failure =
shaded area
Gy =
&m E

Figure 6 - 2 Graphical Representation #{Nowak and Collin000)

Hence, by using the transformation of Equatiorb6R can be related 16 by:

P, =PU <_In =_p) Equation 6 — 8
o

Ps , therefore, can be evaluated using the standardai distribution tables under
this formulation, or alternativelg can be evaluated fro® using (Nowak and Collins
2000):

B=-0(P)=-u Equation 6 — 9

where, (Nowak 2000)

Jé; = Reliability Index

®*' = Inverse of the Standard Normal DistributiamEtion
P = Probability of Failure

u = Standard Normal Variate
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The formulation fop as it relates to thie; through the inverse of the standard
normal distribution function (Equation 6 - 9), isad for the estimatefivalues presented
in the results section of this chapter. A graphiepresentation of the relationship

betweernp and theP; can be seen in Figure 6 - 3.

Probability of Failure

Figure 6 - 3 Relationship Betweefiand theP;
Several important pieces of information can bégegd from Figure 6 - 3:
* As theP;increaseg decreases
* pequal to 0 corresponds tdPa of 0.5 (or 50 percent)
» Positives corresponds t&; less than 0.5 (or 50 percent)
* Negatives corresponds t&; greater than 0.5 (or 50 percent)

* fis more sensitive to changes in very low or High
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This formulation forp is dependent on the assumption that ligtndfg are both
Gaussian. For cases whég@ndfq are of a different type of distribution, different
formulationsp are required. For additional information on tbhenulations ofs for

different distribution types see Nowak and Coll{#600).

6.2.1 Analysis Method
The goal of this analysis is to estimate the prdibalof failure of an existing
bridge and relate it to its rating factor. SiftandQ are not deterministic, there are an
infinite number of combinations & andQ than can arise for any given structural
member. Therefore, the performance functgmrgan assume an infinite number of
values as well. However, with a sufficient numbgtests, it is possible to estimate to a
certain degree of confidence the probability oliuie of a member. However, physical
testing would not be feasible due to its destr@ctiature and the cost involved.
Therefore, an artificial simulation technique i®€ded. One such commonly utilized
simulation technique is the Monte Carlo method. Mlente Carlo method can generate
results numerically without the need of any phyisiesting. An example of a basic
Monte Carlo procedure is as follows (Nowak and i@sl2000):
1. Randomly generate a value ®i(using a the nominal resistance, assumed
normal bias factor and coefficient of variation)
2. Randomly generate a value fQr(using a load effect, assumed normal
bias factor and coefficient of variation)
3. Calculateg=R-Q
4. Storeg values (Each simulation will produce a single véhrag)
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5. Repeat steps 1 — 4 until sufficient numbeg #alues has been generated
6. Estimate the probability of failure as the numbktimesg < 0 divided by

the total number simulations.

Theg values generated from a Monte Carlo simulationmnsed in ways to
calculate the probability of failure. One way,iagdicated previously, is to take the
number of timeg < 0 and divide it by the total number of simulago This will be
refered to as Method 1 subsequently. This methatkswvell only when a significant
number ofg < 0 values are produced. The numbeg af0 values needed depends upon
how precise an estimate of probability of failusedesired. Method 2 requires that a plot
of cumulative probability distribution versgse constructed on probability paper, as
shown in Figure 6 - 4. Then, a straight line iefl through the data by linear regression
analysis. The probability of failure then would defined as the probability-axis
intercept. Method 3 picks the probability of faguby simply observing where the data
crosses the probability-axis, as shown in Figurel6 Ideally, if the assumptions that the
PDF for theR, Qandg are Gaussian (i.e. normally distributed) are tthe,probabilities
of failure calculated by all three methods forragée data set would be similar (Nowak

and Collins 2000).
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Figure 6 - 4 Methods of Calculating Probability of FailureqiNak and Collin000)

6.2.2 Previous Research
In his Task 122 report, Mertz (2005) presentedratdid comparative study

between the probability of failure estimated fdsralge and its corresponding LRFR and
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LFR factors at the Design Rating level. The appinaased to calculate the probability of
failure for each bridge was a modified Monte Cailoulation, performed using Method
1 of estimating the probability of failure, theicabf the number of) <O values to the
total number ofy values. The main modification used in the Mongéel@€procedure
outlined previously in the study was to assumegadomal distribution for the resistance,
R, instead of assumirng as being Gaussian (Mertz 2004). Assunitg be lognormal
is believed to accurately describe the PDR ¢Nowak and Collins 2000). However,
changing the distribution type &fresults in the PDF af no longer being Gaussian as
assumed before. The resulting distributiongdnough, is similar enough to Gaussian
for the previously described Method 1 of calculgtorobability of failure to still be valid
(Nowak and Collins 2000).

The findings of Mertz’s study showed a strong datren between the rating
factors produced by the LRFR method and a bridge‘sesponding probability of
failure, which seemed to follow a noticeable tremsishown in Figure 6 - 5. However,
this correlation was not seen with the LFR methvatere the data seemed to scatter from
the trend observed for the LRFR data. Under the btethod, multiple bridges produced
significantly high failure rates, even when theitimng factors were found to be above 1.0.
Mertz concluded that the rating factors producedeunthe LFR method are not

appropriate and that continued use of the LFR nuktiws irrational (Mertz 2004).
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Figure 6 - 5 Reliability analysis results from Mertz Task 1R2port (2005)

In addition, Mertz studied comparisons betweenfRER and the LFR factors
and a bridge’s corresponding reliability indexsaswn in Figure 6 — 6, whefawere
calculated from Equation 6 - 9. As expected, argfrcorrelation is seen between the
reliability index and corresponding LRFR ratingttac Additionally, the rating factors
produced by the LFR were observed to show littieetation when compared to the
reliability index of a bridge. Another importartbservation made by Mertz was that the
targeted reliability index of 3.5 at Design levating for the LRFR was not being
reached. The data showed that for rating factgusleto 1.0, a bridge’s observed

reliability index would be closer to 2.5 (Mertz Z)0
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Figure 6 - 8 Reliability Index compared to Rating Factor friviertz Task 122

Report (2005)

6.3 Analysis Tools

The reliability analysis for this research was perfed using two computer
programs developed to estimate the probabilityadéife through the use of the Monte
Carlo simulation technique. The first program tivas developed to estimate the

probability of failure of a bridge by all three rhetls described above. To do this gire

Q — Rdata for each simulation were stored and sorfdok need to store and sort the data

limited the programming packages available dué¢odesire for the program to be able
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to perform at least 1 million simulations per bedgThe ability for the program to
perform at least 1 million simulations per bridgasadesirable so that the results
generated could be directly compared to those pteddy Mertz (2005). With this
limitation MatLAB (2008) was chosen as the mostesiframework for programming.

A copy of the MatLAB Reliability Analysis progranae be found in Appendix F1. The
program works by extracting a bridge’s resistanead load effect, and live load effect
from a Microsoft Excel file and then performs a M®arlo Simulation for the data one
million times. Using the data gathered during ¢éhgisnulations, the probability of failure
is then calculated based on the three methodsquglyidiscussed, and exported to a
unique file. The second program was designeg tonéstimate the probability of
failure by the Method 1, described above, butéormillion simulations. Since Method
1 does not require the data tpto be sorted and stored, a Visual Basic Macro was
developed in Microsoft Excel. This macro usesdiime Monte Carlo simulation
procedure as the MatLAB program but for ten millmulations per bridge. A copy of
the Reliability Analysis Macro can be found in Applex F2.

The reliability of a bridge was determined basedrenHL-93 design load model
effects and resistances calculated based on theHA®S_RFD (2007). The Monte
Carlo simulation procedure used for the determamatif the probability of failure for
each program is similar to the Monte Carlo procedvertz used in his Task 122 Study
(Mertz 2005). The Monte Carlo simulation involtbs following ten steps:

1. Gather the nominal dead lodal,, nominal live load plus impadt,,, and
nominal resistancd,, for a bridge according to the AASHTO LRFD
Bridge Design Specifications
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2. Assumei=1

3. Generate a uniformly distributed random numjpgr, between 0 and 1

4. CalculateD, =y + 0, @ (Uy; )

Where, @™ = is the inverse standard normal distributiomcfion
Uy, = A;Dy
UD = VD:I'ID

Where, A, is the dead load bias factor a¥g is the dead load
coefficient of variation

5. Generate a uniformly distributed random numjper, between 0 and 1

6. CalculateL, =y +o, ®™* (4, )

Where, @™ = is the inverse standard normal distributiomcfion
o = ALy
JL = VL/'IL

Where, A, is the live load bias factor ang is the live load
coefficient of variation
7. Generate a uniformly distributed random numjper, between 0 and 1
8. CalculateR =exp,r + 7, r® " (Us ))
Where,®™ = is the inverse standard normal distributiomction

= In(ie) -1/20,,¢°

=
Py
|

= (In(Vg" +1)*?

BS
Py
|
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Where, A;is the resistance bias factor afidis the resistance
coefficient of variation
9. Calculate g=R - (D - L)

10. assume i =i+ 1, loop to step 3 until i > numbkdesired simulations

The results obtained from this procedure will vaith the bias factor and
coefficients of variation. In this thesis, thedfactors and coefficients of variation used
in both programs for the resistance and load weopted from Nowak’s NCHRP report
368 on Calibration of the LRFD Bridge Design Codd are listed in Table 6 - 1 (Nowak
1999). Note that the dead and live load effeasagsumed to be normally distributed

whereas the resistance is assumed to follow a fogaiaistribution.

Table 6 - I Bias Factors and Coefficients of Variation Use&eliability Analysis

(Nowak 1999)

Bias Fact i
Parameter #’ﬁ.um?d fas ractor CDE!:ﬁ[EIEHt of
Distribution 4 Variation [~
Dead Load 1.05 0.100
- Maormal
Live Load 1.30 0.180
Resistance - Moment 1.14 0.130
Concrete Shear 1,20 0.185
Resistance - Maoment Loanarrmal 1.12 0.100
Steel Shear g 114 0105
Resistance - Moment 1.05 0.075
Prestressed Shear 1.15 0.140

A key component of any Monte Carlo simulation is generation of uniformly
distributed numbers between 0 and 1. These nunabergenerated by computer

subroutines, which vary between software packatsvak warns that the use of such
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built-in number generators should be done withicauts some tend to work better than
others (Nowak 2000).

Comparing the probability of failure estimates betw the two computer
programs that were developed for the reliabilitytiom of this research, a 5 % difference
was found on a series of test bridges. Investigatie source of this difference revealed
that the random number generator algorithms foreEand MatLAB differed enough to
produce the 5 % difference. Therefore, it wasdistito perform the entire reliability
study using a single algorithm. Due to the deingroduce probabilities of failure based
on all three methods previously described, the M&lprogram was chosen to perform
all the analysis. For the ten million simulatianercise, which was to be performed
using the Excel Macro, a modified version of thetMeB program was used estimating

the probability of failure only by Method 1.

6.4 Results

The probability of failure for each bridge was cdéted by three different
methods for one million simulations and by one rodtfor ten million simulations.
Comparing the three different methods used forutalimg the probability of failure at
one million simulations revealed that Methods 1 amoduced very comparable results.
The similarity of the results from Method 2 with Meds 1 and 3 was found to be
depend on the probability of failure. As the mstied probability of failure increased,
the results from Method 2 increasingly matched Mdthl and 3. This trend can be seen
in the data provided in Table 6 - 2. Consequeititly,reliability index calculated from
each method’s probability of failure is presentschvell which demonstrates a similar
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trend. The reason for all three methods not alvpagducing similar probability of
failures is due to the PDF gfnot truly being Gaussian (i.e. normally distribyted
Therefore the data when plotted on probability pajoes not form a perfectly linear,
straight, line and as such the best-fit linear apph, Method 2, does not always agree
with the other approaches. Nowak and Collins (2@0@gest, when a large enough
number of simulations are present, to use the Mkihapproach for estimating
probability of failure. Consequently Method 1'siested of probability of failures angl

values are therefore used in the comparative podidhe study.

Table 6 - 2 Probability of Failure Methods Comparison

T Prohability of Failure 8

" Method 1 | Method 2 | Method 3 | Method 1 | Method 2 | Method 3
STD C2414 35 | 0.000060 | D.000740 | 0.000081 3.85 3.18 3.84
BO19558 0.000130 | 0.001137 | 0.000130 3.65 3.05 3.65
STD 714 30 0.445981 0.434641 0.445980 0.14 0.16 0.14
STDh C52404 0965790 | 0.96EE7S | 0.965791 -1.82 -1.83 -1.82

To demonstrate the reproducibility of the resuit;i\g Method 1 for estimating
the probability of failure, three bridges were s&del and 10 unique one-million
simulations were performed. The results of théssithulations were compared with
regards to their averages and standard deviastisyn in Table 6 - 3. It was found that
for bridges having a significant number of failyréee estimated probability of failure
andg were highly reproducible. The cut off point foh&n the one million run
simulation results were no longer reproducible veken to be 30 failures in 1,000,000.
This roughly corresponds tgseof 4.0 which would be considered a relatively safe

bridge, targete@ for design when calibrating the AASHTO LRFD (200vgs 3.5
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(Nowak 1999). Therefore bridges that producedifairates lower than 30 in 1,000,000

were considered safe and are not considered ipdinigon of the study.

Table 6 - 3 Ten RepetitivéOne-Million-Run Simulations Comparison.

- 1 Million Simulations Failures Failure Rate ll,ﬁ’
n
Failures | Failure Rate |Beta From Rate| Average | STD. | Awerage| STD. |Average STD.
3 0000003 452632
2 0000002 461138
4 0.000004 4 46518
3 0.000003 452633
BO19658 7 0.000007 434386 i 232 4.00E-08 | 2.326-08 4,50 0450
] 0000005 a8 717
1 0.000001 475342
[:] 0000006 437758
8 0.000008 4.31445
1 0.000001 4,75342
2130 0002130 285324
2202 0002202 284767
21592 0002192 284912
2224 0002224 284451
2212 0002212 284523
STD PC34 26R| 2262 0002252 283911 2205 2167 | 220503 | 3ATE-05 285 0.005
2200 0.002200 284796
2188 0.002188 2.8457
2215 0002215 28458
2211 0002211 284538
168349 0166943 0.95833
169595 0169595 095577
| 159404 0163404 0 95552
169272 01658272 0.95705
1694149 0163419 095546
BOOS16T 169565 0163955 039543 165524 3309 0av 3.34E-04 056 0.0
169686 0169586 0.95462
169737 0169737 0.95521
169850 0163250 095476
169613 0168615 0.95563

To verify the adequacy of the 30 in 1,000,000 bpe#aht for reproducing results
of 4.0 or less, a comparison betwgeralues generated from one million simulations and
ten million simulations were compared. This wasalon both the unique and standard
bridge samples. The thought behind this compangasthat if thef valuesproduced by
the two simulations were comparable, showing ldifeerence, then the chosen
breakpoint would be adequate. To illustrate thimparison the percent difference for

and probability of failure between the one mille@mulations and ten million simulations
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is plotted versus the number of failures for the amllion simulation analysis, shown in
Figure 6 - 7 for interior girders moment load effeAs Figure 6 - 7 shows that even
when the probability of failure showed significa@rcent differences, larger than 50 %,
S showed little difference with the increase in n@mbf simulations, less than 3%. This
would indicate that the 30 in 1,000,000 breakpwiaotild adequately capture, allow the
reproduction off values of 4.0 or less. Tables presenting the pédiéerence for
probability of failure ang between the one million and ten million run sintigias are

presented in Appendix F3 for both interior and ertegirders in flexure and shear.

100%
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. 75%, w -
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= 50%
= ’ *
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-100% : . :
1 10 100 1000 10000

Mumber Failures from 1 Million Simulations

Figure 6 - 7 Percent Difference in Estimated Probability afléie and Beta Between

One Million and Ten Million Run Simulations for brior Girders in Flexure
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The first set of comparisons made between the LRkRthe LFR with regards to
probability of failure is shown in Figure 6 - 8n Figure 6 - 8 the probability of failure is
plotted versus moment rating factors produced lily bee LRFR and the LFR
methodologies for interior girders. Similar to tlesults presented by Mertz (2004), the
rating factors produced by the LRFR have a direatetation with a bridge’s estimated
probability of failure. However, rating factorsgpluced under the LFR are shown to not
be well correlated to estimated probabilities @if@. Additionally the range of
probabilities of failure observed for a given ratilactor is greater for the LFR than the
LRFR. This suggests that the rating factors pcedwnder the LFR may not be an
appropriate representation of a bridges adequadgrumgiven loading. Bridges with
rating factors greater than one are even showave probabilities of failure as high as
50% under the LFR. Similar results were foundexterior girders in flexure, as shown

in Figure 6 - 9.
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Figure 6 - 9 Probability of Failurend Rating Factor Comparison, Exterior Girders

Moment Load Effect

In Figure 6 — 10 the probability of failure is gled verse shear rating factors
produced by both the LRFR and the LFR methodoloigiesterior girders. Different
from the data presented for interior girders fomment load effects, the scatter seen for
both the LFR and the LRFR is greatly reduced feerior girder in shear. The correlation
between the LRFR and failure rate is strongly shéwrinterior girders in shear. The
LFR however shows only sporadic correlation to@bpbility of failure. Rating factors

less than one are shown to have very low probegsldf failure in some cases, while
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rating factors greater than one have very high godities of failure. Additionally, it is
important to note the sharp increase in probabdlitiailure for rating factors less than
0.8 for both the LRFR and LFR methodologies. Samikesults were found for exterior

girders as seen in Figure 6 - 11.
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Figure 6 - 10 Probability of Failureand Rating Factor Comparison, Interior Girders

Shear Load Effect
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Figure 6 - 11 Probability of Failureand Rating Factor Comparison, Exterior Girders
Shear Load Effect
The LRFR and LFR rating factors were also compé&vdties values calculated

from the estimated probabilities of failure. Fig - 12 presents the data for the interior
girders for moment load effect. This comparisomdsestrates again the correlatiphas
with the rating factors produced under the LRFRIdi#ionally, the LFR is shown to

have little to no correlation t®with a large scatter across the pléitis important to note
that rating factors equal to 1.0 appear to coreeldth af of 2.5 instead of the intended

targeted of 3.5 for this level of rating in the LRFR. Siamresults were reported by
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Mertz in his Task 122 report (2004) as indicatefbtze Exterior girders produced

similar results as shown in Figure 6 - 13.
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Figure 6 - 12 g and Rating Factor Comparison, Interior Girders Matrl_oad Effect
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Figure 6 - 13 £ and Rating Factor Comparison, Exterior Girders Motioad Effect

The shear data for the interior girders is presemtd-igure 6 - 14. Similar to the
flexural results, the LRFR rating factors are seehave a strong correlation withwhile
the LFR does not. Additionally, the trend of ratiiactors of 1.0 correlating tofeof 2.5,
instead of the intended targefedf 3.5 for the design rating level, is seen fa ithterior
girders in shear as well. Similar results are tbtor the exterior girders in shear as seen

in Figure 6 - 15.
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6.5 Summary and Conclusion
The reliability analysis of the standard and unifudge samples at the Design
Inventory level of rating provided the followinghflings:
» Rating factors produced by the LRFR are well catesl to estimated
probability of failure for interior and exteriorrgiers in moment and shear
» Rating factors produced by the LFR are not weltelated to estimated

probability of failure for interior and exteriorrgers in moment and shear
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» Rating factors equal to 1.0 under the LRFR werevshio correspond to a
reliability index of approximately 2.5 which is sifjcantly lower than the
targeted reliability index of 3.5 for the Desigrvémtory rating level

Based on the reliability analysis of the unique atathdard bridge samples the
LRFR rating methodology is shown to produce a migr@rous assessment of a bridge’s
level of safety compared to the LFR rating methodgl The LFR rating methodology
however showed a poor correlation between estinyaigahbilities of failure and LFR
rating factors. This suggests that the LFR ratmeghodology produces rating factors

that do not consistently reflect a bridge’s leviesafety.
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Chapter 7 Summary, Conclusions and Recommendations

7.1 Summary

Adopting the AASHTO MCE LRFR (2003) can have a profd effect on the
rating practices of ALDOT with regards to Alabam8tite and County owned bridges.
In order to assess how the new rating methodolagyldvaffect Alabama’s bridge
inventory, a comparative study was done by the Amtuniversity Highway Research
Center between the LRFR and LFR. This study waslected on a representative
sample of 95 bridges from Alabama’s State and Goawned bridge inventory. Rating
factors were compared between the two rating metlbgies at the Design load level,
Legal load level, and Permit load level of ratijASHTO design and standard legal
load models were used in addition to eight Alab&tede Legal Loads and ten State
permit trucks. In addition to the comparative stoflirating methodologies, a reliability
study was done to evaluate how rating factorseaDisign Inventory level of rating

compared to the estimated probability of failurediridge.

7.2 Conclusions

The comparative study provided in this thesis shibla@v the new LRFR rating
methodology compares to the LFR rating methodolmgg sample of 95 bridges from
Alabama State and County owned and maintained éiidgentory. The conclusions

from this study are as follows:
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Rating factors produced under the LRFR at all leeélrating were shown
to be nearly equal or lower to the LFR rating fastior exterior and
interior girders as well as for moment and shear.

Moment rating factors under the LRFR methodologyt control over
shear rating factors at all levels of rating; foe LFR methodology,
moment and shear rating factors were seen to donte or less evenly
Load rating under the LRFR methodology was predarmtiy controlled
by exterior girder moment rating; for the LFR meatbliogy load rating
was not dominated by any particular load effeayicater

ALDOT legal loads are not enveloped by either tR&MNTO legal loads
or the HL-93 design load model

Load rating under ALDOT legal loads for the uniduglge sample,
which consisted of 45 bridges, showed that 23 lesdgquire posting
under the LRFR and 8 bridges require posting utitet FR

Posting loads under the LRFR tend to be signifigdotver than posting
loads under the LFR

The LRFR allows a slightly fewer number of bridgede considered for
permitting compared to the LFR

Differences in moment rating factors produced l&ytRFR and the LFR
can be attributed to differences in live load dittion factor, live load

factor, and dynamic load allowance factor.
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Differences in shear rating factors produced byl fRER and the LFR can
be attributed to differences in live load distributfactor, live load factor,
dynamic load allowance factor and capacity.

The structural system type C — Channel bridges wieogvn to produce
unusual LRFR to LFR rating factor ratios when coregao other
structural system types at all levels of rating.

Moment and shear rating factors produced by theR.BFthe Design
Inventory level of rating are well correlated te thstimated probability of
failure for interior and exterior girders

Moment and shear rating factors produced by the &FRe Inventory
level of rating are not well correlated to the mstied probability of failure

for interior and exterior girders

7.3 Recommendations

The findings of the comparative study showed thahost cases the LRFR

produces lower rating factors than the LFR for Alada’'s State and County owned and

maintained bridges. However, while the LRFR maydpice lower rating factors, the

rating factors produced were found to be well datesl to a bridge’s estimated

probability of failure which adds credence to tHRAR methodology.

Based on this observation the following recommendatare suggested to

ALDOT. From an implementation point of view:

It is recommended that ALDOT uses the LRFR fom@tew bridges

designed to the AASHTO LRFD (2007) at all ratingdks
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It is recommended that ALDOT uses both the LRFR I
methodologies for rating existing bridges at afinglevels. When RF >
1.0 for LRFR and for LFR, a bridge can be considesa&tisfactory. When
RF < 1.0 for LRFR and for LFR, a bridge can be adered
unsatisfactory. When RF < 1.0 for LRFR and RFG-fr LFR, further
investigation of the safety of the bridge is recoemated according to

ALDOT current policies.

In addition, the following recommendations for ht investigations are also

made:

It is recommended that further research be conduotenderstand and
identify factors affecting the observed differenbesween the LRFR and
the LFR. Factors to investigate may include, atret limited to: the
live load distribution factor and live load factor.

Based on unusual LRFR to LFR rating factor ratiesipced by the C-
Channel bridges during the study it is recommeiad filrther research be
conducted in regards to the modeling simplificasiorcorporated within
this study, with special attention given to thesllead distribution factors

used during the rating analysis.
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APPENDIX A: Sample Distributions

Presented in Tables A - 1 through A - 6 is thectrral system type breakdown of
the SCOMB inventory for each material type. Eaaihld provides a summary of number
of bridges in each structural system, and spartteranges included in each structural

system type.

Table A - 1: Structural System Type Distribution for Reinforced Concrete Simply

Supported Bridges According to SCOMB Distribution

Number of Percent Span Length
Structural System Type: Bridges [uf_l';'latenal o Number of| Percent of
ype) ange Bridges Type
0-251 207 428 %
25 - 60 ft 240 496 %
Slah 434 14 4% F0 -7 R =0 11 %
7h4+ft 17 35 %
0- 251 167 179 %
25 - 60 ft a7z G1.4 %
. . . o al- 75 ft a5 9.1 %
Stringer-Multi Beam or Girder 931 27 B% T RETE e 1F %
100 - 126 ft 43 46 %
126+ ft 21 23 %
0-251 140 11.0 %
25 - 80 ft 1060 g36 %
T-Beam 1268 I 6% a0 - 75 fit a0 39 %
75 - 100 ft 11 09 %
100+ ft 7 06 %
0-2561 290 421 %
C-Channel (Steie] 20.4% 25 - A0t 308 278 %
a0+ ft 2 03 %
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Table A - 2: Structural System Type Distribution for Reinforced Concrete

Continuously Supported Bridges According to SCOMB [stribution

Percent Span Length
Number of .
Structural System Type: Bridges (of Material Number of| Percent of
Type) Range Bridges Type
0-251 50 909 %
Slab = S T 5 9.1 %
0-251 16 129 %
25- 801 32 208 %
Stringer-Multi Beam or Girder 124 207 a0 - 75 ft 37 298 %
75 - 100 fi 30 242 %
100+ ft g 7.3 %
0-251 3 0.7 %
25- 801 25 5.2 %
T-Beam 413 B9.9 a0 - 751t 225 538 %
75 - 100 fi 146 349 %
100+ ft 18 4.3 %
0-251 1 50.0 %
C-Channel 2 0.3 55 _ED f 1 E0.0 %

Table A - 3: Structural System Type Distribution for Steel Simply Supported

Bridges According to SCOMB Distribution

Number of Percen.t Span Length
Structural System Type: Bridges [uf_l';'laterlal o Number of| Percent of
ype) ange Bridges Type
0-251 411 28.8 %
25- 801 547 384 %
50-75 1 216 152 %
Stringer-Multi Beam or Girder 1425 829.0 75 - 100 fi 146 10.2 %
100 - 125 B2 4.4 %
125 - 150 fi 20 1.4 %
150+ ft 23 1.6 %
T-Beam 1 0.1 0-25 fi 1 100.0 %
0-251 g 571 %
Frame 14 1.0 25-801 5 357 %
a0+ ft 1 7 %
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Table A - 4: Structural System Type Distribution for Steel Continuously Supported

Bridges According to SCOMB Distribution

Number of Fer-::en.t Span Length
Structural System Type: Bridges [uf_l';'laterlal o Number of| Percent of
ype) ange Bridges Type
0-261 93 11.5 %
25 -850t a0 B.2 %
B0-75 1t 109 13.4 %
Stringer-Multi Beam or Girder 812 8939 75 - 1001t 219 270 %
100 - 125 220 271 %
1256 - 160 f 43 B.0 %
150+ ft 72 8.9 %
Frame 1 U1 25-a0+ 1 100.0 %

Table A - 5: Structural System Type Distribution for Prestressed Concrete Simply

Supported Bridges According to SCOMB Distribution

Nimbee ot Percent Span Length

Struclurel Syt Type: Bridges {Df_:!‘ at:}nal e Numhber of| Percent of

yp 9 Bridges Type
0-251 5 10.2 %
Slab 45 5.4 25 - 50 ft 28 571 %
a0 - 75 ft 16 327 %
0-251 29 4.2 %
26 - 50 ft 177 286 %
; : : S0 - 75 ft 120 17.4 %
Stringer-Multi Beam or Girder 91 5.8 £ 100 R TER S E
100 - 125 ft 113 16.4 %
126 - 180 f S5 13.9 %
0-251 7 127 %
26 - 50 ft 10 18.2 %
a0 - 75 ft 1 1.8 %
T-Beam 25 G.0 7 00 R 7 57 %
100- 125 ft 23 418 %
126+ ft 5 9.1 %
0-251 7 258 %
26 - 50 ft 10 370 %
Box-Beam 27 3.0 E0.7E T = SOE %
100+ ft 2 7.4 %
0-251 20 222 %
C-Channel S0 oa SE_EO R =0 =8
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Table A - 6: Structural System Type Distribution for Prestressed Concrete

Continuously Supported Bridges According to SCOMB [stribution

I Percent Span Length

Syl System Type: Bridges [Df_lhf‘ at:}rlal Riifiia Number of| Percent of

yp 9 Bridges Type
Slab 2 0.5 75100 f 2 100.0 %
0-251 2 0.5 %
25 -50 1t 317 i %
; : : a0-75 1t 38 9.2 %
Stringer-Multi Beam or Girder 411 g7 .9 =5 100 R 7 =8 %
100 - 125 13 32 %
126+ ft 9 22 %
75 -100 ft 4 BE.7 %
T-Beam B 1.4 100+ ft 2 33.3 %
Box-Beam 1 0.2 100 - 125 1 1 100.0 %

Tables A - 7 and A - 8 present the proposed unigiggge sample’s material and
structural system types. Table A - 9 presentsitta standard bridge sample’s material
and structural system types and additional sanmpéernation. Table A - 10 presents the

final unique bridge sample’s material and strudtayatem types.
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Table A - 7. Proposed Unique Bridge Sample Part 1

Material Type

Structural System

Span Length
Range

RC Simply
Supported

olab

0-251

25-50#

50 - 75 ft

75+ ft

Stringer-MultiBeam or Girder

0-251

25-50 ft

50-75f

75-100 f

100- 125 #t

100+ ft

T=-Beam

0-25+H

25-50fi

50-75f

75 - 100 ft

100+ ft

Channel Beam

0-251

25-50 ft

S0+ ft

RC Continuous

Slab

D-251

25- 50 ft

Stringer-hMulti Beam or Girder

0-251

25 - 50 ft

50-751

75-100#

100+ fi

T-Beam

0-251t

25-50#

50-75f

75-100 ft

100+ ft

Channel Beam

0-251

265-50ft

Steel Simply
Supported

Stringer-Multi Beam or Girder

0-251t

25-50 f

50 - 75 fi

75-100

100 - 125

125 - 150 ft

150+ ft

T-Beam

0-25f
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Table A - 8 Proposed Unique Bridge Sample Part 2

Material Type

Structural System

Span Length
Range

Steel Continuous

Stringer-Multi BEeamn or Girder

0-25ft

25-501

50-75 ft

75-100 ft

100 - 125

125-150 #

150+ ft

Prestressed
Simply
Supported

Slab

0- 25 ft

25-50 ft

50 - 75 ft

Stringer-Multi Beam or Girder

0-25ft

25-501

50-75ft

75 - 100 fi

100 - 125

125-150 ft

T=Beam

0-25ft

25-50f

50-75f

75-100 f

100 - 125 ft

125+ fi

Box Bearn or Girder

0-25ft

25-50f

50-751

100+ fi

Channe| Beam

0-251

25-501

Prestressed
Continuous

Slab

75 - 100 ft

Stringer-Multi Beam or Girder

0-25f

25-50 ft

50-75

75 - 100 f

100-125

125+ ft

T=Beam

75-100 f

100+ fi

Box Beam or Girder

100 - 125 ft
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Table A - 9 Standard Bridge Sample Bridge Descriptions

T9pA0 | pavoddns Ajdws 'alalounn passallsald L l 0£LB7S
AU - ) pauoddns Ajduns "elaiouon passaisald f paniojulay FE t Z¥ead
Iapng | papoddng Ajsnonuiuoy '|aals L8 =02 - 08 | ZE9MS
9P | pauoddns Ajsnonuiuon "elalouog passallsalg LE L Loposd
9RO | pauoddns Ajsnonuiuon Telalouony passallsald == L G9fFtosd
Iapng | papoddng Ajsnonuiuos '|aals 08 -.001 -,001 -,08 [l q0087252
9P | pauoddng fjsnonunuon Taleiiuo padioliay G2 -.00] - .G | - LUSTOFZSD
Tapag | pauoddns Ajsnonuiuo: 'ajalaun s padiolay 99 -.78-.£8-.99 | £ LUSEOFEsD
umagaa] pauoddns Ajduwis "alaiounn padiouey sleaalll 7 G 0} 7o t FLEFED
umagaa] pauoddng Ajdwig "alaiaua) padiouay sleaalul 7 Oc 0} 75 t LLFED
umagea] pauoddng Ajdwis "e1alounn padiouiey s|eaalll 7 ac 0l 70 tr LOFED
BRG] papoddng Aduns 'jasig .02 | 108224
Iapng | papoddng Ajdung "jasis jifs | 0¥
Japno | papoddns Ajsnonuiuoy '|aals 08 -.001 -,00] -,08 | 60829
PR | papoddng Aduns 'jasig .09 | 008Z9
Iapng | papoddns Ajsnonuiuos '|gals 12 -.00l -.08 | LL¥ég
Iapno | papoddns Ajsnonuiuog '|aalsg 08 -.,08 -.09 | 00rZd
PR | papoddng Aduns 'jasig S|edaul 7 GE 01 gl o 00ZZ9
umagaa] pauoddnsg Ajduwis "elaiounn padiouey sleaalll 7 7501 7F q 9L/
umagaa] pauoddng Ajdwig "ataiauan padiouay glesdalul 7 FC 0 b7 q FLs
suonelep
m”_“.__._m__wﬂm adk] jeuajep (siypbuaq ueds abipug tmh_,_____ﬂ...mm
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Table A - 10 Unique Bridge Sample Matrix
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Material Type Structural System Span Length Range BIN
Slab 0-251t 154
0-2351t 1393
11017
7699
Tee Beams 26501 5167
RC Simply Supported 6360
a0-7aft 3411
0.95 # 8653
PC Channel Beam 19607
55 _ a0 # 19558
14979
25-501 7334
8523
a0-73ft 7334
_ Tee Beams 9005
RC Continuous 3521
75 -100 ft 7848
100+ ft 11110
Stringer-MultiBeam or Girder 7o -1001t 11206
25 - 50t 11081
. ava2
s;“' Simply Stringer-mMutiBeam or Girder S0.-751t 5318
upported ]
7536
75-100 1t 12825
100 -125 11335
0-251t 2310
S0-751t 11097
75 -100 1t 12599
Steel Continuous Stringer-MulttiBeam or Girder 11344
100 -125
12319
123 -150 # 12350
150+ ft 17781
S0-75 1 15764
Stringer-MultiBeam or Girder OENIEE it
" 100-125 1t 16845
Prestressed Simply 19990
Supported 125 -150 # 19473
' 25 - 501t 16591
BoxBeam or Girder Zo 75 16106
14450
25-501 16510
16111
Prest_ressed Stringer-MulttiBeam or Girder 16310
Continuous a0-751f
15295
75 -100 ft 17909
100 - 125 1t 15820
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Provided in Tables A — 11 thorugh A — 14 is addhiil information about each
bridge in both the unique and standard bridge sesnpinformation included about each
bridge is the following: BIN, Year, AADT, Live LabFactor, Span Length(s), Girder
Spacing, Condition and System Factors, Materiale] Giructural System Type, Deck

and Girder Concrete Strength, Reinforcement Grawieé Structural Steel Grade.

Table A - 11 Additional Sample Information Table 1
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ADTT

# of

Bin Year AADT B SEH ( b Span Lengthis) Spsing Girder Spacing @ " @ c
STD 714 24 1842 — — — — 23 1 4" 1.00 1.00
STD V14 26 1942 — — — — 25 1 74" 1.00 1.00
STD V14 28 1942 — — — — o7 1 74" 1.00 1.00
STD V14 30° 1942 — — — — 29' 1 74" 1.00 1.00
STD 714 32 1942 — — — 31 1 s 1.00 1.00
3190 X% 431 1.49
STD 714 34° 1942 3555 22% 391 1.48 33 1 74 1.00 1.00
3730 16% 298 1.46
STD V16 42 1942 — — — 4! 1 74" 1.00 1.00
STD716 44 1942 — — — — 43 1 74" 1.00 1.00
STD V16 46 1942 — — — — 45 1 74" 1.00 1.00
STD 716 48 15942 — — — — 47" 1 74" 1.00 1.00
STD 716 50 1942 — — — — 49' 1 74" 1.00 1.00
STD 716 52 1942 — — — — 51 1 74" 1.00 1.00
STD C2401 32 1952 — — — — 31 1 68" 1.00 1.00
STD C2401 34 1952 — — — — 33 1 68" 1.00 1.00
STD C2401 36 1952 — — — — 35 ¥ ¥ 1.00 1.00
STD C2401 38 1952 — — — 37 1 68" 1.00 1.00
STD C2411 32 1963 — — — 3 1 68" 1.00 1.00
550 1% 5] 1.40
STD C2411 34 1963 1586 1% g 1.40 33 1 g'8" 1.00 1.00
550 1% 3 1.40
STD C2411 36 1963 — — — 35 1 68" 1.00 1.00
STD 2411 38 1963 — — — — 37 1 68" 1.00 1.00
STD C2414 32 15966 — — — — a1 1 68" 1.00 1.00
STD C2414 34 1966 — — — — 33 1 68" 1.00 1.00
STD C2414 36 1966 — — — — 35 1 58" 1.00 1.00
STD 2414 358 1966 — — — 37 1 68" 1.00 1.00
529 9% i} 1.40
STD PC34 RC 24R 1978 265 2% o 1.40 34 1 Tl 1.00 1.00
285 2% 3 1.40
STD PC34 RC 26R 1978 — — — 34 1 MA 1.00 1.00
STD C52403 1963 — — — 78" 100 78 a ' 1.00 1.00
STD C32404 1963 — — — — BE' 82 B2' BB 4 68" 1.00 1.00
STD B2200 16 1950 — — — — 15' 1 B! 1.00 1.00
STD B2200 20 1850 — — — — 19' 1 52" 1.00 1.00
STD B2200 24 1950 — — — — 23 1 B2 1.00 1.00
STD B2200 28 1950 — — — — 27 1 B2" 1.00 1.00
STD B2200 30 15850 — — — — 29' 1 g2 1.00 1.00
STD B2200 32 1950 — — — — 3 1 B2 1.00 1.00
STD B2200 34 1950 — — — — 33 1 52" 1.00 1.00
STD B2200 36 1950 — — — — 38 1 g'2" 1.00 1.00
STD B2500 1955 — — — — 78.5875 1 g' 1.00 1.00
STD BC2402 1968 — — — — 58.75' 1 B8 1.00 1.00
STD BC2801 1950 — — — — 80’ 1 g' 1.00 1.00
STD B2400 1851 — — — — G0' 80" B0 3 g 10" 1.00 1.00
STD B2411 1963 — — — — 50' 100" 80 3 510" 1.00 1.00
STD B2809 15960 — — — — 80" 100" 100" 80 4 g 1.00 1.00
STD CSCZB00 35 1979 — — — — 80' 100" 80' 3 g 1.00 1.00
STD CSC2800 45 1979 — — — — 80' 100' 100" 80 4 g' 1.00 1.00
STD B32 1934 — — — — 20 20° 20 3 8ua3l 1.00 1.00
STD PC34 PS 24R 1978 — — — — 34 1 T4, 1.00 1.00
STD PC34 PS 26R 1978 — — — — 34 1 TA, 1.00 1.00

Table A - 12 Additional Sample Information Table 2
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ADTT

Bin Year AADT % of ANDT| ADTT T Span Length(s) ST)::S Girder Spacing {’js {:ﬁc
STD 528130 2002 — — — — 130° 1 = 1.00 1.00
STD PSC4465 1984 — — — | B5' B5' B5' BS' BS' ] g 1.00 1.00

4530 16% 362 1.47
STD PSC4041 1978 Ak 6% £ IAE 141" 41 41 41 41 B 7 1.00 1.00
200 1% 1 1.40

B001353 1935 47830 14% 3345 1.74 25' 1 7 1.00 1.00
BO011017 1950 135 10% 7 1.40 42 1 g 1.00 1.00
BO07E33 1562 — — — — 34 1 86" 1.00 1.00
B005167 1570 — — — — 33 1 g6 1.00 1.00
BO0E360 1551 — — — — 38.667 1 74 1.00 1.00
B003411 15951 2900 13% 189 1.42 50 1 7 1.00 1.00
BO05E53 1969 500 2% B 1.40 19' 1 T 1.00 1.00
B019607 1974 2121 5% 54 1.40 24! 1 Ty 1.00 1.00
B012555 2006 1233 5% 3 1.40 40 1 A 1.00 1.00
5014973 210 1% 1 1.40 34 1 M 1.00 1.00
BO07334 1957 5000 16% 640 1.55 44" 55 44 3 g 1.00 1.00
B008521 1584 13895 24% 1667 1.68 54' BB 54 3 73" 1.00 1.00
BO07334 1957 5000 16% 540 1.85 44' 85" 44 3 g' 1.00 1.00
BO03005 1966 23815 19% 2262 1.70 58' 73 58 3 B 1.00 1.00
B008523 1584 400 1% 2 1.40 44' 55 44 3 6'8 1.00 1.00
BO07845 1957 25590 28% 3583 1.75 7290 7 3 g 1.00 1.00
B011110 100 0% 0 1.40 B4' 105" 105" 84" 4 = 1.00 1.00
B011206 1972 — — — 84' 105' 105" 84" 4 = 1.00 1.00
B0110581 1971 14313 1% 787 1.89 31.667" 1 74" 1.00 1.00
BO0S752 1967 12210 10% 611 1.54 78.625' 1 g' 1.00 1.00
B005318 15953 2480 10% 125 1.41 70.875" 1 68" 1.00 1.00
B007536 — — — — 56 1 g 1.00 1.00
B012825 15981 930 20% o3 1.40 a0 1 7 1.00 1.00
BO011335 1973 20575 15% 1543 1.67 109.583' 1 7 1.00 1.00
B002310 1939 2310 28% 323 1.46 22022 2 B 1.00 1.00
B011097 1972 11070 44% 2435 1.70 50" B0 50 ] 7 1.00 1.00
B012539 1580 2620 6% 79 1.40 60° 80° B0 3 7 1.00 1.00
B011344 1973 20575 15% 1543 1.67 70° 109" 80 3 7 1.00 1.00
B012313 1976 3030 14% 2172 1.69 82" 104' 82 3 7'B" 1.00 1.00
B012350 1581 14120 17% 1200 1.66 1400 180° 140° 3 g'9" 1.00 1.00
B017781 2002 — — — bE7S 210 210' 168 4 10'3 1.00 1.00
B015764 1992 7885 35% 1380 1.66 47 672 1 g' 1.00 1.00
B013141 2008 — — — — i 1 74" 1.00 1.00
5012930 2008 — — — — 123 1 7 1.00 1.00
B019473 2005 6730 5% 168 1.42 131.021° 1 53" 1.00 1.00
B016591 1996 5395 1% &7 1.40 A0 1 A 1.00 1.00
5015106 2006 10482 5% 262 1.45 51.042" 1 T 1.00 1.00
B016545 1994 2450 10% 123 1.41 100 1 7'8" 1.00 1.00
5014450 1587 22045 10% 1102 1.65 8.5 395 395 3 ik 1.00 1.00
B016510 1594 350 20% 35 1.40 §2.802' 32802 32804 &5 = 1.00 1.00
BO16111 1994 — — — — 8.458' 39583 3845 3 7 1.00 1.00
BO16310 1993 21405 7% 749 1.68 | 59.25' B1' B1.082' 4 89" 1.00 1.00
B015285 750 10% 38 1.40 50" a0 a0 3 g' 1.00 1.00
B017509 2002 550 20% i) 1.40 | 82417 83" 82417 3 7' 1.00 1.00
5015520 1585 — — — — |8.25' 117833 11837 3 66" 1.00 1.00

Table A - 13 Additional Sample Information Table 3
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. . Structural Deck F'c | Girder F'c Reinforcentent Stectyral
Bin Material Type Soatar T (ksi) (ksi) Grade Steel Grade
(ksi) (ksi)
STD 714 24 Reinforced Concrete, Simply Suppored T-Beam 25 25 33
31D 714 26 Reinforced Concrete, Simply Supported T-Beam 245 245 33
STD 714 28 Reinforced Concrete, Simply Supported T-Beam 25 245 33
STD 714 300 Reinforced Concrete, Simply Supported T-Beam 258 25 33
STD 714 32/ Reinforced Concrete, Simply Supported T-Beam 25 25 33
25 ) 33
STD 714 34 Reinforced Concrete, Simply Supported T-Beam 25 25 33
25 25 33
STD 716 42 Reinforced Concrete, Simply Supported T-Beam 25 25 33
STD 716 44 Reinforced Concrete, Simply Supported T-Beam 25 25 33
STD 716 46 Reinforced Concrete, Simply Suppored T-Beam 25 25 33
STD 716 48 Reinforced Concrete, Simply Supported T-Beam 245 25 33
STD 716 50 Reinforced Concrete, Simply Supported T-Beam 25 25 33
31D 716 52 Reinforced Concrete, Simply Supported T-Beam 258 25 33
STD C2401 32 Reinforced Concrete, Simply Supported T-Beam 25 25 40
STD 2401 34 Reinforced Concrete, Simply Supported T-Beam 25 25 40
STD C2401 36 Reinforced Concrete, Simply Supported T-Beam 25 25 40
STD C2401 38 Reinforced Concrete, Simply Supported T-Beam 25 25 40
STD 2411 32 Reinforced Concrete, Simply Supported T-Beam 3 3 40
3 3 40
STD C2411 34 Reinforced Concrete, Simply Supported T-Beam k) 3 40
3 3 40
STD C2411 36 Reinforced Concrete, Simply Supported T-Beam =) 3 40
STD C2411 38 Reinforced Concrete, Simply Supported T-Beam 3 g 40
STD C2414 32 Reinforced Concrate, Simply Supported T-Beam ! 3 40
STD 2414 34 Reinforced Concrete, Simply Supported T-Beam 3 3 40
STD C2414 36 Reinforced Concrete, Simply Supported T-Beam 3 3 40
STD C2414 38 Reinforced Concrete, Simply Supported T-Beam 3 5] 40
5 5 &0
STD PC34 RC 24R Reinforced Concrete, Simply Supported C-Channel ) 5 &0
5 5 &0
STD PC34 RC 2GR Reinforced Concrete, Simply Supported C-Channel 8 g B0
STD CE2403 Reinforced Concrete, Continuously Supported |-Girder ; 3 40
STD ©52404 Reinforced Concrete, Continuously Supported |-Girder 3 53 40 -
STD B2200 16 Steel, Simply Supported |-Girder 25 - 33 33
STD B2200 20 Steel, Simply Supported |- Girder 25 33 33
STD B2200 24 Steel, Simply Supported l-Girder 25 33 33
STD B2200 28 Steel, Simply Supported l-Girder 25 33 33
STD B2200 30 Steel, Simply Supported l-Girder 25 33 33
STD B2200 32 Steel, Simply Supported l-Girder 25 33 33
STD B2200 34 Steel, Simply Supported |-Girder 25 33 33
STD B2200 36 Steel, Simply Supported l-Girder 245 33 33
STD B2800 Steel, Simply Supported |-Girder 3 40 33
STD BC2402 Steel, Simply Supported |-Girder 3 40 33
STD BCZE01 Steel, Simply Supported |-Girder 3 33 33
STD B2400 Steel, Continuously Suppaorted l-Girder 3 33 36
STD B2411 Steel, Continuously Supported l-Girder 3 40 36
STD B2803 Steel, Continuously Supported l-Girder 3 40 33
STD CEC2800 35 Steel, Continuously Supported l-Girder 3 40 36
STD ©5C2800 45 Steel, Continuously Supported l-Girder 3 40 36
STD 632 Steel, Continuously Supported |-Girder 25 - 33 30
STD PC34 P3 Z4R Prastressed Concrete, Simply Supparted C-Channel &) L) 270
STD PC34 P3 ZBR Prestressed Concrete, Simply Supported C-Channel 8 3] 270

Table A - 14 Additional Sample Information Table 4
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. . .| Reinforcement| Strctural
Bin Material Type SStructuTraI Decksk.F € G'rdkesf Fre Grade Steel Grade

ystem Type ( ') ( ') (kSi) (kSI)
STD 528130 Prestressed Concrete, Simply Supported l-Girder 3 G5 270 -
STD PSC44B5 Prestressed Concrete, Simply Supported -Girder 3 5 250 -
STD PSC4041 Prestressed Concrete, Simply Supported l-Girder 3 5 250
B001393 Reinforced Concrete, Simply Supported T-Beam 25 25 33 -
BO11017 Reinforced Concrete, Simply Supported T-Beam 5 5 40 -
BO07E99 Reinforced Concrete, Simply Supported T-Beam 5 5 40 -
BO0S167 Reinforced Concrete, Simply Supported T-Bearm 3 3 40 -
BO0B360 Reinforced Concrete, Simply Supported T-Bearm 25 25 40 -
BO03411 Reinforced Concrete, Simply Supported T-Bearm 25 25 40 -
BO0BESS Reinforced Concrete, Simply Supported C-Channel 3 3 33 -
BO19E07 Reinforced Concrete, Simply Supported C-Channel 3 3 40 -
BO19555 Reinforced Concrete, Simply Suppored C-Channel 4.5 4.5 G0 -
BO14579 Reinforced Concrete, Simply Supported C-Channel 5 5 50 -
B007334 Reinforced Concrete, Continuously Supported T-Beam 3 3 40 -
BO08521 Reinforced Concrete, Continuously Supported T-Beam = = 40 -
B007334 Reinforced Concrete, Continuously Supported T-Beam 5 5 40 -
B00S005 Reinforced Concrete, Continuously Supported T-Beam 5 5 40 -
BO03523 Reinforced Concrete, Continuously Supported T-Beam 3 3 40 -
BO07348 Reinforced Concrete, Continuously Supported T-Bearm 3 3 40 -
BO11110 Reinforced Concrete, Continuously Supported T-Bearm 3 3 40 -
B011205 Reinforced Concrete, Continuously Supported T-Beam 3 3 40 -
B011081 Steel, Simply Supported l-Girder 3 40 36
BO0S7E2 Steel, Simply Supported -Girder 3 40 36
B005315 Steel, Simply Supported l-Girder 3 40 33
BO07536 Steel, Simply Supported l-Girder 33 40 33
BO12525 Steel, Simply Supported - Girder = 40 36
B011335 Steel, Simply Supported -Girder 33 40 36
B002310 Steel, Continuously Supported -Girder 25 33 33
B011097 Steel, Continuously Supported l-Girder 3 40 36
B012599 Steel, Continuously Supported l-Girder 3 40 36
B011344 Steel, Continuously Supported l-Girder 3.3 40 36
B012319 Steel, Continuously Supported l-Girder 3 40 36
BO12350 Steel, Continuously Supported l-Girder 3 40 50
BO17781 Steel, Continuously Supported -Girder 4 - G0 36
BO15764 Prestressed Concrete, Simply Supported l-Girder 3 5 270 -
B019141 Prestressed Concrete, Simply Supported l-Girder 3 5 270 -
B019530 Prestressed Concrete, Simply Supported - Girder 33 8 270 -
B019473 Prestressed Concrete, Simply Supported -Girder =) 75 270 -
B016531 Prestressed Concrete, Simply Supported Box-Beam 4 5 270 -
BO018106 Prestressed Concrete, Simply Supported Box-Bearmn 4 5 270 -
BO16345 Prestressed Concrete, Simply Supported l-Girder 3.3 5] 270 -
B014450 Prestressed Concrete, Continuously Supported l-Girder 4 5 270 -
BO16S10 Prestressed Concrete, Continuously Supported l-Girder 3 5] 270 -
BO1E111 Prestressed Concrete, Continuously Supported l-Girder 3 5 270 -
BO16310 Prestressed Concrete, Continuously Supported -Girder 3 5} 270 -
BO15295 Prestressed Concrete, Continuously Supported l-Girder 3 5} 270 -
BO17509 Prestressed Concrete, Continuously Supported l-Girder 3 5] 270 -
B015520 Prestressed Concrete, Continuously Supported l-Girder 4 5 270 -
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APPENDIX B1: Slab Bridges Mathcad File
Presented in this Appendix is the Mathcad file usedlab bridges for rating

under the LRFR methodology.

: : Mike Murdock 12/08
Srab Bridge LRFR File s ooisa
Li=1¢  ft slab length, center to center of bearings
W =51 it entire bridge width
w ;= 3¢ ft roadway width
fc:=2.f ks compressive strength of concrete, 28 day
fy :=4( ks yield strength of reinforcement
h:=15.! in depth of slab
As = 1.4 in2 area of positive flexural reinforcement per-foot
AASHTO 4.6.2.3
df :=1.437 in distance from extreme tension fiber to centriod of flexural reinforce.
wb :=.6. Kkip/ft barrier self weight and walkway
Wpear:= 6¢ in distance from edge to face of barrier

pc:=.1t  kip/ft"3 weight of concrete

AASHTO 4.6.2.3-1

Live-Load Strip Width
AASHTO 4.6.2.3-2

One Lane Loaded

L1 :=min(L,60 =19 ft W4 :=min(W, 30 =30 ft
AASHTO 3.6.1.1.1
E{:=10+ § Vl Llwvii =129.373 in

Two Lanes Loaded

val/: min(L,60 =19 ft Wa =min(W,60 =51.5 ft
NL :=trun w =3
12
. \"% .
E>:=min 84+ 1.44 Llwv ,12.0+— | =129.045 in
2 1 NL

E:= mir( §,E)) = 129.045 in
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Dead Load Calculations

Assumptions:
barrier load spread over width of live-load edgeyst

2

2 h wb L

h L M = — |+ —1=
MDC‘”“Z[N{TJH}EE] peext pdé 12) (Edgesmpj [Esj

12
h h wh
Vheint = 0. — || V, = 0. AN o
peint Eﬁpié 12)} DCext pdﬁ 12) EdgeStrip
12
Mpcint=8.743  kip-ft/ft Mpcexi= 13:862  kip-ft/ ft
Vpcint=1.841  kip/ft Vpcext= 2918  kip/ft

Live Load Calculations

Assumptions:
in-house MatLab line load analysis use for momeuit ghear calculations
impact included

240.14) 64.4 HS 20-44
240.14 54.4 H 20-44
239.4 57.02 Tandem
333.83 ] 77.15 Triax|
M max= Kip-ft Vmax= kig raxie
299.25 72.52 Concrete
209.48 52.73 18 Wheeler
240.98 55.68
6-Axel
122.8¢/ 16.17
School Bus
M V,
may : max .
M LL = T klp-ft /ft VLL = T klp /ft

Strength |

Moment Resistance 216



B1:=]0.85if fc< 4 B1=0.85 AASHTO0 5.7.2.2
[0.85- .0 fc- 4] otherwise AASHTO 5.7.3.2.2

cmASY) o o AASHTO 5.7.3.2.2
" 0.85TAB 12

a:=p4q[E=2.259 in ds:= h- ¢ =14.063 in

a 1 .
M, =A ds-— |l1— | =62.079 kip-ft / ft
n S[Mé > 2)[€ 12) P AASHTO 5.5.4.2

e1:= o.oo%m} =0.013
C

¢ =109 if er>0.005

otherwise
0.75 if et <.002

0.65+ 0.1B€E - 1) otherwise
c

@M, =55.871 kip-ft / ft
AASHTO 5.8.4.1

AASHTO 5.8.3.3
Shear Resistance
AASHTO 5.8.3.3
B:=2 0 .= 4t dv:i=ds in
AASHTO 5.5.4.2
V. :=0.0316BRfcldv12=16.863 ki
V=V, = 16.863 kig

¢, =0

oV, =15.177 ki

* assumes shear is only resisted by the concrete section

217



LRFR Analysis

@g:=1. system factor MCE LRFR 6.4.2.4
Ypci=1.2! load factor for structural components and attachments \ce LRFR 6.4.2.2
yL =1 evaluation live-load factor MCE LRFR 6.4.4.2.3
RF. _ (ec®s®Mp - Y pdMpcex]
XTmoment™
yLIM L
RF. _ (0@ Vi - Y pdVpcex)
XTshear™
vV
1.233) HS20-44 1.375) HS 20-44
1.233 H 20-44 1.628 H 20-44
1.237 Tandem 1.553 Tandem
0.887 Triaxle 1.148 Triaxle
RAEXTmoment RAEXTshear™
0.989 Concrete 1.221 Concrete
1.413 18 Wheeler 1679 18 Wheeler
1.229 1.59
041 6-Axel £ 476 6-Axel
) School Bus ) School Bus
RF _ (‘pcm’sﬁpw‘n ~YpcM DCinL)
NTmoment™
YL
_ (‘Pcm’sm’vwn - VDCWDCinL)
RANTshear=

YLV

Controlling Rating Results
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RFEXTmomentMin= MiN( RFExTmomenj = 0-887

RFEXTshearMin‘= rnin(R':EXTshea) =1.148

RANTmomentMin = M RANTmomeny = 1-034

RANTTshearMin = MM RANTsheay = 1-282
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APPENDIX B2: Example Problem Al: Steel | Girder
Presented in this Appendix is the Mathcad file usedlab bridges for rating

under the LRFR methodology.

Simple Span Composite Steel Stringer Bridge

L=6¢ ft W33x130 Section Pro.
Fy:=3¢ ks Dw:=33.. in Aw :=38.2 in“ Sweight:= 13(
fc:= 300" psi bf :=11.5 in tf :=.85! in

ADDT := 100! Dweb:= Dw- Zif tw:=.5¢ in Iw =669
Dweb= 31.39

PL5/8inx101/2in

wc .=.14!

E:=2900 5
tpl := ?3 in bpl:=10.! in Apl :=tplbpl

Loads:
DesignLaneLoadMoment 33t kipft DesignLaneLoadShear 20. kig
DesignTruckMoment= 890. kipft DesignTruckShear= 61.( kig
TandemAxlesMoment= 726. kipft TandemAxlesShear 48.: kip

Section Properties:

KD_W + tpl) Aw + (t—p')mApn}
1= 2 2 Distance to C.G.

- [Aw + (Apl)]

yl=14.706 in from bottom of section

Dw 2 tpl 2
Ix:=lw +AWE€7 —yl+tplj +Ap|[€yl—%)

Ix =8291.803
IX IX Sb= 563.832
= — St=——

Sbh: =
yl (Dw + tpl - y1) St= 435.978
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Effective Flange Width min. of:

LRFD 4.6.2.6.1

tdeck:=7.2! in wdeck:=2z ft spans:= &

Efwl:= —il]lﬂ:

Efw2:= tdeck12+ ma{ tw,—;[ﬂ)f)

wdeck
spans

Efw3:=

:

Efwidth := min( Efwl, Efw2 Efw3
Efwidth = 88
Modular Ratio (n):
29000000
n:=rounq —,0 n=9
57000Kfc)°

Short-Term Composite (n)

In

Efwidth =9.778 Width of concrete transformed section
n
Long-Term Composite (3n)
in
Efwidth

=3.259 Width of concrete transformed section

Transformed Slab Short-Term Pro.

KD—W + tplj Aw + (t—pleGApl) + (Ef\Nldthj[ﬂdecL{éDw + tpl + _tdeckﬂ
2 2 2
yslabs:=

n
Aw + Apl + (EfWIdth) [[deck
n
yslabs= 28.579  from bottom of section
.4
Ixslabs= 22682.186 n
] Ixslabs

Stslabs:= (O + tpl - yslabs) Stslabs= 4407.365

Sbslabs= 793.678 N
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Sbslabs= Ixslabs in®

(yslabs)

Transformed Slab Long-Term Pro.

Dw tpl Efwidth tdeck
— + tpl |[[Aw + | — |[{Apl) + fdeckll Dw + tpl +

Efwidth)

yslabl:=

Aw + Apl + ( [ideck

yslabl = 22.523 from bottom of section

Ixslabl= 16328.84 in4

Ixslabl .z
Stslabl:= Stslabl= 1457.645in
(Dw + tpl - yslabl)

Ixslabl
(yslabl)

Sbslabl= Sbslabl= 724.992 in°

Summary of Section Properties at MidSpan

a. Steel Section Only:

St= 435.978 in3 at top of Steel section

Sb= 563.832 in3 at bottom of Steel section
b. Composite Section - Short Term:

Stslabs= 4407.365 in3 at top of Steel section

Sbslabs= 793.678 in3 at bottom of Steel section

c. Composite Section - Long Term:

Stslabl= 1457.645in" at top of Steel section

Sbslabl= 724.992 in° at bottom of Steel section
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Dead Load Analysis - Interior Stringer

1. Components and Attachments DC

a. Non-Composite Dead Loads: DC1

DeckLoad:= ( Wdeij [é tdec") m5=0665 <P

spans 12

. . .06
StringLoad:= Swelgr{ﬂl— =0.138 —
1000 ft

ft

kip

CPload= tpibopll 20\ 0620 = 0.014  KP
144 65 ft

DiaLoad:= 310421.33316—(5)6: UL

TotalDC1:= DeckLoad+ StringLoad CPload+ Dialoac

kip

TotalDC1= 0.832 P
2
Mdcl:= M{fﬂﬂ'—) =439.154 kiprft

Vdcl:= TotaIDCﬂZZ =27.025 kig

b. Composite Dead Loads: DC2

DeckLoad36§ =350.983

All Permanent loads on the deck are uniformly distributed among the beams.

Curbe:= E) tn 2 =0.063 @
12 4 ft

Parapet= [@ + gg}ﬂlﬂiﬁ —o172 Kb

144 144

Railing : Assume .02 k/f / 2

ft

Ki

TotalDC2:= Curbet Parapet .01=0.244 %
2

Mdc2 := %;Izﬁl_) =129.061  kipCit

Vdc2:= TotaIDCZ% =7.942

2. Wearing Surface DW =0

kig
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Live-Load Analysis - Interior String

1. Compute Live-Load Distribution Factors (Type (a) cross section).

Longitudinal Stiffness Parameter Kg
5
Ed:= 3300[6 w&'S) € ) 1-3155024 ks
1000

Eb:=2900 ks
eg.= .9 tdeck+ Dweb + tpl - y1 =20.934

Kg:= (%D[Ix + (Apl + AW)@gz]

Kg = 2.567% 18 in4

Kg.;=29000
a) Distribution Factor for Moment gm
g.= Wdeck _ 7 333
MA

spans
One-Lane Loaded:

4 3 1
gml:= 0.06+ (E) (—S) Ko =0.46
14 L 121[tkjeck3

Two or More Lanes Loaded:

6, \.2 1
gm2:= 0.075 (ij (§) — K9 ) o627
9.5 L 12|]L[tkjeck3

Use: gm;:=maxgmil gmp=0.627

b) Distribution Factor for Shear

One-Lane Loaded:

S
gvl:= 0.36+ — =0.653
25

Two or More Lanes Loaded:

2.0
gv2:= 0.2+ = ) =0.767
12 35

Use: gv:=maxgvl gvl =0.767
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2. Compute Maximum Live Load Effects.

a) Maximum Design Live Load (HL-93) Moment at midspan
IM :=1.3:
MaxMoment.= DesignLaneLoadMomenrt nfax DesignTruckMomentdEmAxlesMomentiv

MaxMoment= 1522.897 kipft

b) maximum Design Live Load Shear at Beam ends
MaxShear= DesignLaneLoadShear (nax DesignTruckShear TeldesShearIM
MaxShear= 102.728 Kig

Distributed Live-Load Moments and Shears

Design Live-Load (HL-93):

MIl :=MaxMomentigm= 954.884  Kkipft
VIl :=MaxSheaflgv= 78.814  kip MIl =954.884

Compute Nominal Resistance of Section At Midspan

Plastic Forces:

. deck _ ,
Ps:= .85Jf¢Efwidth 1000 1626.9 kips Force from Deck
Pc:= Fybfff =354.278  kips Force of top of W steel
Pw:= Fyl Dwelitw = 655.423  kips Force from web of W steel
Pt:= Fyi( bl tf + Apl) =590.528 kips Force from bottom steel
Ptr:=C Force from slab reinforcement
Pbr:=( (will add later)
Crb:=C(
Crt:=C
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Ybar Calcs

This program uses the formulas given in Table 6D.1-1 in the AASHTO LRFD to
determine Ybar based different section forces.

Case One Ybar taken from top of web of W section
Case Two Ybar taken from top of Top Flange of W section
Remaining Cases Ybar taken from top of concrete deck

Ybar:= FindYbat Ps Pdw, Pt, Ptr, Pbr, Dweb, tf , tdeck, Crb, Crt)

Ybar= 7.131 in

Plastic Moment Mp

Mp :

This program uses the formulas given in Table 6D.1-1 in the AASHTO LRFD to
determine Mp based different section forces and Ybar.

Case One Ybar taken from top of web of W section

Case Two Ybar taken from top of Top Flange of W section
Remaining Cases Ybar taken from top of concrete deck

FindMp(Ps P¢Pw, Pt, Ptr, Pbr, Dweb, tf + tpl,tf ,tdeck, Crb, Crt, Ybar)

=3031.1 kft
12
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Nominal Flexural Resistance Mn 6.10.7.1

Dt :=tpl + Dw + tdeck=40.975
Dp:=Ybar= 7.131

FindMn( Dt, Dp,Mp) := |if Dp < 0.1Dt
Mp

break

otherwise

Mp[El.07— Ié%ﬂ if Dp> 0.1Dt

break

Mn := FindMn( Dt, Dp,Mp) = 2874.011

Nominal Shear Resistance Vn 6.10.9.

Vp = .58Fy Dwehliw = 380.145 kips

TranStif:= C Stiffeners spacing

findK(Dw, TransStif) := |5 if TranStif= 0

5 .
5+ ——— otherwise

TranStif 2
Dw

k:=findK(Dw,TranStif) = 5

Dweb k
findc(Dweb, tw,E,k,Fy) == [ 1.0 if —=® < 1120 B
tw Fy
otherwise
1.12 EElh i DwebS ' k
Dweb Fy tw Fy
tw
1.57 EEI£ otherwise
Dweb Fy
tw

C:=findc(Dweb, tw,E, k,Fy) =1

ARAS

Vn:=VplC=380.145 Kkips
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Design Load Rating:

g:=1.( qc:=1.( gs:=1.(

A) Strength | Limit State

a) Inventory Level

Load Load Factor
DC 1.2!
LL 1.7!

[g@cGsMn — 1.25] Mdc1+ Mdc3]

Flexure: RFif :=

1.75Mll
RFif = 1.295
Shear: RFis:= [glclgsiVn — 1.25( Vdcl+ Vdc}
1.7%VvIl
RFis= 2.439
b) Operating Level
Load Load Factor
DC 1.2!
LL 1.3!
Flexure: RFof:= RFi 1.75
1.35
RFof= 1.679
Shear: RFos:= RFi 175
1.35
RFos= 3.162
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APPENDIX B3: Example Problem A2: Reinforced Concrée Tee Beam

Reinforced Concrete T-Beam

k=2t ¢ =€ @ =1 @ = 1.0
fc:=% ks
RoadWay.=2: ft
Girders.= 4 S:=6.5 Mt Girder Spacing
ta:=F in  Asphalt thickness As '=6.8! in2 Area of Reinforcement
tb:=1f in Beam thickness dr:=26.6 in
db:=2¢ in Beam depth fy :=3: ks Reinforcement Yield
ts:= in  Slab thickness B:=.8t
h:=db+ ts

Mdl :=54.;  kft vdl:=7 kip

Mtruck := 20¢  kft
Mtan := 27! kft
IM :=1.3:

Vtruck:=41.. kit
Vtan:=41.! kic

Dead Load Analysis
DC

Structural Concrete:

SC:= .15(%(122)[6.52+ 1.25P+ ZM.EDEEB)J =0.902

Railing And Curb
RC:= 2}; =0.1 kit

DW
yYOW =1.2!
Asphalt Overlay:

AO = a MRoadWa3aD1443_L =0.33
12 Girders

Live Load Analysis
Distribution Factors
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46.2.2
n:=1.

| = é)[ﬂtb)mbsz 1.728¢ 18

. .4
A:=tbldb=360 in° n

eg:= .Jdb+ t3=15

Kg:= n[EI + AE(eg)z] =9.828x 16

Moment Distribution Factors

One Lane Loaded:

4, .3 1
gmL:= 0.06+ (%J (E’j Kg = 0.565
118>

Two or More Lanes Loaded:

6, .2 1
gm2:= 0.075 (9—55j (E’j Kg =0.703
: 1017%s°

Use:  gm;=maxgml gmp=0.703

Shear Distribution Factors

One-Lane Loaded:

S
gvl:= 0.36+ — =0.621
25

Two or More Lanes Loaded:

2.0
gv2:= 0.2+ S)-(2 =0.709
12 35

Use: gv:=maxgvl gv2 =0.709

Maximum Live Load Effects
MaxMoment:= Mdl+ mak Mtruck MtapdM
MaxMoment= 419.85
MIl :=MaxMomentlgm= 295.273
MaxShear= Vdk magx Vtruck VtaiiM
MaxShear= 62.727

VIl :=MaxSheafigv= 44.45
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Effective Flange Width 4.6.2.6
1 .
Efwl:=—[01:
4
1
Efw2:= ts[12+ ma{ tb,E[ﬂsj
Efw3:= 1z

Efwidth:= mir( Efw, Efw2 Efw3

Efwidth=78 in

Compute Distance to Neutral Axis c: 5.7.3.

co A a5y
M 8EB HCEfwidth)

Need to add option for when c is in web

a:=dp =1.143 in
a)_1

Mn := AsOy[ldr — — |3— = 493.363 kft
2) 12

Mr ;= ¢ [Mn = 444.027 kft

Compute Nominal Shear Resistance 5.8.2.

Stirrups: #5 bars @9in 231



Ny

2
Av = 2[€ﬁi (E) =0.614 in .
4 8 S:=¢ in

vi:= M2 o6 038

~ (Asfiy)

dv2:= 0.72h=21.6

dv3:= 0.9dr= 23.949

dv := max dvl, dv2dv3) =26.038 in
bv:=tb=15 in 5.8.2.
Simple Procedure: 5.8.3.
Bv =2 0:=4¢t

Vc:=0.03168v Eefc'S) vidv = 42.755

603.141
ey
Vs:= Avyldv3 =58.582

S

Vn:=Vc+ Vs =101.337

Vr:=@[Vn =91.203

MCE Procedure: 5.8.3.3

Eo)

V1= 2 0.:=4t dv:=23.94

AAA ARAAA

Ve :=0.03168v Eefc'S) (vidv = 39.324

603.141
)
= Av [y [@vE =53.881

S

Vs:
MWA

Vn:=Vc+ Vs=93.205

AAAAA

Conservative Assumption

Vr2:= ¢[Vn = 83.885 Virtis uses more Complex method by default
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Ratings

%

Mdc := (SC+ RQ? = 84.627

Vdc:= (SC+ RQ[EG) - %j =10.85

2

Mdw := (AO)? =27.885

vdw:= (AO)[E(%) - i—i =3.575

NDW, =1.2! yDC :=1.2! yLL =17

AAAAAAA

Moment

. (@ [ IMr —yDC tMdc — yDW MAdw)

R =0.587
yLL Ml
Shear
(g8 [gr Vr2 - yDC [Vdc — yDW [Vdw)
RE:= =0.847
yLL VI
MW= 1.8 MG, =1.2 k.= 1.7
Moment
RE:= (s [t MMr — yDC IMdc — yDW Mdw) — 0574

A yLL Il
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APPENDIX B4: Example Problem A3: Prestressed Conate | Girder

Reinforced Concrete T-Beam
L:=8C ft

fc:=4 ks
fpc:=E ks
fpci:i=4 ks

RoadWay:=27 ft

Girders=1

S:=8.t ft Girder Spacing
ts:=8.¢ ybar:= 3.7

tb:=¢

bf :=2(

db:=5¢

Hun:=1

Mdl :=51.  kft Vvdl:=22.0 kig

Mtruck := 1161  kft
Mtan := 95( kft
IM :=1.3!

Vtan:=45.. kic

Dead Load Analysis

DC:
GirderSW=.82: k/ft
DiaphSW:=.1! k/ft
Slab:=.92! kit

DC1:= GirderSW+ DiaphSW+ Slat

DC1= 1.897 Kk/ft

DC:

DC2:= 2|Z-IL =0.25 k/ft
Girders

Dw
2.5

DW = (E)EZ?Dl44:QSZ 0.203 kit

Vtruck:=58.f kit

¢ =1 s =1.( @ =1
fy == 6( ks

fpu :=27( ks

B:=.8¢

As :=(C

Asl = .15: in2 Area one strand
NumSR21= 17 drl:=61.
NumSR2= 1: dr2:=59.!
NumSR3= € dr3:=57.!

Aps = Asll NumSR}¥* NumSR2 NumSR3J

K :=.2¢ Low Relax

AARS"

dp:=db+ Hun+ ts - ybar=59.75



Live Load Analysis

Distribution Factors 4.6.2.2

n:=11

.4
1:=26074 in
A:=78 in°
eg:=34.5

Kg:= n[EI + AE(eg)z] =1.345« 18 in

Moment Distribution Factors

One Lane Loaded:

4, .3 1
gmL:= 0.06+ (%J (E’j Kg =0.514
118>

Two or More Lanes Loaded:

6, .2 1
gm2:= 0.075 (9—55j (E’j Kg =0.724
: 1017%s°

Use:  gm;=maxgml gmp=0.724

Shear Distribution Factors

One-Lane Loaded:

S
gvl:=0.36+ — =0.7
25

Two or More Lanes Loaded:

2.0
gv2:= 0.2+ S)-(2 =0.849
12 35

Use: gv:=maxgvl gv2 =0.849

Maximum Live Load Effects
MaxMoment:= Mdl+ mak Mtruck MtapdM
MaxMoment= 2.05% 1%)
Ml :=MaxMomentigm= 1.487 18
MaxShear= Vdk magx Vtruck VtaiiM
MaxShear= 100.504

VIl :=MaxSheafigv= 85.363
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Effective Flange Width 46.2.6
1 .
Efwl.=—[012
4
1
Efw2:= ts[12+ ma{ tb,E[ﬂsj

Efw3:= 1z

Efwidth:= mir( Efw, Efw2 Efw3

Efwidth= 102 in

Compute Distance to Neutral Axis c: 5.7.3.

= (Apsipy = 4.392 in

x
(.85[[& feEfwidth + KAps [—E’—“)
p

a:=dp =3.733 in

fps := fpu[é 1- madij = 264.443
p

Mn := Apsts[édp - gjall—z =6.245 10 kit

Mr = @[Mn = 6.245¢ 10 kit ¢=1 5.5.4.2
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Compute Nominal Shear Resistance 5.8.2.

Stirrups: #4 bars @9in

"

Av =2[(2)=04 in° $:=C in
dv :=58. in
bv:i=tb=8 in 5.8.2.

Simple Procedure: 5.8.3.3
Bv =2 0 :=4¢

Vc:=0.0316v Ifﬂfpc'S)[E)vEHv =66.024
003.141
° 180
Vs:= Avydv3 =155.733
S

Vn:=Vc+ Vs =221.757

Vr2:=¢Vn=221.757
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Ratings

%

Mdc := (DC1+ D(:aT = 1718 16

vdc = (bc1+ peat( £ | - 844 - 74 358
2) 12

2

Mdw := (DW)T =162

Vdw:= (DW) [E(%j - %ﬂ =7.013

yDW =1. yDC :=1.2! yLL =1.7!

Moment

RE-= (@ @& Mr - yDC Mdc - yDW [Mdw)
' yLL ™Il

=1.481

Shear

. (@ G (Vr2 - yDC Vde - yYDW (Vdw)

RE: =0.792
A yLL Il
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APPENDIX B5: Example Problem A2: Results Summary

Provided in this appendix is a summary of exampidlem A2 results from the

MCE, Mathcad and Virtis.

|Dead Load Results |

MCE Example MathCad File Virtis
s m oL ki Moment (ki kipf) | Moment (k) | Boment (k) N irti
MathCade) w (kip) oment (kfi) w (kipf) orment (kit) oment (kit) ame {Virtis)
Struciural Cancrete (1,901 /B9 [ 802 -— - =
Railing 0.100 3.450 0100 -
SC & Hailing 1.002 34.664 1.002 B4.627 5467 D1
Wearing Surface 0.330 27 965 0.z30 27 895 27 .68 O
|Tatal DC Load [ | 112554 | | 112512 | 112550 |
[Live Load Results |
MCE Example | MaihCAD File Virtis
Hame [MCE and Wament (ki) | Moment (ki) .
MathCade) teloment (ki) homent (ki) (unfactored) (factored) Description.
% 3 axles, 141t,14-
Design Truck 208.000 208,000 2005 855 192,51 30f: Bk, 32k 32k
Design Lane = 54.100 54.100 54.040 37 8q B4 (L2083
Design Tandem * 275 000 275,000 274,958 x5712 |2 “'E';ﬁ‘f . 25k,
MCE Example | Math cad File Virtis
Name [MCE and : ) Shear (kip Shear (kip)
MaihCade) Shear (kip) Shear (kig) {unfactared) {faciored) T
- 3 axles, BR14-
Design Truck 41.400 41,400 40,751 3427 901 Bk 32k 32k
Design Lane = 7.000 7.000 6.548 4 526 B4 (L2
Design Tandem ~ 41.500 41.900 41 G0A 39,235 & EXIEE, W, 2%,

* Factors include; 1M, Live load factar, live load distnbution, and scale factor
" Does not include M factior

Figure B5 - I Example A2 Comparisons Part 1
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| Final Data

Flexural Shear
Capacity Load Affect Capacity Load Affect
&Mw (k) Mo (kf) Mo (ki) FVn (Kip) Vo (kip) Vi kip)
MCE 444 06 140,540 516600 E3.630 18.000 77875
MathCad S.P. - B3 B35
4
MathCad G.P. 444 (127 140 64 516,728 41 091 18,524 77 7HE
Virtis 445 287 147 563 516 446 142035 18.531 77.3719
[Strength | [Rating Factor)
Mathcad Mathcad .
MCE Example DW= 125 yDW = 1.5 Virtis
Moment 0.59 0.59 0.57 0.53
Shear * 0.85 0.85 1.57 1.89
T Yo diffzrent in virtis then mathcad and example
Figure B5 - 2 Example A2 Comparisons Part 2

240




APPENDIX B6: Example Problem A3: Results Summary

Provided in this appendix is a summary of exampbdlem A3 results from the

MCE, Mathcad and Virtis.

||}E:“I(| Leaid Results |

MCE Example MathCatl Flle ¥irils

:;?;.T:EE;E andl w [kipdft) Mamert (kf) wi (hipdt) Momert (ki) Moment (k) Hame {(Virtis}
Gitder 0.822 0.821 - -—
Diaphratms 0150 O.1=0 - -—
Slab 0.925 - 0.925 — —
Sub Total 1.900 1620.000 1.896 1516.720 1520.00 Ocd
Barriers 0.250 200.000 0.250 200.000 200.00 0oz
Wifaaring Suface 0.205 162 400 0.205 1E2 400 162.41 0y
[Total DC Load | 1882400 | 1879120 1BE2.410
[Live Load Results |

MCE Example | MathCAD File Yirtis SF 1.2
Hama {MCE and Moment (kft) Moment [kit) o
MathCade) Moament (ki) Mament (kft) (ufastotsd] ffactorad) Description.

; G 3 axles, 14R1,14-30f;
Diagign Truck 11E0.000 11E0.000 1156.244 1113.37 Bk, 32k 32k
Desipn Lane ™ 512.000 512.000 511.644 37043 B4 15
Design Tandern ™ DE0.000 950.000 ORD.O27 D148 2 anles, 41, 25k, 25k

MCE Exvample | Math cad File | Vinis SF 1.2 d from support
Hame {MCE and . ; Shear (kip) Shear [kip) f
MathCade) Shest.{4p) Shaar ) funfactorad) ifactorad) Bassriptinn;

; = Jaxles, 6t 14-30f;
Desipn Truck 55800 55,800 56,264 B5.779 Sk 37k 32k
Dasign Lane ™ 22300 22300 22225 14.869 B4 [Ly2
Design Tandemn ™ 45.400 45.400 45215 51.055 2 axles, 4ft, 25k, 25k

* Factora include; 1M, g, g, and scale factor
** Does not include I factor

Figure B6 - 1 Example A3 Comparisons Part 1
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| Final Data

Flexural Shear
Capacity Lead Affect Capacity Lead Affect
DHlu (ki) Mo (ki) Mo (kfr) @\n (kip) Vo (klp) Ve (Kip}
MCE 5.P. 217 BOO
MCE G.P. TR AR e 396 /3 104 475 149275
MathCad 5.P. &M 757
MathCad G.P. M.C. G245 2380 2603 404 563 103 467 149 386
MathCad G.P. V.C. 407 251
¥inds (SF 1.2 G246 194 Z3H3.65 2096 615 405 384 105,624 145,297
|Strength | (Rating Factor) |
MCE Example | MCE Erample |, . MaihCad G.P. MaihCad G.P.
< p. G.P. MathCad 3.P. {MCE chack} {Virts Chack) Vinds {SF 1.2)
Mament 1.48 1.43 1.4E1 1.4E1 1.481 14583
Shear * —- 1.6 0752 2016 2.034 2055

Figure B6 - 2 Example A3 Comparisons Part 2
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APPENDIX C.1: Design Inventory Standard Bridge Raing Data

Presented in this appendix is the extracted data ¥irtis for the standard bridge
sample at the Design Inventory level for the LRFRler the HL-93 load model and the
Inventory level of the LFR under the HS-20. Talle$ - 1 through C.1 - 12 provide the
following information: BIN, Material Type, Structak Type, Number of Spans, Span
Length, Dead Load Factors, Live Load Factors, Rast® Factors, Condition Factor,
System Factor, Controlling Vehicle, Unfactored Gatya Unfactored Dead Load,
Unfactored Live Load, Virtis Rating Factor, and Ek€alculated Rating Factor. The
Excel rating factor is calculated using the prodid&ormation and the rating

methodologies rating equation as provided in Chahte
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Table C1 - T Design Inventory Standard Bridge Output, ExteGarder LRFR Part 1

LRFR Exterior
General Info
Bin : : ¢j ¢

Material | Construction |Number of

Type Method Spans Sy bangie e 15 moment | shear ¢c ¢5
STD 714 24 1 4 1 23 126 175 03 039 1 1
STD 714 26 1 4 1 25' 126 175 0a9 0a9 1 1
STD 714 28 1 4 1 27 126 175 09 09 1 1
STD 714 30 1 4 1 29' 126 175 09 09 1 1
STD 714 32 1 4 1 3 1268 175 09 09 1 1
STD 714 34 1 4 1 33 1268 175 09 09 1 1
STD 716 42 1 4 1 41 126 175 0.3 0.9 1 1
STD 716 44 1 4 1 43' 1268 175 0.3 0.3 1 1
STD 716 46 1 4 1 45' 1.2 175 0.3 0.9 1 1
STD 716 48 1 4 1 47 1.2 175 0.3 0.9 1 1
STD 716 &0 1 4 1 49' 1.2 175 0.3 0.9 1 1
STD 716 52 1 4 1 a1 1.2 175 0.3 0.9 1 1
STD C2401 32 1 4 1 3 1.2 175 0.3 0.3 1 1
STD C2401 34 1 4 1 33 1.2 175 0.3 0.3 1 1
STD C2401 36 1 4 1 i) 1.2 175 0.3 0.3 1 1
STD C2401 38 1 4 1 37 126 175 03 09 1 1
STD C2411 32 1 4 1 3 126 175 03 039 1 1
STD C2411 34 1 4 1 33 126 175 03 039 1 1
STD C2411 36 1 4 1 35 126 175 03 039 1 1
STD C2411 38 1 4 1 37 126 175 0a9 0a9 1 1
STD C2414 32 1 4 1 3 126 175 09 09 1 1
STD C2414 34 1 4 1 33 126 175 09 09 1 1
STD C2414 36 1 4 1 35 1268 175 09 09 1 1
STD C2414 38 1 4 1 37 1268 175 09 09 1 1
STD PC34 24R 1 22 1 34' 126 175 0.3 0.9 1 1
STD PC34 26R 1 22 1 34' 126 175 0.3 0.9 1 1
STD C52403 2 2 3 75' 100" 75' 1268 175 0.3 0.3 1 1
STD CS2404 2 2 4 bBE' 82' 82' BB’ 1.2 175 0.3 0.9 1 1
STD BZ200 16 3 2 1 15' 1.2 175 1 1 1 1
STD BZ200 20 3 2 1 19 1.2 175 1 1 1 1
STD B2200 24 3 2 1 23 1.2 175 1 1 1 1
STD B2200 28 3 2 1 27 1.2 175 1 1 1 1
STD B2200 30 3 2 1 29' 1.2 175 1 1 1 1
STD BZ200 32 3 2 1 3 126 175 1 1 1 1
STD BZ2200 34 3 2 1 33 126 175 1 1 1 1
STD BZ2200 36 3 2 1 35 126 175 1 1 1 1
STD B2800 3 2 1 78.875' 126 175 1 1 1 1
STD BC2402 3 2 1 fB.75 126 175 1 1 1 1
STD BC2E01 3 2 1 80’ 126 175 1 1 1 1
STD B2400 4 2 3 RO' 80" BO' 126 175 1 1 1 1
STD B2411 4 2 3 a0' 100" 80 1268 175 1 1 1 1
STD B2809 4 2 4 a0’ 100" 100" 80 1268 175 1 1 1 1
STD CSC2800 59 4 2 3 a0' 100" 80 126 175 1 1 1 1
STD CSC2800 49 4 2 4 a0’ 100" 100" 80 126 175 1 1 1 1
STD 632 4 2 3 200 200 200 1268 175 1 1 1 1
STD 528130 = 2 1 130 1.2 175 0.3 0.9 1 1
STD PC34 24R = 22 1 34 1.2 175 0.3 0.9 1 1
STD PC34 26R = 22 1 34 1.2 175 0.3 0.9 1 1
STD PSC4041 G 2 5 41 41" 41" 41" 41" 41 1.2 175 0.3 0.9 1 1
STD PSC4465 G 2 5 B5' BS' BS' BS' BY 1.2 175 0.3 0.3 1 1
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Table C1 - 2 Design Inventory Standard Bridge Output, Exte@darder LRFR Part 2

Exterior Girder LRFR
Bin Moment
: Mn Mo ML Yirtis Excel Length
il (kit) (kit) (ki) RFE. | RF | 5Pn#|

STD 714 24 HL-23 287.2944 5533658 2464154 0439 04392 1 23
STD 714 26 HL-93 311.02| B9.3528 28329537 039 039022 1 25
STD 714 28 HL-593 3798244 824832 312424 0436 043616 1 27
STD 714 30 HL-53 444 3667 9895904 342 3491 0465 048518 1 29
STD 714 32 HL-53 00,2457 1502058 3727223 0,47 0.45932 1 3
STD 714 34 HL-53 5561267 135.085 403.5429 0.47 0.48963 1 33
STD 716 42 HL-33 770.8860 | 223.20458) 531.4251 0.455 0.45473 1 41
STD 716 44 HL-33 854.6B44| 257 5055 548612 0494 049352 1 43
STD 716 46 HL-23 9545133 2909528 B01.2434) 0471 047081 1 45
STD 716 48 HL-23 1059.289 331.8448 B52.4891 0472 047165 1 A7
STD 716 50 HL-593 129139 371.1576| BI3.512 0451 0.45115 1 49
STD 7168 &2 HL-593 1233.913 419.0968 | 747 0451 0,445 0.44574 1 51
STD c24a01 32 HL-53 5234256 1055896 356 4257 0544 054365 1 31
STD Cc2401 34 HL-53 585.8256  118.936 385.9034 0558 0.55872 1 33
STD Cc2401 36 HL-53 B45.2256 1428896 386.3817 0.599 0.59865 1 35
STD C2401 38 |HL-93 71062550 164315 4461566  0.558 0.55B07 1 7
STD C2411 32 |HL-33 5207878 B1.804) 356.4234 0.6/ 0.5005 1 31
STD C2411 34 |HL-23 6921878 56.3864| 3859057 0611 061072 1 33
STD C2411 36 HL-93 G54 5878 1428912 MM5.8246 0.564 0.56413 1 35
STD C2411 38 HL-593 716.9578 130.4384 4461691 0618 061763 1 37
STD c2414 32 HL-53 718.9378 115 44596 356 4229 0.80k 0.80k 1 31
STD C2414 34 HL-53 g28.1378 137.2792 385904 0.85 0.84955 1 33
STD C2414 36 HL-53 906.1378 1596072 4158189 0.847 0.84654 1 35
STD C2414 38 HL-53 955.5378 183.0056  445.1709 0.823 0.82342 1 37
STD PC34 24R |HL93 780.5555 82.6355| 303.8571 1142 1.14200 1 34
STD PC34 26R |HL-23 7423911 71.3456) 351.7423 0941 054057 1 34
STD CE2403 HL-23 -589.8567 185.0B56 | -765.9114) 0.562 0.56866 3 75
STD C52404 HL-93 179915 2585744 7759691 0.953 0.95347 4 b6
STD B2200 16 HL-593 333.822 156884 131.8594 1.362| 1.35168 1 15
=TD B2200 20 HL-53 6548 ZBEZF2 152.4714 1.474| 1.47358 1 19
STD B2200 24 HL-53 270027 39E763 2328089 1.277] 1.277 41 1 23
STD B2200 28 HL-53 J1B.BE3 5528598 2865.424F 1.292] 1.29193 1 27
STD B2200 30 |HL-33 716.683  EB3.784) 313.8571 115 1.1599E58 1 29
STD B2200 32 |HL-33 TrA158 TAB152) 34170200 1141 1.14074 1 31
STD B2200 34 |HL-23 931.495 845096 369968 1.276 127557 1 33
STD B2200 36 |HL-23 931,495 950624 3986429 1.165 1.16491 1 35
STD B2300 HL-93 33 B.3912| 1338457 0.951 0.95106 1 78875
STD BC2402 HL-593 2979473 486.25336 1117154 1213 1.21312 1 B5.75
=TD BC2801 HL-53 4774674 8403856 15459 348 1.374| 1.37355 1 80
STD B2400 HL-53 -3 -7.37840 26512 0577 057714 3 B0
STD B2411 HL-53 -34.461 -10.8496 171 0.695 0.B9535 3 80
STD B2809 HL-33 33 7.04) 13.73429 0.95 0.95006 4 g0
STD CEC2800 35|HL-33 29181 726640 -21.944 0523 0.52336 3 g0
STD C5C2800 45|HL-23 29181 72376 -2208629 0521 0.52092 4 g0
STD B32 HL-23 114020 39392 -14.228 0.26) 0.26017 3 20
STD 528130 HL-593 13306.85 3735946 3063.703 1.363| 1.36273 1 130
STD PC34 24R |HL-SS 35415 B9.E734 2055848 0642 064232 1 34
STD PC34 28R |HL-93 3268611 BRAAFZ 237 8574 051 050934 1 34
STD PSC4041 HL-53 1181.092 192.1376| 274.8926 1.71 1.7104 = 41
STD PSC44B5 HL-53 -709.9033 -33.88688 | -B43.1011 0.53 0.53007 =) BES
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Table C1 - 3 Design Inventory Standard Bridge Output, Exte@Garder LRFR Part 3

General Info

Exterior Girder LFR

Bin - - @ ¢
Material [Constructi|Mumber of|
Type on Spans =pan Lengths Yoo Yo v moment | shear
STD 714 24 1 4 1 23 1.3 1.0 1.67 09 0.es
STD 714 26 1 4 1 20" 1.3 1.0 1.67 09 0.e5
STD 714 28 1 4 1 27 13 10 1.67 0a9 .85
STD 714 30 1 4 1 29 13 10 1.67 0a9 .85
STD 714 32 1 4 1 31" 13 10 1.67 0a9 .85
STD 714 34 1 4 1 33 13 10 167 0a9 0.e5
STD 716 42 1 4 1 41" 13 10 167 0a9 .85
STD 716 44 1 4 1 43 13 10 167 09 085
STD 716 46 1 4 1 45' 13 10 167 09 085
STD 716 48 1 4 1 47" 13 10 167 09 085
STD 716 &0 1 4 1 43 13 10 167 09 0.es
STD 716 52 1 4 1 a1 13 10 167 09 0.es
STD c2401 32 1 4 1 31 13 10 167 09 0.es
STD C2401 34 1 4 1 33 13 10 167 09 0.es
STD C2401 3R 1 4 1 35 13 10 167 09 0.a5s
STD C2401 28 1 4 1 37 1.3 1.0 1.67 09 0.es
STD c2411 32 1 4 1 31 1.3 1.0 1.67 09 0.es
STD C2411 24 1 4 1 33 1.3 1.0 1.67 09 0.es
STD C2411 36 1 4 1 35 1.3 1.0 1.67 09 0.es
STD C2411 28 1 4 1 37 1.3 1.0 1.67 09 0.es
STD c2414 32 1 4 1 31 1.3 1.0 1.67 09 0.es
STD C2414 324 1 4 1 33 1.3 1.0 1.67 09 0.es
STD C2414 36 1 4 1 35 1.3 1.0 1.67 09 0.es
STD C2414 38 1 4 1 37 1.3 1.0 1.67 09 0.e5
STD PC34 24R 1 x2 1 34' 13 10 1.67 0a9 .85
STD PC34 26R 1 x2 1 34' 13 10 1.67 0a9 .85
STD 52403 2 2 3 75' 100" 7 13 10 1.67 0a9 .85
STD 52404 2 2 4 BG' 82 82" BR' 13 10 167 0a9 0.e5
STD B2200 16 3 2 1 15' 13 10 167 1 1
STD B2200 20 3 2 1 19 13 10 167 1 1
STD B2200 24 3 2 1 23 13 10 167 1 1
STD B2200 28 3 2 1 27 13 10 167 1 1
STD B2200 30 3 2 1 29' 13 10 167 1 1
STD B2200 32 3 2 1 31 13 10 167 1 1
STD B2200 34 3 2 1 33 13 10 167 1 1
STD B2200 36 3 2 1 35 13 10 167 1 1
STD B2800 3 2 1 7aa7E 13 10 167 1 1
STD BC2402 3 2 1 G375 1.3 1.0 1.67 1 1
STD BC2801 3 2 1 a0 1.3 1.0 1.67 1 1
STD B2400 4 2 3 B0 80" B0 1.3 1.0 1.67 1 1
STD BZ2411 4 2 3 80" 100" |nr 1.3 1.0 1.67 1 1
STD E2809 4 2 4 a0t 100" 100" el 1.3 1.0 1.67 1 1
STD CSC2e00 35 4 2 3 80" 100" |nr 1.3 1.0 1.67 1 1
STD CSC2e00 45 4 2 4 a0t 100" 100" el 1.3 1.0 1.67 1 1
STD 632 4 2 3 200 200 200 1.3 1.0 1.67 1 1
STD 528130 o 2 1 120 1.3 1.0 1.67 1 09
STD PC34 24R a x2 1 34' 13 10 1.67 1 0a9
STD PC34 26R a x2 1 34' 13 10 1.67 1 0a9
STD PSC4041 G 2 B 41 41" 41" 41" 41" 41" 13 10 1.67 1 0a9
STD PSC4465 G 2 A B5' B5' BA' BA' BA' 13 10 167 1 0a9
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Table C1 - 4 Design Inventory Standard Bridge Output, Exte@darder LFR Part 1

Exterior Girder LRFR
Bin Shear
. fin Ivio FlL irtis Excel Length
vehicle | (kft) ity | RFE. | RFE | ZPF| g

STD 714 24 HL-93 55.02444 97192 48.26343 0.474 047446 1 23
STD 714 26 HL-93 F2.04111 11.0958| 49.04743 0,439 0.48393 1 25
=STD 714 28 HL-93 B7 .03 12,22 A0R2229 0509 0450855 1 27
STD 714 30 HL-93 7088778 13.3776| 5233429 0514 051403 1 29
STD 714 32 HL-93 7928778 14.84M6| 54053286 0553 065795 1 1
STD 714 34 HL-93 7424444 13.1 47 94857 0601 0BO11E 1 33
=STD 716 42 HL-93 1003511 21.7744 B1 46571 0587 045866 1 41
STD 716 44 HL-93 111.97 239624 B7 65657 0593 059315 1 43
STD 716 46 HL-93 1226478 258624 B3.74114 0.7 069975 1 45
STD 716 43 HL-93 1336456 282416 70.37486 0.69 0.69001 1 47
=STD 716 50 HL-93 144 FB44 . 302984 BA 77829 0802 08022 1 49
STD 716 52 HL-93 167 9578 J2.0696| BB.53557 0868 08676 1 a1
STD Cc24a01 32 HL-93 55821 81744 37 47714 0.61 061022 1 N
STD C2401 34 HL-93 B3.10444 8.7224| 30.42457 0.683 068313 1 33
STD C2401 36 HL-93 71.18333 9.7984 3952 0749 074923 1 35
STD C2401 38 HL-93 7731 106584 4055143 0793 079273 1 a7
STD c2411 32 HL-93 F1.01889 5.3336| 3747771 0717 071662 1 N
STD C2411 34 HL-93 F3.72333 7.00%9% | 3542457 0.79 0.789451 1 33
STD C2411 3R HL-93 7539222 9.7984 3952 0.804 0.80401 1 35
STD c2411 38 HL-93 03.85444 5.4608| 4055143 0914 091444 1 a7
STD Cc2414 32 HL-93 8921778 5.9384| F7. 47714 1.054 1.05395 1 N
STD C2414 34 HL-93 103.97 11 9934 3842457 1206 120593 1 33
STD C2414 36 HL-593 113.8278 109448 3952 1283 1.28346 1 35
STD c2414 38 HL-93 1209667 11.8704) 4055143 1.325 1.32605 1 a7
STD PC34 24F  |HLG3 120.58 FITTR| 3507086 161 1.60938 1 34
STD PC34 26R HL-93 1185433 B.71582 3247771 1729 172945 1 34
STD C52403 HL-93 15788 281576 -74.04629 0825 082493 3 75
STD C52404 HL-93 7701778 23.232| 77.79086 0295 029586 4 aa]
STD B2200 16 HL-93 85.809 4 3576 4057943 1132 113164 1 15
=STD B2200 20 HL-93 o9 297 5. 6045 42 (24 1237 123728 1 19
STD B2200 24 HL-93 125.853 6.9 4424636 1514 1.51395 1 23
STD B2200 28 HL-93 151.283 81912 4640971 1,737 1.73663 1 27
STD B2200 30 HL-93 151.283 87976 4797943 1671 167079 1 29
=TD B2200 32 HL-93 162629 9.4934| 4953286 1737 173742 1 31
STD B2200 34 HL-93 189.873 102432 5057029 1.989 1.93903 1 33
STD B2200 36 HL-93 189,873 10.864 5241771 1.922 1924185 1 a5
STD B2800 HL-93 485,268 477456 83.03486 2929 292879 1 78.875
STD BC2402 HL-93 42262 28.1464 J0.672 3137 313712 1 G375
STD BC2801 HL-93 485509 41,4952 83.03371 2985 298461 1 g0
STD B2400 HL-93 333979 37072 TERU2ET 2137 213725 3 &0
=STD B2411 HL-93 463032 497528 ©3.53486 2742 274199 3 80
=TD B2809 HL-93 a00. 496 47 23R| 93.97086 2684 2 E3442 4 80
STD CSC2800 3IS|HL-93 653,641 02496 9320629 3bB36 363569 3 g0
STD CSC2800 45 HL-G3 G538 641 52 BR1G 94 22286 3505 350521 4 =]
STD R32 HL-93 1333 -8.729R -39 688 1762 176214 3 20
STD =28130 HL-593 4399533 919643 B5.02171 1.889 1688867 1 130
STD PC34 248 |HLG93 100. 2856 10,276 35.07086 1.261 1.26132 1 34
STD PC34 265F |HL-G3 0974333 9.5392| 4052971 1.0095 1.09577 1 34
STD PSC4041 HL-93 F0.50333 4. 4978| 2279486 1224 122426 (&) 41
STD PSC4465 HL-93 2417378 -300084 | -B5.84343 1.6862 1.56179 o 65
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Table C1 - 5 Design Inventory Standard Bridge Output, Exteédarder LFR Part 2

Exterior Girder LFR
Bin Moment
, itil Il Pl irtis Excel Length
vehicle | g4 (ki) ) | RE | RE | ZPNF| my

STD 714 24 HS 20-44 2872933 553 141.3 0.61) 0.60853 1 23
STD 714 26 HS 20-44 311.0189 B6.6 15873 0.57| 0.50614 1 25
STD 714 28 HS 20-44 795233 792 180.5 0.61) 0.60821 1 27
STD 714 30 HS 20-44 444 3656 831 2053 0.63| 0.62575 1 29
STD 714 32 HS 20-44 500.2456 110.4 2286 062 0.61799 1 31
STD 714 34 HS 20-44 556.1256 129.7 2531 0.6 0.60403 1 33
STD 716 42 HS 20-44 779.8878 22372 352.8 0.54| 053757 1 41
STD 716 44 HS 20-44 884.6633 2576 381.1 0.56| 0.55757 1 43
STD 716 46 HS 20-44 9545133 2809 406 0.55 0.54558 1 45
STD 716 48 HS 20-44 1059.285 331.9 430.1 0.56| 0.55892 1 47
STD 716 50 HS 20-44 1128133 711 460.7 0.53) 0.53369 1 49
STD 716 52 HS 20-44 1233.911 4191 4586.1 0.54| 0.53603 1 51
STD C2401 32 [HS 20-44 521.5233 101.4 2129 073 07303 1 31
STD C2401 34 [HS 20-44 583.9233 115.1 2356 0.73] 0.73492 1 33
STD C2401 36 [HS 20-44 646.3233 137.1 256.3 072 0.72509 1 35
STD C2401 38 [HS 20-44 708.35 157.7 2802 071 0.71103 1 a7
STD C2411 32 |HS 20-44 5291111 786 2128 0.81) 0.80959 1 31
STD C2411 34 |HS 20-44 581.5111 8925 2356 0.81) 0.80571 1 33
STD C2411 36 [HS 20-44 653.9111 137.2 256.3 074 0.73713 1 35
STD C2411 38 [HS 20-44 716.3111 125.2 2802 079 079222 1 a7
STD C2414 32 |HS 20-44 718.2611 110.8 2128 1.08 1.08746 1 31
STD C2414 34 |HS 20-44 827 4611 131.8 2355 112 112147 1 33
STD C2414 36 [HS 20-44 2054611 153.2 256.3 1.11) 1.10662 1 35
STD C2414 33 [HS 20-44 9578611 1756 2802 1.06| 1.05668 1 a7
STD PC34 Z4R |HS 20-44 789.5556 111.1 191.5 1.36 1.36182 1 34
STD PC34 Z6R [HS 20-44 7447411 101.9 2216 1.12) 1.11786 1 34
STD 52403 HS 20-44 -5089.8555 185 -411.4 0.86| 0.86365 3 75
STD 52404 HS 20-44 1946.756 2596 450.2 1.36| 1.35621 4 212]
STD B2200 16 |HS 20-44 3366 16.3 g6.8 1.67 1.67377 1 15
STD B2200 20 [HS 20-44 430.4 BB 109.9 1.66| 1.65828 1 19
STD B2200 24 |HS 20-44 575.9 396 133.1 1.81 1.81485 1 23
STD B2200 253 [HS 20-44 7255 53.1 170 1.78 1.77871 1 27
STD B2200 30 [HS 20-44 7255 61.4 193.3 1.584) 15386 1 29
STD B2200 32 [HS 20-44 7827 0.7 2153 1.48 1.47789 1 31
STD B2200 34 [HS 20-44 242 81.1 2383 1.62 1.61703 1 33
STD B2200 36 [HS 20-44 242 21.3 2502 1.46 1.46308 1 35
STD B2800 HS 20-44 4025.4 962.8 953.4 1.34) 1.34154 1 78.875
STD BC2402 HS 20-44 28797 4587 1 7103 1.62 1.52165 1 68.75
STD BC2801 HS 20-44 4811.4 g42.1 9559 177 17724 1 g0
STD B2400 HS 20-44 1134 199.5 452.2 0.84) 08355 3 GO
STD B2411 HS 20-44 2176.7 407 .3 685.5 1.11) 1.10683 3 g0
STD B2809 HS 20-44 2107.9 151.7 636 1.25 1.25 4 g0
STD CSC2800 3S|HS 20-44 1989.6 398.5 7437 081 0.91142 3 g0
STD CSC2800 45[HS 20-44 1989.6 396.9 743.8 091 0.91258 4 g0
STD B32 HS 20-44 -162.6 =291 -71.9 0.8 079932 3 20
STD 528130 HS 20-44 1262485 37366 1535.4 233 233017 1 130
STD PC34 Z4R |HS 20-44 395624 B2.9 101.7 1.39) 1.39387 1 34
STD PC34 Z6R [HS 20-44 317.8418 B5.5 77h 1.38 1.39289 1 34
STD PSC4041 HS 20-44 1045.166 192.5 178.8 205 2.04783 6 41
STD PSC44b5 HS 20-44 -6358.913 -453 -254.1 1.05 1.05143 = B5
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Table C1 - 8 Design Inventory Standard Bridge Output, Exte@darder LFR Part 3

Exterior Girder LFR
Bin Shear
: Mn Mo ML Wirtis Excel Length
veicle g (kft) tfy | RF. | RF | ZPF] s
STD 714 24 HS 20-44 51.76471 97 34.2 0.49 042577 1 23
STD 714 26 HS 20-44 54.36294 11.1 35.4 045 0.41338 1 25
STD 714 28 HS 20-44 59 75471 122 3.4 0.51 044214 1 27
=STD 714 30 H= 20-44 B2 470559 13.4 373 0581 044061 1 29
STD 714 32 HS 20-44 G2 119 332 0.52 051653 1 1
STD 714 34 HS 20-44 B7 52941 -131 -34.2 0.54 054372 1 33
STD 716 42 HS 20-44 77 64706 17.4 372 054 053714 1 41
STD 716 44 H= 20-44 0635294 192 374 0.59 048871 1 43
STD 716 46 HS 20-44 91.88235 207 353 0.62 061564 1 45
STD 716 43 HS 20-44 1004706 226 3|7 0.67 0.BBETG 1 47
=STD 716 50 H= 20-44 106 243 393 069 0.RE577 1 49
STD 716 52 HS 20-44 114 6852 26.3 39.3 0.74 0.74086 1 a1
STD c2401 32 HS 20-44 51.52941 g.1 26.3 0.68 0553269 1 1
STD C2401 34 HS 20-44 Sh5.82353 a7 27 0.63 063105 1 33
STD C2401 36 H= 20-44 B2 11765 9.8 27 A 067 0.B7099 1 35
STD C2401 38 HS 20-44 5741176 10.7 281 071 071125 1 a7
STD c2411 32 HS 20-44 53.64706 6.3 25.3 065 0FBS52 1 N
STD C2411 34 HS 20-44 5929412 7 27 071 0.70457 1 33
STD C2411 3R H= 20-44 B4 70555 9.8 27 A 071 0707584 1 35
STD c2411 38 HS 20-44 70.35294 8.5 281 0.8 079911 1 a7
STD Cc2414 32 HS 20-44 71.64706 a4 25.3 0.85 0.85396 1 N
STD C2414 34 H= 20-44 a81.52941 10 2 0.95 096047 1 33
STD C2414 36 H= 20-44 0835294 11 27 A 1.02] 1.01838 1 35
STD c2414 38 HS 20-44 93.76471 119 281 1.06 1.05286 1 a7
STD PC34 24R |HS 20-44 9341176 10.8 251 1.2 1.19944 1 34
STD PC34 26R H= 20-44 93 52941 99 291 1.08] 1.05467 1 34
STD C52403 HS 20-44 132.9412 26.9 44 1 0.81 0.81501 3 75
STD C52404 HS 20-44 -£9.52941 -16.9 -282 0.57 058571 4 55
STD B2200 16 HS 20-44 858 4.4 245 1.51] 1.50256 1 15
=STD B2200 20 H= 20-44 99 3 ) 291 1.45| 1. 45656 1 19
STD B2200 24 HS 20-44 1269 6.8 322 1.67 167453 1 23
STD B2200 28 HS 20-44 151.3 a2 342 1.89 1.82419 1 27
=STD B2200 30 H= 20-44 -151.3 8.8 -35.3 1.82| 1.82493 1 29
STD B2200 32 H= 20-44 1626 96 -36.4 1.9 1.89967 1 31
STD B2200 34 HS 20-44 189.9 10.3 372 219 218558 1 33
STD B2200 36 HS 20-44 189.9 10.8 382 212 212053 1 a5
=TD B2800 H= 20-44 -485 3 -47 8 H27 37| 3.B9857 1 78.875
STD BCza02 HS 20-44 4226 =281 -46.1 J.86 3.85749 1 B3.75
STD BC2801 HS 20-44 435 6 1.5 529 376 3.75851 1 =]
STD B2400 HS 20-44 -334 377 -43.4 271 271222 3 &0
=STD B2411 H= 20-44 -4R3 -50.3 -49.4 371 3707 3 80
STD B2809 HS 20-44 -500.5 -43.3 54 6 369 369261 4 g0
STD CSC2800 3S5|HS 20-44 5426 28.4 0.9 4538 457613 3 =]
STD CSC2800 45|HS 20-44 542 6 28.3 o049 453 445773 4 80
STD RB32 H= 20-44 -133.3 88 269 2.08 208665 3 20
STD 528130 HS 20-44 3709763 114.9 a0.5 168 1.65293 1 130
STD PC34 24R |HS 20-44 80.61518 10.3 17.7 1.54 153965 1 34
STD PC34 26R H= 20-44 #5801 97 134 1.96] 1.95206 1 34
STD PSC4041 HS 20-44 -71.61094 -16.5 -2B2 0.75 0.75597 G 41
STD PSC44B5 HS 20-44 136.5097 306 286 1,34 1.33933 5 =)
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Table C1 - 7 Design Inventory Standard Bridge Output, Intefirder LRFR Part 1

General Info

Interior Girder LRFR

Bin : . ¢ ¢

Material |Constructi|Mumber of|

Type on Spans Sipetn Ll Ye Y motment | sheat 4,‘?:'.: ¢5
STD 714 24 1 4 1 23 126 174 049 049 1 1
STD 714 26 1 4 1 25 126 174 0a9 0a9 1 1
STD 714 28 1 4 1 27 126 1745 09 09 1 1
STD 714 30 1 4 1 29' 126 1.75 0a9 0a9 1 1
STD 714 32 1 4 1 31 126 174 049 049 1 1
STD 714 34 1 4 1 33 126 174 0a9 0a9 1 1
STD 716 42 1 4 1 41" 126 1745 09 09 1 1
STD 716 44 1 4 1 43 126 1.75 0a9 0a9 1 1
STD 716 4k 1 4 1 45' 126 174 049 049 1 1
STD 716 48 1 4 1 47" 126 174 0a9 0a9 1 1
STD 716 50 1 4 1 49 126 1745 09 09 1 1
STD 716 52 1 4 1 a1’ 126 1.75 0a9 0a9 1 1
STD C2401 32 1 4 1 31 126 174 049 049 1 1
STD C2401 34 1 4 1 33 126 174 0a9 0a9 1 1
STD C2401 36 1 4 1 35 126 1745 09 09 1 1
STD Cc2401 38 1 4 1 ETh 126 1.75 0a9 0a9 1 1
STD C2411 32 1 4 1 31 126 174 049 049 1 1
STD C2411 34 1 4 1 33 126 174 0a9 0a9 1 1
STD C2411 36 1 4 1 35 126 1745 09 09 1 1
STD C2411 38 1 4 1 ETh 126 1.75 0a9 0a9 1 1
STD C2414 32 1 4 1 31 126 174 049 049 1 1
STD C2414 34 1 4 1 33 126 174 0a9 0a9 1 1
STD C2414 36 1 4 1 35 126 1745 09 09 1 1
STD C2414 38 1 4 1 ETh 126 1.75 0a9 0a9 1 1
STD PC34 24R 1 22 1 34 126 174 049 049 1 1
STD PC34 26R 1 22 1 34 126 174 0a9 0a9 1 1
STD C52403 2 2 3 75100 75 126 1745 09 09 1 1
STD C32404 2 2 4 BE' 82" 82" BB’ 126 1.75 0a9 0a9 1 1
STD B2200 16 3 2 1 15' 126 174 1 1 1 1
STD B2200 20 3 2 1 19 126 174 1 1 1 1
STD B2200 24 3 2 1 23 126 1745 1 1 1 1
STD B2200 28 3 2 1 27 126 1.75 1 1 1 1
STD B2200 30 3 2 1 29' 126 174 1 1 1 1
STD B2200 32 3 2 1 31 126 174 1 1 1 1
STD B2200 34 3 2 1 33 126 1745 1 1 1 1
STD B2200 36 3 2 1 35 126 1.75 1 1 1 1
STD B2800 3 2 1 78.875' 126 174 1 1 1 1
STD BC2402 3 2 1 G758 126 174 1 1 1 1
STD BC28M1 3 2 1 a0 126 1745 1 1 1 1
STD B2400 4 2 3 g0 80" B0 126 1.75 1 1 1 1
STD B2411 4 2 3 80" 100" 80 126 174 1 1 1 1
STD B2809 4 2 4 g0' 100" 100" 800 126 174 1 1 1 1
STD CSCZE00 35 4 2 3 80" 100" 80° 126 1745 1 1 1 1
STD C3C2a00 45 4 2 4 a0' 100" 100" a0 126 1.75 1 1 1 1
STD B32 4 2 3 200 200 20 126 174 1 1 1 1
STD 528130 a 2 1 130 126 174 0a9 0a9 1 1
STD PC34 24R a 22 1 34 126 1745 09 09 1 1
STD PC34 26R a 22 1 34 126 1.75 0a9 0a9 1 1
STD PSC4041 4] 2 4] 41" 41" 41" 41" 41" 41° 126 174 049 049 1 1
STD PSC44R5 4] 2 a B5' B5' BA' B5' BS' 126 174 0a9 0a9 1 1
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Table C1 - 8 Design Inventory Standard Bridge Output, Intefiarder LRFR Part 2

Interior Girder LRFR
Bin Moment
: Mn Mo ML Wirtis Excel Length
veicle g (k) ) | RF | RF | ZPF]
STD 714 24 HL-93 316.1689 565763 2517386 0.485 048528 1 23
STD 714 26 HL-93 33928244 711366 2785669 0445 0.4451 1 25
STD 714 28 HL-93 22967 B45632 3058143 0495 049534 1 27
STD 714 30 HL-53 481.0378 99388 333.1709 0529 052945 1 29
STD 714 32 HL-93 5369178 1177584 3658817 0520 0.5248 1 31
STD 714 34 HL-93 09279758 1351944 3939971 0.517| 0.51665 1 33
STD 716 42 HL-53 JBB.A0sY | 227.8088 5164137 0.448 0.44825 1 a1
STD 716 44 HL-53 o08.9022 | 252 8864 5605371 0,407 040709 1 43
STD 716 46 HL-93 968.1922) 296752 608.168  0.386 0.358564 1 45
STD 716 48 HL-93 95712758 3301616 B53.964 0.35 0.33044 1 47
STD 716 &0 HL-53 1086.057 ) 378.0312 705 4491 0.409 0.40893 1 49
STD 716 52 HL-93 1145711 4265456 758.64060 0375 0.37508 1 a1
STD c2401 32 HL-93 558.5256) 1134243 3306634 0624 0BZ367 1 31
STD C2401 34 HL-93 6209256 1288152 3602374 0631 063095 1 33
STD C2401 36 HL-53 B83.3256| 152 8768 391.2829 0619 0E15906 1 35
STD C2401 38 HL-93 523.8333 1754864 4218223 0342 03415 1 37
STD 2411 32 HL-93 S64.8878 8596403 330664 0635 065494 1 k)|
STD C24171 34 HL-53 B27.2875) 105.2672 360.2926 0.687 0.B8E7 1 33
STD C2411 36 HL-53 B85 6875 15288 391.2897 062 0E:74 1 35
STD C2411 38 HL-93 7520878 1416024 42182 0677 067717 1 37
STD 2414 32 HL-93 75208758 1231848 3532686 0845 0.584551 1 k)|
STD C2414 34 HL-53 ob1.2878| 146.04458 385.7514 0871 08107 1 33
STD C2414 36 HL-93 9392578 169 4672 421.3377 0.859 08592 1 35
STD C2414 38 HL-93 1001.688 1940224 452,089 0.833] 0.83295 1 37
STD PC34 24R 0 |HL93 7895556 BXG368 2494703 1391 1.39107 1 34
STD PC34 ZER |HL-S3 /85,5556 o0.528 3411 1.021 1.02118 1 34
STD C52403 HL-93 40002667 | 187 8568 -645.7731 0.686| 0.68582 3 74
STD CE2404 HL-93 179915 258.5744 B32.2714 117 117017 4 66
STD BZ200 165 HL-53 333,822 17.096  124.98517 1.429 1.42579 1 15
STD BZX200 20 HL-53 426548 289792 171.3914 1.301 1.30136 1 19
STD B2200 24 HL-93 570027 431296 224 5691 1.313) 1.31328 1 23
STD B2200 28 HL-93 716,683  EB0.043 2732051 1.342 1.342 1 27
STD BZX200 30 HL-53 J1B.EE3 BI.AV28 2935771 1226 1.22643 1 29
STD BZ200 32 HL-93 774159 79885 F16.9954 1.216 1.21552 1 31
STD B2200 34 HL-93 9314960 916168 34720060  1.345 1.34459 1 33
STD B2200 36 HL-93 931,496 103.0584 3685914 1.244 1.24439 1 35
STD BZ800 HL-53 33 B.9328 1231429 1129 112919 1 7/8.874
STD BCZ402 HL-93 2979473 5282376 990.28 1.338 1.33825 1 68.75
STD BC28M HL-93 4774674 9042360 1373.093 1.517 1.516G4 1 a0
STD B2400 HL-93 36| -5.2664 -2361943 0712 071169 3 G0
STD B2411 HL-53 3B 55784 18.068 0.918 091802 3 (all
STD B2309 HL-93 33 75128 12342290 1.093) 1.02306 4 a0
STD CEC2800 35|HL-93 -25.181 7616 -19.13486 0587 0.58714 3 a0
STD C3C2800 45 HL-S3 -24.181 7.5848 19265843 0584 05845 4 (all
STD B32 HL-593 -11.402 -2.824 1407714 0.32 031955 3 20
STD 523130 HL-93 13306.85 3765638 2B06.352 1.48  1.48014 1 130
STD PC34 24R 0 |HL93 F54.15) F747360 1205451 1.289 1.23387 1 34
STD PC34 ZER |HL-S3 35415 374736 106.5286 1.458 1.45846 1 34
STD PSC4041 HL-93 12034660 187.252 40570860 1.196) 1.19587 ] 41
STD PSC4465 HL-93 -709.9033 -33.88858 -737.3571 0.462| 0.46231 &) B5
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Table C1 - 9 Design Inventory Standard Bridge Output, Intefiarder LRFR Part 3

Interior Girder LRFR
Bin Shear
, itil hio FulL irtis Excel Length
“ehicle o (ki) (ki) nF nE Span # (f)

STD 714 24 HL-593 254885 98392 5221143 0481 04815 1 23
STD 714 26 HL-593 BE.E3111 11.35824 5306 0493 04926 1 25
STD 714 28 HL-53 7174222 12,528 o4.764 051 0451032 1 e
STD 714 30 HL-93 7549889 1537088 5661543 0513 051285 1 2
STD 714 32 HL-593 8374889 151952 58508 0551 0.55065 1 3
STD 714 34 HL-53 9204333 167512 BOO0Z743  0.589 058925 1 33
STD V16 42 HL-53 1016978 221784 6649543 05453 054831 1 41
STD 716 44 HL-93 1181578 24,4552 B7 B85 064 063999 1 43
STD 716 45 HL-593 1267011 253776 BBS5543  0R72 0OE7173 1 45
STD 716 48 HL-53 139.7356 2878 7037486 0729 072905 1 47
STD 716 &0 HL-93 148.35) 3008592 71.15836 0762 0.76243 1 49
STD 716 52 HL-593 161.4544| 33.4544 72035 0821 082116 1 &1
STD C2401 32 HL-593 G0.86444 57816 3979886 2 0.629 0E2X589 1 3
STD C2401 34 HL-53 60215560 93655 40,748 0697 069573 1 33
STD C2401 36 HL-93 7525889 1004832 41.90971 0.745 0.74485 1 35
STD C2401 38 HL-593 7968778 11.3852 43004 0DVB3| 076272 1 7
STD C2411 32 HL-53 G6.52556 G.94 39744 0736 07361 1 31
STD C2411 34 HL-53 74.21556 7656 40,745 0802 0.80245 1 33
STD C2411 36 HL-93 8076333 10,4832 41.90971 0812 08124 1 35
STD C2411 38 HL-593 8922889 91848 43004 0915 0.91453 1 7
STD C2414 32 HL-53 9366773 95365 39.744 1.041] 1.04066 1 31
STD C2414 34 HL-93 108.0922 10,6216 40.748 1.178] 1.17806 1 33
STD C2414 36 HL-93 1M7.7511 11,6208 41.90971 1.247) 12489 1 35
STD C2414 38 HL-593 1247911 125356 4300343 1.283] 1.28335 1 7
STD PC34 24R |HLS3 124122 77776 34.11543 1,708 1.70813 1 34
STD PC34 26R |HL93 177033 76072 39356914 1.4] 1.39956 1 34
STD CS52403 HL-593 -307.1344 7464 -110.8348 0844 09436 3 75
STD CS2404 HL-53 rTTe 23232 g2.832 0279 0.27886 4 ata]
STD B2200 16 HL-53 g5.809 47468 3640657 1.187| 1.18684 1 15
STD B2200 20 HL-93 99297 B.1005 4039429 1,297 1.2968 1 19
STD BZ2200 24 HL-593 1265853 75008 46453314 1.432] 1.43157 1 23
STD B2200 25 HL-53 1591.283 0.096 45876629 1.642] 164239 1 e
STD B2200 30 HL-93 151.283 95552 5041543 1579 1.57932 1 2
STD B2200 32 HL-93 162629 10.308 £2.1 1.642| 164235 1 3
STD BZ2200 34 HL-593 189.873 11.1048 53.45314 1881 1.85814 1 33
STD B2200 36 HL-53 189.873 11.7784 5507943 1817 1.81712 1 35
STD B2300 HL-93 435268 392056 8858457 2814 281417 1 78875
STD BCz402 HL-593 422621 305904 7483943 JO35 293452 1 B3.75
STD BCz2a01 HL-53 485559 446572 g9.404 2746 274644 1 80
STD B2400 HL-53 333e7e  Zr.2A2 §3.8 2045 20431 &) 2]
STD B2411 HL-93 463.032 37,2 9073371 2623 282326 3 80
STD B2309 HL-593 500496 447552 1019897 2491 245074 4 80
STD CSC2300 35|HL-93 B58.641 54.8655 10116 3333 3.33308 &) 80
STD CSC2300 45|HL-93 B5E.641 550495 1022634 3295 320585 4 80
STD B32 HL-93 21333 -B.257B -39.75771 1.803| 1.80347 3 20
STD 528130 HL-593 4469411 92 B9 9227714 1773 17734 1 130
STD PC34 24R |HLS3 129.2756| 55112 4093556 1.528] 1.52784 1 34
STD PC34 26R |HL93 1381933 55112 39350114 1708 1.7082 1 34
STD PSC4041 HL-593 8028 153704 5037543 0602 060164 G 41
STD PSC4465 HL-53 256805060 350848 7V.2VIET 1113 1.11251 5] 65
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Table C1 - 10 Design Inventory Standard Bridge Output, Intearder LFR Part 1

Interior Girder LFR
. General Info
Bin Material |Constructi|Mumber of] Span Lengths ¥eomks | Yo Y. '?j gﬁ
Type on Spans moment | sheat
STD 714 24 1 4 1 23 1.3 1.0 1.67 049 0.85
STD 714 26 1 4 25' 1.3 1.0 1.67 04 0.85
STD 714 28 1 4 1 20 1.3 1.0 1.67 09 0.85
STD 714 30 1 4 1 29' 1.3 1.0 1.67 049 0.85
STD 714 32 1 4 1 31 1.3 1.0 1.67 049 0.85
STD 714 34 1 4 1 33 1.3 1.0 1.67 04 0.85
STD 716 42 1 4 1 41 1.3 1.0 1.67 09 0.85
STD 716 44 1 4 1 43 1.3 1.0 1.67 049 0.85
STD 716 46 1 4 1 45' 1.3 1.0 1.67 049 0.85
STD 716 48 1 4 1 47" 1.3 1.0 1.67 04 0.85
STD 716 50 1 4 1 49 1.3 1.0 1.67 09 0.85
STD 716 52 1 4 1 a1’ 1.3 1.0 1.67 049 0.85
STD C2401 32 1 4 1 31 1.3 1.0 1.67 049 0.85
STD C2401 34 1 4 1 33 1.3 1.0 1.67 04 0.85
STD C2401 36 1 4 1 35 1.3 1.0 1.67 09 0.85
STD C2401 38 1 4 1 37 1.3 1.0 1.67 049 0.85
STD Cc2411 32 1 4 1 31 1.3 1.0 1.67 049 0.85
STD C2411 34 1 4 1 33 1.3 1.0 1.67 04 0.85
STD C2411 36 1 4 1 35 1.3 1.0 1.67 09 0.85
STD C2411 38 1 4 1 37 1.3 1.0 1.67 049 0.85
STD C2414 32 1 4 1 31 1.3 1.0 1.67 049 0.85
STD C2414 34 1 4 1 33 1.3 1.0 1.67 04 0.85
STD C2414 36 1 4 1 35 1.3 1.0 1.67 09 0.85
STD C2414 38 1 4 1 37 1.3 1.0 1.67 049 0.85
STD PC34 24R 1 22 1 34 1.3 1.0 1.67 049 0.85
STD PC34 26R 1 22 1 34 1.3 1.0 1.67 04 0.85
STD CS2403 2 2 3 75100 75 1.3 1.0 1.67 09 0.85
STD CS52404 2 2 4 BB 82' 52" 66’ 1.3 1.0 1.67 049 0.85
STD B2200 16 3 2 1 15' 1.3 1.0 1.67 1 1
STD BZ200 20 3 2 1 19 1.3 1.0 1.67 1 1
STD BZ200 24 3 2 1 23 1.3 1.0 1.67 1 1
STD BZ200 28 3 2 1 s 1.3 1.0 1.67 1 1
STD B2200 30 3 2 1 29' 1.3 1.0 1.67 1 1
STD BZ200 32 3 2 1 31 1.3 1.0 1.67 1 1
STD BZ200 34 3 2 1 33 1.3 1.0 1.67 1 1
STD B2200 36 3 2 1 35 1.3 1.0 1.67 1 1
STD B2500 3 2 1 78.875' 1.3 1.0 1.67 1 1
STD BC2402 3 2 1 68.75' 1.3 1.0 1.67 1 1
STD BC2801 3 2 1 80 1.3 1.0 1.67 1 1
STD B2400 4 2 3 B0 &80 BO° 1.3 1.0 1.67 1 1
STD B2411 4 2 3 80" 100" 80 1.3 1.0 1.67 1 1
STD B25808 4 2 4 80° 100" 100" 80° 1.3 1.0 1.67 1 1
STD CSCZB00 35 4 2 3 80' 100" 80’ 1.3 1.0 1.67 1 1
STD CSCZe00 4% 4 2 4 80" 100" 100" 80’ 1.3 1.0 1.67 1 1
STD 632 4 2 3 200 200 20 1.3 1.0 1.67 1 1
STD 528130 5 2 1 130° 1.3 1.0 1.67 1 0.9
STD PC34 24R 5 22 1 34 1.3 1.0 1.67 1 0.9
STD PC34 26R o 22 1 34 1.3 1.0 1.67 1 0.9
STD PSC4041 5 2 5 41041 41" 41" 41" 41 1.3 1.0 1.67 1 0.9
STD PSC4465 5 2 5 B5' B5' B5' B5' BS' 1.3 1.0 1.67 1 0.9
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Table C1 - 11 Design Inventory Standard Bridge Output, Intefiarder LFR Part 2

Interior Girder LFR
Bin Moment
, hln Ivio FlL irtis Excel Length
vehicle | g (ki) wty | RE | RE | FPE]

STD 714 24 HS 20-44 316.1689 56.6 146.2 0.66 0.66462 1 23
STD 714 26 HS 20-44 339.8544 65.3 1627 0.61 061467 1 25
STD 714 28 HS 20-44 412.2967 g1.2 186.7 0.66 0.65505 1 27
STD 714 30 HS 20-44 481.0367 95.4 2123 0.67 067023 1 ]
STD 714 32 HS 20-44 536.9167 113 236.4 0.66 065532 1 £
STD 714 34 H= 20-44 92,7967 1327 261.7 064 0.B3541 1 33
=10 716 42 H= 20-44 7BR.5067 28 364.8 0.5 049713 1 41
=10 716 44 H= 20-44 als. 9022 2529 3942 0.45 045132 1 43
=10 716 4B H= 20-44 oba. 1922 29657 4199 0.43 0.43403 1 45
STD 716 48 HS 20-44 957 1267 338.2 444 9 0.44 0.43665 1 47
STD 716 50 HS 20-44 1086.057 378 476.5 0.47 046585 1 49
STD 716 52 HS 20-44 1145.7 426.6 5026 0.44 0.43674 1 51
STD C2401 32 |HS 20-44 562,342 108.9 215 0.75 078099 1 3
STD C2401 34 |HS 20-44 6247422 1237 233 0.78 077857 1 33
STD C2401 36 |HS 20-44 GE7.1422 146.8 258 0.76 0.76044 1 35
STD c2401 35 HZ 20-44 52553 163.4 283 0,41 0.41351 1 37
=10 C2411 32 H= 20-44 A68.0689 8k, 1 2149 0.86 0.855493 1 31
STD C2411 34 H= 20-44 B30 4689 101.1 238 084 08438 1 33
STD C2411 36 HS 20-44 (92 8639 146.8 2538 077 07702 1 35
STD C2411 38 |HS 20-44 755.2689 135.9 283 0.82 0.81881 1 7
STD C2414 32 |HS 20-44 755.2689 118.2 214.9 113 1.12761 1 31
STD C2414 34 |HS 20-44 g64.4689 140.2 235 115 1.15302 1 33
STD C2414 36 |HS 20-44 942 4659 1627 2588 113 1.13323 1 35
STD C2414 33 |HS 20-44 1004.569 186.2 283 1.08) 1.07301 1 37
STD PC34 24 |HS 20-44 784.5556 BB 130.4 221 22090 1 34
STD PC34 26R |HS 20-44 784.5550 B5.9 1145 251 2514 1 34
STD C=2403 H= 20-44 -B00. 2556 187 .9 -396.1 091 D.9128 3 s
=10 C=2404 H= 20-44 1945 756 2596 485 1.34 1.34348 4 EE
STD BZ200 16 HS 20-44 336.6 17.7 B75 165 1.6508 1 15
STD B2200 20 |HS 20-44 430.4 289 110.8 1.63 1.63307 1 19
STD B2200 24 |HS 20-44 5759 43.1 134.1 179 1.78568 1 23
STD B2200 23 |HS 20-44 7255 57.6 171.3 175 1.74245 1 27
STD B2200 30 |HS 20-44 7255 65.6 194.8 151 1.51077 1 ]
STD B2200 32 |HS 20-44 7827 76.8 2169 1.45 1.45015 1 £
STD BX200 34 HZ 20-44 942 fatal 2401 1.88 1.5877 1 33
ST0 BX2O0 36 H= 20-44 942 99 2612 1.43 1.43423 1 35
=10 B2800 H= 20-44 4028.4 7964 1040 1.33 1.32564 1 7/8.875
STD Brz4o2 HS 20-44 30289 5292 731.8 147 1.47346 1 B3.75
STD BC2em HS 20-44 4897 .3 2059 10537 1.63 1.62601 1 80
STD B2400 HS 20-44 885.7 1426 500.5 0.87 0.87 3 1]
STD B2411 HS 20-44 21767 300.4 711.5 116/ 1.15635 3 80
STD B2309 HS 20-44 1920 143.8 693.8 115 1.15058 4 80
STD CECZ800 3IS|HS 20-44 1939.6 MN77 g811.3 0.82 08213 3 80
STD C5C2800 45|HS 20-44 1959.65 4158 g11.4 0.82 0.82261 4 g0
=10 B32 H= 20-44 -1B2.6 208 718 0.87 0.86761 3 20
=10 328130 H= 20-44 12624 85 37662 17866 1.99 1.99262 1 130
STD PC34 24R |HS 20-44 398.624 37A 101.7 1.59 1.53464 1 34
STD PC34 26R |HS 20-44 395,624 375 101.9 1.58 1.58153 1 34
STD PEC4041 HS 20-44 1065.356 186.2 303.4 125 124892 ] 41
STD PEC4465 HS 20-44 -6358.913 -45.3 -492.8 0.54) 054214 ] 65
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Table C1 - 12 Design Inventory Standard Bridge Output, Inteffarder LFR Part 3

Interior Girder LFR
Bin Shear
. hlr Ivio flL Yirtis Excel Length
vehicle | g, (ki) ) | RE | RE | GPAF] e

STD 714 24 HS 20-44 55.20412 =R 35.3 052 044535 1 >3
STD 714 28 H= 20-44 A7 88235 11.4 366 051 043268 1 25
STD 714 28 HS 20-44 B3.29412 126 7B 054 0.45341 1 27
STD 714 30 HS 20-44 55 13.7 8.6 053 045692 1 29
=STD 714 32 H= 20-44 f5 88235 122 343 054 0453904 1 31
STD 714 34 HS 20-44 141176 -13.4 -35.4 056 0568315 1 33
STD 716 42 HS 20-44 7964706 17.7 8.5 054 053467 1 41
STD 716 44 H= 20-44 90 35294 196 392 0.6 060303 1 43
STD 716 46 HS 20-44 95 85235 211 297 063 062734 1 45
=STD 716 48 H= 20-44 104 4706 23 40 063 0R7826 1 47
STD 716 &0 HS 20-44 110 247 40.6 0.7 069549 1 49
STD 716 &2 HS 20-44 -118.4706 -2BT -40.9 074 074318 1 =1
=TD c2401 32 H= 20-44 a4 70588 8.7 266 061 060937 1 31
STD C2401 34 HS 20-44 g0 9.4 273 066 065431 1 33
STD C2401 3B HS 20-44 B5.209412 10.5 ra 0.7 062591 1 a5
=STD C2401 38 H= 20-44 7094118 11.4 28.4 074 073764 1 a7
STD C2411 32 HS 20-44 &7 .05352 6.9 26.6 0.69 063452 1 1
STD C2411 34 HS 20-44 5250824 77 273 073 072872 1 33
=STD C2411 36 H= 20-44 [ata) 105 27 074 07346 1 35
STD C2411 38 HS 20-44 73.64706 az2 28.4 082 082133 1 a7
STD C2414 32 HS 20-44 74.70588 = 266 089 083574 1 N
STD C2414 34 H= 20-44 84 58824 107 273 093 097343 1 33
STD CZ2414 36 HS 20-44 a91.52941 11.6 Era 1.04 1.04295 1 35
=STD C2414 38 H= 20-44 95 94118 126 28.4 1.07] 1.07077 1 a7
STD PC34 24R |HS 20-44 93. 41176 6.4 171 1.92 1.91466 1 34
STD PC34 26R |HS 20-44 93. 41176 5.4 15 218 218271 1 34
STD Cs2403 H= 20-44 1368824 271 42 5 086 0.86997 3 75
STD C32404 HS 20-44 76.11765 16.6 352 057 056426 4 aa]
STD BZ2200 1B HS 20-44 g85.8 4.8 247 1.48 1.458367 1 15
=STD B2200 20 H= 20-44 993 6.1 29.4 1.43| 1.43152 1 19
STD BZ200 24 HS 20-44 1269 7.4 J2.4 165 1.6531 1 23
STD BZ2200 28 HS 20-44 151.3 8.9 345 1.87 1.86557 1 27
=STD B2200 30 H= 20-44 1513 9B -356 1.8 1.79614 1 29
STD BZ200 32 HS 20-44 1626 -10.4 -36.7 1.87 1.87108 1 1
STD BZ200 34 HS 20-44 189.9 111 375 216 215532 1 33
=STD B2200 36 H= 20-44 1899 1.7 38.5 2.09 20900 1 35
STD B2800 HS 20-44 4853 -38.3 574 343 J.4844 1 78875
=STD BCZ2402 H= 20-44 422 B 306 -47 5 371 371228 1 G375
STD BCZE01 HS 20-44 4856 44.8 577 341 3416 1 g0
STD B2400 HS 20-44 334 -27 3 -50.3 273 273358 3 &0
=STD BZ2411 H= 20-44 4R3 -37 .4 513 372 372067 3 80
STD B2809 HS 20-44 a00.5 -45.8 596 341 3.40795 4 g0
STD CSCZ800 35|HS 20-44 B42 6 297 555 418 418232 3 =]
STD CEC2800 45|HS 20-44 542 B 296 fatalla) 418 417637 4 80
STD B32 HS 20-44 133.3 6.3 -26.9 2140 21423 3 20
STO 528130 HS 20-44 IF112N 115.8 53.8 1.44 143727 1 130
STD PC34 4R H= 20-44 80 87587 558 177 207 1.70814 1 34
STD PC34 26R |HS 20-44 80 92162 55 17.8 206 1.69961 1 34
STO PSC4041 HS 20-44 -71.3654 -16.8 -44.4 0.44 043975 5 41
STD PSC44B5 H= 20-44 -142.9808 -36.2 563 063 0.B7957 g G5
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APPENDIX C.2: Design Inventory Unique Bridge Ratirg Data

Presented in this appendix is the extracted data ¥irtis for the unique bridge
sample at the Design Inventory level for the LRFRler the HL-93 load model and the
Inventory level of the LFR under the HS-20. Talle$ - 1 through C.1 - 12 provide the
following information: BIN, Material Type, Structalr Type, Number of Spans, Span
Length, Dead Load Factors, Live Load Factors, R&st® Factors, Condition Factor,
System Factor, Controlling Vehicle, Unfactored Gatgya Unfactored Dead Load,
Unfactored Live Load, Virtis Rating Factor, and EkCalculated Rating Factor. The
Excel rating factor is calculated using the prodidegformation and the rating

methodologies rating equation as provided in Chahte
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Table C2 - I Design Inventory Unique Bridge Output, Exter@rder LRFR Part 1

LRFR
General Info
Bin ) ) ¢j ¢j

Material | Construction | Murmber of

Type Wethod Spans =ieem Longilie Ye T moment | shear {Eﬁc ﬁﬁs
BO01393 1 4 1 25 125 | 175 0.9 0.9 1 1
BO11017 1 4 1 42 126 | 175 0.9 0.9 1 1
BOO7E99 1 4 1 34 125 | 175 0.9 0.9 1 1
BOOA167 1 4 1 33 125 | 175 0.9 0.9 1 1
BOOE3E0 1 4 1 38 667" 125 | 175 0.9 0.9 1 1
BOO3411 1 4 1 A0 126 | 1.75 0.9 0.9 1 1
BOOBES3 1 22 1 19' 125 | 175 0.9 0.9 1 1
BO19807 1 22 1 24 125 | 175 0.9 0.9 1 1
B019555 1 22 1 40 126 | 175 0.9 0.9 1 1
B014979 1 22 1 34 125 | 175 0.9 0.9 1 1
BOO7334 2 4 3 44" 55" 44 125 | 175 0.9 0.9 1 1
BO03523 2 4 3 24" B A4 125 | 175 0.9 0.9 1 1
BOO7334 2 4 3 44' 55" 44" 125 | 175 0.9 0.9 1 1
BOOS005 2 4 3 58' 73" BB 125 | 175 0.9 0.9 1 1
BO0Ea21 2 4 3 44 55" 44 125 | 175 0.9 0.9 1 1
BOO7E48 2 4 3 7290 72 126 | 1.75 0.9 0.9 1 1
BO11110 2 4 4 84' 105" 105" B84 125 | 175 0.9 0.9 1 1
BO11206 2 2 4 84" 105" 105" 84 125 | 175 0.9 0.9 1 1
BO11081 3 2 1 31667 125 | 175 1 1 1 1
BO09782 3 2 1 78.625' 125 | 175 1 1 1 1
BOO5318 3 2 1 70.875' 125 | 175 1 1 1 1
BOO7&36 3 2 1 a6 125 | 175 1 1 1 1
B012825 3 2 1 a0’ 126 | 1.75 1 1 1 1
BO011335 3 2 1 109 583 125 | 175 1 1 1 1
BOO2310 4 2 2 22 125 | 175 1 1 1 1
BO011097 4 2 3 50 BO' AO 126 | 175 1 1 1 1
BO012599 4 2 3 B0 80" /O 125 | 175 1 1 1 1
BO11344 4 2 3 v0' 109" B0 125 | 175 1 1 1 1
B012319 4 2 3 52" 104" 82 125 | 175 1 1 1 1
BO012350 4 2 3 140" 180" 140 126 | 1.75 1 1 1 1
BO17781 4 2 4 168.875" 2100 210" 168.8751 1.25 | 175 1 1 1 1
BO15764 5 2 1 47 B72 125 | 175 0.9 0.9 1 1
BO19141 5 2 1 T 126 | 175 0.9 0.9 1 1
B019950 5 2 1 123 125 | 175 0.9 0.9 1 1
BO19473 5 2 1 131.021 125 | 175 0.9 0.9 1 1
BO16591 5 5 1 40 125 | 175 0.9 0.9 1 1
BO018106 ) 5 1 51.042' 126 | 1.75 0.9 0.9 1 1
BO16845 5 6 1 100 125 | 175 0.9 0.9 1 1
BO14450 B 2 3 385 305 305 1.25 1.4 0.9 0.9 1 1
B016510 B 2 8 7' 32802 32802 32802 3] 1.25 1.4 0.9 0.9 1 1
BO16111 B 2 3 38.458" 39.583' 38.458' 1.25 1.4 0.9 0.9 1 1
BO16310 B 2 3 59.25' B1' B1.052' 1.25 1.4 0.9 0.9 1 1
B015295 5 2 1 a0 125 | 175 0.9 0.9 1 1
BO17909 B 2 3 82.417" 83" 827 126 | 1.75 0.9 0.9 1 1
BO15820 B 2 3 118.25' 117833 118.333' | 125 | 175 0.9 0.9 1 1
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Table C2 - 2 Design Inventory Unique Bridge Output, Exter@rder LRFR Part 2

Controling
Bin Moment
. Mn Mo ML Yirtis Excel Length | Postin )
vehicle | g (k) aty | RF | RF |FP0F (ﬁ[j1 Fraation | PG
BO01393 HL-23 BG61.5044 | 105.3008| 223.8856 1.184 1.18357 1 25
BO11017 HL-93 1298.045 277.3958 557 4531 0,799 0.79909 1 42
BO07639 HL-23 B21.8533 1244416 a00.72 0461 046118 1 34
BO0ATEY HL-93 7579378 136.5512| 451.9263 0647 0.B4E7 1 33
BO0R360 HL-S3 1090107 | 2129664 493.36 0828 082301 1 38667
BO03411 HL-93 12689.193 | 385.5752| E74.756 0558 055919 1 a0
BO0SE53 HL-S3 151.6911 21.6352| 154 9754 0403 0.40334 1 19
BO19807 HL-93 289.3778 32824 2271286 0552 0.55201 1 24
B019555 HL-S3 1005.343 | 119.6408| 404 6074 1.067 1.06665 1 40
B014979 HL-S3 9143133 78.5168| 303.856 1.363 1.36293 1 34
BO07334 HL-S3 -455 6589 0632 -316.6697 0739 0.73851 3 44
BO0S523 HL-S3 6352189 -14.296| 3919257 0.86 0.85959 3 a4
BO07334 HL-93 -455 6589 -0.6R32 -316.6697 0739 0.73851 3 44
BO09005 HL-93 9498122 44072 B22.7811 0773 077929 3 o8
BO0OB521 HL-93 B25.2044 28.072| 309.1966 0583 095004 3 44
BOO7348 HL-23 2417 178 402 4464| 9139234 1.046 1.04567 3 72
BO11110 HL-93 333713 B44.0552| 1331.692 0943 0.94331 4 54
B011206 HL-23 2720944 683.1408| 1295919 0703 070327 4 g4
BO11081 HL-93 2369555 105.5192| 4050897 3156 3.15649 1 31.667
BO09752 HL-S3 4865 639 1210.936| 1500.305 1277 127668 1 7BE25
BO0S318 HL-93 -33 -11.7616 -25.88343 0,404 0.40397 1 70875
BO07536 HL-S3 289407 257 8072 9125103 1611 161074 1 ala]
BO12325 HL-93 43734 976.024 1580.05 1.14 1.14042 1 80
B011335 HL-S3 B418.77 1382.022 2404 497 1115 1.11487 1 109.583
BO02310 HL-S3 157720 1.2 18224 0417 04165 2 22
B011097 HL-S3 4] 39248 1473314 1206 1.20599 3 a0
B012539 HL-S3 -29.075 57736 -19.80343 0631 0.63071 3 g0
B011344 HL-93 295924 K0384 -19.78629 0646 064622 3 a0
BO12319 HL-93 S350 -13.208 -17.91143 0622 062179 3 g2
BO12350 HL-93 -49.4| -15.5032 -16.30057 1.0652 1.05241 3 140
BO17781 HL-23 -360 -12.5264 8716 1.334 1.33364 4| 168.6875
BO15764 HL-93 2203948 326.9072 T17.2251 1266 1.25477 1 47 B72
BO19141 HL-23 A661.599 ) 933.084| 1340539 1752 1.7515 1 77
BO19950 HL-93 9993062 3083.074 2909412 1.01 1.00951 1 123
B019473 HL-23 10035895 3325.485| 2321.145 1.201 1.20093 1 131.021
BO16591 HL-93 1244283 199.5805| 291.2914 1707 170743 1 40
B015106 HL-S3 2016428 496.7096| 428 4166 1592 156923 1 &1.042
BO16345 HL-93 95593.401 | 1901.746| 2279436 1.636 1.63621 1 100
B014450 HL-S3 544 94722 253192 -424 2521 0772 077245 3 Ba
BO16510 HL-S3 -590.5656 0| -337.8636 1.124 112368 5 INETT
BO16111 HL-S3 £590.0189 125016 -430.6243 1.004 1.00417 3| 38458
BO16310 HL-S3 -1392.802  -46.02096 -1020.594 0.837 0.83704 3| B1.082
B015294 HL-93 3500698 382.9536| V667731 1.857 1.85709 1 a0
BO17909 HL-93 -842 9367 0] -1281.6587 0.333 0.33323 3| 82417
BO15820 HL-93 -3231.274) 943888 177069 0.9 080043 3] 11B8.333
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Table C2 - 3 Design Inventory Unique Bridge Output, Exter@@irder LRFR Part 3

R.F Data
Bin Shear
. “h o WL Wirtis Excel Length | Fosting :
VS | g ) () RF. | RFE | SP8#| “my | Fraction | POStiN
B001393 HL-93 99 19556 33696 2667143 1.822 1822475 1 25
BO11017 HL-93 17,6622 21.1352| 56.83829 0.798 0798034 1 42
BO07E99 HL-93 2532222 0| 26.86743 0.485 0484705 1 34
BOOS167 HL-93 G5 95839 99312 44 99586 0.859 0859047 1 33
BO0E360 HL-93 116.03 17 6248 516 0912 091247 1 38667
B003411 HL-93 1621122 246768 53.80057 1,222 1.222026 1 a0
B00s6EA3 HL-93 84 64778 3644 3216571 1,272 1.2724582 1 19
BO19607 HL-93 G53.00444 43768 30.24057 0.98 0980168 1 24
B019558 HL-93 115.3456 05712 42.00514 1,223 1.223257 1 40
B014579 HL-93 1238.323 5.5424) 2056114 2141 21.40063 1 34
BO07 334 HL-93 a57.29 B5.2512 36.53771 0.684 0684178 3 44
BO03523 HL-93 a1.48 9.652| 32.74514 0.595 0597986 3 ad
BO07 334 HL-93 a57.29 B5.2512 36.53771 0.684 0684178 3 44
BO03005 HL-93 5590333 8.3816 42.06743 0.663 0.66337 3 a5
BO03521 HL-93 B1.12111 53528 31.06286 0.867 0.86B535 3 44
BO07345 HL-93 319.7856 32.56| B6.6E257 1.63 1.629542 3 72
BO11110 HL-93 5300889 17.2824 44,124 0,396 0.396351 4 a4
BO11206 HL-93 2699789 47 B424| 79.33314 1.256 1.256387 4 a4
BO11081 HL-93 425,576 13,3288 54.20457 4,311 4310812 1 31667
BO09752 HL-93 529,701 51.132 88.57714 2924 2924237 1 78625
BO0S318 HL-93 422621 295495 70.21543 3,139 3138781 1 70875
BO07536 HL-93 405,246 18,26 72.91536 3.005 3.004678 1 a6
B012825 HL-33 A42 61 483872 84.68171 3.253 3253366 1 a0
BO11335 HL-33 37104 438432 91.47543 1.929 1928612 1 109.583
BO02310 HL-33 -125.853 65544 -38.45074 1.746 1.746005 2 22
BO11097 HL-33 -5 5760 -23.8080 -73.1343 3.093 3092675 3 a0
B012593 HL-33 214238 392456 85.092 3.018 3.017501 3 [N
BO11344 HL-33 -230.350 -21.7344 -84 9451 1.367 1.366812 3 a0
BO12319 HL-33 37104 44946 75.348 2.388 2 .388060 3 a2
BO12350 HL-33 25007 597472 103.7349 0913 0913293 3 140
BO17781 HL-33 546109 1055984 123.8131 1.911 1911226 4 168.6875
BO15764 HL-33 -160.799 -16.4584 ) -51.0569 1.389 1.388627 1 47672
BO19141 HL-93 3125856 45,472 97 02914 1.3 1299975 1 77
BO19930 HL-93 1444 924 10026 93.21029 (.837 B.837265 1 123
BO19473 HL-93 2433756 B0.9152| 57 14656 1429 1.42884 1 131.021
BO16591 HL-93 1456933 159672| 29.81771 213 2130373 1 40
BO18106 HL-93 1805056 1545728| 30.96114 2639 263905 1 &1.042
BO16345 HL-93 201.6244 30,428 &9.29429 1.382 1.382229 1 100
B014450 HL-93 9370667 15.1096| B9.54929 0672 0B72174 3 38ha
BO16510 HL-93 132.8844 12.4152| 66.50143 1316 1.315732 f 3 BF7
BO16111 HL-93 79 58444 78088 51.78 0.853 0.853405 3 35453
BO16310 HL-93 341.8178 355.8656| 106.1664 1768 1.76814 3 B1.0R2
BO15295 HL-93 -2097 AR -30.636 -70 16.098 15.09805 1 a0
B017909 HL-93 23361 -39.4912 -74.0326 1242 1241809 3 82417
BO15320 HL-93 -373.976 752432 -B0.336 1.725 1.725069 3 118333
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Table C2 - 4 Design Inventory Unique Bridge Output, Exter@irder LFR Part 1

LFR
General Info
Bin . ) {gﬁ ¢
Material | Construction | Mumber of
Type Method Spans Sigein Lot Yo | Yo 16 moment | shear
B001393 1 4 1 25' 1.3 1 167 09 0.e5s
BO11017 1 4 1 42 1.3 1 167 09 0.e5s
BO07659 1 4 1 34 1.3 1 167 0.3 0.e5
BOOS167 1 4 1 33 1.3 1 167 0.3 0.es
BO0G3E0 1 4 1 358667 1.3 1 1.67 0.3 0.es
BO03411 1 4 1 a0 1.3 1 1.67 0.3 0.es
BO0SES3 1 22 1 19 1.3 1 1.67 0.3 0.es
BO19607 1 22 1 24 1.3 1 1.67 0.3 0.es
BO19553 1 22 1 40 1.3 1 1.67 0.3 085
B014579 1 22 1 34 1.3 1 1.67 0.3 085
BO07334 2 4 3 44' 55" 44 1.3 1 1.67 0.3 085
BOOBS23 2 4 3 a4' B3 54 13 1 167 03 0.8s
BOO7334 2 4 3 44' 55" 44 13 1 167 03 0.8s
BOOS00S 2 4 3 a3' 73" 58 13 1 167 03 0.8s
BOOSA21 2 4 3 44' 55" 44 13 1 167 03 0.8s
BO07548 2 4 3 7280 7 13 1 167 0a9 0.85
EO011110 2 4 4 g4' 106" 105" 84' 1.3 1 167 09 0.85
BE011206 2 2 4 g4' 106" 105" 84' 1.3 1 167 09 0.85
E011081 3 2 1 31667 1.3 1 167 1 1
BO0S752 3 2 1 78625 1.3 1 167 1 1
BO05318 3 2 1 70.875 1.3 1 167 1 1
BO07536 3 2 1 a6 1.3 1 167 1 1
BO12525 3 2 1 a0’ 1.3 1 1.67 1 1
BO011335 3 2 1 109,583 1.3 1 1.67 1 1
BO0Z310 4 2 2 2222 1.3 1 1.67 1 1
BO11097 4 2 3 a0' B0 50 1.3 1 1.67 1 1
B012559 4 2 3 G0' 80 B0 1.3 1 1.67 1 1
BO11344 4 2 3 70' 103 80 1.3 1 1.67 1 1
BO012319 4 2 3 82" 104" 82 13 1 167 1 1
BO12350 4 2 3 140" 180" 140° 13 1 167 1 1
BO17781 4 2 4 BR.E75" 210 210" 168.874 1.3 1 167 1 1
BO15764 5 2 1 47 672 13 1 167 1 09
BO19141 5 2 1 77 13 1 167 1 09
BE019990 5 2 1 123" 13 1 167 1 0a9
B019473 5 2 1 131.021" 1.3 1 167 1 09
B016591 5 5 1 40° 1.3 1 167 1 09
BO018106 5 5 1 51.042' 1.3 1 167 1 09
BO16545 5 5 1 100 1.3 1 167 1 09
E014450 b 2 3 A 395 395 1.3 1 167 1 09
BO16510 b 2 5 ' 32802 32802 32802 1.3 1 167 1 0.3
BO16111 5 2 3 35.458' 39.583" 33.458" 1.3 1 1.67 1 0.3
BO16310 5 2 3 £9.25' 61" 61.062" 1.3 1 1.67 1 0.3
BO15295 5 2 1 a0 1.3 1 1.67 1 0.3
B0175909 5 2 3 82.417' 83" 82.417" 1.3 1 1.67 1 0.3
BO15520 5 2 3 118.25" 117.833' 1183331 1.3 1 1.67 1 0.3
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Table C2 - 5 Design Inventory Unique Bridge Output, Exter@irder LFR Part 2

Controling R
Bin Moment
Vehicle ET% ETﬁD) E{:’% \‘g”F'S Excel R.F. | Span# "Eﬁm

BO013%3 HE 20-44 BE1.6359 1656.8 109.56 1.65 1.65139261 1 25
BO11017 HE 20-44 1285.044 2774 387.5 0.95 0.96000951 1 42
BOOYE99 HS 20-44 B21.8533 119.4 315.5 0.59 059047771 1 34
BOOS1ET HE 20-44 761.1189 131.1 281.3 0.84 0.84255876 1 33
BOOE360 HE 20-44 1086.534 204.4 3281 1.01 1.00902376 1| 35.667
BOOZ411 HE 20-44 1271.056 J85.6 3986 074 0.7426615 1 a0
BOOBESS HS 20-44 1515911 216 91.7 054 05442617 1 19
BO19607 HE 20-44 2689.3778 328 124.8 0.3 0.80336564 1 24
BO19555 HE 20-44 1005.342 168.8 268.5 1.2 1.19805455 1 40
BO14979 HS 20-44 9143122 754 191.5 1.74 1.74351678 1 34
BOO7 354 HE 20-44 -455 658 -0.8 -200.9 0.94 0.93785207 3 44
BOOE523 HE 20-44 1317 266 192.2 3651 1.18 1.18045938 3 a4
BO07 354 HE 20-44 -455 658 0.8 -200.9 0.94 0.937858207 3 44
BOO9005 HS 20-44 0949 8111 4.5 418.1 0.94| 0.93531407 3 50
BOOES21 HE 20-44 E30.5333 28.1 170.8 1.43 1.43187773 3 44
BOO7 345 HE 20-44 2425 444 402.3 611 1.26 1.25138357 3 72
BO11110 HE 20-44 3337122 B41.7 7527 1.33 1.32744904 4 g4
BO11205 HS 20-44 272 55R 331 749 4 0.9 096024515 4 84
BO11081 HE 20-44 2321 101.5 251.7 4.01 4.00601566 11 31.667
BOOS7E2 HE 20-44 47828 1212 9401 1.687 1.871415961 1) 78625
BO05315 HS 20-44 1716 5245 7327 0.65| 0.65012595 1 ¥0.875
BOO7 536 HE 20-44 2035.4 258 G194 1.93  1.9342354 1 a6
BO12825 HE 20-44 4402 5 8y7.y 931.4 1.65 1.54B865605 1 ao
BO11335 HE 20-44 a251.4 1381.7 1279.5 1.24 1.24386091 1) 109.683
BOO2310 HS 20-44 2701 1B.2 Oi.2 1190 1.19243362 2 2
BO11097 HE 20-44 16527 140.7 353.4 167 148737443 3 a0
B0125595 HE 20-44 1613 210 523 1.08 1.092054358 3 5]
B011344 HE 20-44 22128 284.8 732 1.16 1.15944655 3 a0
BO12319 HE 20-44 -2079.1 -755.8 G151 0.82 0.82115823 3 a2
BO012350 HE 20-44 1186420 -3618.9 0  -1980.6 1.67 1.6B6507565 3 140
BO17781 HE 20-44 197856 -BBSO0G -3137.4 1.68 1.89128615 4| 168.875
BO15764 HS 20-44 1996465 327 4711 1.54 1.53639903 1 47 B72
BO19141 HE 20-44 5287 5595 833.2 ae0.3 213 2.13194912 1 77
BO15950 HE 20-44 1034417 30833 1457 3 1.9 1.9491175 1 123
BO19473 HE 20-44 10191.95) 33268 1171 2,31 2.30784926 10 131.0
BO16591 HS 20-44 112,73 191.3 200 1.99 1.985995785 1 40
BO18106 HE 20-44 1834.846 495.3 290.7 1.88 1.88502237 1) &1.042
BO16345 HE 20-44 a514.558 15902 .1 1262 2,37 23699052 1 100
B014450 HE 20-44 -490. 4478 253 -205.5 1.03 1.02559122 3 J9.5
BO16510 HE 20-44 -531.5088 1] -162.3 1.81 1.50845413 5 3BT
BO16111 HE 20-44 £21.0163 154 -207.5 1.33 1.33382828 3 38.458
BO16310 HE 20-44 -1263.521 -46 -436.5 1.26 1.2680967615 3 B1.082
BO15295 HS 20-44 2952 562 o83 4932 227 2 265030427 1 50
BO17905 HE 20-44 -758.6428 1] -G23.6 0.56 0.5603655 3 B2a17
BO1&320 HE 20-44 -26592.068 847 9287 127 12741535 3 118.333
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Table C2 - 8 Design Inventory Unique Bridge Output, Exter@irder LFR Part 3

L.F Data
Bin Shear
: 5N D WL Yirtis Excel Length
VEED || o (k) ) rRFE | RE | °P¥|

BO01393 HS 2044 1107088 166 178 192 1913632 1 &
BO11017 HS 20-44  -101647  -211  -397 068 068419 1 42
BO07E99 HS 20-44 | 80.23529 88 343 075 074913 1 34
BO05167 HS 20-44 | 74.94118 99 2 0730727117 1 3
BO0B3E0 HS20-44 9905882 177 365 078 077219 1 38.667
BO03411 HS 2044 1302353 247 332 1.09 1.090359 1 50
BO08ES3 HS 20-44  B8.23529 37 207 1.9 1.183586 1 19
BO19807 HS 20-44 | 54.94118 44 254 075 0.743153 1 24
BO19558 HS 20-44 9341176 133 29 099 0.986515 1 a0
BO014979 HS 20-44 | -1354.59 93 291 19.41 18.03388 1 34
BO07334 HS 20-44 | 91.41178 86 294 105 1.04218 3 44
BO08523 HS 20-44 9941176 151 333 0.9 0.897304 3 54
BO07334 HS 20-44 | 91.41175 86 294 105 1.042186 3 44
BO09005 HS 2044 1375204 168 471 0.92 0.929645 3 58
BO08521 HS 20-44 9447059 B4 218 153 1520882 3 44
BO07E48 HS 2044 179058 -23.2  -338 165 1663128 3 72
BO11110 HS20-44 1117647 176 283  1.18 1.173841 4 84
BO11208 HS 20-44 | 193.8824 34 414 1.35 1.341798 4 84
BO11081 HS 20-44  -4256  -13.3  -416 452 4521005 1 31.667
BO09752 HS20-44 5297  B1.3 525 3.94 3.940729 1 78.625
BO0S318 HS20-44 4226 296 461  3.84 3.838011 1 70878
BO07536 HS20-44 4062 183 51 345 3453816 1 &6
BO12825 HS20-44 5426 485 51 433 4331157 1 a0
BO11335 HS20-44 3742 498 493 285 2856565 1 109.593
BO02310 HS 20-44  -1259 66 308 176 1.754533 2 22
BO11097 HS20-44 | 4268  -247|  -48.1|  3.77| 3.768155 3 50
BO012599 HS 20-44  -4433 202 -475 405 4044122 3 B0
BO11344 HS20-44 | 2277 -218  -491 187 1870237 3 a0
BO12319 HS 20-44 3691 447 524 274 2733728 3 g2
B012350 HS20-44 2626 539 559 149 1495427 310
BO17751 HS20-44 1634  -1877 911 2.0B 2059935 4 168875
BO15764 HS 2044 1928068 274 463 135 1.354582 1 47.672
BO19141 HS 20-44 307379 -484 503 196 1957132 1 77
B019990 HS 2044 -17808 -804 -463  14.9 14.90875 1 123
BO019473 HS20-44 2540388 813 326 173 173713 1 131.021
BO16591 HS 2044 | 1076023 158 216 162 15243 1 a0
BO15108 HS 20-44  -136628  -155  -17.2 275 2753417 1 51.042
BO16845 HS 20-44 2101874 305 37 1.86| 1.861375 1 100
BO14450 HS 20-44 1324853 247 488  0.82 052234 3 w5
BO16510 HS 20-44 | -155.917 20 .87 136 1.380733 5 31677
BO16111 HS20-44  -11028  -154  -442  0.82 0.825501 3 38458
BO16310 HS 20-44 | -157.724]  -157 54 1.04 1036746 3 61082
BO15295 HS 20-44 101943 -307  -471  8.59/8.579715 1 50
B017909 HS 2044 1175627 228 344 103 1018131 3| 82417
BO15820 HS 20-44 2006305 543 417 1.2 1.206193 3 118333
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Table C2 - 7 Design Inventory Unique Bridge Output, Inter@irder LRFR Part 1

LRFR
General Info
Bin : . ¢,‘| ¢,‘|
Material | Construction | Number of

Type Method Spans Span Lengths Yo W moment | shear de | #5
BO01393 1 4 1 25 126 175 09 03 1 1
BO11017 1 4 1 42 126 175 09 03 1 1
BO07E92 1 4 1 34 126 175 09 09 1 1
BOOS167 1 4 1 33 126 | 175 0.9 0.3 1 1
BO0G360 1 4 1 38.667" 126 | 175 0.9 0.3 1 1
BOO3411 1 4 1 50 126 175 09 03 1 1
B008E53 1 22 1 19 126 175 09 09 1 1
B019607 1 22 1 24 126 175 09 09 1 1
B019555 1 22 1 40 126 | 175 0.9 0.3 1 1
B014973 1 22 1 34 126 | 175 09 0.3 1 1
BOO7334 2 4 3 44' 55" 44 126 175 09 03 1 1
BO08523 2 4 3 a4' B3 54 126 175 09 09 1 1
BO07334 2 4 3 44' 655" 44 126 175 09 0.3 1 1
BO0S005 2 4 3 o8' 73 A8 126 | 175 0.9 0.3 1 1
BOOES21 2 4 3 44' 55" 44 126 175 09 03 1 1
BOO7E48 2 4 3 720900 72 126 175 09 03 1 1
EO011110 2 4 4 a4' 105" 105" 84' 126 175 09 09 1 1
BO11206 2 2 4 a4' 105" 105" 84' 126 | 175 0.9 0.3 1 1
BO11031 3 2 1 31.667" 126 | 175 1 1 1 1
BOOS7E2 3 2 1 7BE2E 126 175 1 1 1 1
B005315 3 2 1 70875 126 175 1 1 1 1
BOO07536 3 2 1 a6 126 175 1 1 1 1
B012825 3 2 1 a0 126 | 175 1 1 1 1
BO011335 3 2 1 109,583 126 | 175 1 1 1 1
BOOZ2310 4 2 2 22 2 126 175 1 1 1 1
BE011097 4 2 3 a0' B0 50 126 175 1 1 1 1
BE012693 4 2 3 B0 80 BO' 126 175 1 1 1 1
BO11344 4 2 3 70' 109" a0 126 | 175 1 1 1 1
BO12319 4 2 3 82" 104" 582 126 175 1 1 1 1
B012350 4 2 3 140" 180" 140° 126 175 1 1 1 1
B017781 4 2 4 IBB.87S" 210" 210" 1688794 126 1.75 1 1 1 1
BO15764 5 2 1 47 672 126 | 175 0.9 0.3 1 1
BO19141 5 2 1 77 126 | 175 0.9 0.3 1 1
B019990 5 2 1 123" 126 175 09 03 1 1
BE019473 5 2 1 131.021" 126 175 09 09 1 1
B016591 5 a 1 40 126 175 09 09 1 1
B018106 5 5 1 51.042 126 | 175 0.9 0.3 1 1
BO1E345 5 <] 1 100 126 175 09 03 1 1
BO14450 B 2 3 /A IF5 95 125 1.4 09 03 1 1
B016510 B 2 5 ' 32802 32802 32802 ] 1.2A 1.4 09 09 1 1
BO16111 B 2 3 35.458' 39583 38458 | 1.25 1.4 09 0.3 1 1
BO16310 5 2 3 29.25' 61' 61.062' 1.25 1.4 0.9 0.3 1 1
BO15295 5 2 1 50 126 175 09 03 1 1
BE017902 B 2 3 82 417" 83" 82 417" 126 175 09 0a9 1 1
B015820 B 2 3 118.25' 117.833" 118333 125 175 09 09 1 1
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Table C2 - 8 Design Inventory Unique Bridge Output, Inter®irder LRFR Part 2

Controling
Bin Moment
: Mn Mo ML Yirtis Excel Length | Postin .
Vehicle (ki) (kit) (kft) RE | mr |ZP¥ (ﬂ? Fractiui Prosting
BO01393 HL-53 5209878 121512 251.8251 0738 07377 1 25
BO11017 HL-93 1298.046 | 277 3968 5936371 0791 079076 1 42
BOO7ESS HL-53 £21.8533 124 4416 452.2943 0.5 049952 1 34
BOOA1EY HL-93 7871878 1497664 4530703 0657 065743 1 33
BOOE3E0 HL-53 1028.218 219534 501.0183 0.753| 0.75276 1 38.EE7
BOO3411 HL-93 971.3867 379.0304 7104354 0322 032206 1 a0
BO0SRS3 HL-93 181.5911 216352 154.9754 0403 040334 1 19
BO196507 HL-S3 2893778 32024 2271286 0552 055201 1 24
BO19555 HL-93 1005.343 1196408 305.0903 1.415 1.41458 1 40
B014979 HL-S3 914.3133 785168 249 46591 1.66| 1.66006 1 34
BOO7334 HL-93 -480.3833 02768 -342.092 0723 072276 3 44
BO0GSZ3 HL-S3 B57.0867 | -13.5056 298.7749 0872 0671681 3 54
BOO7334 HL-93 -480.3833 02768 -342.092 0723 072276 3 44
BO0900S HL-53 Opa3.e2 A0302| 4207331 1176 1.17569 3 53
BOOS521 HL-93 B52.7022 1.0432 331.8897 1.009 1.00916 3 44
BOO7E48 HL-53 26507104 4421144 571.2087 1117 1.11749 3 72
BO11110 HL-93 333713 B44.0552 1173.366 1.071 1.07059 4 84
BO11208 HL-53 2720544 7AEEZ 1217747 0722 0.72174 4 84
BO11031 HL-93 1356187 1065416 375.0534 1.843 1.84844 1 31.BE7
BO09752 HL-93 4865.639 755.1904 1390.286 1.612 1.61186 1 ¥B8.B25
BOOA315 HL-93 -330 -12.524) 2294286 0.432 0.432 1 70875
BOO7536 HL-93 289407 2991576 877 2269 1642 1.64162 1 ala]
BO12825 HL-S3 4373143 677 6664 1287.037 1566 1.56558 1 a0
BO11335 HL-93 BA418.77 1431574 1933.215 1.368 1.36835 1 103583
BO0Z310 HL-S3 87720 -27224| 19 47257 0.363| 0.36297 2 22
BO11097 HL-93 5] 415868 1369371 1285 1.28543 3 a0
B012699 HL-S3 -29.075 0 -4.9856| -15.05143 0.867| 0.86724 3 B0
BO11344 HL-93 -29.044 ) -4 4184 -16.36571 0821 082126 3 80
BO12319 HL-53 S35 -14.2686 -17 36286 0.5098| 0.5097593 3 g2
BO12350 HL-93 -49 456 156408 -13.02914 1312 1.3157 3 140
BO17781 HL-53 S35 97016 9994357 1,365 1.26487 4 168.675
BO15764 HL-93 2203948 334 2312 717 2251 1247 1.24748 1 A7 EB72
BO19141 HL-53 58E1.500 9856572 1138.53 2027 202748 1 77
BO19920 HL-93 11493 48 2920553 2233945 1712 1.712114 1 123
BO19473 HL-93 9515 447 2898 649 2102232 1.445 1.44488 1 131.021
BO16591 HL-93 1244 2683 1995808 2339046 21260 212633 1 40
BO18106 HL-93 2016.428 397 5296 308.1223 2444 2 44406 1 51.042
BO16G45 HL-S3 9893.401 1897517 1901.878 1963 1.96262 1 100
BO14450 HL-93 -817.7556  -26.3192| -349 9686 1.438 1.43754 3 39.5
BO16510 HL-S3 -590.5656 0 -341.2907 1,112 1.11239 5 NEFT
BO16111 HL-93 -590.0183  -12.8016| -380.87 36 1.135 1.13534 3 38.458
BO16310 HL-S3 -1392.802 -46.0295 -958.5593 0.882 0.8e2M 3 B1.0B2
BO15295 HL-93 3443 542 387 4704 894556 167 167033 1 a0
BO17909 HL-53 -842.3767 0 -1060.575 0.408| 0.40848 3 8247
BO14520 HL-93 -3469 95 94 3883 -1655.568 1.037 1.03718 3 118.333
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Table C2 - 9 Design Inventory Unique Bridge Output, Inter®®irder LRFR Part 3

R.F Data
Bin Shear
. Rl %o WL YWirtis Excel Length | Postin .
vehicle | (k) {k) R.F. RF | SPan¥ (ﬂ? Fractini Posting
B001393 HL53 1126767 11,6648 47.29314  1.048 1.048029 1 25
BO11017 HL-93 116.3367  21.1352| B1.68857  0.725 0.725154 1 42
BO07E99 HL-53 25.32222 0 2613771 0498 0.49824 1 34
BO05167 HL-53 5252667 10.892 4669886 0.852 0.852379 1 33
BO06350 HL-53 119.2211  18.172 55.62114  (.666 0.565068 1 38667
BO03411 HL-93 1352122 24.2554 B0.56666  0.662 0.562027 1 a0
BO0GES3 HL-93 80.33333 3644 3216671 1203 1.2035 1 19
B019607 HL-93 E2.24778 43768 36.40857,  0.793 0.793408 1 24
B019558 HL-93 12099 95712 37.17943 1.49 1.489718 1 40
B014579 HL-53 1566.02  7.3896 34.11543  23.453 23.45283 1 34
B007334 HL-53 £5.85667  B.416 35.03343 0673 0573088 3 44
BO08523 HL-53 5453556 07824 3465457 0607 060717 3 54
BO07334 HL-93 50.05667 0416 36.03343  0.673 0673068 3 44
BO09005 HL-93 79.69111  9.3656 40.34171 0.85 0.645741 3 58
BO0B521 HL-93 5591222 7.3784) 3364629  (0.698 0.597984 3 44
BO07845 HL-93 327.4322) 357264 93.78286)  1.523 1.523465 3 72
BO11110 HL-53 BO.51667 172824 47.88971  0.392 0.392115 4 84
B011206 HL-53 2791211 391208 B7.416  1.715 1.714794 4 84
B011081 HL-53 24425 134576 59224 2194 2.1943G1 1 31667
BO097a2 HL-93 529701 37.0560 96.19429 2866 2.86551 1 78625
BO05316 HL-93 422621 31464 7HAE28E 2902 29024 1 70875
BO07536 HL-93 406246 212344 7914114 2742 2741697 1 56
B012825 HL-93 54261 33.3996 6160629  3.507 3.507244 1 80
BO011335 HL-53 37104 51652 9062171 1933 1.932523 1 109.583
BO02310 HL-53 125853 -B.0B0S -457103  1.433 1.433275 2 22
B011097 HL-53 425576 251928 -7R.B583  2.93 2.929955 3 &0
B012559 HL-93 514230 33.9136 04.80257 3176 3.176066 3 B0
B011344 HL-93 23036 207224 818103 1.428 1.428022 3 a0
B012319 HL-93 37104 405776 O97EB4 1616 1.51565 3 82
B012350 HL-93 25007 B0.0904 111.0154  0.901 0.900554 3 140
BO17781 HL-53 545109 ©1.2524 134212 1893 1859266 4 168.875
B015764 HL-53 57217 -16.8264 550063  1.251 1.25141 1 47672
019141 HL-53 3125856 513502 97.46457  1.273 1.273008 1 77
B019990 HL-93 466,622 94.9752 094644 7.254 7.253775 1 123
B019473 HL-93 3200778 634668 70.20114  1.699 1.699069 1 131.021
BO16591 HL-93 1456333 15.9672| 43.20229 1.47 1.459644 1 40
BO16106 HL-93 343.2422 249224 42.84743 3704 3704373 1 51.042
BO16845 HL-53 2318211 303608 57.97486  1.652 1562384 1 100
B014450 HL-53 102.9267 145168 67.02357  0.794 0.793836 3 395
B016510 HL-53 55.91333 30984 48015 1.267 1.266702 5 3677
BO16111 HL-93 B7.66 3.933% 4561 0676 08765 3 36.450
BO016310 HL-93 3445044 354064 1066586 1772 1.77219 3 61062
B015295 HL-93 1137.297  6£.1992 39.55486 14675  14.675 1 50
B017909 HL-93 24957 30.276 71.3434 1496 1.495927 3| 82417
B015820 HL-53 367.343 747808 879223 1.541 1.541218 3 118.333
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Table C2 - 10 Design Inventory Unique Bridge Output, Inter@@irder LFR Part 1

LFR
General Info
Bin . . Qj ,;5
Material | Construction | Mumber of
Type tlethod Spans S 1 Yoo | Yo " moment | shear
BO01353 1 4 1 25" 13 1 167 (] 085
BO11017 1 4 1 42 1.3 1 1.67 049 0.as
BO07ES9 1 4 1 34 1.3 1 1.67 0g9 0.as
BO0S167 1 4 1 33 1.3 1 1.67 09 0.as
BO0E3E6E0 1 4 1 28667 1.3 1 1.67 09 0.8s
BO03411 1 4 1 a0 13 1 167 09 085
BO0EES3 1 22 1 19 13 1 167 09 085
BO19607 1 22 1 24' 13 1 167 0 0.84
B19558 1 22 1 40 13 1 167 (] 085
B014579 1 22 1 34' 13 1 167 (] 085
BO07 334 2 4 3 44' 55" 44" 1.3 1 1.67 049 0.as
BO0ss23 2 4 3 o' BB 54 1.3 1 1.67 0g9 0.as
BO07 334 2 4 3 44" 55" 44 1.3 1 1.67 09 0.as
BO0S005 2 4 3 58" 73 a8 1.3 1 1.67 09 0.8s
BO0R521 2 4 3 44" 55" 44" 13 1 167 09 085
BOO7248 2 4 3 72000 7 13 1 167 09 085
BO11110 2 4 4 84" 105" 105" 84 13 1 167 0 0.84
B011206 2 2 4 a4' 105" 105" 84 13 1 167 (] 085
B011081 3 2 1 31 667" 13 1 167 1 1
BO0S782 3 2 1 78,625 1.3 1 1.67 1 1
BO0S318 3 2 1 70875 1.3 1 1.67 1 1
BO07S36 3 2 1 =153 1.3 1 1.67 1 1
B12825 3 2 1 = 1.3 1 1.67 1 1
BO11335 3 2 1 109.533" 13 1 167 1 1
BO0Z2310 4 2 2 222 13 1 167 1 1
BO11097 4 2 3 a0' B0 A0 13 1 167 1 1
B012559 4 2 3 B0 80 B0 13 1 167 1 1
B011344 4 2 3 70' 109" 80 13 1 167 1 1
BO12319 4 2 3 g2' 104" 82 1.3 1 1.67 1 1
BO12350 4 2 3 1400 1800 1400 1.3 1 1.67 1 1
BO17781 4 2 4 B3.875" 210 210" 168.87 1.3 1 1.67 1 1
BO15764 5 2 1 47 6572 1.3 1 1.67 1 0.9
BO19141 5 2 1 tra 13 1 167 1 09
B019950 5 2 1 123 13 1 167 1 09
BO019473 5 2 1 131.021 13 1 167 1 09
B16591 5 A 1 40 13 1 167 1 0s
BO158106 5 A 1 51.042 13 1 167 1 0s
B16545 ) ) 1 o0 1.3 1 1.67 1 09
B014450 5] 2 3 385 395 305 1.3 1 1.67 1 0o
BO1E510 5] 2 5 P 32802 22802 32802 1.3 1 1.67 1 09
BO1ET11 5 2 3 38.458" 29533 38.458" 1.3 1 1.67 1 0.9
BO16310 5} 2 3 59 25' B1' B1.062 13 1 167 1 09
BO152595 5 2 1 a0 13 1 167 1 09
BO175909 5} 2 3 g2.417" 83 8217 13 1 167 1 09
BO15520 5} 2 3 118.25' 117,833 118.333] 1.3 1 167 1 0s
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Table C2 - 11 Design Inventory Unique Bridge Output, Inter@@irder LFR Part 2

Controling
Bin Moment
: hin Mo hiL Yirtis Excel Lennth
eliele (kft) (kft) (kit) R.F. RE | ShEis (ﬁ?

BO01393 HS 20-44 31,3522 916 1672 1.05 105232 1 25
BO11017 HS 20-44 1293 044 2774 413.3 0.8 090003 1 42
BOO7YE99 HS 20-44 G21.8533 119.4 3166 059 04535843 1 34
BOOS167 HS 20-44 792 0533 143.8 303.4 0.8 079343 1 33
BO0G3E0 HS 20-44 1038.318 210.8 aak.2 0.9 0590486 1 38667
BOO3411 HS 20-44 973.0550 3791 465 038 037931 1 al
BOOBES3 HS 20-44 151.5911 216 57 .6 087 0.86R47 1 19
BO19607 HS 20-44 289 3778 328 G7 B 1.43 143406 1 24
BO19553 HS 20-44 1005342 100.2 165.6 2120 211607 1 40
BO14979 HS 20-44 914 3122 75.4 130.4 24686 2466040 1 34
BOO7Y 334 HS 20-44 -480 3778 01 2122 094 0935875 3 44
BO0OBSZ3 HS 20-44 1383.033 195.8 aB9.3 123 1.23504 3 a4
BOO7Y 334 HS 20-44 -480 3778 01 2122 094 0935875 3 44
BOOS00S HS 20-44 oE3.8189 5.1 2704 1.47 0 1.47402 3 58
BOOS521 HS 20-44 B52.7011 322 215 113 1.13453 3 44
BOO7343 HS 20-44 2520844 441 8 RS2 4 1.2 1.19632 3 72
BO11110 HS 20-44 3337122 G417 a02.9 124 124445 4 a4
BO11206 HS 20-44 2730322 7281 799 2 087 087072 4 a4
BOT10E1 HS 20-44 1357 102.4 267 211 211139 1 31667
BOOS7 32 HS 20-44 a0z20 7571 10256 181 181254 1 78.E25
BOOS313 HS 20-44 1716 5584 o449 0.6 0GBD412 1 70875
BOO7 536 HS 20-44 29364 2997 G757 174 173612 1 alal
BO12825 HS 20-44 4402 5 G759 922 176 17585 1 a0
BO11335 HS 20-44 R597 9 1431 3 13028 167 167489 1 109.583
BOOZ310 HS 20-44 2701 -394 -89 R 112 165185 2 22
BOT1097 HS 20-44 1827 1491 411.3 1.49 0 1.49302 3 a0
BO12699 HS 20-44 1513 182 o177 1.14 1.13560 3 G0
BO11344 HS 20-44 2212.8 2716 ¥24.3 1.18 1.18269 3 a0
BO12319 HS 20-44 -2322 817 6 -RET 1 08a 083262 3 a2
BO12350 HS 20-44 -11803.2 0 -3651.1 -2205 7 1.49 14882 3 140
BO177E1 HS 20-44 S979R5 53337 37434 168 1453260 4 168.875
BO15764 HS 20-44 2003.721 3342 0437 133 132946 1 47672
BOT9141 HS 20-44 52875495 o887 9222 20 1.99905 1 i
BO19990 HS 20-44 1034417 29208 1452 2 203 203482 1 123
BO19473 HS 20-44 10028.35 265887 1202.4 285 284751 10 131.021
BO1R&91 HS 20-44 111273 191.3 200 199 193996 1 40
BO18106 HS 20-44 1834 845 3969 2907 209 203977 1 51.042
BO1R345 HS 20-44 3914 585 1897 9 1294 8 229 22936 1 100
BO14450 HS 20-44 -7.35.9302 263 -203.5 169 159143 3 395
BO1ES10 HS 20-44 -531 45088 ] -187 .3 1.31 1.30711 5  31E/Y
BO1GR111 HS 20-44 -621.0163 -16845 -203.5 136 1.36005 3 3J5.458
BO16310 HS 20-44 -1263.621 -dG -4g2.9 1.14 1.13864 3 B1.052
BO15295 HS 20-44 3052 BEY 337 5 o797 205 204915 1 al
BO17909 HS 20-44 -768.1357 0 172 057 05653 3 8247
BO15820 HS 20-44 -2R92 065 944 101845 116 1.16193 3 118.333
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Table C2 - 12 Design Inventory Unique Bridge Output, Intert®irder LFR Part 3

R.F Data
Bin Shear
: “n Yo WL Yirtis Excel Length
Vehicle (k) (k) (k) R.F. RE | P F |

001393 HS 20-44 | 68.94118 5.2 255 1.15 1.149556 1 25
BO11017 HS 20-44 | -101647  -21.1 424 0.64 0640627 1 42
BO07RIS HS 20-44 | 80.23529 8.8 3.1 0.75 0.744561 1 34
BO05167 HS 20-44 | 77 BA706 11 34.8 0.69 0554308 1 33
BO0R3E0 HS 20-44 | 101.4118 18.2 7.8 0.77 0.76209 1 38.667
BO03411 HS 20-44 | 127.4118 243 3.8 0.91 0.310669 1 50
BO0BRS3 HS 20-44 | £5.29412 37 13 1.6 1.796053 1 19
BO019607 HS 20-44 | 54.82353 4.4 13.7 1,37 1.374455 1 24
B019558 HS 20-44 | 93.41176 8.4 18.2 1.74 1.733136 1 40
B014979 HS 20-44 | -1354.59 93 198 2851 2650433 1 34
BO07334 HS 20-44 | 96.70588 73 31.2 1.08 1.073445 3 44
BO0RS23 HS 20-44 | 103.8824 15.4 336 0.94 0.93604 3 54
007334 HS 20-44 | 96.70588 73 31.2 1.08 1.073445 3 44
009005 HS 20-44 | 138.8235 18.8 30.4 1.4 1.41761 3 58
BO0RS21 HS 20-44 | 95.05862 7.4 26.3 1,16 1.158542 3 44
007848 HS 20-44 BB 254 36 1,59 1.600359 3 72
B011110 HS 20-44 | 111.7647 176 0.2 1.1 1.099991 4 a4
B011206 HS 20-44 | -347.765  -65.8 474 1.65 2.041292 4 a4
011081 HS 20-44 2443 134 441 2.37 2369724 1 31.667
009742 HS 20-44 529.7 £ 57.4 386 3.854249 1 78.625
BO05318 HS 20-44 4226 315 475 3.7 3.700938 1 70.875
BO07536 HS 20-44 406.2 213 557 313 313013 1 56
BO012625 HS 20-44 5426 335 50.5 456 4.551902 1 a0
BO011335 HS 20-44 374.2 517 50.8 279 2783561 1 109.583
BO02310 HS 20-44 125.9 9 308 1.71 1.707873 2 22
011097 HS 20-44 4256 261 50,3 359 3566679 3 50
B012593 HS 20-44 433 7.4 47 412 4122818 3 B0
B011344 HS 20-44 277 208 486 1.9 1.901799 3 a0
BO012313 HS 20-44 360.1 483 55 252 2519494 3 a2
B012350 HS 20-44 2626 BO.3 B34 1,34 1.336333 3 140
BO017781 HS 20-44 B35 -1458  -108.7 2.01 2009661 4 1BB.675
BO15764 HS 20-44 | 192.2566 26.1 54.1 1,16 1.162194 1 47672
BO019141 HS 20-44 | -307.373 613 527 1.83 1.835051 1 77
B019990 HS 20-44 | -1780.8 759 458 1511 15.126843 1 123
B019473 HS 20-44 | 232.9007 B3.5 335 1.74 1.747055 1 131.021
BO1R591 HS 20-44 | 1076023 15.9 215 162 162436 1 40
BO18105 HS 20-44 19663 -249 236 283 2.823244 1 51.042
BO16B45 HS 20-44 | 211.7439 305 5.2 1.61 1.819794 1 100
B014450 HS 20-44 | 1306454 237 4.3 0.53 0.827498 3 395
BO1BS10 HS 20-44 | -15586  -155  -446 1,24 1.240613 5 3BT
BO16111 HS 20-44 | -108.874  -148 434 0.84 0.835758 3 38.458
BO16310 HS 20-44 | -1B0.187  -16.2 598 0.94 0345259 3 B1.082
BO015295 HS 20-44 | 1048.253 249 48.3 f.68 6666379 1 50
B017903 HS 20-44 | 108.9963 14 34 1.06 1.058019 3 82417
BO15620 HS 20-44 | 2058822 58.7 45.8 1.09 1.096068 3 118.333
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APPENDIX D: ALDOT Legal Load Rating Data

Presented in this appendix is the extracted data ¥irtis for the unique bridge
sample at the Legal load level for the LRFR underdontrolling ALDOT legal load and
the Operating level of the LFR under the contrgllALDOT legal load. Tables C.1-1
through C.1 - 12 provide the following informatidBIN, Material Type, Structural Type,
Number of Spans, Span Length, Dead Load Factovs, Lload Factors, Resistance
Factors, Condition Factor, System Factor, ContrglWehicle, Unfactored Capacity,
Unfactored Dead Load, Unfactored Live Load, ViRiating Factor, and Excel
Calculated Rating Factor. The Excel rating factaralculated using the provided

information and the rating methodologies ratingaggun as provided in Chapter 2.
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Table D - I Legal Load Level Unique Bridge Output, Exter@irder Flexure, LRFR

Part 1
LRFR
General Info
Bin : @ ¢

Material Type CD:ﬂS;trEDCLIDn NUSrEZErSDf Span Lengths Yo 1L moment | shear ¢"5' ¢’5
BOO1319 1 4 1 25 125 18 049 049 1 1
8011017 1 4 1 42 125 14 049 049 1 1
BO07EY 1 4 1 a4 126 18 09 09 1 1
BOOS1E7 1 4 1 33 126 18 04 0.4 1 1
BOOG3E0 1 4 1 38.667" 125 18 049 049 1 1
BOO3411 1 4 1 50 125 14769 049 049 1 1
BO0S653 1 22 1 19 126 1.4 09 09 1 1
B019607 1 22 1 24' 126 140060 049 0.4 1 1
B019558 1 2 1 40 125 14 049 049 1 1
B014379 1 22 1 34 125 14 049 049 1 1
BO07334 2 4 3 44" 65" 44 1256 166050 09 09 1 1
BOB523 2 4 3 54" B3" 54' 126 17376 049 0.4 1 1
BO07334 2 4 3 44" 55" 44 125 18605 09 049 1 1
BO09005 2 4 3 58" 73" 58 125 [1.7822| 049 049 1 1
BO03521 2 4 3 44" 65" 44 126 1.4 09 09 1 1
BOO7343 2 4 3 72 a0 T 126 18 04 0.4 1 1
B011110 2 4 4 84' 105" 108" B4’ 125 14 049 049 1 1
B011206 2 2 4 84' 105" 108" B4’ 125 18 049 049 1 1
B011081 5] 2 1 31.667" 126 167160 1 1 1 1
BOO9752 5| 2 1 78.625" 125 18583 1 1 1 1
BO05315 5 2 1 70.875' 125 1.4414 1 1 1 1 1
BOO07536 5 2 1 56 125 18 1 1 1 1
BO012825 5] 2 1 a0 126 14229 1 1 1 1
B011335 5| 2 1 109.583" 126 172820 1 1 1 1
BO02310 4 2 2 2 125 18519 1 1 1 1
B011057 4 2 3 50° BO" &0° 1256 [1.7952| 1 1 1 1
BO012569 4 2 3 60° 80" B’ 126 141890 1 1 1 1
BO11344 4 2 3 70 109" 80° 126 172820 1 1 1 1
B012319 4 2 3 82" 104" 52 125 17754 1 1 1 1
B012350 4 2 3 140" 180" 140° 125 170260 1 1 1 1
B0M7781 4 2 4 1688.875" 2100 2100 168.875° 125 0 1.8 1 1 1 1
B015764 5 2 1 47 B2 126 1716 049 0.4 1 1
B019141 5 2 1 i 125 18 049 049 1 1
B019350 5 2 1 123 125 18 049 049 1 1
B019473 5 2 1 131.021° 1256 146857 09 09 1 1
BO16531 5 5 1 40 126 1.4 04 0.4 1 1
B015106 5 5 1 51.042' 125 14178 049 049 1 1
BO16645 5 5 1 100° 125 14403 09 049 1 1
B014450 ) 2 3 8.5 398" 208 1256 16952 09 09 1 1
BO16510 ] 2 & 7' 32802 32802 32802' 3 125 0 1.4 04 0.4 1 1
BO16111 ] 2 3 35.458" 39683 35458 | 125 1.8 049 049 1 1
B016310 ] 2 3 59.25' B1' 61.062' 125 16687 09 049 1 1
BO15285 5 2 1 a0 126 1.4 09 09 1 1
B017303 5 2 3 g2.417" 83" 82.417 125 14028 049 0.4 1 1
B015620 5 2 3 1M8.258' 117833 118333 125 | 18 049 049 1 1

Table D - 2 Legal Load Level Unique Bridge Output, Exter@irder Flexure, LRFR

Part 2
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Controling Ve
Bin Moment
. kdn Mo L Wirtis Excel Length Pasting Pasting
vehicle | e (k) i) | RE | RFE [5P™F | "y | Fraction | (Tons)

BO01319 Trizxle 661.5044 1053008 2674193 1232 0596333 1 25 0.95 35.54
BO11017 Triaxle 1298046 277 3968 724.6029 081 0.8095 1 42 073 ]
BO07E29 Trizxle B21.8533 12444016 BOB.0179) 0476 037047 1 34 0.0 377
BOOS167 Trizxle 7679378 1366512 5440014 067 052145 1 33 032 11.86
BO0E3E0 Trizxle 1090107 | 2129664 BOS.5714) 0.843 0.65554 1 38667 051 19.06
BO03411 Trizxle 1269198 3855752 787 4257 0599 056777 1 50 035 14.34
BO0SES3 Triaxle 1516911 21.6352) 185.9421 042 042021 1 19 017 B.44
BO19607 Trizxle 2893778 32824 27183 0577 057344 1 2 039 14.65
BO019555 Triaxle 1005343 1196408 4853614 1.082 1.08249 1 40 Mo Posting | - - -
B014974 Trizxle 9143133 785168 367755 1.408 1.407ES 1 34 Mo Posting | ---
BO07334 Trizxle F16.4856 304264 4288107 0861 072581 3 44 0.61 22.81
BOS523 Triaxle B35.2189 -14.296 441345 0954 0.76881 3 a4 067 251
BO07334 Trizxle G16.4856 304264 4288107 0861 072581 3 44 0.61 22.81
BO0S005 Triaxle 949.8122 44072 B683.3707 0.881 0.69231 3 a5 0.56 21.02
BO0g521 Trizxle 628.2044 28072 3762193 1.005 1.00494 3 44 Mo Posting | - - -
BO07345 Triaxle 2417178 402 4464 960.8364  1.243 09656555 3 72 0.95 36,73
BO011110 Trizxle 333713 B44.0552 1330705 1.18 1.18001 4 84 Mo Posting | ---
BO011206 Trizxle 2720944 BB83.1408 1297037 0878 065315 4 84 0.55 2053
BO11081 Triaxle 2365555 1055192 484.6921 3298 Z27B191 1 31.667 Mo Posting | ---
BO09732 Trizxle 4865.639 1210836 1536247 1.558 131577 1 78625 Mo Posting | ---
BO0A315 Triaxle -33) -11.7616| -27.30929 0,479 0.46435 1 70875 024 8.83
BO07E36 Trizxle 289407 2575072 1028649 1786 1.38919 1 56 Mo Posting | ---
BO012825 Triaxle 43734 H76.024) 1609674 1.399 1.37532 1 80 Mo Posting | - - -
BO011335 Trizxle BAE77 1382022 222783 1504 1.21544 1 109583 Mo Posting | ---
BOO2310 Trizxle 57720 19912 21412860 0443 039972 2 *2 014 5.34
BO11097 Triaxle 36 3.9248 17.245 1.288 1.00441 3 50 Mo Posting | - - -
BO12559 Trizxle 29075 57736 -21.26857 0 0734 072584 3 =] 0.6 2.
BO11344 Triaxle -29.044 46344 -20.89714 0795 06435 3 g0 0.49 158.42
BO12319 B-Axle -36 13208 10120 1376 1.08476 3 52 Mo Posting | ---
BO012350 Trizxle 1083976 1445.001 265587 2429 1.99755 3 140 Mo Paosting | - - -
BO017781 Trizxle 17141.84 3154178 3528418 2672 207822 4 168.875 Mo Posting | ---
BO15754 Trizxle 2205.948 3269072 8494429 1.324 1.08046 1 47672 Mo Posting | ---
BO19141 Triaxle 5861.599 933.084 1378384 2129 1656816 1 77 Mo Posting | - - -
BO019920 Trizxle 11493458 3053.074 2600607 1,783 1.33649 1 123 Mo Posting | - --
B019473 Triaxle 10035.956 3325485 2027 931 1.718 164121 1 131.021 Mo Posting | ---
BO16521 Trizxle 1244 283 18965808 355.7886  1.733 1.73277 1 40 Mo Posting | - - -
BO15106 Trizxle 2016.428 49678596 497 1714 1716 1.58201 1 51.042 Mo Posting | ---
BO16345 Trizxle 9593401 1901.746 2173228 2145 208523 1 100 Mo Posting | - - -
BO14450 Trizxle -544 94220 2531592 -343.5279 08954 078786 3 395 0.70 26.14
BO16510 Triaxle 1033.63 151.9245 414.0821 1277 1.277 1 4 31677 Mo Posting | ---
BO16111 B-Axle -690.0182 125016 -347.3843  1.245 096317 3 38458 0.95 40.09
BO16310 Triaxle -1392.802) -46.0296 6106243 1.399 117375 3 B1.062 Mo Posting | ---
BO15295 Trizxle 3300698 382.9536 894.58071 1989 1.9592 1 50 Mo Posting | ---
BO17909 Trizxle 842 9367 0 7555914 0717 071575 38247 0.59 2227
BO15320 B-Axle -3231.274 0 -94.5112 976.5479 2041 158723 3| 118.3353 Mo Paosting | ---

Table D - 3 Legal Load Level Unique Bridge Output, Exter@irder Flexure, LRFR

Part 3
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th R.F Data

Bin Shear
: W WD WL Yirtis Excel Length | Fosting .

VEIEE | (k) (k) RE | RE | =08"% ] "y | Fraction | T oSt
EEE Triaxle | 1002611 33606 3141 1.956| 1.521508 1 25 Mo Postin - - -
BO11017 Triaxle | 119.5267| 211362 ©66.405  0.873 0.572944 1 2 082 3069
BO07699 Triaxle | 25.32222 0 3195143 0509 0996137 1 34 014 515
BO05167 Triaxle | B9.14111 99312 5683286  0.852 0.562889 1 33 052 1944
FO06360 Triaxle | 117.5933| 17.6248| 6150671, 0.973| 0.756958 1 3BE67 065  24.48
BO03411 Triaxle | 165.9656 246768 6029 1.404| 1.331046 1 £0[No Postin] - - -
BODSES3 Triaxle | B6.04444) 3544 33125 1366 1365527 1 19/Na Postini - - -
BO19607 Triaxle | 428556 43768 750420  (.098 0.992347 1 24 089 3709
B019558 Triaxle | 97.01111  7.1784 4221429  1.326 1.305499 1 40 Mo Postin - - -
BO014979 Triaxle | 1244612 55424 3728357 21.321| 21 32162 1 34[No Pastin] - - -
EO07334 Triaxle | £8.14880 62512 4276029 0744 062688 3 4 047 1751
BO8523 Triaxle | 5352556 9652 3813714 0676 0.5449 3 54 035 1312
BO07334 Triaxle | 58.14889] 62512 4276929  0.744 062688 3 4 047 1751
BO0S005 Triaxle | 922556 G.3816 4603786 0.804 DE31656 3 58 047  17.77
EO0S521 Triaxle | 6207111 53528 3732429  0.941 0.941038 3 44 032 3434
BO07848 Triawle | 330.1122] 3266 9025929 2.009| 1578176 3 72[No Pastin] - - -
BO11110 Triaxle | B2.73667| 17.0804| 4514429 0.552| 0.551585 4 84 036 1348
BO011205 Triaxle | 2703067 476424 8021 1637 1.273075 4 84/ Mo Postini - - -
B011081 Triaxle 425676 133288 E6.00643  4.425 3706208 1 31.667 Na Pastin - - -
FO0S762 Triaxle 520701 61132 89.18143]  3.631| 3.085053 1 78.625|No Postin - - -
EO05313 Triaxle 422621 205496 7225 3813 3703502 1 70.875 Na Pastin - - -
EO07535 Triaxle 406.246 1826 7882143 3.475 2702459 1 £6 Mo Postin - - -
BO012825 Triaxle E2B1 489872 8422 4089 40204 1 80| Mo Pastin] - - -
BO011335 B-dule 7104 498472 8405571 2624 2125286 1. 109.583 No Postin - - -
EO02310 Triaxle | -125.853| -6.5644| 47.9136  1.754| 1.662376 2 22[Mo Pastin| - - -
BO011097 Triaxle 425576 14.0668 B3.26357|  3.491| 2729876 3 £0[No Pastin] - - -
BO012559 Triaxle 443309 201008 79205 3.771 3728933 3 BO| Mo Pastin - - -
BO011344 Triaxle 23035 217344 B60821 1686 1365745 3 80 Mo Postin - - -
B012319 Triaxle 7104 26144 7499543 3223 2541209 3 82[No Pastin] - - -
B012350 B-dule 26007 597472 9586 1307 1074549 3 140/ No Postin - - -
B017761 B-dule 546100 1055084 103.5321 2857 2222128 4 168.875 Mo Postin - - -
B015764 Triaxle 17436 -1B.4584  FO.975 1624 1.32487 1 47.672 Mo Pastin - - -
BO19141 Triaxle | 3125856 48.472 9700429 1525 1.264188 1 77| Mo Pastin] - - -
F019590 B-Axle | 1545396 10026 97.93357  10.273 7.990047 1] 123|No Pastin| - - -
B019473 B-Axle | 3216533 812208 60785 2209 2.100746 1. 131.021 Na Pastini - - -
BO16591 Triaxle | 146.4489] 159672| 3624  2.067| 2.267006 1 40[No Pastin] - - -
BO018106 Triaxle | 197.6822 155728 3652857 3098 285784 1 51.042|No Postin - - -
B016845 Triaxle | 266.5167) 30.428 B0.91571  2.261| 2.197855 1 100/Ne Pastini - - -
BO014450 Triaxle 7607 134152 5140429  0.718 0.593237 3 395 042 1571
BO16510 Triaxle | 121.9978| 79908 5103071 1.397| 1.397016 5| 31.677|MNo Postin| - - -
BO16111 Triaxle | B0.19778 100008 4691643  0.891 0.693337 3 38458 056 2107
B016310 Triaxle | -376.022 -431368 -88.1671  2.304 1.933305 3 §1.062 Mo Postini - - -
B015295 Triaxle | -209763| -3083| 7758  17.029) 17.02919 1 50| Mo Pastin] - - -
B017909 Triaxle | -251.429 394912 739607  1.709 1.705265 3| 82417 Mo Postini - - -
B015820 B-Axle | 404513 752432 718193 2668 2090726 3 118.333 Mo Postin - - -
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General Info

LFR

Bin : : ,;;j ¢j
haterial | Construction | Mumber of
Type hethod Spans Sipen Lengtie Yeme | Yo T moment | shear
BO01319 1 4 1 25 1.3 1 1 09 0.85
BO11017 1 4 1 42 1.3 1 1 09 0.85
BOO7E9G 1 4 1 34 1.3 1 1 09 0.85
BO0S167 1 4 1 33 1.3 1 1 09 0.85
BO0E360 1 4 1 38,667 1.3 1 1 09 0.85
BO03411 1 4 1 a0 1.3 1 1 09 0.85
BO02GS3 1 22 1 19 1.3 1 1 09 0.85
BO19607 1 22 1 24" 1.3 1 1 09 0.85
B019558 1 22 1 40 1.3 1 1 09 0.85
B014979 1 22 1 34 1.3 1 1 09 0.85
BO07334 2 4 3 44" £5' 44' 1.3 1 1 09 0.85
BOas23 2 4 3 54" B8 A4 1.3 1 1 09 0.85
BO07334 2 4 3 44" £5' 44' 1.3 1 1 09 0.85
BO0900S 2 4 3 58 73 AR 1.3 1 1 09 0.85
BO0as21 2 4 3 44" £5' 44' 1.3 1 1 09 0.85
BOO7 348 2 4 3 72 o0 72 1.3 1 1 09 0.85
BO011110 2 4 4 a4' 105" 105" 84 1.3 1 1 09 0.85
B011206 2 2 4 a4' 105" 105" 84 1.3 1 1 09 0.85
B011081 3 2 1 31 BRT" 1.3 1 1 1 1
BO097E2 3 2 1 78625 1.3 1 1 1 1
BO05318 3 2 1 70.875" 1.3 1 1 1 1
BOO7536 3 2 1 a6 1.3 1 1 1 1
B012825 3 2 1 an' 1.3 1 1 1 1
B011335 3 2 1 109 583" 1.3 1 1 1 1
BO02310 4 2 2 22 27 1.3 1 1 1 1
B011097 4 2 3 a0 B0 A 1.3 1 1 1 1
B012559 4 2 3 G0 80" RO 1.3 1 1 1 1
B011344 4 2 3 70' 108" 80 1.3 1 1 1 1
B012319 4 2 3 a2' 104" 82 1.3 1 1 1 1
B012350 4 2 3 140" 180" 1400 1.3 1 1 1 1
B017781 4 2 4 BE.A7R 2100 210 16 EFE 1.3 1 1 1 1
BO15764 A 2 1 47 B72 1.3 1 1 1 09
B019141 A 2 1 77 1.3 1 1 1 09
B019930 A 2 1 123 1.3 1 1 1 09
B019473 A 2 1 131.021" 1.3 1 1 1 09
B016531 A L) 1 40 1.3 1 1 1 09
B018106 A L) 1 A1.042' 1.3 1 1 1 09
BO16345 A L) 1 100! 1.3 1 1 1 09
BO14450 f 2 3 I|Ae 3945 J9A 1.3 1 1 1 09
BO16510 f 2 A ' 32802 32802 328020 1.3 1 1 1 09
BO16111 f 2 3 38 4R8' 39.583" 38.458" 1.3 1 1 1 09
BO16310 f 2 3 59.25' B1' B1.062 1.3 1 1 1 09
BO15295 A 2 1 a0 1.3 1 1 1 09
B017909 A 2 3 B2.417" 83" 82417 1.3 1 1 1 09
BO15820 A 2 3 118.26' 117 .833° 118333 1.3 1 1 1 09
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Controling Vecl
Bin Moment

“ehicle (T% Et“ﬂ'jj EE:%L) \g”f Excel R.F. | Span # Le{%"th

BO01319 Triaxle Bh1.6389 162.3 160.6 1.84 1.84157965 1 28
BO11017 Triaxle 1298.044 2774 488.6 127 1271484 1 42
BOO7TES9 Trigxle E21.8533 124.4 411.9 0.74 074317515 1 34
BOOS167 Triaxle 761.1189 136.5 377 1.06 1.05181251 1 33
BOOE360 Triaxle 1086.534 213 4121 1.31 1.30845949 1 38667
BOO3411 Triaxle 1271.056 J856 4821 1.03 1.0254336 1 alll
BOOBES3 Triaxle 1671 55911 216 126.9 0.66 0.6AE79821 1 19
BO19507 Trigxle 28853778 328 186 0.9 090074442 1 24
BO019555 Triaxle 1005342 165.5 340.4 1.86 1.55847871 1 40
BO145979 Triaxle 9143122 78.5 250 222 221794154 1 34
BO0O7 334 Triaxle B17.24 e 206 137 1.371748245 3 44
BO8523 Triaxle 1317 256 1922 440.4 1.63 1.653430099 3 a4
BOO7334 Triaxle B17.24 35 286 137 1.37174825 3 44
BOOS005 Triaxle 9498111 45 5005 1.31 1.30481826 3 sl
BOOE521 Triaxle B30.5333 28.1 213.3 1.91 1.91478236 3 44
BOO7345 Triaxle 2426 444 4023 7058.6 1.81 1.80960012 3 72
BO11110 Triaxle 3337 122 G417 8h1.7 1.96 1.95914861 4 B4
BO11206 Triaxle 2722550 BE3 422 1.43 14270077 4 54
BO11081 Triaxle 23N 1056 3328 5.05 504742973 1 316657
BOO9752 Triaxle 4782 8 1212 10699 231 2.30589487 1 78625
BO0S315 Triaxle 1716 0248 3439 0.94 094264723 1 70875
BOO7536 Trigxle 2536 4 258 7343 272 272472959 1 tala]
BO12825 Triaxle 4402 5 o7y 1048.3 23 224978522 1 B0
BO11335 Triaxle 52514 1381.7 1420.8 1.87 1.87066333 1 109.583
BOOZ310 Triaxle 2701 16.2 134.3 1.43 142642763 2 22
BO11097 Triaxle 1527 140.7 4771 217 216708318 3 a0
B012659 Trigxle 1813 210 E13.7 1686 1655426477 3 5]
BO11344 Triaxle 22128 2a4.8 8373 1.69 1.69276704 3 B0
BO12319 Triaxle 26702 4122 958 4 1.71 171127788 3 g2
BO012350 Triaxle 83424 1451.5 17121 2.9 280041919 3 140
BO17781 Triaxle 131381 31854 228749 3.04 3.03803959 4| 168.875
BO15764 Triaxle 1995 465 327 5739 211 210618923 1 47 672
BO19141 Triaxle 5287 595 9332 o7 .2 314 314293085 1 77
BO19950 Triaxle 10344 .17 J083.3 1642.5 297 2957275596 1 123
BO19473 Triaxle 10191.94 33268 1268.4 3.86 3.55815261 1 131.021
BO16551 Triaxle 1112.73 1992 2R3EB 2A8 2 58959213 1 40
BO18106 Triaxle 1834 845 4953 3505 261 2E1015358 1 51.042
BO16845 Triaxle 8914 5598 1902 .1 1389.9 357 3.AR520818 1 100
B014450 B-Axle -490.4478 -25.3 -2331 1.81 1.60994218 3 395
BO16510 Triaxle 940.2534 1621 269.4 212 21206281 al 3BT
BO16111 G-Axle -E21.0163 -15.5 -235 1 1.97 1.95599254 3| 35458
BO16310 Triaxle -1253.521 -5 -407 226 228651357 3| B1.052
BO15295 Triaxle 2952 362 Je3 G027 3.137 3.13264898 1 a0
BO17909 Triaxle -758.6428 0 -489 6 1.19 1.19193495 3 B2y
BO15320 B-Axle -2R92 065 947 -614.8 3.21 321426118 3| 118,333
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h. R.F Data

Bin Shear
. % o L irtis Excel Length
ehicle (k) k) (k) BF BE Span # (")

BO01319 Triaxle 110.8235 15.5 215 264 2649374 1 25
BO11017 Triaxle 101.6471 211 45.4 1) 0.999153 1 42
BO0YE99 Triaxle 80.35294 8.8 416 1.05 1.051405 1 34
BO0S167 Triaxle -74.9412 9.9 -38.4 1.02 1.018229 1 33
BO0G360 Triaxle 9317647 177 421 1.120 1.115361 1 38667
B003411 Triaxle 130.2353 247 373 1.62 1.620747 1 a0
BO05E53 Triaxle 6323529 3.7 29 1.55 1.579745 1 19
B019607 Triaxle 5494118 4.4 306 1.03 1.0530166 1 24
B019558 Triaxle 93 52841 13.3 333 1.44 ) 1.437052 1 40
BO014979 Triaxle 1264.706 7.4 294 2786 Z7.87493 1 34
BO07334 Triaxle 91 5284 8.6 345 1.45 1.485396 3 44
BO05523 Triaxle 93 52841 1581 379 1.32 1.318652 3 a4
BO0Y334 Triaxle 9152941 8.6 345 1.458 1.485396 3 44
BO03005 Triaxle -136.5858 -16.8 528 1.37 1.373252 3 58
BO03521 Triaxle 94 55524 6.4 256 216 2165865 3 44
BOO7345 Triaxle 178.5832 232 33 246 2462348 3 72
BO11110 Triaxle 111.7647 176 31.4 1.76 1.766781 4 a4
B011206 Triaxle 193.56524 34 45 206 2.0615353 4 g4
B011081 Triaxle 4256 13.3 485 B.48 B.475971 1 31.667
BO097a2 Triaxle 5297 £1.3 571 B.06 B.062574 1 78.625
BO05318 Triaxle 4226 29.6 a0.2 5.89 5.885994 1 70675
BO07536 Triaxle 406.2 18.3 563 522 5224594 1 56
BO012825 Triaxle 0426 48.5 55 B.71 B.705993 1 a0
BO011335 Triaxle 3742 49.8 831 4.49 44582973 1 109.553
BO02310 Triaxle -126.9 £.6 -36.7 246 2.459023 2 2
BO11097 Triaxle -425.6 -24.7 53 571 4571103 3 a0
B012559 Triaxle 4433 20.2 526 6.1 B.095559 3 G0
BO11344 Triaxle 2T -21.8 437 286 2855751 3 a0
BO012319 Triaxle 3691 447 o6.2 426 4.266638 3 g2
BO012350 B-Axle 2626 59.9 G0 .2 236 2.360465 3 140
BO017781 Triaxle 174.6 -12.2 348 421 4.209931 4 1B8.675
BO15764 Triaxle 192.5826 274 52.4 203 2.024713 1 47.672
BO019141 Triaxle 161.2246 19.6 372 2.48 2476265 1 77
B019930 Triaxle 1780.795 80.1 496 2323 23.24113 1 123
BO019473 B-Axle -239.747 -81.3 -36.3 233 23325 1 131.029
BO016591 Triaxle 9281122 15.9 248 1.95 1.948755 1 40
BO015106 Triaxle 115.0856 15.58 19.7 3.36 | 3.363024 1 51.042
BO016545 Triaxle 1629534 30.5 40.3 2.05 2.043044 1 100
B014450 Triaxle -109.797 -19.5 -50.3 1121 1.123521 3 39.5
BO016510 Triaxle -133.633 -16 -46.9 1.63 1.631449 5 36T
BO16111 Triaxle -115.198 -15.4 508 127 1.266774 3 38458
BO16310 Triaxle -160.531 -15.7 592 1.6/ 1612111 3 B1.082
BO15295 Triaxle -1019.13 -30.7 523 12.9712.90353 1 a0
B017909 Triaxle -146.54 -225 491 1.61 1.607962 3 B2417
B015520 B-Axle -200.8 -54.9 -45.5 1.85  1.84360 3 118.333
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Table D - 7 Legal Load Level Unique Bridge Output, Inter®irder Flexure, LRFR

Part 1
LRFR
General Info
Bin ) . {?ﬁ ¢j

Material | Construction | Mumber of

Type Methad Spans Span Lengths Yo Y moment | shear ﬁﬁ" ¢’5
BO01319 1 4 1 25 125 18 0.9 0.9 1 1
BO11017 1 4 1 42' 125 14 0.9 0.9 1 1
BO07E99 1 4 1 34' 125 18 0.9 0.9 1 1
BO05167 1 4 1 33 126 18 0.9 0.9 1 1
BO0G360 1 4 1 38 667" 126 18 0.9 0.9 1 1
BO03411 1 4 1 a0 125 14760 09 0.9 1 1
BO0BES3 1 22 1 19 125 14 0.9 0.9 1 1
BO19607 1 22 1 24' 125 14076 09 0.9 1 1
B019558 1 22 1 40' 126 0 1.4 0.9 0.9 1 1
B014979 1 22 1 34 126 1 1.4 0.9 0.9 1 1
BO07334 2 4 3 44' 55" 44' 125 16605 09 0.9 1 1
BOB523 2 4 3 a4' BE' 54 125 17376 09 0.9 1 1
BO07334 2 4 3 44' 55" 44 125 16605 09 0.9 1 1
BO09005 2 4 3 a8 73 a8 126 17822 09 0.9 1 1
BO0g521 2 4 3 44' 55" 44" 126 1 1.4 0.9 0.9 1 1
BOO7348 2 4 3 72 oo v 125 18 0.9 0.9 1 1
BO11110 2 4 4 B4' 105" 105" B84 125 14 0.9 0.9 1 1
B011206 2 2 4 B84' 105" 105" 84 125 18 0.9 0.9 1 1
B011081 3 2 1 31,667 1.25 16715 1 1 1 1
BO097E2 3 2 1 78.625' 1.25 1.6583 1 1 1 1
BO05318 3 2 1 70.875' 1.25 1.4414 1 1 1 1
BOO7536 3 2 1 a6 125 18 1 1 1 1
B012825 3 2 1 a0’ 1.25 1.4239 1 1 1 1
B011335 3 2 1 109,553 125 1.7282 1 1 1 1
BO02310 4 2 2 22 22 1.25 1.5519 1 1 1 1
B011097 4 2 3 50" B0 50 1.25 1.7952 1 1 1 1
B012559 4 2 3 B0 B0 GO 1.25 1.4159 1 1 1 1
BO011344 4 2 3 70" 109* 80 125 1.7282 1 1 1 1
B012319 4 2 3 g2' 104" 82 1.25 1.7754 1 1 1 1
B012350 4 2 3 140" 180" 1400 1.25 1.7025 1 1 1 1
BO17781 4 2 4 165.6875" 210" 210" 1686875 125 | 18 1 1 1 1
BO15764 i 2 1 47 672 125 1716 09 0.9 1 1
BO19141 i 2 1 77 125 18 0.9 0.9 1 1
B019990 a 2 1 123 126 18 0.9 0.9 1 1
B019473 a3 2 1 131.021" 125 14657 09 0.9 1 1
BO16591 5 6 1 40 125 14 0.9 0.9 1 1
BO18106 i 6 1 51.042' 125 15178 09 0.9 1 1
BO16845 i 6 1 100 125 14403 09 0.9 1 1
B014450 53 2 3 358" 395 398 126 16952 09 0.9 1 1
BO16510 53 2 6 M 2802 32802 32802 21250 14 0.9 0.9 1 1
BO16111 53 2 3 38.458' 39583 38458 125 | 18 0.9 0.9 1 1
BO16310 5 2 3 59.25' B1' B1.062' 125 16687 09 0.9 1 1
BO15295 i 2 1 a0 125 14 0.9 0.9 1 1
B017909 a 2 3 g2 M7 83 2.7 126 14028 09 0.9 1 1
B015820 5 2 3 118258 117833 118.333' 125 | 18 0.9 0.9 1 1
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Controling

Bin Moment
. Mn Mo ML Yiris Excel Length | Fostin :
SEIHD (kit) (kit) (kit) R.F. g | ChEm (ﬂ? Fractiua O
BO01319 Triaxle 5299876 121512 300.7879  0.772 0.60045 1 25
BO11017 Triaxle 1298.045 277.3968 7322307 0801 0.60136 1 12
BO07E99 Triaxle £21.8533 1244416 5505114 0516 0.40126 1 £
BO0S167 Triaxle 707.1876) 1497664 546.2607 0662 0.53011 1 kX
BO0G3E0 Triaxle 1038.318 219.584 149714 0767 0.59624 1 38.667
B003411 Triaxle 9713867 373.0304 82918 0345 037 1 &0
BO08RS3 Triaxle 1516911 21.6352 185.9421)  0.42| 0.42021 1 19
B019607 Triaxle 2093778 32824 27183 0577 0.57344 1 24
B019558 Triaxle 1005.343 119.6408 3757843 1.436| 1.43559 1 40
B014979 Triaxle 9143133 785160 301.9314 1715 1.71452 1 3
BO07334 Triaxle -4803833 0.2768 -366.1993 0.844| 071158 3 14
BO08523 Triaxle F57.0867 -13.5056 4491071  0.967 0.77947 3 54
BO07 334 Triaxle -4A03833  0.2768 -366.1993  0.644| 0.71158 3 14
BO09005 Triaxle 98882 50392 4650521 1.33] 1.04444 3 58
BO0G521 Triaxle B52.7022 322272 3710264  1.053) 1.05335 3 44
BO07648 Triaxle 2507.104 4421144 916005 1.329 1.03332 3 72
BO11110 Triaxle 3337.13 G44.0552 1172.499 1.339| 1.33923 4 a4
BO011206 Triaxle 2720944 72862 1218797 0901 0.70108 4 b4
BO11081 Triaxle 1356.187 106.5416| 45238 1931 161737 1 31.667
BO097a2 Triaxle 4965.630 755.1904 1423532 1968 166121 1 78625
BO05318 Triaxle 233 12524 2420714 0.512) 049711 1 70.875
B007536 Triaxle 289407 2991576 988.675  1.82| 1.41582 1 56
BO012625 Triaxle 4373.143 E77.5664 1311164 1.921 1.88874 1 &0
BO11335 Triaxle B416.77 1431574 1791175 1.646| 1.49545 1 109.563
BO02310 Triaxle 48772 27224 2288 0386 0.34835 2 )
BO11097 Triaxle 36 4.1432) 1602857 1.373] 1.07115 3 50
Bi012559 Triaxle 29075 -4.9856 -16.165  1.009) 0.99804 3 il
BO11344 Triaxle 29044 -4.4184 -1675571  1.003] 0.81225 3 a0
B012319 B-Axle 36 142656 -9.810714,  1.323) 1.04306 3 f2
B012350 Triaxle 1083976 1456.687 2122836  3.035| 2.49543 3 140
B017781 Triaxle 17497 62 2426699 3103591  3.322| 2.58416 4 168.875
BO15764 Triaxle 2203.948 3342312 849.4429 1.317 1.07418 1 47672
B019141 Triaxle 5061599 998672 1170628 2465 131711 1 77
B019990 Triaxle 11493.48 2920553 1996.834  2.394| 1.86224 1 123
B019473 Triaxle 9515.447 2600649 1B36.674 2067 1.97459 1 131.021
B018531 Triaxle 1244283 199.5808) 2891043 2158 2.1573 1 10
BO18106 Triaxle 2016.428 3975296 357.5714 2633 2.42826 1 51.042
BO16G45 Triaxle 9A93.401 1897517 1813.262 2573 250121 1 100
B014450 Triaxle 8177556 -25.3192 2833779 1.775| 1.46B22 3 35
BO16510 B-Auxle -9 5656 0 2859871 1.328| 1.3275 e
BO16111 B-Axle -B90.0189 -125016  -307.25  1.407| 1.09454 3 38.458
BO16310 Triaxle -1392.802| -4B.0296 573.4321  1.474| 123681 3 61082
B015295 Triaxle 3443542 3674704 1043928 1789 1.78916 1 50
B017909 Triaxle -B42 3767 0 6252964 0.866| 0.86432 3 82417
B015820 B-Axle -3489.95) 945112 9130571 2351 1.8283 3 118.33:
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R.F Data

Bin Shear
: Wh Yo WL Yirtis Ezxcel Length | Postin .
SRR | g k) k) B I (ﬂ? Fraction | P2ting
001319 Traxle | 1138389 116648 57.32357  1.09% 0851637 1 %
BO11017 Triaxle | 1183522 211352 7207143 0794 0793335 1 12
BO07699 Triaxle | 2532222 0 31.09357 0524 0407194 1 34
BO05167 Triaxle | 9270222 10892  58.98  0.846 0B57633 1 33
BO06360 Triaxle | 1208689  18.172 6653714  0.924 0718621 1 38667
BO03411 Triaxle | 139.0833 242584 67.87214  0.998 0946217 1 50
EO0AE53 Triaxle | 6165444 3544 38126 1292 1291504 1 19
EO019607 Triaxle | 6262566 43768 45006  0.805 0803375 1 24
B019555 Triaxle | 1020311 71784 37.89429 1862 156177 1 40
B014979 Triaxle | 1327.294 55424| 36.27786  23.364 23.36374 1 34
EO07334 Triaxle | 5961667 5416 4186786 0736 0520455 3 44
B08523 Triaxle | 56.40333 97824 4040206  0.681 0548915 3 54
BO007334 Triaxle | 5061867  8.416 41.86785 0736 0520455 3 44
B009005 Triaxle 79.24 110616 40.52429  1.013 0796008 3 53
BO0a521 Triaxle | 5666222 73784 39.08857 0763 0.76334 3 44
B007345 Triaxle | 3379839 357264 97.58143  1.895 1476088 3 72
B011110 Triaxle | 6489839 170824 48.99714 0537 0536562 4 34
B011206 Triaxle | 2929344 391208 64.97786  2.361 1.83801 4 34
BO011081 Triaxle 24425 134578 7211786 2253 1.836618 1 31667
BO09782 Triaxle | 529701 376568 96.85071  3.558 3.003493 1 78625
BO05315 Triaxle | 422621 31464 77.54909 3525 3424601 1 70875
BO07536 Triaxle | A0B.246 212344 8554786 3.7 2485026 1 56
BO12525 Triaxle 54261 333896 B1.16143  4.408 4.334129 1 a0
B011335 B-Aule 37104 61662 8307143 2629 2.129592 1 109.583
EO0Z310 Triaxle | -125863 -GOB0B 566757 144 1298955 2 2
EO011097 Triaxle | -425576 157488 -B7.4721 3314 2584958 3 50
B012659 Triaxle | 443309 17.4152 76.32857 3945 390052 3 50
B011344 Triaxle 23035 207224 29057 1761 1.4269 3 a0
B012319 Triaxle 37104 28272 9736786 2463 1.941948 3 a2
BO012350 B-Ale 25007 60.0904 9697857  1.289 1.059655 3140
BO17781 B-Aule 545109 912624 1122279 2829 2200538 4 1BB.575
BO015764 Triaxle | -170.219 -16.8264 B4.5764  1.462 1192681 1 47672
BO019141 Triaxle | 3125856 513502 97.43929  1.592 1237967 1 77
B019990 B-Axle | 1573.299 949752 8479785  10.927 8.49897 1 173
B019473 B-Auxle 33600 63.4693 B3SE214 2508 2.395219 1 131.021
BO016591 Triaxle | 1463811 159672 51.05786  1.564 1563928 1 10
BO13106 Triaxle | 3458322 249224 47.99909 4169 3.84526 1 51042
BO16845 Triaxle | 4282467 750016 88.25143  2.352 2085838 1 100
BO014450 Triaxle BB6 52054 4577788 0.832 D.B8757 3 5
BO1B510 Triaxle | 1216867 61968 5494571 1323 1.32302 5 31677
BO16111 Triaxle | 6783667 75424 5406909  0.92 0715389 3 38.458
EO16310 Triaxle | -376.022 43812 -B8.6957 2267 191968 3 61.062
EO15295 Triaxle | -2531.35 -308976 9051 17673 17.67345 1 50
E017909 Triaxle 27214 30276 71275 2075 2071162 3 @417
B015520 BAxe | -397.914 747808 78.6007 2405 1870544 3 118.333

Table D - 10 Legal Load Level Unique Bridge Output, Inter®irder Flexure, LFR
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General Info

LFH

Bin . . ¢ ¢
Material | Construction [Mumber of
Type hethod Spans Span Lengths Yemee | Yo T moment | shear
BOO1319 1 4 1 25 1.3 1 1 09 0.85
BO011017 1 4 1 42 1.3 1 1 09 0.85
BO07E39 1 4 1 34 1.3 1 1 0.9 0.85
BOOATAT 1 4 1 33 1.3 1 1 09 0.85
BOOR3E0 1 4 1 38667 1.3 1 1 09 085
BO03411 1 4 1 a0 1.3 1 1 0.9 0.85
BO0GES3 1 22 1 19 1.3 1 1 09 085
BO19607 1 22 1 24 1.3 1 1 09 085
BO19555 1 22 1 40 1.3 1 1 0.9 0.85
B014979 1 22 1 34 1.3 1 1 09 085
BO07334 2 4 3 44' 55" 44 1.3 1 1 0.9 0.85
B0B523 2 4 3 54" BE' 54 1.3 1 1 09 0.85
BO07334 2 4 3 44' 55" 44 1.3 1 1 09 0.85
BO09005 2 4 3 28" 73 a8 1.3 1 1 0.9 0.85
BO0E521 2 4 3 44' 55" 44 1.3 1 1 09 0.85
BOO7E48 2 4 3 72 a0 T 1.3 1 1 09 085
BO11110 2 4 4 g4' 105" 105" 84 1.3 1 1 0.9 0.85
B011206 2 2 4 g4' 105" 105" 84 1.3 1 1 09 085
BO11081 3 2 1 31.667" 1.3 1 1 1 1
BO09732 3 2 1 70.625' 1.3 1 1 1 1
BO0S318 3 2 1 70.875' 1.3 1 1 1 1
BO07536 3 2 1 a5 1.3 1 1 1 1
BO012825 3 2 1 a0’ 1.3 1 1 1 1
B011335 3 2 1 109 553" 1.3 1 1 1 1
BO02310 4 2 2 222 1.3 1 1 1 1
B011097 4 2 3 a0' O 50° 1.3 1 1 1 1
BO12559 4 2 3 g0 B0 GO 1.3 1 1 1 1
BO11344 4 2 3 70' 109" 80 1.3 1 1 1 1
B012319 4 2 3 g2' 104" 52 1.3 1 1 1 1
B012350 4 2 3 140° 180" 1400 1.3 1 1 1 1
B017781 4 2 4 168.875" 210 210' 168.875' 1.3 1 1 1 1
BO15764 5 2 1 47 672 1.3 1 1 1 na9
BO19141 = 2 1 tEA 1.3 1 1 1 0.9
B019930 5 2 1 123 1.3 1 1 1 049
B019473 5 2 1 131.021" 1.3 1 1 1 na9
BO165931 = = 1 40 1.3 1 1 1 0.9
B015106 5 5 1 a1.042 1.3 1 1 1 0s
BO1RE45 5 5 1 100 1.3 1 1 1 09
B014450 53 2 3 385 395 305 1.3 1 1 1 0.9
BO16510 B 2 5 77 32802 32802 32802 31 1.3 1 1 1 0s
BO16111 5 2 3 38.458" 39.583" 33.458" 1.3 1 1 1 0.9
BO16310 B 2 3 59.25' 61" 61.062 1.3 1 1 1 049
B015295 5 2 1 a0 1.3 1 1 1 na9
B017309 = 2 3 8247 83 82417 1.3 1 1 1 0.9
BO15520 5 2 3 118.25" 117.833" 118333 1.3 1 1 1 ns

Table D - 11 Legal Load Level Unique Bridge Output, Interdirder Flexure, LFR
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Controling
Bin Moment
, Min o ML Yirtis Excel Length
BEE (kit) (kit) (kit) RE. | RFE | 5P#| g

BO01319 Triaxle 531.3522 9554 2302  1.18 1.18358 1 25
BOT1017 Triaxle 1258.044 2774 5212 119 1.19195 1 42
007659 Triaxle 5218533 1244 4133 074 0.74066 1 34
BO0S 167 Triaxle 7920533 1498 3966 101 1.0049 1 33
EO00G360 Triaxle 1038.318 2196 4262 117 117136 1 38657
BO03411 Triaxle 5730556 379.1 fE25 052 0.52365 1 50
BO008653 Triaxle 151.5911 216 797 1.05 1.04577 1 19
019607 Triaxle 289.3775 328 1008 166 1.66209 1 24
E0159555 Triaxle 1005.342 1044 2138 277 27671 1 40
E014579 Triaxle 5143122 785 1702 3.26 3.25785 1 34
BO07334 Triaxle B54.3580 1207 2391 1.39 1.38987 3 44
BO08523 Triaxle B57.0856  -13.5 2784 168 1.60249 3 54
BO07334 Triaxle 6543589 1207 2391 1.39 1.38967 3 44
005005 Triaxle 558.5159 5.1 3237 2.06 208629 3 5
EO00521 Triaxle B52.7011 322 BT 152 15167 3 44
BO07E45 Triaxle 2520844 4418 7533 173 173025 3 72
BO11110 Triaxle 33371220 G417 9084 1.84 183687 4 84
BO011206 Triaxle 2730322 7281 8982  1.29 1.29384 4 B4
BO011081 Triaxle 1357 106E 353 266 265509 1 31.667
E005752 Triaxle 50200 7571 11671 20BB 255996 1 78525
EO0S315 Triaxle 1716 5584  ©B9.4  0.85 067601 1 70575
BO007536 Triaxle 29364 2997 8011 245 244547 1 56
012825 Triaxle 4025 6789 10377 261 2680927 1 a0
BO011335 Triaxle B597.9 14313 14466 252 251902 1 109.583
E002310 Triaxle 270.1 221 1343 1338 1.3825 2 2
EO011097 Triaxle 1827 149.1 4938 206 208557 3 50
E012559 Triaxle 1513 182 BOE 162 1E2021 3 5O
EO11344 Triaxle 72128 2716 8285 173 1.726B8 3 80
BO012319 Triaxle 26868 4455 10248 158 1.58354 3 82
B012350 Triaxle §336.8 14622 19066 26 259743 3 140
BO17781 Triaxle 134234 24263 27298 289 289376 4 166.675
E015764 Triaxle 2003721 3342 BB22 182 18229 1 47672
BO15141 Triaxle 5JE7 505 G387 104465 255 284773 1 77
B0159550 Triaxle 1034417 29208 16268 3.1 3.09771 1 123
B019473 Triaxle 10028.35 26987 13024  3.93 3.92788 1 131.021
BO016591 Triaxle 111273 1992 2536 259 2.58960 1 40
EO16106 Triaxle 1834.846 3965 3506 2.89 289367 1 51.042
TS Triaxle 8914505 1897.9 14375 3.45 3.45003 1 100
014450 B-Auxle 73B9B02 253 2307 234 234434 3 395
BO16510 B-turle -531.5088 0 2124 192 1.92492 5 31677
BO16111 B-fxle £21.0163  -155 2306 2 2.00436 3 38.458
BO16310 Triaxle -1253.521 46 4502 204 2.03964 3 61.062
015295 Triaxle I0A2667 3675 7013 283 282672 1 50
E017509 Triaxle 7581367 0 -484B 1.2 1.20343 3 B2.417
EO015520 B-Auxle JBS20BB 947 B747 293 2928589 3 118.333

Table D - 12 Legal Load Level Unique Bridge Output, Interdirder Flexure, LFR
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R.F Data

Bin Shear
. %N o L Yirtis Excel Length
“ehicle (k) (ki (k) RE BF Span # (M)

BO01312 Triaxle 89.05832 a2 30.8 1.59 1.591203 1 25
BO11017 Triaxle 101.6471 211 48.4 0.84 0937222 1 42
BO07E22 Triaxle 80.35294 8.4 41.7 1.05 1.045334 1 3
BO0S167 Triaxle -7 7B -1 -41.4 0.96 09652457 1 33
BO0E350 Triaxle 1014118 18.2 43.5 1.11) 1.1055924 1 38667
B003411 Triaxle 127 4118 243 43.5 1.36) 1.356499 1 50
BO05ES3 Triaxle B5.29412 37 16.3 2.4 2392166 1 19
BO19607 Triaxle 5494118 4.4 16.6 1.9 1.895931 1 24
BO19553 Triaxle 9352941 8.4 209 252 252107 1 40
BO14579 Triaxle 1264 705 74 20.4 27 BB 27 57493 1 34
BO07334 Triaxle 0F. 82353 73 367 1.53 1.526095 3 44
BOS523 Triaxle 104 15.4 38.3 1.37 1.373363 3 54
BO07 334 Triaxle 96.82353 7.3 367 1.53 1.526095 3 44
BO02005 Triaxle -137.832 -18.8 -34.1 2.09 2092433 3 55
BO05521 Triaxle 9529412 74 33.3 1.65 1.64833 3 44
BO07343 Triaxle 185.5294 254 40.5 237 236801 3 72
BO11110 Triaxle 111.7647 176 33.5 1.65 1.B56023 4 84
BO11208 Triaxle 234.2353 391 42 271 2715563 4 84
BO11081 Triaxle 2443 13.4 51.4 3.39 3.3953M 1 3667
BO0S9752 Triaxle 430.9 -3 £2.3 5.83 5930352 1 78625
BO05318 Triaxle 4226 M5 51.7 568 567847 1 70875
BO07 536 Triaxle 406.2 213 61.5 474 4734334 1 56
BO12825 Triaxle 5426 335 5d.4 7.05 7.056702 1 g0
BO11335 Triaxle 3742 a1.7 54 4,37 4373077 1 109.583
BOD2310 Triaxle -1259 -9 -36.7 2.39 2393528 2 2
BO11097 Triaxle -425 5 =251 -55.4 544 543835 3 50
BO012559 Triaxle 443.3 17.4 52.1 6.21 B211132 3 B0
BO011344 Triaxle 2277 -20.8 -53.1 2891 2906852 3 a0
BO012319 Triaxle 369.1 433 G0 3.93 3.927051 3 g2
BO012350 B-Axle 2626 60.3 67 212 21145825 3 140
BO17781 Triaxle 195.5 2.4 416 3.84 3.840578 4 168.875
BO15764 Triaxle 1922566 281 60.4 1.74 1.735422 1 47672
BO19141 Triaxle 1641241 206 38 239 238524 1 77
B019230 Triaxle 1780.795 759 431 23.55) 23.56334 1 123
BO019473 B-Axle -217.896 £3.5 -37.3 234 2341857 1 131.021
BO165591 Triaxle 92.81122 159 248 1.95 1.845755 1 40
BO15108 Triaxle 117.0465 12.4 19.7 3.48 3.483579 1 51.042
BO16845 Triaxle 163.9515 305 41.6 2 1.995309 1 100
B014450 Triaxle 109.5938 191 50.2 1.13 1.130929 3 395
BO16510 Triaxle -128.933 -12.4 -54.1 1,42 1.420729 5 31677
BO16111 Triaxle -114.449 -14.8 -49.8 1.29 1.293857 3 38458
BO16310 Triaxle -160.973 -16.2 H5.5 1.45 1.454093 3 EB1.082
BO15225 Triaxle 1045.253 249 54.2 12.93 1253014 1 50
BO17202 Triaxle -135.106 -13.5 -483.6 1.64 1.646815 3 B2417
BO15520 B-Axle -206.623 587 -48.8 1.69 1.B820373 3 118333
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APPENDIX E: ALDOT Legal Load Posting Data

Presented in this appendix is the legal load postj data for the moment and shear rating

factors, for interior and exterior girders, for each rating methodology. For more information on

posting see Chapter 2 and Chapter 5.

Table E - I Legal Load Posting Data for Exterior Girders,HlRMoment Data

ALDOT Legal Load Exterior Girder Moment

Bin H20 HS20 Two-Axle Tri-Axle Concrete 18 Wheeler 6 Axle School Bus
Rating | Posting |Rating | Posting |Rating | Posting|Rating | Posting |Rating | Posting|Rating | Posting|Rating | Posting|Rating | Posting
Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons)
BO0131S | 1.51 -- 1.48 -- 1.42 -- 1.00 -- 1.14 -- 1.57 -- 1.37 -- 283 --
BO11017 | 1.34 -- 1.02 -- 1.11 -- 0.81 273 0.91 289 1.27 -- 1.19 -- 274
BOO7ESS | 0.59 8.3 0.49 10.0 0.52 9.4 0.37 38 0.42 ] 0.57 15.4 0.52 13.4 1.16
BO0DS167 | 0.82 15.0 070 | 204 0.74 18.6 0.52 119 0.59 136 080 | 285 073 | 260 1.62
BOOB3E0 | 1.07 -- 085 | 281 0.91 257 0.66 19.1 074 | 208 1.02 -- 085 | 391 216
BO03411 1.00 | 200 0.71 2.2 080 | 208 0.59 155 0.67 17.3 082 | 356 086 | 339 2.00
BO0BESS | 0.58 8.1 0.58 14.6 0.59 12.1 0.42 6.4 0.47 8.0 0E7 | 211 0.58 169 1.10
BO19607 | 0.85 16.0 086 | 289 0E2 | 218 0.58 14.8 0.65 16.7 0.91 351 079 | 296 1.62
BO19555 | 1.78 -- 1.38 -- 1.50 -- 1.08 -- 1.23 -- 1.69 -- 1.58 -- 361
BO14979 | 2.24 1.86 -- 1.99 1.4 -- 1.59 -- 216 1.99 -- 4.41
BOO7334 | 1.22 088 | 295 1.03 078 | 256 08s | ZFa 1.05 088 | M1 2.34
BO8523 1.26 085 | 348 1.08 080 | &7 090 | 281 1.18 1.08 -- 2.4
BOO7334 | 1.22 088 | 295 1.03 -- 078 | 256 08s | ZFa 1.05 -- 088 | M1 2.34
BO0900S | 1.17 057 | 295 08958 | 288 073 ] 229 082 | 244 087 | 380 082 | 370 222
BO08521 1.57 1.25 -- 1.37 -- 1.00 -- 1.14 -- 1.562 -- 1.40 -- 3.03
BOO7R458 | 1.72 1.15 1.32 1.00 | F3 1.13 1.29 1.25 3.18
BO11110 | 2.08 1.34 -- 1.55 -- 1.18 -- 1.34 -- 1.44 -- 1.40 -- 373
BO11206 | 1.20 078 | 245 080 | 253 068 | 204 078 | 224 054 | 307 0.581 30.6 216
BO11081 4.55 3.86 -- 412 -- 2.90 -- 3.28 -- 4.43 -- 4.04 -- 8.52
BO097E2 | 2.51 -- 1.60 -- 1.87 -- 1.42 -- 1.61 -- 1.75 -- 1.71 -- 457
BO0S315 | 0.84 15.4 0.55 127 0.63 14.0 0.48 9.4 0.54 1.4 0.61 17.8 0.60 18.2 1.55
BOO7536 | 2.39 -- 1.64 -- 1.86 -- 1.39 -- 1.657 -- 1.98 -- 1.91 -- 4.60
BO12825 | 248 1.58 1.84 1.40 1.59 1.72 1.68 4.51
BO11335 | 2.27 -- 1.39 -- 1.64 -- 1.26 -- 1.43 -- 1.42 -- 1.37 -- 3.88
BO02310 | 060 8.4 0.59 16.2 0.58 119 0.42 6.7 0.47 7B 0E7 | 209 0.59 17.58 1.12
BO1M0SY | 176 1.29 -- 1.43 -- 1.06 -- 1.20 -- 161 -- 1.55 -- 343
BO12558 | 1.27 086 | 288 088 | 285 073 ] 233 083 | 250 085 | 378 054 | 384 235
BO11344 | 117 076 | 236 088 | 244 0.67 19.6 075 ] 214 052 | 298 079 | 296 21
BO12319 | 216 1.23 -- 1.49 -- 1.16 -- 1.32 -- 1.19 -- 1.14 -- 3.59
BO12350 | 369 2.24 266 2.05 232 223 215 5.36
BO17781 379 225 268 2.08 236 219 21 6.43
BO15764 | 1.88 1.36 1.51 1.1 1.26 1.76 1.64 3.74
BO19141 252 1.88 218 1.66 1.88 2.06 20 5.36
BO19990 | 252 1.52 1.80 1.39 1.657 1.562 1.47 4.36
BO19473 | 3.08 1.85 220 1.70 1.92 1.84 1.78 5.30
BO16591 285 221 240 1.73 1.96 271 253 577
BO18105 | 2.83 2.00 2.24 1.66 1.88 255 2.4 5.63
BO16A45 | 3.83 -- 237 -- 279 -- 2.14 -- 2.42 245 238 6.78
BO14450 | 0.88 16.5 0899 | 356 054 | 228 0.81 272 1.56 217 2.03 4.42
BO16510 | 1.93 -- 1.68 -- 1.79 -- 1.28 -- 1.45 1.40 1.34 -- 3.80
BO16111 1.78 1.23 1.48 1.09 1.25 1.01 087 | 401 3.14
BO16310 | 2.28 1.36 1.61 1.24 1.4 1.47 1.41 -- 4.02
BO15295 | 3.38 240 -- 269 -- 1.99 -- 225 -- 3.06 -- 2.88 -- 5.66
BO17909 | 1.33 077 | 2441 082 | 263 072 | 23 082 | 244 076 | 264 073 | 258 225
BO15320 | 3.12 1.76 - - 2.14 - - 1.67 - - 1.90 - - 1.66 - - 1.59 - - 5.258

Table E - 2 Legal Load Posting Data for Exterior Girders,AHlRShear Data
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ALDOT Legal Load Exterior Girder Shear

Bin H20 HS20 Two-Axle Tri-Axle Concrete 18 Wheeler 6 Axle School Bus
Rating | Posting|Rating | Posting|Rating | P osting |Rating | Posting |Rating | Posting |Rating | Posting |Rating | Posting | Rating | Posting
Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) | Factor| (Tons)
BOO131e | 239 -- 2.04 -- 202 -- 1.68 -- 170 -- 2E6 -- 236 -- 4.583 --
BO1107 | 164 -- 1.03 -- 1.23 -- 057 | 307 100 | 328 1.40 -- 147 -- 3.34
BO07E99 | 0.6 2.8 085 | 128 | 0.58 11.8 | 040 5.2 0.43 5.0 067 | 212 0.51 18.3 1.58
BO0S1E7 | 1.19 - - 084 | 278 | 0565 | 280 | OB5 | 194 07 | M2 1.15 - - 1.11 -- 258
BO0E3E0 | 1.43 0.91 3.5 1.08 - - 075 | 245 086 | 264 1.29 1.15 2.86
BO03411 | 261 1.58 -- 1.91 - 1.38 -- 1.68 -- 1.97 1.83 4.895
BoosEss | 213 1.83 1.99 - 1.37 -- 1.51 223 2.08 4.71
BO19607 | 168 127 1.48 - 100 | 374 1.1 1.68 1.68 383
BO19558 | 2.4 1.60 1.85 - 1.33 -- 1.51 240 2.00 502
BO14975 | 3968 75 -- 326 -- 21.32 -- 24.20 -- c=rd 3637 91.29
BO0¥334 | 1.26 086 | 286 100 | 294 | OG7 | 199 07e | 227 1.18 1.11 -- 3.05
BO8523 1.1 073 | 220 | 085 | 231 057 | 142 0.65 16.7 1.00 089 | 356 | 266
BO0¥334 | 1.6 086 | 286 1.00 | 294 | OB7 | 199 07 | 227 1.18 1.11 -- 3.05
BO0g00s | 1.36 080 | 259 | 089 | 289 | OB5 | 195 077 | 223 1.09 098 | 409 | 313
BO03521 177 119 -- 1.38 -- 084 | 343 1.08 -- 1.65 1.67 4.20
Boo¥a4s | 5.1 1.81 -- 2.20 -- 163 -- 1.84 -- 202 -- 1.89 -- 5.24
BO11110 | 1.23 0Bs | 182 | 083 | 225 | 055 | 135 0.54 162 | 087 | 327 07g | 292 | 289
BO1M1205 | 2.45 1.43 1.74 - 1.7 -- 1.47 1.62 1.44 4.41
BO11081 | 631 465 513 - 380 - 4.31 5.04 571 12.03
BOo0g7E2 | 589 360 4.24 - 330 - 372 370 352 10.01
BOos31s | 671 4.15 4.89 - 379 - 428 437 413 11.46
Boo¥s36 | 4.70 298 3.50 - 270 - 3.02 3.33 315 8.25
BO12g25 | 7.30 4.42 5,26 - 4.08 - 4.51 455 4.33 12.42
BO011335 | 3.0 236 2.83 - 2.21 - 2.49 234 220 5.54
BO02310 | 23 20 2.30 - 1.68 - 1.84 254 2.40 5.51
BO11097 | 4.84 324 3.74 - 257 - 3.19 370 3.48 8.79
BO125558 | B.A0 417 4.89 - 377 - 4.19 4.29 4.08 11.68
BO11344 | 245 163 1.84 - 1.41 - 167 1.65 1.65 4,45
BO12318 | 470 200 344 - 2ER - 205 288 272 2.00
BO12350 | 1.99 1.18 1.42 - 1.10 - 1.24 1.17 1.10 3.35
BO17781 | 4.16 242 252 - 248 - 257 235 22 .56
BO157E4 | 279 173 2.10 - 1.37 - 168 213 2.00 4.84
BO19141 | 2.23 1.35 1.63 - 1.25 - 1.43 1.42 1.35 3.83
BO19990 | 15.29 B8.7v 10.593 - 814 - 9.40 B.47 7.00 25.40
BO19473 | 437 239 2.85 - 220 - 256 233 218 742
BO1E581 | 4.00 254 3.06 - 297 - 256 354 323 774
BO18105 | 5.54 4.1 4.80 - 3.00 - 377 .07 4.B5 11.64
BO1ER4s | 4412 -- 245 -- 2.64 - 225 -- 258 -- 245 233 F.53
BO14450 | 0.88 166 086 | 287 1.00 - 0.1 16.5 074 | 208 1.16 1.12 an
BO16510 | 215 -- 174 -- 1.97 - 1.40 -- 1.54 -- 20 1.83 5.68
BO16111 1.55 099 | 353 1.15 - 0E2 | 211 085 | 260 1.30 1.25 3.39
BO1E310 | 3.48 2.6 -- 2.E5 - 2.04 - 227 -- 258 2.40 517
BO15295 | 29.32 18.98 22.10 - 17.03 - 19.03 22m 20,69 52.20
BO17a0s | 3.45 1.84 2.42 - 1.71 - 203 212 1.84 5. 11
BO15320 | 4.7 234 287 - 214 - 2.49 225 2.09 7.03

Table E - 3 Legal Load Posting Data for Interior Girders,RRRMoment Data
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ALDOT Legal Load Interior Girder Moment

Bin H20 HS20 Two-Axle Tri-Axle Concrete 18 Wheeler 6 Axle School Bus
Rating | Posting|Rating | Posting|Rating | P osting |Rating | Posting |Rating | Posting |Rating | Posting |Rating | Posting | Rating | Posting
Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) | Factor| (Tons)

BO0131e | 0.94 182 093 | 324 | 088 | 2465 | OB2 | 172 071 192 | 085 | 387 0es | 333 1.77 --
BO1m7 | 1.32 -- 1.01 -- 1.10 -- 080 | 268 0s0 | 285 1.26 -- 1.18 -- 271
BO0¥EeS | 0.64 a7 054 | 121 0.57 1.3 | 040 24 0.45 72 0E2 | 181 057 | 161 1.26
BO05167 | 0.84 15.4 071 20 | 075 19.1 053 | 123 0.50 140 | 081 283 075 | 267 1.64
BO0E3E0 | 0.97 19.2 077 | 241 053 | 222 | 0BOD | 158 057 176 | 053 | 3548 087 | 339 1.95
BO03411 | 058 79 0.4 55 0.45 57 0.34 21 0.38 4.0 053 | 132 0s0 | 1149 1.15
BO0BEsS | 0.58 8.1 058 | 146 | 059 12.1 0.42 5.4 0.47 a0 057 | 211 058 | 169 1.10
BO19507 | 0.86 16.0 086 | 230 | 082 | MB | 058 | 148 0.5 167 | 0.9 351 079 | 295 1.62
BO19558 | 236 -- 1.83 -- 1.98 -- 1.44 -- 163 -- 224 -- 210 -- 4.78
BO14a7s | 273 206 -- 242 - 1.71 -- 1.84 -- 2B4 243 -- 537
BO0¥334 | 1.39 086 | 286 1.01 - 076 | 248 087 | 2689 1.03 059 | 398 | 255
BO8523 1.28 099 | 3\s5 1.10 - 0.51 2 0.9 287 1.18 1.10 -- 2.44
BO0¥334 | 1.39 086 | 286 1.0 - 075 | 248 087 | 268 1.03 095 | 398 | 255
BOog00s | 177 1.32 1.48 - 1.10 - 1.23 1.55 1.45 3.35
BO03521 1.65 1.31 1.44 - 1.05 - 119 1.68 1.47 317
Boo¥a4s | 1.84 1.23 1.41 - 1.05 - 1.21 1.38 1.33 3.40
BO11110 | 236 152 -- 1.75 -- 1.34 -- 1.62 -- 1.64 -- 1.68 -- 4.23
BO11205 | 1.23 080 | 2665 | 082 | 252 | 070 | M5 080 | 234 | 085 | 320 083 | #9 | 24
BO11081 | 2EBR 206 242 - 1.70 -- 1892 2E0 236 517
Boogrs? | 3.7 -- 202 -- 236 -- 179 -- 203 -- 220 -- 215 -- a8.77
BO0s31s | 090 17.0 058 | 146 | 067 158 | 051 1.2 0.58 13.1 0Bs | 203 0Bs | 208 1.66
BOO¥s36 | 2.43 -- 1.68 -- 1.90 -- 1.42 - 1.60 -- 202 -- 1.85 -- 4.70
BO12a25 | 3.4 217 253 - 1.92 - 218 236 230 5.19
BO11335 | 2.79 - - 171 -- 2.02 - 1.55 - 175 -- 1.74 - - 165 -- 4.89 - -
Boo2310 | 052 5.2 0s2 | 112 |1 05 a7 0.37 37 0.41 50 058 | 160 052 | 130 | 058 121
BO11097 | 187 1.37 1.62 - 1.13 - 1.28 1.72 1.65 3.E5
BO12555 | 1.74 1.18 -- 1.34 - 1.0 -- 1.14 -- 1.32 1.28 3.24
BO11344 | 1.47 095 | 338 1.11 - 084 | 288 0os | 307 1.04 1.00 2.EB
BO1231s | 208 119 1.43 - 1.12 -- 197 1.14 1.08 345
BO12350 | 4.61 2.80 332 - 256 - 290 279 268 785
BO1F7E1 | 471 281 3.34 - 258 - 254 273 262 8.00
BO15764 | 1.87 1.35 1.60 - 1.11 - 1.25 175 1.64 372
BO19141 | 3.38 217 253 - 1.92 - 217 238 233 5.20
BO199e0 | 3.38 2.04 2.42 - 1.85 - 21 204 1.958 5.85
BO19473 | 371 232 254 - 2.04 - 232 2.2 214 5.38
BO1E5E1 | 3.55 276 2.88 - 215 - 2.44 337 316 7.19
BO18105 | 4.35 307 345 - JES - 289 389 368 8.60
BO16A45 | 460 284 335 - 2EB - 29 204 286 a.14
BO14450 | 1.64 1.85 1.56 - 1.50 - 192 2E7 280 a.44
BO16510 | 2.07 167 1.86 - 137 - 1.55 1.35 1.33 3.98
BO16111 | 2.03 1.39 1.67 - 1.23 - 1.42 1.14 1.09 3.55
BO1E310 | 2.40 1.43 1.70 - 1.3 - 1.49 1.55 1.49 4.24
BO15295 | 3.04 216 -- 2.42 - 179 -- 203 -- 275 - - 259 -- 5.89
Bo1Faos | 161 093 | 322 1.12 - 057 | 303 099 | 324 | 082 | 355 088 | 348 | 27
BO15320 | 3.53 2.03 245 - 1.93 - - 219 1.92 1.83 517

Table E - 4 Legal Load Posting Data for Interior Girders,ARR Shear Data
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ALDOT Legal Load Interior Girder Shear

Bin H20 HS20 Two-Axle Tri-Axle Concrete 18 Wheeler 6 Axle School Bus
Rating | Posting |Rating | Posting |Rating | Posting | Rating | Posting|Rating | Posting | Rating | Posting |Rating | Posting|Rating | P osting
Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| {Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons)

BOO1S | 133 | 200 1.12 -- 1.28 -- 088 | M2 ey | 37 1.45 -- 1.37 -- 283 --
BO11017 | 1.50 -- 084 | 330 1.12 -- 079 | 365 0e0 | 285 1.28 -- 1.15 -- 3.06 -
BOOYESS | OB3 | 109 0.58 145 051 132 104 57 0.45 g.o 0.7 233 | 064 | 204 1.65 -
BO0S1E7 | 1.18 -- 0g83 | 74 095 | 76 | 0OB5 | 194 074 | 208 1.14 1.10 -- 2EB -
BOOS3E0 | 1.36 - 087 | 291 1.0 -- 072 | 224 02 | 244 1.43 1.10 -- 273 -
BO03411 1.90 - 1.13 -- 1.38 088 | 35 1.13 -- 1.42 1.3 -- 372 -
BO0BRSS | 201 - 1.73 1.88 1.29 -- 1.43 -- 21 1.97 -- 4.45 -
BO19607 | 1.38 - 1.03 1.20 0.51 H2 ne0 | 283 1.38 1.30 -- 316 -
BO19555 | 282 - 1.87 217 1.56 - 1.77 -- 253 230 -- 572 -
BO14975 | 43.26 - 29.56 -- 34.01 -- 2338 -- 2648 -- 41.80 39.46 -- 95.96 -
BO0¥334 | 1.23 - 085 | 281 093 | 292 | 065 | 195 077 | 22 1.16 1.05 -- 258 -
BO8523 1.10 - 074 | 225 086 | 234 | 057 | 144 0.65 16.7 1.02 0. 6.6 264 -
BO0¥334 | 1.23 - 085 | 281 099 | 292 | 065 | 195 077 | 222 1.16 1.05 -- 258 -
BO09005 | 1.63 - 1.0 - - 1.23 -- 084 | 287 0o | 312 1.35 1.23 -- 3E7 -
BO03521 1.40 - 087 | 344 1.13 075 | 248 0gs | &3 1.32 1.23 -- 3.4 -
BO0¥a48 | 2.86 - 1.65 - - 2.05 -- 1.52 -- 172 - - 1.89 -- 177 -- 457 -
BO11110 | 1.19 - 0.54 177 0.81 M5 | 0A4 | 127 0.E3 158 08s | 3165 | 077 | 282 254 -
BO11205 | 357 - 2.04 2.49 1.84 -- 2.10 219 206 -- 544 -
BO11081 | 3 - 232 261 1.98 - 219 3.07 29 -- 512 -
BO0S7E2 | &577F - 352 416 323 - 364 363 345 -- 9.81 -
BODS31E | B - 3.84 4.52 351 - .86 4.04 3582 -- 10.50 -
BOO¥S35 | 4.28 - 272 3.19 247 - 275 3.03 288 -- 752 -
BO12825 | 7.87 - 4.76 567 4.41 - 4,597 4.90 457 -- 13.39 -
BO11335 | 398 - 237 284 222 - 280 235 240 -- .55 -
BO023M0 | 216 - 1.65 1.88 1.38 - 1.51 2.09 1.97 -- 4.52 -
BO11087 | 4.59 - 3.07 355 274 - 3.03 351 330 -- 8.34 -
BO12558 | B8O - 4.39 512 354 - 4.38 4.51 4.9 -- 12.11 -
BO11344 | 256 - 1.60 1.891 1.48 - 1.64 174 162 -- 4.45 -
BO12318 | 353 - 2.4 253 2.04 - 206 219 207 -- F.12 -
BO12350 | 1.96 - 1.16 1.40 1.09 - 1.2 116 1.09 -- 3.30 -
BO17781 | 412 - 239 289 246 - 264 233 220 -- 5.79 -
BO15764 | 258 - 1.55 1895 1.23 - 152 155 1.85 -- 4.58 -
BO19141 | 219 - 1.33 1.65 1.24 - 1.40 1.3% 1.32 -- 375 -
BO19990 | 17.26 - 9,33 11.60 8.66 - 298 a.m 8.50 -- 30.09 -
BO19473 | 4.80 - 2.70 3.29 250 - 289 265 247 -- g.12 -
BO16591 | 276 - 1.82 21 1.56 - 1.76 2.44 22 -- 5.34 -
BO18105 | 7.09 - 4.54 5.34 4.04 - 4.54 552 5.08 -- 12.80 -
BO1GR45 | 4.22 - 2.51 - - 3.00 234 -- 264 - - 252 238 -- 7.09 -
BO14450 | 1.05 - 0e2 | 321 1.08 070 | M7 086 | 263 1.25 1.21 -- 3.30 -
BO1510 | 219 - 1.67 - - 1.84 1.32 -- 1.45 - - 2.06 1.81 -- 5.44 -
BO15111 1.47 - 083 | 323 1.08 072 | 223 085 | 260 1.22 1.18 -- 323 -
BO1E30 | 346 - 295 263 203 -- 225 256 238 -- 512 -
BO15285 | 30.43 - 19.70 2293 1767 - 19.75 2285 2147 -- 5417 -
BO1F908 | 3o - 232 278 208 - 2.40 2.48 232 -- 5.54 -
BO15320 | 3.80 - 2.09 252 1.92 - 224 2.01 1.87 - - .42 -

Table E - 5 Legal Load Posting Data for Exterior GirdersR_.Moment Data
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ALDOT Legal Load Exterior Girder Moment

Bin H20 HS20 Two-Axle Tri-Axle Concrete 18 Wheeler 6 Axle School Bus
Rating | Posting|Rating | Posting|Rating | P osting |Rating | Posting |Rating | Posting |Rating | Posting |Rating | Posting | Rating | Posting
Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) | Factor| (Tons)
BO01318 276 -- 276 -- 2F3] -- 1.84 -- 21 -- 289 -- 253 -- 5200 --
BO11017 210 1600 -- 178 -- 1.7 -- 1.44 -- 2.00 1.858 428
BO07E29 117 0.99] 3545 1080 -- 074 | 278 084 | ¥k 1.14 1.04 231
BO0S1E7 167 1.41 -- 181 -- 1.05 -- 1.20 -- 162 1.49 395
BO0E3E0 212 1.68 181 -- 1.31 - 1.48 2.04 1.89 427
BO03411 173 -- 124 -- 139 -- 1.03 -- 1.15 -- 1.61 1.51 -- 348
BO0BESS 091 182 08| 327 0&2| 274 0F5 | 245 074 | 245 1.05 0.9 332 171
BO19607 1.34 1.34 128 -- 080 | 338 1.04 1.44 1.24 253
BO19558 256 2.00 215 -- 1.56 - 176 243 248 517
BO14975 350 28 314 - 244 - 280 340 312 B85
BO07 334 216 213 249 -- 137 - 1.55 256 2.40 415
BO8523 258 1.97 219 -- 163 - 1.83 24 273 4.89
BO0¥ 334 216 213 2480 -- 1.37 - 1.55 256 2.40 415
BO03005 2.09 1.55 176 -- 1.30 - 1.47 4.04 382 383
BO03521 3.02 2.39 2B -- 1.91 - 217 289 2E5 580
BO07348 N 2.09 239 -- 1.81 - 2.06 235 206 576
BO11110 34 242 288 -- 1.95 - 220 239 2.30 E.14
B011205 2.48 1.60 188 -- 1.43 - 1.60 1.76 168 4.48
BO11081 7.88 F.59 A - 5.05 - 572 7.8 7.02 1647
BO097E2 4.07 262 304 -- 231 -- 262 285 282 R
BO0S318 165 1.0 1250 -- 084 | 353 1.06 1.21 1.20 3.06
BO0¥ 536 467 3.23 366 -- 272 - 3.08 387 3.76 9.00
B012825 4.04 259 303 -- 230 - 259 280 276 7.40
B011335 337 2.08 244 -- 1.87 - 212 210 2.05 5891
BO02310 1.88 1.99 195 -- 1.43 - 167 281 1.89 375
BO11057 350 253 283 -- 217 - 245 330 3.20 E.&7
BO12555 2E2 1.82 208 -- 1.56 - 176 210 2.06 4.84
BO011344 206 1.94 224 -- 1.69 - 193 209 202 538
BO12318 3.02 1.93 295 -- 1.71 - 1.84 ] 5.00 545
B012350 521 316 376 -- 280 - 329 312 3.02 8.a
BO17751 5.53 3.30 383 -- 3.04 - 347 3.21 3.08 942
BO15754 353 257 285 -- 211 - 238 332 315 707
BO19141 552 356 415 -- 314 - 355 3 383 1015
B019950 537 396 385 -- 287 - 338 396 317 0.34
B019473 5.43 3.85 4E2]  -- 355 - 4.04 356 372 11.04
BO16551 4.5 3.32 357 -- 250 - 293 4.05 3.80 850
BO18105 4.43 315 353 -- 251 - 205 388 379 B85
BO16845 537 .86 4B5 -- 357 - 4.04 4.09 3.08 11.28
BO14450 293 1.71 282 - 1.64 - 1.84 1.56 1681 4.84
BO16510 32 252 363 -- 212 -- 2593 231 22 768
BO16111 4.40 2.3 1280 -- 055 | 358 1.10 2.04 157 G.31
BO16310 416 247 284 -- 295 - 257 270 259 734
BO15255 520 379 4230 -- 313 - 354 4.81 455 10.45
BO17904 23 1.28 1563 -- 1.19 - 1.35 1.27 1.21 374
B015320 5,32 3.58 433 -- 339 - 385 3.37 3.21 10.35

Table E - 6 Legal Load Posting Data for Exterior GirdersR_.Ehear Data
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ALDOT Legal Load Exterior Girder Shear

Bin H20 HS20 Two-Axle Tri-Axle Concrete 18 Wheeler 6 Axle School Bus
Rating | Posting|Rating | Posting|Rating | P osting |Rating | Posting |Rating | Posting |Rating | Posting |Rating | Posting | Rating | Posting
Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) | Factor| (Tons)
BO01318 386 -- 3200 -- 3600 -- 2B5 -- 285 -- 3.89 -- 374 -- e -
BO11017 167 1.14 131 -- 100 ] 374 1.12 1.46 1.34 3.05
BO07E29 1.65 1.25 139 -- 1.05 - 1.15 1.61 1.56 3.25
BO0S1E7 1.58 1.21 136 -- 1.02 - 1.12 1.55 1.51 313
BO0E3E0 1.85 1.29 1471 -- 1.12 - 1.24 1.70 1.55 341
BO03411 277 1.82 2100 -- 162 - 1.81 218 2.04 483
BO0BESS 235 1.98 213 -- 1.58 - 170 234 2.4 4.44
BO19607 165 1.24 138 -- 1.03 - 113 1.56 1.48 318
BO19558 239 1.65 1870 -- 1.44 - 168 214 1897 4.41
BO1497s | 4502 3012 3423 -- 787 - 3069 40.20 36.098 aE.24
BO07 334 235 1.74 1950 -- 1.49 - 163 295 214 442
BO8523 219 1.50 171 -- 1.32 - 146 1.81 171 356
BO0¥ 334 235 1.74 195 -- 1.49 - 163 225 214 4.42
BO03005 235 1.65 180 -- 1.37 - 1.63 1.82 1.71 4.30
BO03521 3.42 254 284 -- 217 - 238 327 314 E.43
BO07348 437 278 321 -- 245 - 278 34 3.18 778
BO11110 209 1.95 2300 -- 177 - 1.94 245 206 535
B011205 357 244 JBES| -- 205 - 248 245 249 E18
BO11081 11.43 8.19 BE3] -- 548 - 77 10.85 1029 21.70
Boogrs? | 1082 5.68 10686 -- 8.21 - 5.53 Q.17 5.42 2493
BO0s31s | 1040 5.41 vEO| -- 589 - 753 575 764 21.37
BO0¥ 536 an 577 G7E| -- 0.2 - 5.62 545 5.03 15.50
BO12a25 | 1513 7.3 BE4| -- E71 - 955 .45 707 20.38
B011335 3.07 4.77 575 -- 4.48 - 5.05 474 4.50 13.45
BO02310 4.44 3.36 386 -- 2582 - 3N 426 4.03 0.24
Bo110e7 | 1178 7.32 BE1 -- 554 - 748 7.09 557 20.59
BO12558 | 1173 7.50 Je0l -- E.10 - F.80 B.EG 2.20 20.88
BO011344 F.44 4.01 473 -- 3E7 - 4.12 4.9 4.04 11.13
BO12318 774 457 s45| -- 4.5 - 4.81 530 4.33 1283
B012350 4.29 253 304 -- 237 - 268 4.61 236 714
BO17751 7.55 4.62 5430 -- 421 - 4.80 461 431 12.85
BO15754 3.48 296 2E3] -- 202 - 226 2E5 252 554
BO19141 4.15 283 331 -- 248 - 2.04 3N 278 B.55
BO19990 | 4207 24.00 279 -- 23.24 - 2532 24.53 23.34 7072
B019473 353 2.43 276 -- 234 - 253 24 233 547
BO16551 2B5 2.10 27 - 1.95 - 207 247 235 411
BO18105 555 4.10 480 -- 335 - 4.03 4.70 4.47 0.8
BO16845 357 2E5 284 -- 204 - 245 253 23 548
BO14450 205 1.28 146 -- 1.12 - 1.26 1.70 1.66 3.08
BO16510 242 297 218 -- 163 - 1.82 274 237 477
BO16111 281 1.44 180 -- 1.27 - 1.47 1.93 1.88 4.07
BO16310 372 212 2480 -- 1.61 - 217 233 2.2 589
BO15295 | 2027 14.33 1675 -- 12.80 - 14.42 16.54 15.51 39.47
BO17904 2E2 2.36 231 -- 1.61 - 297 234 218 450
B015320 525 2.02 356 -- 285 - 3.10 2.42 1.84 7.01

Table E - 7 Legal Load Posting Data for Interior Girders R_-Moment Data
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ALDOT Legal Load Interior Girder Moment

Bin H20 HS20 Two-Axle Tri-Axle Concrete 18 Wheeler 6 Axle School Bus
Rating | Posting |Rating | Posting |Rating | Posting | Rating | Posting | Rating | Posting | Rating | Posting | Rating | Posting | Rating | Posting
Factor| (Tons) | Factor| (Tons) | Factor| (Tons) | Factor| (Tons) | Factor| (Tons) | Factor| (Tons) | Factor| (Tons) | Factor| (Tons)
BO01319 1797 -- 176 -- 169 -- 1.18 -- 1.35 -- 1.86 -- 1.63 -- 334 --
BO11017 1.97 1600 -- 1.64 1.19 -- 1.35 -- 1.87 1.76 4.02
BOO7E99 1.17 098] 354 1.04 074 | 278 083 | 275 1.14 1.04 2.30
BOOS167 1.58 1.33 1.43 1.00 1.13 1.63 1.4 3.08
BOOB360 190 -- 160 -- 162 -- 1.17 -- 1.32 -- 1.83 -- 1.69 -- 3.82
B003411 088 17.7 063 228 071] 209 0.52 196 0.59 195 082 | 328 077 | 323 1.78
B005E23 1458 -- 1458 -- 146 -- 1.08 -- 1.17 -- 1.67 -- 1.45 -- 272
BO19E07 2.48 2.48 2.36 1.66 1.91 266 2.29 4.67
BO19555 4.54 3.53 381 277 3.13 4.32 4.05 9.17
B014579 5.14 4.28 4.59 326 367 5.00 4.58 10.12
BO07334 2.18 213 250 1.89 1.57 2.56 2.4 4.20
BO3523 255 2.06 2.7 1.68 1.89 280 230 5.04
BO07334 2.18 213 240 1.89 1.57 2.56 2.41 4.20
BO09005 3.30 2.46 277 2.06 232 293 272 5.20
BO08521 2.39 1.89 2.06 1.52 1.72 2.29 2.10 4.60
BOO7545 2.98 2.00 229 1.73 1.97 2.24 216 5.51
BO11110 3.20 2.08 2.42 1.54 2.06 2.24 215 576
BO11206 225 1.45 1.70 1.29 1.45 1.58 1.62 4.06
B011081 4.15 3.53 3.60 266 3.01 4.04 369 5.04
BO0S97a2 4.70 3.03 3.50 2.66 -- 3.02 -- 3.28 3.22 8.56
BO05315 1.54 1.01 1.16 088 | 329 099 | 327 1.12 1.1 2.84
BOO7536 4.19 2.90 3.28 2.45 277 3.48 3.38 5.09
BO12525 4.59 2.94 3.44 261 295 3.18 3.13 5.40
BO11335 4.54 2.80 3.28 252 2.86 2.83 276 796
BO02310 1.93 276 1.90 1.38 1.62 293 1.93 363
B011097 3.40 2.49 277 2.06 233 3.13 3.04 5.61
B012559 273 1.90 2.16 1.62 1.83 2.20 215 5.14
BO11344 3.02 1.98 2.28 1.73 1.97 213 2.06 5.48
BO012319 2.80 1.79 2.08 1.58 1.80 1.92 1.85 5.05
B012350 4.66 283 337 260 295 279 270 7.99
BO17781 5.27 3.14 374 2.89 331 3.06 293 B8.97
BO15764 3.05 222 2.48 1.82 2.06 287 273 5.11
B019141 5.18 3.34 3.59 2.95 3.33 3.67 3.59 9.52
B0195990 5.60 3.40 4.02 3.10 3.53 341 3.31 9.75
B019473 7.10 4.25 5.10 3.93 4.45 4.26 4.10 12.19
BO16591 4.25 3.32 357 259 293 4.05 3.80 8.60
BO18106 4.91 3.49 3.92 2.89 329 439 4.18 9.77
B016545 617 3.83 4.50 3.45 391 3.96 3.85 10.92
5014450 478 266 3.44 255 293 2.43 2.34 7.51
BO16510 3.54 2.18 270 2.34 -- 266 2.00 1.92 577
BO16111 4.51 2.7 1.28 095 | 355 1.09 2.08 2.00 5.43
BO16310 376 223 266 2.04 233 2.44 2.34 -- 5.63
B015295 478 3.42 382 2.83 3.20 4.35 0o 9.44
BO17509 223 1.29 1.65 1.20 1.37 1.28 1.22 377
B015520 5.76 3.26 3.95 3.09 3.51 3.07 2.93 9.44

Table E - 8 Legal Load Posting Data for Interior Girders,R_.Bhear Data
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ALDOT Legal Load Interior Girder Shear

Bin H20 HS20 Two-Axle Tri-Axle Concrete 18 Wheeler 6 Axle School Bus
Rating | Posting|Rating | Posting|Rating | P osting |Rating | Posting |Rating | Posting |Rating | Posting |Rating | Posting | Rating | Posting
Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) |Factor| (Tons) | Factor| (Tons)
BO01318 232 -- 192 -- 216 -- 1.69 -- 171 -- 234 -- 224 -- 463 --
BO11017 157 1.07 1230 -- 054 | 351 1.05 1.36 1.6 286
BO07E29 1.65 1.24 139 -- 1.05 -- 1.15 1.61 1.55 3.2
BO0S1E7 1.50 1.14 128 -- 085 | 361 1.05 1.47 1.43 287
BO0E3E0 1.82 1.27 145 -- 1.11 -- 1.23 1.69 1.64 339
BO03411 23 1.62 176 -- 1.35 - 1.51 1.82 1.71 413
BO0BESS 34 3.00 324 -- 239 - 258 354 336 E71
BO19607 286 2.30 JEE| -- 1.00 - 207 286 273 581
BO19558 417 289 399 - 2E - 280 376 347 774
BO149758 | BE.OS 44265 s03F -- 40.97 - 45.02 53.82 54.10 118.43
BO07 334 242 1.79 201 -- 1453 - 167 231 22 4.56
BO8523 229 1.56 178 -- 137 - 152 1.85 175 413
BO0¥ 334 242 1.79 201 -- 1.53 - 167 231 222 4.55
BO03005 3.58 235 275 -- 209 - 234 2E4 248 E57
BO03521 261 1.93 215 -- 1.65 - 1.81 249 239 4.81
BO07348 4.12 2E7 3100 -- 237 - 258 328 3.06 743
BO11110 2.81 1.84 215 -- 1.66 - 1.82 230 21 502
B011205 4.84 285 354 -- 274 - 3.03 316 207 7.0
BO11081 537 457 447 -- 340 - 375 512 574 12.06
Boog7s? | 1068 .44 9200 -- 715 - 5.68 5.00 5.28 21.73
BO0s31s | 10.05 5.18 Va2 -- 568 - 775 5.51 746 20.85
BO0¥ 536 5.25 5.243 613 -- 473 - 5.12 5.55 547 14.41
BO12a25 | 1478 7.50 908 -- 705 - 9.34 .24 743 21.33
B011335 7.85 4.55 561 -- 437 - 4.93 452 4.38 13.12
BO02310 4.54 3.44 385 -- 288 - 3.18 4.36 4.12 0.45
BO110e7 | 1128 7.03 828 -- 538 - 7.18 576 5.35 19.75
BO12558 | 1178 753 805 -- 5.21 - F.03 854 2.18 20.84
BO011344 .49 4.03 477 -- 3ED - 4.14 4.32 4.06 11.20
BO12318 712 4.4 505 -- 383 - 4.44 a.87 3.00 11.85
B012350 3.84 297 273 -- 212 - 240 4.15 21 1187
BO17751 5.89 4.2 4596 -- 354 - 4.39 473 357 11.75
BO15754 3.00 1.94 2B -- 1.74 - 1.94 227 216 4.85
BO19141 4.01 2.83 319 -- 238 - 281 3.00 258 E.27
BO19990 | 4269 2506 o -- 23.56 - 25.BR 24.88 2366 71.42
B019473 3.54 2.44 277 - 235 - 255 242 234 547
BO16551 2B5 2.10 27 - 1.95 - 207 247 235 411
BO18105 577 4.13 461 -- 348 - 4.04 473 4.49 075
BO16845 3.49 280 276 -- 2.00 - 239 247 205 535
BO14450 207 1.24 1470 -- 1.13 - 197 1.71 1.65 312
BO16510 220 207 189 -- 1.42 - 1.55 242 27 4.32
BO16111 254 1.47 184 -- 1.29 - 1.50 1.97 1.85 4.20
BO16310 3.45 1.91 2B -- 1.45 - 1.95 21 2.00 5.40
BO15285 | 2204 14.51 1681 -- 1283 - 14.42 17.39 16.30 39.59
BO17904 2.BB 2.39 234 -- 1.65 - 229 238 2.4 470
B015320 4 BB 2.19 3120 -- 245 - 272 212 2.01 741
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APPENDIX F1: MatLAB Beta Analysis Program

Presented in this appendix is the MatLab betayarsaprogram. For more

information on its use and construction see Chapter

% Beta Analysis Program
% Mike Murdock
% 1-29-08

%0%%%%0%%% %% %% %% %% % %% % %% % % %% % % % %% % %% % % %% % % %% %
% Cal. Beta
%0%%%%0%%% %% %% %% %% % %% % %% % % %% % % % %% % %% % % %% % % %% %

function beta()  %function name

gD =1.05;
gL =1.3;
gRS =1.12;
gRC =1.12;
gRP = 1.05;
vD = 0.1,
vL = 0.18;
VRS =0.1;
VRC = 0.13;
VRP = 0.075;
Fail = 0;

NumberOfRuns = 1000;
i=1

ii=1;

iii=0;

clc; %clears the screen of any random text
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fprintf('\n");
fprintf('\n");

[Numbers] = xIsread('testing.xIs");
NumberOfBridges = size(Numbers);
while ii <= NumberOfBridges(1)

inputBin = num2str(Numbers(ii, 1));
Mat = Numbers(ii, 2);

Mr = Numbers(ii, 3);

DC = Numbers(ii, 4);

DW = Numbers(ii,5);

MI = Numbers(ii,6);

if Mat < 2
gR = gRC;
VR = vRC;
else
if Mat < 3
gR =gRS;
VR = VRS;
else
gR = gRP;
VR = VvRP;
end
end

ud =gD * (DC + DW);

ul =gL * Ml;

ur=gR * Mr;

gr = (log(vR*2 + 1))~ 0.5;

while i < NumberOfRuns
Di = ud + vD * ud * NormSinv(rand(1));

Li = ul + vL * ul * NormSinv(rand(1));
Ri = exp((log(ur) - 0.5 * (gr * 2)) ¥ § NormSInv(rand(1)));

Ya(i) = Ri - (Di + Li);

201



if Ya(i) <O
Fail = Fail + 1;
end

i=i+1;
end

YaSorted = sort(Ya);

i=1;
V1=0;
V2 =0;
V3 =0;
V4 =0;
PaB = 0;
YaB =0;

while i < NumberOfRuns
Pa(i) = NormSinv(i / NumberOfRuns);

V1 =V1 + YaSorted(i) * Pa(i);
V2 =V2 + YaSorted(i);

V3 =V3 + Pa(i);

V4 = V4 + (YaSorted(i)) " 2;

i=i+1;
end

PaB = V3 / (NumberOfRuns - 1);
YaB = V2 / (NumberOfRuns - 1);

slope = (NumberOfRuns * V1 - V2 * V3) / (NiberOfRuns * V4 - (V2 " 2));
betalLine = -(PaB - slope * YaB);

i =1,

while YaSorted(i) < 0
i=i+1;

end

ifi<3
NearZero(1) = O;

NearZero(2) = 0;
NearZero(3) = 0;
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NearZero(4) = 0;
else
NearZero(1) = Pa(i-2);
NearZero(2) = Pa(i-1);
NearZero(3) = Pa(i);
NearZero(4) = Pa(i+1);
end

FailRate = Fail / NumberOfRuns;

if Fail >0

Betal = -1 * NormSinv(FailRate);
else

Betal = 0;
end

%0%%%%0%%% %% %% % %% % % %% % %% % % %% % % % %% % %% % % %% % % %% %
% Results
%0%%%%0%%% %% %% %% %% %% % % %% % % %% % % % %% % %% % % %% % % %% %

% Displaying Max Momment and Max Shear values found
fprintf('\n");

fprintf('\n");

fprintf('\n");

fprintf('\n");

fprintf('\n");

fprintf('\n");

fprintf('Matlab Beta Analysis for Bin: %s \n',infBin);
fprintf('\n");

fprintf('Slope: %1.5f  \n',slope);

fprintf('Beta from line:  %21.3f \n',betalah

fprintf('\n");

if NearZero(1) ==
fprintf(Betas around Y = 0:  --- \n");
fprintf('Betas around Y = 0:  --- \n");
fprintf(Betas around Y = 0:  --- \n");
fprintf('Betas around Y = 0:  --- \n");

else

fprintf(Betas around Y =0:  %1.3f  ,NearZero(1));

fprintf(Betas around Y =0:  %1.3f ,NearZero(2));

fprintf(‘'Betas around Y = 0: %1.3f  ,NearZero(3));

fprintf(Betas around Y =0:  %1.3f ,NearZero(4));
end
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fprintf('\n");

fprintf(Failures: %d  \n',Fail);
fprintf('Failure Rate: %1.5f \n',FailRate);
if Betal > 0

fprintf('Beta: %21.3f \n',Betal);

else

fprintf(Beta: --- \n');

end

filename = strcat(inputBin,".txt");

file_1 = fopen(filename,'w");
file_2 = fopen(‘resultsfull.txt','a’);

fprintf(file_1,'Matlab Beta Analysis for Bin: %8\n',inputBin);
fprintf(file_1,'Slope: %1.5f \n',slope);
fprintf(file_1,'Beta from line:  %21.3f \betalLine);
fprintf(file_1,\n");

if NearZero(1) ==

fprintf(file_1,'Betas around Y =0: --- \n");

fprintf(file_1,'Betas around Y =0: --- \n");

fprintf(file_1,'Betas around Y =0: --- \n");

fprintf(file_1,'Betas around Y =0: --- \n");
else

fprintf(file_1,'Betas around Y =0: %1.3f \n',NearZero(1));
fprintf(file_1,'Betas around Y =0: %1.3f \n',NearZero(2));
fprintf(file_1,'Betas around Y =0: %1.3f \n',NearZero(3));
fprintf(file_1,'Betas around Y =0: %1.3f \n',NearZero(4));
end
fprintf(file_1,\n");
fprintf(file_1,'Failures: %d  \n',Falil);
fprintf(file_1,'Failure Rate: %21.5f \n',Aate);
if Betal >0
fprintf(file_1,'Beta: %1.3f \n',Betal);
else
fprintf(file_1,'Beta: --- \n");
end
fprintf(file_1,\n");
fprintf(file_1,\n");

fprintf(file_1,' Y=R-Q Standard Norindariate \n\n');
i=1;

while i < NumberOfRuns
temp = [YaSorted(i), Pa(i)];
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fprintf(file_1," %05.2f %1.5f\temp);
i=i+1;
end

fprintf(file_2,'%s',inputBin);

fprintf(file_2, %5.5f",slope);
fprintf(file_2, %5.5f',betalLine);
fprintf(file_2, %i',Fail);
fprintf(file_2, %5.5f',FailRate)
fprintf(file_2, %5.5f\n",Betal);

fclose(file_1);

ii=ii+1;

i=1;

ii=0;

Fail = 0;
FailRate=0;
end

fclose(file_2);

295



APPENDIX F2: Excel Beta Analysis Program

Presented in this appendix is the Excel beta aisgtyegram. For more

information on its use and construction see Chapter

' Beta Analysis Program
' By Mike Murdock 8/25/08

Dim gD As Double
Dim gL As Double
Dim gRS As Double
Dim gRC As Double
Dim gRP As Double

Dim vD As Double
Dim vL As Double
Dim VRS As Double
Dim vRC As Double
Dim VRP As Double

Dim Di As Double
Dim Li As Double
Dim Ri As Double

Dim Yi As Double
Dim Fail As Double
Fail=0

Dim Mr As Double
Dim DC As Double
Dim DW As Double
Dim Ml As Double

Dim gR As Double
Dim vR As Double
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Dim NumberOfRuns As Double
NumberOfRuns = 10000000

Dim Mat As Integer
Dim Ya As Double
Dim Pa As Double
Dim V1 As Double
Dim V2 As Double
Dim V3 As Double
Dim V4 As Double
Dim PaB As Double
Dim VaB As Double
Dim Slop As Double

Dim i As Double
Dim ii As Integer
Dim iii As Integer
iii=0

Dim Rand As String
Rand = "=RAND()"
Dim Blank As String
Blank ="

rowNum = 3
i=1
ii = Cells(rowNum, 1).Value

Do Whileii>0

If (Cells(rowNum, 7).Value > 1) Then
gbh =1.05
gL=1.3
gRS =1.14
grRC=1.2
gRP =1.15

vD=0.1

vL =0.18

VRS =0.105

vVRC = 0.155

vRP =0.14
Else

gbh =1.05
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gL=13

gRS=1.12
gRC =1.14
gRP =1.05

vD=0.1

vL =0.18

VRS =0.1

vRC =0.13

vRP =0.075
End If

Mr = Cells(rowNum, 7).Value

DC = Cells(rowNum, 8).Value
DW = Cells(rowNum, 9).Value
MI = Cells(rowNum, 10).Value

Mat = Cells(rowNum, 2).Value

If Mat < 3 Then
gR =gRC
VR =vRC

Else
If Mat < 5 Then

gR = gRS
VR = VRS
Else
gR =gRP
VR = VRP
End If
End If

ud =gD * (DC + DW)
ul=gL* Ml

ur=gR*Mr
gr=(Log(vR"2+1))"0.5

Do While i < NumberOfRuns
Cells(rowNum, 17).Value = Rand
Di = ud + vD * ud * NormSinv(Cells(rowhn, 17).Value)

Cells(rowNum, 17).Value = Rand
Li = ul + vL * ul * NormSInv(Cells(rowNm, 17).Value)
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Cells(rowNum, 17).Value = Rand
Ri = Exp((Log(ur) - 0.5 * (gr * 2)) # § NormSiInv(Cells(rowNum, 17).Value))

Ya = Ri - (Di + Li)

If Ya< 0 Then
Fail = Fail + 1
End If
i=i+1
Loop

Cells(rowNum, 17).Value = Blank
Cells(rowNum, 11).Value = Fall
Cells(rowNum, 12).Value = Fail / NumberOfigu
If Fail >0 Then

Cells(rowNum, 15).Value = -1 * NormS(@ells(rowNum, 12).Value)
Else

Cells(rowNum, 15).Value =" ---
End If

iii=ii+2

Fail=0

i=1

rowNum = rowNum + 1

il = Cells(rowNum, 1).Value
Loop

End Sub
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APPENDIX F3: Percent Difference Between 1 Milliorand 10 Million Simulations

Presented in this section are table summaridsegbtecent difference from 1
million and 10 million run probability of failuraraulations. The data is divided

in-between load effect, girder and sample.
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Table F3 - I Exterior Girder Moment Standard Bridge Sample

Exterior Girder Moment

BIN 10 Million Runs 1 Million Runs Percent Difference
Failures |Failure Rate Beta Failures |Failure Rate| Beta Failure Rate Beta

STD 714 24 7633288 076332858 [ -0.71705 7h3694 0763694 | -0.71524 -0.05% 017 %
STD 714 26 Bo62263 0.8562263 [ -1.06352 856555 0.856555 | -1.064597 -0.04% -0.14%
STD 714 28 7451640 0. 745164 -0 5935 744436 0744436 | -0.65708 0.10% 0.34%
STD 714 30 G5R095E6 06560956 [ -0.40183 Ba6E043 0656043 | -0.40169 0.01% 0.03%
STD 714 32 6257052 0.6257052 -0.3205 B25614 0.625614 | -0.32026 0.01% 0.07%
STD 714 34 G0B85323 0.6085323 -0.2755 B09269 0.609263 | -0.27741 0.12% -0.69%
STD 716 42 312628 059126258 [ -0.23079 590693 0590693 | -0.220933 0.10% 0.63%
STD 716 44 4562693 04552693 011238 4654872 0454872 0.11336 0.09% -0.687%
STD 716 46 a0E7 446 05067446 [ -0.0169 06721 0.5067 21 -0.01685 0.00% 0.36%
STD 716 48 4891709 04891709 0.02715 489462 0. 459462 0.02642 -0.05% 273%
STD 716 &0 5291940 05209194 -0.07324 528682 0528682 | -0.07196 0.10% 1.76%
STD 716 52 5164092 05164092 [ -0.04114 515989 0515983 | -0.04009 0.08% 259%
STD Cc2401 32 4294502 0.4294502 07777 429166 0. 429166 0.1785 0.07% -0.41%
STD C2401 34 3809336 0.3809336 0.30303 351604 0.381604 0.30127 -0.18% 0.58%
STD C2401 36 2603006 02603006 0.64242 260206 0. 260206 064271 0.04% -0.05%
STD C2401 38 3556066 0.35568066 0.36559 366197 0.356197 0.36864 0.11% 0.28%
STD C2411 32 3218003 0.32158003 046267 321810 0.32181 0.46264 0.00% 0.01%
STD C2411 34 287ERA4 0.2876R54 056022 288488 0258485 055781 -0.29% 0.43%
STD C2411 36 3500723 0.3500723 0.38513 349546 0.349546 0.38655 0.15% -0.37%
STD C2411 38 2042647 02542647 066113 254171 0.254171 066142 0.04% -0.04%
STD C2414 32 350026 00359026 1.80035 36059 0036053 1.70837 -0.43% 011%
STD C2414 34 2006520 0020062 2 05247 20200 0.0202 2045964 -0.69% 0.14%
STD C2414 36 199940 0.0199946 205386 19983 0.019983 2.0541 0.06% -0.01%
STD C2414 38 255260 0.025526 1.95104 25508 0.025503 1.95133 0.07% -0.01%
STD PC34 24R 3226 0.0003226 341187 312 0.000312 3.42096 3.34% -0.27 %
STD PC34 26R 74960 0.007496 2 432657 7614 0.007614 242691 -1.66% 0.23%
STD Cs2403 7654444 07604444 [ -073373 7hBE126 0768126 | -0.73269 0.04% 0.14%
STD CI2404 24379 0.0024373 2.81513 2440 0.00244 281485 -0.09% 0.01%
STD B2200 16 173 0.0000173 4 14086 21 0.000021 409519 -19.32% 1.08%
STD BZ200 20 13 0.0000013 470013 0 0 0 200.00% 200.00%
STD B2200 24 1121 0.0001121 3.69006 112 0.000112 3.69029 0.09% -0.01%
STD B2200 28 787 0.0000787 3.77909 80 0.00003 3.77501 -1.64% 0.1M%
STD B2200 30 11371 0.0011371 3.05187 1134 0.001134 3.05269 0.27% -0.03%
STD BZ200 32 15895 0.0015895 2945988 1564 0.001564 295457 1.62% 017 %
STD B2200 34 1115 0.0001115 3.69143 107 0.000107 3.70189 4.12% -0.268%
STD B2200 36 10109 0.0010109 3.08701 1018 0.001018 3.08493 -0.70% 0.07%
STD B2E00 199649 0.0199649 2.05447 19895 0.019895 205586 0.34% -0.07 %
STD BC2402 3653 0.0003653 3.37783 366 0.000365 3.37581 0.74% 0.06%
STD BC28M 162 0.0000162 415581 15 0.000015 413176 -10.53% 0.58%
STD B2400 7402395 07402395 | -0.64408 740797 0740797 -[.6458 -0.08% -0.27 %
STD B2411 3043835 0.3043835 051183 304378 0.3043758 051185 0.00% 0.00%
STD B280S 210732 0.0210732 203207 21128 0.021128 203099 0.26% 0.05%
STD CSC2a00 35 8346103 0.8346103 [ -0.97255 0834934 0.534934 | -0.97385 -0.04% -0.13%
STD CSC2E00 45 83398549 0.8398549 [ -0.99385 839494 05359494 | -0.99233 0.04% 0.15%
STD R32 9956877 0.9985877 [ -3.05848 995910 0.99591 -3.06455 0.00% -0.20%
STD 528130 1 0.0000001 519934 1 0.000001 4.75342 -163.64% 8.96%
STD PC34 24R 2320850 0. 292065 054736 291841 0.291941 054772 0.04% -0.07 %
STD PC34 26R 71445965 07144965 | -0.56647 714863 0714863 | -0.56765 -0.05% -0.19%
STD PSC4041 0 0 0 0 0 0 A MAS
STD PSC4465 7842471 0.7842471 -0. 78662 784142 0784142 | -0.78626 0.01% 0.05%

Table F3 - 2 Exterior Girder Moment Unique Bridge Sample
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Exterior Girder Moment
BIN 10 Million Runs 1 Million Runs Percent Difference
Failures |Failure Rate Beta Failures |Failure Rate| Beta Failure Rate Beta
B001393 1738 0.0001739 357682 160 0.00016 3.59855 B.33% 0.61%
BO11017 309104 0.0309104 1.86758 31130 0.03113 1.86444 0.71% 017%
BO07E99 EA09545 06309546 | -0.49856 EI09E0 1.69096 -0.49857 0.00% 0.00%
BOOA167 1956417 01956417 .85729 194862 0194862 | 0.86012 0.40% -0.33%
BOOG3E0 23374 0.0233741 1.98857 23384 0.023384 1.98854 0.04% 0.01%
BO03411 2576648 0.2576648 0.65056 257324 0257324 | 065162 013% 016%
BO0aES3 8847991 0.8847991 -1.18932 884950 0884050 | -1.20015 0.02% .07 %
BO19607 a054528 08054528 | -0.01367 505281 0805281 | -0.01324 0.03% 3.20%
B019553 10551 0.0010551 3.07427 1068 0001068 | 3.07064 -1.22% 0.12%
B014979 70 0.000007 434386 8 0.000008 | 4.31445 -13.33% 0.68%
BO007334 13765243 01375293 1.09149 137688 0137688 1.009077 012% 0.07%
B00a523 288260 0.028826 1.89833 28660 0.02866 1.90086 0.58% 013%
BO07 334 1374841 0.137 4841 1.09169 137217 0137217 1059291 0.19% 0.11%
BOO9005 a18624 0.0818524 1.39272 81219 0.081219 1.39692 0.78% -0.30%
BOORA21 266G 0.0025665 279857 2607 0.002607 | 279351 -1.67% 0.18%
BO07a48 3786 0.0003786 3.36798 382 0.000382 [ 3.36552 -0.89% 0.07%
B011110 22232 0.0022232 2.84462 224 0.002241 2.84208 -0.80% 0.09%
BO011206 BE 1256 00661256 1.80528 BE296 [0.066296 1 40396 0. 26% 0.09%
B011081 0 0 1] 0 0 0 [N [N
BO09782 177 0.0001177 367764 119 0.000119 | 367484 -1.10% 0.08%
B005318 9543616 09543616 -1.6887 953916 0953016 | -1.68407 0.05% 0.27%
BO07536 0 0 a 0 0 0 TA, A,
B012825 12694 0.0012694 3.01868 1307 0.001307 | 3.00982 -2 .892% 0.29%
B011335 19998 0.0019998 2.87819 1991 0.001991 287958 0.44% 0.056%
BO02310 9E08318 09808318 | -2.07124 980564 0.980564 | -2.0R554 0.03% 0.28%
B011097 4420 0.000442 3.32506 449 0.000449 [ 3.32068 -1.587% 013%
B012599 5033794 0.54933794 | -0.24915 597914 0897914 | -0.24795 0.08% 0.48%
B011344 5503322 [.5503322 -0.1265 550403 0550403 | -0.126R8 -0.01% 0.14%
B012319 4530475 0.4530475 011797 452950 045295 011821 0.02% 0.20%
B0123580 4662 0.0046662 289963 4675 0.004675 | 259898 0.19% 0.03%
BO17781 853 0.0000853 3.75899 ag 0000088 [ 375119 -312% 0.21%
BO14764 44 0.0000044 4 44474 1 0.000001 476342 126 93% 6.71%
BO19141 0 0 1] 0 0 0 [N IS,
B019990 4530 0.000453 33182 447 0.000447 | 3.32192 1.33% 011%
B019473 128 0.0000128 4.20944 27 0.000027 4.0376 -71.36% 417%
BO16591 0 0 I 0 0 0 [N [N
BO18106 0 0 1] 0 0 0 [N IS,
BO16E45 0 0 1] 0 0 0 IS, A,
B014450 A227921 0.6227921 -0.06716 £23151 0.623151 | -0.06806 0.07 % -1.66%
BO16510 234823 0.0234823 1.98662 23529 0.023529 1.98578 0.20% 0.04%
BO16111 021558 00921558 1.3276 91834 0.091834 1.32955 0.35% 0.15%
BO16310 370RETE 03706678 11.33009 370551 0.370551 [1.33039 0.03% -0.09%
B016295 49999538 09999533 | -3.90973 999953 [.999953 | -3.90558 0.00% 0.11%
B017909 9944476 09944476 | -2.A3938 994426 0.994426 | -2.53803 0.00% 0.05%
B015820 199129 0.0199129 205555 20137 0.020137 | 205003 -1.12% 0.23%

Table F3 - 3 Exterior Girder Shear Standard Bridge Sample
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Exterior Girder Shear
BIN 10 Million Runs 1 Million Runs Percent Difference
Failures |Failure Rate Beta Failures |Failure Rate| Beta Failure Rate Beta
STD 714 24 0932508 0.5932508 -0.23592 0338758 0.59355 -0.23753 0.11% -0.68%
STD 714 26 5341139 0.5341139 -0.08562 534830 0.534583 -0.08742 0.13% -2.08%
STD 714 28 4E34021 0. 4554021 0.07677 456738 0.46874 0.07844 0.14% -2 15%
STD 714 30 4452578 0. 4452578 013765 445082 0.44553 013582 -0.16% 1.34%
STD 714 32 3263431 0. 3263431 045281 326199 [.3252 045321 0.04% -0.09%
STD 714 34 2364789 0.23p4789 071767 236415 0.23641 0.71788 0.03% 0.03%
STD 716 42 2311070 0231107 0.73521 231145 0.23114 0.73508 0.01% 0.02%
STD 716 44 2112488 0.2112488 0.8021 210803 0.21081 0.80362 0.21% 0.19%
STD 716 46 737842 0.0797342 1.40652 79761 0.07976 140665 0.03% 0.01%
STD 716 48 851138 0.0881138 1.35246 a8420 0.08842 1.35055 -0.35% 0.14%
STD 716 50 261390 0.026139 1.94034 2R542 0.02654 1.893424 -1.62% 0.34%
STD 716 62 123064 0.0123064 224743 12313 0.01231 224722 -0.03% 0.01%
STD C2401 32 2420991 02420991 069957 241432 0.24143 0.7017 0.28% -0.30%
STD C2401 34 1262046 01262046 1.14452 126395 0.1264 1.1436 0.15% 0.068%
STD C2401 36 531199 0.0631199 1.52M1 53005 0.06301 1.53003 0.17% -0.06%
STD C2401 38 3587200 0.03872 1.76574 38537 0.03854 1.76732 0.47% 0.12%
STD C2411 32 1013833 0.1013833 1.27371 101523 0.10152 1.27292 -0.13% 0.06%
STD C2411 34 456577 00456977 1.6E308 45855 0.04589 1.63E03 -0.42% 0.12%
STD C2411 36 345418 0.0348418 1.61396 34675 0.03467 1.81613 0.49% -0.12%
STD C2411 38 98633 0.0098633 2.331581 9986 0.00999 2 32687 -1.28% 0.20%
STD C2414 32 15248 0.0015248 296269 1568 0.00157 2.95408 -2.92% 0.29%
STD C2414 34 1879 0.0001879 3.55652 176 0.00018 3.57368 4.29% -0.48%
STD C2414 36 B17 0.0000617 3.83927 63 0.00008 3.83415 2.79% 0.13%
STD C2414 38 324 0.0000324 399451 44 0.00004 30215 -20.99% 1.85%
STD PC34 24R <] 0.0000006 4 85564 0 0 i} 200.00% 200.00%
STD PC34 26R 2 0.0000002 506896 0 0 0 200.00% 200.00%
STD CS2403 148487 0.0148487 21741 14965 0.01496 217102 0.75% 0.14%
STD CS2404 9659521 0.9655521 -1.82437 57N 0.96579 -1.52224 0.02% 0.12%
STD B2200 16 36832 0.0036832 267981 K] 0.00365 267983 0.09% 0.00%
STD B2200 20 5991 0.0003991 312168 04 0.0009 3.12008 0.10% 0.05%
STD B2200 24 191 0.0000191 4 11811 23 0.00002 4 07507 -4 G0% 1.05%
STD B2200 28 2 0.0000002 5 (58596 1 0 475342 200.00% B 42%
STD BZ200 30 19 0.0000019 4 62203 0 0 0 200.00% 200.00%
STD B2200 32 a 0.0000005 4 89164 0 0 0 200.00% 200.00%
STD B2200 34 0 0 0 0 0 0 A P7A
STD B2200 36 0 0 0 0 0 0 A P7A
STD B2800 0 0 0 0 0 1} A (Y
STD BC2402 ] 0 ] 0 0 i} A [
STD BC2E01 ] 0 ] 0 0 i} A T7A
STD B2400 1] 0 1] 0 0 0 MAA AA
STD B2411 1] 0 1] 0 0 0 A [N
STD B2803 0 0 0 0 0 0 A P7A
STD CSC2800 35 0 0 0 0 0 0 A P7A
STD CSC2800 45 0 0 0 0 0 1} A (Y
5TD B32 <] 0.0000005 489164 1 0 475342 200.00% 257 %
STD 528130 ] 0 ] 0 0 i} A [N
STD PC34 24R 765 0.00007 55 3.78942 77 0.00008 3.784A3 5.79% 0.13%
STD PC34 26R 9630 0.000963 310141 930 0.00095 3.09623 -1.75% 017%
STD PSC4041 1293 0.0001293 3.65359 128 0.00013 3.65618 -0.54% -0.07%
STD PSC44B5 2 0.0000002 506596 2 0 461138 200.00% 9. 45%

Table F3 - 4 Exterior Girder Shear Unique Bridge Sample

303




Exterior Girder Shear
BIN 10 Million Runs 1 Million Runs Percent Difference
Failures |Failure Rate Beta Failures |Failure Rate| Beta Failure Rate Beta
BO01393 0 0 0 0 0 0 A P7A
BO1T1017 309145 0.0309145 1.86752 31073 0.03107 1.86525 -0.50% 0.12%
BOO7E99 7228928 0. 7228928 -0.59146 722940 0722094 -0.5916 -0.01% -0.02%
BOOS167 192621 0.0192621 205923 19308 0.01931 2 0FE26 -0.25% 0.05%
BO0B360 B6754 000867834 2.37906 Bhs7 0.0086E 2.37997 0.21% -0.04%
B003411 1614 0.0001614 3.59628 166 0.00017 3.566896 5.19% 0.20%
BO0BES3 G35 0.0000635 3.8322 61 0.00005 3.84207 5.67% -0.26%
BO19607 45873 0.0045873 2.60548 4531 0.00453 2.605971 1.26% 0.16%
B019558 1423 0.0001423 3.62593 132 0.00013 3.64528 9.03% 0.53%
B014979 ] 0 ] 0 0 i} A [
BOO7334 1523414 01523414 1.02644 152352 0.15235 1.0264 -0.01% 0.00%
B008523 2747485 02747485 0596851 274299 0.2743 059986 0.16% 0.23%
BO07334 1521969 01521969 1.02706 151890 0.151589 1.02836 0.20% 0.13%
BO0S005 1787486 0.1767486 0.92014 177720 017772 0.92409 0.55% -0.43%
BO0S521 128410 0.0128H4 2.23099 13090 0.01309 222353 -1.92% 0.33%
BOO7848 0 0 0 0 0 1} A (Y
BO11110 7734183 07734183 -0.75015 773064 077308 -(.74893 0.05% 0.16%
E011206 a0 0.000005 4 41717 7 0.00001 4 34386 -66. 67 % 167 %
E011081 1] 0 1] 0 0 0 MAA AA
BO097E2 1] 0 1] 0 0 0 A iA
BO05318 0 0 0 0 0 0 A P7A
BO0YS36 0 0 0 0 0 0 MIA MIA
B012825 ] 0 ] 0 0 i} A [
B011335 3 0.0000003 499122 0 0 i} 200.00% 200.00%
B00Z310 9 0.0000009 4 77467 0 0 0 200.00% 200.00%
B011097 1] 0 1] 0 0 0 MAA AA
B012599 0 0 0 0 0 0 A P7A
BO11344 1720 0.000172 3.57969 158 0.00016 3.60182 7.23% 0.62%
B012319 0 0 0 0 0 0 MIA /A
B012350 361265 0.0361265 179752 36228 0.03623 1.79624 -0.29% 0.07 %
BE017781 ] 0.0000009 4 77467 0 0 i} 200.00% 200.00%
B015764 96 0.0000096 4274 18 0.00002 413176 0T % 3.368%
B019141 a19 0.0000519 3.88153 a6 0.00006 3.86301 -14.48% 0.48%
B019930 0 0 0 0 0 0 A P7A
B019473 191 0.0000191 411811 19 0.00002 411932 -4.60% -0.03%
BO1E591 ] 0 ] 0 0 i} A [
B018106 ] 0 ] 0 0 i} A [
B016845 1ha 0.0000168 414759 25 0.00003 4 05563 -56.41% 2.24%
E014450 4518841 04518841 0.04543 482166 0.48217 0.04472 0.06% 1.568%
B016510 18163 0.0018163 290542 1749 0.00175 292021 372% -0.40%
BO16111 1522669 01822669 0.90676 182169 018217 0.90713 0.05% -0.04%
BO16310 a1 0.0000081 431171 4 0 4. 46518 200.00% -3.50%
B015295 ] 0 ] 0 0 i} A [
B017909 1155 0.0001155 368245 116 0.00012 368135 -3.82% 0.03%
BE015820 1 0.0000001 519934 1 0 4 75342 200.00% 8.96%

Table F3 - 5 Interior Girder Moment Standard Bridge Sample
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Interior Girder Moment

BIN 10 Million Runs 1 Million Runs Percent Difference
Failures |Failure Rate Beta Failures |Failure Rate| Beta Failure Rate Beta
STD 714 24 B417354 0.6417354 -0.3631 641748 0641745 | -0.36314 0.00% 0.01%
STD 714 26 7282598 07252595 -0.60756 7268453 0728453 | -0.60314 0.03% -0.10%
STD 714 28 5756126 05756125 -0, 19068 A75E7E 0575678 | -0.19085 -0.01% -0.09%
STD 714 30 4REE3 15 0. 4666315 0.08374 467344 0. 467344 0.08195 -0.15% 2.16%
STD 714 32 4642365 0. 4642368 0.085977 464130 0.46413 0.09003 0.02% 0.29%
STD 714 34 4710147 04710147 0.07272 470550 0.47055 0.07389 0.10% -1.60%
STD 716 42 2943595 0.5943598 -0.23877 533001 0593901 -0.23753 0.08% 0.50%
STD 716 44 BE30276 0.6830276 -0.47618 G702 0682702 | -0.47527 0.05% 0.19%
5TD 716 46 7235988 0. 7235938 -(.59357 7220987 0722937 | -0.59174 0.08% 0.31%
STD 716 48 7197914 07197914 -0.58222 720320 072032 -0.58379 -0.07% -0.27%
STD 716 &0 B349435 0.6349438 -0.34495 G34287 0.634287 | -0.34323 0.10% 0.51%
STD 716 52 7018553 0.7018553 -0.52974 702485 0702485 | -0.53156 -0.09% 0.34%
STD C2401 32 2227247 02227247 0.76302 222575 0222575 0.76353 0.07% -0.07%
STD C2401 34 2042816 02042816 0.82642 203241 0203241 0.6301 0.51% 0.44%
STD C2401 36 2138059 02138059 079328 213926 0213926 079287 -0.05% 0.05%
STD C2401 38 B57 1615 0.8571615 -1 06765 856235 0856235 | -1.05356 0.11% 0.38%
STD C2411 32 1456037 01456037 1.05548 145984 0.145985 1.05381 0.26% 0.16%
STD C2411 34 1378096 01378096 1.09021 138240 0138246 1.08823 0.32% 0.168%
STD C2411 36 1993515 0.1993515 0.84304 199053 0.199053 0.84501 0.15% 0.13%
STD C2411 38 1399185 0.1399185 1.08069 139348 0.139845 1.081 0.05% -0.03%
STD C2414 32 213687 0.0213687 2 02627 21220 0.02122 202918 0.70% -0.14%
STD C2414 34 148909 0.0148909 2172598 14849 0.014843 21741 0.28% -0.05%
STD C2414 36 166349 0.0166349 212681 16570 0.01657 213034 0.39% -0.07%
STD C2414 38 221854 0.0221854 2.0$10687 22080 0.02209 201238 0.43% -0.09%
STD PC34 24R bals] 0.0000056 439261 &} 0.000003 4.31445 -35.29% 1.80%
STD PC34 26R 22198 0.0022198 2.84511 2195 0.002195 2.545869 1.12% 0.13%
S5TD C52403 4294563 0. 4204553 017776 420652 0 425652 017726 -0.05% 0 28%
STD 52404 337 0.0000337 3.98528 Ell 0.000031 4 00507 B.35% -0.50%
STD B2200 16 31 0.0000031 451945 2 0.000002 461138 43.14% -2.01%
STD BZ200 20 G1 0.0000681 3.81497 G5 0.000066 3.8227 3.13% 0.20%
STD B2200 24 466 0.0000466 390765 48 0.000045 3.90049 -2.96% 0.18%
STD B2200 28 278 0.0000275 4.03075 27 0.000027 4.0376 2.92% 0.17%
STD B2200 30 2940 0.000234 3.43709 297 0.000297 3.43434 -1.02% 0.06%
STD B2200 32 377 0.00037 27 337231 362 0.000362 3.38033 2.91% -0.24%
STD B2200 34 240 0.000024 4 06516 23 0.000023 4 07607 4 6% -0.24%
STD BZ200 36 2012 0.0002012 3.5365 209 0.000209 3.52645 -3.80% 0.268%
STD B2800 15530 0.001559 295586 1625 0.001625 2.94305 -4 15% 0.43%
STD BC2402 324 0.0000324 3.99461 29 0.000023 4.0208 11.07% -0.65%
STD BC2e01 3 0.0000003 499122 0 0 0 200.00% 200.00%
STD B2400 4024368 0. 4024368 0.24704 402248 0402248 024753 0.05% -0.20%
STD B2411 483875 0.0453875 1.6EOES 47913 0.047913 1 66544 0.99% -0.29%
STD B2809 28254 0.0028254 276738 2912 0.002912 2757583 -3.02% 0.36%
STD CSC2B00 35 B702679 06702679 -0.44065 G70939 0670939 | -0.44251 0.10% 0.42%
STD CSC2B00 45 B785839 0.6785839 -0.46374 70082 0.679032 | -0.46513 -0.07% -0.30%
STD 632 9966190 09965619 -2.70334 9967 099671 -2.7195 0.01% 0.4M%
STD 528130 ] 0 ] 0 0 i} A [
STD PC34 24R 15 0.0000015 4 67082 3 0.000003 4 52739 -56. 57 % 3.14%
STD PC34 26R 1] 0 1] 0 0 0 MAA AA
STD PSC4041 158 0.0000158 4 16162 14 0.000014 418915 12.068% -0.66%
STD PSC4465 9147748 0.9147748 -1.37076 914341 0.914341 -1.36795 0.05% 0.20%

Table F3 - 6 Interior Girder Moment Unique Bridge Sample
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Interior Girder Moment
BIN 10 Million Runs 1 Million Runs Percent Difference
Failures |Failure Rate Beta Failures |Failure Rate| Beta Failure Rate Beta
BO01393 897726 0.055977 26 1.55669 595825 0.059825 1.55624 -0.09% 0.03%
BO1T1017 343437 0.0343437 1.582047 34723 0.034723 1.81551 -1.10% 0.27%
BOO7E99 5701736 05701736 -0.17682 570116 0570116 | -0.17667 0.01% 0.08%
BOOS167 1694693 0. 1694693 095626 169145 0169145 095755 0.19% -0.13%
BO0B360 ad6245 0.0546245 1.60158 54522 0.054822 1.5995 -0.36% 0.11%
B003411 08323665 05323668 -0.96356 833275 0833275 | -0.96719 0.11% 0.38%
BO0BES3 0848677 0.5548677 -1.19965 854836 0.584836 | -1.19951 0.00% 0.01%
BO19607 056262 05056262 -0.0141 a05943 0.505943 -0.0145 -0.06% 5.52%
B019558 25 0.0000025 456479 = 0.000005 4 N717 -56.67 % 3.29%
B014979 1 0.0000001 5159034 0 0 i} 200.00% 200.00%
BOO7334 1R5E344 0. 1656944 0.97132 165777 0. 1E5777 0.97099 -0.05% 0.03%
B008523 235660 0.023566 1.98511 23607 0.023607 1.98438 0.17% 0.04%
BO07334 1657936 01657936 0.97092 165853 0165853 097068 -0.04% 0.02%
BO0S005 b5 0.0000565 3.86084 a1 0.000051 3.885748 10.23% -0.64%
BO0S521 18381 0.0018381 290459 1831 0.00183H1 2.59058 0.39% -0.04%
BOO7848 8RB 00000868 3.754R3 94 0.000094 3.734R2 -7.95% 0.53%
BO11110 2005 0.0002005 3.53042 195 0.000195 35476 2 78% -0.21%
E011206 460790 0046079 1.6E412 46040 0.04604 1.68453 0.08% -0.02%
E011081 1] 0 1] 0 0 0 MAA AA
BO097E2 4 0.0000004 4 93537 0 0 0 200.00% 200.00%
BO05318 9131546 0.9131546 -1.36044 913314 0.913314 | -1.36145 -0.02% -0.07%
BO0YS36 0 0 0 0 0 0 MIA MIA
B012825 2 0.0000002 5 58596 0 0 i} 200.00% 200.00%
B011335 181 0.0000181 413048 18 0.000018 413176 0.55% -0.03%
B00Z310 9928758 09928758 -2 45094 992847 0992847 | -2.44949 0.00% 0.06%
B011097 BR0 0.000086 3.75R595 a1 0.000081 37719 5.99% -0.40%
B012599 872357 0.0872357 1.35798 87730 0.08773 1.35487 0.57% 0.23%
BO11344 1533565 0.1533565 1.02214 153515 0.153515 1.02147 -0.10% 0.07%
B012319 4532279 04832279 0.04205 453556 0.453556 0.04123 0.07% 1.97%
B012350 a0z 0.0000902 3.744589 104 0.000104 3.7091 -14.21% 0.95%
BE017781 276 0.0000276 403244 33 0.000033 3.99026 =17 52% 1.05%
B015764 39 0.0000039 4 4706 5} 0.000006 4 37759 -4 A2% 2.10%
B019141 1] 0 1] 0 0 0 A [N
B019930 0 0 0 0 0 0 A P7A
B019473 0 0 0 0 0 0 A P7A
BO1E591 ] 0 ] 0 0 i} A [
B018106 ] 0 ] 0 0 i} A [
B016845 ] 0 ] 0 0 i} A [N
E014450 1086 0.0001086 3.69612 105 0.000105 3.70RE7 3.37% 0.23%
B016510 prrrstl 00272237 1.92326 27292 0.027292 1.922417 0.25% 0.06%
BO16111 183206 0.0153906 2.08518 18225 0.018225 2.09187 0.90% 0.18%
BO16310 2696514 026965314 061378 269503 0.269503 0.6143 0.06% -0.08%
B015295 99595781 0.9959781 -4 08645 93095973 09959973 -4 0376 0.00% 1.20%
B017909 9727618 0.97 27618 -1.92303 972538 0972638 | -1.92106 0.01% 0.10%
BE015820 13923 0.0013923 299057 1432 0.001432 298197 -2.81% 0. 29%

Table F3 - 7 Interior Girder Shear Standard Bridge Sample
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Interior Girder Shear
BIN 10 Million Runs 1 Million Runs Percent Difference
Failures | Failure Rate Beta Failures |Failure Rate| Beta Failure Rate Beta
STD 714 24 5834871 0.5534571 -0.21082 534036 0584036 | -0.21223 -0.03% 067%
5TD 714 26 5326629 0. 5326629 -0.08197 5353215 0533215 | -0.08335 -0.10% -1 67 %
STD 714 28 4733505 0. 4733505 0.066R85 472740 047274 0.06835 0.13% 2.26%
STD 714 30 4675278 04575278 0.106ER 455142 0458142 010512 0.13% 1.45%
STD 714 32 3503505 0.3503508 0.38437 350072 0.350072 0.38513 0.08% -0.20%
STD 714 34 2068226 02568226 0.65317 286941 0256841 0.6528 0.05% 0.06%
5TD 716 42 364012 0.3164012 047779 I1E5E5 0.316555 047724 -0.05% 0.12%
STD 716 44 1476443 01476443 1.04659 147693 01476593 1.04638 0.03% 0.02%
STD 716 4B 1076010 0107601 1.23939 107477 0107477 1.24006 0.11% -0.05%
STD 716 48 296916 0.0556916 1.55737 59964 0.059954 1.55508 -0.45% 0.15%
STD 716 &0 411551 0.0411551 1.73744 41305 0.041305 1.73574 0.38% 0.10%
5TD 716 52 212331 0.0212331 202892 21170 0.02117 203016 0.30% -0.05%
STD C2401 32 20R59365 0. 2059365 0.8171 206544 0206544 0.61847 0.19% 0.17%
STD C2401 34 1102668 0. 1102668 1.22611 110540 0.11054 1. 22366 0.25% 0.12%
STD C2401 36 555950 00655585 1.50943 Ga7a2 0.0e5782 1.50796 -0.28% 0.10%
STD C2401 38 532774 0.0532774 1.61387 52822 0052822 1.61809 0.85% -0.26%
STD C2411 32 821748 0.0821748 1.38059 32291 0.052291 1.38583 -0.14% 0.05%
STD C2411 34 391337 0.0391337 1.76083 39354 0.039354 1.75823 0.55% 0.15%
STD C2411 36 315958 0.0315958 1.685784 31314 0.031314 1.86182 0.91% 0.21%
STD C2411 38 95531 0.0093351 2.33057 9916 0.009916 2.32951 0.32% 0.05%
S5TD C2414 32 15483 0.0018483 290295 1845 0.001845 2 90351 -0.09% -0.02%
STD C2414 34 2728 0.0002728 345731 276 0000276 345416 -2 B0% 0.09%
STD C2414 36 939 0.0000939 372181 97 0.000097 37267 -1.11% 0.13%
STD C2414 38 f32 0.0000632 3.83337 72 0.000072 380119 S10.21% 0.64%
STD PC34 24R 1 0.0000001 519934 0 0 0 200.00% 200.00%
5TD PC34 26R 95 0.0000036 4274 9 1.000009 4 28836 -4 15% -0.34%
STD 52403 14147 0.0014147 2 98569 1444 0.001444 297941 -1 7% 0.21%
STD CS2404 9755409 0.9785409 -2.02451 978601 0.978601 -2 2568 0.01% 0.06%
STD BZ200 16 17861 0.0017861 2 91366 1726 0.001726 292433 319% 0.37%
STD BZ200 20 3892 0.0003892 3.36036 386 0.000336 3.36264 0.21% 0.07%
STD B2200 24 539 0.0000539 384554 [a5] 0.000053 3.81533 -15 55% 0.51%
STD B2200 28 31 0.0000031 4 51945 = .000005 4 11717 -105.34% 2.29%
STD BZ200 30 72 0.0000072 4 33767 a 0.000005 4 411717 -32.56% -1.82%
STD BZ200 32 32 0.0000032 4 51272 2 0.000002 461138 200.00% -2.16%
STD BZ200 34 1 0.0000001 519934 0 0 0 200.00% 200.00%
STD B2200 36 2 0.0000002 5 (58596 i} i} 0 200.00% 200.00%
STD BZB00 0 i} 0 i} i} 0 A [N
STD BC2402 0 0 0 0 0 0 A A
STD BC2801 0 0 0 0 0 0 A A
STD B2400 0 0 0 0 0 0 A A
5TD BZ2411 0 i} 0 i} i} 0 A [N
5TD B2B09 0 i} 0 i} i} 0 A [N
STD CSC2B00 35 0 0 0 0 0 0 A A
STD CSC2B00 45 0 0 0 0 0 0 A A
STD 632 1 0.0000001 519934 0 0 0 200.00% 200.00%
5TD 528130 2 0.0000002 5 (58596 i} i} 0 200.00% 200.00%
S5TD PC34 24R 7 0.0000007 4 825 1 .000001 4 75342 200.00% 1.49%
STD PC34 Z6R 0 0 0 0 0 0 A A
STD PSC404 2750264 02759264 0.5594589 276170 027617 0.59426 -0.09% 0.12%
STD PSC4465 G326 0.0006926 319772 B51 0.000651 3.21554 b.35% -0.56%

Table F3 - 8 Interior Girder Shear Unique Bridge Sample
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Interior Girder Shear

BIN 10 Million Runs 1 Million Runs Percent Difference
Failures |Failure Rate Beta Failures |Failure Rate| Beta Failure Rate Beta
BO01393 16542 0.0016542 293753 1660 0.00166 2.93644 -0.35% 0.04%
BO1T1017 689235 0.0659235 1.48386 G558 0.068555 1.48662 0.53% 0.19%
BOO7E99 E544904 0.6544904 -0.48029 FB4585 0584585 | -0.48055 -0.01% -0.06%
BOOS167 204367 0.0204367 204481 20445 0.020445 2. 04454 -0.07% 0.01%
BO0B360 153860 0.0153866 215599 16314 0.015314 216187 0.50% -0.09%
B003411 146109 0.0146109 2.180448 14761 0.014761 217645 -1.02% 0.168%
BO0BES3 1830 0.000133 3.56346 180 0.00018 356779 1.65% 0.12%
BO19607 485328 0.0458328 1.65628 48746 0.0487 46 1.65714 0.17% -0.05%
B019558 27 0.0000027 4 545862 4 0.000004 4 46518 200.00% 1.85%
B014979 ] 0 ] 0 0 i} A [
BOO7334 1495417 01495417 1.0384 1459749 01459743 1.03751 -0.14% 0.09%
B008523 26584951 0.2594951 0.6449 269137 0259137 0.64R01 0.14% 0.17%
BO07334 1496524 01496524 1.03793 149385 0149385 1.03907 0.18% 0.11%
BO0S005 143511 0.014351 218755 14258 0.014255 219011 0.64% 0.12%
BO0S521 1169050 0.116905 1.1906 117170 011717 1.18925 0.23% 0.11%
BOO7848 0 0 0 0 0 1} A (Y
BO11110 B025268 08025268 -(1.B5068 a02192 0802192 | -0.84943 0.04% 0.14%
E011206 ] 0 ] 0 0 i} A [N
E011081 1] 0 1] 0 0 0 MAA AA
BO097E2 1] 0 1] 0 0 0 A iA
BO05318 0 0 0 0 0 0 A P7A
BO0YS36 0 0 0 0 0 0 MIA MIA
B012825 ] 0 ] 0 0 i} A [
B011335 1 0.0000001 5159034 0 0 i} 200.00% 200.00%
B00Z310 B05 0.0000605 3.64409 a1 0.000041 3.668578 19.00% -1.08%
B011097 1] 0 1] 0 0 0 MAA AA
B012599 0 0 0 0 0 0 A P7A
BO11344 S]] 0.0000669 3.81936 63 0.000063 381173 -4.53% 0.20%
B012319 3 0.0000003 499122 0 0 0 200.00% 200.00%
B012350 407620 0040752 174191 40855 0.040853 1.7408 -0.24% 0.06%
BE017781 4 0.0000004 4 93537 0 0 i} 200.00% 200.00%
B015764 965 0.0000965 3772 g2 0.000082 3.76685 19.00% -1.11%
B019141 724 0.00007 24 3.79882 a7 0.000087 3.75405 2167 % 1.21%
B019930 0 0 0 0 0 0 A P7A
B019473 9 0.0000009 4 77467 0 0 0 200.00% 200.00%
BO1E591 42 0.0000042 4 45473 2 0.000002 461138 200.00% -3.45%
B018106 ] 0 ] 0 0 i} A [
B016845 1 0.0000001 519934 0 0 i} 200.00% 200.00%
E014450 2451389 02451389 068987 245484 0.245484 0686877 0.14% 0.16%
B016510 7518 0.0037518 267363 3712 0.003712 26772 1.12% 0.13%
BO16111 1726399 01726399 0.94378 172627 0172627 0.943383 0.01% 0.01%
BO16310 BB 0.0000066 4 35676 4 0.000004 4. 46518 200.00% -2.46%
B015295 ] 0 ] 0 0 i} A [
B017909 20 0.000002 461138 1 0.000001 475342 200.00% -3.03%
BE015820 24 0.0000029 4 53355 3 0.000003 4 52039 200.00% 0.16%
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