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Report of Task 1

Appraisal of State-of-the-art of Bridge
Condition Assessment

ABSTRACT

Condition assessment and safety verification obtéxg bridges and decisions as to
whether posting is required currently are addresbealigh analysis, load testing, or a
combination of methods. Bridge rating throughuctiural analysis is by far the most
common procedure for rating existing bridges. d.eesting may be indicated when
analysis produces an unsatisfactory result or wheranalysis cannot be completed due
to lack of design documentation, information, oe thresence of deterioration. The
current rating process is described in the Amerigasociation of State Highway and
Transportation Officials (AASHTOManual for Bridge Evaluation, First Editignwvhich
allows ratings to be determined through allowaliless methods (AS), load factor
methods (LF), or load and resistance factor metlfb@&R), the latter of which is keyed
to the new AASHTCQLRFD Bridge Design Specificationghich now is required for the
design of new bridges, effective October, 2007.e Bhate of Georgia currently utilizes
the LF method. These three rating methods may teatifferent rated capacities and
posted limits for the same bridge, a situation tzaties serious implications with regard
to the safety of the public and the economic welh of communities that may be
affected by bridge postings or closures. To addteississue, the Georgia Institute of
Technology has conducted a research program, sgahby the Georgia Department of
Transportation, leading to improvements to the @sscby which the condition of
existing bridge structures in the State of Geoigliassessed and a setRécommended
Guidelines for Condition Assessment and EvaluatbrExisting Bridges in Georgia.
The research program has four tasks. This repantrearizes Task 1 — Appraisal of the
state-of-the-art for bridge condition assessment.

KEY WORDS:

Bridges; concrete (reinforced); concrete (pre-stdy condition assessment; loads
(forces); reliability; risk; structural engineering
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Executive Summary

Bridge structures in the United States are atfrizk aging, leading to structural
deterioration from aggressive environmental attackli other physical mechanisms,
service demands from increasing traffic and healiads, and deferred maintenance.
Condition assessments of an existing bridge magadoelucted to develop a bridge load
rating, confirm an existing load rating, increasdoad rating for future traffic, or
determine whether the bridge must be posted irntieeest of public safety. Changes in
traffic patterns; concern about faulty building eréls or construction methods;
discovery of a design/construction error after skreicture is in service; concern about
deterioration discovered during routine inspectiang damage following extreme load
events may prompt such evaluations. In the Sta@eorgia, rating calculations have yet
to be performed on 1,587 of the bridges that theOGDmonitors. Moreover,
approximately 1,982 of the 8,988 bridges monitobgdthe Georgia Department of
Transportation (GDOT) have been determined to reqpbsting. Posting or other
restrictive actions may have a severe economic ¢mpa the State economy, which
depends on the trucking industry for distributidnresources and manufactured goods.
The economics of upgrading or posting a bridge makdamperative that condition
assessment criteria and methods (either by analyig testing) be tied in a rational and
quantitative fashion to public safety, function awdnomics.

Condition assessment and safety verification idtieng bridges, and decisions as
to whether posting is required are addressed throaigalysis, load testing, or a
combination of methods. Bridge rating throughustinral analysis is by far the most
common (and most economical) procedure for ratiigtiag bridges. Load testing may
be indicated when analysis produces an unsatisfacsult or when the analysis cannot
be completed due to lack of design documentatiofgrmnation, or the presence of
deterioration. The customary rating process igfilesd in the American Association of
State Highway and Transportation Officials (AASHTOWanual for Condition
Evaluation of Bridges, Second Editjbwhich allows ratings to be determined through
either allowable stress methods (AS) or load fastethods (LF). The State of Georgia
currently utilizes the LF method for most bridgbatthave been rated. A third rating
procedure found in th&uide Manual for Condition Evaluation and Load &Resistance
Factor Rating (LRFR) of Highway Bridgéss keyed to the new AASHTO Load and
Resistance Factor Design (LRFD) method, definedthie LRFD Bridge Design

! American Association of State Highway and Trangg@m Officials (1994).Manual for
Condition Evaluation of Bridges, 2nd Edition (with 1995, 1996, 1998 800 thterim revisions)
AASHTO, Washington D.C.

2 American Association of State Highway and Tranggimn Officials (2003)Guide Manual for
Condition Evaluation and Load and Resistance Fad®ating (LRFR) of Highway Bridges
(including 2005 interim revisionsAASHTO, Washington D.C.
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Specifications, % Edition®. The LRFR method is being introduced to the teidg
maintenance community, and some states are begiriniruse it in developing their
bridge ratings: These three competing rating methods may leadifferent rated
capacities and posted limits for the same bridgi#uation that cannot be justified from a
professional engineering viewpoint and carriesosesriimplications with regard to the
safety of the public and the economic well-beindosinesses and individuals who may
be affected by bridge postings or closures.

The Georgia Department of Transportation has i@eni need for condition
assessment tools that can be used with confidendetermine whether or not to post
certain existing bridge structures. To address tmeed, the Georgia Institute of
Technology has conducted a multi-year researchranogsponsored by the GDOT,
aimed at making improvements to the process bytwtlie condition of existing bridge
structures in the State of Georgia is assessed.eftl product of this research program is
aRecommended Guidelines for Condition AssessmertEaidation of Existing Bridges
in Georgia for practical use by the GDOT in rating bridges.The Recommended
Guidelineswill address condition assessment and evaluatjoanalysis, load test, or a
combination of the two methods, depending on theumistances and preferences of the
GDOT. They will have a sound basis in structunagieeering, allowing them to be
updated as changing circumstances (traffic demaratigitional data, material
deterioration, etc) warrant, and will be presernted relatively simply and familiar form
that is suitable for implementation in routine magtassessments.

The research program undertaken for the State afrdie to develop the
Recommended Guidelinkas four tasks:

Task 1 — Review and critical appraisal of the stdtthe-art of bridge condition
assessment

Task 2 — Bridge evaluation by load testing

Task 3 — Advanced analysis techniques

Task 4 — Development dkecommended Guidelines for Condition Assessment
and Evaluation

This report summarizes the accomplishments in TAsk A comprehensive
review has been undertaken of current proceduregeidorming condition assessments
of existing civil infrastructure, with particulamghasis on bridge structures. The goal of
this review was to gain a perspective on techn@mad other issues associated with
condition assessment techniques that have been sgecessfully in other civil
infrastructure applications. As part of this ewj ongoing activities in other
Departments of Transportation in selected state® werutinized and current practices

¥ American Association of State Highway and Trangg@m Officials (2007)AASHTO LRFD
Bridge Design Specifications(including 2008 and 2@tterim revisions), 4th EditionAASHTO,
Washington D.C.

* The Manual for Condition Evaluation of Bridgeand the Guide Manual for Condition
Evaluation and Load and Resistance Factor RatinRHR) of Highway Bridgehave been
effectively combined in the netianual for Bridge Evaluation, First Editio(2008).
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with regard to bridge inspection, including undetevainspection of load-bearing
components, analysis and load testing, and posthgbridges were examined.
Reliability-based condition assessment tools ared ekistence of databases to model
uncertainty that would support bridge assessmenthbyGDOT also were reviewed.
Finally, four bridges were selected from the Gemtwidge inventory, with the assistance
of bridge engineering staff from the Georgia Deperit of Transportation, to serve as
testbeds for the development of improved rating@dores. Task 1 has established the
context for the bridge testing and advanced aralysiTasks 2 and 3 and for the
Guidelinesdeveloped in Task 4.

viii
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CHAPTER 1

Introduction

1.1 BACKGROUND

Bridge structural systems in the United Statesaargsk from structural aging,
leading to structural deterioration from aggressiiiemical attack, corrosion, and other
physical mechanisms. The problem is amplified byise demands from increasing
traffic and heavier loads, coupled with deferrednteamance [Moses, et al, 1994; Fu and
Tang, 1995; Saraf and Nowak, 1998]. In the St&t€eorgia, approximately 1,587
bridges require evaluation in the short term by@s®rgia Department of Transportation
(GDOT) to determine whether they require posting assult of increases in truck loads.
The impact of posting or other restrictive acti@msthe State economy, which depends
on the trucking industry for distribution of resoes and manufactured goods, is
potentially severe. The economics of upgradingposting makes it imperative to
determine condition assessment criteria and metfeitiser by analysis or by testing)
that are tied in a rational and quantitative fashto public safety, function and
economics.

Bridge evaluation and condition assessment usuallglone to confirm an
existing load rating or to increase a load rating future traffic. ~ Changes in use;
concern about faulty building materials or conginrc methods; discovery of a
design/construction error after the structure issamvice; concern about deterioration
discovered during routine inspection; and damadieviing extreme load events may
prompt such evaluations.  Condition assessment saifety verification of existing
bridges, and decisions as to whether posting isired| are addressed through analysis,
load testing, or a combination of the methods.iddgr rating through structural analysis
is by far the most common (and most economical¢gutare for rating existing bridges.
Load testing may be indicated when analysis progl@ceunsatisfactory result or when
the analysis cannot be completed due to lack afdedocumentation, information, or
the presence of deterioration [Bakht and Jaeg&0]19A properly conducted load test
can confirm distribution of forces within the sttue [Moses, et al, 1994], validate the
assumptions made in a quantitative analysis, anekeeme load levels) provide proof of
load-bearing capacity and a basis for revisingdiieg of the bridge.

The customary rating process is described in theerican Association of State
Highway and Transportation Officials (AASHT®)Janual for Condition Evaluation of
Bridges, 2nd Edition(1994), which allows ratings to be determined tlgfoweither
allowable stress methods (ASR) or load factor magh@.FR). The State of Georgia
primarily utilizes the LF method for those bridgasthe state that have been rated. A
third rating procedure found in tlé&uide Manual for Condition Evaluation and Load and
Resistance Factor Rating (LRFR) of Highway Bridg2603), is keyed to the new
AASHTO Load and Resistance Factor Design (LRFD)hot defined in thd RFD

! As of June 1, 2008
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Bridge Design Specification, 4th Editi¢2007)?> The LRFR method is being introduced
to the bridge maintenance community, and some sstate beginning to use it in
developing their bridge ratings. These three cdimgerating methods may lead to
different rated capacities and posted limits fa same bridge, a situation that cannot be
justified from a professional engineering viewpaanid carries serious implications with
regard to the safety of the public and the econowall-being of businesses and
individuals who may be affected by bridge postiagslosures.

The Georgia Department of Transportation has aenirneed for condition
assessment tools that can be used with confidendetermine whether or not to post
certain existing bridge structures. To address théed, the Georgia Institute of
Technology has launched a multi-year research arogsponsored by the GDOT, aimed
at making improvements to the process by which ¢badition of existing bridge
structures in the State of Georgia is assessed.eftl product of this research program is
aRecommended Guidelines for Condition AssessmertEaaidation of Existing Bridges
in Georgig for practical use by the GDOT in rating bridgeS'he Recommended
Guidelineswill address condition assessment and evaluatyoanalysis, load test, or a
combination of the two methods, depending on theupistances and preferences of the
GDOT. They will have a sound basis in structunagieeering, allowing them to be
updated as changing circumstances (traffic demaratijitional data, material
deterioration, etc) warrant, and will be preserited relatively simply and familiar form
that is suitable for implementation in routine mgtassessments.

1.2 RESEARCH OBJECTIVES AND SCOPE

This research will provide the Office of Bridge M#&nance of the State of
Georgia Department of Transportation with a setrational engineering tools for
evaluating the need for posting of bridges, foaliéshing priorities for bridge inspection
and rehabilitation, and for determining appropriasteategies for assess fitness-for-
purpose of bridges through analysis or load tesfiing research program undertaken has
four tasks:

Task 1 — Review and critical appraisal of the stdtthe-art of bridge condition
assessment

Task 2 — Bridge evaluation by load testing

Task 3 — Advanced analysis techniques

Task 4 — Development dRecommended Guidelines for Condition Assessment
and Evaluation of Existing Bridges in Georgia

2 During the period in which the research reporteceim was conducted, the two AASHTO rating
manuals available to the research team wereMberual for Condition Evaluation of Bridges,
Second Editiormand theManual for Condition Evaluation and Load and Resiste Factor Rating,
First Edition. Accordingly, the report of Task 1 is based on A#SHTO documents that were
available at the time that the research was peddrmTrheManual for Condition Evaluation of
Bridgesand theGuide Manual for Condition Evaluation and Load aRdsistance Factor Rating
(LRFR) of Highway Bridgedave been effectively combined in the ndfanual for Bridge
Evaluation, First Edition(2008), which became available in 2009. A closautiny of the
provisions in the neviMBE has revealed that none of the findings and recamdaté®ns in the
Report of Task lare affected by the new document.
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This report summarizes the accomplishments in TaskA comprehensive review has
been undertaken of current procedures for perfayroondition assessments of existing
civil infrastructure, with particular emphasis omdge structures. The goal of this review
was to gain a perspective on technical and othswes associated with condition
assessment techniques that have been used sutigessfother civil infrastructure
applications.  As part of this review, ongoing igtes in other Departments of
Transportation in selected states were scrutingmad current practices with regard to
bridge inspection, including underwater inspectidioad-bearing components, analysis
and load testing, and posting of bridges were emachi Reliability-based condition
assessment tools and the existence of databasesdl uncertainty that would support
bridge assessment by the GDOT also were reviewit,particular reference to papers
and reports that provided technical support for eide Manual for Condition
Evaluation and Load and Resistance Factor RatirfgHR) of Highway Bridge€003).
This review has established the context for thddaritesting and advanced analysis in
Tasks 2 and 3 and for ti@&uidelinesdeveloped in Task 4.
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CHAPTER 2

Review of Literature on Bridge Evaluation

This chapter reviews current standardized procedtoe performing condition
assessments of existing bridge structures. ThHewesmphasizes current practices in the
United States, but practices in several other im@lized countries are also summarized
to provide additional context. This review is adrat achieving a general perspective on
technical issues associated with condition assegsmethodologies used for bridges and
other civil infrastructure applications. Reliabitbased design and condition assessment
tools and databases to model uncertainty that weufgport bridge assessment were
reviewed, with particular reference to papers aqbrts that provide technical support
for the AASHTO Guide Manual for Condition Evaluation and Load aResistance
Factor Rating (LRFR) of Highway Bridges

2.1 QURRENT AASHTO G UIDELINES FOR BRIDGE EVALUATION

2.1.1 Bridge Rating by ASR, LFR and LRFR

Until 1970, the sole design philosophy embeddechiwiBASHTO Standard
Specifications for Highway Bridgesas Allowable Stress Design (ASD). The allowable
stress is established as a fraction of the loadyiogr capacity of a structural element
(usually the vyield or fracture strength in tens@mpoint of instability in compression),
and the structural action (stress in tension, bendir compression) from the applied
loads may not exceed this allowable limit. Detajedcedures for rating existing bridges
based on the ASD method first appeared in 1970 himm AASHTO Manual for
Maintenance Inspection of Bridges

Beginning in the early 1970's, as design of rewddr concrete and steel
structures was reformulated in terms of "ultimatieersgth” for concrete and "plastic"
design for steel, the load analysis formerly usedAED was modified as well, with
adjustments to the design factors to reflect tiative uncertainty and predictability of
different loads, such as vehicle loads, wind andhgaake effects. The new design
philosophy was referred to as Load Factor DesigrD(Land was incorporated in the
Manual for Condition Evaluation of Bridg€MCE), which was published by AASHTO
in 1994 to replace the earliddanual for Maintenance Inspection of Bridgédthough
the 1994 manual contains some guidance for allavabikess rating (ASR), it clearly
emphasized the load factor rating (LFR) method.ny&tate DOTs continue to use the
1994 Manual, with 1995, 1996, 1998 and 2000 interim revisianstheir bridge rating
work.

In 1994, the AASHTO Bridge Subcommittee voted togdheAASHTO LRFD
Bridge Design Specificationand in 1998 designated LRFD as the primary design
method for highway bridges. TheRFD Specificationsrepresent the first effort by
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AASHTO to integrate modern principles of structuellability and the probabilistic and
statistical models of loads and resistance intodégign of highway bridges. LRFD
introduced the reliability-based limit states desjinilosophy to achieve a more uniform
and controllable safety levels for each applicdinhit state. To extend this philosophy to
the evaluation of existing bridges, AASHTO released 2003 Guide Manual for
Condition Evaluation and Load and Resistance FadRating (LRFR) of Highway
Bridges which presents the first bridge load rating mdthothe United States to have a
structural reliability basis.

At the present time, the ASR, LFR and LRFR methafdsridge rating are all in
current use by State DOTs. A summary of thesegohw@s and a critical appraisal of
their relative merits are presented in this section

Allowable Stress Rating (ASR) and Load Factor Raji(LFR)

The rating factors in both ASR and LFR are deteetity PASHTO MCE
1994]:

__C-AD

F=———— (2.1)
AL@+I)

in which RF is the rating factor for the live load carryingpeaity (expressed as a

multiple of the design live load effect (from ainat vehicle) that can be carried by the

bridge), C is the capacity of the structural membBrandL are, respectively, the dead

and live load effect on the member, | is the imgactor to be used with the live load

effect, A is the factor on dead load, ady is the factor on live load. The Rating Factor

(RF) can then be used to compute the rating of thégbrin tons asAASHTO MCE
1994]:

RT=(RF)" W (2.2)

where RT is the bridge member rating in tons, aMis the nominal weight (tons) of
the rating truck used in determining the live l@digct ().

Both ASR and LFR methods rate bridges at two levaeigentory and Operating.
The Inventory rating level generally correspondgh®customary design level of stresses
but reflects the existing bridge and material ctads with regard to structural
deterioration. Load ratings based on the Inventemel allow a comparison of the
estimated capacity of an existing bridge with tapacity for a new bridge, and therefore
result in a live load which can safely carried Ine texisting bridge structure for an
indefinite period of time. Load ratings based oe thperating rating level generally
describe the maximum permissible live load to whadtructure may be subjected during
a limited period of time. Allowing an unlimited nio@r of vehicles to use the bridge at
the Operating level may shorten the life of thelpe AASHTO MCE1994]. Rating at
the Operating level generally is the basis for sieais regarding traffic restriction and
load posting.
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Although the rating factor format for ASR and LFRthe same, the load factors
(A, A,) and the calculation of the capacity)(used in Equation (2.1) are different. In
the ASR,A;= A,=1.0 for both Inventory and Operating level rati@ydepends on the
rating level desired, with the higher value ©fused for Operating level. In the LFR
procedure,A; = 1.3, while A, equals 2.17 for Inventory rating and equals 1.3 for
Operating level rating; the nominal capadlyis the same regardless of the rating level
desired.

Load and Resistance Factor Rating (LRFR) Procedure

The general LRFR rating equation SASHTO LRFR2003):

RF= C-gCDDc-gDWigPP

g LLA+IM)
C=ff .fsR, (2.3)
ff, 8 085

in which C is the structural capacityR,is the nominal member resistan@C is the
dead-load effect of structural components and lattents DW is the dead-load effect of
wearing surfaces and utilitieB, is the permanent loading other than dead loadst{po
tensioning for example)L is the live-load effectlM is the dynamic load allowance,
Joc is the load factor applied to the weight of stumat components and attachments,

Jow IS the load factor for wearing surfaces and g8itg, is the load factor for
permanent loads other than dead loads, gné the live-load factor. The resistance
factor (£ ) accounts for the general uncertainties in thestasce of a bridge member in a

satisfactory condition and is the same as that irs€®FD bridge design. The condition
factor (f.) accounts for increasing uncertainties in bridgember resistance once its

condition deteriorates, and takes a value of @8®embers in poor condition, 0.95 for
members in fair condition, and 1.0 for members @ody condition. The system factor
(f5) accounts for the level of redundancy in the dtmec Bridges that are less

redundant or non-redundant are assigned a lowdemy$actor and therefore have
reduced calculated capacities.

The LRFR method supports bridge evaluation at tlyemeral limit states that
were introduced in theRFD Bridge Specificatianthe strengtiimit state (flexural or
shear capacity), the service-limit state (defleti@nd rotations) and the fatigue limit
state. The strength limit state is fundamentapfdslic safety and is the main determining
factor for bridge posting, closure and repairin§ervice and fatigue limit states are
applied selectively to bridges. In the LRFR methbddges are evaluated in a tiered
three-step approach for each limit state, as shiowRigure 2.1: design load rating
(HL93), legal load rating (AASHTO/state legal tregk and permit load rating
(overweight trucks).

An initial check first is performed using the HL-8i8sign load (Figure 2.2) using
the dimensions and properties corresponding tgtasentn situ condition of a bridge.
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The bridge is rated using the same live and dead factors as those used in ttieFD
Bridge Specificationswvhich were calibrated to ensure a safety indeX5f (discussed

START

DESIGN LOAD CHECKING

(HL93) RF>1___ | NO POSTING REQUIRED

INVENTORY LEVEL RELIABILITY

RF<1 DESIGN LOAD CHECKING
(HL93) RF>1
OPERATING LEVEL RELIABILITY
«  RF<f
y
LEGAL LOAD RATING
RF<1 | (AASHTO OR STATE LEGAL LOADS) RF>1 >
EVALUATION LEVEL RELIABILITY
RF<1
A
HIGHER LEVEL EVALUATION
(OPTIONAL)
« REFINED ANALYSIS
« LOAD TEST
RF>1 v
«  STIE-SPECIFIC LOAD FACTORS
« DIRECT SAFETY ASSESSMENT
y
RF<1 NO POSTING REQUIRED

A\

. INITIATE LOAD POSTING
. NO PERMIT VEHICLES

Figure 2.1 Load and Resistance Factor Rating (LRR) Procedure

subsequently in section 2.1.2 of this chapter). is Tdheck aimed at measuring the
performance of the existing bridge in comparisoithi® expected performance of a new
bridge, and serves as an initial screening chadiiidge resulting in a RF at this level
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larger than 1.0 requires no further analysis foy gal loads that result in member

forces lower than the HL-93 design load. For examihe HL-93 load is designed to

represent the member forces caused by the AASH§@ leads through a single load

case. Therefore any State legal loads that arel ¢églor less than the AASHTO legal

load are covered by a HL-93 design load analySia.the other hand, if a state has legal
loads that surpass the AASHTO legal loads, thagesmust verify that HL-93 load case
incorporates those legal loads.

If the bridge fails to pass the HL-93 design loaeak, a follow-up evaluation is
performed using the AASHTO/State legal trucks (FégR.3). The live load factor used at
this level is calibrated to a safety index of 2rfsl aaries in accordance with local truck
traffic conditions at the bridge site (ADTT). Thafety criteria, in comparison with the
3.5 in the previous step, are less conservativereftelct the substantial cost impact of
strengthening an existing bridge or restrictindfitaas well as the shorter future service
period expected compared to the 75 years thatpisdlfor the design of a new bridge
[Nowak, 1999; Moses, 2001]. The ratings determingidig the legal loads are generally
used as the basis for determining whether to postrengthen the bridge.

Finally, a permit load rating may be performed toeck the safety (and
serviceability) of the bridge for vehicles above thgally established weight limit. This
procedure is only necessary when there an overivedticle is to use a bridge, and it is
only allowed for bridges that yield RFL at the previous legal load rating level. The
permit live load factors were derived to accounttfee possibility of the simultaneous
presence of one or more non-permit heavy truckgherbridge when the permit vehicle
crosses the span, as well as the site-specifitct@inditions described by the ADTT.

A comparison of the ratings used in the LRFR metfiegl2.3) with those in the
LFR/ASR method (Eq.2.1) shows three key improveserirst, LRFR has attempted to
assess than situ bridge resistance systematically and objectiveipugh the use of the
system factor (5) and the condition factor fi; ). In the LFR/ASR methods, the

condition of the bridge, its redundancy, and antederation at the time of evaluation
must be factored into the estimation of the capaeitm (C) in a completely subjective
manner. Second, the LRFR method considers deadftoad factory-made members,
cast-in-place members and wearing surfaces separatgth each assigned an
independent dead load factor to account for thierdiht degrees of variability in these
components of dead load (discussed subsequerghction 2.1.2 of this chapter). In the
LFR/ASR methods, all permanent loads are combinezhiculating the dead load effect
(D), to which an overall dead load factor is appliegjuatments that might be indicated
by availablein situ dead load measurements are difficult to handkiénrating process.
Third, the LRFR method has provided a set of loadl factors that ranges from 1.4 to 1.8,
depending on the bridge’m situ traffic condition indicated by ADTT, for rating
calculations at the legal load level. This impnmest allows site-specific traffic data to
be incorporated into the load rating process amdgnt a major advantage of applying
probability-based structural reliability theory éxisting bridge condition assessment and
an important enhancement of the LRFR method owertréditional stress-based rating
approaches.

The LRFR method further simplifies the bridge rgtiprocess by requiring the
use of the HL-93 design load as the starting pioithe rating and as a screening check
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for all other AASHTO/State legal loads. The HL{8& load envelopes all types of legal
loads in the United States and provides a unifoefralility check for various span
lengths with just this one load model. In corttrdéise HS-20 design load used in the
ASR/LFR process does not represent current truckshe highway system and the
ratings determined with this vehicle cannot provideform reliability for bridges of
varying span lengths. So, to achieve a uniforriabdity for highway bridge system,
rating calculations have to be applied to all t#&e&SHTO legal loads individually, with
each controlling short, medium, or long spans retypely [NCHRP 12-28, 2001,
Minervino, et al, 2004]. Finally, permit vehiclésat are significantly heavier than the
AASHTO/State legal loads may have very differenmtfgurations. The LRFR method
provides procedures and live load factors spetifipermit vehicles ratings for bridges
that have been demonstrated to have adequate tafuachAASHTO/State legal loads.
The LFR/ASR methods provided no guidance on pechgtking.

Despite these improvements, the LRFR procedurenbabeen widely adopted
for rating or posting bridges in the United StateA.survey of State Departments of
Transportation on bridge evaluation practices @mesd in Chapter 3) has revealed a
number of issues and concerns with the LRFR methAddressing these issues will
facilitate the adoption of the LRFR, in a modifidm, and provide an improved bridge
rating methodology for the State of Georgia. Simprovements are the subject of the
current research program, and are presented int€h&following the survey.
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Figure 2.3 State of Georgia Legal Loads

2.1.2 Reliability-based Bridge Rating

As noted previously, thAASHTO LRFR Guide Manu# the first bridge load
rating method in the United States to be based odemnm principles of structural
reliability and limit states design. The essdntigredients of a reliability-based design
and evaluation include probabilistic models of gteictural resistance and loads and a
method for analyzing the reliabilities (or, convadys the limit state probabilities) that are
relevant to each bridge limit state. This sectmovides a brief summary of such
methods and tools, as they have been applied telajgag the AASHTO LRFD
Specificationsand theLRFR Guide Manuaand are expected to be relevant to the current
research program to develop improved rating metliodthe State of Georgia. Details
are available in the archival literature [Nowak9%9Moses, 2001].

Structural Resistance Models

The capacity of a bridge depends on the strengthtsocomponents and
connections. The strengtR, is a random variable having uncertainties thiirieo three
categories [Moses, et al, 1987; Tabsh et al, 1982jterial propertiesM, including
material strength, modulus of elasticity, crackisggess and chemical composition;
fabrication, F, including geometry, dimensions and section masjuland structural
modeling, P, reflecting assumptions and approximate analysthads. The mean and
coefficient of variation forM, F and P are usually determined by material tests,
simulations, observations of existing structured @mgineering judgment.

In the development of the LRFD bridge design speatibn [Nowak, 1999],R
was determined as the product of the nominal wsistR, and the three above-

mentioned parameters], F andP:
R=MFPR, AP

10
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As a product of random variables that are assumdoktstatistically independent, the
resistance is modeled by a lognormal distributiathvwnean,/73, and coefficient of

variation (COV)Vy, computed as follows:

Ng =Ry N1, 2.5)
Vi = (VNZI +Ve +VPZ)1/2 -

in which m,, m and m, are the means dfl, F andP andV,,, V. andV, are the

COVs of M, F and P, respectively. The statistical parameters fused in the
development of theé. RFD Specificationdor different types of structural components
(steel girders, composite and non-composite, reiefibconcrete T beams and prestressed
concrete AASHTO-Type girders) in different failumodes (bending and shear) are
presented in Table 2.1.

Dead Load Model

Dead load is the weight of structural members, trantiral components and
attachments, and traffic wearing surfaces. Becatifee different degrees of variability,
one must consider the components of bridge deatiftoan factory-made members (steel
and pre-cast concrete), cast-in-place members @mbge slabs), and wearing surfaces
(asphalt) separately. Generally speaking, dead tan be predicted more accurately
than live loads, as long as accurate records haea kept and the as-built condition
agrees with the available drawings. In the stugyMmses and Verma [1987], the bias
(defined as the ratio of the mean to nominal lcaat) COV of bridge dead loads were
taken to be 1.0 and 0.10 respectively. Later inAARSHTO LRFDcalibration [Nowak
1999], the dead load was divided into four compémiand each component was modeled
with a normal distribution. Finally, Ghosn [2000%ed 1.0 and 0.09 for the dead load
bias and COV respectively in his study. These camepts of dead load are listed in
Table 2.2 along with their statistical parameténs; “miscellaneous” category is the dead
load portion from railings and luminaries.

Live Load Model

Bridge live load is produced by vehicles movingtbe bridge. Variability in live
load arises from uncertainties in vehicle weighghiele position, average daily truck
traffic (ADTT), calculations of live load effectncluding distribution of live load to
supporting girders), and the likelihood of sevdraavy vehicles being on the bridge at
the same time [Moses and Verma, 1987]. Traditignétle static and the dynamic effects
of the live load are considered separately andmasduto be statistically independent
[Nowak, 1993; 1999].

Based on weigh-in-motion (WIM) data, Moses and Verfh987] identified

several variables to provide a simplified model determining the maximum expected
single truck load effect:

M =aW,;mHIg (2.6)

11
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in which M is the predicted maximum dynamic live load effegtis a constant which
relatesM to a reference loading model (taken as an AASHd@all rating vehicle);

W, is the 95th percentile characteristic value of 7&ryenaximum truck weight,

assumed to be a random variable to reflect theilpessrrors (epistemic uncertainty) in
load estimation and site-to-site differences; theablem reflects the influence of the
dominant vehicle type and configuration at a ditex variableH reflects the overload
events due to the multiple vehicle presence, ssckide by side or following vehicles,
and also reflects the probability that truck weightceeds the 95 percentile in
combination with closely spaced vehicles; varidiikethe dynamic impact allowance and
variable g is girder distribution factor. Except for the ctarg a, all of the variables in

Eq. (2.6) are random variables with statistics dase studies and data collected on a
number of sites.

Table 2.1: Statistical Parameters Defining CompondrResistance (Nowak, 1999)

FM P R
Bias Factor COV Bias Factor COV Bias Factor COV

Type of Structure

Non-composite steel member

Moment (compact) 1.095 0.075 1.02 0.06 1.12 0.100
Moment (noncompact) 1.085 0.075 1.03 0.06 1.12 0.100
Shear 1.12 0.08 1.02 0.07 1.14 0.105
Composite steel member

Moment 1.07 0.08 1.05 0.06 1.12 0.100
Shear 1.12 0.08 1.02 0.07 1.14 0.105
Reinforced concrete

Moment 1.12 0.12 1.02 0.06 1.14 0.130
Shear w/steel 1.13 0.12 1.075 0.10 1.20 0.155
Shear no steel 1.165 0.135 1.20 0.10 1.40 0.170
Prestressed concrete

Moment 1.04 0.045 1.01 0.06 1.05 0.075
Shear w/steel 1.07 0.10 1.075 0.10 1.15 0.140

Table 2.2 Statistical Parameters of Dead Load (Novka 1999)

Component Bias Factor cov
Factory-made members 1.03 0.08
Cast-in-Place members 1.05 0.10
Asphalt 3.5inch 0.25
Miscellaneous 1.03-1.05 0.08-0.10

12
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The live load model used to calibrate tAASHTO LRFD Bridge Design
Specificationss based on the weigh-in-motion data of 10,00@ksutaken at a site in
Ontario in 1975, which included axle weights, gressight and axle spacing for each
vehicle [Nowak, 1999]. These 10,000 data pointeeveessumed to define the upper 20%
of the truck traffic at the site over a period bbat two weeks. By finding the maximum
bending moment and shear forces for each Ontarid wn different spans ranging from
10 ft (3 m) to 200 ft (60 m), the cumulative distriion functions (CDFs) of live load
effect for various span lengths were obtained.d@s with both simple spans and two
continuous equal spans were considered. These @BFesthen extrapolated to a full
lifetime (75 years) consisting of some 75 milliomdk load events and the 75-year
maximum live load was fitted by a normal distrilounti

Static and dynamic load effects were studied séglsrfTabsh and Nowak,
1991]. On the basis of a finite element studyriddes with various span lengths, it was
found that the ratio of the mean value of the 7&ymaximum live load (without
dynamic impact) to nominal (HL-93) live load is sgangth related and its COV is
about 12%. The study also concluded that dynampact was dependent on three major
factors: bridge dynamics, vehicle dynamics and n@adjhness; the mean value of the
dynamic load factor does not exceed 0.15 for aleitrgck and 0.10 for two trucks side
by side, and its COV is about 80%. For the sttid dynamic combined load effect, the
mean of this 75-yr maximum live load with respexthe design load model (HL93 in
Figure 2.1) fell in the range 1.0-1.2, dependingspan length, and the COV, was found
to be about 0.18.

Structural Reliability Basis for Load and Resistaad-actor Design and Evaluation
The starting point for a quantitative evaluatioihstructural reliability is the
description of the limit state of concern (flexufailure, instability, etc) by an expression

relating the resistance and load variables destrdi®ve, derived from principles of
structural mechanics. This expression, denotedirtiestate function, is given by,

G(X)=G(X,, X,,! X.)=0 2.7)

in which X = (X, X,,! X,,) = vector of random resistance and load variablEise

limit state is defined, by convention, as wk&(X) <0. Thus, the limit state probability
is,

P =1 f (X, %! X,)dx dx, ! dx, (2.8)

Yimai and Frangopol (2001) found that the maximuidd® live load was best modeled by a Type
| distribution of extreme values. Bhattacharyale(2006) also found that the Type | distribution
fits the experimental measurements of live loadafproperly. Finally, Galambos, Ellingwood et
al (1982) used the Type | distribution to model B@&year maximum live load for building
structures.
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in which f, (X)= joint probability density function ok and the domain of the multi-fold

integration is that region of where G(X) < 0. The limit state probabilityP;, is the
guantitative metric of structural performance tlsatonsistent with the uncertainties in
structural resistance and loads. Modern protigdhiised limit states design approaches,
including AASHTO LRFD Bridge Design Specificatipigave adopted theeliability
index, !, as an alternate measure of reliability. For dgpistructural engineering
situations, the reliability index is in the range2ato 4.5. The reliability index is related,
in a first-order sense, to the limit state prokiablty P; =" (-!) for well-behaved limit
state functions typical of those found in bridgside and condition assessment.

The target reliability index of 3.5 for new bridg&uctures designed by LRFD,
noted above, was determined by calibration to atsp® of traditional bridge design
situations (vintage 1985 and earlier) involvingesteeinforced and prestressed concrete
construction. Gravity load situations were emphegiin this calibration exercise. A
group of experts from the material specificatiomastipipated in assessing the results of
this calibration, and selecting target reliabiftie The target index of 2.5 for existing
bridges rated using AASHTO/State legal loads waerdéned by judgment [Moses,
2001; Minervino, et al, 2004]. In the latter cadee implied acceptable annual failure
rate of an existing bridge would be at least areoaf magnitude higher than a newly
constructed bridge, depending on the remainingsiie of the existing bridge.

2.1.3 Bridge Rating by Load Testing

Load tests may be performed to provide additiombrmation on future
behavior of the bridge, when evaluation by analps@luces an unsatisfactory result or
when the analysis cannot be completed due to ladksign documentation, information,
or the presence of significant deterioration. altual performance of bridges during a
load test usually is more favorable than what ticated by the analytical evaluation
[Moses, et al, 1994; Nowak, et al, 1988; Barker120Uhe analytical rating generally is
conservative due to several factors which are muoisidered in routine design and
evaluation, including: (a) unintended compositeoacbetween non-composite sections;
(b) unintended continuity/fixity of simply suppodtespans; (c) participation of secondary
members; (d) participation of nonstructural mempanal (e) contribution of the deck to
the bridge load-carrying capacity. Load testin@iis effective methodology to identify
and benefit from the presence of these factors.LRER Guide Manuaf2003), Section
8, provides procedures for the conduct of diagndstad tests and proof load tests as
alternate method for rating bridges.

Diagnostic Load Tests

Diagnostic tests are conducted to determine certhridge response
characteristics or to validate the assumptions nradequantitative analysis. Such a test
improves the bridge engineer’s understanding ofoisleavior of the bridge and reduces
uncertainties related to material properties, bamnd conditions, cross-section
contributions, load distribution, and other factg®verning the structural performance
and safety. It therefore can be used to revisexistirgy analytical rating of a bridge.
During the test, loads should be placed at vanpmsstions on the bridge to determine the
response in all critical bridge members. ThéSHTO LRFR Guide Manyabection 8,
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Eq. (8-1), provides a way to modify the analytilcald rating following a diagnostic load
test:

RF=RFc x K (2.9a)

where:
RF = Load-rating based on the load test result.
RFc = Rating factor based on calculations.
K = Adjustment factor to represent the benefits ofltiael test

If K>1, the response of the bridge is more favorable gnadicted by theory. Conversely,
if K<1, the response of the bridge is more severe anthéweetical bridge rating factor
must be reduced. The adjustment fadtois given by Eq. (8-2) in th&RFR Guide
Manuat

K =1+ Kx Ky (2.9b)

in which K, accounts for both the benefit from load test amasderation of the section
factor (area, section modulus, etc.) resistingtést load; Eq.(8-3) in theRFR Guide
Manual gives the general expression that should be usddterminings:

K,=—2%-1 2.9c)

whereg; and €, are the maximum measured strain and the maximuwarékically

predicted strain under testing load respectivédy.in Eqg. (2.8b) accounts for the
understanding of the load test results when condparth those predicted by theory. In
particular, it counts for the contributions thahazot be depended on at the rating load
level. Table 8-1 in theRFR Guide Manuabrovides suggested value ¥ ranging from

0 tol based on the relative magnitude betweenrifectored test load and the unfactored
gross rating load.

Proof Load Test

Proof load tests are carried out to establish @fdwound on the bridge safe load
capacity. From the standpoint of structural réligh discussed in Section 2.1.2, a
successful proof load test truncates a portiomefarior estimated resistance distribution
(described by the parameters in Table 2.1), as shovFigure 2.4. As a result, it often
reduces the uncertainty associated viithsitu bridge resistance. The proof load test
therefore can be employed as an effective altermadti rate bridges for which analytical
evaluation has produced unsatisfactory rating tesul cannot be applied due to lack of
information in the bridge files. A target proofalb has to be defined prior to the
experiment and applied in increments during the $esthat the tested bridge can be
properly monitored to provide early warnings of sibke distress as well as evidence as
to whether or not the bridge can carry these impd¢sds without damage.

The LRFR Guide Manualprovides the following equation [Eqg. (8-8)] to
determine the target proof load:
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L, = XL @+ 1M) (2.10a)

where L is the unfactored live load due to rating vehicldd is the dynamic load

allowance, an&, is the target adjusted live-load factor whichiigeg by Eq. (8-7) in
the manual as:

" %
100

In Eqg. (2-9b), X, is the target live load factor needed to bring linelge to a rating

factor of 1 and the % tabulated in Table 8-2 in tHeRFR Guide Manuatepresents the
appropriate adjustment tX, accounting for bridge’sin situ condition, such as
deterioration and traffic situation. Once the tatgad level is established, the proof load
test can be performed and subsequently the opgratel capacity of the bridgeQP)

is calculated from Eq. (8-9) in thdRFR Guide Manual

OoP= Kol

Xop = Xp L+ —2) (2.10b)

(2.10c)
PA

in which k, equals 1.00 if the proof load test is terminatedause the target proof load
has been reached or equals 0.88 if distress legebeen observed prior to the target load
level. In these two casek,, equalsL; or the actual maximum applied load respectively.

Finally the operating level rating factor can beaifed through Eq. (8-10) in thRFR
Guide Manual

OoP

RF, " (2d)0

The operating capacity, in tons, is the ratingdattnes the rating vehicle weight in tons.

fL(n), fr(r)
A

Live Load Effect f(r
£ Initial Resistanceg(r)

o« Uyted Resistancégd(r)

=

Le r

Figure 2.4: Structural Reliability Models for Bridg e Proof Load Test

In the AASHTO MCE(1994), there is no provision for bridge load tedts
contrast, theLRFR Guide Manuabrovides guidelines on the load testing procedure,
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target load level and the interpretation of tesuiltls. However, as revealed in the survey
of state Departments of Transportation, discussé&chiapter 3, there are still some issues
that need to be addressed to facilitate broadezpd@oce of load testing as a tool for
condition assessment among bridge engineers. Tisssies will be summarized in
Section 3.3 and addressed in the current reseaoghgon, as presented in Chapter 4.

2.2 BRIDGE EVALUATION IN FOREIGN COUNTRIES

A first step in the project was to review and catly appraise current condition
assessment procedures for existing bridges thramghexamination of national and
international bridge rating standards and guidsline

2.2.1 Bridge Rating in Canada

The Jorovisions of Section 11 of th@ntario Highway Bridge Design Code
(OHBDC), 3 editionpertain to the evaluation and posting of existinddes other than
soil-steel structurésand pedestrian bridges. Provisions are given ffier ¢ondition
inspection, analytical load rating procedure, ltesting and calculation of posting limit
for bridges. In contrast to the requirements in theited States, evaluation is not
mandated for every highway bridges and not required periodic basis in Canada.

The OHBDC s based on the limit state design philosophy amarget reliability
index,", of 3.5 is used for both design and evaluatiorer&hs no explicit reduction &f
in evaluation, while a few adjustments can be &pptd reduce those load factors used
for design when evaluation is performed. Provisians provided for ultimate, service
and fatigue limit states checking, and only thémadte limit state is specified to be used
for determining the load carrying capacity, stapiland load posting of bridges; the
exceptions are masonry abutments, masonry piersnasdnry retaining walls, for which
serviceability is the governing limit state. Faggchecks are performed only if the
bridge owner wants to assess the bridge’s remalifengecause of the observation of the
physical evidence of fatigue-prone details or fatigelated defects. The method of
fatigue life assessment is the same as iMthk®HTO LRFR Guide Manual

The rating process requires the use of three tigd imodels, designat€@HBEL
levels 1, 2 and 3 respectively, with different gresagnitudes and configurations. These
three live load models appear to be similar tottiree AASHTO legal loads. The live
load factors calibrated for bridge design are aglbjd the capacity evaluation for most
general cases, with some exceptions: the live toag be reduced by 10% for bridges
with inspection intervals less than 5 years; tbeesponding lane load equivalent used
in evaluation is reduced as a functionirofitu traffic volume or varies according to the
road classes; live load factor may be reduced fdtiphe lane bridges with a certain level
of redundancy, and the dead load factor can becesdif the nominal dead load is
carefully estimated. These reductions are notiegth controlled vehicle rating, which

2 Defined as a bridge comprised of bolted structsie| plates and engineered soil, designed and
constructed so as to utilize structural interacbetween the two materials. The OHBDC devotes
an entire chapter to this type of bridge, as itsdioe concrete and steel bridges.
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is a procedure that is comparable to the AASHTOngdoad checking, and is conducted
for specific vehicles for which permission mustdvanted prior to their using the bridge.

The OHBDC presents detailed provisions and curves for dstabfy posting
limits according to the rating calculations perfedfor the three above-mentioned live
load models. The provision regarding posting cetecbridges is similar to that in the
AASHTO LRFR Manual that is, a concrete bridge need not to be pastiedhas been
carrying normal traffic without signs of excessoracking or deformation.

The OHBDC also states that a load test may be geEmp@s a part of the
evaluation procedure when the analytical approass chot accurately reflect the actual
behavior of the bridge. However, no detailed d&bnis and provisions are provided as to
different types of load tests, loading patternstriimentation or interpretation of test
results.

2.2.2 Bridge Rating in the United Kingdom

Document BD 21/01Assessment of Highway Bridges and Structuaelepts a
limit state format with appropriate partial saféagtors for condition evaluation of most
highway bridges except for cast iron bridges andaney arch bridges. It is stipulated
that bridges built after 1965 should normally baleated for serviceability as well as for
the ultimate limit states; bridges constructed =ftB65 do not need to be assessed for
service limit states. Requirements for fatigue eadce however are not included in the
standard and the reason stated is that the pass $tistory of each structure, which could
profoundly influence fatigue limit checking, canngénerally be determined to the
accuracy level required for assessment.

No reduction in target reliability index from thercesponding values for design
is explicitly stated in BD21/01; however, severdjustments are made to the live load
model that have the effect of reducing the levekofiservatism in the evaluation of
existing bridge structures. In the UK, the bridigsign live load model consists of a
uniform distributed load (UDL) and a knife edgeddo@EL) with the intensities of both
components decreasing with bridge span lengths. ddwgn load was derived by
estimating the worst credible values of relevardding parameters from available
statistics. Adjustments are suggested in the atialu to scale down this design load
model for bridge situations less onerous than theva worst case scenario, while
maintaining a consistent reliability level for tiadole network; detailed scaling curves
for the live load adjustment factors are provideghie document. Furthermore, in the
absence of definite information about material abtaristics in estimating the resistance
of bridge component, the document assigns a sedloés to materials which should be
used in the initial assessment, mostly accordintpéoconstruction period of the bridge.
Structures which cannot sustain the assessmeribldeng after the checking calculation,
and which are not scheduled for immediate replacenoe strengthening should be
reevaluated for the other three lower live load eledor posting; posting provisions can
be found in the document.

Document BA 54/94,Load testing for bridge assessmeptesents general
instructions on load testing practices. The docunsémtes that the role of load testing
primarily is to seek out the hidden reserves @rgjth, and the bridges most likely to be
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involved are those which contain features wheré saserves may be found. Load tests
are broadly divided into the two categories: Prgvioad tests and Supplementary load
tests, which are analogous to the AASHTO Proof ltegt and Diagnostic load test,

respectively. Because there is a risk of collaghs®ng a proving test, or of damage to

essential elements of the structure, such testeftre are limited in the document only

to those bridges which, on the basis of their dital assessment, would have been
closed to traffic or demolished. Bridges that poergly have been subjected to proving
tests need to be thoroughly inspected and reassessmore frequent intervals. The

document also emphasizes that extreme care hastakeén to extrapolate the results of
tests carried out with fairly low levels of loadibg those likely to occur at the ultimate

limit state.

Instructions provided in BA 54/94 are rather gehedetailed guidance on
loading patterns and magnitude, testing procedarabiest results interpretations are not
provided. Cautionary notes are provided concertiiegeffectiveness and the accuracy of
load testing as a means of load capacity evaluadiorexisting bridges. Concerns
expressed include: whether a static test load denquately represent the ultimate limit
state loading condition; whether a bridge deck &hbe fully loaded or partially loaded,
in view of the fact that the collapse mode of &ipHy loaded deck may be different from
that when the whole deck is loaded as was inteimdéte design; and whether the benefit
of a test is warranted, considering the risk tspenel.

2.2.3 Bridge Rating in Australia

Section 7 of théustrian Bridge Design Standapiovides rating guidelines with
a commentary. The concept of rating is based orlirthie state design philosophy and
both serviceability and ultimate limit states aomsidered. The ultimate action is defined
as an action that has a 5% probability of beingeesled during the design life, which
represents an average return interval of 2000 yesnde the survivability action is
defined as one having 5% probability being excequdyear, corresponding to a return
interval of 20 years.

The rating for strength is carried out for all sgth limit states, e.g. moment,
shear, compression, at all potential critical sextj with the lowest rating factor
determined being the rating factor for the bridge.the service limit state, a structure is
checked for vibration and deflection. When a bridgehecked for the fatigue limit state,
the cumulative fatigue damage at the critical detaf the bridge must be carefully
assessed, from which the nominal fatigue life dfrmige can be estimated. For the
purpose of rating, the cumulative fatigue damagdefined as the sum of the damage in
all previous years; the nominal fatigue life is sidered having been reached when the
cumulative damage sums to ufjtyn which case, a program of inspection should be
initiated to ensure that fatigue cracks are detketed suitably repaired before they
endanger the bridge’s ability to carry its applieads.

A bridge may be rated at each limit state, to aeg&nrating capacity or to
specific loading cases, using the same partiabfacttecking format as specified in the
Standard For the general rating case, which is comparabthe AASHTO design load

3 Cumulative damage is assessed using the Palmgireer-Nhear damage accumulation model.
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level rating, the live load models and the corresiiag load factors are the same as those
used in the design of a new bridge. For speaifiacling cases, the live load can either be
a legal load vehicle or an exceptional load, thenfey case being comparable to the
AASHTO legal load level rating, and the latter lgegomparable to permit load checking.
In all cases, the effects of the rating loads fer $pecific loading cases are determined
using the gross weight and the configurations $igetol the vehicles under consideration.
Since the possibility of overloading at this stepunlikely, a reduced live load factor is
permitted. Where the rating for a bridge is ldsmntrequired for current general access
vehicles, consideration shall be given to applygngosted limit on the bridge. Detailed
regulation on establishing the limits for specifighicles however is not presented in the
document.

Two types of nondestructive test are defined mAhstralian Standardstatic
proof load test and static performance load telichvare comparable to the two types of
AASHTO load tests. The difference between the types of test is in the magnitude of
loading, and in the manner and the level of comfigein which the capacity of the bridge
to carry the live load is determined from the tesults. TheStandardidentifies the load
test as an effective method of evaluating the perdmce and structural capacity of a
bridge or bridge type. The document suggests thatproof test loading should be
applied incrementally from a base load of 50% ef tiineoretical rated ultimate capacity
in order to protect the bridge and the testing quansl, and the load response should be
continuously monitored to ensure that the bridgeeisaving in an elastic manner. It also
suggests that a numerical model of the structuoeldhbe developed prior to the test to
assess the ultimate capacity, failure mode ancellgtic limit under different loading
configurations and to determine the maximum loadded for the test. Th&tandard
provides some detailed formulas for updating ratiafier a successful load test and also
emphasizes that the adoption of the load testisglteeshould only to apply to bridges of
similar structural form, taking into consideratiorterial properties and conditions.

2.3 QLOSURE

In general, modern bridge rating procedures wodénhave adopted reliability
principles as their basis. They have utilized thatistate philosophy to allow the safety
checking to be performed in a deterministic manwnéhout an explicit structural
reliability assessment. The reliability indices ttesign are typically 3.5 or higher over
the lifetime of the bridge. However, they permivir reliability indices in the context of
specific evaluations of individual existing bridgegther by explicitly reducing the target
safety index in the calibration leading to the ldackors for evaluation, which are lower
than those used in bridge design, or by directsfisg down the live loads used in the
assessment to reflect the lesser requirementyédnagion compared to the design level.

The ultimate limit states are typically requiredthe governing limit states for
safety checking for majority of the bridge typegrviceability and fatigue are not
regularly mandated unless signs of distress qydatrelated defects are observed. Rating
procedures and the assessment live load modelstivamnost from country to country,
but for the most part, a check on design load pgcglly performed prior to the capacity
estimation respect to actual vehicles; the lattegeneral, is the basis for posting.
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The view towards load testing is different from oty to country, which leads
to different treatment of the provisions on thisjseat in different guidelines. Test
protocols and details that are critical for a lo@st to be successful and informative may
not be addressed. ThAASHTO LRFR Guide Manual (2003)as the most
comprehensive provisions on load testing of theditmm assessment guidelines
reviewed.
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CHAPTER 3

Survey of Bridge Rating Practices in the United

States

3.1 DEVELOPMENT OF SURVEY OF BRIDGE RATING PRACTICES

As part of NCHRP Project 12-46 that developed A#%SHTO LRFR Guide
Manual2003), a survey questionnaire had been maileddte 8ridge Engineers in May,
1997, asking for current practices and views ohrimal issues pertaining to the inspection,
evaluation and load rating of bridges. The respsins this questionnaire were valuable in
developing the rating criteria in tHeRFR Guide Manual However, in the intervening
years, the state of bridge evaluation practiceshm US has continued to evolve.
Accordingly, a follow-up questionnaire was prepatteat requested additional information
on a subset of topics covered in the older sumiiy, specific emphasis on bridge capacity
evaluation practices that may have changed in ntervening years and would be of
particular interest to the current research to lkdgvéhe Recommended Guidelindsr
Georgia. The questionnaire was sent out to aksta November, 2005, and as of March
15, 2006 forty one responses (Table 3.1) were vedeand reviewed. A copy of this
survey questionnaire can be found in Appendix £te report.

Table 3.1 Responding States

Alahama [owa Oklahotna
Alaska Kansas Oregon
Arirona IMaine Rode Island
Arlzansas I aryland South Dakota
California Llinnesota Tennessee
Colorado Idiszissippi Texas
Connecticut Lilizsourn Ttah
Delaware Mewvada Vertnont
Florida Mew Hampshire Virginia
Georgia Mew York Washington
Hawraii Mew Mezxico West Virginia
Idaho Morth Carolina Wisconsin
Mlinois Motth Dakota Wyoming
Indiana Thio
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The synthesis of the survey responses in secti@nis3 presented without
identifying the state or the respondent. This d@se to encourage candor in completing
the survey. These responses often were presantahience fragments; in that case, an
attempt has been made to complete the view exgtéssbe comment with a minimum
of editing. The survey questions fall into seVgeneral categories: when to load rate a
bridge, when to update existing ratings, how te,rathen to post, and other performance
issues (connections, fatigue, and scour). THeviimg synthesis of the survey responses
is organized around those categories.

3.2 SYNTHESIS OF SURVEY RESPONSE
When to rate?

In order to comply with FHWA regulations all statgther perform a load rating
analysis, or make a professional judgment as tdot capacity of their bridges. Most
states are working toward 100% load rating, andtrbshose responding reported to
have rated between 80% and 100% of their briddéms intention is summarized by the
response from a Western state: “Our goal is to alitstate owned bridges to determine
the maintenance requirements and bridge load caycapacities and to comply with the
National Bridge Inventory SystefiNBIS). Also modeling all bridges will help in
overload permit evaluations.” The State of Gapolgs rated approximately 75% of its
bridges: and only five other states have 60% or fewer eirthridges rated. One Western
state is in the process of updating all of itsngdi to includeboth Inventory and
Operating and presently has over 90% rated at towgnevels and approximately 5%
rated at Operating levels. It is the policy ofshstates to rate all new bridges when they
are designed or constructed. Existing unratedgleristructures are being evaluated and
rated, as circumstances and resources permit.rafimg of existing bridge structures in
general begins with those for which design documen¢ available, and then continues
to bridges without them. The rating of bridgeshwiit plans is typically performed in
one of four ways: using plans from a similar badmuilt at about the same time; by load
testing the bridge; using results of load testsnfra similar bridge structure; or by
professional judgment.

When to update ratings?

As to when to update existing load ratings, thdofaing is quoted from the
response provided by a Midwestern state and isatigde of other responses:

1. There is a physical change in the condition bfidge or a structural member,
e.g., physical alteration in the structure; newnbear new deck, rusting or
spalling or damage occurred to the structural me(apeesulting in section loss;
change in the wearing surface; change in the sugmvsed dead loads;
excessive deflection or settlement observed; oeoas of an accident;

2. There is a request to re-evaluate the rating stfucture for a vehicle different
than what was previously used such as for simgigermit load ;

3. There is a change from the method of analysid teseprevious rating;

! As of December, 2005
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4. Special circumstances dictate re-analysis otheture.
5. There is a change of the rating method (e.g.chwitom ASR to LFR), rating
software or the truck weight regulations.

A Western state remarked that all their load ratiage being recalculated because: “the
previous ratings were done by different individualgl are not consistent.” Some other
states have specific policies on this issue suchewising load rating when “overlay
changes more than 2 inches”, “steel section lasse=more than 1/16 inches” or “primary
member condition rating on the inspection repod blaanged by more than one point
since last routine inspection if the initial ratingas 5 or lower.” The Georgia DOT
revises existing ratings when “deterioration otréisses are observed during inspections,
or state legal loads are changed.”

What method to use in rating?

Thirty one (31) of the responding states, includd&prgia, reported that the LFR
method is their primary rating method, but thatytbecasionally used the ASR method
in cases where the LFR method does not appeardppieable. The remaining ten (10)
states reported to use a combination of ASR, LR¥ BRFR depending on what
specifications governed the design of the bridge.

Nine (9) of the responding states reported that there currently using LRFR
on either all of their bridges or those bridgesiglesd byAASHTO LRFD Bridge Design
Specifications Five (5) states were in the process of evalgatie suitability of LRFR,
and were planning a transitioning from LFR to LRARost of the remaining states cited
either the lack of resources or readily availaluéiveare as reasons for not making the
transition, but noted that they would change to RRFmandated. Several specifically
said they were waiting for VIRTSo offer a version that incorporated the LRFR rodth
before they considered switching from LFR.

Several states which have considered transitionmgLRFR raised some
significant questions and issues. One Midwestéate ssuggested that “the proposed
updates to the guidelines do not inspire confidencthe manual.” A Western state
responded “we are concerned with the high loadfactf we can not lower these factors
through WIM (weight in motion) data, we may usesasldbad rating methods on older
bridges.” Two other Western states simply statédvas too uncomfortable with the
LRFR method to use it” and “not fully confident this document.” The strongest
opposition to transitioning to LRFR came from arstéen state, which observed: “Too
much work for no value. Ratings for concrete amabgr do not correlate to real world.
For timber, LRFR requires a “fudge” factor to getsonable results for posting. For
reinforced concrete bridges, the change from ASRRR resulted in a reduction of
approximately 20% in posting values and changirmgnfiLFR to LRFR will result in
another 15% to 20% reduction in the posting limi@n the other hand, with LFR and
LRFR, posting values for steel bridges increasétiis Eastern state also had serious

2VITRIS is a widely used bridge rating software pagé, developed bgambridge Systematics,
Inc.
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questions as to the applicability of LRFR and itdity to perform its main function of

providing a uniform reliability for all bridge stcture types. A similar concern was
expressed by a Midwestern state, which also doubtezther LRFR was suited for all
bridge types. These apprehensions about the tiangiom the older methods to the
LRFR method warrant further investigation. As autge a further investigation will be

carried out in Section 3.3 aimed at examining tliter@nces in rating results of these
methods through illustrative rating calculationsrfpened for four sample bridges
selected from the Georgia bridge inventory.

Most of the states using LFR employ the HS 20-4dicle for both Inventory
and Operating ratings at the design load level. &etates use the full set of AASHTO
Legal vehicles, HS-20, H-20, type 3, type 3-3, &ypk 3S2, for legal load ratings. In
some other states, the AASHTO vehicles are modified designated as “state legal
loads.” These modifications typically consist o$@aled-up load and/or a redistribution
of the load between the cab and trailer. Thereatse a few states with unique legal
loads, such as logging trucks or other highly usgibnal vehicles.

When to post?

Answers to the survey question regarding the datias to when to post a bridge
had the widest variation of any of the answers. efity (20) of the responding states
reported that they post a bridge when its Legadidoexceed the Operating level rating.
Georgia and four other states use the Operatiiggras the posting limit for bridges on
the state system and the Inventory rating for larédgn the local system.

Some other states have more detailed policies dagaposting limit, such as:
“use Operating rating for bridges having a conditiating larger than 5, otherwise, use
Inventory level rating”; “for fracture critical meber use Inventory rating , for others use
some value in between the Operating and Inventenel$ based on engineer’s
judgment”; “use Operating rating for concrete mershba&nd the average of the two for
steel members ”; or, “post when the Operating catinexceeded, or when the Inventory
rating is exceeded and posting will have minimadrneenic effects” One Eastern state
specified that all structures need to be considéeg@osting if the structure’s Inventory
capacity rating is less than 30 tons for HS20 Jehi85 tons for 3S2 vehicle or 18 tons
for the H20 vehicle, or when the gross tonnage O# axle” vehicle exceeds the
structure’s Operating level capacity.” In anotkestern state, a bridge will not be posted
if “the bridge can carry H15 at Inventory level ai820 and all state Legal loads at the
Operating level.” Several states don’'t have spedcifiteria for posting, but will consider
it if the structure has a rating factor less thahdt the Inventory level for HS-15 vehicles
or if the structure shows signs of major deterioratThere is ho consensus among the
states as to whether to post a bridge at Operdéngl or Inventory level ratings.
Engineering judgment sometimes is used either 8 @dridge whose rating would not
normally entail posting, or to not post a bridgattis calculated to require posting.

As to what percentage of state bridge inventowy Ieen posted, twenty (20) of
the responding states reported posting fewer ti#ano# their bridges, fourteen (14)
reported that between 5 to 19% were posted, andetin@ining seven (7) have posted
over 20% of their bridges. The State of Georgia tegorted approximately 22% of its
bridges on state and local highway systems neée foosted. This survey question was
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poorly phrased, however, leading some states tortrépe total percentage of posted
bridges while others reported the percentagesabé stnd local bridges separately. The
percentage of posted bridges on local roads isajlgianywhere from 10 to 100 times

the percentage of posted bridges on state roads.

As to whether serviceability or fatigue limit staitgre considered when setting up
the posting limits, twenty four (24) states, inéhgl Georgia, do not consider either;
sixteen (16) consider serviceability, and the vasiority of states generally do not
consider fatigue. Those that consider servicigplub so only for steel or pre-stressed
concrete girder bridges.

When to load test a bridge?

Fourteen (14) out of 41 of the responding states, erformed some form of
load testing for the purpose of load rating asra gigbridge evaluation practice. Five (5)
other states reported that they had once perforraedfew load tests for the reason of
academic research only. The remaining statesjditaj Georgia, have never used load
testing as a tool for bridge condition assessmemé Eastern state remarked that the
reason is “testing is too time consuming and exiperis

Most of the load tests have been performed on tsires that were in good
condition but required posting according to staddaating analysis, on special
construction such as FRP bridges, on those bridgémut available plans or design
documentations, or on those with serious detei@rathat prevented an accurate
theoretical strength calculation. One Westernestaited that they performs test on
bridges “deemed to be high risk, or fracture-caitic The benefit of load testing results
is best summarized by the response of one Wedsta s

1) To allow bridges to remain in service withouwatftic restriction
2) To avoid unnecessary repairs and needlesscerpént

3) To avoid repairs to bridges scheduled for regiaent

4) To get more accurate load distribution factarg]

5) To compare calculated stresses with actualssses

One other common use of load testing is in evalnatif overload permits. Two of the
states that perform load tests do so extensivglyd¢went having to perform costly repairs,
replacement or posting due to “unreliaBldSHTCrating factors.”

Only one Southern state among the fourteen stiatépéerformed load tests used
the provisions in Chapter 8 of the né&ASHTO LRFR Guide Manué2003) to guide
their load testing practices, although there is other state that “follows NCHRP, Nov
1998-No.234Manual for Bridge Rating through Load Testivghich is consistent with
Chapter 8 of the. RFR Guide Manudl One Western state reported that the reason for
not using theLRFR Guide Manuais that “we are not yet sufficiently comfortabléthw
it.” Two other western states, having performeadldests prior to the issuance of the
Guide Manual have also developed their own guidelines andntegtrocedures, which
were reported to be in the process of being condpasith the LRFR Guide Manual
Some states perform and analyze the load testssdiees, while states that do not have
their own guidelines usually leave the testing anterpretation entirely to the
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Universities to which they contract the work. ClBastern State “uses the load test to
determine live load distribution, which is then bgg to LFR formula to update load
rating factors.” Another Western state has a ltmsting protocol that involves taking
“strain transducer measurements when the struetuweader various loads. A model of
the bridge is produced based on the strain traesdueasurements. This model is then
used to predict responses of the bridge to desigpisland over-loads.”

Other performance issues - connections, fatigue awbur

Thirty seven (37) of the forty one (41) respondistates do not assess the
capacity of connections on a regular basis. Cdiorecare routinely inspected in most
states; however, they are checked for adequateitgpaly if engineers suspect that the
connections may govern the load rating of a bridger the four exceptions, one Eastern
state stated that: “Our policy requires load ratiofg connections for all primary
components of a bridge unless the district BridggiBeer concludes that the connections
would not control the rating of the member.” A Wéza state does consider connections,
but only those on continuous bridges with a spdicthe piers; an Eastern state considers
all types of connections, while another Westerrtestexamines “all areas of the
structure.”

Most states normally do not compute remaining tetigife of a bridge unless
fatigue cracking is found during inspections, witie typical reason being lack of
sufficient truck volume data. Four states areepiions. One Eastern state performs a
100% hands-on inspection of fatigue sensitive mesbeowever, can avoid this by
calculating the fatigue life of bridges with lowatfic counts, and then perform 100%
hands-on inspection if the member has a remairdtigue life of less than 10 years;
One Western state “computes remaining fatigueblifieed on an arms length inspection”
and performs such analysis on a 1 to 10 year ayhkre the interval is usually 3 years
for fatigue prone members as determined by fatidere Another Western state performs
an in-depth inspection of all fracture critical masms regardless of fatigue life, however,
when the remaining fatigue life is finite or exgir¢he frequency of inspections increases.
Finally, one Northern state performs fatigue aralgs selected bridges.

All states indicated that they perform some formsobur investigations on a
regular basis. Most investigate scour for briddped cross wade-able waterways during
the FHWA-mandated 2 year inspections and all dbhielges during a special underwater
or scour investigation every 4 to 5 years. Twdestaeport that they perform special
scour investigations on any bridges identified@sis-susceptible following floods.

3.3 COMPARISON OF RATING METHODS THROUGH SAMPLE BRIDGES

The survey of current bridge rating practices dht& Departments of
Transportation, summarized in Section 3.2, reveatwtsiderable differences in current
practices and concerns that the ASR, LFR and LRF#hads yielded substantially
different ratings. It is apparent that such diparecies would be a barrier to the
implementation of LRFR in routine bridge rating ¢irees.
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To determine the extent to which such discrepaneight exist and to quantify
the magnitude of the rating differences that migisult from the use of ASR, LFR and
LRFR methodologies for typical Georgia bridges,ating analysis with these three
methods were performed for each of four samplegesdthat had been identified for
forthcoming load testing, advanced analysis and osesnation of concept for the
Recommended Guideline$he process by which these bridges were seleatet!
detailed description of the engineering charadiesisof these sample bridges are
provided in Appendix B to this repott.Complete rating calculations of these samples
bridges are available in Appendices C, D, E and Hables 3.2 and 3.3 present a
summary of these rating results for flexural andsteear respectively.

In general, rating results by ASR and LFR are &iastly close. The difference
between Operating and Inventory of these two mettayé comparatively much larger
than that of LRFR. LRFR legal load ratings for H%26 falling in between the Inventory
and the Operating level ratings computed by eithRF or ASR method, for both
moment and shear, for all four bridges. That issay the LRFR legal level ratings
generally are more conservative than the LFR/ASRratng level ratings and more
liberal than the LFR/ASR Inventory level ratings.

Table 3.2 Summary of Sample Bridge Flexural Ratig for Interior Girders

Rating Vehicle
Bridge Type Method HS20 H93
Inv_Opr Inv_Opr
ASR 0.70 1.25
(gt?;i(;hTt) LFR 0.75 | 1.25
LRFR 0.93 0.65| 0.84
ASR 1.36 2.17
(gﬁg\fv'eg) LFR 116 | 1.93
LRFR 1.77 1.27 1.65
ASR
Prgsi:;zsrsed LFR 154 | 2.57
LRFR 1.95 1.34 1.73
ASR 0.82 1.33
Steel Girder LFR 0.71| 1.18
LRFR 1.08 0.72| 0.93

34 QRITICAL APPRAISAL OF BRIDGE RATING PRACTICE IN U.S.

Three different existing rating methods are culyenatilized by state
Departments of Transportation in their bridge mtimork as revealed in the survey
responses. The ASR, LFR and LRFR methods are lmasddferent design philosophies
and therefore often produce different rating ressatid lead to different posting limits for

3 A description of the load testing program andstpporting finite element analyses of the four
bridges can be found in the report of Tasks 2 an@3/alley, C., Wang, N., Ellingwood, B. and
Zureick, A.-H. (2009).ftp://ftp.dot.state.ga.us/DOTFTP/Anonymous-Publ&gBarch_Projects/).
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the same structure; sometime the difference casigmificant. One weak point of the
current practice is thato clear policy is provided in the AASHTO ratingidglines as
to which method should be used for specific cirdamses. The LRFR method is
relatively new; while having the most solid anditad theoretical basis of the three, it
still need to be tested and validated through rebeand practice for the bridge
engineering community to develop confidence inugs.

Table 3.3 Summary of Sample Bridge Shear Ratingf Interior Girders

Rating Vehicle
Bridge Type Method HS20 HO3
Inv_ Opr | Inv Opr
ASR 0.41] 0.75
(gt?gictht) LFR 043 | 0.72
LRFR 0.61 0.45| 0.58
ASR 094 | 1.44
((8352\7\/-82) LFR 0.84 | 1.40
LRFR 1.05 0.83] 1.08
q ASR
Prgsi:;?rse LFR 1.43 | 2.39
LRFR 1.47 1.05| 1.36
ASR
Steel Girder LFR
LRFR

The large number of Inventory, Operating, and Ldgatls clutters the analysis
and rating process with many redundant calculatiespecially in the ASR and LFR
related procedures. Consequently, this situatiarses differences in interpretations and
practices from different DOTs regarding what trigg@osting and whether to use an
Inventory or Operating rating to post and in whotttumstances. These issues should be
better stipulated in rating manuals for safe pcactind for consistent and unambiguous
implementation.

None of the current AASHTO manuals provides clegidance as to when to
revise existing load ratings. Therefore states B@drmally make their decisions on
revising a current rating based on judgment anavbat has been observed during the
field inspection. Most bi-annual inspections arsual and any insight that might be
obtained from such an inspection on existing safetyoad-carrying capacity will be
qualitative rather than quantitative in nature.th& a way must be found to better
quantify what a visual inspection reveals or a msophisticated inspection strategy,
including informative and non-invasive inspecti@ttinologies and optimal inspection
intervals, should be encouraged, so that the decdbased on inspection data are well-
substantiated.

The survey of the state Departments of Transportagiso revealed that most
states rely solely on analytical methods to evalula¢ load-carrying capacity of existing
bridges. Load testing as an effective alternatiss been largely ignored. Due to the
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conservative nature of the analytical rating meshothis inevitably leads to some
unnecessary bridge repairs, replacements or pastinighe fact that most state DOTs do
not perform any kind of load testing likely cantbeced to a lack of guidance on load test
to address practical issues including: under whiatimstances a load test will be a good
option for bridge rating, and under what circums&mone should choose a diagnostic vs
a proof load test, and further, how to design jicatioad test procedures.  General
guidance should provide engineers with a good sbafme any decision is made as to
whether a load test is worthwhile, considering tost of a test, as well as specific
instructions on field data acquisition and intetatien. The current load test guidelines
in Section 8 of thdAASHTO LRFR Guide Manué2003) do not provide engineers with
enough details to bridge the gap between the comeeppractice of load testing.

30



Chapter 4 Report of Task
Conclusions and Recommendations

CHAPTER 4

Conclusions and Recommendations

4.1 SUMMARY OF TASK 1FINDINGS

Given that every existing bridge has a unique al-lmondition, operating
environment and service load history, a generalaealytical procedure which does not
incorporate sufficienin situ data may result in inaccurate ratings, as inditaie many
load tests. Advancing the current bridge evaluapi@ctice requires better understanding
of bridge system behavior, better utilization ofidable in situ data as well as better
modeling of the load process and other physicatesses such as fatigue, corrosion and
concrete aging. Structural reliability and proltiabc risk analysis methods can provide
guantitative tools for the management of uncenaimtcondition assessment and are an
essential ingredient of risk-informed managementcigiens regarding bridge
infrastructure.

A review of existing assessment approaches anésstating practices have
revealed a number of research issues that mustdressed:

The bridge may contain archaic structural materi@gsign documentation may
be missing.

Material strengthsn situ may be vastly different from the standardized or
nominal values assumed in design. On the one heogrete strength can
increase by as much as 150% beyond the 28-dayasthbdsis due to continued
hydration; on the other hand, the strength canridetdte due to aggressive
environmental attack from physical or chemical nagéms. Failure to consider
best estimates of strength and the time-dependegutenof the structural strength
and stiffness invariably will lead to an erroneestimate of in situ strength.

Analytical approaches to bridge evaluation usugbyt not always) yield a

conservative measure of actual load-carrying céipadBakht and Jaeger, 1990].
This conservatism is the result of assumptions niadie analysis regarding

load sharing, composite action, support conditiand nonlinear behavior, in

addition to differences in material strengths naibdve.

Discrepancies among the different approved ratireghods (ASR, LFR and
LRFR) were noted from the survey of state Departmai Transportation.
These discrepancies were confirmed by preliminagting calculations
performed on bridges selected from the Georgiagkeridventory, as summarized
in Appendices C, D, E and F. The reasons for tradifferences must be
completely understood and addressed in developing Recommended
Guidelinesfor rating bridges in Georgia in Task 4.
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Satisfactory bridge performance over a period odrgeof service provides
additional information not available at the dessimge. This information should
be taken into account in designing in-service inpa programs and in making
decisions regarding upgrading and rehabilitation.

Current condition assessment relies heavily on alismspection. More
guantitative models of structural deterioratiomg[eFaber, et al, 2000] have been
developed but have yet to be incorporated in cmrdassessment procedures.

A test load must be a significant fraction of tixpected maximum live load for

the proof test to be informative and to lower sgjosat risk [Moses, et al, 1994;
Ellingwood, 1996]. If the test load is increasedan informative level, the

probability of damaging the bridge during the Idadt increases as well. This
tradeoff between information gained and likelihazfddamage must be part of
the decision to load-test a bridge rather thanmglpn other rating methods.

Uncertainties in loads and resistances at the destigge are reflected in the
safety factors (or load and resistance factors).t tie evaluation stage,
uncertainties can be either greater (e.g., duesteridration) or less (measured
properties; successful load test). These uncédairmust be identified and
analyzed.

The research tasks that follow, Task 2 and TaskuB8)marized in section 4.2, are
designed to address the research issues iderulfiede.

4.2 OVERVIEW OF TASKS 2, 3AND 4

Task 2: Evaluation by Load Test

Load tests may be conducted for a number of diftepirposes [Nowak and
Tharmabala, 1988]:

When calculation has shown that the structure iscapable of meeting the
present standards due to changes in loading modalsminal strength;

When an inspection has revealed significant dan@gether changes in the
system that may not be captured in an analysis imode

To establish proof of capacity (rating)

A properly conducted proof load test can be ancéffe way to update the bridge
load capacity assessment in situations where thlytaoal approach produces low ratings,
or analytical analysis is difficult to perform dteedeterioration or lack of documentation.
A load test indicates a minimum load capacity, tns might be used if a decision as to
whether to post a bridge must be made quickly.oksdnot reveal the actual bridge
capacity; nor does it provide a meaningful measifréne safety of the bridge over a
projected service life. Such information must bengd in the context of analysis
framework that provides a complete picture of gehémtegrity. A proof load test
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represents a significant investment in terms oftahgime, personnel and the risks. The
tradeoff between the information gain and the pbdlha of damaging the bridge during

the test must be part of the decision to load tater than to employ other rating
methods.

An examination of the role and limitations of protwfad testing will be
performed using FE models that will be developedask 3. To provide experimental
confirmation of these FE models, the four Georgiddes, identified at the beginning of
the project and documented in Appendix B, will bad tested in Task 2.

Task 3: Evaluation by Analysis

The current design requirements in LRFD providhe tstarting point for
assessment through evaluation. For bridge strugtthe AASHTOLRFD Bridge Design
Specifications, 4 Edition [2007], requirements stipulate that,

125D + 15D, + 175(L +1) < R, 4.1)

in which D = dead load excluding weight of asphalt surfa&®, , and (L +1)
represents live load including impadiR,is the design strength , in whidR, is the

nominal resistance anfl is the resistance factor, which depend on theiqodat limit

state of interest. This equation is familiar witiost designers. Structural reliability
methods can be used to update the load and tistarese factors for the purpose of rating
for different service scenarios, leaving the bridgegineers with a safety checking
procedure with which they are familiar and is ceteit with bridge engineer software.

The metric for acceptable performance can be destrby the following
probability:

Pf = P[R< Sl H] < PTarget (42)

in which, R = structural capacity an® =load. A similar equation is the basis for the
AASHTO LRFD Specificationthe difference is the present of term H, whiepresents
in a general way what can be gleaned from knowledgmrding prior (successful)
performance, what has been learned by the in €emgpection, and supportirig situ
testing, if any.  The target probabilitffr.qe Should depend on the economics of
rehabilitation/repair, consequences of future oesagnd the bridge rating sought. The
information gleaned from the review of the Taskill e used to determine the values of
this metric for preliminary purpose; final valuedlwe stipulated following a test of the
methodology on the four existing bridges. To faaié practical implementation, every
effort will be made to make the method proceduralbnsistent with current GDOT
procedures.

Bridge structures are inspected periodically. Wiaebridge is inspected, the
knowledge gained, if properly quantified, can bedido revise estimates @f situ
strength and load carrying capacity [Eq.(4.1) aA®){ or to forecast of remaining
service life of a bridge, which provides clear intbeées to obtain quantitativen situ
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measurements through modern non-destructive ew@u@lNDE) techniques, such as
Carpenter hammer sounding, Schmidt rebound hammeruéirasonic pulse velocity.
Knowledge that the structural system has withsiwllenges, some of which may have
exceed the design basis, during a prior serviceg@@rovides additional information that
should be reflected in its condition assessmenttf@aand Sexsmith, 1991; Fu and Tang,
1995]. However, NDE and maintenance contributees@vsources of uncertainty to
condition assessment. First, performance-degradafgcts must be detected. Second,
the defects must be located and measured accumatelyler to determine whether they
might impact future performance. These are isspemspection of civil infrastructure,
which involves difficult field conditions. Third, i@ must determine the impact of
maintenance or rehabilitation on strengtlsitu. Research Task 3 will incorporate these
sources of uncertainty in the evaluation processsulated in Eq. (4.1) and (4.2).

Finite element models of the four sample bridgédsbe developed in Task 3 as
test beds for other research activities and taskba project; for comparison with the
analytical procedure currently in use by GDOT,; asib for benchmarking the results of
the Evaluation by Analysis; and for testing andiniefj the Load Test protocols
developed in Task 2. Finite element modeling,daikd through either systematic field
inspection supported by NDE technologies or throdigiynostic load tests, will be used
to conduct “virtual” proof load tests of bridge ®ms and to support the technical
development of th&uidelines for Bridge Ratintp be developed in Task 4.
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APPENDIX A

Survey Questionnaire on Bridge Evaluation Practice

INSPECTION, EVALUATION AND L OAD RATING OF BRIDGE
SURVEY OF CURRENT PRACTICE

The purpose of the survey is to obtain State DOmroents on the current
AASHTO Guide Specifications and current practicesl aiews on technical issues
pertaining to the inspection, evaluation and ladohg of bridges.

Inspection

Does your agency compute remaining fatigue life aodsider it in setting
inspection policy and procedures? If yes, pleagpda@x

Is inspection for scour at the foundation a compbnef a routine bridge
inspection?

Load Rating
What prompts your decision to rate a bridge?

When does your agency require that load ratingutations be revised or
updated?

Does your agency use the 2003 AASHT&uide Manual for Condition
Evaluation and Load and Resistance Factor RatirigRR) of Highway Bridgés
If not, please explain why.

What load rating method or methods are currentgdusy your agency for steel
and concrete bridge?

What percentage of bridges in your jurisdictionénaeen load rated?
Which AASHTO vehicles do you use for Inventory adderating load rating?

(Please insert inventory (Inv) and Operating (Opext to the applicable
loadings.)
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When load rating bridges, does your agency consitier capacities of
connections and joints? Please specify the typesmiections or joints routinely
checked.

Load Posting and Overload Permit Checking

Please describe the criteria used by your agendgtiermining the need for load
posting.

How are inventory and operating ratings used terdahe the weight limit for
posting?

Is serviceability or fatigue considered in setteng/eight limit for posting? If so,
please explain.

What percentage of bridges in your jurisdiction baen posted?

Nondestructive Load Testing of Bridges

Describe the criteria used by your agency to sdlddges for evaluation by load
testing

Do you use the 2003 AASHT@uide Manual(Chapter 8) for the design,
conduct and interpretation of load tests? If ptgase explain why.

How are the results of the load tests used?
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APPENDIX B

Documentation of Georgia Bridges Selected for
Analysis and Load Testing

In order to accomplish the study objective of pdivj Georgia Department of
Transportation (GDOT) with a set of tools for impirg bridge evaluation and rating
techniques, a small subset of the state’s bridges been identified through a purposive
study of the Georgia state bridge inventory. ApjperB explains the selection process
and provides general information regarding thesepsa bridges.

B.1 SUMMARY OF GEORGIA BRIDGE INVENTORY

In the State of Georgia, there are 8,988 bridgestified in the state’s 2065
Bridge Inventory Management System (BIMS) Databasfewhich 82% are multi
beam/girder and T-beam bridges. Most of thes#gbs have been load rated by either
allowable stress (AS) or load factor (LF) ratingthwels and 1,982 of them have been
found to require posting (Figure B.1). The postifiga bridge results in economic losses
related to the number of vehicles affected and tiime required for them to make
necessary detours. Ratings of bridges on stdtecal routes instead of interstates are of
particular interest for two reasons: first, thesgtes make up a much larger percentage of
the state’s bridges, and second, the repair oacepient of interstate bridges is typically
(but not always) planned or conducted once thecttre’s Inventory load rating falls
below 1.0, well before there is any need for pastifihe severity of the economic impact
of closure is what forces this early action foenstate bridges.

B.2 CRITERIA FOR BRIDGE SELECTION

Discussions with the Georgia Department of Trartspion (GDOT) engineers
and evaluation of the status of the current brigf@structure in the State resulted in a
list of several primary and secondary criteria $efecting the bridges to be utilized in
Task 2 and Task 3 of this study, which providetdahnical bases for the development of
the recommended Guidelines in Task 4. These ieriéee discussed in the following.

Design Load

The HS-20 load is currently used by the GDOT inidpei rating and was used for
design of new bridges prior to October, 2007, tat @f adoption of thAASHTO LRFD
Specificationsand its corresponding HL-93 design load. The H-#%-15, H-20
together with HS-20 loads presented in Figure Be2same of the regular design loads
used prior to the adoption of the HL-93. Furtherenalifferent design loads could be
utilized on rural versus urban roadways in the séime period; for example, to cut costs

! The bridges selected for detailed analysis and festing were selected in the first year of the
research project.

B-1
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in rural areas, the HS-15 or H-20 load could besehdo design a bridge instead of using
HS-20. However, as legal loads have increased tower, these older design loads have
been gradually phased out of use. Bridges desifpratie HS-20 load are comparatively
new and unlikely to have experienced significartederation or loss of strength. Thus,
this project will focus on bridges designed for Bl{bads. Figure B.3 shows that the
bridges designed for the H-15 load represent nbt the largest number of any single
design load category but also the largest numbgrosfed structures where the initial
design strength is known.

E000 -
O R=ated Bridges
S000 M Fosted Bridges
i aom
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= 2000 A
1000
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Rating Methaod
Figure B. 1 Number of Rated and Posted GDOT Bridgs, by Rating Method
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Figure B. 2 Bridge Design Load Prior to HL-93 LiveLoad Model
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Structure Type

Of the 1,982 Georgia bridges that require postifigfo fall into one of three
categories:

Reinforced concrete T-beam bridges, representiff; 21
Steel girder bridges, representing 53%; and
Pre-stressed concrete I-girder bridges, represeiéif

While the pre-stressed concrete bridges represemicin smaller portion of the posted
bridges than reinforced concrete or steel bridgesigher percentage of relatively new
pre-stressed concrete bridges have been foundreepgaosting. Of those posted pre-
stressed bridges, 57% were constructed after 1i@86pntrast, only 2% of the posted
reinforced concrete bridges and 10% of the posieel girder bridges were constructed
after 1980. GDOT expressed concern over this bridategory, and it is therefore
included in this study. Figure B.4 shows the prynatructure type of bridges

constructed over each decade from the 1940's teepte Figure B.5 identifies the

number of bridges from each category that have lpested as unfit for some or all of
the state legal load vehicles.

Wooden bridges have been omitted from this stuahabse they represent about
2% of the bridges in the State, as shown in Figai@ and are typically historic
structures intended only for light automobile ti@ff Suspension, truss, and other long
span bridges also represent rather small percerthglee total population and often
require independent rating procedures; accordirigfy are not addressed in this study.
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Bridge Span Length

In order to ensure that the selected sample bridigetd some extend statistically
representative to the state bridge population, dpan length distributions of girder
bridges of different material types are brieflyditd and presented in Figure B.7. The
plots indicate that above 75% of steel spans hesgih of 35 ~ 75 ft (11 ~ 23 m) with a
mean of 52 ft (16 m). Comparatively, the prestréssencrete span has a wider spread
with a larger mean of 73 ft (22 m), while the reirted concrete span on the other hand
has a narrower range with a smaller mean of 340ftnj). It is interesting to notice that
roughly 50% of prestressed concrete bridges ahereéiround 45 ft (14 m), or 70 ft (21
m), or 90 ft (27 m), and more than 75% of reinfarcencrete spans lands on either 20 ft
(6 m), or 35ft (10 m), or 40 ft (12 m). This obsatien will be appropriately reflected in
the quantitative study to characterize the likedyfprmance of a broad selection of state
bridges in task 3.
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Bridge Condition

The condition rating of a bridge represents the GDKridge inspector’s
assessment of the overall condition of the stretsuprimary components. In this study,
bridges with moderate condition ratings, typicd@lly, were selected. Highly deteriorated
structures such as those with condition assessiegats below 4 were not chosen
because, by definition, they suffer from significdeterioration that must be addressed in
the immediate future. As such, these highly detated bridges would need to be posted
or repaired and are unlikely to benefit from ameél rating procedure. At the opposite
end of the scale, bridges in very good conditionewet selected either, as they typically
are new structures that were designed to moderhl®els and are unlikely to require
posting. Moreover, any evaluation procedure isetigpped for moderately deteriorated
bridges would also be applicable to those bridgeseatly in good condition and
designed to the same standards.

Accessibility and Ease of Instrumentation

The screening of the GDOT bridge inventory basedswuctural type, age,
material, design load and condition rating led taridge population that was still far too
large to conduct an in-depth analysis of each efnth Thus, a series of secondary
criteria was employed to narrow the selections teeaageable number of bridges. First,
all bridges that spanned interstates, railroadgeoy large rivers were eliminated due to
the inaccessibility of their superstructure or sugure for field instrumentation without
special equipment. Second, all bridges that haah bédened or otherwise maodified by
adding different types of girders or materials (eFRP) were eliminated from
consideration; many of these bridges were T-bednforeed concrete bridges that had
been widened using additional pre-stressed girddPge-stressed concrete box girder
bridge were also eliminated as these represenaetiqally small portion of the state
bridges, and are difficult to instrument and loasttproperly. Finally, candidate
bridges for analysis and diagnostic testing wergtdéid to those within approximately 50
miles of Atlanta (and each other) in order to pdevgreater efficiency in the load testing
and inspection process.

B.3 SELECTED SAMPLE BRIDGES FOR TESTING AND ANALYSIS

Approximately twenty (20) bridges were selectedtastative candidates by
screening GDOT database according to above meutioriteria. Following a site visit
to each of these bridges and a review of theie&snand testability with State bridge
maintenance engineering staff, four bridges wenally identified for diagnostic load
testing and further in-depth analysis. They are:

Reinforced concrete bridge — straight approachd(xilD: 129-0045)
Reinforced concrete bridge — skewed approach (Britg 015-0108)
Pre-stressed concrete girder bridge (Bridge ID-@234), and

Steel girder bridge (Bridge ID: 085-0018)

Details of the bridge structural systems and of tdsting program, including
instrumentation, load testing and post-assessnighedest measurements can be found
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in the Task 2 repoft.Independent ratings of these four bridges wenelgoted in Task 1
to verify that the discrepancies between diffenating methods revealed in the States
survey might exist for bridges in the Georgia ineey, and to determine the sources of
the differences observed. The detailed rating ¢aticuns for the four bridges can be
found in the Appendices C, D, E and F of this repespectively. The following
sections provide general descriptions of these lioidges

B.3.1 Reinforced Concrete Bridge — Straight Approal (ID: 129-0045)

Figure B.8 Straight T-Beam Bridge (ID: 129-0045, Galon County)

This reinforced concrete T-beam bridge (Figure)Bc@rries SR 156 over
Oothkalooga Creek, was designed using A%&SHTO 1953 specificatiofor H-15
loading, and was built in 1957. It is located oniée west of Calhoun, GA in Gordon
County. SR 156 is a two-lane road. The bridgedigist spans, seven of which are 40 ft
(12.19 m) and one (over the channel) 45 ft (13.7 e girders are 18 %2 in X 24 % in
(46.99 cm x 62.87 cm), except for the long spancvlig 31 % in, and are spaced 7.2 ft
(2.19 m) apart. The bridge has a deck width 08 32(9.85 m) and a road way width of
25.7 ft (7.83 m). The bridge carries an ADTT oB45The concrete deck has a condition
rating of five, the supporting reinforced concr&teeam superstructure is rated at seven,
and the concrete bent and pier substructure agd edtsix. The latest inspection report
indicates that all caps have minor hairline cragkend that several areas of exposed cap
reinforcement are present. All beams are repabedhow signs of typical flexural
cracking. The entire deck has moderate surfaceridedtion, scaling, and cracking. It
has also been repaired in several notably badosecti The bridge had not been posted,
but had been scheduled for replacement in 2008.

B. 3.2 Reinforced Concrete Bridge — Skewed ApproadiiD: 015-0108)
This 12-span structure over a long flood plain ancreek carries Old Alabama

Rd. over Pumpkinvine Creek 3.7 miles south of Gavile, GA in Bartow County. The
two-lane bridge structure (Figure B.9) has a skéwOdegrees and an ADTT of 709,

2 O’'Malley, C., N. Wang, B. R. Ellingwood and A.-Huieick (2007). Condition assessment of
existing bridge structures: Report of Task 2 angkTa - Bridge Analysis and Load Testing
Program. GDOT Project RP07-01, August, 2009/ftp.dot.state.ga.us/DOTFTP/Anonymous-
Public/Research_Projecks/
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and was designed using tARASHTO 1977 specificatiofigr HS-20 loading and dates to
1979. The eleven spans over the flood plain argechby 40-ft (12.19 m) reinforced
concrete T-beams. The 70-ft (21.34 m) span owechttannel is supported by AASHTO
type Il pre-stressed concrete girders. The curkmidge ratings for substructure,
superstructure, and deck are 6, 6, and 7 respbgtaed the bridge is posted for three
truck loads: H (21 tons), Tandem (19 tons), and [(@ytons). There is minor cracking
and spalling in a number of the bents and abutmastwell as in the T-beams, but none
is in need of immediate repair.

Figure B. 9 Skew T-Beam Bridge (ID: 015-0108, Bart@ County)
B.3.3 Pre-stressed Concrete Girder Bridge (ID: 228034)

This bridge carries State Route 120 over Little Pkimvine Ceek approximately
5 miles south of Dallas in Paulding County GA. wis designed using the AASHTO
1989 for HS-20 loading specifications and was goietéd in 1992. The main structural
system consists of pre-stressed concrete |-Bearaisgeed in four simply supported spans.
The bridge is 216 ft (65.8 m) long and is comprisédwo 40-ft (12.2-m) Type Il pre-
stressed |-girder spans and two 68-ft (20.7-m) TNpprestressed I-girder spans. The
centerline of the bridge is essentially perpendictd the girder supports. The bridge has
a deck width of 43% ft (13.2 m) and a roadway widlt40 ft (12.2 m). The 68-ft (20.7-
m) spans are comprised of five type Il | girddnattare composite with thet9in (232
mm) thick slab (Figure B. 10). The bridge is inodocondition, with substructure,
superstructure and deck condition numbers of MdB 7A@ respectively. It is not posted.
The ADT is 6550.

Figure B. 10  Pre-Stress Bridges (ID: 223-0034, Plging County)
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B.3.4 Steel Girder Bridge (ID: 085-0018)

Figure B. 11  Steel Girder Bridge (ID: 085-0018, Dason County)

This bridge carries SR 136 over the Etowah Rivémbiles east of Dawsonville,
Georgia, in Dawson County. It was designed usivegAASHTO 1961 specification,
with interim revisions through 1963 for H-15 loagjrand was constructed in 1965. The
bridge is 196 ft ( 59.7 m) long and its four 4912.2 m) spans are supported by four
steel girders spaced at 8 ft on centers; the twia fgirders are W33x118, while the two
interior girders are W33x130, with a full-deptiaghragm located at mid-span (Figure
B. 11). The two-lane bridge has a (hon-compositeicrete deck, with overall width of
32 ft (9.75 m) and a roadway width of 26 ft (7.92 mThe centerline of the bridge is
perpendicular to the girder supports. The bridgs last inspected on June 30, 2005, and
at that time the deck and substructure both wesigmed a condition assessment rating of
6. The inspection report indicates that there palling, aggregate exposure, and
transverse cracking in the deck in all spans. bhdge was determined to require
posting, and has been posted for a 21-ton H loado2 HS load, 23-ton Tandem load,
32-ton 3-S-2 load, and 27-ton Log load. The pilage minor pitting and the beams have
minor deflections. The bridge carries an ADTT 802
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Rating of a Straight Cast-in-Place
Reinforce Concrete T-beam Bridge
(GDOT BRIDGE ID # 129-0045)

Example C1:

Rating by the Allowable Stress Method (ASR) Using dad
Distribution and Dynamic Allowance Factors Stipulaied by
AASHTO Standard Specifications for Highway Bridges(tAASHTO, 2002).
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C1-1 Basic Geometry and Bridge Information

1

O

0.549 KIPS/

|_| / CONST. JT.

GDOT PARAPET

FT

26’

[0

-~
j"_s /~NO. 4 BARS

T L) :lmt' 2’ CcL (
119 e—gile - 2 NO. 11 BARS
J—z r-ug 2 J“é e 77][4 NO- 11 BaRS 2 NO. 10 BARS
. “_ _— SFC 4 NO. 11 BARS o 4 NO. 11 BARS

k—2'-5 2'-9* 7i-g* 7'-p* o 7r-p" - T—
27

Figure C1-1.1 Bridge Cross Section at Mid-span

40"

f-1"=—1" STIRRUP SPACING (7')—

1'-6" STIRRUP SPACING <127

-5

N4 D1t BARS 2

NO. 11 BARS

(BOTTOMY CTORY

\—2 NO. 10 BARS
(TOP>

Figure C1-1.2 Exterior Girder Details

A1 =—1" STIRRUP SPACING (7")—

1'-6" STIRRUP SPACING <127

40

26

4 NO. 11 BARS
CBOTTOM>

2 NO. 11 BARS
<TOP)Y

"N—2 NO. 11 BARS
aToP>

Figure C1-1.3 Interior Girder Details

Concrete strengthf , = 2.5ksi

Unit weight of concretewc = 0.15kips/ft3

Weight per ft of standard GDoT parapet and sidewalfor = 0.549kips/ft

C-2
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C1-2 LOADS

C1-2.1 Permanent Loads

As per Article 3.23.2.3.1 of AASHTO Standard Spieeiions for Highway Bridges (AASHTO, 2002)
the dead load supported by the outside stringeloeams shall be the portion of the floor slab earby
the stringer or beam. Curbs, railings, and weasingaces if placed after the slab has cured, reay b
distributed equally to all roadway girders.

C1-2.1.1 Interior girder loads

Weight per linear foot of the reinforced concrdébs= %%].17) (0.1D) = 0.538 k/ft

oagg 2N

Weight per linear foot of cast-in-place beams :(0.150) = 0.476 k/ft
+ 144 144
+ ,
(2)(0.549
Weight of parapet, rail and sidewalk assemb#y——i =0.275 k/ft
Since there is no wearing surface present on tldgéyrDW =0
Total dead load for interior beam = 1.29 k/ft

C1-2.1.2 Exterior girder loads

Weight per linear foot of the reinforced concrdsbs= ?%%(%3.33) (0.150 = 0.475 K/t
) MN@*
H249(19 % 5
Weight per linear foot of cast-in-place beams- (0.150) =0.476 k/ft
+ 144 144 ,
t+ o
(2)(0.54
Weight of parapet, rail and sidewalk assembly—-i =0.275 k/ft
Since there is no wearing surface present on idgdrDW =0
Total dead load for exterior beam =1.23 kit
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C1-2.2 Vehicular Live Load

The design vehicular live load on the
bridge consists of AASHTO HS20 truck
with the spacing between the two 32-kip
rear-axle loads to be varied from 14 ft to
30 ft to produce extreme force effects.
The HS 20 truck is shown below. B0 KE 320 KIP 320 Kip

i-0" | 4-0" 10 30"

Figure C-2.1 AASHTO HS20 Truck
C1-3 Dynamic Load Allowance

Article 3.8.2.1 of the AASHTO Standard Specificasdor Highway Bridges (AASHTO, 2002), the
dynamic load allowance is taken as:

| = 50 __ S0 =0.305£ 03
L+125 39+ 125

Where:
| = impact factor (maximum 30 percent)
L = length in feet of the portion of the span tisabaded to produce the maximum stress in the reemb

C1-4 Live Load Distribution Factors

C1-4.1 Moment distribution factors

C1-4.2.1 Distribution Factor fanomentin interior longitudinal beams

As per Table 3.23.1 of AASHTO Standard Specifiaaifor Highway Bridges (AASHTO, 2002), the
distribution factors for moment in interior and exor beams are computed as:

C1-4.2.1 Distribution Factor fanomentin exterior longitudinal beams

Using the structure shown in Figure C1.4.1 the mutrdestribution factor is calculated by computimg t
reaction at g, but not taken less than (Article 3.23.2.3.1 AASHZ002):

S . 717 _ .,
4.0+0.2%8 4 0.26 7.1y
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o

B

k—zjzsf: l 7AT

Re I Ra
Figure C1-4.1 Exterior Girder Moment Distribution F actor

" M,=0
Ry (7.17)- P(7.299 P( 1.295 0.
R, =1.198P

Thus, the distribution factor for moment in an extebeam is:

DFM =1.24

C1-4.2 Shear distribution factors

C1-4.2.1 Distribution Factor f@hearin interior longitudinal beams

Article 3.23.1.2 of the AASHTO Standard Specifioat for Highway Bridges (AASHTO, 2002)
stipulates that:
“Lateral distribution of the wheel loads at endghaf beams or stringer shall be that produced by
assuming the floors to act as a simple span betsig@gers or beams. For wheels or axels in
other positions on the span, the distribution faas shall be determined by the method
prescribed for moment.”

Therefore, by modeling the deck as a series af sgnply supported beams between the girders, as
shown in Figures C1.4.2, the shear distributiondia(DFS) is computing by calculating the reactitin

P P
1.171t —A—iint
Pllm % 7.17ft % 7.171t
RA

Rg=1.605P Rc
Figure C1-4.2 Interior Girder Shear Distribution Factor

Aft B>

&
>g
G T

-
%
%

S e

DFS = 1.605 for wheel loads at beam ends
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C1-4.2.2 Distribution Factor f@hearin exterior longitudinal beams

Using the structure shown in Figure C1.4.1 the sHistribution factor is calculated by computing th
reaction at R

Thus, the distribution factor for shear in an extebeam is:

DFS=1.198

C1-4.2 Summary of distribution factors

Table C1-4.1 Distribution Factors

Action Interior Beam Exterior Beam
Bending Moment 1.195 1.24
Shear 1.605 1.198

C1-5 Flexural Analysis

C1-5.1 Maximum live load bending moment

A rudimentary structural analysis of a simply suped beam subjected to a vehicular load having two
rear axles and one front axle as shown in Figur®.CEhows that the absolute maximum moment occurs
under the middle axle when such an axle is posticat a distance of 2.33 ft to the left of the beam
centerline.

By applying the dynamic allowance factor and treribution factor for moment of interior beams, we
can then compute the maximum live load under tHeviing loads:

IM(DFM)P IM(DFM)P
LA
IM(DFM)P/4 2.33 ft -
347 ft 14 ft L a1t 7.83 ft»
Location of maximum
moment
- 1684ft— s . 233t
« 195 ft e« 195ft

Figure C1-5.1 Max Live Load Moment
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C1-5.2.1 Maximum live load moment for an interi@alm

With P = 16 kips,DFM =1.195, and IM =1.30,M , ,,, can be computed at the location of the
maximum live load moment (‘at 17.17 ft from the Ripport) to be:
M, . =335.6k- ft

Live load moment (at midspan):
M m =320.5k - ft
C1-5.2.2 Maximum live load moment for an exterieam

With P = 16 kips,DFM =1.24, and IM =1.30,M, ,, can be computed at the location of the
maximum live load moment (at 17.17 ft from the Ripport) to be:

M, .y =348.2k- ft

Live load moment (at midspan):
M o =332.6k- ft

C1-5.2 Maximum dead load moment

C1-5.2.1 Maximum dead load moment for an interiear

1.29 Kk/ft
/’

25.16 Kips 25.16 kips

[y

301 4
Figure C1-5.3 Interior Girder Dead Load Moment

The dead load moment at the location where thddigd produces the maximum effect is

M, =25.16(17.17} 1.2 7'217f= 24119 ft

The dead load moment at midspan is:

2
Mo —120CY a5z 1
8
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C1-5.2.2 Maximum dead load moment for an exterearb

1.23 k/ft
/’

)
Figure C1-5.4 Exterior Girder Dead Load Moment

Y

The dead load moment at the location where thedad produces the maximum effect is

M, =23.99(17.17} 1.2 7'217)2= 2306 ft

The dead load moment at midspan is:

2
M (o) 12359 - 5339 1
8

C1-6 Shear Force Analysis

Based on the shear reinforcement details of thdgbrgirders, it is necessary to perform sheargatin
calculations of the bridge at two locations alooghithe interior and exterior girders. These twbaal
locations as stipulated in Article 8.15.5.1.4 of BIATO Standard Specifications for Highway Bridges
(AASHTO, 2002) are:

At d/2 from either support
At 7.5’ from either support at which the stirrupaspg changes from 12" to 18~

C1-6.1 Interior Beam Shear Analysis

C1-6.1.1 Interior beam maximum live load sheardantd/2

' . : C d_22 .
The first critical location for the interior girdes located atE =—— =1.11 ft from the support. Article

8.16.6.1.2 of the AASHTO Standard SpecificationrsH@hway Bridges (AASHTO, 2002) states that the
shear at any point between d = 2.22 ft and the@ugpould be designed for the shear computed-at d
2.22 ft plus the full weight of any concentratedddetween d = 2.22 ft and the support. Therdfae
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maximum live load shear force is computed at tleation of interest9 :2'—22 = 1.11 ft from the

support as per the shear influence line showngarei C1-6.1.

At %22722 = 1.11 ft; the length of the portion of the spart ikdoaded to produce the maximum stress

in the member is L = 39-1.11=37.89 ft thus:

IM =1+I :1+5—0 =1.31£1.3
(37.89)1+ 125
Use IM =1.30
IM(DFM)P = 24.86 kips IM(DFM)P = 24.86 kips

l IM(DFM)P/4 = 6.21 kips

| : |
e =

L. 0.943

di2 = 1.11 ft le—!

-0.057

d=2.221t

A

——————— 15.11 ft ———|

< 29.11 1t

9.89 ft ———

A 4
A

< L=39ft >
Figure C1-6.1 Shear Influence Line Diagram
Viszo(1.11) = 24.86+( 24.8H 0.633( 6.1 0.264 4ips

C1-6.1.2 Interior beam dead load shear force at d/2

As stated in section C1-6.1.1 since the dead Isaddistributed load the shear—%\tzz'Tzz =1.11ftis

taken as the shear computed at a distance d =tZrd#h the support.

Vp(1.11)=1.29419.5 1.0 23.Rps
V,(2.22)=1.2419.5 222 22.Rips
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C1-6.1.3 Interior beam live load shear force atf7ffom the support

An influence line analysis shown in Figure C1-&2ised to compute the shear force at 7.5 ft fr@am th
support where the stirrup spacing changes frontd28".

At 7.5ft from the support; the length of the pontiof the span that is loaded to produce the maximum
stress in the member is L = 39-7.5=31.5 ft thus:

IM =1+1 :1+L =1.32£1.3
(31.5)+ 125
UseIM=1.3
IM(DFM)P = 24.86 kips IM(DFM)P = 24.86 kips

IM(DFM)P/4 = 6.21 kips

'0.808

-0.192
—— 7.5 ft —»
< 2151t >
< 35.5ft »e—3.5 ft —
< L=39ft »>

Figure C1-6.2 Shear Influence Line Diagram
Viso(7.5) =(24.89( 0.80B+( 24.86 0.4%9( 6)41 0)09 Ips

C1-6.1.4 Interior beam dead load shear force aft 7tbm the support

Vo (7.5)=1.2919.5 75 15.4dps

C1-6.2 Exterior Beam Shear Analysis

C1-6.2.1 Exterior beam maximum live load sheardorc

: . 2.1 . .
The exterior beam shear force due to live Ioa%atT = 1.07 ft from the support is computed in a

manner similar to that presented in Section C116.1.

C-10
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At % =1.07 ft; the length of the portion of the span tisdbaded to produce the maximum stress in the

member is L = 39-1.07 = 37.93 ft thus:

50
M =1+l =1+———— =1.31£1.3
(37.93%+ 125
UseIM=1.3
IM(DFM)P = 25.79 kips IM(DFM)P = 25.79 kips
IM(DFM)P/4 = 6.45 kips

| | | @
ol : |
©oL__ 0945 | |
~N LTSS | |
) | |
! 10.614 !
| | |
] ] ]

' ! 10.255
d/2 = 1.07ft (e : |
-0.055
d=2.141ft «—— 1507ft ——
< 29.07 ft >l 9.93ft —————pf
< L=39ft >

Figure C1-6.3 Shear Influence Line Diagram
Vis20(1.07) = 25.79+( 25.7% 0.6)4( 636 0255 4B

C1-6.2.2 Exterior beam dead load shear force at d/2

The exterior beam shear force due to dead Ioagal atz'—214 = 1.07 ft is computed in a similar manner to

that presented in Section C1-6.1.1, and takeneashbar computed at a distance d = 2.17 ft.

V,(1.07)=1.24 195 1.0 22.&ips
Vp(2.14)=1.28 195 2.4 21.Rfps

C1-6.2.3 Exterior beam live load shear force afff7ffdm the support

The exterior girder shear due to live load at 7fBoim the support is computed in the same manner
presented in Section C1-6.1.3.

Vyis20(7-5) = 33.%ips

C-11
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C1-6.2.4 Exterior beam dead load shear force &ft rdm the support

The exterior girder shear due to dead load att#rérh the support is computed in the same manner
presented in Section C1-6.1.4.

Vp(7.5)=1.2319.5 7.5 14.Kps

C1-7 Load Combination
C1-7.1 Interior Girder

Table C1-7.1 shows that the governing moment l@pdase occurs at the maximum live load moment
location (17.17 ft from the support).

Table C1-7.1 Interior Girder Load Combinations

Moment at 19.5 ft
from support

Moment at 17.17 ft
from support

M 320.5 k-ft 335.6 k-ft
M, 245.3 k-ft 241.9 k-ft
Mo+ My 565.8 k-ft 577.5 k-ft

C1-7.2 Exterior Girder

Table C1-7.2 shows that the governing moment lgadase occurs at the maximum live load moment
location (17.17 ft from the support).

Table C1-7.2 Exterior Girder Load Combinations

Moment at 19.5 ft Moment at 17.17 ft from
from support support
M om 332.6 k-ft 348.2 k-ft
Mo, 233.9 k-ft 230.6 k-ft
Mo+ M| 565.5 k-ft 578.8 k-ft

C-12
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C1-8 Member Capacity

C1-8.1 Interior Girders

71_8# T
#3 BARS

L.
B 7 _—#4 BARS
WY - - - - |
A

6" — AN 7

b 5#
2'-2x

BR8S =

—2'-10"— 1'-6"o

N

Figure C1-8.1 Member Dimensions

Effective flange width
Article 8.10.1.1 of AASHTO Standard Specificatidns Highway Bridges (AASHTO, 2002):
The effective flange width is limited to the smatlef one-forth the span length, six times the

slab thickness or half the distance to the adjagieders, as per. Thu$, =86in

Distance from the extreme compression fiber toreghof tension reinforcemerd = 26.59n
Concrete strengtHf, = 2.5Kksi

Steel reinforcement yield strength = 40ksi

Stirrup areaA , = 2A,, = 0.4n°

Stirrup spacingS =12in

Shear widtlb, =18n

Angle of inclination of Diagonal Compression Stress p/4

Table C1-8.1 Longitudinal Steel Layer Details

Layer As | Depth from top of slab to center
(in®) | of each reinforcement layer

1*' layer of Steel includes 5 #4 bars 10 2.375

2" layer of Steel includes 5 #4 bars 1)0 4.125

37 layer of Steel includes 4 #11 bars 6,24 25.885

4" layer of Steel includes 4 #11 bars 6,24 27.295
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Flexural strength of the reinforced concrete menshemwn in Figure C1-8.1 is performed in Table C2-8.

in accordance with Article 8.15.3 of AASHTO Standi&@pecification for Highway Bridge Design,
(AASHTO, 2002). In such analysis the contributairreinforcing steel layer 1 and 2 found in table-C
8.1 is neglected due to the fact that it only ptegi an increase in member capacity of 0.6 percent.

Table C1-8.2 Interior girder capacity calculation

b=0.85 forf', £4ksi

Vepr =V, +V, =55.9 kips

Inventory | “~ gsf ph, 851 .8% 8p = o
vento b, ~ 859 5§
f, = 20 ksi a=bc=.85(4.017)= 3.4% in
f'. = 1.0ksi
Moy =AS, 5 - 2 %%: 517.6k- ft
Flexure oA AASHTO
MCE 2000
c= Y = =3.70 in<t=6
_ .85f_bh, .85 1.5 .8% 8p
Operating | .
n
Level
fy = 28 ksi a=cb=3187in
fc=1.5Kksi " $1
a
M =A - — = 727.9 kip-ft
OPR Jy?/é 2 % p
V. =095./f b, d =22.7 kips
Inventory
Level
A f.d
Shear (d/2) v, =y co$) _.- (ips
_ f, = 20 ksi S
Ayy=2i0rf f.=2.5Kksi
A, =2A,, =4 V,w =V. +V,.=40.4 kips
v in2#4 INV c s p AASHTO
—ol4 MCE 2000
azp D.6.6.2.4.
S=12in ' V, =13,/f_b,d=31.1 kips
b, =18 in Operating
d = 26.59 in Level Af.d
VS :LOI(@ =24.8 k|pS
f, = 28 ksi
f'.=25Kksi
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V. =095/f b,d =22.7 kips
Inventory
Shear (7.5) Level A, d cots) _
V,=—— " =11.5kips
f, = 20 ksi
Au= 2irf fe=2.5Kksi ~ ~ .
Vi =V, +V,=34.2k
A, =2A,, =. W Te s P AASHTO
in? MCE 2000
=pl4, D.6.6.2.4.
2258 i V, =13,/f_b,d=31.1 kips
b =18in Operating
v Level
d=26.59in eve V, = Avfydcm($) =16.5 kips
f, = 28 ksi
f o= 2.5 ksi _
Vopr =V, +V, =47.6 kips
C1-8.2 Exterior Girders
6'~4"
#5 BARS
14
6" !r o #4 BARS
j ?I——n—ﬂ [ ;/- i
X
1’ x _1

¢
8 8 ‘L

2’-10" 1’'-6" 2’

Figure C1-8.2 Member Dimensions
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Effective flange width
Article 8.10.1.1 of AASHTO Standard Specificatidos Highway Bridges (AASHTO, 2002):
The effective flange width is limited to the smatlef one-forth the span length, six times the slab

thickness or half the distance to the adjacenegidas per. Thud, = 76in

Distance from the extreme compression fiber toroghbf tension reinforcemerd = 25.70n
Flexural steel ared\, =11.9in

Concrete strengtHf, = 2.5ksi

Steel reinforcement yield strength = 40ksi

Stirrup areaA, = 2A,, = 0.4n?

Stirrup spacingS =12in

Shear widtlb, =18n

Angle of inclination of Diagonal Compression Stregs p /4

Table C1-8.3 Exterior girder capacity calculation

b=0.85 forf', £4ksi

A, 11.9( 20 _
c= - = =4.334 in
Inventory .85f.bb, .85 ) .8% 7§
Level <t=6in

fy=20ksi | a= bc=.85(4.334)= 3.68 in

. = 1.0ksi
Moy =AS, 5 - 2 %}2: 473.2k- ft
Flexure I AASHTO MCE
2000 D.6.6.2.3
. Af, _ 12.49 2§ C10E
_ .85f bb, .85 1.5 .8% 7p
Operating in<t=6in
Level
fy = 28 ksi a=cb=3.4FBin
ffc=1.5ksi

Mopn =A T 50 - 2(%}2: 665.9 kip-ft
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V. =095/f.b,d =21.97 kips

Inventory
Level
Shear (d/2) V, _Af,d cot$) cot($) =17.13 kips
_ f, = 20 ksi
Ag=.2rf f'e= 2.5 ksi _
A,=2A,, =4 Viw =V, +V,=39.1kips
in2 AASHTO MCE
q=p/4, 2000 D.6.6.2.4,
S=12in V, =13,/f_b,d =30.07 kips
b, =18in Operating ¢ o
d=25.7in Level A f dcol$
V :L() =23.97 kips
f, = 28 ksi
f'.=2.5ksi _
Vopr =V, +V, =54 kips
V. =095/f.b,d =21.97 kips
Inventory
Level
Shear (7.5’ A.f,d cot$ -
(7.5) V =y—t() =11.42 kips
_ f, = 20 ksi S
Aw=.20iF | ¢ =25ksi
A,=2A,, =4 Vi =V, +V, =33.4kips
in2 AASHTO MCE
q=p/4, 2000 D.6.6.2.4,
S=18in _ V, =13/f b,d =30.07 kips
b,=18in Operating
d=25.69in Level A f.dcot($
V, =Ll() =15.99 kips
f, = 28 ksi S
f'.= 2.5 ksi

Veps =V, +V, =46.1 kips
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C1-9 Rating Calculation (ASR)

C1-9.1 ASR for HS20 Vehicle

Table C1-9.1 Allowable Stress Rating (ASR) Calculain for HS20 (Using the dynamic load
allowance and load distribution factors stipulatedin the AASHTO Standard Specifications
for Highway Bridges (AASHTO, 2002))

Inventory RE = M- My _ 517.6- 241'9=0.82 9.5 tons
Flexure Level M om 335.6
(Interior girder) Operating RE = Mopr- M _ 727.9- 241.9_1 45
eral Mo 3356 . 52.2 tons
Inventory RF = My - My = 473.2- 230'6=o_7o 25.2 tons
Flexure Level M am 348.2 '
(Exterior girder) Operating RE = Mopr- My — 665.9- 230'6:1 25 | 45.0 tons
Level M Lo 348.2 ' '
Inventory RF = Vinw = Vo = 40.4- 22'29=O.44 15.8 tons
Shear at d/2 Level Vis20 41.7
Interior Gird
(Interior Girder) Operating RF = Yo = Vo 999" 22.29_ o) 29.2 tons
Level Viiszo 41.7
Inventory RE :va - Vp, _ 39.1- 21.35:0_41 14.8 tong
Shear at d/2 Level Vaszo 433
(Exterior Girder) Operating RE = Vi - Voo _54- 21.3520_75 270 tons
Level Visoo 43.3
Inventory RE = Vi = Vo _34.2- 15'4820 59 21.2 tons
Level V 1. ' '
Shear at 7.5 ft nez -~
Interior Girder
( : Operating RE =Y ™ Vo _47.6-1548_) ) 1 og 4 tons
Level Viis00 31.8
Inventory RF = Vinw = Vou = 33.4- 14'76=O 56 20.2 tons
Level V 33.0 ' '
Shear at 7.5 ft Hezo
Exterior Girder
( ) Operating rE = Viw - Vo _46.1- 14.76_ 34.2 tons
Level Viieno 33.0 ' '
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C1-9.2 ASR for GA HS20-Mod Vehicle

The HS20-Mod axel loads are 14 kips, 23 kips, eh#ligs; each spaced 14 feet apart. The resulting
maximum live load shear force is 32.8 kips.

Table C1-9.1 Allowable Stress Rating (ASR) Calculain for GA HS20-Mod (Using the
dynamic load allowance and load distribution factos stipulated in the AASHTO Standard
Specifications for Highway Bridges (AASHTO, 2002))

|nvent0ry RE =VINV - VDL - 39.1- 21.35
Level Viier 32.8

=0.54 19.4 tong
Shear at d/2
(Exterior Girder)

Operating mp = Viw - Vo _54- 21.35

=1.00 36.0 tons
Level Viis20 32.8 -
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Example C2:

Rating by the Load Factor Method (LFR) Using Load Dstribution and
Dynamic Allowance Factors Stipulated by theAASHTO Standard
Specifications for Highway Bridges(tAASHTO, 2002).
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C2-1 Analysis

C2-1.1 Maximum live load Bending Moment

C2-1.1.1 Interior beam

Table C2-1.1 Interior Beam Load Combinations (compted in Section C1-6)

Moment at 19.5 ft
from support

Moment at 17.17 ft
from support

M, 320.5 k-ft 335.6 k-ft
M, 245.3 k-ft 241.9 k-ft
Mo+ M, 565.8 k-ft 577.5 k-ft

C2-1.1.2 Exterior beam

Table C2-1.2 Exterior Beam Load Combinations (compted in Section C1-6)

Moment at 19.5 ft Moment at 17.17 ft from
from support support
M om 332.6 k-ft 348.2 k-ft
My, 233.9 k-ft 230.6 k-ft
Mo+ M 565.5 k-ft 578.8 k-ft

C2-1.2 Shear Analysis

C2-1.2.1 Interior beam

Table C2-1.3 Interior beam shear forces (Computechi Section C1-6)

Location (from supports) Vem 4
d/2 = 1.11ft 41.7 kips 22.29 kips
7.51t 31.8 kips 15.48 kips

C2-1.2.2 Exterior beam

Table C2-1.4 Exterior beam shear forces (ComputechiSection C1-6)

Location (from supports) Vom \
d/2 =1.11ft 43.3 kips 21.35 kips
7.5 ft 33.0 kips 14.76 kips
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C2-2 Member Capacity

C2-2.1 Interior Beam

Table C2-2.1 Interior beam capacity calculation

b=0.85 forf', £4ksi
Af 12.49 4
c=——Y = d Q =324 in<t=61in
.85f bh, .85 2.5 .8% 8p
Flexure AASHTO
¢ a0 ks a=bc=.85(3.214)= 2.73 in MCE 2000
y = Si
y = TOKSE 4 asl D.6.6.2.3
f'c = 2.5Kksi M =A i
AL 2 %
# 2.732$ 1
=12.49 405,26.59 =" %-=  104R- ft
g 49% 2 (B
V, =0.03160,/f. b, d
=0.0314 3 2.§ 1B 26.58 4&Bs
Shear V, _Afd cot($) AASHTO
S MCE 2000
(d/2) $ D.6.6.2.4.
0.4( 40) 26.590(3% A
= ( =35.%ips
12
V=V, +V,=47.9 + 35.5 = 83.3 kips
V, =0.03160,/f. b,d
=0.0314 3 2.§ 1B 26.58 4&Bs
Shear . AASHTO
MCE 2000
0.4(40( 26.59 ¢
(7.5 ff) v = Afdeot(q) _ (49(26.59 %( 8;23.6 D.6.6.2.4.
° S 18
V.=V, +V = 47.9 + 23.7 = 71.4 kips
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C2-2.2 Exterior Beam

Table C2-2.2 Exterior beam capacity calculation

b=0.85 forf', £4ksi
Af 11.9 4
c=——Y = 9( () =3.467 in<t=6in
.85f bh, .85 2.5 .8% 7p
Flexure AASHTO
a=bc=.85(3.467)= 2.9%4 in MCE 2000
f'. = 2.5ksi M =A = T
AL 2( %
# 29473 1
=11.9( 400425.7 ——— "g—= 96k- ft
V, =0.0316b,/f, h,d
=0.0316 3 2.§ 1B 25.7 46dps
Shear o s AASHTO
MCE 2000
(d/2) Afd cot($) 0.4(49) 25'7‘:09’%( & _ D.6.6.2.4.
V, = = =34.3 kips
S 12
V, =V +V = 46.2 + 34.4 = 80.5 kips
V, =0.03160,/f. b,d
=0.0314 3+ 2.§ 1B 25.% 46dps
Shear . AASHTO
MCE 2000
(7.5 1) A, f,dcot(q) 0.4(49(25.7 C%( & , D.6.6.2.4.
V, = = =22.8 kips
S 18
V, =V, +V,=46.2 + 22.8 = 69.0 kips
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C2-3 Rating Calculation (LFR)

Table C2-3.1 Load Factor Rating (LFR) Calculation br HS20 (Using the

dynamic load allowance and load distribution factos stipulated in the

AASHTO Standard Specifications for Highway Bridges(AASHTO, 2002))

Inventory
Level ‘M. - 0.9(1049- 1.3 241.
_JM,-g M, _09(1049- 1.§ 2414
— RF = = =0.87 | 31.3t
(Il:IfXL'”‘e gDC _13 gLLMLLHM 217( 3356 o
nterior =
_ g, =217
d
girder) Operating
- Level 'M_-g ..M, 09(1049- 1.3 241.
=09 0 =13 RE=/"n"9 ocMp _ (1049 4 )4=1.44 51.8 tons
be o M 1.3(335.9
gLL =L
Inventory
Level _ M, -g M, _0.9(96)- 1.3 230.6p
Flexure Ioc =1.3 RF= g M, . 2.17(348.2 =075 | 2r.0tons
(Exterior g, =217 o
ird
girder) Operating
- Level ™M _- M 0.9(961- 1.3 230.6
F=09 O =1.3 RF=—"n GocVo — ( ]) :{ p=1-25 45.0 tons
pe 13 M im 1'3(348'3
gLL =L
Inventory
Level V. - \V/ 0.85(83.3- 1.8 22.2
Shear 9. =1.3 RF="Yn"9ocVoL - (839- 1% p=O.46 16.6 tons
(lnterior gDC_ 2 17 gLLVHSZO 217( 41?
Gird o
irder) Operating
(dr2) Level V. Vv, _085(83.3- 1.8 22.2p
f =085 g ~13 RF = n "9 ocVoL - . : : =0.77 27.7 tons
bC 13 gLLVHSZO 13( 413
gLL =L
Inventory
Level V. - \V/ 0.85(80.5- 1.3 21.3
Shear 9. =1.3 RF="Yn"9ocVoL _ (80.9- 1.¢ )5=O.43 15.5 tons
(Exterior gDC— 2.17 ez 2.17( 43.3
Gird o
irder) Operating
(dr2) Level Y Vv, _085(80.9- 1.8 21.3p
f =0.85 g ~13 RF = n "9 bcVoL - ’ : =072 25.9 tons
DC 13 gLLVHSZO 13( 433
gLL =L
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Inventory
Level N -g ooV, 0.85(71.9- 1.3 15.48
Shear Ooc =1.3 RF = Vv = 2.17(31.9 =0.59 | 21.2 tons
: g . .
(Interior LLTHS20
: g, =217
Girder) :
(7.5 ft) OpLeratlng
=085 evel rE = Vo GocVo 0.85(71.4- 1.% 15.4)8_o 08 | a5a1
= - = =0. .3 tons
Opc =1.3 AN 1.3( 31-8
g, =13
Inventory
Level V-9, Vs, _0.85(69.0- 1.8 14.7p
Shear Ooc =1.3 RF = Y = 2.17(33.) =0.55 | 19.8 tons
. g . .
(Exterior LL THS20
: g, =217
Girder) 5 7
S I
f=0.85 | Re= Ny -G ocVo _0.85(69.0- 1.8 14.7)5:0_92 1 tons
Foc == I Veszo 1.3(33.9
g, =13
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Example C3:

Rating by the Load and Resistance Factor Method (LRR) Using
Load Distribution and Dynamic Allowance Factors Stpulated by
the AASHTO LRFD Specificationg2007).
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C3-1 Dynamic Load Allowance

From Table 3.6.2.1 of the AASHTO LRFD Bridge Destgpecifications (AASHTO, 2007), the dynamic
load allowance is taken as 33%. Thus, the dynamaid factor to be applied to the static load is:

A+I—Mq$ 33

C3-2 Live Load Distribution Factors

C3-2.1 Interior Beams

C3-2.1.1 Distribution Factor fanomentin interior longitudinal beams

As per Table 4.6.2.2.2b-1 of AASHTO LRFD Bridge @esSpecifications (AASHTO, 2007), the
distribution factor for moment in interior beang,, , is specified as follows

1
: s & us ¥# k9
When one lane is loaded: =0.06+ + g
I =0T 8N B &
1
s & us ¥# Kk $
When two or more lane are loaded: =0.075+ +
Om2 ()/?FS( & *Q/o Z_tsg( &

The distribution factor for moment in exterior beag),, is specified as follows

In the case of one lane loaded: d,, is computed by the lever rule

In the case of two or more lane loaded:
The longitudinal stiffness parameter:

=n(1+A¢)

In which n ziwhere
D

E; = modulus of elasticity of the beam material

E, = modulus of elasticity of the deck material

e, =the distance between the centers of gravith@beams and deck
I = moment of inertia of the beam

A =area of beam

nzizl
E
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6, =222+ ©=15 25in
2 2

9

| = (:I'S):(lﬂ =22,059in*

A=(18)(24.5)= 441n’
Ky =n(1+Ae) =1)22,059+ (441)(15.28) = 124,616’
With one lane loaded:

#7178 w17 %% 124,6198"

9., :o.oe+%ﬁ( & gy TG % = 0.06+ (0.765)(0.6)(1.02 (85

With two or more lane loaded:

#7.178° w17 ¥# 124,6198"
=0.075+ = 0.075+ (0.845)(0.713)(1.02%) 0.6
Ore Y958 Yy BiaEoe)ey (0-845)(0.713)(1.02%)

9, =Max( gy, 9,e) = max 0.53,0.6p= 0%

C3-2.1.2 Distribution Factor f@hearin interior longitudinal beams

The distribution factor for shear in interior beaimispecified in Table 4.6.2.2.3a-1 of AASHTO LRFD
Bridge Design Specifications (AASHTO, 2007) asduls

When one lane is loaded: 0, = 0.36+—> = 0.36+7'—:L7 =0.6
25 25
s #s¢° 717 #wA7¥
When two or more lane are loaded: =0.2+—- = 0.4 —- 0.B
e 12 735 & 12 By %
Thus, g, =max(g,,q,,) = max 0.65,0.7p= 06

C3-2.2 Exterior Beams

C3-2.2.1 Distribution Factor fanomentin exterior longitudinal beams

The distribution factor for moment in exterior besaim specified in Table 4.6.2.2.2d-1 of AASHTO
LRFD Bridge Design Specifications (2007) as follows

When one design lane is loaded, the lever rulsésiwo determine the distribution factgy,
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When two or more lanes are loaded, the distribu@ator is computed by multiplying the
distribution factor for moment in interior beam &yorrection factor, e, defined as

e=0.77+%
9.1

Whered, is the distance from the exterior web of the ertebeam to the interior edge of the curb of
traffic barrier.

For computing the distribution factor by the levele, a simple structural member such as the oaeish
below is analyzed

P

p
rﬁzﬂ% 61t iugsft’«
B A

’4—2.125& 747 ft

Rs Ra

Figure C3-2.1 Exterior Girder Moment Distribution F actor

"' M,=0
R, (7.17)- P(7.299 P( 1.295 0.
R; =1.198P
Article 3.6.1.1.2 of AASHTO LRFD Bridge Design Sffezation (AASHTO, 2007) states that a multiple

presence factor m = 1.20 must be used when congpgitider distribution factors by the lever rule.
Thus, when one lane is loaded the distributiondfiaftir the moment in exterior beams is:

1.198
R =1.2(0.6)= 0.2
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When two or more lanes are loaded:

d (2.125 0.75 _

e=0.77+—==0.77+ 0.2
9.1

Om2(exterior) = € On(interior) = (092) ( 069 = 0.8

gm(exterioﬂ = maX( gm( exterioy ? g a( exterin)r) = ma)( 072’ 06)3: 0

C3-2.3.2.2 Distribution Factor fahearin exterior longitudinal beams

When one lane is loaded, the distribution factorsteear is computed by the lever rule.
ThU31 gl(exterior): 0.72

When two or more lanes are loaded

# d, $
gvz(exterior) = (e) gv( interior) = w6+ﬁ( &\( interion)

=9#/9.66+%?%0.7€) =(0.73) 0.76= 01
gv(exterior) = maX( g\ﬂ( exterio) ’g\Z( exteri(jr) - ma)( 0.72, 06)1: 07

C3-2.3 Summary Results of Load Distribution Factors
The following table summarizes the results of cafttons concerning the live load distribution fasto

Table C3-2.1 Distribution Factors

Action Interior Beam Exterior Beam
Bending Moment 0.69 0.72
Shear 0.76 0.72
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C3-3 Analysis

With the LRFR method the HL93 load case in congdeit the inventory and operating load level. The
HS20 load case is considered for ratings at thal legd level.
The HL93 load consists of two load cases

Design truck: consisting of the HS20 load subjected to distrdyuaind impact factors plus a lane
load (w=0.64kips/ ft) that is only subjected to an distribution factors

Design tandem:consisting of 2 25 kip axel spaced 4 ft apart scigid to distribution and impact
factors plus a lane load= 0.64kips/ ft) that is only subjected to an distribution factors

C3-3.1 Maximum Bending Moment

A rudimentary structural analysis of a simply suped beam subjected to a vehicular load having two
rear axles and one front axle as shown in Figurd @Zhows that the maximum moment occurs under
the middle axle when such an axle is positionegdistance of 2.33 ft to the left of the beam cdimie

By applying the dynamic allowance factor and trerihution factor for moment of interior beams, we
can then compute the maximum live load under thevfing loads:

gn(IM)P g,,(IM)P

L9A
2.33 ft -

P
9n (M)
3.17 ft4<—t714ft — 14 ft 7.83 ftﬂ
Location of maximum
moment

-—16.84 ftﬂ 2331t

-« 195ft— e 195 ft

Figure C3-3.1 Max Live Load Moment

C3-3.1.1 Maximum live load moment for an interi@alm

With P = 32 kips,g,, =0.69, and IM =1.33,M , ,,, can be computed at the location of the maximum
live load moment (at 17.17 ft from the left suppadot be:

M, .y =396.4k- ft
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Live load moment (at midspan):
M u =378.71 - ft

The HL93 load:

*
DESignTrUCIG_7,17)= NII.L+IM + 911248(1717-) 517217 |

=396.4+ 0.63, 12.48(17.17) o.éjf'zi,: 47%2 ft

IM(g,,,)P = 22.9 kips IM(g ,)P = 22.9 kips
4 ft
h 4 \ 4 w = (g,,)P = .44 k/ft
% i i o ]
AN

1
< 18.5 ft peor—1 ft
< 195 ft ———»,

A

L =391t

A 4

Figure C3-3.2 Maximum Design Tandem Moment

DesignTandelfi8.5)= 21.1 18.}5+l 8.58(18.5) o.ﬁszi = 4Bb ft
M, ¢s = max(DesignTruck DesignTandem 485 -kft

C3-3.1.2 Maximum live load moment for an exterieamn

With P = 32 kips,g,, =0.72,and IM =1.33,M ., can be computed at the location of the
maximum live load moment (at 17.17 ft from the &ipport) to be:

exterior)

M v =413.7k - ft
Live load moment (at midspan):
M o =395.2k- ft

The HL93 load in this case is:
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*
DeSignTrUCIG_7,17)= NII.L+IM + 911248(1717-) 517217 |

=413.7+ 0.7112.48(17.17) o.éji'zi,: 50R-1 ft

IM(g,,,)P = 23.9 kips IM(g ,)P = 23.9 kips
4 ft
v v w =(g,,)P = .46 k/ft
e s Cs: s s S St s i
< 18.5 ft o —1 ft
< 195 ft ————»

L=39ft

A
A 4

Figure C3-3.3 Maximum Design Tandem Moment

DesignTandefi8.5)= 22.1 18.}6+2r 8.97(18.5) o.&i‘i = 5R7 ft

M, 4; = max(DesignTruck DesignTandgm 507 -kit

C3-3.1.3 Maximum dead load moment for an interiear

The dead load moment at the location where thediad produces the maximum effect is

M, =25.16(17.17) 1.2 7'217f: 2419 ft

The dead load moment at midspan is:

2
Mo 1.208) - a5
8

C3-3.1.4 Maximum dead load moment for an exterearb

The dead load moment at the location where thddad produces the maximum effect is

M, =23.99(17.17) 1.2 7'217f= 2306 ft

The dead load moment at midspan is:

2
M ooy 1235 - p330- 1
8
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C3-3.2 Maximum Shear Force

C3-3.2.1 Interior beam maximum live load sheardaacd, = 2.1 ft

Viis20(d, ) =51.4ips

DesignTrucK ¢)= Vso+ ¢ (9.5 = 51.4 0.76 0.6 195 24 59.%p

IM(g,)P = 25.3 kips IM(g ,)P = 25.3 kips

4 ft
v v w = (g, )P = .486 k/ft
| i

WA oS

10.946 |
10844

-0.054

d, =211t

A

l——6.1 ft—>|
< L=39ft >

Figure C3-3.4 Interior Beam Shear Design Tandem a,
DesignTanderfi J =25.3.946+ 25.8 .844+ 486 195 21 5Rips
Vi, oz = Max(DesignTruck DesignTandew 59.9 kip

C3-3.2.2 Interior beam dead load shear forcd, at 2.1 ft

Vo (d,)=1.29(19.5 2.)= 22.48ps

C3-3.2.3 Interior beam live load shear force atfi7.5

Vis20(7.5") = 41.4ips

Viros(dy) = Viszo + OuegW(19.5- d)= 41.4 0.76 0.64 195 25 4%9 ft
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IM(g,,)P = 25.3 kips IM(g )P = 25.3 kips
o 4 ft
v 4 w = (g, )P = .486 k/ft
P i / i i o o |

A

-0.192

e—— 7.5ft —>

< 1151t >

L=39ft
Figure C3-3.5 Interior Beam Shear Design Tandem at.5 ft from support

DesignTanderf d =25.3.80§+ 25.8 .706+ .46 195 J5 4Hifs

Vi, oz = Max(DesignTruck DesignTandeyw 49.9 kip

C3-3.2.4 Interior beam live load shear force atf7.5

Vp (7.5)=1.2919.5 7. 15.48ps

C3-3.2.5 Exterior beam maximum live load sheardatd, = 2.0 ft

Viisz0(d, ) = 48.9%ips

Viros(dy) = Viszo + GueyW(19.5- d)= 48.95 0.7 0.64 195 20 5k0 ft

IM(g,)P = 23.9 kips IM(g ,)P = 23.9 kips
4 ft
v v w = (g,)P = .46 k/ft
2 s T T T S S 3|

A

10.949 10.846

-0.051

d,=2.0ft |« >

[¢—6.0 ft———>|

L=39ft
Figure C3-3.6 Exterior Beam Shear Design Tandem at,
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DesignTanderf g =23.9(.949 + 23.9 .846+ .46 19:5)2 Kips
Vi, 0s = Max(DesignTruck DesignTandeyw 57 kip

C3-3.2.6 Exterior beam maximum live load sheardatd, = 2.0 ft

Vo (d,)=1.2319.5 2= 21.58ps

C3-3.2.7 Exterior beam live load shear force atfi7.5

Vis20(7.5") = 39.Zips

Viros(dy) = Viiszo + OuegW(19.5- d)= 39.2 0.7¢ 0.6 195 75 447 ft

IM(g,)P = 23.9 kips IM(g ,)P = 23.9 kips

< 4 ft
v v w = (g, )P = .46 k/ft

[z

AN

-0.192

—— 7.5 ft —>

11.51t

A4

A A

L=391ft >

Figure C3-3.7 Exterior Beam Shear Design Tandem at.5 ft from support
DesignTanderfi g =23.9(.80§+ 23.9 .706+ .46 19:5 75 4kips

Vi, oz = max(DesignTruck DesignTandeyw 44.7 kip

C3-3.2.5 Exterior beam maximum live load sheardatd, = 2.0 ft

Vo (7.5)=1.219.5 7.5 14.%ps
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C3-3.3 Load Combination

C3-3.3.1 Interior beam

Table C3-3.1 Interior Beam Load Combinations

Moment at 19.5 ft
from support

Moment at 17.17 ft
from support

M 378.7 k-t 396.4 k-ft
M, 245.3 k-ft 241.9 k-ft
Mo+ M,y 624.0 k-ft 638.3 k-ft

C3-3.3.2 Exterior Girder

Table C3-3.2 Exterior Beam Load Combinations

Moment at 19.5 ft
from support

Moment at 17.17
ft from support

M, 395.2 k-ft 413.7 k-ft
M, 233.9 k-ft 230.6 k-ft
Mo+ M,y 629.1 k-ft 644.3 k-ft

C3-4 Member Capacity

C3-4.1 Interior Beam

Table C3-4.1 Interior beam capacity calculation (Cmputed in Section C2-2)

Flexure # asil AASHTO
f,=40ksi | M, =Af of - = §=1o49k- ft | MCE 2000
f'. = 2.5ksi 2 D.6.6.2.3
Shear at d, V,=V_ +V, =83.3 kips AASHTO

MCE 2000
Shear at 7.5 ft V,=V +V = 71.4 kips D.6.6.2.4.

C3-4.2 Exterior Beam

Table C3-4.2 Exterior beam capacity calculation (Cmputed in Section C2-2)

Flexure # as$il AASHTO
f, = 40 ksi M, =Af 04 - - " =961k- ft | MCE 2000
f', = 2.5ksi 2( D.6.6.2.3
Shear at q, V.=V, +V,=80.5 kips AASHTO
MCE 2000
Shear at 7.5 ft V, =V, +V,=69.0 kips D.6.6.2.4.
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C3-5 Rating Calculation (LRFR)

The following factors are defined thus:

Live load factor for legal load level g, =15 (LRFR Table 6-5 based on ADTT of 458)

Resistance Factor (for shear and flexure)  %=.9
Condition Factor (related to NBl ltem59)  f_ =1
System Factor (related to structural redundarfgyy 1

Table C3-5.1 Load and Resistance Factor Rating (LRR) Calculation for
HL93 load at Inventory and Operating Levels and HSR load at the Legal
Level (Using the dynamic load allowance and load sliribution factors
stipulated in the AASHTO LRFD Specifications (2007)

Mol | gl LML oM, _09()()(1049- 126 2410 |
Ooc =1.25 9.M s 1'75( 483 tOI’.lS
Flexure - 0.76
(Interior %L 1,['.75
arden | Novel | peoEM,g oM, 09()()(1089- 1.26 2419 |
=09 Ooc =1.25 IGuMyes 1'35( 483 toﬁs
f=1 | 9.=135 0.98
LS| e Mg oM, _09()()(104- 126 241 |
9pc =1.25 IM sz 1'5( 396") toﬁs
g, =15 1.08
|n\|/_eer\\/teolry e Mg oM 0.9()()(96)- 1.2¢ 230)620_ -
Ooc =1.25 IuMpiLes 1'75( 503 tons
Flexure — 65
(E)_(terio ‘gLL 1,['.75
r girder) pLeer\?ellng . FE Mg oMy _ 0.9(1)(1(963- 1.26 230)6:O 30,2
=09 9pc =1.25 IGuM iy 1'35( 50? ' toﬁs
fc =1 9 =135 84
LEL L e | reoLM,g oM, _0()(D(96)- 126 2308 |
Opc =1.25 IuMis20 1'5( 413'7 tOI’.lS
g =15 93
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Inventory
Level RF = E Vg oVou — 0'9( )(])( 83. 3 1. 2$ 22. LDS 16.2
Shear Ooc =1.25 9. Ve 1. 75( 59. 9 Cns
(Interior - 5
Girder (g)LpL)er;Lt.izSg
at d) Level RF = E Vg oVou - 0'9( )(])( 83. 3 1. 2$ 22. LDS 20.9
=09 | 9c=125 9. Ve 1. 35( 59. 9 tons
f.=1 9, =13 8
f.=1 Legal_liegel RE = L VG oVou - 09(1)(])( 83. 3 1. 25 22. ADS 22 0
Yo =1.25 9. Muszo 1. 5( S1. Z) CI’]S
9. =15 1
Inventory
Le_vel RFan_gDCVDL =O.9( )(])(803 1. 26 21. 33 16.6
, g, =175
r Girder -
at d) Operating
Le_vel RF = V-9 oV — 0'9(1)(])( 80. 3 L 26 21. 33 -059 | 212
£=09 | Yoc=125 9 Voes 1.3557.0 tons
f.=1 g, =135
f.=1 Legal_liegsel RE = E Vg oVou - 09(1)(])( 80. 3 1. 25 21. 33 293
Yoc =+ gLLVHSZO 1. 5( 48. 93 '[OI’IIS
g9, =15 2
Inventory
Level RF = L NG oo — 0'9(1)(])( 1. L) 1. 26 15. 48 18.4
Shear Ooc =1.25 9. Vs 1. 75( 49. 9) tons
(Interior - 1
Girder (g)LpL)er;Lt.izSg
atr.sm Level RE = L NG Vo _ 0'9(1)(])( 1. A) 1 26 15. ADS 241
f=0.9 Ooc =1.25 9. Vhies 1. 35( 49. 9 tons
f.=1 g, =135 !
f=1 | Leodllewl g Vg v, 09()()(71d- 1261548 |
Yoc =125 gLLVHSZO 1. 5( 41. Z) '[OI’IIS
9. =15 2
Inventory
Shear Le_\/]e-|25 RF = Vo -9 ocVou - 0. ( )(])( 69. Q 1. 26 14. 7)6 20.2
(Exterio | Joc T+ 9. Vaios 1.75( 44.73 tons
rGirder | g, =175
at 7.5 ft)
Operating RE = NV, -9 VoL - 0-9( )(])( 69. Q 1. 2(5 14. 7)6_ 072 | 259
Level A/ 1. 35( 44. 73 tons
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£=09 | g.=125
f.=1 g, =135

fo=1
s Legal Level | ff V,g oVo _ 0.9(1(1(69.9- 1.26 14.7)6:o 7| 266
gDC _1'25 gLLVHSZO 15( 393 . tons
g =15 4
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Appendix D Report of Task 1
Rating of Skew Reinforce Concrete T-Beam Bridge

Rating of a Skew Cast-in-Place
Reinforce Concrete T-beam Bridge
(GDOT BRIDGE ID #015-0108)

Example D1:

Rating by the Allowable Stress Method (ASR) Using dad
Distribution and Dynamic Allowance Factors Stipulaied by
AASHTO Standard Specifications for Highway Bridges(tAASHTO, 2002).
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Appendix D
Rating of Skew Reinforce Concrete T-Beam Bridge

Report of Task 1

D1-1 Basic Geometry and Bridge Information

SYMETIC

ABOUT CL.
20’
=1 -Té' -
A 1-10"
/-NIII, 4 BARS
15° CL. / 6 NO. 10 BARS 2 NO. 11 BARS
! .
/4 f/e 2 NO 10 BARS
L
15 CL.—r L 8 NO. 11 BARS L 8 NO. 11 BARS
9'-1 9-17 A—3-5b'—
Figure D1-1.1 Bridge Cross Section at Mid-span
40"
8" 375" SPACING 625" SPACING 16* SPACING 625" SPACING——3.75" SPACING

Figure D1-1.2 Girder Details

Concrete strengthf . = 2.5ksi

Unit weight of concretewc = 0.15kips/ft3
Weight per ft of standard GDoT parapet and sidewatipr = 0.092 kipg f
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D1-2 LOADS

D1-2.1 Permanent Loads

As per Article 3.23.2.3.1 of AASHTO Standard Spieeiions for Highway Bridges (AASHTO, 2002)
the dead load supported by the outside stringeloeams shall be the portion of the floor slab earby
the stringer or beam. Curbs, railings, and weasingaces if placed after the slab has cured, reay b
distributed equally to all roadway girders.

D1-2.1.1 Interior girder loads

#1.75

Weight per linear foot of the reinforced concrd&bsz 0/— 3’@ 0833 (0.15p = 0.880 k/ft
)(25. 5)( 18 _

Weight per linear foot of cast-in-place beams (O 150) = 0.473 k/ft
( )(0 092)

Weight of parapet, rail and sidewalk assembly—-i = 0.046 k/ft

Since there is no wearing surface present on idgdrDW =0

Total dead load for interior beam =1.40 k/ft

D1-2.1.2 Exterior girder loads

#1.75

Weight per linear foot of the reinforced concrdebs= ()/E( )(O.lSQ = 0.775 k/ft
)(25. 5)( 19* _

Weight per linear foot of cast-in-place beams (O 150) = 0.473 k/ft
( )(0 092)

Weight of parapet, rail and sidewalk assembly—-i = 0.046 k/ft

Since there is no wearing surface present on tldgédyrDW =0

Total dead load for exterior beam =1.29 kit
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D1-2.2 Vehicular Live Load

The design vehicular live load on the
bridge consists of AASHTO HS20 truck
with the spacing between the two 32-kip
rear-axle loads to be varied from 14 ft to
30 ft to produce extreme force effects.
The HS 20 truck is shown below. 810 KPP 320 KIF 320 KiE

i-0" | 4-0" 10 30"

Figure A-2.1 AASHTO HS20 Truck
D1-3 Dynamic Load Allowance

Article 3.8.2.1 of the AASHTO Standard Specificasdor Highway Bridges (AASHTO, 2002), the
dynamic load allowance is taken as:

| = 50 = 50 =0.305£ 03
L+125 39+ 125

Where:
| = impact factor (maximum 30 percent)
L = length in feet of the portion of the span tisabaded to produce the maximum stress in the reemb

D1-4 Live Load Distribution Factors

D1-4.1 Moment distribution factors

D1-4.1.2 Distribution Factor fanomentin interior longitudinal beams

As per Table 3.23.1 of AASHTO Standard Specificadiéor Highway Bridges (AASHTO, 2002), the
distribution factors for moment in interior and exor beams are computed as:

DFM = S =—9'0833=1.514
6 6

D1-4.1.2 Distribution Factor fanomentin exterior longitudinal beams

Using the structure shown in Figure D1.4.1 the sdesdribution factor is calculated by computing th
reaction at g, but not taken less than (Article 3.23.2.3.1 AASHZ002):

S _ 90833 _
4.0+0.2%8 4 0.26 9.0833
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P P
|<—2ft —*76ft ﬂgzglﬁt
FQ.O&%Y‘I —1

Ry=1.303P R,

Figure D1-4.1 Interior Girder Moment Distribution F actor

"'M,=0
R;(9.0833- P(8.91F P( 2.91F 0.
R, =1.303P

Thus, the distribution factor for moment in an extebeam is:
DFM =1.45

D1-4.2 Shear distribution factors

D1-4.2.1 Distribution Factor fahearin interior longitudinal beams

Article 3.23.1.2 of the AASHTO Standard Specifioas for Highway Bridges (AASHTO, 2002)
stipulates that:
“Lateral distribution of the wheel loads at endstaf beams or stringer shall be that produced by
assuming the floors to act as a simple span betsig@gers or beams. For wheels or axels in
other positions on the span, the distribution feeas shall be determined by the method
prescribed for moment.”

Therefore, by modeling the deck as a series a sgnply supported beams between the girders, as
shown in Figures D1.4.2, the shear distributionda(DFS) is computing by calculating the reactitin

3.083ft -« 6t —*741% ‘iiGﬁ
v O
9.083ft 1 9.083ft 1 9.083ft 9.083ft
P 1 ) + 4
Ro Re

R, Ry=1.899P Re

17.249ft »

e T
D)

Figure D1-4.2 Interior Girder Shear Distribution Factor
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DFS = 1.899 for wheel loads at beam ends

D1-4.2.2 Distribution Factor fahearin exterior longitudinal beams

Using the structure shown in Figure D1-4.1 the sldésribution factor is calculated by computing th
reaction at R

DFS=1.30z

D1-4.2 Summary of distribution factors

Table D1-4.1 Distribution Factors

Action Interior Beam Exterior Beam
Bending Moment 1.514 1.45
Shear 1.889 1.303

D1-5 Flexural Analysis

D1-5.1 Maximum live load bending moment

A rudimentary structural analysis of a simply sup@od beam subjected to a vehicular load having two
rear axles and one front axle as shown in Figur®dDXhows that the absolute maximum moment occurs
under the middle axle when such an axle is pogticat a distance of 2.33 ft to the left of the beam
centerline.

By applying the dynamic allowance factor and treribution factor for moment of interior beams, we
can then compute the maximum live load under thevfing loads:

IM(DFM)P IM(DFM)P
2NA
IM(DFM)P/4 2.33 ft -
317 ft 14 & 14t 7.83 ﬁﬂ
Location of maximum
moment
- 16841t 2331t
« 195t e« 195t

Figure D1-5.1 Max Live Load Moment
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D1-5.2.1 Maximum live load moment for an interi@am

With P = 16 kips,DFM =1.514, and IM =1.30,M , ,,, can be computed at the location of the
maximum live load moment ( at 17.17 ft from the Eipport) to be:
M .u =425k- ft

Live load moment (at midspan):
M .u =406k- ft
D1-5.2.2 Maximum live load moment for an exterieam

With P = 16 kips,DFM =1.45, and IM =1.30,M, ,,, can be computed at the location of the
maximum live load moment (at 17.17 ft from the kipport) to be:

M, . =407k - ft

Live load moment (at midspan):
M .u =389k- ft

D1-5.2 Maximum dead load moment

D1-5.2.1 Maximum dead load moment for an interieain

1.40 Kk/ft
/’

27.3 kips 27.3 kips

39 ft g
Figure D1-5.3 Interior Girder Dead Load Moment

—

The dead load moment at the location where thddad produces the maximum effect is
My =27.3(17.17y 1.4 7'217)2 = 26R- ft

The dead load moment at midspan is:

2
M ooy 1205 - p6s- 1
8
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D1-5.2.2 Maximum dead load moment for an extergarh

1.29 Kk/ft
/’

)
Figure D1-5.3 Exterior Girder Dead Load Moment

Y

The dead load moment at the location where thddad produces the maximum effect is

M, =25.16(17.17) 1.2 7'21#: 2ap- ft

The dead load moment at midspan is:

2
M (e 1.20CY  pug g
8

D1-6 Shear Force Analysis

Based on the shear reinforcement details of thdgbrgirders, it is necessary to perform sheargatin
calculations of the bridge at two locations alooghixthe interior and exterior girders. These twbaal
locations as stipulated in Article 8.15.5.1.4 of BIATO Standard Specifications for Highway Bridges
(AASHTO, 2002) are:

At d/2 from either support
At 7.5’ from either support at which the stirrupaspg changes from 12” to 18”

D1-6.1 Interior Beam Shear Analysis

D1-6.1.1 Interior beam maximum live load shear éoa€ d/2

The first critical location for the interior girdes located at% = 271 = 1.05 ft from the support. Article

8.16.6.1.2 of the AASHTO Standard SpecificationrsH@hway Bridges (AASHTO, 2002) states that the
shear at any point between d = 2.1 ft and the stighould be designed for the shear computed at d =
2.1 ft plus the full weight of any concentratedddzetween d = 2.1 ft and the support. Therefage th
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maximum live load shear force is computed at tication of interest% = 2—1 = 1.05 ft from the support

as per the shear influence line shown in Figure6All-

At % :2—; = 1.05 ft; the length of the portion of the spart ikdoaded to produce the maximum stress

in the member is L = 39-1.05=37.95 ft thus:

IM =1+I :1+5—0 =1.31£1.3
(37.95)+ 125
Use IM =1.30
IM(DFM)P = 31.49 kips IM(DFM)P = 31.49 kips

l IM(DFM)P/4 = 7.87 kips

| ; ;

... 0.946

d/2 = 1.05 ft le—>!

-0.054

d=211t

A
A

—— 15.04 ft ——»

< 29.05 ft

A 4
A
©
(e}
(8]
=2

< L=239ft >

Figure D1-6.1 Shear Influence Line Diagram
Vis0(1.05) = 31.49+( 31.4% 0.604( 7.8¢ 0.5 5aB

Al1-6.1.2 Interior beam dead load shear force at d/2

As stated in section A1-6.1.1 since the dead leaddistributed load the shezalr—(%tt:%L =1.05ftis

taken as the shear computed at a distance d % f2ahfthe support.

V,(1.05)=1.4¢ 19.5 1.05 25kdps
Vp(2.1)=1.40 19.5 2)= 24idps
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D1-6.1.3 Interior beam live load shear force aR4t4rom the support

An influence line analysis shown in Figure D1-&218ed to compute the shear force at 4.42 ft flam t
support where the stirrup spacing changes from"3076.25".

At 4.42ft from the support; the length of the pontiof the span that is loaded to produce the maximu
stress in the member is L = 39-4.42=34.58 ft thus:

IM =1+1 :1+L =1.31£1.3
(34.58)+ 125
UseIM=1.3
IM(DFM)P = 31.49 kips IM(DFM)P = 31.49 kips

IM(DFM)P/4 = 7.87 kips

'0.887

-0.113

«—4.42 ft —>
18.42 ft >

A

32.42 ft 6.58 ft—»

A
A 4
A

< L=39ft B>

Figure D1-6.2 Shear Influence Line Diagram
Viso(4.42) =(31.49( 0.88y+( 3149 0.5p8( 7)§7 0.)69 4H9

D1-6.1.4 Interior beam dead load shear force & #.##fom the support

V,(4.42)=1.4¢ 195 442 2Xkips

D1-6.1.5 Interior beam live load shear force abZ(t from the support

An influence line analysis shown in Figure D1-G218ed to compute the shear force at 10.67 ft tham
support where the stirrup spacing changes from’@d256".

At 10.67 ft from the support; the length of thetimr of the span that is loaded to produce the mari
stress in the member is L = 39-10.67=28.33 ft thus:

D-10
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IM =1+1 :1+L =1.33£1.3
(28.33)+ 125
UseIM=1.3
IM(DFM)P = 31.49 kips IM(DFM)P = 31.49 kips

IM(DFM)P/4 = 7.87 kips

0.726

-0.274

—10.67 ft ——>

A

24.67 ft >

A

38.67 ft

A4
A
A 4

0.33 ft

A

L =39 ft
Figure D1-6.2 Shear Influence Line Diagram

Viis20(10.67) =(31.49( 0.726+( 31.4¢ 0.3pF( 7)§7 0.D68 BpS

A 4

D1-6.1.6 Interior beam dead load shear force @71f).from the support

V,(10.67)=1.4¢ 19.5 10.6% 1Xibs

D1-6.2 Exterior Beam Shear Analysis

D1-6.2.1 Exterior beam maximum live load sheardorc

g:é‘: 1.05 ft
2 2

L =39-1.05 = 37.95 ft thus:

50

IM =1+] =1+ >
(37.95)%+ 125

=1.31£1.8

UseIM=1.3

Viis20(1.05) = 50.6&ips
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D1-6.2.2 Exterior beam dead load shear force at d/2

As stated in section D1-6.1.1 since the dead Isa&ddistributed load the shear—%\l: % =1.05ftis

taken as the shear computed at a distance d % f2ahfthe support.

V,(1.05)=1.294 195 1.06 23ips
Vp(2.1)=1.29 195 2)= 22dps

D1-6.2.3 Exterior beam live load shear force aR4t4rom the support

The exterior girder shear due to live load at 4t48bm the support is computed in the same manner
presented in Section D1-6.1.3.

Viis0(4.42) = 44.Gips

D1-6.2.4 Exterior beam dead load shear force & #i #flom the support

The exterior girder shear due to dead load at #.#8m the support is computed in the same manner
presented in Section D1-6.1.4.

Vp(4.42)=1.29 195 4.42 19.4fps

D1-6.2.5 Exterior beam live load shear force a6Z0t from the support

The exterior girder shear due to live load at 16t6ibm the support is computed in the same manner
presented in Section D1-6.1.3.

V4is20(10.67) = 33.Gips

D1-6.2.6 Exterior beam dead load shear force &71fd.from the support

The exterior girder shear due to dead load at 10 .8m the support is computed in the same manner
presented in Section D1-6.1.4.

V,(10.67)=1.2¢ 19.5 10.67 1kips
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Report of Task 1

D1-7 Load Combination
D1-7.1 Interior Girder

Table D1-7.1 shows that the governing moment laadase occurs at the maximum live load moment
location (17.17 ft from the support).

Table D1-7.1 Interior Girder Load Combinations

Moment at 19.5 ft
from support

Moment at 17.17 ft
from support

M LL+IM 406 k'ft 425 k'ft
M, 266 k-ft 262 k-ft
MDL+ M LL+IM 672 k'ft 678 k'ft

D1-7.2 Exterior Girder

Table D1-7.2 shows that the governing moment lgadase occurs at the maximum live load moment
location (17.17 ft from the support).

Table D1-7.2 Exterior Girder Load Combinations

Moment at 19.5 ft Moment at 17.17 ft from
from support support
M im 389 k-ft 407 k-ft
Mo, 245 Kk-ft 242 k-ft
Mo+ My 634 k-ft 649 k-ft
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D1-8 Member Capacity

D1-8.1 Interior Girders

Figure D1-8.1 Member Dimensions

Effective flange width
Article 8.10.1.1 of AASHTO Standard Specificatidos Highway Bridges (AASHTO, 2002):
The effective flange width is limited to the smatlef one-forth the span length, six times the

slab thickness or half the distance to the adjagieders, as per. Thub, =109in

Distance from the extreme compression fiber to:
centroid of the bottom layer of bundled tensiomigicementd = 29.59n
centroid of the second layer of bundled tensionfoecementd = 24.87n

Concrete strengtHf, = 3.5ksi

Steel reinforcement yield strength = 40ksi

Stirrup areaA, = 2A,, = 0.4n?

Stirrup spacingS = 3.75in

Shear widtlb, =18n

Angle of inclination of Diagonal Compression Stress p/4
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wP = 37.88 kips

IM(g

=9.47 kips

IM(g,)P/4

8.64 ft ————— >

e———— 16.36ft ————— >

30.36 ft

L=239ft

d, =2.36 ft



IM(g,)P = 29.6kips IM(g ,)P = 29.6 kips

A

d, =236

l«——6.36 f—>|
< L =239 ft »>

Figure D3-3.4 Interior Beam Shear Design Tandem at,

(,) 29.6.939 29.6 .87 .57019.5 285 62.

Y
€3]

IM(g,)P = 37.88 kips
l IM(g,)P/4 = 9.47 kips

'

l— 4.42 ft —>

[e—————— 16.36ft ————

< 30.36 ft >

7'y
@©
o
X
=+

< L=39ft »>




IM(g,)P = 29.6 kips  IM(g ,)P = 29.6 kips

4ft

W = P = .57 ki/ft

l—4.42 ft—>

l—— 8.42 ft ——»|

< L=391t

Figure D3-3.6 Interior Beam Shear Design Tandem at.42 ft from support

(442 29. .88 29( .83€ 570195 4)42

IM(g,)P = 37.88 kips IM(g,)P = 37.88 kips

IM(g,)P/4 = 9.47 kips

L

10.67 ft >
24.67 ft >

38.67 ft

0.33 ft—»;

L=39ft

A 4

<

A 4



IM(g,)P = 29.6 kips IM(g )P = 29.6 kips

[e—— 10.67 ft ——>

—14.67 ft ————»|

< L =391t >

Figure D3-3.8 Interior Beam Shear Design Tandem &t0.67 ft from support

(10.67) 29.¢ .72p 29(6 .624 .5({0 12.5 10.87 450

IM(g,)P =33.2 kips
l IM(g,)P/4 = 8.3 kips

'

d, =236ft e =

< 30.36 ft >e 8.64 ft >

< L=39ft >




IM(g,)P = 25.9 kips IM(g )P = 25.9 kips

d, =236t

A

l——6.36 ft—>|
<« L=39ft

Figure D3-3.10 Exterior Beam Shear Design Tandem ak,

() 25.9.939 259 .837 .50 195 25 547

IM(g,)P = 33.2 kips
l IM(g,)P/4 = 8.3 kips

|

i 4.42 ft —

—————— 16.36ft —————»

< 30.36 ft

v
7'y

o)
o
e
=

< L=39ft >




IM(g,)P = 25.9 kips

IM(g )P = 25.9 kips

—4.42 ft—>|

—— 8.42 ft ———»|

L=391t

Figure D3-3.12 Exterior Beam Shear Design Tandem &t42 ft from support

(4.42)

IM(g,)P = 33.2 kips

25.4 .88) 250 .82€

IM(g,)P = 33.2 kips

$0 195 4)42 514

IM(g,)P/4 = 8.3 kips

L

10.67 ft

Y

24.67 ft

38.67 ft

<«—0.33 ft—»|

A 4

L=39ft




IM(g,)P = 25.9 kips IM(g )P = 25.9 kips

P = .50 k/ft

e——— 10.67 ft ——»|

[e————14.67 ft ———

L=39ft >

Figure D3-3.14 Exterior Beam Shear Design Tandem &10.67 ft from support

(10.67) 25.4 .72p 2500 .624 .60 18.5 1087 =29.4
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Figure E1-4.1 Exterior Girder Shear Distribution Factor
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Figure E1-5.1 Max Live Load Moment

E1-5.1.1 Maximum live load moment for an interi@am

With P = 16 kips,






IM(DFM)P = 33.11 kips  IM(DFM)P = 33.11 kips
IM(DFM)P/4 = 8.28 kips

43.341 ft—»|

—17.341 ft ————»|

< 31.341 ft pla 35.4715 ft ————»|
< L =66.8125 ft >
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Figure E2-4.1 Exterior Girder Distribution Factor

Article 3.6.1.1.2 of AASHTO LRFD Bridge Design Sifezation (AASHTO, 2007) states that a multiple
presence factor m = 1.20 must be used when congpgitider distribution factors by the lever rule.
Thus, when one lane is loaded the distributionofaicir the moment in exterior beams is:






4 ft
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Figure E2-5.1 Maximum Design Tandem Moment
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Rating of Straight Steel Girder Bridge

Rating of a Steel Girder Bridge
(GDOT BRIDGE ID # 085-0018)

Example F1:

Rating by the Allowable Stress Method (ASR) Using dad
Distribution and Dynamic Allowance Factors Stipulaied by
AASHTO Standard Specifications for Highway Bridges(AASHTO, 2002).

F-1



Appendix F Report of Task 1
Rating of Straight Steel Girder Bridge

F1-1 Basic Geometry and Bridge Information

Figure F1-1.1 Bridge Cross Section at Mid-span

Figure F1-1.2 Girder Details

Unit weight of concrete:
w, = 15kips/ ft®
Weight of steel beam per foot of length:
Interior Girder:w, = 13kips/ ft

Exterior Girder:w_ =.118kips/ ft
Weight per ft of standard GDoT rail and sidewalk,, = .556kips/ ft
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F1-2 LOADS

F1-2.1 Permanent Loads

As per Article 3.23.2.3.1 of AASHTO Standard Spieeifions for Highway Bridges (AASHTO, 2002)
the dead load supported by the outside stringelogams shall be the portion of the floor slab edrby
the stringer or beam. Curbs, railings, and weasingaces if placed after the slab has cured, meay b
distributed equally to all roadway girders.

F1-2.1.1 Interior girder loads

Weight per linear foot of the reinforced concrdebs- 613—25 (8) (0.150) = 0.650 k/ft

Weight per linear foot of cast-in-place beam0-130) = 0.130 k/ft
0.55

Weight of parapet, rail and sidewalk assemblg—l(i =0.278 k/ft

()29 2= (0.9

Weight per linear foot of diaphragm—= = 0.052 k/ft
gntp pnhrag 4(48)

Since there is no wearing surface present on tdgdrDW =0

Total dead load for interior beam =1.11 k/ft

F1-2.1.2 Exterior girder loads

Weight per linear foot of the reinforced concrdedbs- i—25 (5.623 (0.150 = 0.457 k/ft

Weight per linear foot of cast-in-place beam§0:118) = 0.118 k/ft
(2)(0.55§

Weight of parapet, rail and sidewalk assembly——i =0.278 k/ft

(1)(29 331;25 (0.13

Weight per linear foot of diaphragm-—= = 0.052 k/ft
gntp pnrag 4(48)

Since there is no wearing surface present on fldgdrDW =0

Total dead load for exterior beam = 0.91 k/ft
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F1-2.2 Vehicular Live Load

The design vehicular live load on the
bridge consists of AASHTO HS20 truck
with the spacing between the two 32-kip
rear-axle loads to be varied from 14 ft to
30 ft to produce extreme force effects.
The HS 20 truck is shown below.

Figure B-2.1 AASHTO HS20 Truck
F1-3 Dynamic Load Allowance

Article 3.8.2.1 of the AASHTO Standard Specificasdor Highway Bridges (AASHTO, 2002), the
dynamic load allowance is taken as:

| = 50 _ 50
L+125 48+ 125

=0.29£0.3

Where:
| = impact factor (maximum 30 percent)
L = length in feet of the portion of the span tisdbaded to produce the maximum stress in the reemb

F1-4 Live Load Distribution Factors

F1-4.1 Interior Beam Moment distribution factors

As per Table 3.23.1 of AASHTO Standard Specifiaadifor Highway Bridges (AASHTO, 2002), the
distribution factors for moment in interior and exor beams are computed as:

DFM =2 ="_=1.45

S _38
55 55

F1-4.2 Exterior Beam Moment distribution factors

Using the structure shown in Figure F1.4.1 the m@dndestribution factor is calculated by computihg t
reaction at B, but not taken less than (Article 3.23.2.3.1 AASHZ002):

S 8

= =1.33
4.0+0.2%B 4 0.26 B
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21t

6 ft

1ft—

AN
1

8 ft

Ra

Figure F1-4.1 Exterior Girder Shear Distribution Factor

M, =0

R:(8)- P(7 P(% o

R, =1.0P

Thus, the distribution factor for shear in an extebeam is:

DFM =1.33

F1-4.3 Summary of distribution factors

Table F1-4.1 Distribution Factors

Action

Interior Beam

Exterior Beam

Bending Moment

1.45

1.33
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F1-5 Flexural Analysis

F1-5.1 Maximum live load bending moment

A rudimentary structural analysis of a simply suped beam subjected to a vehicular load having two
rear axles and one front axle as shown in Figur® BRIshows that the absolute maximum moment occurs
under the middle axle when such an axle is postiaat a distance of 2.33 ft to the left of the beam
centerline. By applying the dynamic allowance faetod the distribution factor for moment of interio
beams, we can then compute the maximum live lodéwithe following loads:

2.33 ft -
7.67 ft#<—i714 ft 12.33 ftﬂ

Location of maximum
moment

- 2167 ﬂ;{ . 2.33ft

-« 24 ft —— e 24 ft

Figure F1-5.1 Max Live Load Moment

F1-5.1.1 Maximum live load moment for an interiean

With P = 16 kips,DFM =1.45, and IM =1.29,M | ,,, can be computed at the location of the
maximum live load moment ( at 21.67 ft from the Ripport) to be:

M . =553.&- ft
Live load moment (at midspan):
M .n =537.%- ft

F1-5.1.2 Maximum live load moment for an exterieann

With P = 16 kips,DFM =1.33, and IM =1.29,M, ,,, can be computed at the location of the maximum
live load moment ( at 21.67 ft from the left suppoo be:

M .m =508.k- ft
Live load moment (at midspan):
M ow =493.Kk- ft
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F1-5.2 Maximum dead load moment

F1-5.2.1 Maximum dead load moment for an interearh

1.11 k/ft

48.0 ft
Figure F1-5.3 Interior Girder Dead Load Moment

The dead load moment at the location where thddiaed produces the maximum effect is

2
M, =26.64 21.67- 1.1@= 316k7 ft

The dead load moment at midspan is:
(48)°
M =111 =319.k- ft
D(m) 8

F1-5.2.2 Maximum dead load moment for an exterearb

0.91 k/ft

21.84 kips 21.84 kips

48.0 ft
Figure F1-5.4 Exterior Girder Dead Load Moment

The dead load moment at the location where thedad produces the maximum effect is

F-7
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2
M, =21.84 21.67- O.M:

2

Report of Task 1

2596 ft

The dead load moment at midspan is:

2
M (e _001*¥)" - 262k - 1
8

F1-6 Load Combination

F1-6.1 Interior Girder

Table B1-6.1 shows that the governing moment Igadase occurs at the maximum live load moment
location (21.67 ft from the support).

Table F1-6.1 Interior Girder Load Combinations

Moment at 24 ft
from support

Moment at 21.67 ft
from support

M 537.5 k-ft 553.8 k-ft
M., 319.7 k-ft 316.7 k-t
Mot M 0, 857.2 k-ft 870.5 k-ft

F1-6.2 Exterior Girder

Table B1-7.2 shows that the governing moment lagadase occurs at the maximum live load moment
location (21.67 ft from the support).

Table F1-6.2 Exterior Girder Load Combinations

Moment at 24 ft
from support

Moment at 21.67 ft
from support

M 493.0 k-ft 508.0 k-ft
Mo, 262.1 k-ft 259.6 k-ft
Moi+ M | 755.1 k-ft 767.6 k-ft
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F1-7 Member Capacity

Table D.7.1 Girder Capacity Calculations

Inventory LI (0 55) y ‘(0-53( 36 = 19. ksi
Flexure Level MINV =f lev ( 9. 8)(467) = 770. kip-ft
(Interior
Girder) Operating f, ( 5)f, =(0.79( 3§ = 2ksi
Level Mopr =F,Z =(27)(467) = 1,050.kip-ft Gé?g)go
D.6.6.2.3
Inventory f, =(0.55)f, =(0.55( 3¢ = 19. ksi
Flexure Level My = f, Z =19.8( 419 =684.8 kip-ft
(Exterior -
Girder) Operating Fyon =(0-75) 1, =(0.79( 39 = 2'ksi
Level Mopg = f, Z =27(415 = 933.8 kip-ft

F1-8 Rating Calculation (ASR)

Table F1-8.1 Allowable Stress Rating (ASR) Calculain for HS20 (Using the dynamic load
allowance and load distribution factors stipulatedn the AASHTO Standard Specifications

for Highway Bridges (AASHTO, 2002))

Inventory RF = M - Mp 770 & 316. 7—0 82 | 29.5 tons
Flexure M Lo 553.8
Interior girder . -
( 9 ) Operating RF = Mopr- M D — 1,050.8 316. 7—1 33 | 47.9 tons
M LL+IM 553.8
Inventory RF = Miy - Mp _684.8 259, 6—O 84 | 30.2tons
Flexure M im 508.0
(Exterior girder) Operating RF = Mopr - M D — 933.8- 259. 6_1 33 47.9 tons
M LL+IM 508.0 '

F-9
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Example F2:

Rating by the Load Factor Method (LFR) Using Load Dstribution and
Dynamic Allowance Factors Stipulated by theAASHTO Standard
Specifications for Highway Bridges(tAASHTO, 2002).

F-10



Appendix F

Report of Task 1
Rating of Straight Steel Girder Bridge

F2-1 Analysis

F2-1.1 Maximum live load Bending Moment

F2-1.1.1 Interior beam live load Bending Moment

Table F2-1.1 Interior Beam Load Combinations (compted in Section F1-6)

Moment at 24 ft | Moment at 21.67 ft
from support from support
M m 537.5 k-ft 553.8 k-ft
My, 319.7 k-ft 316.7 k-ft
Mo+ M om 857.2 k-ft 870.5 k-ft

F2-1.1.2 Exterior beam live load Bending Moment

Table B3-1.2 Exterior Beam Load Combinations (compied in Section F1-6)

Moment at 24 ft
from support

Moment at 21.67 ft
from support

M 493.0 k-ft 508.0 k-ft
M, 262.1 k-ft 259.6 k-ft
Mot M 755.1 k-ft 767.6 k-t

F2-2 Member Capacity

Table F2-2.1 Beam capacity calculation

Flexure _ — — ‘o
(Interior Girder) M = f,Z =36(467) =1,401 kip-ft AASHTO
MCE 2000
Flexure _ _ _ . D.6.6.2.3
(Exterior Girder) My = f,Z =36( 419 =1,245 kip-t

F-11
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F2-3 Rating Calculation (LFR)

Table F2-3.1 Load Factor Rating (LFR) Calculation br HS20 (Using the
dynamic load allowance and load distribution factos stipulated in the
AASHTO Standard Specifications for Highway Bridges(AASHTO, 2002))

Inventory _J My -9 oMy _ 0'9(1’40:)' 1'3 316')7_ 25.6
Flexure Level RF = - =0.71
eve M m 2.17(553.9 tons
(Interior .
girder) Operating | RE _J My -9 ocMyp _ 0-9(1’ 40:)' 1-3 316')7:1.18 425
Level IuM om 1.3(553.9 tons
Inventory _JS My -9 6cMyp _ 0'9(1’ 243' 1'3 259-ﬁ_ 25.6
Flexure Level RF = - =0.71 t
eve M i 2.17(508.0 ons
(Exterior .
girder) Operating | rg _/ M -9 ocMp - 0-9(1’ 243' 1-3 259-y5:1 19| 428
Level M Lm 1.3(508.9 ' tons

F-12
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Example F3:

Rating by the Load and Resistance Factor Method (LRR) Using
Load Distribution and Dynamic Allowance Factors Stpulated by
the AASHTO LRFD Specificationg2007).

F-13
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F3-1 Dynamic Load Allowance

From Table 3.6.2.1 of the AASHTO LRFD Bridge Destpecifications (AASHTO, 2007), the dynamic
load allowance is taken as 33%. Thus, the dynamaid factor to be applied to the static load is:

1+M 133

100

F3-2 Live Load Distribution Factors

F3-2.1 Interior Beams Distribution Factor for moment

As per Table 4.6.2.2.2b-1 of AASHTO LRFD Bridge @msSpecifications (AASHTO, 2007), the
distribution factor for moment in interior beant;, , is specified as follows

S 0.4 s 0.3 k 01
When one lane is loaded: g, =006+ — + — 9 -
14 L 12t
s 0.6 s 0.2 k 01
When two or more lane are loaded: 0., =007+ — + — 9 -
L 1At

The distribution factor for moment in exterior besag), , is specified as follows

In the case of one lane loaded: d,, is computed by the lever rule
In the case of two or more lane loaded:

The longitudinal stiffness parameter:
Ky =n(1+A&)

In whichn= EWhere
D

E; = modulus of elasticity of the beam material
E, = modulus of elasticity of the deck material

e, =the distance between the centers of gravith@beams and deck

I = moment of inertia of the beam
A = area of beam

B

n= =9.189

D
e =331, 8519 gin
T2 2

| =6,710n"
A=38.3in’

F-14
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K, =n(| +Aeg):9.189 6,710+ (38.3)(19.8) = 196,600

With one lane loaded:
0.4 0.3 0.1

g, =0.06+ 8 8 196,600

14 475  12(47.5)(6.8)

=0.06+ (0.799)(0.586)(1.025 O.!

With two or more lane loaded:
0.6 0.2 0.1

g, =0.075+ -5 8 196,600

9.5 47.5 12(47.5)(6.8)

=0.075+ (0.902)(0.7)(1.025} 0.

O =Max( g, ,0,) = max 0.54,0.72= 0.7

F3-2.2 Exterior Beams Distribution Factor formoment

The distribution factor for moment in exterior besiw specified in Table 4.6.2.2.2d-1 of AASHTO
LRFD Bridge Design Specifications (2007) as follows

When one design lane is loaded, the lever rulsésl tio determine the distribution factgy,

When two or more lanes are loaded, the distributator is computed by multiplying the
distribution factor for moment in interior beam &yorrection factor, e, defined as

e=0.77+%
9.1

Whered, is the distance from the exterior web of the ewrteieam to the interior edge of the curb of
traffic barrier.

For computing the distribution factor by the lewglle, a simple structural member such as the oco@sh
below is analyzed

F-15
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P P
—2ft—] 6 ft >
1ft—— 8 ft =
RB RA

Figure F3-2.1 Exterior Girder Shear Distribution Factor

Article 3.6.1.1.2 of AASHTO LRFD Bridge Design Sjfezation (AASHTO, 2007) states that a multiple
presence factor m = 1.20 must be used when congpgitider distribution factors by the lever rule.
Thus, when one lane is loaded the distributionofair the moment in exterior beams is:

gml(exterior)= m 8 2 = 12( 03 =0.60

When two or more lanes are loaded:

e= 0.77+$ = 0.77+M = 087
9.1 9.1

Om2(exteriory =€ On(interior) = (0.87)( 072) = 063

gm = maX@ ml(exteria) g m1(exteria)) = 063

F3-2.3 Summary Results of Load Distribution Factors

The following table summarizes the results of dalitons concerning the live load distribution fasto

Table F3-2.1 Girder Distribution Factors

Action Interior Beam Exterior Beam
Bending Moment 0.72 0.63
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F3-3 Analysis

With the LRFR method the HL93 load case in congidet the inventory and operating load level. The
HS20 load case is considered for ratings at thedl legd level. The HL93 load consists of the H&#2@
plus an additional lane load\= 0.64kips/ ft) that is not subjected to an impact factor

F3-3.1 Maximum Bending Moment

F3-3.1.1 Maximum live load moment for an interieam

With P = 32 kips,g,, =0.72, and IM =1.33,M, ,, can be computed at the location of the maximum
live load moment ( at 21.42 ft from the left sugpoo be:

M . =558k- ft
The HL93 load in this case is:
DeSignTrUCIG_7,17)= IV|I.L+IM + ol 152(2142_) 521242f

=558+ 0.72 15.2(21.42) 0. 1'242f = 687 ft

Tandem Truck: P = 25 kips

IM(g,,,)P = 23.9 kips IM(g ,,)P = 23.9 kips
4 ft
\ 4 v w = (g,)P = .46 ki/ft
:' |
Ca
< 22.75 »>o—1 ft
< 23.75 ft———»

L=4751t

A4

A

Figure F3-3.1 Maximum Design Tandem Moment

DesignTandelf22.75)= 22.§ 22.7p+ 10.94(22.75) 0&?@2%52 =  661ft

M m iLss) = Max(DesignTruck DesignTandgm 687 -k
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F3-3.1.2 Maximum live load moment for an exteriean

With P = 32 kips,g,,
maximum live load moment ( at 21.42ft from the ®ipport) to be:

=0.63,and IM =1.33M , ,,, can be computed at the location of the

exterior)

M, . =489.0k- ft

The HL93 load in this case is:
DesignTruck21.42)= M,_,w + § 9.58(21.42) 21'242)2
=489+ 0.63 15.2(21.42) 0. 1'242f = o6k2 ft

Tandem Truck: P = 25 kips

IM(9,,)P = 20.9 kips IM(9 ,,)P = 20.9 kips
41t
v v W = (g,)P = .40 k/ft
I
< 22.75 o —1 ft
< 23.75 ft——>»

< L=475ft

A 4

Figure F3-3.2 Maximum Design Tandem Moment
DesignTandei{®22.75)= 20.§ 22.7p+ 9.58(22.75) 02%2%57 = 50 ft
M i sz = Max(DesignTruck DesignTandgms 602 -k

F3-4 Member Capacity

Table F3-4.1 Beam capacity calculation

Flexure - — — -
(Interior Girder) M =, =36(467) =1,401 kip-f AASHTO
MCE 2000
Flexure M =f2Z :36(415) =1,245 kip-ft D.6.6.2.3

(Exterior Girder)

F-18
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F3-5 Rating Calculation (LRFR)

The following factors are defined thus:

Live load factor for legal load level

g, =1.43 (LRFR Table 6-5 based on ADTT of 210)

Resistance Factor (for shear and flexure) =9

Condition Factor (related to NBI Item 59)

f, =1

System Factor (related to structural redundarfgyF 1

Table F3-5.1 Load and Resistance Factor Rating (LRF) Calculation for
HL93 load at Inventory and Operating Levels and HSR load at the Legal
Level (Using the dynamic load allowance and load sfiribution factors
stipulated in the AASHTO LRFD Specifications (2007)

Inventory
|_e_v‘19'25 RE=TEMog oMo 0-9(D(J(L40)- 126 316)7 | 25,9
Flexure o == 9. My 63 1'75( 683 ons
. g, =175
(Interior .
girder) Operating
f=09 | =125 GMyies 1'35( 683 | ons
f, =1 g, =135
f, =1 Legal
Ooc =1.25 IuM rerg 1.43( 559 : tons
g, =15
Inventory
Le_vffl25 RF = g Mg pMp — 09(])(])( L 245- 1'26 259)6=0.76 274
Flexure oc == 9 My 1'75( 603 ons
. g, =175
(Exterio ,
r girder) Operating
Le_vel RF = fft M. g M, _ 09(])(])( 1 245" 1'26 259)6:0 og| 353
£=09 | gy =1.25 IuM s 1.35( 602 : tons
f.=1 g =1.35
f =1 Legal
Level e Mg oMy _ 0.9(9)(9(1,243- 1.26 259)6:1 14| 410
Go =1.25 Mo 1.43( 489 | tons
9. =15
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Rating of a Steel Girder Bridge
Pier Cap
(GDOT BRIDGE ID # 085-0018)

Example F4:

Rating by the Allowable Stress Method (ASR) Using dad

Distribution and Dynamic Allowance Factors Stipulaed by

the AASHTO Standard Specifications for Highway Bridges
(AASHTO, 2002).

F-20



Appendix F Report of Task 1
Rating of Straight Steel Girder Bridge

F4-1 Basic Geometry and Bridge Information:

Figure F4-1.1 Bridge Cross Section at Mid-span

/777*6 #10 BARS

I S
r — #4 STIRUPS
2" —=|

h /
| LT
N 2 #7 BARS

Figure F4-1.2 Pier Cap Details

— 3 #8 BARS

Unit weight of concrete:
w_ = 15kips/ ft®
Weight of steel beam per foot of length:
Interior Girder:w, = 13kips/ ft

Exterior Girder:w =.118kips/ ft
Weight per ft of standard GDoT rail and sidewalk,, = .556kips/ ft
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F4-2 LOADS

F4-2.1 Permanent Loads
As per AASHTO Article 3.23.2.3.1 the dead load supgd by the outside stringers or beams shall &e th

portion of the floor slab carried by the stringebeam. Curbs, railings, and wearing surfacetaifqxd
after the slab has cured, may be distributed egitmbll roadway girders.

F4-2.1.1 Interior girder loads

Weight per linear foot of the reinforced concrdebs- 3—25 (8) (0.150) = 0.650 k/ft

Weight per linear foot of cast-in-place beam0=130) = 0.130 k/ft
0.55

Weight of parapet, rail and sidewalk assemblg—l(i =0.278 k/ft

()29 2= (0.9

Weight per linear foot of diaphragm—= = 0.052 k/ft
gntp pnhrag 4(48)

Since there is no wearing surface present on tdgdrDW =0

Total dead load reaction for interior beam =11 k/ft

F4-2.1.2 Exterior girder loads

Weight per linear foot of the reinforced concrdedbs- i—25 (5.625) (0.150 = 0.457 k/ft

Weight per linear foot of cast-in-place beam§0:118) = 0.118 k/ft
(2)(0.559

Weight of parapet, rail and sidewalk assembly——i =0.278 k/ft

(1)(29 331;25 (0.13

Weight per linear foot of diaphragm-—= = 0.052 k/t
gntp pnhrag 4(48)

Since there is nho wearing surface present on fldgdrDW =0

Total dead load reaction for exterior beam = @1 k/ft
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Interior Girder
P =478[1.1ﬂ = 26.6&ips
Exterior Girder
P, =4—28[o.91] = 21.&ips
Dead Load of the substructure:
W, =b(h)(w,)=3(3)(015) = 1.35%’S
Dead Load Shear:

43.6 kips 53.2 kips 53.2 kips 43.6 kips

—4ft - 4ft 8ft 4ft -4ft - 1.35
\ A A 4 A 4 VA/R|pS/ft
15
VDL =62.0 kIpS
w
O
o
=
ASSNNNN

Figure F4-2.1 Pier Dead Load 2D Frame Model
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F4-2.2 Vehicular Live Load

The design vehicular live load on the
bridge consists of AASHTO HS20 truck
with the spacing between the two 32-kip
rear-axle loads to be varied from 14 ft to
30 ft to produce extreme force effects.
The HS 20 truck is shown below.

Figure F4-2.1 AASHTO HS20 Truck

F4-3 Dynamic Load Allowance

From Section 3.8.2.1 of the AASHTO Standard Speaiibns (2002), the dynamic load allowance is
taken as:

50 _,, 50

L+125 ~ 49+125
With a specified maximum value of 30%

=1+ =1.29

F4-4 Analysis
16 kips 16 kips 4 Kips
14 14
A 4 \ 4 A 4
O _ QO
A 49’ A 49’ A
I I |
Ra Rs Rc

Figure F4-4.1 Wheel Line Load

49-14 49 14

=16+16 4
a 49

= 30.28ips
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30.29 kips 30.29 kips 30.29 kips 30.29 kips
v | 6 |1, 3 | 5 2|
HOR Q) Q
Yy g Yy g Y g e
Rl RZ R3 R4

Assume simply supported between girders

R =30.29 R, =49.22 R, =37.86 R, =3.79

Figure F4-4.2 Girder Live Load Reactions

3.79 kips 37.86 kips 49.22 kips  30.29 kips

l—4ft —-4ft 8ft Aft -4ft 1
A 4 A 4
1.5
VL =555 k|pS
w
(e}
ol
SRS

Figure F4-4.3 Pier Live Load 2D Frame Model

V,, =55.%ips
Vi =55.51.29 = 71.Bips
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F4-5 Member Capacity

h =36in b, = 36in
d=36-2 5 5 3k s=12in
A =0.4in?

Table F4-5.1 Pier Cap Capacity Calculations

Inventory Shear Capacity: For:jcrete |
Lol V, =9,/ b, 9/, =586 kips
y © St Shear Capacity: Steel
Pier Cap f.= 3000 psi V, = Af, % =22 kips AASHTO
Shear — 5 MCE 2000
Capacity | Operating | >'ea" Capacity: ?Ongrete | D.6.6.2.3
f _L(;\ée:( | V, =131 b, 9/ ), =846 kips
y Sl | Shear Capacity: Steel
f.= 3000 psi V, = Af, 4/ =308 kips

F4-6 Rating Calculation (ASR)

Table F4-6.1 Allowable Stress Rating (ASR) Calculain for HS20 (Using the
dynamic load allowance and load distribution factos stipulated in the

AASHTO Standard Specifications for Highway Bridges (AASHTQ

2002)
Inventory RF = Vi - Voo = 80.6- 62:0.26 9.36 tons
Level Vem 71.6 '
Shear
Operating RE="n" Vo 1154 62_, 27.0 tons
Level Viem 71.6 '
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Rating of a Steel Girder Bridge
Pier Cap
(GDOT BRIDGE ID # 085-0018)

Example F5:

Rating by the Load Factor Method (LFR) Using Load
Distribution and Dynamic Allowance Factors Stipulaed by
the AASHTO Standard Specifications for Highway Bridges

(AASHTO, 2002).
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F5-1 LOADS
F5-1.1 Permanent Loads (section F4-2)

V., =62.0 kip

F5-1.2 Vehicular Live Load

The design vehicular live load on the
bridge consists of AASHTO HS20 truck
with the spacing between the two 32-kip
rear-axle loads to be varied from 14 ft to
30 ft to produce extreme force effects.
The HS 20 truck is shown below.

Figure F5-1.1 AASHTO HS20 Truck

F5-2 Dynamic Load Allowance

From Section 3.8.2.1 of the AASHTO Standard Speaiibns (2002), the dynamic load allowance is

taken as:

|21+.50 _,, 50

With a specified maximum value of 30%

F5-3 Analysis

V,, =55.%ips

Vi =55.51.29 = 71.Bips

F5-4 Member Capacity

h=36in b, =36in
d=36-2 5 5 3h f =3000psi
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Figure F5-4.1 Pier Cap Detail

Table F5-4.1 Pier Cap Capacity Calculations
Shear Capacity: Concrete
AASHTO

_ " d _ :
Pier Cap Shear Ve = 2\/TCQN 4000— 130 kips MCE
2000

Capacity Shear Capacity: Steel
V, = Agfy (% = 44 kips D.6.6.2.3

F5-5 Rating Calculation (LFR)

Inventory g, = 1.3 g, =217 =285
Operatingg,. = 13 g, =13 =285

Table F5-6.1 Load Factor Rating (LFR) Calculation br HS20 (Using the dynamic
load allowance and load distribution factors stipuated in the AASHTO Standard

Specifications for Highway Bridges (AASHTO, 2002))

Inventory RF =./VN -9 ocVoL — 0'85( 174 - 1':3 6? =0.43 15.5 tons
Level gV 2'17( 71'6 |

Shear

Operating RFE :/'VN "9 ocVo = 0'85( 174_ 1'$ 6)2 =0.72 25.9 tons
Level a. V., 1.3(71.9
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Rating of a Steel Girder Bridge
Pier Cap
(GDOT BRIDGE ID # 085-0018)

Example F6:

Rating by the Load and Resistance Factor Rating Mébd (LRFR) Using
Load Distribution and Dynamic Allowance Factors Stpulated by
the AASHTO LRFD Bridge Design Specifications (AASHTO, 2007).
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F6-1 Permanent LOADS(section F4-2)

V,, =62.0 kip

F6-2 Dynamic Load Allowance

From Table 3.6.2.1 of the AASHTO LRFD Bridge Destgpecifications (AASHTO, 2007), the dynamic
load allowance is taken as 33%. Thus, the dynamaid factor to be applied to the static load is:

1+M =1.33
100

F6-3 Analysis
F6-3.1 Wheel line load

49-14 49 14 _ o onins

Computed in Section B8-R, =16+16 29

DesignTrucks= 2(30.29 +( 0.63( 3= 85.kips

25 kips 25 kips

1 l 0.64 /it
| |

AN

0.959 0.959

p—2 ft

»

A A

L=491t > L=491t
Figure F6-3.1 Interior Beam Shear Design Tandem

A
A 4

DesignTanders 25(0.959 + 2% 0.95p+( 0.94 39 7%ips
Vi,L0s = Max(DesignTruck DesignTandeym 85.£ kips

F6-3.2 Girder live load reactions

F6-3.2.1 HS20 girder live load reactions (sectidrilF

V,, =55.%ips
Vi =55.51.33= 73.Rips
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F6-3.2.1 HL93 girder live load reactions

42.75 kips 42.75 kips 42.75 kips 42.75 kips
v | 6 |1, 3 | 5 1|
D] L0 L0 —
A g Y g Y g e
R1 R> R3 R4
Assume simply supported between girders
R =427t R, =69.47 R, =53.44 R,=5.34

Figure F4-3.2 Girder Live Load Reactions

5.34 kips 53.44 kips 69.47 kips  42.75 kips

l»4ft L 4ft 4 8ft I 4ft 1-4ft 1
A 4 A 4
1.5

V|_|_ =78.3 kIpS

4 96E

Figure F4-3.3 Pier Live Load 2D Frame Model

V,, =78.3ips
Vim =78.31.29 = 104ips
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F6-4 Member Capacity

Table F6-4.1 Pier Cap Capacity Calculations

= 'h d - : AASHTO
Pier Cap Shear Ve 2\/TCQN 4000 130 kips MCE
Capacity Shear Capacity: Steel 2000
D.6.6.2.3

Shear Capacity: Concrete

V, = A f, 4/ =44 kips

F6-5 Rating Calculation (LRFR)

Inventory g,. = 125 g, =175

Operating g, = 13 g, =135

Live load factor for legal load level g, = 143(LRFR Table 6-5 based on ADTT of 210)
Resistance Factor (for shear and flexure) =9

Condition Factor (related to NBI ltem59)  f_ =1

System Factor (related to structural redundarfgyF 1

Table F6-5.1 Load and Resistance Factor Rating (LRF) Calculation for HL93 load
at Inventory and Operating Levels and HS20 load athe Legal Level (Using the
dynamic load allowance and load distribution factos stipulated in the AASHTO
LRFD Specifications (2007))

Shear
(Interior
Girder)

Inventory _FE NG o Vo 0.9(9(9(274- 1.26 6)2: 15.5
RF 0.43
Level Y/ 1_75( 104) tons
Operating | RE = L VG Vo _ 09(])(])( 17‘)' 1'26 6)2:0.56 20.2
Level A/ 1_35( 104) tons
Legal RFE = L Vg oVou — 09(])(1)( 174)_ 1'26 6?20.75 27
Level 9. Va0 1_43( 73_3 tons
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