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FOREWORD

The Manual for Bridge Evaluation (MBE) was first adopted by the AASHTO Highways Subcommittee on Bridges
and Structures in 2005. The MBE combines the Manual for Condition Evaluation of Bridges, Second Edition (2000) and
its 2001 and 2003 Interim Revisions with the Guide Manual for Condition Evaluation and Load and Resistance Factor
Rating (LRFR) of Highway Bridges, First Edition and its 2005 Interim Revisions. Revisions based on approved agenda
items from annual Subcommittee meetings in 2007 and 2008 are a so incorporated into the MBE.

The Manual for Bridge Evaluation, First Edition supersedes the Manual for Condition Evaluation of Bridges, Second
Edition and any revisions made in previous Interim Revisions. With the 2008 publication of the MBE, the Subcommittee
confers archive status on the Manual for Condition Evaluation of Bridges, the Guide Manual for Condition Evaluation and
Load and Resistance Factor Rating (LRFR) of Highway Bridges, and al Interim Revisions of both prior bridge evaluation
titles.

AASHTO Highways Subcommittee on Bridges and Structures
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PREFACE

Long anticipated and painstakingly developed, The Manual for Bridge Evaluation (MBE) offers assistance to Bridge
Owners at al phases of bridge inspection and evaluation. An abbreviated table of contents follows this preface. Detailed
tables of contents precede Sections 1 through 8.

Appendix A includes nine illustrative examples (A1 through A9), previously in the Guide Manual for Condition
Evaluation and Load and Resistance Factor Rating (LRFR) of Highway Bridges. To assist users who are already familiar
with these examples, the example numbers have been maintained. All examples are rated using the LRFR method. In
addition, Examples A1, A2, and A4 are now rated using the ASR and LFR methods. To clarify which rating method is
being illustrated, Examples A1, A2, and A4 are divided into Parts A through C and their articles are numbered accordingly
asfollows:

e PatA, LRFR;
e PatB,ASRandLFR; and

e Part C, example summary.

For ease of reference, the table of contents for Appendix A includes a summary table of the bridge types, rated
members, rating live loads, limit states for evaluation, and rating methods, with the starting page number for each example
and, in the case of Examples A1, A2, and A4, for each rating method. The typical detailed table of contents follows this
summary table.

Appendix A includes numerous citations of other AASHTO bridge publications. To save space, the following
shorthand has been adopted:

e “AASHTO” refersto Standard Specifications for Highway Bridges, 17th Edition, HB-17,

e “LRFD Design’ refers to the current edition of the AASHTO LRFD Bridge Design Specifications, Fourth Edition,
LRFDUS-4-M, and

o “MBE" refersto this publication, The Manual for Bridge Evaluation, Second Edition, MBE-2.

MBE includes a CD-ROM with many helpful search features that will be familiar to users of the AASHTO LRFD
Bridge Design Specifications CD-ROM. Examples include:

e Bookmarksto dl articles;
e Linkswithin the text to cited articles, figures, tables, and equations;
e Linksfor current titlesin reference lists to AASHTO' s Bookstore; and

e The Acrobat search function.

AASHTO Publications Staff
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SECTION 1:

INTRODUCTION

1.1—PURPOSE

This Manual serves as a standard and provides
uniformity in the procedures and policies for
determining the physical condition, maintenance needs,
and load capacity of the nation’s highway bridges.

1.2—SCOPE

This Manual has been developed to assist Bridge
Owners by establishing inspection procedures and
evaluation practices that meet the National Bridge
Inspection Standards (NBIS). The Manua has been
divided into eight Sections, with each Section
representing a distinct phase of an overal bridge
inspection and evaluation program.

Section 1 contains introductory and background
information on the maintenance inspection of bridges as
well as definitions of general interest terms. Key
components of a comprehensive bridge file are defined
in Section2. The record of each bridge in the file
provides the foundation against which changes in
physica condition can be measured. Changes in
condition are determined by field inspections. A bridge
management system is an effective tool in allocating
limited resources to bridge related activities. An
overview of bridge management systems is included in
Section 3. The types and frequency of field inspections
are discussed in Section 4, as are specific inspection
techniques and requirements. Conditions at a bridge site
or the absence of information from original construction
may warrant more elaborate material tests, and various
testing methods are discussed in Section 5. Section 6
discusses the load rating of bridges and includes the
Load and Resistance Factor method, the Load Factor
method and the Allowable Stress method. No preference
is placed on any rating method. The evaluation of
existing bridges for fatigue is discussed in Section 7.
Field load testing is a means of supplementing analytical
procedures in determining the live-load capacity of a
bridge and for improving the confidence in the
assumptions used in modeling the bridge. Load test
procedures are described in Section 8.

The successful application of this Manual is directly
related to the organizational structure established by the
Bridge Owner. Such a structure should be both effective
and responsive so that the unique characteristics and
specia problems of individual bridges are considered in
developing an appropriate inspection plan and load
capacity determination.

11
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This Manua replaces both the 1994 AASHTO
Manual for Condition Evaluation of Bridges and the
2003 AASHTO Guide Manual for Condition Evaluation
and Load and Resistance Factor Rating (LRFR) of
Highway Bridges. It serves as a single standard for the
evauation of highway bridges of all types.

Cl12

Much of the 2003 AASHTO Guide Manual for
Condition Evaluation and Load and Resistance Factor
Rating (LRFR) of Highway Bridges has been
incorporated and updated in this Manual. Section 6 of
this Manua includes the load ratings provisions of both
the 2003 AASHTO Guide Manual for Condition
Evaluation and Load and Resistance Factor Rating
(LRFR) of Highway Bridges and the 1994 AASHTO
Manual for Condition Evaluation of Bridges.
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1.3—APPLICABILITY

The provisions of this Manual apply to al highway
structures which qualify as bridges in accordance with
the AASHTO definition for a bridge (see Article 1.5).
These provisions may be applied to smaller structures
which do not qualify as bridges.

1.4—QUALITY MEASURES

To maintain the accuracy and consistency of
inspections and load ratings, Bridge Owners should
implement appropriate quality control and quality
assurance measures. Typical quality control procedures
include the use of checklists to ensure uniformity and
completeness, the review of reports and computations by
a person other than the originating individual, and the
periodic field review of inspection teams and their work.
Quality assurance measures include the overall review of
the inspection and rating program to ascertain that the
results meet or exceed the standards established by the
Owner.

C13

At the discretion of the Bridge Owner, the
provisions of this Manual may be applied to highway
bridge structures regardless of span or total length of
bridge.

Federal regulations entitled the National Bridge
Inspection Sandards (NBIS) have been promulgated
which establish minimum requirements for inspection
programs and minimum qualifications for bridge
inspection personnel. The NBIS apply to al highway
bridges on public roads which are more than 20ft in
length.

Cl4

Quality control procedures are intended to maintain
the quality of the bridge inspections and load ratings, and
are usualy performed continuously within the bridge
inspection or load rating teams or units. The documented
quality control plan may include:

e Defined quality control roles and responsibilities;

e Quadlifications for Program Managers, bridge
inspection personnel, and load rating personnel,
including:

0 Education and certifications, or education and
registration;

o Initial training;
0 Yearsand type of experience; and
0 Periodic refresher training.

e Procedures for review and validation of inspection
reports and data;

e Procedures for review and validation of load rating
calculations and data; and

e Procedures for identification and resolution of data
issues, including errors, omissions, changes, or any
combination thereof.

Quality assurance procedures are used to verify the
adequacy of the quality control procedures to meet or
exceed the standards established by the owning agency.
Quality assurance procedures are usudly performed
independent of the bridge inspection and load rating
teams on a sample of their work. The documented
quality assurance plan may include:

e Defined quality assurance roles and responsibilities;

e Freguency parameters for review of districts or units
and bridges;
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SECTION 1: INTRODUCTION 1-3

e Procedures and sampling parameters for selecting
bridgesto review, including:

o0 Condition rating of elements or change in
condition rating,Posting status,

o0 Deficiency status,

0 Critical findings and the status of any follow-up
action, and

0 Location of bridge.

e Procedures for reviewing current inspection reports,
bridge files, and load ratings;

e Quality control procedures to verify the accuracy
and completeness of the load ratings;

e Procedures for conducting an independent check of
the load rating analysis on a sample of bridges;

e Procedures to validate qudifications of inspector
and load rater; and

e Proceduresto validate the QC procedures.

Checklists or other standard forms may be used to
ensure uniformity and completeness of the established
procedures.

Further information and details regarding QC/QA
for Bridge Inspection can be found in NCHRP
20-07(252), Guiddlines for Implementing Quality
Control and Quality Assurance for Bridge Inspection.

1.5—DEFINITIONSAND TERMINOLOGY

AASHTO—American Association of State Highway and Transportation Officials, 444 North Capitol Street, NW,
Suite 249, Washington, DC 20001.

As-Built Plans—Plans that show the state of the bridge at the end of construction; usually prepared by the Contractor
or the resident Engineer.

ASR—Allowable Stress Rating.
Bias—The ratio of mean to nominal value of arandom variable.

Bridge—A structure including supports erected over a depression or an obstruction such as water, highway, or
railway; having a track or passageway for carrying traffic or other moving loads; and having an opening measured
along the center of the roadway of more than 20 ft between undercopings of abutments or spring lines of arches, or
extreme ends of openings for multiple boxes. It may also include multiple pipes, where the clear distance between
openingsisless than half of the smaller contiguous opening.

Bridge Management System (BMS—A system designed to optimize the use of available resources for the inspection,
maintenance, rehabilitation, and replacement of bridges.

Calibration—A process of adjusting the parametersin a new standard to achieve approximately the same reliability as
existsin acurrent standard or specification or to achieve atarget reliability index.

Coefficient of Variation—The ratio of the standard deviation to the mean of arandom variable.

Collapse—A major change in the geometry of the bridge rendering it unfit for use.
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1-4 THE MANUAL FOR BRIDGE EVALUATION

Complex Bridges—Movable, suspension, cable stayed, and other bridges with unusual characteristics

Condition Rating—The result of the assessment of the functional capability and the physical condition of bridge
components by considering the extent of deterioration and other defects.

Evaluation—An assessment of the performance of an existing bridge.

Exclusion Vehicle—Grandfather provisions in the federal statutes which allow states to retain higher limits than the
federal weight limits if such limits were in effect when the applicable federal statutes were enacted. Exclusion
vehicles are vehicles routinely permitted on highways of various states under grandfather exclusions to weight laws.

Failure—A condition where a limit state is reached or exceeded. This may or may not involve collapse or other
catastrophic occurrences.

FHWA—Federal Highway Administration, U.S. Department of Transportation.

Inventory Rating—L oad ratings based on the Inventory level allow comparisons with the capacity for new structures
and, therefore, resultsin alive load, which can safely utilize an existing structure for an indefinite period of time.

Inventory Level Rating (LRFR)—Generally corresponds to the rating at the design level of reliability for new bridges
in the AASHTO LRFD Bridge Design Specifications, but reflects the existing bridge and material conditions with
regard to deterioration and loss of section.

LFR—Load Factor Rating.

Limit Sate—A condition beyond which the bridge or component ceases to satisfy the criteria for which it
was designed.

Load Effect—The response (axia force, shear force, bending moment, torque) in a member or an element due to
the loading.

Load Factor—A load multiplier accounting for the variability of loads, the lack of accuracy in analysis, and the
probability of simultaneous occurrence of different loads.

Load Rating—The determination of the live-load carrying capacity of an existing bridge.

LRFD—L oad and Resistance Factor Design.

LRFD Exclusion Limits—Weight and length limits of trucks operating under grandfather exclusionsto federal weight laws.
LRFR—L oad and Resistance Factor Rating.

Margin of Safety—Defined as R-S, where Sis the maximum loading and R is the corresponding resistance (R and S
are assumed to be independent random variables).

MUTCD—Manual on Uniform Traffic Control Devices.

National Bridge Inventory (NBI)—The aggregation of structure inventory and appraisal data collected to fulfill the
requirements of the National Bridge Inspection Standards.

National Bridge Inspection Standards (NBIS—Federal regulations establishing requirements for inspection
procedures, frequency of inspections, a bridge inspection organization, qualifications of personnel, inspection reports,
and preparation and maintenance of bridge inventory records. The NBIS apply to al structures defined as highway
bridges located on or over al public roads.

NICET—National Institute for Certification in Engineering Technologies.

Nominal Resistance—Resistance of a component or connection to load effects, based on its geometry, permissible
stresses, or specified strength of materials.
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Operating Rating (ASR, LFR)—L oad ratings based on the Operating rating level generally describe the maximum
permissible live load to which the structure may be subjected. Allowing unlimited numbers of vehicles to use the
bridge at Operating level may shorten the life of the bridge.

Operating Level Rating (LRFR)—Maximum load level to which a structure may be subjected. Generally corresponds
to the rating at the Operating level of reiability in past load rating practice.

Owner—Agency having jurisdiction over the bridge.
Posting—Signing a bridge for load restriction.

Quality Assurance—The use of sampling and other measures to assure the adequacy of quality control proceduresin
order to verify or measure the quality level of the entire bridge inspection and load rating program.

Quality Control—Procedures that are intended to maintain the quality of a bridge inspection and load rating at or
above a specified level.

RF—Rating Factor.

Reliability Index—A computed quantity defining the relative safety of a structural element or structure expressed as
the number of standard deviations that the mean of the margin of safety falls on the safe side.

Resistance Factor—A resistance multiplier accounting for the variability of material properties, structural dimensions
and workmanship, and the uncertainty in the prediction of resistance.

Safe Load Capacity—A live load that can safely utilize a bridge repeatedly over the duration of a specified ingpection cycle.
Service Limit Sate—Limit state relating to stress, deformation, and cracking.

Serviceability—A term that denotes restrictions on stress, deformation, and crack opening under regular service conditions.
Serviceability Limit States— Collective term for service and fatigue limit states.

Soecialized Hauling Vehicle (SHV)—Short wheelbase multi-axle trucks used in construction, waste management, bulk
cargo and commodities hauling industries.

Srength Limit Sate—Safety limit state relating to strength and stability.

Sructure Inventory and Appraisal Sheet (S &A)—A summary sheet of bridge data required by NBIS. A copy of the
SI&A sheet is contained in Appendix A4.1.

Target Reliability—A desired level of reliability (safety) in aproposed evaluation.
1.6—REFERENCES

AASHTO. 1997 with Interims. Guide for Commonly Recognized (CoRe) Sructural Elements, CORE-1. American
Association of State Highway and Transportation Officias, Washington, DC.
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AASHTO. 2003. Guide Specifications for Horizontally Curved Girder Highway Bridges, Fourth Edition, GHC-4.
American Association of State Highway and Transportation Officials, Washington, DC. Interim GHC-4-11-OL
available online.

AASHTO. 2004. Guide for Vehicle Weights and Dimensions, Fourth Edition, GSW-4. American Association of State
Highway and Transportation Officials, Washington, DC.

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



1-6 THE MANUAL FOR BRIDGE EVALUATION

AASHTO. 2006. “ PONTIS' Release 4.4, User’s Manual. American Association of State Highway and Transportation
Officias, Washington, DC. Included with purchase of PONTIS; aso available upon request from AASHTOWare staff.

AASHTO. 2007. AASHTO LRFD Bridge Design Specifications, Fourth Edition, LRFDUS-4-M or LRFDSI-4.
American Association of State Highway and Transportation Officials, Washington, DC.

AASHTO. 2007. AASHTO LRFD Movable Highway Bridge Design Specifications, Second Edition, LRFDMOV-2-M.
American Association of State Highway and Transportation Officials, Washington, DC.

ACI. 2005. Building Code Requirements for Masonry Sructures and Commentary, ACI 530-05. American
Concrete | nstitute.

AISC. 1990. Iron and Seel Beams 1873 to 1952. American Institute of Steel Construction.
AISC. 2005. Seel Construction Manual, 13th Edition. American Institute of Steel Construction.

CSA. 1990. Existing Bridge Evaluation—Supplement to Design of Highway Bridges, CAN/CSA-S6-88—1990.
Canadian Standards Association, Mississauga, ON, Canada.

Department of Transport, U.K. 1993. “The Assessment of Highway Bridges and Structures,” Design Manual for
Roads and Bridges. Department of Transport, London, England, Vol. 3, Sec. 4, Pt. 4, BA 16/93, January 1993.

FHWA. 2003 with Revisions No. 1 and No. 2. Manual on Uniform Traffic Control Devices. Federa Highway
Administration, U.S. Department of Transportation, Washington, DC. Available from AASHTO in bound, loose eaf,
and CD-ROM formats as MUTCD-1, MUTCD-2-M, and MUTCD-1-CD, respectively.

FHWA. 1988. Technical Advisory—Revisions to the National Bridge Inspection Standards (NBIS), T5140.21. Federa
Highway Administration, U.S. Department of Transportation, Washington, DC.

FHWA. 1989. Bridge Management Systems, Demonstration Project 71, FHWA-DP-71-01R. Federal Highway
Administration, U.S. Department of Transportation Washington, DC.

FHWA. 1989. Underwater Inspection of Bridges, FHWA-DP-80-1. Federal Highway Administration, U.S.
Department of Transportation, Washington, DC.

FHWA. 1991. Technical Advisory—Evaluating Scour at Bridges, T5140-23. Federal Highway Administration, U.S.
Department of Transportation, Washington, DC.

FHWA. 1995. Recording and Coding Guide for the Structure Inventory and Appraisal of the Nation's Bridges,
FHWA-PD-96-001. Federal Highway Administration, U.S. Department of Transportation, Washington, DC.

FHWA. 1995. Seismic Retrofitting Manual for Highway Bridges, FHWA-RD-94-052. Federal Highway
Administration, U.S. Department of Transportation, Washington, DC.

FHWA, 2002. Bridge Inspector’'s Reference Manual, FHWA-NHI-03-001. Federal Highway Administration, U.S.
Department of Transportation, Washington, DC.

FHWA. 2004. Revisions to Items 63-66 to Support Load Rating by Rating Factor, Policy Memorandum, March 22,
2004. Federal Highway Administration, U.S. Department of Transportation, Washington, DC.

Galambos, T. V., ed. 1998. Guide to Sability Design Criteria for Metal Sructures, Fifth Edition, John Wiley and
Sons, Inc., New York, NY.

NCHRP. 2000. Manual for Condition Evaluation and Load Rating of Highway Bridges Using Load and Resistance
Factor Philosophy, NCHRP Web Document 28, NCHRP Project 12-46, Final Report. Transportation Research Board,
National Research Council, Washington, DC.

NCHRP. 1993. Distribution of Wheel Loads on Highway Bridges, NCHRP Project 12-26 (1) and (2), Final Report,
Transportation Research Board, National Research Council, Washington, DC.

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



SECTION 1: INTRODUCTION 1-7

NCHRP. 1999. “BRIDGIT’ Bridge Management System Users Manual and Technical Manual, NCHRP
Project 12-28 (A and B1), Transportation Research Board, National Research Council, Washington, DC.

NCHRP. 1998. Development of Ste-Specific Load Models for Bridge Ratings, NCHRP Project 12-28 (11), Find
Report, Transportation Research Board, National Research Council, Washington, DC.

NCHRP. 1998. Dynamic Impact Factors for Bridges, Synthesis Report 266, Transportation Research Board, National
Research Council, Washington, DC.

NCHRP. 1984. Guidelines for Evaluation and Repair of Damaged Seel Bridge Members, NCHRP Report 271,
Transportation Research Board, National Research Council, Washington, DC.

NCHRP. 1987. Srength Evaluation of Existing Reinforced Concrete Bridges, NCHRP Report 292, Transportation
Research Board, National Research Council, Washington, DC.

NCHRP. 1987. Fatigue Evaluation Procedures for Seel Bridges, NCHRP Report 299, Transportation Research
Board, National Research Council, Washington, DC.

NCHRP. 1987. Bridge Management Systems, NCHRP Report 300. Transportation Research Board, National Research
Council, Washington, DC.

NCHRP. 1987. Load Capacity Evaluation of Existing Bridges, NCHRP Report 301, Transportation Research Board,
National Research Council, Washington, DC.

NCHRP. 1990. Guidelines for Evaluating Corrosion Effects in Existing Seel Bridges, NCHRP Report 333,
Transportation Research Board, National Research Council, Washington, DC.

NCHRP. 1990. Distortion Induced Fatigue Cracking in Sedl Bridges, NCHRP Report 336, Transportation Research
Board, National Research Council, Washington, DC.

NCHRP. 1993. Inelastic Rating Procedures for Steel Beam and Girder Bridges, NCHRP Report 352, Transportation
Research Board, National Research Council, Washington, DC.

NCHRP. 1998. Redundancy in Highway Superstructures, NCHRP Report 406, Transportation Research Board,
National Research Council, Washington, DC.

NCHRP. 1999. Calibration of LRFD Bridge Design Code, NCHRP Report 368, Transportation Research Board,
National Research Council, Washington, DC.

NCHRP. 2001. Calibration of Load Factors for LRFR Bridge Evaluation, NCHRP Report 454, Transportation
Research Board, National Research Council, Washington, DC.

NCHRP. 1998. “Manual for Bridge Rating through Load Testing,” NCHRP Research Results Digest, No. 234.
Transportation Research Board, National Research Council, Washington, DC.

NFPA. 2005. National Design Specification for Wood Construction, National Forest Products Association,
Washington, DC.

Ritter, Michagl A. 1990. Timber Bridges—Design Construction, Inspection, and Maintenance, EM 7700-8. Forest
Service, U.S. Department of Agriculture, Washington, DC.

U.S. Government. 2004. National Bridge Inspection Standards, Code of Federal Regulations, Title 23, Part 650. U.S.
Government Printing Office, Washington, DC, December 2004.

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



SECTION 2: BRIDGE FILES(RECORDYS)

TABLE OF CONTENTS
B2 B ] N1 A SRS 2-1
2.2—COMPONENTS OF BRIDGE RECORDS ........ccceotitiiiiitisteeste e e se sttt sa e ae e stesaesestessessssessensns 2-1
2.2 LPlANS...ui et E e R R e R SR e bR e e e bR e e be R et R s Ee e e bt s be e b bt ene 2-1
2.2.1.1—CONSITUCHTON PLANS......eiieeee ettt sttt be et a et e e s e e be s besbeebesbesbesae e e eneeneaneas 2-1
2.2.1.2—Shop and WOrKIiNg DIGWINGS........cceeueruerereresreseseeeessessessessessessessesssessssssssessessessessessesssssssssesssnses 2-2
2.2.1.3—ASBUIIL DIaWINGS.....cceieetieeeiieiese s e ste et s e eaesteste e sreste s e e e e saetessestessesaesseessessessestestessessessseseesennses 2-2
2.2.2——SPECIHTICALIONS. ...ttt ettt b e et b e et b e st b e se bt b ne bt b e bt E et b bt bt bt ne b 2-2
B e 0 1 1= 0 0] 0 = 2-2
A 110110 | =0 LSS 2-2
2.2.5—MEENTAIS BNG TESES......eitiieeieiteieee ettt sttt st b e et b e st s st e st e st s be e be s be e ebesbe e et benees 2-2
2.2.5.1—Material CartifiCalioN........ccurueuirerieise ettt st et st se et s be e ebeseeseesesbeseenenteseenens 2-2
2.2.5.2—Ma@EXT Al TESE DALA....c.ccververiiiereeriitirietesiesee e stee s e sae e et e sae e e tesaesesteseesesbesaeseste s esessessateseesesteseesesteseasens 2-2
AT o o o B =S B - TSSO 2-3
2.2.6—Maintenance and REPAIT HiSIOMY ........oiuiiiiiieeiee ettt st s e et e b b s ae e e e e e 2-3
A e O (1o [ o Y 2-3
AV e e N e e [0 (= g = o] £ TSRS 2-3
B o1 11 o SRS SSS 2-3
W L0 o= 0 T 0 7= o (3SR 2-3
2 oo o [ DT - USRS 2-3
A N g (Lo DT - VST 2-4
2.2 13— INGPECLION HISLOMY ...ttt ettt e b et b e et e e e se e beseesbesaeeaeeae e e enbesbeebesbesaeaneeneaneeses 2-4
2.2.14—INSPECLION REGUITEIMENES. ... cueiueeeeeeeieriestesieseeseeeeseesseseessessessesseessessessessessessessesssessessessessessessessesseessenseses 2-4
2.2.15—Structure Inventory and APPraiSal SNEELS........cccviieiiiiie e ne e e 2-4
2.2.16—INVentories aNd INSPECLIONS........coeririiriereee ettt sttt sttt b e et se et b e e b b e bbbt 2-4
A I e = - 1o [ (= o o) (0L 2-4
23— INVENTORY DATA .ottt sttt s st e s e s e b e e st e s e e be s s e be b e seeseebe st esesbeseebeseneasenteneasenteneans 2-5
B e T 3 1 | OSSR 2-5
2.3.2—REVISEA INVENLOIY DBEA ... ccveeueeieeierieite ettt sttt et se e b e sb e b e saeebe et enseeeseesbeseeebesbesaeeneeeaneeses 2-8
24—INSPECTION DATA .ottt sttt ettt se st et e b e b e s e st s b e e e se s b e n e e st s b et e se s b e benenbebenenbenbenenbenteneens 2-8
W T 1 | SRS 2-8
Ay R VS o U a1 o 1= ot (0] I - - 2-10
2.5—CONDITION AND LOAD RATING DATA ..ottt sttt a e ssa s senessenennas 2-10
ST e T 1 | OSSP 2-10
2.5.2—Revised Condition and Load Rating DataL.........ccccveiiieierieeieie st st e e esae e st e e esaeeeneas 2-10
2.6—LOCAL REQUIREMENTS ..ottt nt ettt sttt bbb e bt e bt eneebesbeneebe st eneebe st enesneneenennas 2-10
2T7—REFERENGCES ........cct i etitiietestese sttt ste et aseetesteseesesseseesesaaseesesseneesessaseesesaeseebesseneeseaseseasessesensessnneasensanensn 2-10

2-i

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.




SECTION 3: BRIDGE MANAGEMENT SYSTEMS

TABLE OF CONTENTS
. L—INTRODUGCTION ....octeireireiireiretresresese et rese et s e st se s e s st se s r e R e s e s R et ae s R e Rt s e s e e s e ne s rer e n e s e e st nenr e s e nenrenenenn s 31
3.2—OBJECTIVES OF BRIDGE MANAGEMENT SYSTEMS.......ooiiiiietrerieenesie et 31
3.3—COMPONENTS OF A BRIDGE MANAGEMENT SYSTEM ..o 31
BB LD EBINASE. ...t E R AR Rt R R e R Rt E e ren s 3-2
3.3.1.1—Commonly Recognized Structural Elements (CORE) .........coeeririreriinieiriereeesieesie e 32
T D - r= WA = VA T 33
3.3.2.1—Condition DaLa ANBIYSIS. .....ccueeeeieeiiee ettt sttt sb et e e e e se e bbb ae e e e e e 33
B O0 1S QB T r= AN = £ 1 34
3.3.2.2. 1 AQENCY COSES.....eeteieeieeeieerteerte ettt ste e st e e beesee s eesaeesaeasae e bt aabeeaseeaeesbeeabeeabeeeesaeesseeeeenneeans 34
B.3.2.2.2—USEN COSES. .. ueeeeuinestetererteieseste e st bese st be e sesbe st seebe st st et et s e et eneee e b et e ek e e e Rt et et ebe et et ene st ne e ntens 34
ICTCTVZRC T @ o)1 402 (o o S 35
3.3. 3 DECISION SUPPIONT....eeverteueetestee ettt sttt ettt e st bese st st ese e st e b e se e bt s bese e bt e be e ebe s b e e eb e st et ebe s be e ebesbe e ebenbe e eee 3-6
3.4—NATIONAL BRIDGE MANAGEMENT SYSTEMS.......cooiiiiieeeirieieessie et 3-6
B5—REFERENCES ..ottt st e R e e Rt s e R R e Rt R Rt e Rt e r e n et nn e 3-7

3

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.




SECTION 4: INSPECTION

TABLE OF CONTENTS
g € N Y ISP 4-1
L I A = TSRS 4-1
N B 1 T - TS o 1 o PSS 4-2
4.2.2—ROULINE INSPECTIONS.......eeieiteiie ettt sttt ettt e ee b e b e aesae et e e e eeseeebesaeebesae e st eae e e enbeseesbesaesaeaneeneanseseens 4-2
4.2.3—DamMaQE INSPECLIONS........eiuerieriiitieteeeeeeseesesteste s e sreese e e esestestestesaessesseesseseessestesseasesseeseeseeneentesaestessesseeseenennsessens 4-3
e L D= o1 g S 7= ox o PSS 4-4
4.2.5—Fracture-CritiCal INSPECIIONS.......ccoiieirierietitereete sttt sttt st b et b e e bbbt bbbt b e b 4-4
4.2.6—UNAENWALEr INSPECLIONS. ... ..ueiueeeeeieiertestestese et eere e e e s e s e sresresseeseeeeseetesaestesseeseeseensenseseeneensessessessesseesnenennsessnns 4-5
4.2.6.1—Routine Wading INSPECHIONS.......c..ciiriiiiie ettt sbe st se e e b b e sbe e saeene e e et ees 4-5
4.2.6.2—In-Depth Underwater INSPECLIONS.........coviviireieceeeeseese st seeste et e e neeneensenes 4-5
4.2.7—SPECIAI INSPECLIONS......cveieietiiieetieteeeeieste ettt s e ese et et e s tesbestesaeese e e essessestesbeseeatesaeeseeseeneentesaestesaeeneeseeneentesenns 4-6
A.3—FREQUENCY ..ottt sttt sttt sttt et be et be st e bt b s e e Rt e beseehe s be s e e bt s b e e e be s be st e b e e b et e be s be e ebe s b et sbenteneene 4-6
4.4—QUALIFICATIONS AND RESPONSIBILITIES OF INSPECTION PERSONNEL .......cccoveivierieiseninesienes 4-7
O e = 0T OSSPSR 4-7
4.4.2—INSPECLiON Program IMBNEOET ........cccveiuereeitesiestesteseeeestestessestestessesseessessessestestessessesssessessessensessessessessessessesssessens 4-7
A.4.3—INSPECHION TEAM LEAOE ..ottt sttt b e st b e bbb e b bbb e bt bt b b e 4-8
s o = N OSSO 4-8
TN e = 0= SRS 4-8
4.5, 2—PEISONNE] SAFELY ... cueeieieiieeie ettt e st s et s et e e et e s tesaesbesaeeaeeaeeseeseeseesteseeabesaeeReeReeneenteseeetenreeneeneeeentenrens 4-8
I e o U o oS =SSR 4-9
4.6—PLANNING, SCHEDULING, AND EQUIPMENT .....oitiiiiiieeiesiereee ettt sttt s 4-9
S B =0 411 o USSR 4-9
s ok 1= L1 T o S 4-10
e e o (U1 101 o | PSR 4-10
4.6.3.1—Access Methods and EQUIPIMENL ..ottt st st s s sneseene s 4-10
4.6.3.2—Inspection Methods and EQUIPMENT...........ccoiiieiiieeieece et e et sre e s re s e e e e e e naeneas 4-11
4. 7—INSPECTION FORMS AND REPORTS......cctiiiiirieisiisie sttt ettt sttt s 4-11
A.8—PROCEDURES.........ccoeotittietistiietseste st ste e e ae e sesesessesesessesesess e sesesseseseabeteseaseteseesesseseabesesesbenansenbensnsenee 4-12
T = 0= OSSP 4-12
A.8.1.1—FIeld MEBSUMEIMENES.....c.cctiiieieiesieie ettt sttt sttt ste et e s ae e ebese e st beseesesbeseesesbenensens 4-12
A.8.1.2——ClEANING. .. .teueeterterietesteesteseeestesseesteseesestessesestesaesesseseesesteseesessessesesseensesseseseseeneateseesestesensessenensens 4-13
4.8.1.3—Guidelines for Condition Rating of Bridge COmMPONENtS..........cccouererereresesesesieereeseeseese e seenns 4-14
4.8.1.4—Critical DEfiCiEeNCY ProCEAUIES.........couiiie ettt st e s e s 4-14
G S U 0= (1 (1 = P 4-14
A.8.2. 1—ADULMENTS......ceetiiteietieie ettt sttt sttt e se b et e seebesbeseebesbeseebesbeseebesbeneesenbenentens 4-14
4.8.2.2—RetaiNiNG WaIIS .....oouiiiiiteeee et b bbb bbbt b e b b ene 4-15
4.8.2.3—PIerSand BENES ......coi ittt ettt sttt b e e b b ere s 4-16
A.8.2.4—PilE BENLS.....ceiiiieeiitiiieiestestete sttt et e st et este e tesae e etesae e tesa et et e se e et e nae e EeseeneeRenaereete st eneetenenrens 4-17
4.8.2.5—Bridge Stability and MOVEMENES ......cc.eiieiceree et neenen 4-18
4.8.2.6—D0olphiNS and FENAEIS........ccoieiieiiee st st st e e e sr e besaesreeresneeneeneenean 4-19
4.8.3——SUPEISIIUCIUIE ...ttt ettt r ettt s et r e bt s e e e s e e e e Rt eR e s he e s e e e e s e e e e e Rt eR e e bt es e e e e s e neenr e e renneene e e enne s 4-20
4

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.




4-jj THE MANUAL FOR BRIDGE EVALUATION

4.8.3.1—Steel Beams, Girders, and BOX SECHONS........coiiiiriririeiee e 4-20
4.8.3.2—Reinforced Concrete Beams and GIFQEN'S........c.ccueieeieeiieiiee ettt s sreesreesae e 4-21
4.8.3.3—Prestressed Concrete Beams, Girders, and BOX SECHONS........ccceveiirererienenenieniee e 4-22
A.8.3.4—TIMDEN SYSLEIMIS ....cviitiieti ittt ettt b et b e st b et b b et bbbt b et b e e s es 4-22
e B e 00 S <1 1 4-23
A.8.3.8——TTUSSES ....ueueuertereereateseeseateseesesteseesesteseeseateseesesteseese st eseeseaEeseeseaEeseeseaEeneaseabeeeseebe e ebenbeneebestenentenenneee 4-24
A.8.3.7—CaIES.....coe et e b et b e bbb bt 4-25
4.8.3.8—Diaphragms and CroSS-FraMES..........ccciiieiiiie ittt s st a e e e enaennens 4-26
4.8.3.9—L atera Bracing, Portals, and SWay FrameES .........ccueveierinene st seeee e see et neeaeneens 4-26
4.8.3.10—Rivets, Bolts, and Welded CONNECLIONS.........cccoveiiirieinenieresie et 4-26
4.8.3.11—PiNS@NA HANGEN'S. ..ottt sttt b et ae et et e ee s b e besaesbesbesbesneeneenseneans 4-27
e I I 2 =4 T o 4-28
R T S == T | OSSR 4-30

R T 7 U ) 1 =SSR 4-30

R T ISy N o 1= OSSP 4-31

8. 4——DIECKS.....ccueueeteiteueetestee et st et et st et e b st et et st et et et et et et a e R et ea e Rt eRea e R e R eR e R e R eAteR e R e e eRe R eR e Re et e Rt eRe et eneeRenteneeaenreneenn 4-31
S e e e 1= (= B =0 OSSP 4-32
4.8.4.2—Prestressed Concrete DECK Pan€lS ... ..o 4-33
A.8.4.3—SEE DECKS.....ueitieeiiite ettt sttt sttt b e et b e et b e et b et bt ne e a et b et et p e s 4-33

A8 4. 4—TIMDEN DECKS. ..c.eiueiterietiete sttt sttt sttt sttt sttt e e s be e st s bese e st s beseese s beseese s be st e st sbe st ebesbenenbeneenees 4-34
A.8.4.5—EXPANSION JOINES ....veviuietereeieterie ettt sttt ettt b e st e st b e s et b e se e st e b e se e st be s e e st ebe e et e st et sbe e eneees 4-34
4.8.4.6—Railings, Sidewalks, @and CUIDS.........ccccoiv i e e e ese e enaeeens 4-35
A.8.4.6.1—RaAIINGS. ....cctiieieieiteiee sttt et e e te st et tesee e e tesaeseebesaeseetesaeseeteseeneetesaeseebeneerestenenrens 4-35
4.8.4.6.2—SidewalkS and CUIMDS..........ciiiiiirieeree ettt ene 4-36
Ry I - 1= o (= TS 4-36
S e IR o o)1 o SRS 4-36
e e B L= [ O Y= 1 - Y= TS 4-36
R e AN 0] 0 (0= e 1= USRS 4-37
I e = = 1 11 o OSSPSR 4-37
I B - oo TSRS 4-37
4.8.5.3—TraffiC SAELY FEAUMNES. .......oieeiiteeee ettt bbb et 4-37
4.8.5.4—EMDANKMENT SIOPES......cciveiieiiiiteie st eeete st e e sttt st e e e saese e beseestesbeeaeesaesestessestessesnessesseesseneens 4-38
TGS T TP 4-38
B VL = = 7 Y £ PE 4-39
4.8.8—BOX CUIVEIMTS @S BIIAGES. ... ccueeieeeie sttt sttt sttt a ettt s e b bbbt s he e st e e e e e se et e sbesbesbesaeeneeneenean 4-39
4.8.9—Corrugated Metal Plate SLUCIUIES.......cc.eieiieeieeeeeeeseesesees e seeste s e eseeaesees e saestessesseeseeseenseseessessessessesseeseseesees 4-40
A.8.10——ENCIOBCHIMENTS ..ottt ettt et st e s b et e s e et e st e st e se s e st e besbeneebesseneebeseenenseneanennas 4-41
4.9—SPECIAL STRUCTURES ..ottt ettt b bbb b e s e st e b e s b et e be st e s e ebe st e s e eneneanennas 4-41
e B B |V L0V Z= o [= 2 o o 1= 4-41
4.9, 2——SUSPENSION SPANS......e.eeeeteeeterteeete sttt sbeseesess e e ebess e e ebesseaeebesaea e eheseeaeeb e eE e s e eb e eEeaeeb e sEem e eb e nEen e ebenb e s e ebenbe st nbeneenennis 4-41
e e e 0= o [t = Y=o = [0 - 4-42
4.9.4—Prestressed Concrete SegMENtal BridgES .......ccooeie ittt e sb e s b e e s 4-43
4. 10—FATIGUE-PRONE DETAILS......cot ittt sb e be st e st e s stene s eebesseneesessenennas 4-43
4.11—FRACTURE-CRITICAL MEMBERS.........cctct ittt ettt s nesraneenis 4-44
4.12—DATA COLLECTION FOR LOAD RATING......cccctieirtirieiriinieesieeesesteesresteessessesessessesessessesessessesessessenssss 4-44

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



SECTION 4: INSPECTION 4-iii

b R €1 0T - SRS 4-44
4.12.1.1—GEOMELIIC DA, ....ve ettt sttt sttt sttt ettt et b et et e s e et ebeseebesbeseenesbeneenens 4-45
4.12.1.2—Member and CONAitiON DELAL..........coerererierieie et se e e e b e e e eneas 4-45
4.12.1.3—L 0ading and TIaffiC DELAL.......ccceerueeererieiete ettt bbb et b e e ene b neene s 4-45

4.12.2—0DbServatioNS UNAEN TIATIC ..vveviiiirieiiiiieisie ittt sttt be e s e 4-46

4.12.3—INSPECLION FOr LOBOINGS ......venvevertireeiirtiieesie ettt b bt b e et b s s 4-46
4.12.3.1—Dea0 L OB EFfECLS ..o.viueiiiieeeeieseeee ettt sttt st sttt s n b ene s 4-46
4.12.3.2—LiVE L OB EFfECLS ...eiuiieiiiieieie ettt sttt sttt st et saeseebesaeseebesaenesbenennens 4-46

4.12.4—INSPECLION FOr RESISLANCE ... e cveeueeeeie sttt sttt e st e et e e e e e e s tesbesaesbesseeseesteneeneeneeseessesneerenneeneenes 4-47

A13—REFERENCES .......ootiititeietis ettt tese et e s s be st s se s teseese st e e e se s beseese e be st e seabe e e sestesea b e teneabentenentenseneaee 4-47

APPENDIX A4.1—STRUCTURE INVENTORY AND APPRAISAL SHEET ....cccooiiitiietceees s 4-48

APPENDIX A4.2—BRIDGE NOMENCLATURE ......coot ittt sttt st sae et saene s 4-49

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



SECTION 5: MATERIAL TESTING

TABLE OF CONTENTS

DL GENERAL ..ottt b e b £ bR AR e R R e AR R e bRt R e bRt b bRt bbbt ees 51
LI D I 1 SRS 51
N e e g o (= T [ I £SO 51
5.2.1.1—Strength MEHNOUS. .......c.ccuiiiiieiiiieice ettt sttt st et e eseebeseesesbeseesesteseenens 5-2
5.2.1.2—S0NIC IMEINOMS.......oocueetieeee ettt ettt et s e she e sre e teeaeesaeeeaeaebeenbeenbesntesaeesaeesaeas 53
5.2.1.3—UIrasoniC TECNIQUES .........cceiuiiiceciee sttt e e st e e st e e aeste s besresbesaeeresreenneneeseeneas 5-3
5.2.1.4—MagNEtiC MEINOUS..........ciiiiieieiieiei sttt sttt sttt e et e st e e be st e e ebesaesesbeseesestesennens 5-4
5.2.1.5—ElECtrCal MEINOUS......cveuiiiiieeiieie sttt sttt st sttt st e s b neenens 5-4
5.2.1.6—NUCIEEN MEINOUS.......ccoiieiiiiiieiisiesiei ettt sttt ettt ste et e sae e e tesaesesteseesesbeseenesteseanens 55

B5.2. 1. 7—TREMOGIADNY ..ecueitiieeiiete ettt ettt b e et b e e st b e e s e b e seeae b e se e st ebeseebesbeseenesbeneenen 5-5
LI e o TSP STRSTRPSN 5-6
5.2.1.9—RAIOGIADNY ...ttt ettt b e s a bbb e bt b e bt b e bt b e nenre e enea 5-6
5.2.1.10——ENUOSCOPES......c.veiteiterteeeeeseesee e steste s e sseeseeeesteseestessessesseeseeneeseesteseessesseeseeseensanteseestessesnessesneenennennees 5-6

o S (= I 1= Lo I = S PSS 5-6

I e o - o [ oo = o] o 5-7
5.2.2.2—Magnetic Particle EXamiNGIiON.........cc.cieiiieie e eeee e st e s te e e e e e esseseestestesnesresnnenaeseenes 5-8
5.2.2.3—Eddy CUrrent EXaMINGLION .........cc.ceiireeeriireeiesieseeie sttt sttt s ebe b e b saeseenesaeseenens 59
5.2.2.4—Dye Penetrant EXaMINGLION .........cccoueviiiieiiseiieseseseeieeseese s e sre e saesres e esseaessesteseessessessessessseseneens 5-10
5.2.2.5—UIrasoniC EXAMINGLION ........c.cieiirerieieniesiese sttt ee e seesbe e sbe st ae e e e e seseesbesbesaesneeneensaeans 5-11
e e W o= g Y= Lo = USSP 5-11
5.2.3.1—Penetration MELNOUS.........oiieiiieeieeeeeee ettt et b et e e e b sae b e sbesbesae e e e nnaeen 5-12
5.2.3.2—EleCtriCal MENOUS......c.oieieieiiiieceeeee ettt st e e et sbesreene e e eneeneens 5-12
5.2.3.3—UIrasoniC TECNIQUES .........cceiiiicieicie sttt st ettt ae s e e e te st e besaesresnesneeneeneenaennens 5-13
B5.3—MATERIAL SAMPLING. ...ttt sttt b et b et e b b et e s et e s e e be st enennentenennan 5-14
5 4—LABORATORY TESTS ....coiiiieietiieese ettt stees s tese st s e testasestessesessestaseesessassesesseneesessessesessaneesessnsessessasensen 5-15
55—INTERPRETATION AND EVALUATION OF TEST RESULTS .....cooiiiiririiirerieese e 5-16
B5.6—TESTING REPORTS ......cctiteiitiitetiitist et te ettt et st e et e e et ss e e et e st eseese st essesessassesesseneesesseseese st aseesesseneesesseneans 5-18
B.T—REFERENGCES ..ottt sttt et sttt st e e b seese e b e seeneebesseseebesees e ebe s e eneebesbeneebe st eseesessenensensenennin 5-18

5i

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.




SECTION 6: LOAD RATING

TABLE OF CONTENTS

LT S @ | ST 6-1
B. L. L ASSUMPLIONS. ...ttt ettt ettt bttt b et b bbb e s bt e s b e b e s e eb e e st b e b et s b e e e bt e b e e e st e b e e e bt st e e ene et 6-1
6.1.2—Condition Of Bridge MEMDENS ........ooiiii ettt bbbt e e bbb sbe e e e nes 6-2
6.1.3—EVAlUALTION IMEINOUS ...ttt bbbttt e e bt bt ae b e et e e b e sb e besaeeb e e e eneenes 6-3
6.1.4—Bridges with Unknown Structural COMPONENES..........coierireierireeeeereesesee e sresseeseeseessessessessessessessesssenes 6-3
6.1.5—Component-SPECifiC EVAIUBLTON ........cccoiiiiiiiiee et 6-4

LT T B I = ot TSSOSO 6-4
B.1.5. 2——SUDSIIUCIUIES. .. ..ottt sttt a sttt b e b b e he b e et e b e se e e b e e b e s bt eb e e e e s e e e se e beseesreenis 6-4
6.1.6—Evaluation Of COMPIEX SEIUCLUIES ........eoviiiirieieceeeeceese st e st e e e e e teseestesresnesre e e eseeaessesresaeeseeneensenes 6-4
L N (o g T o (000 = B 1 (1 =S 6-5
6.1.8—Qualifications and RESPONSIDIIITIES. ........coieiiiiiiiie e b 6-5
6.1.9—Documentation of LOad RaLING ........ccecceiieiiieie ettt et e e e s esre e reenaesneesnes 6-5

PART A—LOAD AND RESISTANCE FACTOR RATING ....cccii ittt ste e ste e stae e e srae v s e snaesne e e nneeennee s 6-5

BA.L—INTRODUGCTION.....c.citiiieuietirieteetesieesteseesesseseesessessesessessesessessesessessesessessesessessesessensesessensesessessesessessesessessesessenes 6-5
TN I e €= 0 OSSPSR 6-5
O S oo o= TSRS P TP 6-6
TN e o 1 (07 o] Y2 URRR 6-6
6A.1.4—Application of AASHTO LRFD Bridge Design SpecifiCations...........ccveceveereereciesiesee e ee e s 6-6
6A.1.5—L 0ad and ReSIStaNCe FaCtOr RAIING ... ...civvereeeeeereseseseseesteseeeeaese e e sresresressesseesees e ssessesresnessenneensenes 6-7

BA.1.5.1—DeSIgN LOBO RELNG ......eoveieiiiteieeieterese sttt st sttt sb e ebesne e ene 6-7
BA.1.5.2—L €0l LOBA REIING. .....eitiieiiterieeiieieeieeie ettt ettt e e et e b e bt st eae et asseseesbesbesaesbesaeeneeneenean 6-8
B6A.1.5.3—Permit LOa0 RELNG ......cceeiieii ettt sae e s e e s esae e se e teentesnaesneesreenren 6-8

BA.2—LOADS FOR EVALUATION ..ottt sttt e sttt s et st e e s aae e s st e e saeeesateasaseessteesnseesneeesnseesneeennteesees 6-8
TN e €= o S PSS 6-8
6A.2.2—Permanent Loads and LOoad FaCLOIS .........coiiiiirieieiesere ettt s 6-8

6A.2.2.1—Dead Loads: DC aN0 DW......cccciiiieirieieie ettt st st sttt et sttt 6-8
6A.2.2.2—Permanent Loads Other Than Dead LOadS: P .........cceoeieiiniiiicieeeeresese e 6-9
BA.2.2.3—L 080 FBOLOIS ...ttt et b e bt h et e b e e e st e e be bt eb e e e et e ee e e benaeebeenan 6-9
BA.2.3—TIANSIENE LOBAS. .....c.eeeiee ittt sttt ettt st b e e bt h e st e s e e se et e sbesbesbeeaeehe e e ens e b e ebenbesaeebeeneeneenes 6-9
6A.2.3.1—Vehicular Live Loads (Gravity LOads): LL......ccccuereerereresnseseseeiesiesrese e sees e e e enes 6-9
6A.2.3.2—Application of Vehicular LIVELOad ..ot eene 6-9
6A.2.3.3—Dynamic Load AlIOWENCE: T ......ccuoiiiiiieeeee et et e b e 6-10
6A.2.3.4—Pedestrian LIVE LOaAS: PL ..ottt bbb e 6-10
BA.2.3.5—WiNd Loads: WL @A WS ..ottt 6-10
6A.2.3.6—Temperature Effects: TG and TU ..o 6-10
6A.2.3.7—Earthquake EffeCtS: EQ......cciuiiieie ettt st bbb e e 6-10
6A.2.3.8—Creep and Shrinkage: CR @A SH .......cvo it 6-11

BA.3—STRUCTURAL ANALY SIS ... ettt ste et e s et s s te e s te e teeete e e teeeabeesteeenbeesnseesaseesnseennseesnns 6-11
TN I B €= 0 TSRS 6-11
6A.3.2—Approximate Methods of Structural ANAIYSIS........cccueiieiie i 6-11

6-i

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.




6-11 THE MANUAL FOR BRIDGE EVALUATION

6A.3.3—Refined Methods Of ANBIYSIS......cc.ooiiiiii et e bbb b 6-12
BA.3.4—ANalySIS DY FIeld TESING....ccciiieeiieceee et ee e s saeesae e e ereeeneesraesteenteeneennaens 6-13
6A.4—LOAD-RATING PROCEDURES..........cctt ettt etee ettt et s e st a s ae e s te e saae e sste e saaeesaseenaeeessaeenneennreas 6-13
(7 It B g 11 oo (U Tox 4 o o SRS 6-13
6A.4.2—General Load-Rating EQUALTON............ociiiieieie et ee e s se e st sae e e e e te e teenaessaesneesteensennenns 6-14
BA A2 1—GENENEL ...ttt b e bR bRt b ARt e b bRttt neenes 6-14
TN I T S = - TSSO 6-15
BA.4.2.3—CONAItTION FACLOI: (g -veuveeetirteriteiieieeie ettt ettt et b et se et et b s beeaeeae e e e e e seesbe e e 6-16

BA 4. 2.4—SYSEEIM FBCLOI. (s .veeuverueeieeiieestiente et e et e s et e e e e e see e saeesa e e e e s e e s meesre e b e e s e ensesseesmeesreenreenesnnas 6-16
(STANTIC S D 1= T I ol 11 1o [ O 6-18
BA 4.3 L PUMPOSE. ...ttt r e e R R Rt n e r e e r e 6-18
6A.4.3.2—Live Loads and Load FaCtOrS.. ..ottt st 6-18

TN T e I A= o o OSSP 6-18
BA.4.3.2.2—LiIVE 1080 FACIOS.......cueiiieeieisie et et 6-18
6A.4.3.3—DynamicC LOAD AHTOWENCE..........coireiriiieiertee et sb e 6-19
TN I o 0= o - 1] o TSP 6-19
N g Bt U1 0L T PP PP PP 6-19
B6A.4.4.2—Live Loads and LOad FACIOIS........ccoiiiiiiriereneestenee ettt 6-19
TN B I V7 07 o 6-19
6A.4.4.2.1a—Routine Commercial TraffiC........cceciiieiieiiiesiece e 6-19
6A.4.4.2.1b—Specialized HauliNg VENICIES ........ooeeciie e e 6-21
BA.4.4.2.2—LiIVE LOAH FACLOIS ..ottt b 6-22
6A.4.4.2.3—Generalized Live LOad FACLOIS: Y ..ottt 6-22
6A.4.4.2.3a—Generalized Live Load Factors for Routine Commercial Traffic........cccccvveceieenen. 6-22
6A.4.4.2.3b—Generalized Live Load Factors for Specialized Hauling Vehicles............cccoeeu....... 6-27
6A.4.4.3—Dynamic Load AlIOWENCE: IM ......ceeiererice ettt e e st en e srenrenne e 6-27

BA .44 A4—REHNG TN TOMS....c.eitiitiuietirteieteriee ettt et sb et s bt st s e sb e ssesesb e b e s e sb e s e st sb e s e bt s b e s ebe b e nees et e b enennenes 6-28
TN o = 1 g ] =T 2 1] o RSP 6-28
LT B = T | {011 [ S 6-28

L o o 0013 P 6-29

BA 4.5, 3—PEIMIT TYPES ...ttt ettt b et bttt b bbb e bt b e bbbt bt e e bt e b et es et et nennenes 6-29
6A.4.5.3.1—Routine (ANNUAl) PEIMUITS......cccooiiiiie et s s 6-29
6A.4.5.3.2—Special (Limited Crossing) PEMILS.........ccccoveiieiiiiesiesece e 6-29
B6A.4.5.4—Live Load and LOad FACIOIS.........uoiiiiiririecreniecsie sttt 6-30
TN R B I V7 07T P 6-30

(N R By o - o I o (o =TSSR 6-30
6A.4.5.4.2a—Routine (ANNUal) PEMULS.......c.ccoiiieieece e s 6-30
6A.4.5.4.2b—Specia (Limited-Crossing) PErMItS........cccccvivvieieeerieerere e 6-32
6A.4.5.5—Dynamic Load AHOWENCE: TM ..ottt 6-32

BA . 4.5.6—EXIENIOr BEAMIS. ... oottt st et e st e e re e et e et e et e e atesaeesheesbeesreenesaeesreenreennes 6-32

BA . 4.5.7—CONLINUOUS SPANS. ... .eeiuieieeieeiestiesteeteestesseesteesteessesstesesseesseesseeseasseassesseesseessessesasesnsesseessesnees 6-33
BA.5—CONCRETE STRUCTURES..........oicoiiiiit ettt st ettt a st e e st e e s te e sat e e saeeessteesaeeesseeeaseeesaeenneesnrens 6-33
O S oo o= TSRS 6-33
AN Y 1= = SRS 6-33
BA 5. 2. 1 CONCIBLE ...ttt ettt ettt ettt st bt b e st h e e e e b e s e e e R e bt e b e eb e e e e s e s e e e Rt e bt eR e eR e e e e R e e e n e R e erenne e 6-33

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



SECTION 6: LOAD RATING 6-iii

BA.5.2.2—ReENFOICING SEEEL ...t b e e e et e b b e besae b e sneens 6-34
BA.5.2.3—PreStrESSiNG SLEE! .....ovciiiiieiriie e et sttt b e 6-34
BA.5.3—RESISLANCE FACIOIS. ......eiueetiieieetesieete ettt sttt b ettt e bbbt b et e st b et s et e s ne e enes 6-34
LTI e I 44T S = = SRSSPTSRN 6-34
B6A.5.4.1—DeSIgN-L 080 RAING .......oiuiiiiiiieiieeee et e et e et bbb sae b sae e 6-35
6A.5.4.2—L egal Load Rating and Permit Load Rating.........ccccivvieiieieese e eeceeestee et 6-35
B6A.5.4.2.1—Strength Limit SEAEE......ccvieieeiiieeeeeer e ettt r e e e e e s re e sneereene e 6-35
BA.5.4.2.2—SEIVICE LIMIt SEALE......ceeiiieeiieiiieeeieee ettt sttt sr e e e e se e tesresre s e 6-35
B6A.5.4.2.2a—L egal LOAO RAIING......cciiierieiiite e bbb 6-35
6A.5.4.2.20—Permit LOa0 RALNG......ccoiiiiiiririeiiieisesee e 6-36
BA.5.5—MaXimuM REINFOTCEIMENL........c.oiiieiriieeeriee ettt b e st e bt b e b s e b et eneneenes 6-36
B6A.5.6—MinimumM REINFOICEIMENT ......cuiieieieee ettt s e e eneeseesteseesrentesnenneas 6-36
6A.5.7—Evaluation for Flexural and AxXial FOrce EffECtS........ooiiiiiiiiiiiiceee e 6-37
BA.5.8—EValUBLION TOF SNEAN ..ottt e b et b et ese e e e e e sbeseesbesbenneas 6-37
6A.5.9—Secondary EffectS from PreStrESSiNG.......cccvieeereeieeeresie s e se st eseseeseeseesee s e sresreseeseeseessesaesressessessens 6-37
6A.5.10—Temperature, Creep, and Shrinkage EffECtS........covviriiiiie s 6-38
6A.5.11—Rating of Segmental CONCIete BridgES ........couiiiierierere ettt st sb e ene s 6-38
TN I S oo o SRS 6-38
6A.5.11.2—General Rating REQUITEMENES .....ccuecveeeeiereriese e ese s ee e et se e e e e sseseesresneeresneens 6-38
6A.5.11.3—Application of Vehicular LIVELOB .........cccoiieiririeirieree e 6-38
B6A.5.11.4—DeSIgN-L 080 REIING -....civeeveieieieieieie ettt e b et sb et st e e e e e besbesbesbesaesbesae e 6-39
BA.5.11.5—SErVICE LIMIt SEALE....c.eivieeeiriiieiiriiiei sttt sttt bbbt e st 6-39
B6A.5.11.5.1—L egal LOAD RELNG ..ecveeveieeereeeeeeeieseiseseestestesseeseeeeseseessessesaessesseeseeseesssnsessessessessessessenns 6-39
6A.5.11.5.2—Permit LOa0 RALNG .......ceiiiieieeeereese et 6-39

BA .5.11.6——SYSLEIM FACIOIS. (g.uveeurirueirtieitieiteeitesieseesee st ste et e e st e sbe et e et e et e saeesaeesaeesbeesbe e e e eanesaeesaeenseenns 6-40
6A.5.11.7—Evaluation for Shear @anNd TOISION..........coe it s r e be e 6-42
BA.6—STEEL STRUGCTURES ...ttt sttt sttt ettt e ee e e sb e e s b e e be e bestesaeesaeesaeebesnsesneanbeanee 6-43
ST S oo o TP 6-43
TN Sz VI 1< = TSRS 6-43
BA.B.2. 1—SHUCIUIEl SEEEIS ....oeineeiiiiieeeree ettt bbb e et st ae st 6-43

LT G T2 = 1 1SS 6-44

TN IR e VY (o TU o | o1 1 (o] o TSSO 6-44

BA .6.3—RESISIANCE FACLOIS........oeeieiieie et b bt e e bt she b e s ae e e e e e seesbesrenbesbenaens 6-44
TN S I g S (=SSP 6-44
BA.6.4.1—DeSIgN-L 080 RELNG ......cevereinieiiriiieiest ettt b et st a et st se e b 6-44
6A.6.4.2—L egal Load Rating and Permit Load RatiNg........cccceourririeririene e 6-45
6A.6.4.2.1—Strength Limlit SEALE........cceeiiieiieecie sttt ee e te et esnaesre e reesreennens 6-45
BA.6.4.2.2—SerVICE LIMIt SEALE.......eoeeeiiieieie ettt ettt s 6-45
6A.6.5—Effects of Deterioration 0N LOad RAING .........ceiirieiiirieiriireerieeeree e 6-46
BA.6.6—TENSION IMEMDEIS.......ceiiiieie ettt bbbt bt ae e e e se e be s besb e s aeease e e seenbeseenbesbenaeas 6-48
(TN S B I 1 ST o =TT T PR 6-48
BA.B.6.2——EYEDAIS ... bbbttt bt ae b 6-49
6A.6.7—Noncomposite ComMPression MEMDETS.........cccoiiiiiiii e 6-49
6A.6.8—Combined Axial Compression and FIEXUIE........ ...t e saeas 6-50
BA .6.9—1-SECHIONS TN FIEXUIE ......eieieeieeee ettt ettt et b e bbb et et e se et e sbesbesbenbenneas 6-50
BA 8.9 1 GENETEL ...ttt b et bbbt b e Rt bt ne b 6-50

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



6-1v THE MANUAL FOR BRIDGE EVALUATION

BA.6.9.2—COMPOSITE SECHIONS.......eiueeieeeiie sttt ettt eb et e e e se e be et s besbeebeeae e e ensessesbesbeseesbesaeens 6-51
6A.6.9.3—NON-COMPOSITE SECLIONS. ....cveeiiiieiiesieeseesesre e s e s e s et e e e s e re e te e testesseesreesreesreeneesreeseeennes 6-52
BA.6.9.4—ENCASEA 1-SECHIONS .....cveviieieterie ettt b et b et bt t e neenes 6-52
6A.6.9.5—Cross-Section Proportion LiMiItS........c.cciircerineirieneeesieeeiesiee s 6-52
BA.6.9.6—RIVEIEH MEMDEYS ...t e bbbttt e b e e b b e b e nae e 6-52
6A.6.9.7—Diaphragms and CrOSS-FIaMES...........ciieiieieiie e st erte e e st te e s sre e sreenne e e sneennes 6-52
BA.6.10—EVAUBLION FOIr SNEAN .....c.eitiieieie ettt sttt et e b et e ne st e 6-53
BA.6.11—B0OX SECHONS TN FIEXUIE......ceeeeeieseses ettt st e e e e seestestesnenrenne e 6-53
6A.6.12—FEvaluation of CritiCal CONNECLIONS.........cceiriiiierieresie ettt et e e e bbb b sae e 6-53

TN S 2Rt B €= 0T PSS 6-53
6A.6.12.2—Bearing-TYPE CONNECLIONS.......ccceiiiereeeeeeieeiestesteseseeeresseeseeseesses e saestesseeseessessensessessessessessessenns 6-54
BA.6.12.3—Slip-CritiCal CONNECLIONS ......coviieeiiitirieiirierieiert ettt e st sb e b nnenes 6-54
BA.6.12.4—PiNNed CONNECLIONS......c.uiitiitiiteite ettt sttt sttt st seesbe st e bt e be s e eseeeessebesaesbesbesaesbesaens 6-54
BA.6.12.5—RIVELEd COMNECLIONS .......oiuiitiiteitiitereeieee ettt b bbbttt e e e beseesbesbesnesbenae e 6-55
BA.6.12.5. 1—RIVELS TN SNEAN .....coviieiiriiieiriieeeree ettt st ne et 6-55
6A.6.12.5.2—RivetSin Shear @ TENSION.......cocoviriiieere ettt seesneere e neenes 6-55
BA.7T—WOOD STRUCTURES........ccoi ittt sttt sttt st sttt sttt s te e besbe e be s be e be s be e e besbeseebesaenesbeseenesbeensentens 6-56
L 0t Bt o= OSSPSR 6-56
LT Y (- P S 6-56
BA.7.3—RESISIANCE FACLOIS......eoieiieee et ettt b e bt b et bt be s bt ebe e e e e e nbese e besbesbesaene 6-56
TN I g S - (=PSRN 6-56

TN A B B 1= T I o I 1] [ 6-56
6A.7.4.2—Legal Load Rating and Permit Load Rating ..........ccvereirineiniseseseese e 6-56
BA.7.5—DYNaMIC LOAO ATTOWEINCE........oiuiitiiieetiieeee ettt sttt et st b e sb et et et e se e beseesbesbesaesbesaeene 6-57
6A.7.6—Evaluation of CritiCal CONNECLIONS..........coeriiieiee ettt e e sb b e sresae e 6-57
BA.8—POSTING OF BRIDGES..........coceiitieiiieeitieciiesteeste e st ste e s e e sae e sateesaeeesateesaeeesaeeeaseeesseeaasseesseeenseesnteeanseesnsens 6-57
TR I R €= 0 SRR 6-57
BA.8.2—POStING LOAAS .......octeeiieieeie ettt sttt e te s aae s e s teesaeeeeeneesaeesaeesseenteenseeneesseenteenreentenranas 6-57

BA .8.3—POSHING ANBIYSIS....cueiieieiieie ettt e e s r e se et e et e te s resreeReene e e e e e s e e te e e tenrenrenne e 6-58
BA.B.4—REGUIBLONY SIONS ....ueitieeiiiteieeteete sttt sttt ettt bbbt b bt b e s b et b e s b et et e se et ebesb e e et e saeneebeseenenbe e 6-60
TR R e S 0 <o I 3 £SO 6-60
BA.G—SPECIAL TOPICS. ...ttt sttt sttt sttt sttt sttt st be st et st s e e Rt b e se e bt s b e se e bt s be e e besae st sbenennesbe e ebenbne 6-61
6A.9.1—Evaluation of Unreinforced Masonry AFCHES.........cociiiiiiiieeee e 6-61

ST I B 0 PSR S 6-61
6A.9.1.2—MethOd OF ANBIYSIS.....oceicieciice et e et e e tesraeste e te e tesnnesneesneeseeeneas 6-61
6A.9.1.3—Alowable SIreSSES IN IMASONIY ....vecveiieieeceeeeeeseste et ee s e e et reesesse e e eaeseesseseesaeerenneens 6-61
BA.9.2—HISLONC BIIAGES. ... .ttt b bbbt b e bbb et et ese e et e e e b e 6-62
APPENDIX A6A—LOAD AND RESISTANCE FACTOR RATING FLOW CHART .....ccoceivireireieeseeseseenes 6-63
APPENDIX B6A—LIMIT STATESAND LOAD FACTORS FOR LOAD RATING .....ccccveveecee e 6-64
APPENIDX C6A—LRFD DESIGN LIVE LOAD (HL-93) (LRFD DESIGN ARTICLE 3.6.1) ....ccecvvvevrirnieneene 6-66
APPENDIX DBA—AASHTO LEGAL LOADS ...ttt tee et ettt e st a e te e s e e anne e snte e snteesnaeesnneesnneens 6-67

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



SECTION 6: LOAD RATING 6-v

APPENDIX E6A—LIVE LOAD MOMENTS ON LONGITUDINAL STRINGERS OR GIRDERS

(SIMPLE SPAN) ..o seee e sese e eeee e e se e e e e eessee e eesee e eeeseeeeeeeeeee 6-70
APPENDIX FEA—VARIATION IN MOMENT RATIO WITH SPAN LENGTH ...ooorvveeeereecessseseeeessseeseceeee 6-72
APPENDIX G6A—RATING OF CONCRETE COMPONENTS FOR COMPRESSION PLUS BENDING.......... 6-73
APPENDIX H6A—RATING OF STEEL MEMBERS FOR COMPRESSION PLUSBENDING.........ccooovvvveernnne. 6-74

APPENDIX I6A—RATING OF STEEL COMPRESSION MEMBERS WITH ECCENTRIC CONNECTIONS(SECANT

FORMULA METHOD).......coietiteietesiesiete ettt sttt sttt sttt st et sttt sae et sbe st ebe st et ebeste e ebesbe st ebeseenesbe st esesbeneeseneens 6-76
PART B—ALLOWABLE STRESS RATING AND LOAD FACTOR RATING.....ccccctieieesee e 6-78
BB.L—GENERAL ..ottt sttt sttt st b e s e et b e s e e a e e b e s e e Rt e b e s e e Rt e b s e e Rt Re et ke s b et ek e s e e nenbeneeneebeneas 6-78
6B.1.1—Application of Standard Design SPECIfiCALIONS. ........c.vveiririeirieree s 6-78
BB.2—RATING LEVELS ...ttt sttt st sttt ettt s b et e s e et e be s e e e esesbe e et e seenenbeseenenteneas 6-79
6B.2.1—INVeNntory RatiNg LEVEL.......cccvii ettt e et s e s e s e et saestesneeneeneeneenaesreneennennens 6-79
6B.2.2—0perating REING LEVEL ........ooiiiiieeee bbb 6-79
BB.3—RATING METHODS.........ccotiettiirietese et s ettt sttt st st e se et st e seebesbe st ebesbeseebesbeseebesbeseebesbeeebesenneateseesentenens 6-79
BB.3.1—AlIOWADIE SITESS: AS .....eeeeeieie ettt re et s ae st e e e se e e e e s aesaesreeneese e e eteneesrenrenneeneeneenrn 6-79

LS oI 2 o o ot [ I ST 6-79
6B.4—RATING EQUATION .....cuiiiiieiiiierieiisie st este st st st ste et steseetestesestesseeebesaeseebesaeseebesaeseeteseeseesessnnentessenensesens 6-80
O B 1 o 1= - | TSRS 6-80

BB .4.2——AllOWEADIE SIFTESS.......eeeeieitisie ittt ettt e te s besbe bt et es e e eese e beseesbesneeneeeeneeteseenteneenreas 6-81
LSRG S o o I (o OSSP 6-81
BB.5—NOMINAL CAPACITY I ottt sttt b et b e st b e st s bt e e b e st e st e b e st e s e e beseenenneneenennas 6-81
LG R TR R €1 SRS 6-81
6B.5.2—Allowable StreSS IMELNOQ ........cocuiiiiie e e et e s re e e ra e s re e reeresaeens 6-81
BB.5.2.1——SITUCIUIEl SEEE] ......eviuieiiiiiieiisii ettt bbbt st e e s s be e st 6-82
6B.5.2.1.1—COMDINEA SEIESSES ... .ottt st sttt bbb 6-99
6B.5.2.1.2—Batten Plate Compression MEMDENS .........coceririiinireese e eenen 6-99
BB.5.2. 2 WWIOUGNE IFON ...ttt ettt sttt st b e e e e e e e bese e e b e s et ehe e st e e e sbesbesbesaeebenae e 6-99
6B.5.2.3—ReINfOICING SLEEL ...t ae et e r e re e teeeenneens 6-100

BB .5.2.4——CONCIELE ...ttt ettt e e s r e bt h e b e et e e e e e R e e bt eR e bt e ae e s e e e e n e e e e re e erenns 6-100
BB.5.2.4. 1 BENUING .....eteueetireieet ittt bbbt 6-100
BB.5.2.4.2——COlUMNS......coiiiie ettt re et e et e e ae e st e e be e teeatesaeesraesteesreeneesaeesreennes 6-101
6B.5.2.4.3—Shear (Diagonal TENSION) ...c..cccueeiereerieesieeieseeseeseeseeeseseeseesseeteeseessaesseesseensesnsesneesnes 6-101
BB.5.2.5—PreStreSSEd CONCIELE ......cueitieetiriiieteste ettt sttt b bbbt b e bbb ene b et neneenes 6-102
BB.5.2.6—MBSONTY ..ottt e e r bRt R R R e r e r e nr e r e r e nrenns 6-102

S ST e 11110 USRS 6-104
6B.5.3—L 0a0 FACLOr MEINOM ........ecviieieieeieeeee et et b ettt se e et see b e e e 6-105
BB.5.3.1—SHIUCIUIal SEEEL ..ottt ettt b et nn s 6-105
BB.5.3.2—ReINFOrCEA CONCIELE.......eiuiiieiieeeieeeees ettt sttt s se e e e e e seesbeseestesbesnesrenes 6-105
6B.5.3.3—PrestreSSE CONCIELE .......ccieeiecie ettt te e st re e eee s e e sae e saeeteeaaeeaeesbeesteenbeensesaeesteentesaeens 6-106

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



6-VvI THE MANUAL FOR BRIDGE EVALUATION

BB.6——LOADINGS.........ooiieie ettt et et et e be s teebesbeebeebe e e e teateebeabeeheeheeaeeReeteabeebeeaeebeeaeeaeenrerentesreatesaens 6-108
LS SR R 1= o 0 o D S 6-108
BB.6.2—RaliNg LIVE LOAA........ceiiiiie ettt e e st se e e e et e teseestesneese e e eneeneeseenseseennenres 6-108

6B.6.2.1—Wheel LOBAS (DECK) ... .cueevireeiertirieiesteseeie sttt sttt ettt sttt sb e e bt ebesbe e b e e ene e 6-108
BB.6.2.2—TTUCK LOAOS........eeitiecie ettt sttt st e st e et e e st e sae e s be e teetesaeesaeesaeenneentesneenreenes 6-109
[ SR e T = 14 1N o o = SR 6-110
6B.6.2.4—SideWalk LOBHINGS .....cceeeeeeeeise st eae sttt se e e st stessesneese e e enaeaesresresnenrenns 6-110
BB.6.2.5—LiVe LOAO EffECLS: L...iiueiieiieecie ettt ettt et s she e re e nesne e sre e reenns 6-110
6B.6.3—DiStribUtiON Of LOAOS.......cceeiieiieiie ettt et et eaa e s re et e et e e s beenesaeesaeesreennas 6-111
LS ST 1 T o i S 6-111
BB .6.5—DEFIECIION ...ttt ettt et ettt b et b e et b et bR b b e 6-111
BB.6.6—LONGITUAINGI LOAOS........eeuiitiieiiiieietesieeete sttt sttt st b et bbbt b et b b e 6-111
6B.6.7—ENVIrONMENLaAl LOBOS. ........cueieicieciecie ettt et s este e be et e eatesaeesbe e beesteentesneesaeesneennas 6-111
LSS T 00 R T g o 6-111
BB.6.7.2—E@rTNQUAKE. .......eceeeeeeeee ettt a e e e ne e ne e e e e e nr et nnenrenren 6-112
6B.6.7.3—Temperature, Creep, and ShIINKAGE ........cccoveiriirieirere ettt s 6-112
BB.6.7.4—SITEAM FIOW ...ttt ettt st et ae et et eae e b e se e besae st e ebeeneessessebessesrenbesaestennis 6-112
BB .0.7.5——ICE PIESSUIE ...ttt sttt e r et sh e e s b e e b e e b e e e e s e sre e sneenneenneeneenreenns 6-112
6B.6.7.6—Permanent Loads Other Than Dead LOads............ccvvreirinieiniinieiriecseee e 6-113

B6B.7—POSTING OF BRIDGES .........coie ettt ettt st sttt et et e s aesbesbesaesbeeaeensessassenbesrestesaens 6-113
Lo T e T = S 6-113
BB.7.2—POStING LOBAS .....c.eeveieiieeiiiieceeeee et ste st sa e et be s e s e e et eseeteseesreeaenneenee e eneenteseeteneenrenres 6-114
BB.7.3—POSHNG ANAIYSIS ...ttt ettt h et bbb e Rt b e b bt b e bt b et ae b b nne 6-118
BB.7.4—REJUIGLONY SIGNS .....eitiieiitiite ettt e te ettt ae e e e eeseesbesbesaeebe e st aaeeee s ebesbeebesaeebe e e eneebeseenbeseesbeneas 6-118
BB.7.5—SP6E0 LIMITS.....c.eiiiiiieie ittt st e et e st st e s ae et e e aeese e e et e teseesbesaeeseensenseneeseenteseesrenres 6-119

BB .8 PERMITS ... oottt e e st e et e s e e e te e sateeaaeeesateeaaseessteeasaeesateeaabeesheeeaneeeaReeeaneeeneeenreeereeans 6-119
BB.8.1——GENENAl .....oveeeetieeeie ettt ettt et et e et s te et et et e be e reebeeheeheehe et et eatebeabeeheebeeaeeae et ententesretesreateats 6-119
BB.8.2——ROULINE PEIMMITS .......eiii ittt e b e bbbt e s e e b e besb e e b e saeeb s e e e b e besrenbeseeenennis 6-119
BB.8.3—CONtroll €0 PEIMITS......cui ittt bbb sttt s b et st se s sttt nene 6-120
BB.8.4—ESCOME PEIMMITS......ccciiiie ettt sttt s b e b e s e e s ae e sbe e beeabeeaeesbeesbaesbeenbesnsesaeesaeesesnnas 6-120

APPENDIX A6B—STRUCTURE INVENTORY AND APPRAISAL SHEET .....ccccccoviiiiveeereceeeeeeie et 6-121

APPENDIX B6B—BRIDGE NOMENCLATURE ......oo ottt te e sae e saa e snaeenra e snae e 6-122

APPENDIX C6B—LIVE LOAD MOMENTS ON LONGITUDINAL STRINGERS OR GIRDERS.................... 6-123

APPENDIX D6B—STRINGER LIVE LOAD REACTIONS ON TRANSVERSE FLOOR BEAMS AND CAPS
(INTERMEDIATE TRANSVERSE BEAMS) (SIMPLE SPAN ONLY) ..ottt 6-125

APPENDIX E6B—STRINGER LIVE LOAD REACTIONS ON TRANSVERSE FLOOR BEAMSAND CAPS (END
TRANSVERSE BEAMS) (SIMPLE SPAN ONLY) .ottt st 6-127

APPENDIX F6B—FORMULAS FOR MAXIMUM SHEAR* AT ANY PANEL POINT (NO IMPACT INCLUDED)
(SIMPLE SPAN ONLY ) ..ttt sttt sttt sh e ese s ss e ss e s bt s s e st bt s e s e eb s es e eb e aeeseeb e eees e eb e s ebe b e s es e nn e e esennenes 6-129

APPENDIX G6B—FORMULAS FOR MAXIMUM SHEARAT ANY POINT ON SPAN (NO IMPACT INCLUDED)
(SIMPLE SPANS ONLY ) ..ttt sttt sttt sr et ss s ss e s s s e eh e es s es s e e st n e e e eb e s e b e e s e neae s e renes 6-130

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



SECTION 6: LOAD RATING 6-vii

APPENDIX H6B—FORMULASFOR MAXIMUM SHEAR AT ANY POINT ON SPAN (NO IMPACT INCLUDED)

(SIMPLE SPANS ONLY ) <.ttt st ettt b e et b e st b et b e et b bt e b e b e st e b et e st e b et e b et et et st 6-131
APPENDIX 16B—FORMULAS FOR MOMENT SHEAR AT ANY POINT ON SPAN (NO IMPACT INCLUDED)
(SIMPLE SPANS ONLY) <ottt st et s s se s s s e et b s st b e b e st b e e st e b e b e st b e e e bt be e b e 6-132
APPENDIX J6B—FORMULASFORMAXIMUM MOMENT AT ANY POINT ON SPAN (NO IMPACT INCLUDED)
(SIMPLE SPANS ONLY ) ootttcieitirietest ettt ettt a et b et h st b e et b et r e e b e r e nrenn s 6-133
APPENDIX K6B—FORMULAS FOR STEEL COLUMNS ........ceiiririicetetetsss sttt 6-134

LOAD FACTOR METHOD .....c.oitiieiitiieiisieietesteee e siesee s tesas s seseesessessssessesessessessssessensasessensssessensesessensesessensasensens 6-136
LBB.I—GENERAL ....ccutiiitiitiiieietiee sttt b ettt b e bRt b et e b e bRt s bt b b et b e et b et 6-136
L6B.2—CAPACITY OF STEEL MEMBERS (PART D, STRENGTH DESIGN METHOD).......ccccccvveivreirenenn 6-136
LBB.2.1—SeCtioNS iN BENUING .....veceeieeiieeieeie e cties e ete s ae e sre e steeae e e s e s reeteesteenaessaesteenteesreensesneesneesneaneas 6-136
L6B.2.1.1—Compact, Braced, NONCOMPOSITE........ccvierereereereerierieseeseseesresseeseeseeseesseseessessessessessessesssenees 6-136
L6B.2.1.2—CompPact, COMPOSILE. ......uerveuerterieiirtereeterteseete sttt sttt st be et sbeseesesbeseebesbeseebesbe e ebesbenesreseas 6-136
L6B.2.1.3—Noncompact, NONCOMPOSITE. ......ccuerueruerierieieriesiesie st steseeeseese e e see b sae e ese e e eeeseeseesbesaesneens 6-137
L6B.2.1.4—Noncompact, Composite, Positive MOment SECLION...........ccccveveerieeiene e 6-137
L6B.2.1.5—Noncompact, Composite, Negative MOoment SECLION ........ccceeeereerereriere s e 6-138
LBB.2.2—SECtHONS TN SNEAN ......eeiiicieie ettt sttt sttt e e e tesbesee st e s aeese e e enseteseenbeseenrenns 6-138
L6B.2.3—Sections in Shear and Bending (Article 10.48.8.2) ........ooeiirireiieie et 6-138
LBB.2.4—ComMPression MEMDEIS .........ociiiicece ettt ettt e sraeste e be e tesnneenaesneesneennan 6-148
L6B.2.4.1—Concentrically Loaded MEMDES.........cccccviiiirieieerere s et e e eeeseesae e sae e s see e eneeeenes 6-148
L6B.2.4.2—Combined Axial Load and BeNdiNg...........ccoureieirierieiriieerieeseseeese e 6-148
L6B.2.5—Capacity Based on Overload Provisions of Article 10.57........cocoviieiiiinieneeese e 6-148
L6B.2.5.1—NONCOMPOSITE BEAIMS ......ccviiieiie et sie sttt ete et et e s te et ae e steesteeaesneesaeesreeneeeneenreenes 6-148
LBB.2.5.2—COMPOSItE BEAMS.......eiiceeeeeiesiesti s e ste st etes e see e steste s e seeseese e tesaestesseeneesaesenseseesressessenrenses 6-148
L6BB.2.5.3—Weh COMPIESSIVE SITESS ......eivieetirierietertereete sttt sttt et se st sbe e bt b seebe st e e ebesae e ebeseeseereseas 6-149
L6B.3—REINFORCED CONCRETE MEMBERS (ARTICLE 8.16) .....cccceiririeireseisiesie e 6-149
L6B.3.1—SeCtioNSiN BENAING ....veiueeeeeeeeeesese sttt e e e st se e e e se e aesaesrestesneeseeneeneeseeseenteseenrennes 6-149
L6B.3.1.1—Rectangular Sections with Tension Reinforcement Only ..........oooeereininninencenenecneee 6-149
L6B.3.1.2—Tee Section (Flanged) with Tension Reinforcement ONly ..........ccoocoviienininenienieneese e 6-149
L6B.3.1.2.1—Compression Zone Within Flange Ar€a..........cccovveveeieeiee s 6-149
L6B.3.1.2.2—Compression Zone Includes Both Flange Area and a Portion of the Web.................... 6-149
LBB.3.2—SeCtioNS iN COMPIESSION....c.veueeuiiteiete ettt ste et se et st ese b et be s b ettt e et esae st sbese e st sbesaenesbe e eaenrene 6-149
LBB.3.3——SECHONS TN SHEA ..ottt ettt b et e bbb b e bt s b e e e e e e beseenbesaesbeneas 6-149
L6B.4—PRESTRESSED CONCRETE MEMBERS (SECTION 9) .....cviiiiiriniecrene et 6-149
LBB.4.1—SeCtioNS IN BENGING .....oveuiriiietiiteieeie ettt bttt st st se et st be e 6-149
L6B.4.1.1—Rectangular Sections without Nonprestressed Reinforcement............coooveeereerieeieneseseseenens 6-149
L6B.4.1.2—Tee (Flanged) Sections without Nonprestressed Reinforcement ............ccocvvvevceeieeveeveenenns 6-150
L6B.4.1.2.1—Compression Zone Within Flange AT€a.........ccccvveeereeiererisie s se s s e e e 6-150
L6B.4.1.2.2—Compression Zone Includes Flange Areaand Part of Web ..o, 6-150
LBB.4.2—SECHONS TN SHBAN ..ottt ettt b et e e bbb b e bt ebe e e et e besbenbesaesbenaas 6-150

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



SECTION 7: FATIGUE EVALUATION OF STEEL BRIDGES

TABLE OF CONTENTS
7.1—LOAD-INDUCED VERSUS DISTORTION-INDUCED FATIGUE ........cociotiieinirinenerieee e 7-1
7.2—LOAD-INDUCED FATIGUE-DAMAGE EVALUATION.......cctiieirrreirnreenes e 7-1
A e N o] o T o o OO SO USSR 7-1
7.2.2—EStimating StrESS RANGES. .....c.eiueeeieieeeite ettt et b e et st b e bbbt b e b 7-2
7.2.2.1—Calculating Estimated SIreSS RANQES.........ccivvieiierieiieeeieieesiestes e sre e sse e eseeseesesaestestesressesasesseseeees 7-2
7.2.2.1.1—For the Determination of Evaluation or Minimum Fatigue Life..........ccccovevnninincinnnnne, 7-3
7.2.2.1.2—For the Determination of Mean Fatigue Life.......c.ccevevere s 7-4
7.2.2.2—Measuring EStimated SIreSS RANGES. .....cc.eiiiieriirierie ettt e b e s ee e e 7-4
7.2.2.2.1—For the Determination of Evaluation or Minimum Fatigue Life..........ccccoeevneinincinennne, 7-4
7.2.2.2.2—For the Determination of Mean Fatigue Life.......cccceveieiiiiciene e 7-4
7.2.3—Determining Fatigue-Prone DEAIIS ...........ccoiirieiiieee et 7-4
7.2.4—INFINIE-LITE CRECK ... 7-5
7.2.5—Estimating FiNite FatigUE Life ........oooiiiiieeeeee ettt e 7-5
T.2.5.1—GENENEL ....ccveieieeeee ettt r e 7-5
7.2.5.2—Estimating the Number of Cycles per Truck Passage..........ccccevveeiiececicsese e 7-7
7.2.6—Acceptable Remaining FatigUe Life .......ooci it s e 7-7
7.2.7—Strategies to Increase Remaining FatigUE LIfe .......oiiiiiiiiciciescce st 7-7
T.2.7.1—GONENEL ....ceeieeeeeete ettt bbb R Rk e bR b bt eE b e Rt E ket e b e Rt b bt st ebene e 7-7
7.2.7.2—Recalculate the FatigQUE LiTE......cceceeeesese e ettt s 7-8
7.2.7.2.1—Through AcCepting Greater RISK.........ocioiiiiiririeee et see s 7-8
7.2.7.2.2—Through MOre ACCUIaLE D@La. ........co.ereeueriiiieirieieiere et 7-8
A A e o (o 1= =T (o[ TS 7-8
7.3—DISTORTION-INDUCED FATIGUE EVALUATION......cotiiiirrieiresreenerre e 7-8
7.4—FRACTURE-CONTROL FOR OLDER BRIDGES..........ccoiuiiniieiinirieiee st 7-9
T5—REFERENCES ..ottt a et R et e R e Rt R Rt e Rt ne e r e e r e e nn e 7-9

7

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.




SECTION 8: NONDESTRUCTIVE LOAD TESTING

TABLE OF CONTENTS
8.1 INTRODUCTION ...oiitiitirieuertirteiesteste st stes st ste e sseste e s s te e s sesteseesesbensesesbensesesbensesesbe s enesbenbe st sbetenesbenbenesbenteneees 81
ST I T 3 1 | OSSR STS 81
8.1.2—ClassifiCation Of LOAO TESIS......ccuereiiririe sttt sttt st st s re e e se e e seesbeseeeneeneeneeneeses 8-1
8.2—FACTORS WHICH INFLUENCE THE LOAD-CARRYING CAPACITY OF BRIDGES.........ccccocevvrvrienenn. 8-2
S B T o = | SRS 8-2
8.2.2—Unintended COMPOSITE ACHION........ciiiiiicieiectere e e e s e et besae e e e e e teseesbesresaesresreeaeeneeeeneees 8-2
8.2.3—Unintended CONtINUITY/FIXITY ......cc.oiiriiiieeereee ettt be st e e e e e e besbesbesbesaeene e e eneeee 8-2
8.2.4—Participation of SeCoNdary MEMDENS.........cocv et ne e s 8-3
8.2.5—Participation of NONStrUCIUral MEMDEIS........coiiiiiiiee et e 8-3
8.2.6—Portion of Load Carried DY DECK.........c.oi it s 8-3
8.3—BENEFITS OF NONDESTRUCTIVE LOAD TESTS ..ottt 8-3
8.3.1—Unknown or LOW-Rated COMPONENES .........cviuirieieierieeeiesie ettt st se e st ese st st se s b e s sre s 8-3
RS2 I o l T (o101 o] o OSSR 8-4
8.3.3—Deteriorated or Damaged MEMDEYS. ..o e e e 8-4
R [ (U1 ] Y= LU= 4 o] 8-4
8.3.5—DYNaMIC LOAO AIIOWENCE ..ottt bbb bt e e b e s b e besae st e s besaeeae e e e e es 8-4
8.4—TYPES OF NONDESTRUCTIVE LOAD TESTS .....cotoititiieesieieesieie sttt sttt et sseneens 85
SR B 1 ol = £ TSSO 85
8.4.1.1—DiaQNOSHIC TESES ....ueeveteueeterteieet sttt sttt sttt st b e st b e bbb se bt b e se bt s b e seebe b e neebeseebesbeseenesbeneenen 8-5
SRy 00 = £ TSRS STRPRSN 8-5
B.A.2—DYNAIMIC TESES .....etieeteiteiete ettt sttt sttt et b e e h e b e s e he e b seeh e s b e se e bt s b e e e bt e b e e eb e b et ebe s b et ebesbe e ebe st e e ees 8-6
8.4.2.1—Weigh-IN-MOtiON TESHING ...vecveeeeeeeeeereeieseise e sresreseeee e eseesee e sre e sresseeseeneeseenteseestesaesressesneeneenennees 8-6
8.4.2.2—DYNaMiC RESPONSE TESES......euerieieiitieieie ettt st se e bttt ae e e e st et e besaesreeaeeneeseeneas 8-6
o e eV AT o (g T = £ RSOSSN 8-7
8.5—LOAD TEST MEASUREMENTS ..ottt ettt ba e besaesestensenessenseneens 8-7
8.6—WHEN NOT TO LOAD TEST ....oitieiiirieiiriesie sttt sttt e st e s s be e e s sbe s enesbestenestenteneens 8-8
8.7—BRIDGE SAFETY DURING LOAD TESTS ... .ottt sttt sesse st sae e e sesanessenesessns 8-8
8.8—LOAD RATING THROUGH LOAD TESTING ....cctieirtiieerieieesieis sttt ettt e s sseneens 8-8
o3RS T80 e 1 oo [UTox o] o 1SS 8-8
R DT o 001 (ol 0= o [ IS £ 8-9
oIS N e T oo [Uox i o IR 89
TR A o] o] (0 8-9
8.8.2.3—Application of DiagnostiC TESt RESUILS ......cccueiiiiiiiceeice e st see s 8-9
8.8.2.3.1—DeterMINiNG K .....ccocuiiiiiiiiiieeeriere ettt b bbb b b e b b e ene s 8-10
R SR e 0T o= o 1= =TSSR 8-11
oSG et 1 oo [UTox i o] o I USRI 8-11
TR 2y A o] o] (0 8-12
8.8.3.3—Target ProOf LOAOS.......couieiiieiieee ettt ettt et sttt e e e b b sbeebe e e e e enean 8-12
8.8.3.3.1—Selection of Target Live-Load FaCtor............cooeeiirieirieneee s 8-12

8-i

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.




8-ii THE MANUAL FOR BRIDGE EVALUATION

8.8.3.3.2—Application of Target Live-Load FaCtor, Xoa........cocvvriiiiciiiiniiiiiscce s 8-14

8.8.3.3.3—L oad CapaCity and RaIiNG.........ccceeierirereiieeisieceesiesie e sre st sre e e e e aesee e sresresresneeseeeeneenes 8-15
8.9—USE OF LOAD TEST RESULTSIN PERMIT DECISIONS.......ccccooiiiitiiesieeieie et 8-15
8.10—SERVICEABILITY CONSIDERATIONS.......cee ettt sttt ettt s e e e e nne e e 8-16
B.11—REFERENCES........ .ottt ettt r bbbt a e s e e e s e b se e e R e e b e e b e e he e e et e e e b e seeeReebesaeebe e e ennenens 8-16
APPENDIX A8—GENERAL LOAD-TESTING PROCEDURES..........ccccoiiiiiii ettt 8-17
AB.L—GENERAL ...ttt ettt h e e s a e e et e st e ae e s Re e s R e e R e e Re SRR e e e e eRe e eRe e eRe e Rt e Rt e Rt ennenreenreerean 8-17
A8.2—STEP 1: INSPECTION AND THEORETICAL LOAD RATING ....ooiiiie ettt 8-17
A8.3—STEP 2: DEVELOPMENT OF LOAD TEST PROGRAM ...ttt 8-17
A8.4—STEP 3: PLANNING AND PREPARATION FOR LOAD TEST ....oouiiiiieieiereese et 8-17
A8.5—STEP 4: EXECUTION OF LOAD TEST ...ttt sttt e s ee s se e sbe e b e e snsesneesaeesneas 8-17
A8.6—STEP5: EVALUATION OF LOAD TEST RESULTS.... oot 8-18
A8.7—STEP 6: DETERMINATION OF FINAL LOAD RATING. ...ttt 8-18
AB.8—STEP 7: REPORTING ... oottt sttt sse e s be e see s nse s e e s ae e saeesreenbeereennesnnesneesreenrenn 8-18

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



APPENDIX A: ILLUSTRATIVE EXAMPLES

TABLE OF CONTENTS
Bridge Summary Rating Live Limit States Rating
Example Span Type Rated Members Loads for Evaluation Methods Page
Al Simple Span Composite Steel Interior and Design Strength | LRFR A-1
65 ft Stringer Bridge Exterior Stringer Servicell
(Interior and Fatigue ASR and A-39
Exterior Stringers) Legal Strength | LFR
Servicell
Permit Strength 11
Servicell
A2 Simple Span Reinforced Interior Beam Design Strength | LRFR A-53
26 ft Concrete T-Beam Legal Strength |
Bridge Permit Strength 11 ASR and A-71
Service | LFR
A3 Simple Span Prestressed Interior Girder Design Strength | LRFR A-87
80 ft Concrete I-Girder Servicelll
Bridge Permit Strength 11
Servicel
A4 Simple Span Timber Stringer Interior Stringer Design Strength | LRFR A-121
17t 10in. Bridge Legd Strength |
ASR and A-129
LFR
A5 Four-Span | Welded Steel Plate Interior Girder Design Strength | LRFR A-137
Continuous Girder Bridge Legal Servicell
112 ft Permit Strength 11
140 ft
140 ft
112 ft
A6 Single Span | Steel Through Pratt Top Chord, Design Strength | LRFR A-165
175ft Truss Bridge Bottom Chord,
Diagonal,
Vertical
A7 Simple Span Reinforced Interior and Design Strength | LRFR A-181
21ft6in. Concrete Slab Exterior Strips Lega Strength |
Bridge
A8 Simple Span | Two-Girder Steel Intermediate Design Strength | LRFR A-189
94 ft 8Y,in. Bridge Floorbeam and Servicell
Main Girder
A9 Simple Span Prestressed Interior Beam Design Strength | LRFR A-213
70ft Concrete Adjacent Servicelll
Box-Beam Bridge Permit Strength 11
Service
A-i

© 2011 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is aviolation of applicable law.




A-ii THE MANUAL FOR BRIDGE EVALUATION

A1—SIMPLE SPAN COMPOSITE STEEL STRINGER BRIDGE ..........cceitiiiiinieiinesieese et seeesse s A-1
PART A—LOAD AND RESISTANCE FACTOR RATING METHOD .......cccectviiriniiinenieeeeseeese s A-1
A1A.1—Evaluation of an INTENIOr SEINQEN .......cciiiieieie e se et e e e aesrestestesresre e e esseseesteseesnens A-1
ATA L L—BriAgE DAIA. .....ccuireieeiireiietere ettt b et b bbb et bbb e A-1
y N S ol 0] 1 (=SSOSR A-1
A1A.1.2.1—Noncomposite SECtioN ProPertiES .........ccooi e A-1
A1A.1.2.2—Composite Section Properties (LFRD DeSIgn 4.6.2.6.1) ......cccvvveereeienereseseseeseeeeneens A-3
A1A.1.2.3—Summary of Section Propertiesat MidSpan ..........ccccevveeeeieereriesesie e s A-4
ATA.1.2.38—Stee] SECHION ONIY ..ottt et ebesre e A-4
A1A.1.2.3b—Composite Section—Short TEMM, N= 9. A-4
A1A.1.2.3c—Composite Section—Long Term, 3N = 27 ... A-4
A1A.1.3—Dead-Load AnalySiS—INterior SNGEN .....ccvcoeerereresiese e nne s A-5
A1A.1.3.1—Components and AttaChments, DC ........coceririiierirese e e A-5
A1A.1.3.1a—Noncomposite Dead Loads, DCi......cccuvirirrerirene e A-5
A1A.1.3.1b—Composite Dead Loads, DCy ......ccccviiiiciirieie e ceeeee et se e s A-5

ATA L3 2—WEAINNG SUMBCE......cceeeetiieeiete ettt st s b et b e A-6
A1A.1.4—Live Load Anaysis—Interior Stringer (LRFD Design Table 4.6.2.2.1-1) ....ccccccevvvvrvvernsnnnns A-6
A1A.1.4.1—Compute Live Load Distribution Factors (Type (a) Cross SECtion) .........cccccerererereeriennenne A-6
A1A.1.4.1a—Distribution Factor for Moment, g, (LRFD Design Table 4.6.2.2.2b-1) .................. A-6
A1A.1.4.1b—Distribution Factor for Shear, g, (LRFD Design 4.6.2.2.33).......cccccceevvveeneeieeieennens A-7
A1A.1.4.2—Compute Maximum Live Load EffeCtS.........ccciiriireieneeneneeseneeese s A-7
A1A.1.4.2a—Maximum Design Live Load (HL-93) Moment at Midspan..........ccccveevevererereenennn A-7
A1A.1.4.2b—Maximum Design Live Load Shear at Beam ENdS..........ccooeieririeniiiencie e A-8
A1A.1.4.2c—Distributed Live Load Moments and ShEars..........coeeverrenenenienenesenieesie e A-8
A1A.1.5—Compute Nominal Resistance of Section at MidSpan ...........cceeeeieveniniesesiesie e srese e A-9
A1A.1.5.1—Classify Section (LRFD Design 6.10.7 and Figure C6.4.5-1) .......ccccvvveierenecnienenenene A-10
A1A.1.5.1a—Check Web Slenderness (LRFD Design 6.10.6.2.2) .......cccecevereeereneeenienenesieneneens A-10
A1A.1.5.1b—Check Ductility Requirement (LRFD Design 6.10.7.1.2) ....ccccvevvecvreneeesieneneenenns A-10
ALA.1.5.2—Plastic MOMENE, Mp......coouiiiiiiiir e A-11
A1A.1.5.3—Nominal Flexura Resistance, M,, (LRFD Design 6.10.7.1.2) .....ccccoevuevrerernnrenesesiennnns A-11
A1A.1.5.4—Nominal Shear Resistance, V, (LRFD DeSign 6.10.9.2) .......ccceeervinireneneneneneeesie e A-12
A1A.1.5.5—Summary fOr INENOr SEHNQEN ......oiieeeiceeie e s re e neenaens A-12
A1A.1.6—General Load-Rating EQUELION...........ccoiriiiiiiiiriereeeesie e A-12
A1A.1.7—Evauation Factors (for Strength Limit StAEES) ......ccceveererieiirereceeeesees et A-12
A1A.1.8—Design Load RafiNg (BA.4.3) ....cueiiieieierieieiesieeeesieessesteessesesaesessesassessesesessesssessessssessssessenes A-13
A1A.1.8.1—Strength | Limit Stat€ (BA.6.4.1)...cc.cceveieeeeeeie e s eeeeeesee e enae e sne e A-13
ATA.LB.1a—INVENIONY LEVEL ...ttt sttt e sre e A-13
ATA.1.8.1D—OPEratiNg LEVEL ......ooviiieieeete ettt e A-13
A1A.1.8.2—Service [l Limit State (BA.6.4.1) ...cceveeeereeceeeeresiesteste s steeeeesee e e eneesee e sre e nnas A-14
ATA.L1B.28—INVENTONY LEVEL ...t e bt A-14
ALA.1.8.2D0—0peratiNng LEVEL ..ot e s A-14
ATA.1.8.3—Fatigue StAE (BA.6.4.1) ...ceieeeriirieirisiese ettt sttt pne A-15
A1A.1.8.3a—L 0ad Distribution fOr FatiQUE..........cccoireiiireeie et A-16
A1A.1.8.3b—Calculation of Remaining Fatigue Life.......c.cccoovviiiieiieciece e A-17

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



APPENDIX A: |LLUSTRATIVE EXAMPLES A-iii

ATA.1.9—L0al LOAH REING.....cceieiieiieririeietisieieeseae e ste s e sese e sse e besesestessesessesesessessesessesseneasensens A-17
ATA.L19.1—Strength | LimMit SEAEE......ceevereresicire et e st e e e sne e A-18
ATA.1.9.2—SerVIiCE I LIMIt SEAE.....ciiveeeieiieiee et se sttt sttt st eens A-19
ATA LG SUMIMEAIY ...ttt et sr e bt sb e b e e b e e e e e se e e R e s resreeb e e e e sneseeenenreenenaneas A-19

ATA.L.10—Permit LOBO REING .....cveivereriiieiiriiieisiiie ettt et st snenrens A-20
ATA.1.10.1—Strength 11 Limit SEAEE .....cviereeee ettt st A-20
A1A.1.10.2—Service Il Limit State (OptioNal) ......ccoceverieresireeeeereee s A-20

A1A.2—Evaluation Of an EXIENIOr SEHNQEY ......cooeiiiieieiee ettt e b e se e s eneeseeneesresnean A-23

Y S ol 0] 1 (1= A-23
A1A.2.1.1—NOoNCOMPOSIte SECLION PrOPEIMIES......ccueiieiieeieieetieeeeee et sae e st e e eens A-23
A1A.2.1.2—CompoSite SECtION PrOPEItIES.......cceiieeirieerie ettt A-23
A1A.2.1.3—Summary of Section Propertiesat MidSpan..........ccceveveiieienecesieesese e A-25

A1A.2.2—Dead Load ANalySiS—EXIErTOr SIHTNGEN ......cccooiiiriieie st A-25
A1A.2.2.1—Components and AttaChments, DC.........cccucveieiiriereeeeereere e seeneeeens A-25

A1A.2.2.1a—Noncomposite Dead Loads, DCy ...t A-25
A1A.2.2.1b—Composite Dead Loads, DC, (SAME aS iNtErior) .........ccvvererereerereeeseseeesieseeeees A-26
YN VY L T g To [T - o A-26

A1A.2.3—Live Load AnalySiS—EXIErior SLINGEN .........cooeoiiirieirieree e A-26

A1A.2.3.1—Compute Live Load Distribution FaCtOrsS .........cccueeeverie i seeeeseese s A-26
A1A.2.3.1a—Distribution Factor for Moment, g, (LRFD Design Table 4.6.2.2.2d-1) ................ A-26
A1A.2.3.1b—Distribution Factor for Shear, g, (LRFD Design Table 4.6.2.2.3b-1)...........cccueueee. A-26
A1A.2.3.1c—Specia Analysisfor Exterior Girders with Diaphragms or Cross-Frames

(LRFD DeSIgN 4.6.2.2.20) .....c.couiiieiiriisieisiisieese sttt ettt s ettt ne s neenes A-27
A1A.2.3.1d—Summary of Distribution Factors for the Exterior Girders........ccoovevenenenieeene. A-27
A1A.2.3.2—Compute Maximum Live Load Effectsfor HL-93........ccccoovvivvieiiivceceeeereres e A-27
A1A.2.3.2a—Distributed Live Load Moments and Shears..........ccoceeererieeiienene s A-28
A1A.2.4—Compute Nominal Resistance of Section at MidSpan ..........cocceererrenennenessese e A-28
E N e @ = S ) = o [ STRS A-29
A1A.2.4.18—Check WED SIENUEINESS........ooiieriieierieeeeee ettt sre e ne e e A-29
A1A.2.4.1b—Check Ductility (LRFD DeSign 6.10.7.1.2) ......ccoeerireiriereeenieneeesie s A-29
ATA.2.4.2—Plastic MOMENE, Mp.....coiiiiiiiiiii i A-30
A1A.2.4.3—Nominal Flexural Resistance, M,, (LRFD Design 6.10.7.1.2).......ccccceeeverivrernserenenneens A-30
Al1A.2.4.4—Nominal ShEAr RESISLANCE, Vi..uicoeiiiiieieiesiteeeii sttt eses s saessba s s sraessat e s srae e sbae s saeeesneas A-30
A1A.2.4.5—Summary for EXEror SINGEN ..ottt e A-31
A1A.2.5—General Load-Rating EQUALION ..........cceeicieicie et sttt sne s A-31
A1A.2.6—Evauation Factors (for Strength Limit StALE) ........ccoeieriieniiireee e A-31
ALA.2.7—Design Load RatiNg (BA.4.3) ....cceiiceeieeeeesees e st s ste s s e seeae e st sresse e s e see e sresresnesnessenneens A-31
A1A.2.7.1—Strength | Limit St (BA.6.4.1) .c.ccviueieeisieiee ettt A-31
ATA.2.7.18—INVENLOIY LEVEL ...ttt A-31
ALA.2.7.10—0pEratiNng LEVEL .......oceeeeeeeeee et e s A-32
ALA.2.7.2—Service Il Limit SEate (BA.6.4.1)...cccccuierieiiieiee e se ettt sttt seens A-32
ATA.2.7.28—INVENLOIY LEVE ...ttt s A-32
ATA.2.7.20—0PEratiNG LEVEL ....ocviicieieiee ettt sttt sa et et e A-33

ATA.2.7.3—Fatigue Limit SEALE......cccoeieeeeie ettt st A-33

A1A.2.8—Legal Load RatiNG (BA.6.4.2) ......ccueueiiieiriiieisiesieesies ettt ettt A-33
A1A.2.8.1—Strength | Limit State (BA.6.4.2.1) ..c.ccueiveiieieeecieseee ettt s A-33
A1A.2.8.2—Service [l Limit State (BA.6.4.2.2)....cccceeeeeereseesieseestese e eeesees e see e e sse e e eaessessesse s A-34

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



A-iv THE MANUAL FOR BRIDGE EVALUATION

ATA.2.8.3—SUMMAY (BAZL.A.4)....oeeeiiiieieiiieeises ettt se st e e e s be e sesbenensessens A-35
A1A.2.9—Permit Load RatiNg (BA.6.4.2) ....c.ccvvueiiiiieiiitiseeisieeeesseesse e te e e sse e e sae e e sessssesesessenes A-35
A1A.2.9.1—Strength |1 Limit State (BA.6.4.2.1) ...ccvveiiieirieieesieese e A-35
A1A.2.9.2—Service Il Limit State (OPtioNal).......ccoervrerieriririeirisiese e A-36
A1A.3—Summary of Rating Factors for Load and Resistance Factor Rating Method ..........ccccceevevvieieceee A-37
PART B—ALLOWABLE STRESS AND LOAD FACTOR RATING METHODS.........ccccooveireveeeseseeeseeeie e A-39
A1B.1—Evauation Of AN ITNLEMOr SEINQES ......cceierereiesereeeesees et e e sae st sresresseeseeeeseenseseesresseens A-39
F S I ST o (o= D = TSRS A-39
ALB.1.2—SECHiON PrOPEITIES. ... .cviieeceeieeeeeeses e st sttt e e s ee e ste e e re e e e eeesse s besaesbesseeseeneeneeneesaenrenneens A-39
A1B.1.2.1—Noncomposite SECtION PrOPEITIES........coviiii ettt s sre s A-39
A1B.1.2.2—Composite SECLION PrOPEITIES........eveiriiieierieeecrie et A-40
A1B.1.3—Dead Load ANalySiS—INterior StHNQEr.......cccvcvieveieresese e eee e see e st se e aesre e e A-41
A1B.1.3.1—Dead L oads (Includes an Allowance of Six Percent of Steel Weight
{01 Q00101 oi 0] 1 1) ISR A-41
A1B.1.3.2—Superimposed Dead Loads (AASHTO 3.23.2.3.1.1) .cccccvvvverireceeeceree e A-42
A1B.1.4—Live Load ANalySiS—INterior SIHNQEN .......ccoeiiiiie et eree e st reene s A-42
A1B.1.5—Allowable Stress Rating (6B.3.1, 6B.4.2, and 6B.5.2) ........cccecriirinenirereeeeee e A-43
A1B.1.5.1—Impact (Use Standard AASHTO) (6B.6.4, AASHTO 3.8.2.1) ..ccovvevvinririiecciereeenane A-43
A1B.1.5.2—Distribution (Use Standard AASHTO) (6B.6.3, AASHTO 3.23.2.2,
a0 I = o = 302 T ) TS A-43
A1B.1.5.3—Inventory Level (Bottom Tension Controls) (6B.5.2.1, Table 6B.5.2.1-1) .......ccccceeueneee. A-43
A1B.1.5.4—Operating Level (6B.5.2.1, TaDl@ BB.5.2.1-2) ...cooevieiiiieesie e A-44
A1B.1.5.5—Summary of Ratingsfor Allowable Stress Rating Method ..o A-44
A1B.1.6—Load Factor Rating (6B.5.4.2, 6B.5.5.3, and 6B.5.6.3) .......ccccervrererreereenieseesieseseeseeeeeeseeee s A-44
A1B.1.6.1—Impact (Use Standard AASHTO) (BB.6.4) ....c.ccvvirieiriieireieeseee e A-44
A1B.1.6.2—Distribution (Use Standard AASHTO) (6B.6.3) ....ccvveeeeeeeie et seesie e A-44
A1B.1.6.3—Capacity of SeCtion, Mg (BB.5.3.1) ...ccvviieirerieesie et A-45
A1B.1.6.4—Inventory Level (6B.5.1and 6B.5.3) .....c.ccccireiriiiiriiieesieeesie e A-46
A1B.1.6.5—0perating LEVEl (BB.4.3)......cccuiirieirieisie sttt sttt ettt s A-47
A1B.1.6.6—Check Serviceability Criteria.......coceiviirieiiririeiseiee e A-47
A1B.1.6.6a—At Inventory Level (Bottom Steel in Tension Controls) .......cccceeevevevenevenesesennne, A-47
A1B.1.6.60—At OpErating LEVEL .....c.cciiieieieee ettt A-48
A1B.1.6.7—Summary of Ratings for Load Factor Rating Method............cocccviniinincinenne A-49
A1B.1.7—Load Factor Rating—Rate for Single-Unit FormulaB Loads..........cccccevvenevececieencne e A-49
PART C—SUMMARY ...ttt sttt sttt sttt et be e se ke se e st b e se e st ek e se e bt e bese e bt et e ne ek e et e neebesbeneebenbeseenenbeneas A-51
A1C.1—Summary of All Ratings for EXaMPIE AL ..ottt A-51
F N (O B = 1 = 000 RSP A-52
A2—REINFORCED CONCRETE T-BEAM BRIDGE: EVALUATION OF AN INTERIOR BEAM ................... A-53
PART A—LOAD AND RESISTANCE FACTOR RATING METHOD ......ccccecmitiiineneene e A-53
PNy N e T Yo 0T DT - P A-53
A2A.2—Dead-L oad ANalySiS—INtErior BEAM........cc.oiiiiiiieiiie et s A-53
A2A.2.1—Components and AttaChmentS, DC .......cccoeiirieiericeereee e A-53
A2A.2.2—WEANNG SUIMTACE, DW.....c.oiiiiiiiieiieieie ettt st ettt st s e st e se st aneenensenes A-53
A2A.3—Live-Load AnalySiS—INtErior BEAM ..ottt sre e A-55
A2A.3.1—Compute Live-Load DistribUtion FaCOr ..........ccccveievieriie et A-55

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



APPENDIX A: |LLUSTRATIVE EXAMPLES A-v

A2A.3.1.1—Distribution Factor for Moment, gp, (LRFD Design Table 4.6.2.2.2b-1)........cccceceeennee A-55
A2A.3.1.2—Distribution Factor for Shear, g, (LRFD Design Table 4.6.2.2.3a1) .....ccccovvvrvveeeennnne A-55
A2A.3.2—Compute Maximum Live Load EffECtS........coo e A-56
A2A.3.2.1—Maximum Design Live Load (HL-93) Moment a MidSpan...........ccceererereneienenenennen. A-56
A2A.3.2.2—Maximum Design Live Load Shear (HL-93) at Critical Section..........ccceceveveeevieciennne A-56
A2A.3.2.3—Distributed Live Load MOMENES.........ccoverierrrese e seceeeeenee s see e A-56
A2A.4—Compute Nominal Flexural RESISIANCE.........cocviviiriieeeeeereese s ee s esaenee e sreeneas A-56
A2A.4.1—Compute Effective Flange Width, be (LRFD DeSign 4.6.2.6.1)......ccccovverievrenieesenieieseneee e A-56
A2A.4.2—Compute Distance t0 NEULIal AXIS, C...vvvvereerereeiereesestesresesseeseeseeseseesresseeeessessessesssssesssesessenns A-57
A2A.5—Minimum ReINfOrCEMENE (BA.5.6)....ccueiuiciiie e st ae sttt e e e e sa e beseesresreeneeree e eneas A-57
A2A.6—Maximum ReiNfOrCEMENt (BA.5.5) .....iuririiieirieeerte et A-59
A2A.7—Compute NOmiNal SNEAr RESISIANCE.........cceiiiieiececieeete e re e s re st s aesre e e e etesrenresresreas A-59
A2A.8—Summary for Interior CONCrete T-BeaM ........coiiiiriiie e s eae s A-61
A2A.9—General Load Rating EQUALION. ........cccueirieiisese e seeesese et e e see e e snesse s e enaeseensesnesnens A-61
A2A.10—Evaluation Factors (for Strength Limit SEAEES)........coceeiueriirireieciireeie e e A-61
A2A.11—DesSign Load REEiNG (BA.4.3) ....cueiieeieeeieiee ettt ettt et b e e ne st be e ssebenessssenesennas A-61
A N B B 1 = o | T I I 0 = = TS A-61
A2A.11.2—1NVentory LEVE! (BA.5.4.1) ...cooiiieieeeeieee et A-61

Y N G e @ o= = 11 1o 1 = S A-62
A2A.12—L egal Load RALNG (BA.5.4.2) ...c.oiueeeiiiieieiesieiete ettt sttt e et e e s se e sessenaesessensesensenes A-63
A2A.12.1—Strength | Limit State (BA.5.4.2.1) ...ccueiiiiiieieie ettt st A-63
A2A . 12.2—SUMIMEIY ...veuvevivieeteseeseesessessesessessesessesesessessesessessesessessesessensesessensesessessesestensenessensenessenseneasensens A-64
A2A.13—Permit LOad RENG (BA.4.5) . .c.eeueiieeieeeieiee sttt ettt ettt ne et e e st sestebenesennan A-65
A2A.13.1—Strength 11 Limit State (BA.5.4.2.1) ..ueieieeceeeeereenie sttt ne e seesne s A-65
A2A.13.2—Service | Limit State (Optional) (6A.5.4.2.2D) .....cccccviiieiiiieiseeeseee e A-67
A2A.13.2.1—Simplified Check Using 0.75M, (C6A.5.4.2.2D) .....ccceeeveierenire s sereeeeeereen e A-67
A2A.13.2.2—Refined Check UsiNg 0.9;........cccoviiiiiii s A-68
A2A.14—Summary of Rating Factors for Load and Resistance Factor Rating Method...........cccoeveeninccenne A-70
PART B—ALLOWABLE STRESS AND LOAD FACTOR RATING METHODS........ccccoovneinineeeenee e A-71
A2B.L—BridgE DA ......c.eeuereeueetirieiete ettt sttt b e b e bt ek b bbb Rt b bt b bbbt e s A-71
YN S = v (0 T o] 0= =S A-71
A2B.3—Dead-L oad AnalySiS—INtErior BEAIM.........coiiiiiiiiire et et e ene s A-71
A2B.4—Live-Load AnalySiS—INtErior BEaIM.........coceviiieierireeiere e e s see et e e ae e e aesnenneas A-72
A2B.5—Allowable Stress Rating (6B.3.1, 6B.4.2, and 6B.5.2) .......cccecviirieiiiieieseieesesee e A-72
A2B.5.1—Impact (Use standard AASHTO) (6B.6.4, AASHTO 3.8.2.1) ..c.eourueiririreririeereeiee s A-72
A2B.5.2—Distribution (Use standard AASHTO) (6B.6.3, AASHTO 3.23.2.2 and Table 3.23.1) ............. A-72
A2B.5.3—Inventory Level (6B.4.2, BB.5.2.4) ......ccccciiiriiiieeesereee e e A-72
A2B.5.4—0perating LEVE (BB.5.2) ....ccceoeeeiieeicieseeeereertes e st ste st eeese e e sae st sne e ene e e e e naennesnennenneens A-75
A2B.6—Load Capacity Based on AllOWaDIE SIFESS.......co.ciiiiiiiie e e A-75
A2B.7—Capacity (Alternate APPrOACH) .......occiiiieiie bbb A-76
A2B.8—Allowable Stress Rating—Rate for AASHTO Legal LOAdS .........cccevveveveieie v A-78
A2B.9—Summary of Ratings for Allowable Stress Rating Method ............cooeoiineninninie e A-79
A2B.10—L oad Factor Rating (6B.3.2, 6B.4.3, 6B.5.3) ..c.vceiiceeeeeere et A-79
A2B.10.1—Impact (Use standard AASHTO) (6B.6.4, AASHTO 3.8.2.1) ...cceevrierieirieieienieese e A-79
A2B.10.2—Distribution (Use standard AASHTO) (6B.6.3, AASHTO 3.23.2.2 and Table 3.23.1) ........... A-80
A2B.10.3—Capacity Of SECHION (BB.5.3.2) ...ciuciiireeesierieesie ettt sttt s s st ese e se e b seenees A-80

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



A-vi

THE MANUAL FOR BRIDGE EVALUATION

A2B.10.4—Inventory Level (BB.4.1, BB.5.3).....ccccciireiririeirinieesiesiees e sesas e ste et ses e stessssessesesseees A-81
A2B.10.5—Operating Level (6B.4.1, 6B.5.3) .....ccccuiiiieiriirieiiisieesisie et e e e s s A-81
A2B.10.6—Summary of Ratings for Load Factor Rating Method ............ccccoe i, A-81
A2B.10.7—Load Factor Rating—Rate for AASHTO Legal LOBAS ........cccooveirenieiniiieeseseeseiee e A-82
A2B.10.8—L oad Factor Rating—Rate for Single-Unit FormulaB Loads..........cccccvvvveveneeceencne e A-82
PART C—SUMMARY ...ttt sttt sttt sttt ettt et st e et e st eseebesaeseebesaeseebesaeseabeseeseebeseeseebeseeseabeseeneateseeneateseesentesens A-84
A2C.1—Summary of All Ratings for EXAMPlIE A2 .......oceeeeeeeeres et A-84
A 2C. 2 REFEIBINCES ..ottt ettt ettt et et b e bt he e et et et se e e b e s At eh e e Rt e e e teeE e besheeheeReeRe e Rt e e eneeneenrenae e A-85
A3—SIMPLE SPAN PRESTRESSED CONCRETE: I-GIRDER BRIDGE EVALUATION OF
AN INTERIOR GIRDER (LRFR ONLY) ...ttt sttt sttt sttt sttt sttt sbe e sne st A-87
FNC I e 2T (T (o[ - - USROS A-87
A3.2—Summary Of SECLION PrOPEITIES. .......ceiiieeiriirieirtere e a bbbt A-89
A3.3—Dead Load ANalySIS—INtENIOr GIFAEN .......coveiiiie ettt st s ese e e e tesresresne e A-90
A3.3.1—Components and AttaChmMENtS, DC ..........ooiiiiiieceeeeeee e A-90
A3.3.1.1—Noncomposite Dead LOads, DCy ....ccvvvireeieierise e stesceeee st aesee et sre e eneenes A-90
A3.3.1.2—Composite Dead Load, DCy.......cccueueiriiieiiiieeseiees et sse s A-90
A3.3.2—WearNG SUMACE, DW........cooeierisiesii st ceesece st e e st e e e saestesaesneen e e e e seseenrenneens A-91
A3.4—Live Load ANalySiS—INtEriOr GIFAEN ........cceiiiieiiciseeeeeese ettt ae e sa e e sresresne e A-91
A3.4.1—Compute Live Load Distribution FACLOrS, g.........ccurerieerinieiniieesiese s A-91
A3.4.1.1—Distribution Factor for Moment, g, (LRFD Design Table 4.6.2.2.2b-1) .........ccecvevrvennne A-92
A3.4.1.2—Distribution Factor for Shear, gv (LRFD Design Table 4.6.2.2.3a1).......ccccevvevrerervnienenns A-92
A3.4.2—Compute Maximum Live Load EffeCtS.........cccvceeriiirine e A-93
A3.4.2.1—Maximum Design Live Load (HL-93)—Moment at Midspan..........ccccccvvevvevevevennseeenenne. A-93
A3.5—Compute Nominal Flexural Resistance at MidSpan .........cccoereeiireenenecieesie e A-93
A3.6—Maximum REINFOTCEMENT .....c.eoiiiiietiriiieisieeete ettt sttt e b e e e s besaesesbesseneesesseneesenean A-94
A3.7—MinimUumM REINFOMCEMENT ...t b e bt e e b e bbb e s bt ebe e e e beseesbesae e A-95
A3.7.1—Determine Effective PrestreSs FOrCe, Ppe .......c.cvcvciciciiiirrrsscccceeesesess s A-96
A3.7.1.1—L oss Dueto Elastic Shortening and/or External Loads, Afpes......covviiiiicciiiiiiiiins A-96
A3.7.1.2—Approximate Lump Sum Estimate of Time-Dependent Losses, Afyr......cocoviiiicciiiicinene, A-97
A3.7.1.3—Total Prestress LOSSES, Afpr.....ccociiiiiiiii s A-98
A3.8—Compute Nominal Shear Resistance at First Critical SECHION ........ccoevereerineneriere e A-99
A3.9—Maximum Shear at Critical SeCtion NEar SUPPOIS......cceiererereeiereeeereeseesesees e sre e e eeeseesseseesresns A-101
A3.10—Compute Nominal SNEar RESISLANCE ..........ccerererieieie et st sb e se et e srennas A-101
ARG I (O S T 4o FR 1= o AN o] o0 = o o S A-102
Y NC T L0 Y L @t Y oo 0= TSRS A-103
A3.10.3—Check Longitudinal Reinforcement (LRFD Design 5.8.3.5) ....cccoveirineineneineneese e A-106
A3.11—Compute Nominal Shear Resistance at Stirrup Change/ Quarter Point (6A.5.8) .....ccevveveveieiecnenn, A-107
A3.12—Maximum Shear a StITUP ChanQEe.........cooiereie et e se e seesne e A-108
ARG I D2 S T 0o R 1o [N o] 0 7= o o S A-109
Y NG A Y L @t Y oo 0= [P STTRPRSN A-110
A3.12.3—Check Longitudinal Reinforcement (LRFD Design 5.8.3.5) ....cccooeivineinineeneneese e A-111
A B L2 4—SUMIMEIY ...eeteiteietesieeetesteeetesteeetestesestesaesesteseesesbeseeseeteseeseabeseeseebeseeseabeneebesbeseesesbeseesesbeseesentesens A-113
A3.13—General Load Rating EQUALION (BA.4.2).........ccviiiieieeriee ettt sttt saens A-113
A3.13.1 Evaluation Factors (for Strength Limit State) ........ccceeveeeveerieviresese e A-113
A3.13.1.1—Resistance Factor, ¢ (LRFD DeSign 5.5.4.2.1) ......ccvvreeirerininineseseeeeseeeeeseesesse s A-113

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



APPENDIX A: |LLUSTRATIVE EXAMPLES A-vii

A3.13.1.2—Condition Factor, ¢ (BA.4.2.3) ..ottt A-113
A3.13.1.3—SysStem FaCtor, (s (A .4.2.4) ..ot e et snennenns A-113
A3.13.2—Design Load RAtiNG (BA.4.3) ...c.cciiiieiiiieieiisieise st esie e sese s sesessessesessenes A-113
A3.13.2.1—Strength | Limit State (6A.5.4.1) ....cevveeeieieerieseeseste et A-113
A3.13.2.18—INVENLOTY LEVEL......oeieeeeeeee ettt sae s re e eneas A-113
A3.13.2.10—0perating LEVEL ..o e A-114
A3.13.2.2—Service lll Limit State (Inventory Level) (6A.5.4.1) .....coevevvvevene e seese s A-115
A3.13.3—Legal Load RatiNg (BA.4.4) ...ccoieeeeieieie sttt ettt ae s ssesaesennessenes A-116
A3.13.4—Permit Load RatiNg (BA.4.5) ...c.coiiiieiiiesierieiete et A-116
A3.13.4.1—Strength [ Limit State (BA.5.4.2.1) c.cecueviieiriieerieie st A-116

F e I B B - e == SRS A-117
A3.13.4.1—Shear (USING MCFT) ..ottt st e A-117
A3.13.4.2—Service | Limit State (Optional) (6A.5.4.2.2D) .......ccovevievieiieieese e A-117
A3.13.4.2a—Simplified Check Using 0.75Mp, (CBA.4.2.2.2) ...cceoevereiesrereeeeeeseeneseesiessesnens A-117
A3.13.4.2b—Refined Check USiNg 0.9fy.......cccciiiiiiics s, A-118
A3.14—Summary Of REIING FACIOIS ......couiiiiiieiite ettt b e et b e e b b sre e A-119
A B LS REFEIENCES. ..ottt st sttt sttt e st b e se st be s e e st bese e Rt bene e Rt R e et e ebe st ebenEeneerentenean A-119
A4—TIMBER STRINGER BRIDGE: EVALUATION OF AN INTERIOR STRINGER.........cocooviinnineeniee, A-121
PART A—LOAD AND RESISTANCE FACTOR RATING METHOD ........cccootveiiinieiesieeeesieeseseeeseseesessenens A-121
ALA L—BITOGE DAIA......c.eetiieeiieieieeieete ettt sttt b e bt b e b et b s e et ekt s e et ebese et ebeebeneeb e b e eneere e A-121
A4A.2—Dead Load Analysis—Interior Stringer in FIEXUIE..........cov e A-121
A4A.2.1—Components and AttaChmENtS, DC.......cooiiiiiiieeee e A-121
Yy VYL ] o [ = o TS A-121
A4A.3—Live Load Analysis—Interior Stringer iN FIEXUIE. ..o e A-122
A4A .3.1—Distribution Factor for Moment and ShEar ... A-122
A4A.3.2—Compute Maximum Live Load EffECtS........ccciiiiiieciccscre et A-122
A4A .3.2.1—Maximum Design Live Load (HL-93) Moment at Midspan..........cccoeeeverenenenenenieneee A-122
A4A.3.2.2—Distributed Live-Load MOMENES..........ccoeiiirieinerieese st A-122

A4A .4—Compute Nominal Flexural RESISIANCE.........coiiiiiiiieeeee e A-123
AdA.4.1—LRFD Design, FOUth EQItiON.........cccoviiieieece et A-123
A4A .5—General Load-Rating EQUALION (BA.4.2) .......ccvieeieeseeie et esae et e e e s et sresresne s A-123
A4A .6—Evaluation Factors (for Strength Limit SEAE) ..........ccevereeiiirieirereereeeseeeee s A-123
A4A . 7—DeSigN Loatd RENG (BA.4.3) ...ooueueie ettt st sttt sttt s te et ste et sbe e ebestenesbeseesestenens A-124
A4A.7.1—Strength | Limit SEAE (BA.7.4.1) .oecveiieeeeieieeeerie sttt aes e sesessenes A-124
AdA.T7. L 1—INVENLOIY LEVEL .....oeiciee ettt sttt st b e esneneesnennenns A-124
A4A.7.1.2—0PErANG LEVEL ....ocviieeiciieees ettt nens A-124
A4A.7.1.3—Shear (Horizontal Shear) (LRFD DESIgN 8.7).....cuciiiieirieieesieiees et A-124
A4A.7.1.4—Compute Maximum Shear at Critical Section (14 in. = 117 ft) oo, A-124
A4A.7.1.4a—Dead Load ShEAI.........ccovueiiieee et A-124
A4A.7.1.4b—Live Load Shear (HL-93) .....coooiiriiieienieene ettt s ne A-125
A4A.7.1.5—Compute Nominal Shear RESISTANCE.........coiieiieriere e A-125
A4A.7.1.5a—L RFD Design, FOUrth EQition..........cccceoveirierienerese et A-125
AdA.T7.15D—INVENLOTY LEVEL.....cee ettt sre s re e eneas A-126

A4A . 7.1.5C—0PEratiNng LEVEL ... e A-126

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



A-viii THE MANUAL FOR BRIDGE EVALUATION

A4A.8—Legal Load RANG (BA.4.4).....ccoeeeiieeee ettt st et see st see e ste e sesbe e e sesbe e esesbeneesestenessensens A-126
A4A .8.1—Strength | Limit StAE (BA.7.4.2) .c.ccucueieeecee ettt se et stesee et se st e e tesaeseetesaeseste e A-126
A4A 8.1.1—SNEAI CAPACITY ..veveveriereeiirierieiisti sttt est s ste st et ee s s besesesbeneesessetesessensesensensesessanes A-127

AGA B.2——SUMIMANY ...ttt sttt r e bt s e s e e R se e eR e s bt e st e s e ne e b e se e e R e e Rt e sees e e s e reneearennis A-127

A4A.9—Summary of Rating Factors for Load and Resistance Factor Rating Method ..........cccceeevvreveceenee. A-127
PART B—ALLOWABLE STRESS RATING METHOD ......ccooiieiseiee ettt st A-129
F 2 T B ST o (o T I - P A-129
AdB.2—SECHION PrOPEITIES. ... .coeiieiteeteeteee ettt ettt b e bt ae e e e e e bese e besaeebeebeeneene e e enbeseesbeneas A-129
A4B.3—Dead Load ANalySiS—INterior SHNQEN .......civeeeeeeeesese e e e s e e e e e sresreens A-129
AdB.A—Live Load ANalySiS—INtErior SHNQEN ......ccovieiicieecie e s st e e e et e ereens A-129
A4B.5—Allowable Stress Rating (6B.3.1, 6B.4.2, 6B.5.2) ......cccceveiiierieisiesieeseseee s stesaese et seene s A-130

A4B.5.1—Impact (Use standard AASHTO) (6B.6.4) ......corueeririeeriirieisienieesiesieesieses s sseesnes A-130

A4B.5.2—Distribution (Use standard AASHTO) (6B.6.3) .....eoveuvriirieiriinieirinieesesieese e saeesnes A-130

A4B.5.3—Stresses to be Used (Use NDS, National Design Specification for Wood Construction,

220100 o 1110 ) S A-130
A4B.5.3.1—Inventory Level Stresses (6B.5.2.78).....c.cccuererereeeseeeeieeseesesrestessessessesseesessessessessens A-131
A4B.5.3.2—Operating Level Stresses (Use standard AASHTO) (6B.5.2.7D)...c.cccvvvvievieiieecerienen, A-131

A4B.5.4—Inventory Level Rating for FIEXUNE..........covcicieiee et s A-131

A4B.5.5—0perating Level Rating for FIEXUNE..........ooo i A-131

A4B.5.6—Check HOrZONIAl SHEA .......coirieiiiereeeseree ettt b e s e be b A-132

AdB.5.7—Inventory Level Rating for SNEAM ... A-133

A4B.5.8—Operating Level Rating fOr SNEA..........cociiiiiiierecreese ettt A-134

A4B.5.9—Summary of Ratings for Allowable Stress Rating Method ..........ccccceveveieievienceccerece e, A-134

Y G o= o = o (o gl = 1] o RSP A-134
PART C—SUMMARY ...ttt sttt sttt sttt et s bese st bese e st s be st e st s be e e be s be e e be s be e e besbe st ebesbeneebesteneeteneens A-135
A4C.1—Summary of All RatingS for EXAMPlIE A4 ... e A-135
F O = = = 10 OSSPSR A-135
A5—FOUR-SPAN CONTINUOUS STRAIGHT WELDED PLATE GIRDER BRIDGE:
EVALUATION OF AN INTERIOR GIRDER........ccccitietiesteistesieeseseete et ses e stesaste st et saesestesaenessesaenessessens A-137
F N B =T o[0T I - ST A-137

N I B T o L= 2] = ot oo A-137

AB.1.2—Girder SECHION PrOPEITIES.......ciieeeiitereeeerie ettt ettt sttt b e st eb e et b e e ebe b e A-137

YN I S T 0 = = o 1TSS A-138

A5.2—Dead Load ANalySIS—INLENIOr GIFAEY .......oouiiirieiee ettt e e e e sae e A-138

AB5.2.1—Components and AttaChments, DC..........cccvieviiiri e A-138

F R e DL o [ oz o = ot £ TSSO A-140

Ab5.3.1—Maximum Positive Moment at Span 1 (&t 0.4L = 44.8 1) ....ccovereiiirnereee e A-140

Ab5.3.2—Maximum Positive Moment at Span 2 (at 0.5L = 182 ft) ....ccccecvvieeieeierere e A-140

Ab.3.3—Maximum Negative Moment at Pier 2 (252 ft) ........cooeerereineneerereee e A-140

AB.3.4—Maximum Shear left of Pier 1 (112 ft) ...ccvciveieeeceeceeere e A-140

AB5.3.5—Negative MOMENES 8 PIEK L.....co.eiiiie ittt e eesre s A-140

AS5.4—Live Load DistriDULION FACIOIS .......ccueiieieie ettt s st s ne et seesne e A-140

Ab5.4.1—Positive Flexure and Shear to the Left Of Pier L.......cccoovveiiineiiienesesec e A-140
Yo I B 1 1 = o 1T ([ OSSP A-141

AB.A.2—INEGALIVE FIEXUIE.......c.eeeeeeieces ettt et e e e e e e s tesresneen e e e eneenaenrenes A-141
F N S B 0 = oL €T (o L= TR A-142

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



APPENDIX A: |LLUSTRATIVE EXAMPLES A-ix

F N Y 0 o i = ot £SO PRSTSN A-142
A5.5.1—Maximum Positive Moment at Span 1 (&t 0.4L) ......coeveverereneeeeece e A-142
AB5.5.1.1—Design Live LOad (HL-93) .....cccviiiriiieirieiee ettt A-142
AB.5.1.2—L 808l LOBAS ......c.evcuiiiiieeiitiei et ettt st te e nenens A-143
AB.5.2—Maximum Positive Moment at Span 2 (at 0.501) ......ccceeeiiiinienecieceee et e e A-143
AB5.5.2.1—Design Live Load (HL-93) ......cceceiriiieisieiee et A-143
AB.5.2.2—L egal Loads (Use Only Truck LOAAS) ......cccoeverrererieeeiesiesiesiesreesesseeieseesee e e sneseeneenes A-143
A5.5.3—Maximum Negative MOMENt 8 PIEN 2........coeiiiiieiie e e A-143
Ab5.5.3.1—Cadlculate Maximum Negative Moment at PIer 2.........ccccvveeevevevene s seseeceeeeseese e A-145
AB5.5.3.1a—Design Live Load (HL-93) ......ccooeveiiiireesenee st st A-145
Ab.5.3.1b—L egal Loads (Truck Loads and Lane-TypeLoad) ..........cccceereeninninenenesenenieee A-145
AB.5.4—Maximum Shear at Pier 1 (Left of SUPPOI) ..ovcveieiece e e A-146
AB5.5.4.1—Design Live LOad (HL-93) .....ccccviiiiriiieiiiiet ettt A-146
AB5.4.2—L 008l LOBOS ..ottt bbb A-146
A5.6—Compute Nominal Flexural Resistance of Section (Positive and Negative Moment)..........cccccceveeene A-147
AB5.6.1—NonNcomposite SYMMELNIC SECLION.........coiuieiirieiririeiree et A-147
AbB.6.1.1—Check Web for Noncompact Slenderness Limit..........cccceveveieieceniesceese e A-147
Ab.6.2—Regions B and H—Positive Moment Sections with Continuously Braced
COMPIESSION FIBNGES.......e ettt ettt et b ettt e st et b b et eae e e e e e besaeebesbeebeene s e enseseanbesbesbens A-147
A5.6.2.1—Calculate Plastic Moment, My (LRFD Design D6.1)..........ccocueicriiiicrnnrreseecenenas A-148
Ab.6.3—Region E—Negative Moment Sections with Discretely Braced Compression
Flange (LRFD DESIGN AB.L.L) ...covieireiieieriieeeseee sttt ettt be e s sbe e e sesbeessentenessensens A-150
Ab5.6.3.1—Calculate Local Buckling Resistance (LRFD DeSign AB.3.2).......ccecerverirerienenenienenieneene A-150
Ab.6.3.2—Cadlculate Lateral Torsional Buckling Resistance (LRFD Design A6.3.3) .....cccccevveveenee. A-151
AS5.7—General Load Rating EQUELTON (BA.4.2) ..ottt e be e e e e e b e A-155
AB.8—DeSIgN LOBO RAING ...c.viiveiiiieiceiesee ettt e s te et e s neese e e estesaesaesresneeseeneeneeseeneeneenns A-155
AB.8.1—Srength | LIMIt SEALE.......ceeieeieiece ettt e et st s r e et e e e e e e e e teseesnenrs A-155
AB.8.L1—Flexureat SPan 1, 0.4L .......ccociieieiieee et A-155
AB.8.L.2—Flexure at SPan 2, 0.5L ....ccuceeiriieiieeere e A-155
AB.B. L3 —FIEXUrE @ PIEN 2.ttt ettt et a ettt naens A-156
AB.8.2—Service Il Limit State (BA.6.4.1) ...ccvceeeereceeeeeeeriestese et s e see e see st sre s e e eeeseesrenns A-156
AB.B.2.L—AL SPAN L, DAL .ottt ettt e et enne s nene A-156
AB.8.2.2—AL SPAN 2, 0.5L ...ttt et ne b e renrens A-156
ABB.2.3 AL PIEN 2.ttt bbbt e A-156
AB.8.3—Legal Load RatiNG (BA.4.4) ....cc.ceiuiieeeeeiieeee ittt s s s se s neenessenes A-157
AB.8.3.1—Strength | Limit State (6A.6.4.2.1) ...ccueeeeeereerere e see e et sne e e A-157
AB.8.3.1a—Flexure a SPan 1, 0.4L .....cccoeeiierieisiesiee ettt A-157
AB.8.3.1b—Flexureat SPan 2, 0.51 ......ccccvieieeereee et A-157
AB.B.3.LC—FIEXUIE 8L PIEN 2.ttt sttt A-157
AB.8.3.2—Service | Limit Stafe (BA.6.4.2.2) ....cceeveeeeieeeeseieeseeee et A-157
Ab5.8.3.2a—At Span 1, 0.4L (Type 3-3 TrUCK GOVEINS) .....ccueeueereeieieesiesiesseeeeseesseseessessesseseenes A-158
Ab5.8.3.2b—At Span 2, 0.5L (Type 3-3 Truck GOVEINS)........ccovueeririeinierieesiesieesesieeseseeneneens A-158
AB.8.3.2c—At Pier 2 (Lane-Type Load GOVEINS) ......ccceeeeeeereeriesieseesieseesseseeeeseeseesseseessessesnens A-158
AB.G—SNEAN EVAIUBLION ..ottt sttt sttt s b et e s e s beseesesbeseesesbeseesenbeseesenbeneenenteneas A-158
AB5.9.1—Shear RESISLANCE @ PIEN L.....ocueiieeecee e e sttt e e e A-158
AB.9.2—Shear Resistance for INterior Panel ............cooiveivinenieee e s A-158

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



A-X THE MANUAL FOR BRIDGE EVALUATION

AB.10—Shear RatiNG @ PIEN L.....c.oiiieiieiee ettt sttt sttt se e be et e s be e teste e nrentens A-160
AB.10.1—DeSigN LOB0 RELING. .....ccveiveiiiiirieiiriereeiesesete ettt et s b e e b e s b b sre e A-160
A5.10.2—Legal Load Rating (TYPE 3-3 GOVEINS) ....ccevueerereeeerierresieseesteseesessessestessessesssssssssessessesssssesses A-161
AB5.10.3—Permit Load Rating (BA.4.5) ......ccciieiieseeeseseeeste ettt s st sa e ste s esesaesaeresaesseresaesessesens A-161

AB.10.3.1—Flexure at SPan 1, 0.4L ......ceeeeiere ettt et nrenne s A-162

AB.10.3.2—FIeXure at SPan 2, 0.51 ....c.cvviiieiririeisiesiees sttt sttt seneenes A-162

AB.10.3.3—FIEXUIE AL PIEN 2 ...ttt sttt ne s A-162

AB.11—Summary Of RatiNG FACIOIS........ccceieiiie et e e et e e a e e e tesresbesresreeae e e enee e enteseesrenres A-163

E N b B = oS SRS A-163
A6—THROUGH PRATT TRUSS BRIDGE: DESIGN LOAD CHECK OF SELECTED

TRUSS IMEMBERS.........cooitiiiittrieste ettt sttt s st e e bt e e e b e s b e st e be st e s e bt s s e s e eb e s e eneebenbeneebesteneenensenes A-165

E NN e =] (T (o[ B - - SO ST U STV A-165

AB.2—MEMDEN PrOPEITIES.....c.eiiiiieiei st sttt e s e s et s e et e e be e st e s e ese e e e e e teseenbesreeseeseeneeneeeeneeseesrennen A-165

F R e D LC o [ oz o AN 0 YL =SSR A-165

A6.4—Live Load Analysis (Design Load CheCk) ........ccccueuerireiinieie e e A-168
AB6.4.1—Live Load DisStribDULiON FACOrS........ccoeiiiirieiriesieisie ettt st st A-168

A6.4.1.1—OnelLaneLoaded (See Figure AB.A.L-1) ......cccvireirineeiriinieierieee e A-168
A6.4.1.2—Two LanesLoaded (See FigUre AB.4.1-1) ....ccccvvreereneiiriiieesienee s A-168
A6.4.1.3—Three Lanes Loaded (See FIgUr@ AB.4.1-1) ......cocvrueirerieiriiieesisnee e seens A-169
A6.4.2—Live Load Force Effects (DUETO HL-93) ......ccccveieriereresese s cteeeeenee e A-169
AB6.4.2.1—Member TCA (SEe FIQUrE AB.3-1) .....couireeeriieiriesieise et A-169
AB.A.2.2—MEMDEN BCA.......oiiceiieecti ettt ettt b e s b aese s s et ese b e aesenr e e nesrenen A-171
AB.A2.3—MEMDEN DLttt ettt ettt e e et bt ne bt reneenes A-171
F N S e IV = 031 o L= G TSRS A-171

A6.5—Compute Nominal Resistance of MEMDBErS........ccovciieeeeeree s A-171
A6.5.1—Top Chord TC4 (Compression MEMDEN) .......cooiiiiiieeese et A-171
A6.5.2—Bottom Chord Member BC4 (Tension MEMDEY) .........ccvireirinieirireeseseeesesee e A-174

A6.5.2.1—Limit State: Yielding over Gross Area (in the Shank of the Eyebar)........ccccvevviiienins A-174
A6.5.2.2—Limit State: Fracture at the Eyebar HEad ... A-174
AB.5.3—Diagonal MEMDES D1......cccociiiiecieeeere st ee s s sr e sse e e e s sebesresresseeneenaeneeneesaesrenees A-175
A6.5.3.1—Limit State: Yielding over Gross Area (in the Shank of the Eyebar)
(LRFD DESIGN EQ. 6.8.2.1-2) ...ecuviiiieeiiiiieiesieie e siesieseseas s te s e ste st as s te s e besassessenessessenessessns A-175
A6.5.3.2—Limit State: Fracture at the Eyebar HEad ..o A-175
AB5.4—VertiCal MEMDEN VL ...ttt st et e beseeneebeseenenbeneas A-175
AB6.5.4.1—Limit State: Yielding OVEr GIrOSS ATEaL......coiieeuiriiieierieieierieie et A-176
A6.5.4.2—Limit State: Fracture at Net Area (at Rivet HOIES).......coveveievece e A-176

AB.6—General Load Rating EQUELION ...........coiiiiiiiieieie et se et e b bt ese e ebeseesneenas A-177

A6.7—Evaluation Factors (for Strength Limit SEAES).......cvveeeeeerere i seeeeseee e A-177
AB. 7. 1—RESISLANCE FCION, (0 ..cveiveieririireeiisie s st sttt sttt sttt e s be e besbeseebesbeseesesbeseesesbeseesentenens A-177
YN S e o 0T [ (o N =t () o YOS A-178
E N I AR Y £ [ T o o s Y A-178

AB.8—DesigN Load RAiNG (BA.4.3) ...ceceiieieiesieieesie ittt sttt st et tesae e be e sesbe e sesbe e e seneesestenessensns A-178
3RS 3 B o 3T o I I S A-178
AB.8.2—BOttOM ChOrd BCA ..ottt sttt sttt se et sbe e besbe e ebesbeneenentenens A-178
AB.8.3—DiagONal DL......coeiieeiiiiiieeieete ettt sttt sttt sttt e et et e et e st e e tesaesaeneerennenenre e A-179
YR Y (o= Y TSSO A-179

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



APPENDIX A: |LLUSTRATIVE EXAMPLES A-Xi

AB.9—SUMMErY Of REIING FACIOIS ...ttt b e e et et b e bt se e e e b e e b b e A-179
AB. L0 REFEIENCES. ..ottt sttt sttt e a e b se bt b e s e e a e b e s e e st ke s e e Re b e ne bt eb e st b e b e e ebente e A-179
A7—REINFORCED CONCRETE SLAB BRIDGE DESIGN AND LEGAL LOAD CHECK ......ccccooeenererennene A-181
E A T =T o[0T I - U S A-181
AT.2—DEA0 LOAH ANAIYSIS....cuiiteiieiieteiieiiete et st sttt te st et s e seesesteseesesteseesesbessesesaesetesaeseetesseneesesteseesestesensesteneas A-181
A7.2.1—Interior Strip—UnNit WIth.........cooiii s A-181
AT.2.1.1—ComPONENLS, DC .....ciiieiiiie ittt s sre e s ae e s s nbe e sbe s snbeesbe s s nbeesreean A-181
AT7.2.1.2—Wearing SUMACE, DWW .......cceoieieesise sttt s st sne e e A-181
A7.3—Live Load Analysis (Design Load Check).........ccceeeeeerere it A-182
AT7.3.1—0NELANE LOATEA. ..ottt ettt sttt e e bbb e e b e e e e e e e be e saeneas A-182
A7.3.2—Morethan One LaneLoaded ..o s A-183
A7.3.2.1—Midspan Live Load Force Effects (HL-93) .......ccceiireciiieiese e A-184
A7.4—Compute NOMINEl RESISLANCE.........ceiiiietiiieieteriee ettt sttt b e e b e b e b sre e A-184
A7.5—Minimum ReINfOrCEMENT (BA.5.6) ....veiuiiuiciiiieieieeste s st e e et e st e e sae st s reere e e e e e tesresbesresreeneeneenes A-185
A7.6—Maximum ReINfOrCEMENT (BA.5.5) .....ui it A-186
E A S 1 SO OSTR PPN A-186
A7.8—General Load-Rating EQUELION (BA.4.2) ..ottt sb e e et e b b e A-186
A7.9—Evaluation Factors (for Strength Limit SLAEES) ........ccveeiiriinirieese et A-187
A7.9.1—Resistance Factor, @ (LRFD DeSIgN 5.5.4.2) .....ccccurieiririeiriesisieesesiees s ssenes A-187
A7.9.2—Condition FaCtor, ¢ (BA.4.2.3) ...oouieeeeeieerieiee ettt nsenes A-187
AT7.9.3—System Factor, @s (BA.4.2.4) ......oceeeeee et etee s nne s r e ne s A-187
A7.10—DeSign Load RaAtiNG (BA.4.3) ....eiveeeiierieieiiesieesteseeieseseeestesaesestesassessessesessessssessesessessessnsessasessessesessenens A-187
A7.10.1—Strength | Limit StAte (BA.5.4.1) c.cvouiuiiereeererieierieeereree ettt st s es A-187
AT7.10.2—SEIVICE LIMIT SEALE. ... ccviieeeietirieiistisie sttt et s et e e bt enenseneenes A-187
A7.11—L egal Lo REHNG (BA.4.4) ..ottt sttt bbbt be b e e s bene e sbeneneenas A-187
AT7.11L.1—Strength | Limit SEALE........coeieiise et et e e na e e e srenes A-188
AT.10.2—SEIVICE LIMIT SEALE.....eeviiveeeetisieietisiees ettt s et a e se s s b e s ese st e aesestenensensenes A-188

A T S 1 OSSPSR A-188

A I SN 1 =Y A-188
A7.12—Summary Of RaIING FACIOIS ......couiiiiiieiitereese et st b e e b b A-188
AT L3 REFEIENCES. ..ottt ettt sttt sttt s e e st ebese e st e beseeseebeseeseebeseeseebeseebenbeseebenbeneerenteeas A-188
A8—TWO-GIRDER STEEL BRIDGE: DESIGN LOAD RATING OF GIRDER AND FLOORBEAM ............. A-189
F T B ST o (o (Y I - VS A-189
A8.2—Rating of Intermediate FIOOrDEAM ..........ooiiiii e e e A-189
AB.3—Dead Loat FOrCe EffECLS......ciiiiieeie ettt st sttt A-189
A8.4—LiveLoad (HL-93) FOrce EffECtS .....c.oiiiiiie ettt et A-192
A8.4.1—Live Load (HL-93) Reactions on Intermediate Floorbeam............coccvireinininincncece A-192
A8.4.2—Live Load (HL-93) Maximum PoSitive MOMENE.........cccceciierieeieece et A-192
A8.4.3—Live Load (HL-93) MaXximum SNEEN .........cceiriiririeineneeesie st A-193
A8.4.4—Live Load (HL-93) Maximum Negative MOMENL .........cccccveereeiererese e seeeeeseesee e enes A-194
A8.5—Summary of Live Load (HL-93) Force Effectsin FIOOrDeam ..o A-195
A8.6—Compute Nominal Resistance Of FIOOrDEAM .........coiiiiiiiiiie e A-196
A8.6.1—Positive Moment Section—Noncomposite CONSITUCION ........cccevvevuerieveeene e ee e A-196
AB.6.2—Negative MOMENE SECHION. ......ciuiiitirieiriie et bbb enes A-198
A8.6.3—Nominal Shear Resistance (UNstiffened WED) ..o A-201

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



A-xii THE MANUAL FOR BRIDGE EVALUATION

A8.7—General Load-Rating EQUAELION (BA.4.2) ......ooiiueieeieeieee ettt et s se e et e saeenas A-201
A8.7.1—Evaluation Factors (for Strength Limit SEALES).......ccevvireirerere e A-201
A8.7.1.1—Resistance Factor, @ (LRFD DeSIgN 6.5.4.2) .......cceeurerieerinieesiinieesesieeseesaesessesssessenes A-201
AB8.7.1.2—Condition FaCtor, @ (BA.4.2.3) ..ot A-201
AB.7.1.3—System FaCtor, (s (BA.4.2.4) .....oceeeeieeeesesie st ettt st ae e A-201
A8.7.2—Design Load RatiNg (BA.4.3) ...ecueeeeeeie s s seeeesee e ste st e s s e ete s e sessesnesse s e enaessessesseseesrenns A-202
A8.7.2.1—Strength | Limit SEAte (BA.6.4.1) .oecuevvirieeiriiieeirierieesie et A-202
A8.7.2.1a—Flexure at 8.17 ft from West Girder (Max. Positive Live Load Moment) ............... A-202
A8.7.2.1b—Flexure at East Girder (Max. Negative MOMENL) ........cccevveeeieerierenese s sreseeeeeens A-202
AB.7.2.1C—Shear af EaSt GITUEN ......ccceiiieiririiisies ettt ettt A-202
AB.7.2.2—SrVICe Il LIMIt SEALE......veeevireeeetesiecete ettt A-202
AB.7.2.2a—At 8.17 ft frOM WESL GIFUEN ....cveeeeie ettt e A-203
Y o Sy N S A €T (o L= TSRS A-203
AB.8—Rating Of EaSt GITEr (GL) .....cceiuereiitiitieicieieeiestestesteste st e see e ste e s e sresse e e esaessestestesresreeseessessenteseesresees A-204
AB.9—Dead Load FOrCe EffECLS.. oot st sttt seesnenns A-204
AB.LO—LIVELOAH ANBIYSIS....oceeeeieiise ittt s st e st et et sae et e se s e e e e e e teseenbe e e e e e e etenrenrennen A-205
A8.11—Compute Norminal Flexural Resistance 0f SECHION .........ccciiiiiiniiinieee e A-207
A8.11.1—L ocal BUCKIING RESISLANCE. .......ccuirtiiitiriiieterieiete ettt st sb e et ebe b A-207
A8.11.2—L ateral Torsional Buckling Resistance (LRFD Design 6.10.8.2.3) ......ccccoevvverereeeerieseeseseeseennes A-208
A8.12—General Load-Rating EQUaLION (BA.4.2) ........ci ittt e A-209
A8.12.1—Evaluation Factors (for Strength Limit StateS).......cccevvveiererericre e A-209
AB.12.1.1—RESISLANCE FCION, (... .eiuiieiirtirieieete ettt A-209
AB.12.1.2—CONItiON FACION, (seivererrireeririirieisiirieisiesieeseseees e see st sees st e see e sseseenessessenessessanes A-209
AB.12.1.3—SYSLEIM FACION, (I ..vieeeuiniriniiririeieisieie sttt sttt ettt sttt enesesteneseenas A-209
A8.12.2—Design Load RAtiNG (BA.4.3) ..ceeueiueieeieerieerie ettt sttt st st et seesesbenees A-209
AB.L2. 2. 1—FIEXUIE .....ecuieeeeetesietes ettt ettt sttt e sb e et e s b e s e s e sb e e esens e e eseseenensessenenseneanes A-210
AB8.12.2.1a—Strength | Limit SEAE......cceieieeire ettt sne s A-210
AB.12.2.11—SrViCe I LiMit SEAE.....ceiveiririeisiseisesiees ettt st A-210
AB.L2.2.2——ShEAN .....ecuecieeeeicte ettt ettt ettt a b et et a bt aeae st Re et et e te et e e enenranen A-210
AB8.12.2.2a—Strength | LiMit SEAE......ccevieieeciieciceecese sttt sttt e e sre A-210
A8.13—Summary Of RaIiNG FACIOIS.......ciiuiiiiiieeieie sttt A-212
AB.LA—REFEIENCES. ....ctieeie ettt b ettt st b e bbb e Rt s b e e bbb bbbt ettt b et A-212
A9—P/S CONCRETE ADJACENT BOX-BEAM BRIDGE: DESIGN LOAD AND
PERMIT LOAD RATING OF AN INTERIOR BEAM .....coiiiiiiieiee ettt sttt st A-213
F e I B ST o[0T I - S A-213
P e I B o 1o g T o] 0= = A-213
A9.2—Dead Load ANalySIS—INLEriOr BEAM .......cccoiiieiiierieeeie sttt s A-213
A9.2.1—Components and AttaChmMENts, DC ..o re e A-213
A9.2.2—Wearing Surface and ULHITIES, DW..........ooiiiiiiiieee et A-215
A9.3—Live Load ANalySiS—INtErior GIFQEN ........cccvverieieiireeeee et e e se e sresreens A-215
A9.3.1—Compute Live Load Distribution Factors for an Interior Beam
(LRFD DeSign Tabhle 4.6.2.2.2D-1) ...c.ccueiirieiiiiiieisiesieie ettt sttt snensenes A-215
A9.3.1.1—Distribution FaCtor fOr MOMENE ..........ccccerirerrrerere e see s A-216
A9.3.2—Maximum Live Load (HL-93) Moment at MidSpan ..........cccceeereneciienenese e seesee e sreenas A-216
A9.4—Compute Nominal Flexural RESISLANCE........ccuieiirirerieie et s s saenas A-216
A9.5—Maximum ReiNforcemMent (CBA.5.5) ..ouiiiiiiiriceeereese st st e et ne e e e e e sresreeneeneenes A-218

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.



APPENDIX A: |LLUSTRATIVE EXAMPLES A-xiii

A9.6—MiNiMUM REINFOMCEMENT ...ttt a et b e e e b b et e b e e e beseesbe b e A-218
A9.6.1—Determine Effective PrestreSs FOrce, Ppe.......cocovriririeicicicicicererree s A-219
A9.6.1.1—L oss Due to Elastic Shortening, Af,es (LRFD Design 5.9.5.2.38) ... A-219
A9.6.1.2—Approximate Lump Sum Estimate of Time-Dependent Losses, Afy
(LRFD DESIGN 5.9.5.3) ...uiiciiiiesieieste ettt sttt sttt sttt st st et s be e be st e e eneste e enentenenneneens A-220
A9.6.1.3—Total Prestress LOSSES, Afyr ... s A-220
A9.7—General Load-Rating EQUELION (BA.4.2) .......oii ittt sb e e et e b e e A-221
A9.7.1—Evaluation Factors for Strength Limit SLALES.........ccovvviereririeciereres e A-221
A9.7.1.1—RESISLANCE FACION, (..vititiieieiirieie ettt sttt b e she st e e e et e b e sbe e e se e e e besaeseesaas A-221
A9.7.1.2—CONAiItiON FACLOE, (Pgeauvireirirriererieierisese st eeeeeeesees e stestesseseeeeseessessessessesseeseeneessessessesses A-221
W A e S = g I = (o TSRS A-221
A9.7.2—Design Load RatiNG (BA.4.3) .....ccuciieeeiiteieteseeee et s et se s ese e aese s e enessenen A-221
A9.7.2.1—Strength | Limit State (BA.5.4.1) ...ccueeeeeeeeseese ettt sre s A-221
A9.7.2.1a—FIexure @ MilSPaN .........cooeiiiriee ettt sttt e st e A-222
A9.7.2.2—Service lll Limit State for Inventory Level (6A.5.4.1) .....ccecveeeveeeve e A-222
A9.7.3—Legal LOad RAING (BA.4.4) ..ottt ettt s et snensenes A-223
A9.7.4—Permit Load Rating (BA.4.5) .....cocuiieeiiiiieiitiiee sttt snenen A-223
A9.T7.4.1—Strength [ LImMit SEBEE .....ecveieieeeiriiiee ettt A-223
A9.7.4.2—SerVICE | LIMIt SEAIE.....ueveeiieiieisieie et A-223
A9.7.4.2a—Simplified Check USING 0.75M.....ccuveeeierireie et see e nne s A-224
A9.7.4.2b—Refined check using 0.90f, ... A-224
A9.8—SUMMArY Of RALING FACIOIS ......cuiiiiiitirieiite ettt b e bbb e besre e A-226
F e G 1= < 410 RSO STR PRSP A-226

© 2011 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is aviolation of applicable law.





