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This manual is intended as a resource for agencies performing element-level bridge inspections. It replaces the
AASHTO Guide to Commonly Recognized Structural Elements (1994) and the AASHTO Guide Manual for Bridge Element
Inspection (2011) as a reference for standardized eclement definitions, element quantity calculations, condition state

PREFACE

definitions, element feasible actions, and inspection conventions.

This manual incorporates suggested changes that were submitted by many inspecting agencies, consultant inspection
firms, and training instructors that helped improve this updated version. AASHTO would like to thank member agencies

for their continued dedication to improving bridge inspection in the United States.
AASHTO also would like to recognize the dedication and tireless efforts of the following technical team members

who worked together to develop this manual:

Name

Agency

Role

Michael B. Johnson

California Department of Transportation (Caltrans)

Team Lead

Technical Team Member

Wade Casey Federal Highways Administration (FHWA)

Larry O’Donnell FHWA Technical Team Member
Derek Soden FHWA Technical Team Member
Paula Allec Caltrans Technical Support

Allen R. Marshall

Allen R. Marshall Consulting LLC

Manual Development Consultant

© 2013 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.




Manual for Bridge Element Inspection vii

TABLE OF CONTENTS

EXECUTIVE COMMITTEE, 20122013 ...ttt ettt sttt ettt ettt e e et e s ee et e e et estes s et ensensesseabesaeebeeneeneennans iii
HIGHWAYS SUBCOMMITTEE ON BRIDGES AND STRUCTURES, 2013 .....ccieiiiiieirieeineeeieieeeieeeeieeeee s v
PREFACE ...ttt et ettt ekttt et e e bt e st es e e e e e bt o4t eb e eatee e emeem s e s e e Eeeb e e et eetemtemseseeseebeeseeneeneanseseseeneene v
INTRODUCTION ...ttt sttt ettt et ettt b e bt bt e st eat e s e et e e bt sb e ebeesees s e e e b e bt sbe e bt ebeebtententensenbenbesbesbeebeeneenee Xiii
SECTION 1: BACKGROUND.......ccuiitiiiiiiiesteett sttt estetesteste sttt estestessesasesseeseeseeseassensanseseeseeseeneassensansasesseeseensansensenses 1-1
1.1—Condition Assessment Philosophy: Multipath and Defect CONCepts .........cccvevvieriereierieriieiieieeiesieieeee e ees 1-1
1.2—National Bridge Elements (INBES) .........cooiiiiiiiiiiie ettt ettt sttt e e e 1-1
1.3—Bridge Management Elements (BMES) ..........cooiiiiiiiiiiieieeee ettt ettt et e e eneesneas 1-1
1.4—Agency-Developed E1ements (ADES) .....ccvcoiiioiiiiiiieitieiieieeeeet ettt see e esaeesaeesaesesessaesseessesssesssesssessees 1-1
1.5—HOW t0 USE ThiS MANUAL......c.eiiiiiiiiiiieie ettt ettt ettt b e bt e te e te st esaee st et e enteeneeeneeeneeaneas 1-2

10— O ANIZATION. .....eueeeieiieieeeteeeteeetestte bt eteeteeetesstesseesseesseenseesseeseanseenseenseansesssessee s eenseensesssesneesseanseanseenseansennsenssessees 1-2
SECTION 2: ELEMENT LOCATION MATRIX ......oiiiiiiiiietet ettt ettt ettt et st tesseeseeseansensesaeeseeneansensenses 2-1
2.1—National BridZe ELCIMENLS .........ccueeiiiriieiieiierieit et stee it ettt eetesttesteesseesessaessaesseesseensesseesseesseenseensesssesssesseenses 2-1
2.1.1—DECKS ANA SIADS ..ottt ettt ettt a et et e et e et e bt bt bt e ae et et e ete bttt eneeneentesentan 2-1

2. 1.2 RAIINES ..ttt ettt et et et e et e et e e st e s e e b e easesaeesnte st e st enteeneeestenseanseenteenaeesaeeneeneenneennennns 2-1

2.1 3 SUPETSIIUCIUTE ...eeuteeite ettt ettt ettt ettt ettt et e et eette e bt eeatte s beeesbeesabeeenseesabaeenseesabaesnseesnsaeensaesnsaesnseesnseesnseean 2-2

B B e ST YRR 2-2

2. 1.5 —SUDSIIUCTUTE ...ttt ettt b et eb et e s et et e bt s bt e bt eheeb e e st em et e st e ebesbeeb e e st en s e s et e besbeebeeneenseneentes 2-3

2 L0 CUIVETLS ...ttt ettt ettt et h et e s et et e bt ehe e bt eaeea e e e en e e b e ekt eheeheeb e e neen b et e te bt bt ebeeneenteneentan 2-3
2.2—Bridge Management ELSIMENLS ..........ccueiiiiiieiieiieie ettt ettt ettt ae et esseenseesseeseesseenseensesnsesssesseensees 2-3

2.2 1J0MNES 1ottt h e bt e bt e bt e bt a e e a et ehe e eh e et e en bt eh e eh e e e b e e be e bt enaesaeenae 2-3
R N o)) (0T T 1 B 1 oL SRR 2-4
2.2.3—Wearing Surfaces, Protective Coatings, and Concrete Reinforcing Steel Protective Systems ................... 2-4
SECTION 3: DETAILED ELEMENT DESCRIPTIONS ......ocoiiiiieiiiiieirieieteteie ettt ettt sttt 3-1
3. 1DECKS ANA SIADS ...ttt b e a et bbbt bt bt et et et bbbt e st et e e entes 3-1
3.1.1—Element 12—Reinforced Concrete DECK ..........coiiiuiiiiiiiieiieieeeee et 3-2
3.1.2—FElement 13—Prestressed Concrete DECK .........cccviririririiiiieiiicieneese ettt 3-4
3.1.3—Element 38—Reinforced Concrete S1ab ..........ccoiiiiiiiiiiieeee et 3-6
3.1.4—Element 15—Prestressed Concrete Top FIange..........cooieiiieiiieieiiiiieeee e 3-8
3.1.5—Element 16—Reinforced Concrete Top FIange..........ccoccvevieriieiiieiieieiieieeiece et 3-10
3.1.6—Element 28—Steel Deck With Open Grid.........ccceiiiiiiriieiiieeeee e 3-12
3.1.7—Element 29—Steel Deck with Concrete Filled Grid..........ccoecveeiieiirienieiiee e 3-13
3.1.8—Element 30—Steel Deck Corrugated/Orthotropic/ELC. .....c.eeviieriirieiieeeeteeeeee et 3-14
3.1.9—FElement 31—TImDber DECK ......cc.cociiiriiiiiiiiieeete ettt sttt 3-15
3.1.10—Element 5S4—TiImber SIAD ........cccoiiiiiiiiiiiiieee ettt st b et 3-17
3.1.11—FElement 60—Other DECK.........cccuiiiiiiieieiiet ettt ettt sttt et e e ee et e seeeteenee e 3-19
3.1.12—Element 65—Other SIAD........ccooiiiiiiiieieeere ettt et sttt 3-21

B2 RATINES ettt a et ettt a e e bbbt bt ettt eat e eh e e h et e e et e eh e e eh e e bt e bt et e et e eatesaeenae 3-23
3.2.1—Element 330—Metal Bridge Railing ..........cceeceiiiiiieriieiieie ettt ese e e 3-24
3.2.2—FElement 331—Reinforced Concrete Bridge Railing..........c.cceiiiiiiiiiiiiiiiieeeee e 3-25

© 2013 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



viii Manual for Bridge Element Inspection

3.2.3—Element 332—Timber Bridge Railing...........ccoiiiiiiiiiieieeeeee et 3-26
3.2.4—Element 333—Other Bridge Railing..........cccoiiiiiiiiei e 3-28
3.2.5—Element 334—Masonry Bridge Railing .........c.ccccoviiriiriiiiiiiiieiecteeeteeee ettt ae st 3-30
I e 1013 4513 0110 3-32
TR TR E € 1 [ PSP RSUSTRTSRT 3-32
3.3.1.1—Element 102—Steel Closed Web/BOoX GIIder ..........ccceeviiieiieriieiiiiesieesie et ere e eseeeeseeas 3-33
3.3.1.2—Element 104—Prestressed Concrete Closed Web/BoX Girder ...........ccceevvreierienienieecieeieneieieennns 3-34
3.3.1.3—Element 105—Reinforced Concrete Closed Web/BoxX Girder .........ccccvevvivievieniieniieieeieeeeieeenns 3-36
3.3.1.4—FElement 106—Other Closed Web/BoX Girder .........cccceevvieiiieiiieiieecieeee et 3-37
3.3.1.5—Element 107—Steel Open Girder/Beam............c.oecveevierierieeiiieieiiesiese ettt ese e ssaesseesees 3-39
3.3.1.6—Element 109—Prestressed Concrete Open Girder/Beam .............cccccveveeeuieniieiieieeeenreeieere e 3-40
3.3.1.7—Element 110—Reinforced Concrete Open Girder/Beam.............cccoecvevierieniiecienieniieieeieeeeeeenenn 3-41
3.3.1.8—FElement 111—Timber Open Girder/Beam ............c.ccceeieriieriiecieiienienieesie et seeesreeseeseesveseeessees 3-42
3.3.1.9—Element 112—Other Open Girder/Beam.............ccccoeoirieiieiieiiie et 3-44

33 2 S INZEIS .o evveeeveeiteeiieetee st e it et et e ette e et ete e b e esbeesbeeabesseesse e seenbeesae e st e es s et e enseesbeenbees b e beenbeenbeensenrtesteenseenseenseans 3-46
3.3.2.1—FElement 113——Steel SIITNEET .....cc.eeuieiiieieiieieie ettt ettt ettt e e b b eeeee e e nes 3-47
3.3.2.2—FElement 115—Prestressed Concrete SriNGET ........c.vecveerierieerierieeierieseeerteeeeseeseeesseeseesesseesseenses 3-48
3.3.2.3—Element 116—Reinforced CONCrete SrINZET ........coeieeierieieierieee sttt 3-49
3.3.2.4—FElement 117—Timber StrNGET ......ceeoiriiiiirieiieieeieeie ettt ee sttt et eeeeesseesseeteeneeeneesseeneeas 3-50
3.3.2.5—FElement 118——Other SIrINZET ........cccvevuieriieieeieriieieeteeiesee st et eeesreesreeseesseesseessesseessesssesseessens 3-52

3.3, 3 TTUSSES/ ATCHES ... teeeetieeiiieeie et ettt e et e et e e st e e ebeestaeestbeessbe e sbeessseessseessseessseessseassseesssaensseessseensseenssennseas 3-54
3.3.3.1—FElement 120——SteE] TIUSS .....ecveerueeireirerieriierie et eeeetes et eeteeaesaesseesseesseensessnesseeseanseessesssenseensens 3-55
3.3.3.2—FElement 135—TImDBET TIUSS .....cccveruierriiiiiiietieiteereeee et esreeteeeaeeaesteesteeaeeaseesaesseesseesseessesssesseessens 3-56
3.3.3.3—Element 136——Other TIUSS .....ccevierierieiieriierie et eteetes et eteseaessaesseesseeaesssesseesseenseenseessesssesseenses 3-58
3.3.3.4—FElement 141—Steel ATCh ......cciiiiiiiiiiii ettt sttt ena e neenraes 3-60
3.3.3.5—FElement 142—Other ATCH .........oocuiiiiiieie ettt et s e e b e e s ae e sbeesaaeesbeessseesnas 3-61
3.3.3.6—Element 143—Prestressed Concrete ArCh.........ccvevieviieiiiieiieiieie ettt sre e 3-63
3.3.3.7—Element 144—Reinforced Concrete ArCh .........c.occvieieirieiiieiieiiiieceeie ettt 3-65
3.3.3.8—Element 145—MasONIy ATCH.......cccviiiiieiieii ettt sttt eneeenaessaeeseensens 3-67
3.3.3.9—Element 146—TiImbeEr ATCH ......cceiviiiiiiiiiiiieceee ettt et eb e easesaeesreas 3-68
3.3.4—F100T BEAMIS.....ccuiiiieiieeiiiecie ettt ettt et e et e e st e e e beeeebeeesbeesabaeaaseessbaeesseeensaeensseenseesssaessseessseesseesseenseas 3-70
3.3.4.1—Element 152—Steel FI00r BEam........c.ccciiiuiiiiiiiciicieieieee ettt 3-71
3.3.4.2—Element 154—Prestressed Concrete F1Ioor Beam............cccoevvieiiiiiiiiniieiicicceeceeeere e 3-72
3.3.4.3—Element 155—Reinforced Concrete F1oor Beam ............ccccoovviiiiienienieiieicceeeeeee e 3-73
3.3.4.4—Element 156—Timber FIoor BEAM ..........ccceeviiiiiiiiiiiiieieeieeeecee ettt 3-74
3.3.4.5—FElement 157—Other FIoor BEam ........cccccciiiiiiiiiiiiieciieceeeeece ettt seae e 3-76
3.3.5—Miscellaneous SUpPErstructure EICIMENLS ........cccvevvieriiiiiiieiieriieiieieeeesieeteevesaeseesreesseessesaesseesseenseensens 3-78
3.3.5.1—FElement 147—Steel Main Cables........cccviiiiieiiiiiieeiie ettt e e e e b e ere e s ebeessaaeenas 3-79
3.3.5.2—Element 148—Secondary Steel Cables ..........c.ccieiirierieiiieieeiecieeee e 3-80
3.3.5.3—Element 149—Other Secondary Cable...........ccccoeiiiiieiiiniee e 3-81
3.3.5.4—FElement 161—Steel Pin and Pin & Hanger Assembly or both.............ccoecvevieiiieiinienieeeeeeeen 3-83
3.3.5.5—FElement 162—Steel GUSSEt PIate ..........ccoeviiriiiiieiieieeieeee ettt 3-84
R B LT 4114 PSSR 3-85
3.4.1—Element 310—EIaStomeriC BEAING.........c.cccveriieriiiiiiiiereesieeieeeeeteesteeteesbeesessaesseesseessesssessnesseesseessesssenns 3-86
3.4.2—FElement 311—Movable BEArINg ..........ccoeiiiiiiieieeiee ettt sttt 3-88
3.4.3—Element 312—Enclosed/Concealed BEaring ............c.ccevierieiieiieeienieieeieeie ettt es 3-89
3.4.4—FElement 313—FiXed BEATING ........cocieuiiiiiiieie ettt sttt ea e 3-90

© 2013 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



Manual for Bridge Element Inspection ix

3.4.5—FElement 314——Pot BEATING ......cc.coiiiiuietiiiietieeee ettt ettt se ettt et et e te bt ebeeneeneeneeneenes 3-91
3.4.6—Element 315—DisSK BEATING .......ccueeiiiiiiiieitieieeee ettt ettt sttt beete et e st saeeseeeteeneeene 3-93
3.4.7—Element 316——Other BEAINE .........cccvevuiriiiiieiieiiieii ettt ere et e stae e esbeebessaessaessaesseesseessesseesseessesssenns 3-94
3.5——SUDSHIUCLUIE EICIMENLS ....eecuiiiiiieiieeiieeteeeite et et eetee et e e te e st e e e sbeesebeeesbeessseessseessseessseassseesssaessseessseensseessseensss 3-95
3.5.1—CoOIUMNS/PIET WALLS ....c..eeiieiieiieiieeiieeete ettt te sttt ettt e st e st e st et e enseesseesse st aenseenseensesnsesasesseeseensennsenns 3-95
3.5.1.1—Element 202—Steel COIUMI .........ccviiiiiiiiiiiiieie ettt et et ereesreeve s e essesssesseesreas 3-96
3.5.1.2—Element 203—Other COIUMI ............cciiiiiiieiieii ettt eeee st e e enseessessaesseensens 3-98
3.5.1.3—Element 204—Prestressed Concrete COIUMMN .........c.ccveiieiirieiienieie ettt eesreeeeens 3-100
3.5.1.4—Element 205—Reinforced Concrete COIUMN ..........ocvieiiieiieiiiieeie e 3-102
3.5.1.5—FElement 206—T1imber COIUMN .........cccveriiiriiiiieiesietiete et seesteereeaeseeseeesseesseesessaesseesseesseans 3-104
3.5.1.6—FElement 207——StEel TOWET........cccueruiiirieiiiieieeeteeite ettt e steebeebeeeseseaesteesseesbeessessnesreesseeseenseens 3-106
3.5.1.7—Element 208—TimDber TIESLIE .......ccveruieriieiieieeierteeie ettt e e e eseenee e 3-108
3.5.1.8—Element 210—Reinforced Concrete Pier Wall..........c.occvvviiiieiieiieiicieiieseeseeee e 3-110
3.5.1.9—Element 21 1—O0ther Pier Wall.........ccooooiiiiiiiie ettt et ene e 3-112
3.5.1.10—Element 212—Timber Pier Wall .........cccociiiiiiiiieiieiicieceeeee ettt ees 3-114
3.5.1.11—Element 213—Masonty Pier Wall.........cccoiiiiiiiiiieieeee e 3-116

T TN N 1 1311 11 PSS 3-118
3.5.2.1—Element 215—Reinforced Concrete ADUIMENT ........cc.eevieeiiiiiiiiieiieie e 3-119
3.5.2.2—FElement 216—Timber ADULMENT ........cccvieiiieiiieeiieeiieeeeeeiee e evee e e s aeesbeesebeeseseesaseeseseensaeenes 3-121
3.5.2.3—FElement 217—Masonry ADULMENT.........c.cccuerveriieriieiieieeeesieesteesteeresaeseesseesseessesssessaesseessesssenns 3-123
3.5.2.4—Flement 218—Other ADULMENTS ........ccocuiiiiiieiiieeiieeiie et eee et e eteeeeteeereeeteeebeesbeessseeseseessaeenes 3-125
3.5.2.5—FElement 219—Steel ADULMENT ......cc.eeiiiiiiiiieiierieit ettt e e eseeeesseesseeseeneeens 3-127
3.5.3——Piles/Pier CapS/FOOLINES ......coueeiiiiiteitieteeie ettt sttt ettt et e et e te e b e e bt ebeeseesee e enteaseeteabeseeeseeneenseneenean 3-129
3.5.3.1—Element 220—Reinforced Concrete Pile Cap/FOOtING.........cceevvieirrierienieiiieeeie et 3-130
3.5.3.2—FElement 225——Steel Pile......ccccciiiiiiieiieiieie ettt ettt ebeenre e 3-132
3.5.3.3—FElement 226—Prestressed Concrete Pile...........cocveeiiiiiiieeiiiiiieeiee et 3-134
3.5.3.4—Element 227—Reinforced Concrete Pile..........cccvevveiieiieiiiieiieieeiecee e 3-136
3.5.3.5—FElement 228—TimMDEI Pile ........ccceeriiiriiiiiiiiiiiiiecte ettt et ea e s e s re v ebeenve e 3-138
3.5.3.6—Element 229—Other Pile.........ccooieiiiiiiieiiecieeeee ettt ens 3-140
3.5.3.7—FElement 231—Steel P18 CaP ....ccveeoviieiiiiiiiieiieie ettt ettt te v e esbe s e sae e s e ebeenneebeenreens 3-142
3.5.3.8—Element 233—Prestressed Concrete Pier Cap .......ccoeceeeeriierieiiieieeecieseee e 3-143
3.5.3.9—Element 234—Reinforced Concrete Pier Cap .......coccvieiirvierieeiiieiieieceesieesie et see e saeene e ens 3-144
3.5.3.10—Element 235—TImMDET PIEI CaP ...cveeoviiiiiiieiiiiiieie ettt ettt et eve e saeesreeveenneenveens 3-145
3.5.3.11—Element 236—O0ther Piel Cap ......ccvevvieriieiieieeiesieeit ettt ettt see s sse s eeesneesseenseeneeens 3-147

B0 CULVETES ...ttt ettt ettt et et ete e te et e eabeetbeets et e e beesbeesseeaeeeae e aeesbeerbeeaseetbeeta e teesbeenbeerbeeraeereenreereenreans 3-149
3.6.1—Element 240——Steel CULVETT ......ccciieiiieiie ettt ettt e et e e e et e e s b e e saaeestbeessaeessseessneesseensneenns 3-150
3.6.2—Element 241—Reinforced Concrete CULVETT ..........cevieriieiieieiieiieie ettt be e esaeaees 3-152
3.6.3—Element 242—TimDEr CUIVEIT ......ccovuiieiiiiiiieciie ettt ettt et e sve et e e teeesaeeetaeeseeessaeensaeessseensneenes 3-154
3.6.4—Element 243——Other CULVEIt .......c.viieiieiieieeie ettt ettt e te st e st e st eeeesseeneesseanseensesssensaensenn 3-156
3.6.5—FElement 244—MasONTy CUIVETL .......cciiiiiiieieieie ettt ea ettt tesbe e ebe st enseeeneas 3-158
3.6.6—Element 245—Prestressed Concrete CULVETL.........cvveierieriieieeiesiese ettt eese e nnees 3-160
BT JOINES c.evieeteeeteetteeteet ettt e et e et e st e e e et e e tt e et e e b e e st e e s b e et b et e e bt e been b e eRbeeRee Rt e st enbeerteenseeRbe et s eteesseenbeenseenaeeneenseenseenseans 3-162
3.7.1—Element 300—Strip Seal EXpansion JOINT..........ccociiiieiiiiiiiieeiecee e 3-163
3.7.2—Element 301—Pourable Joint S€al ...........cccovviiiieriiiiiiieeetee et 3-165
3.7.3—Element 302—Compression JOINt S€al...........ccccvveriiiiiiiiieiiciiereeteete sttt re e sesesraeaees 3-167
3.7.4—Element 303—Assembly Joint with Seal............ccooceriiiieiiiicee e 3-169
3.7.5—Element 304—0pen EXpansion JOINT...........cccoiieriiiiiiiiiiecieetiete ettt et e esee e saeeseesseeseesesessnesaeas 3-171

© 2013 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



X Manual for Bridge Element Inspection

3.7.6—Element 305—Assembly Joint Without Seal...........cccoociiiiiiiiiiii e 3-172
3.7.7—Element 300——Other JOINT .......c.ceouiiiiiieiiee ettt ettt ettt e ee st e st e teeeeeseeeneesaeeneeeneeeneeeseennean 3-173
3.8—Wearing Surfaces, Protective Coatings, and Concrete Reinforcing Steel Protective Systems...........cccevveneee. 3-175
3.8.1—Element 510—Wearing SUITACES..........eeiiiiieiiiieriett ettt ettt st saeeee et e eneeeseennean 3-176
3.8.2—FElement 515—Steel Protective COAtING .........ccecveriieriieiieieeiiesieeieeiestesteesaeeseseeseesseeseenseeseesssessaensens 3-177
3.8.3—Element 521—Concrete Protective COAtING ........cceruiriiieieieieiesteee sttt ettt e e see e seeebe e eeeeeenees 3-178
3.8.4—Element 520—Concrete Reinforcing Steel Protective SYStem ........cccvvvvevierieriieniieieeieeeeeeee e 3-179
3.9 APPIOACKH SLADS ...ocvvieiiieiieciieite ettt ettt ettt et et te e te et e e bt ert e e rteeta et e et e esbeesb e tae b e e beerbeenaeereenseenseenseans 3-180
3.9.1—Element 320—Prestressed Concrete Approach S1ab ..........cccoiieiiiiiiiiii e 3-181
3.9.2—Element 321—Reinforced Concrete Approach SIab ............ccceecverierieniiiiiiiieseee et 3-183
3.10—Environmental Factors (Service ENVITONMENTS) ..........coieviiiiiiieirieiieieeiesteesteereeesesseeseeesseesaeesnesssesseessesssenns 3-185
APPENDIX A: AGENCY-DEFINED ELEMENTS (ADES) ....cttiiiiiiiiettete ettt sttt sttt A-1
Al—Agency-Defined Subsets of the National Bridge EIements.............cccooiiiiiriiiiiienieieseeceeceeee e A-1
A2—Agency-Defined Subsets of the Bridge Management EIEments ...........c.cccoeierieiiieiiiniienienieeee e A-1
A3—Independent Agency-Defined EICMENtS...........ccuiiiiiiiriieiieiieieeieeeie ettt sre bbb e ssaessaesseennas A-2
A3.1—Example Element Definition: Concrete Tunnel Ancillary Structure ............ccceveeieeieienieniereeeeeeeens A-2
A3.1.1—FElement 600—Concrete Tunnel (EXamPpPle).......cccvevieriieciiiiiiiieiieseee et A-3
APPENDIX B: INSPECTION EXAMPLES ..ottt ettt e ettt st ete et estesaessesessestesseessensensesensensesseas B-1
BIl—TimMDEI BIIA@E ...cveetieiieiieiieeeeetteeet ettt ettt e e sttt e esbeesbeetaesbe e seesseassesssesseesssesseesseesseassasaesseensenssennnas B-1
B1.1—Element QUANTITIES .......ccvieviirieirieitieteeteeeeeteesteereeeseeesesteesteesseesseessesseesseasseesseessesssesssesssesseessesssesssesseensesnns B-1
B TrDECK ottt bbbttt ettt bbbt et ettt e b B-1
B 1.2——SUPETSITUCTUIE .....cuveeiiieeiieeieiie et et este ettt esteestaeeseteessaeessseessseesssaensseenssaesseesssaenssesnsseenseesnsseenseesnses B-1
B1.1.3—SUDSIIUCTUIE ...ttt ettt ettt b ettt et e e st e s et e te e et enteeneeeseesseeseenseeneesneas B-2
B1.2—Element CONdIition STAES ..........ccceouiriiririirieieieiert ettt ettt ettt st beeae et et e e sbesbe s bt sbeebe et enseneeneenbenee B-2
B1.2.1—Defect #1, Timber Open Girder/Beam (Element 111) ......ccccooiiiiiiniiiieiieieeeeeeeeee e B-2
B1.2.2—Defect #2, Timber Pier Cap (Element 235)........cccveviirieiiieiierierie ettt B-2
B1.2.3—Defect #3, Timber Pile (EIement 228) ........ccviiiiiieriieieeie ettt ettt ere e eae e saeesveeaeeenas B-3
B1.2.4—Defect #4, Metal Bridge Railing (Element 330) ........cccoooieiierierieiieieeeeeeeeie e B-3
B1.3—FElement Quantity and Condition State SUMMATY ..........ccceceuerierieriiriienienieie e eeeseesre e eaeseeesreesseesseenns B-4
B2—Prestressed Concrete GIirder BIid@E ........cooueoiiiiiriirieeeeee ettt ettt e et e e e B-5
B2. 1—FE1emMeNnt QUANTITIES .....veiiviieiieirieetieeetieeteeeeteeeteeeeteeeeteeeteeeaeeesteeeseeesaeesseeesssasesesseasseesssensesenseseseeenses B-5
B2 . TmDECK ettt bt ekt he et ea et et et e e he bt ehe bt e aeent et et e tenaeenes B-5
B2 1.2SUPETSITUCTULE ....coutteiiiieiieeiie ettt ettt ettt et ettt e sat e ettt e bt e e et e bt e e bt e e sbteebeesbaeenseesabaesnseesabes B-5
B2. 1.3 SUDSLIUCTUTE ...ttt sttt ettt b et b e ea e eb et e et et e bt sbeebe e bt ent et e senbeneeenes B-6
B2.2—Flement COndition SEAtES ...........coiiiiiiie ettt ettt ettt et e et et e b e e eneeeseesse e beenseeneesneesaeeneeenes B-6
B2.2.1—Defect #1, Reinforced Concrete Deck (Element 12)..........ccoevverieriieciieiieieneeieeie e B-6
B2.2.2—Defect #2, Reinforced Concrete Deck (Element 12).......c..ccevieiieniieiieiieieceeieeie e B-6
B2.2.3—Defect #3, Reinforced Concrete Deck (Element 12).........cccevierieniieiiieienieeieieeie e B-7
B2.2.4—Defect #4, Compression Joint Seal (Element 302) and Reinforced Concrete
DECK (BISMENT 12)....uiiiiiiieiieieeie ettt ettt ettt et e st e st e staeseaesaeesseesseesseessasssesseenseessesssessaenseensesssesseas B-7
B2.2.5—Defect #5, Reinforced Concrete Pier Cap (Element 234) ........ccoceeiiriiiiinieieeeeeeeeeee e B-7
B2.2.6—Defect #6, Reinforced Concrete Pier Cap (Element 234) .......ccooveeiieiieienieiieieeieeieeeese e B-8
B2.2.7—Defect #7, Reinforced Concrete Column (Element 205) .......c..covevvieiiiieniieiieieeeeceeeere e B-8
B2.3—Flement Quantity and Condition State SUMMATY ..........ccceeeereierierieniieie et seae e B-10
B3—Stee] TTUSS BIIAZE .. c.vetitietieiieiietee ettt ettt ettt b e et bt et es e st et e s e b e beseeebeeaeeseeneeneensensenean B-11
B3. I—FE1emMeNnt QUANTITIES ..e..veeivieeiieiiieetieeteeeteeeeteeseteeeteeeteesbeeesseessseessseessseeassessssaaasseessssessseessseessseessseessseees B-11

© 2013 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



Manual for Bridge Element Inspection xi
LR T B B B 1T OO SO USRS B-11
LS e B o3 3 1 T 1 (USSR B-12
B3L1.3SUDSLIUCTUTE ...tttk ettt et s h e b bt e et et e et e st ebe s bt ebeeaeesten s et ennenaens B-12
B3.2—FElement Condition SEALES ..........cueiiiiierieie ettt ete ettt et eeste et e et e et e s st e st e st e e eseeeseenbeenseenneeneas B-12
B3.2.1—Defect #1, Reinforced Concrete Deck (Element 12).........cccoevieriieciieieniieiieieeie et B-13
B3.2.2—Defect #2, Steel Truss (Element 120) ........ccccieiiieiiiiiiieiieeie e esee e eieeeieeeveeseeesveesseesssee e B-13
B3.2.3—Defect #3, Steel Truss (Element 120), Steel Gusset Plate (Element 162) and
Steel Protective Coating (EIEMENt S15)......cooiiiiiiiieieeee ettt ettt B-13
B3.2.4—Defect #4, Steel Floor Beam (Element 152) and Steel Protective Coating
(ELSMENE S515) c.uiiieiiiiieiieciiee ettt ettt ettt s e st e beesbeesbesseeese e beesseesseesseessassaessaesseessesssesseesseenseensensns B-14
B3.2.5—Defect #5, Steel Stringer (Element 113) ....c..oooiiiiiiiieieeee e B-14
B3.2.6—Defect #6, Steel Stringer (Element 113) ......cocoiiiiiiiiiieiei et B-15
B3.2.7—Defect #7, Pier Wall (Element 210) .........cccccverieriieriiiieiiesie et eeesteesre e eaeseeesree e esaessnesaeesseenns B-15
B3.3—Flement Quantity and Condition State SUMMATY .........cccceeoiriiiieiiee et B-16
APPENDIX C: ELEMENT GROUPINGS ..ottt ettt ettt sttt b et s et et e tesaeebe e st eneensensenaesaeas C-1
APPENDIX D: MATERIALS AND DEFECTS BY MATERIAL TYPE ..ot D-1
D1—Defect Definitions and MateTials ...........ccceeeiirierieririeere ettt ettt e bt et e sae st s be bt eneens D-1
D2—Materials and Defect Condition State DEeSCIIPLIONS .......cecuieiieiieieriieieeie ettt ettt ee e see e D-5
D2 TStEET (100) ettt ettt b e bt e a e st et et b e bt be bt eb s et e et bt bt ehe e bt et et ebente b e D-5
D2.2—Prestressed Concrete (300)......ccuuiiuiieiieiiieeiiieiieeeieeeteeeteesteestteestteesteesteeesseesseeasseesssesanseessseeesseessssesnsees D-7
D2.3—Reinforced Concrete (400)........cueiueiierieieeeieeteeiesteeteetesteseesseessestesseesseasseesseassesseesseesseesseessesssessesseenns D-9
D2.4—TIMDBET (500) ..e.ueiuteuienieieieete ettt ettt ettt ettt e et et e bt ebeeb e e st e s e et e beebeeseebeeaeene et ensennens D-11
D2.5—O0ther Materials (600).........cccuieriieiiieiieeiieeieeeteeereesreeesteesveesseestbeessseessseessaeessseessseesseessseenes D-13
D2.6—MASONTY (050)...cecueieeiiieeiieeiieeieeeit e et e st e st e sttt e sete e sttt esaae e taeesaseesaeesseeensaeeseesnseeenseesnsseansneens D-17
D2.7—Wearing Surfaces (800) ......ccoueiieiieiiee ettt ettt et nes D-19
D2.8—Concrete Reinforcing Steel Protective Systems (820) ......oecvevverierienieiieierieeeie e D-19
D2.9—Steel Protective Coatings (850)......ueueierierierieeieteeitetieiete ettt ettt ettt st be s eae e eneeeens D-20
D2.10—Concrete Protective Coatings (880) .......ccvevuieriieiiieierieriierieeieeeesee sttt eee e seee s eseeeseseaeenees D-20
APPENDIX E: MATERIALS AND FEASIBLE ACTIONS BY MATERIAL TYPE .....cooiiiiiieeee e E-1
ETmStEE1 (100) ettt ettt b e st h e bbbt e b st e bt e bt eat et et et st e b e bt e bt et et et e e b e E-1
E2—Prestressed COoncrete (300) ......iiiiiieiieiieriieieeteetesteesteesteeteesaesteesseesesssesseesseesseesseesseassesseessesssesssesssessesssesssennees E-1
E3—Reinforced COoncrete (400) ......occuiiiiuieeiieeiieecieeectteeiteeeteeeteesveesaeessbeesbeessseessseessseesssaassseessseeseeesseessseesseanseeenses E-2
EA—TIMDBET (500).....ccutitititiitietee ettt ettt ettt b ettt e s b bt s bt sh e bt eateat et et et e st e bt e bt et e et et et e st e b e E-2
ES5—Other Materials (600) ........ccovierieeiiteiieeiieesteerteeesteesteeestteeteeataeesseestaeeseesssaeenseesnsseesseesssseenseeesssessseesnssesnseesnses E-2
EO—IMASONTY (650) ...eveeeieiieieeieeiieettett et e e et e st te st e bt e seesteeseesseesseenseeaseessessaenseenseensesnsesneesssesseenseenseenseenseesaeaseeseenns E-2
E7—Wearing SUrfaces (800) .........ccuieiiiierierieeieiieiteettestt et ete et e ste e teeseesbessaesseesseesseassesssesssasseesseesseassesssesseesseensesnns E-3
E8—Concrete Reinforcing Steel Protective Systems (820)........oeuiiruieiieiieieeie et E-3
E9—Steel Protective Coatings (850) .....ccviiiiiieiieiieiieieeieseeieeieetestesteesteebessaesseesseesseessesssesseesseesseessesssesseesseessesnes E-3
E10—Concrete Protective Coatings (880).......coruiiiiiiiiiiiieiieeeteeteert ettt ettt ettt e st ettt e bt e b e ae e e E-3

© 2013 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



Manual for Bridge Element Inspection Xiii

INTRODUCTION

The proper assessment of the condition of bridge elements is the cornerstone of sound bridge management. The
introduction of element inspection condition methods in the early 1990s represented a significant advancement in bridge
inspection practice and has been adopted by the vast majority of the state transportation departments in the United States.
Bridge owners nationwide have recognized the benefits of detailed condition assessments through the use of the raw
inspection information, expanded performance measures, and bridge management system deterioration forecasting and
evaluation. As the use of element-level inspection techniques has proliferated, the need for updates and enhancements to
the standard element specification has been identified. This manual incorporates improvements through changes in the
measurement units of decks and slabs, the development of a wearing surface element, the standardization of the number of
element states, and the development of protective coating elements for concrete and steel, as well as deck protection
systems. Elements constructed of innovative materials are also identified. The goal of this manual is to completely capture
the condition of bridges in a simple, effective way that can be standardized across the nation while providing the flexibility
to be adapted to both large- and small-agency settings.

This manual is not intended to supplant proper bridge and element inspection training or the exercise of engineering
judgment by the inspector or professional engineer.
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SECTION 1:

BACKGROUND

1.1—CONDITION ASSESSMENT PHILOSOPHY: MULTIPATH AND DEFECT CONCEPTS

The Manual for Bridge Element Inspection (this manual) builds on the element-level condition assessment methods
developed in the AASHTO Guide for Commonly Recognized Structural Elements. Improvements have been made to fully
capture the condition of the elements by reconfiguring the element language to utilize multiple distress paths within the
defined condition states. The multipath distress language provides the means to fully incorporate all possible defects
within the overall condition assessment of the element. The overall condition of an element can be utilized in this
aggregate form, or broken down into specific defects present as desired by the agency for Bridge Management System
(BMS) use.

This manual provides a comprehensive set of bridge elements that is designed to be flexible in nature to satisfy the
needs of all agencies. The complete set of elements captures the components necessary for an agency to manage all aspects
of the bridge inventory utilizing the full capability of a BMS.

The element set presented within includes two element types identified as National Bridge Elements (NBEs) or Bridge
Management Elements (BMEs). The combination of these two element types comprise the full AASHTO element set. All
of the elements, whether they are NBEs or BMEs, have the same general condition assessment characteristics:

1. Standard number of condition states is four.
2. The standard condition states are good, fair, poor, and severe general descriptions.
3. Units of measure are length in feet, area in square feet, and each for enumerated elements.

1.2—NATIONAL BRIDGE ELEMENTS (NBES)

The National Bridge Elements represent the primary structural components of bridges necessary to determine the
overall condition and safety of the primary load carrying members. The NBEs are a refinement of the deck, superstructure,
substructure, and culvert condition ratings defined in the Federal Highway Administration’s Recording and Coding Guide
for the Structure Inventory and Appraisal of the Nation’s Bridges. Additional elements included in this section are bridge
rail and bearings. The NBEs are designed to remain consistent from agency to agency across the country in order to
facilitate and standardize the capture of bridge element conditions at the national level. In order to capture the diversity of
new element design types and materials, many elements in this category have an “other” element type defined.

1.3—BRIDGE MANAGEMENT ELEMENTS (BMEs)

Bridge Management Elements include components of bridges such as joints, wearing surfaces, and protective coating
systems and deck/slab protection systems that are typically managed by agencies utilizing Bridge Management Systems.
The BMEs are defined with a recommended set of condition assessment language that can be modified to suit the
agencies’ needs as these elements are not intended to be utilized for the purposes of national policy-making. The BMEs
defined within this manual were purposefully left fairly general in nature to provide the flexibility to develop agency-
specific elements that best suit the local bridge management practices. Agencies may choose to develop additional BMEs
as necessary following the agency-developed element conventions discussed in Appendix A. When considering additional
elements, the agency should consider such factors as element performance, deterioration rates, feasible actions, and
preservation costs, as well as the practical considerations of training and inspection costs.

1.4—AGENCY-DEVELOPED ELEMENTS (ADEs)

The elements presented within provide the flexibility for an agency to define custom elements in accordance with the
defined element framework that may be sub-elements of NBEs or BMEs, or may be agency-defined elements without ties
to the elements defined in this manual.

By defining a comprehensive set of bridge elements necessary for robust bridge management and the minimum set of
elements necessary to assess the condition of primary components of bridges, this manual provides a flexible element set
that can be tailored to the needs of all agencies. The identification numbers 800 and above are not used in this manual for
any elements and are reserved for agency purposes.
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