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FOREWORD

The first broadly recognized national standard for the design and construction of bridges in the United States was
published in 1931 by the American Association of State Highway Officials (AASHO), the predecessor to AASHTO. With
the advent of the automobile and the establishment of highway departments in all of the U.S. states dating back to just
before the turn of the 20" century, the design, construction, and maintenance of most U.S. bridges was the responsibility of
these departments and, more specifically, the chief bridge engineer within each department. It was natural, therefore, that
these engineers, acting collectively as the AASHTO Highway Subcommittee on Bridges and Structures (now the
Committee on Bridges and Structures), would become the author and guardian of this first bridge standard.

This first publication was entitled Standard Specifications for Highway Bridges and Incidental Structures. It quickly
became the de facto national standard and, as such, was adopted and used by not only the state highway departments but
also other bridge-owning authorities and agencies in the United States and abroad. Rather early on, the last three words of
the original title were dropped and it has been reissued in consecutive editions at approximately four-year intervals ever
since as Standard Specifications for Highway Bridges, with the final 17th edition appearing in 2002.

The body of knowledge related to the design of highway bridges has grown enormously since 1931 and continues to
do so. Theory and practice have evolved greatly, reflecting advances through research in understanding the properties of
materials, in improved materials, in more rational and accurate analysis of structural behavior, in the advent of computers
and rapidly advancing computer technology, in the study of external events representing particular hazards to bridges such
as seismic events and stream scour, and in many other areas. The pace of advances in these areas has, if anything, stepped
up in recent years.

In 1986, the Subcommittee submitted a request to the AASHTO Standing Committee on Research to undertake an
assessment of U.S. bridge design specifications, to review foreign design specifications and codes, to consider design
philosophies alternative to those underlying the Standard Specifications, and to render recommendations based on these
investigations. This work was accomplished under the National Cooperative Highway Research Program (NCHRP), an
applied research program directed by the AASHTO Standing Committee on Research and administered on behalf of
AASHTO by the Transportation Research Board (TRB). The work was completed in 1987, and, as might be expected with
a standard incrementally adjusted over the years, the Standard Specifications were judged to include discernible gaps,
inconsistencies, and even some conflicts. Beyond this, the specification did not reflect or incorporate the most recently
developing design philosophy, load-and-resistance factor design (LRFD), a philosophy which had been gaining ground in
other areas of structural engineering and in other parts of the world such as Canada and Europe.

From its inception until the early 1970s, the sole design philosophy embedded within the Standard Specifications was
one known as working stress design (WSD). WSD establishes allowable stresses as a fraction or percentage of a given
material’s load-carrying capacity, and requires that calculated design stresses not exceed those allowable stresses.
Beginning in the early 1970s, WSD began to be adjusted to reflect the variable predictability of certain load types, such as
vehicular loads and wind forces, through adjusting design factors, a design philosophy referred to as load factor design
(LFD).

A further philosophical extension results from considering the variability in the properties of structural elements, in
similar fashion to load variabilities. While considered to a limited extent in LFD, the design philosophy of LRFD takes
variability in the behavior of structural elements into account in an explicit manner. LRFD relies on extensive use of
statistical methods, but sets forth the results in a manner readily usable by bridge designers and analysts.

Starting with the Eighth Edition of the AASHTO LRFD Bridge Design Specifications, interim changes to the
Specifications were discontinued, and new editions are published on a three-year cycle. Changes are balloted and approved
by at least two-thirds of the members of the Committee on Bridges and Structures. AASHTO members include the 50
State Highway or Transportation Departments, the District of Columbia, and Puerto Rico. Each member has one vote. The
U.S. Department of Transportation is a non-voting member.

Orders for specifications may be placed by visiting the AASHTO Store, https://store.transportation.org; calling the
AASHTO Publication Sales Office toll free (within the U.S. and Canada), 1-800-231-3475; or mailing to P.O. Box
933538, Atlanta, GA 31193-3538. A free copy of the current publication catalog can be downloaded from our website or
requested from the Publications Sales Office.
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For additional publications prepared and published by the Committee on Bridges and Structures and by other
AASHTO Committees, please look online in the AASHTO Store (https://store.transportation.org) under “Bridges and
Structures.”

Suggestions for the improvement of the AASHTO LRFD Bridge Design Specifications are welcomed, just as they were
for the Standard Specifications for Highway Bridges before them, at www.transportation.org.

The following have served as chair of the Committee on Bridges and Structures since its inception in 1921: E. F.
Kelley, who pioneered the work of the Committee; Albin L. Gemeny; R. B. McMinn; Raymond Archiband; G. S. Paxson;
E. M. Johnson; Ward Goodman; Charles Matlock; Joseph S. Jones; Sidney Poleynard; Jack Freidenrich; Henry W.
Derthick; Robert C. Cassano; Clellon Loveall; James E. Siebels; David Pope; Tom Lulay; Malcolm T. Kerley; Gregg
Fredrick; and Carmen Swanwick. The Committee expresses its sincere appreciation of the work of these individuals and of
those active members of the past, whose names, because of retirement, are no longer on the roll.

The Committee and AASHTO staff would also like to thank the late Diane Long (1964—2023) of Modjeski and
Masters for her many years of dedicated service in helping prepare previous editions of these Specifications, as well as her
help on the current edition. Her aid has been sorely missed during the production of this edition of the LRFD Bridge
Design Specifications, and our thoughts are with her friends, family, and colleagues.
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PREFACE AND
ABBREVIATED TABLE OF CONTENTS

The AASHTO LRFD Bridge Design Specifications, Tenth Edition contains the following 15 Sections and
an index:

Introduction

General Design and Location Features
Loads and Load Factors

Structural Analysis and Evaluation
Concrete Structures

Steel Structures

Aluminum Structures

Wood Structures

Decks and Deck Systems

A A o

—_
=]

. Foundations
. Abutments, Piers, and Walls
. Buried Structures and Tunnel Liners

—
W N =

. Railings

—_
N

. Joints and Bearings

—_
(9]

. Design of Sound Barriers
Index

Detailed Tables of Contents precede each section. The last article of each section is a list of references displayed
alphabetically by author.

Figures, tables, and equations are denoted by their home article number and an extension, for example 1.2.3.4.5-1
wherever they are cited. In early editions, when they were referenced in their home article or its commentary, these objects
were identified only by the extension. For example, in Article 1.2.3.4.5, Eq. 1.2.3.4.5-2 would simply have been called
“Eq. 2.” The same convention applies to figures and tables. Currently, these objects are identified by their whole
nomenclature throughout the text, even within their home articles. This change was to increase the speed and accuracy of
electronic production with regard to linking citations to objects.

Please note that the AASHTO materials standards (starting with M or T) cited throughout the LRFD Bridge Design
Specifications can be found in Standard Specifications for Transportation Materials and Methods of Sampling and
Testing, adopted by the AASHTO Committee on Materials and Pavements. The individual standards are also available as
downloads on the AASHTO Store, https://store.transportation.org. Unless otherwise indicated, these citations refer to the
current edition. ASTM materials specifications are also cited.
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The revisions included in the AASHTO LRFD Bridge Design Specifications, Tenth Edition affect the following sections:

1. Introduction

2. General Design and Location Features
3. Loads and Load Factors

4. Structural Analysis and Evaluation
5. Concrete Structures

6. Steel Structures

9. Decks and Deck Systems

10. Foundations

11. Walls, Abutments, and Piers

12. Buried Structures and Tunnel Liners
13. Railings

14. Joints and Bearings

SECTION 1 REVISIONS
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Deleted Articles

No Articles were deleted from Section 1.

SECTION 2 REVISIONS

Changed Articles

The following Articles in Section 2 contain changes or additions to the specifications, the commentary, or both:
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3.10.2 3.10.4
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temperature ZONes ...........cceeeeueerieeecnecrineenneene 6-77
ClearancCes .........cceeeveeeveeerieiieeeiee e eveeeree v 2-6
drilled shafts ........cccooveevveiirieeeeees 10-132
highway horizontal ............coccovviiiiniiniinee. 2-6
highway vertical .........c.ccooviviiniiiinieeeeee, 2-6
Navigational .........occeevveieriinienieeee e 2-6
pedestrian bridges ..........cocceverererenieieieenne. 2-6
PIES.ceiiiieiieeeeeeeee e 10-90
railroad OVErpass........cceeveeveevereeneerieereenenns 2-6
Coefficient of thermal expansion
AlUMINUM .« 7-6
CONCTELE...eereereireieenieeieeteente e sieesieesaeennees 5-18
WOO .ot 9-31
Combination railing...........ccceceevverivecvercvennenenn 13-12
design live loads .......ccoeveeveeinienieiieeeeee, 13-12
GEOMELTY ..eenvieiieieiieniee ettt 13-12
Combined force effects
(10 1 10) (=2 1 TN 5-52,5-58
Steel..eoiiiiieee 6-123, 6-153, 6-276
WOOM .t 8-35
Compact sections
nominal flexural resistance............... 6-203, 6-261
Composite box girders, see also Box girders......4-38
design conditions ..........cceeeeerverveenvrevennennns 6-241
diaphragms.........ccccceevveveerieecieeieeiesee e 6-98
FAtIZUE oot 6-241
live load distribution factors .............ceeuvenienne 4-38
WiINd effects.....coeeerieieeeeeeeeeee 4-66

© 2024 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



1-4 AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, TENTH EDITION, 2024

Composite sections

concrete deck Stresses.......ovvveereereeneeeenne. 6-162
concrete-encased shapes................... 6-154, 6-309
concrete-filled tubes .........ccouveeenne... 6-154, 6-310
modular ratio ........oceeeeeeeeienenceeee 6-162
sequence of loading..........ccoecvevvveveevennennen. 6-161
SEEEL e 6-152
Compression chords
CONEINUILY ..e.vveeieiieieeie et 6-351
lateral bracing..........cocceeeveeverieneereerneeeenes 6-106
SPLICES...evveeeeeiieieeie ettt 6-339
Compression flange flexural resistance............ 6-207
local buckling resistance................... 6-209, 6-401
Compression flange proportions ..........c........... 6-412
Compression members
CONCIELE .eeeeeiieee e e e 5-48, 5-51
hollow rectangular compression members ... 5-54
SEEEL e 6-122
steel composite members.............ceeeveevennen. 6-152
steel noncomposite members....................... 6-133
WOOM ..ttt 8-33
Compressive resistance
CONCTELE ..ottt e s eaees 5-51
SEEEL . 6-122
steel composite members.............cceeevereennen. 6-152
steel noncomposite members....................... 6-133
WOO ettt 8-33
Concrete
air-entrained ...........oooeevveeeeeeieiinnnnnn. 5-272,5-275
coefficient of thermal expansion ................... 5-18
compressive strength ...........cocceeveeviiencennen. 5-16
cover
creep
modulus of elasticity ..........ccccvevennnn. 5-21, 5-303
modulus of rupture .........cceevevvveciiecienieeeeenn 5-22
POISSON’S TALIO ..eevvrenreeereeereeereieeieeere e eeaeeees 5-22
PIOPEILIES .vevvveiieiieieeeie et e e enbe e eeneneees 5-16
Shrinkage .......ccocovevierienieeee e 5-20
strut-and-tie method ...........coocooeiiiiiinnnne 5-88
tensile strength.........cocveveeevcienieniiecieeieeieen, 5-22
Concrete box girders
bottom slab .........cccoviiieiieniie 5-221
confinement reinforcement............c..cccc.... 5-153
dimensions, MINIMUM ...............coevvveeeennenn.n. 5-221
effective flange width...........ccooeveriiinieninnnns 4-63
effective flange width...........ccoocoviiniinnn. 4-59
live load distribution factors............cceeueeneen. 4-38
tOP S1AD .o 5-221
web thickness ........cccceveeveeiiiiiiiee 5-221
Concrete culverts
distribution reinforcement ..............cc.c........ 5-216
dynamic load allowance............ccccvevverneennen. 3-33
$eiSMIC effects ..oovvveieiiiceeee 3-66
Concrete deck slabs...................... See Concrete slabs
Concrete formwork ....... See Stay-in-place formwork
bedding of panels..........ccccevvvevienieciieieeienen, 9-14
creep and shrinkage control...........c..cccoueeeee. 9-14

depthu...eeeeicieeee e 9-14
1eiNforCemMent .......ccvevueveeeeeienieniencrceeeeeenne 9-14
Concrete piles
anchorage ........occevveveveceecieeeeeee, 5-207, 5-265
cast-in-place piles.......cocevvevverincenienienen. 5-267
embedment........cccceeeeeiiiiiinieeieeeeen, 5-207, 5-265
pile dimensions ........c.ccocceeveereenceneneeee 5-267
precast prestressed piles.......cccevveeveirieeenne 5-266
precast reinforced piles ........ccoeevevvienrennnnne. 5-265
reinforcement .........cccceeevvveeeeineeennnns 5-207, 5-215
reinforcing steel ........cccoevvevievienieniieieeee, 5-267
SCISMIC IEqUITEMENtS.....cccvvereeererererereieeneeans 5-215
shells for cast-in-place piles........c..ccervrennenne 5-267
spacing of transverse reinforcement............. 5-267
SPLICES. ettt 5-265
structural resistance..........cceeeeveveeveeeernnnne. 10-126
tensile stresses, precast piles...........oceeeee.e. 5-130
tOlETANCe. . ..veeeeeiie e 5-261
UPLIE e 5-207
Concrete S1abs.......coevevereeiiiinieneneeeeeeee 9-7
ADTASION ...ttt 5-174
application of empirical design........c.ccccceveuee 9-9
COMPOSIte ACTION ... 9-7
CONCTELE COVET .eveuirrireiiiieeeiireeeirreeenereeeenens 5-174
design conditions ..........cceceeeveeiereenieeseeneenne 9-10
design of cantilever slabs ...........ccccecerieneennen. 9-8
distribution reinforcement..............ccceeueeneee. 5-216
€dge SUPPOIt...ccveeieieieiiieeeeceieeae 5-216, 9-8
effective length........ccoovveiivviiiicicieeeie, 9-10
effective width .......ccooeiiiiniis 6-162
empirical deSign.......cccceevieviieciiiieiieeieieenens 9-8
minimum depth and cover............ccecvvrvennnennen. 9-7
precast deck slabs on girders.............cccvvennenne 9-15
reinforcement ............coooevveeeeneeeeennnen. 5-216,9-12
segmental CONStrUCtiON.........ccccverveeveeeereeennenn 9-15
SHEAT ..ot 5-61
skewed bridges.......cccevvreverceenieieeee e 4-52
skewed decksS ......oevviiiivviiiiiiiiiiiieee, 9-7,9-12
slab bridges .......cceoeeveeieeiiieeeeee 5-216
stay-in-place formwork ........................ 9-12,9-13
top slab, box girders.........cccceeevererieieeennne 9-15
traditional design..........ccceceevienieniinennicne 9-12
uplift and slip of deck slabs............cceeveneene. 7-32
Concrete stress limits
SEIVICE SLIESSES ..uveuviveruieuieierierierieereeieenieens 5-130
stress limits for concrete .................. 5-127,5-303
temporary stresses before losses .................. 5-127
Concrete T-beams
negative moment reinforcement..................... 5-60
Concrete-filled tubes
circular tubes........ccceevvievieeiiieeee e, 6-315
rectangular tubes ........ccccoeeeeiieiiiiiiieeeen 6-315
Connections See also Bolted connections, Splices,
and Welded connections ............cceeeevueenennne 6-315
block shear rupture resistance...................... 6-336
bolted connections .........c.ceeceeerererceeeneensn. 6-317
rigid frame connections...........c.cceevververennnne. 6-349
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SPLICES ...t 6-339 ANCROTS ..o 14-18
welded connections .........cceeeeeeeeienierennns 6-333 211 110) SRS 14-17

Connectors DOILS .o 14-18
lacing bars .........ceceeeeienenenincneee 6-120, 6-154 bridging plates .......ceoeeveiereniieeeeee 14-17
tie Plates ...oevververeieieiieeeeee 6-120, 6-154 closed JOINES ...cc.evueeueeieieieseee e 14-20

Constructibility compression and cellular seals..................... 14-21
dead load deflections..........cccccververienieennns 6-191 design requirements...........coceeeveeveevenenennen. 14-16
deck placement...........ccoeevveeieieienienieniieins 6-187 fabrication.........cccoceevvevievieeiieieeeeeeeeeeen 14-18
design ObJectiVes ......coeeeveneerienenenerceieennen 2-16 field SPliCeS ...c..evuerieieieriecrcrceecee 14-19
fleXUTIE ..o 6-184, 6-252 GEOMELLY ..ot sieenees 14-14
] 1 R 6-255 INStallation ........coccevveveeiienenincnceeccceeen 14-18

Continuously braced compression flanges....... 6-396 JOINE SEALS ..ovvveeieieeee e 14-21

Continuously braced tension flanges ............... 6-396 location of JOINES .....ecceeveeeveeriieiieiee e 14-15

Corrosion MAINEENANCE ....eenveenveeeeeeeeeeeereeeeeeee e eeeeneees 14-14
DEAIINGS ...ttt 14-48 MAterials ........cooveevieiiieiieieeeeee e 14-14
MSE facing ......ccceoeeeeieieinese e 11-58 modular bridge joint systems....................... 14-22
PILES oo 10-128 movements during construction................... 14-16
prestressing systems, concrete..................... 5-277 number of JoINtS.........ccoeevveevieieiiereeieeee 14-14
Steel StrUCTUIES....vvevieeieeieciierieeie e 6-84 OPEN JOINES....evveiiereereeere et 14-19

Corrosion Protection ..........cceeceeververeeerveeeennes 14-84 plank Seals.........ccceevvveriieiiieieeieniee e 14-22
alternative coating ...........occvevveveeeveereervennenns 8-23 poured SCalS .......cceevieiieiieieeieeee e 14-21
metallic Coating.........cccveevereerieneeieeie e 8-23 PIOtECHION ...ttt e 14-17

Corrugated metal decks TEQUITEIMENTS ..ot 14-12
COMPOSItE ACHION ..oveveeeeeieiieiieieeie e 9-29 SClECTION ..t 14-14
distribution of wheel loads............cccoeeuenneee. 9-29 sheet and strip seals ........cccceoceveerieiienenennne 14-22

COVEr PlAes ....ooveeeeeeieeeeieie et 6-240 structural design.........cocevevereneneeienieienns 14-13
end requirements..........ccceeeveveeneeneeneeeneenne 6-240 teMPOTary SUPPOTLS ..eeenereeereeireenireeireeneneenns 14-19

CPT waterproofed joints...........ccoeveeviecrieciennenen. 14-20
cohesionless SOilS .......cocvveeeerrieiieieniienen, 10-118 Deck overhang design ...........ccoeceervvevrennene 9-9, 13-24

Creep effect......cevvevieciieiiciecieeeieee 5-19, 5-126 decks supporting concrete parapet railings.. 13-25

Cross-section proportion limits decks supporting post-and-beam railings..... 13-25
flange proportions ............cccevvereerierrvennnenne 6-249 deSIZN CASES .uvvevieieeieeie e 13-24
WED Proportions........c..cecvevvevenerenenceruennens 6-248 resistance to punching shear ............c.......... 13-26

Culverts stay-in-place formwork...........ccccoccrinenicencnne 9-5
additional provisions for culverts................ 5-260 Decks.... See Deck joints, and Deck overhang design
AlUMINUIN ..o 12-8 applicability ......coceevveveeiiniiniinieeee 4-25
design for flexure ........cc.ccoevenerenerncecnennns 5-260 concrete appurteNances........coeeeeverueereeeervennens 9-5
design for shear in slabs of box culverts ..... 5-260 deck drainage.........cceoeevereneneniiceeeeeee 9-4
location, length, and waterway area.............. 2-29 distribution of wheel loads............c.cccceerenee. 4-28
SeISMIC ffeCtS...uevvvieriieiiiecie e 3-66 €dgE SUPPOILS ..eovvverienrieeieeeeeeeesre et 9-5

Curbs and sidewalks ................ 13-12, See Sidewalks empirical design.......cccevvvereerienieiieieeie e 9-8
end treatment of separation railing.............. 13-13 inelastic analysis........cccevevenenenenenieieenn 4-31
SIAeWalKS .....ooveiieieieieee e 13-13 INterface action ..........ccceeveevveverencreneeeeneeens 9-4

Curved structures isotropic plate model..........cccceveverienieniienne 4-73
deck JOINES ...oouveiiniinierieieiccnc e 14-15 Live 10adS..c..oovivereiiiicieccc 3-28
deflections .......ccceeeeeeieieee e 2-14 live load effects On.......ccoeveveevirieieicieeee, 4-29
single girder superstructures..............cceceeueeeee 4-19 longitudinal edges.........ccceoerreeriirienieiene 4-27

Curved tendons orthotropic plate model.............cccoceevvenrennnn. 4-74
effects of curved tendons ...........cccceceeennee. 5-157 stay-in-place formwork..........cccoocorinvinineninn. 9-5
in-plane force effects..........ccooevreninienennnns 5-158 traditional design ........ccceevevveveninenenieeennn 9-12
out-of-plane force effects ..........cceceveeenenens 5-162 transverse €dges.......ooveuerererereeeeeeieeeenns 4-27

Dead loads unfilled composite grids ........c.ccvveveeierreennen. 9-19
load factors.......cccvvevereerieiieieeieeins 3-16, 5-239 Deep Deams ......cccvveevieiieieeieceeeee e 5-234
unit weight of materials...........cccccoeeeeevennnnnne. 3-21 Deflection

Deck analysis CONCTELL....eeruveeeirieriieeieesteeeieesbeeseteesbeesaeee s 5-46
10adING...c..eeveeiiiiniinireecc e 9-6 CIIEETIA ettt 2-13
methods of analysis.........ccocceveereienienieniiene 9-6 span-to-depth ratios .........ccecevverierieeriennene. 2-15

Deck joints Deformations
adjustment .........oceeveereeieee e 14-18 axial deformation..........ccoceeevenencncneeneenenn 5-48
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(0] 1101 (<1 TSRS 5-45
SEECL it 6-192
Deformed bars and deformed wire in tension
tension development length......................... 5-189
Deformed bars in compression
compressive development length................. 5-192
modification factors.........ccceeeverercreeiennnne 5-193
Depth of the web in compression
at plastic MOMeNt..........ccveeververeerreerennnennes 6-449
in the elastic 1ange.........ccccvevverreerreerenenene 6-448
Design lane load..........ccoocvevieviiciieiieeeieeeen 3-24
Design lanes
WIAtH .. 3-21
Design objectives
bridge aesthetics .......c.cceveeevveniiiieeeieeeeee 2-17
COnStIUCtIbIlItY ..c.eeveieeieieiececeeeeee 2-16
(<1070) 110 ) 11U 2-17
SALELY e 2-8
SErvICeabIlity ....ooveeueeieieieee e 2-9
Design philoSophy.........cccveevieciiecieriereeeeie e 1-3
AUCHILILY .o 1-5
JIMIt SEALES .eovveveeeeeieiceiieeeere e 1-3
operational iMpOrtance ..........cceeverveereeereeennenne 1-7
1edUNAANCY ....ooveeeieiieiieieee e 1-6
Design tandem.............ccoeeverierienieecieecieeiesneeenn 3-24
Design truck .....oeeeeiieeeeeeeee e 3-24
Development of reinforcement
basic requirements............occeeeveeeereenieenennns 5-184
bonded strand ...........cccceeveiiiiiiie 5-149
bundled bars .........ccccevieriiiiiies 5-193
deformed bars and deformed wire in tension .......
..................................................... 5-189, 5-303
development by mechanical anchorages ..... 5-200
flexural reinforcement ............cccocovveveeennnen. 5-185
modification factors............... 5-190, 5-193, 5-194
prestressing strand ...........coeevveeveecieeienieniens 5-148
shear reinforcement...........c.ccoceveveeeeiennenne. 5-197
standard hooks in tension .............cceceeeueeneen. 5-193
welded wire fabric.......ccccoevenineniiiinenns 5-197
Diaphragms and cross-frames
aluminum Structures ..........ccocceeeeeveeneeneenene 7-34
cONCrete StruCtUIES ...cevuveeeeeeriieeieeiieeeieeeane 5-255
steel arches .......cocceeeveevienenencncneccciee, 6-102
steel boxX girders.......ocvevvverieeieeieeierieeeie 6-98
steel [-girders.......ocvevveereeriiiieeeeeieeeeie e 6-90
steel StruCturesS ....coovvvvveeeevveeieiieeeeeeenns 6-84, 6-85
Steel trUSSES...evviivveieeiieeeeeeeieeeeeen 6-102, 6-352
Disc bearings........cocceeeeeeeeeesieneennenen. See Bearings
elastomeric diSC.......cocveverienienienieeee 14-78
Materials ......coooeeveeiieiieieee 14-78
shear resisting Me .........ccooceeveenieeienieneennen. 14-79
SEEEL o 14-79
SUILADILILY .. 14-36
Discretely braced compression flanges............. 6-394
Discretely braced tension flanges..................... 6-395
Distortion-induced fatigue
lateral connection plates ...........ccoceevvererennnne 6-72

orthotropic decks........ccccvevvecuerciennennen. 6-72, 9-29
Distribution of load
cantilever slabs............cccccooeviiiiiiiie 4-26
concrete slabs........ccoooeeviiiiiiiiiieeeeeee 4-26
eXterior bEaAmS.........cccoveveevveeeeiiieeeeieee e 4-42
INtErior beams...........oeevvvvvveeeennn. 4-37, 4-38, 4-45
skewed bridges........ccoceeereeeenieieneennn. 4-43, 4-49
steel grid flooring.........cccoveviiiiiniiieene, 4-26
timber flooring .........ccevvevieevieeeeiieeiesieeieens 4-25
transverse floorbeams ..........c...ccoeeeviieenneennn.. 4-44
ETUSSES.ccuevvieeeerie et e et e et eeere e et e e e e 4-52
wheel loads through earth fills........................ 3-25
Dowels
concrete COIUMNS ......c.eeeeeeeeevieeeeenieeereennne. 5-264
concrete INterface .........ooevvvvvvevvveeiieviiinnneennn. 5-214
pile anchorage..........cocoeverceienenne. 5-207, 5-265
timber deckS.......occvevviieriieiiieciiees 9-32,9-39
Downdrag .......ccccceveeveennnne. 10-105, 10-134, 10-139
determination of pile loads...........ccccceeuennen. 10-91
settlement du€ to ......c.ocoevveeevieicieciecieeenee 10-97
Drainage
sound barrier .......ccccoevveiiieveeeeiieens 15-2, 15-10
spandrel fill ........occoiieiiiiiiie 5-259
Drilled shafts..........ccccooveiiiiieiiiiiceeeeeee, 10-131
battered shafts .......cccoovvvvviiiiiiiiiiiiiiis 10-133
BUCKIING ..o 10-153
Clearance .........coeeeveeeeeeeeee e 10-132
combined side and tip resistance................ 10-148
AefINItioN ......coovieeieceee e 10-2
design of ..c.vveviiiiiiecee e 10-33
AIAMELET ..o 10-132
embedment into Cap .........ccevvereerieeierennne. 10-132
enlarged bases........ccccveevreienieennen. 10-132, 10-155
estimation of resistance in IGMs................ 10-149
estimation of resistance in rock.................. 10-146
SIOUP TESISLANCE ...vveuvenririrereinienieeeeeeeneenne 10-151
group resistance in cohesionless soil.......... 10-151
group resistance in cohesive soil................ 10-151
group resistance in strong soil overlying weak soil
............................................................... 10-152
horizontal movement ..............cccccceveeenenn. 10-138
horizontal resiStance............coeeeevveeeueeeeneen. 10-153
lateral stability........ccccveevvevenienieieeie e, 10-153
reinforcement............coceeeevieiiiieeiiciiieen. 10-154
resistance in cohesive soils.............c.cc.e.... 10-141
service limit state design..........coeeveeeennnne. 10-135
settlement ..........ccoveeeveeicieeeiiecieeere e 10-135
shaft resistance.........cccoevveeevieecreeereecneennne. 10-133
SIdE TESIStANCE ... 10-147
SPACING .ottt 10-132
strength limit state...........ccoooeeeiviiiieniene 10-49
structural resistance...........cccooeeeeeeeeeuieeennn. 10-153
tip resistance ................... 10-143, 10-145, 10-148
transverse reinforcement............................ 10-154
Driven piles
design of ..c.veeiiiiicice 10-33
DUCHIIEY .. 1-5
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INDEX 1-7
Ducts orthotropic decks ........cceeveeierrenienieneeee 9-28
bundling .......cccooeiiiiiieieee e, 5-155 Elastic dynamic responses
EIOULINE ...vvivieiieiieieeie e e eeeeeeeesaeesseenseens 5-156 wind-induced vibration.............c.cccoevveerrennns 4-87
S1Z€ OF AUCES....oveeiriieieieeeeeee 5-26 Elastomeric bearings .........c.ccoceeeeeenne. See Bearings
SPACING ...evevveeiereereete e eerestee e esreeseenneees 5-155 ANCROTAZE ....c.eeeieeieeeieeee e 3-78
Durability combined compression and rotation ............ 14-64
CONCTELE COVET ..o, 5-174, 5-277 compressive deflection ..................... 14-60, 14-71
MALETIAlS ...eeeveieeiieeee e 2-9 COMPIESSIVE STIESS ..evvrvrereerrrereannens 14-59, 14-70
self-protecting measures..............oceecveverueeenne. 2-9 design method A.....ccooeveniriniiiiiiniicnne 14-67
Dynamic analysis........ccccceeerverrereerieiecierienienns 4-85 design method B ......c.cooveiirininiiiiniiiine 14-56
analysis for collision loads.........c..cccceeueuennene 4-97 movements and 10ads...........cccceceeevenenenenne. 14-11
analysis for earthquake loads ............cccccee.e. 4-88 reinforcement. .......c..coeeevenercreeeeneenieneenne 14-75
basic requirements...........coceeeeeeeeveeennennenne. 4-85 TOLALION .c.vevieeeeeitetetete e 14-73
inelastic dynamic responses ..........cc.cceeevenene 4-88 SCISMIC PIOVISIONS..c..everveeurenieienienienieeneennens 14-66
Dynamic load allowance...........c.ccoceeeeeieninnenene 3-32 shape factor..........cceevvevennne 14-56, 14-70, 14-71
buried coOmponents ............cceeveeveerreeneennennn. 3-33 shear deformation ............c.cccvveevennene 14-63, 14-73
deck JOINLS ...ovieeieeieiieieee e 3-32 shear modulus.........c.cceceveeienenenenn 14-57, 14-68
WOOd COMPONENLS ....ecvvreereereeieieereeereeenenees 3-33 StAbIlitY c.veeeeeie e 14-65, 14-75
Earth loads SUIADILILY .o 14-36
SOUNA DAITIET ..c.vevveeieiieiiieniesicrieeececeeie e 15-5 Elastomeric pads................ See Elastomeric bearings
Earth pressure ........coecveeeeeieecieiieeieeeeeiesieiens 3-84 Emergency responder access to sound barriers .. 15-2
ACHIVE .ottt 3-88 End distance .........cccceeeeeieeienieneeee e 6-322
anchored walls..........cocoeoeiiiiniiiiiee, 3-100 End requirements
AL-TEST. ettt 3-87 bolted ends.......ccceveeriiiiniinieeee, 6-241
buried StruCtures.......ccoceeveeeveereieneenieneeeee 12-14 welded ends ........ccooeeiieiiiiiie 6-241
cantilevered walls...........cccoevevievieciiecienienen, 3-95 Engineering News formula............c.ccoeeveennenn. 10-108
COMPACLION ...eovveenreenreeereeeeeeeeeeteereesreeereeeneneees 3-85 Erosion control ...........ccoecveevereenieenieenieeee e 11-18
dOWNAIag.......cccvevieviieieeieeie e 3-118 Expansion....... See Coefficient of thermal expansion
effect of earthquake...........ccooveevveciiicienienn, 3-86 Expansion devices for sound barriers................. 15-4
equivalent-fluid method ..........c.ccoceeveieiiins 3-93 Exterior stringers
lateral earth pressure ..........coceevvveveereenvennnnns 3-86 CAPACILY 1vveeereeereeeieeiiesteereeie e eeeseeeseeenseennees 4-34
modular wallS.........ccceeeviieiieiiieeiiecieeeiees 3-105 distribution factors..........ccceeveeeevieenenns 4-42,4-47
MSE WallS....cooooviieiiieiieeiieceeeee e 3-103 Extreme event limit states ...... 1-5, 9-6, 10-34, 10-52
PASSIVE ettt 3-90 abutments, piers, and walls........c..cccccceeeee. 11-16
presence of Water ..........coceeceeveereeneenieeeenne 3-85 concrete Structures .......eeeeeeenne.. 5-35, 5-36, 5-303
reduction due to earth pressure.................... 3-118 drilled shafts ........cccooeeveriiiiieeces 10-127
surcharge 10ads.........ccceeeeeenenienieieee, 3-109 liquefaction design requirements.................. 10-34
Earthquake effects..........ccoceuvnenn. See Seismic loads load combinations............ccccevevvverveennennen. 3-9, 3-16
Economy prestressing steel.........oovvevienieniinennennee. 5-127
alternative plans ..........ccocceeevervenienieecie e, 2-17 TAIIINZ . c.veeieeie e 13-5
Edge distance........ccoceveeevienieniieieeieeeeeeies 6-323 SOUNd DAITICT ......eevieiieiieeieeieeeeee e 15-4
Edge supports, slabs.................. 5-216, 9-5,9-8,9-17 WOOd SIUCTUIES ... 8-31
Effective area Eyebars
AlUMINUM L. 7-39 factored resistance ........c..cocevvevereeeereeiennns 6-120
perforated plates.........ocoeveveieciecieiieieeens 6-351 PACKING ..viniiiiiiieiieciceeeee e 6-121
WIS .o 6-335 PIOPOITIONS....eeeeeieiieiiienieeiieeiee e 6-120
Effective flange width Fasteners........cccccceeeeneens See Bolts, and Connectors
DOX GITdErS....cveviviieriieieicienceeeeceeeeen 4-63 COUNETSUNK....c.verveeuieiieiiiieniireneeeeeecereeene 6-329
cast-in-place multicell superstructures.......... 4-63 Fatigue and fracture limit state.............c.cceceeeene. 1-4
orthotropic steel decks........ccocvevvieviiiiinienenns 4-63 aluminum StruCtures..........ccoeveeveeeveeveenesneennenn 7-8
segmental box beams and CIP box beams .... 4-59 CONCTEte StIUCLUIES ..oovvveereeereeereeeeeereeereeeveenreans 5-35
Effective length AECKS i 9-20, 9-29
SIADS. ..t 9-11 elastomeric bearings ..........ccccceeeveeennen. 14-64, 9-6
SPAM ..eevieeieeeieeieeteeteereeaesteesteenbeenaeeraessaeneens 7-32 load combinations............ccceeveeeerreerieeneennenne. 3-16
Effective plastic moment ............c.ccceevenerennns 6-417 modular bridge joint systems....................... 14-29
all other interior-pier sections ..................... 6-418 prestressing Steel.......oveveveevenincniniiniceienns 5-31
INtErior-pier SECtIONS. ...cvevververreriereereeenenne 6-417 1einforcing bars........cccecvevevenienenereeieneennenn. 5-30
Effective width welded or mechanical rebar splices ............... 5-31
concrete slabs ........coovveiiiiiiiiie 6-162 Fatigue
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distortion-induced............ceceeveriiriiniinienens 6-71
Fatigue design

deck JOINES ...eeveiiiierieiiececeeeeeee 14-6

elastomeric bearings...........cceceeeeeeieneennnne 14-64

metal grid decks.........ceveieriiiniiiiieeee 9-20

orthotropic decks.......ccevvevrieciieciieieeieeiienen, 9-29

Steel WeDS ...ooveiiiiiieee e, 6-241
Fatigue load........cccoooviviiiiiieiccceeee, 3-30

approximate methods ...........ccceeveveverienirennns 3-31

frOQUENCY .t 3-30

load distribution for fatigue..........c..cceevvennenn. 3-31

refined methods ........cccoevvevieiieiieieeee, 3-31
FHWA Gates Formula ............ccccveiveiennnen. 10-108
Filled and partially filled grid decks

design requirements............ccecceeceeeieneeneennen. 9-18

fatigue and fracture limit state...................... 9-18
Fillet-welded connections

effective throat...........coccoveviniiiniiieee, 6-335

size of Weld.....ocooieiiieiii e, 6-335
Flange-strength reduction factors

hybrid factor.........cccvevvveciieierieieeee e 6-174

web load-shedding factor ...........ccceeeveeneene. 6-175

Flexibility limits and construction stiffness
corrugated metal pipe and structural plate

SIUCLUTES....covveenrieiririieieeieeteereere e 12-13
spiral rib metal pipe and pipe arches............ 12-13
steel tunnel liner plate...........ccecveeevrirnnennen. 12-14
thermoplastic Pipe ......cceceevereereeneerieeeee 12-14

Flexural members
CONCIELE ..veeeeeeieeeee e e 5-39, 5-42
Steel .o 6-259, 6-260, 6-414
WOO ..t 8-31
Flexural resistance
COMPOSIte MEMDETS......cveevvervrereereenreeeeenes 6-309
noncomposite steel members....................... 6-280
SEEEL o 6-275, 6-416
WOO ..ttt 8-31
FOOtINGS.....eevieieeieeieeee e 5-260
critical section for flexure...........cccceeruvnnnne. 5-261
development of reinforcement..................... 5-264
distribution of moment reinforcement......... 5-261
loads and reactions .........ccoceeerererceieneense. 5-261
moment in footings........c.ecevvververeerreeneenne 5-261
resistance factors .........cocevvevenerenenceiennns 5-261
shear in slabs and footings.................. 5-61, 5-262
StEPPEA.eeiiiieiieeee e 5-260
transfer of force at base of column.............. 5-264
Foundation design
seismic design forces..........cooeveevceneeneenene 3-79
Foundation investigation
topographic studies..........ceceveerienieneineee 2-7
Fracture
AlUMINUML. ..o 7-24
SEEEL e 6-170
Free-standing abutments ............c.ccccoeeveeernnen. 11-141
design for displacement.............c.cccverurennen. 11-143
Friction

coefficient ...........ccovvveviiiieeineeene. 14-47, 14-77
friction angle for dissimilar materials ............ 3-90
Friction forces.........cooovveeevienienieieeeeeeen 3-125
FOTCES ..o 5-254
post-tensioning tendons.............ccceeeeeeenennne 5-138
General ZONE .........cceeueeveeieieienese e 5-165
blister and rib reinforcement........................ 5-173
design methods........cccoeeeiieiiiininicieee, 5-166
design principles .......ccoeveveerrieveeieseeneennn 5-167
deviation saddles...........ceevvevriecrieiinieniennenn 5-173
diaphragms........ccccceeveveenieeniierieieeee e 5-173
intermediate anchorages...........c.cccceeeveeuvennen. 5-170
multiple slab anchorages.............ccceevenenee. 5-123
1eSPONSIDILItICS ..vvveveeeieeiieieeieeieee e 5-166
special anchorage devices.........c..ceceeceeeennee 5-170
t1€-DACKS ..ot 5-171
Geometry
large deflection theory .........cccceveeieeieniennen. 4-14
small deflection theory.........ccccoevieiieiincennen. 4-13
Geophysical tests
s0il and 10CK .....cceviiiiiiiee 10-12
Glued laminated decks
deck tie-dOWnS .......ceovvevieiieieeieeee e 9-31
interconnected decks........c.occevverienieeiennnne. 9-32
noninterconnected decksS..........occovvverieniiennn. 9-32
thermal expansion ............ceceveverereeeeneenenn 9-31
Glued laminated timber ..........c.cccccceenueneee See Wood
DIaCING «eveeeeiiiiiieierieeieeeeeee e 8-36
CAMDET ...ttt 8-36
AIMENSIONS ..ot 8-13
MATKING ...veivieiieieceeceee e 8-12
Gravel
UNIE WEIZNE c.eveiiiiecieieeee e 3-21
Gravity loads
design vehicular live load ..........cccooveieeenne. 3-23
fatigue 10ad ......cccooevereeienccn 3-30
pedestrian 1oads........c.cccevereneninenicnienenenn 3-32
rail transit load ........cccoooieiiiiini 3-32
Groove-welded connections
complete penetration............cceeeveeveeeerneennen. 6-333
partial penetration ............cceeeveeeveeneeneennnne 6-334
Ground-Mounted Sound Barriers ....................... 15-4
Groundwater
effects and buoyance............ccoevervvevernnenne. 10-103
Grout
JOINES.c.ieieiieieee e 5-219,9-15
prestressing ducts .........ecvevveereeeieecieeeeseenne 5-156
Guides and restraints
attachment of low-friction material.............. 14-81
CONACE STTESS .evvreevrieeeirieeeeiieeeeireeeeeireeeenens 14-81
4 [T Fa ST 14-80
design basis .....c.oeveereenieiieeeeeeeeee 14-80
geometric requirements..........coceeveereeeneeennen. 14-80
load location.........cceceeverienienienceceeee 14-80
MALETialS....cveevieiieeieeieeiee e 14-80
Gusset plates......cccovveveerieecieeieeeeieenns 6-338, 6-350

High-load multirotational (HLMR) bearings....14-12
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INDEX 19
curved sliding surface bearings................... 14-12 posttensioned members..................... 5-136, 5-139
disC bearings.........ceeeeeeienienene e 14-12 pretensioned members....................... 5-136, 5-138
POt DEATINGS ......vvieverieieeieeieere e 14-12 Interaction SyStems ...........cceeeereeeenene See Culverts

HOIS . 6-320 Interior beams
ChAINS ..ooeiiiiicece e 6-119 distribution factors............. 4-37,4-38, 4-41, 4-45
long-slotted holes ..........ccoeevevverienieriieee, 6-320 Interconnected decks
OVersize holeS......ccocververiveieiieeieeieieeieans 6-320 panels parallel to traffic.........cccccveeveeiernenen. 9-32
PINHOLES ..cevieiieiieieeeeeeee 6-120, 6-121 panels perpendicular to traffic...........c........... 9-32
short-slotted holes .........ccoeoevierienieiee 6-320 Keys
SIZC ceveeeeeeeee ettt 6-321 CONSLIUCLION JOINES...evveereeieiieieereeieeereeeen 5-219
EYPC ettt 6-320 precast decks......coceeeeienenenencnenennn 5-219,9-15

Hollow rectangular compression members Laboratory tests
rectangular stress block limitations............... 5-55 geophysical testS ......ocververeeerierieieeeienenn 10-12
spacing of reinforcement............ccccecveveeunenn. 5-183 IN-STEU EESTS .enveeeeeeiecieieterc e 10-11
SPLICES ...ecvviciiietieceeteee e 5-184 TOCK tESES ..euvviviitietecie ettt 10-11
FIES 1ttt ettt 5-183 SOTL LSS e 10-11
wall slenderness ratio .........cccceeeeeeeeieneneenne. 5-54 Lacing bars .......cceceeeeevienieveeeie e 6-120, 6-154

Hooks and bends Lap SPlCES....covvierieiieiicieceeceeeee e 5-200
basic hook development length................... 5-194 bundled bars..........cooeevieviieiieiiiieeeee e 5-200
minimum bend diameters...............ccceveneenn. 5-176 non-contact SPliCes........ocvveververeerreerveenenne 5-200
modification factors ........c..coceveereeceenicnennns 5-194 spiral reinforcement............coccoceverieeeiennene 5-179
$eiSMIC hOOKS ....covveuieiiiiiiniiiccciccc 5-176 Large deflection theory
standard hooks..........ccceeveeririiiiiiieee, 5-176 approximate methods..........ccccoooeiiniininnn, 4-15

Horizontal wind pressure moment magnification...........ccoccoeeeeveeneennne 4-15
wind pressure on Structures.............oceeveneenee. 3-50 refined methods ... 4-17
wind pressure on vehicles ...........cccceeeeenee. 3-55 Lateral bracing See Bracing, and Diaphragms and

Hydraulic analysis cross-frames
APProACNES...c..evvereeeiieieicierecee 2-28 SEEEL..eei e 6-413
bridge foundations............ccccoevveriereerreennennen. 2-22 straight [-SeCtions.........cceevvvevveecieeierienieennenn 6-103
bridge Waterway .........ccoccveevveeveeeenreenreeneenn. 2-22 ETUSSES cvvvevveeereeeresteeeeeteereeerestaesreesseenseeneeses 6-106
stream Stability .......ccoveeeviveeeiierieieeie e, 2-21 Lateral clearance

Hydrology and hydraulics...........cccccerverrennnnen. 2-19 SOUNd DAITIC ......eeeieieiieeeeeeeee e 15-2
drainage.......coceeeeeeienienieneneeeeeee 2-29 Lateral torsional buckling (LTB).......cc.cccceueeee. 6-450
hydraulic analysis.........cocevveverenienenienenenne. 2-21 Lightweight concrete.........ccceceeeenennee See Concrete
hydrologic analysis ......c..ccccevererierecnrencnnenne. 2-20 resistance factors........cocevevevereneeeeveneenenn 5-33
SItE data .ot 2-20 shear resistance ..........cooveveeerieeceeienieneenen. 5-214

Ice 10adS ....ooverieriiiiiieiccc e 3-58 shear resistance ..........cooveveverieerieeienieneenenn 5-109
AANESION ... 3-64 UNIE WEIGNE ..o 3-21
combination of forces..........cceceevveviererennnens 3-62 Limit states See Extreme event limit state, Fatigue
crushing and flexing...........ccoocvevvecirniennennen. 3-60 and fracture limit state, Service limit state, and
dynamic ice forces on piers...........cceeevererennen. 3-59 Strength limit state
effective ice strength .........ccocveveveciiiieniennns 3-59 Limit states and resistance factors.................... 10-29
hanging dams and ice jams ...........c.cecuenenee. 3-64 SOUNd DAITIETS ...cuveviieiieiieiieienienceieeeeeeene 15-3
ice and snow load........ccoveeiiiiiiiiiee 3-65 Live loads.....c.ccooeverenennennn. See Distribution of load
slender and flexible piers ..........cc.cecvevieuenene 3-63 APPLICATION ..ovveereeieieeieee e 3-28
small Streams........ccceevueriereeneeneeeeiesceeee 3-62 bicycle loads ......ocoeeeveieriiieeee e, 3-32
static ice loads on piers ........ccccceeverieneencnne 3-63 braking force........coccvevevienienieeeeee e, 3-34

Idealization ................... See Mathematical modeling centrifugal forces .......cooovevveieeieiieniereeee 3-34

IGMS oot 10-138 deck overhang load.........cccoceviiiiniininne 3-30

Impact .....c..coveveeeenns See Dynamic load allowance decks and box culverts.........c.cccceevereenreennnnne. 3-29

Inelastic dynamic responses design lane load .........cccoeveiiiiiiiieee 3-24
plastic hinges and yield lines......................... 4-88 design tandem...........ccoceevieeiieieiieniee e 3-24

Influence of plan geometry design truck.......coeveeieviieiieiece e 3-24
CUrved StIUCTUIES ....veveveereeeeieenee e eeeeeieeeeens 4-18 dynamic load allowance ..............ccccceerveennenne. 3-32
plan aspect 1atio .......cecveeeeeierierieneee e 4-18 ravity 10ads ......ccoocveveverienienieie e 3-21

Instantaneous losses live load deflection ..........ccccevevereeeenieniennene 3-28
ANChOTage SEt.....ceevveeiieieeierie e 5-135 multiple presence.......ccovevververiveciieveeienenns 3-22
elastic shortening...........cecceveeeveeeevenecnnenn 5-140 tire CONtACt Ar€a.....c.evvevveruenrerieniieeeieeeneenene 3-24
FTICHON et 5-136 vehicular collision force .........ccccecevvevinenene 3-36
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Load factors.......ccceveerieiieieeeeeeeee e 3-8
abutments, piers, and walls.............c............ 11-11
buried Structures .........cceceeeereeneeneeneeeee 12-11
COmMbINAtIONS .....oevvveiieieiie e 3-8, 3-16
construction 1oads..........c.ccceeeveeennnenn. 3-18, 5-239
definition .....c.cooevirieiiieeeen 1-4
JACKING oo 3-19
POSHENSIONING....cuvrervreereeeiereeerrieieereereeeeeneees 3-19

Load-induced fatigue
application ..........cceeceeeeereenirennnns 7-10, 7-11, 7-12

L0adS ..coeiiiiee e 10-56

Local buckling
AlUMINUM. .ot 7-48

Local ZONE.....cccveveeieiieieeeeceeeee e 5-165
bearing resistance .........cooceeeeeeeerienieneeeenns 5-117
dimensions of local zone ............cccceeeeneene 5-116
1eSPONSIDIlItIes. ....eeeieeieiieiecieceee 5-166
special anchorage devices..........c.cceceeeenennee. 5-118

Location features
bridge site arrangement ..............ccoceerverriennenns 2-4
ENVITONIMENT...c..evetieiieiieieienee sttt 2-7
TOULE 10CALION...c.veiieeieeiieieiecscceeeeee 2-3

Long-slotted holes..........ccoecuveverienienieeieee, 6-320

Long-span structural plate structures ............... 12-28
acceptable special features .........c..cccoeeeeuee 12-31
backfill protection..........ccceecveeeerierieneeens 12-38
balanced SUPPOIT.......cccvveeieiieiieieieeeee 12-37
construction and installation............. 12-33, 12-39
continuous longitudinal stiffeners ............... 12-31
CIOSS=SECION ....enieneieiieiieeiie e 12-29
cut-off (toe) wallS .......cceeeveiervieniieiiieeieene 12-38
end treatment design..........ccoceevveeveevenenennen. 12-35
footing design......ccceevveeeeeeenierieieeieeeenenn 12-33
footing reactions in arch structures.............. 12-32
foundation design ............ccceecveviieiierennennen. 12-31
hydraulic protection...........c.cccevverreerreenenne. 12-37
hydraulic uplift.........ccceevecivciniiiieeee 12-38
mechanical and chemical requirements....... 12-30
reinforcing ribs ........coeeeeeierienenenne. 12-30, 12-31
relieving S1abs........ccoveevveeveiciiiieiieneeieeis 12-38
safety against structural failure.................... 12-29
SCOUT c.eetenieenieenieete et siee et enteeetesaresieenieas 12-38
seam Strength.........coccvveveveenieniieieeieeee, 12-31
SECtION PIrOPEItICS....eevverereeieeierreereeereneneneeas 12-29
service limit state........c.ccoceveverenenceiennenne. 12-29
SEIVICE reqUIremMents. .........ceeuveveeeereeeneeennens 12-34
settlement limits ..........occoeeeeviervecieieeeeen, 12-31
shape control .........coceveerienienieeeeeeeeen 12-30
soil envelope design .........cccoceeveeecieriennennen. 12-33
standard shell end types.........ccccoeceeiennennen. 12-35
thIUSE. e 12-31
wall area ......ccooveiiiieieee 12-31

Longitudinal stiffeners
moment of inertia and radius of gyration .... 6-239

projecting Width..........cceeveeiiviieciiiiinieiens 6-238
Loss of prestress
approximate lump sum estimate.................. 5-140

CIEEP LOSSES ..vvveeveeieciiecieeieeee e 5-144
instantaneous 10SSES ........ccccveveveveeeerveeeennen. 5-135
losses for deflection calculations ................. 5-147
refined eStimate.........ccceeevvvvieeeeeeeeeiiineieenen. 5-141
relaxation 10SSES .......uvvvvvivvvvieeiieeeeeeieeeeeeee. 5-146
shrinkage 10SSes ........ccooeeveeniiiiiiiiienceiee 5-143
total prestress 1oSs ......ovveveerieiiieiienieiieee, 5-135
Maintenance access to sound barriers ............... See

Emergency responder and maintenance access to
sound barriers

Materials
aluminum sheet, plate, and shapes................... 7-6
aluminum and plate structures ....................... 12-8
bronze or copper alloy sliding surfaces........ 14-76
Materials
CEIMENL ....eeiiiiiiiieiiieeiee e 5-17
CONCICLC ...uvvvrieeeeeeeeirreeeeeeeeeeireeeeee e e 5-16, 12-8
disc bearings ........ccceeeeeveenienieeeeee e 14-78
€lastomer.......cooovuvvieeeeiiieiieeeeeee, 14-57, 14-68
glued laminated timber.............ccocoeceeiennnnene 8-12
metal fasteners and hardware......................... 8-21
POt DEArINGS ... 14-51
precast CONCIete PiPe.......ceveeevereereeenueenueaeenns 12-8
precast concrete Structures ..........eeeeeeeveeeenneen. 12-8
preservative treatment...........ceeeeeveeneeeneeenennne 8-23
prestressing steel .........occovevieiiiiiiiniieieee 5-24
PTFE sliding surface........cccccoceverenveeeenee. 14-44
reinforcing steel .........coocveverinieniiniiie 5-23
SAWN TUMDET ..o 8-6
steel pipe and structural plate structures ........ 12-8
steel reinforcement............ccooevirinciceieninnn, 12-8
thermoplastic Pipe.......ccccvevverveecverienierieeienns 12-9
Mathematical modeling ...........cccoeevevveneenieennnnne. 4-11
equivalent Members ...........cceeverviecreeiernennenn 4-18
GEOMELTY .ot 4-13
modeling boundary conditions.........c............. 4-17
structural material behavior ..............ccecuee.... 4-12
Mechanically stabilized earth walls ... See MSE walls
Metal decks......oovviiirieieieeeeeee e 9-16
ANALYSIS. c.veeuieeieieieie e 4-29
corrugated metal decks.........cccooeiinininneninne 9-29
TIMIt SEALES ..o e 9-26
metal grid decks........cceeevvrvennennn. 9-16,9-17,9-19
orthotropic aluminum decks............ccccveneene. 9-28
orthotropic steel decks .........ccevvevverieeriennnnnne. 9-20
superposition of local and global effects........ 9-25
Metal fasteners and hardware
COITOSION PrOtECLION ...evvvreveevevieieeieeee e 8-23
drift pins and boOlts .........occeeievieiiiieee 8-22
FASTENETS ...eeeeeieeee e 8-21
Minimum requirements ...........oceeeereeeeereenne 8-21
nails and spikes .........cocieeiinieni 8-22
Prestressing bars.........oeceeveeeeieenieneeneeeee 8-22
shear plate connectors..........cccceeeveeeeeeenneennen. 8-22
SPIKE EridS ...cvecvieiieiieieceeeeeeeee e 8-22
split ring CONNECLOTS.......cvevveerieriereeereeeeennenn 8-22
toothed metal plate connectors....................... 8-22
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INDEX 1-11
Metal pipe, pipe arch, and arch structures fatigue limit state design requirements ........ 14-29
construction and installation ....................... 12-28 loads and load factors ..........cccccceeceeeennennen. 14-24
handling and installation ................cceeeunenn. 12-27 performance requirements ...............cc.o.e...... 14-24
resistance to buckling...........ccocceceeeviienenen, 12-26 strength limit state design requirements ...... 14-28
safety against structural failure ................... 12-25 testing and calculation requirements............ 14-24
SEAM TESISLANCE.....eveeeeneenreeerienierieeeeeeearene 12-27 Modular ratio
SECtION PrOPEILICS ..vvvevvreereeereireieeieereeneeens 12-25 1ONG-LEIM ... 6-161
smooth lined pipe......cccccvveververierieiiee, 12-27 ShOTt-tEIM....ecevieeiccieceeceee e 6-161
StTENEIS...cvieiiieececiccccc 12-28 Modulus of elasticity
tATUSE o 12-25 CaADIES ..o 4-81
wall 1eSIStaNnCe ........cccvveeeeeeeeeeereeeeeeeee e 12-26 CONCTCLC....uvvvrrieeeeeeeeirreeeeeeeeeerreeeeeeee 5-21, 5-303
Methods of analysis ............... See Dynamic analysis, prestressing steel.........covvevverieiiniienieieeen, 5-25
Mathematical modeling, and static analysis reinforcing steel .........ccovvevieiiiiiiiirieeeee 5-24
MIiCIopiles .....cceeveeveeiieieeieceeee e, 10-155 WOOd PIleS..eeieiieiieieeieieeee e 8-21
axial COMPIesSIVe €S .....ooverveeveeeeieieeenne. 10-165 Mononobe-Okabe analysis ..........c.cceeceereennenne 11-141
axial tension resistance............cocceeeerveenne. 10-167 Moment redistribution
battered.........cooeereeniiniiiieeee, 10-157 approximate procedure ............occeveeereeneenene 4-83
corrosion and deterioration........................ 10-169 COMCTELC. .. euveveeeeeeeteeneeie ettt eie et 5-45
definition .....ccoeeveeieieriec e 10-2 refined method..........coooviiiiiiiiii 4-83
design of ......oevveieieeeee 10-33 11 E 6-415, 6-416, 6-417
design requirements ............cocceeeveervernennen. 10-157 MSE WallS ....ooovveiieiieieeiecieeeeee e 11-52
determination of loads.......c..cccceceevverennenne. 10-157 ADULMENTS....c.vieiieeiieieieeecececeeeene 11-109
downdrag........cceceeveeiieneeeee 10-157, 10-159 bearing resistance.........ooevverereeeeeeeeneeeenns 11-63
estimation of grout-to-ground bond resistance boundary between active and resistant zones11-76
.............................................................. 10-161 concentrated dead loads.............ccceunnee.. 11-103
estimation of tip resistance in rock............ 10-162 corrosion issues for MSE facing.................. 11-58
extreme event limit state ..............ccoeeeeenee. 10-169 design life considerations ............c.cccoeevennen. 11-85
groundwater table buoyancy ..................... 10-159 design tensile resistance..........cocceeeeeieneenee. 11-90
groups in cohesionless soil........................ 10-158 Arainage .......ocoveeeverieenieeieee e 11-103
groups in cohesive soil........cccceevveerveennnnnen. 10-158 dynamic load allowance ...........c.cccceeverurennnne 3-33
grout-to-steel bond ..........cccevveriieiiennnnen. 10-168 earth Pressure.......ooveeevcveveenierieveeeeeeeenn 3-103
horizontal foundation movement .............. 10-158 external stability ........cccocevenienenieniceiienene. 11-94
lateral SQUEEZE .......cvvevvereiriieieieeee 10-158 FACING c.veveeieieececccce e 11-57
10ad 1St ..uvveeeieeieeiieeeeee e 10-163 facing reinforcement connections................ 11-99
nearby StruCtures .........eccecvevvenvencrenennene 10-158 geosynthetic reinforcements . 11-87, 11-91, 11-92
nominal axial compression resistance of single hydrostatic pressures.........c..coceeveeeeceecuenens 11-107
.............................................................. 10-159 internal stability .........c.ccccoeennen. 3-104, 11-96
nominal horizontal resistance of single and groups lateral displacement ...........cceceeeeeeienieiennne 11-59
.............................................................. 10-164 loading .......cccccvvevcevvenennne. 1158, 11-62, 11-65
nominal uplift resistance of a single micropile minimum front face embedment.................. 11-56
.............................................................. 10-163 minimum length of soil reinforcement ........ 11-55
nominal uplift resistance of groups........... 10-163 obstructions in the reinforced soil zone .....11-107
plunge length transfer load........................ 10-168 overall stability ........coccoevenienenenenieeienenne, 11-63
resistance of groups in compression.......... 10-163 OVETEUITINE ...ttt 11-63
SCOUL . ttentenieeeeteeteenteseeneensesseseeeneeneenseneaneas 10-159 reinforcement/facing connection design......11-91
service limit State ........ccccoeceeeivienieniennen. 10-158 reinforcement pullout........................ 11-76, 11-78
settlement ........ooceeveenienieiieceee e 10-158 reinforcement strength ...........co.cocoveienennnen. 11-81
settlement due to downdrag ...................... 10-158 safety against soil failure .............ccoeceeenee. 11-61
spacing, clearance, embedment................. 10-156 safety against structural failure.................... 11-65
strength limit state design..........c...cccueeeee. 10-158 SEISMIC dESIZN...veenieieiirieie e 11-94
strength limit states ...........ccoecvevvereeeeennnne, 10-51 settlement..........ccoevveeeieiecieiieeee e, 11-58
structural 1eSiStance.........cocveeveeververerennen. 10-164 SIAING oo 11-62
through embankment fill........................... 10-157 special loading conditions.......................... 11-103
tolerable momements ...............ccceuverene... 10-158 steel reinforcements.............. 11-85, 11-90, 11-91
EYPES ceveeeeereeetente sttt 10-155 structure dimensions........c..ceeeeeeevereeniennns 11-54
uplift due to expansive soils........cc.ccoeuee. 10-157 SUbSUIface erosion ........c.cceceeeeeeeenuenuennenn 11-103
Modular bridge joint systems (MBJS) traffic loads and barriers.........c..cccoeevevenene. 11-106
design Stress range .......oceeveeverereeeeeenennens 14-31 Multiple presence of live load ........c.cceceeeeeennene 3-22
distribution of wheel loads..........c..cccccee.e. 14-26 Multispan bridges

© 2024 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



I-12 AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, TENTH EDITION, 2024

[ 053 1T ¢ | USRS 4-90

multimode spectral method ............ccceeeenee. 4-93

selection of method ........ccccoceviiniiniinnne, 4-89

single-mode methods of analysis................... 4-90

single-mode spectral method......................... 4-90

uniform load method ...........ccccooenininieienene 4-91
Net section

AlUMINUML. ..o 7-39

SEEEL . 6-109
Noncompact sections

nominal flexural resistance............... 6-206, 6-262
Noncomposite sections

builtup members..........ccceevveviininininceienns 6-145

channels, angles, tees, and bars ................... 6-300

CIrcular tUBes.............ccueeeeeeeieeiieieee 6-285

I- and H-shaped members...........cccceeueneee. 6-280
Nondestructive testing

AlUMINUM. ..o 7-32
Nordlund/Thurman Method ............ccceceeneee. 10-113
Operational importance..........c.coceeverveerreeverenenne 1-7
Orthotropic aluminum decks

approximate analysis ...........cocceevverververieennns 9-28

Timit SEALES ...ovevirerieeiieeeieeee e 9-29
Orthotropic deck superstructures ..................... 6-359

effective width of deck ......c.ccoeveririncennenn 6-360

superposition of global and local effects ..... 6-360
Orthotropic decksS .......ccvevieiieiiieieieeieceeeeeee e,

See Orthotropic aluminum decks, and Orthotropic
steel decks
Orthotropic steel decks

dESIZN ceveiiiiieiie e 9-25
detailing requirements ...........c.oecveeverreerreennens 9-27
Wearing Surface..........oocevvveveevieeviieeeeeeneenens 9-20
wheel load distribution .............cccceevveveeneenen. 9-20
Oversize holes .......oocvevvveciieiieiecieeeeee e 6-320
Painting
DOX SECHIONS ...ovvvevienieeieeie e e see e 6-241
slip-critical JOInts..........ccoocvevievereierienieennen. 6-327
Parapets.....cccveeeeeeevierieeee e See Railing
Pedestrian loads..........cccoveenieiieiieiieececee 3-32
Pedestrian railing...........cccoeoevieneenenennen. 8-23, 13-9
design live loads ........ccoeeeeienienieieee 13-10
CEOMELTY .ttt 13-9
Perforated plates
effective area ........ccvevveveveeeenieiiee e 6-351
Permanent 10ads .........cccceeeviieiiiiniiecie e, 3-20
dead 10ads......coevevieeiieiiieeieeeee e 3-20
earth 10ads .......cccoeeeeeeiiiecieeie e 3-21
PRerS. e 11-33
barge collision force ...........ccoceeveeneencnnne 3-140
collision walls.......cccoeveeienieniiniececee 11-33
FACING ..ot 11-33
load effects in piers..........ccceevvevreevveevesnennen. 11-33
Protection.........cceceeveerueeieennnne. 2-5,3-143,11-33
reinforcement SPaCINgs...........cceeevereverveenenns 5-213
SCOUT c.eeteireieeieenie et sieeseeesteeteenresenesanenaees 11-33
SCISMIC dEeSIZN ...vvvvvevieieeiieie s 3-76, 5-208

ship collision force.........ccocevverererevceiennns 3-137
Pile bents.......cccoceveninenenenienccncccee See Piles
pile tolerance..........ccoeeveveenieiienieiee e 5-261
Pile foundations
nominal lateral resistance..............ccccc........ 10-125
Pile structural resistance
DBUuCkling .....oceeieiiiie e 10-127
lateral stability.........ccooeieveneniiieieee 10-127
Piles
DAOT ..o 10-91
definition........coeverininiiee e 10-2
design requirements ............occeeeveeveevennennenn 10-91
determination of loads..........ccccocenercniennne. 10-91
determination of nominal bearing resistance
............................................................... 10-105
downdrag .......ccccoceverenieiiinee 10-91
drivability analysis.....c..coceeververereeneneenenn 10-130
ArIVEN ..o 10-89
driven to hard rock.........coocoeviniiniinineen. 10-99
driven to SOft rocK ......cccovvveieniiiiiiiieiee, 10-99
dynamic teSting ........ccoeeveeveevereerreerneennennes 10-107
embedment int0 CaP .....eevveeveeeeeeeeerierreenneans 10-90
groups in cohesive Soil........cceeveeeveriennennen. 10-95
horizontal foundation movement ................. 10-96
lateral SQUEEZE......eevvverreeiieieeieeeeeiieieeniens 10-98
length estimates for contract documents....10-100
minimum penetration ............ceeceeveeeereenne 10-129
nearby StrUCIUIES ......ccveveeereereieeeeeeeieeenen 10-93
nominal axial resistance change after driving
............................................................... 10-102
nominal bearing resistance................oeuv... 10-129
Nordlund/Thurman Method in cohesionless soils
............................................................... 10-113
PIODE ottt 10-131
resistance of groups in compression .......... 10-121
service limit state design........ccccoeeeveeeennens 10-93
111 (530015111 SO 10-93
settlement due to downdrag .............cc......... 10-97
SPACINE .ttt ne 10-90
static analysis .......cccoceeeeereenieenieeieeie e 10-109
static load test........cocevveeeiereneniiieecee 10-106
strength limit state design ...........ccecevceeeenes 10-98
structural TeSiStance..........coceverervenuereennnn 10-126
tip resistance in cohesive soils ................... 10-113
tolerable movements..........ccoccvevereeeenenne. 10-93
uplift due to expansive soils.......c..cccceeeunenee. 10-92
uplift resistance of groups.........cceecvevevennenne 10-123
uplift resistance of single ..........ccccceevurennnne 10-122
wave equation analysis...........cc.cceveerreene 10-107
o-Method ..o 10-110
B-Method ......ooveveeiieiieieieeee e 10-111
A-Method .....oovveieieieeee e 10-112
Pin-connected plates
PACKING....eieeieieeeeee e 6-122
PIN PlALeS .o 6-121
PIOPOTTIONS ..ottt 6-121
Pins
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INDEX 1-13
hOlES v 6-120, 6-121 1o10) 1101 (<1< 12-93
length......coooiiiiiieeeee e 6-108 concrete cover for reinforcement................. 12-93
1OCALION. ...ttt 6-107 crack control ........cccooeveieneninieee e 12-95
minimum size pin for eyebars..................... 6-107 deflection ........ccovvevieiieiecieeee e, 12-95
TESISLANCE ..ottt 6-107 A@SIZN. et 12-93

Pipes footing design .......ccccveeverierienieieeie e, 12-95
flexibility factor........cccoecvvveverienierieeeee, 12-13 £EOMELriC PrOPErties ....covveveeeeerrrerreereeereenn 12-93

Plank decks.......... See Wood decks and deck systems MALETIAlS ..oovveeeiieieceeeeie e 12-93

Plastic minimum reinforcement .............ccceceeennenne. 12-95
polyethylene pipes (PE) ........ccocveevevieiennnne. 12-9 reinforcement........c..ooeeerererceieeenicnienenne, 12-93
polyvinyl chloride (PVC)......ccccocvvveviiennnne. 12-9 resistance factors.........coevveveveeieienicnicnenne, 12-95

Plastic MOMeNt.......ccceeveereeneeniiiiiiieeceieeiens 6-443 Eo70] 11 SR 12-95

Point bearing piles shear transfer in joints...........ccocceevverernennee. 12-94
ON TOCK i 10-99 span length.........ccoccoeiieiiniiniee, 12-94

Poisson’s Ratio structural backfill.........ccccoovieiiiiiiiiiie 12-95
INEACE TOCK . ..o vt 10-29 Precast reinforced piles

Polytetrafluorethylene sliding surfaces...... See PTFE pile dimensions..........cceceeeeeeieienieee e, 5-265
sliding surfaces reinforcing steel .........ccoovvevvieieeienienieenenen, 5-265

Portal and sway bracing Prefabricated modular walls.......... See Earth pressure
deck truss Spans..........ceeceeeverierienienieeeenns 6-352 ADULMENTS ..ot 11-114
through-truss spans............cccoeeveeeverieneennenns 6-352 bearing resistance...........ocveevereerveerveenennnn. 11-112

Post-tensioned anchorage zones drainage ........ccoeeveeverienieieee e 11-115
anchorages and couplers .........cccceceecveveenennnn 5-25 dynamic load allowance .........c..cccceceeveeniennenn 3-33
bursting forces.......covevererieieieieereeeens 5-122 €arth PreSSUIe......oooveverieierereeeeeeeeeeeeane 3-105
COMPIESSIVE STIESSES. . veeuvrrereeeerreereeeeeeeenes 5-121 JIMAtations ......eeveeeneeeiieiieieeieceeee e 11-111
design of local zones.........c.cceceveevercecnenn 5-116 10ading ....covevveeieeieieieee 11-111
design of the general zone............cccceeeneee. 5-166 module members.........cccoceverenininiieiens 11-113
edge tension forces........oveveveveeeeienicnnenn. 5-123 movement at the service limit state............ 11-111
limitations of application...............ccceveeuneene. 5-119 overall stability ........cccevveeieciiniinieiees 11-113

Pot bearings .........coeeevevveveenieenieeieenenns See Bearings OVEITUIMNING.....vveerevreieeieereereeeeseeeneeeneens 11-112
elastomeric diSC........oovvevveeeveriereereerieenenn 14-53 passive resistance and sliding .................... 11-113
£Eeometric reqUIremMents........oeeveeeueeveneenenn 14-51 safety against soil failure ..........cccceceeenen 11-112
MALETIALS ..o 14-51 safety against structural failure................... 11-113
PISTON ..ottt 14-55 SEISMIC dEeSIZN..cvveureuriiirienieriereceeieecenee 11-114
POL ettt e 14-54 SHAING .o 11-112
S€AlING TINES «.veveveenieieieierieeeeeeeereneeie e 14-53 Subsurface erosion .......c..ceceeeeeeeevennenenn 11-113
SUIADILIEY ... 14-36 Preservative treatment for wood

Precast beams fire retardant treatment .............cooceeeeeeneennene 8-24
concrete strength .........occooevviiiiiiiiinenee 5-221 inspection and marking............c.cccceeeernrennnnne. 8-24
detail design ........ccocvereveieiiiieeeee 5-221 requirement for treatment ..............ccceeeveruennene 8-23
extreme dimensions. .........ceeeeeeeeeeneeneennenn 5-220 treatment chemicals ..........cccocevevinieienenne 8-23
lifting deviICes.....ooveuereerieeeeeieeee e 5-221 Prestressed concrete................. See Prestressing steel
preservice conditions.............ceveeveeveeeennnnns 5-220 BUCKING ..o 5-125

Precast deck bridges CONCIELE COVET ..eenuriaruiieiiienireeniieenieeenireenineenns 9-14

Precast deck bridges construction load, formwork.........c..cccccceeuee. 9-13
cast-in-place closure joints..........ccccceeueeunenee 5-220 crack control .........ccoeveevierienienieeee e, 5-125
AESIZN e 5-219 design concrete strengths...........cccoeeerenen. 5-125
longitudinal construction joints................... 5-219 €CCeNtriC PrestreSSiNg.....oeoerververeereeereeeeennes 5-51
longitudinally post-tensioned precast decks.. 9-15 Prestress 10Ses ....ooveieienieneneeieeeieie e 5-135
POSt-teNSIONING .....eeevverierieiieereeereeere e 5-219 reinforcement iMits..........c.occeeeverreereennennen. 5-208
shear transfer JOInts ..........cccevveverieienenne 5-219 SECHION PrOPEITICS ....euveeeeereeeeieeienieieieie e 5-125
shear-flexure transfer joints..............coc........ 5-219 SEIVICE SEIESSES..uvirurirrrirrierreereesreereereeenenenas 5-130
structural overlay..........cccoeevevvenienienieee, 5-220 stress limitations for prestressing steel ........ 5-126
transversely joined precast decks................... 9-15 stresses due to imposed deformation ........... 5-126

Precast prestressed piles tendon confinement ..........c..coccecveieiinienenne, 5-153
concrete qUality .....coeeeeevenierenereneenieiennns 5-266 tendons with angle points or curves............. 5-125
pile diMensions .........coceeeverenerceienicniennns 5-266 Prestressing steel
reinforcement ...........occeeveeiiiiinienieneeee 5-266 COMNCIELE COVET ..eeuurirnuiieiiienireeniieeniieesireeneeenas 9-14

Precast RC three-sided structures .................... 12-93 COITOSION Protection .........ccceeveveeneene 5-272,5-277
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MALETials ...ooveeiieieeieeeeeee e 5-24
modulus of elasticity .........ccceccvevrecienieneenens 5-25
stress at nominal flexural resistance............... 5-39
Pretensioned anchorage zones
confinement reinforcement.............cc........... 5-153
factored bursting resistance .............c..c.e...... 5-152
Probability of aberrancy
approximate method.............ccoevevvreveenennen. 3-130
statistical method........c.ccocovveninieniniicnnne, 3-130
Protective coatings ..........ceeveevercvereereenieenenn 5-277
Provisional ducts and anchorages
bridges with internal ducts...........cccccceeuenene 5-247
provision for future dead load or deflection
adjustment........coccecveveevenininenceieeen, 5-247
Provisions for structure types..........cccceevueeneenne. 5-238
ATCHES . ..eeiiiieiieeee e 5-259
beams and girders.........occeevieiiiiinieniene 5-220
segmental CONStruction ..........cceceeeeeeieneense. 5-234
slab superstructures ..........ccoevveeveevveeveenennen. 5-216
PTFE sliding surfaces ........cccccceeevevvervenneennnne. 14-44
attachment ........coccecvevieienenenicceeeeieee, 14-48
coefficient of friction..........cccceeceveeeeieninnne, 14-47
CONLACE PIESSULE ..vvveenerierireerereenieenireeseeeneees 14-46
AIMPIES .o 14-44
FIIET .o 14-44
mating Surface .........ccceeeeeeeereenenne. 14-45, 14-48
minimum thickness..........c.ccoeeverienneninne 14-45
PTFE surface.......ccocevveiieienieieceeee 14-44
stainless steel mating surfaces..................... 14-46
PVC PIPES oo See Plastic
Raling...coiueeiiiiiiiiieeeee e See Bicycle
railing, Combination railing, Pedestrian railing,and
Traffic railing
Railing design
ANCHOTAZES ..evvevieieenie e 13-17
application of previously tested systems....... 13-8
approach railings ...........ccoeevevvvevveecienieeneenenns 13-6
end treatment ........ccceevevverenenereneeieieneenenne 13-6
CEOMELTY .ottt 13-15
height of traffic parapet or railing.................. 13-9
MAtErials ...oooveeiieiieieeeeeee e 13-4
NEW SYSEEIMS...eeeereeireeniieenieenireenreeniieeeeee e 13-9
Protection 0f USETS ......c.eecveeeververierierieiienieans 2-5
teSt SPECIMENS.....vveneieeeeeereeeieeiieieere e 13-20
Railroad
rail transit load.........cooceevieiieiiii 3-32
rails, dead load weight...........ccocveiirininnnen. 3-21
Rectangular stress block limitations
approximate method............ccccoeoinininnnn. 5-55
refined method.........coocoovieiiiiiiiiiie 5-55
Redundancy.........ccooeevienieiieiiieneeeeee e 1-6
Refined method ........cccoeoeeienininiiiiieeee, 6-418
nominal moment-rotation curves................. 6-420
Refined methods of analysis
arch bridges .......occevvevvevieiieieeeeceeeeeen 4-80
beam-slab bridges.........ccccevvevieviieciieieniiennens 4-74
cable-stayed bridges .........ccceevvvevreierieniiennenn 4-81

cellular and box bridges.........ccevveriereernnnnne. 4-80
ECKS vt 4-73
general........coooiiiiiieieee 4-72
suspension bridges ..........ccoecevverieieeieneenen. 4-82
truss brid@es ......cceveerveeiiieiieeieeee e 4-80

Reinforced concrete pipe ........ccveveeeveereerveennen. 12-49
bearing resistance. ......cooeveverereeeeeeeeeeenn 12-64
bedding factor .........ccceverireiiiieieeee, 12-64
circumferential reinforcement...................... 12-57
CONCTELE COVET ...uveneiinieenieeniieniieirenirenieenieenneas 12-61
construction and installation ............c........... 12-68
crack width control ..........cccevevincnninneene. 12-59
development of quadrant mat reinforcement12-66
direct design method...........cccoeevveveeieninennen. 12-55
flexural resistance .........c.cceeevveeereereeniiennne 12-57
indirect design method........c..ccccoeverceienns 12-64
live 10adS ....veeeeeeeeeeeieeeee e 12-54
10adiNg ...ooeveeiiieieee e 12-50
loads and pressure distribution..................... 12-55
maximum reinforcement without stirrups....12-58
minimum reinforcement..............ccoceeeeneenee. 12-58
pipe fluid weight ..., 12-54
pipe ring analysis .........ccceevereerreerieeeesnennes 12-57
process and material factors..............c.......... 12-57
safety against structural failure .................... 12-55
service limit State .........ccooevveriericenieneeiee 12-54
shear resistance ..........ccccoeeevveeveneennn. 12-61, 12-62
standard installations.............ccccevereeriienieenns 12-50
SHIrTuUp anchorage........covveeveevevvereenieeieenenns 12-63
stirrup embedment ............ccceeeeerienieniienenns 12-64

Reinforcement............. See Spacing of reinforcement
anchorage........ocevvevivecieecieeieeeennn 5-197, 5-198
closed StITUPS .....ooverevereieiieiieieeve e 5-198
COMPression MEMmMDETS.........ccveevverveerieevenenenne 5-49
COITOSION PrOtECtiON ...ceveeveeeeneiviiereceieeaeennes 5-272
crack control..........coeevevieciieieeieeeee e 5-58
development length.........cccceveninencnenneenne. 5-193
distribution, sS1abs ..........cccoeeviiiiiiiiiiiiieee. 5-216
external tendon Supports ........cccceeeveeeeneennen. 5-163
FOOLINGS c.veevieiicie e 5-261
hollow rectangular compression members...5-183
hooks and bends..........ccceceverenenencnienne. 5-176
TIMILS weenieieeeee e 5-207, 5-267
MALETIAlS ...oveiieiiieiieeeee e 5-23
modulus of elasticity .........ccoeevvreeerienierreenens 5-24
posttensioned anchorage zones .................... 5-163
pretensioned anchorage zones...................... 5-152
SCISMIC reqUITEMENtS.....cccveeverererereireeeeneenns 5-208
shrinkage and temperature ..............cccceene.n. 5-182
spacing of reinforcement..............ccccoeeuveueenne 5-177
spacing, longitudinal reinforcement ...5-60, 5-101,

5-177, 5-178, 5-234

spacing, transverse reinforcement 5-66, 5-179, 5-180,
5-207, 5-208, 5-215, 5-246, 5-266, 5-267

special applications ...........cceeevveveeveeeenreennens 5-24
spirals and ties........eceeveriereerreeieeieeeeereeann 5-53
tendon confinement...........ccccceeeveevernernenne. 5-156
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INDEX 1-15
transverse reinforcement.5-64, 5-65, 5-66, 5-179, Sectional design model
5-182 combined shear and torsion ...........c.ccceeeenene. 5-80
Reinforcing steel..........ccocvenennen. See Reinforcement determination of fand O...........cocevveieniennnn, 5-73
Relieving slabs.......c.ccoceecevveeiiencncncnnene 12-38, 12-48 longitudinal reinforcement..............cccceceniee. 5-78
Resistance factors .........coeevvvvvvvveiiiiiveeeiieennn 10-41 nominal shear resistance..................... 5-70, 5-243
abutments, piers, and walls ..............ccoeu... 11-14 SECtioNS NEAr SUPPOILS....ecververererreerreerennnennes 5-69
aluminum geotechnical resistance of drilled shafts Segmental bridge analysis...........cccoeeerverrenens 5-235
................................................................ 10-51 analysis of the final structural system..........5-235
buried Structures..........coeevvevveeeveeeeeieereennen. 12-11 construction analysis.........cccoceeveerveecvernennen. 5-235
CONCTEte StIUCLUIES.....cvvereeereeereerieereeereereans 5-209 erection analysis ........cccceeeveeceervenveneenneenenns 4-70
Ariven Piles.......ccoeieeeciecieieeee e 10-48 final structural System..........ccccocevererieneennn 4-70
geotechnical resistance of axially loaded longitudinal analysis..........cccceeeeereereeneennne. 4-70
MICTOPILES .. 10-52 strut-and-tie models .........ccecerierienieneeee 4-69
seismic zones 3 and 4.........ccccoevveiiiiinienene 5-35 transverse analysis .........cceccveveveerriereeneenennns 4-69
structural resistance of axially loaded micropiles Segmental bridge design
................................................................ 10-52 alternative construction methods .................5-256
SHTUCKUTES ...t 7-8 cantilever construction...........ceceecveeveneennen. 5-253
WOOd StIUCTULES ... 8-30 construction loads................. 5-236, 5-237, 5-240
Retaining walls ...See Abutments and retaining walls creep and shrinkage ..........cccceeevveeveeveennennen. 5-241
Rigid frame connections deCK JOINLS...vieevieeieeiieiieie e 9-15
WEDS .ottt 6-349 AESIZN..eiiiiieiiciieciiee et 5-236
Roadway design details ....c..coeeeeienieninicnieenecieeneen 5-255
WIAth .o 3-21, 13-12 design of construction equipment................ 5-256
Roadway drainage details for cast-in-place construction............ 5-253
(4 [S13 Fa i 11 10) 4 0 USRS 2-30 details for precast construction .................... 5-251
discharge from deck drains ...........cccccceeuenee 2-31 effective flange width ... 4-69
drainage of StruCtures ........c.ceeeveeueevevennennns 2-31 force effects due to construction tolerances. 5-254
type, size, and number of drains.................... 2-30 incrementally launched construction ........... 5-254
Rock properties 10AdS. ...t 5-236
analytic method..........ccccoeeeviviiiiiniceee, 10-86 minimum flange thickness.............ccceue..e. 5-248
CrOdibility ..cveeeviiiiiicieee e 10-29 minimum web thickness ............ccccceeeveennnee. 5-249
informational needs..........oevevenieiienienennns 10-8 overall cross-section dimensions................. 5-249
10ad teSt ....oveeiiieiieicec e 10-86 POSt-LENSIONING. ..c.veveveeniererenieeeneceeeeeeaeenee 5-248
mass deformation ...........ccoceeveveeiecienienennns 10-27 PIEStress l0SSES. ...o.evuerueeieieneniinenieeieeeeneenne 5-242
mMass SrENGth........cceceevveveninenceienienienenns 10-22 provisional ducts and anchorages ................ 5-246
semiempirical procedures...........cc.ccvevuenene. 10-86 SEISMIC dESIZN..cvvereureieieieniieerieeieeceiene 5-250
SOUNA DAITIET ..c..eveereieiiieniinieeeeeeeceeie e 15-9 span-by-span construction ..............eccecveunee 5-254
Rocker bearings SUDSTIUCTULES ...o.veenvieniieiieicciceceeeeeeee 5-258
aligNment..........cooceevierieninieeeeeeee e 14-42 tensile stresses at joint locations....... 5-130, 5-132
CONACE STIESSES ...vveuvrereereeereeereereesreesreeneenns 14-43 thermal effects during construction ............. 5-241
EeOMeEtric requIremMents........ceeeeeeereeneenene 14-43 types of segmental bridges............c.cccveneeee. 5-251
SUIADIIILY .o 14-36 Segmental bridge substructures
Roller bearings construction load combinations.................... 5-258
AlIGNMENt......ccviiiieieieieieee e 14-42 longitudinal pier reinforcement ................... 5-259
CONLACE SITESSES .....eevveenrieieieieiiereeeeeieenee 14-43 Seismic design
geometric requirements. ..........coeceeveeneeennnne 14-43 acceleration coefficient.............ccooevevverreene 3-67
SUIADILILY ..o 14-36 Seismic design
Route 1ocation...........ccooeeveeneiiiiiiiinenceeeee 2-3 column connections ...........ceeveveveeeneeneeennen. 5-214
waterway and floodplain crossings................. 2-3 concrete COlumns ..........cceeevveeveennnnen. 5-206, 5-208
Sawn [UMbeT ......ccooovevieiiiicceeeee See Wood confinement length ........cc.cccooveninininnnnne. 5-215
base reSIStANCe. ....ooververeernieiieieiesie e 8-6 construction joints.......c..coeeevereeereeeenennen 5-214
Dracing......c.cccveeeeveeeniieieeieeie e eeese e 8-36 elastomeric bearings ..........ccoceeevveeveereeenennen. 14-66
modulus of elastiCity ........cccveeverererierierireienns 8-6 hold-down devices........cceevveiieciieieeieciienen. 3-83
MOISTUIE CONLENL....cvvevieniieieereeieeiresieeieeieans 8-6 IMPOrtance Categoris .......cvrvurrvereereererennnns 3-74
SCOUT..ceieiiiieeiiee e 10-52, 10-103, 11-33 lateral load distribution.............ccccocoeevveeennnn... 4-67
Sealing rings longitudinal restrainers ..........cocceceveeeeeennenn 3-83
rings with circular cross-sections................ 14-54 seismic performance Zones........c..coceeeeeeunene 3-74
rings with rectangular cross-sections .......... 14-54 soil liquefaction .........cccceeceeeeniencincencee 3-66
Section transitions. .........ceeceeeeereeereenieesieneennnn 6-413 temporary bridges/stage construction ............ 3-83
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volumetric ratio for confinement................. 5-215
Wall-type PIeTS ...ccveeveeeieeeieeeeece e 5-213
Seismic loads
combination of seismic force effects............. 3-76
design forces........covveevienienieiiieceeeeeen 3-77
QITECHION.....ueieieieciceeieeee e 3-76
orthogonal forces........ccovvevvveviiecieecienienienenn 3-76
response modification factors............c........... 3-75
SEISMIC ZONE 1 ..ovviiiiiiiiiiiienicnenceceeeene 3-77
SCISIMIC ZONE 2 ..o 3-79
seismic zones 3 and 4 .........cccceeeveeverieniienenns 3-79
Seismic requirements
minimum displacement requirements............ 4-96
multispan bridges ........c.ccccevverenerenieneeniennens 4-89
single-span bridges.........cccceeevreiniinienieiene 4-88
Seismic Zone 1 ....occeeveeveieiieiieieeieee e 3-77
SeiSMIC ZONE 2 ..o 3-79
Seismic zones 3 and 4
column and pile bent design forces ............... 3-82
foundation design forces...........cccocvevverrrenenne 3-82
inelastic hinging forces..........c.ccccvvvvvrvverevennen. 3-80
modified design forces .........cceevvecvervenenennen. 3-80
pier design forces........ccvevverierveniieriieieeieennn 3-82
piers with two or more columns..................... 3-81
single columns and pPiers ..........cccocevvvererenenne 3-80
Service limit state........ 1-4,9-5,10-29, 10-41, 12-10
abutments, piers, and walls............c.ccecceeneee. 11-8
aluminum StrUCTUIES .......ceeeevveerireeriieeiieeeireeans 7-8
CONCIEte StrUCUIES ..vvvveeeeeeeenieieeeeeeeennns 5-29, 5-35
construction load combinations................... 5-239
AECKS .ot 9-29
elastomeric bearings ............ccceevvevveeveenennen. 14-64
load combinations..............ooeveveeevereennnns 3-8, 3-16
prestressing steel........oovvevieviiieiieiinienieiens 5-126
SOUNd DAITIET ..c..cveeeienieieiinienieeeeceeeeeee 15-3
WOOd SHIUCTUIES.....coueeeeenieierienienieeieeiieeeieene 8-30
Service limit state design
MICTOPILES ..o 10-158
PILES e 10-93
spread footings .........cceeeveveerierieecieeieeeennn 10-56
Serviceability
deformations. ........ceceeeereenienenenenenieeene 2-12
AUrability ....c.oocveveierieieeee e 2-9
INSPECtability ....cccvevevereieiieieieeie e 2-10
mMaintainability........cccocvevvervenieieeieeieeeeeenn 2-10
1ideability ...c.ooceveiieieieeee e 2-10
UHEIES et 2-12
WIAENING ...t 2-16
Settlement........cooeeeeeeirienieieeeeee e 12-15
force effects .....ocovvvirriiiiieee, 3-125
foundations .........cccoeeveeneeniiiiieeee 15-3
CTOUD evveeniieeiieeieeeteeeteeeteeeereereeensneeneeeas 10-138
long-span structural plate structures............ 12-31
MSE WallS ..o 11-58
single-drilled shaft............c.cccoovviniininnnn. 10-135
Settlement Analyses.......ccccevvevveecieecreneennennnn. 10-56
Shaft load tests .......ccoereereerenerenereeieen 10-150

Shaft loads
determination of .........c.ccocevereniiieicncnenn 10-134
Shear and torsion
AlUMINUM ... 7-56
brackets .......coveeeeieviiieiieeee e 5-108
CONCIELE .vvvvvvieeeeeeeniieeeeeeeeeeeiaaees 5-60, 5-67, 5-70
COTDEIS ... 5-108
interface shear transfer—shear friction.......... 5-81
longitudinal reinforcement..............ccccecueneee. 5-81
prestressed CONCIete .......ovvvveveevieeeneenreennenns 5-70
reinforcement, seismic design...................... 5-207
skewed bridges.......ccceevvveeeerienieniieieeie e 4-52
slabs and footings.........ccccveevveeverierienieies 5-262
SEEEL .o 6-413
torsional resistance..........ocveververeereeereeneennes 5-80
transfer and development lengths................... 5-64
transverse reinforcement..............occoevererenennne 5-80
Shear conNectors. .......cccvevveeeeeeereeieeeeeee e 6-222
cover and penetration............coeceeeeeeeeneennen. 6-225
design force......oovvvierierieieieeee e 9-4
fatigue resistance.......coovevveeveeevereesierieeinns 6-226
nominal shear force..........cocevverevercneinecncnnns 9-4
permanent load contraflexure....................... 6-226
PICH o 6-223
strength limit state...........ccoooeeiiiiiiieniee 6-227
tranSverse SPACING .......oceerveerueeveeveneeneenneas 6-225
17 01 PRSPPSO 6-223
Shear Keys......cooeereiienienieeeeeeeeeeeen See Keys
Shear resistance
CONCTELR ...evveieerieeieeieete et eire st 5-70
concrete-encased shapes .........ccceeeveevererenen. 6-314
concrete-filled tubes..........ccceveveverceieneenne. 6-315
prestressed CONCIEte ........vvvveveeveeveniierieeienns 5-70
SEEEL . 6-276
WOO. .ttt 8-32
Ship collision force.................... See Vessel collision
Shock transmission unit (STU)4-5, 4-96, 14-3, 14-42
Short-slotted holes .........ccccoeveeriiiiiiniiees 6-320
Shrinkage .......ccooveieieiieiieeeeeee e 5-20
Sidewalk
curb height ..., 13-13
TAIliNG ..o 13-5,13-9, 13-10
thickness of plank decks ..........cccooevevverrrennnnne 9-30
Skewed bridges
deck JOINtS ...ocvveveeeiieiieieeeeeieeee 14-15, 14-21
live load distribution ................... 4-43, 4-49, 4-52
skewed decks .....c..oooovviiiiinninnnn, 9-12, 9-32,9-34
S1abs .c..eveeeiiiieen See Concrete slabs
S1ab bridges ......ccccoeeereeieieiinininenceeeeee 5-293
Slab superstructures
cast-in-place solid slab superstructures........ 5-216
cast-in-place voided slab superstructures.....5-216
precast deck bridges.........ccceeverieiirieneenne. 5-218
Slenderness effects
COMCTELR ...enveeiieieeneeenee ettt sttt et 5-50
ice load, PIers ....cccovevvieiieiieieciee e 3-58

Slenderness ratios
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INDEX 1-17
AlUMINUIM ..o 7-32 SPLiCeS....eeeieiieeeeeeeee e See Bolted splices,
SEERL et 6-132 Splices of bar reinforcement, and Splices

Slip-critical connections............ccccveeveecverevennen. 6-317 of welded wire fabric

Soil bearing resistance bar reinforcement..............ccoeceeeeeireeineennennen. 5-200
plate load tests......cevuererererinieeieieee 10-85 bolted SPlICES ....coveeeeereieeeieeeeeee e 6-339
two-layered soil system in drained loading. 10-84 reinforcement, deck slabs .............ccccueevennnn. 9-14
two-layered soil system in undrained loading........ welded SPlICES......ooverieniieiieieeiesieie e, 6-348

................................................................ 10-82 welded wire fabric ........ccocecveeienieniinenn. . 5-204

Soil liquefaction.......c.cccceveverenenicnencienienicniene. 4-11 Splices of bar reinforcement.............. See Lap splices

Soil properties bars in COMPression ..........cceceeeeeevenieniennenn 5-203
deformation .........cecvevvereeerieeieeeeeeeeee 10-19 detailing .......cccvevvveviieieeieeeeee e 5-200
determination of soil properties............ 11-7,12-6 end-bearing splices ........ccccevververeriernenen. 5-204
drained strength of cohesive soils ............... 10-17 1ap SPLCES .vveeveieieeeeeeeeeee e 5-200
drained strength of granular soils................ 10-17 lap splices in cOMPIession .........c..cccceeeuennene 5-203
envelope backfill S0ils..........ccovevreiriineieniene 12-7 lap splices in tenSion..........cceceeeeeeereereenienene 5-202
foundation SOilS........cceveierineienieieieee 12-7 mechanical connections............cccceeverueeenee. 5-201
informational needs..........coocoveverieienieniennens 10-8 mechanical/welded splices in compression.. 5-204
1aboratory teStS ....eevveeveereeieeie e 10-11 mechanical/welded splices in tension........... 5-202
semiempirical procedures..............cceeveenenne. 10-84 reinforcement in tension ...........ccocceevveennennen. 5-202
SOUNA DAITIET ..c.veveeieiieiiieiinierieeceeceieaan 15-9 tension tie MEMbETS .......coevueveeieeeneenieneenne. 5-203
Srength......ccoeveeieieeeeee e 10-16 welded SPliCes......covverierrieiieieeierieieeie e, 5-201
subsurface exploration .............ccceeeveceerevennnns 10-8 Splices of welded wire fabric
undrained strength of cohesive soils ........... 10-16 deformed wire in tension ...........ccccceceevueenen. 5-204
UNit Weight .ooeeeiiieieeee e 3-21 smooth wire in tension...........cecevvevveneeennen. 5-204

Soil-structure interaction systems ......... See Culverts Spread footings.......ccvovereenienieiiiieeereeeees 10-53

Solid web arches.........cccceeevievieiecicieeieeieen, 6-361 bearing depth ........cccoeevvevieienieieeeee 10-53

Sound barriers bearing resistance at the service limit state.. 10-70
COITOSION PrOtECHION ...eoveeeeieeeeiceeieeeeee 15-10 bearing stress distributions..........c..cccceeeueene. 10-55
definition ......ccvevvieieeiecie e 15-1 design Of .oceeeveeiieeee e 10-33
drainage.........cceeeeevreevieereereeee e 15-10 effective footing dimensions........................ 10-54
foundation design..........cccceevvevrieviieieeienens 15-8 groundwater and ...........ccooeeervenieciieciennenen. 10-55
functional requirements...........coceeeecvereenuennns 15-2 nearby structures and........c..c.cceceeereeienenne. 10-56
ground-mounted..........cccoocerireneniinienienenne 15-4 safety against geotechnical failure at the strength
installation on existing bridges...........cc..c..... 15-5 Iimit StAte....eoveevereeeeieeeieerereeceeeeeeee 15-10
limit states and resistance factors.................. 15-3 service limit state design........cccoveeveecvenennee 10-56
movement and stability at the service limit state settlement of footings on cohesionless soils 10-58

................................................................ 15-10 settlement of footings on cohesive soils ...... 10-64
SEISMIC dESIZN ..o 15-10 settlement on rock.........c.coovevererieieiienienne 10-69
structure-mounted ..........occeeeeieieienieneeene 15-4 tolerable movements............c.ccoceeeeeeieeenne. 10-56
vehicular collision forces ........c.ccecevereenenee. 15-6 SPT i See Standard Penetration Test
Wwind 1oad......c.ccoceveeienininininen 15-5 cohesionless SOilS........ccceverenenininieeienns 10-118

Spacing of reinforcement St. Venant torsion
bundled bars .........ccocevierenieieieeeeens 5-178 AlUMINUIM o 7-52
cast-in-place concrete..........ocevvreeeeieiennnns 5-177 Standard Penetration Test........c.cccccoevereeiennene 10-85
couplers in posttensioning tendons ............. 5-156 Static analysis.......c..c....... See Approximate methods
curved posttensioning ducts ............ccceeueee. 5-155 of analysis, and Refined methods of analysis
maximum spacing of prestressing tendons and analysis for temperature gradient................... 4-83

ducts in s1abs .......coccevviiiiiiiieeee 5-148 approximate methods............ccooeeviivienrenn. 4-24
maximum spacing of reinforcing bars......... 5-178 influence of plan geometry ..........c.coeeeeenee. 4-18
minimum spacing of reinforcing bars ......... 5-177 moment redistributon............ccoeeveeeeeienreennnns 4-82
MUIIAYETS. ..o, 5-178 refined methods of analysis ..........ccccecveeenee 4-72
post-tensioning ducts not curved in the horizontal StADILILY oveeevieeiiceieceeeeece e 4-83

Plane ......ocvveiieiieieeieeee e 5-155 Static [oad test .....ccvevveeiieiirierieceeeeee e 10-106
Precast CONCIELE.......eurenurereereereeerenrereneenes 5-178 Stay-in-place formwork....... See Concrete formwork
pretensioning strand ............ccoecveeieriernennen. 5-147 concrete formwork.........coeeveevveeieicieneenieiens 9-14
SPIICES ...ttt 5-178 deck overhangs ..........coceveveninencncnienieenne 9-5

Spike laminated decks steel formwork..........coeveeiiecieniiinieieeee 9-13
deck tie-dOWNS .....cceeviiieiiiie e 9-38 Steel
panel decks........cooieieieiieneeceeee e 9-39 SPIral 1ib PIpes .....ecvevverenenerenerieieicenn 12-107
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thickness of metal..........ccoocevieiiininncene 6-317
Steel box-section flexural members................. 6-241
access and drainage ..........ccoceeceeeeeeeeeenenn 6-247
access holesS .....ooovvvvvnviiiiiiiiiiieeeee, 6-99, 6-247
DEATINGS ..ottt 6-246
COMPACt SECHIONS.....vieerieerieeieriierreereere e 6-261
ConStructibility......covevveevieierieneeeee e 6-251
cross-section proportion limits .................... 6-248
fatigue and fracture limit state..................... 6-257
flange-to-web connections...............ceeuvenee. 6-247
flexural resistance of compression flange.............
..................................................... 6-264, 6-267
flexural resistance of tension....................... 6-272
flexural resistance of tension flange............ 6-266
flexural resistance—negative flexure........... 6-264
flexural resistance—positive flexure........... 6-261
live load distribution factor .............ccccee...e. 6-250
NONCOMPAct SECIONS........ccverveerreereenreeneennes 6-261
PAINLING .o 6-247, 6-251
service limit state..........ccoceveverenenceienienne. 6-256
Shear CONM......ccceveririeienieeneeeeeeeen 6-273
SHEAT TES1.euviiiieiieiieieieeee e 6-273
strength limit state ...........cccevverieciieciennennen, 6-259
stress determinations ...........ceceveeeeeeieneenne. 6-243
Steel dimension and detail requirements............ 6-79
dead load camber...........ccccceevvieeiieniieeieene, 6-79
diaphragms and cross-frames ........................ 6-84
effective length of span ............ccoceveninin. 6-79
lateral bracing.........cccceeeeveenienienienenienen, 6-102
minimum thickness of steel.............c..c........ 6-84
PIIS 1t 6-107
Steel I-girders.. See Steel I-section flexural members
Steel I-section flexural members...................... 6-159
COMPACE SECHONS....veevvieeriereeeriereereeereeeneenes 6-202
COMPOSILE SECHIONS.....veeeviereeienirenreeieeereee 6-161
composite sections in negative flexure and
NONCOMPOSIEC...cvvrerrreereeererererirerieeaeennenns 6-199
composite sections in positive flexure......... 6-198
conStruCtibility.....cooveeeieiinierieiecece 6-184
COVET PlALES...cveerieiieiieieeeece e 6-240
ductility requirement .............ccoeeeeereereennenne. 6-206
flange stresses and member bending moments.....
................................................................ 6-165
flange-strength reduction factors................. 6-174
flexural resistance............ccocueeeennee... 6-202, 6-218
flowcharts for design.........ccoooeevveviecerennne. 6-426
hybrid SECtions.......ccceevveeerieerierieeeeeeee 6-162
net section fracture ..........ccceeevveeeieeveeecneenns 6-170
NoNCcoMpact SECtioNS.........cceerveerveerueruereenne 6-205
NONCOMPOSIte SECIONS.....eovveveeieeieeieeeeenne 6-162
service limit state...........cooceeveerieienieniennen. 6-191
shear connectors ..........ccevevererenerceieneene. 6-222
steel I-section proportioning........................ 6-181
SHETENETS ..o, 6-230
StNESS. ..o 6-165
strength limit state ..........ccceeverievieecienienen. 6-196
variable web depth members........................ 6-163

web bend-buckling resistance....................... 6-171
wind effect on flanges..........ccoeeveviereerieennnne. 4-64
Steel I-section proportioning
flange proportions .........cccceeeeeeeereeriereennne 6-182
WED PIrOPOITIONS ...oeveeeeeieieereieieeee e 6-181
Steel orthotropic decks..........cooceerieviieiiniiniinieenee,
................. See Decks and Orthotropic steel decks
Steel Piles....cceerirererieeeeee e 6-363
axial COMPIESSION.......cvveerveerrieieeeieeiierieereans 6-365
combined axial compression and flexure.....6-365
COMPIESSIVE IeSIStANCe....cvveuveeereeereeerererennenn 6-365
maximum permissible driving stresses ........ 6-366
structural resistance........................ 6-364, 10-126
Steel structures
closed VOIdS.......cceveveeierieieeeeee e 6-247
Steel tension MEMDbETS ........cceverererereeeennennen 6-109
builtup members.........ccoecvevverienieiee e 6-120
CYCDALS ..ottt 6-120
limiting slenderness ratio ............ccceceevueeneenne 6-119
NEE ATCA...uveeurienrieerieireeieenie et 6-119
pin-connected plates..........ccceeeereereeiennnnne. 6-121
tensile resiStance ........ccoevevererenenceieienen 6-110
Steel tunnel liner plate
buckling .....c.ooovveiieiieeee 12-91
construction stiffness .........cccceeeveervienneenne. 12-91
earth loads .......occooininiin 12-90
SrOULING PrESSULE.....cueeeieeianiianieeeeeneeenieenneas 12-91
live 10ads ....ooveeiiieie e 12-91
102dING ...oovvieiieiecieceee e 12-90
safety against structural failure .................... 12-91
Stiffened webs
end Panels .......ccceeeverienieniee e 6-222
nominal resiStance..........coceveverenerceeeneenen 6-220
Stiffeners
timber decksS.........oovvveveviiviiieiiieee. 9-32, 9-39
SHITUPS...eeeveeerieeieenne See Transverse reinforcement
seam Strength .........occevvevieiiiiieeeee 12-91
SECtiON PrOPEIties ...ocvveveeereeeeieeiieriieieenieane 12-91
Wall area.......oocveieieieeieieeee e 12-91

Stiffeners See  Longitudinal  stiffeners,  and
Transverse intermediate stiffeners

bearing stiffeners.........coccoeeeeveeiinienienennn. 6-233
longitudinal stiffeners .............ccooevevvenieennnns 6-236
rigid frame connections...........cccceeevveveennenne. 6-350
structural plate culverts...........ccoeeevvenreennnns 12-42
transverse intermediate stiffeners................. 6-230
Web Stiffeners.......coceeeveninennenneieee, 6-275
Strength limit state
FlEXULE oo 6-198, 6-259
shear connectors.........ccoovvuvvvveeeeenn. 6-202, 6-260
steel Structures........ocvveeeveeeveennveennne. 6-275, 6-315
Strength limit state design.........ccceecveveeneennen. 10-139
MICTOPILES. ..ot 10-158
PHES oo 10-98
TAIINE v 13-5
spread fOOtings .......cccevveeeereeneiereececeieens 10-72
Strength limit states ............ 1-4,10-32, 10-41, 12-10
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abutments, piers, and walls ............ccccocenie. 11-8 Superimposed deformations
aluminum StrUCtUTES .......eevevereereeeieeeeeieeeee 7-8 CTEEP +evververeeneeneeneesesessessesseeseeseensensensensensens 3-125
concrete Structures..................... 5-32, 5-36, 5-303 differential shrinkage............ccecceeveiienenennene 3-125
drilled shafts..........cccocvvvvvvnieeiinnnn, 10-33, 10-49 SEHIEMENT......evveeiiiiiiieiec e 3-125
driven piles......c.ccoceveeiieienininenee 10-33, 10-43 temperature gradient...........ccoceeeeeeverienieneenne. 3-124
MICTOPILES ... 10-33 uniform temperature .............ccoecveveerveeenennen. 3-121
modular bridge joint systems ...................... 14-28 Superstructure design ..........cceevveveennenne 5-292, 6-423
prestressing steel ........ocovvvveviecieecienieniennen. 5-127 Surcharge loads
sound DaITIer .....c..covvevieeieirieiiecie e, 15-3 live load surcharge........c.cccevvevvecveeciennennen. 3-117
spread footings .........cccevvevveeereerennnnnn 10-33, 10-43 point, line and strip loads—restrained walls 3-110
SEADILILY ..oeviveiieieecceeec e 5-34 reduction of surcharge .........c..cccceeeeveviennne. 3-118
WOOd SLIUCTUIES ....veevvenrinreiirienieeieeererereeenne 8-30 strip loads—flexible walls .........c.cccevenienene 3-114
Stress laminated decks .........cocveevevienininineniienieiennns uniform surcharge........c.cceceverereeeenienncnnenn 3-110
....See Decks, and Wood decks and deck systems Temporary stresses before losses
CAMDET ...t 8-37 COMPIESSION SLIESSES ..eovvvenrianeiareeeereerieennees 5-127
deck tie-dOWNS .....coeeieieiiiiieeeeee 9-34 tENSION SLIESSES .evvevvenervereeeeieiieiienieneeeeseeanes 5-128
holes in laminations...........ccccceeeeeeeeienieneenne. 9-33 Tendon confinement
NANG .veeviieciecieeee e 9-33 wobble effect in slabs .........ccccceeeeiiennnnne, 5-157
staggered butt JoInts .........cccevvervveviieieeiennnnns 9-33 Tensile resistance
SHIESSING...evveveetieieeieeresteseeeeeeeeeneeseeeneeens 9-34 AlUMINUM ... 7-35
thermal expansion ............cccceeevereerieeceeenennen. 9-31 WOOM .ttt 8-34
Stressing Tension flange yielding .........ccccocevenereneencnne. 6-409
COITOSION ProteCtion ........eveeveeereeeireieeiieneans 9-37 Tension members
design requirements ...........coeceeveeereeeeeeeenneans 9-36 CONCTELC. ...eeveeieeietieieete ettt seee e e 5-58
prestressing materials ..........ccooceeerieneenne 9-36 WOOM .ttt e 8-34
Prestressing SYStem ......cc.evveeereeueevevenuennennen 9-34 Tension ties
TAIIINES. ..ot 9-37 anchorage of tie .......cccecuevevenineniniciee 5-97
Structural material behavior proportioning of tension ties..........c.cceervennen. 5-97
elastic behavior ........ccceeevvveeiveinienicciecie, 4-12 strength of tie......ocvvevveiieieeieeeeeeee e 5-97
elastic versus inelastic behavior.................... 4-12 Thermal forces
inelastic behavior ..........c.ccevvveviieniieiieieenne, 4-12 temperature gradient..........c.ccceevereeeieennnne. 3-124
Strut-and-tie model temperature Zones ...........coceeeerueennene. 6-77,14-58
crack control reinforcement .............cc.c..... 5-101 uniform temMperature ..........coceeeeereeeeeeenenn 3-121
general Zone .......coecveeverivenieeneennenne, 5-102, 5-303 Thermoplastic Pipes.......cceeeereerreerueeriereereenne 12-74
NOAES ..ttt 5-104 flexibility limit........cccooevenininiiniiniiiciene 12-14
SETULS c.oneeeceteeieeee e 5-104 Through-girder spans.........ccccccceeenenencneenenne. 6-350
TLES ettt 5-105 Tie plates .....coceeeevenenenieirecicece 6-120, 6-154
Stream pressure TIMDET ..ooviiiieiieieceeeeeeee e See Wood
lateral......ccooevininiiieeee 3-44 Timber floors...... See Wood decks and deck systems
longitudinal ..........cccoveviriieniiieeeeee e, 3-43 Timber piles......ccceevveriereerieereennne, See Wood piles
Strength limit State .........ccecveeverieriereeieeieeeenenn 9-6 Tire contact area .........ccecvevveerveeienveneereenieenens 3-24
load combinations ..........ccccceeverenerceeennenne. 3-16 Tolerable Movements and Movement Criteria. 10-30
Structural plate box structures............cceeueeneen. 12-42 Traffic lanes
concrete relieving slabs...........cc.ccoeceviennen. 12-48 WIALh e 3-21
construction and installation ....................... 12-49 Traffic railing ........cccoevveviereeiiee e 13-5
footing reactions. ........ceecvevvereeneeneeneeeees 12-47 design forces......ccoovvvveveenienieieeeeeeee 13-17
geometric requirements. ..........coeceeveenueennenne 12-44 railing design .......cooceveevienieieeee e 13-8
10adiNg.....coiieeieieieeeee 12-43 1ailing SYSteM....eoueiriiereieeieieeieee e 13-5
TNOVEMENLS «...ouvieniieiieieeieeie et sieenieenieeniens 12-44 test level selection criteria..........ccccceveereeennnnne 13-6
plastic moment resistance ..............ccccecueneee 12-46 Traffic safety
safety against structural failure ................... 12-43 geometric standards ............cooceveeiiieiieiieene 2-5
service limit State .........occeeevevverveneerieenee, 12-43 protection of Structures ...........cccceevveerveeveennenne. 2-4
s0il cover factor........cccvecvvveverienienieiee e, 12-47 protection of USETrS.........cceeveeverierieeieereeenne 2-5
StTENETS...ovieiiiccieiece 12-42 10ad SUIfACES ...cvevvieieeieeieieeee e 2-5
Structure-Mounted Sound Barriers..................... 15-4 vessel COILISIONS ...c.eveeeereienierieniencnieieeceene 2-5
Substructures Transverse intermediate stiffeners
AESIZN .. 5-294 moment Of INertia..........cceeeververeerieerrennene 6-231
frictional forces, launched girders............... 5-254 projecting Width..........cceveveninieninincenene. 6-230
vessel COLSION .....eeveereieiec e 2-5 Transverse reinforcement
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compression members........... 5-179, 5-210, 5-214
flexural members..........ccooceevveiieiieirneenen. 5-182
PILES o 5-207, 5-266, 5-267
TIUSSES ettt 6-350
CAMDET ... 6-351, 8-37
diaphragms ..........cccveeveevenienieenenen. 6-102, 6-351
factored resistance .........cccceoveverereeeneennenn 6-359
USSEL PlateS.....eevveerieiieieeieceee e 6-352
half through-trusses ..........cccceeevevverveniiennnns 6-358
lateral bracing..........ccceevvvevveecvrrvennnnns 6-106, 8-36
load distribution..........cccceeveverenerenerceiennne 4-52
portal and sway bracing...................... 6-352, 8-36
SECONdary StreSSES......cccververrerrerenereeeenuenne 6-351
SPLICES. .. vttt 6-339
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