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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 American states dating back to
just before the turn of the 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 has 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 load-and-
resistance factor design (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 4ASHTO 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, 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 the AASHTO Store.
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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 (store.transportation.org) under “Bridges and
Structures.”

Suggestions for the improvement of the A4SHTO 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 would also like to thank John M. Kulicki, Ph.D., and his associates at Modjeski and Masters for their
valuable assistance in the preparation of the AASHTO LRFD Bridge Design Specifications.
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PREFACE AND
ABBREVIATED TABLE OF CONTENTS

The AASHTO LRFD Bridge Design Specifications, Ninth 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
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. Foundations
. Abutments, Piers, and Walls
. Buried Structures and Tunnel Liners
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. Railings
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. Joints and Bearings
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. 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. Starting with this edition, 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 (i.e., CDs and downloadable files) 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 Highway Subcommittee on Materials. 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 and have been updated to reflect ASTM’s revised
coding system, i.e., spaces removed between the letter and number.

vii

© 2020 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



CHANGED AND DELETED ARTICLES, 2020
SUMMARY OF AFFECTED SECTIONS
The revisions included in the AASHTO LRFD Bridge Design Specifications, Ninth Edition affect the following sections:

Introduction
Loads and Load Factors
Structural Analysis and Evaluation

Steel Structures

1
3
4
5. Concrete Structures
6
8. Wood Structures

10. Foundations

11. Walls, Abutments, and Piers

12. Buried Structures and Tunnel Liners

15. Design of Sound Barriers

SECTION 1 REVISIONS

Changed Articles

The following Articles in Section 1 contain changes or additions to the specifications, the commentary, or both:
1.3.5

Deleted Articles

No Articles were deleted from Section 1.

SECTION 3 REVISIONS
Changed Articles

The following Articles in Section 3 contain changes or additions to the specifications, the commentary, or both:

3.3.1 3.6.1.2.6a 3.6.52 3.11.5.6 3.11.5.9
3.4.1 3.6.5.1 3.11.54 3.11.5.8.2 3.16
Deleted Articles

No Articles were deleted from Section 3.

SECTION 4 REVISIONS
Changed Articles

The following Articles in Section 4 contain changes or additions to the specifications, the commentary, or both:
4.53.2.2b 46221 4.6.22.2b 4.6.2.10.2 4.9

Deleted Articles

No Articles were deleted from Section 4.
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SECTION 5 REVISIONS

Changed Articles

The following Articles in Section 5 contain changes or additions to the specifications, the commentary, or both:

53

543.1
54.6.2
5.5.3.1
5543

Deleted Articles

5.7.2.1
5.7.2.8
5.7.3.3
5.73.5
5.73.6.2

5.84.3.5
59433
5945
5.9.5.6.1
5.10.1

No Articles were deleted from Section 5.

SECTION 6 REVISIONS

Changed Articles

5.104.3

5.10.8.2.5
5.10.8.5.1
5.10.8.5.2
5.12.3.2.1

5.12.9.5.2
5.14.1
5.144
5.15

The following Articles in Section 6 contain changes or additions to the specifications, the commentary, or both:

6.1

6.2

6.3

6.4.9
6.5.3
6.5.4.2
6.5.5
6.6.1.2.3
6.6.1.2.5
6.6.2.1
6.6.2.2
6.7.2
6.7.4.3
6.7.4.4
6.7.4.4.1
6.7.4.4.2
6.7.4.4.3
6.7.4.5
6.7.8
6.8.2.2
6.8.2.3
6.8.2.3.1
6.8.2.3.2
6.8.2.3.3
6.8.6.2
6.9.2.2
6.9.2.2.1
69222
6.94.1.1

Deleted Articles

6.12.1.2.3c

6.9.4.1.2
6.9.4.1.3
6.9.4.2
6.9.4.2.1
69422
6.9.4.2.2a
6.9.4.2.2b
6.9.4.2.2c
6.9.43.1
6.9.44
6.9.4.5
6.9.6.1
6.9.6.2
6.10.1.1.1a
6.10.1.4
6.10.1.10.1
6.10.1.10.2
6.10.2.2
6.10.3.3
6.10.3.4.1
6.10.3.4.2
6.10.5.2
6.10.6.1
6.10.6.2.3
6.10.8.1.1
6.10.8.2.3
6.10.8.3
6.10.9.1
6.10.10.2
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6.12.2.2.2b
6.12.2.2.2¢

6.12.2.2.2d
6.12.2.2.2¢
6.12.2.2.2f
6.12.2.2.2¢
6.12.2.2.3
6.12.2.2.4a
6.12.2.2.4b
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SECTION 8 REVISIONS

Changed Articles

The following Articles in Section 8 contain changes or additions to the specifications, the commentary, or both:

8.2 8.4.1.2.1
84.1.14 8.4.1.2.2
Deleted Articles

No Articles were deleted from Section 8.

SECTION 10 REVISIONS

Changed Articles

8.4.123
8.4.13.1

8.4.4.9
8.13

8.14

The following Articles in Section 10 contain changes or additions to the specifications, the commentary, or both:

10.3 10.5.3.1
10.5.2.1 10.5.5.1
10.5.2.2 10.5.5.2.1
10.5.2.2.1 10.6.2.1
10.5.2.2.2 10.6.2.4.1
10.5.2.4 10.6.2.4.2a
Deleted Articles

10.5.2.3 10.6.2.5

SECTION 11 REVISIONS

Changed Articles

10.6.2.4.2b
10.6.2.4.2¢
10.6.2.44
10.6.3.1.2a
10.6.3.1.2¢c
10.6.3.2.1

10.6.3.5
10.7.2.1
10.7.3.1
10.7.8
10.8.3.5.1b
10.8.3.5.2b

10.9.3.5.4
10.10

The following Articles in Section 11 contain changes or additions to the specifications, the commentary, or both:

11.1 11.6.5.1
11.2 11.8.3
11.3.1 11.8.4.1
11.5.2 11.8.6.1
11.5.3 11.9.3
11.54.2 11.9.4.3
11.5.5 11.9.44
11.5.7 11.10.1
11.5.8 11.10.2.3.1
11.6.2 11.10.4
11.6.3.1 11.10.4.2
11.6.3.7 11.10.4.3
Deleted Articles

11.6.2.3 11.8.3.2
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11.12
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11.13
All153
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SECTION 12 REVISIONS
Changed Articles

The following Articles in Section 12 contain changes or additions to the specifications, the commentary, or both:

12.1 1254 12.7.2.7 12.10.2.1 12.12.3.10.2b
12.2 12.6.4 12.8.5.3 12.10.4.3.1 12.16
124223 12.6.9 12.8.9.3.1 12.12.2.1 Al2
12.4.2.10 12.7.2.1 12.10.1 12.12.3.5

Deleted Articles

No Articles were deleted from Section 12.

SECTION 15 REVISIONS
Changed Articles

The following Articles in Section 15 contain changes or additions to the specifications, the commentary, or both:
1593 15.9.7 15.9.8
Deleted Articles

159.7.1

AASHTO Publications Staff
April 2020
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pedestrian bridges .........ccooevevieriieriiecieeieeeenns 2-6
PLES e 10-87
railroad OVErpass .......cceeveveereverieeieeiesieieenens 2-6
Coefticient of thermal expansion
AlUMINUM .o 7-6
CONCIELE ...eeuvreeiieiieieniee ettt ite ettt eeee e 5-17
SEEEL ..t 6-30
WOOM. ettt 9-30
Combination railing........cc.cceeeeevirveneenceneennen. 13-12
design live loads.........cooeevieiiniiiiieee 13-12
GEOMELTY eevvreeiiieeieeeiieeireeieeeereeieeeeae e 13-12
Combined force effects
CONCTELE ..vvvvviieeeeeeirieeeeeeee e e e e e eenns 5-49, 5-55
SEEL e 6-99, 6-129, 6-245
WOO. ettt 8-35
Compact sections
nominal flexural resistance .............. 6-178, 6-231
Composite box girders ....4-36, See also Box girders
Bracing........cceeeeruienieeieeieee e 6-80
design conditions ..........cceceeeeeeienienienieeneen. 6-215
diaphragms.........cccceeveevieienienieeeee 6-76, 6-78
FAtIZUE oot 6-215
lateral bracing ..........cceeevvecveevenieniereeie e 6-80
live load distribution factors .........c..ccccecceueene. 4-36
Wind effectS......oovverieiieiee e 4-62
Composite sections
concrete deck Stresses .......cvevveeeeierieneennens 6-138
concrete-encased shapes .................. 6-130, 6-278
concrete-filled tubes..........cooeuuvveeee... 6-130, 6-279
modular ratio........oceveereerieiieeeeee e 6-138
sequence of 10ading...........ccecvevereenienieenenns 6-137
SEEEL . 6-128
Compression chords
CONLINUILY 1.vveeeveeeieeieeieeeie et 6-315
lateral bracing...........cceevvecveecverieneereeieseenes 6-83
SPLICES vttt 6-304
Compression flange flexural resistance............. 6-183
lateral torsional buckling resistance. 6-186, 6-361
local buckling resistance................... 6-185, 6-360

Compression flange proportions....................... 6-368
Compression members
CONCIELE .vvvvvrieeeeeeeiieeeeeeeeeeeieeeeeeeeeans 5-45,5-48
hollow rectangular compression members.....5-51
SEEEL.uvieuiieiieieeeee e 6-99
steel composite members ............cceeeerveennenns 6-128
steel noncomposite members ....................... 6-109
WOOU. . ettt ettt se e e 8-33
Compressive resistance
CONCTELE ...eeuvveeireeitieniteenittenireeiteenieeeireeaee e 5-48
SEECL ittt 6-99
steel composite members ............ccoeeereeenennne 6-128
steel noncomposite members ....................... 6-109
WOOM...eiieiieeieeetee ettt s 8-33
Concrete
air-entrained ...........cccooeveeievnnneiennnen. 5-260, 5-263
bearing resistance...................... 5-30, 5-53, 5-252
DEATINGS ....eevvieevieeieeiieeieeeeeeee e 5-242
box girders .........co....... See Concrete box girders
CAMDECT....veevveeieeeieeeie e seeseeesaeereenneees See Camber
coefficient of thermal expansion.................... 5-17
combined force effects.......c.cccevvvveennnn. 5-49, 5-55
compressive strength.........cocceeeeveencncnene. 5-15
COVET ... iiueeieeeeeeeeeineeereeeeeeennans 5-167, 5-265, 9-14
CTEEP uveeureeereerreenireenreenireessreensseenseeensneenseesnns 5-17
culverts......ccoveveveereeniienenns See Concrete culverts
deck slabs.........cccoovvvvvenieennnnn, See Concrete slabs
extreme event limit state ........... 5-32, 5-33, 5-291
formwork ..........ccoeuveneene. See Concrete formwork
modulus of elasticity .........ccccvervrennens 5-20, 5-291
modulus of TUPtUre.......c.eeveeieieieeee e 5-20
PLES . oo See Concrete piles
POiISSON’S TAtI0 ...eevvieeeieeiiiecve et 5-20
PIOPEILIES .ottt 5-15
SIINKAZE ....oeeeiieieeieeeee e 5-19
SIabs ..eveiieieeee e See Concrete slabs
stress limits .................. See Concrete stress limits
strut-and-tie method............ccoevveevievieeieenennen. 5-85
tensile strength .........cceeveeiiecincienienieeee, 5-21
T-beams ........coeeveeevevennene See Concrete T-beams
Concrete box girders
effective flange width...........c.cooieiiniinnnnn. 4-59
effective flange width...........c.cooeveiiniinnnnn. 4-55
live load distribution factors ............ccceeeueennn. 4-36
Concrete culverts
bottom slab.........cccceeeeiiiiieeiecieee e, 5-210
confinement reinforcement .......................... 5-147
dimensions, MINIMUM........cccccovvveeeiineeennnns 5-210
distribution reinforcement................cccueene.. 5-206
dynamic load allowance...........c.cccceeveeveennenne. 3-34
seismic effectS......ccvverieviiniieeieieeee e, 3-69
tOP SIaAD ..o 5-210
web thickness.........ccoeeveverienieneeeee e 5-210
Concrete deck slabs ..................... See Concrete slabs
Concrete formwork....... See Stay-in-place formwork
bedding of panels ........ccceovriiriiiiniiiee 9-14
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creep and shrinkage control ............cccceeeneene. 9-14 Cone Penetration Test.........cccccvevevenencncnennen. 10-82
depth coeeeiiciieeceee e 9-13 CONNECHIONS ...vvreeeereiieieeie e ee e 6-284
TeINfOrCEMENt .. ...veeiieeeieeeieeeeeeee e 9-13 See Bolted connections, Splices, and Welded

Concrete piles connections
anchorage........ccocvveveeveneenieeieneeeenn. 5-196, 5-253 block shear rupture resistance...................... 6-302
cast-in-place piles .......cocveeveecienieniiecienrennen. 5-255 bolted connections.............cceeeerveeeercvennnnne. 6-285
embedment.........cccceevveriieiieecieniennen. 5-196, 5-253 rigid frame connections .............cceeverveennenne. 6-313
eNd TEZION ..ot 5-198 SPLICES -t 6-304
pile diMensions..........ccceeeeeveeeereeneereeee 5-256 welded connections..........ceceeeereereereennenne. 6-298
precast prestressed piles........coeeverieercenenne 5-254 Connectors
precast reinforced piles..........ccocceveerienennen. 5-254 lacing bars........cccoeeeveeienienieeeee, 6-96, 6-130
reinforcement.......ccccveveeevieecnneeeeeennn. 5-197, 5-205 tie Plates......oceveenieeeeeeee 6-96, 6-130
reinforcing steel ........ccevvveevevienienieeieieenne, 5-256 Constructibility
SCISMIC reqUIremMents ..........cceeeveeveereerreennns 5-205 dead load deflections ..........ccceevevviereennennen. 6-167
shells for cast-in-place piles...........cceevennene 5-256 deck placement ..........ccccoeeeveeieeienienieeienen. 6-163
spacing of transverse reinforcement ............ 5-256 FleXULC....vvevieiecieeieeeee e 6-160, 6-224
SPLICES oottt 5-254 SNEAT....cetieiicie et 6-226
structural resistance ..........coceeeververerenennn. 10-123 Continuously braced compression flanges ....... 6-356
tensile stresses, precast piles............coeuee.e.. 5-125 Continuously braced tension flanges................ 6-356
tOIETANCE ... 5-249 Corrosion
UPLEE e 5-197 prestressing systems, concrete............. 5-23, 5-265

Concrete S1abs.......oeoviieiieiieieee e 9-7 steel StIUCtUIES .....c.eevveeeieieeieeieeee e 6-71
18] R (o) | U 5-167 Constructibility
application of empirical design............cc.......... 9-9 design 0bJeCctiVes. .....ccueeruerreerieiierieie e 2-14
COMPOSILE ACHION ... 9-7 Continuous spans loading............ccccevceeveencnennne 3-28
CONCTELE COVET ..nvientianiienieriieniieneeeeeeieeneeenaeas 5-167 Corrosion
design conditions .........ccceeeereereereeieenceneenne 9-10 DEATINGS. .. evveeeeieeieeee et 14-49
design of cantilever slabs............ccceevveevereeenen. 9-8 MSE facing.......cccoeveevvivceerieniieieeeeeeeieennns 11-61
distribution reinforcement ...............cccueee.. 5-206 PIES .ot 10-125
€dge SUPPOTIt....ecviieiieeierieriereere e, 5-205,9-8 Corrosion Protection..........ceevveeveerreeveeveneennens 14-85
effective length ........cccoeeveeiiviiiiiiieeeee 9-9 alternative coating............cceevververieerrercrennenne 8-23
effective width ......c.cceeverieiinieeeee 6-139 metallic Coating..........cvevveeveerceervenieneeieenenne 8-23
empirical desi@N.......ccceeveveevveninenirenenceienne 9-8 Corrugated metal decks
minimum depth and cover .........c..coccecveveenenene 9-7 COMPOSIte ACLION ...venvinreviierierieeieeieereeenne 9-29
precast deck slabs on girders ..........ccoceeuennene. 9-14 distribution of wheel loads............ccccccueeenen 9-29
reinforcement..........cccceeveeieiiencennnnne. 5-206, 9-11 CoVer Plates.......ooeeieeiieieeeeieeeeee e 6-214
segmental CONStruCtion ..........ccceevveevereenueenne. 9-15 end requirements............oeeeeeeeeeeeeeneeneeennens 6-214
SHEAT ..ot 5-58 CPT..oieeeeeees See Cone Penetration Test
skewed bridges .......cocoeeereeierienieieiceeeceee 4-49 cohesionless SOIlS.......ocererereniicneeieine 10-115
skewed deckS ....ooovviiviiiiiiiieiiieeen 9-7,9-12 Creep effect ...oovvvvieieeieiieeeeceecee 5-17, 5-122
S1ab brid@es .......cocevvererereieeeeeeeeeee 5-205 Cross-section proportion limits
stay-in-place formwork............ccoccevevervenennnn. 9-12 flange proportions.........c.eceeeeerveerreecvenenennens 6-222
stay-in-place formwork............ccocceveverienennen. 9-13 WED PrOPOTtiONS ......eevveeevieereeeieriereeerenieennens 6-222
top slab, box girders..........ccceevevriecreeiereennen. 9-15 Culverts
traditional design .......cccceveveverincncnencncnne 9-12 additional provisions for culverts ................ 5-248
uplift and slip of deck slabs .........c.cccecvvnennnen. 7-32 AlUMINUM ... 12-8

Concrete stress limits design for flexure........cocvevvecierienieieeneenn 5-248
SCIVICE SIIESSES...eeureruieereeraieeeeeieenieeeeeneens 5-125 design for shear in slabs of box culverts......5-248
stress limits for concrete.................... 5-123, 5-291 location, length, and waterway area............... 2-23
temporary stresses before losses.................. 5-123 seismic effects.......ccoevveviereeiireieeee e 3-69

Concrete T-beams Curbs and sidewalks..........cccoceeniennn. See Sidewalks
negative moment reinforcement .................... 5-57 end treatment of separation railing .............. 13-13

Concrete-filled tubes SIAeWalKS ..ooveeiieiiiieeee e 13-13
circular tubes........eovevereririieeeeee 6-283 Curved structures
rectangular tubes.........ccccveevieieiienieiee, 6-283 deck JOINES....ocvieiieieeiecieceee e 14-15

deflections.........coeeeeeeienieniieneeceecee 2-12
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single girder superstructures ..............c.cce.o..... 4-18
Curved tendons
effects of curved tendons ..........cccceeeeeeeenee. 5-150
in-plane force effects.........coovvvvvirviiniinnennen. 5-151
out-of-plane force effects.........ccoeevevvennennnen. 5-155
Dead loads
load factors.........covvveeevcuveeeeceeeeeeeene 3-17, 5-229
unit weight of materials.............ccoocevveiinin. 3-21
Deck analysis
10adINg ...voeeeeeeeeee e 9-6
methods of analysis........cccceoeriiiiiniinieneeen. 9-6
Deck joints
adjustment .........ccooceeveereenreeieee e 14-19
ANCROTS ... 14-18
ATTNOT .ttt sttt ettt e e 14-18
DOIES. .o 14-18
bridging plates........cceevveriereereenieeie e 14-17
closed JOINES .....ccvevevereieriierieieeie e 14-20
compression and cellular seals..................... 14-21
design requirements .............ccoeceeevervenieennenn 14-16
fabrication ........ccccvevereeieieiecnercceeene 14-18
field SPlICeS ..vvvrueeieieriieeeeee e 14-19
BCOMELLY .eveiieiiieeeiesiee ettt e e 14-14
installation.........ccooeeeveenieriececeeee 14-19
Joint 8eals ....oooeviiiiiiieee 14-21
location Of JOINES ..cecveeverieiiiiiercececee 14-15
MAINTENANCE ...t 14-14
MALETIALS ... 14-14
modular bridge joint systems....................... 14-22
movements during construction................... 14-16
number of JOINtS .......cccvevverierieieee e 14-15
OPCN JOINES ..vevvrereeereieeieere e e eereseeenieeneeas 14-20
plank seals.......ccoceeerveieninininnncee 14-22
poured SealS.......coceeeeeeienieninineeneeeeeen 14-21
PTOLECLION ...ttt 14-17
TEQUITEMENES. ...ttt 14-12
SCLECTION ... 14-15
sheet and strip seals.........ccoeoeveveenieneeenne 14-22
structural design ........cocceeeeveereiiieneiceieene 14-13
tempPOrary SUPPOILS......eeevueeerieeereeenieeerieeenne 14-19
waterproofed joints ..........occeeveereerereeeenene 14-20
Deck overhang design..........ccccecuveveeueennen. 9-9, 13-25
decks supporting concrete parapet railings ..13-25
decks supporting post-and-beam railings.....13-26
design CaSES.....coueruierieiieieeie e 13-25
resistance to punching shear ........................ 13-27
stay-in-place formwork .............c.ccooeeeniininnnnns 9-5
Decks .... See Deck joints, and Deck overhang design
applicability ......cccovvevrieiieiieiecieeee e 4-23
concrete apPUrteNanCes ........coeeeververveevereeeennns 9-5
deck drainage ........ccooeeeeeerieniieiieieeeeeeeenn 9-4
distribution of wheel loads.........c..c.ccecevenen 4-26
€dZE SUPPOTLS ..eovvenrivirierieeiieteeene e 9-5
empirical design........coceveeievieniniininenceiens 9-8
inelastic analysis ........coceeveevvevienenencneneenenn 4-29
interface action.........cceceeveereeieeiieneesceceee 9-4

isotropic plate model...........ccooceevieiiniiniennen. 4-68
live 10ads ...ooveieiicee e 3-28
live load effects on grids ........ccceoeeereeieenen. 4-27
longitudinal edges ..........ccoerererenciieienne, 4-25
orthotropic plate model............ccccceevvvenrnnnnne. 4-68
stay-in-place formwork...........c...ccoovverieniiennnns 9-5
traditional design..........ccceevvereeeieereenieieeniens 9-12
tranSVerse €dges ..ooverveerreerieerieiiereeneeireeeans 4-25
unfilled composite grids.........cccceveverienirenne 9-18
Deep beams......cccveeeerierierieeeeee e 5-224
Deflection
(0102110 (<1 1< TSR 5-44
CIILETIA .eneieiiie et 2-11
span-to-depth ratios..........ccoceeveeiieiiniiencennen. 2-13
Deformations
axial deformation ..........cccceeeevenencncnenceene 5-45
COMNCTELR ..euvteveeieeieenteeite ettt eie s s 5-43
SEEEL i 6-168
Deformed bars and deformed wire in tension
tension development length ......................... 5-180
Deformed bars in compression
compressive development length ................. 5-183
modification factors ..........cecceeveviereeneenen. 5-183
Depth of the web in compression
at plastic MoOmMent .........ccceeveevveeveerereeneennenn 6-407
in the elastic 1ange .........ccceeevveveeveeeeneennen. 6-406
Design lane 1oad .........cccceeevevienienienieecie e, 3-25
Design lanes
WIALH .o 3-22
Design objectives
bridge aesthetics.........ccceverenenencniceiencnenn 2-15
CONSIUCIDIILY ..o 2-14
CCOMNOMNY -.nteieteieesteeteeteeneeeneeseeesbeenaeeneeeneeene 2-15
SATLY .ottt 2-7
Serviceability ......ocouerieiieiei e 2-8
Design philoSophy ........cccovveevievieiiieiieieeeeeeeen, 1-3
AUCHIIEY c.eeeeeeeeee e 1-5
JIMIE SEALES ..o 1-3
operational IMPortance............oceeeveeververreennenn 1-7
1edUndancy ........cceevevieerieieeeieeieeee e 1-6
Design tandem ...........ccoevevvieciiecienienieneeee e 3-25
Design truck.......cvvcvevienieieeeee e 3-24
Development of reinforcement
basic requirements ............ccceeeereereeevennenne 5-176
bonded strand...........cccceeeeieeiiiiiiieeee e, 5-143
bundled bars..........cceeeviiiiieeiicee e, 5-183
deformed bars and deformed wire in tension.
..................................................... 5-180, 5-291
development by mechanical anchorages......5-189
flexural reinforcement..............ccoceveeneenene 5-177
modification factors .............. 5-181, 5-183, 5-185
prestressing strand...........cocceeeeeeeeeneeneennenne 5-143
shear reinforcement..........c.ccoceeevenenceiennens 5-187
standard hooks in tension..........c.cceceeeeeeeneene 5-184
welded wire fabric.........cocevevinincncnieneenne. 5-187

Diaphragms and cross-frames
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INDEX I-7
aluminum StruCtures.........ccoceeeeeeeeeeeeieneenenns 7-34 group resistance in strong soil overlying weak
CONCTELe SLIUCLULES ..evveeriieeieeiierenirenieenneen 5-243 SOML ettt 10-149
steel arches. .......coeveveririeieneneccee 6-79 horizontal movement .............ccoceeoeeeeeiennene 10-135
steel boX gIrders......covvevvveveeienierierieeie e 6-76 horizontal resistance ...........cccoeeeeeeereeiennene 10-150
steel [-girders .......ccoevveceieieeieeieeeeee e 6-72 lateral stability ........ccceeevvevveecierieriieieeie 10-150
Steel StrUCLUIES .....coverververeieieieieneneeeeeenee 6-71 reinforcement...........cecveveenenenencnceieneenne. 10-150
StEE] LIUSSES ..vvveeeeeveeeeeeeee e 6-79, 6-316 resistance in cohesive Soils..........ccc.oc........ 10-138

Disc bearings ........ccceeeeeieieeeieriereennnn See Bearings service limit state design........cccceceeeeeennenn 10-132
elastomeric diSC ......oocvveereerieniieieieeeeeenn 14-79 settlement.........coveievienenenenineeee 10-132
MALETIALS ..o 14-79 shaft resistance.........ccoceveverenenceieniennenn 10-130
shear resisting mechanism.............c.cccceeneee. 14-80 Side resiStance.......coecvveveeeeeeerieneeeeeeeenes 10-144
steel plates.......oooevierienieiieeeeeeen 14-80 SPACINE ...ttt 10-129
SUIADILILY ..o 14-37 strength 1imit state ..........cooceeeeeeieieneienne 10-48

Discretely braced compression flanges ............ 6-354 structural resistance .............ccoevvevveevrennnnne. 10-150

Discretely braced tension flanges..................... 6-355 tip resistance ................... 10-140, 10-142, 10-145

Distortion-induced fatigue transverse reinforcement.............ccecceeenene 10-151
lateral connection plates ...........ccooevevvenrrennne 6-61 Driven piles
orthotropic decks .......cccccevverienreennennen. 6-61, 9-29 design of ..ocveieeiieicece 10-33

Distribution of load DUCHIIEY ...ttt 1-5
cantilever slabs ........cceeeeiiriiiciiiieeee 4-24 Ductility requirements
concrete slabs.......coveveienininiiiincc 4-24 1einforcing bars.........ceceevvevenieninenceeeeenenn 5-22
exterior beams.......ccccvvevveeiiiiiiiiieeeeeenn. 4-39, 4-44 Ducts
interior beams .................... 4-35, 4-36, 4-38, 4-42 bundling.......cccoveeeiieieeeeeeeeee 5-148
skewed bridges .........cceveeevieiieiieienne 4-40, 4-46 curvature, MiNIMUML..........cooevvvereeeeerierrnveeeenns 5-23
steel grid flooring.........coceeeeeviieiiiiiieee 4-24 ducts at deviation saddles ..........c.cceceeveeenen. 5-24
transverse floorbeams .........c.cccocevveenveniennnne 4-41 EIOULING....ecvvevieieenreeereeeeeeeenn, 5-24, 5-150, 5-236
ETUSSES --venveneereeeeeeteeeeeeeee ettt be e e e eeeneenes 4-49 MALETIALS .o 5-23
wheel loads through earth fills....................... 3-25 81Z€ OF dUCES ...eovieiieieeeeeee e 5-24
WO0O0d floOTiNg ......covvevieiieiiciicieceeeeereee 4-23 SPACINE ... eereeereeteeieeteereeaeeeeeseaeseeeeeas 5-148

Dowels Durability
concrete columns .........cccoeeeeevvieevineeeeeneennn. 5-253 CONCIELE COVET ..o eureieeerreeeenreeeennee. 5-167, 5-265
concrete interface........c.coveveverenenceieneenne, 5-204 MALETials ..ooveeeieiieieeee e 2-8
pile anchorage.......c..coceeevecienicncncnnens 5-196, 5-253 self-protecting Measures .........c.cceeveeereevennens 2-8
WO0O0d decks ..c..coveririniiiiiiicc 9-32,9-38 Dynamic analysis .......cccceceeveevvenenenicnineeeenenn 4-77

Downdrag............... 10-101, 10-102, 10-131, 10-136 analysis for collision loads.........c.cceecveneenenne 4-89
determination of pile loads .............ccceeneee. 10-88 analysis for earthquake loads...........c..c.......... 4-80
settlement due to.......cecvvevvvecrieciieiesieeenen, 10-95 basic requirements .............cceeeveeveeveseereenens 4-77

Drainage inelastic dynamic responses.............cceeeveennenne 4-79
sound barrier.........coeevvecveeienieniieenen. 15-2, 15-10 Dynamic load allowance ...........ccccccevverienneennnns 3-33
spandrel fill.......c.ccevierierieieeeeeee e 5-248 buried components............ccceeevreereeienieneennnn 3-34

Drilled shafts .........cccoevevieiineiieeeeeee 10-128 decKk JOINES....oovveeeierieiieie e 3-33
battered shafts...........cccoevevvieiiiiiciicien, 10-130 WO0O0d COMPONENLS ....covvenerenerenrreereeereeeeenieenens 3-34
buckling ......c.oeeeeviirieieeeee e 10-150 Earth loads
Clearance .........coeeereeeneesieee e 10-129 SOUNd DAITIET ....couvevieiieieeiieieieeseeeecenee 15-5
combined side and tip resistance ............... 10-145 steel tunnel liner plate..........ccocvevirienennnen. 12-90
definition......ooueiieiieiieeee e 10-2 Earth pressure.......cccoevveieeienieneeeee e 3-116
design of ..oo.oooieiiii e 10-33 ACHIVE...eieeieeeieciie et 3-120
AIAMELET ..o 10-129 anchored walls .........cccoceviiiiiiiiiieee, 3-133
embedment into Cap........ccveeverreerreereennne 10-129 AE-TEST covieeiieeiecie ettt 3-119
enlarged bases..........cceevveveevennnnns 10-129, 10-151 buried Structures ........c.cceeeveeeeveenieereenne 12-14
estimation of resistance in IGMs................ 10-146 cantilevered walls ..........cocoveiinincnciiennnn, 3-128
estimation of resistance in rock ................. 10-143 COMPACLION. ....vvevienreereeereeeeenteereereeereeeneneees 3-117
ZIOUP TESISTANCE ..oovvvenreeneeeeeeeeeeeeseeeeeeneeans 10-147 dOWNAIag .....cccvevvveieeieeiecieteeee e 3-151
group resistance in cohesionless soil ......... 10-148 effect of earthquake .........c.ccocevereiiininenne 3-118
group resistance in cohesive soil ............... 10-148 equivalent-fluid method...........c.ccvvvvennennen. 3-126

lateral earth pressure.........c.ccoceveeeecevennenne. 3-118
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modular walls........cooceeoieiiiiniee, 3-138
MSE WallS...c.ooriiiininiinieieieceeeeeeenen 3-136
PASSIVE..eevvietienrierieereeeeeeeresieesreesseeaeenaeseee e 3-123
presence of Water .......c.occveveereerieenneeveennenne 3-117
reduction due to earth pressure .................... 3-151
surcharge 10ads.........ccoeeevveevieecierienieneens 3-142
Earthquake effects .........cccceceeneeee. See Seismic loads
Economy
alternative plans .........ccccoecveeeeieneenieeee 2-15
Edge distance.........ccoooevveivienienieeeeeeeen 6-290
Edge supports, slabs.................. 5-205, 9-5, 9-8, 9-17
Effective area
AlUMINUIM . 7-39
perforated plates.........ccoeveveerieneeniieieenee 6-315
WEIAS - 6-300
Effective flange width
DOX GITACTS .vveevieeieciieiieieee e 4-59
cast-in-place multicell superstructures........... 4-59
orthotropic steel decks .........ccoeevevverieeiennnne. 4-59
segmental box beams and CIP box beams .....4-55
Effective length
S1ADS e 9-10
SPAIN ettt et ettt e st 7-32
Effective plastic moment ............cccceeeeeeeennennne. 6-373
all other interior-pier sections ...................... 6-374
INtEriOr-Pier SECHIONS ...ovveveeereeereeereeerereeennes 6-373
Effective width
concrete Slabs.......ooevevieieiieninnen 6-139
orthotropic decks.........ccovecvvecienienieneeieee, 9-28
Elastic dynamic responses
wind-induced vibration .............cccoceevenrenne 4-79
Elastomeric bearings.........ccccocceveeennenn. See Bearings
ANChOTage .....covvveeiiirieeceeeeeee e 3-109
combined compression and rotation............. 14-65
compressive deflection..................... 14-61, 14-72
COMPIESSIVE SIIESS...cuvreerieereeererrannens 14-60, 14-71
design method A ......ccooovvevieiieiieiicieiee, 14-68
design method B .......cccooevieiiiiiciiieiee, 14-57
movements and 10ads...........ccccocevereneneenne. 14-11
Elastomeric pads................ See Elastomeric bearings
Emergency responder access to sound barriers...15-2
End distance.........cocceeeereenienieieeeeeeee 6-290
End requirements
bolted ends .......cccuveeeeierieieeee e 6-215
welded ends........cooovevienieniini 6-215
Engineering News formula............ccccoceeeee 10-106
Erosion control..........ccooeeviiniiiiiiiniiieeeee 11-20
Expansion ....... See Coefficient of thermal expansion
Expansion devices for sound barriers................. 15-4
Exterior stringers
CAPACILY cvveeveererieereereereeeresereseeeaeeseseneseneeeas 4-32
distribution factors ...........ccccceeevevveeenns 4-39, 4-44
Extreme event limit state ................... 1-5, 9-6, 10-33
abutments, piers, and walls ..............ccccoeenee. 11-18
concrete Structures ............o....... 5-32, 5-33, 5-291
drilled shafts.........ccooveiniiniiiee 10-124

liquefaction design requirements ................. 10-34
load combinations ..........cccceeevevereennenn. 3-10, 3-17
prestressing steel ........ocooeveiirenieninieeenen. 5-123
TATIINE ot 13-5
SOUNd DAITIET ...oueneiiiiieiieiieieieeceere e 15-3
Steel StUCTUIES. ....cvevvireieiieieieiecceceeeen 6-37
WOOd SEIUCTUIES ... 8-31
Extreme limit States ..........ccceeceevierenenencneenene 10-51
Eyebars
factored resistance.........cocceceeeeerveniencnencennenn 6-96
PACKING ... 6-97
PIOPOTTIONS ...eeeeeieniienieeieeiieeeesiee e ee e 6-96
Fasteners.......cccccccevveunnnns See Bolts, and Connectors
COUNEETSUNK ..o 6-295
Fatigue
distortion-induced .........c.ccecvereneniiinineee 6-60
load-induced..........ccoceveeiinieieniicceee, 6-38
Fatigue and fracture limit state ..................... 1-4,9-5
aluminum StrUCTUTES ......ccueeueeieieierieeierieeienene 7-8
CONCTELe SLIUCLULES .o.uveevieriirenieenieeienienaee e 5-33
AECKS oo 9-19, 9-29
elastomeric bearings.........cccoocerereeeeieniennnns 14-65
load combinations ..........cceeeeveereereeeereeieeenne. 3-17
modular bridge joint systems .........c..ccc.ce..... 14-29
prestressing Steel .......cvevveriieviiicieiienienieeieans 5-28
reinforcing bars .........ccevveevieiieiiiieeieeeies 5-27
steel StrUCtUIeS. .....c.evverueeieieiee e 6-36
welded or mechanical rebar splices................ 5-28
Fatigue design
CYCLES ettt 6-57
deck JOINES ...oveeiieieeeeee e 14-6
elastomeric bearings..........ccccecevererereenennen 14-65
metal grid decks ........coeoveiininieiiiiee 9-19
orthotropic decks........cocoveeeeienieniinieeee 9-28
Steel WebS ....cuieeiiiieieeeeee e 6-215
Fatigue 1oad .......ccocoveviiiieicceeeceeee e 3-30
approximate methods ..........ccevvvvercieeniiennenns 3-32
frEQUENCY .ovivveciieieeeee e 3-31
load distribution for fatigue...........cccceeeveneene. 3-32
refined methods.........ccoceverenininincnicene, 3-32
FHWA Gates Formula..........c.ccocooenininnnnnn. 10-105
Filled and partially filled grid decks
design requirements ............cceevereerieevennennes 9-18
fatigue and fracture limit state ..........cc.c....... 9-18
Fillet-welded connections
effective throat ..........ccceeeveeeiieiiieciieieee, 6-300
81z€ Of Weld .....vvevvieiiiiieeciieeeee e 6-300
Flange-strength reduction factors
hybrid factor.........ccoveeniiiiiiiiieeee 6-150
web load-shedding factor............ccccoeeeeenne 6-151

Flexibility limits and construction stiffness
corrugated metal pipe and structural plate

SLIUCLUTES ...vvenieenieeieeieniie e 12-13
spiral rib metal pipe and pipe arches............ 12-13
steel tunnel liner plate .........ccocevvervennrennns 12-14
thermoplastic pipe.......ccccvevveereererriereereenne 12-14
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Flexural members

CONCIELE...uvvvveeieeeeeeiiireeeeeeeeeeireeeeeeeeenans 5-37, 5-40
Steel..eoiirieeee e 6-229, 6-230, 6-370
WOOM .t 8-31
Flexural resistance
COMPOSIte MEMDETS .......eeveveerenirenrreerenerennens 6-278
noncomposite steel members....................... 6-248
SEEEL..eiiiiieieeeee e 6-244, 6-372
WOOA 1.ttt 8-31
FOOtINGS ....eevieieeeeeeeee e 5-249
critical section for flexure..........cccceecveneenen. 5-250
development of reinforcement..................... 5-252
distribution of moment reinforcement.......... 5-250
loads and reactions. .........cccceveeereeieneeiennne 5-249
moment in footings...........cceevevveevrreeeneenen. 5-250
TEACLIONS ..ottt 12-47
resistance factors.........coevveverenereneecenenn 5-250
shear in slabs and footings.................. 5-58, 5-251
E]75]0) 01T U S 5-249
transfer of force at base of column .............. 5-252
Foundation design
seismic design forces.........cocceevveiereeneennen. 3-111
Foundation investigation ............cocceevvecereeeneennen. 2-7
topographic Studies ........ccocceveerverreiiieieeieenn 2-7
Free-standing abutments..............c.ccooceeneenn. 11-144
design for displacement .............ccccceveennenns 11-146
Friction
angle for dissimilar materials....................... 3-123
coefficient .........ccoeevvvviveeiiiiieceen, 14-48, 14-78
Friction forces.........coveveeiroceienencncnceene, 3-158
fOTCES .ot 5-242
post-tensioning tendons .............cccceeeveenenne. 5-132
General ZONEe........cccvveeeeeciiiecieecie e 5-158
blister and rib reinforcement........................ 5-166
design methods ........ccecvevenininincnceiennenne. 5-159
design principles ........cooceveeveenieiinieneenen. 5-160
deviation saddles.........c.ccooeeerienieiiniinienen. 5-167
diaphragms.........ccooceeveeiinenienieeeeeeeen 5-166
intermediate anchorages .............cccoeeveeevenen. 5-164
multiple slab anchorages..........c.ccocceeeeennee 5-119
1eSPONSIDILItICS ..ovvveeereeieeieeeeeeeee e 5-159
special anchorage devices.........coceveenuennen. 5-164
t1€-DACKS....civieeiieceecee e, 5-164
Geometry
large deflection theory .........ccccceveeieicnnne 4-13
small deflection theory .........cccccevveenerncnene 4-12
Geophysical tests
01l and 10CK......coeieiiiii 10-12
Glued laminated decks
deck tie-downsS ........ceoeeeerieniiiiieeceeee 9-31
interconnected decks.........coceverineneninienene 9-31
noninterconnected decks..........oceveririeeieene 9-32
thermal eXpansion............ecceeeeereereereenerennne 9-30
Glued laminated timber ............cccceeveneenen. See Wood
Bracing ......cceoeverererieieienienene e 8-37
CAMDET ...ttt 8-37

dIMENSIONS ...oeveeeieiieiieieeee e 8-13
MATKING ..o 8-12
Groove-welded connections
complete penetration............cceeeveeveeveeneennenn 6-299
partial penetration ............eceeverieerreerenenenne 6-299
Grout
JOINES 1ottt 5-208
prestressing ducts.................... 5-24, 5-150, 5-236
Guides and restraints
attachment of low-friction material ............. 14-82
CONLACE STTESS...vvereriiieeeiieeeeieeeerreeeeereeens 14-82
design basis......ccceevereeerierieneeeee e 14-81
design loads .......ccooceviiiiiniinieee, 14-81
geometric requirements .........cc.coeceeeeeneeennen. 14-81
load location ..........coeceeveenieeiieiieeeceenn 14-81
MALETIAlS ..o 14-81
Gusset plates.......c.veeveeceeeierienieieeieenn. 6-303, 6-314
Gravel
UNIE WEIZNE ..oveiiiicieciecceeeee e 3-21
Gravity loads
design vehicular live load .........ccccccevveirnnnn. 3-23
fatigue 1oad ........ooceevieiieieeee 3-30
pedestrian 10ads .........ccceevevveciieciieieeeeeen 3-32
rail transit 1oad.........ccooeiiiiniinie 3-32
Groundwater
effects and buoyancy ...........ccceeevevvenniennns 10-100
Ground-mounted sound barriers..............coveeeen. 15-4
Grout
JOINES 1ottt 9-15
High load multirotational (HLMR) bearings.... 14-12
curved sliding surface bearings.................... 14-12
disc bearings .......occeeveereerienierieeeeeeeenn 14-12
POt BEArings......covueeeieiieieeieiieeeeee e 14-12
HOIES. .. 6-288
bolted connections ...........ccceveeveenenieneene. 6-288
ChaINS ... 6-95
long-slotted holes.........c.ccceevvieviieiecieniennen. 6-288
OVersiZe holes ......coeeeeienieniiiiiececeee, 6-288
PINHOIES...oooiiiieiieiceeeeeee e, 6-97, 6-98
short-slotted holes.........cccoocenininininieienns 6-288
SIZE ettt 6-288
EYPE oottt 6-288
Hollow rectangular compression members
ROOPS. .ot 5-176
rectangular stress block limitations................ 5-52
spacing of reinforcement .............ccocceevuennen. 5-175
SPLICES et 5-176
13 1< SR PRRURRR 5-175
wall slenderness ratio..........cceceecveeienieneennen. 5-51
Hooks and bends
basic hook development length.................... 5-184
hooked-bar tie requirements ........................ 5-185
minimum bend diameters ...............ccueenee.ee. 5-170
modification factors..........cccoceevveerveciennennen. 5-185
$€1SMIC hOOKS...c.eeuieieiiiiniiiirerceieeee 5-170
standard hOOKS .........ccceevvievieeniieeiie e, 5-169
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Horizontal wind pressure

wind pressure on Structures...........ceceeveeenenne. 3-52
wind pressure on vehicles ..........ccceveeveennnnne. 3-58
Hydraulic analysis
aApPProaches .......ocevveveveeiieieeeeeeeeee 2-22
bridge foundations ...........ccceeeveeierienieniene 2-20
bridge Waterway ........cccevvevieerieeierieneereeienns 2-20
stream Stability ........cceeveveeevoierieieeee e 2-19
Hydrology and hydraulics..........cccceeeeivenirnnnnne. 2-17
drainage.......cooceeeereenieeeeeee e 2-23
hydraulic analysis..........ccccceeeveriencenenrienee 2-19
hydrologic analysis ........c.ccceceeieneenerieneene 2-18
SItE data ..ooeeeeieieieee e 2-18
Ice 10adS ...ooueeieeiieieeeeee e 3-61
AdNESTION ... 3-66
combination of forces ..........coceeveverenencennne 3-65
crushing and flexing.........c.ccccoevververeerennnne. 3-63
dynamic ice forces on piers..........ccecveeverneenne. 3-62
effective ice strength...........cccoevevveneeiennne. 3-62
hanging dams and ice jams ............ccccoeeurenienne 3-66
ice and snow load..........cccceeveviinincnininienenn 3-68
slender and flexible piers .........ccccceceeeerueenen. 3-66
small Streams. ........coccveeeeriereenieieeee e 3-64
static ice loads on piers ........cccceevveceveeeneennen. 3-66
Idealization .................... See Mathematical modeling
IGMS e 10-135
Impact......ccoceveeereenenne. See Dynamic load allowance
Inelastic dynamic responses
plastic hinges and yield lines ............c.ccuenu... 4-80
Influence of plan geometry
curved StrUCTUTES .....ovevvereeeeieieienienieeieeieeneenne 4-17
plan aspect 1atio .......ccceeveeviereiereenieneeie s 4-17
Instantaneous losses
ANChorage Set........coceveevereeeenienienencnieeeenes 5-130
elastic ShOrtening ..........cecceceevenenencreneennes 5-134
FHCHON. ot 5-130
posttensioned members.................... 5-130, 5-133
pretensioned members...................... 5-130, 5-132
Interconnected decks
panels parallel to traffic............cccooeveeieenienns 9-31
panels perpendicular to traffic..........c.cccccu.... 9-31
Interior beams
distribution factors.............. 4-35, 4-36, 4-38, 4-42
Intermediate Geo Materials ...........c.cccc...... See IGMs
Interaction SyStems ..........ccceevvereveeeennenn See Culverts
Keys
CONStIUCtion JOINES .....eevveeeeeiieiereieriienieeneens 5-209
precast decks ......oovvveviecieiienieniieieans 5-208, 9-14
segmental bridges............ccocverreennns 5-240, 5-244
Laboratory tests
geophysical testS ......ccvevverieriieieeieeieseenenn 10-12
IN-STEUL EESES .o 10-11
(01 (1] £ 10-11
SOl EESES..eueieeieeieieeieeie e 10-11
Lacing bars .......ccceevveeeereereenieeeeeene 6-96, 6-130
Lap SPlICES ..eeveeeeeieiieieeee e 5-190

bundled bars.........ccceeeerieiieiieieee e 5-190

non-contact SPlices.......ocvevveerreerreerernerenenne. 5-190

spiral reinforcement ............c.ccceeeerueereennnns 5-173
Large deflection theory

approximate methods...........ccoecvevvveeieriennnnnne. 4-14

moment magnification .............cccevveriereenenns 4-14

refined methods..........ceceeveneneninicninnee 4-16

Lateral bracing....See Bracing, and Diaphragms and
cross-frames

SEEEL ittt 6-369
straight [-SeCtionsS ........cceecveveeveieiieieeiecicenee 6-80
TTUSSES..cciiiiieeeeeeeeeeeeeeeee 6-83
Lateral clearance
sound barrier ...........ccoeeeeeiieeeeiieeeeee e 15-2
Lateral—torsional buckling (LTB)......c...cccce..... 6-408
TESISTANCE.....vvieeereecireeetee e 6-186
Lightweight concrete ............ccccvveveennen. See Concrete
development length..........cccccvvevieienienieennen. 5-181
development length............ccoovevveienieninnnnen. 5-185
resistance factorS........c.ccoeveeeeveeicveeeiieecneeennennn 5-30
shear resiStance ........c..ccovveeveeeveeeireeiveeennenns 5-204
shear resiStance .............coeevveeeeeveeeeeiveeeeennn.. 5-105
UNIE WEIZHE ..ot 3-21
Limit states............. See Extreme event limit state,

Fatigue and fracture limit state, Service limit
state, and Strength limit state

1esistance factors........ccevvereereerieecneeieeeeene 10-29
SOUNd DAITICIS.....oveeieeieeie e 15-3
Live loads .....cccoeevvvvereeennnne, See Distribution of load
APPLICALION.....eveeeeereiieieee e 3-28
bicycle 10ads .....oceveeiieiieie e 3-33
braking force........oocoveevierieneieeeeeeee 3-35
centrifugal forces .......coccoeveeeenieneniiiee 3-34
continuous spans 10ading ...........cccceeeeverene 3-28
deck overhang load ..........cccooeviiiiininnine 3-30
decks and box culverts .........c.cccceeeerieeneennnnne. 3-29
design lane load...........cccoeevievinienienieeieee 3-25
design tandem .........ccceeeveerieiinienienieee e 3-25
design trucK......ccvevveriieiieieeeeeeee e 3-24
dynamic load allowance...........c.cccevveveennnnne. 3-33
gravity 10ads........ccceeeevieciieciieiecieeee e 3-22
live load deflection...........ccecevvevvenieeneennnnne, 3-29
multiple presence .........cceeveeeveeververeeriennenne 3-22
tire CONtaCt Ar€a.......evvveveeveereeeierieereeeeeeeenes 3-25
vehicular collision force...........ccceevveeriveennen.. 3-37
Load factors ......c.eeecveervieciiecieeeie e 3-9
abutments, piers, and walls ..............cc.coce.. 11-11
buried StruCtUIes.........ceeeeveerieeeieerieeeveeene 12-11
COMDbINAtIONS .....oeeevieieeeieecieieeeeee e 3.9, 3-17
construction loads ...........cccceuvvveeeeenn. 3-19, 5-229
AefinItion......coveevieiieiecieceeeeeee e 1-4
JACKING..c.viiiieiieieeeeeeeee e 3-20
POSt-teNSIONING.....ecvveeieiieieeieeee e 3-20
Load-induced fatigue
application............cceevvennenee. 6-38, 7-10, 7-11, 7-12
design CriteTia.......coeverereeieniinienencereeeeenee 6-39
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detail categories .......coceevverveeireeniinieneeneeieee 6-40 Maintenance access to sound barriers.................. See
fatigue resistance .......oceeeeeeevenenereneeeenenn 6-56 Emergency responder and maintenance access to

L0adS .o 10-55 sound barriers

Local Zone ......cocvevveviiiriiieeeeeeeen 5-158 MaterialS......coeeeerierierieeeeieee e 6-30
bearing resistance..........ocveeveeververieerieenennns 5-113 aluminum and plate structures....................... 12-8
dimensions of local zone ............cccoecvveueennen. 5-112 aluminum sheet, plate, and shapes................... 7-6
1eSPONSIDILItICS ..ovvveneieeiieieeiecee e 5-159 bolts, nuts, and washers .........c....ccoovvveveennnennn. 6-32
special anchorage devices...........ccccevveuennnne 5-114 bronze or copper alloy sliding surfaces ....... 14-77

Location features CADICS ..o 6-35
bridge site arrangement............ccccoceeeeeerennenne. 2-4 COIMENL..c..ieutiireireiieieeie et et seeeseeenaeenaeennees 5-16
ENVIFONIMENT ......vvvvevieeieeieeiiieeeeeeeeeeiieeeeeeeeeans 2-6 CONCIELE. ..eeuveeiieeeee e eee e e e eeaereeee e 5-15,12-8
route 10Cation ........cceevueeveeiinienieceeee e 2-3 disc bearings .......cocoeeveeeeercenienieeee e 14-79

Long-span structural plate structures................ 12-28 elastomer........cccvveveveeniieeieeieeeeee e 14-58, 14-70
acceptable special features...........cccccvevueennen. 12-31 glued laminated timber .............cccceeceeieeenee. 8-12
backfill protection..........c.ccveververeenieennnnne. 12-38 metal fasteners and hardware......................... 8-21
balanced SUPPOTTt.......ccvveviereeierierieeieeee 12-37 pins, rollers, and rockers...........cccoeeveevernnenen. 6-32
construction and installation.............. 12-34, 12-39 POt BEATINGS......eovvierierieeiieeiecieceee e 14-52
continuous longitudinal stiffeners................ 12-31 precast CONCIete PIPe......ceevveeveeeveeverreeseennnns 12-8
CIOSS=SECLION ...eovvveneeeeeeeieeseieeeeeeeneeeeeeseeennees 12-30 precast concrete Structures..........c.eevveereveennee. 12-8
cut-off (toe) walls .......cccoevevevienieieieeeen, 12-38 preservative treatment...........oeveeeveeveeeerneennenn 8-23
end treatment design.........ceeveevvevenvenenennen. 12-35 prestressing Steel........oovvvvevveriiecieeieeieneenenn 5-22
footing design .......ccoceveeviereeiieieieieieee 12-33 PTFE sliding surface.........ccccocevevereenenennes 14-45
footing reactions in arch structures.............. 12-32 reinforcing steel .........coceveveniiencniceieee 5-22
foundation design ........ccocoevrieieieienieiene 12-31 SAWN UMD ...t 8-6
hydraulic protection.............cccceeeeeeeeeieneenee. 12-37 stainless Steel .......oocoverereeienenenciceeeeene 6-34
hydraulic uplift .........ccooooviiiiiie, 12-38 steel pipe and structural plate structures........ 12-8
mechanical and chemical requirements ....... 12-31 steel reinforcement...........cceoevenineninncennne. 12-8
reinforcing ribs .........ccoeeeevevienieennnn. 12-30, 12-31 structural Steels .......cccvevvvecieeiienierieeee e 6-30
relieving slabs........cccocvevvieiinienieicieeeeen, 12-38 stud shear connectors...........cceevereerreerneennenne. 6-33
safety against structural failure.................... 12-29 thermoplastic Pipe.......cccevevverrrecreecienieriennnn 12-9
SCOUT «.eenieenieenteenteeiteeieenteenteeteeneeeneeenesanenaees 12-38 weld metal........cooceveiviiriiien 6-34
seam Strength .......cccooeveveninencnieiencene 12-31 Mathematical modeling.........ccccoccveverereeeenenn 4-11
SECHION PrOPEITICS . .vouververeverrerieeieeiieeeieneens 12-30 equivalent members ...........ceceveeriineeneneene 4-17
service limit State ........ccecevvererceveienicnennens 12-29 Jo 101011513 USSR 4-12
SEIVICE TeqUITEMENLtS .....ccverververeeeeeeereeeiennens 12-34 modeling boundary conditions....................... 4-16
settlement liMits.........cccooeveeieceieieieieee 12-31 structural material behavior .............cccceceeeee. 4-11
shape control.........ccoovevvevieeciieciieieeieseennnn 12-31 Mechanically stabilized earth walls... See MSE walls
soil envelope design.........ccccevvevievenvenneennen. 12-33 Metal decKsS.....c.oevieriiiiiieiieieee e 9-15
standard shell end types.........ccccveevrevererenen. 12-35 ANALYSIS 1.oveeeiieeiecieceeseee e 4-27
TATUSE e 12-31 corrugated metal decks .........ccoevvvviiniiniiennns 9-29
Wall area....cc.ovivineniiiiice e 12-31 JIMIt SALES..cvveneeieeerieeieeeeeeee e 9-25

Longitudinal stiffeners metal grid decks.........cevvverrennene 9-16, 9-17, 9-18
moment of inertia and radius of gyration.....6-213 orthotropic aluminum decks .........ccccccuenuenene 9-28
projecting Width.........ccocevevenieinieieiene, 6-212 orthotropic steel decks .........cccoovevererieneennn 9-20

Long-slotted holes ..........cccooeeiieiiininniiie 6-288 superposition of local and global effects ....... 9-25

Loss of prestress Metal fasteners and hardware
approximate lump sum estimate .................. 5-135 COITOSION PrOtECtION ....eevveeeieneeeee e 8-23
CIEEP 10SSES ...viuvieieeieiieiieiesieeie et 5-139 drift pins and bOItS .......ccceveeviiiiiiiiiee, 8-22
instantaneous loSSes.........coovvereeereeieneense. 5-130 FASTENETS ..o 8-21
losses for deflection calculations................. 5-141 MIiNIMUM reqUIreMenNts ........c.ceeeereeeeeeneennene 8-21
refined estimate..........ccoecvveeveeieneeneeieee, 5-136 nails and Spikes........cccceeeeviieviieiicieeieeees 8-22
relaxation 10SSeS........ccvveveeveeieneenieeieeeeees 5-141 Prestressing bars .........cocceeveeeveeeriecieeieinennn. 8-22
shrinkage 10SSes ......cccvevuvereveriieiieieeieeieenn 5-137 shear plate connectors..........ccoecververeeerreennenne. 8-22
total prestress 10SS......cvevveveriereenieeieeeeee 5-129 SPIKe GridS....ccvieeieeiieiieiieeee e 8-22

split ring CONNECLOTS.......eevrereeererireieeieeerenee 8-22
toothed metal plate connectors ............c......... 8-22
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Metal pipe, pipe arch, and arch structures

construction and installation ............c........... 12-28
handling and installation ............c.ccecceceeeenee. 12-27
resistance to buckling............cccoevveevieirennnnne. 12-26
safety against structural failure .................... 12-24
SEAM TESISANCE. ...c.veeeeeeereieierierieeieeiceieaens 12-27
SECtION PrOPEILICS ..vevvverveereereerererenieeieeneeans 12-25
smooth lined pipe......cccceeveervrieriirieriene 12-27
SHFTENETS. ... 12-28
tAIUSE .o 12-25
wall 1eSIStance......coveeveeeieiieiieeeceee e 12-26
Methods of analysis............ See Dynamic analysis,
Mathematical modeling, and static analysis
MICTOPILES ....evveee et 10-152
axial compressive resistance...................... 10-159
axial tension resistance...........ceceveeeveeennene 10-161
battered........coevereeieieieneeee 10-153
corrosion and deterioration ........................ 10-163
definition........coevevirinenceieceeee 10-2
design Of.....eeeeieieieeeee e 10-33
design requirements .............ceevereeerreennnne 10-153
determination of loads...........cccceevveerennne. 10-153
downdrag .......coceevveiieiiieieeeen. 10-153, 10-155
estimation of grout-to-ground bond resistance
............................................................... 10-156
estimation of tip resistance in rock............. 10-157
extreme event limit state ...........cccceeeeeeenee. 10-163
ground water table and bouyancy .............. 10-155
groups in cohesionless soil.............c.c.n..... 10-154
groups in cohesive soil.........cccevevveereenennne. 10-154
grout-to-steel bond..........cccoevevieriieiennnnne. 10-163
horizontal foundation movement............... 10-154
lateral sqUEEZze........cocvevirviniriniiieein 10-154
Load teSt...oeeeriereeeeeee e 10-158
Nearby StIUCIUIES ......ccveververvenierinierceeenene 10-154
nominal axial compression resistance of single
............................................................... 10-155
nominal horizontal resistance of single and
BIOUPS ..vtiieieentienteeieeeieenieenbeeaeeee s 10-159
nominal uplift resistance of a single micropile
............................................................... 10-158
nominal uplift resistance of groups............ 10-158
plunge length transfer load......................... 10-162
resistance of groups in compression .......... 10-158
SCOUT .ttt et et ette et e st e e ee e e e s nae 10-155
service limit state design..........ccceeeeeenee. 10-154
settlement ........oceeverienienieee 10-154
settlement due to downdrag ....................... 10-154
spacing, clearance, embedment.................. 10-153
strength limit state design ...........ccccvenneeee. 10-154
strength limit states ..........ccoeeveverceerieneennnns 10-50
structural TeSiStance..........coceverereruereennnn 10-159
through embankment fill........................... 10-153
tolerable movements ............ccoecvevverieenennne. 10-154
EYPES e 10-152
UPLIT e 10-153

Modular bridge joint systems (MBIS)

design Stress range ..........oceeeveeveeveevesneennens 14-31
distribution of wheel loads...........cccccceeneeee. 14-27
fatigue limit state design requirements ........ 14-29
loads and load factors..........cccceveverenieenne. 14-25
performance requirements.................coeeneene.. 14-24
strength limit state design requirements....... 14-28
testing and calculation requirements............ 14-25
Modular ratio
LONG-teIrM.....ccviiieeieeieeeeee e 6-138
ShOTt-tIM ..o 6-138
Modulus of elasticity
CADIES ..o 4-74
110 ) 1 1o) (=1 1T N 5-20, 5-291
prestressing Steel .........oovevveiieiienienieiee 5-23
reinforcing steel ........cccoovevviiviiiveiiienieeeis 5-22
SEEEL .t 6-30
WOOd PIlES ..ovieiiiieiieieeeee e 8-21
Moment redistribution
approximate procedure...........cocvereerrerverenenne. 4-75
CONCTEL ..eovveveerieenieenteenteeireeirenie et 5-43
refined method .........ccooevieiiiiiiiie 4-75
(1<) S 6-371, 6-372, 6-373
Mononobe—Okabe analysis...........ccccvrruernnenee. 11-144
MSE WallS....cccoeiiiiieiieieeee e 11-55
ADULMENTS ..o 11-112
bearing resistance..........ocevvereereenneerveennenne 11-66
boundary between active and resistant zones
................................................................. 11-79
concentrated dead loads .........cccceceeveienenn 11-106
corrosion issues for MSE facing .................. 11-61
design life considerations.............ccceeueeuennen. 11-88
design tensile resistance.........c..cceceeeerueenen. 11-93
drainage.......ooeveereeniieieeee e 11-106
dynamic load allowance...........cccccceveeennnnne. 3-34
€arth PreSSUIE ....vovvviiieriieiieie e 3-136
external stability........ccocevvevieviiiieiienieieans 11-97
FACING oo 11-60
facing reinforcement connections............... 11-103
geosynthetic reinforcements . 11-90, 11-94, 11-95
hydrostatic pressures..........ocververeerveennene. 11-110
internal stability ..........cccocvreverienns 3-137, 11-99
lateral displacement ...........cccoeevveereevennennen. 11-62
loading ......cooeevvevevieieieeene 11-61, 11-64, 11-68
minimum front face embedment.................. 11-59
minimum length of soil reinforcement......... 11-58
obstructions in the reinforced soil zone......11-111
overall stability.......ccocoeeeereieieniieneee, 11-66
OVEITUIMING ..cnveeeeeeieeieenieeeeee e 11-66
reinforcement/facing connection design ...... 11-94
reinforcement pullout....................... 11-79, 11-81
reinforcement strength ...........ccocceeevveneennnnne. 11-84
safety against soil failure........c..cocceceveeeienins 11-64
safety against structural failure .................... 11-68
SCISMIC dESIZN ...vvvvevieiieieeie e 11-97
111 (53101531 | USSR 11-61
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INDEX I-13
SHAING ..o 11-65 load effects in Piers.......cocevveeeeeieienieienne 11-35
special loading conditions..............c..c........ 11-106 protection ..........cceeveennnne. 2-4,2-5,3-176, 11-35
steel reinforcements............... 11-88, 11-93, 11-94 reinforcement Spacings ..........c.ccoeeveeveeerennen. 5-203
structure dimensions........c.cceeeeeueeieneeniennens 11-57 SCOUL nvettteteetteteetentesteste e e et ebe st eneeneeaennens 11-36
subsurface erosion ...........cceeeeeevereeerueeeennes 11-106 SeISMIC deSigN.....cccverevereieieerrenreeenens 3-107, 5-197
traffic loads and barriers............ccoecveeneennen. 11-109 ship collision force.........coocvevvvevriecirncvenerennen. 3-170

Multiple presence of live load ...........ccccveevrenenne 3-22 Pile Dents .......ccceevvveieeieeieciesece e See Piles

Multispan bridges pile tolerance.........c..cccuevvevineninencnieiennn 5-249
ENETAL ..ot 4-81 Pile foundations
multimode spectral method............ccceeeennen. 4-84 nominal lateral resistance ..........cc.ccceeueunene 10-122
selection of method..........cccooeviiiiniinne 4-80 Pile structural resistance
single-mode methods of analysis................... 4-81 buckling ......coeveeiieiieee 10-123
single-mode spectral method......................... 4-81 lateral stability ........ccoooeveiiiieieieiee 10-123
uniform load method...........ccocooiniiniiinnn. 4-83 Piles

Noncompact sections o-Method.......ooiiiiiii 10-107
nominal flexural resistance................ 6-181, 6-232 B-Method .........ovveeveeeeeeeeeeeeeeeeeeee e 10-108

Noncomposite sections A-Method ....coeoeeiiieieeeeeee 10-109
built-up members ..., 6-121 DAEr ..o 10-87
channels, angles, tees, and bars................... 6-269 definition........oceveeieieieeee e 10-2
circular tubes........ceeeeeierieninenceenccn 6-253 design requirements................cooooveveeverennn. 10-88
I- and H-shaped members................c.ccccc..c. 6-248 determination of loads ..........ccoceeeerieinenen. 10-88

Nondestructive testing determination of nominal bearing resistance
AIUMINUM T-32 0 10-102

Nordlund/Thurman Method...........c.ccccccccoeec 10-110 AOWNAIAE ..o 10-88

Operational Importance ..o 1-7 drivability analysis............coooooevrereernnnnn. 10-127

Orthotropic aluminum decks AIIVEN oo 10-86
approximate analysis ..., 9-28 driven to hard rocK.........ccooceviniiinniinne, 10-96
hmlt SEALES it 9'28 driven to Soft rock ________________________________________ 10_96

Orthotropic deck superstructures..................... 6-323 dynamic teSting...........ccceveeeevererevereeennn. 10-104
effective Wldth Of deCk ................................ 6-325 embedment into CAP ceeeeeiiiereeee e e e e e 10-87
superposition of global and local effects .....6-325 groups in cohesive Soil..........cccvevvvevererennn. 10-92

Orthotropic decks.....See  Orthotropic  aluminum horizontal foundation movement................. 10-93
decks, and Orthotropic steel decks lateral SQUEEZE............coevevevereeeeeeeeeeeieieierenenns 10-95

Orthotropic steel decks length estimates for contract documents...... 10-97
dESIZN .ot 9-25 minimum penetration.................cc.cocoee..... 10-126
detailing requirements ...........c...cccooeoininnnnn. 9-26 nearby StrUCTUTES .........ovvvrvrvereriieieieeerienenenn, 10-89
wearing Surface........cocevveveeceveienienieneenenn 9-20 nominal axial resistance change after driving
wheel load distribution ..., 9-20 s 10-99

OV'ersiZG hOleS .................................................. 6-288 nominal bearing 1eS1StancCe. ..oneeeeee, 10-126

Painting Nordlund/Thurman Method in cohesionless soils
DOX SECHHONS ... 6-215 10-110
slip-critical JOINtS ..o 6-293 PIODE .o 10-128

Parapets .....occoeeeeieeieee e See Railing resistance of groups in compression........... 10-118

Pedestrian 10ads..........ccceeevieriieniieneeeieeceen 3-32 service limit state design............occoovvervenens. 10-89

Pedestrian railing...........ccooooeins 8-23,13-9 SEttlement.......ccoeoveviererinencceeee e 10-90
design live 10ads ......cccoceveriieiieiieeee, 13-10 settlement due to downdrag..............oc......... 10-95
GEOMEITY oo, 13-9 SPACINZ ....vvveeeeeeeeeeteeeeeeeeeeeee s 10-87

Perforated plates Static analysiS.........oooeveveveeeveeeeeereerenerenans 10-106
effective area..........cocevevenenincnieiceee 6-315 static load test oovoome 10-103

Permanent 10ads .........ccocoeeeeieiieninininceieee 3-21 strength limit state design ...............coocoo..... 10-95
dead 10ads ......coeveeieieiini 3-21 structural resistance ... 10-123
earth 10adS ...................................................... 3'21 tlp resistance in Cohesive SOilS ___________________ 10_1 10

PAerS e 11-35 tolerable MOVEmMents ... 10-90
barge collision force ..........cocevevereeienecnnn 3-173 uplift due to expansive soils...........c........... 10-89
collision WallS.......ccoeveerierienienieieeeeeen 11-35 uplift resistance of groups..........coeeeven..... 10-120
fACING oot 11-36 uplift resistance of single ..........ccooueuenn... 10-119
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wave equation analysis.........c.cceceeevereerieenne 10-105
Pin-connected plates
PACKING.....iiiieiiieiieeieeeeee e 6-98
PIN PIlAES ..ottt 6-97
PIOPOTTIONS ...eeeveereiieiieieereeeeeeeseeenaeeeeeneees 6-98
Pins
OIS .o 6-97, 6-98
length .oocoeeiie 6-84
LOCAtION. ..ot 6-83
MaterialS.......ocevoeerierieiee e 6-32
minimum size pin for eyebars...........c.ccccee.... 6-84
TESISEANICE. .. ettt e 6-83
PIPes .oovveiieiieiecee e See also Culverts
flexibility factor ........cccceevveeviieiiiiecieieeis 12-13
Plank decks......... See Wood decks and deck systems
Plastic
polyethylene pipes (PE) ........cccocvvvvvnveniiennns 12-9
polyvinyl chloride (PVC)......c..cccevevvvveriennne 12-9
Plastic MOment.........c.cceeeeeienienenenenenceiens 6-401
Point bearing piles
OT TOCK ettt 10-96
Poisson’s Ratio
INACE TOCK ..o 10-28
Polytetrafluorethylene sliding surfaces......................
.................................... See PTFE sliding surfaces
Portal and sway bracing
deck truss Spans.........ccoeeeveerieecieeienieneeenn 6-316
through-truss spans ...........ccoceeeeveeverveneenen. 6-316
Post-tensioned anchorage zones
anchorages and couplers ..........cccceeeveeveeenenen. 5-23
bursting forces........ccvevverierienieneereee e 5-118
COMPIESSIVE SIIESSES ..vevvrervrenrrenrererererenenenens 5-117
design of local zones.........ccccoceverercreenenne. 5-112
design of the general zone..........c.ccecceueeueenee. 5-159
edge tension forces.......ccoevevererenenceiennns 5-119
limitations of application .............ccecceveeneene 5-115
Pot bearings ........ccocceveevvenieiieeeeen, See Bearings
elastomeric diSC.......couereereeneeiiieierieieeiee 14-54
ZEOMEtriC reqUIremMents. .........oceveeveeeeeeeeense. 14-52
MAteTials...co.eeruiiiiiiiiieieeee e 14-52
[ 10 VO RS PS 14-56
POL ettt 14-55
SCAlING TINES +.vveveeeieeiierieeie e 14-54
SUIADILILY .eoeeeeeeieeieeeee e 14-37
reinforcement ..........c.ccoeeeveenieienienieneeen 14-76
100]7:110) | DO PSP 14-74
SCISIMIC PIOVISIONS ....eeuvieeveeieriieriieniceieeieans 14-67
shape factor........ccceveeeeiecievcieniens 14-57, 14-72
shear deformation............cccooeovunee.. 14-64, 14-74
shear modulus ..........ccocvvvvvvvrviinnnnnn. 14-58, 14-70
StADIlILY . ..eoveeieieecccc 14-66, 14-76
SUIADILILY .vveeveeieeiiecieeeeee e 14-37
Precast beams
concrete strength ..........ccooceeiieiinieiieneen. 5-211
detail design ......cceeeveeeerierieieeeeee e 5-211
extreme dimensions ..........ceeceeeeeveeneeneenene 5-210

lifting deviCes......cceeveereereiiiieeeeeee 5-211
preservice conditions ...........cceeeveeeveeveennnnne. 5-210
Precast deck bridges
cast-in-place closure joints...........c.occveevennen. 5-209
AESIZN oot 5-209
longitudinal construction joints.................... 5-209
longitudinally post-tensioned precast decks...9-15
POSt-teNSIONING .....eeeeeieiieiieieeieeie e 5-209
shear transfer jJOINts .........cceeevevevereerienieeeee 5-208
shear-flexure transfer joints ..............ccen..... 5-208
structural overlay .........ccooceeeieiiniinieniee 5-209
transversely joined precast decks................... 9-14
Precast prestressed piles
concrete qUality ......cooceveereenieiienienieneeens 5-255
pile diMensions ..........ccceveverereeenceieenie. 5-254
reinforcemMent .........coeoveeverevencnenenceieennen 5-255
Precast RC three-sided structures ..................... 12-93
CONCTELR ...evveireriieritenieenieete et 12-93
concrete cover for reinforcement ................. 12-93
Crack CONtrol......c.cooevevieievienininenceceeeen 12-95
deflection .......ccccceverereeieieninncnceeeen 12-95
14 [T T USSR 12-93
footing design........cceceeieienieneii e 12-95
£eOMeEtriC Properties.......coveerueevervenevenueennens 12-93
materials
minimum reinforcement
reinforcement
resistance factors
SCOUT...eueeureneeneenne
shear transfer in jOINtS .........ccoeeververrerieennnne 12-94
span length .......ccooooeviiiiiiiiiieee 12-94
structural backfill ..........occooviiiiiiiniie 12-95
Precast reinforced piles
pile dimensions ...........cocceeveeieenenreneeee 5-254
reinforcing steel .........cooceveeiieiiniiiienieen. 5-254
Prefabricated modular walls ......... See Earth pressure
ADULMENTS ..o 11-117
bearing resistance.........oovevveeveiiereenreenenns 11-115
Arainage.......cceveevverieeiieieeeeseese e 11-118
dynamic load allowance...........ccccccevvervennnenne. 3-34
earth Pressure ........oovveeveeierieeieeieeieeeennn 3-138
[imitations .....c..ceceeveevenenenenenenceeceeenne 11-114
10ading ....ooveeiieieeeeee e 11-114
module members........c.ccoeverenereeieeenenn 11-116
movement at the service limit state............ 11-114
overall stability.........ccocvevenieiieiieee 11-116
OVEITUINING ..c.eeeeeeiienieeeeeiieeiee e 11-115
passive resistance and sliding ................... 11-116
safety against soil failure..............ccoceeee 11-115
safety against structural failure .................. 11-116
SEISMIC dESIZN ...vvvvvivierieiieieeie e 11-117
SHAING....vievieiieieeeeeeeeee e 11-115
SUbSUrface erosion...........ccecevververeenereennenn 11-116
Preservative treatment for wood
fire retardant treatment...........ccocoverenercennene 8-24
inspection and marking...........cccceceveeereennenn 8-24
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INDEX 1-15
requirement for treatment ..............ccoceeveennnn. 8-23 application of previously tested systems........ 13-8
treatment chemicals ...........ccocveevieieneenieennn, 8-23 approach railings...........cccoeeeveieieiieneeneenens 13-6

Prestressed concrete................. See Prestressing steel end treatment .........ccoeeeeveeeeeieeee e 13-6
BUCKING ..o 5-121 GCOMEITY ..ottt 13-15
CONCTELE COVET ..euvvirreriereeeeenreeeresneesseenseesens 9-14 height of traffic parapet or railing.................. 13-9
construction load, formwork.......................... 9-13 MALETIALS ..vvviiiciiece e 13-4
crack control ........ccceevveeiivcienieieeee e 5-121 NEW SYSEIMS ..eovvivrieereeeieereieenreeereeereeseessaenaees 13-9
curved tendons.......c.cceveeeririeieieieeen 5-23 protection of USErS........ccvevervenenerenerceeeneenen 2-4
design concrete strengths............cccoeeeeeenen. 5-121 teSt SPECIMENS ..o 13-20
€CCeNtric PrestreSSiNg.....oeovvrvereereereeneeeeennes 5-48 Railroad
Prestress LoSes ......covverieieeienienieneeee e 5-129 rail transit load .........cccooeeiiiiiii 3-32
reinforcement HMits..........ccoveeveeiieiennennen. 5-198 rails, dead load weight ..........ccoocovviinieninnn. 3-21
SECtION PrOPEItieS....ccvveeveerreereereereeereeereeens 5-121 Redundancy ..........cocceveiiiinieiieieec e, 1-6
SEIVICE SLIESSES.c.uveueeureeenierrerteeieeieenieneenieneens 5-125 Rectangular stress block limitations
stress limitations for prestressing steel ........ 5-122 approximate method ...........cocoveeiriieiennene. 5-52
stresses due to imposed deformation ........... 5-122 refined method..........ccoovvvevieciicciiciiieee, 5-52
tendon confinement ..........c..cocceceeeeieienenne, 5-147 Refined method ........cccooeeeeiiiiniiiiiceee, 6-374
tendons with angle points or curves............. 5-121 nominal moment-rotation curves................. 6-376

Prestressing steel Refined methods of analysis
CONCTELE COVET...ueenrrerienrrenreanreserenseesseenseeneenns 9-14 arch bridges........ccoevvevveeieeciiiieciecieeee e 4-73
COITosion protection...........ceceeveneen. 5-260, 5-265 beam-slab bridges ..........cceoveeiieciinienienienenn 4-69
MALETIALS ..ot 5-22 cable-stayed bridges..........cocevverinercrieeennnn 4-73
modulus of elasticity......c..cocevverereeceerenennenn 5-23 cellular and box bridges.........coccevererieeennenn 4-72
stress at nominal flexural resistance .............. 5-37 ECKS . 4-67

Pretensioned anchorage zones eNeral ......ocuieiiiiiiiie e 4-67
confinement reinforcement.......................... 5-147 suspension bridges..........ccceevvereereerieecienenene. 4-74
factored bursting resistance ...............ccce..... 5-146 trUSS DIIAZES ..o 4-72

Probability of aberrancy Reinforced concrete pipe.......c.ccoceveverenieeeenne. 12-49
approximate method ..........ccceevveerieieennnnnen. 3-163 bearing resistance...........cceeeververeerieervennenne 12-64
statistical method ..........ccccceevvvevieciicieenenen, 3-163 bedding factor..........ccveeevecievienieeee e, 12-64

Protective coatings .........ccoeceeeververeeneenieenenns 5-265 circumferential reinforcement...................... 12-57

Provisional ducts and anchorages CONCTELE COVET ..evvenriueenrenrereieneeereeieeneeneennes 12-61
bridges with internal ducts..........cc.ccceeveuee. 5-236 construction and installation......................... 12-68
provision for future dead load or deflection crack width control .........ccocoevenieiniennnene. 12-59

adjustment........cccoevenineneneeieieenee, 5-236 development of quadrant mat reinforcement12-66

Provisions for structure types ...........cceceeeeeenne. 5-228 direct design method...........ccccevieirieiennnne. 12-55
ATCHES ... 5-247 flexural 1eSiStance .........ccoeverereeeerceieeenne. 12-57
beams and girders ..........coceeeeeeeeieieniennn 5-210 indirect design method............c.cceceveeiennne. 12-64
segmental construction ...........ceccveeveveruennene. 5-224 live loads
slab superstructures...........cceeveevveecveeneennenen. 5-205 10adINgG ...eveeeieiieiieieeece e

PTFE sliding surfaces.........cccooevereneeeeeenennne. 14-45 loads and pressure distribution .................... 12-55
attachment...........coocoeveviiiiiniine, 14-49 maximum reinforcement without stirrups.... 12-58
coefficient of friction ..........ccceecveveieiennnne. 14-48 minimum reinforcement ............cccceceevennne. 12-58
CONEACE PIESSUIE ...vveneeneenreeeeeeeeeeeeeneeneeeeneas 14-47 pipe fluid weight ..o, 12-54
AIMPIES ..o 14-45 pipe ring analysis.........cecceeeerienieneeneeeee 12-57
FILET et 14-45 process and material factors...........ccccc........ 12-57
mating surface.........ccocoeeeveeenveneenen. 14-46, 14-49 safety against structural failure.................... 12-55
minimum thickness..........ccocoeeveeerceieneenne. 14-46 service limit State .........cooceveeeeenieieeieee 12-54
PTFE SUIfaCE ..ooeoveeeeeeiieeeeeee e 14-45 shear resistance.........ccocceeveveeevenneen.. 12-61, 12-62
stainless steel mating surfaces ..................... 14-47 standard installations .............ccccoeeveevernrennen. 12-50

PVC PIPES.coiiiiieiieiieieeieceeieee e See Plastic StIrrup anchorage .........oceevveveecveevenvennenenn 12-63

RAIING .ottt stirrup embedment ...........cccoeveeeiieiieieniennen. 12-64
See Bicycle railing, Combination railing, Reinforcement ............ See Spacing of reinforcement
Pedestrian railing, and Traffic railing ANChOTAZE. .....evveeeiiiiieiieceeeee 5-188

Railing design closed StITUPS ....veeveeieerecieeeieeeie e 5-189
ANChOTAGES ...eveevieieeieee e 13-17 COMPression MEMmMDErS ........cecvveeeeiereeeneeenennns 5-46
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COITOSION PrOtECtiON ...vveeeeveeeireereeiieeeeieenene. 5-260
Crack CONtIOL......oouerviriiniiieieieeeceeeeene 5-55
development length..........cccoveevieviiieninennen. 5-183
distribution, s1abs ...........cccoeeviiiiiiiieiiiieieens 5-206
external tendon SUPPOILS ........cceevverevererennnns 5-156
fOOUNGS ..eovvreeieeeieeieeeeeee e 5-250
hollow rectangular compression members...5-175
hooks and bends.........c.ccccvveeeriiicienciiceieene, 5-169
TIMIES e

materials

modulus of elastiCity .........cceceveerienenrenne. 5-22
posttensioned anchorage zones .................... 5-156
pretensioned anchorage zones...................... 5-146
SCISMIC reqUIreMENtS......ccveeeveeereeeeeeriereennenns 5-197
shrinkage and temperature ................cceeuenn. 5-174
spacing of reinforcement.............c..ccoevuvennenne 5-171

spacing, longitudinal reinforcement.... 5-57, 5-97,
5-171, 5-224

spacing, transverse reinforcement..... 5-63, 5-172,
5-173, 5-197, 5-201, 5-202, 5-205, 5-235,
5-255, 5-256

special applications ..........coeceevevereieieeieneennen. 5-22
spirals and ties.......cocceerevierieniecee e 5-50
tendon confinement.............cccoeceeriereeneennen. 5-149
transverse reinforcement.5-61, 5-62, 5-63, 5-172,
5-174
Reinforcing steel.........ccccceveeneeee. See Reinforcement
Relieving slabs.........ccccoevevvieiieienieennen. 12-38, 12-48
Resistance factors ..........ceceeveereenenenenenceieene 10-40
abutments, piers, and walls ..............cccuenne. 11-15
aluminum StrUCTUTES ......ccveeveeeeieierienienieeieaene 7-8
buried StruCtures. ........ceovevverenereneneeieeennes 12-11
CONCTEte SLIUCTUTES ..eeouveeeriieeeriieeeeiiieeenee 5-198
driven piles........coceverinireeiienininneeees 10-47
geotechnical resistance of axially loaded
MICTOPILES ..o 10-51
geotechnical resistance of drilled shafts....... 10-50
seismic zones 3 and 4..........ccoevevieiieieniennen. 5-32
SEEEL et 6-36
structural resistance of axially loaded micropiles
................................................................. 10-51
WOOd SHUCTUIES ..o 8-31

Retaining walls ...See Abutments and retaining walls
Rigid frame connections

WEDS ..ttt 6-313
Roadway

WIAh oo 3-22,13-12
Roadway drainage

design StOrM........ccvevveeiieiieieeieceeie e 2-23

discharge from deck drains ............ccoevenneeee. 2-24

drainage of Structures...........cceevevverieevennnenne. 2-24

type, size and number of drains...................... 2-23
Rock properties

analytic method.........coceeeeeveninincnininneene. 10-83

Crodibility ....ooveeieeieeeeeeeee e 10-29

informational needs..........cocceveevieiieieneennen. 10-8

10ad ST ..eueieeieeiieeiieeeeee e 10-83
mass deformation..........cc.coccevevencnceeenennn. 10-26
Mass SreNGth........ccceveeienieiieneneneeceeene 10-21
semiempirical procedures ...........c.ccceeeveennenne 10-83
SOUNd DAITIET ..o 15-8
Rocker bearings
AligNMENt ...veeeviiiciecieceeeee e 14-43
CONLACE STTESSES...eevveveereerierieireereneenieennees 14-44
geometric requIrements. .........veveeveeevenenennenn 14-44
MALETIALS ..t 6-32
SUIADILILY .o 14-37
Roller bearings
aligNment ........coceviiiiinieieeeeeee e 14-43
CONLACE STTESSES...veeeeeeeiieeieiieieeeeeeieenieeee 14-44
geometric requirements..........oecveevereeenueennen. 14-44
MALETIALS ... 6-32
minimum diameter ..........ceceveneneneeeeneeenn 6-32
SUTLADIIILY .vveevieiiiicciciece e 14-37
Route 10€ation.......c.coevereeieienieneninenceceeene 2-3
waterway and floodplain crossings.................. 2-3
Sawn [umber........c.coceviniiiiienieene See Wood
base reSiStance. .. ..coveueeuieienienienineneeeeeeeeeene 8-7
Dracing ......ocveeveeeeeieeiieieee e 8-36
modulus of elastiCity ........ccceveveririniiieieene 8-7
MOIStUTE CONLENT......evieiienieieierieeierieeieeceieene 8-7
SCOUT.c..iiieieeieeee 2-21, 10-51, 10-100, 11-36
buried StruCtUres. .......ccevevvereenerenereeieeenes 12-20
change in foundations ............ccceevevierverennnne. 3-46
long-span structural plate structures............. 12-38
MICTOPILES....eeeeieeieiieiieie et 10-155
01 U 11-36
precast RC three-sided structures................. 12-93
water 10ads ......ooeeiieiie e 3-46
Sealing rings
rings with circular cross-sections................. 14-55
rings with rectangular cross-sections ........... 14-55
Section transitions...........cceeeeverieriesereseeceneenes 6-369
Sectional design model
combined shear and torsion...........c..cecceeeneeee. 5-77
determination of fand 0 ..........ccccveivriennne. 5-69
longitudinal reinforcement..............cccvenneene. 5-75
nominal shear resistance .................... 5-67, 5-232
SECtions Near SUPPOLTLS ......eevveeveereereneeeneeenens 5-66
Segmental bridge analysis ...........ccoecvevvenirennns 5-225
analysis of the final structural system.......... 5-225
construction analysis.........ccecceeeeeviereeneennen. 5-225
erection analysiS.......cceeceeeereenieenieeienie e 4-65
final structural system ...........cccccoeerineneenene. 4-65
longitudinal analysis ........cc.cceveeeeieienieneennen. 4-64
strut-and-tie models .........ccoceeviriiiiiniienienen. 4-64
transverse analysis ........c.coccevvvereereenieerneenenns 4-64
Segmental bridge design
alternative construction methods.................. 5-245
cantilever construction ...........ccocevevererennee. 5-241
construction loads ................. 5-226, 5-227, 5-230
creep and shrinkage..........coccecvevvevencnenennen. 5-230
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deck JOINES...ccveiveeeieeieieieeee e 9-15 multispan bridges........cccceeveeveeiiiiiinieniees 4-80
AESIZN e 5-226 single-span bridges ..........cccceverererieienieine 4-80
design details .......cceeeveeiiiienieieeeeeeeen 5-243 Seismic ZONE L....occvvvvveieiiiiieiieiecie e, 3-109
design of construction equipment................ 5-244 SEISMIC ZONE 2. 3-111
details for cast-in-place construction ........... 5-241 Seismic zones 3 and 4
details for precast construction.................... 5-240 column and pile bent design forces.............. 3-114
effective flange width ..........cccoovvvviiniennenn, 4-64 foundation design forces..........c.cecvvvvererennen. 3-114
force effects due to construction tolerances. 5-242 inelastic hinging forces........c..coceevevvevennenne. 3-112
incrementally launched construction ........... 5-242 modified design forces.........c.ccecerereerennenne. 3-112
launching bearing .........cccoocvvevieieiecienenne. 5-242 pier design forces........ccvevenenenereeieniennenn 3-114
launching tendons ..........cccceeveeeinienieneenen. 5-244 piers with two or more columns .................. 3-113
length of top flange cantilever ..................... 5-238 single columns and piers..........cccecvvvereeenen. 3-112
10AdS. ..o 5-226 Service limit states ...... 1-4,9-5, 10-29, 10-40, 12-10
minimum flange thickness...........c...ccccuennee. 5-237 abutments, piers, and walls...........cccccocceeee 11-8
minimum web thickness ............ccccoceeene. 5-237 aluminum Structures...........cooceeveeieeienreeneennen. 7-8
overall cross-section dimensions ................. 5-238 CONCTELE SLrUCLUTES ..vvvvveeveeieeieeeiieeaae 5-26, 5-33
POSt-teNSIONING......ccvveerieiieereeeierieeieeee e 5-236 construction load combinations.................... 5-229
Prestress L0SSES.....uvviriieiieeieriereerieereeeee e 5-231 AECKS ottt 9-28
provisional ducts and anchorages ................ 5-235 elastomeric bearings ...........cceevveeververenennen. 14-65
resistance factors..........cccceeeevveeieeieeeeenneenn. 5-230 load combinations.............cccccceeeuveeennn... 3-9,3-17
SEISMIC dESIZN..cvvveeureieieiiriieerieeiieeciene 5-239 prestressing Steel.........oecvevvereninienieieeennn 5-122
span-by-span construction .............c.cceeueennen. 5-242 SOUNd DAITIET ....oueeeeeiieeee e 15-3
SUDSTIUCKULES ... 5-247 steel StrUCTUIES ....ocveeveeiieiieriieieeeeee e 6-35
tensile stresses at joint locations........ 5-125,5-127 WOOd SHUCTUIES ....eoeeeeieeieieeieeiiceiee e 8-30
thermal effects during construction ............. 5-230 Service limit state design
types of segmental bridges............cccceeveneenee. 5-239 MICTOPILES e 10-154

Segmental bridge substructures PILES. ..t 10-89
construction load combinations.................... 5-247 spread footings..........cevveveveciiecienceenieneennenn 10-54
longitudinal pier reinforcement ................... 5-247 Serviceability

Seismic design deformations .........cceeeeeveeeieecieeie e 2-10
acceleration coefficient........c.ccocevvererieeennene. 3-70 dUurability.....cceeerererieiecree e 2-8
column connections ..........coceeereeereceeenennen 5-203 INSPECtability.....cceverinereriiienincnereecerene 2-9
concrete ColumMNS .......coceevevenvennennenn 5-196, 5-197 maintainability ........cccceevevieniniinincnieieeeene 2-9
confinement length ........ccocooveninincnnnnene. 5-204 1ideabilify.....ooeerieiieiee e 2-9
CONSruction JOINtS.......cccoevverererereeeennenen 5-204 ULIEES oot 2-9
elastomeric bearings ..........cccceeveecveeeneennen. 14-67 WIAENING ..ot 2-14
hold-down devices .......ccooevererieieieienee, 3-115 Settlement .........ccceverereeiieeee e 12-15
IMPOrtance Categories .......covvverveeveeverreenns 3-106 force effects .....oooveveieneneieeeeeeeee 3-158
lateral load distribution........c..c.cceceeceeieeennene 4-62 foundations .........ccccevevereeienenenenee 15-3
longitudinal restrainers .............ccecveeveeevenen. 3-115 EIOUD cuvieetieerieereeeeesteeteeseensesnesseesseesseenseens 10-135
seismic performance zones..............ccecueen.... 3-107 long-span structural plate structures............ 12-31
soil liquefaction .........cccceceevenenencneneencenenn 3-69 MSE WallS...c.coeririiiiiinininenceeeceieenen 11-61
temporary bridges/stage construction.......... 3-115 single-drilled shaft........c..ccccocevvenininennn 10-132
volumetric ratio for confinement................. 5-205 Settlement Analyses .........cceeeeeverevereereeneeienns 10-55
Wall-type PIers .....coceevveeriieienieiieeeee e 5-203 Shaft load testS......cceeveeeerierierieeee e 10-147

Seismic loads Shaft loads
combination of seismic force effects ........... 3-108 determination of..........cccceeevrieirienieniens 10-131
design forces......ccovvvvuiiciieeenieiereeeeeeenn 3-109 Shear and torsion
AIrECHON ..ot 3-108 AlUMINUM .o 7-56
orthogonal forces ..........ccoovvevvenrieirievennenen, 3-108 Brackets.....coueveeeneieiieiieeeee e 5-104
response modification factors...................... 3-107 CONCTELE....vveiieeieeeeeeeeeeee e 5-58, 5-64, 5-67
SCISMIC ZONE 1 ..cviiiiiiiiiiieiirieniecceeeeiene 3-109 COTDRIS oot 5-104
SCISIMIC ZONE 2....euveriniiienienienienieeeeeeeaenaens 3-111 interface shear transfer—shear friction.......... 5-79
seismic zones 3 and 4 .........ccceeveevreiennennen. 3-111 longitudinal reinforcement...............ccceevrennenne 5-78

Seismic requirements prestressed CONCIete.......ovvvuverievenveneenieennens 5-67
minimum displacement requirements............ 4-87 reinforcement, seismic design...................... 5-197
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skewed Bridges........ccceeeeeeienieneiieerceeecee 4-49
slabs and footings.........cccccveeviecverienieniienens 5-251
SEEEL . 6-369
torsional resistance..........coecevereeercneecencene 5-77
transfer and development lengths................... 5-61
transverse reinforcement............cocceceeveeennene. 5-77
Shear CONNECtOrS........coverververierenerenerceiieeenes 6-197
cover and penetration............ceceeeveeeereennenn 6-199
design force......ocvevveiieieeeeeeee e 9-4
fatigue resistance........oooeeveeeeeeeereenieereeeenne 6-199
nominal shear force...........ccooceeiieiinienenenen. 9-4
permanent load contraflexure....................... 6-200
PIECH o 6-197
strength limit state.........cooceeevieviiieiiienieenns 6-201
SEUAS e 6-33
tranSVerse SPACING ......c.eeeverevereerreerreevennennes 6-199
LY PES cetteiee ettt 6-197
Shear KeyS.....ccoovvevveiieieeiesieieeve e See Keys
Shear resistance
CONCTELE ..cnienrirereieenreeteeere et 5-67
concrete-encased shapes ........c.ccceceevereeenen. 6-283
concrete-filled tubes.........ccoeceveerieiieiennenne 6-283
prestressed CONCrete ........oovevverveeeeeenieeenne 5-67
SEEEL et 6-245
WOOM. ettt 8-33
Ship collision force.................... See Vessel collision
Shock transmission unit (STU).......ccccveevveecrieeveennen.
........................................... 4-5,4-87,14-3, 14-43
Short-slotted holes ........c.ccoceverenineneneeienee. 6-288
SHINKAZE ...eevveeevieeieiierieeie ettt 5-19
Sidewalks
curb height .......ccevvveeiveiieieieiees 13-12, 13-13
TaliNG e 13-5, 13-9, 13-10
thickness of plank decks .........ccccocererercennene 9-29
Skewed bridges
deck JOINtS ...covveeieiieiieiieeeeeiee 14-15, 14-21
live load distribution ................... 4-40, 4-46, 4-49
skewed decks .....cooeevivenninennnn. 9-12,9-32, 9-34
S1ab bridges .......cccceveeeeieieierere e 5-280
Slab superstructures
cast-in-place solid slab superstructures........ 5-205
cast-in-place voided slab superstructures.....5-206
precast deck bridges.........ccceeevvrierierieenennen. 5-208
S1abs ..o See Concrete slabs
Slenderness effects and limits
CONCTELE ...convenrirereieereerieereeerenieere et s 5-47
ice load, Piers ......ccveeerieriiecieeieceee e 3-61
Slenderness ratios .............. See Aluminum and Steel
Slip-critical connections ...........cecceeeeereeeennennes 6-285
Soil bearing resistance
plate load testS.......cceevierienieiieeee e 10-82

two-layered soil system in drained loading..10-81
two-layered soil system in undrained loading

Soil liquefaction..........cceveeeieniieciieiieieceeieenens 4-11
Soil properties

deformation.........ccoeveeeeienieneneneneeeeeee 10-18
determination ...........ccceeeveeevieeiveenneenns 11-7, 12-6
drained strength of cohesive soils ................ 10-16
drained strength of granular soils................. 10-16
envelope backfill soils..........cocceevieiinieneennen. 12-7
foundation SOilS........cceoveriieiiiniinieeeeeen 12-7
informational needs...........cccoevereeiieriennennen. 10-8
1aboratory teStS ...cc.vevveerieerieeieiierceeeeee 10-11
semiempirical procedures ............ccceeeeuenee 10-81
SOUNA DAITIET ..o 15-8
StENGth....covieiieiiecieeeeee e 10-15
subsurface exploration ............c.cceeeveeeveeevennen. 10-8
undrained strength of cohesive soils ............ 10-15
UNIE WEIZHE c.eveiiiieieieeee e 3-21
Soil-structure interaction systems ......... See Culverts
Solid web arches........ccccoeverenencncnenceieeennes 6-325
Sound barrier
COITOSION PrOtECION ... 15-10
definition . ...covereeeeeeeeeeee e 15-1
dArainage.......coceveeveeereee e 15-10
earth 10ads ......ccceveevieiieeeee 15-5
extreme event limit state ..........ccecceveereneennen. 15-3
foundation design..........cooceeveeiinienieninieen, 15-8
functional requirements............ccccceceeeernennen. 15-1
ground-mounted...........cceeveeereeierieneeieene 15-4
limit states and resistance factors................... 15-3
movement and stability at the service limit state
................................................................... 15-9
SCISMIC dESZIN ...vvvveeieiieieeie e 15-10
structure-mounted ...........cocevenirincnenieeennn. 15-4
vehicular collision forces ........c..coceverereencene. 15-6
wind 1oad........oceveiiinininine 15-5
Sound barrier installation
on existing bridges ........ccocoveveereriereereene 15-5
Spacing of reinforcement
bundled bars........cccoeceviinieniniieeeeee 5-171
cast-in-place concrete.........cocceeeereeneriennnene 5-171
couplers in posttensioning tendons .............. 5-149
curved posttensioning ducts.............ceeueenee.. 5-149
maximum spacing of prestressing tendons and
ducts in s1abs .......ccevereneniniiiceee 5-142
maximum spacing of reinforcing bars.......... 5-172
minimum spacing of reinforcing bars.......... 5-171
MUIIAYETS ..eovveeieiieiieie e 5-171
post-tensioning ducts not curved in the horizontal
plane.......ccocooenininininncceee 5-148, 5-149
precast CONCIete. ......uvvviiiiiiniiiiiiiieceeene 5-171
pretensioning strand............ccoceeveeieienenne. 5-142
SPLICES. .ot 5-171
Spike laminated decks
deck tie-dOWnS .......coeeereeieieee e 9-38
panel decks......cccvevvieriiiiiieie e 9-38
SPLICES . cvvieieeeiecteeie ettt

See Bolted splices, Splices of bar reinforcement,
and Splices of welded wire fabric
bar reinforcement...........c.occvevvereeiieiciennenne. 5-190
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bolted SPLICES ....ccvevvverieiieieieeeeieeee e 6-304 box-section flexural members........ See Steel box-
reinforcement, deck slabs ...........c..ccccoeeuneenee. 9-14 section flexural members
welded SPliCeS......ovvivieriieiieieriereeee e 6-312 CAMDET ..t ere et see e See Camber
welded wire fabric ......c.cocevevevennciienee. 5-194 closed voids in structures...........cccceceeeeeennee. 6-221

Splices of bar reinforcement.............. See Lap splices coefficient of thermal expansion.................... 6-30
bars in COMPIeSSION ......cc.eeevererereeerreervenenennes 5-192 combined force effects............ 6-99, 6-129, 6-245
detailing ......c.occveeieeiieiieieeie e 5-190 dimension and detail requirements ......... See Steel
end-bearing Splices ........coccevverveiieienieennen. 5-193 dimension and detail requirements
1ap SPLICES .vveveeiieieeee et 5-190 extreme event limit state............coocevverreenne 6-37
lap splices in cOMpression ............ceceeeeeeneen. 5-192 fraCture......ccooveveiieeeee e 6-146
lap splices in tension..........cccceeceeeeeneeeneeenen. 5-191 I-girders ...... See Steel I-section flexural members
mechanical connections...........cceceeeeeeeeennen. 5-191 I-section flexural members ...... See Steel I-section
mechanical/welded splices in compression..5-193 flexural members
mechanical/welded splices in tension.......... 5-192 I-section proportioning ............ See Steel I-section
reinforcement in tension ..........c.cceceeeeeeenene. 5-191 proportioning
tension tic MEmMbErS .......c.cccveeeverveeververeeenne. 5-192 modulus of elastiCity.......cceeververeerieerirrnennnn. 6-30
welded SPliCes.....ovvvirieniieiieierieieeee e 5-191 NEE SECHION .vveenvieeieeiieeeieeie et eeve e sre e 6-86

Splices of welded wire fabric orthotropic decks ...... See Decks and Orthotropic
deformed wire in tension ........c..cecceeeeueeueenee. 5-194 steel decks
smooth wire in tension...........eceeververeeennenn 5-194 PES. oot See Steel piles

Spread footings........ccvvvereereriierieniee e 10-52 slenderness ratios........c.cceeveeeeeeveeeeneenieennens 6-108
bearing depth .........ccoeoieiiiiiii, 10-52 spiral 1ib PIPes ....ceeveeeeeriieieieeeeeeeee, 12-107
bearing resistance at the service limit state.. 10-67 tension members......... See Steel tension members
bearing stress distributions.............ccccceeueee. 10-53 thickness of metal ...........ccccoevveinins 6-31, 6-285
design Of .o.ooiiiiiiiee 10-32 tunnel liner plate.......... See Steel tunnel liner plate
effective footing dimensions........................ 10-53 WeDb CrIpPling ......covvvevvieiieierieiieieeieeenne 6-411
groundwater and ...........cocceeeiierineneseseee 10-54 Steel box-section flexural members ................. 6-215
nearby structures and ...........cceeeveeevereenennnn. 10-54 access and drainage...........ccoocvevveeveneenieennnns 6-221
safety against geotechnical failure at the strength access holes.....vvvvenieiiiierieece e 6-76, 6-221

JIMIt StALe....cveerieerieiieeieeeeieee e 15-9 DATINGS. .. veeeveeereiieiieie e 6-220
service limit state design........c.ccocevevereennnne 10-54 COMPACt SECHIONS ...evveverereerierieeieeieeneereeennes 6-231
settlement of footings on cohesionless soils 10-56 CONSrUCtIbIlitY ..c.veveeeeeiieieicicicencecee 6-223
settlement of footings on cohesive soils ...... 10-62 cross-section proportion limits..........c..c....... 6-222
settlement on rock.........coceevevenereneenieiennne 10-66 fatigue and fracture limit state ..................... 6-227
tolerable movements............cccceceeercrernnen. 10-54 flange-to-web connections............cceceevueennen. 6-221

SPT .o See Standard Penetration Test flexural resistance of compression flange.............
cohesionless SOilS.........ccoceeeeeuiiiiciieeeenn.. L10-115 6-233, 6-235

St. Venant torsion flexural resistance of tension flange .6-234, 6-238
AlUMINUM ..ot 7-52 flexural resistance—negative flexure .......... 6-233

Stainless Steel .......ccevveevieviieiicieeieeeieeee e 6-34 flexural resistance—positive flexure ........... 6-231

Standard Penetration Test..........cccceoerereneennene. 10-82 live load distribution factor.............cccccueuuee 6-222

Static analysis ............ See Approximate methods NONCOMPACt SECLIONS .......eeveeereererrrreneraneens 6-231
of analysis, and Refined methods of analysis PAINEING..cveeeieieeie e 6-221, 6-223
analysis for temperature gradient................... 4-75 service limit state.........ocevcvervecereienieieennene 6-226
approximate methods..........cocevevercnencnenn. 4-22 shear CONNECtOrsS ........cocevveveruererereeeeiennns 6-239
influence of plan geometry ........c..cccceveeenenn 4-17 shear resistance.......occveeererereeeeeeneeeenens 6-238
moment redistributon...........ccceeevererenennne 4-74 SHFTENETS ..ot 6-240
refined methods of analysis .........c.ccceeeenennnen. 4-67 strength limit state ..........cccceeeeeeeeieneienne 6-229
StADIILY .o 4-75 stress determinations...........eeeevveereereeneennen. 6-217

Static 10ad test ......coceveeerirerieieiccecen 10-103 Steel dimension and detail requirements............ 6-65

Stay-in-place formwork....... See Concrete formwork dead load camber...........cccoocevirinininincee 6-65
concrete formwork..........coocveevieeeiiiineeniiena, 9-13 diaphragms and cross-frames...............c......... 6-71
deck overhangs ..........cccoceeveieiinieniieiieieeienns 9-5 effective length of span............cccccvevvenneennnnne. 6-65
steel formwork.........ccoevveevieiinienieieeiecee, 9-13 lateral bracing ........ccocceeeveeveeeciereeniereeieenenns 6-79

Steel minimum thickness of steel ..........c..cccccceeuee 6-71
bearing Stiffeners ..........ccccevveneniencncncncnn. 6-370 PINS ittt 6-83
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Steel I-girders ..See Steel I-section flexural members safety against structural failure .................... 12-91
Steel I-section flexural members ..................... 6-135 seam Srength ........coceveieiiieieieee e 12-91
COMPACt SECHIONS ..cvveveneeieiereeeienieeieeiieeene 6-178 SECtiON PrOPETLIES ...evvveeeeiieeeeiirieericeieenieane 12-91
COMPOSItE SECHIONS ..eovvveevieereriereereeereeeieeen 6-137 Wall ATea.....cveevieerieeiieiecieieee e 12-91
composite sections in negative flexure and Stiffened webs
NONCOMPOSILE ...vvenvrenrieereeereieereeveeeneeeas 6-175 eNd PANECIS ..ocvvveeieeiieiieieee e 6-196
composite sections in positive flexure ......... 6-174 nominal reSiStance.........ccvevverreerreeerervereeenne 6-194
CONSrUCtIbIlity ..c.oovvervieierieiiicicienciccne 6-160 Stiffeners........cc.oc..... See Longitudinal stiffeners and
COVET Plates ....oveveeerieeeieicicicrecsceeeee 6-214 Transverse intermediate stiffeners
ductility requirement.............cceeveruervereerernens 6-182 bearing stiffeners.........ccccocevenerenencninnenee 6-208
flange stresses and member bending moments longitudinal compression-flange stiffeners..6-240
................................................................. 6-142 longitudinal stiffeners .........c..ccceceninennene..6-210
flange-strength reduction factors.................. 6-150 rigid frame connections...........cceeeeeveceeennsn. 6-314
flexural resistance ...........coceeceeeeneene. 6-178, 6-193 structural plate culverts.........ccocooceeverieeienenns 12-42
flowcharts for design.........cccceevvvevieienreennens 6-382 transverse intermediate stiffeners................. 6-204
hybrid SECtions ..........cceevevvieciiecireiesiesieenens 6-139 web Stffeners.......ooveevveeeeeeniieecieceeeen 6-240
minimum deck reinforcement—negative flexure W00d decks ....oovvieiieiiiieieee e 9-31, 9-38
................................................................. 6-144 Stirrups........................See Transverse reinforcement
net section fracture..........occvevvveeeeeeneenieennenn 6-146 Stream pressure
NONCOMPACt SECLIONS .....eveeeevienereererieeeeeeneens 6-181 lateral .....oocveeveeieeeeee e 3-45
NONCOMPOSItEe SECLIONS .....vveneeenreenrererererennenn 6-139 longitudinal ..........cccocvevieviieiiieieeieeee e, 3-44
service limit state ...........cccoeeeeeieeeeeiieeennee.. 6-167 Strength limit state....... 1-4, 9-6, 10-32, 10-40, 12-10
shear CONNECTOTS........covvevuieeieeieereecreereeeneans 6-197 abutments, piers, and walls .............ccceeeenen. 11-9
steel I-section proportioning .............c.cc...... 6-157 aluminum StrUCTUIES ......covevververeeriereeiieiieeenenne 7-8
SUETENErS. ...coviiiieee e 6-204 concrete structures .................... 5-29, 5-33, 5-291
SEFNESS ..o 6-141 drilled shafts........cccoecveviecieviiies 10-33, 10-48
strength limit state.........cocoociviininienienne 6-172 driven piles........ccoevveierienieeieeenenn 10-33, 10-42
variable web depth members........................ 6-139 FleXULE .vvevieveceeceeeee e 6-174, 6-229
web bend-buckling resistance....................... 6-147 load combinations...........c..ceveeveereereeeesreennens 3-17
wind effect on flanges..........ccooceverinincenenn. 4-60 MICTOPILES..c.ouviiiiiiiciiciecccee 10-33
Steel I-section proportioning modular bridge joint systems ...............c....... 14-28
flange proportions ............cceevevvveververeennenns 6-158 prestressing steel .......oovvvevvereeneerieeieeeeenne. 5-123
WED PrOPOTtIONS ....ceevvevenvinienienienereeieeieenes 6-157 TALING oo 13-5
Steel orthotropic decks.........ccccoevenienininicncneniennn. resistance factors........ccoevevevenenencncncecene 6-36
................. See Decks and Orthotropic steel decks shear connectors...........cocceeeveeueeneenn. 62178, 6-231
Steel Piles....ccoienieriieiieieeieeeeee e 6-328 SOUNA DAITICT ..ovveeieeieieee e 15-3
axial ComMPIeSSION. ......ceveververierienierenieneeeneas 6-330 spread footings.........coceeverenencrnenne. 10-32, 10-42
BUCKIING ..o 6-330 SEADILILY . c.eoveeieeiciccere e 5-32
combined axial compression and flexure.....6-330 steel Structures.......oovevveeeerreeereennenns 6-244, 6-284
COMPIESSIVE IESIStANCE....evvenvreereeererereieennens 6-330 WOOd SHUCTUIES ..o 8-30
maximum permissible driving stresses ........ 6-330 Strength limit state design...........coccecveveeenne 10-136
structural resistance....................... 6-328, 10-123 MICTOPILES....eeevieeiiciicieceeeee e 10-154
Steel tension MEMDbETS ........coevveverenercreneeneenn 6-86 PES o 10-95
built-up members .........ccceeevereereeieeeeee 6-96 spread footings ........cceveereeneeierierieeee 10-69
EYEDATS ...t 6-96 Stress laminated decks...See Decks and Wood decks
limiting slenderness ratio ............ccecceeeeeeneenen. 6-95 and deck systems
1G] A U F SRR SR 6-95 CAMDET ....eieeiie sttt 8-37
pin-connected plates..........ocevvvevviiieeienrienenns 6-97 deck tie-dOWnS .....veeveeiieiieieieeee e 9-33
tensile resSiStance ........ceoeeeeverienienieneneecenene 6-86 holes in [aminations ..........c.cceceeeveeceeeneennenee 9-33
Steel tunnel liner plate NATNG oot 9-33
DUCKIING ..ot 12-91 staggered butt JOINtS ........cceecvervvevieienienieennnns 9-33
construction stiffness .........cocceeeveeeverienieennnne 12-91 SHIESSINE vevveeereiienieeieeeesresieeeeenreeeresseeseenneas 9-33
earth 10ads ........coevevereeienencinnncece 12-90 thermal eXpansion .........c..ccceeevevevcrenencenenn 9-30
rOULING PIESSULC.....eveeerenerenreeerenereeeeeeeneens 12-91 Stressing
live 10adS ..c..eeveeeeeieieeee e 12-91 COITOSION PIOtECION ..o 9-37
10adiNg ...oovvieiieieiee e 12-89 design requirements ...........cccceeeereereeneennenne 9-36
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prestressing materials...........cooceveveiiieeieean. 9-35 anchorage of tie .....ccoovvevveeviiecieiiecieeee e 5-93
Prestressing SYSteM ...c..evevueruerierereeereeieens 9-33 proportioning of tension ties..........cocceerennene 5-93
TALINGS .o 9-37 strength of tie .....cevereeiiieiinininenecee 5-93

Structural material behavior Thermal forces
elastic behavior........ccccvevvererieienienicnencenn 4-11 temperature gradient...........cocoeceeeeieiennnn. 3-156
elastic versus inelastic behavior.................... 4-11 tEMPErature ZONes ........ceeverververeereenens 6-64, 14-59
inelastic behavior.........ccoevevnncncnncenee. 4-12 uniform temperature ............coeceeereeeeeeennene 3-153

Structural plate box structures............cccoceeneene. 12-42 Thermoplastic PiPes.......cceeverreerreecreerereereeenne 12-74
concrete relieving slabs.........c.ccceeveveciennenne. 12-48 flexibility limit........cccoooeriniiniiiiiiieee 12-14
construction and installation........................ 12-49 Through-girder spans............ccoceveereneeriecienennnn. 6-314
footing reactions .........cceeeeeeeeecvenienenennns 12-47 Tie plates ...coveveverereneeeeeeecee e 6-96, 6-130
EOMEtric reqUIrements .........coeeeveeeeeueenensns 12-44 TIMDET . See Wood
102dING ...vecvvieiieciieceee e 12-43 Timber floors...... See Wood decks and deck systems
MOVEMENLS......eeeviereereenreereeresieesreereeneennas 12-44 Timber piles......ccccvvveveeereeneeieee, See Wood piles
plastic moment resistance.............cc.ceennenne.. 12-46 Tire contact area .........cceveevveeeereeneenieeeeeeenenenns 3-25
safety against structural failure.................... 12-43 Tolerable Movements and Movement Criteria. 10-30
service limit State .........coocevereveneninceienne 12-43 Traffic lanes
801l cover factor .........ccevveverencncnencicee 12-47 WIALh oo 3-22
StTENETS ..ot 12-42 Traffic railing ........coccoeveeveeneieninneeeceeee 13-5

Structure-Mounted Sound Barriers...........cc........ 15-4 design forces ......oeevevevvenenenenenenceeeeenees 13-17

Strut-and-tie model railing design .....cccovevveveninenenineeeeeeeene 13-8
crack control reinforcement........................... 5-97 railing SYSteM....ccceviriiiiiiiieiec e 13-5
general Zone.........occeeveeeieveenieneee 5-98, 5-291 test level selection criteria..........coceveerueennnnne 13-6
NOAES ...ttt 5-100 Traffic safety
SETULS 1.vvivieieeie ettt 5-100 geometric standards ..........ccoceevieviieiiecienienens 2-5
1ES .t eureteereete et e st e steeste et e ettt e eaeeaeas 5-101 protection of structures ...........ccceeeveeeveevenennne. 2-4

Substructures protection of USETS.........ccveeveeverierieeieeieneeene 2-4
deSiZN oo 5-281, 6-379 10ad SUMfACES ....vevieeiieeiieieieeee e 2-5
frictional forces, launched girders ............... 5-242 vessel COllISIONS ......ceveeveeieeierieeeeeeeieeee 2-5
vessel COIISION. .....oueririiiiiieiieeieeeee 2-5 Transverse intermediate stiffeners

Superimposed deformations moment of inertia...........coecevevervenreciennennen. 6-205
CICEP wouvvenreeererererteesseeseessesseesseenseessesseenseensens 3-157 projecting Width.........cccecoveeienieniniiieeee, 6-204
differential shrinkage........c..ccccoceeercrenneneee 3-157 Transverse reinforcement
SETICMENT.......eeeeevieeeeeie e 3-158 compression members 5-172, 5-199, 5-201, 5-204
temperature gradient.........c.cceceveeverceeenenen. 3-156 flexural members ..........ccoeceeveeiieienieneeen. 5-174
uniform temperature ...........cocceeveereeeeneenne. 3-153 PIlES. .ot 5-197, 5-255, 5-256

Superstructure design .........ccceeveeeeereenienieeenne 5-279 TIUSSES .ttt 6-314

Surcharge loads CAMDET ... 6-315, 8-37
live load surcharge..........ccoceeeeieieieneienne 3-149 diaphragms.........ccccceveevreeveeieereeneenn, 6-79, 6-315
point, line and strip loads—restrained walls 3-143 factored resistance ..........ccceeeevveeveevenneennenn 6-323
reduction of surcharge ............cccceeveeieieenee. 3-150 USSEL PlateS..cveeiieiiciecieieee e 6-316
strip loads—flexible walls .............ccveeueennen. 3-147 half through-trusses ..........cccocvevvevvecrennennen. 6-323
uniform surcharge.........c.coccevvvevvvecvievennnennen. 3-143 lateral bracing ...........cceevevevecveecvenreninnns 6-83, 8-37

Temporary stresses before losses load distribution...........ccoeeveeverierieenieeierennee. 4-49
COMPIESSION StIESSES..vvevvrevrerererrenrraerenereneens 5-123 1101S) 1010 1<) TS 6-315
tENSION SLIESSES ...ovvevvenreiirerierienienieeeeeieeneenne 5-123 portal and sway bracing...........c..c....... 6-316, 8-37

Tendon confinement SECONAArY StrESSES...c.vevverrerrerrirerienierieeneennns 6-315
wobble effect in slabs .........ccceveervrnnenne. 5-150 SPLICES .ottt 6-304

Tensile resistance working lines and gravity axes .................... 6-316
AlUMINUM ..o 7-35 Unfilled grid decks composite with reinforced
WOO ettt 8-35 concrete slabs

Tension flange yielding ...........cccoocevveieieennnn. 6-365 AESIZN .. 9-19

Tension members fatigue limit State ........cceevveecvenieneeieeie e, 9-19
COMNCTCLC. c.vevveereriereereeereeereseeesreenreeeeeseeeseens 5-55 Uplift
WOOM .ottt 8-35 Dearings.......c.cevevvveveeeveseenieeieeeennens 14-36, 14-80

Tension ties rOUP TESIStANCE ...ovveenveeereeereeeeee e 10-150

© 2020 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



1-22 AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, NINTH EDITION, 2020

1C€ 10AAS .. 3-61
10ad teSt..ccveeuienieieiece e 10-150
MICTOPILES....eevvieeiiiieieeieee e 10-153
pile anchorage ..........cceeveveevieneeieciecenne, 5-197
resistance of a single drilled shaft.............. 10-149
resistance of pile groups........ccecveverevennne 10-120
resistance of single piles .........ccoeevvevennenne. 10-119
spread fOOtings .........ceveeveereriierierieeeeae 10-54
Vehicular collision force............ccoeevevvrierreennnne. 3-37
protection of structures...........cccceeveveeeereeennnne. 3-37

vehicle and railway collision with structures .3-44
Vehicular live load

multiple presence of live load........................ 3-22
number of design 1anes .............ccccveeveeneennne 3-22
Vertical Wind pressure ........oovevveecvereereerneennenne 3-58
Vessel COllISION .....ccueverererinieieiciceesee 3-158
annual frequency of collapse...........ccoeeueee. 3-161
barge bow damage length ............cccovenneene. 3-174
barge collision force on pier.........ccccceueeenne. 3-173
damage at the extreme limit state................. 3-174
design collision velocity...........ceevecireeennne 3-169
design vessel .....ccoocveveerieiieeee e 3-160
IMPACt fOICE ...vveeeiiiiieiieeeeeeee e 3-175
impact force, substructure design................. 3-175
impact force, superstructure design.............. 3-176
IMportance Categories ........cecveververeenueennens 3-160
owner’s 1esponsibility ........ccceceecenieneenen. 3-160
protection of substructures...............ccveueene. 3-176
ship bow damage length..............cccvenrnnnnne 3-172
ship collision force on pier............cceevueennenne. 3-170
ship collision force on superstructure .......... 3-172
ship collision with bow ..........ccceevvrevervennnnne, 3-172
ship collision with deck house .................... 3-172
ship collision with mast..........ccccoeeverenennnn 3-173
vessel collision energy .........cocceceeveevenuennenne. 3-169
WaAShETS ..o 6-84, 6-287
Water loads
DUOYANCY ..o 3-44
drag coefficient .........ccccooovrenieiieieniece, 3-45
SCOUT .ttt e it ebe et e e eitesbeesbeenbeeeeenees 3-46
StAtIC PIESSUIE...eeevreerreeireeireerreeieeereeereenans 3-44
SITEAIMN PIESSUTIE....uvveeuveeerireeereenreeeieenreenaeennns 3-44
Wave 10ad ....ooeeiiieie 3-46
Wearing surface
chip seal ....ccoeviviieieieeeeeee e 9-40
orthotropic decks........ccvvverieriecieiienieienen, 9-28
plant mix asphalt........ccccevvevercierienieeeeene 9-39
UNIt WEIZHE ..o 3-21
WO0Od decKS ..oveeiieiieiieieeee e 9-39
Web bend-buckling resistance
webs with longitudinal stiffeners................. 6-148
webs without longitudinal stiffeners............. 6-147
Web local yielding.........ccocvevvieiinienieieeiennnns 6-410
Web plastification factors
compact web SeCtions..........cccvevveeveeeverieennenn 6-356
noncompact web Sections..............ccverveennenne. 6-358

Web Proportions ..........ccceeeveeeveecveeeeseeneenvennens 6-368
webs with longitudinal stiffeners ..... 6-158, 6-222
webs without longitudinal stiffeners 6-157, 6-222

Welded connections

effective area.........ccoocvevveiieieniecieceeee 6-300
factored resistance.........cocceeeereesieesieeiennnnne 6-298
fillet weld end returns ...........ccccoeveeiieiencne 6-301
minimum effective length of fillet welds.....6-301
seal WeldS ..o 6-301
size of fillet welds .......cecuevereiiiiiiiieiees 6-300
Welded wire fabric
bend diameter..........coocevevereeieieneeeee, 5-170
transverse reinforcement..............occeeveeueennene 5-62
Welding
procedures for aluminum ..............cceevevrenennne 7-31
requirements for aluminum..............ceceeueenne 7-31
weld metal.......ccoeeeeieeiiiiiieeeeceee, 6-34, 6-298
Widening
EXLETIOr DEAMS ...eeuviieiieriiieeieeieeeeeeeeee 2-14
SUDSEIUCEUIC ..c.vveeeveeeeiie e eieeevee e eveeeaee s 2-14
Wind load
aeroelastic instability .........ccccooeveiininenennnne 3-59
horizontal wind pressure ........c..ccoceveererenne. 3-47
minimum wind velocity for erection............ 5-241
vertical wind pressure ..........cceeeveveereeveeenenne 3-58
Wind pressure on Structures..........cceceeeveeverenenne. 3-52
DOX SECHIONS. c..evieiieiienieieiesieie e 4-62
CONSIIUCHION ...ttt 4-62
[-SECLIONS ..cueneeiieiceieeeeeeee e 4-60
loads from superstructures.................... 3-55, 3-56
substructure forces ..........cceveververiiecienieneennens 3-56
Wind pressure on vehicles .........ccoevevereeeenenne. 3-58
Wind-induced vibration
design considerations............cceeeeveereerienenne. 4-79
dynamic effects .........ccooverieienienieeeee, 4-79
Wind VeloCIties .......covererieenceieceee e 4-79
Wood
DIaCING «o.veenvieniiiieeiieieee e 8-36
CAMDET ...t See Camber
coefficient of thermal expansion.................... 9-30
combined flexure and axial loading ............... 8-35
COMPIESSION ...rvvreereeereeeenreenreeereseeesseessesnenns 8-33
extreme event limit State .........c.oeceevveeceernennen. 8-33
FIEXUIE ..ot 8-31
glued laminated timber.............ccccceeveeiennnnne. 8-12
PHES e 8-21
preservative treatment.See Preservative treatment
for wood
SAWN [UMDET ....oeeiiiiiiiiiiee e 8-6
SHEAT ... 8-33
EEISTON ..t 8-35
ETUSSES ettt sttt ettt sttt 8-37
Wood decks and deck systems..........c.ccceevennenee. 9-29
deck tie-doOWnS .....c..ovevereeienienenenccee 9-39
deformation..........ceceeeeienieneninencceee 9-30
design requirements ............occeeeververeereennenne 9-30
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INDEX 1-23
load distribution............cceeeveeeeiieeieeciieeeieeens 9-30
plank decks .......occvveieviieiiieiiieeeee, 9-30, 9-39
shear design ......c.cccvevveriierieeieiiereeie e 9-30
skewed deckS ......oovvieviiiiiieiicieceee e, 9-31
spike laminated decks...........ccccveneennnen. 9-30, 9-37
stress laminated decks...........ccovveeeiieinieninn, 9-32
thermal expansion...........ccoecveeveecveevenienieennnn. 9-30
Wearing SUrfaces .........ccoevevveeeeeeseeneenieenns 9-31

Wo0d PileS....ccevirinereniiiiiceneecnceee See Wood
modulus of elastiCity..........ccoeverieriecireiennens 8-21
TESISTANCE ..o 8-21
structural resiStance ...........ccccoeeevveeeeenneenn. 10-123

Yield moment.........cooeeeueeevieecieeiieceieeeeeeeieeeae 6-405

Yield strength
CcOmMPOSIte COIUMNS ......cceevvreeveerieriereeerenen, 6-130
fasteners, wood Structures............ccoevveeennnee.. 8-22
prestressing Steel........oovvvvverierieciiecieeieneenns 5-23
reinforcing steel........occvvvvevienieciiniieeieien, 5-22
steel tunnel liner...........cooveeeveeicieeciiciieee. 12-92
structural steel..........coovevevieeiiieiiieiieecieeeeae 6-31
transverse reinforcement..................... 5-64, 5-199





