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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, 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. To accommodate this growth in bridge engineering knowledge, the Subcommittee on Bridges and
Structures has been granted authority under AASHTO’s governing documents to approve and issue Bridge Interims each
year, not only with respect to the Standard Specifications but also to incrementally modify and enhance the twenty-odd
additional documents on bridges and structures engineering that are under its guidance and sponsorship.

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). Both WSD and LFD are reflected in the current edition of the Standard Specifications.

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.

With the advent of these specifications, bridge engineers had a choice of two standards to guide their designs, the
long-standing AASHTO Standard Specifications for Highway Bridges, and the alternative, newly adopted A4SHTO LRFD
Bridge Design Specifications, and its companions, AASHTO LRFD Bridge Construction Specifications and AASHTO
LRFD Movable Highway Bridge Design Specifications. Subsequently, the Federal Highway Administration (FHWA) and
the states have established a goal that LRFD standards be incorporated in all new bridge designs after 2007.

Interim Specifications are usually published in the middle of the calendar year, and a revised edition of this book is
generally published every four years. The Interim Specifications have the same status as AASHTO standards, but are
tentative revisions approved by at least two-thirds of the Subcommittee. These revisions are voted on by the AASHTO
member departments prior to the publication of each new edition of this book and, if approved by at least two-thirds of the
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members, they are included in the new edition as standards of the Association. AASHTO members are 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 nonvoting member.

Annual Interim Specifications are generally used by the states after their adoption by the Subcommittee. Orders for
these annual Interim Specifications may be placed by visiting our web site, bookstore.transportation.org; calling the AASHTO
Publication Sales Office toll free (within the U.S. and Canada), 1-800-231-3475; or mailing to P.O. Box 933538, Atlanta,
GA 31193-3538. A free copy of the current publication catalog can be downloaded from our website or requested from the
Publications Sales Office.

Attention is also directed to the following publications prepared and published by the Subcommittee on Bridges and
Structures:

AASHTO Guide for Commonly Recognized (CoRe) Structural Elements. 1998.
AASHTO Guide Manual for Bridge Element Inspection. 2011.

AASHTO Guide Specifications for Horizontally Curved Steel Girder Highway Bridges with Design Examples for
I-Girder and Box-Girder Bridges. 2003. Archived.

AASHTO Guide Specifications—Thermal Effects in Concrete Bridge Superstructures. 1989.
AASHTO LRFD Bridge Construction Specifications. 2010.

AASHTO LRFD Bridge Design Guide Specifications for GFRP-Reinforced Concrete Bridge Decks and Traffic
Railings. 2009.

AASHTO LRFD Movable Highway Bridge Design Specifications. 2007.

Bridge Data Exchange (BDX) Technical Data Guide. 1995. Archived.

Bridge Security Guidelines, 2011.

Bridge Welding Code: AASHTO/AWS D1.5M/D1.5:2010, an American National Standard. 2010.
Construction Handbook for Bridge Temporary Works. 1995.

Guide Design Specifications for Bridge Temporary Works. 1995.

Guide for Painting Steel Structures. 1997. Archived.

Guide Manual for Condition Evaluation and Load and Resistance Factor Rating (LRFR) of Highway Bridges.
2003. Archived but download available.

Guide Specifications and Commentary for Vessel Collision Design of Highway Bridges. 2009.

Guide Specifications for Alternate Load Factor Design Procedures for Steel Beam Bridges Using Braced
Compact Sections. 1991. Archived.

Guide Specifications for Aluminum Highway Bridges. 1991. Archived.

Guide Specifications for Bridge Railings. 1989. Archived.

Guide Specifications for Design and Construction of Segmental Concrete Bridges. 1999.

Guide Specifications for Fatigue Evaluation of Existing Steel Bridges. 1990. Archived but download available.
Guide Specifications for Highway Bridge Fabrication with HPS 70W (HPS 485W) Steel. 2003.

Guide Specifications for Seismic Isolation Design. 2010.

Guide Specifications for Strength Design of Truss Bridges (Load Factor Design). 1986. Archived but download
available.
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Guide Specifications for Strength Evaluation of Existing Steel and Concrete Bridges. 1989. Archived but
download available.

Guide Specifications for Structural Design of Sound Barriers. 1989. Archived but download available.

Guide Specifications for the Design of Stress-Laminated Wood Decks. 1991. Archived but download available.
Guidelines for Bridge Management Systems. 1993. Archived but download available.

LRFD Guide Specifications for Design of Pedestrian Bridges. 2009.

The Manual for Bridge Evaluation. 2011.

Movable Bridge Inspection, Evaluation, and Maintenance Manual. 1998.

Standard Specifications for Movable Highway Bridges. 1988. Archived but download available.

Standard Specifications for Structural Supports for Highway Signs, Luminaires, and Traffic Signals. 2009.
Technical Manual for Design and Construction of Road Tunnels—Civil Elements. 2010.

Additional bridges and structures publications prepared and published by other AASHTO committees and task forces
are as follows:

AASHTO Maintenance Manual: The Maintenance and Management of Roadways and Bridges. 2007.
Guide Specifications for Cathodic Protection of Concrete Bridge Decks. 1994. Archived but download available.

Guide Specifications for Concrete Overlay of Pavements and Bridge Decks. 1990. Archived but download
available.

Guide Specifications for Polymer Concrete Bridge Deck Overlays. 1995. Archived but download available.
Guide Specifications for Shotcrete Repair of Highway Bridges. 1998.

Inspector’s Guide for Shotcrete Repair of Bridges. 1999.

Manual for Corrosion Protection of Concrete Components in Bridges. 1992. Archived but download available.

The following bridges and structures titles are the result of the AASHTO-NSBA Steel Bridge Collaboration and are
available for free download from the AASHTO web site, bookstore.transportation.org:

Design Drawing Presentation Guidelines, G 1.2. 2003.

Guidelines for Design Constructability, G 12.1. 2003.

Guidelines for Design Details, G 1.4. 2006.

Guidelines for Steel Girder Bridge Analysis, G 13.1.2011.

Guide Specification for Application of Coating Systems with Zinc-Rich Primers to Steel Bridges, S 8.1. 2006.
Recommendations for the Qualification of Structural Bolting Inspectors, G 4.2.2006.

Sample Owners Quality Assurance Manual, G 4.4.2006.

Shop Detail Drawing Presentation Guidelines, G 1.3.2003.

Shop Detail Drawing Review/Approval Guidelines, G1.1.2000.

Steel Bridge Bearing Design and Detailing Guidelines, Ist Edition, G 9.1. 2004.
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Steel Bridge Erection Guide Specification, S 10.1. 2007.
Steel Bridge Fabrication Guide Specification, S 2.1. 2008.
Steel Bridge Fabrication QC/QA Guide Specification, S 4.1. 2002.

The following have served as chairmen of the Subcommittee on Bridges and Structures since its inception in 1921:
Messrs. E. F. Kelley, who pioneered the work of the Subcommittee; 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; and
Malcolm T. Kerley. The Subcommittee expresses its sincere appreciation of the work of these men and of those active
members of the past, whose names, because of retirement, are no longer on the roll.

The Subcommittee would also like to thank Mr. John M. Kulicki, Ph.D., and his associates at Modjeski and Masters
for their valuable assistance in the preparation of the LRFD Specifications.

Suggestions for the improvement of the LRFD Specifications are welcomed, just as they were for the Standard
Specifications before them. They should be sent to the Chairman, Subcommittee on Bridges and Structures, AASHTO,
444 North Capitol Street, N.W., Suite 249, Washington, DC 20001. Inquiries as to intent or application of the
specifications should be sent to the same address.
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PREFACE AND
ABBREVIATED TABLE OF CONTENTS

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

Introduction

General Design and Location Features
Loads and Load Factors

Structural Analysis and Evaluation
Concrete Structures

Steel Structures

Aluminum Structures

Wood Structures

Decks and Deck Systems

A N R o

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

—_
—_ O

—_ =
W N

. Railings

—_
N

. Joints and Bearings

—
9]

. Design of Sound Barriers
Index

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

Figures, tables, and equations are denoted by their home article number and an extension, for example 1.2.3.4.5-1
wherever they are cited. In early editions, when they were referenced in their home article or its commentary, these objects
were identified only by the extension. For example, in Article 1.2.3.4.5, Eq. 1.2.3.4.5-2 would simply have been called
“Eq. 2.” The same convention applies to figures and tables. 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 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 Bookstore, https://bookstore.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,
e.g., spaces removed between the letter and number.
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CHANGED AND DELETED ARTICLES, 2012
SUMMARY OF AFFECTED SECTIONS
The revisions included in the AASHTO LRFD Bridge Design Specifications, Sixth Edition affect the following sections:

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

4. Structural Analysis and Evaluation
5. Concrete Structures

6. Steel Structures

7. Aluminum Structures

9. Decks and Deck Systems

10. Foundations

11. Abutments, Piers, and Walls

12. Buried Structures and Tunnel Liners
13. Railings

14. Joints and Bearings

15. Design of Sound Barriers

SECTION 2 REVISIONS
Changed Articles
The following Articles in Section 2 contain changes or additions to the specifications, the commentary, or both;

2.5.2.6.3

Deleted Articles

No Articles were deleted from Section 2.

SECTION 3 REVISIONS
Changed Articles

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

3.3.2 3.6.1.25 3811 3.10.9.2 3.16
34.1 3.6.14.1 38.1.21 3.11.5.10
3.4.4 3.6.5.1 3.10.2.1 3.15

Deleted Articles

No Articles were deleted from Section 3.

SECTION 4 REVISIONS
Changed Avrticles

The following Articles in Section 4 contain changes or additions to the specifications, the commentary, or both:

4.2 46.1.2.2 46.2.2.3c 4.6.3.2.4
46.1.1 46.1.2.3 46.25 4.7.6
46.1.2.1 46.2.1.8 46.26.4 49
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Deleted Articles

No Articles were deleted from Section 4.

SECTION 5 REVISIONS

Changed Articles

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

52 57332
53 5.8.1.5
5.4.2.6 59
5531 59.1.1
55.4.2.1 59.1.6
Deleted Articles

59423

SECTION 6 REVISIONS
Changed Articles

59422 5.10.4.3.1c
5.104.3 5.10.4.3.1d
5.10.4.3.1 5.104.3.2
5.104.3.1a 5.10.5
5.10.4.3.1b 5.10.9.3.7

5.13.2.2
5.14.2.3.2
5.14.2.34a
5.14.2.3.4b
5.15

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

6.3
6.54.2
6.5.5
6.6.1.2.1
6.6.1.2.3
6.6.1.2.4
6.6.1.2.5
6.6.1.3.1

Deleted Articles

6.14.3.4

6.6.1.3.2
6.7.3
6.7.4.1
6.9.422
6.9.4.4
6.10.1.7
6.10.6.2.3
6.10.10

6.14.3.5

SECTION 7 REVISIONS

Changed Articles

6.10.11.1.3 6.14.3.3
6.11.1.1 6.14.3.4
6.11.5 6.14.3.2.1
6.11.8.2.2 6.14.3.2.2
6.11.11.2 6.14.3.2.3
6.12.2.2.1 6.14.4.2
6.14.3 6.16
6.14.3.1 6.16.1

6.16.2
6.16.3
6.16.4
6.16.4.1
6.16.4.2
6.16.4.3
6.16.4.4
6.17

The following Articles in Section 7 contain changes or additions to the specifications, the commentary, or both:

7.6.1.2.1

Deleted Articles

No Articles were deleted from Section 7.
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SECTION 9 REVISIONS

Changed Articles

The following Articles in Section 9 contain changes or additions to the specifications, the commentary, or both:

98.34 9.8.3.4.3a 9.8.3.6.2
9.8.34.1 9.8.3.4.3b 9.8.3.6.2a
9.8.34.2 9.8.3.4.3¢ 9.8.3.6.2b
9.8.343 98.344 9.8.3.6.2¢
Deleted Articles

9.8.3.5 9.8.3.52

9.8.3.5.1 9.8.3.5.3

SECTION 10 REVISIONS

Changed Articles

9.8.3.6.2d
9.8.3.7.1
9.8.3.7.2
9.8.3.7.3

9.8.3.74
9.10

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

10.6.3.3 10.8.3.6.3

Deleted Articles

No Articles were deleted from Section 10.

SECTION 11 REVISIONS

Changed Articles

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

11.3.1 11.6.5 11.8.6.1
11.4.1 11.6.5.1 11.8.6.2
11.5.3 11.6.5.2 11.8.6.3
1154 11.6.5.2.1 11.8.6.4
11.54.1 11.6.5.2.2 11.9.6
11.5.4.2 11.6.5.3 11.10.1
11.5.5 11.6.5.4 11.10.2.1
11.5.6 11.6.5.5 11.10.4.2
11.5.7 11.6.5.6 11.10.6.3.2
11.5.8 11.8.1 11.10.6.4.2a
11.6.3.3 11.8.6 11.10.6.4.2b
Deleted Articles

No Articles were deleted from Section 11.
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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:

12.3 12.7.2.2 12.8.9.2.2 12.8.94
12.5.5 12.7.2.5 12.8.9.3.1 12.8.9.5
12.6.6.3 12.8.9.1 12.8.9.3.2 12.14.5.6
Deleted Articles

No Articles were deleted from Section 12.

SECTION 13 REVISIONS
Changed Articles

The following Articles in Section 13 contain changes or additions to the specifications, the commentary, or both:

Al13.4.3.1

Deleted Articles

No Articles were deleted from Section 13.

SECTION 14 REVISIONS
Changed Articles

The following Articles in Section 14 contain changes or additions to the specifications, the commentary, or both:

14.3 14.7.5.3.3 14.7.6.1 14.7.6.3.3 14.7.6.3.5b
14.6.3.2 14.7.5.3.6 14.7.6.3.2 14.7.6.3.5a 14.7.6.3.6
Deleted Articles

14.7.6.3.5d

SECTION 15

Section 15 is completely new.

AASHTO Publications Staff
January 2012
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Bundled reinforcement wheel load position..........cccceeeeerieriencnneneene. 3-25
development length ...........cocovveiiiiiniinenne 5-162 Cantilevered retaining walls ............cccoceeeenenne. 11-34
number of bars in a bundle............c...occocee.. 5-112 COITOSION PrOtECHION. .. e 11-42
SPACINE. c.eveenieiieieie ettt 5-112 dArainage ......cccooeveeieieieeee e 11-43
TIES 1eeerreeieeerieeeteeeie e e e e sbe e e e e ebeeeaeesebeennneens 5-120 €arth PreSSUIC. ... .ovvvervieieiieiieieeie e 3-99
Buried structures FACING...ocvieiietieeeeeeeee e 11-36
bearing resistance and stability...................... 12-18 10adING.....c.eiiieeieiieieieeeeeee e 11-34
corner backfill for metal pipe arches............. 12-19 MOVEMENL ....eveerienireeieererreseesreesseenseesesnens 11-34
corrosive and abrasive conditions ................. 12-23 overall stability.......ccceevveiercienieiicieeien, 11-35
Cross-Section Properties ........ccevverveerverveneenn. 12-91 safety against soil failure............ccocvveeenenne. 11-35
differential settlement between structure safety against structural failure...................... 11-36
and backfill.........ccccooenininninnenene. 12-14 SEISMIC deSIZN ...eovveiieiieieeieeeee e 11-38
embankment installations.............ccecervennene 12-19 vertical wall elements...........cccocevienvenirennnne 11-36
end treatment.......coceeeeeeeeeeienienenenenenene 12-22 Cast-in-place box culverts and arches ................ 12-65
flexibility limits and construction cast-in-place structures..........ccoceevveveercenncene. 12-70
StFINESS oo 12-13 construction and installation..........c...cc.ccccee... 12-71
flexible culverts constructed on skew............ 12-22 design moment for box culverts .................... 12-70
footing settlement............cccoevevvieeieieenieennnne, 12-14 distribution of concentrated loads in
hydraulic design .........cccooeveviiininineeee 12-19 skewed box Culverts .......c.ccoceeeveeceenne 12-69
load modifiers and load factors ..........c.cccce..... 12-9
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distribution of concentrated loads to

bottom slab of culvert.............cc.ccc...... 12-69
earth load modification............ccoccevverreenne. 12-66
embankment and trench conditions .............. 12-66
loads and live load distribution..................... 12-66
minimum cover for precast box

SHIUCLULES ..o 12-71
minimum reinforcement ..............ccceeenuennene. 12-71
other installations............ccecevveeeeeieienienennne 12-69
precast boxX StruCtures ...........ceeveeeveevenreenens 12-70
safety against structural failure..................... 12-70
service limit state.........coceeceveveeieienienienenne. 12-69
soil-structure interaction...........c..cceeeeeveense. 12-66

Cast-in-place girders and box and T-beams

bottom flange..........ecceevvreeerienieieieeieee 5-210
bottom slab reinforcement in box girders..... 5-211
deck slab reinforcement cast-in-place in

T-beams and box girders..................... 5-210
effective flange width ...........ccceceee 4-54, 4-55
flange and web thickness..........c.ccccevenennene. 5-210
reinforcement. .........cooeverevieenieieieee e 5-210
tOP flange .....occveveeerieieieee e 5-210
WED 1o 5-210

Cast-in-place piles
See: Concrete piles

Cast-in-place solid slab superstructures............. 5-231
Cast-in-place voided slab superstructures.......... 5-232
compressive zones in negative moment
ATCA .eeenereernreenieesteeetee st e et e st e e e 5-234
cross-section dimensions .............cceceeeueeneenne. 5-232
drainage of VOids ......cccceevieiieiiniirece 5-234
general design requirements ................ce....... 5-233
minimum number of bearings....................... 5-233
solid end SeCtionS.........ccceeeeeeeeieienieieneene. 5-233
Cast metal
CASE ITOM .ttt 6-28
cast steel and ductile iron..........cccceceverenennene 6-28
malleable castings.........cceeveeverierveneenreenenne, 6-28
Cellular and box bridges
refined analysiS........cocceveverienienenienieeee 4-72
Centrifugal forces ..........ccoevevieviencienieeeeeeenenn 3-32
Charpy V-notch test
TEQUITEIMENLS ..ot 6-48
teMPErature ZONES .......cevvveereeernveeenieerieeneeenane 6-49
Clearances
drilled shafts .......ccccoceriniiniiiie 10-124
highway horizontal ...........cccccooviiiiiniinne 2-6
highway vertical .........ccceevvveverierieie e 2-6
NAVIZAtIONAL ..c.veveviieiiiieiecie e 2-6
PILES oottt 10-81
railroad OVErpass........cceceeeververienieeieeveevenenns 2-6
Coefficient of thermal expansion
CONCTELC...cveereieeieenteentieere ettt ereeene e naees 5-15

Collision force
See: Vehicular collision force, Vessel

collisions

Combination railings ..........cceceevvereeceneeneenennns 13-12
design live loads ........ccceeveeiieieniieeee 13-12
BEOMCLTY ..ttt 13-12

Combined force effects

aluminuUM.......cccooovviieiieeie e 7-48
Compact sections
nominal flexural resistance................ 6-136, 6-187

Composite box girders
See also: Box girders

diaphragms .........cccceevvevvieciieienieieee e 6-59
FAtIGUE ..c.eeeieieeee e 6-157
lateral bracing ..........cceeveeeveevervenierieeeenenenn 6-65
Wind effects ......ccoevevenienininicceee, 4-79
Composite sections
AlUMINUM ..o 7-19
concrete-encased shapes............c......... 6-99, 6-212
concrete-filled tubes ................. 6-99, 6-212, 6-213
nominal shear resistance...........c.ccoceveeeee 6-212
sequence of loading .........cceccveveveeneenceenne 6-102
SEELLL et 6-102
SETESSES 1. venveenteenteriteette e e ettt st 6-102

Compression flange flexural resistance .. 6-142, 6-284
lateral torsional buckling resistance... 6-144, 6-279

local buckling resistance.................... 6-143,6-278
Compression flange proportions.............e..e.e.... 6-196
Compression members
AlUMINUIML. ..o 7-24
axial resiStance........oocvevvveeeeienieieeie e 5-51
biaxial fleXure........ccoeveveerieieee e 5-52
COMPIESSIVE TESISTANCE ..vevvenveveeeeieeeienicrenaene 6-77
(0] 103 (<1 < TR U USRS 5-53
hollow rectangular-.............cc......... 5-38, 5-53, 5-54
limiting slenderness ratio.........ccocceveeceeeeencnne 6-81
SPLICES vttt 7-54
steel composite members............ccoecveeveeveennen. 6-98
steel noncomposite members.............ceeveeee. 6-82
subjected to tOrSioN.........ceveereeerieeeeeieeireieans 7-45
WOO .ttt 8-33
Compressive resistance
aluminum................... 7-26,7-27,7-29, 7-31, 7-35
axial COMPIeSSION .......ccvveveeveeeieriieieeieeeeenee 6-81
combined axial compression and flexure........ 6-81
CONCIELL...eeuurieiieeiiieniieerite et ettt 5-53
SEEEL .ttt 6-81
steel composite members..........coceeveereeuennnene 6-98
steel noncomposite members...........cc.ccecueneeene 6-82
Steel PIles ...ooverierieieie 6-252
Compressive struts
effective cross-sectional area of strut.............. 5-32
limiting compressive stress in strut................. 5-33
reinforced Strut.........oceveverincnieninieeeee, 5-33
strength of unreinforced strut.............ccccoueuee. 5-31
Concrete
basic steps for concrete bridges .................... 5-247
ClASSES .euveeiierieeiicitetetenec et 5-13
coefficient of thermal expansion ................... 5-15
cohesion factor.........ccoeveeeiieiiiieiieeeeeee, 5-83
compressive strength .........coccoeevveieenenenen. 5-13
CIEEP wvveenveerureeereeniteenteeniteentteebeeenbeesbeeebeesanes 5-15
effects of imposed deformation ...................... 5-29
friction factor ........cccceviiiiiiiiiee, 5-82
modulus of elasticity.......cccceeoverieneincnienenne. 5-21
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modulus of TuPture ........ccccoeverencreecienicnennene 5-18 service limit state after 10SSes.........ccccceeeeeenne 5-95
POiSSON’S TALI0 ...c..evveniereiiienierieeerceieeceieeeee 5-18 temporary stresses before losses.........c..ccc.c.... 5-93
PIOPEILICS ettt 5-20 Connections
ShrinKage ......covveveiviiniciiicrcccne 3-133 See also: Bolted connections, Splices,
strut-and-tie model ............ccoooiiiiiiniinie 5-29 Welded connections
tensile strength..........cccoeevveeiieiinieneeecieee, 5-18 block shear or end rupture.........ccccveveervennnnnee. 7-54
UNIt WEIZHT...oviiiieiiiiecicceee e 3-16 block shear rupture resistance ....................... 6-230

Concrete box girders ClEMENLS.....eeeeiieeieeiieieeeee e 6-231
bridges composed of simple span precast rigid frame .......cocvevieierieieee e 6-243

girders made continuous...................... 5-201 rigid frame connections............ccocveveeveeennnne. 6-243
cross-section dimensions and details............. 5-220 Constructibility ......cccceveeeeerienieeiieees 6-120, 6-179
effective flange width..........cccocevinininnnnnnne 4-54 dead load deflections..........cccceevueeeinceneenne 6-126
girder segment design..........cocceeeeeeereecnnns 5-200 deck placement...........ccccoeeeerienieniieeee 6-124
joints between Segments...........ccoeceeveereennne 5-205 design objectives .......ccoceeveenieeienienieenene 2-7,2-20
length of top flange cantilever....................... 5-199 flexXure ....oocvevieieieeee 6-121, 6-179
live load distribution factors............cccccooeeuuneee 4-30 SREAr ..o 6-124, 6-182
minimum flange thickness.........c..c.ccccoceneeucan. 5-220 Continuous beam bridges
minimum web thickness...........cccoceeveiieenne 5-220 approximate method of analysis...................... 4-22
OVETLAYS .ottt 5-222 refined method of analysis .........c.cccceveereeenee. 4-68
POSt-teNSIONING .....evviereiieiieieeie e 5-201 Continuously braced flanges in tension.............. 6-190
Prestress 10SSeS ..uvviuirierierieieeieeiesierieeneens 5-105 Continuously braced flanges in tension or
spliced precast girders........................ 5-198, 5-200 COMPIESSION....veereereerenreenreeereneeeneens 6-123, 6-141
torsional resiStance ........cocoveververerereneeeenene 5-77 Corrosion

Concrete deck slabs buried Structures ..........ccccveeeveceeieeieeieeeene 12-23
See: Concrete slabs PLIES e 10-119

Concrete formwork Corrosion protection
bedding of panels .........ccceeeeeerieiienieee 9-14 alternative coating ..........ccceveevereeereeneeneeeenne 8-23
creep and shrinkage control.............ccccceeueennen. 9-14 anchored walls.........ccoooeriineniiiieeee, 11-52
depth..ccoiiee e 9-13 DEATINGS ...t 14-84
reinforcement ..........cceeveveereneeeeeeieeeeeeene 9-14 cantilevered retaining walls............ccccoceenenne. 11-42

Concrete Piles.....c.ovvevveeeveeierienieeie e 5-192 metallic Coating ........ccovvvevveereerieeiieieeeesieennns 8-23
cast-in-place piles......cccocevvevrieviieiieienieneas 5-194 Corrugated metal decks
pile diMenSionS..........cceeveeeevieerreeieeieseenens 5-192 COMPOSItE ACHION.....eevvrerreerieereeeierieieeereeeaeeees 9-30
precast prestressed......vevenieneecieecieeieniennn 5-192 distribution of wheel loads ...........cccccvecveeennnen. 9-30
precast reinforced.........ocevienieiiieciincienienen. 5-192 COVer Plates.....covvieeieieeieieeieee e 6-170
reinforcing steel........cocevvvevieciieciieiienieieeee 5-192 end reqUIremMents ...........ceceeeereereernensnesenennes 6-170
SEISMIC FeQUITCMENtS ...c.veveverereeererieeieeeeenees 5-194 yield moment........cceeeveniinenininicneninceiene 6-317
SPLICES ittt 5-112 Creep effect ....coeverinerineneeiciceciceen 3-135, 5-15
structural 1eSiStance .........coceveverererereennnne 10-117 Cross-frames

Concrete slabs See: Diaphragms and cross-frames
application of empirical design ............cccceeueenne 9-9 Cross-section proportion limits
COMPOSItE ACTION.....eeeeeeieiieieeie e 9-7 flange proportions .........cccceeceeveennene 6-119, 6-178
design conditions..........cccceeeeeeieiesienieneieeae 9-10 special restrictions on use of live load
design of cantilever slabs ...........cccccoceeenennne. 9-8 distribution factor for multiple box
distribution reinforcement ..............cccceeerurnee 9-12 SECHIONS ..ttt 6-178
€dgE SUPPOIt c.eieiiiieieeieeieereere e 9-8 WEDb Proportions............cevevereverueennenns 6-118, 6-177
effective length........ccooveviveeiieciiiiieece 9-9 Culverts
empirical desSign .......ccoccvevveevieeieiienieieeee e 9-8 See also: Long-span structural plate
minimum depth and cover............ccooeververirenns 9-7 structures
precast deck slabs on girders............ccccuveuenne. 9-14 design for flexure ..........ccoeevevierieciinieeee 5-236
reinforcement requirements..........c..cocceceeeeunene 9-11 design for shear in slabs of box culverts ....... 5-236
segmental CONStIUCtION ........covevververinererueennene 9-15 live 10ads ..coveveiiiiniinencciccccee 3-25
SHEAT ...t 5-57 location, length, and waterway area................. 2-23
skewed bridges .......cccoeeereerieieiieeeeee 4-40 segmental CONStruction..........ecceeveeeenieueeense. 5-211
skewed deckS.....cooviiirieieeee e 9-7 CUIDS i 13-12
stay-in-place formwork ............ccccevieiininnnnn. 9-12 end treatment of separation railing................ 13-13
traditional design ........cccoevveerieveerccnencennens 9-12 Curved structures

Concrete stress limits concrete cover, prestressing tendons............. 5-118
partially prestressed components..................... 5-98 multicell concrete box girders.............ccoeeveenne. 4-32
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multiple beam superstructures......................... 4-20
single girder superstructures............ccccoeeenneen. 4-18
torsionally stiff superstructures....................... 4-18
Curved tendons
effects of curved tendons..........ccceeveveeenene. 5-114
in-plane force effects ........cccceevvrveneininnnne 5-115
out-of-plane force effects..........ccocevvvrennne 5-118
Dead loads
load factors ......coevverereiereee e 3-16
MSE WallS ..o 11-96
steel Structures ........cocvevevvveeeecveeeennen. 6-57, 6-126
unit weight of materials ............ccoovverveciiniennnnns 3-7
Deck analysis
deck slab design table.........cccccceevveiiinininennene 4-97
10adING ....eviieieeiieicce e 9-6
MELhOAS ..e.vevieiieiiiicecceececeeec e 4-22
methods of analysis .......cccoooeeviiiiiiiiiiie 9-6
Deck joints
AdJuStMENt. ..o 14-18
ANCHOTS....eoiiiiiiieceeee e 14-17
ATINOT .ottt ettt ettt eeaeseeenees 14-17
DOILS .o 14-18
bridging plates .......cceeveeveereerieieieeieeees 14-17
closed JOINES .....cueevveeveeeieciieieeie e 14-20
compression and cellular seals...................... 14-21
design requirements.............c.oceennenne. 14-10, 14-15
fabrication........c.ccoeverenencnencceeccceen 14-18
field SPLiCES....coviereieiieieeeee e 14-19
GEOMEETY .eveveeiieeiieeieeeite ettt 14-14
installation .........ccceeeeeeieieeeceeeee 14-18
JOInt S€alS ....eiiiiieiee e 14-20
10CALION ... 14-15
MAINTENANCE ....enveeeienieeiieeiieeieeree e 14-14
MALETIALS ..o 14-14
modular bridge joint systems..............c......... 14-22
movements and 10ads..........c.cceceeeeieiininennn. 14-6
movements during construction.................... 14-15
MOVEMENtS N SEIVICE ....euveverrerierieniieieeienaene 14-16
number of JOINtS........cceevveceereienieiieieeieieans 14-14
10] 01531 B0} U1 14-19
Plank SEals .......ccceevveecieiieiieeee e 14-22
poured SEals ........eecueeierieiieeee e 14-21
PIOtECHION ... 14-16
TEQUITEMENTS ..o 14-12
segmental CONStruCtion ...........cceceeeveeeeeeennnne 9-15
SClECTION ...t 14-14
sheet and strip seals .......cccoocevviieniencnenne. 14-21
specific joint type considerations.................. 14-19
structural design..........cccevvvevvieveieeeneenieenene, 14-13
tEMPOTATY SUPPOTLS .eevevreeereeereerereeereerireeeens 14-19
waterproofed joints..........cceevevercvereenieenene. 14-20
Deck overhang design...........ccceevevieeeenvenirennnns 13-25
decks supporting concrete parapet
TAIlINES oo 13-25
decks supporting post-and-beam railings ..... 13-26
T4 [T Fea o L 13-25
overhang design.........cccceveverieniiiiiiiieee 13-26
resistance to punching shear.............c........... 13-27
stay-in-place formwork............ccoccovveenirnrnnnnne 9-5

Deck overhang load .........c.ccocveieeiinieiineeiee. 3-28
Decks
See also: Deck joints, Deck overhang
design
ApPlicability .....cceevvveiieiieiecieeee e 4-22
concrete apPUrteNanCes..........eeeeveerveeereenveneennes 9-5
cross-sectional frame action ...........ccccceceeuenee 4-27
deck drainage........c.coceeeeevieecieeieiieseene s 9-4
distribution of wheel loads..........cccccoeninenene 4-26
€AZE SUPPOILS ..cvvieerieeieciierieerieere et 9-5
edges of S1abs......cvevvieiieiecieeee 4-25
equivalent StriPS.......ccevvereerieerieeienieneeieeenns 4-23
force effects .....cooveninenerenicccccce 4-24
inelastic analysis.......ccceeveeereenienieieeieieans 4-29
interface action .........cceceveveveevieseee e 9-4
live load effects on grids.........ccceeeeveveeerenennen. 4-27
live 10ads....coeeviieiiiiee e 3-25
longitudinal edges.........ccccoeviriinieiiiiiniees 4-25
stay-in-place formwork............ccoccoveeriinrennne 9-5
transverse €dges......ooverrierieierienreereere e 4-25
Deep beams
detailing requIrements ............oceeevereerveennenne 5-178
Deflection
AlUMINUIML .. 7-9
CIIERTIA ettt 2-11
Deformations
AXIAL et 5-48
CONCIELL. ..eeuurieiieeiiieiteetee et ettt e st 5-59
criteria for deflection ...........ccoeceevvereeciennennen. 2-11
criteria for span-to-depth ratios ...................... 2-13
force effects due to superimposed
deformations.........ccceeveenerieieencencnne 3-133
PEIMANCNL ..o 6-127
SEEEL.. e 6-127
Deformed bars and deformed wire in tension
tension development length ............ccco.e. 5-160
Deformed bars in compression
compressive development length.................. 5-162
modification factors..........cecceeeeveeienienienennene 5-162
Depth of the web in compression
in the elastic range ........c.ccecevverereeceieneennenn 6-317
at plastic MOMeNt........oceeveereeriereeiiereeene 6-318
Design lane 1oad .........coccoevieiiiiiiiiiieeeee, 3-24
Design lanes
NUMDET Of....eiiiiiieiieieee e 3-17
Design objectives
bridge aesthetics ........ccocevereeerieieeeeee, 2-16
conStruCtibility ...ocovveveeierieieecie e, 2-14
CCONOMNY envveeereeerrenereenireensresseeenseesseesnseesnnes 2-15
SATELY vt 2-7
SErVICEaDIlItY...ccvveieeieiieieeeeeeee e 2-8
Design philosophy
AUCHIIILY ..o 1-5
LMt STALES...eveeeeeeeeieeieeeeie e 1-3
operational iMpOrtance ...........cceceeeeereereeenenne 1-7
redundancy ........cocoecveeeeienieree e 1-6
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Design tandem..........cccceevereneneeeeienenienenennenne 3-24 Drilled Shafts ........ccceveriniiiiiiiieeeeee e 10-123
Design truck ....coeevevieninininieicccee 3-23 battered shafts..........cccoeeeeieieniiinicee, 10-124
Design VeSSel.......coveeerinieinienieiniiieereeesene 3-138 BUCKIING ...coveneeeee, 10-143
Development of reinforcement Clearance........ccovvevveeieeveeiesiesieee e 10-124
basic requIrements. ..........coceeeeeeeeereenceeenennes 5-157 combined side and tip resistance.................. 10-138
bonded strand ...........coceeereriiineineeee 5-168 COMCTELE vttt ettt 10-144
bundled bars .........ccceeievieieninieee 5-112 AIAMELET ... 10-124
deformed bars and deformed wire in downdrag.......ccooceevveveeecienieiies 10-126, 10-130
EENSION .ottt 5-160 embedment ..........ccccevveieieieieieee e 10-124
deformed bars in compression.............c......... 5-162 enlarged bases .......cccceveevierieriennnnn. 10-124, 10-144
development by mechanical anchorages ....... 5-167 extreme event limit state...........ccccecevencnnens 10-144
flexural reinforcement...........cocceeeerceeenenee. 5-167 groundwater table and buoyancy................. 10-130
fOOLINES..eoveeveeiieieiciercecceee 5-187 SIOUP TESISLANCE...cveveeurenrenrereeerenieniennenaens 10-140
modification factors................ 5-161, 5-162, 5-163 horizontal movement...........ccccceeevvvennnnnnnn.n. 10-130
partially debonded strands...........cccceeeuennene 5-169 horizontal resistance...........cocceveeereeneeneenee. 10-143
prestressing strand...........cocceeeeeieiieieeeennnne 5-166 lateral SQUEEZE .......cevveevuieiieiieieeieeeeee 10-130
shear reinforcement ............ccceeveevereenneenennen. 5-185 lateral stability........cccoevveeierieriieieeiecienenn 10-143
standard hooks in tension ............ccccecceeeeeenee. 5-163 10ad St ..o 10-139
welded wire fabric..........ccccoeeeveeeeiiiciicee. 5-164 reinforcement ..............coeevvevevnnnn. 10-143, 10-144
Diaphragms and cross-frames ...........c..cecceceeeeneene 6-59 resistance in cohesionless soils...... 10-134, 10-140
aluminum StrUCtUIES ......eeevvvvveieeniieeceieee e 7-21 resistance in cohesive soils............ 10-131, 10-141
concrete structures.................. 5-174,5-211, 5-220 resistance in roCK..........ooovvevevviiiiiiiieiiee. 10-136
orthotropic deck superstructures.................... 6-247 SCOUL .enteenteenteeeeeeneeseeeteenseeneeeneesseenseenseensens 10-130
Steel arches .......cceverineneeieeeicencsescee 6-64 service limit State..........ccoevververieecierieeienenn 10-126
steel box section members............cc.ccvveeveennen. 6-62 settlement ........cccccveeeveeciieeiiieennn. 10-126, 10-130
steel I-section members..........cccoceeveereenerenene 6-60 shaft 10ads.........ccovveiieiiiieeeee 10-126
Steel trUSSES....uvveeeeeeeeeeieeeecee e 6-64, 6-246 shaft resistance ..........ccccooeveeeeeiiiiieciecee 10-125
DiSC DeAriNgS ....ccuvvevvevieiieieeieeie e 14-77 shaft resistance in intermediate geo
See also: Bearings MAtErialS .....coeeeieieiiee e 10-139
elastomeric diSC.....eoerverererenereeeeeeeeeenes 14-78 shafts in strong soil overlying weaker
MALETIALS ..oovveeeiieiecieceee e 14-78 compressible Soil.........ccoevervieiennennen. 10-136
movements and 1oads ............ccoooveevviiriinnnn. 14-12 side resistance................... 10-132, 10-134, 10-137
shear resistance mechanism........................... 14-79 SPACING....veveereenriereeereeeeeeeeesteeseeseessesseesseas 10-124
Steel Plates .....cevvveriieiieieeieeeee e 14-79 strength limit state..........cccoeevecienienienieennen. 10-130
Distortion-induced fatigue.........c.ccceevevvrevenrennen. 7-17 structural 1esistance.........ccvevvveveeverevereeennens 10-143
lateral connection plates........................ 6-52,7-18 tip resistance..................... 10-133, 10-135, 10-138
orthotropic decks........oocevieriieciieieiieeeieae 6-53 tolerable movements ............cccoceveereennennen. 10-126
transverse connection plates.................. 6-52,7-18 transverse reinforcement ...........cccceceeveeueene. 10-144
Distribution of load UPLTE e 10-126
concrete S1abs ......ooceevieiieieeeee e 4-27 uplift resistance .........ccoeeveeeeiieieniineiene, 10-142
curved steel bridges.........occovvevieiieiinienieene 4-46 Driven piles
exterior beams ............ccccoeeeeneenn. 4-39, 4-44, 4-46 See: Piles
interior beams...................... 4-35,4-38, 4-42, 4-46 DUCHIILY ...t 1-5
skewed bridges ........coeeeeeeiieiieienieeee 4-40, 4-46 Ductility requirements
wheel loads through earth fills ........................ 3-25 steel I-section flexural members.................... 6-140
Dowels Ducts
concrete COIUMMS.......ceveeerienereneniceeceeeeee 5-187 at deviation saddles .........cccceoevereniniencninnne 5-23
Downdrag........... 3-131, 10-83, 10-89, 10-95, 10-128, SIZE OF 1o 5-22
.............................. 10-126, 10-130,10-147, 10-148 SPACING....eevvenverevenienienenieneneneeneenees 9=112, 5-113
Drainage DUrability .....cccveecveeeeeiieiieieee e 5-174
See also: Roadway drainage alkali-silica reactive aggregates.................... 5-175
abutments and retaining walls .........c...c.c...... 11-33 CONCTELE COVET ... 5-175
anchored walls.........cccoevvriiveniiie, 11-54 MALETIALS oot 2-8
cantilevered retaining walls..............ccoceeee. 11-43 protection for prestressing tendons................ 5-176
cast-in-place voided slab superstructures ......5-232 Protective coatings........cecevvereeneeniersueneennens 5-176
MSE WallS ...oooveiiiiiiiieieeeeee e 11-94 self-protecting measures........c..ceceereereeeeeneeenne. 2-8
prefabricated modular walls......................... 11-105 Dynamic analysis
sound Darrier.......c.oocvvevereenieeieeieenens 15-2, 15-14 Analysis of blast effects ..........cccevveveerieneennnne 4-90
steel box-section flexural members............... 6-177 analysis for collision loads ...........c.cccecvevuiennnnne 4-90
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analysis for earthquake loads...........cccceene.ee. 4-77 COMPIESSIVE SIIESS .vveuveneereeeeeieiienieneeeeneenes 14-70
basic requirements .........c.ccoeevereeereeeenennenes 4-79 design method A.......ccooeieiiiiiiieeee 14-67
elastic dynamic responses...........ccoveeveevereennenn 4-76 design method B .......ccooiiiiiiiniiiie 14-56
inelastic dynamic responses...........c.cceervenene 4-80 extreme event provisions................... 14-66, 14-75

Dynamic load allowance material properties........ccooveevervvenenne. 14-58, 14-69
buried COMPONENLS.....cc.evveererirrerieieieieienene 3-31 movements and [0ads...........coccooeverinieienen. 14-11
WO0O0d COMPONENLS ....cuveeuveriiiriiiriierieenieerieeieenee 3-32 reinforcement..........ccceceevenienieniennenne. 14-64, 14-75

Earth 10ads ......ccoooeeeeieieieeceeeee 3-17 TOLALION. ..ottt 14-73
SOUNd DAITIET ... 15-9 SEISMIC PIOVISIONS ...eeuvenveeevereeneennenn 14-66, 14-75

Earth pressure .......oovveveeieeeeniieieeiesieieeve e, 3-99 SNEAL ...ttt 14-73
ACTIVE ettt e 3-103 shear deformation ............ceceeeveveveieiennennn. 14-59
anchored wallS........cccoevivenininieicieene, 3-113 StADILItY oo 14-63, 14-75
AL-TEST ettt 3-103 Elastomeric pads
cantilevered walls ......c..coceeceeeeienincninenenn. 3-109 See: Elastomeric bearings
COMPACLION ...evveienieienterenie et 3-100 Emergency responder access to sound
dOWNArag ......cceeeeiieieeieeeeeee e 3-131 DAITICTS ...uvieeeveeeiee ettt ettt 15-2
effect of earthquake ...........c.ccooeeiiiiinne 3-101 End requirements
equivalent-fluid method of estimating.......... 3-107 COVET PlateS ..eeieieiieieeieeeeeeee e 6-170
friction angle for dissimilar materials........... 3-105 Environment .........c.ccoceeinienienieniene e 2-7
lateral earth pressure.........cccccevenneenee. 3-101, 3-109 Equivalent members
mechanically stabilized earth walls .............. 3-116 mathematical modeling...........ccccocevveveninenee. 4-10
PASSIVE 1evveeeieeeieiieieeieeeeseeeseeesreeseseneeseenseens 3-105 Erosion control..............ccccuee.ne. 11-22,11-95, 11-103
prefabricated modular walls ......................... 3-118 Existing bridges, sound barrier installation
presence of Water.........ocvvevveevenieenieeieeiennenns 3-100 FOT e 15-5
reduction due to earth pressure.................... 3-131 Expansion
surcharge 10ads .........coceverinenceicnicncenne, 3-123 See: Coefficient of thermal expansion

Earthquake effects Expansion devices for sound barriers .................. 15-4
See: Seismic loads Extreme event limit States..........ccoeeevvereriieneenncne 1-5

Economy abutments and retaining walls ............. 11-7,11-16
alternative plans..........occoeeveeenienieneeeeeee, 2-15 CONCIete StIUCUIES .....eeveeueieiieeiieriieieeie e eien 5-44

Edge diStance........cccoeeveeeeeeieieieiee e 6-220 AECKS .t 9-6

Edge support drilled shafts ........cccooeieniniiie, 10-144
SIADS .. 9-8 foundations ..........ccceeeevvevivveeeeiiieeenns 10-31, 10-50

Effective area load combinations...........ccccceeeevveeeennennn. 3-11, 3-13
AlUMINUM ..o 7-23 PILES oot 10-118
SEECL...uiitietieie et 6-57 TAIIINES ..ottt 13-5
WEIAS ..ottt 6-229 spread footings.........ccevveveerieneeeceeeieeieenns 10-80

Effective flange width..........cccoeevveviinieniieiieiee. 4-54 Steel StIUCTUIES ...ovvevieieeie e 6-31
cast-in-place multicell superstructures............ 4-59 vessel collision damage ..........ccccevvererennnnne. 3-138
orthotropic steel decks .........ccoevveriereeriernennen. 4-59 WOOd SHUCTUIES....ceeeeieiieieeie e 8-31
analysis of segmental concrete bridges........... 4-65 Eyebars
segmental concrete box beams and single factored resistance ...........coceveeneenieniencenienns 6-78

cell cast-in-place box beams.................. 4-55 minimum size pin for.........cccceevenieneenenennen. 6-69

Effective length PACKING «eeiieeee 6-80
COIUMNS ..ot 4-49 PIOPOTTIONS.....vvieveiieriereeieeresereseeeseeeseesne e 6-80
SPAM ..ttt et 6-57,7-19 Fasteners

Effective plastic moment See also: Bolts
all other interior-pier sections....................... 6-290 AlteINAtIVE ..o 6-27
interior-pier sections with enhanced shear resistance of...........cccocvevveriieciencienienenns 7-52

moment-rotation characteristics .......... 6-289 SPACING OF ..o 7-51

Elastic dynamic responses Fatigue
vehicle-induced vibration ............ccceceveenennee 4-79 distortion-induced...........cecceceeiiiiiinininennens 6-46
wind-induced vibration..........c..cecceceeeienienennene 4-79 load-induced ........ccccoevenineninenenicieicene 6-31

Elastic stress analysis........cocceeverereeeeneeneeneene 5-136 Fatigue and fracture limit states..............ccccoeeueeeee 1-4

Elastomeric bearings aluminum StrUCtUIES ......c.ceceeuveveveienienienieneenne. 7-9
See also: Bearings concrete StruCtures .........oecveeveevveeceennenne. 5-23,5-35
combined compression, rotation, and deCkS oo 9-6, 9-18, 9-19

SHEAT .o 14-60 modular bridge joint systems...........c.ccccceuee. 14-29
compressive deflection ...................... 14-65, 14-71 orthotropic aluminum decks ...........cccceoeienee 9-26
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prestressing tendons ..........occeeeeereeerieienennnn 5-25 straight composite [-sections in negative
1einforcing bars .......c.ccocevevererereeeecienienennens 5-24 FIEXULE ..o 6-271
steel box-section flexural members............... 6-183 straight noncomposite I-sections with
steel I-section flexural members.................... 6-130 compact or noncompact webs .............. 6-271
Steel StIUCTUIES ..vvevveeerieeieciicieere e 6-29 tension-flange flexural resistance.................. 6-150
welded or mechanical splices of Flexure

reinforcement ..........ccveeveeeenieeneenenenenne. 5-25 composite sections in negative flexure

Fatigue design and noncomposite sections................... 6-134
CYCLES ittt 6-49, 6-51 composite sections in positive flexure........... 6-132
orthotropic steel decks..........ccoevevviecienieniennnnne 6-83 concrete deck.......ooverierieniiieere e 6-123

Fatigue load continuously braced flanges in tension or
approximate methods ..........coccecevverinencneenne 3-25 COMPIESSION .. 6-123
fIEQUENCY ...cveeeeiieiiicerceeecccccee e 3-29 discretely braced flanges in compression.......6-121
load distribution for fatigue..........c.ccoccveeeeuee 3-29 discretely braced flanges in tension............... 6-123
magnitude and configuration............ccccceceee. 3-28 FOOtINGS ...veenvieiiieiieeiieeeee e 5-187
refined methods ........ccoooveiiiniiiiiceee 3-29 development of reinforcement....................... 5-190

Fatigue resistance distribution of moment reinforcement........... 5-188
shear connectors ..........cccceverenereeenceeeeenen. 6-157 loads and reactions ..........ccceeevererencnencencn. 5-187

Filled and partially filled grid decks MOMENE M.t 5-187
design requirements............ccceevveeveeveneenieennens 9-17 TCACHIONS ..evvvieeieeeieeieie e 5-187, 12-30
fatigue and fracture limit state.............cccueee... 9-18 1esistance factors ........cevveevvecveeieneenieieennens 5-187

Fillers shear in slabs and footings................... 5-59, 5-188
bolted SPliCes....cccuvriereieiieieeieeieeeeeie e 6-241 transfer of force at base of column................ 5-190

Fillet-welded connections...........ccccecvevvevvenennenne. 6-228 Foundation design ..........cccceeeeeeeeeecienencncnnns 10-163
SIZE 1ttt 6-229 Foundation investigation ............ccccccceee. 2-7,10-163

Flange proportions..........ccecceeeeeveeneeneeeeeseenennn 6-178 topographic Studies.........cccceeveeririienienieieeene 2-7

Flange-strength reduction factors Fracture
hybrid factor........cocceevveiieieeeeeee 6-113 AlUMINUM. ..o 7-18
web load-shedding factor ............cccceeeenenee. 6-114 SEEEL et 6-53

Flexibility limits and construction stiffness toughness requirements............c.coceeeveecveeenennenn 6-53
corrugated metal pipe and structural plate Free-standing abutments

SEIUCLUTES ...t 12-12 design for displacement............c..ccceevvennene.. 11-120
spiral rib metal pipe and pipe arches............. 12-12 Mononobe-Okabe analysis........c..cocceerennens 11-110
steel tunnel liner plate..........ccoecveevveeierrennnnne. 12-13 nonyielding abutments .............ccoocvevvererennne 11-30
thermoplastic Pipe ......ccccvevveeveeierieriieirennns 12-13 Friction fOrces.........ccvveverieneenieieiie e 3-138

Flexural members General ZONe.......c..coevereneneeienienienenceeeeeeen 5-124
AlUMINUIML .o 7-30 application of the strut-and-tie model............ 5-132
CONCIELE ..uvvvrieeeeeeeeireeee e e et e e e 5-39, 5-121 blister and rib reinforcement ........................ 5-130
SPLICES .ttt 7-54 design methods........ccccoevineninincncnineeene 5-125
WOO ..ttt 8-28, 8-31 design principles........ccoveevvenirriniinieneeieae 5-126

Flexural resistance deviation saddles ........cccccevereiiiiniiinieiee 5-132
based on tension flange yielding ................... 6-282 diaphragms .........cccoeeveeneeieienecececeee 5-131
based on the compression flange................... 6-277 intermediate anchorages............cccceevevveneennene. 5-129
box flanges in compression ...........cccceceeeeneee 6-190 multiple slab anchorages ...........ccccecceeveeenne. 5-131
compact SeCtions ..................... ... 6-136, 6-187 1eSPONSIDILILIES. . eveeeeeiieieeieieiee e 5-125
compression-flange flexural resistance ......... 6-142 special anchorage devices .........ccvevverveennnne. 5-144
COMCTELR .ottt 5-44 11€-DACKS .o 5-130
continuously braced flanges in tension.......... 6-190 Geometry
continuously braced flanges in tension or bicycle 1ailings .....c.ccoceveeeveveninienineneecenne 13-11

COMPIESSION ..eenvinreieveeiienieiienienienieniens 6-141 combination railings.........c.cceceevereeeerenecnnenn 13-12
discretely braced flanges in compression ......6-141 deck JOINES ..ooveveeieiieieeeee e 14-14
discretely braced flanges in tension............... 6-141 large deflection theory.........c.cccceverinicncrennnee 4-12
ductility requirement ...........ccceeeevervenrenennenne. 6-140 pedestrian railings .........ccooceeveeieiienieneee 13-9
interior-pier I-sections in straight small deflection theory ..........cccoooerinencencnnnne 4-12

continuous-span bridges.............ccccce.... 6-286 traffic railings ......ccceeeeeeerieneneececeeeee 13-15
lateral torsional buckling Geophysical tests

TESISTANCE ..., 6-144, 6-279 SOIl and TOCK ...ooovvvviiieieccceee e, 10-12
local buckling resistance ................... 6-143, 6-278 Glued laminated decks ........ccooceviveniniiiienicienens 9-32
noncompact Sections .............ceeeveennenn 6-139, 6-187 deck tie-dOWnS......c.eeevieiiiieriieiecieeeeeeeie e 9-32
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interconnected decks..........coevevvviiiiineeeiennenn. 9-32

noninterconnected decks...........ccovvvuveveienennn. 9-33
Glued laminated timber

See also: Wood

DIaCINg ....eovieieeieiieeeeeeee e 8-36
CAMDET ..t 8-37
dIMENSIONS ... 8-13
reference design values............cccoeevevvenneennnnne. 8-14
volume factor.........ccocvevvieiieiecieieeeee e, 8-27
Gravel
UNIE WEIZHE ... 3-16
Gravity loads
design vehicular live load ...........cccoeevevivennenen. 3-19
vehicular live load .........ccoeeeviiiiiieiiciiiees 3-17
Groove-welded connections
complete penetration............cceeeeeeereereeennnnne 6-227
partial penetration.............ccoeeeeveenienireiennene 6-228
Grout
steel tunnel liner plate...........occeeeeereeneeenne 12-88
Guides and restraints.........c.cceceeeeeeeeierienienenenne. 14-79
attachment of low-friction material .............. 14-81
CONLACT STIESS..cevveeuririreiienieeierieneenieee e 14-81
design basiS.......ccccvveeeeierienieeie e 14-80
design 1oads ........ccoeevvieiercienieeee e 14-80
geometric requirements ..........cceeevevevereeennnne. 14-80
load 10cation .........cecveevevveniieieeee e 14-80
MAtETials ..oveeeeeiieiieieee e 14-80
GusSet Plates ......cceevvevererinienieercecceeeen 6-246
Heat-curved rolled beams and welded plate
girders Camber ........cceeeveeieeieeieiee e 6-70
minimum radius of curvature............cccceeeenee. 6-70
High load multirotational (HLMR) bearings
curved sliding surface bearings .................... 14-12
disSC Darings ........cccevveeveevereerieeee e 14-12
POt DEATINGS ...evevveiieiieiecieceee e 14-12
Holes
long-slotted.......ccocerierieeciieieeieieennens 6-217,7-51
maximum hole SIZ€..........ccereverieriieiieiennnnns 6-217
OVETSIZE .veeeeeeeeeeeieeeeeeeee e eeeee s 6-217, 7-51
short-slotted ............cooeveveeeveeeecrereennen. 6-217,7-51
SIZE .ttt 6-217
17 01U 6-217
Hollow rectangular compression members
ROOPS e 5-157
limitations on the use of the rectangular
stress block method ..o, 5-54
reinforcement...........ccoeevevienienenienienceee 5-156
SPLICES vttt 5-156
FIES tevveteeieeieet ettt 5-156
wall slenderness ratio...........cceeevvereerreennennen. 5-53
Hooks and bends
basic hook development length .................... 5-163
hooked-bar tie requirements ......................... 5-164
minimum bend diameters ............ccccceveeennenne 5-110
modification factors..........cccceevvieiiiiiiieenens 5-162
$eiSMIC hOOKS.....cccevvvieiieiieieie e 5-110
standard hooks ..........ceceeviiiiiiiieie 5-110
Horizontal wind pressure
ON SEIUCLULES. ...ttt eeees 3-41

0N Vehicles .....oouiriirieieeeee e, 3-42
Hydraulic analysis

bridge foundations ...........ccocevereeieiienieniennne, 2-20

bridge Waterway ........cccceeceveeereeieieee e 2-20

roadway approaches to bridge ..........c..ceen...... 2-23

stream Stability.......cceeeveeeievierierieieeieeeeiens 2-17

Hydrology and hydraulics
culvert location, length, and waterway

ATEA ettt ettt ere e 2-23
hydraulic analysis ..........ccccceevveeercierieneee, 2-19
hydrologic analysis.........cccceevereeerieneenree 2-18
roadway drainage...........cceeceeeeereereeneeeneeenennes 2-24
SItE data...cveeeveeeiiecieeeie e 2-18

Ice loads

AdhesioN ......oceiiiiiei e 3-50
combination of forces ........c.ccoeovereererreneennen. 3-49
crushing and flexing ..........cccceeevvvvevveneenenen. 3-47
dynamic ice forces on piers .........ccocveeveeevennen. 3-46
effective ice strength...........ccooeevevieiieiinnennen. 3-46
hanging dams and ice jams............cceeevrrerennen. 3-50
ice accretion and snow loads on

SUPETSITUCTUTES ....eeveveeniieeiieeiieeriieeieeene 3-51
slender and flexible piers........ccecevververrennnnns 3-50
small Streams ......cccoevevereneneneeieicieeene 3-48
static ice loads on piers........ccceevvereveveeneennens 3-50

Idealization
See: Mathematical modeling

Impact

See: Dynamic load allowance
In-situ tests

See: Soil properties

Inelastic dynamic responses...........ceeveeeverveenennnn. 4-80
plastic hinges and yield lines............c.c........... 4-80
Influence of plan geometry
curved StrUCTUTES.....coverververeerieeieeieeiieieieieaens 4-17
plan aspect 1atio........ccveveereereerieeie e 4-17
Instantaneous losses
anchorage Set ........ccvvverveerieecieeiesiereeie e 5-98
elastic shortening ............ccceeveveeveeervenvennnne, 5-101
FCHION . 5-99

Interaction systems
See: Culverts
Interconnected decks

panels parallel to traffic ..........cccceeeeveienennnne. 9-32
panels perpendicular to traffic..........c..c.c........ 9-32
Interface shear transfer—shear friction
cohesion and friction factors............ccccueeeennee. 5-82
computation of factored interface shear
fOTCR. ..o 5-80
minimum area of interface shear
reinforcement...........cceeeveeviieeiienineennnn. 5-83
Interior beams
distribution of load ..........cccoeuvenenne. 4-35,4-38,4-42
Laboratory tests
TOCK PIOPEITIES ...eouvieiiiieeeieieeie e 10-11
SO1l PrOPErties .......ccceevueeeereenieieeieeee e 10-11
Lap splices
1N COMPIESSION...ecvvieerieereriereereeeeseeesreenne e 5-172
general requIrements. .........cceveeeeeeeneeneennene. 5-170
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10 tENSION 1.t 5-171 Load indicator devices..........ceceveeieienienienienennn 6-27
Large deflection theory........ccccceeevereieeerieienne 4-12 Load-induced fatigue
approximate methods .........cocoeceveeiiieniieennne 4-13 aApPlication ..c..ooveveririeiieieeece 6-32,7-12
refined methods ..., 4-16 design Criteria........ceeeeeieieienienenienaene 6-33,7-12
Lateral bracing detail categories.......ooevverreerreerereeeneenn, 6-34,7-12
See also: Bracing, Diaphragms and cross-frames detailing to reduce constraint ..............cccueeee. 6-48
aluminum StruCtures .....cooeevvveeveenveeeenns 7-22,7-55 fatigue resistance........coocveeveeevervenireneenns 6-48, 7-16
[-section MEeMDETS .........ccceeeeeiiieieierieieneee 6-65 Local buckling
through-spans ..........cccceecveeeieeienieneee e 7-22 SEEEL v 6-143,6-278
ETUSSES .ttt s 6-68 Local ZONE ..o 5-124
tub section MEeMDbETS.........ccccvverenererenenennene 6-66 bearing resistance ...........coceveenieiieienienneans 5-143
Lateral buckling dimensions Of .......cccecveeeeeecieiiieeiee e 5-142
eqUAtions fOT........cecueviivienineneninenceeeeeeen 6-319 1eSPONSIbIlItIes. ...eeveeiieicieieceeeeeae 5-125
Lateral clearance, sound barrier............ccccccceeeneee 15-2 special anchorage devices ........c..cccceeeeeeueenee. 5-129
Lateral torsional buckling resistance ...... 6-144, 6-279 Location features
Lightweight concrete bridge site arrangement .............ccoceeeeeeeienieneene 2-4
coefficient of thermal expansion ..................... 5-15 ClEATANCES ..ottt 2-6
compressive Strength ..........coceeeeeveecenceeeenne 5-13 ENVITONIMENE......euteieiiiteeeieeteieieie et eeeeieeneas 2-7
CICEP couveeereeereiteeiteeteeteeeeesteebeenseereesseeseesseesnens 5-15 1oUte 10CAtION....cvieiieeieeieiieieee e 2-3
modifications for..........cccvevevrvievieneerieiieeeenne, 5-59 Long-slotted holes ..........ccceverveerieeeenennnne. 6-217,7-51
modulus of elastiCity ........ccccevveviieciereereennnne, 5-17 Long-span structural plate structures.................. 12-26
modulus of rupture ........c.eceevvvevierieneeieee, 5-18 acceptable special features ...........ccoccveeveenennne 12-29
POiSSON’S TALIO ...t 5-18 backfill protection ..........ccccocevererenieeeiennens 12-38
SHIINKAZE «..oveveeiieiieicencceecceeeee 5-17 balanced SUPPOTt........ccccvevvereninerinereeienene 12-35
tensile strength.........ccccoeeeeenininnnininnenee 5-19 concrete relieving slabs .........ccceceverereencne 12-36
UNit WEIZhE. ..o, 3-16 construction and installation..............c..c..c.... 12-37
Limit states construction requiremMents ...........oceeeeereeenene 12-31
See: Extreme event limit states, Fatigue continuous longitudinal stiffeners ................. 12-29
and fracture limit states, Service limit CIOSS=SECTION ... 12-27
states, Strength limit states cut-off (toe) walls ......cccovevvieiiiiicieeeieee 12-36
Live loads end treatment design.........ceeveeeveriereenneeneenne. 12-33
APPLICALION ... 3-25 footing design.......cccccvevveevieecienieiiereeie e 12-31
braking force ........cocevvvevvievieeienieeeie e 3-32 footing reactions in arch structures................ 12-30
centrifugal forces........ovvvvvevierieciieieeieeene 3-32 foundation design...........ccceecvevierieierciennne. 12-29
deck overhang load...........cccocveviveiieiinieiinnne 3-28 hydraulic protection............cccceevveecuereerrennne 12-35
decks, deck systems, top slabs of box hydraulic uplift.........cccooevevieiiiiieerieeee 12-36
CULVETTS ..o 3-27,4-68 mechanical and chemical requirements......... 12-28
design lane load.........ccccoevevinincniinicncncnnne 3-24 1einforcing ribs .....c.coeverievencreneeceiceeae 12-29
design tandem..........ccccoevenineneneeienenenene 3-24 safety against structural failure...........c......... 12-25,
design truck ......ceeeveierieiecceeeceee e 3-23 12-27,12-29,12-33
distribution of wheel loads through earth SCOUT .ttt etee et et eneeeteesbee b et eeeeseeesbeenees 12-36
IS oo 3-25 seam strength.........coccoooeiiniiiii, 12-29
gravity 10ads .......cceoveiieierieieeeeeee 3-17 SECHION PrOPEITICS. . .euverviveeieeieeeeieeeieiceiieneenes 12-27
live load deflection ..........ccceeeeieienieieicceee 3-26 service limit State.........ccocevevenencncnceieeenees 12-27
multiple boX SECONS......c.eeereeeeieieieieiennne 6-178 SEIVICe TeqUITEMENtS. ....cc.evvereereeeeeeeeeneenieneenses 12-32
multiple Presence........vevveveeeereeneeriesceeneenne 3-18 settlement limits .........cccoeceveeenieneecenreeeenne, 12-29
reinforced concrete Pipe.......ccveeveeveerveeveennnns 12-52 shape control ..........cccoecvveeienienienieeieeie e, 12-28
steel tunnel liner plate..........ccooveevveeeieevennenne. 12-88 soil envelope design ........ccoecvevverierieeeernnnne. 12-31
tIre CONLACE ATCA ...eevvreevreereeerereenreere e sene e 3-24 standard shell end types........ccccevvevvrierennne. 12-33
vehicular collision force.........cccccoeverencncnnene 3-35 tAIUSE. .. 12-29
Load factors.......ccueeeeeierieiee e 3-8 Wall area .....ceeeiiiiiiieiec e 12-29
buried StruCtures .........coceevevververeneneneneneenes 12-9 Longitudinal stiffeners..........cccccecevenvcnenencennne 6-166
CcOMbINALIONS ....eoveeerenieieiiniinenceeeceeeee 3-8, 3-15 limiting slenderness ratio..........c.ccoveeeveenereeenne 6-82
construction loads.......... 3-15, 5-213, 5-226, 5-229 long-span structural plate structures.............. 12-29
definition moment of inertia and radius of gyration ......6-169
JACKING oot projecting Width..........ccoeeieriiiinininiiice 6-169
modular bridge joint systems ............c....c...... 14-25 Loss of prestress
POSt-LENSIONING ... 3-16 approximate estimate of time-dependent
JOSSES -ttt 5-103
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CTEEP wveeeuveerureenireeniteeniteenieeereesbeesneens 5-108, 5-114
INstantaneous l0SSES ........cvvvereereerieeierieieans 5-98
losses for deflection calculations.................. 5-109
refined estimate ........c..cccveeeveerieenie e 5-104
relaxation .........oceieiereieeeee e 5-106
shrinkage.........cccoceeveeiinienieieneee, 5-105, 5-108
tOTAl ..o 5-98
Maintenance access to sound barriers.................. 15-2
Materials
adjustment factors for reference design
ValUES ..ot 8-24
alternative fasteners.........cceevvvvevveneeriennenen, 6-27
aluminum Castings .......ccoecvevvereerrerreeseereeenneenns 7-7
aluminum forgings........cocceveveveeveecienencnenenne. 7-7
aluminum pipe and structural plate
STTUCTUTES ..eevveeeiieeeiieeiee e 12-7
aluminum sheet, plate, and shapes................... 7-3
bolts, nuts, and washers ............cccccovevvvereeennn. 6-25
bronze or copper alloy sliding surfaces ........ 14-76
CABLES .o 6-28
cast metal .......cooeevieniiiiiiiceeen 6-28
CONCIELC. ..vvvieeieeeieiirreeeeeeeeeeareeeeeeeeeeannes 5-12,12-7
decKk JOINLS....vvevieiieieciieceeie e 14-14
disSC Darings ........cccevveeververeerieeeeseesieeneenns 14-77
fasteners—rivets and bolts...........ceceeverrennnnne. 7-6
glued laminated timber............ccoecvevvenieennenen. 8-12
guides and restraints ..........occeevereeereenneenenne 14-79
load indicator devices.........cceeveerreenireenneenne. 6-25
metal fasteners and hardware.......................... 8-21
pins, rollers, and expansion rockers.................. 7-6
pins, rollers, and rockers...........cccoceeveenenenne 6-25
POt BEATINGS ..o 14-51
precast CONCrete Pipe ......eevveeveeeereeeneeeneeeeenne 12-7
precast concrete StrucCtures........c.veeveerveereeenns 12-7
precast reinforced concrete three-sided
SEIUCLUTES v 12-91
preservative treatment..........oceeeververeeenneennenne 8-23
prestressing Steel........covvveviererciervereenieeeene 5-22
TATIINES oot 13-5
SAWN TUMDET.....coveivieiiiiiiincneccccccccee 8-5
Stainless Steel ......cooviveverenineeieicceeene 6-28
steel pipe and structural plate structures......... 12-8
steel reinforcement ...........ccceeeveeeeveeenienveennnn. 12-7
structural steelS ........cceeveeivrieeciieiieeie e 6-22
stud shear connEectors...........ceeeeeeeeieseeneennne 6-27
thermoplastic Pipe.......cccceveereeneenerrienencene 12-7
weldmetal .......ooovvveiiiiiiiiiis 6-27,7-7
WOOd ProdUCES .....cveevvieieeieciecieeee e 8-5
Mathematical modeling ............ccecvevveviverreenennen. 4-10
equivalent members.........ccoeeveeverienieeieenenen, 4-16
CEOMELTY .eovevieiiieiiierieeite ettt et et 4-12
modeling boundary conditions ....................... 4-16
structural material behavior............cccceeveenee. 4-11

Mechanically stabilized earth walls

See: MSE walls

Metal decks
COTTUZALE ..o 9-29
filled and partially filled grid decks................ 9-17
JIMIt SEATES.c..eeveeereneeieeciereeerceeeeeeeeeeene 9-25

metal grid decks.......ocoeveeiiiiiniie, 9-16
open grid floors.......cccovevereiieieeeeee e 9-16
orthotropic aluminum decks ............cccvveenennen. 9-28
orthotropic steel decks........ccooevivierieeieennennen. 9-20
superposition of local and global effects ........ 9-25
Metal fasteners and hardware ...........c..ccceeeeiene. 8-21
COITOSION PrOtECION .....vvieviererienreenreeeveeeeeeien 8-23
drift pins and OIS .......c.occveeverieriieieieeeen 8-22
fASTENETS ....eveeiieieiecc e 8-21
MINIMUM FEqUITSMENtS.......cccvereverrererereeennennns 8-21
nails and Spikes.........ccooceevieiiniinieieeeee, 8-22
Prestressing bars ..........ccceeveeveeeerveneeneeeenes 8-21
shear plate connectors. .........occvevveeeeeeeneeeenne 8-22
SPike GridS..ccveiieiieiiee e 8-22
Split riNg CONNECTOTS. ... eerueeeeeeeriireieriieieeneae 8-22
toothed metal plate connectors ....................... 8-22
Metal pipe, pipe arch, and arch structures ......... 12-24
construction and installation......................... 12-26
corner backfill for corner pipe arches........... 12-19
flexibility limits and construction
StFNESS. ceeeeeeieicescree e 12-12
handling and installation requirements......... 12-25
resistance to buckling ...........cccoceevveriveciennnnn. 12-25
safety against structural failure..................... 12-24
SCAM TESISLANCE ..evvveeeenieeieeie e 12-25
SECtiON PrOPErtieS....cceereeereeeereeeeeerieeneeeneenns 12-24
smooth lined Pipe .....c..cecevevereeervenicninenne. 12-26
stiffening elements for structural plate
SHIUCKUTES ..o 12-26
tAIUSE .. 12-24

Methods of analysis
See: Dynamic analysis, Mathematical
modeling, Physical model analysis, Static
analysis

Modular bridge joint systems (MBIS)............... 14-22
design Stress range.........oevevveerveevereverreenennns 14-31
distribution of wheel loads...........cccccevuenenn 14-27
fatigue limit state design requirements......... 14-29
loads and load factors .........ccccccevevencnicnnene 14-25
performance requirements .............cecceeeeeneene 14-24
strength limit state design requirements ....... 14-28
testing and calculation requirements............. 14-25

Modulus of elasticity
CONCTRL. ettt ettt eaees 5-18
reinforcing steel.........ccoovvevieriiciicieneeeee, 5-19
WOOA PIlES...ccviiieiiiieiicreceeeeee e 8-21

Modulus of rupture ........ccccceeevvevieienieneereeeenen, 5-18

Moment redistribution
CONCTELE...cnvenriieeieeieenteeireeeresieeieere e sene e 5-47
from interior-pier I-sections in straight

continuous-span bridges........... 6-283, 6-287

Mononobe-Okabe analysis ...........cccceeceereeenen. 11-110

MSE WallS...cc.cooieieiiiiiinininceenceeeeceeeeeee 11-54
ADULMENTS....oeeeeieiieieee e 11-99
bearing resistance ..........ccocceveeereereeieniennene 11-64
boundary between active and resistant

ZOMICS ..nveeneeeneeeueenieeteenteeeeesieenaeeee e naes 11-70
concentrated dead loads...........ccccerereienene. 11-95
corrosion issues for facing........c.ccooceeveeenne. 11-60
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design life considerations..........cccceccevveueennee. 11-76 nominal compressive resistance ...................... 6-82
design tensile resistance .........cc.ceceeceeuveeennenn 11-80 rectangular bars and solid rounds.................. 6-210
drainage ......c.ccovevvevereeieeeieeceeee e 11-94 tees and double angles..........c.ccoceveririeiennene 6-205
dynamic load allowance...........ccccceceeeeeeeeennee 3-31 Nondestructive testing
€arth Pressure........oovererereeeee e 3-117 AlUMINUM. .. 7-19
external stability ...........ccceeevvrereennennn. 11-62, 11-86 Nonyielding abutments............cccceeevereereenennen. 11-100
fACING...ocviiiiciiceeeeeee e 11-58 Nordlund/Thurman method............cccveeurenenne. 10-103
facing reinforcement connections.................. 11-82 Nuts
flexible wall facings ........c.ccccevvevrveevercrernenne. 11-59 grade and finish of............ccocooriiiiiiiniie 7-50
geosynthetic reinforcements..... 11-78, 11-80, 11-82 MALETIials ....oovveieeiieiiieeiiece e 6-26
hydrostatic pressures ..........cecveeeeriereenieennens 11-98 Operational importance ...........cocceeeeeeeereereeeneeeeenne 1-7
internal stability.........cccoevenencncnnns 11-65, 11-87 Orthotropic aluminum decks
lateral displacement..........c.ccoceverencreneencnne 11-61 approximate analysis.........ccccceeverieneniieneenen. 9-29
loading.......ccovvevieiniiieee, 11-60, 11-63, 11-65 JIMIt STALES oo 9-29
maximum reinforcement loads...................... 11-66 Orthotropic deck superstructures............ccccceeene 6-247
minimum front face embedment ................... 11-58 decks in global compression..............cccueeuene. 6-247
minimum length of soil reinforcement.......... 11-57 effective width of deck........cccoooevirininencne. 6-249
obstructions in the reinforced soil zone......... 11-98 superposition of global and local effects........ 6-249
overall stability.......cccceoeeeieiiiiiiniiiceeee, 11-61 Orthotropic decks
OVEITUIMING ..evvveveereeereeeeeeeresieesreereeeeeeeeesseenns 11-64 See: Orthotropic aluminum decks;
reinforcement/facing connection design Orthotropic steel decks

Strength......ccvevvieiieieieeeeee e 11-82 Orthotropic steel decks
reinforcement loads at connection to wall approximate analysis..........cocceeeververiencieneennen. 9-21
FACE . 11-70 closed IibS.......veveeeieeeeeeee e, 9-24, 9-26
reinforcement pullout ..........cccceeevvevenienieennnn. 11-70 deck and rib details...........ccoeeeerierieiiieee 9-27
reinforcement strength..............ccoocevieiieine 11-74 AESIZN et 9-23
safety against soil failure............cccocceveeeenne. 11-62 detailing requirements .............ecceeeereeecuenneennen. 9-26
safety against structural failure...................... 11-65 effective flange width...........coccoeiiiiiininin, 4-54
SEISMIC deSIZN ..eovveeieiiieieeieieeeeee e 11-86 load-induced fatigue..........ccoevererineneniene 6-32
Settlement .......ocoeeueeiinienieeee e, 11-60 minimum plate thickness...........c.cceceeerennien. 9-26
SHAING ... 11-64 refined analysis.......c.ccceveevieecienieneeieee e 9-21
special loading conditions ............ccceevenenee. 11-95 unauthorized welding ...........ccoccvevvvevveevenneennnn. 9-27
steel reinforcements................ 11-76, 11-80, 11-82 wearing Surface ..........cooceeevevveenieviieieeieseenne 9-20
stiff or rigid concrete, steel, and timber wheel load distribution............ccccoeevveeevireneenn. 9-20
fACINGS .oovieiieiieeeeeeeee e 11-59 Oversize holes ......ocovvevvcierceerienieeee 6-217,7-51
structure dimensions............ceeverveerververeeenne 11-56 Parapets
SUDSUIface eroSion ........cocevververerereeeeeeeeennes 11-94 See: Railings
traffic loads and barriers..........ccccoecveevenieennen. 11-96 PE pipes

Multimode spectral analysis method .................... 4-85 See: Plastic

Multiple presence of live load .........c.cceeeeveeenennee. 3-18 Pedestrian loads.........cccooeeieiiiiieiiiiieeeeee, 3-30

Multispan bridges Pedestrian railings
multimode spectral method of analysis............ 4-85 design live loads.......ccoeveeiiieniiniicecee 13-10
selection of method ..........coooeeviiiiniiniinie 4-81 BEOMELIY ..ttt sttt ettt 13-9
single-mode method of analysis..........cc.ccc...... 4-82 Perforated plates..........cccooevererencnenieenne 6-78, 6-94
single-mode spectral method of analysis......... 4-82 Permanent 1oads .........cooceeviiiiiiiniiiiieee 3-16
time-history method of analysis ...................... 4-85 dead 10ads.....ccovievieiieie e 3-16
uniform load method of analysis...................... 4-83 earth 10ads .......coceevviveiiiiinieceeee 3-17

Net area Physical model analysis
AlUMINUML......ooiiiiiieieceeeee e 7-24 bridge tesSting ......ccccvevveerieecieeierieeeie e 4-90
SEEEL 1t 6-77 scale model testing ..........cccecveveercverveneenirenenne 4-90

Noncompact sections Piers
nominal flexural resistance................ 6-140, 6-188 barge collision force..........ccecevierieceeinnnnnne 3-154

Noncomposite sections collision protection........c..ceccververereeeeeenenn 11-34
box-shaped members...........cccceecieienieneennen. 6-202 collision walls.......ccceoeriiiiiniiniiiiece 11-34
builtup members.........cooceveeiiiiiieieeeee, 6-78 FACINE .o 11-34
channels, angles, tees, and bars ...........ccoceereeeenne. 1C€ 10adS....coviiiiiiiiiieee e 3-44, 3-50

....................................... 6-205, 6-207, 6-209 load combinations and load factors................11-10
circular tubes ......c.ooueveririeceeeeee e 6-204 load effects ......ceoveierenieeeece 11-33
I- and H-shaped members............cccovvevrnenne 6-201
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longitudinal reinforcement of hollow
rectangular precast segmental

PIETS ettt 5-230
PIOtECHION ...ttt 11-34
SCOUL .ntienttenteentesteesteenteeneeeteeeesaeesbeenaeeneeens 11-34
SEISMIC deSIZN....evvveiieiieiieieee e 5-147
service limit state.........cocceeeevienieniniinieeens 11-6
ship collision force.........ccovevvrrviereereenneennnne. 3-151

Pile Dents......coueiuieiieieieieeeceeeeee e 3-97
Piles
See also: Concrete piles, Steel piles,

Wood piles
0-Method.....cevviiiiiiiee 10-101
axial resistance change after pile driving...... 10-93
batter Piles ...ccveveereieeeieeee e 10-82
B-method........ccoveviieiiiiiee e 10-102
buckling and lateral stability....................... 10-118
DUOYANCY..cueiiieiieiieeee e 10-94
corrosion and deterioration......................... 10-119
design requirements............cocceceeeeeienieneenene 10-82
determination Of Rgr.cvveeeeeveeeeiveeeeeeieeeennns 10-121
downdrag........coceeeeeeiiecieeieceeee 10-83, 10-95
drivability analysis...........ccceeeereverrereenennen. 10-121
driven to hard rocK.........ccecevverinieicnicncnnenn. 10-90
driven to SOft T0CK.......ccuevieiieiiieieee 10-90
dynamic formula...........coccoeviriiiieninie. 10-99
dynamic testing.........ccecevevereereenereeseeeenes 10-97
extreme event limit state..........c.ccoeceeveennns 10-118
A-method......coooieiiiiiieee e, 10-102
groundwater effects ..........ccocereeniiiinenene 10-94
horizontal pile foundation movement........... 10-87
length estimates for contract documents....... 10-91
load determination ............cceceveeveerienenennenne. 10-83
minimum pile penetration............cc.ccueeenee. 10-120
minimum pile spacing, clearance, and

embedment into Cap..........ocevverreennenne. 10-81
NEArby StrUCIUIES.....ccvvevererereieeeeee e 10-84
Nordlund/Thurman method in

cohesionless SOilS ......coceverererennnne 10-103
piles through embankment fill..................... 10-82
point bearing piles on rock ............cccceeeennn. 10-90
relaxation ........cocerieieriseee e 10-93
resistance factors........cocveveereerieiieneeneeee 10-38
resistance of pile groups in compression .... 10-112
SCOUT ..eutieiieeitenirenteenteebeeteeite st sieeneeeaesaeesae 10-94
service limit State.........ccceeceeveieienienienienenne, 10-84
settlement.........oovevereninencneeeeen 10-84
SEEUD et eutteenteeetteeite et e etee st e sbee st e e sabeesane e 10-93
special requiremMents ..........oceeeeereeevennennnnns 10-167
Static analysiS.......ccoevvevuereverienieeieeiesieieans 10-100
static load test ........ocoeveevveiiie e 10-97
strength limit state ..........ccccoevenenene 10-29, 10-89
structural 1eSiStance ...........ccevveveveeeneennenns 10-117
St PILES e 10-123
tip resistance in cohesive soils.................... 10-103
tolerable movements..........c.ccooceevereereennne. 10-84
UPLTE oo 10-114
uplift due to expansive sOil..........ccocevvevrennenne 10-83
using SPT or CPT in cohesionless soils...... 10-108

wave equation analysis..........cccceeererenenene 10-98
Pin-connected plates ..........cceevevviecienienienieeiennn, 6-79
PACKING ...vveviieiieieceeeeee e 6-80
PIN PIlAES..eotieiieieeieeeeceee e 6-79
PIOPOTTIONS...c.eveeieeierienieeieeae e seeeneeeaeenee e 6-80
Pins
10CALION ..o 6-68
MALETIAlS ..oveeiieiieieeeeee e 6-25
minimum size pin for eyebars...........c.coeee.... 6-69
pins and Pin NULS ......ocveereerieieeie e 6-70
TESISEANICE ..ottt 6-69

Pipe arch structures
See: Metal pipe, pipe arch, and arch

structures
Pipes

flexibility factor.......ccccveevveveiieieeiicie e 12-12
Plank decks

See: Wood decks and deck systems
Plastic

polyethylene (PE) pipes........cccocn..... 12-8, 12-102

polyvinyl chloride (PVC) pipes......... 12-8, 12-103
Plastic hinges .......cccceeoeevienieiieeeieceeeee e, 4-80
Plastic moment.........ooeevvveeeiieiiiieneeeeeenn. 6-313, 6-318

Polytetrafluorethylene sliding surfaces
See: PTFE sliding surfaces

Portal and sway bracing..........c.ccceceeueenen. 6-246, 7-56
deck truss Spans ........cceceeeeereenienienieneeene 6-246
through-truss Spans...........ccceeeeeeereerereeseennenn 6-246

Post-and-beam railings ...........ccccceceeneee 13-21, 13-26

Post-tensioned anchorage zones .............ccc.c...... 5-122
application of the strut-and-tie model to

the design of general zone.................... 5-132
approximate stress analyses and design........ 5-137
bursting forces .......cevveveerceerienieieeieeieene 5-140
COMPIESSIVE SIESSES ..vvvererevreveerrerererareeeenns 5-138
design of general zone ...........ccceeevevvenneennnnne. 5-125
design of local zones...........cccceveveeveniinuennnn 5-142
edge tension forces ........occeveeverceereeneenenne 5-141
elastic stress analysis .......cccocceveereeriercennnnne 5-136
general zone and local zone.......................... 5-123
limitations of application.............cccccevueeneenne 5-137

Pot bearings ........cccoeverereneneeceeee e 14-51
elastomeric diSC .....coooererererenieieieieie 14-53
SEOMEtric reqUIremMents ........ccceeeeeereeneenene 14-51
MALETIAlS ..oveeeieiieieiece e 14-51
movements and loads.............cc......... 14-15, 14-16
PISEON 1.ttt 14-55
POL ittt 14-54
SCAlING IINES...ecvveereiieiieieeie e 14-53

Precast beams
bridges composed of simple span precast

girders made continuous...................... 5-201
concrete strength..........ccoccevievienieiieee 5-198
detail design.......ceeeeveeierieiieneee e 5-197
extreme dimensions ..........ceceeeeeveereeenueeeene 5-197
lifting devices ......cceeveevierieieeeeeee 5-197
preservice conditions ............ceevverveeveenennnans 5-197

Precast deck bridges ........cccovveviieviieiiiieniienns 5-234
cast-in-place closure joint...........ccccceevveennnnne. 5-236
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dESIZN e 5-235 requirement for.........cooeeieeiieniinieeeee 8-23
longitudinal construction joints..................... 5-235 treatment chemicals..........c.ccooeviiiiiiiincneen, 8-23
longitudinally post-tensioned precast Prestressed concrete

dECKS oo 9-15 See also: Prestressing steel
POSt-LENSIONING ... 5-235 BUCKIING ..o 5-91
shear-flexure transfer joints.............cccveneene. 5-236 crack control.........cceeevvrierieniieii e 5-91
shear transfer jJOInts .........ccoeevevvereerieeeeineenne. 5-235 10SS Of PIESIIESS ..o.vvevverieiieeieeiiecreeie e 5-98
structural overlay.........cccoeveevercienienieeieceene, 5-236 SECLION PrOPETLICS...eevvreererererreereereeeereeesreennens 5-91
transversely joined precast decks .................... 9-14 specified concrete strengths............ccceeverevennen. 591

Precast prestressed piles stress limitations for prestressing tendons....... 5-92
concrete qUAlity ....ooooevereeeneeieienieiencenn 5-192 stresses due to imposed deformation............... 5-92
pile dIMensions.........cocevveverenenerenereeienns 5-192 tendons with angle points or curves ................ 5-91
1einforcement ..........cceevevvenencnenenceieeeenenn 5-193 Prestressing steel

Precast reinforced concrete three-sided CONCTELE COVET ..uvvenvieniieieenieeieeiiesicesieeneeeneeans 5-175
SEIUCEUTES ...t 12-91 MALETIAlS .o 5-20
(0] 103 (<1 <SSP 12-91 modulus of elastiCity .........ccecceveeriencenenenen. 5-21
concrete cover for reinforcement................... 12-91 post-tensioning anchorages and couplers ........ 5-21
crack CONtrol.......coeeeeeieniiieeescececeeee 12-93 stress at nominal flexural resistance................ 5-40
deflection control at the service limit Prestressing strand

SEALE .ottt 12-93 bonded......cooooiiiiiiiiiie 5-168
ESIZN oot 12-91 partially debonded...........cccveevveiinienieiinnne 5-169
distribution of concentrated load effects Prestressing tendons

in top slab and sides .........cccceeeveeerennennn. 12-92 Protection for.........occveevevierierieieeieeeeieenene 5-176
distribution of concentrated loads in Pretensioned anchorage zones

skewed culverts.........ccccevenenencnenncnn 12-92 confinement reinforcement...........cc.cccceeeueeee. 5-146
footing design........cecvverieeieeieiieieeee e 12-93 factored bursting resistance.............cceceeuee.e. 5-149
£EOMELriC ProPerties ......ccevvevereeereeereeeeeeneenne 12-91 Probability of aberrancy
MALETIALS ..eoveeeiieeieceeeee e 12-91 approximate method.............ccooceviiniiiinnne 3-143
minimum reinforcement............c.ccoeceerrnenne 12-93 statistical method...........ccoocoveiiiiiiniiene. 3-143
reinforcement ..........occoeeevenienieniiieee 12-91 Protective coatings .......cccceveereererieneeneeieeeene 5-176
1esiStance factors ........coevveeveeeesreerieereereeenans 12-93 See: Corrosion protection
scour protection and waterway Provisional post-tensioning ducts and

considerations..........c.ccevevveerreerveeneennenne 12-93 ANCNOTAZES ...c.vvevieieeieeieeie et 5-219
shear transfer in transverse joints bridges with internal ducts .........c..cccceceeeeneee 5-219

between culvert sections....................... 12-92 provision for future dead load or
span length .......ccoccoeevveiinienieieeee e, 12-92 deflection adjustment ..............ccceenuene. 5-219
structural backfill.........cocoeveririiiiininininee. 12-93 Provisions for structure types

Precast reinforced piles ATCHES. .. e 5-231, 7-56
pile dIMenSsions.........ccevveverenenereneneeienne 5-192 beam and girder framing .........c.ccocceerenencnnen. 7-55
reinforcing steel.........cooveevirieniiniinieeee 5-192 beams and girders..........ccoeecveeeeiiinienieieee 5-196

Prefabricated modular walls..............ccocceeeeee 11-102 CUIVEITS .ot 5-236
See also: Earth pressure floOT SYSteM ..ot 7-55
AbUtMENTS ...oovveviciiciecieceeee e 11-105 lateral bracing..........ccoeeveveeeveecveiceeneenieereeeens 7-55
bearing resistance .........cceveeeeerieneenieseneenne. 11-102 orthotropic deck superstructures.................... 6-247
drainage ......coceeveeniienieeeeese e 11-105 segmental CONStruction..........ceceeeeveieeeenee. 5-211
dynamic load allowance...........cccccoeevervenneenene 3-31 slab Superstructures .........cceeeveveerreerveeverenenne. 5-232
10adING.....oiiieiieiieie et 11-102 solid web arches ..........cceevevievieniecieeieceenne, 6-249
module MEemMbErs ..........ccveverierierreereenene 11-103 through-girder spans...........ccccceeeveeiervenveennnn. 6-250
movement at the service limit state ............. 11-102 TTUSSES coeeereeeeeeeeeeeeeeeeeeteeeeeereeeeereeeens 6-244, 7-55
OVEITUIMING ..e.vvevverienieeieeveeeneseeenseeseennesnnas 11-103 PTFE sliding surfaces.........ccccceevveevervenveninannnns 14-44
passive resistance and sliding...................... 11-103 attachment ..........cocooveeiiiiiieeeee e 14-48
safety against soil failure.........ccccoevenennens 11-102 coefficient of friction........c.cccevvevenincncnnenne. 14-47
safety against structural failure.................... 11-103 CONLACT PTESSULE .....eeereeireirerieeieenieeee e 14-46
SEISMIC deSIZN ...eovveniieiieiierieiieeee e 11-104 mating Surface ........ccoceveeverieneenenns 14-45, 14-48
SHAING .o 11-102, 11-103 minimum thickness ...........ccoccevveneininiinnne 14-45
subsurface erosion.........cccceeceeceeeienieneennen. 11-103 PTFE surface......ccccceoeeveriiiieiienceceeeee 14-44

Preservative treatment for wood stainless steel mating surfaces....................... 14-46
fire retardant treatment ............cccocevererenenene 8-24
inspection and Marking ............cceceeeeeveeceeennne 8-24
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PVC pipes
See: Plastic
Railing design
protection 0f USETS .......ccceevevrierierieieeieeeeieens 2-5
railing test Specimens. ........cocceveeveeeeereennenne. 13-19
RAIIINGS .cneiiiiiiiieceeeeeeee e 13-3

See also: Bicycle railings, Combination
railings, Pedestrian railings, Traffic

railings
concrete parapet and metal rail...................... 13-22
extreme event limit state.........c.ccoceeverercnennee. 13-5
MALETIAlS ..ooveeeieieiiierceeeee e 13-5
post-and-beam railings ...................... 13-21, 13-26
strength limit state .........ceccecveveniniinincnennne 13-5
WOOd DAITIETS ..ot 13-24
Railroads
rail transit load.......cccoeoeeiiiiini, 3-30
Rectangular stress block method ......................... 5-54
Redundancy .........cooceeveeiieiiiiieeeeceee e 1-6
Refined methods of analysis.............cc..c..... 4-16, 4-68
arch bridges ......cceovevvevenenenieeeeeeieee e 4-73
beam-slab bridges..........cccoveevvirciiicierieieee, 4-70
cable-stayed bridges ........c.cecveeverierieeciennennen. 4-73
cellular and box bridges..........ccceeveevrevernennen. 4-72
ECKS et 4-67
fatigue 10ad ......cooveveeniieieeeceeeee e 3-28
nominal moment-rotation curves.................. 6-292
orthotropic steel decks .........ccoevevierveriernennen. 9-21
suspension bridges..........ccovcvevverieierieneennns 4-74
truss Brid@es......ccovveveveeiieiieieeieeee e 4-72
Reinforced concrete pipe ........cocceeveeeeeeieneennens 12-47
bearing resistance ..........ccocceveeereerieienieninne 12-61
bedding factor.........ceoceveeieniinieee 12-62
circumferential reinforcement ...................... 12-55
CONCTELE COVET ..uenriuieirenieenieeiesieenieenaeeneeenns 12-58
construction and installation......................... 12-65
crack width control ..........cccceevevenencncnennn 12-57
development of quadrant mat
reinforcement..........ceceeeeeienienienienenne. 12-65
direct design method..........cccoevvvvereeneennnnne. 12-53
flexural resiStance........cccceceeereeeeveneenennennen 12-55
indirect design method.............ccocerieninnne 12-61
live 1oads......coerieiieeeeseeeee e 12-52
10ading ....ooveeeieeeeeeee e 12-48
loads and pressure distribution ..................... 12-53
maximum flexural reinforcement without
SHITUPS et 12-56
minimum reinforcement ............c.ccceeeruennene. 12-55
pipe fluid weight........cooveviiiiinieiieieeie, 12-52
pipe ring analysiS..........ccevvevveeieeiereenreennns 12-54
process and material factors..............cccuenee. 12-55
safety against structural failure..................... 12-52
service limit state.........coceveeeeeeieienicnienenne, 12-52
shear resistance...........cocveeeveeeeveeeneens 12-58, 12-60
standard installations ............c.ccceeereeneennnne. 12-48
Stirrup anchorage .........ccevveevveeeereenieenieeeeee 12-61
stirrup embedment ............cocceeeevieniineeee 12-61
stirrup reinforcement anchorage.................... 12-61

Reinforcement

See also: Spacing of reinforcement
abutments and retaining walls ...................... 11-18
approximate stress analyses and design........ 5-137
cast-in-place girders and box and T-beams .....5-210
COMPression MEMDETS ........ccvveevereverreerienenennnn. 5-48
CONCIELE COVET....uvvvrreeieeeeeerarreeeeeeeennns 5-110, 5-175
crack control.......c.cccoevveveeviveeeeeneeeenne. 5-34, 591
drilled shafts ............cccocveveennerennnne. 10-142, 10-143
elastic stress analysis .......cccoccevvereeeeereennnnnn, 5-136
elastomeric bearings ...........cccceeuene.. 14-64, 14-75
external tendon SUPPOrts.........cceeeververeeennenne. 5-119
hollow rectangular compression

MEMDETS ...veeevieeiieeiie et 5-156
hooks and bends ........ccccccoveeviiicieniieeieee. 5-110
longitudinal..........ccooeeiirieniiiieeee 5-75, 5-77
MALETIAlS .ooveeiiiiiiieeieeee e 5-18
maximum reinforcement..............ccocoeereenennen. 5-43
minimum reinforcement ............c.ccocceeveneennen. 5-43
post-tensioned anchorage zones ................... 5-122
pretensioned anchorage zones ...................... 5-144
shrinkage and temperature..............cccceenne.ne. 5-121
SPACING OF ..o 5-111
special applications...........eeevveeeeeerieeiennennnns 5-20
Spirals and ties ......ceccveveverieeeieriee e 5-53
tendon confinement ............ccoeevreverveneennne. 5-114
tOrSIONAL ..oovvieiieiieieeeeee e 5-88

transverse.. 5-62, 5-77, 5-119, 5-121, 5-150, 5-151
Reinforcing steel

See: Reinforcement
Relaxation losses

after transfer.........coevvveviieeeeiieee e 5-107
AL ANSTET .ot 5-106
Relieving slabs
long-span structural plate structures.............. 12-86
structural plate box structures....................... 12-46
Resistance factors

abutments, piers, and walls....... 11-6, 11-13, 11-16
aluminum StruCtures .........cceevveeverververveenenen. 7-10
buried Structures ........c.cccevveeveercieeniiesreennn 12-10
COmpPression MEemMbErs ........ccvevereeereeereennennen. 5-51
CONCIEte SLIUCTUIES .oevveeereeereeeieeveeeveeeveenes 5-147
conventional construction............cceeevveeveenne. 5-26
drilled shafts ........cceeevveviieeiieieee e, 10-47
driven Piles ......cvevveeveieieiieieee e 10-39
fOOUNGS oot 5-187
foundations ..........ccoeeevievieeieiieceeeee 10-38
precast reinforced concrete three-sided

STTUCTUTES ..eovvveenireeiieeiee e e e 12-93
segmental CONSrUCtION .......c.ccvevveevereereeeneans 5-28
seismic zones 3 and 4 .........cceeveeevrveniennnne 5-149
spread footings.........cevveveerieiieerierieeeeee 10-39
SEECL..eteiieieete e 6-30

Retaining walls
See: Abutments and retaining walls

Rigid frame connections............cceeeevveecueeeennenns 6-243
Roadway drainage
design StOrM.......cooeerieiieiiiieieeeeee e 2-24
discharge from deck drains...........ccccceeeeenee. 2-25
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drainage of StrucCtures ..........coccecevcereeeeeenennene 2-25 effective flange width...........coccoooiininiiinn. 4-65
type, size, and number of drains.............c........ 2-24 erection analysis ........ccceeeeruerereneseneneeeeane 4-66

Rock bearing resistance...........ccccecveeuereerenennenne. 10-77 final structural System ..........ccoceverincnceiennene 4-66
analytic method .........cccoeeeieieniiiiiece, 10-78 longitudinal analysis.........ccccocererereneneeienene 4-66
10ad St .oviiieeieieeee e 10-78 strut-and-tie models.........ccccoevenininicnenienene 4-65
semiempirical procedures............ccccvervrennnne. 10-78 transverse analysis........cccocereerirerieeceeneeneenens 4-66

Rock properties Segmental bridge design
erodability ....ccccvevvieiieiecieeee e 10-27 deCK JOINLS ..oovviiieiieiecieceee e 9-15
geophysical testS......coverierereierierierie e 10-12 principal stresses in Webs .......ccocevveriverieennenne. 5-84
IN=STEU EESES wovvvevieieeieeieeie e 10-11 Segmental bridge substructures
informational needs ..........ccccoevenerenercceiennene 10-7 ESIN i 5-235
1aboratory teStS ....ceuveueerieirerierieenceeeieeene 10-11 Segmental construction ..........c..ceceeveeeeveneenenens 5-211
mass deformation .............ccoeeeveeerienieninnene 10-25 alternative construction methods................... 5-228
mass strength.........ccooeeiiviiiiieeee 10-21 analysis of segmental bridges............ccccceee.. 5-212
selection of design properties...........cc.ccc...... 10-13 box girder cross-section dimensions and

Rocker bearings.........coceveererneeneiienieneeceee 14-42 detailS .o.eeeieeeeee e 5-220
CONEACE STTESSES ..evveveneenienieieieseeeieeeeeeeeneeneenes 14-43 cantilever construction ...........cecceeeeeeeeneeneene 5-225
SEOMEtriC reqUIreMents .......c.ceeveeveeueeueeeenenne 14-43 construction analysis ...........ccevevereerreerveenenns 5-225
materials ......ccoooveeeeiieiiieeee e 6-25, 14-43 construction loads........ 5-213, 5-215, 5-226, 5-229

Roller bearings .......c.ccceeveevieecvercieiiereenieeeesnenns 14-42 creep and shrinkage...........ccoeveeeveeieneenieenens 5-217
CONLACE SIIESSES ..vvevreviereenieerereiesieesreeneeenens 14-43 ESIZN oo 5-213
geometric requIremMents........c.occveeeerveerveennenns 14-43 design details.......cceveerienieieeieeieeee e 5-227
MAtErials ....cveevveeieeierieciee e 6-25, 14-43 design of construction equipment.................. 5-228

Route 10cation..........ccoevereeieiieninencnencnceeeeenen 2-3 details for cast-in-place construction............. 5-225
waterway and floodplain crossings ................... 2-3 details for precast construction...................... 5-223

Safety force effects due to construction
See also: Traffic safety tOlerances .......ccoeeveereeeeeereeseeeeeeee 5-226
abutments and retaining walls ...................... 11-23 incrementally launched construction............. 5-226
anchored walls.......c.ccocceriiniinennnne 11-45, 11-49 plan presentation .........ccccceceeveerienienieniiennene 5-219
cantilevered retaining walls............... 11-35, 11-36 Prestress loSSes .....ovvirierienienieeiecienieieeene 5-218
design ObJeCtiVe....ccuvevieiieeiecieeie e 2-7 provisional post-tensioning ducts and
MSE wallS ....covoeviiiiiieiieiecieeeeiens 11-62, 11-65 anchorages........ccooveevvevieeeneeneeieeeenns 5-219
prefabricated modular walls........... 11-102, 11-103 SCISMIC dESIZN ..evvvvverieeiieeieeeierieie e 5-222

Sawn lumber span-by-span COnstruction.............occeeevereeenne. 5-225
See also: Wood SUDSEIUCTUTES ...ttt 5-217
Dracing.......ccvveveeeeniieiieieeie e 8-36 thermal effects during construction............... 5-217
AIMENSIONS...c..evereeeieeieeiieieieeneee e 8-6 types of segmental bridges ...........cccceeeeeneee. 5-223
MOIStUre CONLENT ..o 8-6 Seismic design
reference design values .......c..cccceceveeereeienennee 8-6 abutments and retaining walls .............c..c...... 11-23
S1Z€ TACLOT ..o 8-26 anchored walls........ccccoviiiiiiniiiii 11-51

Scale model testing.........ccoeereererrierienieneeeeee 4-90 bearings .......cooveveereenienieeeeeeee 14-40, 14-75

SCOUL ..ottt 2-21 cantilevered retaining walls..............cccceeee. 11-23
buried StrUCIUIES ........ceovereirerereeieeeeeeeeenne 12-19 column conNections.........cceceveeveeeeceeeneenenne 5-155
change in foundations............cccceeeierenennnene 3-39 concrete Piles.......cooveveeeieieeieeennene 5-191, 5-192
drilled shafts........ccooeeeieieiiies 10-130 construction joints in piers and columns ....... 5-155
PICTS ceeenvieiieie ettt ve e eeeeeraesreesbeenseas 11-34 elastomeric bearings........c..occeeverveerververenenne. 14-66
PIES et 10-94 hold-down devices...........ccceeverierriecrenreniiennns 3-98

Sealing rings lateral load distribution............cecevevereenieennenne 4-63
rings with circular cross-sections .................. 14-53 MSE WallS ....cooeiieiieiieieeie e 11-86
rings with rectangular cross-sections............. 14-53 prefabricated modular walls..............c..c...... 11-104

Sectional design model segmental construction..........eccecveevervevennenne. 5-211
combined shear and torsion............cccceceeeuennen. 5-77 SEISMIC ZONE T ...eeeeiiiieiieeeieeee e 5-148
longitudinal reinforcement.................... 5-75, 5-77 SCISINIC ZONE 2 ....ovnenrireienienienieeiesieeieeeeenees 5-148
nominal shear resistance............ccocceeeeceneennen. 5-67 seismic zones 3 and 4 ........ccccoooeiieiiineneene. 5-149
procedures for determining shear Wall-type PIers.....coveereeeniieieieeieeiiesceeeee 5-154

TESIStANCE ..o 5-68 Seismic loads
SECtioNS NEAr SUPPOILS.....ccvevveerreerveererreerreenenns 5-65 acceleration coefficient............cccevvevveevenneennne 3-54

Segmental bridge analysis combination of seismic force effects............... 3-92

analysis of the final structural system ........... 5-212 design of bridge components............c............ 3-167
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dynamic analysis.........ccceeveeieeienieneenennennnn 4-77
elastic seismic response coefficient................ 3-90
forces resulting from plastic hinging .............. 3-91
longitudinal restrainers ............cooceeveeeeeeeennens 3-98
minimum support length requirements........... 4-85
multispan bridges..........cceceeeenienienennenienne, 4-78
operational classification .............ccccceevereenee. 3-90
P-A requirements...........ccoeeeeveevereeneenneenenn 4-86
requirements for temporary bridges and
stage CoNStruCtion ..........ceeeveeveeveereennenns 3-98
response modification factors...........c............. 391
seismic hazard ..........c..ccoeevveviiininiinnnn. 3-54, 3-89
SEISIMIC ZONE L..ovviuiiiiiiiiriinieicnceiceceeeeee 3-93
SCISIMIC ZONE 2...eeuvieeiieiieeiieeiieie e eee e 3-94
seismic zones 3 and 4 .........ccocceevieiieieneennenne 3-94
single-span bridges .........cccoeevverierirecienienienns 4-78
S1te EfTECTS ..eeuvieiieiiieiiee e 3-84
Seismic zone 1 .......oooeeveieeciiieiiiieeeee, 3-93, 5-148
Seismic Zone 2 .......ooeeevveeeeeieieeeeee e, 3-94, 5-148
Seismic zones 3 and 4
column and pile bent design forces ................ 3-97
column coONNECtions ..........cceeveeeneenueneenennnn 5-155
column requirements ...........ceeveevereverueennenne 5-149
CONCTEte PIleS...cvevveeriereeiecierieee e 5-191
construction joints in piers and columns....... 5-155
foundation design forces.........c.cccevverieeiennnnns 3-97
inelastic hinging forces........c.coccevvverververnenen. 3-94
modified design forces.........ccocvvieiienennennen. 3-94
pier design forces........cooovevvererierceneereee 3-97
piers with two or more columns ..................... 3-96
resistance factors........occvevveeierienieneneneeeen 5-26
single columns and piers.........ccoceeveeeeeneenenne 3-95
Wall-type PIers ....cocveerveeieiieiieeeeeieeceee 5-154
Service limit States .......cccevereririeieieieese e 1-3
abutments and retaining walls ............. 11-6, 11-19
aluminum StrUCHUIES ......c.eeeeueeieieieiereree e 7-7
bridges composed of simple span
precast girders made continuous.......... 5-201
buried Structures ........ccoccveveeeuveeeinnnennn. 12-9, 12-14
cast-in-place box culverts and
ATCHES..c.veieiiriceiiciet e 12-71
concrete Structures .....ooeeeeeeeeennnnees 5-23, 5-35, 5-95
AECKS ittt 9-5
drilled shafts ........ccooevveeciiiiiecieeeeeee, 10-126
FleXULe....eeeieiieieeeeee e 6-286
foundations ..........ccccceeveennnnenn. 10-27, 10-28, 10-29
interior-pier I-sections in straight
continuous-span bridges ...................... 6-286
lateral SQUEEZE ....cvevvvevveeiieieeie e 10-89
long-span structural plate structures.............. 12-27
orthotropic aluminum decks ............cccuveeeneen. 9-26
PICTS coenieiieieeie et e et te e ae e seeesaeene e 11-6
PIES oo 10-84
redistribution moments............ccccceeveeeeennenne 6-287
reinforced concrete pipe ........cceeeveveveneenenn 12-52
SOUNA DAITICTS ...oevveeieiieieeieeeeeee e 15-3
steel box-section flexural members .............. 6-182
steel I-section members ...........ccccceveeeneeenennne. 6-127
Steel StIUCTUIES ...oveeveeieeieeieceee e 6-29

structural plate box structures....................... 12-41
WOOd SIUCTUIES....ceeeeienieeiiiieiiececeee e 8-33
Serviceability
deformations .........cceeeeveeierienienieneeeeeee, 2-10
AUrability.......cooveviieiieieeieeee e 2-8
INSPECtabIlity....cveevierieieeiieieeie e 2-9
mMaintainability ..........ccevvverieriieiienieieeieeeeeeens 2-9
11deability.....cccvervieriieiiee e 2-9
UEIEES ot 2-9
WIAENING ... 2-14
Settlement
buried StruCtures .........cccevverererereeienienienans 12-14
cohesionless SOilS.......coevevererieienienieniennene 10-58
cohesive SOIIS.....uvvvvieiiiiiiiiiieeeeeeas 10-58, 10-86
dOWNArag ......ccoeeeveveieeeeeee e 10-95
due to downdrag ..........ccoeeveeieiiieiiieieeenn 10-130
equivalent footing analogy ...........ccccceeeneeee. 10-84
force effects ......cooveveeniiiiiee 3-138
group settlement ............oceveeiiiiiniinenen. 10-130
intermediate geo materials...........c..ccceueeee.. 10-129
ON TOCK ..ttt 10-63
single-drilled shaft..........c...coovviiniiniinnn, 10-127
Shear and torsion
aAluminume..........ocoevevieveeeeeeeeeeeee e, 7-40, 7-45
beam 1edges ......ccvevverieriieieeeeeee e 5-177
CONCTELC. ..uvvreereeeriiiiieeeeeeeeiirreeeeeeeeaneees 5-56, 5-63
design and detailing requirements .................. 5-62
development of reinforcement...................... 5-160
interface shear transfer—shear friction........... 5-78
interior-pier I-sections in straight
continuous-span bridges...................... 6-285
longitudinal reinforcement................cccceruenvee. 5-77
modifications for lightweight concrete............ 5-59
nominal shear resistance............ceeveeveervennenn. 5-67
sectional design model............ccoeeevirieniiennns 5-64
segmental box girder bridges...........c.ccoevennnn. 5-85
shear in slabs and footings..........c.c.cceuvenene. 5-188
skewed bridges .......cceeeveveverienieiieieeieeieine 4-40
SEEEL.. e 6-151
torsional 1esiStance ..........ceeeveeveveeveeeecreeeneenne. 5-77
transfer and development lengths................... 5-60
transverse reinforcement...............cc....... 5-60, 5-77
TN EUDLS ..o 7-49
Warping torSION .......cevveerueereeeeeeiesieeneeeee e 7-47
Shear CONNECLOTS.......cvvvevvveeeiieieeeieeeennne 6-136, 6-154
cover and penetration...........ccoeceeeveeveeeeenennn. 6-157
fatigue resistance ........coceveeeereeieienieenenne. 6-157
permanent load contraflexure ....................... 6-158
PIECH oo 6-155
steel box-section flexural members............... 6-194
strength limit state ..........ccoeevvveveeerieniee, 6-158
SEUAS ..t 6-27
tranSVerse SPACING........ccvvevververeeereeeveanenenens 6-156
Shear resistance
AlUMINUM ... 7-40
bolted connections..........ccceeveevveeeieenreennnn. 6-220
disc bearings .......ccceeveevereeneeneneneeseeee 14-73
reinforced concrete pipe .........cc........ 12-58, 12-60
steel box-section flexural members .............. 6-194
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steel I-section flexural members.................... 6-151 Soil-structure interaction systems
WOO ittt 8-31 See: Culverts
Ship collision force Solid web arches
See: Vessel collisions flange stability........cccccevveeriierieiieieeieeeiee 6-250
Short-slotted holes..........ccoceeveereiienenenee. 6-217, 7-51 moment amplification for deflection............. 6-249
Shrinkage........cccveevevierierieeie e 3-137, 5-17 web slenderness. .......ocveevveeeeienienieceeieeens 6-249
SIdeWalKS ...c.veieiiieienieeee e 13-12 Sound barriers
end treatment of separation railing................ 13-13 COITOSION PrOtECION. .. eevveeneieeeeeereiieieenieeeeenes 15-13
Skewed bridges design limit States........ccocevvevierierienieriereeenne, 15-12
live load distribution.............c.ccccoevveenn. 4-32,4-47 drainage ........coeeveeeeieieieieee e 15-2, 15-14
Slab superstructures earth 10ad.......cocceceeveiieiienininininceecce 15-9
cast-in-place solid slab superstructures ......... 5-231 extreme event limit state............coceevevceeveecnennene 15-4
cast-in-place voided slab foundation design ......c..cccceerenencncnicnennenen. 15-12
SUPEISIIUCTUIES ....eeeveeieieeieeieeie e 5-232 10ading....c.eovieiiiieeee 15-13
precast deck bridges .........ccceevevieiieiiniennene 5-234 resistance factors ........cocceveeeveeneeniiiienieee 15-13
Slabs safety against geotechnical failure................. 15-13
See: Concrete slabs SCISMIC dESIZN ..vovvverieeiieeieeiieceeie e 15-13
Slenderness effects and limits service limit state...........ooovvvevvvvveeenns 15-3, 15-13
COmMPression MEeMDETS .........ceevveerieveereenreennens 5-51 soil and rock properties .........c.ccoeveeeverrernenne. 15-12
ice loads, PIerS......cccevvieveieieeieriieieeee e 3-50 strength limit state...........ccoecveevenieennnn. 15-3, 15-13
Slenderness ratios WiINd 10ad.......cooeveiiiiiieice 15-5
AlUMINUIML . 7-20 vehicle collision forces........cc.ccoevvevienencncnnene 15-9
SEECL vt 6-77, 6-82 Spacing of reinforcement
Slip-critical connections............cccceevveneene 6-214,7-53 bundled bars ..........ccevierierieieeeeee 5-112
Slip resistance cast-in-place concrete.........ccvvevvererenrenennenne. 5-111
bolted connections............ccceeeeeeereesieenieennnn. 6-221 couplers in post-tensioning tendons .............. 5-114
Small deflection theory..........cccceeeereerienreirene 4-12 curved post-tensioning ducts............cceceeueene 5-113
Soil bearing resistance...........coeevevvereeeeneenenens 10-66 hollow rectangular compression
basic formulation............ccoccovveniiiiiiennnenn. 10-67 MEMDETS ..o 5-156
considerations for footings in slopes............. 10-71 maximum spacing of reinforcing bars........... 5-112
considerations for punching shear-................. 10-70 minimum spacing of prestressing tendons
considerations for two-layer soil and dUCts ....ooeeeeeieee e 5-112
systems—critical depth ........................ 10-73 minimum spacing of reinforcing bars............ 5-111
plate 1load testS .......ccvevverieriieieeieeieeeeee 10-77 MUIIAYETS ..o 5-111
semiempirical procedures............ccocvervrennenne. 10-76 post-tensioning ducts straight in plan............ 5-113
theoretical estimation ............ccoeceeecvenvenieennnns 10-67 PIecast CONCIELE .....vvevrereeerereeereeieerenerenenns 5-111
two-layered soil system in drained pretensioning strand ..........coccocevverenerceienene 5-112
10ading....c..coevverenirieicienceceeeae 10-76 SPLICES vttt 5-112
two-layered soil system in undrained Spike laminated decks .........ccccocevenerincncnennenen. 9-38
10ading......cocvveieeiieieeeeee e 10-74 deck tie-dOWnS.....cc.eevuiiiiiieieeeeeee e 9-39
Soil properties panel decks .......oovevieiiiiiiieiee e, 9-39
determination of ........................ 11-5,12-6, 15-12 Splices
envelope backfill SOils........cccoeeeeieieiininiees 12-6 See also: Bolted splices, Splices of bar
foundation SOilS .......cceeeveveeiieniieiicieceeees 12-6 reinforcement, Splices of welded
geophysical testS......coevuvireirinieiriecrieene 10-12 wire fabric
IN=STEU EESES wvivvivieiieieeie et 10-11 COMPression MEMDETS ........ccvevvvervievervenieennns 7-54
informational needs..........cocooeveneninieenieniennne 10-7 flexural MEeMDbETS.......ccceevevenienienenineneeeeene 7-54
1aboratory teSts ....cvevveeveeieeierieeie e 10-11 teNSION MEMDETS......eevieeieeeieeeieiieie e eae e 7-54
selection of design properties........................ 10-13 Welded ...ovvviiiieieee e 6-248
soil deformation...........cceeevevervenieenieneennnne. 10-18 WeLdING ....oeieieiieiieeeeeeee e 7-55
soil strength .......coccoevveiieiiieieee e 10-15 Splices of bar reinforcement
subsurface exploration............cccecveeeereenrennnne 10-8 See also: Lap splices
UNit Weight...cooovevininininiiccecicccncscsce 3-17 bars in cCompression........c.cceceeerereneeeeeennns 5-172
Soil strength detailing......coveeieeiiiieiee e 5-170
drained strength of cohesive soils.................. 10-16 end-bearing SpliCes .......c.ocevererereeieieeenne 5-173
drained strength of granular soils .................. 10-16 general requIremMents .........ccecveeeerceneeneeenenne 5-170
undrained strength of cohesive soils.............. 10-15 mechanical connections............ccceecveeverreennenn 5-171
mechanical connections or welded
splices in compression.............eeveveee.. 5-172
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mechanical connections or welded

splices in tension ...........ccceceeveeererenennne. 5-172
reinforcement in teNSioN .........cceeceeveeereeeneenne. 5-171
tension tie MemMbErs .......cccoevveereereereeenieenne 5-172
welded Splices......coovviririeieieeeeee e 5-171

Splices of welded wire fabric
deformed wire in tension ..........c..cceceeveeneeene. 5-173
smooth wire in tenSioN..........ceceevereereereenuenne. 5-173
Spread footings ........ccoecveeverieriieiieiesiereene e, 10-51
anchorage of inclined footings...................... 10-53
bearing depth ........ccceeeveieeienieiieiee e, 10-51
bearing resistance at the service limit

SEALE...eouteereriereeeeee e 10-64
bearing stress distributions ............c.ccceeveneee 10-52
eccentric load limitations............cceceevuvenenne. 10-81
effective footing dimensions...........c............. 10-52
extreme event limit state.........cocceeeeereennnne. 10-80
failure by sliding..........ccoooeeveenieiiniee 10-79
ErOUNAWALET ....o..eeeieiieieeiieceeee e 10-53
108dS.c.eeieeeeeeee e 10-54
NEArDY StrUCTUIES ... .ecvereeeeieeieiieiieieieree e 10-53
overall stability ........cccocevveviecieiieiieieee 10-64
resistance factors.........ooeveveverereeierienieneens 10-38
service limit state.........ccceeceeeerieienienienenenne, 10-53
settlement on cohesionless soils ................... 10-55
settlement on cohesive soils.........ccccoevuennne. 10-58
settlement on rock........c.cceceeeeieienienicnenenne. 10-63
strength limit state ...........cccccoeeeennee. 10-38, 10-66
structural design..........occevevevvenieieieeeeiee, 10-81
tolerable movements............ccocceevvreereennnne 10-53
UPLITE oo 10-53

St. Venant torsion
Aluminum.........coooviiiiiiii e 7-46
Stability
buried StruCtUIes .........cccevvereeireeieieieie e 12-17
elastomeric bearings ...........ccccveuveeen. 14-63, 14-75
MSE walls ....... 11-60, 11-62, 11-65, 11-86, 11-87
SOUNd DAITIETS ...veveeeieieriieiieieieeee e 15-13
Static analysiS.......cccoveeeververieriieieeie e 4-75
Stainless Steel.......cceveverinenininieneiicicreeee, 6-28
Static analysis
analysis for temperature gradient.................... 4-75
approximate methods..........cccoeeevienienenennen. 4-19
axial pile resistance in compression.............. 10-93
influence of plan geometry ..........ceceeeeeeenene 4-17
redistribution of negative moments in

continuous beam bridges ..........c..cccc..... 4-74
refined methods .......c.ccoceveeiiiieiinicce, 4-68
StADIILY .o 4-75

Stay-in-place formwork
CONCTEL...covvenriieeieeieeteeireeiresieeteereearesene e 9-13
deck overhangs .........ccooceeveeeieiienienieeieeeenn 9-5
SEEEL.. e 9-13

Steel
basic steps for steel bridge

SUPETSLIUCTUTES ...eeeuvieeeiiieeriieeeenreennn 6-295
coefficient of thermal expansion .................... 6-22
minimum mechanical properties by

shape, strength, and thickness................ 6-25

modulus of elasticity.......c.ccoevverienirnerenenne. 6-22
thickness of metal...........cocoeoieiiieiiiinieee 6-22
Steel box-section flexural members................... 6-171
access and drainage ..........cceeeeeeeeieieniennene 6-177
DBeArings .....ceeveevieeriireiieieee e 6-176
CcOMPACt SECHIONS....eeuveeeerieriierieeeeeee e 6-187
conStructibility ....cc.oeveveenieniiieniecece 6-179
cross-section proportion limits ..................... 6-177
fatigue and fracture limit state....................... 6-183
flange-to-web connections.............cceeuveneene. 6-176
flexural resistance—sections in negative
flEXUTLE. ..cveeeeeieiciereeeeeeeee 6-189
flexural resistance—sections in positive
FleXUre.....eeveeeeeeeeee e 6-187
NONCOMPACt SECLIONS.....eeereurererereeererienieeneene 6-187
service limit state.........ccovcvevveierierieeee 6-182
shear CONNECtOrs .......cevveerueeeerieiierieenieeeene 6-194
shear resistance .........coooveveereereeceenceseeene 6-194
SHFTENETS ..o 6-195
strength limit state .........ccceevveveiieiiienieene, 6-185
stress determination ...........ccceceeveereenienieneenne. 6-173
Steel dimension and detail requirements
dead load camber..........cccceceeieiiiiiiininieee 6-57
diaphragms and cross-frames ......................... 6-57
effective length of span............ccccoevveienenen. 6-57
heat-curved rolled beams and welded
plate girders.......coovvveveiercierieieeee 6-70
lateral bracing ........cccceeeveeeveeenienieeeeeeee, 6-65
minimum thickness of steel ..............ccceee.ee. 6-59
PINS ettt 6-68
Steel I-girders
See: Steel I-section flexural members
Steel I-section flexural members
COMPACt SECHIONS....eevvvereereieierieereeree e 6-136
COMPOSItE SECONS....vveveeererereieeereeereeeeeeenns 6-102
CconStructibility .....c.eeeveevevierieieiieseeie e 6-120
COVET PlAteS...evieieiieieeiecieeee e 6-170
cross-section proportion limits ...........cc.ec..... 6-118
diaphragms or cross-frames..............ccceeueeneen. 6-59
ductility requirement............ceccerevereeeneeeneenne. 6-140
fatigue and fracture limit state ...................... 6-130
flange-strength reduction factors................... 6-113
flange stresses and member bending
10010100157 011 SO 6-106
flexural resistance...........cocceevvvveeennns 6-136, 6-141
flexural resistance—composite sections
in negative flexure and
NONCOMPOSite SECtions.........c.eevvervennnens 6-139
flexural resistance—composite sections
in positive flexure.........coeevevvenneennenne. 6-136
flowcharts for design .........cceevvvevverceeniennnne, 6-300
fundamental calculations ..........c.ccoceeerennnne. 6-313
hybrid SECtionS........ccceveeereerienieieeieeieieans 6-104
lateral bracing ........cccceeeveceeeeeeienieeeceeeeeeen 6-60
minimum negative flexure concrete deck
reinforcement...........cocceevvervrieneennnnne 6-108
moment redistribution from interior-pier
I sections in straight continuous-
span bridges........ceeeevevienienieree 6-283
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INDEX 121
net section fracture .........cocceeeeeveevieneenireeenne 6-110 aluminum StrUCHUTES ......ccuevveeveeeeeieieieieie e 7-10
noncompact SECtions .............cecueee.. 6-139, 6-140 bridges composed of simple span precast
NONCOMPOSIte SECLIONS. .....eevererevireienieeieneenenes 6-103 girders made continuous....................... 5-201
service limit State.........coocevvveeereeenceieienee. 6-127 buried StruCtures .........ceceeveveerererenereeiieeennes 12-9
shear connectors ..........ccocevereeereeeeieieeenes 6-154 combined flexure and axial load.................... 6-199
shear resiStance.......oocevererereneeeneeceieenes 6-151 CONCTELE SLIUCTUTES .....veuvenvenreveneenienieeienieeieeinene 5-44
StTENEIS....eveieieieieeee e 6-161 ECKS. .ot 9-6
SEFNESS veveeeeiieieeeee e 6-106 drilled shafts........ccccoveveniniiiiiicicens 10-130
strength limit state...........ccoeevevveriereenennne, 6-131 fleXUre ..o 6-131, 6-185
variable web depth members............cccue...e.. 6-104 foundations.........ccceveeveeeiercieniee 10-29, 10-38
web bend-buckling resistance .............ccc... 6-110 interior-pier I-sections in straight

Steel I-section proportioning continuous-span bridges........c..ccc.cee.... 6-288
flange Proportions ........cecceceeeeeeeevenvervennenes 6-119 modular bridge joint systems ...........c..cccuee.. 14-28
WED PIOPOTtIONS....oveeeieeieieeieeiieeiiesieeieeneens 6-118 TAIINES oo 13-5

Steel orthotropic decks resistance factors ........cooceevevieneeneeiene 5-26, 6-30
See: Orthotropic steel decks Shear .....ccocceevvvveeiieieeeee 6-136, 6-186, 6-200

Steel Piles .vvevereieieiieieee e 6-250 shear connectors...................... 6-136, 6-158, 6-186
axial COMPIeSSION.......covveveeeerrierreereeereieeene 6-252 spread footings .........ccevveveeienienieerieeee e 10-66
BUCKIING ..o 6-252 SEADILILY ..o 5-29
combined axial compression and flexure ......6-252 steel box-section flexural members............... 6-185
COMPIESSIVE IESIStANCE ...oevvveeveeereeererriereenneans 6-252 steel Structures........oovevvvecveevereenieennens 6-29, 6-199
maximum permissible driving stresses.......... 6-252 WOOd StIUCTUIES ...ovvveevieeieciieiieie e 8-30
structural resistance.........c.cceceeveeueene 6-250, 10-117 Stress analyses and design

Steel tension MEMDbETS........cceecveeieriereerieeieenenne 6-71 bursting forces........ccovvevverieciieieeiereeeeene 5-140
builtup members..........oecvveeeeienierieeie e, 6-78 COMPIESSIVE SIIESSES...eevvrenrrerrererieereieerenenns 5-138
CYCDATS. ...ttt e 6-78 edge tension forces........coocovvevieiieneeneneenne. 5-141
limiting slenderness ratio..........c.cceeevevveneeeennne 6-77 limitations of application............ccceceveueeneenee. 5-137
1G] A (< U 6-77 Stress laminated decks..........ccecoeeieiiinienienreae 9-33
pin-connected plates........cccceceveeniineiieneene. 6-79 CAMDET ..ottt 8-37
tensile resistance.........occeveereenieeiiinienieeeene 6-72 deck tie-dOWnS......c.oeoveieriiiereeeeeeeeeee 9-34

Steel tunnel liner plate...........coeeeveevereenieennennen. 12-87 holes in lamination ...........c.cceevvvevveeeeneenreennnns 9-34
DUCKIING ...t 12-89 NATLNG....evieiieiieiecie et 9-33
construction stiffness...........cccevvevrieviieeennennn 12-89 staggered butt JOINtS ........ceevveereveeereereeieenene 9-34
earth 10ads .......ccevveeieiieieece e 12-87 SHIESSINEG .evvenvientienteeireeereieeteeeesneseeesseenseennees 9-34
flexibility limits and construction Stressing

StFINESS oovveiieeeececeeee e 12-13 COITOSION PIOtECION. ...e.vveeieerenirenreeereeereieeneens 9-38
rOULING PIESSUIC ....eevveeerererereeeneeeieeeeeeesneenns 12-88 design requirements............coceevevereeereeeeeneennen. 9-37
live 10ads .c..ooveviinininiriecce 12-88 prestressing materials .........ccoceveeereeneeiennennes 9-36
10adiNgG.....coveriiiinininceeeecce e 12-87 PIrestressing SyStem......c..eoveverenerenereneeneenes 9-34
safety against structural failure..................... 12-88 TALINES .o 9-38
seam Strength.........ocooeiveiiiiiiiieeee, 12-89 Structural analysis .........cccceeviiveriienieiieeeeeee 4-1
SECtiON ProPerties.......ocvueeveeeerreenreeieneereeenne 12-88 acceptable methods .........ccoeoevieiiiiiiiiieie 4-9
Wall QI€a ...ocvviviiiiiieciecceeeeee e 12-88 AYNAMIC ...eeviiieiieiecie e 4-77

Stiffened webs mathematical modeling ............c.cccoevveveennennen. 4-10
nominal resistance...........oeveveerreereeeeereennenn. 6-152 by physical models...........ccoeevevrieviieiinienriennene 4-90

Stiffeners Static analysiS.......ccceveerueerierieriene e 4-17
See also: Longitudinal stiffeners, Structural material behavior

Transverse intermediate stiffeners elastic behavior..........ccceeeeienieneneninencecee 4-11
bearing stiffeners..........cceeveeeeecierienienieennnns 6-165 elastic versus inelastic behavior ...................... 4-11
design Of ...c.ooeieiieieceee e 7-42 inelastic behavior...........cccevvverieiiicienieree 4-11
longitudinal compression-flange ................... 6-196 Structural plate box structures............ccoecveeuennen. 12-40
WED ittt 6-195 concrete relieving slabs .........cocceceeeecveienenee. 12-46

Stirrups construction and installation..............cccccc.... 12-47
See: Transverse reinforcement crown so0il cover factor.........cooceeveerercneenne. 12-45

Stream pressure footing reactions.........cceeceeeeeneenennieneeneene. 12-45
lateral.......ooveviiiieee e 3-38 10ading....coeeeieiiieieie e 12-41
longitudinal .........c.ccoveeviiiiiiiiei s 3-37 moments due to factored loads...................... 12-42

Strength limit States .........cccceeevereieneneneeeeceee 1-3 plastic moment resistance...........cc.cecvereeeeneene 12-44
abutments and retaining walls ............. 11-7, 11-20 safety against structural failure...................... 12-41
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service limit state.........coceeeeeeeeienienicnienenne. 12-41
Structure-mounted sound barriers............cccceue... 15-4
Strut-and-tie model

crack control reinforcement.............ccceeeeeeee. 5-34

general ZONe.........oceuereveeieieeieeeee e 5-132

proportioning of compressive struts ............... 5-31

proportioning of node regions ...........ccccceuee.e. 5-34

proportioning of tension ties...........coceerveeenne. 5-33

structural modeling...........cccevvvevvieviieieneenenns 5-30
Substructures

construction load combinations.................... 5-230

14 1 T4 s FO USSP 5-222

longitudinal reinforcement of hollow

rectangular precast segmental piers..... 5-230
vessel ColliSIoNS .......eecvveecveeecieeeniieeiieens 2-5,3-156
Superimposed deformations

LSS o SO SP 3-133

design thermal movements ..............ccc.cc....... 3-136

differential shrinkage............ccccoeeirininnnne 3-137

settlement........ooeveerieienienienee e 3-138

temperature gradient..........c.cceeeevereeneennenne. 3-133

uniform temperature ...........cceeveeeververeennenne. 3-130
Superstructure design...........ceeveeeveevereerreenennnn. 5-222
Surcharge loads

live load surcharge...........ccoevevveeiervenieenne, 3-129

point line and strip loads...........ccoecvvvvevrnnnnn. 3-124

reduction of surcharge ..........c.ccceevvevveevennnne 3-130

strip loads—flexible walls ...........cccceeeenene. 3-127

uniform surcharge..........coccovevevienveineiennnnne 3-123
Suspension bridges

refined analysis.......ccccoeveereeienienienieeeeee, 4-72
Temperature gradients ...........ccccceeeeeeenen. 3-136, 4-75
Temporary stresses before losses

COMPIESSION StIESSES...evvvenreerreeererrrerreereeenenenns 5-93

tENSION SLIESSES ..uveuveveeeeeeereeiietieieieieeeeenens 5-93
Tendon confinement

effects of curved tendons..........cceeveveeniennene 5-114

wobble effect in slabs .........coceevevieienenenne 5-114
Tensile resistance

aAluminume..........cooovevievineeeeceeceeeee e 7-23, 7-30

combined tension and flexure..........c.ccocevuenee 6-76

fatigue resistance ........ccevveeeeeeevceneeneeene 6-225

MSE Walls ...oooieiiiiieeeeeece e 11-62

NOMINAL...ooeeiiiiiieieeee e 6-225

PIYING ACtION ..ot 6-225

reduction factor..........coceeveeinienienieeeee, 6-73
Tension-flange flexural resistance...................... 6-193
Tension members

AlUMINUM ... 7-23

COMNCTELC...eveeeeieenieeee ettt et siee e 5-58

SPLICES vttt 7-54
Tension ties

anchorage of tie .....ocvevvvecvieieeieieeie e 5-34

PIOPOTLIONING ....eovvenreniireierienierieeieeeeeere e 5-33

strength of tie......ccevivenencniiiiicicccce 5-33
Test PIleS..cceieieeiecieeee e 10-123
Thermal forces

temperature gradient............cceeeeeereeneennnne. 3-136

temperature range for procedure A............... 3-133

temperature range for procedure B ............... 3-134
uniform temperature ............ccoeeveeveeeeeeenenns 3-133
Thermoplastic PIPES.......ccccvverveerreerveeeeeeerreenens 12-71
bending Strain ..........cccoeerereeeneeieieeene 12-84
buckling ......cocvevvevieneninininceeen 12-81, 12-83
chemical and mechanical requirements ........ 12-73
combined Strain ........coceeeverereeeeienienieene 12-84
flexibility limits and construction
StNESS. c.veeveeeieicieececeeccee 12-13
handling and installation requirements......... 12-83
MALETIALS .ooveeiieiee e 12-8
resistance to local buckling of pipe
Wall.ooiiee e 12-81
safety against structural failure.................... 12-73
SECtiON PrOPETtieS...cceverveeeeeieriieriiereeeeeeeeeees 12-73
service limit state.........ccoccveviiierenieniee 12-71
slenderness and effective width................... 12-82
EATUST ..o 12-83
Wall resiStance .........ccevvererenencnieieceiene 12-81
Through-girder Spans.............cccecvevveerreecreeeennnns 6-247
Timber
See: Wood

Timber floors
See: Wood decks and deck systems

Time-history method ..........ccccoevveiinienieieeee, 4-85
Tire CoNtact area .........ceeeveeveveesreeeiieecieeeveesneenns 3-24
Torsion
See: Shear and torsion
Traffic railings .......ccooceevienieiiieeeeeeeeeen 13-5
application of previously tested systems ........ 13-8
approach railings...........ccccceevevieviiecieneennenne. 13-6
design forces......oovvevvieverienieecee e 13-17
end treatment .........ooeeeeeeieienieieeese e 13-6
height of traffic parapet or railing................... 13-9
NIEW SYSLEITIS ..eeeuvvieniieeiieeireeieeeteeeieesbeesaeesns 13-9
railing design .........ccoevvevvieiieieeieniee e 13-8
railing SYSteM........cceovevuieiieieeiesieeeee e, 13-5
separation of rail elements..............cccceene.e. 13-15
test level selection criteria ...........ccoeevervenennee. 13-7
Traffic safety
geometric standards ..........cocoevieiiiniieiee 2-5
protection of StruCtures ........oceevveveenieerieneenneens 2-4
protection 0f USETS .......ccceevereerienienienienieieens 2-5
10ad SUMfACES ....eevieiieieieiee e 2-5
vessel COLISIONS ...c.vevereereineiieieceeeee e 2-5
Transverse intermediate stiffeners
moment of inertia...........ccevveveerneeeieeennennn, 6-162
projecting Width..........cccoeeverienieniiieniene 6-162
Transverse reinforcement
compression members ....................... 5-122,5-120
CONCTELE. . eeeeiiiieeeiiieeeireeeereeeestreeeenereeesaereeens 5-60
drilled shafts ........ccccoovveeeiiiiiiciieeeeee, 10-144
flexural members..........ccccecveevieecieiiiieeie, 5-121
Truss bridges
refined analysis.......coccoveereeiinienienieceeee, 4-71
THUSSES ettt 6-244
Bracing .....cccoeeeiiieieieeecesese e 8-37
CAMDET ..o 6-245, 8-37
diaphragms ........cccccevceevieieniieniencenne 6-59, 6-245
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factored resistance.........cocceeeeeveereeienieneenne. 6-247 Water loads
GUSSEE Plates ..oovevveeieriieieicceee 6-256 DUOYANCY ..o 3-37
half-through.........cocoiiiiiiiie 6-257 drag coefficient..........coceevverievieneneninienciceene 3-37
lateral bracing.........cocceeeerveecreneccnenecneneenenne 6-64 SCOUT .ttt et ettt et estesieesbeenaeenee e e 3-39
load distribution...........cceceeeeeieiiereniseeeeeeee 4-47 StAtIC PIESSUIC ...vvevrenrreerieereeeeeereereereeeeesnenenens 3-37
portal and sway bracing....................... 6-246, 7-56 StICAM PIESSUIC .....vveuveeererererveereeresresseeseenens 3-37
SECONAArY StIESSES ..ovvvervrerreereererirerieereeneeees 6-245 WaVe 10ad ...oooviiiieiieiie e 3-39
trUSS MEMDETS. ... eevveiiereeeieeererieerieeieeeeeeeenne 6-245 Wearing surface
working lines and gravity axes...................... 6-245 chip seal.....ccociicieiieiecceee e 9-40
Tub-section members orthotropic steel decks..........ccovverivecierieniennnnn. 9-20
lateral bracing.........cocceeeeeveeeveeniiesieieeeeeene 6-66 plant mix asphalt .........coccoeevrvinenieeeee, 9-40
Unfilled grid decks composite with WO0Od deCKkS.....coviniririiiicicice 9-40
reinforced concrete slabs Web bend-buckling resistance
AESIZN et 9-19 webs with longitudinal stiffeners..................... 6-86
fatigue limit State.........cceeveevieeienienieeeieee 9-19 webs without longitudinal stiffeners ............... 6-86
Unstiffened webs Web crippling
nominal resistance .........ooeverereeeereeueeeenenne 6-152 AlUMINUML .. 7-9
Uplift SEEEL ittt 6-321
AlUMINUML...ooiiicecc e 7-19 Web local yielding..........ccooceevieviiiienieniicieeeenne 6-321
buried StruCtures .........c.ecveevveveeveeiesieieennens 12-18 Web plastification factors
drilled shafts........ccccoovveviieceeiienieieeeee e, 10-126 compact Web SECtionS........cceevveeveeveeeerieeneans 6-274
10Ad TSt ..evviereiieiecie e 10-139 noncompact web Sections...........c.eceeevererennen. 6-275
pile group uplift resistance............. 10-114, 10-143 Web proportions
piles penetrating expansive soil...........cc..c..... 10-83 webs with longitudinal stiffeners....... 6-119, 6-178
TESISLANCE ...t 10-142 webs without longitudinal stiffeners . 6-118, 6-178
single-pile uplift resistance..............ccecueneee 10-114 Webs
spread footings .........ccecveeeeeeenienieneee e 10-53 nominal resistance of stiffened webs............. 6-152
Vehicle-induced vibration .............ceccveveveienerenen. 4-79 nominal resistance of unstiffened webs......... 6-152
Vehicular collision force Welded connections..........c.cceveerereenceneeneeeenns 6-227
protection of structures...........cocceeeeveercenenne. 3-35 complete penetration groove-welded
vehicle collision with barriers ............cc.ccce.e. 3-36 CONNECHIONS. ..c.venieneenieierieeieeieeieeieeeenees 6-227
Vehicular live load effective area ........coevvevereneneienenceceeee 6-229
multiple presence of live load ............ccocuene. 3-18 factored resistance...........cceeveevveevreeciesnenneenne. 6-227
number of design 1anes..........c.cccceevververieennnnne. 3-17 fillet weld end returns..........ccocveevevcverivenennee. 6-230
Vertical Wind pressure.........oeveeveeveneerveecienvennens 3-43 fillet-welded .......ocveeveeieiieieeceee e, 6-228
Vessel COIlISIONS .....ceveveererinenirieieieeneniee 3-138 minimum effective length of fillet welds ......6-230
annual frequency of collapse.........c.ccccoueuee 3-140 partial penetration groove-welded
barge bow damage length..........c.ccoevenennnen. 3-155 CONNECLIONS. ...eeeeeneeeneeeneeeneeeeeeeeeeeeneeans 6-228
barge collision force on pier..........cccccvevenenn. 3-154 seal Welds ...oocvveeeeieieeee e 6-230
damage at extreme limit state....................... 3-155 size of fillet welds .........cccooeeiiininii 6-229
design collision velocity........ccceevvrveereennne. 3-150 Welded wire fabric
design Vessel......ccoooeiierieiiee e 3-140 deformed ........cocoeeiieiiiniie e 5-164
IMPACct fOrCe....covevuieiiiiiiieieececee e 3-147 Plain..ceiiiii e 5-165
impact force, substructure design.................. 3-156 quadrant mat reinforcement.............c.cccceueeee. 12-64
impact force, superstructure design............... 3-157 Welding
owner’s 1esponsibility .........cceevvveeiieienienens 3-140 procedures for aluminum...........cccccevveeveennnnne. 7-18
Protection against .........ccceeeveveereerieeeeseenieenenns 2-5 requirements for aluminum ...........c.ccoeeveneee. 7-18
protection of substructures ............cccccvevveennen. 3-157 SPLICES .eouvieeiieeiectieie ettt 7-55
ship bow damage length..............cocvenrnn.ne. 3-153 weld metal .......coooveeieiieieieee e, 6-27
ship collision force on pier.......c..cccceceveeueene. 3-151 Wheel loads
ship collision force on superstructure............ 3-153 corrugated metal decks........cocevevverinencecnnne 9-30
ship collision with bow..........ccceeverinincnnenne. 3-153 AECKS.cueieiieieee e 4-27
ship collision with deck house....................... 3-153 distribution through earth fills............ccccc.eee. 3-25
ship collision with mast...........ccecceveerienenee. 3-154 modular bridge joint systems ............ccccceueee. 14-27
vessel collision energy........ccoceveerueeceeeeennnene 3-150 orthotropic steel decks.......ccccoeveeviinienieiennene 9-20
Warping torsion..........cceveeveereerienieneeeee e 7-47 Widening
WASHETS ... 6-216 EXteriOr DEAMS .....eeveeuieiieieieieieee e 2-14
MALETTALS ..ot 6-26 SUDSEIUCTUIE ...t 2-14
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Wind-induced vibration........c..cocceceveeveeceenicnennns 4-79
Wind load
aeroelastic instability .........ccccoeeeiieiieiineennen. 3-43
horizontal wind pressure............ccccevvruerneenne. 3-39
multibeam bridges ..........cceoeeeeieieiinineeee 4-59
SOUNd DAITIETS ...eoveeeieiieiieieceee e 15-5
vertical wind pressure.........coceeeeveeereeneennenne. 3-43
Wind pressure on Structures..........ceeverveeveeevennen. 3-41
DOX SECHIONS ..o 4-63
CONSIIUCHION ..ot 4-63
[-SECLIONS. ...couveueeieieiericseeerceteee e 4-62
loads from superstructures.............ccceeeverevnnen. 3-41
Wind pressure on vehicles..........ocevcvervenieenenen. 3-42
Wood
Dracing .....cccveveeeeeieiieieeie e 8-36
(073101 1<) U UUPS 8-37
components in combined flexure and
axial loading ........ccecceeeevienienieeeeee, 8-35
components in COMPIression..........eceerveeeennee. 8-33
components in flexure .........c.cccceeveevveecreenennen. 8-31
components in tension parallel to grain........... 8-35
components under shear ..............cceeverveennenen. 8-33
connection design ........c.eecveeveereerieesreevennenens 8-37
deck factor .....ccevevienienienieereeeeee e 8-29
flat-use factor......cccoveverereniiceicicceene 8-28
format conversion factor...........c.ccoccevevceiennee 8-25
glued laminated timber............ccoecvevverieenenen. 8-12
INCiSING faCtOr ....ovveeeieiieieeeeee e, 8-29
metal fasteners and hardware.......................... 8-21
preservative treatment..........occeeeveveereeneeeennne 8-21
SAWN [UMDbET.......oviiiiiiiiec e 8-5
wet Service factor........ooeevereeienieeeee 8-26
Wood barriers
railing design ........cccevveeeiieieeieneeieeeeeeeens 13-23
Wood decks and deck systems..........c.ccceeveennennen. 9-30
deck tie-downs...........cc.oe..... 9-32, 9-34, 9-39, 9-40
deformation..........coceeeverenenenineeieeeee 9-31
design requirements............cceevereenieecnennenenn 9-30
glued laminated decks ........cccoecvevverienieenennen. 9-32
interconnected decks.........cccverereeiiiiiniiniennne 9-32
load distribution.........c.ccoceeererencrceienienennne 9-30
NANG .o 9-33
noninterconnected decks..........ccccovvveeiirenenne. 9-33
plank decks ......cooivieiieiiii e 9-40
shear design ........cccooveeereiieieieeeee e 9-31
skewed decks .....cceerieriiiiiiie, 9-31
spike laminated decks..........ccccovieiiiiininncnns 9-38
stress laminated decks .........cccoeieniiininennn 9-33
thermal exXpansion...........cccceeeveveervenneenneennenne 9-31
wearing surfaces ..........cceeevveereecvenenenne. 9-31, 9-40
Wood piles
base resistance and modulus of elasticity ....... 8-14
structural TeSiStance ........c.ccocevereeveneenennne 10-118
Yield lNeS.....covvieiieieeieeeeeeee e 4-80
Yield moment .........ccoeeveveieiieienienieneeeeeeeeen 6-315
composite sections in negative flexure.......... 6-316
composite sections in positive flexure.......... 6-316
NONCOMPOSIte SECIONS ......vevveeereereeeriienenne 6-315
sections with cover plates............cccceevereenne. 6-317
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