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FOREWORD

The scope of the AASHTO Guide Specifications for LRFD Seismic Bridge Design covers the design and
construction of new conventional bridges to resist the effects of earthquake motions, and applies to bridges not
classified as Critical or Recovery. The title of the document reflects the fact that these Guide Specifications are
approved as an alternate to the seismic provisions in the AASHTO LRFD Bridge Design Specifications. These
Guide Specifications differ from the procedures in the AASHTO LRFD Bridge Design Specifications ir the use
of displacement-based design procedures, instead of the traditional, force-based design method. Alsh inc'uded
are detailed guidance and commentary on earthquake-resisting elements and systems, global design sti~teg.zs,
demand modeling, capacity calculation, liquefaction effects, and risk-targeted ground motions. Sim.'ar 1o the
LRFD force-based design method, capacity design procedures underpin the Guide Specificatic -3’ n.>thodology,
and these procedures include prescriptive detailing for plastic hinging regions and design requii »ments for ca-
pacity protection of those elements that should not experience damage.

It is expected that these Guide Specifications will continue to be revised as refinei. ents . nd improvements
become available.

AASHTO Comn. *ice on Bridges and Structures
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VIII GUIDE SPECIFICATIONS FOR LRFD Seismic BRIDGE DESIGN, THIRD EDITION

PREFACE

This third edition of the Guide Specifications for LRFD Seismic Bridge Design includes technical content
approved by the AASHTO Committee on Bridges and Structures. In addition to revising the second-edition
content, the design ground motions have been updated to a risk-targeted approach, which differs from the
previous uniform-hazard methodology. This is explained in detail in the new Appendix C, “Risk-Targeted
Ground Motions.”

An abbreviated table of contents follows this preface. Detailed tables of contents precede each Seciion
and Appendix.

AASHTO Publica ‘ons Staff
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SECTION 1:

INTRODUCTION

1.1—BACKGROUND

The state of practice of the seismic design of bridg-
es is continually evolving, and the AASHTO Guide
Specifications for LRFD Seismic Bridge Design were
developed to incorporate improvements in the prac-
tice that have emerged since publication of ATC 6,
Seismic Design Guidelines for Highway Bridges, the
basis of the current AASHTO seismic design provi-
sions. While small improvements have been incorpo-
rated into the AASHTO seismic design procedures
in the intervening years since ATC 6 was published
in 1981, the publication of the First Edition of these
Guide Specifications in 2009 and related changes to
the current AASHTO LRFD Bridge Design Specifica-
tions represented a major overhaul of the AASHTO
procedures.

The development of the First Edition of these
Guide Specifications was performed in accordance
with the recommendations of the NCHRP 20-07/Task
193 Task 6 Report. The Task 6 effort combined and
supplemented existing completed efforts (i.e., AAS-
HTO Standard Specifications Division I-A, NCHRP
12-49 guidelines, SCDOT specifications, Caltrans
Seismic Design Criteria, NYCDOT Seismic Intensity
Maps (1998), and ATC-32) into a single document that
could be used at a national level to design bridges for
seismic effects. Based on the Task 6 effort ard t,at
of a number of reviewers, including representotives
from state departments of transportation; th - Feveral
Highway Administration, consulting.en, ‘nefrs, and
academic researchers, these Guil'e vnecifications
were developed.

These Guide Specifications w.re subsequently up-
dated in 2011 as a Seconc Ec rior. to make revisions
based on observations froi. use of the First Edition of
the Guide Specifications. The Second Edition includ-
ed the addition of desin-Ziowcharts.

This Third ZHition ot *he Guide Specifications in-
volves tle fo. owir.z changes:

* Adypts a risk-targeted approach for development
>fa lesign spectrum.

* Ipdaizs the 2002 AASHTO Seismic Ground Mo-
sion Maps to 2018 United States Geological Survey
(USGS) National Seismic Hazard Model (NSHM),
including the direct use of site class based on the
time-averaged shear wave velocity in the upper
100 feet of geologic profile.

1-1

C1.1

This commentary is included to provide additional
information to clarify and explain the technical basis
for the specifications provided in the Guide Specifica-
tions for LRFD Seismic Bridge Design. These Guide
Specifications are for the design of new bridges.

The term “shall” denotes a requirement for com-
pliance with these Guide Specifications.

The term “should” indicates a strong.prcrei.ce
for a given criterion.

The term “may” indicates a criter” n ti.2t is usable,
but other local and suitably documentec. verified, and
approved criterion may also be u. ed in a manner con-
sistent with the LRFD approaci:#c bridge design.

The term “recommended” s use | to give guidance
based on past experierces. Se.smic design is a devel-
oping field of engiy.- erin,: that has not been uniform-
ly applied to all bridg ~“types; thus, the experiences
gained to Gote on only a particular type are included
as recommenc t10ns.
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* Adds additional site classifications to provide a
smoother transition between site classes.

* Provides a webtool for accessing the updated Seis-
mic Design Ground Motion Database for 22 peri-
ods of ground motion response between 0 s and 10
s at 5 percent damping.

 Identifies additional procedures and makes mod-
ifications to account for the risk-targeted ground
motions being used in these updated Guide Spec-
ifications, including the addition of Appendix C
with background on the risk-targeting procedure.

1.2—GROUND MOTIONS

The USGS has prepared the AASHTO-USGS
Seismic Design Ground Motion Database for AASH-
TO based on the 2018 USGS NSHM.

These guidelines use spectral response accelera-
tions which have been determined to have a targeted
risk of approximately 1.5 percent in 75 years based
on a notional fragility function for incipient bridge
column collapse as the basis of the seismic design re-
quirements. The spectral accelerations are achieved
through use of uniform hazard curves in conjunction
with a notional fragility curve. Comparisons show
that the risk-targeted ground motion at zero period—
the Peak Ground Acceleration (PGA)—is also suit-
able for use in geotechnical hazard assessment.

This targeted risk-based approach produces uni-
form risk throughout the country, unlike the unifor »
hazard approach used previously which resulic. it
nonuniform risk due to the variance in the fnare ot
hazard curves with location.

The risk-targeted ground motions car. be « ccessed
through the AASHTO—-USGS Seismic Des'gn Ground
Motion Web Service available on' th= USGS website.
The service includes features aliwiug the user to
calculate the mapped spectral .=sponse acceleration
coefficients, S, by lati“ide— ongitude and for the
specified site class. The des: =i spectrum is developed
from the S, values -ovided at 22 different periods.
Provisions are alsc avaiiable for conducting site-spe-
cific seismic ha.~rd analyses using the risk-targeted
approach, . s well as conducting site-specific ground
respansceanlysis using ground motions developed
froma tio= risk- targeted spectrum.

1.. . FLOWCHARTS

The flowcharts herein provide the engineer with
a simple reference to direct the design process need-
ed for each of the four Seismic Design Categories
(SDCs).
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SECTION 1: INTRODUCTION

Flowcharts outlining the steps in the seismic de-
sign procedures implicit in these Guide Specifications
are given in Figures 1.3-1 to 1.3-5.

These Guide Specifications were developed to al-
low three global seismic design strategies based on the
characteristics of the bridge system, which include:

* Type I—Design a ductile substructure with an
essentially elastic superstructure.

* Type 2—Design an essentially elastic substruc-
ture with a ductile superstructure.

* Type 3—Design an elastic superstructure and
substructure with a fusing mechanism at the in-
terface between the superstructure and the sub-
structure.

The flowcharts in Figures 1.3-1 through 1.3-5 ad-
dress the design of bridges using the Type 1 design
strategy. The flowchart in Figure 1.3-1 guides the de-
signer on the applicability of these Guide Specifica-
tions and the seismic design procedure for bridges in
SDC A and single-span bridges. Figures 1.3-2 through
1.3-4 show seismic design procedure flowcharts for
bridges in SDC B through D respectively. Figure 1.3-
5 shows foundation design and detailing flowcharts.

Alternate flowcharts are provided in Appendix B.
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SDCA
AND SINGLE
SPAN BRIDGES

PRELIMINARY DESIGN BRIDGE
TYPE SELECTION AND DESIGN
FOR SERVICE LOADS

¥
APPLICABILITY OF SPECIFICATIONS ESTABLISH BRIDGE
ARTICLE 3.1 GEOMETRY AND
SUPPORT

ARTICULATIONS

TEMPORARY

ARTICLE 3.6 BRIDGE
DETERMINE

DESIGN FORCES
ARTICLE 4.6/4 &

PERFORMANCE CRITERIA
ARTICLE 3.2 L
DETERMIN= M NIMUM
FOUNDATION INVESTIGATION SUPPORT LEN3TH
ARTICLE 6.2 ArTICL.Z 4412
LIQUEFACTION EVALUATION COLUMN DETAILING FOR
ARTICLE 6.8 SDCAIF S, 2 0.1
l, " | ARTICLE 8.2
EARTHQUAKE RESISTING SYSTEME | l
(ERS) REQUIRE&?SES;SRSDC cé&L FOUNDATION DESIGN FOR
: 1 J FOR SINGLE-SPAN BRIDGES
!’ FIGURE1.3-5
DETERMINE DESIGN RESPONS= SPECTRUM 1
ARTICLE 3.4
| - COMPLETE

DETERMINE SEISMIC DE 51CN.CATEGORY (SDC)
ARV!CLIC.5

Figure 1.3-1—Applicability of th. Guide Specifications and the Seismic Design Procedure for
Bridges in SDC A and Sing!:-Sy.~~ Bridges
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R

1

STEP 2

COMPUTE DISPLACEMENT
CAPACITY Ac
ARTICLE 4.8.1

USE PUSHOVER
ANALYSIS ORREDESIGN

FORSDC“C”

DISPLACEMENT SATISFY MATHEMATICAL
DEMAND ANALYSIS REQUIREMENT FOR (EDA)
Ap ARTICLE 5.5
SEISMIC DESIGN EFFECTIVE SECTION
PROPORTIONING PROPERTIES
ARTICLE 4.1 ARTICLE 5.6
DETERMINE ABUTMENT
ANALYSIS PROCEDURE MODELING
ARTICLE 4.2 ARTICLES.2
DETERMINE HORIZONTAL FOUNDATION MODELING AND
LIQUEFACTION IF PRESENT
GROUND MOTION EFFECTS ARTICLES 538 6.8
ALONG BOTH AXES 9 &b
ARTICLE 4.3.1 l
I, CONDUCT DEMAND
ANALYSIS
DAMPING AND SHORT
PERIOD CONSIDERATIONS ARTICLES5.1.2AND 4.4
ARTICLES 4.3.2&4.3.3 l,
l DETERMINE DISPLACEME NT
DEMANDS ALONG
SELECT ANALYSIS MEMBER LOCAL AXE ™
PROCEDURES: (ESA) OR (EDA) ARTICLE 4.8
ARTICLES 5.4.2 OR 5.4.3

MINIMUM S¢?POR AND
SHEARKEY REQU'REMENTS
ARTICL=S 4.12AND 4.14

l_FO ND/.TION DESIGN
FIGURE 1.3-5

|

SDC B DETAILING
FIGURE 1.3-6

l

COMPLETE

Figure 1.3-2—Seismic Design Procedure Fiow "hart for Bridges in SDC B
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Comee sree:
STEP1 COMPUTE DISPLACEMENT
1 CAPACITY, A, ARTICLE 4.8.1
ORBY PUSHOVER ANALYSIS
DISPLACEMENT SATISFY MATHEMATICAL
DEMAND ANALYSIS REQUIREMENT FOR (EDA)
Ap ARTICLE 5.5 - >
1 I 2
SEISMIC DESIGN
PROPORTIONING EFFECTIVE SECTION >
ARTICLE 4.1 PROPERTIES 9 NO
ARTICLE 5.6 z
3 T § [e—— vEes
DETERMINE @
CHECKP-4
ANALY S S oS SDURE ABUTMENT MODELING i REQUIREMENTS
T ARTICLE5.2 x ARTICLE 4.11.5
i}
DTz, I
ALONG BOTH AXES FOUNDATION MODELING AND SHEAR KEY REQUIREMENTS
ARTICLE 4.3 1 LIQUEFACTION IF PRESENT ARTICLES 4.12AND 4.14
3. ARTICLES 5.38 6.8 T
4
DAMPING AND SHORT | CA,?\Q?::;—IS‘;E?:GN
PR NS DERATIONS CONDUCT DEMAND ANALYSIS —
EeRR ARTICLES 5.1.2 AND 4.4 S ONOATION DESIOR
DEFINE BRIDGE ERS 1 FIGURE 1.3-5
ARTICLES51153.3 DETERMINE DISPLACEMENT =
I SDC C DETAILING
DEMANDS ALONG FIGURE 135
SELECT ANALYSIS MEMBER LOCAL AXES -
PROCEDURES: (ESA) OR (EDA) ARTICLE 4.8 T
ARTICLES 5.4.2 OR 5.4.3 COMPLETE

Figure 1.3-3—Seismic Design Procedure Flowchart for Bridges in SDC C
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DETERMINE DISPLACEMENT
CAPACITY A,
BY PUSHOVER ANALYSIS
ARTICLE 4.8.2

@ STEP 2
SIER1 1
DISPLACEMENT SATISFY MATHEMATICAL
DEMAND ANALYSIS REQUIREMENT FOR (EDA) -
A, ARTICLE5.5 i
S
SEISMIC DESIGN 7o
PROPORTIONING EFFECTIVE SECTION g O @
ARTICLE 4.1 PROPERTIES m non
ARTICLE 5.6 )
lr 3 E |
DETERMINE 1| g % 3
[m]
ANA"?S,{%E'ES EEDURE ABUTMENT MODELING <z
T ARTICLE 5.2 5
DETERMINE HORIZONTAL AXES 1]
AND VERTICAL GROUND MOTION || £5UNDATION MODELING AND
EFFECTS, GLOBAL, Ap, LIQUEFACTION IF PRESENT
ARTICLES 4.3.1 & 4.7.2 ARTIGLES 5.3 8 6.6
. I
DAMPING AND SHORT
PERIOD CONSIDERATIONS
CONDUCT DEMAND ANALYSIS
ARTICLES :-3-2 4433 ARTICLES 5.1.2 AND 4.4
DEFINE BRIDGE ERS 1
ARTICLES 5.1.1 & 3.3
T DETERMINE DISPLACEMENT
SELECT ANALYSIS MEMBERLOGALAXES
PROCEDURES: (ESA) OR (EDA) ARTICLE 4.8
ARTICLES 5.42 OR 5.4.3 :

 ——

NO
—

CHECKP-A
REQUIREMENTS
ARTICLE 4.11.5

1

YES

MINIMUM SUPPORT AND
SHEAR KEY REQUIREMENTS
ARTICLES 4.12AND 4.14

2

CAPACITY DESIGN
ARTICLE 4.11

2

FOUNDATION DESIGN
FIGURE 1.3-5

L2

SDC D DETAILING
FIGURE 1.3-5

) 2
COMPLETE

Figure 1.3-4—Seismic Design Procedure Flowchart for Bridges in SDC D
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-TYPE 1: Ductile Substructure with an essentially l
elastic Superstructure

SATISFY LATERAL AND
LONGITUDINAL REINFORCEMENT

FOUNDATION DESIGN DETAILING REQUIREMENTS ARTICLES 8.8
LIQUEFACTION CONSIDERATION ¢ SUPERSTRUCTURE DESIGN
ARTICLE 6.8 FOR LONGITUDINAL
T DIRECTION FOR SDC C & D
SPREAD FOOTING DESIGN SATISFY MEMBER DUCTILITY ARTICLE 8.10
ARTICLE 6.3 REQUIREMENTS FOR SDC D l
ARTICLE 4.9
1 T SUPERSTRUCTURE DESIGN
CONCRETE PILES FOR SDC C & D FOR TRANSVERSE DIRECTION
ARTICLE 8.16 DETERMINE FLEXURE INTEGRAL BENT CAPS FOR
l AND SHEAR DEMANDS SDCC&D
ARTICLE 83 ARTICLES 8.11
PILE CAPE FOUNDATION NON-INTEGRAL BENT CAPS
DESIGN ARTICLE 6.4 | | FOR SDCC&D
5
| SATISFY REQUIREMENTS FOR ARTICLES 8.12
CAPACITY PROTECTED MEMBERS I
DRILLED SHAFT Fﬁiﬁig S‘QD SUPERSTRUCTURE JOINT
ARTICLE 6.5 : DESIGN FOR SDC C & D
| | | ARTICLE 8.13
o pesos sy REaumE TS ox .
ARTICLES 6.7 ARTICLE 8.7 : COLUMN FLARES FOR SDC € & D
' ARTICLE 8.14
1 COLUMN SHEAR KEY DESIGN
COMPLETE FORSDCC&D
SHEAR DEMAND AND CAPACITY ARTICLE 8.15
CHECK FOR DUCTILE ELEMENTS
ARTICLES 8.6 :
COMPLETE

THE DETAILING FLOWCHARTS OF OTHER TYPES ARE SHOWN IN THE APPENDIX B 5

Figure 1.3-5—Foundation and Detailing Flowcharts
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