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Introduction

Thisis acomparative sudy of the Cdtrans Sasmic Design
Criteria, SDC ver 1.1 (1999)Y with Pat V the Japaris
Sagnic Desgn Spedification for Highway Bridges
(December 1996)%. The Seismic Design Criteria (SDC)
verson 1.1 is a minimum seismic desgn requirement for
al Ordinary Standard bridges defined in MTD 20-P.

The Jgpanese Specificaions defines two categories of
importance (Type A: Standard Importance; Type B: High
Importance) and two performance levels for eech category
(Functiond and SAfety). It should be noted thet SDC is
goplicable to Ordinay Standard Bridges, while the
Japanese Specifications cover Ordinary Standard and Non-
Standard bridges.

Design Philosophy

The mgor difference between the two design spedifications
can be summarized asfollows:

The SDC desgn is mosily basad on gtructures with periods
of 0.7 s=c. or higher, therefore, the equd displacement
principd is gpplied. The minimum dructure period is 0.4
soond for Cdtrans bridges while in the Jgpanese
Spedifications there is no limit for minimum period for the
gructure.  The SDC design requires the digplacement
cgpadity to exceed the digdlacement demand. The
displacement capacity is cdculated from the curvature
andyds of various bridge dements and the digplacement
demand is based on dadic modds  The SDC requires non-
linear demand modds for non-standard bridges.

The Japanese Spedifications does not mandete a dynamic
andyss for dl bridges It is only required under specid
casss, such as gructures with periods of 1.5 ssconds and
larger. Static andyses such as “Sagmic Coefficient
Method” or “Ductility Desgn Method” may be usad for
ordinary bridges If a dynamic andyss is required, as
outlined in the spedfications then potentid nonlinear
members shdl be modded as nonliner dements  The
diffness degradation of the columns or piers (from cyde to
cyde) should be captured which results in larger
displacement in the nonlinear range.

Sagmic Performance

The SDC and the Jgpanese criteria are vary smilar in
requirements such as Functiond and Safety performance.
But the dructure damege dassfications are different in
eech specification. The Jgpanese Specifications do not
dlowv any damage under functiond for ordinary or
important bridges, while SDC dlows repairable damage for

ordinary bridges and minimd damege for important

bridges. Mogt of the bridges in Jgpan are desgned as
important, while as ordinary in Cdifornia
Sdamic Loads
The Jgpanee Accderation Response Spectrum (ARS)
curves vary with each desgn method, soil profile, and the
ground motion type. The dagtic ARS curvesin SDC vary
with the pesk rock accderation, soil profile, earthquake
moment magnitude, but not the desgn method. Baoth
spedification use the 5% damping and dlow modification
for different damping. The SDC uses the dadtic spectra for
its seigmic design while the Jgpanese Specifications use the
factored ARS (cdled Seiamic Coefficient). The Seiamic
Coefficent factors are different for each andysis method.
The saigmic load factors in the Jgpanese Spedifications are
different for each method of andyss and these fectors are:
zone codffident, ductility coefficent, falure type
coefficient, and type of materid. The zone factor accounts
for the intengty of the sismic motion changing from
region to region.
Both SDC and the Jgpanese Specifications account for the
direction of ssigmic motion and the skew of the bridge,
however, bridges are desgned in the two independent
longitudina and transverse directions
The Jgpanee Spedifications teke the vertica force
contribution into account for the design of bearingsand “C’
bents but there are no detalled guiddines of itsuse.
Analyss
The method of andyss for both criteria are very amilar,
they both dlow Equivdent Satic Andyss linear dagic
dynamic andyss, and nonliner andyds The nonlinear
andyss is required as the gpecid case andyss in both
gpecifications. Both criteria redtrict gpplication of each
method basad on the importance and the complexity of the
dructure. The mgor difference is on gpplication of ARS
vauesfor caculaing the find saismic load. The SDC does
not ue ay factor on the ARS while the Jgpanee
Specdifications dlow different factors to be used based on
andyss method for the dructure The Jgpanese
Specifications dlow three methods of andyss

1- Saigmic Coefficient Method (Elagtic Andlyss).

2- Ductility Desgn Method (Pushover Andlyss).

3 Dynamic Andyss (Computer Andyss, Complex

Andyss).
Saamic Coefficient Method (SCM)
This method is dmilar to Cdtrans’ Equivdent Stetic
Andyss (ESA) method except that in ESA the
displacement demands of sructure are checked whileinthe
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Japanese Specifications the forces are modly used. The
members are Szed basad on the cdculated saismic loads
The SCM ARS curveseach have along flat portion which
forces mgority of structures to be designed for high forces.
The cross sections of members are Szed based on these
large force, resulting in members with large cross sections.
Ductility Desgn Method (DDM)
This method wes added as a main desgn todl to the
Japanee Sagmic Desgn Spedifications after the 1995
Hyogon-Ken Nanbu (Kobe) earthquake. The drength
capacity of the pier shal excead the demand load The
dlowable resdud displacement for important bridges shall
exceed the resdud displacement 1%. It ssems thet the drift
limit of 1% may control most of the“dlassB” bridges.
Dynamic Analyss
Thisisadynamic andyss method usng computer software.
This method can be usad to veify the results of Saamic
Coefficient Method or the Ductility Design Method
The fallowing three gpecific methods of dynamic andyses
can be usad to verify the Ductility Design Method:

A- Nonlinear Dynamic Analyss

B- Linear Dynamic Andyss Using the Equivdent

Linearization Method
C- Combination of Linear andyss with the Ductility
Design method

Notethat method “A” aboveis mostly used by the Jgpanese
desgners. Themethod “C’ is vary dose to SDC Hadic
Dynamic Andyss(EDA).
Capacity and Allowable Ductility of Reinforced
ConcretePiers
In the Japanese Spedifications the piers are Szed based on
the Seigmic Codfficient Method, while the Ductility Design
Method is used for the deformation capacity design and
check. The mgor requirement is that members shdl behave
in flexure and not fall in sheer.
The fallowing items are related to the maximum dlowable
ductility:

A- For flexurd failure the dlowable curvature ductility
may exceed 20 as shown in the sample design.

B- The maximum ductility is limited to 1 when shear
controlsthe design.

C- Thereisno limit on the ductility demand.

D- In cdculation of the ductility cgpacity the dress
grain curvefor the stedl does not consder hardening.

E- The maximum dloweble volumetric retio of laterd
reinforcement (r ) is 1.8 percant.

F- The sress—grain formulas are o gpplicable to the
hollow sections in the Jgpanee Specifications,
while SDC does not mke any recommendationsfor
this shape category.

G- The reduction of main reinforcement within the
column/pier height is not permitted.

H- The C-bent is covered in the Jgpanese Spedifications,
but SDC does not have any recommendation for this
type of bent.

[- The Joint shear is not covered in the Jgpanese
Specifications asit is covered by SDC.

Bearingsand Sed Piers
Bearings and Sted Fers ae covered in the Jgpanee
Spedifications, however, SDC does not cover these topics

in depth.
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Foundations
In the Jgpanese Spedifications no plagtic hingeisalowed in
foundetions, however, limited displacement and limited
rotation of foundationsis acoeptable.
For the seismic design of foundation basad on The Ductility
Design Method the following design issues are consdered:
A- Noyidding isdlowed in the longituding direction
movement of the bridge.
B- In the transverse direction movement, yidding of
piles supporting the pier walsisalowed.
Sagmic Detailing
The seigmic ddaling in the Jgpanese Specificaions are
smilar to SDC, except thet the “no splice zone” for main
column barsis 4 times the plagtic hinge length.
In the Jgpanese Specifications hoop ties are dlowed for
confinement. These hoop ties are not welded and the hooks
are sscured indde the bridge pier core. Hoop ties are
alowed to be sliced. The maximum spacing of hoop ties
within plagtic hinge length is 15 cm. Intermediate hoop ties
are usad when the Sze of asection islessthan 1 m and they
may be used for circular sections.
In the Japanese Specifications reduction of longitudina
reinforcement a mid-height is not recommended under
very strong seismic force.
Segmic |solation design
The Jgpanee Spedifications dlow Seaismic Isolation
Bearings provided there is limited digolacement of
uperdructure. It seems that the use of rubber bearings to
isolate the supersructure from the subdructure piers is
common in Jepari shridges
Condusons
The gmilarities and the differences between the Jgpanese
Soedificationsand SDC has been presented here. Cdltrans’
designs are based on framing of super to sub-Structure,
while the Jgpanese designs use bearings at the connection
of superdructure and subgtructure. These methods of
connections define the difference in the andyss method
and mehod of demand cdculdions SDC mosly
emphasizes member design basad on the digplacement
demand/cgpacity, while the Jgpanese Specifications
concentrate on the force demand. In generd SDC relies on
disspaing energy through plagic hinges, while the
Japanexe prefer to disspate energy through bearings and
dampers. The Jgpanee prefer to use pier wals, therefore in
the transverse direction the plagtic hinge will occur in the
piles, while SDC prefers the use of flexurd columns for
subgtructure to force the plagic hinges onto the columns
and preferably not onto the piles.
It can be sad that the Japanese Spedifications are not easy
to undersand the design procedures, in which the matters
are rlaed to one section to another, while SDC has smple
form.
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