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Synopsis:

This Technical Memorandum is a report of the author's mission at the University of California,
Berkeley, California, U,S. A. during the period of July 1st through October 9th, 1971, The
author was participating in a research project ''Seismic Effects on Bridges" at the University,
as an activity of the Panel on Wind and Seismic Effecis on Structures of the U, S, - Japan Co-

operative Program in Natural Resources (UJNR).

January, 1972

Toshio Iwasaki

Senior Research Engineer
Earthquake Engineering Section
Public Works Research Institute
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About the Tentative English Version

This tentative English version of ""Specifications for Earthquake Resistant Design of Highway Bridges"
published by the Japan Road Association in January, 1971 is printed by the Public Works Research Institute (PWRI),
Ministry of Construction. The version will be the Appendix of a Technical Memorandum of PWRI, presented by
Toshio Iwasaki, Senior Research Engineer of Earthquake Engineering Section as a formal report of his mission at

the University of California, Berkeley, California, U.S. A. during the period of July 1st through October 9th, 1971.

The English version was originally prepared by him while he was participating in a research project "Seismic
Effects on Bridges' at the University, as an activity of the Panel on Wind and Seismic Effects of the U.S. -Japan
Cooperative Program in Natural Resources (UJNR). During the period he was appointed to be a temporary member
of the UJNR Panel.

Professor Joseph Penzien, Director of the Earthquake Engineéring Research Center at the University of
California, Berkeley acts as the principal investigator of the above research project, which is sponsored by the

Federal Highway Administration, U.S. Department of Transportation.



LT SRS A A AT M T A g ey

FOREWORD

The earthquake resistant design of highway bridges is currently
being conducted in accordance with the provisions of Section 13 (Sec-
tion 2.9 in the English version) of the Specifications for Design of
Steel Highway Bridges. Since the provisions concerning earthquake
resistant design are not very comprehensive as stated in the preface
of the Specifications, the design is in many respects dependent on the
designer's in_terpretation. Accordingly the results of the various
designs were not always consistent. To alleviate this problem it was
necessary to revise the Section 13 of the Specifications and to draw up
new detailed Specifications exclusively for earthquake resistant design
of highway bridges.

In response to the need for revisions, the Japan Road Association
established the Earthquake Resistant Design Subcommittee under the
Highway Bridge Committee in 1966, Between 1966 and 1968 a prelimi-
nary draft was prepared. The task was taken over by the Earthquake
Resistant Design Branch-Committee of the Specifications Subcommit-
tee in 1968, when the Highway Bridge Committee was reorganized.

The Subcommittee and the Branch-Committee have seriously
attempted to draw up the revision through surveys of the available
research work, discussions with specialists from universities and
other organizations, and trial calculations and bridge designs at
several stages in accordance with the interi-m drafts, and finally com-

pleted the revision of the Specifications in 1971,



The new Specifications are completed basically in accofdance with
the provisions of Section 13 of the Specifications for Design of Steel
Highway Bridges, and also by extensively referring to the results of
receht investigations on earthquake engineering. Therefore the design
methodology of Section 13 of the current Specifications was generally
traced in éstablishing tﬁe new Specifications,

In determining the design seismic coefficient the importance factor
is newly considered in addition to the traditional fa‘ctors such as zone
factor and ground condition factor. Moreover, for bridges which have
longer natural periods the factor on the natural periods of the structures
are considered.

Although the design horizontal seismic coefficient used to be 0.1 to
0. 35 in the Section 13 of the current Specifications, the value is reduced
to 0.1 to 0.3 and over 0. 3 only for rare occasions in the new Specifi-
cations, This is based on the results of recent investigations that it
seems more essential to pay attention to soil conditions rather than to
the magnitude of seismic coefficients in design of bridges against
seismic forces. |

Since design seismic forces in the new Specifications were deter-
mined by referring to the seismic risk map expected for 75 years pre-
sentea by Dr. Kawasumi and by reflecting the results of a recent study
on the meteolorogical data since the Kanto Earthquake in 1923, seismic
forces considered in the new Specifications would cover the severest

earthquakes experienced in individual regions in Japan,



The seismic forces would also correspond to those due to the
greatest earthquakes in the seismological point of view.

In the new Specifications the following aspects differ from the pre-
vious method.

(1) The design seismic coefficients of a bridge are determined syste-
matically dependent on geographical location of the bridge site, the
ground conditions at each substructure site, and the importance of
the bridge.

(2) The vertical design seismic coefficients are generally neglected.
(3) The design seismic coefficients for structural parts, soils and

water below the ground surface are neglected.

(4) Special attention is paid to very soft soil layers and soil layers

vulnerable to liquefaction during earthquakes. The bearing capa-

cities of these layers are neglected in the design in order to assure
high earthquake resistance for those structures which are construct-
ed in these layers.

(5) The design seismic coefficients for bridges with high-rize piers
are determined in accordance with the modified seismic coefficient
method considering structural response, instead of the conventional
way in which the design seismic coefficients increase with the height
of the piers,

(6) Special attention is also paid to the design of structural details in

view of earthquake damage previously experienced to bridge struc-

tures. To this end provisions are specified for bearing supports

and devices for preventing superstructures from falling.

— i —



Although the Specifications were developed through extensive studies
and discussions of research reports on earthquake engineering from
throughout the world as well as Japan, some unexpected problems may
arise when they are applied to actual structures. Because of this and
the fact that technological improvements take place very rapidly, anc-
ther revision will be required in the future. Everyone is urged to indi-
cate any insufficient points or to make any suggestions for the present
Specifications, so that they may be improved in subsequent revisions,

The present publication is limited the provisions which are con-
sidered to be sufficient for the design of bridges. Comments which
dedscribe the basis and the application methods of the provisions will
be issued immediately after their completion, They will be indispensa-
ble when it is necessary to revise the present Specifications again or
when any parts of the provisions are found to be uncertain in their ap-
plication,

Dr. Hiroshi Kawasumi, Dr. Tsutomu Terashima, and Mr. Tsutomu
Tomita participated in the discussions on special matters as special

members of the Committee. Their cooperation is greatly appreciated.

January, 1971

Earthquake Resistant Design Branch-Committee
Specifications Subcommittee
Highway Bridge Committee

Japan Road Association

3-3-3 Kasumigaseki
Chiyoda-ku, Tokyo



e et g

Chairman:

Members:

Secretaries:

LIST OF MEMBERS

HIGHWAY BRIDGE COMMITTEE

Aoki, Kusuo

Arie, Yoshiharu
Fukuoka, Masami
Hiura, Taizo

Kokubu, Masatane

- Kono, Michiyuki

Murakami, Eiichi
Nakajima, Takeshi
Naniwa, Hayato
Okamoto, Shunzo
Okumura, Toshie
Suzuki, Toshio
Tanaka, Goro

Uemae, Yukitaka

Komada, Keiichi
Miyazaki, Shoji

Sawai, Hiroyuki

Fukuda, Takeo
Hirai, Atsushi_
Inomata, Shunji
Konishi, Ichiro
Matsuzaki, Akimaro
Murakami, Tadashi
Nakano, Takayuki
Naruse, Katsutake
Okubo, Tadayoshi
Ozaki, Hisashi
Tahara, Yasuji
Tomonaga, Kazuo

Yokomichi, Hideo

Kutsukake, Tetsuo

Okada, Tetsuo



Chairman:

Members:

Secretaries:

LIST OF MEMBERS

SPECIFICATIONS SUBCOMMITTEE

Murakami, Eiichi

Adachi, Ko
Fuse, Yoichi
Ikeda, Tetsuo
Ito, Manabu

Komada, Keiichi
Kutsukake, Tetsuo
Miyazaki, Shoji
Narita, Nobuyuki
Nishiwaki, Takeo
Okinaka, Koichiro
Saiki, Saburo
Sasado, Shoji
Tada, Yasuo
Tamano, Mitsuharu

Yoshida, Iwao

Kato, Hiroshi
Numata, Shoichiro

Yamaki, Takashi

Asama, Tatsuo

Horii, Kenichiro
Inoue, Hirosato
Kato, Masaharu
Kunihiro, Tetsuo
Maeda, Kunio
Nakamura, Shohei
Nishiyama, Hironobu
Okada, Tetsuo
Okubo, Tadayoshi
Samukawa, Shigeomi
Sawai, Hiroyuki
Takata, Takanobu

Tanabe, Suenobu

Mori, Hiroaki

Sato, Nobuhiko



LIST OF MEMBERS

EARTHQUAKE RESISTANT DESIGN BRANCH-COMMITTEE

Chairman;

Members:

Tada, Yasuo

Adachi, Ko
Arakawa, ‘Tadashi *
Hakuno, Motohiko
Ishihara, Kenji
Iwasaki, Toshio*

Komada, Keiichi

Kuribayashi, Eiichi*

Nakagawa, Kyoji
Nakano, Seiji

Okada, Tetsuo

Okubo, Teiji

Saeki, Shoichi

Tamura, Koichi

Tsuji, Katsunari *

Yoshida, Iwao

Members with

e

* are also secretaries,

—Vii—

Adachi, Yoshiox*
Asama, Tatsuo

Iida, Yutaka*
Iwamatsu, Yukio
Keto, Hideyuki
Kunihiro, Tetsuo
Muto, Hayahiko
Nakamura, Hiroaki
Nishiyama, Hironobu
Okubo, Tadayoshi
Oyamada, Yoshihiro*
Shimokawa, Hiroshi
Tsuchida, Hajime
Yahagi, Kaname

Yoshinaka, Ryunoshin



CONTENTS

Page
FOREWORD
LIST OF MEMBERS
Chapter 1 General ......... ... ... .. 1
1.1 Scope L. 1
1.2 Definitions of Terms .................. 2
Chapter 2  Basic Principles for Earthqﬁake Resistant
Design ... . . ... 5
Chapter 3 IL.oads and Conditions in Earthquake
Resistant Design ...................... EE 6
3.1 General  ............ .., 6
3.2 Seismic Effects ....................... 7
3.3 Inertia Forces ................ccuuvuun.. T

3.4 Earth Pressures during Earthquakes .... 11

3.5 Hydrodynamic Pressures during
Earthquakes ...............ccoevuu.... 11

3.6 Ground Surface Assumed in Earthquake
Resistant Design  ..................... 14

3.7 Soil Layers Whose Bearing Capacities
are Neglected in Earthquake Resistant

Design ...t i 15

3.8 Buoyancy or-Uplifts .................. 16

Chapter 4 Design Seismic Coefficient. ................ 17
4.1 General ........... ... ... i ., 17

4.2 Design Seismic Coefficient in the
Seismic Coefficient Method et 17

—viii—



Chapter 5
Chapter 6
References*

Factors for Modifying the Standard
Horizontal Design Seismic Coefficient ,... 18

4.4 Design Seismic Coefficient in the
Modified Seismic Coefficient Method
Considering Structural Response ,....... 22
General Provisions for Design of
Structural Details .......................... 31
5.1 General ........... ... ... . ... . ..., 31
5.2 Devices for Preventing Superstructures
from Falling .......................... 32
5.3 Vertical Seismic Forces for Design of
Connections between Superstructures
and Substructures  ..................... 35
5.4 Methods for Transmitting Seismic Forces
at Connections between Superstructures
and Substructures ...................... 35
5.5 Devices Expected for Decreasing
Seismic Forces  ..........c i, 37
Miscellaneous Provisions  .................. 38
.......................................... 39

* References are provided exclusively in the English version for

the convenience of the reader.



Chapter 1 General

1.1  Scope

The provisions in the Specifications apply to earthquake resistant

design of highway bridges with spans not longer than 200 meters, to be

built on expressways, national highways, prefectural highways and

principal municipal highways.

In regard to matters which are not specified herein, the following

Specifications shall be conformed to, in accordance with the type of the

structure considered.

Specifications for Design of Steel
Highway Bridges,

Specifications for Design of Welded
Highway Bridges,

Specifications for Design and
Construction of Composite Beams
for Steel Highway Bridges,

Specifications for Design of Reinforced
‘Concrete Highway Bridges,

Specifications for Design and
Construction of Friction Type Joints
in Steel Highway Bridges Using
High Strength Bolts,

Specifications for Design of Substructures
of Highway Bridges,

Specifications for Presiressed Concrete
Highway Bridges,

Japan Road Association

Japan Road Association

Japan Road Association

Japan Road Association

Japan Road Association
Japan Road Association

Japan Road Association



1.2 Definitions of Terms
The following definitions apply only io the provisions of these
Specifications.
(1) Earthquake: A phenomenon with propagation of vibration due to
a sudden naturally occurring movement at a certain portion inside the
earth.
(2) Earthquake Ground Motion: Vibration of ground during earth-
quakes.
(3) Design Seismic Coefficient: A coefficient indicating the magnitude
of acceleration to be considered for earthquake resistant disign of

structures, and expressed as a fraction of the acceleration of gravity.

(4) Seismic Coefficient Method: - A method for earthquake resistant
design in which seismic forces are assumed to act on structures as
static forces.

(5) Modified Seismic Coefficient Method Considering Structural
Response: A method for earthquake resistant design which is de-
veloped through modification of the seismic coefficient method by
considering characteristics of earthquake ground motions, dynamic
properties of structures, etc. for those structures with long funda-
mental periods of vibration,

(6) Modified Design Seismic Coefficient Considering Structural
Response: A design seismic coefficient used in the modified seismic
coefficient method considering structural response in which the design
seismic coefficient is dependent on the fundamental period of the

structure.



(7) Standard Horizontal Design Seismic Coefficient: The Horizontal
design seismic coefficient which applies to a bridge which is located
in a zone where severe earthquakes have frequently occurred or
where severe earthquakes have a high potential of occurance, and
which is constructed in soil layers with ground conditions corre-
sponding to group 2 in Table 4, 5.

(8) Seismic Zone Factor: A factor to decrease the horizontal de-
sign seismic coefficient in accordance with the geographical location
of the structural site, The factor has the value of 1.0 for those
zones where severe earthquakes have frequently occurred or where
severe earthquakes have a high potential of occurance,

(9) Ground Co‘ndition Factor: A factor to modify the horizontal
design seismic coefficient depending upon the ground conditions of
the structural site. The factor is intended to unify the margin of
safety against earthquake disturbances among structures constructed
in various ground conditions, in consideration of damage previously
experienced.

(10) Importance Factor: A factor to modify the horizontal design
seismic coefficient depending on the importance of the structure,

(11) Inertia Force: Product of the weight of the structural body

and the design seismic coefficient.

(12) Seismic Force: Any forces such as inertia forces, earth pres-
sures, etc, to which structures are subjected during earthquakes.
(13) Coefficient of Subgrade Reaction: A coefficient given by the

following formula, which is also shown in Section 3.1 of the Volume
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of Spread Foundations, the Specifications for Design of

Substructures of Highway Bridges.

where

K : coefficient of subgrade reacticn in kg/cm3
p : loading pressures in kg/cm?2
¢ : displacement in cm
(14) Earthquake Response Analysis: An analysis of the dynamic

behavior of structures during earthquakes.



Chapter 2 Basic Principles for Earthquake Resistant Design

(1) The earthquake resistant design for a highway bridge shall provide
suffiéient stability against seismic disturbances for the structure as a unit
and also for all parts thereof, including superstructures, substructuctures,
and surrounding soils, considering topographical and geological conditions
at the site.
(2) The seismic coefficient method basically shall apply to the earth-
quake resistant design of relatively rigid structures.
(3) _The modified se.ismic coefficient method considering structural res-
ponse shall apply to the earthquake resistant design of felatively flexible
structures which are of long fundamental periods of vibration, such as
bridges with high-rise piers.
The earthquake response analysis shall also be adopted for those
structures, for which detailed investigations are required.
(4) Particular attention shall be paid to preventing the fall of super-
structures from substructures due to the movements during earthquakes.
When the design allowing for partial failures of the whole system or
local failures of certain structural members is required on the basis of
economical considerations, special attention to preventing the fall of

superstructures shall be paid.



Chapter 3  Loads and Conditions in Earthquake Resistant Design

3.1 General

(1) The following loads shall be taken into account in earthquake
resistant design. .The appropriate loads shall be selected from this
list on the basis of the location and the type of the structure.

1. Dead Loads

2. Earth Pressures

3. Water Pressures

4. Buoyancy or Uplifis

5. Effects of Temperature Change

6. Effects of Shrinkage due to Humidity in Concrete Structures

{Including Creep Effects)

7. Seismic Effects

8. Effects of Friction at Bearing Supports

9. Effects of Consolidation and Settlement of Ground

10. Effecis of Movements of Supports

11. Other Loads

| (2) Combination of Loads
Design conditions shall be determined considering the following
four cases. The combination of various loads listed above shall be

decided in accordance with the provisions in individual Specifications

; according to the type of the bridge considered.




s A

Case 1 Maximum stresses will be expected in the members

Case 2 Maximum reactions will be expected in the foundation
soils

Case 3 Maximum displacements will be expected at the supports

Case 4 The structure will become critical conditions due to

overturning, sliding, etc.

3.2 Seismic Effects
The following seismic forces shall be taken into account to determine
seismic effects in design of a bridge structure.
1. Inertia forces due to the dead weight of the siructure: The
.magnitude of the inertia forces shall be the product of the weight of

the structure and the design seismic coefficient. The design seismic

coefficient shall be obtained in accordance with the provisions in
Chapter 4 '"Design Seismic Coefficient . "

2. Inertia forces due to the superimposed weight: The magnitude
of the inertia forces shall be the product of the superimposed weight
and the design seismic coefficient. The design seismic coefficient
also shall be obtained in accordance with the provisions in Chapter 4
"Design Seismic Coefficient ,"

3. Earth pressures during earthquakes.

4. Hydrodynamic pressures during earthquakes.

3.3 Inertia Forces
(1) Both for the seismic coefficient method and the modified seismic

coefficient method, bridge substructures shall be subjected to the



inertia forces of superstructures during Vear‘thquakes as follows

(refer to Fig. 3.1):

(a)

()

(c)

where

AL

BL

AL

ar

Horizontal seismic force acting on A_ (left abutment) shall

be
H,.=R, - f, (3.1)
h H, <Ly w
where H, < - k, W, (3. 2)
In other words,
RAL fAL
H = smallest of 1 or
AL
—k W
2 b A

Horizontal seismic force acting on P, (Pier 1) shall be
k W (H_ =0 in this case) (3. 3)
h A BL

H,k +H_ = largest of or

AL BL

~k W, R, - f (3.49)

2 L BL

In equation (3.4), R, - f shall satisfy

BL
&L-gLsékhws (3.5)
Horizontal seismic force acting on AR (right abutménf)
shall be
H, = k W, (3.6)
Static friction coefficient at movable support A,

Static friction coefficient at movable support B, .

Horizontal seismic force (inertia force or friction force)
acting on A, due to Girder A ,

Horizontal seismic force (inertia force) acting on P, due to
Girder A ,

p—_
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Fig. 3.1 Inertia Forces of Superstructures



H_ Horizontal seismic force (inertia force or friction force)
acting on P, due to Girder B ,

H_.: Horizontal seismic force (inertia force) acting on A, due
to Girder B ,
k : Horizontal design seismic coefficient (in accordance with

the provisions in Chapter 4 '"Design Seismic Coefficient'":
k, in equation (4. 1) for the seismic coefficient method, or
k .. in equation (4. 2) for the modified seismic coefficient
method, shall be employed )},

R : Reactionat A dueto W ,
AL L A
R : Reactionat P, dueto W .,
AR A
R : Reactionat P due to w ,
BL 1 B
R, Reaction at A, due to W, .
w, o Dead weight of Girder A , and
W_ : Dead weight of Girder B

(2) Inertia forces shall be assumed to act at the center of gravity
of the structure. In designing the substructure, inertia forces
exerted from superstructures may be assumed to act at the level of
the base of the supports in the longitudinal direction to the bridge
axis, and at the level of the center of gravity of the supersiructures
in the transverse direction.

In the transverse direction the level of the center of gravity of
the superstructures may generally be taken as the lower level of the
floor slab.

(3) Inertia forces shall be assumed to come from two horizontal
directions: longitudinal and transverse to the bridge axis, or
parallel and perpendicular to the principal axis of any structural

elements of the bridge.



3.4 Earth Pressures during Earthquakes

Earth pressures during earthquakes shall be determined in accordance
with the provisions in the Specifications for Design of Substructures of
Highway Bridges (See Reference 1 at the end of the English Version), The
horizontal seismic coefficient in the calculation of earth pressures shall
be in accordance with the provisions in Section 4. 2 "Design Seismic Co-

efficient in the Seismic Coefficient Method."

3.5 Hydrodynamic Pressures during Earthquakes
Hydrodynamic pressures during earthquakes shall be determined by
the following formulas. The pressures shall be assumed to act in the
same direction as that of th.e inertia forces given by the provisions in
Section 3.3 "Inertia Forces.'
(1) Hydrodynamic Pressures on Walls
Hydrodynamic pressures acting on one side of a wall-type

structure shall be determined as follows (refer to Fig. 3.2):

7 2

P = k bh (3.7)
i2 B Wo
=~ 1 (3.8)
hg =3 h
where
b  Width of the wall in meters in the perpendicular direction to

that of the pressure,
h : Depth of water in meters,

i : Height of the tfotal hydrodynamic pressure in meters above
the bottom of the water ,
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Fig. 3.2 Hydrodynamic Pressures on Wall-Type Structures
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k, : Horizontal design seismic coefficient given by the provisions
in Section 4.2 " Design Seismic Coefficient in the Seismic
Coefficient Method , "

-P: Total hydrodynamic pressure int, and

W,: Unit weight of water in t/m3,

(2) Hydrodynamic Pressures on Columns
Hydrodynamic pressures acting on a column-type structure

surrounding by water shall be determined as follows (refer to Fig.

3.3):
3 2 __1_)__, E.<2
P=7k W, b h(1-19 for +-= (3.9)
3 b%h for2> 2 (3. 10)
P:g hWo h *
1 (3.11)
= = h
h‘ 2

3.6 Ground Surface Assumed in Earthquake Resistant Design

In earthquake resistant design the bearing capacities of soil layers
which are specified in Section 3.7 '"Soil Layers Whose Bearing Capaci-
ties are Neglected in Earthquake Resistant Design'' shall be neglected.
Ground surface in design shall be assumed to be the level of the lower
boundary of the neglected layer, if the layer extends continuously below
the actual ground surface.

For this case the neglected layer shall be assumed to have properties

of zero cohesion and zero angle of internal friction.



sy

3.

1

Soil Layers Whose Bearing Capacities are Neglected in Earthquake
Resistant Design
(1) Sandy Soil Layers Vulnerable to Liquefaction

Saturated sandy soil layers which are within 10 meters of the
actual ground surface, have a standard penetration test N-value
less than 10, have a coefficient of uniformity less than 6, and also
have a Dgg-value on the grain size accumulation curve between
0.04 mm and 0.5 mm, shall have a high potential for liquefaction
during earthquakes. Bearing capacities of these layers shall be
neglected in design.

Saturated sandy soil layers which have aDgg-value between 0,004
and 0.04 mm or between 0.5 mm and 1.2 mm, may liquefy during
earthquakes, and shall be given particular attention. Estimation
whether or not these layers will liquefy shall be made in accordance
with the available information on liquefaction problems.

When a special investigation is performed, the provisions in
this item (1) in Section 3. 7 may not be required to apply.

(2) Cohesive Soil Liayers and Silty Soil Layers

Bearing capacities of cohesive soil layers and silty soil layers,
which are within 3 meters of the actual ground surface, and are very
soft such as those with the compression strength, determined by
unconfined compression tests or field tests, less than 0.2 kg/cmz,

shall be neglected in design.
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(3) Weight of Soil Layers Whose Bearing Capacities are Neglected
The weight of soil layers whose bearing capacities are neglected

shall have surcharge effects on the lower ground.

3.8 ' Buoyancy or Uplifis
‘Buoyancy or uplifis shall be determined in accordance with the pro-
visions in the Specifications for Design of Substructures of Highway

Bridges (See Reference 2 at the end of the English Version).

p—



Chapter 4 Design Seismic Coefficient
!

4.1 General

The design seismic coefficient shall generally be determined in
accordance with the provisions in Section 4.2  "Design Seismic
Coefficient in the Seismic Coefficient Method." For those bridges,
however, which have flexible piers and long fundamental periods, such

o as those with piers higher than 25 meters above the ground surface, the

design seismic coefficient shall be determined in accordance with the
provisions in Section 4. 4 "Design ‘Seismic Coefficient in the Modi-

fied Seismic Coefficient Method Considering Structural Response, '

4.2 Design Seismic Coefficient in the Seismic Coefficient Method

(1) The horizontal design seismic coefficient shall be determined

by the following formula:

- kh:ul-vz- vs-ko (4. 1)

k ' Horizontal design seismic coefficient ,

k : The standard horizontal design seismic coefficient (= 0. 2),
© v, ¢ Seismic zone factor,

;'2 > Ground condition factor , and

v_: Importance factor .

The value of k, shall be rounded to two decimals, The minimum

value of kh shall be considered as 0.10. The values of factors v,



.3

v, and v, shall be obtained by the provisions in Section 4. 3

"Factors for Modifying the Standard Horizontal Design Coefficient, "

(2) The vertical design seismic coefficient, k‘} may generally be
considered as 0 . Vertical seismic forces for design of bearing
supports, however, shall be determined in accordance with the pro-
visions in Section 5.3 "Vertical Seismic Forces for Design of

Connections between Superstructures and Substructures.'

(3) The horizontal design seismic coefficient may be considered as
0 for structural parts, soils and water below the assumed ground
surface in design.. The assumed ground surface in design shall be
determined in accordance with the provisions in Section 3.6 "Ground
Surface Assumed in Earthquake Resistant Design."

‘Item (3), -however, shall not apply.to underground structures

such as culverts.

Factors for Modifying the Standard Horizontal Design Seismic Co-
efficient
(1) Seismic Zone Factor
Seismic zone factor shall be determined in accordance with
Table 4.1, in which the zone classification shall be determined from

Fig. 4.1 or Table 4. 2.
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Table 4.1 Seismic Zone Factor v,

Zone Value of v,
A 1,00
B 0.85
C 0.70

(Note)
Table 4.2, which indicates in detail the seismic zone through

the use of place names, is omitted in the English version,

(2) Ground Condition Factor

Ground condition factor shall be determined in accordance with

Table 4. 3.

Table 4.3 Ground Condition Factor v,

Group Definitionsl) Valbl e of
2
(1) Ground of the Tertiary era or older
1 (defined as bedrock hereafier) 0.9

(2) Diluvial layer?2) with depth less than
10 meters above bedrock

(1) Diluvial layer2) with depth greater than
10 meters above bedrock '

(2) Alluvial layer3 ) with depth less than
10 meters above bedrock

Alluvial layer3 ) with depth less than 25 meters,

i 3 which has soft layer4) with depth less than 1.1
| 5 meters ’
4 Other than the above 1.2




( Notes) 1)

2)

3)

4)

Since these definitions are not very comprehensive,
the classification of ground conditions shall be made
with adequate consideration of the bridge site.

Depth of layer indicated here shall be measured from
the actual ground surface.

Diluvial layer implies a dense alluvial layer such as
a dense sandy layer, gravel layer, or cobble layer,
Alluvial layer implies a new sedimentary layer made
by a landslide.

Soft layer is defined in Section 3.7 "Soil Layer Whose
Bearing Capacities are Neglected in Earthquake Re-

sistant Design."

(3) Importance Factor

Importance factor shall be determined in accordance with

Table 4.4

Table 4.4 Importance Factor v,

Group

Value

Definitions
of v,

Bridges on expressways (limited-access
highways), general national highways and

1 principal prefectural highways. 1.0
Important Bridges on general prefectural
highways and municipa) highways.
2 Other than the above . 0.8
Note: The value of v, may be increased up to 1. 25 for special

cases in Group 1.




4.4 Design Seismic Coefficient in the Modified Seismic Coefficient
Method Considering Structural Response

The design seismic coefficient specified in this Section shall apply
to the design of superstructures and substructures of those bridges which
have flexible piers and relatively long fundamental periods, such as ones
in which the height of the substructures is 25 meters or more above
the ground surface in design.

The above-mentioned ground surface in design shall be specified in
Section 3.6 '"Ground Surface Assumed in Earthquake Resistant Design ."

The Design seismic coefficients in.this Section shall be determined
by modifying the horizontal design seismic coefficient in Section 4. 2

"Design Seismic Coefficient in the Seismic Coefficient Method," on
the basis of characteristics of strong earthquake ground motions
recorded, and dynamic properties of bridge structures, such as
natural periods, mode shapes and damping capacities of bridge substruc-
tures.

After obtaining the design seismic coefficient, the method for apply-
ing seismic loads for ihe design shall be the same as ‘specified by the
prdvisions in Chapter 3 '"'Loads and Conditions in Earthquake Resistant
Design, "

The provisions in this Section shall not apply to the design of super-
siructures of those bridges in which superstructures are flexible and

have longer periods, such as suspension bridges.



4.4.

1  Design Seismic Coefficient
(1) The horizountal design seismic coefficient shall be determined

by the following formula:

k)m = ﬂkb (4-2)

where

"k, . Horizontal design seismic coefficient in the modified seismic
coefficient method considering structural response ,

k : Horizontal design seismic coefficient given by eq. (4. 1), and

£ : A factor dependent on the fundamental period of the bridge,
and obtained by Table 4,5 or Fig. 4. 2,

For structures whose fundament periods are shorter than
0.5 sec., f may be considered as 1.0.

The value of k,_ shall be rounded to two decimals. The mini-
mum value of k shall be considered as 0. 05,
(2) The vertical design seismic coefficient shall be provided in
accordance with the provisions in Item (2) of Section 4. 2.
(3) The horizontal design seismic coefficient for the portions below
the assumed ground surface in design, shall be provided in accordance

with the provisions in Item (3) of Section 4. 2.
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Table 4.5 Value of £

Group on :
Ground Value of # for Fundamental Period T (sec.)
Conditions
1 B =1.25 £ =1.40/T £ =0.50
for 0.5<T<1.1 | for1.1<T<2.8 for T==2.8
9 B =1.25 B =1.15/T B =0.50
for 0.5<T=1.4 | for 1.4<T=3.5 | for T= 3.5
3 £=1.25 g =2.10/T # =0.50
for 0.5<T<1.7 | for 1.7<T<4,2 | for T=4.2
4 £=1.25 A =2.50/T A =0.50
for 0.5=T<2.0 | for2.0<T=<5.0 | for T= 5.0

(Notes) 1) Refer to Fig. 4. 2.
2) Refer to Table 4.3 regarding groups on ground

conditions.

4.4.2 Method for Obtaining Fundamental Periods

Fundamental natural periods of a bridge shall be determined for
the individual system consisting of each substructure and the part of
superstructures supported by it rather than for the structural system
as a whole.

(1) Bridges Supported by Spread Foundations or Pile Foundations

For those bridges which are supported by spread foundations or
pile foundations, the foundamental periods may be obtained from

Table 4. 6.



Any fomulas in Table 4.6 shall apply to bridges in which the
level of the base of the footing is lower than that of the assumed
ground surface in design and the deformation of the substructure is
mainly caused by the elastic flexural deformation of the pier which
is the upper part of the substructures above the top of the footing.
Therefore, they shall not apply to bridges in which the level of the
base of the footing is higher than that of the assumed ground surface
in design.

Table 4.6 Fundamental Periods of Bridges Supported by
Spread Foundations or Pile Foundations

Formulas for Fundamental
Periods

Type of Direc-~ ] -
Structural System tion Material of Pier
Reinforced Steel
Concrete

A bridge where most

supports (or movable
supports specified in
1 Article 5. 2. 1) on most (4. 3) (4. 4)
substructures, and also

superstructures are Trans- 0.3W +W 0.3W, +W,
- P a "
continuous, have fixed | verse T=2a|—————h? T=2#/—0uur "
3EIg 45E1lg

have rigid abutments,
to one of which the ex- | Longi-
treme end of the super-| tudinal TZE —= 1’
structures is connected
with a fixed support
(See Fig. 4. 3)

Other than the above: Longi-

5 For example, abridge | tudinal Teegg / 03V +W, B
with simple supports or 3Elg

Trans-
verse (4. 6)

PN
N1



F H H MH H F
1
AL h Ag
PI P2 P3 P4 L“ll".’
F ! Fixed Support
M Mowvable Support
H I Hinge Support
Fig. 4.3 An Example of Type 1 of Structural System in Table 4. 6




where

T: Fundamental period in second of the system consisting of a
substructure and the section of the superstructures which
it supports,

W, The weight of the pierint,

W.: The weight of the section of supersiructiures in t supported
by the substructure being considered,

E: Young's modulus of the pier in t/m?2,

I : Moment of inertia of the pier in m# in the direction considered.

For piers with varying section with the height, I may be an
average value,

h: The height of the pier in m, and
g: Acceleration of gravity (= 9.8 m/sec2).
(Note)
Eq. (4. 4) shall apply to those bridges which have a ratio of the
length betiween supports on both abutments to the width between out-

side girders, less than approximately 50 (refer to £/b in Fig. 4. 3).

(2) Bridges Supported by Caisson Foundations
For those bridges which are supported by caisson foundations,

the fundamental periods may be obtained from Table 4. 7.



Table 4.7 Fundamental Periods of Bridges Supported

by Caisson Foundations

Type of Structural System Direction

Formulas for
Fundamental Periods

Transverse one of egs. (4. 3) (or
{4.4)) and (4. 7), which
1 Type 1 in Table 4.6 gives the largest value
of g
Longitudinal eq. (4.5)
Transverse one of eqgs. (4.6) and (4. 7),
2 Type 2 in Table 4.6 ~————— | which gives the largest
Longitudinal value of g
( Note)

where

2
(heZiye w, +(—;—hz+§hl+%lz ) wp+;—w¢
T=2z YE NG (4.7

g{K,, §+KST+K‘, lB}

Fundamental period in second of the system consisting of a
substructure and the section of the superstructures which
it supports,

The weight of the pier in t,

The weight of the part of superstructures in t supported by
the substructure being considered,

The weight of the caisson foundation in t,
The height of pier in m,

Cross-sectional area in m2 at the base of the caisson
foundation,

Moment of inertia in m4 at the base of the caisson foundation
in the direction considered,

Horizontal coefficient of subgrade reaction in t/ m3 at the
level of the base of the caisson foundation,




o

Vertical coefficient of subgrade reaction in t/m3 at the base
of the caisson foundation,

Horizontal coefficient of subgrade reaction in t/m? for shear
deformation at the base of the caisson foundation, and

Acceleration of gravity (= 9.8 m/secz),
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Chapter 5 General Provisions for Design of Structural Details

5.1 General

Every bridge structure or every portion thereof shall be designed
and constructed to resist seismic forces as provided in Chapter 1 through
Chapter 4 and to meet the provisions for design of structural details
specified in this Chapter.

Moreover, attention shall be paid to the following respects.

(1) For those abutments which are constructed in soft ground
layers, the failure of the ground layer during earthquakes shall be
checked.

(2) For those bridges in which any adjacent substructures have
different ground conditions, different type of structural systems, or
different structural dimensions, special attention shall be paid to the
design of structural details, considering that those two substructures
may respond differently during earthquakes.

(3) For those portions such as joints between superstructures and
substructures, connections between piers and foundations, or connections
between footings and piles in pile foundations, where the seismic forces
may not be transmitted smoothly and seismic failure have been observed
often in the past, particular attention shall be paid to the design of struc-
tural details, considering accuracy of evaluation of ground conditions,

existance of construction joints, accuracy of construction, etec.



5.2 Devices for Preventing Superstructure from Falling

Movable supports shall have stoppers (special devices for resisting
large movements of superstructures during earthquakes) to prevent the
superstructures from falling from the substructures, caused by the dis-
location of the upper shoes of the supports from the lower shoes during
strong earthquakes (refer to 5. 2. 1).

For the girder ends one of the following methods shall be employed
as well as the above-mentioned consideration,

(1) A method extending the length between the end of the support

and the edge of the substructufe (or widening the width of the crest

of the substructure in the longitudinal direction to the bridge axis)

in order to prevent the superstructures from falling from the sub-

structure (refer to 5.2.2 or 5. 2. 3).

(2) A method connecting adjacent girders on the substructure to

prevent the superstructures from falling from the substructure

even if they become dislodged from the substructure (refer to

5.2.4).

5.2.1 Stoppers at Movable Supports

The allowable movable length in the design of stoppers at movable
supports shall be assumed as the sum of the movement due to tempera-
ture change, the movement due to the deflection of the girder when sub-
jected to live loads, a margin for covering construction errors, and

20 mm.

’
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The above-mentioned provision need not apply to those stoppers
which are not installed near the supports.

The horizontal design seismic coefficients for designing stoppers
shall be determined by increasing the horizontal design seismic coef-

ficient given by eq. (4.1) or (4. 2) by 50% or more.

5.2.2 Method of Extending the Length between the End of the Support
and the Edge of the Substructure
For those substructures which support the ends of girder, the
length S(in cm) between the end of the support and the edge of the sub-

structure, shall be equal to or more than the value given by the following

formulas:
S=20+0.5 1 for I < 100 m
S=30+0.4 ! for I > 100 m
where

S: Length between the end of the support and the edge of the sub-
structure in cm | and

I: Span length in meters.
For particularly important bridges consturcted in soft ground layers

(Group 4 in Table 4. 3), the value of S shall be equal to 35 cm or more.

5.2.3 Suspended Joints

For suspended joints the length between the ends of girders shall be
equal to 60 cm or more, as shown in Fig. 5.1. The length for those
bridges constructed in soft ground layer (Group 4 in Table 4.3) shall

be equal to 70 ¢cm or more.
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5.2.4 Method of Connecting Adjacent Girders

Devices for connecting adjacent girders on substructures shall have
the movable length specified in Section 5. 2.1, for cases in which at least
one of two supports is a movable one.

The devices shall be designed to rotate freely to allow the rotation
of the girder subjected to live loads, for cases in which both two supports

are fixed on one pier,

5.3 Vertical Seismic Forces for Design of Connections between Super-
structures and Substructures
The vertical design seismic coefficient for the design of connections
between superstiructures and substructures shall be assumed as 0. 10.
When the vertical design seismic coefficient applies upward, only seismic
forces shall be considered, neglecting the effects of the dead loads.
The same value of the vertical design seismic coefficient shall be

employed for the design of any connections similar to the above.

5.4 Methods for Transmitting Seismic Forces at Connections between
Superstructures and Substiructures
The method for transmitting seismic forces at connection between
superstructures and substructures shall be as follows:
(1) For cast-in-place reinforced concrete bridges, the means of
transmission of seismic forces shall be due to the bearing pressure
between the swelling at the base of the lower shoe and the concrete

at the crest of the substructure. The concrete portion near the



base of the lower shoe shall resist seismic forces as one body
together with the pier of the substructure. In the above-mentioned
cases, the means of transmission of seismic forces between the
upper shoe and the girder shall be due to the anchors fixed on the
upper shoe.

For a margin of safety, anchor bolts between the lower shoe
and the substructure shall be designed to resist seismic forces alone,
in consideration of cases where no resistance between the swelling
at the base of the lower shoe and the concrete at the crest of the
substructure can be expected.

The above method is recommended not only for cast-in-place
concrete bridges, but, if possible, also for prefabricated concrete
bridges or steel bridges.

(2) In cases where no bearing resistance of concrete can be expected,

anchor bolts shall be employed to transmit the seismic forces. In

these cases one of the following two methods shall be considered.
(a) A method in which a steel plate with anchor bolis is fixed
firmly on the crest of a substructure while concrete is being
placed, and then the lower shoe of the support is welded to the
steel plate after the erection of the girders
(b) A method in which a hole is prepared when concrete is
placed, a support is set up near the hole, and then anchor bolts
are fixed by placing cement mortar into the hole, or a method in
which anchor bolts are set up while concrete is being placed, and

then the lower shoe is fixed on the anchor bolts.



(3) Anchor bolts used shall be 25 mm or more in diameter, and
the depth of the anchor bolts fixed in the concrete shall be 10 times

the diameter or more,

5.5 Devices Expected for Decreasing Seismic Forces

When any devices which are expected to decrease seismic force are
employed for bridge structures, sufficient investigations shall be con-
ducted on their effectiveness, and special attention shall be paid to pre-

venting the superstructures from falling,
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Chapter 6. Miscellaneous Provisions

When sufficient reasons exist, these Specifications need not apply

to the design of bridges.



Reference
References are provided exclusively in the English version.
(Reference 1)
Specifications for Design of Substructures of Highway Bridges
Volume for Gneral Survey and Design
Part 3 Design, Chapter 2 Loads.
Section 2.5 Earth Pressures
Earth pressures acting on a wall shall be the distributed loads given
- by the following formulas:

(1) Normal Earth Pressures

(a) Earth pressures acting on a movable wall during normal

time shall be determined by the Coulomb's theory as follows:
i}  For Sandy Soils
P, =7 K, x+K,4q
PP =7 'KPX+KPQ
ii) For Cohesive Soils
P =r ~KAx—2C\/ﬁ +K, 4
P, =r-K x+ ZC/—K_:-r K, 4
(b) Earth pressures on a fixed wall during normal time shall be

determined by

A

P, =7 ‘K, X+K 4q
s
(2)

Earth pressures during earthquakes shall be determined by the

Mononobe-QOkabe method.
PA =(.1_k' Yro-x-. KBA

P, =(1-k )7 -x: K_



0+ %)
Poh

N-N : Plane perpendicular to
5N back line of the wall

Active Earth Pressure

Passive Earth Pressure

Fig. 1 Earth Pressure



where

C: Cohesion of the soil in t/m?2 ,
K, * Active earth pressure coefficient for Coulomb!s theory ,
K, Passive earth pressure coefficient for Coulomb's theory ,
K,, ! Active earth pressure coefficient during earthquakes ,
K_,  Passive earth pressure coefficient during earthquakes,
K Earth pressure coefficient at rest,
k . Vertical seismic coefficient,
P, : Active earth pressure in t/m?2 at depth of x meters ,
PP Passive earth pressure in t/m2 at depth of x meters,

q: Surcharge in t/m2 on ground surface,

x 1 Arbitary depth in meters,

a:@ Angle between the ground surface line and the horizontal line,
7 : Unit weight of the soil iﬁ t/m3,

0 : Angle of friction between the wall and the soil,

¢ : Angle of internal friction of the soil , and

f : Angle between the back line of the wall and the vertigal line.

{(Comments)
K,. K,, K, and KBP are expressed as follows:
K — cos® (¢-0)
A
cos™0 -cos(f+0 )[ 1+ xigig ; OS;IQE?ZZ; Jz
K —. cos® (d+0)

P -

/sin<¢—a>-sm<¢+a>]'2

2
cos’d - cos(0+0) [17w3(0+6)-008 (0 -a)



0032(¢—0o-0)

K =
= . sing -sin($ - a-0,) :
oosﬁo-oosﬁ-cos(0+00)[1+ 003(0—00)-003(0—11)]
K, = cos® (P -0,+0)
sing - sm(g+a-0,) Y2
cos 8, -oos?~cos(0—00)[1— cos(ﬂ—ﬂo)-cos(l?—a)]
where sin(¢xa-0,) =0 when d+a-0, <0

and ¢ is assumed to be zero during earthquakes,

where
kh
0 ..':ti‘]l_ll
1-k
k, : Horizontal seismic coefficient
k_ : Vertical seismic coefficient

v

( Reference 2 ]
Specifications for Design of Substructures of Highway Bridges
Volume for General Survey and Design
Part 3 Design, Chapter 2 Loads
Section 2.7 Buoyancy or Uplifts
When it is apparent that buoyancy forces or uplifts act on

structures, they shall be taken into account in the design,

(Comments)

i
!
i
i
i
{

When it is unknown whether they act or not, both cases shall

be taken into account in the design,
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