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Prefsce

There is growing importance attached to the investigations of
earthquake resistance of bridge foundations, for the bridges tend to
be larger and larger in scale and there is the increasing necessity
for building bridges on poor ground aécording to the needs of road planning
end accordingly many earthquake resistant designs have been developed |
for bridge foundations. The previous earthquake resistant designs were
mainly based on the seismic coefficient method in which the externsl
forces generated during earthquake were calculated in terms of static
load, from which safety calculations were made to obtain the safety
factor. Later, however, as the expressways developed, increased
importance is attached to the road alignment and the construction of
high bridge piers has been necessitated, which is beyond the previously
used seismic coefficient method. As a result, wide use is now being
made of the modified seismic coefficient method in which the effects of
the seismic responses of the substructures themselves are also taken
into consideration.

However, when bridge foundations become larger and have to be
constructed on the poor ground, the previously used concept that the
foundation atructure mskes the same responses as the ground is no longer
valid and therefore studies are now being made to investigate the
seismic responses of the foundation structure itself,considering

also some other characteristics of seismic force than acceleration such




as frequency and time duration.

Seismic response analysis has been

made on many bridges from such a viewpoint, thus more and more clarifying

the seismic resistance of bridge foundation structures.

This paper is devoted to the description of actually made earth-

queke resistant designs of bridge foundations.
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Research Engineer; Toshio Turuya
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1. Research Results and Summary




1,1 Type of foundation;

Spread foundation (large-scale)

Setting up of earthqueke resistant design objectives:

Selection of esrthaquske calculation method:

. Bven in the case of a large-scale siructure, modal enslysis by a
simple system with two degrees of freedom is possible because the
earthqueke behavior of the entire foundation can be examined by
assuming it as a rigid foundation.

. Calculations are made by responselspectra, treating the maximum
response alone.

Modeling for earthquake resistant design:

. Por the purpose of maintaining the continuity between super-
structure and substructure, a part of the weight of superstructure
is treated as a weight added to substructure and superstructure
and substructure are separated.

. When substructure is under water, dynamic water pressure during

earthquake is to be calculated in terms of virtual mass.
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. The soil surrounding substructure is to be calculated in terms
of virtual mass, assuming it to vibrate together with the
structure during earthquake.

M=% (5 /7)e'd
I's ¢ weight of so0il
g : accsleration of gravity
d ¢ thickness of soil lgyer

. Barthquake force is to be calculated by the use of response
acceleration spectrum (statistical value obtained from

observations made in the vicinity).

Related constants;

. As for the dynemic spring constant of the subgrade, the lowest
velue of the modulus of deformation of the original position

measured by the pressionmeter is to be used. The spring constants

in the horizontal,vertical,rotational and shearing directions
are to be determined as instructed in the ''Specification for

I
Highway Bridge Substructure Design (Caisson).

b : width (b =/Ag )

Ky=ky (oY%, ku=ll)_2EP ,

_ -3, _ 1
Ky=ky*(a/D)%, kv—”Dng- a t length (a =/ &y )
Kp=K,-1, I : moment of inertia of the bottom

KS= ‘zKVt 1=}{

9 E
« Or Blot's equation K"=(T§€L’Tkazb’[<s:m

BR ¢ Voigt's elastic module, 1> ¢ Poisson's ratio




Eveluation of earthquake resistant design calculation and precautions
required:
- The values to be obtained by caleculations are natural period,

center of rotation, displacement of gravity center and angle
of rotation of the model.
- The above values sre used to evaluate the subgrade reaction,

distance of eccentricity, bearing power, sliding and tipping.

Flowchart of earthqueke resistant design calculation:

fSubgrade Design rangement of
| neasurement calc%lgjion earthquaTe record
'—~—r. ' ‘ -—\ '

\4 4 V2
Determination « Weight of substructure
of subgrade - Part of superstructure
spring constant| | weight calculated in terms
i of weight edded to
! substrueture
.+ Added weight of earth and
i water

Earthquake
response
spectrum
(acceleration)

S

>1Building up of — L\
vibration modglj

obtained from response
spectrum

Maximﬁa—;alue of response 7 H
i
|
|

Response value
cbtained by the
gselsmic coeffi-

cient method i

NO

Evaluation

rE;;pletionl




1.2 Type of foundation:

Pile foundation (Multiple-layer shearing model)

Setting up of eerthquske resistant design objectives:

. When the soft soil stratum extends deep beneath the surface, the
ground movement is estimated to be large.

+ Since the structurel type and dimeﬂsions are fixed, it is
necessary for the bearings to be of flexible structures to reduce
the section force, and therefore.

Selection of earthguske calculations method:

« When the piles are likely to vibrate, coupled with the surrounding
soil, the ground is to be replaced by a multiple-~layer shearing
model.

. When there are no seilsmic wave records available for the same
stratum of soil, the incident wave to the pile bearing stratum is
to be estimated from the estimated acceleration of the seismic
foundation, using the shearing wave theory.

« Since the coefficient of subgrade reaction cannot be obtained,
the dynamic reaction coefficient is to bs obtained by modeling
the subgrade by the finite element method.

Modeling for earthqueke resistant design:

» The ground is replaced by shearing models, stratum by stratum.

« In the case of superstructure, only damping is to be considered,
neglecting the resaction characteristic.

« In the footings, the righting moment of rotation and rotational

inertia are to be considered.



LA
Bedrock
(Bearing stratua)

» The incident wave to the bearing stratum is to be calculated by
means of the following equation, using the laws of reflection and
refraction. %/,("z)=fk(‘“7/2‘)

+oCe—t )
(3

The stratum where the response Uy (t,_z) little changes is to be

regarded as input bedrock (bearing stratum).
Related congtants:
+ The spring constant of subgrade is to be estimated, using FEM in
plene strain.

R S ]
A_z k—S"K'S

+ As for the added mass, it is assumed that footing or piles have

kinetic energy equsl to that of the subgrade.

mg= % XTHX



Evaluation of earthquake resistant design calculation and precautions

required:
+ In the case of soft ground, there is so great a difference in the

acceleration of seismic waves between the bedrock and ground
surface that it is necessary to make investigations on the ground
responges.

+ The bending moment in a pile is greater in its lower part becauss

the seismic waves are rapidly emplified.

Problems

« If there is a limit to the application of the theory of shearing
wave (multiple-stratum ground, great earthquske).

+ Consideration to the effects of the group of piles on the sheering
model.

+ Consideration te the damping mechanism and nonlinesrity.



Flowhcert of earthquake resistant design calculation:

[g;bgrade Design Seismic wave
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1.3 Type of foundation:

Caisson foundation

Setting up of earthqueke resistant design objectives:

. In the case of soft ground, there are problems with the caisson
behavior during earthquake.

. Effects of the type of supersiructure.

Selection of earthquake calculation method. ‘%
. As for ground modeling, the mcdel of spring-dashpot system is to |
be used from a practical viewpoint although there are the wave
motion theory and finite element method.
. Response spectrum anslysis by a model with two degrees of freedom,
horizontal translation end rocking motion.

Modeling for earthquake resistant design:

. Effects of superstructure end water are to be treated as added

mass.

_067pdphy

= =L 2 ‘ '
G )% Hs=357s9b%d ,

Mw

. When the side ground is very soft, it is to be treated as a

plastic state if the horizontsl reaction exceeds the allowable
bearing capeacity.

. In the case of a large caisson, the response spectrum of earth-

quake records in the vicinity is to be used. {

. The maximum design acceleration shall be 180 to 250 gal.
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Related constants:

- It is necessary to examine the subgrade spring constant by e

variety of Boussinesq’s equation as given below end other methods.

(Pauw, Tajimi, Richart )

E

b= m

E : Ground deformation modulus = 6E, ~ SE,

Ey; : Pressiometer deformation modulus

]

By : Foundation conversion width

y : Poisson's ratio IP :

Eveluation of earthquake resistant design

Vi

Shape factor

calculation and precautions

required:

+ Thete are some problems about the conversion of superstructure

by added mess but in general there

is not much difference from

the results of analysis by the whole system model.

« The response is governed by the evaluation of the subgrade spring

constant., Particularly, the evaluation of the effects of caisson

shape.



. The values to be calculated are the natural period, the horizon-

tal and rotational displacement of gravity center, and maximunm

acceleration response.

. Since the substructure response is influsnced by the structural

type of superstructure, it is necessary to meke response angl ysis

at the basic design stage.

Flowchart of earthqusake resistant design calculation:

Subgrade T Design
measurement calculation
1
|
v / )

Datermination of
subgrade spring
constant

/ |- Added mass of
/ superstructure

; |+ Added mess of earth

and water

s

Preparation of
vibration model

Arrangement of
selsmic records

Y

Preparation of
response spectrum

|
!

i o

' i .
- ~> Determination of

——>_subgrade constant !

i

!

Maximum response value:

: by response spectrum
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1.4 Type of foundation;

Multi-column foundation

Setting up of earthquake resistant design objectives:

« Since this is 2 flexible structure, the eleastic behaviors of
the foundation and footings are to be investigated.
+ The coupled vibration with the superstructure must be considered.

Selection of earthquske calculation method:

- It is necessary to investigate the three-dimensional behavior for
reasons of topogrephic inclination, arbitrarity of earthquake
input direction, eccentricity of superstructure reaction and
asymetry of the foundation structure. Since it is impossible to
estimate the condition in which the foundation and ground are
bound together (the épring constant is not uniform), added mass
of ground and.damping cbnstant,'theré is the neceséity for analysis
of three-dimensional vibration.

. In order to make calculation in terms of a multiple system of

material points, modal analysis is to be‘used,

Modeling for egrthquake resistant design:

« Considering the three-dimensional vibration, the deformations are
to be taken as unknown quantitites.
Pier : Horizontal x and y displacements (2)
Pooting: Horizontal x and y displacements, torsional angle
end rotational angle (10)

Superstructure: Horizontal x and y displacements snd torsion (4)

- 11 -




oOriginal
form Kultiple material
point nodel

To, t
Ground support ? plate
| model
- Multicolumn
i L] — asction
7777 [ %
000 -0 6 o
000 —_ " Verticsl and horizontal
000 ¥ tvo directions

Rotationsl apring

Related constants:

Evaluation of earthguake resistant design calculationmd precautions

required.

. Comparison of static calculation ana dynamic calcuiation results.

. Comparison of calcglatéd values with vibration experimentel
results.

. It is necessary to_oheck the responsés by varyipg the subgrade
resction coefficient.

. Since the foundation has so great influence on the superstructﬁre,

its coupling tc the superstructure is also investigated.,

-12 -




Flowchart of earth uake registant design calculation:
—=——x281% Ol earthquake r

Subgrade
measurement

Determination
of ground

: N 5| Assumption of Subgrade

! t
spring constant[ / lelastic body

Design <] Arrangement of
calculation seismic records

i

H

Calculation of natural
period as a continuous

;

Calculation of natural
period of the various

parts by the system of
waterial points

conversion factor

Determination
of typical
seismic wave

Building up of
vibration model

spring constant ang
| damping conatant

l

v

Maximum response
analysis by modal

Completion
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1.5 Conclusion.

Earthquske resistant design methods, mainly the modeling techniques
for the earthquake resistant design of bridge foundations, have been
summsrized. As seen from the examples, the objectives of earthquake
resistant design mainly concerns the following two cases.

i) The bridge is very long.

ii) The ground is poor.
The deteils of these two items are
i) a. The effects of the seismic responses of substructure on the
superstructure due to the long span of the bridge.
b. Dynamic characteriétics of the substructure.
ii) a. The ground behavior during earthquake is not.well known.,

b. The behavior of the foundation struefure itself during earthquake.
The cﬁrrent trend is obviously to evaluating fhe behaviors during earth-
quake which are difficult to grasp by the seismic coefficient method due
to the maximum scceleration, frequency end time of duration, which are
the seismic force characteristics, and the response characteristics
(natural period) of ground and structures, in order to design structures
with a higher degree of safety. However, the behaviors during earthquake
heve not yet been fully clarified in the analysis of seismic reaponses.

Many studies involving actual observations and anslysis of experi-
mental results have been made about the way the subgrade spring constent,
damping constant and added mass are to be treated and increased knowledge

will be obtained in the near future. From a methodological standpoint, the

- 14 -




earthquake resistant design calculation has now reached a state capable
of making sufficient evaluations required in designing earthquake

resistant structures.

-15 -




2.

Actual Cases of Research




(a)

Actual conditions of earthquake resistant design calculations

No.

Neme of bridge
{Managing organ)

Calculations
made by

Type of foundation
{substructure)
Ground

Yoneyama-~Chashi
(Hokuriku Dist.
Construction
Bureau)

Sekaigawa~bashi
(Japan Highway
Public Corp.)

Amgkusa No.4
Bridge (Japan
Highway Public
Corp.)

Nagoya-Ohashi
(Saga Pref.)

Showa-Ohashi
(Niigata Pref.)

Hokuriku Dist.
Construction
Bureau

Japan Highway
Public Corp.

Public Works
Research
Institute,
Japan Highway
Public Corp.

Saga Pref.

Public Works
Research
Institute

Spread foundation,
high bridge piers

Spread foundation,
caisson foundation

Pile foundstion,
Sand stratum

Design

seisnmic

intensity
KH = 0.2
KH = 0-2
Ky = 0.15
Kg = 0.15
KH = 0.2

Vibration dynamic

model

Analysis method
(Conditions)

Continuous elastic
body (dynamic three

moment method)

Continuous elastic

body

Multiple material
points system (41
points)

Multiple material

points systenm
(34 points)

Multiple material
points system
(14 points)

Continuous eleastic
body (superstructure

one point)

One-point nonlinesr

system

Spectrun method (Public Works
Research Institute mesn spectrum)
Max. input acceleratiom 0.2 g,
Damping coefficient n/p = 0.02 &
0.05

Spectrum method (P.W.R.I. mean
spectrum), Dsmping coefficient
(Substructure 0.02, 0.05, 0.10)
Direct integral (El Centro earth-
quake waves), max. input accelera-
tion 0.2 g

Direct integral (Taft earthguake
waves), max. input acceleration
0.15 g

' Direct integral (El Centro, Taft

earthquske weves), max. input
acceleration 0.15 g

Spectrum method (P.W.R.I. mean
spectrum, Niigata earthquake
waves), max, input acceleration
0.2 g .

Direct integral (Niigata earth-
quake E-W component, Sept., 1964),
max. input acceleration 157 gal



No

Nzme of bridge

° (Managing organ)

Calculations
made by

_L-[..

Yachiyo-bashi
{Niigata City )

Chidori-bashi
(Aichi Pref.)

Hirai-bashi
(Tokyo Metropo-
lis)

Sckozawa-bashi
(Japan Highway
Pudblic Corp.)

Kanmon-kyo
(Japan Highway
Public Corp.)

Imasska Kyoryo
(Japanese
National)

Public Works
Research
Ingtitute

Aichi Pref.

Public Works
Research
Institute,
Tokyo Metro-
polis

Japan Highwsy
Public Corp.

Japan Highway
Public Corp.

Japanese
National
Railways

Vibration dynamic

foundation
Soft ground

Spread foundation, Kg = 0.2
High piers _
Hard rock ky = 0.1
(phyllite)

Spread foundation

Weathered bedrock LH = 0-15

Spread foundation,
High Piers,
Concrete replacing
weathered sand

Continuous elastic
body (superstruc-

ture one point)

Continuous elastic
body (superstruc-

ture one point)

Tfﬁ;wdf fdﬁndafion'rDesigﬁ
(substructure) seismic dol
Ground intensity mode
Kg = 0.2
Ky = 0.25
Legged caisson Kg = 0.3

Continuous elastic
{superstructure one

point)

Continuous elastic
body (superstruc-

ture one point)

Multiple material

points system

(2 degrees of free-
dom, 65 points in

superstructure)

Multiple mgterial
system (2 degrees of
freedom, 10 points
in superstructure)

Analysis method :
(Conditions) |

Spectrum method (P.W.R.I. mean ;
spectrum, Niigata earthquake §
spectrum) max. input acceleration ;
0.2 g

Spectrum method (P.W.R.I. mean
spectrum), maex. input accelerstion
0.25 g

Spectrum method (P.W.R.I. mean
spectrum), max. input acceleraticn
0.3 g

Spectrum method (acceleration E
spectra of 13 components obtained '
in hard ground), max. input

acceleration 150 gal, direct

integral (1962 Kushiro E-W com-

ponent earthquake waves)

Spectrum method



—_—

Yo. Name of bridge Calculations %ﬁﬁgs:iuiggﬁz§tlon gzz:ﬁzé Vibration dynamic Anglysis method

(Managing organ) made by Ground intensity model (Conditions)
e

Hiroshima—-Ohashi Japan Highway Well foundation, Kg = 0.25 Multiple material Spectrum method (P.W.R.I. mean
{Japan Highway Public Corp. High piers, Sand Ky = 0.0 Points system spectrum), max. input accelera-
Public CGorp.) stratun V=0 (caisson 5 x 5 = 25, tion 200 gel, damping constant

superstructure 24 h = 0.10

points}
Urato-Ohashi Japan Highway Caisson foundation, Multiple material Direet integral (Bl Centro earth~
(Japan Highway Public Corp. high piers points system (Pier quake wave), max. input acceleration
Public Corp.) 18, superstructure 200 gal

41 points)
Shin-iinogeawa~ Tohoku Dist. Caisson foundation Fourier spectrum analysis,
bashi (Tohoku Construction correlation function anglysis

1 Dist. Comstruc- Bureau

- tion Bureamu)

@

! BRC Rahmen Kokekyo Japanese Pile foundation Continuous elastic Spectrum method (velocity response
{elevated road National body, Multiple spectrum), max. input acceleration
bridge) Railways ) ) material points 250 gal

gystem (25 points in
the direction of
track, 12 points in
the direction at
right angles to
track)
Minato-Ohashi Osaka City Caisson foundation KH = 0.25 Multiple material Spectrum method (Honshu-Shikoku
(0sska City) Osgka Univer- Soft ground points system (equi- Bridge Authority's Earthqueke
sity (alluvial clay, valent spring-dash- Resistant Design Guide, Tesponse
gravels) pot system) spectrum), mex. input acceleration

250 gal

S e s TS



. Type of foundestion Design . . X
No. ?;zza;§nzr§:gzn) Ezi:utatlons (substructure) seismic Zz::itlon dynamic
€ ¥ Ground intensity

Ishikarikako-kyo Hokkaido Steel pile well Multiple mater:.al
(Bokkaido Develop-Development foundation, oints system
ment Bureau) Bureau Alluvium f2 14 points)
Hamana Ohashi Japan Highway Caisson foundetion Kg = 0.22 HMultiple material
(Japan Highway Public Corp. High piers Ko = O points system
Public Corp.) v =
Sakaisuide-kyo Japan Highway Pile foundation Multiple material
(Japan Highway Public Corp. Seft ground oints system

l Public Corp.) ? spring-dashpot

- system)

(e

'
Tsugaru~-Ohashi Aomori Pref. ©Pile foundation 2-point systen
(Negadoro-kyo)  Hokkaido Univ. Soft ground spring-dashpot
(Aomori Pref.) system)
Onearuto-bashi Honshu-Shikoku Multicolumn founda- Ky = 0.pp HNultiple materiel
(Honshu-Shikoku Eridge Autho- tioa, suspension H= " oints system
Bridge Authority) rity bridge piers ?10 points)

Myoko Ohashi
(Bokariku Dist.
Construction
Bureau)

Hokuriku Dist. Caisson foundation,
Construction High piers

Bureau,

Public Works

Research

Institute

K, = 0.2
K, = 0.1

Multiple material
points system

Analysis method
(Condi tions)

Cheek:mg by v1brat10n experments
Demping constant: 0.10 & 0.20

Spectrum method (P.W.R.I. mean
spectrum), maz. input acceleration
200 gal, Direct integral (EL Centro,
Hachinohe 1968 N-S earthquake waves)

Direct integral (El Centro earth-
queke wavesg, earthquake bedrock
50 gel, surface 180 gal,

Damping constant: 0.10 (Measured
value: 0.35)

Fourier spectrum analysis

Max. input acceleration 130 gal,
danping constant (primary 0.089,
secondary 0.588)

Spectrum method (Honmshu-Shikoku
Bridge Authority's spectrum)

Spectrum method, corrected seismic
coefficient method,

Direct integral(El Centro, Akashi
earthquake waves), damping con-
stant h = 0.02



No.

Name of bridge
(Managing orgen)

Calculations

mede by (substructure)

Ground

Type of foundation

Desgign
seismic
intensity

Vibration dynamic
model

Analysis method
(Conditions)

Birato Ohashi
(Nagasaki Pref.)

Omishima-bashi
(Honshu~Shikoku
Bridge Authority)

Hikawe-bashi
(Jepan Highway
Public Corp.)

Nanpoku Bisan
Seto Chashi
(Bonshu~Shilkoku
Bridge Authority)

Hachinohe Chashi
(somori Pref.)

Katagemi Ohashi
(Ckeyama Pref.)

Nagasaki Pref. Spread foundation

Honshu~Shikoku
Bridge Autho-
rity

Spread foundation

Japan Highway
Public Corp.

Spread foundation,
high piers

Bonshu-Shikoku
Bridge Autho-
rity

Caisson foundation

Aomori Pref. Pile foundation

Caisson foundation

Okgyama Pref. Pile foundatiqn

Ky = 0.15
Ky = 0.10

Kg = 0.20
Ky = 0.1
Ky = 0.24

l-point system

(2 degrees of free-
dom)

Superstructure 64
points

Continous elastic
body

Multiple material
points system (sub-
structure 19 points,
superstructure 31
points)

l-point system (two
degrees of freedom)

Spectrum method (P.W.R.I. spectrum,
Seinaibashi, Itajima eerthquake
waves ), max. input acceleration
150 gel, damping comstant h = 0.05
superstructure 0.02)

Spectrum method

Spectrum method (El Cemtro, P.W.R.I.
megn spectrum), mex. input accelera-
tion 180 gel, damping constant

k = 0.02 & 0.05, direct integral
{E1 Centro)

Input acceleration 180 gal

Max. input acceleration was 252 gal
according to the Tokachioki
Earthquake incident waves to the
bedrock

Complied to the Honshu-Shikoku
Bridge Authority's Earthquake
Resistant Design Guide

Checking by vibration experiments
(demping constant: 0.05, 0.07 in
axial direction, 0.02, 0.08 in the
direction at right sngles to the
axis of the bridge)



Type of foundatibh Design

Name of bridge Calculation

Ko. (substructure)
(Menaging organ) made“by Ground
Nanksaku Ohashi Nagano Pref.

Sansaiyama Ohashi Highway Corp.

(Negano Pref.)

Tedorigewa Dam
No.3 Bridge
(Ishikawa Pref.)

Ishikawa Pref.

P Vibration dynamic
seismic

. . model
intensity

Ceisson foundation, Ky = 0.25
spread foundation,

high piers

Spread foundation, Kg = 0.16 Continous elastic

high piers

(after body,
alteration Multiple material
Ky = 0.20) points system

Analysis method
(Conditions)

Spectrun method (P.W.R.I. mean
spectrum)
Damping constant h = 0.02 & 0.05

Spectrum method (P.W.R.I. mean
spectrum, Bl Centro), max. input
acceleration 160 gsl

Damping constant (substructure:

h = 0.05, superstructiure: h = 0.02)



(B) Summarized description of actual cases of seismic response analysis

(1) Type of foundation;:

Spread foundation (Kanmon-kyo)
Bridge:

3-apan, 2-hinge suspension bridge

Bridge length: 1039 m (167.75 + 703.5 + 167.75)
Literature:

"Doboku Gijutsu" (Civil Engineering Technology), Oct. 1970
Location and organization concernedt

Shimonoseki, Yamaguchi Pref. -~ Moji, Fukuoka Pref.

Jepan Highway Public Corporation

Purpoge of analysis:

Anslysis method:

Average response spectrum analysis by a 2-degree of freedom model
of motion

Analysis results, evaluation and problems:'

0 When the seismic intensity method and the 2-degree of freedom
system are compared, the values obtained by the two methods fairly
well agreed in the respects of eccentricity, subgrade reaction and
sliding safety factor in the case of a large foundation.

o When calculations are made for the foundation slone, there is not
much difference in reaction between the seismic intensity method

and the 2-degree of freedom system, therefore, there is no problem

- 22 -




in this respect.

However, when the continuity of superstructure and

the behavior of structures during earthquake are considered, it would

be necessary to take the responses into consideration when making

calculations

Stability calculation results of seismic intensity method and

2-degres of freedom system (Bridge axial direction)

Division Shimonoseki abutment Moji abutment
Earthquake-resistant |Seismic 2-degree of | Seismic 2-degree of
design calculation intensity freedom - intensity freedom

method ! system { method | system
Ground deformation 5 5
modulus in the verti- 3.2 x 10 3.2 x 10
cal direction (t/m2)
Period (sec) 0.56 0.32
Center of rotati?:) 93.8 102.5
Displacement of center
of gravity of the 1.5 0.46
model (em)
Angle of rotation of ~4 -5
the model (rad) 1.56 x 10 4.53 x 10
Subgrade react%z?mz) 136 140 116 107
Distance of eccentri-
city (m) 10.8 13.7 10.54 10.62
Conaideration to - .

<&

bearing power (t/m2) 136 < 320 140 < 320 116 < 250 107 < 250
Consideration to - > N S
sliding 1.6 > 1.5 1.51 > 1.5 . 3.3 1.5 1.6 .>1.5
Consideration to e =10.8 e = 13.7 e = 10.54 e = 10.62

3 -
tipping (m) J?‘-lo.a ~52"-13.'7 %;—10.54 %§-10.62

- s ¢
> >~ > s




Type of ground and evaluation: .

o The foundetion rock are so much weathered and cracked that the

deformation was determihed from the correlation of deformation

characteristics obtained by pressiometer observations at site and

Jjack tests.

( Deformation modulus obtained from the envelop in jack test )

Deformation modulus obtained by pressionmeter

x ( Deformation modulus obtained by the iteration curve in jack test )

Deformation modulus obtained by the envelop in jack test

=5Ep

where

Ep = deformation modulus obtained by pressiometer

[\"" ween’) Abutment on Shimonoseki side

£y (ko)

Adbutmant on Moji side

=

depthN |7 Twy i G0 B gn | dePERN ey umy g o |
KL AR W [ +50 X
rD‘“Rnl ground "surface)
<3 H + 44
[
L
[ X

+30 0 ( s_slgmr;\( ground surfsce)
g —— Bridge srial direction
2 ~— Bridge axial direction K
2 4125 b € 8,49 --— Direction at right angles
(2) —e— Direction at right engles| & &0 o bridge axis

to bridge axis
| | ©
110 1 1 — +30
tt+22:3 (Design bottom
! surface)}

PRTY Sp— £ € +L5'W(Design bottonm surface)

40— +20

m +i5

0 p———| +18 JR -

- |

“+5

Fig. 2 Abutment base on Shimonoseki
side Ep(kg/cn?)

-2 -

Fig.4 Abutment base on Moji

side-Ep(kg/ch)




Engineering constants of ground (Bridge exial direction)

Itenm

Symbol

Shimonoseki abutment

Moji abutment

Earthquake
time

Normal time

Earthquake
time

Normel time

Deformation modulus
of bearing stratum
(t/m2)

Vertical spring
constant of bearing
stratun (t/m3)

Horizontal spring
constant on the

(t/m3)

side

Rotational spring
constant on the

bottom (t/m3)

Shearing spring
constant on the

bottom (t/m3)

Horizontal fric~
tional coefficient

Angle of internal
friction of rock
(degree)

Cohesion of rock
(t/m?)

u

1.24 x lO5

3.23 x 10°

K; = 4%0

33.62 x 10°

1.08 x 10°

0.6

0.62 x 10°

1.62 x 10°

Ky =225

16.81 x 108

0.54 x 10°

0.6

30

6.0

- 25

3.2 x 10°

8.34 x 10°

86.65 x lO8

2.8 x lO3

O.6

30

10.0

1.6 x 10

4.17 x 10°

8

43.33 x 10

1.4 x 10°

0.6

30

10.0




Ground constants in the entire system:

< Shimonoseki side >

Kg = 2.62 x 108 t/m

Km

]

Kp

0.294 x 10° t/m

35.6 x 10~ t°m

< Moji side >
Kg = 7.33 x 10° t/n
Kgp = 0.294 x 105 t/m

e Ky = 86.73 x 108 ton

0 Added mass of water

~0.6P ek
Mo= (a/hy?re

where 0.8 < a/h < 4.0

MV
P
A

a

h

b4

.
H

virtual mess of water (t)
density of water (t/ms)
Sectional area (m®)

width of section perpendicular to the direction of
vibration (m)

depth of water (m)

o Added mass of surrounding soil

Ms = (1/2).(rs/g) -b2.d

where ‘Ms
'8

b

-

14

.
s

e

..

virtual mass of soil (t-sec2/m)
unit weight of soil (t/m3)

width of structure perpendicular to the direction of
vibration (m)

thickness of soil stratum (m)
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~
o

1.25

\\/
I

=
-

correction factor (ml)

Y

Natural period T (sec)

Acceleration response spectrum curve

Origingl form of foundation and snalysis model:

Bridge sbutment model

< Shimonoseki side > < Moji side >

gl
8 Ks |
“""'
hAASE | ¥

D Kr
777

11.43m
[
x
12.19m
!
I8

PN
3 5
i A

o The effect of superstructure is to be treated as added mass.
o Foundation rock is to be calculated in terms of elastic rotationel,
vertical and shearing spring.

o The surrounding soil is to be calculated in terms of the spring to

cause compressive or tensile deformation.

- 27 -




Various quantities for the dynamic model

(bridge axial direction)

Iten symbol Shimonoseki
! abutment
Length in bridge axial
direction (m) a 55.0
Position of gravity center
of model (m) ha 12.645
Overall height of model(m) ho 25.29
Unit weight of model (t/m3) W 3.09
Virtual mass of model " 3
(t.sec2/m) M 18.2 x 10
Rotational inertia with i 6
respect to gravity center J 5.56 x 10

of model (t/m.sec?)

- 28 -

Moji

abutment

55.0

12.137

24.274
2.6

14.5 x 10°

4.4 x 106




Shimonoseki side

General view of sbutment on Shimonoseki side

o s
T T TR 4800
(_ m fl’_—'j%:jgnm 1 !
— = et _-IT*gl_lrl,! i ELHSIOI6 FL-MEY ] sz e ﬂ?"—’:{}%‘; € LEN
fi N ' I
b 7 sl ? 3
§ ! ] I. % ;itums ‘ __J L 45839
st g I fLasue ’ / \‘ t |
Bl A - 15 Wil ’I
< 7R L% o e O (A T | L] EL+40002
g ] *‘/_\ﬁ’/’} “ éé J? EL+ 25000 JE{ i : EL4 35000
PR EE g 5‘ i 3
e L. Ne2 = 3 E
¢ FL4 2380 - b
— aaay (5 420
| 59 | 15309 1800 450¢) 3000
X0 22000
44000
Bear view Front view
% z Work quantitier
¥
| o Concrete: 54446.5 m3
Bl (>3
R Form: 12050.5 m2
8 g Reinforeing bar: 346262 kg
& 2 (not in¢luding enchor bolts and
rivets
= sm; e Reinforcing frame: 290423
Material strength
Concrete g9l compressive stress intensity: 240 kg/cm2 1
Allowable bending compressive Z
stress intensity: 80 kg/cm?
Maximum aggregate grein size: 50 mm
Reinforcing bar Deformed bar (SD30): 1800 kg/em?
Reinforcing freme SS41 1400 kg/cm?
Design conditions
Cable seismic intensity: 14050 ¢

Design seismic intensity: Ky = 0.15(horizontal), Ky = 0.075(vertical)
Subgrade reaction coefficient: Earthquake time: Ey = 1.238 x 105 t/m2
Normal time: Ey = 0.619 t/m

[}
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Moji side

General view of sbutment on Moji =side

Front & rear viev
<o

Sido view D-0  guap1e apan 17§90 O-® gapye center

12500

" 2500 distapce . 108
@ [1m g ff.gg IR ) |5 :‘f&:‘; :
@ ! i @ el T—%_- ml
g = T b =
' & asus > R N
£L 54006 1 v T €L 5400,
llg ol i
- \< . ls______________ €L 40000 'LIOW H
a'!_ h EL 36000 | I
g EJ_J : immag E; ; I
duaml” : ———'———% ] L I &
[ ”—Bst'ﬂlw%m:j‘ﬂ“";;;; i ,’;ggg: o] i “u %—_
Top view & {1 rsu] oo '-strl ]| ¢ L 160 L B0 | igee
__4_______T__ﬁr_
=
oo I
& |Bio £
# |# =1 11 Work quantities
2 ! ? It d z
mggg LEMJ_QE%J { E o Excavation : 103063 m3
N g Concrete : 48370 n2
-0 16000 18009 900 *;
g B “i d Reinforcing bar : 271 t
i I § Form : 10584 m?
19008 5 18000 5 18000 é Reinforcing framé: 292 ¢
Meterial strength _
Concrete &91 compressive strength: 240 kg/om?
Allowable bending compressive
stress intensity: 80 "
Maximum sggregate size: 50 mm

Reinforeing bar Deformed bar:
Reinforcing frame SS-41
Design conditions

Cable tensile force:

Design seismic intemsity: Ky 0.15(horizontal),

Ky = 0.075 (vertical)
Deformation modulus of foundation ground:

1800 kg/cm2
1400 "

14050t x 2

3.193 x 107 t/m? (earthquake time)

1.597 x 10° t/m2 (normal time
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(2) ZType of foundation:
Spread foundation (Onaruto-bashi)

Bridge:

Literature:
Onaruto-bashi substructure plen and design, March 1972

Locstion and Organization concerned:
Honshu-Shikoku Bridge Authority

Purpose of analysis:

Comparison of suspension bridge anchorege earthquake responses

Analysis method:

Mean response spectrunm

Analysis results, evaluation and problems:

Type of ground and evaluation:

o Elastic modulus from Voigt's equation (Earthquake Resistant

Design Guide)
§ = L1164, k=103

;. = 45 % 10° tir, v=0.25
Lp =45 i Ks= 1118 X 10" t/n

¢ Rotational spring

Ee 2y, 255 _ 0850, 1 =408

"=t T e
Kp = 2.649 X 10" tm/rad

Ky

0 Bottom shearing spring

e Ex
= K _—— = A—
Bs = Kyob =7 o= o0y
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Original form of foundstion and enalysis model:

Ke
P 6
o w
]
a ".if Ty
640

(Depth .55.0 m)

o Anchor foundation converted to a rectangular model
Ws = 2952 X 10°t
Te=1328m
Yye=215m
1, = 1.844 X 10° ta?

o Cable tensile force (one side)
20= 51x10°¢
27 = 5128 x10°¢

o Cable horizontal spring coefficient
_ECA‘-' . Eo Ac
= PLs gec’a = Z

;_Z;‘J_X_%S‘_Q-SZ_Z. = 3164 X 10 t/In X2

.
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(3) Type of foundation:

Spread foundation (Imasaka Kyoryo)

Bridge:
3-span continuous box PC girder
Bridge length (57 + 82 + 57)

Literatures
Structural Design Materisl No. 38, Aug. 1974

Location egnd Organization concerned:
Sanyo Shinkansen (435.771 Km from Shin-Osaka Station)
Japsenese National Reilweays

Purpose of anslygis:
Investigation of vibration behavior of a continuous bridge supported
by high piers.

Anslysis method:
Model analysis of 2-degree of fresdom rocking vibration and multiple-
degree of freedom bending vibration

Angiysis results, evsluation and problems:

0 The analysis results agreed with the rigid body rocking vibration
in the direction at right angles to the bridge axis and with the
bending vibration results in the axial direction.

0 The damping constsnt was 0.05 when the vibration of foundation was
predominsnt and 0.03 when the bending vibration of bridge body was

predominant.
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(a) Calculation results for the 2-degree of freedom system

Vibration |Thickness |Spring con- Damping Natural ' Displace-
exciting |of added |[stant(kg/cm3) | constant |frequency | ment of
direction |mass “““““'r”‘ (Bz) pler crown
Ky | Ky
Perpendicular 2n 2 40 0.05 5.18 0.29
to the track 4m 2 40 0.05 5.14 0.29
2 m 2 40 0.03 5.13 0.47
Track 4 m 2 40 0.03 5.28  ©  0.47

(v) Calculation results for the multiple-degree of freedom system

Vibration Thickness | Spring con~ | Demping

exciting of added

| stant(kg/om3)| constant

I
|
|

Natural - Pier crown

frequency (Hz) displacement

direction mass a of resonance
Ky KV Primary |Secondary point (mm)

Perpen- 0 2 40 0.03 %.59 17.2 . 1.74

dicular to .

the track 3.58 16.5 1.74

2 2 40 0.0%3

| ot i |

(a)

2z

Primary
vibration

.34 -

(b) Secondary
vibration




o Experimental results

5 (1

2
(mm/t) of/F
(mm/t)

19 L

.Aﬁ T )

>34 5 6 7 8 S5 5%
—— fcl3) . ——e [ (c/s)
Resonance curve (Test No.l in the Resonance curve (Test No.2 in
direction of the track, pier ST, the direction perpendicular to
No.4) the track, pier ST, No.4)

oF
(mx/t)
15
Displacesent

10,

%3 o4t % 7 8%
———+Frequency f (¢/3) —/ (c/s)

Resonance curve (Test No.2 in the Resonance curve (Test No.l in
direction of the track, pier ST, the direction perpendicular to
No.4) the track, pier ST, No.4)
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fidration
srelting

direstion Vidration
sS4 exciting
[ §/ ddrection
P 1 Sud
1 ; I G
 St3 /
[/
:ﬁl.;
5e2
1 Sez | o
St O Forward o=a Porvard
’ - Backverd bl 1 et puckvara
i S~368¢/s . Re J=5.32¢/
[

Mode of vibration in the
direction of the track (Test
No.2 in the direction of the

Mode of vibration in the
direction perpendicular to
the track (Test No.2 in the

track direction parpendicular to the

track)

* Response displacements and damping constants

Point of |

- Resonahce ﬂisplacéinﬁggginém
Test measure— Fosition frequency | ment constant
ment o (Hz) (om

Tests in the No.1l &4 ~ Pier head 3.62 1.755 0.025%
direction of
the track No.2 ayq " 3.62 1.750 0.037
Teats in the
direction per- No.l by " 5.40 0.267 0.057
rendicular to ’
the track No.2 by " 5.20 0.297 0.066
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Type of ground snd evaluation:

0 Ground spring constants

by =Ky 4y
ky=4tKy- 4,
k1'= Ib/KV

4y, ¢+ Foundation bottom area

A4 : Foundation side area

I,, : Moment of inertia of area of the boitom

KH : Subgrade reaction coefficient (horizontal) = 2 Kg/cm3
v ¢ Subgrade resction coefficient (verticla) = 40 Kg/cm3

Origingl form of foundation and anglysis model:

Original form and accelerometer positions

Vitration

excitl
m,ct;’fm Bxciter
i .'51_ :a. ;b. [
Y T [T 045
' EITT] 1
B bs
g &
& S ™
B b
8%
oo T )
gt i
Fier
L =4 __ .
n by < < tr.a; €

o - Agcelerometer
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0 2-degree of freedom system )
Mass : 16.99 x 102Kg‘se02/cm
Gravity center: 6.2l m

Moment of inertia: 9.031 x 107Kg'sec2'cm

2-degree of freedom model

G : gravity center.
m : mass of rigid bdody
{ : Gravity center disgran of rigid body

ky : horizontal spring
: shearing spring
: rotational spring

0 Surrounding soil is to be considered as added mass

Mess and moment of inertia of area of multiple-degree
of freedom system

Mass Moment of
I S (tsec2/m) inertia of
o : I area (m4)
: 6.658 10.466
. 8.042 2.662
i 5.769 3.715
8 3 6.633 5.016 |
— ¢ 7.296 6.591
7.959 8.464 |
1 9.286 13.210
= s 9.949 16.137 |
o — o 21 10.610 18.504 |
SR N Rigid section . |
< 3 0=79.95 ,
k,=40kg/cm? i
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Multiple-degree of freedom model

Ml .'_____-——zl):—-

Dynemic model

Balance with one
joint of framework
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(4) Type of foundation:

Caisson foundation (Hiroshima Ohashi )
Bridge;
Bridge length 1020 u (348.5 + 261.9 + 351.%)

Literature:

Report on Investigations and studies on Barthquake Resistant Design
of Honshu-Shj koku Bridges, Mar., 1972

Location and organization concerned:

Hiroshima Prefecture

Purpose of analysis:

Because of high bridge piers

Analysis method:

Mean spectrum method, modsl analysis

Analysis results, evalustion and problems:

0 The caisson and bridge piers were assumed to be a beam system and
this analysis method pProduced the mode of vibration ané values of
responses greatly different from when they were assumed to be a
rigid body system.

o There were little difference in the values of responses according
to the shape of subgrade reaction coefficients.

The natural period was somewhal longer but the primary equivalent

mass increassd.

o It is hecessary to proportionally increase the earthqueke intensity
in a system like this in which the high order mode has a great

effect.

~ 40 <



Acceleration magnification (P6 bridge axial direction)
R I R ST E—
0.78 1.8 1.4
24.03 19.23 19.76 -
1.28 —1.49 0.38 2.00
3 0.98 ~0.06 —0.71 1.21 s
,?; 0.78 1.00 —-1.21 1.71
% 0.48 1.35 ~0.75 1.62
. 0.234 0.998 0.508 1.14
0.062 0.410 0.942 1.03 1.08
~0.024 —0.049 0.52 0.53

Notei The proportional increase coefficient (g) for the

Responses and periods

horizontal earthquake intensity in the siatic
earthquake calculation was taken at 1.25.

P, P, Ao~
Brid dicul 1 Perpendicular Reazarka
a;inga rgeudgzuaxsr i:;i&xe to bridge arial !\ P, i P, P.
di ectiondir irectiondirection. !
S (cm) 12.8 12.2 10.7 Bracketed are
design values
$ |s (1) 619 427 580
2 (1200) (437) (601)
3 M (t-m) 16200 11600 17500 1610 8550 8470 13100 | 12100
(25900) (7660) [ (14500) | ( ) | (5910) | (6050) | ( 8630)] (8860)
First 1.84 1.10 1.23
u_ | order | (31'%) (26 %) | (33'%) 0.93 (14.3%) Brackoted are
i? Sacond 0.44 0.46 0.37 squivelent
P order (25'%) (23'%) (26 26) 0.86 ( 6.0%) ngases
Third 0.16 0.15 0.14
order (30 %) (31 96)]| (30 %) 0.83 (11.995)

Note) The values of response given in the above table are the
maximum values of bridge responses.

-4l -




Natural period by ground spring coefficient

Case A Case B
g %‘ First order 1.23 1.42
3 B g@;‘l Second order 0.37 0.41
35 ‘3.,3 ’ Third order 0.14 0.15
:a = & | Pourth order 0.10 0.10
"a"’g e ’_\; First order 33 .39
:g 3 % 5, Second order 26 25
& g a  Third order | 30 |2
a8 .:3' g I Fourth order : 11 i 10 o
Case At Measured values Case B: Hypothetical values

Type of ground and e\}aluation:

5'&‘&. gﬂﬁ'@ﬁﬂ(%? Standard peneéra—
ﬂ"rgg ~Liquid and tion test
2l 25 | Fplastic Modt(®) K value
S H KR Qe a9nyann
[ 3
H .a 6-",
4| 1o
b4 INES]
315 e
54 O
{0 { S=a botton § & -é"
{ ‘{;

N

i |

L L1
TS
11t ; Y—-——""
/7.,‘Sand r—v—-—-_._.._‘
01.°.0
., grtvel |
e e a<]
/Sandy clay) ™
7:‘_ N

"s-Graval
o, v .

-

[ Grant te

“Columnar section near PS
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Distribution K value

m T
207~ 2 4 6 8 kigemd
o kh
g
[
-30 4 < Measurad ;ha.:.u:: by pressiozater
i AN
L N
s § N
3 “
o 0
N\
-40_ a
— AN
g N kv=40K9em3
5 N
= IRt |
_50J
Horizontal spring Ky = sDAY-Kn €
o2 a7
Vertical spring .= %,. - :
4
Rotetional spring Kp= %E_ ey
Shearing spring k.= _‘1{7 Ky %
f

o
P

Origingl form of foundation and analysis model:
1020,000 o
348,500 261,900 351,300 :
f 3
e | T I " _ 3 il A2
. ! _ Plo
170, z
P Pg
A P P2 P3 Pq Ps Pe T

General side view
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The entire systems of Aj~P, are for the direction perpendicular
to the bridge axis and Pg and Pg are for th; axial direction and
the direction perpendiculer to the bridge axis.

Damping constant h = 0.1

‘As for input, the P.¥.R.I mean response spectrum is used and the
maximum acceleration is 200 gal.

Caisson's lower end is supported by linear spring.

Caisson section is also treated as a besm system.

Added mass of water and soil O W

o
K'R

Bridge pier AWy=7 bz'hw(l_ﬁ;)'fw

z D?

Ceisson AWy=—g— Ok Ty, OHp="—"0h"1g
’ 19,650
where h." : water depth _)E@gl,—z"s-‘o—@—
700 s

b, D : pier width and I

diameter F L}T} ;’I
4,750 Jnood[4750
Ahy : sliced height fegoo I | o
3 5
o 5
Iyt 1.03 t/m . S
. 3
‘B : 1.4 or 2.0 t/m —S’-—_;_—- i——-- ﬂ—_..a_
! v
-5,000 | o]
T S
TRV
1,300
10,000 §
A ‘é
L__j: 1»%\)
\l
Pg pier
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oslit

l@l.'@ll'@l”@l b

e ]
[sI°FAT]

———o——o—¢- 4

[N

(a) 41 ~ P4 system

{2d10£2°01 (9d) 000G 1

N
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Dynamic model constants

. 5 (Bracketed are for (Brakceted are for
s (A,) ~D, systea P, axiel direction ) P, artel direction)
ot I
04 | soring | Vetght [Momont of| Sprimg | Welght lwoneyy orf SPTINE | Welzht oment of Regarks
Ei X 10¢ inertie % 10* inertia x10* dnertia
(t/m) | (ton) (t/m) | (ton) (m*) | (Ym) | (ton) (m')
1468 1363
1 (3224) (566.9) Rotationsl spring
— A, =4.907 x 10%+™
2 553.3 325.9 P~P = (#)
P =19.64x10° ()
3 553.3 | aeon) 350.0 (gg:g;) P =19.64% ¢ (#)
4| 325 0. | 2070 0 2197 | 448,
80.54 - Superstructure dats
5 | (gs.23) 0 3140 0 3646 17.37n(naterial point intervel)
Ig = 3.765 o4 (2 nein girders)
8 (gg?;) 43.50 | 3404 72.50 | 4235 ¥y = 10.37 t/% {2 main girders)
7 47.45 | 3753 95.89 | 2493
8 117.49 | 2202
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(5) Type of foundation:

Csisson foundation (Urato-Ohashi)

Bridge:
PC S-span continuous box girder bridge
Bridge length 600m (55 + 130 + 230 + 130 + 55) main section

Literature:

Report on Investigstions and Studies on Honshu-Shikoku Earthquake
Resistant Bridge Design, Civil Engineering Society, Mar. 1972
Location and organization concerned:
Kocﬁi Prefecture
Japan Highway Public Corporation
Purpose of analysis:
Since this is a high-pier bridge, vibration tests were made and the
test results were compared with the results of response analysis.

Anglysis method:
Model analysis of the entire bridge system by 59 material points.

Analysis results, evalustion end problems:

o The dynamic analysis resulis were 47 - 73 % of static calculation
values

o Since the dynamic snalysis showed a greater value for the effective
span of the main girder, reinforcing bars are o be increased to
ineresse the strengih.

o Vibration experimental results and calculated values sgreed with
reapect to resonance frequency.

o The effect of subgrade reaction coefficient was small.
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© The damping constants were appropriately sssumed es far es the

experimental results were concerned.

N

Secondary mode._

8 S
o I}
P,

060

Third mode
| |~ First mode

Natural vibration modes

Natural frequencies and demping constants

Experimental valune

Measured value

- 48 =

£ (gz) | n (@) £ (82) | h (%) | K value
! o | First order 3.57 2.5 3.83 | 2.0 (45 ke/cw’
9 i
g g Second order 13.6 4.0 15.9 I " "
<4 8 : ;
. EH g | Third order L - - o
B | g g Mo onter | 3.66 1.9 ' 3.66 2.0 |45 kg/end
8588 ; :
KX g;fﬁgl Second order | 14.3 27 147 v
=Y o, i , .
g | First order = 2.51 3.2 2.52 2.0 ' 51 kg/ewd
S
E"ﬁg Second order - - 5.25 " n
ﬁ wt Ky f |
d 33 | Third order | 10.8 | (8) 129 " "
B |, . g Frst order | 2.47 3.5 2.47 | 2.0 |51 kg/en?
ERXK | i | !
4o g, K+l Second order | - : - i 523 " v
169 o 3 | | | i
(87 8 4| hird order | 10.5 T R




Natural periods and responses

Bridge pier - Mein girder Remarks
Lower end Lower end ,0n the édéﬁor On the su-|
of P, of Ps of Py pport of P
Bending moment 57,872 i 78,623 2,100 2,100 2’@::11‘32123
(t «m) (79,978) | (167,744) (2,500) (2,800) ¢eloulation
Shearing force 1,692 | 2,136 720 690
(¢) (2,721) | (4,104) !
—— e |- Gt S O AU
Displacement Maximum at hinged joint
(cm) 44.7 (39.8)
Natural period | 1st order = 2.567, 2nd order = 1.072, 3rd order
(see) = 1,925, 4th order = 0.959, 5th order = 0.727

Comparison of maximum responses
of bridge piers

Results according to
- the Earthquake Resistant

© Mol foundation Trenslation Rotation Design Guide (Pj)
M (t-m) S (t)Y | M (t'm) S (t)
A, 2,380 164 2,504 166 Natural period 2.0 sec
P, 8,682 1,428 8,895 527 % : 113,000 t.m
P, 58,740 1,542 57,827 1,692
3 3,180 t
P, 64,352 1,261 78.623 2,136
P, 15,40 509 18,586 655 v 14,622 t
P, 6,102 260 9,210 336 where Ky = 0.2,
/3 = 0-21
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Type of ground and evaluation:

Comparison of subgrade resction coefficients obtained

by verious tests and analyses

T

Estimated from Plate loading Vibration Dyneamic

N value test experiment analysis
T ‘ SRSy ot ur R
i Bridge axial
i direction
i

! :kh="kv=3l kp=ky =35

Perpendicular to
axial direction

kh=-’kv=45

pier
(4]

. B

-y

§

(3] o
[N -10™] &
4
-20" |-— Sandstone Slate
Fulkucka~Uto ‘Theory of Bridge exial :
equation elasticity direction
k=2~5 k =5.6~18 kn =5, ky =5
i Terzaghi's Caleulated in 5o\ orgscular to ky = ky = 1
i formula terms of T5cm axigl direction n =y =15
diame:er figm
k=6-~8 experiment = -
formula kn =5, kv = 5

Hayashi's sim- = ~
!pf{fied formula c:l;uiézed ft
i k= 4.5~6 1terms of co dia- l i
i . imeter
; i k=4.,5~14

'(Urato side)

P3 pier

X = rnl
large large
&

B

g

B3

=

2

s | :
| i Gravel i

| |
e e e

(Note) Unit: (ke/cm3)
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F] —E CRE:) Standard penmetra— I
2 rlg B 2?“”" IEg tio;; ::i:e Remarks
ml8E% |t | yppmnh T8t
I. @ b ]
i— H Eeasen sand 1
4" o ciiGravel dia,
N EE
~ (A rax Tom|f
5. [Round grave
T Cravelldigh H
31y Lu__ permoabiflity:"
9 Gravel - P
| 10_| § _a,d m;:r-‘.{'m -1 N
gl 3|
12, Y g Tine sand
:3 1= ] ﬂ
5 IR Gravel )L
151, T
16 _ 4 o I~Smm .
1‘67— '§ 5 mox T~ Gram
wldl |8
121 Ly
1 v
25_ { mized e Height of
2)_|witk send c;;:otjing edge
] or. 3 ~2303nn
& ] - aftiized witn
2 S Slerells
a7 E g Gravel
28 2~Ann
306, Eﬂ Mally 2-2n
5] BR
32 ]
33
";—— Coarse sand b
:;6_ Gravel 2+l
7 iy 3-10a / .
g;— ™ y Note: Slate stratum was
39] \‘ resched at a depth
40 of 47T m

P3 geologic columnar section

Original form of foundation and analysis model:

0 The entire bridge system was considered.

o The daﬁping constant was h = 0.02 uniformly for all the modesl

© As for the input seismic wave, El-Centro (May 1940, N-3, 0.33 g)
was used and the maximum acceleration was 200 gal 8 seconds .

Main bridge pler 500,000
85000 130,000 230,000 e 130,000 55,000

—1

Diluviuz Pg Ps Az
depoaits

A Py

General side view and positional diagrem
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(a) P5 pier

Syatea of
raterial points L
5

Anglysis model
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(6) Type of foundation:

Caisson foundation (Kanmon~kyo)

Bridge:

Literature:
Civil Engineering Technology, Oct. 1970

Location and organization concerned:

Shimonoseki, Yameguchi Pref. Moji, Fukuoka Pref.

Japan Highway Public Corporation

Purpose of analysis:

Analysis method: §

Mean response spectrum analysis by the model of motion of 2-degree
of freedom system
Analysis resuits, evsluation end problems:
o In the case of a deep foundation, there arise considerable
differences between the seismic coefficient method and the
2-degree of freedom system. The seismic coefficient method

produces a greater degree of safety for sliding.
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Safety calculation results of seismic coefficient method and

2-degree of freedom system (Bridge axial direction)

Division

l Pier on Shimonoseki side

Barthquake resistance‘ Seismic
| coefficient
' method

caleculation method

Vertical modulus of
ground deformation
(t/m®)

Period (sec)

Center of rotation
(m)

Displacement of the
gravity center of
model (cm)

Angle of rotation
of model (rad)

Subgrade reaction
t/m*)

Distance of eccen-
tricity (m)

Consideration to

bearing power
(t/m?)

Consideration to
sliding

Consideration to

tipping (m) 20

83 < 360

I 2-degree
| of freedom
: system

1.2 x 10°
0.46
34.8

1.0

2.87 x 1074
128

3.98
128 < %60

3.2 > 1.5

e = 35.98

% .3.98
>

i Seismic
coefficient
. method

125

2.77
125 < 360

5.8 > 1.5

e = 2.77

22 2,77
> %
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Pier on Moji side

2-degree
of freedom
system

1.2 x 10°
0.64
26.%3
1.63

6.29 x 10°4

221

6.63
221 < 360

3.4 > 1.5

e = 6.63

L;‘f- -6063
> —‘éo




Type of ground end eveluation:

o The foundation rock are so much weathered snd cracked that the
deformation waes determined from the correlation of deformation
characteristics obteined by pressionmeter cbservations at site and

jack tests.

( Deformation modulus obtained from the envelop in jack test )

Deformation modulus obtained by pressionmeter

i _dack test
: Deformation modulus obtained by the envelop in jack test

Deformetion modulus obrained by the iteration curve in )
x

=5EP

where,’ EP = deformation modulus obtained by pressiometer

3 T s [‘,,—F_Surface of — e ——
NG ) e Pler on Shimonosski side (NG 6a T 400 ©* *Vroturned groundRier on Koji side
DPepti S\ — e m Do on n a0 00 esen
AT (304 botton) g l k
l l r 300 {Sea botton
" " T
it o 1L
- I 100 (Design sea bottom) Bridgs arial direction
7 [ l o {central span side
8 . | Sk e e ma Bridge axisl dizection
~1E Bridge axial direet&onn gide apan side
)
g ’ (cantral span side ——.—— Transyarae. diraation
__Bridge axial direc onw 18
(=) " (aide mpan side
“Transverse direction{ (x)
—uh —-
’ -10
1 ~2300) (Design sea botton)
e
-n i
-
-5
-3
—nf ——
-9
~f R
i i
Simonoseki-side pier base Moji-side gier base i
Ep (kg/cm2) By (xg/cn?
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Engineering ground constants (Bridge axial direction)

! Shimonoseki-side pier ! Moji-side pier
Iten Symbol 'Earthquake Normal [Earthquake [ Normal
i time time | time -1 time
Modulus of deforma- 5 5 5 5
tion of beari Ev 1.2 x 10 0.6 x 10 l.2 x 10 0.6 x 10

stratum (t/m2

Vertical spring con- 3 3 3 3
stent of bearing Ky 5.27 x 10 2.63 x 107. 5.3 x 10 2.65 x 10

stratum (t/m3)

Horizontal spring K3 = 156 Ky = 78 (K1 = 312 ‘K3 = 156
constant of the Kji K2 = 470 .Kp =235 K2 =780 'Kp = 390
side (t/m3) K3 = 2340 iK3 = 1170 K3 = 2340 (K3 = 1170
Rotational spring g 8 o 5
constant of sea Ks 4.1 x 10 2,05 x 100 4.2 x 10 2.08 x 10

bottom (t/m)

Shearing spring 3 3 3
constant of sea Ks 1.76 x 10 0.88 x 10° 1.77 x 10 0.88 x 10
bottom (t/m3)

Horizontal fric- L - .
tional coefficient 0.6. .0‘6 0.6 0.6

Internal friction o o
angle of rock ¢ 35 35 30
(degree) .

30

Cohesion °’E t;’;‘ﬁ»l; ¢ 15,0 13.0 10.0 10.0

Ground constants in the case of the entire system
< Shimonoseki-side > < Moji-side >

— K = 6 — nd L.
Kg =K;=1.44X106 t/m Ks = Kg= 1.411%10 t/m, Kp=4137X1G%t'm

= 6 = &
Kp= 0.112X10° {/fn K= 0.280x10°% Ky =0.156 X10

Kly= 0,004 X 10% , Kjrz=0281 X 10° t/in Kys= 0.142X10% Kjn=0.375X10° p t/in

! = 56 ! — 6
Kp = 4.22X10° t'm K= 0.250 % 10%° Kpys = 0.2225X10

~ 56 ~




o Added mass of water

06 P-A-h
Mo="C 7%

where 0.8 £ a/h £ 4.0
M, : virtual mass of water (%)
P : density of water (t/m3)
A : sectional area (m2)

a : width of section perpendicular to the direction of
vibration (m

h : depth of water (m)
o Added mass of surrounding soil
Ms=(12)(rs/g)t"d
where Mg : virtual mess of soil (t+sec’/n)

o t unit weight of soil (t/m3)

o

: width of structure perpendicular io the direction of
vibration (m)

4 i thickness of soil stratum (m)

1,25
1.0 CA

Correction factor (m;)

0rs
LT 0 s 10 2.9

Natural period T (sec)

Acceleration response spectrum curve
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Original form of foundation and analysis model:

¥ —
= “ater|
£

2 \Y

<= El

=4
Soil
= Ei
E Ex-I
ZZANNNY EAZN)

0 Shimonoseki-side pier

Moji~side pier

n/2

h/2

KHA;
G |
Kb —
KHi?
KHn-| B
Pl wv—F
K ® kg Ks
Yz 74

]

[}

11.43 m (in the entire system)

16.85 m (in the entire system)

Verious quantities of dynamic model (Bridge axial direction)

Symbol Shimonoseki-

Moji-side
Ttem o side pier pi?;"
Length in bridge axial 20.0 20.
direction (m) 8 ' 0.
Position of gravity
center of model (m) by ER 16.55
Overall height of :odel by 18.8 33.1
Unit weight of model
Virtual mess of model 3 %
(t-SSGQ/m) M 5.7 x 10 8-9 x 10
Rotational inertia with .
respect to the gravity J 357 2 105 1.115 x 10

center of model
(t/m*sec?)
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i side >

. Shimonoseki

<

< Moji side >

1-1 section 2.2 gection

1240

0656

5-5 section
! Fi
750 (Main tower cepter 3180 1Dg60 18260
)] distances R R XL h %680
o TR, 380 260
1 £

$550
Fi]

)

bFiv] n
[

6-6 section

358

EL=iorp

&
Main tower —r

conter line

400
L5900

Yain towar

center line

4oz

500

8]
&)

1460

1500

3-3 section

4-4 section

Concret

20000

1150 "

11042 o3

vist
= Form

18558

1664 m2 (side form)
277 m2 (partitioned form)

Steel bar

Steel
paterial

A total 123907 kg
B total 74700
40200 kg (angle
1030 kg {plate)

|

Iron

Quantities list

welding

Pressure

720 (Joint)
896 ({croas
3420 pleces (D 29
6720 places (D 32)

A%
13 i
[H 3

(suspended
. girder

A-A section
‘ 200

4

T

P o Bt
il [ E—1m

General view of Shimonoseki-side pier

B-B ti
sec 1on( Bulkhead)

Top view C-C section (crawn)

4000

FH) 14783 ES00

19309

] |
15650, 0TI 5150 15043501030
H 1

General view of Moji-side pier
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Front view g D-D section Side view e B~E section
5250 I ——
(0 [y i Ly | C;E?lafl‘;‘ | Quantities list
T : IS [ 1
T g 5 8 ;
S FEa] Concrets 14490
LS 1t ] NI Z
; Bill ; H |
ﬁ E 1 i[ N I "*g o i T Reinforcing | A totel 903873 kg
. Y | i i _ bar B total 1235127 ke
i l ' 1 Steel 90602 kg
!17 100 ; zggg ;sw 0011360 3050 | material
..... , = Bolt 2456
' Pressure
) H 4600 places
: w0 ‘ ug e e welding wP
- - =
: : s
€= 1839 (nd




(7) Type of foundation:

Caisson foundation (Shin-iinogawa-bashi)
Bridge:
3-span- continuous steel bed olate box-girder bridge
Bridge length 441.5m (2 @ 3 x 73.2)
Literature:
Civil Engineering Society Abstracts of papers
Location and organization concerned:
Kewakita-cho, Tosei-gun, Miyagi Pref. (Kitagani River)
Tohoku District Construction Bureau, Ministry of Construction

Purpogse of anslysis:

s

Changes in the vibration behavior of caisson before and after the
setting of girders

Analysis method:

Fourier spectrumAanalysis énd correlation function enalysis
Anglysis results, evaluation and -problems: 7 .
o0 The period of the calsson became longer after the
setting of the girders and the center of.rocking pf caisson moved
upward while the response magnification decreased. ' 7

There was not much difference in the damping constant.

_ 441 .5m
Senat |732m;, 73,2 4 7321, 73 200 73 2m, 7321,
B
side = —ﬂ.\l ﬁm ﬂ.\i ﬁm ﬂ N =

=, Eesennuna
side

B P, Py L] by
e: Point of measurewent, M: Movable, F: Fixed

Side view of the piers of Shin-iinogawsa-~bashl bridge
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(o Axial direction

2 ‘o Transverse-direction
p. (X Axisl direction

5 &

Transverse direction

20,
g4
hd 4 Mexirum scceleration « Kaxirum accleration
. ¢ ° in the bottom in the bottom
05 1 5 10 20 1 5 10 20
(gal) (ral)
Response magnification Response magnification
(before setting the glrders) {after the setting of girders)
Predominant period
‘ Conponent Bottom Crown
]
N Axial . . .
! Before the direction 0.18 ~0.20, 0.40~0.50 | 0.18 01?91 0.40~0.50
: gsetiing of Transverse N N i ~
girders direotion | 2:380:20, 040~ 0.50 | 0-16~0.20, 0-97 00 |
“Vertical !
o direction 0.46 i 0.46
P, Axial 0.18 ~0.20, 0.40, 7 0.18~0.20, 0. go»«o.gs,
: After the direction 0.95 ~1.0 " 0.95~1.0 .
- setting of Transverse - -
| girders | direction 0.16 ~0.20, 0.40~0.45 : 0.15~0.20, 0.40 ~ O.&
Vertical ;
— direction 0.20, 0.45 j 0.16~0.20, °,ﬂ9_"9 45
Axial | !
Before the | direction | 0-20r 10 0.15, 0.30, 1.0
setting of Transverse
girders direction | 9.20, 0.90 ; 0.17, 0.30, 1.1
Vertical i E
P . direction 0.46 ; 0.46
5 Axial 0.17~0.20, 0.40~0.46 - 0.16~ 0.20, o.go~o.gs,
After the direction- 0.95~1.0 1 0.95~1.0 e et
setting of Transverse _ - 0.16~0.20, §§~0.g '
. girders direction 0.16~0.20, 1.0 : 1.0
Vertical : ~
direction l 0.20, 0.50 é 0.20, O 0.50

Underlined are outstandingly predominant

- 6] =
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Type of ground and evsluation:

Original form of foundation and enalysis model:

N value 3 X "'81“9
A " 102030 1050 0 01 )22304050
Cohesive Sand //
soil n
- Sand L dm— g 3
E 5 Conesive S 8! gy
n g,g0il w silt
) S | send | Dt T E - N
L] Eandy_- ¢ AT N
iH [soil q 3| Send >
4 . LA
= 1 - s?’fgya C)
h | -
Sand g% Ps — /7
( 40[z] & é
> I
3
lcohesive </ 3 -4 '
Hleodd | N a9
] 8 29| ]
2 \ ; ™
3| sane 5| Sand ™~
sl 2 ]
6018 ] (\ 60)%|saza ana
(m) %[g:v ef"d (m)| |eravel
f=} 1

A brief description of the caisson foundstion (Pp, Pg)
and the surrounding ground composition
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(8) Type of foundetion:

Caisson foundation (Minato Ohashi)
Bridge:

Cantiler truss bridge ‘

Bridge length 980 m (235 + 510 + 235)
Literature:

Ground and Foundations, Sept. 1975

Civil Engineering Technology, May 1970

Location and orgsnization concerned:
Osaka City Hanshin Expressway Public Corporation

Purpose of anglysis:
In the case of a very large caisson, it is desirable to meke rational
design teking the dynamic characteristics into consideration.
Analysis method:
Direct responses to seismic waves of the equivalent 2-degree of
freedom system of ground - foundation by the spring~dashpot system
Analysis results, evaluation and problems:

o The superstructure wes assumed to be an added mass contributing to
the vibration of the substructure and given to the 2-degree of
freedom model of the caisson. In order to check the validity, the
superstructure and substructure as a whole was replaced by a multiple~
point model. The results were little different from the entire
system in the axial direction while left some problems in the

transverse direction as shown in the table at the right.
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o Problems still remained with the evaluation of the subgrade spring

constant (shape effect).

280600. i

16600 - s 1% Straight
" N grade
0.4 700 13"{1 L 0.p. 50 l 1
:ﬁ:‘o rAvAl L ?\E\l ‘d/n Y - "-1--T ‘ul’l:‘ i 2 .-E\.)&‘n' r\}\‘r\? I s]fdaa’nko
0.P. +120” || FOVable g 1P 75 1P, +2250 : LR Movab]
Q-0 0. P. 4§00 g 0.4 _ IR {xed
e OU:-;L: i Ife = E‘.-“’ TIO.P.-:um ol ;‘A
Tan TN = e
Comparison with the responses of the entire system
(Damping constant h = 0.05)
Axial direction f Trensverse direction
Item Unit | 2-degree |2=-degree .
of freedom gnzzgs iof freedom- gn:tzz
sys tem y isysten ¥
Natural period,
first order Ty sec 1.2} 1.30 1.44 1.66
Natural period, o, = 4o, 0.44 0.48 0.43 0.52

gecond order

Horigontal dis-~
placement of uG cm 8.2 6.1 8.9 3.5
gravity center

Angle of rotation
of gravity center rad 0.00254  0.00247 0.00252 0.00147

¢ max

Seismic intensity y 0.228  0.246 0.190 0.200

at gravity center

Bendd % 5
ognbogib:°men Kt 6.506 x»lOs 6.323 x 10° 6.531 x 10° 3.772 x 10

Shearing force ¢ t  1.507 x 10% 0.922 x 10% 1.001 x 10* 3.784 x 10°
of boitom
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Type of ground and evaluation:

Umeda clay stratum \:' Kl

T }
Tenma gravefsti;qt\fm oK

Tenme cley §tratuo

Sand and gravel stratwn:

o The subgrade spring constant is given by modified Boussinesq formula

on the basis of the modulus of deformation obtsined by pressiometer.
k,=-TTT£%7§jg
» .
where k, : subgrade spring constant (t/m3)
E : modulus of deformation of subgrade (t/m?) = 6E,
B, : modulus of deformation by pressiometer (t/m2)
B, : equivalent loading width of foundation (m) = [ Ao
¥ : Poisson's ratio

I, : shape factor, A, : vertical loading area (m?)-

Predominant period of spectrum density

Point of Meusufiné Predominant Max.
measurement component . period _value
Nanko . K EW 0.30, 0.50, 0.70 0.70
reclaimed " H, Ns 0.76, 0.98, 1.40 0.76
land j v 0.50, 0.68, 1.05 [ 0.68

H, W 0.30, 0.66, 0.05 |  0.66
No.2 jetty H, NS 0.64, 0.96, 1.40 0.96

v 0.48, 0.66, 0.82 0.66
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Original form of foundation and analysis model:

. Section A-A
ey gl

Section B fllsection —
(s Bent|; 5 %GDD u .
i I I 5

[J

3| pier|

EIR S
Loy AR
— Pier

(7]

B
a

A
= 2 h&‘J svo(f sim
= SuSection'd
I—Section E f

General view of caisson (P, caisson)

Spring sction of subgrade

o The effects of superstructure and water were treated as added mass.
© As for the dynemic coefficients (ﬂ), the greph at the right was useqd.
0 The adjacent ground was 80 goft that it was assumed to be plastic when

the horizontal reaction exceeded the allowablg bearing eépacity.

- 66 ~



cosfficient A _

Dynenic

S i

g

o oSio
v

o

N

o 1.0 2.0 5.010.0

Faturel period T (sec)

Acceleration response spectrum

Vertical load acting on the bottom of ceisson

(Unit: tom)

P5 calsson Pz ceisson l mmiemarks
Superstructure 27,516 27,516 |
load (25,357) (25,357) |
Dead load | 2%,198 23,198
T 4,318 4,318
Live losd .\ (3759) (2,159)
Pier weight ; 4,363 6,571
Calsson weight | 61,504 | 57,957 |
! | :
Weight of water ! ".
in caisson i 29,?98 | 25,419
Weight of earth | 6808 _ | Berth end sand on
and sand : ' top plate
i
Uplift : -51,912 ~50,264 100% considered at
... | DOTOW loW water level
| 77,967 | 67,205
Total i (75,808) (65,046)

Bracketed are the values 1/2 of live load, which are for use in
the investigation of preconsolidation load.
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(9) Zype of foundation:
Caisson foundation (Hamana Ohashi)

Bridge:
Central span with central hinge, 5-span continuous rigid frame

Bridge lemgth: 631.8 m (50 + 140 + 240 + 140 + 50)

Literature:

Foundation, Dec. 1974

Location and organization concerned:
Between Shinohara-cho, Hamematsu City end Nii-machi, Hamana-gun,
Shizuoka Prefecture (Hamsna Bypass)
Japan Highway Public Corporation

Purpose of analysis:
Since this is such a long bridge with its central span as long as 240
meters and a relatively long period, anglysis was made to compare
with the results of the modified seismic coefficient method

Anglysig method:

Seismic response analysis ( ), spectrum mode analysis
Analysis results, eveluation end problems:

o The maximum response bending moment (shown in the table at below
right) of the upper and lower ends of P3 and P4 piers were smaller
than the results of the modified seismic coefficient method con-
sidering the responses.by the "Guide for Earthquske Resistant
Design for Road Bridges" (Japan Road Association)

o What govern are the first, third and fifth order vibrations from

the spectrum enalysis and the comparison of the three subgrade
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reaection coefficients little affected the natural period and
stimulus coefficient.

o Since the substructure is greatly influenced by the shape of the
superstructure, the former should be designed after the design of
the latter has been roughly determined. In the case of a long
bridge, it was appropriate to make seismic response analysis in

the basic design stage.

Side view
6)\'7 32 000

ua_oro____‘ i
Fﬁ QE{_EI&FL-‘_ T X< reall JStrBiSht !
grade 2 ébolic Turve '/.-_,l 1 Jgrede; ;

,C"-s LEEE AT R SATS s
25X S AT
Na-sobfa ® \é“ Sea of Enshu 1 ® /

General view

Comparison of numerical values

~MUpper end of Lower end of
pier pier
Seismic response t.on ! t.m
analysis 22.000 i 72.000 ;
i g
Statistic analysis 26,000 ' 88.000 :
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Type of ground and evaluation:

Naa.r Pp caisson lgiar P5 calsson
vl o — Y4 e vatas |
F g nais | [lg g dbenih
~© o |
g 5681 g 28| 1]
.g L] M ; o 'dl‘i..'. | |8
BT e B g
o 2 ™ a n ) 4
G| 14 iFine IR AN s
a sand ] 3 I ]
2| A g 1< o
o' {7 Send and § S dTH 3
© by gravel 4 and an &
s vt {118
Ba Sand mixe:
ﬂ.lﬂi gra ell
1 | Fine | ‘ i
i i s di i ‘.

Geologlc columnar section

Subgrade reaction coefficients

Subgrade reaction coefficient Value (kg/cm?)

5.0 (BL-2.8 ~EL-17.8)
15.0 (EL-17.8:EL-32._§_)___ o
0.5 (EL-2.8~ EL-17.8)
1.5 (EL-17.8 ~EL-32.8)

Horizontal subgrade bk
reaction coefficient i

Side shearing subgrade ’ K
reaction coefficient S

Vertical subgrade

reaction coefficient . Ky 20.0
Bottom shearing sub- H

grade reaction coeffi- Kﬁ ! 10.0

cient

o As for the horizontal and vertical subgrade reaction coefficients,
reference was mede to the "Road Bridge Substructure Design Guide
(Caisson)", the theory of elasticity (Pauww, Tajimi, Richart) and

Urato Ohashi vibration test data. Respacting test results, the

-0 =




bottom shearing reaction coofficient wes taken at KB = 0.5 « Ky.

o The side shearing subgrade resction wes taken at Kg = 1/10 * Ky
in accordance with the Caisson Guidance.

o Three subgrade reaction coefficients (Xy = 10, 20 and 30 kg/cms)
wers used for compsrison pecaise it would be dangerous to use any
specific velue.

o The seismic waves of the meximum accelerations recorded in the El
Centro (1940) and Hachinohe (1968) earthquekes converted in terms
of 200 gal were used in accordance with the "Road Bridge Earthquake
Resistant Design Guidance".

180 gal in the "Honshu~-Shikoku Earthquake Resistant Bridge Design

Guide (Draft)".
Originel form of foundation end analysis models

Axial sectional view

Present
2, aoc)ground
Dtch surface

e

ool 1, (250
2.800 —--\q
1r fu, 8l

grg\ém_]t‘i' lﬂ:}rfaci

i

Eg-

i3

1
500

1.500g99] 9 500
w .
. _“[‘m’i.'ﬁoﬂ?

§_ }———zs.laoo-—— 39?&%%2% PS' and P, bridge piers

Top view
8, §. of ca.is.son
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(10) Type of foundation:
Caisson foundation (Akashi Straits Bridge)

Bridge:

Literature:
Bridges and Foundations, Sept. 1972

Location and organization concerned:
Honshu-Shikoku Bridge Authority

Purpose of asnalysis:
Investigations for the type of foundation of suspension bridge tower
systen
Analysis method:
Seismic response analysis of multiple-degree of freedom system
Analysis results, evaluation and problems:
o In the case of a caisson foundation, the response would vary
according to the ground spring but this variation woula not be so

serious as to influence the design of the foundation.

Meximum response ~ Displacement response
displacement (crown of caisson)

gg\:in;:g‘on) i founc;l“ation (cduondf(o)gu.ndaﬁ.on)

3.84cmv 4|- /\

ANTAWA NN A AT ATy

-518 o f\‘/\/ v/\\[/\v:‘t \/Avlls\/ \VARVAA S g i e
-7.11¢ % _ i_
-1.73 &

4:46 |95 B foundation (cainog ggundnunn)

('Il'l

::;[j_];:; { 0 /\Jﬂ\/[}jh\jc\\\/ \/ \/ \/7\/ ‘\/ \/J\/ o 5%
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Type of ground and evaluation:

o The ground was gssumed to be of three

Dynemic model

ko
degrees of softness. Wi
n=utp, e
no! llﬂ“\'I‘mI ’
Gronad (1) (2) (3)
Kodulus of slesticity ’
(t/n2 45,000 140,000 300,000
Yertical spring (t/u3) 3,151 11,670 25,009
Horizontal spri
ontal ap ‘(‘f /%) 6,705 20,870 44,726

Original form of foundation end enalysis model:

k k,
-

(b) Horizontal displacement of top plate

o As for the input, Elcentro NS, ¥= 0.05,

1/200 sec was used.

A foundation(rigid)f =150

B foundation(rigid) £ =860

C foundation(rigid) £ =1880

2300 45200 12400 8800 434000 88 13 500 41000 . 13500
] . L
2 — 8 =" 1 g 1 ' Si
I e~ . 3] = |
P
El 88 g |
EE 8 5 S g
AV e | — v
- : SN . el
70000 §l
61 000 e .n-v?‘*
68000
(=]
B—e -
—ay S
_|g00d_3a300 doob[ T i glg
|
_ T30 o0 AXO i
T
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(11) Type of foundation:
Multi-column foundation {Akashi Straits Bridge)

Bridge

Litersture:

Bridges and Foundations, Sept. 1972 -
Location and organization concerned:

Hyogo Prefecture

Honshu-Shikoku Bridge Authority
Purpose of snalysis:

Investigations for the type of foundation of suspension bridge

tower system

Anglysis method:
Analysis of seismic responses in two directions (X and Y) of a multiple~
degree of freedom system

Anelysis results, evsluation and problems:

o Since the multiple column foundation is a flexibdle structure, it is
necesgary to teke into consideration the elastic deformation of the
foundation body in the safety anslysis of the foundation during
earthquake.

o There is the necessity for three-dimensional behavior sanalysis
oving to the earth slope, arbitrarity of seismic input direction,
eccentricity of superstructure reaction, and asymetry of foundation
structure.

o The effect of group piles was considered because the contact of
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the foundation with the soil vwas so complicated and it was not so
simple to celculate the spring coefficient of each column.

o There were many uncertainties in the estimation of the virtual
mass of ground, damping constant, etc.

o For the above reasons, analysis was made, assuming the foundation

to be & three dimensional rigid freme structure.

Maximum response

displacement
Displscement response curve
(Multiple colusn (crown of foundation
foundation

1 foundation (multiple column)

3.84

B foundation (multiple columm)
o
4
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Periods and Deformation

Rigiad foundati@ﬂ_ Iﬂultlplg_golumn foundation
T Stratm - ] @ T e e T
Bd_ (t/m®) | 45000 140 000 300 000 B " 'j o
kv /) U3 T i 60 5 003 10 700 ! 33 260 71 330
ki (+/0%) 6709 20870 44728 12800 ' 39 855_'—“55"336__

Calculated value

Period of foun- ; 0.5
dation (sec) :

0.18 Q.45 0.43 0.44

period of tower
(sec) 0.5

Horizontal dis-
Placement of the 4.5

| eTown ? founda-:
i cm

0.7 = 5.3 4.4 4.2

tion )
Meximum horizon-
tal displacement . 18.4

of tower (cm)

12.0 . 11.6 1L.7 1.7

Angle of rota~ -3
f'tion (rad) 0+54x10

e s ke —

! 0. 09x10 -3 o. 23x10-3 0. 19x10~3 o 18x10-3

" o Three kinds of spring constants (spring ratio) for nultiple

columns were used but there was almost no effect thereof.

(For foundation A).

Periods and deformations due to nbnuniformity of spring constants

e —————

~~___8pring distri-

™ bution rati
Item ued ~\ff °

l:1:1 F:1:2 ! 1/4 1:4

i P S e R e

Period of foundation (sec)
Period of tower (sec)

Horigontal displacement of
crown of foundation (cm)

Meximum horizontal dis—
Placement of tower (cm)

Angle of rotation (rad)

e —— ]

{0 0.5 0.44 0.45
0.46 ! 0.48 0.45
| _
5.3 : 5.5 : 6.2
11.6 f 11.9 i 12.8

! j : s
H

10423 x 1073 10,23 x 103 | 0.27 x 103
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Iype of ground and evaluation:

0 Three degrees of softness of ground were assumed.,

‘*fr--..‘.‘.';‘'jﬁ.'f.Z."_f:_'_"'~ Ground ] W
.. Sro e

o | o

Modulus of elasticity (t/m2) : 45 ooo I’ 140,000 | 300,000
!
Vertical spring constant (t/m3) 10,700 [ 33,280 L 7,330
Horizontal spring constent 12,800 | 39,810 | 85,330
(t/u3) !
Original form of foundation end analysis model:
foisiigte. cotuan) Corerpan 58 ?mift‘f;ff:‘::w
54000 4 . éNI
TP+ 15.000 g
Mo H
wg T v
g
I
ke | |— |
ANl
i g
g g L.
§:\'1$7— ‘1‘1@0‘7 ; §
8ty :J %A§ g &
g ‘ I 8/
&l Ay ] gl R a 11
SIN tance betweer 2y__1 T Stance botveen N
"‘\sgagowar centarsbwL § tcvax;]c&xaters_

k 8000 41000 8 5o
45 200
-L_—-éiﬁﬁ o | oo |
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Multiple material
points model

(=1’

F =

L

. ™, “Bridge surface
=~ 9 Top plate

(a~1)2

7, =m =

PO

(a) smf; vie'h'

Y Direction of

A 2

L owo"x

Q A Bridge arial
t1

o T o direction

() Top view

Ground support model

(1) Actual multiple (2) Model
column foundation

0 As for the input, Elcentro NS V= 0.05 1/200 sec was used in the

bridge axial direction.

o The rotations in x and y directions at each material points were

selected as unknown Quantities in the equation of motion for the
pier, rotations in x and y directions and torsion for the tower,
rotations in x and y directions and torsion for the top plate of
foundafion. (Pier had 2 degrees of freedom, tower 4 ‘degrees of

freedom, and top plate 10 degrees of freedom.)
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{12)

Type of foundation:
Pile foundation (Showa Ohashi)

Bridge:
Simple girder type
Bridge length 306.4 m (10 @ 27.64)
Literature:
Bridges and Foundations, Mar. 1970
Location and orgenization concerned:
Niigata, Niigata Prefecture
Public Works Research Institute, Ministry of Construction
Purpose of snalysis:
Comperison of actual earthquske phenomena and seismic response

analysis results

 Anslysis method:

Response spectrum method, l-degree of freedom system seismic
response analysis
Analysis results, evaluation and probiems:

o Whether the structural system is linear or nonlinear, ‘the response
of the crown of pier remained unchanged during 8 to 9 ssconds
after the occurrence of earthquake and thereafter it began to
change and became lerger in the case of linear system.

o The maeximum response of linear systenm (54.1m) concided with the
naximum response of modal analysis (2.1 x 26 = 54 cm) but it was

smaller in the case of nonlinear system (40.1 cm)
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o Causes of bridge failure

. Considering the fluidization of ground, the displacement
becomes 29 to 54 cm. There is the possibility of the bridge
failing when it exceeds 50 cm.

. When the displacement of the top of pier exceeds 20 cm, the
pile would yield and even if the damping effect of the yielding
of piles is considered, there would occur a horizontal displace~-
ment of 40 cm.

. Since it is impossible for the piers to vibrate with the same
period and phase, the distance between piers would increase to
10 cm or so, thus incressing the possibility of the bridge
feiling.

o Precautions for reconstruction of the bridge

. It is necessary to incresse the rigidity and strength of the

piers.

Steel pile 600mm -+ 1000 mm or 2 x 1600 mm

Displacement response of the top of pier
(1inear, nonlinear)

Niiga'ta E‘art'hqu'ake
E-¥ component

Acceleration of
selanic motion
o
=]

- |
Xy 56 7 8 9 101112131415
(sec)

- 80 -




g @ /95 a0.1cm Legend
) 40 /'\‘\ 88T ___ Linesr response
- 20 =\~~~ --- Honlinear response
g 5 Qhem— H L1 y
g ot [X] \‘. l
= 1 2 3 4 5 6 778 9 10\111/12 (Sec)
-2 .
o0 .. 7[,
@ ne40 Tize
=3 —
88 _g

10.8e¢-—54.1cm

Momentary changes

o Natural period with pier pile length ([ ), pile diameter (D) end

subgrade reaction coefficient (Kg): T

D=0.61m

T
\ 8m 10 12 15 18
ks

1.0kg/em? ; 2.3sec| 2.9 3.8 4.9 6.2

oo 1.3 1.8 2.4 3.4 4.4

T~D
1=8m, k,=1.0 kg/cm?
D(m) 0.6l ] 0.81 1.02
T(sec) 2,3 1.6 1.3

T~k
D=0.61m, I=8m
kkg/cm®) 0.1 1.0 10.0 oo
T(sec) 3.2 2.3 1.8 1.3
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o Comparison of responses by four kinds of spectrum

Relative displacement of the top of pier (x 26cm)

Plle dia. (p) »

Hofgir— 0.61 0.81| 1.02
€hE gpo—
(1t f“"""d Renmarka
Kird of . 8 10| 18 8 8
response spactrum
Yotey) Fote 1)
(S‘)o_zs = const 1.0 | 1.6 7.3 0.5 0.3 This sctual displecement
() in th!).s oceae i8 26 cm
8 Note 2
4A7av, B . . . .
(serthquake motion 0.2 g) 08| 1 | 22 | 0.5 | 03 Subgrads vesstian cooftisient
(Sp)ew 13] 21 | 5.0 07 | 0.2 | HNote 3)
(esrthquake motion 0.16 g) "Damplng constant
(Sahy-s . . . . . -
(aﬁr¥MUﬂe notion 0.14 g) 13| 1.4 110:0 0.8 03 )] 0.02
Natural period of firat 2.3 1 2.9 6.1 1.6 1.25
order (sec)
Shearing force per pier (t)
Q 0.61 0.81 | 1,02 Roaris
) 0ar]
(5 8 | 10|18} 818
i t t 3 t
(Sado2s=const 125 | 130 | 140 | 135 145 |k,~=lkg/cm®
(Sader. 15| 95| 105| 155 215 —%—o.oz
(S)s-w 165| 180 | 135 | 175] 120
(Sadn-s 200 | 120 | 230 | 210| 155
Type _of ground and evaluation:
o Subgrade reaction coefficient: Kg

From measurement of actusl bridge vibration Kg = 1.0 kg/cm3

Assuming the ground to be perfectly rigid Ks = oo

o The effect of liquefaction of surface stratum (during earthquake

time) was assumed to be about 2 m.
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Originel form of foundation and snalysis model:

306400

Left bank | 15000 j 10@27 640=276 400 15000

‘bank aide

Right bank
bazk side

FqMF_ g M Mr__!‘Mr ¥ :
) 5 \

Um0
&5 881

Ps

N

8000__|

Bluish

{b)

Nonlinear
characteristics

T4eld point

0.94 2=0.9
Strength
of stability 4 —k
0.2 m
Displscement

-85 -

Upstrean Brown

T I 1 coaroe send
ﬁ} Pale bluish gray
pediugs, n sand

Bluish gray

coarge sand

1 Eluish gray

o

edium_prain sand

fine-grein gend

support

Design ground

surface
(Actus)
surface

super
structur

\ Showa Ohashi
(01d)

N\
Brawn
pediun-grain sand
Brewn
gosrse sard
Broevn

mediun-grain send
Pale bluish gray
mediun-grain sand
Brown, clay
Bluish
fins-grain send

e
Roller

(2) (b)
m
E
2
& b
I e1
ground
Calculated
ground surfece
[=2.9 sec

[E)]
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o The mass at the point A is & part of the weight of superstructure
plus the weight of pier and the mass at the point B assumed to be
a part of the weight of pier plus the weight of earth.

o Various numerical values for the diameters of steel pile foundation.

% 812.8mn # 1,016m $609.6m
8 m 18m 8 m 18m 8m 18m
Ground Ky {t/m) 3.360 X104 3.36 x 10" 4.225% 10* 4.225x 104 L71x10* 1.71x 104
Point A ) Veigns (1) 50 113 77 174 30 70
Point B (t) 610 - 670 630 730 590 630
Moment of inertia(t m asc?) 7.11 79.33 10.92 120.55 4.98 50,0
Noment of ivertia of area(sd)] 2.862X107% | 2.862X107% | 5.652x1072 | 5.652% 1072 | 1.188x10~? | 1.188x 10~2

o The following seismic response spectrum curves were used.
(1)

Public Work Research Institute's mean response spectrum
curve (seismic motion 0.2 g): (Sp)ay

(2) Response spectrum curve by the waveform B-W component of
Niigata Earthquake (seismic motion 0.16g): (Sp)p-m

(3) Response spectrum curve by the waveform NW component of
Niigata Barthquake (seismic motion 0.14g): (Sp)N-s

(4)

0.2 g constant response spectrum curve: (SA)O.Qg

Response acceleration spectrum curves of Niigata Earthquake

records
% N-5 (%-g) ¥
(2% ;! l (A) comp L 100 ‘JI & (8) comp
#=0. — u ==
071 s =o.0 S0—p—h ' fiwfom
N N 1 A i 2 LN N &AK .
AN AT AN /=0 A\ N
i AN ;z( 7 _oo/\ /
z "4==0.05 k\f‘ \ < 4 =0. 5/ QV
10 N A H =10 4=0.1 \
": 4=0.1 » — VA
2 5 Z 5
1 1

0.1 1.0 10 0.1 1.0 10

Natural period T (sec) Natural period T (sec)




(13) Type of foundation:
Pile foundation (Nagadoro-bashi)

Bridge:

Literature:

Bridges and Foundations, June 1969

Location and organization concerned:

Aomori Prefecture
Public Works Department, Aomori Prefecture

Purpose of snalysis:

Seismic responses in the soft ground

Analysis method:

Seismic response calculations by modal analysis
Analysis results, eveluation end problems:

o In the case of soft ground, when comparing the standard waveform
and El Centro waveform, Mmnax became excessively small end Hmax
excessively large, therefore it seen unappropriate to use the
short-period EL Centro waveform.

o Hmax response by the standard waveform ocrresponded to the seismic
coefficient method (Kg = 0.13) and safety was assured because 0.25
was used in the design.

o The values produced by the modal analysis were close to the values
obteained by the standard waveform, showing that this is a highly

reliable method of calculation.
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Tipping Mmax and horizontal shearing Hmax

Mmax(kg cm) Hmax (kg)
(1) Right response calculation 7
(standard waveform) ‘ 10.55 x 10 i 96.4 x 107
(2) Right response calculation | 7 3
(ElCentre waveform) i 8.93 x 10 196.9 x 10
(3) Modal analysis calculation 7 3
(Standard waveform) 11.25 x 10 115.7 x 10
(4) Previous seismic coeffi- .. 3
cient method (horizontel 9.92 x 10" . 126.4 x 10
seismic coefficient: 0.13) ;
(5) Previcus seismic coeffi- 7 3
cient method (horizontal 19.08 x 10 243.0 x 10

seismic coefficient: 0.25)

Type of ground snd evaluation:

o It was assumed that the soft ground Ky

results of the horizontal load test of

]

2.0 K'g/cm3 from the

batter piles (Design of

Foundation Piles for Nagadoro Bridge and Load Test, Bridges and

Foundation, May 1968).

Original form of foundstion and analysis model:

o Estimation of standerd waveform (estimated-seismic waves)

The following equation was obtained according to Dr. Kanai's

experimental equation for the vibration behavior of earthquake

motion".

1 100 61M-P log 2+Q

T T At
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where T : period of waves from the base of ground during earthquake

{which varies acccrding to x and M) (sec)
Tg : natural period of ground (sec)

1.80
X

P = 1.66 +—L—EQ—, Q = 0.167 -

The maximum speed Zmax and maximum displacement Zmax were obtained

by the following equation.

Emac= 27; Znaxs Zmu=(—2T?-)!5m. { ..................... 20)

Bquations (19) end (20) are as shown in Fig. 10 (See literature).
When x = 150 km and M = 8, looking sidewsy from the Tp = 0.6
sec acceleration curve, we find Zmax = 130 gal (gal = cm/secz) in
the case of (III). Looking at the speed curve, we can estimate
émax = 12.5¢m/sec and in the case of the displacement curve, it
is eatimated that Zmax = 1l.2em. Thus, we finally decided to take
Zmax = 130 gal as the maximum value of the earthquske motion
acceleration which would occur in the surface of the ground of
the Nagadoro bridge. Speaking about the waveform of acceleration
in this case, we approximately used the sine wave of maximum value
Ymax = 130 gal and period Tg = O.6sec as in Fig. 11, which was
cdnsidered as the waveform of acceleration to occur in the surface
of the ground of Nagadoro bridge during earthqueke. (hereafter

this will be called the standard waveform of Nagadoro bridge.)
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Bending moment | X {3‘kgem §
Dopth 0.5 1.6 1.5 2.0
m)

-1

4=3.5kg/cm>

#=2.5+] % nay=130g01

-3 i . =130sin 221
—a ﬁ=2n“’\\ ///I // ) "

7;=0.65ec 75=0.6sec

Fig. 11 Standard waveform of
Negadoro bridge

Pile bending moment —— Chang
disgrem calculated and - - - - Nepsured

measured values

o Estimation of damping constants
As a result of measurements made of the pier Pg of the
Nagadoro bridge, it was found that the natural pericd T = 0.25 sec
and demping constant hy, = 0.4 and these measured values were used
for the pier Py. BSince the pier Py had the firat order natural
period Ty = 1.12 sec and the second order period Tp = 0.17, its

first order damping constant by and second order damping constant

hs were
=p To g 450-25_
In=ho - =0.4% 350,089, o
=hy L0 —0,4x 925,
hz ho TI 0. 4x W4 0,588




Ty and Co in equation (11) were obtained by equation (12)

(See literature) as follows.
Cy=2h Mw, =2 x0.089x 4369 % 5. 60
=4365 kg sec/cm

Ca=2hMwy=2 %0, 588 x 775 x 360
=32831kg sec/cm

0 Shearing response model of 2-degree of freedom system

Gravity center of
{a) suparatructura {b)

1370cm

)
sz 1Y)
850cm

i

B00cm

Welght of pier 645.420t (m) = 658.6 Kg sec?/cm)
One span section of superstructure 326,72t (mp = 333.4 Kg secZ/cm)

Spring constent matrix

ky ke 728X 10 —212 X 107
= K
[/ﬂ 2 kzz:| li—212X1(]3 74 x10° | (Kg/em)

.. Obtained from Mr. Tamano's equation.
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(14) Type of foundation:

Pile foundation (Nagadoro-bashi or Tsugaru Ohashi)
Bridge:

Bridge length 558 m (12 @ 46.55)
Iiterature:

Bridges snd Foundation, Feb., 1971
Location and organization concerened:

Aomori Prefecture

Public Works Depariment of Aomwori Prefecture
Purpose of snalysis:

Investigation of vibration response behavior of the entire bridge by

artificial earthquake (Soft ground)

Anslysis method:

Fourier spectrum analysis
Anslysis results, evelustion and problems:

0 The dominant periods of horizontal initiel vibration and vertical
initial vibration were 0.11 = 0.4 seconds and 0.11 - 0.17 seconds,
respectively. The top of pier and girder support were found to
behave in the same manner as the surface wave.

o The dominant periods of the surface waves of the horizontal and
vertical vibrations were around 0.6 second and the op of pier and
girder support behaved in the same manner as the surface wave in
the ground surface.

o The behavior of the entire bridge during earthquske time can be

known by obteining the dominant period of the ground surface by
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an artificial earthquake caused by the explosion of charges.
o The sbove is the case in which the piers are low. The situation

would be different according to the span length and bridge length.

Artificial earthquake response records

no.15
EWW v’\d A~ r’\—\’_/\/‘\‘m\’
L
WINS \"\/__/P\"\-/\/_.J\\/—
up e I e
Velocity
seismograph Ew I S et
VINS
-
U|D
- - i ..~ P .
o \/ ) S S
(1 5 "'*«.,"':f. S R R
T ol el
A e d Vet et e %
Accelerometer 4 1I NS A s 2t sl
T o S IS AR
LIS =t N Ve S Wy o i oy
= A S SN VSN I W Py ,\l_,,i
Dominant period
Domiuant pariod (secc) Dominant period (eec)
Recording Recording | Initial Surface Recording Recording | Initial Surface
locetion conponent | vibrations wEven looation component | vidrations vaves
w 0.11~0.17 0.7 Center of w 3~ 0,
Ground Bridge
1] 0,11~0,21 0.6 irder span us 0.18 ~0.40 | 0.65
surface(¥) 1i1)
EV 0.10~0.20 0.6 EW 0.10 ~- 0.18
m 0.12~0.24 g:ﬁ:: of w 0.1 0.2 0.4
Pler (1Iv) B3 0,11~ 0.40 0,55 ~0.6 |girder span 5]
- 0:11~0.50 11) B
L) 0.11 ~0.17
Girder
nupport(l) N3 0.11 0.4 ~ 0.6
EY
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Response spectrum

v-UD osp————Y=UD oost- ~——{——{"
Ground surface Ground surface
(Initia) vibration) /)] (Surface vave) oo Ll
3 ol g oo —— |\ R Y
Y T W N - - ~.'0.005|Top of pier
o 0.05 0.003F ] (Tndtial
Py *33' kS vibretion)
§§ §t§ En \ /\
2 5 001—— 2 g o001 —T ggQW *r—v‘l
|- BE 1
N A , BT 05 10
XV RN 00T s 50
period  (sec.) Period (sec.) Period (sec.)
Fig.6 Fig.T Fig.8
50| - o - I-NS_ 4.1 i
I7-§S I-UD 300cirase support
Top of pier %%:g: E;“PP“‘: (Surface wave)
o1 (Surface wave). .. - vibration) .
S 1.0 2 10
—~ 0.05 —t 2 \l \ = 1 \
2 N g 0.5 R ] 0.5
By ir A iz
. -2~ o
gy ool \/ gg ol ) 33 o /.
¢ D PR e S B ¥ e
£ 5 0.005 \J o 0.05 _aco.oij_ |
oT 0510 5.0 . el
Period (sec.) 0.05 0.1 0510 01 0510 50
Period (sec) Period {sec.)
Fig.9 Fig.l0 Fig.ll

Type of ground and evaluation:

Pier 8

Silty clay
Medium-grain sand

4 .
¥ "51“9/ P'wave § wave Poissors
0 J 50 ratio

“.;I“ia'mi 0.40 0.04 0.49
A —

-f Silty clay

||”I 0.14 0.49
-{ Sand mixed

Avitn 16 090
Ll

Fine sand mixed

wtpsay | 00 08

: 1.4 (0.3)
Fine sand km/s  km/s

- 92 -

o N value was obtained
by boring and Poisson's
ratio from the seismic

prospecting
N=0 (£ <30m)




Origingl form of foundstion and enalysis model:

o Motion model of l-degree of freedom system.

o a
z (t)=—2°—+n§;6‘n cos @, 1+ ¢,)

=Vait by 0, =20"
ba

P0= tan ' (_H

N
an=—]%,—'_=212; cos%v—ﬂm:
b,,=-1%2'2,- sin%:‘n'i

558 000

46550 46490546490 45490,46490,46490 46490 46490 | 46490 | 46 490 46490 | 46550

m+o ¥ | | |

— 111 14 3 1T I $ ¥ % T
A Py Py Py Py Ps Pg Py Py Py Py Py A,
6000 ,
Lower edge of
I 8 3 1 gizder + 5570 L’:r‘i? 5
T | Design high water
§l . § iy level + 4070 L [7
- 8500
700 g%’ 83 00 //
1] NIRRT L ! i1z
|_3000 ; 2500, 3000 éé 82|y |00 1150 d <15
! ©g "g'é / ! \ Bridge [ oooj\ 1
] “_“s.ga 8 g
3000k 3000k |88 ™ | 1t 30000k 30000 oo - e ¢
' 1 e ol 1 S N i
!_I’l 850 i 5@
110 ] 'R ~Ry812.8x52n];)T0" ! ]
: B, - H
/ , ' ~F, 0012.8% & i \ e
i

-93 -

——



(15) Type of foundation:

Pile foundation
Bridge:
Bridge length T09.3 m
Litersture:
Investigations and Studies on Earthquske Resistant Design (¥No.2),
Fedb., 1970
Expressway Investigation Committee, Bridges and Foundations, June 1972
Location and organmizstion concerned:
Sakaiminato - Mihogaseki, Shimane Prefecture
Japan Highway Public Corporation

Purpose of analysiss

Investigation of seismic behavior of a deep soft stratum

Ansalysis metheod:
Anglysis of ground and piles as & whole by dashpot shearing motion

Anaixsis results, evaluation and problems:

o 4s for the calculation. of incident wave by the theory of shearing
wave, the characteristics of surface stratum were eliminated from
El Centro NS component and since thers little difference between
the bases'I and II, the incident wave of the base I was used.

o Seismic wave of 50 gsl was assumed for the base but it was anplified
to 180 gal in the surface stratum.

0 The stress intensity of the base wes safe in the sxisl direction
of the bridge but it sometimes exceeded the allowable limit in the

direction perpendicular to the exis of the bridge.
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o The meximum response displacement obtained by the gelsmic response
calculation was larger than that obtained by the seismic coeffi~
cient method but it was negligible Awing to the ground condition
and the size of the pier.

Axial direction: 6.41 cm (2.63 cm)
Transverse direction: 8.75 cm

0 Since the bedning moment was large in the iransverse direction,
it is necessary to mske the structure so much flexible.

o The bending moment of the pile was larger in its lower part but

earthquake is sharply amplified in that area by the soft ground.

Problems

o Waveborm and magnitude of incident seismic waves

o Validity of the theory of shearing wave propagation in the case
of multi-stratum ground and great earthquakes.

o Differences between the theory of wave motion and pressiometer
coefficient

o Dampiﬁg mechanism and nonlinearity

o Effect of group piles

o Stratum inclination
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Values of maximum responses

Axial | Transverse
e - i i
Displace- Superstructure 6.41 cm : 8.75 cm
ment (R phutnt e e
(em) Footing 5.03 cn 5.58 cm
Bending Column 3,860 ©°0 22,600 ¥+0
moment e e o e e e
(t.m) Head of pile 3,570 3,670 "
Shear’ing Column ‘ 1, 640 t
force
(t) Head of pile ; 1,020 t
Msximum response stress and allowable stress
Section Axial Transverse
ke ed Ko, /oo
o | Concrete 6.== 85 <Oa@= go= 94 <Oce= 120
- ” 14
& | Reinforcing bar ' 0,=933 <0,=2700|0,=1360 <0s=2700
. LG Ky a
H Concrete 0.=453 <Oop= 120]|0c= 142 >>0c2= 120
o ; 7 "
& | Reinforcing bar | 0,=770 <0,=2700|0,=4021 >0s=2700
e e e e« Dt e
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~

0 Responses when added mass and spring constant are changed

Maxinum displacezent of superstructure
(Transvarse direction)

x10* k=1
Marimum bending moment of pler "
03 (Transvarae direction) 109
k=1
F
8
b 8
g 20f k=172 3 80-
H S omEd &
i E
. L (cm)
‘/h\\___.* ny
(tmd 1.0 6.0~
k: ratio when the spring constent obtsined
F.BE.M. 18 taken at )
m: added masa ratio
o 1 ' 3 ] L ] 4 1 1 1 1 I}
02 03 04 05 06 o1 06z 03 04 05 0.6 07
MATURAL PERIOD!sec) NATURAL PERIOD(sec)
%103
5.0 Maxieua bending moment of» Yta head of -
(T °% of pile 1.00
ransvorse ﬂr!cﬂun)’, " Faxisum displacement of footing
(Trensverss dirsction,
F 5
§ 4o g 8o
3 8
&
¥ d
) 3.0r (em) 6.0F k=1 k=12
k=2//_\ k=14
k=4 T
I -
20 1 il e i 1 1 4.0 L It 1 1 s
0.2 0.3 04 m;'t?'f 0.6 0.7 02 03 04 0.5 06 0.7

NATURAL PERIOD(sec)

NATUHAL PEIIOD(sec)

Responses when added mess and spring constant are changed
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Type of ground and eveluation:
o Spring constant and added mass are determined by the use of
finite elements method
« Plane strain
. Trisngular element (Displacement function is first order)
. Pootings and piles are rigid and there is neither sliping nor
gap between them and the surrounding ground.
. One-third of the total mass of the element is equally distributed
to 811 the points.
Equation of motion
m ble k Sifx q
[ M] [x] " [ST KJ [x] - [Q]
m,M : mess of footing, matrix of total mass of the ground

z,X ¢+ displacement of footing, matrix of total displacement
of the ground

k,5,5T,K : Matrix of rigidity

q,Q ¢ external force
If the unit load is exerted on the structural system, from the
above equation, we obtain the following equation, thereby to

obtain the spring constant k,.

k S [x _"lil

sTKIX] Lo

. — T -

ookg=Y4=k-8TK'S
Assunming that the added mass is to be added so that the footings
or piles may have the seme kinetic energy, the added mass can be

obtained from the following equation.

%m(wx)’+%(wX)TM(wX)=—lz“(m+ma)(wx)z

ma=';lc—r XTMX 98




Propagation velocity: V
Depth Ground Denaity Blastic modulus of
the ground: B
m 2 t/m
400]-5 1.70
a V=.130m/sec
8.00 _".. ﬁ 190
T @ E=80 Ep/ai
11.00| . - : 1.75
13.50[ 51"
>~
[
=
=
20.00 %}
V=110
1.65
k. E=60
L.
i)
(@]
40.00
AR 3
a @
13 3
5 200
-.'.:_ . O
49.
® o V=300
E=700
-
3 165
Q
60.70
b -
) 2.00 V=500
o
o0 E=900

Geologlic columnar gection
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Static spring constant

kg (t/cm) ¢ o

100 100
/
70 o 70
7
50 /’ 50
40 - ] 40
30 //WQ / 30
o R /
20 \ \. s E=1 P s ) D 20
~J U410
ol |
o ®—lol L4
*\ —95—er—
/
10 N — - 10
O‘ v
7 \\ — { 7
. B ) 5
4 .
/ P, l‘f @§&o 4
3 A 0 ,/ 3
u/ )D\
8 O
2 // 4'T‘_7&0 TO. 2
<
/ > .I‘¢1
5] Ll .
1 / "/ 1
] /' ./ L
] /D// :0.7
] .
. L
05 - 05
1 2 3 4 5 7 10 20 30 40

Distence from the center of pile
in the x direction to the fized point

Convergence of spring constant and added mass

Added mass (%) B0

The figure at the ahove shows the static spring constant from

the center of pile and added mass.

If a wider area of the ground is considered, there is a tendency

for the spring constant to decrease and for added mass to increase

for the following conceivable reasons.
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Three-dimensional expension of the ground
Treatment of the ground as an elastic body

Damping property of the ground

Here the modulus of elasticity is determined by the following

correction to be used in the response calculation.
E=E, (1+2r)
E, : Standerd modulus of elasticity

o Comparison of X value (during earthquake)

Design use 2.0 Kg/en3

Response calculation Footing 2.8 "
Pile 3.3 "

Horizontsl test estimation 2.3~2.7 "

Finite elements model

Footing

145m

40m

10®4
Division into
10 slices

Pite | Division into 18 m
10 slicen

10@6=60m
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Original form of foundation and anslysis modal:

o Seismic waves are plane waves of shearing type and strike from
right below.

o0 The surface stratum and base are horizontal and extend boundlessly.

o It is assumed that there occurs no slipping between strata and all
strata are a perfect elastic body.

" o The horizontal force is equally distributed to the 18 piles in a
group and they all have the same.value of horizontal displacement.

o The weight of superstructure is concentrated on the piers on both
sides, each carrying a half span.

o The rotation of footing is also considered.

¢ The added mass gives the structural btody the same amount of energy
as the kinetic energy possessed by the ground.

o As for the‘shearing wave propagation velocity, density and elastic
modulus of the soil, the results of elgstic wave test and pressiometer
are used. The Poisson’s ratio is 0.3 for all the strata.

o The damping constants of all the standard vibrations are 0.1.

o The response calculation is made up to the seventh order.

o The meximum acceleration of incident waves is to be 50 gal.

o The incident wave shall be the E1l Centro NS component minus the

characteristics of the surface stratum at the point of measurement.
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Dynamic model

e , =) Ca
<
1 Wi
= st e
0 o
Ground Q’
aurface D : E
7 pA 7 E
/e 7 = ” f — = T ‘{(WV\FCT;H Zg
300 (5) m&;k’ .
| > @ g k5 - $
1L
(4) y
. -1+ - O—-—d -z,
Cast in placeg k.
reinforced ° C3
concrete pile Surface put 3@@_c —W" Z,s
#1,500 x 57,000 o ks
o ¢z
- nodl TR
k
. 2 cl
(1)
2 - zy
r kl
Ol A O O g 77 777
-
Bedrock Zo

o The damping constant was 0.35 in the vibration test but 0.10 is

used for the sake of safety in the response calculation in the

designing.
Spring constant and added mass
Borizontal | Added Rotational Added
spring mease spring con~ | rotational Remerks
constant . stant Anertia
. {t/cn) ratio {t.cn/mee) | ratlo
Arial . . 7 R P
direction 60.80 1.57 1031 z 10 2.69 1/2 Plane
Pooting [y 9. 7 t=1m( Thickness)
renevers 8 . 46 x 10 Bt
direction 48.92 2.22 3462 4.3
1/4 Plane
Eo = 80
Pile 12.29 2.40 T 1.9
t=21n
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L o=
1:?.75‘

2=5700

Rigidity
Axial Transverge
direction dMrection —
Ip| 4.46%10° om'|4.46x10 ° enm'
In| 1.49%x10'"  cm*|4.30x10"° cm
Ic| 1.64x10° om*|1.37%x10'° cm?
Elp| 9.37x10'° Ky om®| 9.37x10 " *Kgcn®
Elx| 3.13%10%° Kgcm?| 9.03x10 **Kgem?
Elg| 3.44x10'! Ky cm®| 2.89x10"'* kg om®
Weight
Axial Transvarse
z direction direction
1 2,794 1t 2,794 t
2 3,202 3,202
@0 3 2,794 2,794
4 2,794 2,794
£l 5 2,911 2,911
6 5,497 6,888
”’39 7 643.5 643.5
£le 8 897.1 897.1
e v E— 9 In In
L o- Rotational inertia
§ Axial Transversa
o direction direction
T In| 3,838x10°t -n*1,669%10° 1~
@ E N ‘
Els NBY Spring constant
£l 24
b4 Axfal Iransversa
R, S | E— 53 !. direction direction
“ L3 Ki{ 88,270 t6mn| 88,270 t/m
5 K.| 88,270 88,270
8l 7,568 7,568
a0 '§ ™ Ks -
o1 K| 7,568 7,568
N K 10,090 10,090
[}
—@— o™ K, 1,581 2,348
& Kr|2,681x10°y" | 1,661x10°t,/
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o Incident wave (Theory of reflection and refraction)

A H-Z
u, (2,2)= f,(t——,';:)+9,‘(t——k7k—)

PROEE 3 ORAOEE 3.0

ey, Hyay 1=dy _ H,
f ) =3 S (2 +——,,Hl)+———2 Fei € VH)
— 1—=de-1 ” 14 di-1 P
7, () — 5
144, g, 1—a, H,
fo(t)——z——f,.(t+,,')+ 5 % (¢ V")

Uk : response of k stratum

F s Lg 1 1 p V
(¢): surface wave 1f, Hf Y '1 —
fir : ascending wave of k stratun b
g ¢ descending wave of k stratum
Ve . T Pi-r, Vi
ay= (/%) (Per1/Vi+1) Afi ]i‘l k_, stratun
Lok TP, Vi
I 3
Ak : stratum thickness = 1fx }f k strstu
N b ke HT Pit1, Ve
Pk : stratun density e, A
Vk : wave motion velocity in the Z/ 1 v
stratun = '/yn T 2,V
- e 0 stratun
= fa Y
t 72
The input wave £ (1) of bedrock when S Bedrock
El centro surface wave was used for
aurface wave F(t) and the velocities Surface stratum
in the various strata when calculated of El Centro
with the second and third strata as
bedrock were as shown in the figure 2 Ba) | P1/a?) | Viefsec) | Remsrks
at right. The bedrock input waves X 2 208 159
2 305 2.20 856 Bedrock I
were as shown in the figure below. 3 270 o0 | Betroek 11
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(gal)

(gal)
500 i l 500
EL CENTRONS surface stratux /\’\ A f /\ /\ /\ \/\/—-\/1
0 e A FAYN /\ A p . A [ ~ o
17 \/NJ \ V — /\/\/V V\/\/vv V\/ \/\/\/
-500 -500
500 500
Bedrock incident wave
(II-th stratum)
T /\ rJd\ PN A o N A VAR,
0 \I’—T \,-/ \/ AW v w\\/ V T T — 0
' -500 -500
| 500 500
001 Bedrock incident wave
. (I-th strgtum)
0 ﬂm\’ /A ya m\_/ \/\I'AV' ] \\_/’\ \/l\v/ v/\vN ~ 0
-500 J 500
= i 2 2 e - o 1. E} w o w =
8 o ~ = o o o o < < s “ <
=2

Bedrock incident waves for use in response calculations




(16) Type of foundation:

Sheet pile foundation (Ishikarikako Bridge)
Bridge:

3~-gpan continuous cable stayed bridge,

semi-elliptical steel sheet pile

Bridge length 1,412.7 m (64 + 160 + 64)

Literature:

Foundations, Mar. 1975

Location and organization concerned:
Hokkaido Development Bureau

Purpose of snalysis:
Investigation of vibration characteristics of the bridge whose
foundation is high and flexible.

Analysis method:
Multiple material points motion model

Anslysis results, evaluation and problems:
o The dominant period (T = 0.17 sec) obtained by the vibration test

after completion of the piers sgreed with the calculated value
(T = 0.15 sec second order vibration).

o There were problems about the way the material points were taken
after completion of the superstructure, virtual mass, damping
constant and spring constant evaluation.

o The subgrade reaction coefficient varies so much according to the
displacement of the pile head that it is neeeséary to redesign
according to the comparison of the hypothetical conditions and the

results.
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0 The vibration characteristics were not clearly known and therefore
the behavior of earth and sand inside the sheet pile well was not

known clearly.

64,000 2£0.008 - 4 p0m
T

AN N

7 M o
244 ¢ a0
sty

Main span of
Yozr 1 sousp Ishikarikako bridge o5
legend
b1 @ g’
g 02 : [ o 8-
R
q e 2 (R
é - .B:‘ .’& Korent of inartia sl &
ar-» ° ;- ® B3 Erciter
%:; weﬂ FLY % (-] dcceleropeter
g ,wm”nb@4m Forced vibrator for the
@00 05,
. - [2tecd pler
T ibratton Ty ey “  (No.3 pier of Ishikarikako
bridge)

-Zype of ground and evaluation:

© The horizontal subgrade reaction coefficient was taken at 80% (0.8
kg/cmS) of the following two values whichever smaller.
» From the modulus of elasticity by pressiometer test andg Louis Ménard
equation

Kg = 1.05 kg/cm3
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r‘rg_%

o Kg = 1.%0 kg/cm3 which corresponds to the gurface deflection in

the horizontal loading test.

-
Altituds
U
Ground
—_—

B vilus |Es value

o The vertical reaction coefficient vas

obtained from the following equation,

assuping the pier to be a bearing pile 3
whose effective length was 80% of the

Y

length of the pier leg. :

BA

Ky = 5.8 T 8

S

&

Original form of foundation and analysis model:

o Since the damping constent
cannot be determined by

,1E20 2

numerical analysis, it was:
assuned to be A= 0.1 or

-

i ﬁ —— —£ 0.2 from other experimental
— o ﬂ‘*r‘jg 1 velues (data obtained when
] T«v@‘ :-E \ w1 O) pmessuring the dominant period
= A | e of the ground).
E |
| ? it 1

.7 :

|

MML L

Foundation of
Iahikarikako bridge
(No.3 pier)

Pier vibration waveform
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(17) Type of foundation:

Piled rigid-frame foundation
Bridge:

J.K.R. Standard type (35.4 x 10.2 x 21.6)
Iitrature:

Structural Design Materials No.25, Har. 1971
Location and organization concerned:

Japanese National Reilways

Purpose_of analysis:

A high elevated bridge required for topographical reasons

Analysis method:

Modal snalysis by multiple material pointe system

Anglysis results, eveluation and_problems:
o Damping constants vere gelected as follows.

Symbol ' A l B ¢
Ground condition Very good Slightly poor Very poor
5 | 0.151~0.188 | o ).402 ~ 0.427 L 0.465
Lopgitudinal |- T S R e
(%) & 2.4 ~3.0 | 6.4 ~ 6.8 \ 7.4
s 10 082 ~ 0. 113 ‘; 0.351 l 0.446 ~ O 559
Pransverse U R - hiLw—— e l—--—-———~-— e
@ | 3 v 1.8 | 5.6 | 7.1~8.9
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. 200 500 5000 500 5000 500
g
)]

L 545

5455

Type of ground and evalustion:

¢ Ground spring constants
kAZA,'Kk-I-ZEI—n,Bz [ ET J
b,=1-K, +2mEA(al+a2)/ L i3 i =TKv
bo=dvK tnEd/L -
Chang's theory was used to give o o o o
the group pile effect to the piles. n row
DK [ o] o] [o]
4 _ A
B ="4ET o)
az
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Original form of foundation and anslysis model:
0 The rigid frame perpendicular to the track was modeled with 12

material points and the rigid frame in the direction of the track
was modeled with 25 material points.

o Dead load alone was equally divided into two and concentrated.

o The degrees of freedom were horizontel, vertical and rotationsal
displacements.

o The foundetion was assumed to be pile foundation.

o When the rigidity of section decreased, the linear strength of
stability was considered (perfect plastic type).

o There was no phase difference between the ground and the foundation.

o The input seismic waves were of the following three kinds
. El centro, NS, dmax = 330 gal, 1940
. AKASHI, EW, %“max = 39 gal, 1963.3.27 (Echizenoki Barthquake M =

6.9), D = 140 Km

. KUSHIRO, NS, %max = 220 gal, (M = 7.0), 1962.4.23, D = 90 Kn
and they wére calculated in terms of 200 gal.

o Viscous damping coefficent: C

Cop = 2mp, h=C/Cy C = 2uph Cop ¢ Criticel demping constent

From the Honshu-Shikoku Bridge Authority's materials, rigid-frame

h = 0.05 and foundetion h = 0.10.
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