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SYNOPSIS

According to the present design standard for port and harbor structures,
the seismic coefficients corresponding to the severity of ground motions were
obtained for 129 gravity quaywalls in 49 ports damaged by 12 earthquakes.

The maximum ground accelerations in the ports were estimated by calculating
the ground response during the earthquake with reference to the attenuation
curves of the base rock acceleration based on the accelerograms in port area.

The seismic coefficients in the past earthquakes were up to 0.25, and
the upper limit of the relation between the coefficient and the maximum
ground acceleration was expressed by the following equation.

1l o,yF
e, =3 (-g-)
where, eA:seismic coefficient
0 :maximum ground acceleration (gal)
g tacceleration of gravity (gal)

INTRODUCTION

The present earthquake resistant design for the port and harbor struc-
tures is based on the static theory, so called as the seismic coefficient
method” As the seismic effect acting on the structure varies complicatedly
with time, the stability of the structure depends usually on such factors as
the predominant period, amplitude and duration of the earthquake motion.
Therefore, the dynamic design is becoming an effective method for the port
facilities with advance of the computing procedure. On the other hand, the
seismic coefficient method is still often accepted to the design of the
commom structures because this method is based on many experience and re-
quires simple calculation on the stability analysis.

Authors made an attempt to improve the reliance of the seismic coef-
ficient method. The gravity quaywalls damaged by the past earthquakes were
analyzed by the present design procedure, and the seismic coefficients cor-
responding to the severity of the seismic effect were obtained. The maximum
ground accelerations in the ports were also estimated by calculating the
ground response during the earthquake. Finally the results were investigated
from the aforementioned point of view.

ESTIMATION OF SEISMIC COEFFICIENTS AT DAMAGED PORTS

A list of earthquakes and the damaged ports in discussion of this paper
was shown in Table 1. An example of the damaged quaywalls was shown in Fig.l.
In Fig. 2 a flow chart for the estimation of the seismic coefficient (repre-
sented to e, in this paper) was explained. As it is seen in the figure, the
stability o% the sliding, the overturning and the bearing capacity at the
base of structure for each port facility were analyzed and the seismic coef-

I Chief, Soil Dynamics Laboratory. Soils Division, Port and Harbour Research
Institute, Ministry of Transport, Japan

ITI Member, Earthquake Resistant Structures Laboratory, Structures Division,
Port and Harbour Research Institute, Ministry of Transport, Japan

1963



ficients in case that safety factor is equal to 1 were obtained. Judging from
the characteristics of damage on quaywalls, the causes of damage were esti-
mated and the ranges of the seismic coefficients were deduced for each
facility. And finally the only one of the seismic coefficieg)t or the range of
it in the particular port was determined from these ranges®. Although there
are various problems for this estimation procedure, the seismic coefficient
e, was estimated without contradiction in the analysis of harbor structures)
d%mged by 1968-Tokachi-oki Earthquake and 1973-Nemuro-hanto-oki Earthquake™
Therefore, in this paper the estimation of the seismic coefficient was based

on the procedure in Fig.2.
PREPARATION OF ATTENUATION CURVES FOR BASE ROCK ACCELERATION

The rock motion at any particular site will depend in large measure on
the magnitude of the earthquke and the distance to the site from the zone of
energy release. As shown in Fig.3, methods of determining the maximum accel-
erations in rock have been proposed by several investigators. In general the
amplitudes of motions decrease with increasing the distance from the zone of
energy release. Then, the distance from the zone, causative fault or the epi-
center of the principal shock may be more reasonable than the epicentral
distance. But it is difficult to determine these distance for the past earth-
quakes because the developing process of the source region for a great
earthquake is very complicated. Considering these matters, Mr. Katsumata
proposed the distance from the edge of source region (the effective distance)
which was taken as a sphere of radius r. The following empilical formula was
introduced in this paper”.

log,,c = 0.5M - 2.25

where, r : radius of source region (Km)
M : magnitude of earthquake

As Mr. Katsumata discussed for the ground acceleration of the average
ground condition in Japan, in this report the relation among the base rock
acceleration, the magnitude of the earthquake and the effective distance was
newly proposed by using the strong motion accelerograms.

DEFINITION OF SOURCE REGION The fault parameters of some past earth-
quakes were determined by the seismologists. In the case, it was assumed
that the source region was equal to the fault plane. When the fault parame-
ters were unknown, the region was taken as a sphere which was equal to the
aftershock area. If the aftershock area was unknown in case of small earth-
quake, the region was calculated by the aforementioned equation. According
to the reference (4), it was assumed that the maximum base rock acceleration
at an edge of source region was independently 400 gals regardless of the
magnitude of the earthquake.

USED STRONG MOTION ACCELEROGRAM The Earthquake Resitant Structures
Laboratory of the Port and Harbour Research Institute has been observing
strong motion earthquakes in port areas in Japan for 14 years. The obser-
vation network comsists of 65 stations at 44 ports, and as the énd of 1975
more than 1058 accelerograms were obtained®. 106 accelerograms from 21
stations were selected from the view point of that maximum acceleration was
at least exceeding 20 gals and the magnitude of the earthquake is knownm.

i JCALCULATION OF BASE ROCK ACCELERATION In order to make the attenu-
ation curves, the base rock motions were calculated from the selected accel-
by the method based on the multiple reflection theory. The computer
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program SHAKE developed by Dr.Schnabel and et al. was used, in which the
shear modulus and the damping of soil changed with the strain level® The
source regions were determined for the past earthquakes in which the accel-
erograms were obtained. For an example the fault plane and the aftershock
area of 1968-Tokachi-oki Earthquake are shown in Fig.4. Fig.5 shows the
proposed relation between the bed rock acceleration and the effective distance.

CALCULATION OF GROUND ACCELERATIONS AT DAMAGED PORTS

Using Fig.5, the base rock accelerations in the damaged ports were
obtained. The source regions of the earthquake were determined as the same
method described above. For an example the fault plane and the aftershock
area in Nankai Earthquake are shown in Fig.6. As shown in the figure the
fault plane was agree with the aftershock area. Additionaly, 63 Km of radius
of source region for M=8.1 is given by the equation described before. The
maximum ground accelerations at the damaged ports were estimated by calculat-
ing ground response during the earthquake. The frequency characteristics of
the incident wave was obtained from the accelerograms at the nearest station
to the port. The ground motions were calculated by the aforementioned comput-

er program.
RESULTS AND DISCUSSION

The severity of ground motion during the past earthquakes was estimated
in the form of seismic coefficient on the basis of the stability analysis on
the gravity quaywalla by the current design procedure. Using the attenuation
curves of the base rock acceleration, the maximum ground acceleration was
also estimated by calculating the earthquake response of the subsoil layer.
The results are summarized in Fig.7. The expression indicates that the
seismic coefficient exists within the range, and or Tmeans only the upper
or lower limit of the range.

According to Fig.7, 0.25 of the seismic coefficient is the maximum in
the past great earthquakes, and this fact may be very informative for the re-
examination on the aseismicity of the port facilities.

As shown in the figure, the upper limit of the relation between the
seismic coefficient and the maximum ground acceleration -is determined to be
the solid line in due consideration of the direction of the arrow. consequent-
ly it is concluded that the gravity quaywall of which the design seismic co-
efficient is existing over the line may have the sufficient aseismicity
against the earthquake with the corresponding maximum ground: acceleration.

In the figure the seismic coefficient is not proportioned to the ground
acceleration. The followings discuss about the reason of the curve of the
solid line. If the seismic force acting on the structure is considered to be
equivalent to the product of the mass of structure and maximum ground accel-
eration o, the coefficient must be equal to o/g. The experimental studies on
the model by the shaking table indicated that the earthpressure under the
sinusoidal excitation up to 500 gals was almost same as the results from the
current design procedure and the coefficient must be in proportion to the accel-
eration. Therefore, this fact does not explain the curve of solid line in
Fig.7. Although the gravity quaywall is generally simple earth structure, its
behavior during the earthquake is not elucidated. It is supposed from the
results that one of the major reasons of the curve of the solid line is the
dynamic response effect of the wall and the backfill, and such the seismic
force as the earthpressure does not always proportionally increase with
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increasing the ground acceleration during the great earthquake.
CONCLUSIONS

Judging from the stability analysis on the gravity quaywall by the
current design standard, 0.25 was the maximum value of the seismic coef-
ficient e, corresponding to the severity of the ground motions in the ports
during the past earthquakes.

The maximum ground accelerations o in the ports were estimated by calcu-
lating the ground response during the earthquakes with reference to the at-
tenuation curves of the base rock accelerations based on the strong motion
accelerograms in port area. Then, the upper limit of the relation between e,
and o was expressed by the equation described in synopsis.
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Fig.l Damage to block quaywall
at Yokohama port
(Kanto earthquake)

o8

Eorthquoke Mognitude =80
(Focal Depth=1Skm)

1
i
O7H
|

: GR — — Gutenberg and Richter (1956)
: SA —— Modified Esteva ond Rosenbiveth(1968)
1 BN —— Gutenberg and Richter -Benioff (1962}
osl ‘."“ KA -~ Kanai (1968)
N :] \ SB—— Seed (1968)
i OK—=— Okamoto (1971)
' TA— Tajimi (1970)
OS5k gl SC--- Schnabel and Seed (1973)

NU == Nodo ond Uwabe
Definition of distance

(GRSAKAOK . Epicentral Distance

iBN SB.SC Distance from Cousctwe FM’]
TA

Distance from the
NU Effectwe Distance )

Q
&
T

of the principal shock [
o3}

Moximum  Acceleration - g

o2t

o1

Distonce — km

Fig.3 Comparison of maximum
accelerations at bed vrock

X . MAIN SHOCK
| e AFTERSHOCK
{Mayi6~June30)

Fig.4 Distribution of epicenters

Maximum  Acceleration~ gols

of aftershocks
(1968 Tokachioki earthquake)

. 79
“ N 70~75
\\\\ a 65~69
B ‘\\\ x 60~64
AR o 40~58

Effective Distance-km

Fig.5 Proposed attenuation

1967

curves of bed rock
acceleration



s10qiey pue soyenbyixey T-aTqel ' uof3EaaTE0OR punoid
pUE JUSTOTIFI00 OTWSTAS ULIMIDG UOTIBTOY /°*8Tq

siob -uon0a220y  punosg
NYYH 04NN 008 oov oo¢ 002 001 0
(eS'b2 'sS'62) SBNW ; T T ' _
UOTURIBLY (ceingie)| oo6l'gadon|  VMYIVHD woosY paAesa0 3
HUON 4d | 3YIHO 440 FHIHO || (WNZIOHOH
- coim IHovyoL| MSP Hidaa 1'8=N
VH3IN | Wy0l Hld3a bL61" 6 Ao OHIHSMA | («6'8F1,0272v)| 2S61'b oW N T N
1HOLYNI |(.8'8g14280€) 150 THSIIIV [ IHOWXNOL 440 | I%0IHOVNAL-ZC6! u " ¥ o M_ m
VAONIHS | "N3d NZ) 430 | OLNVHNZI-bL6l .A b O A Ea ,
1HIOM h
OYIHSNN " (el W
1HS Doy YRIrYMN sy fzo 8
wyOpy Hid3a LN b ;
OUANAN | cocoiabzy)| €261 21w | vmvawswm
NddV.L YN ‘N3d IX00L

(s861192

INVSVNVH | OMNWIN 440[WHOUNWING ) Il nSLYWYYVL

t
ONVAIN YNIHSYWY.L -lgo
FHONIHOVH
VRITSLYNON | )y o '8 W
THONVYMYY
301VAVE | («0C€1s0¢E) | 96l ‘1290
{raHoN ONA | OQIVINYN 40 IVINYN (oyEnbylize TE3UEN) .8
140N Oy PRTTPET Sih gyooysaelFe Jo sa9luddTde jo uoTINgIaIsTq 9°8Td
3IVOONYH | uoz .ztue 6LeW VMVINOS | o icsee)| 6261 1 ady i - - i -
NVHOUNN | (£5201%8500)| 8961 ‘91 Aow VLINY |434d VLINV'M |  OLNVHV90 o C ou )
VAVIVEN | THOVHOL 440 | IHOHOVYOL 8961 W OF La3a IHMNOHLAYI VIV
Viiny (ebBE1 2088) £9xN
viv nob Hig . 438d VHONZIHS | geel ' 11 Inp
AVE | UHOY Hldag Sixm NZINIHS | 40 TaaIN|  wionZims
3NNAVMI [(.81681 oCEBC) | 96 ‘gl unp WNG~O HLd3a
TLVOIIN | VRIHSYMY 'MS VLVOIIN (e0881 S1€8) 0L*N N
— B 086192 "AoN
YHnoNoL azinins | honzmea nZ1o Iy
nsLvingy
¥
INATHAN vH VA
WY O HI430 VINSOHOA
VNIHSOY | ( 2o 1g101e) oL n | w0z~ Hidza 98w
IAVZVAIN A3Ud | 1961722 quy | VAVHONOA | ) L ce) 2261 ‘1 dog ;
VHIFOSOH | IIVZVAINIA0| VAVNVONAH OAMOL |OINYY NHZLSIM ajuny
[FLETYL ™ nweody jo $8%0nbypng $1n0guoH (ueoid3 Jo byji03 '8, apnjiutow ;
peboung vat 0307 9 awoy pebowng wo1j0o0) Jo swon | (9¥6} 12 990} INVNOHLYVE IVINVN .






