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A METHOD OF ESTIMATING PROBABILISTIC SEISMIC LOAD

FOR SHORT DURATIONS
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This paper presents the use Of the past seismic data to predict seismic mOtiOn intensity

for short duration  The factors that affect this predicted value are studied, and apphcation

to a selected site of the straits of Akashi is presented  The study using a areal sOurce

model with assumed seismicity in each divided zone showed that earthquake Of relatively

small magnitude in the site plays an important role for estimating expected seismic 10ad Of

the site For structures under cOnstruction, an attempt to estimate the expected valuo of

restoratiOn cOst for a three― span suspension bridge by probabilistic approach is alsO

presented
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1. :NTRODUCT10N

For design purposes, it is necessary to assess properly the expected intensity of seismic motions for

sites where structures are to be constructed. The seismic motion intensity varies from site to site

depending on the surrounding state of seismic occurrence. FOr this, the existing specifications for

earthquake― resistant design use a modified method with regiOnal correctiOn factor to derive the seismic

intensity for designl). However, it has becOme necessary to estimate a detailed seismic motion intensity

based on the level of seismic activities at the surrounding area of a site for designing long span bridges.

For this reason, the seismic lnotion intensity with some degree of accuracy has sO far been predicted on the

past seismic records2) An expected value of the seismic motion intensity obtained contains many unclear

factors, and these factOrs may become the cause of variatiOn in predicted values Of seismic motion

intensitプ )。
.

The construction of long span bridges has a tendency for pr01onged cOnstruction period. These

structures in some cases are not in stable conditions while being constructed as compared to those in

service. In general, the seismic lnotion intensity is smaller during the construction period compared to that

after completion, and depending on the earthquake― resistant design under construction, the risk of damage

exists. This can possibly be reduced on site experiences, or by the technical ingenuity of the personnel

responsible for the cOnstruction technique, although it is difficult to reduce the risk tO zero r「 his kind of

seismic loads for relatively shOrt durations has nbt been clarified by the existing specifications for

earthquake― resistant design, thus, it is necessary to have a prOper predicting method for this purpose4)～ 6).
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This study presents a probabilistic evaluation method for seismic motion intensity in relatively short

durations.「Fhe factors that affect the seismic lnotion intensity of the short durations are evaluated and an

application of the evaluation methOd to the installation models of a long― span suspension bridge is presented

by using the probabilistic approach, in which initial construction costs, the probability of failure by

seismic motion intensity and restoration costs are taken account of

2. PREDICTING METHOD FOR SEISMIC LOAD10

(1)State Of seismic ac‖ vtty of source region

The relation for the magnitude and frequency of occurrence of past earthquakes is represented by

Gutenberg―Richter formula, hereafter called G― R Formula, is as follows;

log η(π )=α 一 b・ π…………………………………………………………………………………………………………(1)

where η(π )・ dπ iS the frequency of the seismic occurrence between magnitude π and π+απ.The
ma�mum magnitude of earthquakes may be taken as a parameter πz,and Eq。 (1)may be modified as

fo1lowsO;

log η(π )=α 一わ。π

π(π )=0
and.

log η(π )=α ― b・ π +log(π z一 π )

η(π)=0

協言統;卜………………………・ の

協重統;卜…………………欄
Eq(2)and Eq(3)are generally called the truncated G― R formula and the mOdified G― R formula

respect�ely.For using Eq。 (2)and Eq。 (3),the Cumulat� e density functions Fメ π),reSpect� ely are

as fo1lows;

瓢π)=f琵器軍鵠
=絲

…………………………………………………………………(4)

and

瓢 a=       … … … … … … … 欄

where β=b・ ln 10, and πo is the minimum magnitude to be used for analysis.

(2)Attenualon property of seismic motion
The attenuation property of seismic lnotions is required for predicting seismic motion intensities at a site

based on the state of the seismic activities in the source region.「 Fo this, the attenuation formula proposed

in reference 9)is adOpted as follows;

7=∫ (π ,γ )=4・ 10B 
π。

(γ tt r。 )C・
………………………………………………………………………。(6)

where 7 is the expected value of seismic motion intensity used for analysis,r is the distance from epicenter

and 4, 3, c, rO are parameters.When the parameters И, 3, and c are determined from multiple

regression analysis by using past seismic data, dispersion exists between the predicting formula and the

measured values.The index of the dispersion is defined as a ratio y=υ 。。/7, 。f measured value and

predicted value.「 Fhe value of υ。。is the measured value of seismic lnotion intensity. The value of log」 is

approximately normally distributed, therefore the seismic motion intensity is also of logarithmic normal

distribution.

(3)Expected value of seismic motion intensity
An expected value of seismic lnotion intensity is analyzed by a lnodel of areal sOurces 「Fhe truncated G― R

formula is used for evaluating the probability of exceeding a predetermined value defined as ν for a site

having seismic motion intensity defined as y,when earthquake occurs in J― th areal source(J=1,2,…
,

N).The probability is as follows;
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If the mOdified G―R formula is used, then the probability is as follows;

スy>醐 判 ―      … … … … … … …

“

)

Whereノ (υ)=1-[1-島 lπ 2,一 g(y,r)]・ exp[―βJθ (υ ,r)一πoll― β,(πιじ―πO),

π=g(ν , r),and π
“

is the maximum magnitude fOr J― th areal source.

Defining the rate of the annual mean seismic occurrence, 均in J― th areal source, and the conlmon origin

of a circle with radius γt=γl`～ γ2お and angle a=aじ ～at,then the frequency of Occurrence λじ(υ)fOr
earthquakes in J― th areal source of y>υ  is as fo1lows;

Жω=均・
句筆

'ス y>υ
lE♪・γαr…… … … … … … … … … …… … … … … … … … …… (9)

The probability of P(y>υ lE′)in Eq.(9)iS Obtained either from Eq(7)Or Eq。 (8).Further,if
there are Ⅳ areal sOurces,then the frequency of occurrence λ(υ)at a site after taking consideration of all

areal sources for y>ν  is as f。 1lows;

ズω=ンイ Hy>引励ィα行…………………………………。の
(4) POiSSOn process
The relation between λ(υ)and υ iS based on seismic motion intensity of earthquakes observed.The

Poisson prOcess is adopted for inducing the probability of seismic occurrencell) 「Fhe probability of,2 times

occurrences for seismic mOtion intensity y greater than υ within a duratiOn :, iS as fo110ws,

HDπ=Ψ ℃xJ― ズω■ …… … … … … … … … … … 0

3. DATA RELATED TO EARTHQUAKE AND ATTENUA丁 !ON PROPERTY

The straits of Akashi(135° 02′E,34° 36′N)was chOSen as the site in this study.The foHowing are the

data are used.

(1)SeiSmic data

The seismic data were provided by references 12),13),14),15)and 16).AccOrdingly the magnitudes

for the period from 1885 t0 1925, 1926t01974 and 1975 t0 1984 are taken to be, respectively, above 6.0,

abOVe 5.5, and abOve 5.0。 「Fhe ratio of Occurrence per unit area for magnitudes above 5 are grouped in the

same range, as shown in Fig.1.「 Γhe maximunl seismic magnitudes fOr the periOd of 416 and 1984 are shown

in Table l12)

(2) Attenuation property

The ground condition of the straits of Akashiis formed by rocky formatiOn. 
´

「 he maxllnum seismic motion

is expressed as fo1lows9);

Иmax=10730× 1002212。 (γ +30)1251.…….¨ .… ………・……………・……・……・……・……・……・・……………・(12)

and acceleration response spectra with damping factor Of 59ろ  iS eXpressed as fo1lows;

SA(■)=4(■ )× 10aぃπ。
(γ +30)α η・… … … … … … … … … … … … … … … … … … … … (13)

where И(r心, 3(T心 , and c(TD fOr Various natural periOds Tた are ShOWn in Table 2

The dispersion index, υ With respect to maximum seismic motion and its response spectra areの 。gじA nEx

≒0.216 and の。gus.≒ o.252 respectively.

4. INFLUENCE OF DEC!S10N FACTOR OF SE:SMiC LOAD FOR SHORT DURAT10N

(1)G― R formu!a

The cOmparison between two formulae of G― R formulae was carried out. The value Of "ι 2 are the

maximunl values that occured in the respective areal sources between the period of 416 and 1984 as shown in
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Table l  Maximuln magnitude for the period
between 416 and 1984

(Note)Free areal source is the area
,here only earthquakざ  ●lth 口agn itude

less than 5 occured during the past

100 years

Fig.l  Areal sources

Tab:el.「Fhe parameters α and b in G― R formulae are shown in ttab:e3. No significant difference was

found out between the two formulae in the case of short duration.The truncated G― R formula,Eq。 (2)iS
adopted in this analysis.

(2)The minimum magnlude
For specifying seismic load for the short duratiOn, extrapolation of the G=R formula is required to

predict the range of the lnagnitudes below 5 0. By taking the basic value as pOssible as smaller than o.1,

the reduction ratio with respect to duration ι fOr π。==2.0, 4.O and 5 0 iS Obtained as shown in Fig.2. In

this case, πι is the inaximum magnitude in the period years between 416 and 1984 as,hown in Table l. It

can be considered that the expected value of lnaximum seismic motion for one year becomes stable at the

minimum magnitude, πo of 2 0 0r leSS.

(3)COnceiVab!e maximum magnlude
The conceivable maximum magnitude was estimated in the fo1lowing three cases.

(a) The ma� mum value in the period between 416 and 1984,iS used for the respective areal sources.

(b) The maximum value obtained from the seismic data in the period between 1885 and 1984 is used for

the respective areal sources.

(C) The maximum value of 8.l frOm reference 17), iS uSed for the entire areal source.

Tabie 2 Parameter for attenuation formula

(quOted frOm reference 9)).

natural
perlod

Tk(sec)

parameter for attenuation for口 u la

of seis口 ic response spectrum

A(Tk)

0 202 1 200

-1 199

1558 0 260 -1 258

1140 0 010

0 261

60 24 0 286 -0 9687

10 57 69 0 366 1 321

15 1347 0 469

0 454

2 466 0 485

(轟 )

0     1oo   200

Tab:e3 Parameter of Gutenberg― Richter forlllula

areal truncated cutenberg―
Richter forllula

llodified Gutenberg―
Richter formula

b b

1 0.854 7 9 0612 7.9

2 3 93 0 704 2 22 0 465

3 0 774 0 352 6 9

4 0.558 0 091

Areal The  date and epicenter of  observed
earthquakes lor maximun lnagnitude in
the perlod between 416 and 1984

l 7 9

Dec  17   1096  137 3°  E  34 2°  ヽ

Dec  23  1854  137 8°  E  34 1°  N

Dec 7 136・ 37'E33° 48'N

2 136・  36'E 35°  36'N

3 6 9
Nov  23   880  132 8°  E  35 4°  N

Jun 2 132・ 30'E34・ 06'H

Aug  26   887  135 0°  E  33 0°  N
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The minimum magnitude,1ィ 。is taken as possible as smaller than o.1,When the maximum value from the

record between 416 and 1984 iS taken as the basic value。 「Fhe ratio of increase for the other two cases are

shown in Fig.3. Thus, Mu dOeS not exert influence in the short period one yearS Or less.

(4)Earthquake ground motion
The four conditions are used for evaluating the expected value of the ground motion intensity for an

application period for short durations.

(a) The truncated G― R formula is used.

(b)The minimum magnitude,鳳 of 2.O iS uSed

(C)The conceivable ma� mum magnitudes,Mz are taken as the ma� mum value frOm the seismic

catalogue � reference 12).

(d) The radious of the entire areal source is 300 km.

The relation of λ～ sИ is shOWn in Fig.4 and the expected value of acceleratiOn response spectra in the

respective divisions is shown in Fig.5.

5。  NUMERiCAL EXAMPLE

(1)MOde:Of the installaJon of the bttdge
The numerical example is examined in the case of three span suspension bridge under construction. In

the installation term of five years or more, the stiffened truss suffers from an earthquake during its

installation period of one year eight lnonths. 1「 he installation model assumes that｀ there are five stages in

the installation of the stiffened truss and each stage is four months long. Five maior inStallation lnodels are

shown in Fig.6.

The fo1lowing are the assumption in the evaluation of the axial force of the stiffened truss that resulted

from the earthquake effect as shown in Fig.4 and 5

a) Assuming the inphase grOund motion in the entire truss

b) Neglecting al1 loads except earthquake loads and dead loads

C)  In the natural periods of o.l SecOnd Or less and 3.O SecOnds Or more, the response spectra are

extrapolated.

The axial resistant force of the stiffened truss chord and brace is determined by the yield strength of the

material of each inember. 
´

「
he mean value and standard deviation at the yield strength of the steel material

ls used.

(2)Probabi:ity of the fai:ure
The probability of the failure of the chord,  さ.,た,,,2 iS given as follows;

Pぇた,2,2=』 iP(E),,た ,.・ P(FIE),,た ,ι
(14)
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Fig.4  Acceleration response spectrum for duration Of o l year

t。 l year

natural period(seC)

Fig.5  Response spectrum curve for division of

frequcncy of occurrence

where

P(E)メ ,た,2 Probability of the failure of theブーth

divisiOn of the frequency of the

occurrence,

Division  number  designated  in

Fig.4,

Sequence number of the stage Of the

installatiOn periOd,

Sequence number of the panel of the

stiffened truss,

Sequence number of the occurrence

of the failure,

Sequence number of the divislon of

the frequency of the occurrence

′

(3) Expected value of the restoration cost
ln restOring the damaged portion of the truss as

same as the original construction, the restOration     Fig.6 COnstruction model of 3-spans suspension bridge

cost is assumed to be equal tO the installatiOn cost,

but the cost of the installation term longer than the Original schedules is not taken intO account.

The restOration cost cた
,ι iS defined as fo110ws;

Cた
,ι〒Σ ら ,た,.が rc,た ,。 Cz… ………………………………………………………∵…………………………………………………………(15)

where

rc,た
,ι

:Reduction cOefficient of the restOration cost,
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Table 4 Yield strength of steel member18)

stee1 3ra4e Dean Value

σv(HN/11)

standard
deviat ion

σ..(HN/:lf)

ooefficient
oF variation

δR(%)

SS41

SH50Y 8.

25.5 6

4
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Tab!e5  Ratio of restoration cost

predeter■ ined

condition

ratio of
restoration
COSt

Rc(%)

Reduction of 50,` for 2nd. panel
fro口  tip of the installation,and
reduction of 2596 for Ord. and
4th Panel fro口 tip of the
installation

reduction ls not considered

c.:Restoration cost of a unit panel when the failure occures in a completely installed stiffened

truss.

The expected value of the total restoration cost of the stiffened truss, C is aS fO1lows;

C=Σ Σ Cた ,2…
…… … … … … … … … … … …… ……… … … … … … …・… … … … … … (16)

where

S、 :TOtal number of division Of installation,

S、 :TOtal number of panels

The restoration cost ratio, Rc Of the restoration cost to the original construction cost is as fo1lows;

Rc=C/CO・ …………………………………………………………………………………………………(17)

where

C。 :In■ial construc� on cost(=凡 C.).

Tabie 5 ShOWS the expected value of failure frequency of the entire panels of the stiffened truss, and the

restoration cost ratio. In this case, the total number of panel is 274.

6.CONCLUS10N

In this paper a probabilistic evaluation method fOr seismic loads in short duratiOns and an example ofits

application are presented. The main results may be summarized as fo1lows;

(1) The expected value of the ma� mum ground motion for short durations becomes stable at the

minimum magnitude」 ИO二=2.0 0r leSS,

(2)The cOncdvable maximum magnitude for short durations has a sman effect upon the value of
ground motion intensity estimated by using either the maximum value froni the recent seismic data in the

period between 1885 and 1984 0r the maximum value indicated by historical seismic data

フ. ACKNOWLEDGEMENTS

The authors sincerely express their appreciation to many persons、 vho provided invaluable information

and opinions  This study was supported in part by the Grant― in Aid for Scientific Research from the

Ministry of Education, Science and Culture, Grant No  58-46-0156 from 1983 t。  1985 FY.

REFERENCES

l) JSCE:Earthquake Resistant Design for Ci� l Engineering Structures in」 apan, 1980

2) *IWaSaki,T, Kawashima,K and Aizawa, K :Predicting MethOd fOr the Expected Value Of Seismic MotiOn lntensity Based on

Past Seismic Activities, Technical report of PヽVRI, No 1696, 1981

3)*IShikawa,Y,Okumura,T and lshil,K :Factors that Affect the Probablistic Curve of Seismic Motion Based on the Historical

Seismic Catalogues, Proc  18th Earthquake Engineering, pp 17～ 20, 1982

4) IWasaki, T, Kawashima, K and Aizawa, K :Effect of Subzoning in Estimating an Expected lntensity of Earthquake Ground

1ヽ。tion, Civil Engineering Journal, vo1 24, No 2, Feb , pp 15´ -20, 1982

331s



128                      Y: YuI, S. HIROSE and E. KuRIBAYASHI

5) IShii, K :The Seismic Risk of Structures Under Construction, Proc JSCE, No.281, pp ll～ 16, 1979

6) *Kuribayashi,E and lwasaki,T :A Pmposal on Seismic Load During Construction,The Bridge and Foundation Engineering,

Vb1 7, N。 5, pp l～ 4, 1973

7)Kumamoto,T,Ishii,K and Hoshiya,M :Probabilistic Evaluation of Design Alterhat� e for Structures Under ConstructiOn,

Proc JSCE, No 385/VI-7, pp 88～ 96, Sept 1987

8) UtSu, T :Estimation of Parameters in For� ulas for Frequency― Magnitude Relation of Earthquake Occurrence(In cases ln

volving a Parameter C for the Ma� muln Magnitude), ZISIN,vo1 31, N。 2, pp 367～ 382, 1987

9) Kawashima, K Aizawa, K and Takahashi, K :Attenuation of Peak GrOund Motion and Absolute Acceleration Response

Spectra, Report of PWRI, Vol 166, Sept 1985

10) COmell, C_ :Engineering Seismic Risk Analysis, BSSA, Vo1 58, No 5, pp 1583-1606, 1968

11)Alfredo H― S Ang Wilson H Tang:Probability Concepts in Engineering Planning and Design,Vo1 1,Basic Principles,John

Wiley&sons, Inc., New York

12)・UtSu,T:The Seismic Activity of Japan(18851925),Bull Earthq lnst,Vo1 54,pp 253～ 308,1979

13)Japan Met∞ rological Agency:Catalogue of Relocated Maior Earthquakes ln And Near Japan(1926-1960),The Sd,molo」 cal

Bulletin, Supplementary, Vo1 6, 1982

14)Japan Meteorolo」 cal Agency:Catalogue of Rel∝ ated M● or Earthquake ln And Near Japan(19611962),The Seismological

Bulletin, Supplementy, Vo1 2, 1966

15)Japan Meteorological Agency:Catalogue of Relocated Mttor Earthquake ln And Near Japan(1963-1967),The Seismolo● cJ

Bulletin, Supplementary, Vo1 3, 1968

16)」apan MeteorOlogical Agency:The Seismological Bulletin(19681984)

17)TOkyO Astronomica1 0bservation:Catalogue of Relocated M● Or Earthquakes ln and Near Japan(1926-19601,ChrOnological

Science Tables, pp 780-808, 1985

181 ⅢSoCiety Of Steel Constru,tiOn of Japan:Reliability and Safety of Steql Strucre,JSSC,Vo1 17,No 179,pp 17～ 53,1981

(Note:As,eriSk, *indicates the title hterally transiated from Japanese)

(Received March 30 1987)

332s


