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1. Abstract

Nowadays, the structural environment is becoming so complicated that the originally defined intensity
scale and PGA are not adequate to do a good job for assessing earthquake damage. Therefore, an index
adequately assess earthquake damage is needed. Spectrum intensity (SI) includes the three elements, duration
time, frequency content, and amplitude, of strong ground motion affecting earthquake damage and it is a more
adequate intensity parameter to assessing earthquake damage. Based on previous study, a three-parameter
spectrum intensity system is re-searched in this project. The three period ranges of the proposed spectrum
intensity are determined by the earthquake records collected in a certain area since the adequate period range
of the Sl belongs to regional surface geology and earthquake source characteristics. Finally, regression

analysis of spectrum intensity attenuation model using genetic algorithm in southwest Taiwan was studied.
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2. Introduction

Earthquake engineers usually use peak ground acceleration (PGA) to assess possible earthquake damage.
Since PGA can only represent the earthquake force during a very short time (or maximum earthquake force)
and is composed of higher vibration frequencies, PGA influences low-rise buildings with simple structure and
higher natural frequency larger. Nowadays, the structural environment is becoming so complicated that the

originally defined intensity scale and PGA are not adequate to do a good job for assessing earthquake damage.

The researchers of earthquake and earthquake engineering keep making effort to search for some
representative intensity parameters which can reflect the scenario of earthquake disaster and then investigate
their attenuation law to be a tool for earthquake disaster potential assessment. Since the earthquake duration,
frequency content, and amplitude are three important elements affecting damage, more adequate intensity
parameter should reflect integrated effect of the three elements. Housner[1] argued that spectrum intensity (SI)
can be a risk index (a measure of severity) of an earthquake. The Sl is defined as the area under the spectrum

curve between the periods 0.1 and 2.5 sec,

Sl =[ s, (T.&)dT (1)

where Sy(T, &) is the pseudo-velocity for a structural model with a natural period T and damping ratio &.

Sl defined by Housner can also be expressed the average of S(T, £) between the periods 0.1 and 2.5 sec

s



SH4 can be regarded as the vibration energy of structures with natural period from 0.1 s to 2.5 s induced
by an earthquake. In fact, the integral interval in Equations (1) and (2) could be too wide to deal with different
types of buildings.

After Housner some earthquake engineers keep on exploring Sl with different period range and its
application [2-5]. Hidalgo and Clough [2] researched the reasonable period range of reinforced concrete
building for Equation 2. The study of Matsumura [3] shows that SI has a good correlation with damage and it
is a better measurement of earthquake intensity than peak ground acceleration (adequate to structures with
shorter natural period) and peak ground velocity (adequate to structures with longer natural period) for a wide
range of frequencies. Nau and Hall [4] studied the scaling methods for earthquake response spectrum using an
ensemble of 12 earthquake records. They showed that a three parameter system of spectrum intensities,
computed within low, medium, and high frequency regions, may provide a better means of scaling earthquake
response spectra. Martinez-Rueda [5] presented a combined criterion to define SI by optimizing the
correlation between Sl and displacement ductility demand. Three period ranges of structure, Ty < 0.6 sec, 0.6

sec < T < 1.6 sec, and Ty> 1.6 sec, were adopted in his study.

Recently, some researchers investigate the relationship between S| and earthquake damage in Taiwan
[6-7]. Jean et al. [6] proposed a concept of simplified uniform hazard response parameter and applied it to
Taipei basin for the 2002-03-31 Hualien earthquake in Taiwan. Ueong [7] used a three-parameter spectrum
intensity system with period ranges proposed by Martinez-Rueda [5] to study the feasibility of spectra
intensity for identification of earthquake damages in Taiwan. The three period ranges are 0.1-0.6, 0.6-1.6, and
1.6-3 sec. for short period (acceleration controlled period), medium period (velocity controlled period), and
long period (displacement controlled period), respectively. His study indicated that the three-parameter system
is a good risk index of the damage potential of earthquakes. In fact, the reasonable period range of SI belongs
to area and earthquake characteristics. It should be determined from the station earthquake records in a certain
area. Based on this reason, a novel three-parameter spectrum intensity system is developed in this study.
Finally, regression analysis of spectrum intensity attenuation model using genetic algorithm in southwest

Taiwan was studied.

3. Data

The Taiwan strong-motion seismic network consists of about 700 free-field strong-motion stations. Each
station includes triaxial accelerometers, a digital recorder, a power supply, and a GPS timing system. Most of
the digital accelerometers used in these stations are +2g full scale, 200 or higher samples per second, and
16-bit or better resolution with up to 20-second pre-event recording [8]. The strong-motion stations are spaced
approximately 5 km apart in nine metropolitan regions. The Taiwan strong-motion seismic network has
collected a large amount of high quality strong-motion data and provided much useful information for
seismology and earthquake engineering. These ground motion data offer a good opportunity to study
attenuation models. Earthquake data collected from Taiwan strong-motion seismic network were used in this

study to develop the empirical spectrum intensity attenuation model.

The database consists of 7929 recordings collected from 578 earthquake events of local magnitude 4.0 <
M. < 7.3 from 1993 to 2008.



4. Methodology
Spectrum Intensity

This study modified the concept proposed by Jean [6] and the average spectrum intensity is defined as

follows
S(&)=——[sETr 3)
T,-T, 71
where
S(&,T)=S,(&,T) (short period) acceleration controlled period 4)
S(&,T)=S,(,T) (medium period) velocity controlled period (5)
S(&,T)=S4(&,T) (long period) displacement controlled period (6)
where S, is the absolute acceleration spectra, S, is the pseudo velocity spectra, and S, is the

relative displacement spectra. The period ranges, T, and T,, of S,, S,, and S; belong to area

characteristic, they can be computed from their average value of numerous strong earthquakes in the research
area. The method in this study of computing T, and T, is shown in Figure 1. It is note that T, and T, can
be determined from S,, and only T, (T,) can be computed from S, (S¢) owing to the shape of response
spectrum. In Figure 1(a), natural periods with S, larger than PGA are the amplified part. T2(Sa) (T,
determined from S,) is the intersection of the dash line extended from the corresponding S, of period 10
sec to PGA (the dash line can be regressed by least squares method). In Figure 1(b), natural periods with S,
larger than PGV are the amplified part. T1(Sy) (T, determined from S, ) and T2(Sy) (T, determined from S,)
are the intersection of the dash line extended from the corresponding S, of period 0.01s and 10s to PGV,
respectively. In Figure 1(c), natural periods with S, larger than PGD are the amplified part. T1(Sq) (T,
determined from S, ) is the intersection of the dash line extended from the corresponding S, of period 0.01s

to PGD.

Since the choice of the last point of the regression line (the point with period 10s is chosen in this study)
influences T,(S,) and T,(S,) largely, T,(S,) and T,(S,) is not so reliable. Thus, T,(S,) is the

demarcation of Sl ,and SI, and T,(S,) is the demarcation of SI,and Sl in this study. Because most of

the buildings in Taiwan have 1 to 56 stories (natural period from 0.1s to 3s), the lower and upper limits of
T,(S,) and T,(S,) are assumed to be 0.1s and 3s, respectively. Besides, since T,(S,) and T,(S,) belong

to area and earthquake characteristics, a set of T,(S,) and T,(S;) can be computed from each earthquake

data. The average value of T,(S,) and T,(S,), f(SV) and f(Sv), computed from numerous earthquake
data in the researched area can be a representative value of the two periods in the research area. T,(S,) and

T,(S,) are defined as follows:

T(5)=YT,(5,)/N ()



-Fl(Sd):ZTl(Sd)i/N (®

where N is the number of earthquake data the stations in the research area collected. Therefore the

definition of the novel spectrum intensity proposed in this study can be rewrite as follows:

1 Ti(S)) . . .
Sl = S (&, T)HdT short period) acceleration controlled period 9
(&) TI(SV)—O.IIM (&) (short period) p 9)

1 Ti(Sq) . . . .
Sl =— — _S,(&E,THdT  (medium period) velocity controlled period 10
NE Tl(sd)_Tl(Sv)L(SV) JAETHT ( period) velocity P (10)

1 3 . . .
Sl (&)= m Jﬁ(sd>sd (&, THdT (long period) displacement controlled period (11)

The advantages of this method are easy, fast, accurate, and avoiding personal subjective factor. Sl as

defined in Egs. (9-11) can be an index for assessing earthquake damage.

Attenuation Model

Since Campbell’s attenuation form [9] can reasonably predict the characteristic of ground motion
attenuation from the Taiwan strong seismic network [10], the same approach was applied in this study.

Campbell’s form is expressed as follows
Y(g) =b,e® " [R, +b,e™ | (12)

The parameter Y is the geometric average of two horizontal PGA, which is abbreviated as horizontal
PGA below, M| is local magnitude (Richter’s magnitude). Since both the PGA and M, are controlled by short
period seismic waves, M is better than My, (Moment magnitude), which is controlled by the amount of fault
displacement, for estimating attenuation of PGA. Ry is defined by the distance from the energy source to the
recording site. In this study, hypocentral distance was used as Ry for earthquakes with small source dimension,
relative to source-site distance, and the shortest distance from a station to the long fault on earth surface was
adopted to approximate Ry for the Chi-Chi earthquake [10].

Genetic Algorithm

Recently, computational intelligence methods have been applied to a broad range of problems.
Computational intelligence methods, such as neural networks and GA, are highly adaptive methods
originating from the laws of nature and biology. Unlike mathematical methods, one of the important
characteristics of computational intelligence methods is their effectiveness and robustness in coping with

uncertainty, insufficient information, and noise.

The method of string representation in the GA used this study, is shown in Figure 2. In this method of
string representation, the value of each parameter is represented by a sub-string of k-bit binary integers. In a

simple GA [11-12], a string is composed of sequentially connecting all the sub-strings. Figure 3 shows the

5



typical string representations in a simple GA using binary bits (each parameter is encoded in an 8-bit binary

string in Figure 4). The binary bits for the parameters are sequentially concatenated in a simple GA.

To generate the fitter string, a GA reproduces the population according to their relative fitness; the strings
with higher fitness have a better chance of passing their genes to the next generation. The proportional method
is used to select the members of the next generation. A pair of parents is selected by the roulette wheel method.
The slots on the perimeter of the roulette wheel are assigned to the individuals in proportion to their relative
fitness functions. After reproduction a one-point crossover, with the probability of p, is performed to evolve
new offspring. In addition, to inhibit premature convergence during reproduction and crossover, mutation,

with the probability of pm, is implemented to maintain the genetic variability of the string.

Figure 4 shows the essential elements of a simple GA, which starts with a randomly generated population
of individual possible solutions scattered over a pre-determined search space (the region in which the best
answer is thought to lie). The relative fitness of these individuals is determined and a stochastic selection
process biased towards the fitter individuals is used to select parents for mating. In mating, attributes of the
parents are mixed to form offspring which may or may not be fitter than one or both of the parents. In forming
offspring, occasional random mutations can occur and also have the possibility of leading to a fitter individual.
The process of selection, mating and mutation is repeated over a number of generations to allow the solution

to evolve towards an optimum.

5. Results and Discussion
The objective function used in this paper was defined as follows
2

> ! (InY,,-InY,,) /P (13)

p
p=1 Rh,p

where Ymp and Ye are the measured and estimated Sl of the pth instance, respectively. P is the total number of
occurrences, and Ry p is the hypocentral distance of the pth instance. The Sl,, SlI,, and Sl are as follows:

S1,(6) = [/ s,& T
S1, (&) =——— [, (&, T)dT
v(f)—mjw (&, T)

1 3
$16(6) = 5555 Jyos Sa (& THT

Figure 5 shows the attenuations of SI,, SI,,and SI;.

6. Conclusion

This paper developed a novel three-parameter spectrum intensity system. The three period ranges of the

proposed spectrum intensity are determined by the earthquake records the stations in a certain area collected

6



since the adequate period range of the S| belongs to area and earthquake characteristics. We used the
attenuation models of Campbell (1981) to analyze the spectrum intensity attenuation relationships for

southwestern Taiwan. Overall our results show that a useful S| attenuation model in southwest Taiwan
deduced by the GA is

SI, =12.36e"*" (R +3.77e"™ )"
SI, =7.23¢*"" (R+7.22e°™)™*

Sld — 10.6667.65M (R +4.51e70.82M )77.41
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Figure 2. String representation in simple GA

1 2 3
[1/ofo[1 /1]of1/0o]1]/1]oJ1]of[1]/ofofJojo[1[1]/0][0[1 1]

Figure 3. Example of string representation scheme in simple GA

START

Generate initial population and
evaluate each chromosome;
set gern=1 (gen=generatiom)

selection

CrOSSOVer
gen=gerrt] mutation

| Evaluate newly formed chromosomes |

(i

is
gen<max. gen?
(max. geris
defined by uger)

Figure 4. Elements of simple GA



10000

& 1000 4
«E 3 —ML=5.0 {Campbell's Model)
R 7 —ML=5.0 [Campbell's Model)
= 100
‘; E —ML=F.0 {Campbell's Model)
H ] ML=4.0-5 49
£ 10 4
= ] A ML=5.5-649
= ] * ML=5.5-7.3
g 13
& E
1 10 100 1000
Hypocentral Distance (km)
(@)
100 3
% 1 —ML=3.0 (Campbell's bodel)
z 104 ——ML=6.0 (Campbell's Model)
% E — ML=F.0 (Campbell's Model)
g ] WL =4.0~5.49
= 14 A ML=5.5-649
B ] * ML=6.5-73
& ]
1 10 100 1000
Hypocentral Distance km)
(b)
100 3
= ]
1\% ] —ML=5.0 (Campbell's Model)
@ 10 1 ——ML=6.0 (Campbell's Model
E ] — ML=7.0 (Campbell's Model)
= ] ML=4.0~5 49
£ 1 4 ML=55-640
o : ¢ ML=65-7.3
U -

Hypocentral Distance (km)

1000

(©)

@) SI, (b) SI, (c) SI,

Figure 5. The comparison of the earthquake data with the predicted attenuation form of




References

1.

10.

11.
12.

Housner GW. Spectrum intensity of strong-motion earthquakes. In: Proceedings of symposium on
earthquakes and blast effects on structures. EERI, UCLA; 1952.

Hidalgo P, Clough RW. Earthquake simulator study of a reinforced concrete frame. Report
UCB/EERC-74/13, Berkeley, CA: EERC, University of California; 1974.

. Matsumura K. On the intensity measure of strong motions related to structural failures. In: Proceeding of

10th WCEE, vol I; 1992. 375-380.

Nau JM, Hall WIJ. Scaling methods for earthquake response spectra. Journal of Structural Engineering,
1984; 110(7): 1533-1548.

Martinez-Rueda JE. Scaling procedure for natural accelerograms based on a system of spectrum intensity
scales. Earthquake Spectra. 1998; 14(1): 135-152.

Jean WY, Chang YW, Wen KL, Loh CH. Site effect analysis of Taipei Basin. Structural Engineering 2002;
17(3):3-17 [in Chinese].

Ueong YS. A study on feasibility of SI for identification of earthquake damages in Taiwan. Soil Dynamics
and Earthquake Engineering 2009; 29:185-193

Liu KS, Shin TC, Tsai YB. A free-field strong motion network in Taiwan: TSMIP. Terrestrial Atmospheric
and Oceanic Sciences 1999; 10(2): 377-96.

Campbell KW. Near-source attenuation of peak horizontal acceleration. Bull. Seism. Soc. Am. 1981;
71:2039-2070.

Jean WY, Chang YW, Wen KL, Loh C H. Early estimation of seismic hazard for strong earthquakes in
Taiwan. Natural Hazards 2006; 37:39-53.

Goldberg DE. Genetic algorithms in search, optimization, and machine learning, Addison-Wesley 1989.

Holland JH. Adaptation in nature and artificial systems, University of Michigan 1975.

10



LR RE I e WA

#* 4 %3% | NSC 98-2119-M-041-001-
S AR RHRR TR RS
NEA R

PR B R A

EAn e FEPHAFZEL 22 8P UL TR

¢ RPET L B

2000 # 5% 2p 3 5% 7p> @ flas.

e

2010 & Tgcov's sk AL E m R € 3k (European Geosciences Union General
Assembly 2010)

wEwmeALP

A Study on the Relationship between Disaster and Spectral Intensity

- R f R

N
ﬁ;EGU) &
Fjjb BE &

M IR PLE IR €3k 0 Thd M L8 (European Geosciences Union >
EEE- S ARV E RRAGUE TR 2 £k SRV B IRPE E
SR A PR SRR 6 *Fgéuwmwﬁﬂ*k%JMﬂm"wﬂw

29370k BE4Rh 2 2 ¢ A R R p AR R 7o £ 7 10463445 7 53-8 » S 811 %

XL

uA%aﬁé%ﬂ&’@ﬁﬁgﬁgﬁﬂﬁﬂﬁg‘iiﬁ°

AXERWI P PII - PR B BEERE MY $2 Austria
Center Vienna (ACV)§:#k» < » A4 T 8 — pFlidis o - pRISFHEH o ¢

X

BAd g 0 gk ﬁﬁﬁtufﬁﬁ&%ﬂﬁm%w%’ﬂﬁi*ﬁ“Tﬁmﬁﬁ

Ly oA s s R BAB 2 FH S (TR > ¢ 35 Natural Hazards (NH) » 22

Earthquake

Hazards, Landslide Hazards ; Seismology (SM) 4 i 2_ General Seismology -

Earthquake Sources & Faults - Early Warning - Prediction & Hazards - ¥ ¢+ > fi % — i %
WP T Poster %2 BT "5 7 50k F 70 BE R A LS B v H RN

(REN-1E

*=x €&, * 43 57 5 p 3 Seismology (SM1.1)4A 4R N8 23k % > 4L
p % T AStudy on the Relationship between Disaster and Spectral Intensity ;> 3 £ 482 &

A oA R

N

ﬁﬂggiiip;‘::};% o

”Wwﬁﬁgﬁﬁgﬁﬁﬁi&Mﬁﬂﬁﬁ AAF o m S (B AR

£ bk B
I, Fod b
WF\‘D"ﬁ’LﬁL
WA R

Nice) o 7 =t et £ 4117 & > 73383 b & s\:mﬂ?’ﬁT‘#B’ﬂ‘ #B Uﬂ?ﬁ’i
REREL S FERPELET 2 A SHP W S8 A Rt Vg R
o v A G L35 VA ERARE B G 2 pﬁi@*’ﬂj
Sy ZARE BN 22 RAR



F NN B Y



WEREHFTTHEFT S EFREL

PE A E A

33 S5 0 98-2119-M-041-001-

PRI cErRFHRA R R ESFT D

N

. et 2
& 5 Fp FREES gt | RERT | o #Ff%%‘*%
B (s (27 % gt | A % oM 2
fegi) | 2K ol T S
F)
B 0 0 100%
o e ARG S ] 1 100%
¥ E T
i g2 | 1 100%
L1 0 0 100%
o1 ; ﬁ%f i g5 0 0 100% .
s BT R 0 0 100%
Hr ¢ ¥ 0 0 100% s
B
#1 4 0 0 100% E3
4 | 9 100%
T R ) 0 0 100% o
=X
(*®HE) [BELeEgE |0 0 100%
4iEpm 1 1 100%
#p ) < 0 0 100%
o e PALARRBATED |0 0 100% =
¥~ EE
it g 1 1 100%
i1 0 0 100% 2 /&
%11 v ‘;i—ﬂ % ¥ 0 0 100% "
AT 0 0 100%
BN (,l\
" i 0 0 100% “
B
A & 0 0 100% e
B! 0 0 100%
gzt g A4 (Eaa 0 0 100%
A =
(hEE) [BLeETE |0 0 100% '
L iEmm 0 0 100%




H A%
(miz gz
5 hoyE B s d S
HREE S ERREE
V=g g NP LB T
SR R D B
Vicne S TSN | 2
EE G F A

}ljo)

g

’i X538 P

frebs

—

#R%EL S(7 FRredn)

/e

Re|grga epe A1 8

21

Fi

B ye s IR

T e

3
1
4e
g |FiHE/ iy
i
p

PEASHAEZ 2 (BR) Ak

OO O OO O o (o







T PR S TR PR R

%ﬁpiFEW@Léwwﬁﬁ\ééwwﬁﬁhﬂ»Pf*% Fhes B
T (5 & 4 +%\:§=ETJ*%~,&3\I%IE\§5—§KE\\ HEEZFT ) 2 F§
ELFmaF LY R AR FRAEBFHEES T 5FEFTR o

1 3L P32 Ry HAAPAER - E3FP P RFRIT- FETH
W=
(A= p % (G#p » 12100 F 5 ')
[]5 % % fz
L1512 ¢ 7
(12 # r 7
p
2. P F R BT LAY L IR
Hme e gd agd2~4 BEERY &
ERUINED S-ANLE- L F
s [ fE s’ Ee
Hw (12100 F 502)
3. 3 fﬁ?ﬁ%‘fﬁ:\ﬁzﬁﬁﬁ%fr\ﬁggzg&%ﬁ FoEEAY
B (B4t itz & B RN e-H
500 % 3 )
© B AR B

/4




