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A matching method of ground-motion response spectrum and
the peak displacement based on the wavelet function

Wang Shan® Hao Minghui Zhang Yushan Zhao Fengxin

(China Earthquake Disaster Prevention Center, Beijing 100029, China)

Abstract: When using numerical methods to synthesize ground motions, in addition to fitting
the response spectrum, the fitting of peak displacements and the simulation of the non-stationary
characteristics of natural ground motions also have important significance and engineering
application prospects. Based on the wavelet function fitting method, this paper proposes a
ground motion acceleration time history that can synthesize the target response spectrum and
peak displacement at the same time. Numerical calculation examples show that this method has
a faster rate of convergence, and can achieve a higher precision fitting of the target response
spectrum and target peak displacement through less iterative calculations. Moreover, compared
with other existing methods, the ground motion synthesized by this method can retain the non-
stationary characteristics of natural ground motion, due to the local characteristics of wavelet
function in time domain.
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Fig. 1 The initial ground-motion acceleration (a),

velocity (b) and displacement (c) time histories
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Fig. 2 Incremental wavelet function for adjusting
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(a) Incremental displacement time history; (b) Incremental
velocity time history; (c) Incremental acceleration
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il PGA/g PGV/(m-s™) PGD/m
F—4 0.22 0.04 0.06
At | 0.22 0.04 0.03

alg

I I
100 120

£
—0.05 ‘ ‘
0 20 40 60 80 100 120
t/s
(@)

alg

AL 7 Bris, H?i/mi{ﬁ%iﬂ]}iﬂ“

W BT ER Bl

DI RS — g R

5 H bR 1% #4940 xF R 22 (& 7b) BEAT

5 BARE(E 72) ,

,Elerﬂﬁ‘r'zjjfiﬂjia

Xf L.

A PUE S, AR R 22 B9 F R e A 4K
T 5%. HE 8 Ar s i) w6 4 1% 11 3B ol
i 5 H bR A X 1R 22 5 3 R R K

02F PGA=0.22g

I
120

20 40 60 80 100
t/s
0.04
0.02}
0
—0.02}
—0.04 £ PGVE=—004mss ‘ ‘
0 20 40 80 100 120

60
t/s

Kl 6 Maslak 5% —41(a) FIZE —41(b) i1 7= 3 /Y Jin s

time histories curves of the station Maslak

— Hinieitilk

""""" RIRMFEH) S 7

"""" AL B R N
BT RE B RN

60 80 100

(b

AL I 2

Fig. 6 Group 1 (a) and group 2 (b) design ground motion acceleration, Velocity and displacement

120

0.90
KR MR 5

0.80 | — H—HIHHES)
B Al E )

0.70

0.60

)
AANAA A

(b

1 2

B 7 iR s R s N S H BRI Y

(a) fINFEEE R NE S,; (b) Maslak

BURICSR AR 22 e

Fig. 7 Comparison of target spectrum and design ground motion acceleration spectra

(a) Acceleration spectrum S,; (b) Relative errorer e, of the records by the station Maslak



34 FOMRAE T /IN DR RO 3 7R 2l B 3 A 0 1 A% U5 5 1 383
t i) 24%¢ Eg)
30% [ PGD=0.06 m PGD=0.03 m
} 20% 1
0l J16% 2
a 12% bl
10% M
e 0/ L
To-----0 e 8% o8 B}
e
0, 1 0, 1 1
0% 4 6 8 10 12 Ty T4 6 8 10 12 14

AR EL

B

8  Maslak {53510 ARG E 5 AR B B 1L OC &

Fig. 8 Relationship between matching precision and iteration number of the records by the station Maslak

BRI, H—HEHF 12 RERA
REHG LR BE 2ok, B B BT 15 kAt
A BB 2R K

PL CHYO088 & ufic 5% 2| iy v [ 65 75 4R
R My 6.2 M2 AR A 00 if R Zh i AR,
&9 i . F /N U eR B0 A <Rl T
ol B AR N R B bR e (A ]
A5 3 1) T4 21 b 5% Bl IR 8 H A 0 {EL AL A
2215 (3% 3) . [ & B br g d 3 EPGV=
0.03m/s, HrWEE A F PGD 43 51K 0.03 m
F10.015 m, FCASFEMZan &l 10 Frow .

MIE 10 AT LUF R /N R Ei0E 1R
B 0 72 Bl B AR ERA L OR B T R AR R
SR RETE, AT AR 3 B PGA Fil PGV
SEAKAE, A —41 PGD 255 —H Wity .

# 3  LICHYO088 & uliid FAE WA IR AR S 2
LA 1 B RS 5L
Table 3 The target parameters to be matched
with the records of the station CHY088 as

the initial ground-motion

Vil PGA/g PGV/(m-s™) PGD/m
Hi—H 0.22 0.03 0.03
-t | 0.22 0.03 0.015

02 F
) MMM’MI ; 1
3 0
—0.2¢t L L L L L L
0 10 20 30 40 50 60
t/s
= 0.02
w
£ 0
E) ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60
t/s
0.01 -
g 0
=
S V‘/\'J(\I\ﬂ\/V\/\/\/\W
. . . . . .
0 10 20 30 40 50 60
t/s

K9 CHY088 fuliic s B AEHE My6.2 HifE i i
R BIGERE (a) |« S (b) AL RS () B RE Hh 22
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