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Comparison of ground motion selection in seismic design codes
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Abstract; In order to study the differences in ground motion selection schemes at home and abroad, code for
seismic design of buildings (GB 50011—2010) and minimum design loads and associated criteria for buildings and
other structures ( ASCE/SEI 7-16) were taken as examples, and the corresponding selection results were
compared. Through the conversion of design spectrum parameters, ground motion records were selected at the same
seismic fortification level under two working conditions according to the methods in two codes, which were then
used as dynamic time history input for 4-story and 12-story concrete frame structures to compare the story
displacement angle and story shear force. Results show that the selection and amplitude scaling based on a single
direction according to the Chinese seismic code may result in a low matching degree in the other direction and a
large dispersion of the calculation results. The American seismic code adopts the maximum direction spectrum,
which has clearer physical meaning. In addition, the Chinese code only specifies the relative error of the recorded
response spectrum, while the American code specifies the lower limit of the spectrum. Although the Chinese code
avoids the conservativeness of the results, it may lead to significant disparities between one or more records and the
target spectrum, which may cause the dispersion of the results to be uncontrollable. Hence, it is suggested to
combine the advantages of the two methods to control the relative error and the lower error limit.
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Tab.1 Members section size parameters for structural models

) TR I B/ mm
451 P2 - -
FE 7 i
4 JEHEmR 1~4 700 x 700 700 x 300 120
1~2 600 x 600 650 x 250 120
3~4 550 x 550 650 %250 120
12 JAHESR
5~8 500 x 500 650 x 250 120
9~12 400 x 400 650 x250 120
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Fig.1  Ground motion selected by Chinese code and the ratio of mean spectrum to target spectrum
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Tab.2 Seismic information selected by Chinese code
RS M, ILRAR Vo/ (m +s7") R/ km ELES S
. LOMAP\HYNO64. AT2
Loma Prieta 6.9 735. 440 75. 240 7.301
LOMAP\HYN334. AT2
. KOCAELI\MSKO000. AT2
Kocaeli, Turkey 7.5 445. 660 92. 140 8.226
KOCAELI\MSKO090. AT2
LANDERS\BRS000. AT2
Landers 7.3 . 370. 080 95. 020 2.729
LANDERS\BRS090. AT2
. . KOCAELI\IST090. AT2
TH 1 Kocaeli, Turkey 7.5 ) . 595. 200 90. 540 8. 116
KOCAELINIST180. AT2
. DENALI\PS11 -66. AT2
Denali, Alaska 7.9 376. 100 190. 300 5. 064
DENALI\PS11336. AT2
. HECTOR\JGB022. AT2
Hector Mine 7.1 525.790 207.930 —
HECTOR\JGB112. AT2
. LOMAP\BVC(C220. AT2
Loma Prieta 6.9 391.010 75.700 —
LOMAP\BVC310. AT2
. DENALI\PS11 -66. AT2
Denali, Alaska 7.9 376. 100 190. 300 6. 330
DENALI\PS11336. AT2
. HECTOR\HBS090. AT2
Hector Mine 7.1 624. 940 70. 670 5.941
HECTOR\HBS180. AT2
. KOCAELI\MSK000. AT2
Kocaeli, Turkey 7.5 . 445. 660 92. 140 10. 283
KOCAELI\MSK090. AT2
. . HECTOR\29P090. AT2
T2 Hector Mine 7.1 635.010 69. 960 6. 814
HECTOR\29P360. AT2
. HECTOR\JTN090. AT2
Hector Mine 7.1 686. 120 76. 820 5.717
HECTOR\JTN180. AT2
. MORGAN\SJL270. AT2
Morgan Hill 6.2 543. 630 58. 360 —
MORGAN\SJL360. AT2
. HECTOR\RIV090. AT2
Hector Mine 7.1 389. 950 131. 180 —
HECTOR\RIV360. AT2
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Tab.3 Peak acceleration of seismic ground motion

specified in GB 50011—2010
50 a VAR S/ ( em « s7%)

R 6 pr 7 JE 7 fE 8 Br 8 Ji 9 Ji¥
H/% (0.05 g)(0.10 g) (0.15 g) (0.20 g) (0.30 g) (0.40 g)

63. 20 18 35 55 70 110 140
10. 00 50 100 150 200 300 400
3.00 125 — — — — —
2.67 220 310 — — —
2.33 — — 400 510 —
2.00° — — — — — 620
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Tab.4 Conversion table of ground motion parameters

between Chinese and American Codes

I 1
e sH — ! e 8
Kl M B B gy TH B

(0.15g) (0.20 g) (0.15g) (0.20 g)

Sq 1.018 1.193 0. 764 0. 895

5 S (1) 0.286  0.336 c 0.214 0.251
$;1(2) 0. 344 0. 403 0.244 0.286
$,(3) 0. 401 0. 470 0.275 0.322

Sq 0.764  0.895 0.768 0. 962

c S (1) 0.153  0.179 o 0.138 0. 166
$;1(2) 0. 183 0.215 0.162 0. 195

S, (3) 0.214  0.251 0.186 0.225
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Fig.2 Comparison of design spectrum between Chinese code and American code
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Fig.3  Ground motions selected by American code
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Tab.5 Information of ground motion selected by American code
RS M, JCEA R Vsgo/ (m = s7") PRI/ km PELEEY
MAMMOTH. J\J-CVK090. AT2
Mammoth Lakes-02 5.7 382. 120 16. 430 2.367
MAMMOTH. J\J-CVK180. AT2
o CHICHI. 04\CHYO87N. AT2
Chi-Chi, Taiwan-04 6.2 505. 200 42.930 4.245
CHICHI. 04\CHYO87E. AT2
. DENALI\PS09-13. AT2
Denali, Alaska 7.9 382. 500 93. 200 5.359
DENALI\PS09103. AT2
iR 1 . MANJIL\ABBAR-L. AT2
. Manyjil, Iran 7.4 723. 950 40. 430 0.742
T 1 MANJIL\ABBAR-T. AT2
MAMMOTH. AH\A-CVK090. AT2
Mammoth Lakes-03 5.9 382. 130 17. 050 1. 679
MAMMOTH. AH\A-CVK180. AT2
. LIVERMOR\B-LMO265. AT2
Livermore-02 5.4 550. 880 17. 800 —
LIVERMOR\B-LMO355. AT2
. HECTOR\BBLO16. AT2
Hector Mine 7.1 ] 406. 700 70. 060 —
HECTOR\BBLI106. AT2
. HECTOR\HBS090. AT2
Hector Mine 7.1 624. 940 70. 670 3.737
HECTOR\HBS180. AT2
o CHICHI. 04\CHYO87N. AT2
Chi-Chi, Taiwan-04 6.2 505. 200 42.930 4.031
CHICHI. 04\CHYO87E. AT2
. HECTOR\29P090. AT2
Hector Mine 7.1 635.010 69. 960 5.576
HECTOR\29P360. AT2
I 2 . DENALI\PS11-66. AT2
. Denali, Alaska 7.9 376. 100 190. 300 5.422
TH 1 DENALI\PS11336. AT2
. HECTOR\JTNO090. AT2
Hector Mine 7.1 686. 120 76. 820 4.423
HECTOR\JTN180. AT2
. LIVERMOR\B-LMO265. AT2
Livermore-02 5.4 550. 880 17. 800 —
LIVERMOR\B-LMO355. AT2
. HECTOR\BBLO16. AT2
Hector Mine 7.1 406. 700 70. 060 —
HECTOR\BBLI106. AT2
HECTOR\MCR180. AT2
Hector Mine 7.1 387. 120 93.270 8.223
HECTOR\MCR270. AT2
MAMMOTH. J\J-CVK090. AT2
Mammoth Lakes-02 5. 382. 120 16. 430 2.842
MAMMOTH. J\J-CVK180. AT2
CHALFANT. A\A-CVKO000. AT2
Chalfant Valley-02 6. 382. 120 36. 630 7. 060
CHALFANT. A\A-CVK090. AT2
FE A | MAMMOTH. AH\A-CVKO090. AT2
. Mammoth Lakes-03 5. 382. 130 17. 050 2.017
TH2 MAMMOTH. AH\A-CVK180. AT2
Lo . CHICHI. 04\CHYO87N. AT2
Chi-Chi, Taiwan-04 6.2 505. 200 42.930 5.098
CHICHI. 04\CHYO87E. AT2
LANDERS\TUJ262. AT2
Landers 7.3 550. 110 165. 010 —
LANDERS\TUJ352. AT2
. LIVERMOR\A-STP093. AT2
Livermore-01 5.8 650. 050 57.380 —
LIVERMOR\A-STP183. AT2
HECTOR\MCR180. AT2
Hector Mine 7.1 387. 120 93.270 7.014
HECTOR\MCR270. AT2
. MANJIL\ABBAR-L. AT2
Manjil, Iran 7.4 723. 950 40. 430 0. 760
MANJIL\ABBAR-T. AT2
o . CHICHI. 04\CHYO87N. AT2
Chi-Chi, Taiwan-04 6.2 505. 200 42.930 4.349
CHICHI. 04\CHYOS87E. AT2
F A 2 . HECTOR\FFP180. AT2
- Hector Mine 7.1 436. 140 84.010 5. 647
T2 HECTOR\FFP270. AT2
. HECTOR\JTN090. AT2
Hector Mine 7.1 686. 120 76. 820 4.772
HECTOR\JTN180. AT2
LANDERS\TUJ262. AT2
Landers 7.3 550. 110 165. 010 —
LANDERS\TUJ352. AT2
. LIVERMOR\A-STP093. AT2
Livermore-01 5.8 650. 050 57.380 —

LIVERMOR\A-STP183. AT2
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Fig.5 Comparison of story forces between Chinese and American Target Spectrums

(h) A 2— T 2(y 7))



- 68 - TR

[ AN S

552 %

H X EESE R T AERIRP T T B 1SR 58
I AL 1 BT SR A4 8] 4 J2= ) (52 £ R 18] 87 7 19
PHE AR EZE B T LS. AR 52— B ik L 4%
i AR 1, B AR Hp S LY A — B R BT 64 R S
B 22BN K (R R 3 AYIC RIS KRR ,
S [EHLYE H AR i el 45 R A V- X R i 45 R 4 i T
FIbRi , X 32 202t T 2B i i EALE AU SE 1
BT B AR 22 , TS5 VS MLE TR B, 75K
PRIC R AR i — B AU fr 5 I R 25 A
T Hbnil , X Mok g 145 R i PRy, (FUR AT e
FHOE B —FREJLARIE RS ARG 22 R, X
R T AR i 45 R A B R 22 S ) S Y 2
AT I AN Bl B AR A ) DA 2 A SERL
T Y2 T8 L A% A AR 5T )P {2 18] 3547 I
/IR, i T RV e I R % 18 1 AT
i) PRS2 I8 35 DE PE ( RIDASSCAY « D7 18]) , KRB 1 y T,
NI 25y 97 1] 9 FE R T S B R T R 2

—O— EEMI L HER
—O— PRI LS

BIPEROR, IR 2 - T8 1 ffz.
4.2 HERETZETHERERIIE

H1 T F AR 1 0 e e 25 2R A R IR K, TR A
BRANI] H AR 1 A 45 28 22 S v, 0K RN 7 v H AR
Gi—, RUER A b RS H b, 205l 2 3 195
TEVEION R ), PR LSRR 7 IE T RLAE R DL
K 6.7.

K16 AT kB, 2 g — HARiE e B8 1
FH AR 2 T8 5 8% ) FIRS B 5 7 9P S B A A ], H
PRIE AN R S B 45 R 22 S MR T 2K 5 T 56 1R RV RO A
WEZEMCORA T . AR 2 FRBR T 2 B y 51, 36
FEl RS 1) 2 1152 3% 1 FIRE F8 5 B0~ S fEAR SR /N T
P, Ul S B MY I A IC SRR T DU G
b s a 5 1) EAVE R AR EZE /N T3 Ly T Tn)
Fh I AR R 22 R T SE I, X5 P R e i %
JE o J5 1A 5%, 56 AL B AR AE 22 7 AN T 1) L 22

RN,

[~ T 12F 12F
41 HaE 4 H-a mﬁ\m .iq_.{_‘ho—q\
\ \\ H:!}O\-' f l \l \
9| HHEOH o —tEo——
3k 3l ——=— o —tel |
E \ & \\ e § | e
\ \ \X . A
=1 =P ——ee—a o 2 = ol s
// \ \ [} \
1k I e 3F H—oHod 3 W=
I—D-Qo—l F—=—o—
Ve /. /
A 1 i 1 i L " 1 i L i 1 i L i i 1 i 1 ] i 1 i 1 i 1
0 02 04 0.6 0.8 0 02 04 0.6 0.8 0 0.4 0.8 1.2 0 0.4 0.8 1.2
JZIAE RS £ 1% JZENLFE 1% JZ BN 1% JZNI S5 1%

(a) B 1— T80 1(x F7 1))

(b) BEBY 1— T4 1(y 7 10))

(c) R 2— T 1(x J7 1) (d) A 2— T 1(y 7))

12F H 12F %
1 \\ i A pawll
3t HIHOH 3| HOH r 9k v,
Y N VI D YR =
=l ey HO-H = o HE0H T oep o
/ —a-a— —oeH
/ , Y N\
1 1F KO 3 HEOH 3 —egd
S+ s
—aoH —a5a
i L i 1 i L i 1 i L i 1 i L i i 1 1 1 1 " 1 1
0 025 050 075 100 0 025 050 075 100 0 04 08 12 0 04 08 12
JZBINIFEF 1% JZBINI LS 1% JZIAIE RS £ 1% JZ RIS £ 1%

(e) B0 1- 00 2(x J7I])

() B 1- T0E 2(y J71A])

(o) B 2— T 2(x J71H)) (h) F489 2— T4 2(y J7 D)

6 HEMLEFETRBEMBAITESRIIL

Fig.6  Comparison of story drifts between Chinese and American Matching Methods
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