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Testing the acceleration spectra given by China and
USA seismic codes based on energy supply
in near-fault region

Jiang Hui® Zhu Xi

(School of Civil Engineering , Beijing Jiaotong University , Beijing 100044, China)

Abstract: For near-fault ground motion, there should be a remarkable impulsive
energy supply. Therefore, it is essential to check the validity of actual seismic
design codes with energy balance concept. Based on the relationship between
the spectrum velocity and the input energy equivalent velocity with 5% damping
ratio, the input energy spectra compatible with main China and USA seismic
codes were derived, and the accuracy and applicability were verified by using
near-fault records. The recommended energy input design spectrum (EIDS) ap-
plicable to the distance of 0—15 km from fault was introduced to check the va-
lidity of modern seismic codes. Comparison tests show that the GB50011-2001
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Code of China can just match the energy effect of near-fault ground motion to a
certain extent only under seldom occurred earthquake with fortification intensity
of 9 degree for site soil of [l and [V, indicating that the impact of near-fault
effect has not been embodied in the current code acceleration spectrum. In order
to make the design spectrum be applicable to near-fault region, it is necessary to
adjust the spectrum platform parameters. On the contrary, for distinct fault
distance and site soil, the UBC97 Code of USA can match well with the energy
supply of near-fault ground motion except for the site soil of hard rock (S,).

Accordingly, correctness of the formula derivation in this paper is certified.

Key words: near-fault ground motion; energy test; seismic design code; spec-
trum velocity amplification factor
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LAk, U 1999 3R E &1 b X A 4L 48 (Chi-Chi) R & 2B Dok, HEIE 76 3)
0T )2 DX I 1) e 5 2l e 1 R AR AR AE S S T M AR LR A LR PR A Tz . I 2 M AR
(WFRIE 5 52D — > 2 2 IR AR . 02 58 O 15 2l W8 2 X3 i 4 45 B Ik o B 0 i 1 o A
(Somerville ez al, 1997), XF & 5 A 245 #9327 W &5 19 68 & #E 57 >k (Chou, Uang,
20005 2% BESE, 2003). % T UL 37 AR B RR IR ME A X 5 4G B9 B e, 56 R AE 1994 4
Northridge #1728 3 )5, Mif T 1997 Mgt — & M 78 UBC97 (International Council of
Building Officials, 1997), J& A F i d A HIE B WG B 0—15 km Wi 230 Fl 93T 37 34
L AR TR B R o 3 ek 5K 3 R 00 o o 3 B AT % AT R R 1995 4F Kobe #h 58
11999 4 Chi-Chi #1545, HAMIKE G0 01E1T T A X HTR B E, e 1
AT 37 DX R B B e it T ) AT R SRR B EIE (GB50011-2001) ([ 58 Joi ik i B A6 30 46
FE Ry AR N RILFIE @A, 2001) X 5 T I 3l W7 2 DX 4000 45 4 i RE SR B /) sk L
FRE IR AL B 3B BEA N FH BT B 33 1 AR B X0 3 377 [R) RBUHE AT fifp e s R EER AT
Wy, T UBCI7 MIEMiAT LK, BEE 1999 4 + HH Kocaclia, Duzce HifZ 13K E &
% Chi-Chi #5249 & A=, XBUR 1A Y B0 B9 58 03 s 7 2 XKUY SR ARl sk . A 22X
GB50011-2001 HL{EFN 3 & UBCO7 KL 7E T W 2 DX 38 1) 3 FH 1 Jo O ik 3 A8 2 000 19
B AVEHA IR, AR SCTEHE T 1 5 35 AR 2 A S5 KRR T RS O R SR A B B T
T B30 P A O B )22 5 R0 5% X GB50011-2001 F1 UBCO7 MG #EAT 1 DLRE £t Jy 48 b5 1 i
PR, BT WD L A A ST, B T R R Bk 0 ey AT R O S X AR
wit&%.
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ME
1.1 REEBEHREIZITHE GB50011-2001 F#E
TR T 2001 4EARAT T8 (0 8 5P RE BRI (GB50011-2001) , 41 % 8 15 37 4 P9 A7 78
(R R W72 Bt T PP AL R H R AR A A S B B 28 R E TR R T 2 Y e/l L B
(R D, Ul BT E PR L B AR TR BT 2 0 fa 35 v (B = % F 0 30 3 DXk B ik
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# 1 GB50011-2001 i} & 72 Wy 3
/R BE BE (BT . m) B R 8
Table 1 The shortest giving-way distance (m)
from active fault after the GB50011-2001 Code
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B4UELY
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H Z T
8 LIS 300 200
9 LIRS 500 300

TEZATE . RIS R (M) | 15 SR 14 1 82 (S SF AR W2 10 70 o AL B, C
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L,=C,/0.8C,
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08G I T~ M 0.8C, T/
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# 1 UBCI7 bRk (S24k) 5 i 1%
CHEZ) % (5 W B 1)

Fig.1 Comparison between standard spectrum

(solid line) and near-fault spectrum (dashed

line) of UBC97 Code (5% damping ratio)
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Table 2 Near-fault factor N, and N, after UBC97 Code

B J= BE B
P J2 2 1 = R A <2 km 5 km 10 km 15 km
N, N, N, N N, N N N
A Mwy>=7.0, Sg=5.0 1.5 2.0 1.2 1.6 1.0 1.2 1.0 1.0
B NFAFEKECH
\ U 1.3 1.6 1.0 1.2 1.0 1.0 1.0 1.0
[ 11 B 1
C My<<6.5, Spg<<2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
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ke @ Hi a7 (BN 3 BE @, =0. 05¢(g=9.8 m/s*); @ FFEH My =5.0. fF& &xM M HE
FEH T 3. NRPATE . Prikic s 220k B 22 E D7 vk = IR E & 7 b X ) Chi-Chi
HbRE L T 55 FE R AT SR AN AR B b X 3 b o AR ME SRS M ] . A AR L g —
A ER 3 30 W7 200 S B SE TR0 i 3 M BT RE . X DL BRIEAT A B0 a2 BT MR 45 RS i 1
Gy DRI AR SCEs G 55 [ M o R A R RN 3R ] 65 0 Ml X0 3 b A S AR v L K S [ b TR A )
) A 25, BRI E G i X A S S AR AR SCHY S, (rock soil) 35 K € [ b o 3
iy C 2R 3K [E & 7 X 1) v 52 5 AR S A SCHY S, (median soil) 3755 44 5 [ 1 51 14
R ) D 28 i R FR 1 S 05 X 2 PR S A SO S; (soft soiD 3. R ES, S8 T % &
W7 J2 BE A R ) T PR T T A 1 R I St BRI JZ B B 0—5 km, 5—10 km 1 10—15 km 43 i
325 MR BRI, KR 16 R BRI (R DA AR 109 41, 214 FH
R SR CF B SO bRt B IO S o B — A7 Wl A 5 225K, D) 2 Bk 3 4% & s
MR K A3 8 408 9 AL (R ). ik S, ARIEWTZHE 3 DR BRI KK A 29 %, 22 4.
32 4% b S, IR 16 45 18 4%, 10 %% b S KIKA 30 4%, 27 %%, 30 4.
2.2 EFmMEEEITENESILEES
T RS BT D BE A B N LA
Ko, i 2L TR N E S A R = A

3 B R S

Table 3 Earthquakes selected for analysis

95 5% A H R (Mw) g8 s Y P NN

f chh» I = . 6W ‘78 BORBE Z A AR BT R S A fig

1- 1 J-VJ- . — T‘\‘ . N N 3 Y \

2 Coyote Lake 1979-08-06 5.7 10 E‘iﬁ“:)‘&l}g};{lm%’% ( {Iki » 2007), TEE‘F
3 Hollister 1974-11-28 5.2 7 T 5 HTE I s T A 2 A A RE =
4 I Koc;ch 192970871; 7.4 7 %ﬁiﬁfﬁ% E"Ji‘l‘ﬁﬁff .

5 .oma Prieta 989-10-1 6.9 14

: - o
6 Northridge 1994-01-17 6.7 26 D Xj‘ﬁ‘ﬁ“ﬁ g$ @MS }% = ij1,ﬁ I}.ji
7 San Francisco  1957-03-22 5.3 2 FEIEAT R A al A, M e e<
8 Cape Mendocino  1992-04-02 7.1 4 0.10 Hj— , m‘ %7\ H]% /ﬁ\: %ﬁ ”l"ﬂ s ﬁ Iﬁ )E g$ ,r$
9 Duzce, Turkey = 1999-11-12 7.1 4 .
. 235 4

10 Imperial Valley  1979-10-15 6.5 40 SDOF(Mngle degree of freedom),z%ﬁ,@
11 Livermore 1980-01-27 5.4 3 X3S I a5 WS B v, 2 (8T
12 Lytle Creek 1970-09-12 5.4 2 IR Y

13 Landers 1992-06-28 7.3 2

~ = . =

14 Parkfield 1966-06-28 6.1 5 a (T, & = av, (T, O

15 Kobe 1995-01-16 6.9 8 0 (T4 & = a (T, O/w oY)
16 Westmorland 1981-04-26 5.8 2 ;—Etlz':l , T j\jﬁg/?% E yﬁ}%/ﬂ;ﬂ , j’gﬁ:% E

PRIG R DT AT ER 15 T 3 ik 3 ok A5
X5 o7 JiE] R 4 400 3 3
2) R #E Hudson (1962) 19 B 5% 45
TR B B THERRA A B, 33 v 5
S sa e ait o ZERIBUN. dA R D . MR
0—5km 5—10km 10—15 km
'UI)S(T9 S) z rUs(j‘a E):>

F4 PR HLRR 0 T4 - 28 TR 2R BE 4 4
Table 4 Earthquake records grouped after

soil type and fault distance

i 37 41b, (S 1) 29/15 22/11 32/17 83/43

PA(S,)  16/8 18/9 10/5 14/22 v (T, & =a(T, /v (2

B (S 30/15 27/14 30/15 87/44 ESYRHBE&BT ., 5] AR5 ik ok FH

VE AL RRER 0BT N MR E T R AR F Q. GL¥E, 2007), Al 3% B o, 1
PHRRIC R A A B
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ve = v, » (1/0, )=>0, = La, (T, &/w] » 1/Q.,) (3)
Aorb, QR FTE RGO 1 #e (DO R 5 IUE N
{alT/Tl O<T<T1 1)
a +a,(T—"T)) T, <T<5.0s

K, Ty PR ERAM; a0 M a, HUE R #5 REWEEMIYSSHGYEEL
B 1A 53 A 2 B T 2 R 5 R 8000 A B Table 5 Regression parameters for different

FTRERR, HIME LR 5. B XD #E S5 2 fault distance (5% damping ratio)
SRR AR AR RS RE oo o T
E Ve 0—5 0. 506 0. 055 0. 286
2.3 ﬁm :;”[i E -LTJ--L/E 5—10 0.482 0. 046 0.302
10—15 0.453 0.038 0. 331

R, (2 W oL A K. RE
Hudson(1962) 45 th B 1 4 ) 4 i 1 41 i X 1
WST » ABBCA 25 B ) G SR A B0 L IE P DX R AT RS, Kk DA R A S
RE 55 R0H A AZ O R AL 2 —. I Hoili T GB50011-2001 F1 UBC97 LIS B 5 7 v K il 1]
B 25k B BA L BE A — DR ARESR . WmME 7 FF&. Al x—ME, i
(2)VH5 P A% A 40035 2 B2 25 B 5 3 00 Ay 49 O T ol O, K R AR e R R X YL K A
(2001) 75 Fh Jon 38 32 338 5K figg X6 1 A2 8% 135 Bsf 3, & L 77 7 e BELJE 25 0 T 80 S S0 B A7 A A6 % {1 Wi
Jei 0 TR O ) A, A R P b RE b T A2 Bl R K AL () 2R T DABR I H 3 AR % H ™ A=
JE R #4718, BXPH Eurocode 8 #i il (European Committee for Standardization, 2003) %k
AL 10 L 79 A7 o PRI R 5 A ] 3 B 2 % (B AN BE DR T 1l 5% by T i 5l e KA o, 0 IR

d, = 0.025a, + S+ Te » T 5)
Hrp, a, AEOTHIE MBI, S MK A SH, Te Jymk B itk fh 4 B F & 4 o J6
B, Ty ABerE ik AL BT ih 1.

& 2 25 0T A 1% 4 AT B A A T A% b R 0 ik (3R 6) MY ULER BE S N R . R 6 oy
95 %0 5 R RF I (Trifunac, Brady, 1975). MMM T 2.4 s B, 40055 0 B2 F033% 8 B2 AR AR 4 )
B B 2.4 s ZIE . A Z ) 22 B BEAE TR 0T A A T kg O, ANERCMEL Y AR BERE ] T = (2)
8 J ST 2 A T I L .

o TRV (23R OE & T A A SR BTG x BUR T BT R R R 109 R IC % A
3 R bR T AU R % R LA A A O P (4 B 80 06 1 B A X JR] (LU fELAE
0. 8—1. 2 Z[AD) J3 Hr HoA R G Fl (& 3). 2 7 U A5 B . B A A8t 38 43 a0 s g 26
i A C s B A R A ME. AT DU . 7R P A S B S R Y e S R A
W&, ZF HAELE AL Oy th B A DX Ta) N 20 A 5 24540 J 008 o — e YE Bl . 3% 22001

6 HTRUFH P 5% R I 5%

Table 6 2 near-fault seismic records used for testing conformation

0—15 0.479 0. 045 0.310

itk Bl BiiLNzeE: ALY My di/km  ay/cm® « 572 vpg/em e s L HREER ta/s Ty/s  Ty/s
Pacoima Dam 1971
. . 6.7 0 1201.5 112.5 7.05 0.6 1.8
San Fernando
Rinaldi 1994 6.7 0 821.2 166. 1 7.04 1.3 1.7
Northridge : ’ ’ ’ ’ ’
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Fig. 2 Comparison between the pseudo velocity spectrum and velocity spectrum of

3 1 5

earthquake records (5% damping ratio). (a) Pacoima Dam; (b) Rinaldi

o 75 7
Pl 3 AN T g b 0L TR B L % B L AR A3 A (5 V0 BELJE L)
(a) S1 %ﬂ{l, <b) Sz iﬁi’fﬂ, (C) S.s %iﬂ

Fig. 3 Ratio of pseudo spectrum velocity over spectrum velocity for different
soil types (5% damping ratio)
(a) Site soil of S1; (b) Site soil of Sy; (c¢) Site soil of S3

WO, FLBEE L AR, Sy R MIAE K. LRk, 6T S, . S, RS, =%, K
80 Y0 A5 X 1] 453 A F I 40 B R 2.4 s. 2.8 s I 4. 0 s A5 %50 38 BB 43 B AT AR 4 fife R
RK M Eurocode 8 B3 3% i i3k 5 >R fife %ot 7 3% 057 % B 4 ) 309 B3 b Ry S IR oA SO i
T JBE 9 S A i e A A B A T AT B N B A SR IV L B 4 S T R A S
W) —X (D IR S GB50011-2001, UBCY7 Hi vl il ¥ B 5 1% i 45 10 g & 25
MR EEE. ATRALEH, BEE i £ AR, RER T ORI K W E W2 EE R R, BER TR 1T,
590 bRic s I A A — 2. IR %A B i T (2D BT I A R0UE 0T L AE R
W7 AN —FERT . 43500 0—2.4 (S, ), 0—2.8 s(S, H) A1 0—4.0 s(S; i),
PRI FET 4 Hp 45 24 3 i ot b 7 ) 40 BE ) B e S O (B S R S5 M A . e, AR
T 3 AR v L T R 4 KR I R T

3 G A R A B

TEWSCAE S L 3L 50 AR A0 S S A B, AR SCYE B SR ARS8 1 Jr ik 42
7 E T 015 km WiETEH . 5 IEMEMEE a,, = 0. 4g(g=19. 8 m/s") HX N ¥ % A fiE
%1% (energy input design spectra, 455 & EIDS) (VIL¥E, AW, 2006), 314 3 K4
(S1s S.s SO 3 FhTZIEE (0—5 km, 5—10 km, 10—15 km) 4324 H T % A BE 2 554K
BRI B 5 S R S s EEHUE. B S g5l TS LS, S BRI S BRIl R TR
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Fig. 4 Energy input equivalent velocity spectrum compatible with the design acceleration

spectrum of GB50011-2001 as well as UBC97 Code

(a) Corresponds to GB50011-2001 Code under seldom occurred earthquake with fortification intensity of 8

degree; (b) Corresponds to GB50011-2001 Code under seldom occurred earthquake with fortification
intensity of 9 degree; (¢) Corresponds to UBC97 Code under site soil of S¢ in Zone 4

300~
C
.y PAVARN
S} T M LT
ot DA A A
£ 1 BN AR
3 | { IANET |
= 100 A 220
I 2 3 1
Tis
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Fig. 5 Comparison between advised EIDS and computation value from earthquake records
(a), (b) and (c¢) are for distance of 0—5 km, 5—10 km and 10—15 km under site soil of S;, respectively;
(d), (e) and (D) are for distance of 0—5 km, 5—10 km and 10—15 km under site soil of S;, respectively

T b 58 W [ AR S R 3 O vk B RS TE) : SE PR R LS (NEHRP, UBC97 45)
DL LAR 30 mo {5 ] P 9 4 J2 51 249 57 D1 3 AR Dy 3 b 3 2 48 b s i R E 2 ST BT RE L
(GB50011-2001) IR F8UHE b 19 3 b 43 25 07 1o BRIV 20 m Y% B 38 161 P4 19 °F- 34 55 1) 98¢ 3 Fn 55
Y1 s KF 500 m/s £ )2 B L2 352 2B, T A 8 48 00t ok 0 4 et ok o 5 7 [ 1Y
Yo+ 0 AR AT T AL CB 20, RGBT . 2007). 45, hEM | Kgma s T
K H AT A 2 BRME S C b, hEM RGN A FREEPY CERYE D EGZ
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i) T EM RGN TEER DY ERGZm ;s hE IV 23hEE E
Helph. PRMG . 25 G wE HRRIC SEA AL JEN, CE AR SC S, S 4y il S R E GB50011-2001
M) 1 23 H, LR SEE UBCY7 MR Sy A1 Sy b, S, i 5 GB50011-2001 #L{E
I, 28, DL UBCI7 MEFE R Se Al Sp Fiih, S; i 5 GB50011-2001 HLyE H IV
Kb, DL UBCI7 FLVE W Sk MM X W 2E 47 T Eb 3.

Bl 6 25 T VLM FZR B (2006) B #3805 A BE & % 1T 35 1 5 GB50011-2001
UBCY7 L3 8 113 o % 1 T 330 0 1 Zone 4 X M 45 10 A 0 25 40k ok B 3 () X L 45 3. % T
3 Ff U A I BE (o BRI 8 BB EE L 9 B 2 BHIAE . 9 EF M), 5 GB50011-2001
P T 28 M B M S I BE R RS 7E 0—2. 4 s SN W] AL T S, b 3 Fibr 2 06
(I BE i (] 6a) . BT GB50011-2001 BLYEARAL T A% 37 305 B J2= ok o 85 2 T 1) i 52 20 5
K. XF GB50011-2001 #EAE /11 254 M, 9 B 528 MR BT AT v g it 5 S, iy 10—
15 km BN, HAE 0—2.8 s WARUAMTEE N, 8 BRI 9 & 218 1 R 45
MR AREE 2 (B 6b). Bl i AR5k, ORIV 2370 9 B 5% 38 M % T RV 3% Fr X 7 i o
B SHW S, f S, it 5—10 km A RERTR#EE, HYEHM AT 1 s 2 ft)s
. VLI RPN S 1F N R TS (A AR AT 5 IR Y fig i R (] 6, . HJETE 0—4 s [
D) AR RN T 0—5 ke AR A UM . L 8 BEZE L A2 A0 9 FF 22 38 My 52 r % B AR AT i
AR Z. VLI REA RO Y T2 0—5 ko 38 Fl N A ST 8. SR L XY F 0 3 0
B0 X R T 9 BE A R A, GB50011-2001 MEFE REAERR T 28 1T 282 A LB ) Hh 4%
FF % BB Z 5 km YU Z AW BB 7oK . B LR S0 WY b i AR A 2 AR As T DA
A RERTE MR T R . ME-& 855 B E - TR RIS (2006) BT U A BE I T 5
PR BT KA X .

XFF UBCO7 MUYE T MLE R Sa 3. 76 0—2. 4 s BAZX 8] Y. 3 FhIkr)Z I E (2 km,
5 km, 10 km) 5803 H 25 09 A8 & 3% 2 B BAK T A SC Sy 35 3 B b2 BE A U RE i (&
6e). KW UBCO7 ML AIAE % & 7 ik I+ E M . 76 Sy i T 093U m ik, AT sy
S RTE TR Sa St () b i Sy R C, FCy FEBUE BoXE N, F N, 19 ARCE 2 AR
f . TR EE AR ST Bk 1 s 4 i St 32 Bk A R E B S X ) Chi-Chi #2536 UBCO7 M
LIRS IR0 s AL Al X & k. wF T UBCY7 BB Ay Sy ., M HEI/NT 2.4 s i, 2
km 21 3% T R g 5 S, T i 5—10 km 1 10—15 km —ZHAR #3558 (& 60). =
Jei T 2P T 8 DU R A ol T A 4 06 RAR B BUN , A R I AEE RIS BL. 72 Se i,
UBC97 #35 2 km. 5 km F1 10 ke = 2 B33 X 1 B B ¥ A 8 KR $2TF. 2 km 4 RERE AN
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Fig. 6 Comparison between advised EIDS and equivalent energy spectrum from
GB50011-2001 as well as UBC97 Code

(a) Between EIDS for site soil of S; and [ of GB50011-2001 Code; (b) Between EIDS for site soil of Sy and [ of
GB50011-2001 Code; (¢) Between EIDS for site soil of Sy and [[l of GB50011-2001 Code; (d) Between EIDS for
site soil of Sz and [V of GB50011-2001 Code; (e) Between EIDS for site soil of S; and Sy of UBC97 Code; (f) Be-
tween EIDS for site soil S; and Sp of UBC97 Code; (g) Between EIDS for site soil of S, and S¢ of UBC97 Code;
(h) Between EIDS for site soil S, and Sp of UBC97 Code; (i) Between EIDS for site soil of S; and Sg of UBC97 Code
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