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Abstract: Lanzhou, located in China’s major earthquake belt, is China’s most earthquake-proof

city. In this region, one of the most important earthquake parameters shear-wave

velocity always involves a certain degree of test error. This test error can greatly impact seis-
mic evaluation results. In this study, our objective was to develop basic guiding error-analysis
principles for Lanzhou and the Northwest China region. First, we selected four test sites in
Lanzhou, and then developed a specific in-situ shear-wave velocity test involving ten institutes
and various kinds of test equipment to determine the actual in-situ test error in the Lanzhou
region. In this paper, we discuss the statistical characteristics of this error and determine its
impact on the surface accelerated response spectra. Based on our results, we can draw the follow-
ing conclusions; (1) The in-situ test error in the Lanzhou area has obvious regularity, which

mostly obeys the standard normal distribution. This error remains consistent and does not vary

with depth or type of site. (2) The technical level of the Lanzhou region is better than the average
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level over the whole of China. Its Class I, Class II, and Class III test errors are smaller and the
average standard deviation of the test is 10%. (3) For the Lanzhou area, the test standard devia-
tion of one time of shear-wave velocity could cause a maximum change in the peak ground acceler-
ation (PGA) of 25%, and the standard deviation of two times of shear-wave velocity may result
in a change of up to 50%. (4) The calculation results are also influenced by the input ground mo-

tion. When the frequency of the input wave has a frequency band similar to that of the site, the

2016 4=

spectra will have more vivid differences, and otherwise the impact is lower.

Key words: Lanzhou region; shear-wave

acceleration; response spectrum
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Fig.4 Measured results of shear-wave velocity at four sites
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Fig.2 Summary of test bias of the four sites
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Fig.3 Statistics and fitting results of test bias of shear-wave velocity
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0.06 0.20 0.08 0.4
g-g‘; 0.16 0.04 0.3
by Y- =0 (.12 55 50
. S 0.2
e 5 0.08 E g gi ” -
g gg:} -0.09 0.0
-0.06573710 1520 25 30 35 40 0.01 0.1 1 10 0 10 20 30 40 0.01 0.1 | 10
t/'s t/'s t/'s t/'s
(1) El-Centroif (1) El-Centroil Jz ¥ i (1)KYTHM (1) KYTHJE 2 ¥ il
(a) El-Centroi% Je I 2 I il (b) KYTHE M 3L 2 v ii%
1 0.04 08- 0.30
0.15 0.94 0.08 o
0.10 030 0.04-
0.05 & 0.25 g s 0.20
{f; 0.00 = 040 5 0.00 o 0.15
-0.05 0:10 -0.04- 0.101
-0.10 0.05 : 0.05
-0.15 0.00 -0.08 00
%0 510 1520 2530 3540 0.01 0.1 1 10 0 510 152025303540 0.01 0.1 I 10
/s t/s /s t/s
(1) Qianani# (1) Qianail [ ¥ ii% (1) Turkey Flatj (1) Turkey Flati iz v iff

(¢) Qianani¥ M M Jz W ik

Fig.5

(d) Turkey Flati¥ & H; 5z v il

B 5 o H o h A BB i

Input ground motions and response spectra



764

woE TR ¥ R 2016 4
FE2%: Darendeli (2001) -M-OCRI {7 : Darendeli (2001) -M-OCR 1
-PIO-1ATM-1Hz-10 —P]O—(LATM—IHZ—IU
Cycles yeles
1.0 1 4 TIEL 25 e
i ™
i 0.8] 1 we 20 1
&} \l = .
-G- 06: ..... ‘\ I‘:‘l 1544 HtHE- bR R FREES
; i . -E‘ ,"
st 041 ...... 3ideis = |0 iz EEI T
B i = /
g 02: i - 5 R iis i Hin
® B i L i ,_..-f"
0. 0 0 ..“".ﬂm +H
0.000001 0.00001 0.0001 0.001 0.01 0.1 1 0.000001 0.00001 0.0001 0.001 0.01 0.1 1
oY N AR/ % B R AE /%
B 6 HRME T Ik fe R b i &
Fig.6 The G/G . and damping ratio curves used for calculation
0.3 0.5 Vs 0.4 s 0.7 Vs
’ —yis i ~ VsMen 2Sigma ~Vemen2Signa  0-6] Vs Mean 2Sigm
==Vt 2 ; ~Vhean Sigma Vi ey Sien | == VsMerSigma
0.2 —ViMon Sgm ~Voemossgm 03 e (3] Vom0 s5gne
- — Vehteans0 SSigma 0.3 ~Vsieun +v5&1m1{lﬁ5@\u 0.4 ~—Vartem
T == SMaan o M 51 bk 0.2 -.—vwm ; 0.3 == ViMean+0. $5igma
“y —VsMeant.ssigma 0-2 == Vsean:Sigma om0 ssimy. -1 Vi ean*Sizms
-1 —-VsMean+Sigma —=VsMean-28igma ~Vemeansigma  0.27 b it
_:ﬁilcall “2Sigma 0.1 —Vama 0.1 -'-:<Mt:|n'1$|glw| 0.1 *V::l:un'.ﬁlgmn
0. G SMax D_ B ) SMax D_ D { =
0.01 0.1 0.01 01 1 10 Qo1 01 1 10 oot o1 110
" /s 475 /s /s
BB Con 0. 02 (b) El-Centro 0.06g (¢) KYTH 0.03¢ 05 (@ KYTH 0.06¢
OI I G —]"im 0- 20 _‘..MMI 0‘ 3 :vw i _‘rslhn
08 —Viptean ZSigma = VoMoan 2Sigma Y omton oa — VsMean 2Sigma
g Ve 015 Thensem - — Vsviansim
sy 0.06 *:’smml:ssigm e v-“'imm'l-"sitﬂm : e 5 0.3 +:'stm4| SSigma
— —Vantean A T SMean T e - — VsMean
v 0.04 - l’i;‘m.n ssigma .10 ~ VaMean 0. 5Sigma ¥sMean'0.5Sigma (), 2 L

0.02

+V5M|::u\-Slg1m
_—V-"Ml.‘hn'lﬁignm

0.05

" ViMean-Sigma
== VeMean+2Sigma
™ Ver

‘““ps.\’h:ln'!:hgnm

= VYsMean 2Sigma
— Vistax

SMean*(). 5Sigma
"H\Ican-Signm
=V Az
SMean28igma

0.1

0.00 SMan 0 00 0 0 0 == Vi
0.01 0.1 1 10 OIUI 0.1 1 10 0.01 0.1 1 10 0.01 J 0
/s ' Vgt t/'s t's
/s
(e) Qianan 0. 03g (f) Qianan 0. 06g (g) Turkey Flat 0. 03g (h) Turkey Flat 0. 06g
B7 Zu—imikERpiEHHAER
Fig.7 The calculation results of ground acceleration response spectra of site 1
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Fig.9 The calculation results of ground acceleration response spectra of site 3
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Fig.11 The bias of acceleration response spectra of site 1
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Fig.12 The bias of acceleration response spectra of site 2
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Fig.13  The bias of acceleration response spectra of site 3
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