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Abstract: The Xinjiang region in northwestern China is characterized by complex geological

structures and frequent seismic activity. The spatial distribution of ground motion intensity and
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seismic damage to engineering structures in this area is critically influenced by local site
conditions. To systematically evaluate site effects on ground motion parameter distribution, this
study investigates the influence of overlying soil layers on regional seismic hazard using spatial
distributions of shear-wave velocity (Vs3o) and site classification data.

Adopting the three-level potential seismic source division from China’s Fifth-Generation
Seismic Zonation Map and integrating Bindi et al.’s regional ground motion attenuation model,
we performed probabilistic seismic hazard analysis (PSHA) using the OpenQuake platform.
Our analysis compares seismic hazard parameters —including peak ground acceleration (PGA)
and spectral accelerations (Sa) at 0.2 s, 0.5 s, and 1.0 s periods - between reference rock sites
(Class I, Vs30=742 m/s) and actual site conditions. Results are presented for three 50-year
exceedance probabilities: 63% (frequent), 10% (design basis), and 2% (maximum considered).
Spatial distribution maps were generated, and site-specific adjustment coefficients were
statistically derived through comparative analysis of Site Classes II/III versus Class I;.

Key findings reveal: (1) OpenQuake-derived hazard estimates align with Fifth-Generation
Map trends, showing significant PGA/Sa amplification in soft soil basins (Tarim and Junggar)
versus attenuation in hard rock regions (Altai/Tianshan/Kunlun mountains); (2) Spectral
adjustment coefficients for Classes II/IIl exhibit period-dependent variation, peaking at ~0.4 s
with maximum values of 1.87 (Class II) and 3.15 (Class III) under design-level conditions; (3)
Site Class III demonstrates markedly higher amplification effects compared to the reference
rock Site Class I; than those observed in Site Class II. Furthermore, the adjustment coefficients
for both site classes show minimal variation across different exceedance probabilities,
indicating that regional seismic hazard levels exert negligible influence on site-specific
amplification phenomena; (4) Compared to national averages, Xinjiang-specific adjustment
coefficients show reduced values for Class 11 and elevated values for Class III, suggesting
potential over-conservatism in rock site design and under-estimation for soft soils when
applying national standards.

This study establishes a framework integrating regional site models, attenuation
relationships, and probabilistic analysis to characterize site-dependent ground motion variability
in Xinjiang. Our results provides critical insights for incorporating site-specific effects into
seismic fortification strategies in Xinjiang, particularly for infrastructure resilience in basin
regions with thick soil sediments.

Key words: site conditions; probabilistic seismic hazard; adjustment factors; Xinjiang region
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Fig. 1 Vs distribution in the Xinjiang region based on geological units and bedrock depth (a), and site
classification results of NEHRP (USA) (b) and China (c)

R T Vo EII I KM C R (Xie et al, 2023)
Table 1 Vs3o-based mapping relationships for Chinese site classification (Xie ef al, 2023)

Hh 7 1 203 A Vs fl (mv/s) A ey (m/s)
Io Vs30 = 1140 1373
Ii 1140 > Vg3 = 640 742
II 640 > Vg3 = 260 359
1 260 > Vs3o = 170 225
v Vs30 < 170 152
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Fig. 2 Distribution map of potential seismic sources in Xinjiang region
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Fig. 3 Distribution maps of PGA (a), Sa(0.2 s) (b), Sa(0.5 s) (c) and Sa (1.0 s) (d) for bedrock sites (Class I;)
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Fig. 6 Distribution maps of PGA (a), Sa(0.2 s) (b), Sa(0.5 s) (c) and Sa (1.0 s) (d) for actual sites under 63%

exceedance probability in 50 years
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Fig. 7 Distribution maps of PGA (a), Sa(0.2 s) (b), Sa(0.5 s) (c) and Sa (1.0 s) (d) for actual sites under 10%

exceedance probability in 50 years
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Fig. 8 Distribution maps of PGA (a), Sa(0.2 s) (b), Sa(0.5 s) (c) and Sa(1.0 s) (d) for actual sites under 2%

exceedance probability in 50 years
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Fig. 9 Ratio distribution maps of PGA (a), Sa(0.2 s) (b), Sa(0.5 s) (c) and Sa(1.0 s) (d) between actual sites and
bedrock sites (Class I1) under 10% exceedance probability in 50 years
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Table 2 Adjustment factors of PGA and Sa for Site Class 1I/11I relative to Site Class I; under different exceedance

probabilities

e 50 SE A R
HEEh S8 63% 10% 2%
PGA 1.445 1.445 1.444
Sa (0.05s) 1.289 1.289 1.283
Sa (0.1s) 1.340 1.339 1.293
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Sa (2.0s) 1.612 1.611 1.611
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Table 3 PGA adjustment factors for Site Class II under 10% exceedance probability in 50 years
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<0.05g 0.80 0.69 1.00 1.00 1.30 1.41
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0.15¢g 0.83 0.62 1.00 1.00 1.15 1.32
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0.30g 0.95 0.63 1.00 1.00 1.00 1.38
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5 g5t

ASCHET MR R SE R Ve M ik, 256 B SR b DX 37t B D)8 T A A 2 AR
WEIL T 325 AF 0 IX SR 2 SE B PRI S2 M, 45t O SR [X 2% 18 37 3 2% 1 1) 4 b 5 i 1 2%
A2 FEARWT:

1) F OpenQuake i F Xt 7 5 1 [X AT ML 5 i S 6 1 2 M 446 R 5 2 T AR X R 1L 1
SER LA ) o) A A — 2, BaT/RZR Ly R LR B Ll K A5 1 ) s 722 A 6 A ) O v T LAt st
X, PGA K Sa i KAE I BUAE MK R e S R A s B B R 2 b R A 1B 7K 28 3 F) b 52 s o 12k
AR T X . 2B RN, PGA LA 0.2sy 0.5 s A1 1 s (i s S 1% ook JB2 A 72 135 B
AR ) 7R S 5% 2 Bt DX WIS O S TR SSCR B 3 7 b B U103 1) B A i
5, SCNTE IR FEAEAE 0 0.5 s I I O ON i T s T AE R /R Z8 1y R Al B2l
FRERE A X, A FHE A KT (R 3 240 W B A AKX S5 R — 2 f2 ) EARIL T )R
PRI 2K AR X M 2 B 2 B RS RURFALE

2) USE LIRS, G 1 of s X 25 8 5 AR i 46 A 7 s 2 i R B R 8
XEFASFEBHE R KT, T TSR3t 1 e 3 B R AU LPAR TR, X R WISt 38 R 5
52 DX st e S RS PR KT (RSN o AR AR [RGB BOE SR KT T, T A T 37 b 5 7 8 sk



FEE R 5 22 50 2 B0 o ] B P 08 R e K S N R, FLSAAE AN 0.4 s B R REC &
Ko XFEREARBGHFEZD) (50 MR N 10%), ZERKED BN 1.87 f13.15, Bikk
F, R T3 1 2 Hh 0 i 72 A 6 1k JEOR R B AR TR s o 2%

3) BASCHF R AR B LR B0 PGA TR KRB UL T R NS %, Hix
HR DX R B Rt R B o AT 20 4, 45 - 28t — 20 2 IR AR 4 1 AR PGA V% R4
5T ACE T 28 5 2 B0 B, 7 9B M [X 37 s 5 i B R BRI /D, T i3
IR R AR K . A SCEE R, X THsEih X, 1 2837 R FH 4 B3 16 3 Hh R R 45
PR RE IR GRS, T T 283 R 4 [P 38 45 J 00 ] 58 5 20 B Hb 72 Bl R A

AT TN T B 5 X 3 Hh 5% A o) b 72 B P 110 DX S e AR ARV, (RAE % 1R 3
i BT D) 30 3 o A R0 X I FE S B MR, BT bR MR BRI RS P PR A, SR Vs
RE LIRS IR aE i X B Ui b 25 R, B — e A e tE, 2 iomHh g fa S
i, BbAh, BTERAVE R R TR s X, — SRR X SR R AE (R T A i
&) WRERRER M E . Uk, AWML EEEH THsEX, #9521 A X,
Tk —BIAE . 2R T W EM X R AL (>100 m) ATET L) s RS, AW
R G AR LM RN AN G RO RS ], 5 ST N ) R 1 — IR AL

2 £ X M

WL, 2B, SR, £, BB, TRBOR. 2021, I 0 X MR B R R T R ORI U S S L),
PR BIREIEAR), 51(5): 1295-1305.

BoJ S, LiQ, Qi WH, Wang R T, Zhao X L, Zhang Y Y. 2021. Research progress and discussion of site condition
effect on ground motion and earthquake damage[J]. Journal of Jilin University (Earth Science Edition), 51(5):
1295-1305(in Chinese).

WR22r, SR, IR EG R, JH S0, 2021, 25 R O RORE A 4 [ M 2 A 6 3 [0). e RE S AR RS, 41(6):
177-185.

Chen L S, Ji K, Wen R Z, Zhou B F. 2021. Seismic hazard analysis for China considering site amplification
effect[J]. Earthquake Engineering and Engineering Dynamics, 41(6): 177-185(in Chinese).

FRECAR, TRELRE, 1 5 HE, MR, 3, 242, 2002, i [E1E Z) G FEACRFAELT]. b [E R 32(D 8 HhEREH),
(12): 1020-1030+1057.

Deng Q D, Zhang P Z, Ran Y K, Yang X P, Min W, Chu Q Z. 2002. Basic characteristics of active tectonics in
China[J]. Science in China(Series D: Earth Sciences), (12): 1020-1030+1057(in Chinese).

BIREE, AN, BRI, S SC. 1980. 37732 11 onh i 3 A 3 (2 M I]. iR TRES TARRARSN, (0): 34-41.

Hu Y X, Sun P S, Zhang Z Y, Tian Q W. 1980. Effects of site conditions on earthquake damage and ground
motion[J]. Earthquake Engineering and Engineering Vibration, (0): 34-41 (in Chinese).

=BT, R, R, . 2016, & E MRS (GEM) B 78t J8 S5 iR K8 i 5 8 B2 0], B OB fBA,
11(3): 582-591.

LiCL, WulJ, XuW J, Gao M T. 2016. Review and prospect of the global earthquake model (GEM)[J]. Technology
for Earthquake Disaster Prevention, 11(3): 582-591(in Chinese).

W, v, R 2013, RO R DX RS S R 5 S O E (0], R K AR, 8(1): 11-23.

Pan H, Gao M T, Xie F R. 2013. The earthquake activity model and seismicity parameters in the new seismic
hazard map of China[J]. Technology for Earthquake Disaster Prevention, 8(1): 11-23 (in Chinese).

TS A, B, e, 2013, A5 IX R B g ) BT 22 7 R R B 0800 R[], R KB IEHLA, 8(1): 24-33.

YuY X, Li SY, Xiao L. 2013. Development of ground motion attenuation relations for the new seismic hazard

map of China[J]. Technology for Earthquake Disaster Prevention, 8(1): 24-33 (in Chinese).



sREE R, AR, SKE R, S, B BE, B, BRI, T3 2003, o [ KR K 58 = 55 2h 5 i sh R )], & E= AR
(D % HukELE), (S1): 12-20.

Zhang P Z, Deng Q D, Zhang G M, Ma J, Gan W J, Min W, Mao F Y, Wang Q. 2003. Strong earthquakes and
active blocks in mainland China[J]. Science in China(Series D: Earth Sciences), (S1): 12-20(in Chinese).
RALIR, #H0L, ZEFIM, SRHE. 2008, 55 B ZHh 5 SR K M BRI BRI 2 5 R IR R 1R 9K R (0], M3k

PREAHEFE, 23(6): 1685-1691.

Zhu C Q, Yang S J, Li T B, Shi L Y. 2008. Geophysical characters of major faults in the Tarim Basin and the
relationships with earthquakes[J]. Progress in geophysics, 23(6): 1658-1691.

JAASK, PR, ik, R, 2528, 2013, it DX Rl B A8 R U DX Rl 70 1) 2 BERORFF (T]. =R K By (4%
A, 8(2): 113-124.

Zhou B G, Chen G X, Gao Z W, Zhou Q, Li J Y. 2013. The technical highlights in identifying the potential seismic
sources for the update of national seismic zoning map of China[J]. Technology for Earthquake Disaster
Prevention, 8(2): 113-124(in Chinese).

rhie N RN [ [ 55 B i B A S AP B R, o [ b A B B2 B 2% 2016. GB 1830 — 2015 A [E =
NZEIXRIES]. b5t o EFRAE AR AL 240.

General Administration of Quality Supervision, Inspection and Quarantine of the People’s Republic of China,
China National Standardization Administration. 2016. GB 1830-2015 Seismic Ground Motion Parameters
Zonation Map of China[S]. Beijing: Standards Press of China: 240(in Chinese).

A N BT L s A, 2 3 1S, v S N RG] ] 5 it M B A B0 A 28 54 /). 2010 GB 50011 — 2010
R PR B TES]. b5t A B S T AL 1-510.

Ministry of Housing and Urban-Rural Development of the People’s Republic of China, General Administration of
Quality Supervision, Inspection and Quarantine of the People’s Republic of China. 2010. GB 50011-2010
Code for Seismic Design of Buildings[S]. Beijing: China Architecture and Building Press: 1-510(in Chinese).

Ahdi S K, Kwak D Y, Ancheta T D, Contreras V, Kishida T, Kwok A O, Mazzoni S, Ruz F, Stewart J P. 2022. Site
parameters applied in NGA-Sub database[J]. Earthquake Spectra, 38(1): 494-520.

Allen T I, Griffin J D, Leonard M, Clark D J, Ghasemi H. 2020. The 2018 national seismic hazard assessment of
Australia: Quantifying hazard changes and model uncertainties[J]. Earthquake Spectra, 36(S1): 5-43.

Bindi D, Abdrakhmatov K, Parolai S, Mucciarelli M, Grinthal G, Ischuk A, Mikhailova N, Zschau J. 2012.
Seismic hazard assessment in Central Asia: Outcomes from a site approach[J]. Soil Dynamics and Earthquake
Engineering, 37: 84-91.

Bindi D, Cotton F, Kotha S R, Bosse C, Stromeyer, Griinthal G. 2017. Application-driven ground motion
prediction equation for seismic hazard assessments in non-cratonic moderate-seismicity areas[J]. Journal of
Seismology, 21(5), 1201-1218.

Cornell C A. 1968. Engineering seismic risk analysis[J]. Bulletin of the Seismological Society of America, 58(5):
1583-1606.

Dravinski M, Ding G, Biswas N N. 2003. Site amplification factor in Anchorage, Alaska based on long period
microtremors[J]. Journal of Earthquake Engineering, 7(4): 555-571.

Dangkua D T, Rong Y F, Magistrale H. 2018. Evaluation of NGA-West2 and Chinese ground-motion prediction
equations for developing seismic hazard maps of Mainland China[J]. Bulletin of the Seismological Society of
America, 108: 2422-2443.

Gutenberg B, Richter C F. 1944. Frequency of earthquakes in California[J]. Bulletin of the Seismological Society of
America, 34(4): 185-188.

GITHUB. 2025. hazardlib [EB/OL]. [2025-02-25]. https://github.com/gem/oq-

engine/tree/master/openquake/hazardlib.



Rong Y F, Xu X W, Cheng J, Chen G H, Magistrale H, Shen Z K. 2020. A probabilistic seismic hazard model for
mainland China[J]. Earthquake Spectra, 36(1_suppl): 181-209.

Silva V, Crowley H, Pagani M, Pinho R. 2012. Development and application of OpenQuake, an open source
software for seismic risk assessment[C]. Proceedings of the 15th World Conference on Earthquake
Engineering, Lisbon, Paper No0.4923.

Wood H D. 1908. Distribution of apparent intensity in San Francisco in the California earthquake of April 18, 1906
[R]. Washington D C: Carnegie Institution of Washington Publication: 220-245.

Xie J J, Li KW, Li X J, An Z, Wang P F. 2023. Vs3p-based relationship for Chinese site classification[J].
Engineering Geology, 324: 107253.



