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Determination of risk-targeted ground motion parameters in Xi’an region
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Abstract; To achieve consistent collapse risk, risk-targeted ground motion parameters were investigated. First,
based on the ArcGIS Engine software, a discrete algorithm was used to analyze the probability of seismic hazard in
Xi’an region. Then, by considering the seismic fragility of the structure, the risk-targeted ground motion parameters
of very rare earthquake, maximum considered earthquake, and design basis earthquake for each control point were
obtained by risk integral based on the annual exceeding probability curves obtained from seismic hazard analysis and
the ground motion decision parameters obtained from existing research results. The risk-targeted ground motion
parameters were denoted as PGA,, , PGA;,, and PGA,, respectively. The relation between the risk coefficient R,
(defined as the ratio of PGAy,, to the ground motion intensity corresponding to maximum considered earthquake )
and K, ( defined as the ratio of PGA,, to PGA;,) and K, (defined as the ratio of PGA, to PGA,,) were
calculated. Finally, based on the parameter effect analysis, the effect of 85 (i. e. , logarithmic standard deviation of
structural fragility) on PGA;,, R., K,, and K, was investigated with its value chosen to be 0.5, 0.6, 0.7, 0.8,
0.9, and 1.0, respectively. Results show that the collapse probability did not increase with the increase of the
ground motion intensity corresponding to very rare earthquake. Parameters PGA;,, R., K,, and K, all increased
with the increase of 8. The larger B was, the greater the effect on PGAy and R, was, while the effect on K, and
K, remained unchanged with increasing 8. Compared with PGA;, and R, K, and K, were more sensitive to 8y,
and K, was the most sensitive to B; among all the parameters. The risk-targeted ground motion parameters obtained
in Xi’an region can provide references for seismic design.

Keywords : risk-targeted ground motion parameters; risk integral; risk coefficient; logarithmic standard deviation

of fragility; parameter effect analysis
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Fig.1 Numerical integration deaggregation process

of risk integral
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Fig.2  Flowchart for determination of risk-targeted ground

motion parameters
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Tab.2  Annual mean occurrence rate for each magnitude interval

Tab.1 Annual mean occurrence rate, b value, and upper = Ang T
magnitude limit for each seismic belt'! H 4.0~5455-596.0~6465-697.0-~74 =75
P o GeiFIE: Ao/ b m,, A 1.7801 0.0787 0.0342 0.0149 0.0065 0.0047
A VT R 1500 ~2010 1.97 0.724 8.5 B 1.7158 0.0695 0.0291 0.0122 0.0051 0.0035
B AHRI - ABEE LR 1900 ~2010 1.88 0.755 8.5 C 3.5905 0.1231 0.0483 0.0189 0.0074 0.003 4
1573 ~2 010 D 1.0257 0.0383 0.0156 0.0063 0.0000 0.0000
¢ RIS 1879 ~2 010 3.87 0.813 8.0 E 23079 0.0801 0.0315 0.0124 0.0049 0.0022
D KA AP R 1900~2010 1.11 0.783 7.0 V22T M2 R B It (1 4% TR AR R U X 1 b 2 15 B
E AL PRBEW  1500~2010 2.49 0.809 8.0 PS03 3.

*3 IEBAETERMMEEDESE

. . .. . . . . 23
Tab.3  Seismic activity parameters for major potentlal selsmic source zones' ™!

) A/ B 7 bk R
s WA IR
4.0~5.4 5.5~59 6.0~6.4 6.5~6.9 7.0~7.4 =7.5 LR 6/(°) P 6,/(°) P,

1 R - Il 0.0224 0.0292 0.0265 0.0197 0.0000 0.0000 7.0 130 1.0

2 TG 0.0207 0.0220 0.0331 0.0509 0.0999 0.0000 7.5 170 1.0

3 wWH - FLR 0.0258 0.0275 0.0296 0.0000 0.0000 0.0000 6.5 30 1.0

4 JR R 0.0214 0.0228 0.0345 0.0260 0.0258 0.0000 7.5 10 1.0

5 FrE 0.0216 0.0230 0.0346 0.0532 0.0104 0.0724 8.0 0 1.0

6 kg 0.0090 0.0096 0.0144 0.0221 0.0434 0.0000 7.5 60 1.0

7 W% 0.0132 0.0141 0.0212 0.0000 0.0000 0.0000 6.5 60 1.0

8 FE G 0.0191 0.0204 0.0307 0.0000 0.0000 0.0000 6.5 120 1.0

9 - bk YR R 0.0214 0.0228 0.0245 0.0212 0.0000 0.0000 7.0 0 1.0

10 5/ -5 0.0350 0.0373 0.0561 0.0863 0.0847 0.0310 8.5 10 1.0

11 Tk 0.0312 0.0333 0.0358 0.0000 0.0000 0.0000 6.5 30 0.7 9 0.3
12 K7 0.0264 0.0281 0.0423 0.0513 0.0585 0.0000 7.5 25 0.7 60 0.3
13 =[7mk 0.0210 0.0224 0.0337 0.0518 0.0000 0.0000 7.0 75 1.0

14 EI 0.0419 0.0446 0.0671 0.0502 0.0126 0.0000 7.5 75 1.0

15 I 0.0235 0.0250 0.0376 0.0513 0.1117 0.0000 7.5 60 1.0

16 BT, 0.0461 0.0490 0.0461 0.0465 0.0000 0.0000 7.0 92 1.0

17 iR 0.0147 0.0335 0.0000 0.0000 0.0000 0.0000 6.0 120 1.0

) AN - ABE L
18 B f - T/ 0.0334 0.0436 0.0396 0.0294 0.0321 0.0000 7.5 55 1.0
fﬁ%‘%

19 K . o 0.0292 0.0294  0.0273  0.0000 0.0000 0.0000 6.5 120 0.7 30 0.3
20 R R 0.0207 0.0220 0.0334 0.0510 0.1021 0.0000 7.5 150 1.0

21 % 0.0191 0.0204 0.0307 0.0000 0.0000 0.0000 6.5 120 1.0

22 51| AN FEAS 0.0147  0.0335  0.0000 0.0000 0.0000  0.000 0 .0 120 1.0

23 Wi 0.0147 0.0335 0.0000 0.0000 0.0000 0.0000 6.0 120

24 |2 0.0147 0.0335 0.0000 0.0000 0.0000 0.0000 6.0 120 1.0

25 3 0.0141 0.0000 0.0000 0.0000 0.0000 0.0000 5.5 20 1.0

26 SEF| 0.0149 0.0395 0.1125 0.4336 0.0000 0.0000 7.0 115 1.0

27 AR -IE KIrHEhEE 0.0147 0 0.0335  0.0335  0.0000 0.0000 0.0000 6.5 120 1.0

28 GE 0.0088 0.0205 0.0000 0.0000 0.0000 0.0000 6.0 70 1.0

29 B 0.0155 0.0000 0.0000 0.0000 0.0000 0.0000 5.5 15 1.0

30 T 0.0088 0.0204 0.0273 0.0000 0.0000 0.0000 6.5 80 1.0
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Fig.3 Distribution of control points in Xi’ an region""
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Tab.4  Coefficients of ground motion attenuation

. sy . [23
relations in Xi’ an reglon[ :

PGA € 5] €3 €4 s R a

KAl -0.841 1.275 -0.061 -1.587 0.710 0.477 0.232
Ak -1.133 1.262 -0.058 -1.550 0.405 0.527 0.232

x5 tEEHARELE
(23]

Tab.5 Control points and their coordinates

PR A L/ (°) i/ (°) FrgIX
Pl 108. 861 34.364 RJX
P4 109.072 34.409 TR IX
P9 108. 864 34.263 SEWIX
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P12 108.991 34.177 S IX
P13 108. 826 34.136 K2z %
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Fig.4 Comparison of exceeding probability for peak
ground acceleration
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Fig.5 Risk integral deaggregation process
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Tab.6 Calculation results of each control point

it PGAy/

PGAy/ PGAyy/ PGAgy/

¢ K K
il o gal gal gal gal
P1 321.52 290.19 0.90 111.34 626.07
P9 353.76 311.41 0.88 119.48 671.85
P4 364.63 328.35 0.90 125.98 708.40
5.62 2.61
P10 393.62 343.75 0.87 131.89 741.63
P13 400.12 345.66 0.86 132.62 745.75
P12 412.80 355.05 0.86 136.22 766.00
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Fig.6  Comparison of risk integral deaggregation processes
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Tab.7 Inversion results of risk-targeted decision parameters

. . 2
of seismic ground motions'?’

UES v/ % Br Pav/ % pan/ % Pan/ %
1 1.0 0.3 54.7 10.0 0.04
2 1.0 0.4 44.6 11.0 0.20
3 1.0 0.6 30.2 10.4 1.10
4 0.4 0.6 13.2 3.6 0.20
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Tab.8 Calculation results of each control point in different cases
¥ 14 PGAy/ PGAuy/ " PGAgp/ PGAgy/ KK,
% S gl gal gal gal

P1 321.52 301.99 0.94 162.23 459.56
P4 364.63 352.05 0.97 189.12 535.75
P9 353.76 331.93 0.94 178.31 505.13
1 2.83 1.86
P10 393.62 375.01 0.95 201.46 570.69
P12 412.80 390.24 0.95 209.64 593.87
P13 400.12 381.90 0.95 205.16 581.18
P1 321.52 298.76 0.93 154.31 462.17
P4 364.63 344.82 0.95 178.11 533.43
P9 353.76 325.32 0.92 168.03 503.26
2 3.00 1.94
P10 393.62 365.04 0.93 188.55 564.71
P12 412.80 378.55 0.92 195.53 585.61
P13 400.12 369.77 0.92 190.99 572.02
P1 321.52 294.13 0.91 158.42 458.64
P4 364.63 332.81 0.91 179.25 518.96
P9 353.76 315.63 0.89 170.00 492.18
3 2.90 1.86
P10 393.62 348.42 0.89 187.66 543.30
P12 412.80 359.86 0.87 193.83 561.15
P13 400.12 350.35 0.88 188.70 546.32
P1 321.52 289.78 90 151.67 436.34
P4 364.63 333.59 0.91 174.60 502.30
P9 353.76 313.90 89 164.29 472.65
4 2.88 1.91

P10 393.62 351.91
P12 412.80 363.86
P13 400.12 357.09
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HZ S EE A 0. 15 g. GB 18306—2015 { 1 [ Hb 7%
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AN TR B 7K S 1 o 2 DA (L o 8 8 L2 9.

EA R 8 K9 M LLAE W, XTI B AL PL
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Tab.9 Results of seismic peak ground acceleration!"’

WRHRE g
BT 7R 7 B 8 Jir 8 i 9 i
(0.10)  (0.15)  (0.20) (0.30) (0.40)

HAMGES)  0.100 0.150 0.200 0.300 0.400
FE@MES)  0.190  0.285 0.380  0.570  0.760

Weuhs=Esh  0.290 0.435 0.580 0.870 1.160
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Fig.7 Parameter effect analysis
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