HALEE S R L E K ¥ E Vol. 41 No. 5
2024410 A Journal of East China Jiaotong University Oct., 2024

NXEHS:1005-0523(2024)05-0039-09

E T ARSEHHRIURE T e K MG
K& IEF 2RI ERU

XN RE, RER, KA kA&
(1. PERSCIEAE A TR, DI FAS 61003152, W B TR 1A BE 5% 463000)

WE [ A ] A RMEAKREIRTHREREX IR RGN 2 TFRLEHTRRAMSRES [FE]EG4,86%TF
R E S A2 09 38 F IR AR ) S B Fe T A W R 3 i #2149 Clough-Penzien o) R A A 3 Ak FRAM EH TG R ES R
AR HOR IRIE A A HLE A R K W RS AR AR R G ARIE AR T AR E S AR R T T R, % 5 MAT-
LABAZ -, £ A dE P80 E sy i A2 R AR A2 5 &, 7 L L 9 R B 3 Ao HUIE B # 063 £, SRt AT RS B [ R Uk
VoI5 W AR RAE KT AE L B T RE £ 3 Fo ik 7 Mo E 46908 T o RS R ABUE ; A R a9 R AR 2R A
AR AR T AB MR B oy S R AR AE | 3L B 3 e HLTE RO R B AR BT, T AR 2 A S% A A [ L] A TR
Ty R BT B A dE T A MR Sy it AR B I R T T ik 09 MATLAB AR 5>, T A A% ivh L3 5 yh 1 AR R 308 & AL3E
BR g A dE A E S AR AR AR R A RS 5 MU R A — B, AR T T4 7 i A2 MATLAB A2 5 09 A
RO, T A AR R4 M BRI AE SR AR T SR E B BN

KR A R AHUE BT R RIS AR AR E B T R o g R

RE 43S :U442.5;P315.9 XHRARERG: A

AXE AR AR E, ZER, KA, F AT ARSI TR ITE RS 366G 23 P A8 R S RAEM)]. R R
B K IR ,2024,41(5) :39-47.

Simulation of Fully Non-stationary Ground Motion Processes Based
on Response Spectrum of Codes for Seismic Design of
Highway and Urban Bridges

Liu Chengqing', Wu Zebin', Xiao Guangcai', Yang Delei’

(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China; 2. School of Architectural Engineering,
Huanghuai University, Zhumadian 463000, China)

Abstract: [Objective] To generate a representative time history set of entirely non-stationary seismic motion
processes that adhere to the design response spectrum stipulated in the codes for seismic design of highway and
urban bridges.[ Method] An evolutionary power spectrum model for entirely non-stationary seismic motion pro-
cesses was initially formulated by integrating the intensity-frequency modulation function, pertinent to non-sta-
tionary seismic motion processes,with the Clough-Penzien power spectrum model,applicable to stationary seis-

mic motion processes. The parameters for this evolutionary power spectrum model were subsequently calibrated
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in accordance with relevant specifications. According to the spectral representation approach for the simulation
of entirely non-stationary seismic motion processes,a MATLAB program was written to generate a representative
time history set of the entirely non-stationary seismic motion processes. The fitting error between their mean re-
sponse spectrum and the code response spectrum was calculated and iteratively corrected. [ Result] The parame-
ters of the evolutionary power spectral model for different site classifications and design earthquake groups were
derived based on the codes for seismic design of highway and urban bridges. The generated representative seis-
mic time history set exhibits the typical characteristics of entirely non-stationary seismic motion processes,dem-
onstrating a satisfactory overall fit between its mean response spectrum and the code response spectrum,with an
average relative error within 5%. [ Conclusion] By employing the evolutionary power spectrum model,a MAT-
LAB program can be devised to simulate the spectral representation method of entirely non-stationary seismic
motion processes. It successfully generated a representative time history set that complied with the requirements
of the codes for seismic design of highway and urban bridges. The mean response spectrum of the generated time
histories is consistent with the code response spectrum,verifying the effectiveness of the given method and MAT-
LAB program. This provides reliable seismic inputs essential for the seismic performance evaluation of bridge
structures.
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Tab.l1 Seismic parameters and seismic design require-
ments of a highway and urban road bridge
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Tab.4 “Standard 2”parameter values of site soil

Design Site classification
Item “ Standard 1 7 “ Standard 2 7 Parameter earthquake
aroups I 11 m v
First-class Urban
Road class highway  expressway Groupone  25.13 17.95 13.96 9.67
Seismic Inten- w/s” Group two 2094 15.71 1142 8.38
Seismic fortification intensity . —
sity VII Group three 1795 1396 9.67 6.98
Seismic basic intensity — 7-degree ¢, 0.64 072 0.80 0.90
Peak ground acceleration 0.15¢
E R e o sIL = i 32k N
Seismic fortification category ~ Category B Category B RS BRI RIT RN E R RE L max
o Tab.5 “Standard 1” representative value of horizontal de-
Seismic measure grade Grade three 8-degree sign earthquake acceleration 4__ em/s?
Seismic design methodology Class 1 Category A Seismic
Site classification Category 11 fortification  6-degree  7-degree  8-degree  9-degree
Design seismic group Group two intensity
Characteristic period/s 0.40 A 49 98(147)  196(294) 392
Damping ratio 0.05
e £6 HMEIKEEGHEMEERE .
Tab.6 “Standard” representative value of horizontal de-
R2 B MEE sign earthquake acceleration g cm/s?
Tab.2 Values of the parameter ¢ s — - -
Earthquake Intensit Seismic fortification category
i . ntensity
Design earthquake 1 I 1 1 v action B C D
groups
6-degree 30 23 17
Group one 040 030 025 020 0.15
7-degree 60(90) 45(68)  34(51)
Group two 030 025 020 0.15 0.12 El
Group three 025 020 015 012 0.10 8-degree  120(179)  90(135)  69(103)
9-degree 239 180 137
®3 BRGNS SHEE 6-degree — — —
Tab.3 “Standard 1° parameter values of site soil 7-degree  216(301) 216(301) —
Design Site classification E2
Parameter  carthquake 8-degree  392(500) 392(500)
groups I, L II m v 9-degree 608 608 —
Group one  31.42 25.13 17.95 13.96 9.67 "
x®71 ENEEET
-1
w /s Group two  25.13 20.94 1571 11.42 8.38 Tab.7 Equivalent peak factor
Group three 20.94 17.95 13.96 9.67 6.98 ) ) )
Design earth- Site classification
&, 0.64 0.64 0.72 0.80 0.90
5 quake groups I, I 11 11 v
5 6 FH T PVEUE T HIXT I 75 0.15g F18 ) 0.30g, Group one 307 300 288 279  2.60
SEREE R r BB LR 7, g A T INERRE ;4 Ky Group two 310 297 288 283 263
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Tab.8 Evolution power spectrum model parameter values
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Tab.9 Response spectrum value §

Parameter Value
o/s” 15.710
/s 1.571

¢, 0.720
& 0.720
r 2.880

“Standard 1”7 “Standard 2”
Parameter
El E2 El E2
s 0.188¢  0.638¢ 0206g  0.692¢

147(“Standard 17, E1, E2)
a,,/(cm/s%) 90(“Standard 2”7, E1)
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Tab.10 Average relative error of response spectrum %
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