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DESIGN-POINT EXCITATION OF STRUCTURAL DYNAMIC
SYSTEMS BASED ON MIRROR-IMAGE EXCITATION
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(School of Science, Chang’an University, Xi’an, Shaanxi 710064, China)

Abstract: For structural dynamic systems, the design-point excitation plays an important role in structural
reliability assessment and random vibration. The calculation method of design-point excitation is still an important
research focus today. This paper suggests a procedure to obtain the design-point excitation of non-linear systems
based on mirror-image excitation of the free-vibration response. It is shown that the design-point excitation thus
obtained is effective in estimating excursion probabilities in non-linear dynamic systems when compared with the
Monte Carlo method. In order to further illustrate the effectiveness of the method, the paper gives a numerical
example of linear dynamic systems. We obtain the design-point excitation based on both the analytical method
and mirror-image excitation. It is shown that the two methods have the same effectiveness when estimating
excursion probabilities.
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4 it R ERELIREN P RN A

Ao deth AR MRS M R G EUE S,
TR BT BB AE S5 A FR S8 o R R R ) 8
Flo Hikgs MEME RS HIBUEF S, 70 5A ()
HRA)PIFINERF B 1L TR N 27 %7
KA 2, SRR, BHRMN SRS B A
IR AT R TR R AT 28



236 T %

5 1. T AR R R R S
{Ya)+2nva)+vay+gvaf::J}fa)
Y(0)=Y(0)=0
W& LM I T =508, 0<t<T, .
n=0.05 2K e 2%,  f () 2O A,
E[f(O)f(t+2)]=5(), y=02, b=2, & R4
P28, B At=0.05 . Kral(13) &k, Mm(11)
AR S0, W 12)8 2% AL, FHAIH
SCHR[A61H vk, R BT A g il s 2,
1000 MEEAR, i R4 (13) ML S e =11
B RAERAG TR, 5 R AR ) 5 = B AR
FLLEL, SRR BRI R 10° MREA, Wi 2 Frs,
SEER R KRR D BN E F R R, *2 2R
MG E, W BA s —8E. U
A1 EE B A5 Bl T A5 1) 5 T S BRRD TR B A R O R
FITF SRR AR R A R .

10°

(13)

ok R

MCS
10” ) *+ ISP

100 10 20 30 40 50
I [ /s

2 R LR A
Fig.2 First failure probability simulation comparison chart
Bl 2. v E R S U & R .

FIEG) 1 =0 WEMRT, b=4, HE
ZHEH) 1 b8 AR AR RGBT
e AT, RGBT AT, 4
Beg e, MARQADA R R, (12)5 8t
o BRASCE MR OTIET RGO S, gl 3
Frs, B3 R B Zt, =50s ft, =40s X
thel BERMERA AR, BXG)IrGuet s
P dRiE R, X RO SR AR B R Ui, 25 &
2 E Sl 45 I 38 ik 22 4 3 B B e/ BE
AN . BE—2, FIFHSCER[16]1I 775, N A
FE 7 RBMR AT, SR, 1000 MR, A
RN 4 FroR. SELR AL TR TS AT i
TR RO AR, LR B T M, P
HEARER B, D, KRR IR
/N, 43 IEL 50 AN, 100 AN, S 300 AMFEAHEAT RN .

© R
— — BRI

it Al

i 1) /s
— — BRBm A
03 YA
noh R
\ {\ ! ! i
n ’\ P it
I 0.1 \ ) E i ‘ [ | 7
i VPR
= 0 Vbl 1
= -0.1f \ ™ i L\ | ] 1
IRV VI VR Y
Vool
03 v iJ
05, 10 20 30 40 50
I Il /s

B3 2t =50s (L) K t, =40s (F)F it a5 f E s K
Fig.3 Comparison chart of the design-point excitation at time
t=50 sand t=40s

HHRHAME

107" _ 1
— RN
" + BB
10 . . .
0 0 10 20 30 40 50

I 5L/
B4 RS A B 5 R R L
Fig.4 First failure probability simulation comparison chart
K 5. & 6 2 A (5) 5 (12) i S it
s BURFIREASI THERL R B o RO . Horhsizl
9 1000 MEEAAERS 1 2R BE . *ERAFIRE
A AOBEOE, RS RIS 30 /S Rl —ME,

1072
10
= 10
£
K 8
w107
dm
10710 i
10712 . . (LY SsoAvBEA
0 10 20 30 40 50

I fil/s



T B ¥ 237
10 1072
10 10°
§ 10 g 107
X %
ol 107 Eﬂi 10
- ST
1071 R 1 10-1° |
10 20[MWS30 40 %0 L 10 20”Jﬂ/ 30 40 50
10 K6 FIFBBEBIIE RIS, TR EREAE [
- R L
s Fig.6 First failure probability with different numbers
“§j 10°° of samples by Eq.12
5w 5 4Eip
’ 2SR T E F R B0 R SRR 46
12 * 300 HEA N [T VL N N
L R R TR Ta—) T TR R R AR R G R, O
s R ey TSR IR 0 B R L 50 5
p Wit &L, NE piik s ) N R .
e e NI S22 L Rl @i 2, BrfS E g RS ER T HE 5 SRR
BRI LR

Fig.5 First failure probability with different numbers
of samples by Eq.5

M EILLBCRE, 2 50 MREAAG THE 28 2R 30
I, FORBIALS, B 300 MEASRELIN R
Bf o HIUREAE Y 100 AR, ARG HHE
HBASE R &8 28K 3~ 6 \IE, Pifr
IRPTRIBCE RR R A AN, (BAE B R ER K
TR, B R R

¥ KA
s

I [#)/s

DRATFEA R = . LIRSS,
o3 A AL 7 2 5 B B Bl U5 2 B A5 B e it s
P, A5 R BTE sERET AE 2(5) S T LR 5 (12),
FEHs FLN I B o R AR U X, LR AL R
FRBR AL, SR B T B S S T
FEAELIRIREA 2 B BIRI M THE CR T 1 =
— 8. AT A SR B 7 R A B R
W, AAEE TR E AR T EEEA,
s 72 BB LN 77 27 (1 28 Gt i 2 BTF 7E B 435 4 7T FE Ak
WA RS EE R, EHARZ A RRT
W 7 il

SE 0K

[1] Der Kiureghian A. The geometry of random vibrations
and solutions by FORM and SORM [J]. Probabilistic
Engineering Mechanics, 2000(15): 81 —90.

[2] Au S K, Beck J L. First excursion probabilities for linear
systems by very efficient importance sampling [J].
Probabilistic Engineering Mechanics, 2001, 16: 193 —
207.

[3] Franchin P. Reliability of uncertain inelastic structures
under earthquake excitation [J]. Journal Engineering
Mechanics, ASCE, 2004, 130(2): 1 —12.

[4] Drenick R F. The critical excitation and nonlinear
systems [J]. Journal Applied Mechanics ASME, 1977, 44:
333—336.

[5] Iyengar R N, Manohar C S. Nonstationary random
critical seismic excitations [J]. Journal Engineering



238

Mechanics, ASCE, 1987, 113(4): 521 —549.

Srinivasan M. Critical base excitations of structural
systems [J]. Journal Engineering Mechanics, ASCE, 1991,
117(6): 1403 —1422.
Takewaki I. Critical
structures via statistical equivalent linearization [J].
Probability Engineering Mechanics, 2002, 17: 73—84.
Heonsang Koo, Armen Der Kiureghian, Kazuya Fujimura.

excitations for elastic-plastic

Design-point  excitation for non-linear random
vibrations [J]. Probabilistic Engineering Mechanics, 2005,
20: 136—147.

Au S K. Critical excitation of SDOF elasto-plastic
systems [J]. Journal of Sound Vibration, 2006, 296:
714—1733.

Crandall S H. Non-gaussian closure for random vibration
of non-linear oscillators [J]. International Journal
Nonlinear Mechanics, 1980, 15(4/5): 303 —336.

Zuev K M, Katafygiotis L S. The horseracing simulation
algorithm for evaluation of small failure probabilities [J].
Probabilistic Engineering Mechanics, 2011, 26(2): 157—

164.

[12]

[13]

[14]

[15]

[16]

Valdebenito M A, Pradlwarter H J. The role of the design
point for calculating failure probabilities in view of
dimensionality and structural nonlinearities [J]. Structural
Safety, 2010(32): 101 —111.

Hasofer A M. Distribution of the maximum of Gaussian
process by a Monte Carlo method [J]. Journal of Sound
Vibration, 1987, 112: 283 —293.

Grigoriu M. Simulation of non-stationary Gaussian
processes by random trigonometric polynomials [J].
Journal Engineering Mechanics, ASCE, 1993, 119(2):
328—343.

Li C C, Der Kiureghian A. Optimal discretization of
random fields [J]. Journal of Engineering Mechanics,
ASCE, 1993, 119(2): 328—343.

FENIME. 1R, #RHk. AR RIE A PR R G E
PCFIRI]. TREJ1%, 2012, 44(3): 648—652.

Ren Limei, Xu Wei, Du Lin. First passage probabilities
of dynamical systems subjected to non-stationary
earthquake [J]. Engineering Mechanics, 2012, 44(3):
648 —652. (in Chinese)

(LB 182 )

[14]

[16]

B, TN, PhRE, AT, IR PRSI T
eI ABE L], AR TRESAAR, 2011, 440
FJ 2): 220—225.

Li Chi, Huang Hao. Sun Bingbing, Gao Liping, Liu Lin.
Field test study on the anti-wind erosion ability for desert
roadbed slope [J]. China Civil Engineering Journal, 2011,
44(Suppl 2): 220—225. (in Chinese)

Li Chi, Ge Xiaodong, Huang Hao. Study on wind erosion
resistance ability and slope stability of wind-eroded
desert roadbed [J]. ASCE, Forensic Engineering, 2012:
746—755.

Li Chi, Huang Hao, Li Lin, Gao Yu, Ma Yunfeng,

Farshad Amini. Geotechnical hazards assessment on

[18]

wind-eroded desert embankment in Inner Mongolia
Autonomous Region, North China [J]. Natural Hazards,
2015, 76(1): 235—257.

2, RICox, mi. FEX B KRS F R R ki
IHLEBFFC[I]. UK+, 2011, 33(4): 784—789.

Li Chi, Zhu Wenhui, Gao Yu. Studied on the erosive
mechanism of snow drifting disaster for cold region
highway [J]. Journal of Glaciology and Geocryology,
2011, 33(4): 784—789. (in Chinese)

Ji Guanghong, Zhu Wenhui, Gao Yu, Li Chi. Quantitive
analysis of snowmelt erosion about cold highway slopes
[J]. Advances in Biomedical Engineering, 2012, 6: 349—
357.



