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Fig.1 The architecture diagram of traditional GAN
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Fig.2 The diagram of generator construction
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Tab.2 The updated results of the concrete material

parameters under 5% Gaussian white noise

E 2 FLELH PUIE WE/%
/./Pa 6.2 10° 6.36 % 10° 2.61
f./Pa 1.3% 10° 1.32X 10° 1.22
e 2% 10 1.98% 10 —1.05
e 3.3x10° 3.35X10°° 1.54
f,/Pa 8.68X10° 8.52X 10° —1.83
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Tab.3 The updated results of the reinforcement material

parameters under 5% Gaussian white noise

24 HH PURIMH W2/ %
S/ Pa 3.91x10° 3.85x 10° —1.64
E{/Pa 2> 10" 1.97x 10" —1.43

o 0.05 0.0496 —0.71
S/ Pa 3.47X10° 3.34X10° —3.75
E/Pa 2> 10" 2.04> 10" 1.74

0" 0.1 0.099 —0.56
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Tab. 4 The updated errors of the concrete material

parameters under different noise levels
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Tab.5 The updated errors of the reinforcement material

parameters under different noise levels
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Tab.6 The updated errors of the concrete material

parameters under different sampling points

\ BIERZE/ %
T : : :
N Ju € &, Ji
128 B4R 017 —1.44 —219 —0.03 0.51
256 REAE 0.86 —1.09 —246 —057 —1.23
SI2FEA S 2.61 1.22 —1.05 1.54 —1.83
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Tab.7 The updated errors of the reinforcement material

parameters under different sampling points

; EIER2E/ %
0 fﬁﬂ EC pCe! fli E? b
Jy s R s
128 A M —1.98 —1.86 0.01 —5.3¢ 1.83 —3.01
256 KA S, —2.07 —2.51 —1.09 —4.96 1.76 —2.22
SI2KEAR S —1.64 —1.43 —0.71 —3.99 1.74 —0.56
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Fig.11 The training time of the networks under different

sampling points
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Tab.8 The updated errors of concrete material

parameters under different networks

BIEiRZE/%
D) 26 1L 7Y - -
Ju Emax & 1
Wik GAN 261 1.22 —1.05 154 —1.83
CNN 0.42  1.39 1.54 250 —1.72
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Tab.9 The updated errors of reinforcement material

parameters under different networks

BIER2E /Y
— ‘ BIERE/ %
f\f ol Etol b(‘n] f‘B E B Z]I}
i GAN —1.64 —143 —0.71 —3.75 1.74 —0.56
CNN —4.04 —3.10 —1.91 —3.05 1.73 —0.83
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Tab.10 Comparison of the updated errors of nonlinear

model based on different networks

. R
RS EU2) EO0 Er{m

~ acc ace disp

ik GAN 1.45 1.35 2.40
CNN 3.63 3.57 3.49
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Fig. 12 The tested structure and sensor locations
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Fig. 14 The acceleration response of the accelerometer A4
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Fig. 15 The nonlinear finite element model of the experimental

structure
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Fig. 16 The comparison of the vibration responses between

the updated nonlinear model and the tested structure

H1 &1 16 R, 46 IE J5 110 3 2 5 AR B 08 v i 191
T 5% 36 235 ) A b 52 i 2 VE T 00 Jon ek B e 7, L
R by o B A5 (8) M TH A3 45 B ml i, U a5 A2
A T B ) 7 15 2% 48 bR 1T SE 2 0 o B =
9.46% ,EXV=19.81% . i) 5 5CE AU H AT %0,
S EE A T IR PR E I B R TRUES W, E
B2 51 X AT B S A Boue-Wen i [0 48 70 5 45 #4) (14
AR LM FAFAE R R AR 1R 22 5 I A, 78 R
w4 F 2 P S B0 B AR b e S 5 R T I 3R 25 1
Ty AEBER R H SRR YE, R A SO 4



944 w® oz T

%36 &

J5 1%, BE A% T E b X S 06 245 A4 %) I 2 1 AR R E A7 v
Wi1& IE .

6 % it

WICHR T —Fp 3L T el iF GAN 1) 25 44 3F 26 1
BERUAE IE J7 i o R R 0 6] b R g R T 1Y
12 J2 8 A TR 5 - 45 #9421k B B AT 18 OE, OF
X AN [ R P A Ti] SR AR A A SN [) IR 45 A A T
BT A 2 P AR A IE 5 SR Y ] SRR AT Y L
Jei o I BT B T 9 X g A R A B AR R 4R
SR AE AR AL AT E R R R
518

(1) 2 3CFT 42 1 0 e i GAN BE 9% v iff A4 2 A5
U 0 B 5 S B B e R R T
& 55 GAN TE I i B2 rp 47 78 10 o6 52 14 2K ] R

(2) 3 F o GAN By 3E 28 P B A5 1F Jr vk fig
% 5 ff b S IR b 7R A A T A AR L P B ALK IE
I ELA B I e 7 e

(3) 38 1 A1 3E T CNN F A e P A R 4 1 &5 S F
FEXF Ee ifE— 25 B E T AR SCIr H8 Hh Y 3 2 1 A AL &
E 7 ELA i A TR

S X #k:

(1] kA AR T, 2R 05 AT FROTEE RS IE WS e - A
AR AEL LT ] 12, 2019, 49: 542-575.
Zhang H, LiD S, Li H N. Recent progress on finite ele-
ment model updating: from linearity to nonlinearity [J].
Advance in Mechanics, 2019, 49: 542-575.

(2] VP, EAEA ARABH. 5T 50 7 e B S ik g 43

B A E 2 ME AT AL GE [T IR 8 AR AR,
2016, 29(5) : 887-893.
Yuan P P, Wang Z C, Ren W X. Nonlinear model up-
dating based on instantanecous frequencies and ampli-
tudes of principal dynamic response components[J].
Journal of Vibration Engineering, 2016, 29(5):
887-893.

(3] HWT, K2 FE T FROTAE Y8 1E Y e A 254 451 1511
Ik LT] TR %, 2021, 38(3): 1-16.

Weng S, Zhu H P. Damage identification of civil struc-
tures based on finite element model updating[J]. Engi-
neering Mechanics, 2021, 38(3):1-16.

(4] X149, B8, £, % 5 F U MCMC F kA R
JCRURE ERF ST ). TR 1%, 2016, 33(6):138-145.

Liu G, LuoJ, Qin Y, et al. A finite element model up-

[7]

[9]

[11]

[13]

dating method based on improved MCCM method [J].
Engineering Mechanics, 2016, 33(6):138-145.

Song M M, Renson L., Noél J P, et al. Bayesian model
updating of nonlinear systems using nonlinear normal
modes [J]. Structural Control and Health Monitoring,
2018, 25(12): e2258.

Wang Z C, Xin Y, Ren W X. Nonlinear structural mod-
el updating based on instantaneous frequencies and am-
plitudes of the decomposed dynamic responses[ J]. Engi-
neering Structures, 2015, 100: 189-200.

LinKQ, XuY L, LuXZ, etal. Time history analysis-
based nonlinear finite element model updating for a long-
span cable-stayed bridge[J]. Structural Health Monitor-
ing, 2021, 20(5): 2566-2584.

BER 4, . N TR RN AR TART] AT
F2 4, 2019, 52(5):1-11.

Bao Y Q, Li H. Artificial Intelligence for civil engineer-
ing [J]. China Civil Engineering Journal, 2019, 52(5):
1-11.

Lin K Q, XuY L, Lu X Z, et al. Digital twin-based
collapse fragility assessment of a long-span cable-stayed
bridge under strong earthquakes[J]. Automation in Con-
struction, 2021, 123: 103547.

Goodfellow 1J, Pouget-Abadie J, Mirza M, et al. Gen-
erative adversarial nets[ C]. Proceedings of the 27th In-
ternational Conference on Neural Information Process-
ing Systems. Cambridge, USA: MIT Press, 2014:
2672-2680.

Fan G, LiJ, Hao H, et al. Data driven structural dy-
namic response reconstruction using segment based gen-
networks[J].

tures, 2021, 234: 111970.

erative adversarial Engineering Struc-
Fan G, LiJ, Hao H. Dynamic response reconstruction
for structural health monitoring using densely connected
convolutional networks [ J]. Structural Health Monitor-
ing, 2021, 20(4): 1373-1391.

Pathak D, Krahenbuhl P, Donahue J, et al. Context en-
coders: feature learning by inpainting[C]. 2016 IEEE
Conference on Computer Vision and Pattern Recogni-
tion. Las Vegas, USA, 2016: 2536-2544.

BV, ZERTIR, BRER DS . 12 J2 80 7 1 58 1 A o E 4
sl B RANL K S BB TR ] Bl WP R R
TR B K G SR %, 2004 1-21.
LuiXL,LiPZ, ChenY Q. Benchmark test of a 12-sto-
ry reinforced concrete frame model on shaking table
[R]. Shanghai: State Key Laboratory of Disaster Re-

duction in Civil Engineering, Tongji University, 2004 :



%4 TR A SO AR O T ) 2% B CHEAE 45 R A A A AL T HR A 1T 945

1-21. Wan H P, Ren W X, Wang N B. A Gaussian process

[15] T4, AR 0T, £33 . mirad B A iy 42 Ja R 5 model based global sensitivity analysis approach for pa-
M SRk B MR BE B LT]. IR TR 22 R, rameter selection and sampling method [J]. Journal of
2015, 28(5): 714-720. Vibration Engineering, 2015, 28(5) : 714-720.

Application of the improved generative adversarial network for
nonlinear structural model updating

WANG Jun', XIN Yu'?, WANG Zuo-cai"**, GE Bi'
(1.College of Civil Engineering, Hefei University of Technology, Hefei 230009, China; 2.Anhui Province Infrastructure
Safety Inspection and Monitoring Engineering Laboratory, Hefei 230009, China; 3.Engineering Research Center of
Safety-critical Industrial Measurement and Control Technology of the Ministry of Education, Hefei 230009, China)

Abstract: This paper proposes a nonlinear structural model updating approach based on the improved Generative Adversarial Net-
work (GAN). In the improved GAN, the ability of the network discriminator to learn the response characteristics of nonlinear
structures is enhanced by using the surrogate models. To avoid the problem that the gradient disappearance problem existing in tra-
ditional GAN, information exchange between network layers is strengthened by means of skip connection and dense connection,
and a combined objective function is added to the improved GAN, whose aim is to construct the mapping relationship between
structural responses and model parameters of a nonlinear structure to realize the network training. In nonlinear model updating,
structural dynamic responses are considered as input of the network. After training, the constructed GAN network can predict the
optimal value of nonlinear model parameters by learning the characteristics of input data, and the nonlinear model updating can be
performed. To validate the feasibility of the proposed method, a 12-story reinforced concrete frame structure under earthquake exci-
tations is conducted as numerical simulation, and the accuracy of the proposed method is further verified by comparing the results of
nonlinear model modification based on convolutional neural network. Finally, the proposed method is applied to a nonlinear model
updating of a cantilever beam shaking table experiment under earthquake excitation, and the same good updating results are

achieved.
Key words: nonlinear model updating ; improved generative adversarial network ; nonlinear structure ;network training
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