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Intelligent design method of damper placement scheme for
frame structure combining dual-objective optimization and

generative adversarial network

PAN Yi®*", CHEN Qi®, WANG Teng ®, ZHOU Yi?
(a. School of Civil Engineering; b. Key Laboratory of Seismic Engineering of Sichuan Province, Southwest Jiaotong

University, Chengdu 610031, P. R. China)

Abstract: In order to achieve the intelligent placement of dampers in frame structures, the dual-objective
optimization algorithm (DOOA) and generative adversarial network (GAN) algorithm are employed for the
vertical and horizontal intelligent placement of dampers, respectively, based on the damping design principle
and intelligent algorithm. Two seismic design engineering cases of frame structures are applied. In the seismic

design of frame structures, dual-objective optimization is adopted for vertical damper placement. Compared with
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the layer-by-layer approximation method, engineer-designed optimized damper placement schemes, and non-
damping design, the vertical arrangement scheme of dampers obtained by the improved optimization algorithm
can effectively reduce inter-story drift angles and floor accelerations, and enhance the seismic performance of the
original structure. After determining the number of dampers for each floor, the plane installation position of
dampers on each floor can be quickly and automatically selected and determined by using the trained generative
adversarial network generation model. The comprehensive evaluation index of similarity difference degree
between the generated plane layout and the plane layout designed by the engineer is less than the critical value of
0.1, which indicates that the similarity between the two is high, and it is beneficial to improve the torsion
resistance of the original structure. The combination of dual-objective optimization and generative adversarial
network can meet the seismic performance objectives of frame structures, and enable to achieve of intelligent
design of the damper placement scheme, and improve the efficiency of seismic design engineering.

Keywords: optimization algorithm; generative adversarial network; frame structure; damper placement;

intelligent design
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Fig.4 Flow chart of damper vertical intelligent placement
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MIEE /(10°kN/m)
%2 i/t

X Y [f]
1 2467.1 0.778 9 0.7389
2 2432.5 0.8529 0.767 3
3 2432.5 0.856 4 0.7618
4 2432.5 0.859 2 0.7589
5 2373.7 0.8287 0.714 3
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Table 3 Parameters of dampers
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Table 4 Damper layout schemes and objective function values of case one
) R BHLJE 25 A A H A e EAH f
Ik J5 1] b7
15 27 32 4z 5)2 i L

SAN FERNANDO 4 4 4 2 1 0.488 8 0.128 2
X COALINGA 4 4 3 2 2 0.5811 0.1367
NORTHRIDGE 4 4 3 3 1 0.526 9 0.089 4

XH bR X [ e 2 A 4 4 3 2 2
R IR RES SAN FERNANDO 4 4 3 2 2 0.524 1 0.1271
Y COALINGA 5 4 2 2 2 0.6120 0.146 9
NORTHRIDGE 5 4 3 2 1 0.4989 0.0759

Y [ fe A A 4 4 3 2 2
SAN FERNANDO 5 4 3 2 1 0.489 1 0.1254
X COALINGA 5 4 3 2 1 0.5885 0.1295
NORTHRIDGE 5 4 3 2 1 0.5279 0.086 1

9= X ) e A 5 4 3 2 1
FERIRES SAN FERNANDO 5 4 3 2 1 0.5270 0.1215
Y COALINGA 5 4 3 2 1 0.624 5 0.1362
NORTHRIDGE 5 4 3 2 1 0.4989 0.0759

Y [i i 2 A 5 4 3 2 1
SAN FERNANDO 5 5 5 0.864 1 0.4420
X COALINGA 5 5 5 0.7753 0.473 1
T AR NORTHRIDGE 5 5 5 0.750 7 0.407 5
wit SAN FERNANDO 5 5 5 0.928 3 0.4308
Y COALINGA 5 5 5 0.8547 0.536 7
NORTHRIDGE 5 5 5 0.7252 0.367 6
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Fig.7 Envelope diagram of maximum inter-story displacement angle

4.1.3 MRBEFEKAFE

FE S B A Ak A B 2 14 58 45— BHLJE #5151
G RO i s o 1| A | B2 % T R B L O i B
AT R 3E 47 BELJE 2% 1 1 AR & IF L TR
BH JE % - 18 A & o0 B AR it . Z A — 0 B bRk it
5 i an i 9 & 10 s o

fEiZ TR GG b A s it 9 AR ALPE 25 6 3
{8 E,=0. 05, 488 2 11 J5i 0 22 5 8 0 4r ik 22 5

JEVLE 10, B TAHRIMESE G IR E i3m0, 4
B TS AR B A B AR BLEE .
4.2 IBERHZ
4.2.1

HOEMAIREE LHERGEMDIAR BEZH
6 m, br fEJZ 2 H 4 m, & 26 m; A #CTE S 650
mmX650 mm, i £ Z2# 1 4 600 mm X800 mm, N
T2 N 400 mmX700 mm, YK 2k 300 mm X
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Fig. 8 Envelope diagram of maximum floor acceleration
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Fig. 10 Generative design of case one
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Fig.11 Plane placement of frame structure for case two

4.2.2 MEBS@HMAFE

R A8 26 — S MURRAE B W T,,=0. 5 s 15 45 14 3
AT T,=1.27 s, S B 5 H 8 AU 1Y 3 4% Hb
& B . SAN FERNANDO ( & #4 110) % . SAN
FERNANDO ( & 3 160) 3 \NORTHRIDGE ( £ 3
5366) U , 43 HE S A W D C Uk, I 4 45 Hb i D
B W (B0 7 S PR 24 2 510 cm/s%,

T AERTE X ) Y ) A W) EE S
A7 5T A M TR W5CTE A5 R 2 TR S Al Ty ) oA TR A
B e a8 o [ — AR R AR Bk s £ 0 B
Je #R B H 42T T 2 80OR BELJE 2 R B R 24 1

£5 FROERCERZMHREFNE
Table 5 The mass and stiffness of a six story reinforced

concrete frame structure

M /(10° kN »m)

Bz Fidt/t
X i) Y [
1 5215.1 1.488 1.488
2 4870.4 2.377 2.377
3 4870.4 2.422 2.422
4 4870.4 2.379 2.379
5 4870.4 2.260 2.260
6 4698.0 1. 981 1. 981
*k6 FMHERESH
Table 6 The parameters of dampers
BHLJE 25 B BLJE 3 %1
R —— A FHLJE $5 %k
X Y ¢,/(10°N-s/m)
Kelvin & 7 24 24 200 1

W, BCH AR AL AE X 0] 5 Y 1) i e 28 B e s 1%
AT EANR 7R o 16 3R MR SNEN T, W H bR
DAL B F bR bR EUE 5 2 R 0T v TR
R e (B AE L T 8= Tk LA T
AR BT, P UL W] 2% 58 1 A B e i 15 1) A B
A RV A BRE . T H A E R BLE SR T TR
NERAE R AT MR R BLE f A A5

x7T REIZWHAERHBEARMBREHE

Table 7 Damper placement schemes and objective function values of case two

] HARIZ MBS #Ai E R (X=Y) H % bR B (E S
ik = Ik
12 27 32 4 52 6= i /2
SAN FERNAND(110) 6 6 4 4 3 1 0.497 4 0.199 2
SAN FERNAND(160) 6 5 4 5 2 2 0.6131 0.1875
X H AR A5

NORTHRIDGE 7 4 5 2 3 3 0.4986 0.149 2

X5 Y & A0 5 6 5 4 4 3 2
SAN FERNAND(110) 7 7 5 3 2 0 0.5156 0.188 4
A SAN FERNAND(160) 6 7 5 3 2 1 0.6216 0.2309

%2 18 3T 7

NORTHRIDGE 6 6 5 4 2 1 0.503 6 0.1398

X5 Y [ &40 6 6 5 3 2 2
SAN FERNAND(110) 4 4 4 4 4 4 0.4825 0.2319
TR SAN FERNAND(160) 4 4 4 4 4 4 0.592 5 0.2126
NORTHRIDGE 4 4 4 4 4 4 0.4816 0.164 3

55 I 5 KA LE A [ BELJE 6 A 8 5 vk 1 f R 2
6] 32 7% 3 R DRREE 2 e JEE KA BT AR . X T
RIZEILA 1, BUH B LA 5 ik 5 2 T2 i 3T 9k 19 1%
li] A 2 BE W AL 98 H AR 1/200 B9 25K, i 7E A

R, TR BT 1.2 J2 1Y JZ 18] L 7 £ oK BE I
AR HAR, W 12 B o SR AE T8 R ik
JE S B ORMBEE fr B AR R, S EUE R IR AL
Ik K Al 2 18] 6 4% s R RE Wl A el H AR o X 1
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Fig.12 Envelope diagram of maximum inter-story

displacement angle
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Fig.13 Envelope diagram of maximum floor

acceleration
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Fig.14 Objective design of case two
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Fig.15 Generative design of case two
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V- T A7 BB JE 4% S 8O RS TR 2.4.6.8 .10 Al
12 JZHE 25 K 19 3 B A A0 AL SR 808 40 i 0T 5 3%
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B ) T R TR AR ) AE 2R 45 4 43 5 1F
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Table8 The time of calculation
®z e 5 ] /min
figs Bt WA E BZ2EEE TR

2 8 8 30 20
4 16 10 60 45
6 24 14 90 68
8 32 19 120 80
10 40 24 150 98
12 48 32 180 150

H1 22 8 F AT, XU H i A1E Ak 37k A BHLJE A 18 10 A
B T a) BE R = R - B e A B 3 K
K, Him/hFZ Rk S TR . SUH AR
WRE TS A B, A R R A PR DR
LA T R JZ R i AT FROCAR 7, l PR 5

B KB )Z N B B R JZ R #% A, e 7 A
BEL G 2 A2 T B R 0 1 [ 5 2) R X H bR AR R 5
2 AP R S 5, AR IR B R 100, BE BB R TE 1k
S5 R BLT, SCRE B R R AR AL Ak 358 i T s ] 1T 32
23 T RS ) R, B R R AR T AR
fdt FHA R o0 Bk 2 AR 3808 8 o 5 BHLJE % i 72
MR HEME T A NS . TR B
6] 57 F P 2 22 181, J2 ol TR O ] LU AR 2 A v
e B 28 30 ol /0 22k AR UCH, AT B T b 5 B B JE
U ) A
4.4 FEAHEIFMNIERIERE

HHT, w6 DA 7 P 48 bR E 09l SHE JD
M E/NTEA G FE A TS B AR A L
JE T A TR 250 S R R . L,
PABUHL 3 27 1 Be 00 06 45 ok 48 31 T A VE A 48 bR
I FAH ao 1 XT BEJE 5 - T8 A7 & AH LM 25 & 1T
febr Ef G SE , DL TR ) — Rl e Ay BT T
FR UM 1 BELJE 2% 188 1) A B, JF i 12 FfAS [ oF- 1 A7
B D15 0. (EAR UL Y2, BAR TR 2R 4
SR FH B 29 BELE 25 76 BSOS AL R, (H 7E S BR
T AR AE— R BRI BE 43 56 55 44 A 4L 5% 7= A S
28 3 A4S B AN W] 1 8 Ay 2T A E 48 25 4 41 5
JE 39 L R0 2 TEA AR A O AR R B9 XY U ) B R A
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B, DL R AR 28 5 R EAS, I3 9 i . 3
e, 2 R 1 AR i 0 Y 052 8% HE R ORI T I N 3% 7 32 E
FTVH2 SRR B0, 057, B0 TR Vi 3 3 19 4
EEJAMALE R 0. 785 9, e KL i B L ¥9(E Jy 1. 173,

W 12 B 1o A XA 40 B 4 SR 4 i 7 1R 16
H BT RUE AR R 22 5 B 25 A M E<<a=0. 1

IS, ] ORIE AR BT 5 TR U B T A T R ) b 22
SAE 1000 LA fie R AL FE A0 8%t 22 5 78 500 A,
FLAH 5% Al 301 L | 5% 37 #% LU 23 i) il R ML SE B OR 1Y
0.9.1.60 Zfl— Z M0 — py AU 22 5 B 25 5 48
b E 37N T 0.1, 8] 32 B AR BR BT 190 265 A i i -
TE A 9 A5 R P ) S PERE R

=9

HHHEEP ABETEE

Table 9 The torsion period ratio, displacement ratio and E value of the structure

5T R 5 TR
HUEL I HLEE R B AL (1R FIE 2 4
MFHE RS BN T, g TR BRHLE R 1 ?Wﬁ;
1 R )
' YOWER/Y% X Y 1k il WEER/Y%
1 1.1850 0.9313 0.7859 0 1.173 1.173 1.1730 0 0
2 1.2019 1.0321 0.858 7 9. 26 1.205 1.205 1.2050 2.73 0.080 9
Xt R 3 1.2011 1.1612 0.966 8 23.02 1.258 1.257 1.2575 7.20 0.316 2
4 1.1885 1.159 2 0.975 3 24.11 1.264 1.263 1.2635 7.72 0.072 3
5 1.1897 1.154 3 0.970 2 23.45 1.264 1.263 1.2635 7.72 0.2304
6 1.2005 0.971 2 0.809 0 2.94 1.190 1.212 1.2010 2.39 0.176 1
7 1.212 3 1.0147 0.8370 6. 50 1.450 1.442 1.446 0 23.27 0.2490
8 1.2370 1.0011 0.809 3 2.98 1.539 1.531 1.5350 30. 86 0.316 2
AR X R 9 1.2260 1.007 5 0.8218 4.57 1. 560 1.422 1.4910 27.11 0.2871
10 1.1898 1.1584 0.9736 23.88 1.267 1.263 1.2650 7.84 0.1509
11 1.1899 1.1570 0.972 4 23.72 1.269 1.268 1.2685 8.14 0.197 2
12 1.1894 1.1570 0.9728 23.78 1.265 1.264 1.2645 7.80 0.3027
035y T 7035 JE RSB T, R AR T R 4% Bk X H AR R
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Fig.16 The correlation between mechanical properties

and evaluation indexes
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