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TOPOLOGY OPTIMIZATION OF LATTICE MEMBER
OF EARTHQUAKE RESISTANT LATTICED WALL FOR SEISMIC RETROFIT
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Tomohiro MIKAMI, Makoto OHSAKI and Hiroshi TAGAWA

Construction method to install earthquake resistant latticed wall in the existing building frames is effective, from the viewpoint of

business continuity during construction, and from the viewpoint of transparency after completion. Furthermore, to reduce vibrations

and noise during construction, it is desirable that welding or anchor bolt joining is not required between latticed wall and the existing

building frames, and various methods have been used. However, the current methods of retrofitting have uniform shapes of the brace,

so the seismic performance and permeability are not efficient enough. In this study, a shape optimization approach is presented for

improving mechanical property. The existing beams, columns, and the members in latticed wall are modeled using beam elements,

and the contact between latticed wall and the existing building frames are evaluated using the penalty approach. It is shown that

various shapes can be generated by solving nonlinear programming problems considering structural weight of latticed wall and

horizontal stiffness of the frame.
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Table 2 Specification of lattice.
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Fig. 1 Reference model.
Table 1 Specification of existing frame.
Cross- Moment of Youne's
Width Depth sectional inertia of g
area area modulus
B(mm) | D(mm) | A(mm? I (mm?) E (N/mm?)
Column 700 700 490000 2.001x10%° 2.06x10*
Beam 450 700 315000 1.286x10%° 2.06x10*

. Cross- Moment of ,
Width Tf;glsi sectional inertia of Young's
area area modulus
B(mm) | 7(mm) | A(mm? I(mm*) E (N/mm?)
. 0.25 or 18.75 or 9.766x1072 5
Lattice 75 25 1875 or 9.766x10* 2.05%10
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Fig. 2 Master and slave nodes of contact element.
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Fig. 3 Variations of normal penetration and tangential

displacement difference with respect to penalty coefficients.
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(c) local optimal solutions for 1/200 (d) axial force for 1/200
Table 3 Results of reference model.

Drift angle Vo Ro o) No
(rad) (m3) (kN) (N/mm?) (kN)
1/250 0.133 1836 322 584
1/200 0.133 2296 402 730
1/150 0.133 3063 536 974 (e) IocaI optlmal solutions for 1/150 (f) axial force for 1/150

Fig. 4 Results of Problem 1.
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Table 5 Results of Problem 2.
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Table 4 Results of Problem 1.

Drift angle \% R Oimax Nimax
(rad) (m3) (kN) (N/mm?) (kN)
1/250 0.099 1806 313 548
1200 0,098 e 316 580 (c) local optimal solutions for 1/200 (d) axial force for 1/200
1/150 0.098 2088 324 587 ’
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Fig. 5 Results of Problem 2.
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Table 6 Results of simplified model's analysis of Problem 2.
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1/150 25.0 0.087 2051 314 566
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Table 8 Results of reference model.

Drift angle Vo Ro oo No
Table 7 Results of simplified model’'s analysis of Problem 2. (rad) (m3) (KN) (N/mm?) (kN)
7= (62.5mm, 50.0mm, —) 1/250 0.213 2404 329 603
;‘;E T v R . Ninax 1/200 0.213 3007 411 754
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Table 10 Results of Problem 2.

Table 9 Results of Problem 1.

Drift angle \Y R Omax Nmax
(rad) (m?) (kN) (N/mm?) (kN)
1/250 0.098 1640 308 561
1/200 0.099 1969 302 554
1/150 0.100 2136 316 568

;EE R v R G Nimax
(rad) (kN) m) ®kN) | (Nmm?) | (kN)
1250 | 1620 0.091 1635 306 563
1/200 | 1930 0.086 1937 290 533
1150 | 2110 0.091 2123 319 567

(a) local optimal solutions for 1/250 (b) axial force for 1/250

(c) local optimal solutions for 1/200

L

(e) local optimal solutions for 1/150

(d) axial force for 1/200

(f) axial force for 1/150
Fig. 7 Results of Problem 1.

- Problem 2 & D /MBI

Problem 1 Ofif % HIMfE & U7 B/ MU 2 R <, SRS
D12 ThDHKFEFAK IO f/MEIE, Problem 1 T/ b AL7-fE &
D FET/NE 72l (1620kN, 1930kN, 2110kN) &35, Z DD,
JE8 25T #4 (1/250rad, 1/200rad, 1/150rad) i %4 % AT b 5 %
Table 10 (Z/RT, MEMAE FREOBIR EZBREL Fig
8(a),(0),(e)iz, /D%l %z Fig. 8(b),(d),DIZ~T,

IRFEI (0.091m3, 0.086m3, 0.091m?) ¢, Problem 1 @ (92.7%,
86.6%, 91.0%), HUEET LD (42.7%, 40.2%, 42.5%) T/

(a) local optimal solutions for 1/250 (b) axial force for 1/250

(c) local optimal solutions for 1/200 (d) axial force for 1/200

o —

(e) local optimal solutions for 1/150 (f) axial force for 1/150

Fig. 8 Results of Problem 2.

- NWTE & A o I A R LB T L OIRE

Problem 2 OfE /NI (T=0.25mm) & 7Ro72EMZ2REL T
IS RHT AT o 12 fE B %4 Table 11 (28§, KFEH MR AT
(1018kN, 1433kN, 1435kN) T, Problem 2 ® (62.3%, 74.0%,
67.6%) 272> TW5, —J, mK&ISIE (1013N/mm?, 1253
N/mm?, 1804 N/mm?) TWIhb o, ZBATND, ET V1 L
B, 1 DOHIRIC 1 FROKTHMOBBEY <56, RERENE
JEEFRATICAE O YEZE R OB MER L, ARSI 2
RERMTEENAEL, ZIUTHEWREOMIERT &t DK
BELEZ LD EEZLND,




Table 11 Results of simplified model’'s analysis of Problem 2.
7= (25.0mm, 25.0mm, 25.0mm)

;;E T v R i Nimax
(cad) | (mm) m) &N) | (nmm?) | (kN)
1/250 25.0 0.090 1018 1013 162
1/200 25.0 0.085 1433 1253 502
1/150 25.0 0.098 1435 1804 161

T 2REL L THRTHMOBTRIEZ K& T L, RRKEISH%E
o, LFIZF 2 2 L3 TE %, T= (50.0mm, 50.0mm, 50.0mm)
DA OFFENTHE R % Table 12 127”3, BT /v 1 & R, RENTTIE,
MBI N BB SN TWD DT Tidia<, EBEICITEMIERZB5 <
DI TERELTDL LITEREIED EZHR T ILERD D,

Table 12 Results of simplified model’s analysis of Problem 2.
7= (50.0mm, 50.0mm, 50.0mm)

;;E T v R G Nimax
(cad) | (mm) m) &N) | (vmm?) | (kN)
1/250 50.0 0.180 2202 281 962
1/200 50.0 0.169 2363 231 733
1/150 50.0 0.179 2408 239 783

7. ETILTEETIL2DFEDLE

7/ 1 EET L2 D Problem 2 Ofif% Table 13 ([ZHFiE T 5.
BN T RCRABREICR> TWBDIIx L, KEHMK A, HEH
WA 1/250rad TIEET V1 DOHMRET N2 LY K& <, 1/200rad
BLO1/150rad TliE, ET AV 2DOFNET V1 LDV KEL 25T
W5, FERIITITEHM OBRENRZNET L 2 DN, KEH MK
NBRERMPFONDBEEICH D EEZOND, 2L, EEE
JEA4 1/250rad Tl, E7 /L 1 TIHAEEET VTR L T DT
MRV olzxf L, TF7 V2 TEHBRLTW A MR b o7, E
TV 2 DFEHEET NV TlER b AN < K T-BEDSHA R I B D%
THBBEIRL, SIS LD SR T RED BRoN 7 E, <
TN 1 DOHBRKEHTRRNNKRERIREGEONTZEZZOBND,

Table 13 Results of Problem 2 of model 1 and model 2.

Model 1 Model 2
Drift angle
\Y R \Y R
(rad)

(m) (kN) (m) (kN)
1/250 0.095 1802 0.091 1635
1/200 0.098 1800 0.086 1937
1/150 0.087 2078 0.091 2123

8. F¥L&®

K THRONTERRIIUTOLIICELDBND,
1. MERAHIRAS TBEICER S D & F & E 7 I A IERE A AR
& HRB L BRI MEIC B A TROBILZ FATT 2 2 LIT LD,
ENENDBEEH ST U TR 72 M R A 3R A& 1 BE D TR A

BFohd,

2. KM EBEFEIHM OBICEAERARE L, £HMME 1 S0
Beam-Column EHZ CET /WL LT, WM EEEEEETIHK
LT 5 Z Lk > T, O AWK L CRITEM I TR
T 2EMEEZAINT 2 2 LN &5, Rk, LBHIER
BRSO TERELT D, b LITEEIED AT 570 E
ORI E Y, ACPRITEZ Hefk Lad 5, BEk L 7= i S
MTREAZRD Z LR TH D,

3. BxRL_NVOBHEERMALZ G X TRELTHZEICEST
BEAFEE ) O ZETENERR IS LT BRI ATRECTH 5,

4. EBBRFH~OWAEEZ DL, SESERMEREEHIK LI Kk
LRIEE B2 DVERH D, LL, FIEED ETREZH 5
NUDHET 2 Z LEBRRERGAENREL L, 20 X5 G,
A TR Lo & 9 B R R (b A H I TH 5,

B
AR O—EIL, AARPINRESR 2 E GERME B) , RF  KIE
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