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Seismic Retrofit of Spatial Structures Using Buckling Restrained Brace
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Abstract

In this study, the seismic performance and behavior characteristics of the upper truss structure of the large stadium are
analyzed by nonlinear dynamic analysis. In the nonlinear dynamic analysis, the earthquake records were generated by site
response analysis to simulate the nonlinear behavior of the relevant soil condition where the structure is located. Nonlinear
dynamic analysis was performed using Perform-3D and the nonlinear properties of the substructure and the superstructure
were determined in accordance with KISTEC guideline. According to the analysis results, excessive deformation occurred in
the upper truss element, and plastic hinges exceeded the target performance in some members. Buckling-restrained brace is
used for seismic retrofit of stadium structures and the analysis results shows the interstory drift satisfies the target

performance level with dissipating the seismic energy efficiently.

Keywords : Spatial structure, Nonlinear dynamic analysis, Seisimic performance evaluation, Buclding-restrained brace, Seismic

rehabilitation

A, MEZEINGE W7edTA A9dTd
Metro T&C Co., Ltd.

o A5, NSt AFFs} W, T}
School of Architecture, Seoil University

= A5, Fs A% @, gl
School of Architecture, Yeungnam University

ek A AR}, R34, HEZEANGE) WR7EATA
2%, Fshpat
Metro T&C Co., Ltd.
Tel: 02-2008-1420 Fax: 02-2008-1429
E-mail: joonho.lee.97@gmail.com

109 FERERG A AR AH 7ASE9 )
s FEES 709%Hs T 568HER 7.9%°0 Es)

o
w 7 ASFES 204%, 33 ANAEESY B9 55.7%

otk Fj BE3t A7 F 30%E WA A
wreds) 2] pok A M7 e WAl wgel A
3 A7golk

A=A g Bl 2004 WAL 1 AER
o WaAEE 2 Badde A sl 57




(b) Spatial roof truss
(Fig. 1) Spatial stadium structure
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(Table 1) Material property of column

] Rebar data
Section Size . Hoop
(nm) Main
End Center
Cl 500x540 20-6-D2 2 - D10 @150 2 - D10 @300
C2 500x500 20-6-D2 2 - D10 @150 2 - D10 @300
C3 540x540 16 -5-D2 2 - D10 @150 2 - D10 @300
4 730x730 28-8-D2 2 - D10 @150 2 - D10 @300
5 450%450 12-4-D2 2 - D10 @150 2 - D10 @300
C6 540x540 20 -6-D2 2 - D10 @150 2 - D10 @300
(Table 2) Material property of girder
. Rebar data
Section (ilirel) Exterior Interior Stirrup
Top Bottom Top Bottom End Center
1G1 800x500 12 - D22 8§ - D22 12 - D22 §-D2 2-DI0@2 2-DI0 @25
1G2 600%350 6 - D22 3-D22 3-D2 3-D2 2-DI0 @20 2-DI10 @40
1G3 500800 10 - D22 6 - D2 6 - D2 6-D2 2-DI0 @25 2-DI10 @50
1G4 400=800 8§ - D22 4 - D22 4 - D22 4-D2 2-DI10 @25 2 - D10 @50
1G5 350x500 8§ - D2 3 - D2 3-D2 3-D2 2-DI10 @00 2 - D10 @00
1G6 500x800 10 - D22 5-D22 5-D2 5-D2 2-DI0 @50 2-DI0 @50
2G1 400x700 8§ - D22 8§ - D22 8§ - D22 §-D2 2-DI0 @50 2-DI10 @50
2G2 300x600 5-D22 3-D22 3-D2 3-D2 2-DI0@25 2-DI0 @50
2G3 500x700 10 - D22 5-D22 5-D2 5-D2 2-D10 @50 2 - D10 @50
3G1 400600 6 - D2 4-D2 4-D22 4-D2 2-DI0 @25 2- D10 @50
3G2 300x600 5-D22 3-D22 3-D2 3-D2 2-DI0@25 2-DI0 @50
3G3 300x600 5-D2 3-D22 3-D2 3-D2 2-DI0 @25 2-DI10 @50
RG1 300600 5-D2 3 - D2 3-D2 3-D2 2-DI0@25 2-DI0 @50
RG2 300x600 5-D22 3-D22 3-D22 3-D2 2-DI0 @25 2-DI0 @50
(Table 3) Material property of truss
Section Size Material
MT1_T&B B - 150X150X6 SRT275
MT2_T&B B - 100X100X4.5 SRT275
MT3_T&B B - 90X90X3.2 SRT275
BT1_T&B B - 50X50X3.2 SRT275
BT2 H - 294X200X8X12 SS275
BT3 H - 294X200X8X12 55275
MT1_D B - 50X50X3.2 SRT275
MT2_D B - 40X40X2.3 SRT275
MT3_D B - 40X40X2.3 SRT275
BT1_D B - 40X40X2.3 SRT275
¥ T&B : Top chord & Bottom chord
D  : Diagonal member
SR g2 xekelx _107
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(Fig. 3) Response spectrum for analysis

2.3 HIME S5 siMof| et LiXl s Eot

4

dA FxE & BEHE x99 Xl HeH
FH A EfRS oy ATS 4] fl
Perform-3D" & o] &3l H|AY A S 53
St ohF B AR 729 BHIAE =4A=
A s He v f\lé:i (AEE) W3NS 9
7F2 #(2013)7S whet dstgich

TEEY I F7IE 13} BEAM 095732011,
ZisF Az Folgo] 873%E AFoA BEHO]
TSI 22k9} 33F REojMe A5 Ed2o
AT Yol WS 23} RES FUl=
0837%, A FA&L XWF2=E 882%°1H, 37
BES) F7)e 0849%, AF Fol&d YIFgo=

Eds *ﬂﬁéﬁ 1 7} R
Eg)2o Ag AR Bz Qs Xiak
Y& B S W@zl 247 1.32%, 1.34% 2 3
§ 27 WRAL 2o wAE 22 e A
B Ef2E 454muit A28 HE Evjze 57
wolg 270 Wyl APk

Moment Moment
M, M,
K,
My|------ My|------

Rotation

| Rotation

(a) Beam element (b) Column element

Force

(c) Truss element

(Fig. 4) Nonlinear property used in
nonlinear dynamic analysis

Deformation “™

(a) 1st mode (b) 2nd mode (c) 3rd mode
(Fig. 5> Mode shapes on example structure

Northridge EQ
San Fernando £Q
Tottorl EQ
Kocaeli EQ

Tabas EQ

Kobe EQ

° T T
002 001 0 001
Story Drift Ratio

(a) X-Dir.

L

° T T

Average of EQ
Loma Prieta EQ
Northridge EQ
San Fernando EQ
Tottori EQ
Kocaeli EQ

Tabas EQ

Kobe EQ

002 001 3 001
Story Drift Ratio

(b) Y-Dir.

{Fig. 6) Interstory-drift ratio on example structure

108 _Hl18A M4T S 743, 2018. 12



H|ZZ 7HME ol2et thazt == WiE 22 A4l

A7 71E

A7 7%

7700l gk FAE oA H At
25 vwE Ay EdAE 15.7%0]H Bl 7|5

vz} 56.6%, 27.8%<] oA
= IR F2E A5 Evj29] 1/4
T2 4 w99 AFL <Fig. 7>7 2tk 2/4

vk Holth

o=

A3} 3/4 A oNA el 3 W= 1/4 AFol ¥

& ok 243%, 31.7% Z7kebH ARE <k 33.6%,

25.8% 73k

100%

orthnidge san
CQ  FemandoCQ

= Truss ©Beam mColumn

(Fig. 7) Energy dissipation ratio of example structure

(a) X-Dir. (1/4 point) (b) Z-Dir. 1/4 point)
gm’ | ““‘ 7 1111

L L ) Y

(c) X-Dir. ( 2/4 point) (d) Z-Dir. 2/4 point)
Eol

i i I

§‘ ‘\“‘ : : ‘\“‘

(e) X-Dir. 3/4 point) (f) Z-Dir. 3/4 point)

(Fig. 8> Horizontal displacement and deflection of
each layer of example structure

3. HIZIE MME °I§2 YT BT

H|Z= 74l (Buckling-Restrained Brace, BRB)
HZ T4 FA(Core)s FF FH
8

g 2a0lE 5oz FAse] 34

=
LR

ol |5k

o 1—4 fr

pud
o
L

A7t d=E e o) FHZol I A o] #
ojufar QFgZQl o]y Ase FrF 2ioth
2z 7Mfell W3k 97 Yoshino & Karino(1971)°
7 Ads AT FaYE AdE A F A=t

AR A =S BEE A2E F 24 Aboldl A
Hdate] e FAlo] dig v slF AFPo=RY
e B el A8 Qe Felel vz
Z 7= MacKerell et al.(1998)] #l¢tatith
vl 7HlE F7HY v A 24k A2 R
Sl e w2 A2 A2 A% 0
ol B AuA] 24t ]i AR&-E Rt o}

Uzt 71E 7 229 Wik Fo FeE A%
AZFoRE 2838k gy FE Wil S31d
ZEeEet A% 34 FAVE M2 FREA 4

Z nnHAEE gk FARZ AR wRH A8
(Unbonding material)= 29 & IHPoisson
effects)ol] oJsfl = T4 FA)9] 4-5(Contraction)
7} 417 (Elongation) A Hege] HE<e RS W
At

A FEES] A% Ef Uil Bt ALSH
HlEz 7Mle <Fig. 9>9F 2om, AT T4 FA
£ dE 7B & wjAjsta 2AYE FA tiAl
A& viHE ARt Fes AEE At
A7 QAo @ F o] wske F7H2 Aol
ool RAAE o]gst] & HFol o3 Fe
A& HAS AT O]aﬂ B]JJr% Mg A A
G 84 A FAE 29 & AL R ARE
AHHA] ot He ZJ o] Atk

£ =RdAe Ae Egs A 5 MT1, MI2,
MT3¢] BANE BIF= 7P 2 B 3714 2dl
of Wal RIAY 4 NS s B A

229 X3 YHE 14 2= Asd F3¢

4 =
\A @ . I Ad
| | i 0 e
Sectional Plan G
I — = =8
& A-ASection @™

r
Sb

B - B Section C - C Section

(Fig. 9) Buckling-Restrained Brace (BRB)

sI@zazelx 109



MT2E BlF= 7Hi 2 233k 23, 5o X v

3 S Wzt 247} 144%, 6.7% HAsEA oW
=3k Aeolls v Reinh vz 7 B
Hof| wlal] FEAQN AUA] e B g

709 A7 7|20 s 339% Z7stglon, Kol
7158 242t 305%, 3.9% e AL el

HlE2 JE MT1S B39 3¢ AJ3 4
7

MT13} MT3S B738l= AR Wdeko] g5 0
2 ZAadhs Ao HTh

0 001 0.02
Story Drift Ratio

(Fig. 10) Interstory-drift ratio (X-Dir.)

@z Truss ©Beam mColumn

(Fig. 11) Energy dissipation ratio of retrofitted structure
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