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Seismic Behavior of Braces Buckled In-Plane

Student : Wei-Chien Tang Adviser : Dr. Cheng-Chih Chen

Department of Civil Engineering

National Chiao Tung University

ABSTRACT

This paper aims to design bracing members to achieve in-plane buckling
of the braces while subjected to compression, and to study the strength and
hysteretic behavior. The ways to lead the brace buckle in-plane are either
reducing brace section at both ends of the brace to form a hinge, or using a
connecting plate between the gusset plate and the brace to create a rotational
area to buckle the brace in-plane. Finite element analysis was conducted to
establish the numerical model for parametric study. On the basis of the
analytical results, six specimens were designed and tested to validate the
hysteretic behavior of the specimens. The results of the finite element analysis
indicate that for the brace with reducing brace section and a single gusset plate
the formation of the plastic hinge is not distinct because of the distinguish local
deformation of the brace web to which the gusset plate was welded; however,
the local deformation of the brace web can be attenuated by adding stiffeners.
The brace with reducing brace section-and double gusset plate can form
expected hinge at both ends of the brace. Among the design variables, the depth
of the reducing section has major effect of the strength and local behavior of
the brace, while the width of the reducing section has minor effect. The brace
designed to have connecting plate can achieve in-plane buckling; however the
stress concentration occurred at the connection between brace and connecting
plate may cause the failure of the brace. The test results demonstrated that all
six specimens attained stable nonlinear behavior and dissipating energy. Four
specimens with reducing section achieved 4 to 5% rad of the interstory drift
angle, buckled in-plane, and fractured at the middle of the brace as predicted in
the analysis. One specimen behaved premature failure of the fracture due to the
crack occurred at the middle of the brace because of the less reducing section



causing higher stiffness at the brace ends and large deformation at brace middle
part. Moreover, the braces in-plane deformation of the brace with double gusset
plate is larger than those with single gusset plate. The test results revealed that
one of the specimens with connecting plate fractured at the connecting plate
owing to the direct force transferring between gusset plates and brace flanges,
losing the concept of the effective width of the connecting plate. The other
specimens with connecting plate failed due to fracture occurred at the weld
between the brace and connecting plate, causing by the weld defect. In
summary, the brace designed by reducing section at both ends can achieve
in-plane buckling of the brace, possesses. typical inelastic behavior, and
dissipate energy.

Keywords: Special concentrically brace frame, buckle in-plane, gusset plate,
reduce section.
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% 3.1 RS 47472, 43

PRERLFZELRL | VLR | ZVER | BEFELASN
ST W R “b” “c”
“a”
0 05d 0.06 bs HiE L
(al) (b1) (c1) (S)
0.5 bs d 0.10 bs e
(a2) (b2) (c2) (D)
bs 2d
(a3) (b3)
HeY (b EFEIR
d=p 4 iRk
% 32 RS AR 2% b i &
Models PIEEERE | PV E R ZAliERE | EEFREL
@ 3%,3'%’5%& “b” “C” ?tll ;\‘
i PEEd
‘SaQ,
alb2c2S 0 d 0.10 bs HiE L
alb3c2S 0 2d 0.10 bs HE L
a2b1c2S 0.5 by 05d 0.10 by HE L
a2b2c¢2S 0.5 bs d 0.10 b¢ HE L
a2b2e¢2D 0.5 by d 0.10 bs B 2
a2b2c1D 0.5 b; d 0.06 bs B
a3b2c2S by d 0.10 b¢ H x4
a3b2c2D by d 0.10 b¢ 2=
#3838 CP 7 Alz & m&
A i | BEFELER | FEEFERE | & &4 | Clearance
TR tep (MM) ty, (mm) siEa Length
W
CP1 1.00bg 14 12 s 3.0t
CP2 0.75be 22 25 2.0t
H ¢

-

: be=Whitmore 7 »z % &
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134 ARG R A

Models A FE ~ £ 4 (kN) A~ RS (KN)
alb2c2S 2154 1470
alb3c2S 2089 1264
a2bl1c2S 2250 1356
a2b2c2S 2050 1679
a2b2c1D 2051 1643
a2b2c2D 2050 1679
a3b2c2S 2235 1552
a3b2c2D 2232 1809
CP1 2035 1072
CP2 2071 1261
%235 A#FEARE: £
Models Ay gL g -2
\Von Mises (MPa) \Von Mises (MPa)
30% | 30% | 05% | 05% | 30% | 30% | 05% | 05%
(comp) | (tension) | (comp) | (tension) | (comp) | (tension) | (comp). | (tension)
alb2c2S | 583 468 398 380 659 580 430 415
alb3c2S | 577 461 404 369 657 526 421 407
a2b1c2S | 588 455 408 375 514 493 400 402
a2b2c2S | 588 453 409 390 419 449 390 395
a2b2c1D | 575 452 409 396 526 457 404 402
a2b2c2D | 575 433 407 394 565 491 424 413
a3b2c2S | 589 473 393 383 364 477 381 388
a3b2c2D | 690 457 416 388 674 519 438 419
CP1 604 498 466 446
CP2 600 465 464 496
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% 36 A 1747 PEEQ %

Models Mipe gL 2 ¥ Jew
PEEQ PEEQ
3.0% 3.0% 3.0% 3.0%
(compression) (tension) (compression) (tension)
alb2c2S 1.29 1.37 2.31 2.48
alb3c2S 1.36 1.44 1.97 2.12
a2bl1c2s 1.33 1.41 0.72 0.80
a2b2c2s 1.30 1.38 3.60 3.81
a2b2c1D 4.98 5:3% 1.40 151
a2b2c2D 4.42 4.72 2.85 3.00
a3b2c2S 1.30 1.37 0.01 0.02
a3b2c2D 247 2.97 2.33 2.47
CP1 2.43 2.47
CP2 2.52 2.45
% 4.1 RS 47|82 4#k
Specimens | p & EFZERB | W RE | THIFER | EEF
aE W REER “b” “c” sk
“a” (mm) (mm) (mm)
RS1 0 0 2d 300 | 0.10b¢ | 15 | H&EZEF
RS2 bs 150 d 150 [~ 0.10bs | 15 | Hix &
RS3 0.5 b¢ 75 d 150 | 0.10bs | 15 | & &
RS4 0.5 bs 75 d 150 | 0.06 by 9 | &b
o A=A SRR A EF TR
Specimens % &k & #3547 o L fn oL
(mm) (mm) KL/r
RS1 2546 70
365x533 BH150x150
RS2 2396 66
RS3 x12x12 2962 82
241x366
RS4 2962 82
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442 CP jis|@mz 24

Specimens | it ¥ | @i FEE | e ER | & &1 | Clearance
TR tep (MM) t, (mm) siEa Length
W
CP1 1.00bg 14 12 e 3.0t
CP2 0.75bg 22 25 e 2.0 t
# ¥ : bg=Whitmore 7 »z % &
Specimens | i 4 | HEEHF < &L %7 o L fmE bl
&+ (mm) (mm) KL/r
(mm)
CP1 393%x432 223%x343 BH150x150x 3280 89
CP2 295x394 208x280 12x12 3338 91

% 4.3 EREBLIE FN

Specimens o

RS1 AT Y B R IR R o AL gL 4 g7

RS2 RIFe BLE 8 H ek 3V HRy 0 AR Y B 4 R

RS3 AP BRI B N 30 0 g F WA ALY
PR 2 WA

RS4 ALAF D R e ek IR R 0 ALY B 4 e

CP1 B E L BA o vl E 2 U

CP2 LR S VLR VIR S e T SR
MR e 2 WA
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%44 BiHEvEskES

Member | Thickness | Yeild strength F, Tensile Strength F,
(mm) (MPa) (MPa)
Brace Flange 12 392 525
Brace Web 12 394 524
Connecting 14 403 536
Plate 22 454 619
Gusset Plate 15 381 515

145 ERA B A 4

SR | B b A | Bk | > B R | R SR | LR R

PR | ERGE | i R | fEIEE | WA

(kN) (kN) (KIN) (KN) (kN)

RS1 2100 1594 2009 2304 1336
RS2 2115 1583 2009 2304 1400
RS3 2119 1490 2009 2304 1157
RS4 2151 1754 2009 2455 1157
CP1 1963 1238 2009 2886 1017
CP2 2067 1311 2009 3404 993
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746 6 mAFh SRR EERALERAE L

Specimens l:)TB,test(kN) Pcr,test(kN) I)cr,post(kN) %(%)
RS1 2100 (3.0%) 1594 195 (4.0%) 12.2
RS2 2115 (3.0%) 1583 159 (4.0%) 10.0
RS3 2119 (4.0%) 1490 209 (4.0%) 9.7
RS4 2151 (4.0%) 1754 210 (4.0%) 12.0
CP1 1963 (2.0%) 1238 140 (2.0%) 11.3
CP2 2067 (2.0% 3 158 (2.0%) 10.1

PII ST EN
£ PTB test“‘”’t;f? g i '

CI' test™’"

PCI' DO
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Axial force (KN)

Axial force (kN)
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3, Mises

SMEG, (fraction = -1.0)

(Avg: 75%)
+5.085e+02
+7.41l6e+02
+6.746e+02
+6.077e+02
+5.408e+02
+4.73%+02
+4.070e+02
+3.401le+02
+2.732e+02
+2.063e+02
+1.394e+02
+7.245e+01
+5.535e+00

3.0 % IDA

Bl 3.8 #-7] a2b2c2S 2. ¥ E x4~ v B

=
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3.0 % IDA

PEEQ

SMEG, (fraction = -1.0)

(Awg: 75%)
+3.600e+00
+3.300e400
+3.000e+00
+2.700e+00
+2.400e+00
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S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
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S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
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S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%0)
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8, Mises

SNEG, (fraction = -1.0)

(Avg: 75%0)
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S, Mises

SNEG, (fraction = -1.0)
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PEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)

2.07
1.56
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alb2c2S

PEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)
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PEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)

3.47
2.60
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PEEQ
SNEG, (fraction = -1.0)
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PEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)
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PEEQ
SNEG, (fraction = -1.0)
{Avg: 75%)

2.64
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PEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)
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SNEG, (fraction = -1.0)
(Avg: 753%)
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Inplane displacement (mm)
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Axial force (kN)
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Inplane displacement (mm)
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Accumulative energy (kN-m)
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Accumulative energy (kN-m)
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Accumulative energy (kN-m)
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Strain
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Story shear force (kN)
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Story shear force (kN)

Axial force (kN)
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s, Mises

SNEG, (fraction = -1.0}

(Avg: 75%)
+7.356e-+02
+6.743e+02
+6.130e+02
+5.517e+02
+4.904e+02
+4.291e+02
+3.678e+02
+3.065e+02
+2.452e+02
+1.83%e+02
+1.226e+02
+6.1308+01
+0.000e+00

#1 RSL AL35 (7 ;

3, Mises

SMNEG, (fraction = -1.0)

(Avg: 75%)
+7.356e+02
+6.743e+02
+6.130e+02
+5.517e+02
+4.904e+02
+4.291e+02
+3.678e+02
+3.065e+02
+2.452e+02
+1.83%+02
+1l.2z26e+02
+6.130e+01
+0.000e+00

B 5.6 F® RS2 £4Fi7 5 &2 o478 5% #1(3.0% 5% & IDA)
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S, Mises

SMEG, (fraction = -1.0)

(fvg: 75%)
+5.741e+402

+4.3066-+02
+3.527e+02

+1.314e+02

+1.435e+02
+9.568e+01
+4.784e+01
+0.000e+00

Bl 5.7 3248 RSIALFF 7 4 &1 4 478 % 1t #(3.0% 353 IDA)

3, Mises

SNEG, (fraction = -1.0)

(AvE: 75%)
+5.7d1e+02
+5.262e+02
+4.784e+02
+4.306e+02
+3.827e+02
+3.349e+02

+1.914e+02
+1435e+02
+9.568e+01
+4.784e+01
+0.000e+00

B 5.8 48 RS4A A4y 42 44553 5% v #(3.0% 5% & IDA)

111



ssssss

Py

B] 5.9 248 CPL AL 7 % 245 5 b 42 (2.0% 3872 IDA)

B15.10 48 CP2 A7 & &2 5.8 %+t #2(3.0% 3% & IDA)
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® 5.11

FEEQ

(Avg: 75%)

+3.350e+00
+3.070e+00
+2.791e+00
+2.512e+00
+2.233e+00
+1.954e+00
+1.675&+00
+1.396e+00
+1.117=+00
+8.5374e-01
+5.553e-01
+2.791e-01
+0.000e+00

PEEQ
SNEG, {fraction = -1.0}
(Awvg: 75%)

+3.658e+00
+3.536e+00
+3.215e+00
+2.893e+00
+2.572e+00
+2.250e+00
+1.929+00
+1.607e+00
+1.286e+00
+9.644e-01
+6.429e-01
+3.215e-01
+0.000e+00

SMEG, (fraction = -1.0%

PEEQ

SNEG, ifraction = -1.0)

(hwg: T59%)
+3.350e+00
+3.070e+00
+2.791e+00
+z.512e+00
+Z.233e+00
+1.954e+00
+1.675e+00
+1.396e+00
+1.117e+00
+8.374e-01
+5.583e-01
+Zz.791e-01
+0.000e+00

PEEQ
SNEG, (fraction = -1.0)
(Awg: 75%)

+3.858e+00
+3.536&+00
+3.215e+00
+2.893e+00
+2.572e+00
+2.250e+00
+1.92%e+00
+1.607e+00
+1.286e+00
+9.644e-01
+6.429e-01
+3.215e-01
+0.000&+00

#4 RS k72 PEEQ & % (3.0% 7% & IDA)
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Pee
SNEG, (fraction peeQ
(e 7)o SHEG, (fraction = -1.0)
o :
+1:831e400 (Ava: 75%)
T1i6eser0n +3.193e+400
Tiiageeton 121527400
ety Y2.5616400
Hieseion 151398e 400
556 Y21123e400
32 Ge2e400
Teesre g0z i00
41535 13306400
pcieritin Yidedei00
Higeaen 47.9826-01
0050800 45537001
Bk ey
F0.0005+00

B 5.12 #%8 CP k3|2 PEEQ » f# (2.0% % 3.0% 3 & IDA)
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