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Seismic Tests and Finite Element Analyses of Buckling Restrained

Braces with a Replaceable Core Plate
Student: Sheng-Yang Chen Advisor:Dr. Chung-Che Chou

Department of Civil Engineering
National Chiao Tung University

ABSTRACT

This research presents theresults from component tests and finite element
analyses on a proposed type-of a steel buckling-restrained brace (BRB) with a
replaceable core plates, The proposed BRB is composed.of two components: (1)
a steel core element that carries theventire axial forces during both tension and
compression and (2) two restraining elements that are bolted to prevent the core
from buckling in.compression.-Since the [two restraining elements are easily
assembled and separated, the steel core can be replaced if it is damaged after
cyclic loads. Four full-scale BRB subassemblages were tested based on AISC
(2005) seismic provisions to investigate iné€lastic cyclic deformation capabilities
and verify theotetical predictions en the structural stability -of the braces. Test
results indicated: that three .proposed BRBs with sufficient out-of-plane
restraining stablyisustain severe inelastic_axial strain reversals up to 2.1%, and
develop a cumulative plastic ductility capacity much- higher than that specified
by AISC (2005). However, one BRB, designed with inadequate out-of-plane
restraining, experienced; global flexural buckling after a large number of
inelastic reversals. Non-linear finite element analysis conducted for each BRB
showed that the ultimate compressive strength and post-buckling behavior could
be predicted if the initial geometric imperfections were considered in the model.
A parametric study was also conducted for 18 BRBs using the non-linear finite
element computer program ABAQUS to further verify the effectiveness of the
restraining element and number of bolts to prevent the core from global and
local buckling. A design procedure for the proposed BRB was provided based
on the test and analytical results.
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2.6 (b)*777 > 2 s B AR L FERHERPERIE R R E, 2 B 4 f 3

4P axdg
L

w

/= (2-14)

He gipic B AEg AR Py s (220 0 L, 5 Q-13)% o @ &8

THRA KA L FHFA R LSS 2 o AR RTERPI L
e R o Flt FRE il R n A L LE B F A T
PR P cH AR BWARAR BRIRELABRAP P CHE LK
BEprarFliE Ao o ARTERAE 2 Biple 4 F G

L
Fo=fm =1 (2-15)

HY f5 Q145 0 L2 Po i i BE R « FI T REWRIFHRN,



FSF,

N, > i
b T, (2-16)
HY FSEx 28k T, 532 P8R - BFRFIEL 5 ¢
L, < Ly
b_Nb/2—l (2-17)

be B 2.6(c)# T o fdk By h A A e T E 4 AN, w4 F L

Lb
B=17" (2-18)

w

WF, (T% T35 G (A BT R F 234 V4% Von Mises "% &k 2 B

e RLEBGEER

O' =My1= 1

o, , — " (2-19)

L

YLt (2-20)
2 2

¢, =0 (2-21)

8> 09 0,

R FP 6 42 %
b, =b, +6d,

B iPe il ETR 0 d, S IRRE S

2.3.5 R AR R

d (2-10): REFKE ~2 FHETR FUE] REFFEPEPCHE
AR ERTRARR LA LR AN R L HORADL)
ko RIS e R AE 2 FHYTE PEPERARM S G
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M:=Z,F,  +Z.F (2-23)

wr Ly

He Z, Zid B FAE A2 g2 FR8 il F, 50 2 405 Rk
0 Z R R 2 e il F R R A AR
FREA e S RESFEMRFN AT RROBFFREL
WLE L E AL AR A R ST L e B2.7 7 0 I P-5=
ferceda 8 4 T 673 4250 5

d’(y = ¥y)

EJW——E;4L+ﬂmJy+G+@=O (2-24)
P E B E A2 BBl e i o sntnoiiye
EEA 2 2 dp¥E Al mm) 0 T 3 (2-24)5% PR

s e
yO —lSlnT (2_25)
(?:gﬁn%? (2-26)

R0 0 E A e B YELL000, L, b P B RN B2 B
LAY gibt ¥ A8 5 BEie( mm) #b(2-25)7VE (2-26)5¢ & ~ (2-24)
¢ 8BRS0

8_i+g+e

P
1 Fnene (2-27)
( 7;)

e

reE g N A A e A Y B EM S

I+g+e
Mmid - p max,g
1— max,g (2_28)
P

e

B (2-23)58E 3 Q2)F N TF REALFIRABRE THCE A RE 2 B

3 Yoo
%l?' maxg'-"' '
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g
M,
max,g g

I+g+e+

(2-29)

e

F Q20X A QDARB LR FA B EAEIPERLE <855 -

236 &It AR R

PP E AL F e BRIERE > bk g AL
By o R RABEH AR EENP AR L PICE AR
Wada % 4 (Wada et al. 1994) i3

RN e BOAL R
EAC R LT I

R

d*y(x)
Bl (2-30)
4() = hy( o)

L2 55 iR 1
¥ # (2-30)5¢

(2-32)

& (2-32)7 ¥

2 Prrvl‘;xl (2_33)
C2EI

Y

L (2-34)
Et IC

Mot AT AR 2 s S
A=2y"-¢ (2-35)

PR EE T RIS R R PG

max,] ™
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Pros =2\KE,I, (2-36)
bo B 2.9 4TF > FERAE A (FELAE L 200600 NERE AE 2L R
Fhy xR BEHRL G
ol

w

O
_doL, (2-37)
384E,1,, "

BYE cRAE ~2 HpsEE il [, 5 - BFIAE ~3 2 2A508 530
o ff e L 2-13); 0 s A E TR 2 25 i\li oInoue % 4 (Inoue
et al. 2000) Bk ts H ~g8 4 B B OB Fop 4 A0S ST - fp)7E ] A H
A2 {E* 4 i r At 4p A AR T R ¢ 2L Ao B 2010 om0 BRI A E A2

Y

SIS IR EY TS SRS ) | S R S

max ‘a‘ :

max T (2-38)
B (2-14)58 1 (2-38) N 7 (@
Pnilax,lng
]‘4max = L— (2—39)

FRIAE 2 hINREREEM EM | TT RGE RN R R4 P,

ax,/

!

p ==
max,l ng (2'40)

7}\752[';5*7;3* Inoue % 4 (Inoue et al. 2006)1%’3&\ B2k 7&‘7#‘ S H AR A
BHCGA AP AP A R - RER A 2 e st il
R ez ¢ B BRI AE A2 BRIy SRR T RERLE A
A4 BIE A FEM L

(2-41)
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#-(2-14)7 & x 2477 7

P max,/ ng
Mmax - L— (2_42)

FoRE- ERRE (- R - )2 BN REEM S

M Zlf Elyj + Zlanyc (2-43)

B Z, - 2FAE A2 62 PP 8 F, 50 2R R
P Z s ERAE R R AE LG Wk F,, 5 R TR
H2 RAE RS o A RRE A AR e M E M T T R
MR R P, e
ML,

gL,

ho B 211 #77  F ARHRS SRR G SR RITEE K e 2 B 4 pE o R ik
e BRcITF LT R @ FRE A S E $EM TSR

max, ~

(2-44)

852y 283 e M BN T KR R B gk P, F (2-44)

max, Z

FA(2D)FRP BRI EAFERETE BRI ~ure o

2.3.7 5 & (Inoue)
4o B 2.12 #7577 > Inoue®E A (Inoue et al. 2006)+& I &L 45 & 4 B §8 R Ay

E‘i‘? :',"&J'f;ﬂﬂ E"L'?’}PMmld * -

I+g+e
Mmid = T max,d
1 i max,d (2'45)
P

e

Fl% A4FY B $py > TV REEF RIS T4 Q 5

0 =Muu =M,

y (2-46)
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(2-52)

R ¥ (AISC 2005) % 4

m BRI PERRR S
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RIEH & Ay, 5 f LI R e R THBL R AT 2B LA,

5 & 421 0.01 5% & (AISC 2005) > &35k A, 3% T4 0.012 5 R (Pro % 5
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# 2.0 G HHRL T

Specimen . F F A572 Gr50 A36
No. Member | Location g " R, - F, R, = F,
(MPa) | (MPa) E, - F,
Core Plate 367 525 1.06 -
1 Restrained | Channel 274 425 - 1.10
Member | Face Plate | 441 558 1.28 -
Core Plate 372 528 1.08 -
2 Restrained | Channel 285 434 - 1.15
Member | Face Plate | 411 558 1.28 -
Core Plate 364 530 1.06 -
3 Restrained | Channel 285 434 - 1.15
Member | Face Plate | 411 558 1.28 -
Core Plate 375 506 1.09 -
4 Restrained | Channel 279 438 - 1.13
Member | Face Plate | 389 515 1713 -
% 22 Ry I R R
Specimen 1 Cylindore: 5 Average
No. (MPa) (MPa) (MPa)
1 57.6 56.6 57.1
2 58.9 55.0 57.0
3 60.6 55.8 58.2
%23 & 4ifﬁﬁ’K ) 3}%#’@ e e (GREE 4)
Cube No.( 5 cmx5 cmx5 cm) 1 2 3 Average
7 Day (MPa) 39 40 44 41.0
21 Day (MPa) 41 44 48 44.3
28 Day (MPa) 46 49 50 48.3
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%24 LRBWEPED R

Computed FElastic Stiffness
Specimen (kKN/mm)
No. c c
Ky Kl KC Kyt Ktotal
1 236 5159 10230 216 207
2 236 5159 10230 216 207
3 236 4946 10230 215 207
4 236 5255 10230 216 208
# 25 L FM e
Bolt
Core pPlate Restrained Member
(A490 3/4in)
Specimen LA Channel If Ic [Con Spacing
No. b, t, and = I, g (mm)
Length 1 B 1 . ’ No.
(mm) | (mm) Face Plate "8 & 7
(mm) (mm4) Lb
(mm) (%) | (%) (%)
150x75x6.5x10
1 150 22 2800 3 68 29 44432996 | 32 186
270x12
150x60x4.5x4.5
2 150 22 2800 5 54 41 22582066 | 32 186
270x12
80 72
150x50x4.5x4.5
3 150 22 2800 7 54 39 16738929 | 28 216
270x12
16 432
150x35x4.5x4.5
4 150 22 2800 11 53 36 10078747 | 16 465
270x12
Note : [, , 7 7 %30 B & 8 ~ o7k o2 RT3 If 12E
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%26 L@REWAITE
Core Plate Restrained Member Bolt Number
Specimen w i
pN Py Pmax d LW })e ])e max,g Pmax,[ Pmax,[ Pmax,l Ni N Safety
0. ’
P P P P P b b Factor
(N) | &N) | (mm) | kN) | 7 Y Y Y g

1 1211 2252 210 7792 6.4 4.7 14.5 10.9 12.7 10 32 3.0
2 1228 2265 208 3949 32 2.5 10.2 6.1 6.3 20 32 3.0

8.6 13.1 14.0 44 80 7.4
3 1201 2274 211 2943 2.5 2.0 8.6 4.4 4.8 44 28 2.6

8.6 2.1 2.3 44 16 1.5
4 1238 2171 208 1758 1.4 1.2 5.8 1.3 1.3 40 16 1.5

27 FRE AR TR PSR e T R b < 2 B R
; Cumulative
[ Brace | Maximum )
Story Brace Axial . F ] Plastic
Test No. of . ) Axial Ductility Plastic .
Drift Deformation ' . Ductility
Phase | Cycles Strain Ductility
(%) (mm) [
(%) K.

Ay 2 0.38 5.3 0.19 1.0 0.0 0.0
0.5A,,, 2 0:6 14.8 0.53 2.9 15.2 15.2
l.OAbm 2 1.2 29.6 1.06 5.7 37.6 52.8
1.5 Apm 2 1.8 442 1.58 8.5 60.0 112.8
2.0Abm 2 24 59.1 2.11 11.4 83.2 196.0
2.5 Apm 2 3.0 73.9 2.64 14.2 105.6 301.6

%28 2eFEpped
Steel Concrete Concrete Total
Specimen Price
Weight Volumn Weight Weight
No. R (NT Dollars)
(kg) (m’) (kg) (kg)
1 470 0.06 144 614 39583
2 453 0.05 120 573 39583
3 439 0.04 96 532 41455
4 420 0.03 72 492 49624
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23,1 FHEAEE S el

Relative Deformation
Specimen Restrained between Center and
No. Member End Location
(mm)
1 1
1
2 1
1 2
2
2 2
1 3
3
2 2
F 3.2 PR A R E
Ay 0.5Avm 1.0Asm 1.5A bm 20Aym 2.5Avm
Specimen | Test
Location '{ 8=5.2mm | 6=14.8mm | 6=29.6mm | 6=44.2mm [ §=59.Ilmm | 8=59.1lmm
No. Phase
(mm) () (mm) (mm) (mm) (mm)
Top 0 3 8 13 19 -
1 First
Bottom 1 11 18 28 -
Top 0 4 8 = - -
First
Bottom 1 3 9 - - -
Top 0 3 10 - - -
2 Second
Bottom 1 4 9 - - -
Top 0 4 10 16 19 -
Third
Bottom 1 5 11 15 21 -
Top 0 4 11 18 23 -
First
Bottom 2 10 12 17 27 -
Top 0 3 10 17 22 -
3 Second
Bottom 2 5 11 18 25 -
Top 1 2 9 16 20 26
Third
Bottom 2 4 9 18 27 35
Top 0 3 8 16 - -
4 First
Bottom 2 2 11 17 - -
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% 3.3 o ldH Eg fF AR

i Ay 0.5 Abm 1.0 Abm 1.5Abm 2.0Apm 2.5Abm
Specimen | Test
No. Phase 0=5.2mm | 0=14.8mm | 6=29.6mm | 6=44.2mm | 6=59.Imm | 6=59.1mm
(mm) (mm) (mm) (mm) (mm) (mm)

1 First 3 3 3 3 3 -

First 3 3 3 3 3 -

2 Second 3 3 3 3 3 -

Third 3 3 3 3 3 -

First 3 3 3 3 3 -

3 Second 3 3 3 3 3 -

Third 3 3 3 3 3 4

4 First 3 3 3 3 4 -

3 3.4 TEANIE A U akeie 2 WL R
Computed Measured
Elastic Stiffness Elastic Stiffness Difference
Specimen (kKN/mm) (KN/mm)
no. c ¢ c

Ky K t K [4 K;t K t(;zal KZ B K;nt,2 K trz:lml ]]; n):[ []; nJ: t ilr(:al
yt,1 yt,2 total
1 236 | 3945 | 10230 | 216 | 207 210 206 211 | +2.9% | +4.9% | -1.9%
2 236 | 3945 | 10230 | 216 | 207 198 205 135 | +9.1% | +5.4% | +53%
3 236 | 3732 | 10230 | 215 | 207 205 204 160 | +4.9% | +5.4% | +29%
4 236 | 4041 | 10230 | 217 | 208 199 219 185 | 49.0% | -0.1% | +12%
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% 3.5 FHEEMTD R EEMD R LR
Measured Measured K
Plastic Stiffness Elastic Stiffness KI:”
(kN/mm) (kKN/mm) Y
Specimen . . K7 K
Kp 1 Kp 2 m m
no. ' ' . m K i1 K vi,2
Kyt 1 K}t 2
Com- Com- Com- Com-
Tension Tension Tension Tension
pression pression pression pression
1 10.8 8.3 10.7 8.4 210 206 0.051 0.040 0.052 0.041
2 10.3 8.9 10.1 8.6 198 205 0.052 0.045 0.049 0.042
3 11.7 8.6 117 8.5 205 204 0.057 0.042 0.057 0.042
4 11.6 7.4 11.2 7.8 199 219 0:058 0.037 0.056 0.036
£3.6 EERPEAN Bl RHET AL
AR 0.5A b 1.0Abm 1.5 Apm 2.0 Apy 2.5 Apm
Specimen ) |
N Loading Transducer Location o=52mm ["8=14:8mm[76=29.6mm | 6=44.2mm | d=59.Imm | 3=59.lmm
0.
(%) (%) (%0) (%0) (%) (%)
. Compression | (L2+L3)/(L4-5L5+L6+1L7) 94 97 97 98 98 -
Tension (L2+L3)/(L4+L5+L6+L7) 97 96 98 99 99 -
5 Compression | (L2+L3)/(L4+L5+L6+L7) 91 93 96 97 96 -
Tension (L2+L3)/(L4+L5+L6+L7) 96 98 101 99 99 -
; Compression | (L2+L3)/(L4+L5+L6+L7) 106 100 99 100 100 94
Tension (L2+L3)/(L4+L5+L6+L7) 91 93 96 97 98 99
A Compression | (L2+L3)/(L4+L5+L6+L7) 95 96 97 97 - -
Tension (L2+L3)/(L4+L5+L6+L7) 92 91 94 97 - -
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% 3.7 #FHEk ey E
] Cumulative
. Maximum .
Specimen o B Plastic
Test Phase | Test Description Ductility » Total C.P.D
No. Ductility
Mmax
Me

) Standard 114 196.0
1 First - 803.5

Fatigue 8.5 607.5

First Standard 8.5 106.3
2 650.2
3 766.8
4 120.3
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% 3.8 #FHLIEE

sEEk %L

Reference Specimen Lngtih M(aj‘;)err?al P, P, j:e Fr s Fe s P & o ]S)t;rf}t’ M ax W, Test Result
(mm) &N) | GN) [P RN KD | P |0 | ()
99-1 3090 IS 1217 | 5666-| 4.66 | 1400 | 1519 1.09 207 | 3.0 10 | 324 -
SM490A

99-2 2990 SMJEO A | 162205666 | 349 | 1853 | 1983 107 207 | 3.0 10 | 879 | Tensile Fracture

Blz‘zcgoezt)al‘ 99-3 3450 SMJiSo A | 25 19910 | 466 (2551 | 2784 1.09 207 | 3.0 10 | 279 -
00-11 3410 51\;4112013 2033 | 9910|4.87-| 3006 || 3401 113 207 | 225 15 | 1045 | Without Failure

00-12 3410 Sl\ﬁgOB 2033 | 9910 | 4.87 | 3004 | 3338 1.11 207 | 225 15 | 5377 -
PI6MI1 | 1251 | SN400B | 740 | 1164 | 1.6 | 10367 | 1110 1.07 2.5 2.5 15 | 420 | Local Buckling
Twata of al. P24L4 1251 | SN400B wff 539 | 1303 | 2.477| 7835 862 1.03 3.0 3.0 18 | 556 | Global Buckling
(2006) P32MI1 | 1251 | SN400B | 740 | 2450 o 32710731147 1.07 3.0 3.0 18 | 488 | Local Buckling
P46M7 | 1251 | SN400B | 481 |-2207%'( &6 | 722 818 1.13 3.0 3.0 18 | 1236 | Tensile Fracture
WO0H60 | 1700 | A572Gr50 | 13260 >1989 | >1.5 | 1654 | 2038 133 184 | 225 | 92 | 123 | Local Buckling
T‘i‘;iog%;‘l' WI00H70 | 1700 | A572Gr.50 | 1473 | 32210 |">1.5 | 1860|2490 1.33 245 | 3.0 123 | 213 | Local Buckling
WI00H60 | 1700 | A572Gr50 | 1473 | >2210 | 1.5 | 1840 | 2269 1.23 184 | 225 | 92 | 123 | Local Buckling
Specimen 1 | 2800 | A572 Gr.50 | 1211 7792 6.43 1566 1724 1.10 2.11 2.4 11.4 804 Tensile Fracture
Chou and Chen | SPecimen2 | 2800 | A572Gr50 | 1228 | 3949 | 3.22 | 1567 | 1756 1.12 211 | 24 | 114 | 650 | Tensile Fracture
(2008) Specimen3 | 2800 | A572Gr50 | 1201 | 2943 | 245 | 1692 | 1951 1.15 264 | 30 | 142 | 767 | Global Buckling
Specimen4 | 2800 | A572Gr50 | 1238 | 1758 | 142 | 1494 | 1660 1.14 158 | 1.8 85 | 120 | Global Buckling
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% 4.1 A572 Gr.50 4% + 22 ABAQUS # it 9}3@%} *dp 4 GRIE 4)

Material (Grade)

AS572 Gr.50

Input Statement

*Material, Name = Gr.50

*Elastic

203000, 0.3
*Plastic, Hardening = Combined, Data Type =
Parameters

375, 28000, 266
*Cyclic Hardening, Parameters
375, 150, 12

Isotropic Hardening

Parameters

Q=150

b=

12

Kinematic Hardening

Parameters

C=28000

v=266

%74, 2 ABAQUS 22 Test 2. & ffihe 4 W R 4

Aixal Force

Axial Displacement

s Ay Ay 10A [l 0o | F15A%m | 18Au | 20Aum | 2.0Apm
0=-5.2mm | 6=5.2mm | 6=-29.6mm.| 6=29.6mm | 6=—44.2mm | 6=44.2mm | 6=—59.Imm | 5=59.lmm
ABAQUS | -1122 1144 1628 1567 =1704 1643 1759 1672
No.1 Test 1153 111 -1490 1342 1579 1468 1724 1566
Ratio (%) 97 103 109 117 108 112 102 107
ABAQUS | -1144 1205 -1666 1602 -1750 1676 -1803 1712
No2 | Test -1180 1143 -1509 1410 -1612 1486 -1756 1567
Ratio (%) 97 105 110 114 109 113 103 109
ABAQUS | -1156 1120 -1626 1570 1717 1640 1797 1672
No3 | Test 1323 930 -1593 1311 -1654 1531 -1806 1607
Ratio (%) 87 120 102 119 104 107 100 104
ABAQUS | -1203 1239 -1558 1534 1697 1673 - -
No4 | Test 1212 1255 -1416 1374 -1660 1494 - -
Ratio (%) 99 99 110 112 102 112 - -
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% 4.3 2 EIFEM OB
Buckling Mode (n)
Specimen
No. Analysis Theory
] 0334y Ay 1.0 A b 1.5 Abm 2.0 pm 2.5 Abm Ay
foitial 5=1.8mm | 8=52mm | 5=29.6mm | 6=442mm | 5=59.1 mm | 5=73.9 mm | 9=5.2mm
1 1 6 12 12 12 12 - 14
2 1 7 12 12 13 13 - 14
3 1 16 14
4 1 - 14
Difference
Specimen
No. %
K,
1 . +0.5% -1.4%
2 : 53% | -1.9%
3 -1.4% -1.9%
4 199 219 207 -3.9% +5.8%
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Core Plate Restrained Member Bolt
Model
b, L ;lili L?nz(tjh Channel glﬁ Length | [ g glozlet N, | Lo | ks
(mm) | (mm) | (MPa) | (mm) (mm) (mm) | ™™ (mm*) (mm) "1 (mm)

No. Name
5 A15L28P24S 100 15 375 2800 100x46x4.5x4.5 200x10 2940 7767168 16 22 280 1.5
6 A15L48P25S 100 15 375 4800 100x76x4.5x4.5 200x10 4940 20138857 16 36 282 1.5
7 A15L96P25S 100 15 375 9600 100x134x4.5x4.5 200x10 9740 72688354 16 74 267 1.5
3 A33L28P24S 150 22 364 2800 150x50x4.5x4.5 270x12 2940 16758522 19 16 432 1.5
8 A33L48P24S 150 22 375 4800 C 150x75x6.5x10 | 270x12 4940 43695988 16 36 284 1.5
9 A33L96P25S 150 22 375 9600 150x156x4.5x4.5 270x12 9740 159846725 16 72 274 1.5
10 A64L28P24S 200 32 375 2800 200x56x4.5x4.5 320x14 2940 33266295 19 14 455 1.5
11 A641L48P23S 200 32 375 4800 C 200x80x7.5x11 | 320x14 4940 80615534 19 24 438 1.5
12 A64L96P25S 200 32 375 9600 200x178x4.5x4.5 | 320x14 9740 309930822 19 48 418 1.5
13 A64L48P20S 200 32 375 4800 200x88x4.5x4.5 320x14 4940 69940478 19 24 438 1.5
14 A15L28P24LB 100 15 375 2800 100x46x4.5x4.5 200x10 2940 7767168 16 14 467 1.0
15 A15L48P25GB 100 15 375 4800 100x76x4.5x4.5 200x10 4940 20138857 16 16 686 0.7
16 A15L96P13GB 100 15 375 9600 100x100x4.5x4.5 200x10 9740 36613236 16 74 267 1.5
17 A33L28P24LB 150 22 375 2800 150x50x4.5x4.5 270x12 2940 16369975 19 12 560 1.2
4 A33L28P14GB 150 22 375 2800 150x35x4.5x4.5 270x12 2940 10078747 19 16 465 1.5
18 A33L28P14LB 150 22 375 2800 150x35x4.5x4.5 270x12 2940 10078747 19 10 700 1.0
19 A33L48P12GB 150 22 375 4800 150x60x4.5x4.5 270x12 4940 22016167 16 36 284 1.5
20 A64L28P24LB 200 32 375 2800 200x56x4.5x4.5 320x14 2940 33266295 19 10 700 1.1
21 A64L48P13GB 200 32 375 4800 200x68x4.5x4.5 320x14 4940 44694868 19 24 438 1.5
22 A64L96P14GB 200 32 375 9600 200x140x4.5x4.5 | 320x14 9740 179652939 19 48 418 1.5
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#4.6 AR E
Computed Parameters ABAQUS
Model Elastic
b Fnaxd Ly L Fe L M M Stifﬁ;ess Result Ei3 S]tgilfaffllfi::s
W) | Ny | e | Lo [aw | PR Py Ky Py | (k/mm)
(kN/mm)

No. Name

5 A15L28P24S 563 987 142 1.97 1362 242 2.0 32 100 S 1.42 89
6 A15L48P25S 563 987 142 1.99 1394 2.48 2.1 5.7 60 S 1.39 50
7 A15L96P25S 563 987 142 1.85 1405 2.50 2.1 13.8 31 S 1.38 24
3 A33L28P24S 1201 2274 211 2.05 2943 245 2.0 23 215 S 1.48 208
8 A33L48P24S 1238 2171 208 1.37 3025 2.44 2.1 8.1 131 S 1.47 124
9 A33L96P25S 1238 2171 208 1.32 3090 2.50 2.0 11.5 67 S 1.45 64
10 A641L.28P24S 2400 4210 302 1.51 5834 243 1.9 23 415 S 1.50 401
11 A64L48P23S 2400 4210 302 1.45 5580 233 1.9 59 252 S 1.48 247
12 A64L96P25S 2400 4210 302 1.38 5999 2.50 1.9 9.2 130 S 1.47 127
13 A64L48P20S 2400 4210 302 1.45 4841 2.01 1.6 3.8 252 S 1.47 243
14 A15L28P24LB 563 987 142 33 1362 242 2.0 1.2 100 LB 1.32 84
15 A15L48P25LB 563 987 142 4.83 1394 2.48 2.1 1.0 60 LB 1.19 48
16 A15L96P13GB 563 987 142 1.85 708 1.25 1.1 7.55 31 GB 1.20 25
17 A33L28P24LB 1201 2274 211 2.65 2943 245 2.0 1.2 215 LB 1.13 200
4 A33L28P14GB 1238 2171 208 2.24 1758 1.42 1.2 1.3 217 GB 1.36 207
18 A33L28P14LB 1238 2171 208 3.37 1758 1.42 1.2 0.6 217 LB 0.58 206
19 A33L48P12GB 1238 2171 208 1.37 1357 1.23 1.1 3.7 131 GB 1.32 125
20 A64L28P24LB 2400 4210 302 2.3 5834 243 1.9 1.2 415 LB 0.97 390
21 A64L48P13GB | 2400 4210 302 1.45 3244 1.29 1.1 3.0 252 GB 1.31 247
22 A64L96P14GB | 2400 4210 302 1.38 3473 1.44 1.2 6.7 130 GB 1.31 128
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Model Buckle Mode (n)
ABAQUS Theo
No. Name (g=0.?9%) (s=0.1;y%)

5 A15L28P24S 15 20
6 | AISL48P25S 28 34
7 A15L96P25S 60 68
8 A331.48P24S 22 23
9 A33L96P25S 43 46
10 A641.28P24S 8 9
11 A641.48P23S 15 16
12 A641.96P25S 31 32
A641.48P20S 16
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Model . When the ultimate
No. Local Buckling Pattern load decreases

%, Mises

e, St o0 gc =2.9%

hepe _ _‘ O =17mm
(467 mm)

14

. 00be+00

£, =2.1%

Scale =3

=3

&, Mises
{Awe. Crit.: 7E%) €. =1.4%
+2. 481et03
+3.750e+02
+3. 4382102
+32. 1252402
+2.Bl3et0Z
1% 10aetns 8,,; =14mm
. e -
e o
[E63a " 0
+10ZEDet0Z
15 +5 57 Eet0l (686 mm)
+6. Z50e+01
+3. 125401
+0. 000=+00

&, =1.6%

Scale=3

=4

e, =1.8%

Sy =13 mm
(560 mm)

17

DR e e e S o N
DI b b R R 60 LY R

e

m

o

m

L3

o

=1

. 000e+00

g, =1.5%

&, =0.18%

Sy =4mm
(700 mm)

18

€, =0.3%

Scale =8

n=3

S, Mises

(Ave. G 75%) €, = 0.26%

Oy =6 mm

(700 mm)

maeanTERsCy

20

&, =0.4%

Scale =8

n=2
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Model . When the ultimate
No. Global Buckling Pattern load decreases
T;.v:m::u 5%} 8() = 14%
Sy =12 mm
— o
€. =12%
y Sy =13 mm
(9600 mm)
Scale = 10 e e, =0.12%
e, =1.0%
" 8,y =14mm
(4800 mm)
Scale = 10
. g, =0.16%
2 B e, =1.0%
) Sy =13 mm
(4800 mm)
g, =0.1%
. =1.1%
’ O4ur =12mm

Scale =10

(9600 mm)

e, =0.13%
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Connection Transition

Portion Portion Yielding Portion
& , / l Core Plate
‘ ‘ A+ ,',L
o o o o \t:—f--‘ o 0 0 [ [J () 0 () o () 0 o 0 [ - C--:J o o o o
o o o o e rr:-;J o o o o (] o o o o Qo o o ] o Lo--:-l* . o O o o
Ae!

(a) Elvation

Concrete or Mortar

Channel
E: / Bolt

X1

™

€

Core Plate

] \ Side Plate

Face Plate

B 2.3 e &5V Rl L i s H o &R

(b) Section A-A

/A/l
2.5

o 0O 0 O

< i = = |
P PN o O O O
Bl 2.4 %o brg BT 3B
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0 00O E’ -------------------------------------------------------------------------------------------------- 00O0O0O
23 €2
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max,d

[] [] []
Force /H' \_/H 1 Force
—> 1~ 7 H -
L] . ]
LW
(a) High Order Buckling

m U, ¢ Ul
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| || |1
1

I G ——

maxsd

¢

L_/4

(b) Aixal Force Transform Lateral Force

M

Face Plate

£
£

(c) Transverse Force Action

F2.6 o8 < g ik 4 FF
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Pmax,g € Pmax,g
g
L
B 2.7 FERHER 4 EF5
q(x)
(a) Core Plate
me;x,l . vazx]
= 11 I ;
AN S =8

(b)Restrained Member
B 2.8 i AdFL B2 A F 75

Bl 29 RAE ~FER>ZRT LR
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75 15@186
3 PL 22mm 21mm ¢ hole =
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| Y | < 34
o Side P1 5 AS572 Gr. 50 Si&e PBtGGtall ¢ ettt A
t .
Core Plate (A572 Gr. 50) > a¢ Flate ) ¢ 36mm ¢ hole
Lo ° B ° ° o ° ° i ° o ° o °© °© o o
PL 22mm ™ -
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=k . % =
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Top View
XN
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Section A-A Section B-B Section C-C Detail B
280 A B C
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P S ——— ' B = = o E o R R
550 ——— 3080 “—— ss0 |
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Side View Unit : mm

(a) Core Plate
] 2.13 #4811
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75 15@186 75
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Side View

(b) Restrained Member
B 2.13 #F%8 1(%)
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