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Cyclic Test for RC Frame with Infilled Steel Plate
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ABSTRACT : An experimental study was performed to investigate the cyclic behavior of the reinforced concrete frame with
infilled steel plate. For this purpose, three-story compositewalls using infilled steel plates (RCSPW) were tested. The
parameters for this test were the reinforcement ratio of the column and opening in the infilled steel plate. A reinforced
concrete infilled wall (RCIW) and a reinforced concrete frame (RCF) were also tested for comparison. The deformation
capacity of the RCSPW specimen was significantly greater than that of the RCIW specimen, although the two specimens
exhibited the same load-carrying capacity. Like the steel plate walls with the steel boundary frame, RCSPW specimens
showed excellent strength, deformation capacity, and energy dissipation capacity. Furthermore, by using infilled steel plates,
shear cracking and failure of the column-beam joint were prevented. By using a strip model, the stiffness and strength of
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the RCSPW specimens were predicted. The results were compared with the test results.
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AGA 2 FIEAZE F2o| FFe 23S A

3% Z2EE]] S 1/3 FAardz At 43
A FAAE E 19 895] slew, AgA w2 e o
g 20 YeR} ik RCSPW1H 28 438 Agaoln,
N7 dFe Al flsle] dWEH  RCSPW3E
Agsiict. =3 el 725 vlash) fsl] A
Z32E A4 RCIWS HZZA2E 2% RCFY 8L
AAISKEE. RCIW Ad8A1E 71F 4849 RCSPW1# #
AR AEE ZA=E AAsen, ACI 4AI71Z(ACT 318
-05)° wet EFE2EA)E 724 (Special reinforced
concrete structural wall)22 AAST. RCF A
© RCSPW1¢] &z Fdap AAlslden, 2€ A3
o] F2E 54FHE F2(Special moment frame) & 4
Alstsict.

71% 49490 RCSPW1(2d 2(a))dd e 7159 F32
H24 3.7%% Al or], RCSPW2 AgdAdMe 71%
o FE247t 5.1%01304. F A¥A EF SS400(48A7]
EYEEE F, = 240MPa) 2mm 9] e AR,
el F71(L,/h,)E 1.50190.(1, = 1500mm, h, =
1000mm, 9714 1, = 73] |y, b, = 73| &)
Y AgAA ARRE S Park et al.(2007)9)
SC2T Ag Aol AHa3t 7kaa} 5 4 g/dn)7) FYsct.

RCSPW3 A&AE 28 2(b)gh 2ol Zaague] 54
o] 600mm ¥l AFE7E A8k QoM AARRZA F
el Zsido] AAFAY. AAAE glek] AT Fdle
Hro] 715& AXsA ooken, gt AT B7e sld
o A = 12mm, 4¥] = 100mm ZH°|EE HE73H
wxleld] 848t (28 2(d) ZHe SS400 4mm T
A& AHl.

B 1. A 74 « MBdE

RCSPW1 RCSPW2 RCSPW3 RCIW RCF
(7t (ZAngde) | (A HEy) (RCH) (RCE=x)
F3E 4E4E (MPa) 26.4 26.4 26.4 32.1 26.4
. =7 (mm) 2 2 4 = -
. o FE3e (MPa) 302 302 300 - -
A% PeEER 224] (%) - - < 0.65 =
SFgyal A (%) - - - 0.43 -
2 2) 3 2) ] 2)
- ~za A (mm?) 3336 4596 333§ 3097 3336
A2 (%) 3.7 5.1 3.7 3.4 3.7
‘ a) 5 5) 51
@ w2y E_Pfsa (mm®) 794° 794 794 794 794
2] (%) 1.3 1.3 1.3 1.3 1.3

1) D10 (4, = 71.3mm?*, f, = 486 MPa)

2)6-D22 (4, = 387.1mm?, Iy = 430 MPa) and 2 - D25 (A4, = 506.Tmm_2. iy 443 MPa)
3) 4 - D25 (A, = 506.7mm>, f, = 443 MPa) and 4 - D29 (4, = 6424mm?, f, = 486 MPa)

4) 8- D22 (4,
5) 4 - D16 (A4,

387.1mm?, f, = 430 MPa)
198.6mm?*, f, = 471 MPa)
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D10 ties at 50mm (H) D10 at 300mm

13mm 150mm stud (V) DI0 at 200mm 110mm
at 100mm I - 300 - ) : |

¢ i R

6mm fish plate  12mm end plate  4mm infill plate Dowels (Column) D10 at 150mm
(Beam) D10 at 250mm

300 - D10 ties at 50mm - 300 -

a8 2. AEA 2 AM (29 mm): (a) RCSPW1 (b) RCSPW3 (c) RCIW

(d) Section A-A (RCSPW3) (e) Sectiojn B-B (RCIW)
BE AgA ARE 229 vl e a8 20 YE
U st 71%€ 300 x 300mm ©@HS AHEglen, B

g 288 ™ = 12mm, Y¥] = 100mm =7
100mm HA2z g3si] A&}, Ae7dwe] 422 9

300 x 200mm, #H BE 300 x 400mm HHE AR
g}, 7] AdketEe] o3t MPr eyt WY E o]
AT G280 2ol A== 5, PRAE, A9
Al s 7)1 AALt. 715 Wk F88 &
g, fEvES] AdE e e AP o &
TNl ofsle] WA}, Park et al.(2007)el webA
%4, ERHES AdHE 37 o] AME + 4.

al 6mm 7€ I+ Ed ] E(fish plate) & w7t &4
siglon, A7dHd m4EeclEd 2AEAHE At (o™
2(d))

RCIW A@All= 54 110mme] EIZ3E A28 S
AHESIATE. o] AgolE D10 A2 33 FHwgko
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(b) RCSPW2 150 [Lond @
Cycleno.: 15 2124 27 30 31
Experiment 10001 T
------ Analysis

— i

(@) RCSPWI 100 (rowi(
Cycleno.:15 212427 30 32
AN
. 1000 - I
Experiment ‘
------ Analysis ; 7
s00 MV, /
/ & I
A ’ < P N
210 -180 -150 -12¢ ﬂ’,ﬁﬂ T 60 90 120! 150 180 210
!"7’ Top displacement (mm)
= /./J') Max. ]I
1000 | ol
A Fracture at 2" story beam stud H
[ Fracture at 3" story beam stud
-1500 -

90 120 150§ 180 210

Top dis\‘placerr?m (mm)
Max. :
displ. |
A Fracture at 2" story beam stud =1 ¥ I
-1500 -

(¢) RCSPW3

1500 |-Laad (kN)

Cycleno.: 152124 27 30 32

1200 150 180 210

30 60
()S'op displacement (mm)

|
Max. |

(d) RCIW

1500 erd{kN)

L

-210 -180 -150 -120 -90 -

90 120 150 180 210
Top displacement (mm)

A Fracture at 1" story base stud disol. |
pL |
-1000 | i QO Web crushing at 1” story
infills
-1500 - 1500 L
400 Load (kN B
(e) RCF [ HEER) (f) Envelope curves % [Load&N)
Cycleno.: 1521 27 30 33 36 39 42
Experiment A8 24 1000 | RCIW
RCSPW2
------ Analysis 200

500
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Top displacement (mm) RCF

30 60 90 120 150 180 210 240
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30 60 90 120 150 180 210
Yield Point Envelope curve

Idealized elasto-plastic
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o}, AgAe] Aol WAL W] gl 233} 3%,
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ol B Mol Tttt dAEe FEAA0,)E
B 15mm(3% ¥A71E)A AR 7Fgsiint. 4384 7t
HAYL FHAAA 5,8 7SR + 0.2, 0.45,. 0.65,,
0.86,, 8, 1.56,, 26, 36, 45, 65, 85,5 FHAZ
Agstan Fdg Aol diske 338 wke 713 sigict.

3. dgZn
3.1315 - il 2|

7t ARA 9 o5 - A5 e 28 49 Ve gl
o, 38 4()e 74 AgAY se-Rgdde ¥F=A
(envelope curve)< Y]wakar gt}

Z} AQAM Hdisks, AW, gEEL F 20 g9
of slct. Hdj MM szl A k52 80% ol3tz 2t
a8E Hez At FEAH(, P, AN ¥
M(envelope curve) &2 2149 Fie] WA} o] 4tsle
&4 34 (idealized elasto-plastic curve) 22 E2%9l
FEe] WHol ZEE F7MIUA W (equal-energy
method) &2 B3t} (28 4(f))

a9 4o Ehd nieh 2o ¥ RCSPW1# RCSPW2
APAe 5 e 2 W53 S Yepit. RCSPW2
AYAE RCSPW1 AZAEC 1.4v) 2 HZS 759
Wi 23tgAt sl Aleleo] el 8 o 1LY
Z B9 el AR o sFAetsde 2

ZEAZHE 2= RC ==0f ojst 2571 Y

2500 Load (kN)

SC2T

90 120 150 180 210
Top Dipplacement (mm)

joint

O Fracture at column base 22500

O3 5. SC2T A#A sH5-35#9 SM(Park et al. 2007)

o7k gilen g s s 2 Ajol& UehlA] it
HTEAE Ay AFAQI RCIW(IY 4(d))9 ¥lws
W, 78 PN EL 5YE Ak sE S Yehaa s ¥
FeYe 268 PN FIEaAYE 2 APAQ
RCF (28 4(e)) <} Hlualy s5AehsdS 5l 719
on WMFHL 70% 70|tk

a8 5& H-250x250x20x20 ©He] 73A17]15(SM490
A, AAIEREAE F, = 330 MPa, ©H4 4, =
8932 mm?)¥} 2mm A9 ZHSS400 AL AREs
Park et al.(2007)9] 78 SC2T 4@Ae Agda=
HolEw gldh. 2 4(b)% 2 58 v|wshd Ae7tmel
P e BT 7159 I Fe
RCSPW1 AgA9] 757t SC2T A@A K Zgton <l

¥ 2. Algzn
Ay a5 Aol 9]
ga A +) FRH(-) AUE(+) )
|| Es : F9 A4 £3hA9)7}
ernx (k"q) J(mm) (%) 'Pmux (kh } 5(“‘““) (%) P(kN) J““u (m“l) (%) ‘P(kN) 6:m.x (m]"ﬂ} (%)
RCSPW1 886 95.6 2.7 -911 | -98.1 2.7 882 131.6 3.7 =703 | -130.4 3.6
RCSPW2 914 98.2 2.7 -940 -100 2.7 684 165.3 4.6 -683 | -133.2 3.7
RCSPW3 618 45.7 1.3 -624 | -46.1 1.3 531 90.1 2.5 -538 | -95.6 2.5
RCIW 912 45.4 1.3 -913 | -46.1 1.3 912 45.4 1.3 -913 | -46.1 1.3
RCF 190 121.1 3.4 -200 |-93.2 2.6 164 209.1 5.8 -181 | -208.3 5.8
@.% Jlna: xéy
o BUE(+) e Puw/Py (GAE)
= ].];q [+) =
£,(kN) | §,(mm) T{(;ﬁq k;’(kN;’mm) P (kN) | 4, (mm) T{:E;ﬂl} k;’(m,fmm Akl | salel | gule) | ey
(] (]
RCSPW1 808 15.3 0.4 53 -816 | -14.5 0.4 56 1.1 1.1 8.6 9.0
RCSPW2 837 15.1 0.4 55 -850 | -13.9 0.4 61 1.1 1.1 11.0 | 96
RCSPW3 547 16.9 0.5 32 -569 | -14.8 04 38 1.1 1.1 5.3 6.5
RCIW 843 10.4 0.3 81 -839 | -12.1 0.3 69 1.1 1.1 4.4 3.8
RCF 169 28.1 0.8 6 -181 | -25.2 0.7 i L 1.1 7.4 8.3
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J% 6. AEFo| AgHe &M%l (a) RCSPW1 (b) RCSPW3 (c) RCIW (d) RCF

AR QI o HIFAESRY A HAE ol¥F
A 3olA B (pinching) @’de] vehgtt. 28y + 4%
Ao HAgwgFe 2 Aoz} sl o] A BE B2
wol ope} AZEAE x| dEiME g FHE A
L3l duAes A2EE A48 F ddeS Uit

ZWNTE7E e 4279 RCSPW3= RCSPWI
Hlg @2 7] 24 4 A5E Y Ao F2EA
2|E dZAH Axwgo] FFso] sz} dAslsict.(1°
4(c))

a8 4(d)% (e)E H2EAE A8 (RCIW)FH E2E
AE 2Z(RCF)9 4382435 ¥oFx Uk RCIW 4
e 8 Best 2] T vebled, B 237
E St (web crushing) 2 RC E% 7o wl&) vj$- 2
ojxl= WAL Uehlch. RCF A3de & ¥dsds
YJehliZ e dided A3 Zxe ole Agkon, HAN
H7)% AiRe] dAchigor oA Ao #Y A%
o] ZA vepsttt.

(a) ® (©)
2| 7. i 7|15 &AHRCSPW1): (a) 6 = 15mm
(b) 6 =60mm (c) 6 =90mm

3.2 3| tiAHUZF

49 RCSPW1# 2 A¥Ae I483% 28 o
7o gHo| Mgslo] shgo] ARHiEHLH, olF &F
Bz 24 Wgo| Ayt (28 6(a))

RCSPW1 A3AE 135 715 -9 2, 33 o] g
A 2433207} dAsIon, BE Fo AT AT
g7o] AT} 60mm W (1.7% drift)olA 1% 71%
oA 7150 wldd 98dAAS 2H= 27t SAE R
oA 2 Fho] WYL (2 7) 90mm ¥ (2.5%
drift)old 2% 715eNE AU d¥o] A
120mm *$1(3.3% drift)elq 253 3% Mol 94
o] MR on] 257 3F AT sl wjdE A
AZAA 9 2E= §HHo| HHo] APA] BTt Atk
Aok AF 8 F A3 AeAel Ao B Hde
123 2%, 3294 27} T4mm, 90mm 62mm Ach.

RCSPW2 A@#E= RCSPW1 A@A9 sz 1%
715 ahtel 2, 3% Be| Yutola 2ARIAZE B

(a) b) (c)
02| 8. WY 7|S £AHRCSPW2): (a) 4 = 15mm
(b) 4 =60mm (c) 4 =90mm
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(a) RCSPW1

1500 erdlkN!
31

Cycleno.: 15 21 24 27
1

(b) RCIW

1500 I-Load{kNl

Cycleno.: 15 21 24

0.03

1" story shear distortion (rad)

0.04] |-

0.02 0.03
1" story shear distortion (rad)

0.04

38 9. 15 Ha MchHY vl

o, ZE F9 A Q-] A=A, B
4 7)1 Ko #EFe RCSPW1H fAKIYE. 45mm
#191(1.3% drift)olld 13 71%elA 715 widd 938
A9 2HE o2zt YA RollA F2WE o] A
Fgorl, 60mm | (1.7% drift)olr 2% 71FINE 47
W ol AP (27 8) 120mm ¥H$(3.3% drift)
dA 23 3% Hol FEEF #do] TR, 140mm
$91(3.9% drift)dllM 1% A3 Ao uf§gddt A3A
Aol ~HE §4Ho| slajso] @A vt A=
. 43 F8 § 34T A FRAZ < Hof
Heek ME 133 23, 339X 47 102mm, 87mm
53mm St}

TN e A7 RCSPW3  A3dAe
30mm ¥W1(0.8% drift)eld 233 3% AZARNM oz}
Wk o] MAEl o] FFHAY 90mm ®S
(2.5% drift)elM 1% 73% g% B7} ZolE slpe &
o] B =t (28 6(b))

AIEAE A RCIW A8A= 23 A28z g2
S337t 1% 9Alol FFEJU (28 6(c)) 60mm H$]
(1.7% drift)llX 1% B2 F32ES] 43 (web
crushing) el eJsle] AgAe] 7=t F43] Ashsldct.

FATEARE 2% RCF 4384l B9 ¢ df 9 A=
1% s Al 1% sl AR AR 3
B B7lF AR Adige o8 sEc (a2
6(d))

3.3 xZHo| HCHAY

AR B Aeags Fgs91e a9 33 2o| %
ol 2709 RSALVDT)E HAsle] dizuisg 333
o 2t 39 BE Ag e YT 2SS ol 83l 4

it o1

(4) 8k o] Axtd Sl

Vhit 1 (dy —dy)

2 h’n‘ td (4)

Yav q =

A71M, hy, I, = ASAAY F3, F99% 29|, d,, d,
= 343 iz,

a8 95 ANE AR ZAeE 22 A3 4
RCSPW1 43Ae dZE3A]E A% RCIW HEA<
353 13 B Aid WAE Yehit, T 484 2%
A3 Aol YehgA|e, RCIW A@A0)A A% &xo] ¢
& Fegsth ROIW AgAE 21 AllF (0.8% drift)
olf 1% Auigo] & Zog Zylglon] Juko] At
AP H T} Fiate] Adidgo] 2 vgiAAQ] FeE By
a3 108 593 2xE AMgE RCSPW1 A3A9)
RCF A@A9] 153 3%<] Wy o Ahigde 7
7ol weh Jepd Aok o7]4, HAe Z+ AgAd |
Achag  ANe 3= AviES Uehig 1= Aok

=
0 L“Lv o, o Tiwo=a A |

0.06

0.04

0.02

a RCSPW1
. -
= __‘;‘)-.. o

Shear distortion at 1™ and 3" story ( rad)

0.04
a RCF
-0.06
0.0 1.0 2.0 3.0 4.0
Average story drift ratio (6 /h ) (%)
a2 10. kYD S7efzte| 2
Txets =2 M2 2553 935) 20004 48 121



1500

1000

500

Applied load (kN)
(=]

Yield strain

-1500

-0.005  0.000 0005 0010 0.015 0020 0025 0030
Principal strain in gage 6

1500

(b) RCSPW2
1000 =

500

0

-500

Applied load (kN)

-1000

: Yield strain

-1500
-0.005  0.000 0005 0010 0015 0.020 0025 0.030

Principal strain in gage 5

a8 11, 15 HSUEe| stE-FHEE(Principal strain) T

< F AR 2R AR e JeEiAT, 3% Add

H-71% AR £3e= sl RCF A3A7F < 2
& AdigS veplitt, RCSPW1 A@AelM = 23
Bog <3l 7]F-H HFe &do] B Ak
B 3%0A 1380 ta e HAdhid s Jeplch

do Z rlo ot

3.4 ZEn H2o| HEE

Aol Zubleus A2E3AYE Ayl A% SA4S
Hlwsh] gl S Adshe Aoyl Zua B2 W
gS vadd. HWIPES 1304 3o, AolA 4
2 38 2(a)9) (o)l e

a% 11& RCSPW13 RCSPW2 AgAl flu7dsdel
3 &(Principal strain)& Yepdth k5ol S7kshaA
Qtavlgkoll A FHaZo] Wi on, T AgA ZF 16
API12(0.6% drift)olx W Eo] g43 F7kskaA 2%
o] Q1Mo 2 =3It

243 FWggo] wgke 132 Waks vehiv, 4
HA3} gEo FA e disle] digfE ez 40°¢0A]
45° Alol9l gre vepdd. A4-884HEke Timler and

122

1ok

1500

(a) Vertical web reinforcement (RCIW)
1000

500

Applied load (kN)
(=]

-500

-1000

: Yield

-1500
-0.005 0 0.005 0.01 0.015 0.02 0.025 0.03
Measured strain in gage V7

1500 —
(b) Horizontal web reinforcement (RCIW)

1000 -
g 500
=2
E ! ,
=
2
&
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