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Influence of Column Aspect Ratio on the Hysteretic Behavior
of Slab-Column Connection

Myung-Shin Choi"”*

, In-Jung Cho”, Jong-Mun Ahn?, and Sung-Woo Shin"”

PSchool of Architecture and Architectural Engineering, Hanyang University, Ansan 426-791, Korea
“Dept. of Architectural Design, Ansan College, Ansan 426-701, Korea

ABSTRACT In this investigation, results of laboratory tests on four reinforced concrete flat plate interior connections with elon-
gated rectangular column support which has been used widely in tall residential buildings are presented. The purpose of this study
is to evaluate an effect of column aspect ratio (8, = ¢;/ ¢, = side length ratio of column section in the direction of lateral loading
(c)) to the direction of perpendicular to c,) on the hysteretic behavior under earthquake type loading. The aspect ratio of column
section was taken as 0.5~3 (¢ /c, = 1/2, 1/1, 2/1, 3/I) and the column perimeter was held constant at 1200mm in order to achieve
nominal vertical shear strength (V) uniformly. Other design parameters such as flexural reinforcement ratio (p) of the slab and con-
crete strength (7,,) was kept constant as p = 1.0% and f,, = 40 MPa, respectively. Gravity shear load (V,) was applied by 30 percent
of nominal vertical shear strength (0.37,) of the specimen. Experimental observations on punching failure pattern, peak lateral-load
and story drift ratio at punching failure, stiffness degradation and energy dissipation in the hysteresis loop, and steel and concrete
strain distributions near the column support were examined and discussed in accordance with different column aspect ratio. Eccen-
tric shear stress model of ACT 318-05 was evaluated with experimental results. A fraction of transferring moment by shear and
flexure in the design code was analyzed based on the test results.

Keywords : flat plate structure, slab-column connection, hysteretic behavior, unbalanced moment transfer, eccentric shear stress
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Table 1 Summary of prior experimental researches on the slab-rectangular column connections

Researcher Load No. of connection B.=cilc, Jor MP2) | o1 o431 (%0) | Prc+ 30 (%0)
v 3
Hanson and Hanson” H 8 0.5~2.0 = 152.4/304.8
0.25~37.0 1.5 15
(1968) V+H 6 ~304.8/152.4 3
Total 17
Farhey et al.? H 2 1.5~2.5 = 300/200
arhey et al. S~25=
V+H .04~35.09 0.58 0.32
(1993) 2 ~300/120 15.04~35
Total 4
Kim” V+H 8 1.0~2.0 = 300/300
‘ 7.4~466 | 0.70~1.93 | 0.49~0.55
(1995) Total 8 ~300/150 2
"1 V+H | interior 4, edge 8, 410.5-2.0=162. .
Whang and Moehle interior ge 8, comer 4| 0.5~2.0 = 162.6/325.1 )18 055-077 | 027-0.29
(2000) Total 16 ~325.1/162.6
11y V+H N -
Lee 0.5~2.0 = 400/800 310 0.80 036
(2007) Total ~800/400
\Y%
H 10
Total 0.5~2.5 15.04~46.6 | 0.55~1.93 | 0.27~1.5
V+H 36
Total 49
2234}, Whang? Moehle " A|9j3 A8 APATE ‘—————-1““’ Cotumn
2 71F @Y 3% W(cy) AVE YA BpeE 1 o & A centroid
|4

BAZ & Aaste GE ® Wl 27] ()2 WA
2 7% W) dse] we 7% wR A
[e]

o’

RO R

A,

kd
o)
)
e
1o
4n
=
N
(o]

g 2 e
2oy i

N,
~~
~

L=V, byd)7t DA ZA He FAH] 3l

o
ofr
2
32
2
x
of

ko

8 ot
™
o
M
=
IS
~
o~
<
L

}IJ_‘
=
)
~
of
il

- 3
7] AN g de] 9 dolrt 4B AxSE &
o Ao] (¢), c)F B WIHES si3th 28X
HE7E HEF A=t MY Ao 9%

A ol F8 AwAE] (/v % A2 £
W) el B A2H (n,, ), BIAE YIPE
2 4 mde BF 9Bl st 715 Zahe
Fe 1BY + Y=S A,

2. MA 7=
ZRSHYolE FxoA FolEo] B8 A Y
S1% Alole] BHIE AL @t dAvkd] oA 2
A W, 88 2aE2zAA7E20NE Fig. 19 2

516 | =232 (=5t5] =27 M192 45 (2007)

c

T

Shear

Fig. 1 Combined shear stress distribution at the slab critical
section by ACI 318-05"
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Fig. 2 A fraction of unbalanced moment transfer for rectangular
support column by ACI 318-05"
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Table 2 Specimen details and test results

Name icl/ ¢ Pc+3}; Y 'c+3h d .fck J; V.V Vg P max Mub Dpeak Dpun Hp Hy Viest | Veale Viest
=B, | (%) | (%) | (mm)|(MPa)|(MPa)| £ °| (N) | (kN) |(Nm)| (%) | (%) |(DyD,)OwD,) MPa) (MPa)| /vege
W@ |6 | O] ® .0 || ay|[da)]|d)|d|ay]|dy|dn| dg
007400 - ' +76.6 | +782 | +3.0 | +60
) . ) . ) . . . 230 | 197 | 116
S057 S| 10| 05 ] 90 |350) 458 | 03 )81 ) o 30| =50 184 | 368 | ‘ |
300/300) +81.5[+83.1| +3.0 { +3.0 '
- ) ) ) ) } 238 | 193 ] 123
S-1 [T ] 10| 05| 90 | 335 458 ) 03 | 813 | tl ol 50| g 213 | 234
1400200 . . 4939|4958 +3.0 | 430
- 0 | o 8| . ) : . 71| 281|205 | 137
S2 [, 10|05 | 90 | 378 | 458 | 03 ) 863 | ol S| 50| 30 247 | 27
450/150 +128.4+1309| 43.0 | +3.0
3| . . . . ) 4 61 | 365 | 1.60 | 228
S3 [T, 10| 05| 90 | 333|458 | 03 | 675 | oot ol 50l 0 146 | 1.6

(1)Specimen name, (2)Column aspect ratio, (3)Flexural reinforcement ratio in tension within effective width of ¢ + 3h, (4)Flexural rein-
forcement ratio in tension within effective width of ¢ + 3, (5)Effective depth of slab, (6)Compressive strength of concrete at tested
days, (7)Yield strength of rebar(D10), (8)Gravity shear ratio, (9)Gravity shear load applied vertically by hydraulic jack, (10)Peak hor-
izontal load measured by actuator, (11)Peak unbalanced moment, (12)Peak drift ratio, (13)Drift ratio at punching, (14)Displacement
ductility index at peak story drift ratio, (15)Displacement ductility index at 0.8 Py, (16)~(17)Combined shear stresses at critical sec-
tion, (18)=(16)7(17). ¥Note: +, — means positive and negative drift through column(10)~(13).
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Fig. 3 Specimen details and loading conditions

518 | si=232|Ests| =27 M19¥ 45 (2007)



180 135 c,+d 135 180mm
Xi) i
i
S 10 i
g i >} 4d
2 X2 i | 2d
9 ® i blosd
- Y1 Y2 X3 Y5 Y6 Y7
........... ‘ Q
o] 1
+ I
5] ——m——— e
......... "\ critical
3 o : section
- P Lateral
o o Loading
@ N ! Direction

4d

l
‘ C,#+3h ‘

% Five concrete strain gage also aftached
at the same location of X1, X2, X3, Y1, and Y2
in the top surface of slab

Fig. 4 Strain gage locations

-2

Story Drift Ratio (%)
(=]

-4

-6

-8

0 2 4 6 8

10 12 14 18
No. of cycles
. B
Pl
b
- !
Y — — H
1
L -
P
A/2
- -

Fig. 5 Lateral loading history

2 71883 yEsiA 3 #de] dA4HEUL, 29
35 AZ 7 oA BaEe] Skt
qA & 1::1\1;4 H}a}_oi A g o] e E
P9l (D)
dFgo] HAEA HF ﬂJrP% He o=
UrE}kkdr. Fig. 62 7t A3A ] HF 93 Ragd 22
JE oA AA F EEFS YHE Aoy, gEEE
Fig. 7¢] YERR AT
S-0.5 EWE AHAd fa*
HEHE Ago] 7b¢ A3, F

(c2+3m)°] 4
e

371w &
B] 3.0%°04 Ao

?

Final filure pattern

Failure surface removed

(a)S-0.5

{b) S—

(c S

(d)S-3

Fig. 6 Punching failure modes

oy 1 DI 277 Ed] IR a
| @77SIERNUNINNY
, N T
>'\§ 3“{{1{:,; -
b RN \\ﬁi ]
NiETRNS  ricase
o .0 i =
LA
T AR N e
N A7 }i y o) é
l - ,; Lol
“\
N
IR e ]
END G e
A)K‘\ z{ 23 7
SR S
EENE N
7 P / A N 4
- i 5 IR
717 ; | 1 ’\ A ’g z
(c) S-2 (d) -3
Fig. 7 Crack patterns of slab top surface
salE7|5 "MEee ol3AS st 71s oo gk 519



32 U olF TYAWAN} 2D

il O
6.0%7HA A4AQ] XY THE LHAUL, S-29 S-
39] A% A WY 71EFH (¢)°] T sHE
FEZE (c;+ 30 TastEg 7 ke dds 39
o7 FL FA Adddol JFHLE AL,
7158l A punching coneﬂ}x]/] Az v 94 4=

= AT e
42 359l 0/

Fig. 82 3315 (lateral load)? =7+ W 94| (strory drift
ratio)?] 3¢ AA 2WZE JERD ZlolH, S-058 A
Qg 7] HAFA = 27 HA F W Sy ATy
7F EABIASL olwf o] F7+ WHH] (D)= 3.0% TS
2 YEhgth

S-0.52 3.0%A Ao stFol ZISHAL U, 4 A4
29l By g Roln HF FHEADGHIAE 6.0%1A
Vbt d<sk ukel 7o) ACI 318-0579 drift limite
28 Adgn)r) 039 A 27 HYn) 2.0% ©14d4e]

L‘i

Wy Sgg g7sy Qud, AY ARE ol BE
REdE A0® vehdt,

B4y 715 (PR 518 /%0 Hws) BH, S
9+ 834 49 715 W) Zvtel gt H 8%l

15.2%9}F 57.6% Z7Fstal, F7du)7t Folal S-0.5
91 @Tf 0% 7radte Ao® debgth
Fig. 9= Fig. 89 ©o]Z A (hysteresis loop)ollAl 2zt
Aol ElA Al dtsS A4 TEAE e Zloln,
7% F48 F7tel L‘}‘E— d5ot A 9 A
Yo A Aol (S-1<8-2<8-3)F 1T 471 A

432N

Fig. 102 0|89 z} Alol&olA 78 AL ]

$-0.8 e i S-1 H
- G - : ol
P f;?‘f(,;,“ o .. Punching Ml j’;;jk“',j ' g
Do = +6.00 % fat Do = +3.00 % Fajors
500 % o~ 258 % /I’)o
56 94 .
= -
S = g Q
2 o
3p £ s
f\//[/ s $V
Compiste iﬁ:é”i,f’;"
.. £ 100
FZEZM e Fature
ft (%) Drift (%)
(a) 8-0 5 {b) S-1
s-2 | i §-3 i H
= : «Pra = Inttiad
P ':?::x % snitisl . cnid bl PinchInG
' D= 1500 % T i Do = 43.00 % i " Faituro
~300% - /
564/, :
b1 o +
& ] H
Ly o 86 2
£ % COMD/M
- Complote 1 . Pancnm iy
Punching Fature
Faihre i ¢
Dift (%) Drift (%)
(c) §-2 (d) s-3

Fig. 8 Relationship between lateral load and story drift ratio

520 | =22 A2/E%S| =28 M198 M4F (2007)

* 8~0.5: ¢y/c2= 0.5 % | S-3
+ 81 :glep=1 ; :

e 82 :cdca=2
*8-3 :ci/ce=3

Load (kN)

i_Ann
o0

Drift (%)

Fig. 9 Envelop curves

*8-05: ¢y/c2= 05
Lo 81 igyfee=1 ...
« 82 :cyfce=2 i

2 *«8-3 :
o rennes
£
&
T
©
o
o
%]

-8 ~6

Drift (%)
(a) Secant stiffness
120
L Cyfep= 05
»100 Dorfce=1
& ooy =2
o
£ P C1/Cp=3
= 80
»
=
o 60
T
2
L 40
o
o
[
20
o] ¢ }
0 2 6 8

4
Drift (%)
(b) Peak-to-peak stiffness

Fig. 10 Stiffnesses

3k Zolth. Fig. 10@@)e AFAA AH), () ¥
AlolE AL zhzt AAT QA 7ETR 7
734 (secant stiffness: origin-to-peak)®]iL, Fig. 10(b)
5 Aol Ze] A+ 7 B AL F (-
ko] AHS AH AAs HAe 71gr2 73 A
(peak-to-peak stiffness)S UERH Zlolt}.
715 A7 1 (S-1)1A 0.5 (S-0.5)2 FAsar A
AbolE (D,=0.25%)14 el &4 73Ade] 72200014 67.58
2 2B, A 5ol F2F WU 3.0%0AM

ol Flf ri NORl



140
_DSPLACEMENT DUCTRITY| " DISPLACEMENT DUCTILTY|
PEAKDUCTLTY fgh = 0, /D, = 183 PEAKDUCTLTY (i) = Dy /B, = 2.13]
120 ULTRMATE DUCTLITY (o) = O,/ B, = 288 120 ULTRATE DUCTRLITY ) = O, £ B, = 2.34]
100 100
= = PEAKLOAD ¥
2w PEAKLOAD E | Z &0 g
e s
/ osr| B 089
g ® wmr] 5% rd 2B.2
20 20 /4
o
5 a o 5 i
° + ° £
° 1 4 5 8 0 1 2 3 4 5 0
Onitt (%)} Drift (%}
(a)$-0.5 (b) S-1
140 140
PEAKLOAD P
120 120
/ 08P
100 PEAKLOAD P 0o //
= / = wme
Ew / 08P | Zao
K] 7 N\ 2p | 3
3w X S e
3 DISPLACEMENT DXCTLITY DISPLACEMENT DUCTLITY
© f PEAKDUCTLITY (g} = 0,/ 0, = 242 w0 PEAKDUCTRTY g} = D/ 0, = 1.46
[/ ULTMATE DUCTLATY () = D,/ 0, = 265 1umm's Lxm:rurv (oo = D,/0, » 181
A .
wif i » L
i
B B0y o, G b
o i I N 4 !
[ 1 2 3 4 5 [ [ 1 2 3 4 5 [}
Ot (%) Deift (%)
(c)S-2 (d)s-3

Fig. 11 Displacement ductility index

o} M AL 2662004 25.54% 4% HE FolAE A
o2 Vet vHe] 7% F4E7E 2-39) Sk A
A S-2¢9F S-39] %%t z}é %7}0}04 271 AR

4

H 9j] 3.0%011*14 7&*&—% 26.62«% 31.3M 42798 7t
7} 17.6%SF 60.7%8 Z7}ete Ao = vEstch

44 AN X[

EYPE-T FHFdME EHAETHI ol -

g Ho Eo| WA ¥e

Aol GE4E s ol o] o]

A4 B2 YAE Fig. 113 7o) Pan? Moehle'?]
A-fol A ALg" W A4 A (displacement ductility
index)E AMHS- @tk FA qE (D) olF AW FFolA
o) Z7F HSH] (peak drift ratio, DY7HA Sl MY Y
(peak ductility : 4, = D,/ D)3 FA &5 o|F A 35
ol 80% FE7HA ¢ tﬁ'&’ 5@ (ultimate ductility: g, =
D,/D)S.2 Zt7} Agej=m, B2 FHAe] 7 e
Dol dsiM e stE-ie EHAdA 9374 A ks

9] 2/3% e S 1o AUl 5o FEAR T
= AR F7F Mg e A3t
A4 A4 H7b A} peak ductility (u,)E S-10] 2.13

o3, S-0.5% 1.84, 283 S-28} S3% 2473 14622
Yele ™, ultimate ductility () ZH2E 2.34 (S-1), 3.53
(8-0.5), 2.71 (S-2), 1.61 ($-3)2 et} 3UE 7%

3ol 7132 A¥YA S-13 P o S-05= 715 3
A 7 2 3 A TE Fri2 A skE o] %
T EI3AYES 771K W\ FEo] ¢4l ultimate

o2
S B 28 F
7He S2& 94 A7t St yﬂ F7F AA AL =HAU
o 8, 715 At 390 S3 AdAlE A4 At
71 A AAEREY, ol HakE WY e A

ductility7} 7+8 ZA VeRgoH, 7]

(c1) %7}?_ A8 Aol 7Hg A JrhdER HdskE
9 23 4 (2/3Pm)oﬂ/\1 Aojd guA (D)ol AA
°EE h% zb7] wiEolt). FAAn7E & AdA S 7

Adel F7retel e FEAE ZM H stz
o olE/|17kA dAT A AsrE VERA] @tenE

?% Q1P )2-% A8 FEY (D)2 dEH
AetA] B Aom ALEFH, FA 9] A4 A
JaiA vetde 9XE 7ees o FEHE

S M9l 4 A5 Abgol 2ed o dwd

_QL

oy
ﬁdfo ol
N _1>4

o

R}

a4t oL %]

Fig. 1252 7 Ato]Ed oA 4 *J%* (59 oy
Rl R HH)S Adsle 74 AUAE YEkd 1
gzo|}, =7+ W] 0.5%7F FEHE 3 AllE7HAE
ZAulg x}o]5 woltirt 4 Alo|EREE 7|F B4H7)
0.5~120 5 AFA (S-0.5, S-1)¢}F 2~3% F AFA (S-2,
S3)7F 74z BlSE 1A 2 quRAFS JESiL,
A 3}F o|Folle F7F W] 6.0%7HA A1) fJf
AAEL B F H@ATTA7} dojd §-059 7
= FAAA A el 7Hd A7) L‘rE}
st

k3
= =
—1% _)]\_}\

W& Z7A o)A (strain gage)d] ¥2 $1X= Fig. 49 2
onj, 715HA 05d Doizl YUY AFHE
g e} wrekd vad Wk 2 Ha wkd] e A
Aol AE Bl LR 74 AAER Hon 2

2w mazse WEES 3
@ AGL, Fig, 14 37 AslR 30%9) AR Al
2o rlzoz /5RoRNH Dod AYd e WY
12000
’é‘ 9000 <
£
Z
g 8000 1
g 3000 +
4

Cycle No.

Fig. 12 Accumulated dissipated energy

2ai=0|S Faeel olFAHS0 el 71S E4dlel S| 521



Vi 5-0.5 v ] 51 Yiod 52 © vio s-3
Strain stran Stran { Stin
B A /4 g
: : NN
- ° - 3 3 - ™
§-21)00 Kﬁ 3000 4000 5000 €U0 5-24»0 1900 2000 SCDG 4000 50DO 6O §—24b0 ~1900 hio 4000 5000 8OPO 3-!!&04)00 2004 >QN»
W =T
Microstraln Microstraln Microstrain Microstrain
(a) Steel strains
150 160 T 150
8§05 P8t 8-2! 83
100 100 00
ol o LA .
ENN g g 3
3 wo w3 ’ QK 00 10000 E : w0 s soo oo § L
) ~ w0 V‘_ 50 o A
-100 100 _1o0 00
~480 150 160 £ -180
Microstrain Microstrain Microstrain Microstrain
(b) Concrete strains
Fig. 13 Measured strains at the corner of the slab critical section: point X3 in Fig. 4
Distance from column face (mm) 4.0 266
-400 -200 0 200 400 ETest HECalc MTest/Calc o
©
- ’ ¢2+3h %
% 4000 +ep+d =
™ 7]
= 173
a 2
& i
E [~ g
L ] yewstin | 3
£ &
£
w
= "y
2 . : .
5-0.5 s-1 §-2 8-3

Y1 Y2 Y3 Y4 Y5 Y6

Fig. 14 Steel strain distributions by gage location

9 X8 9ustd vERd Aot
J&5 718 Wgoez 7)o 77 X3~X59 ¥E
o] 7k¢ ZA WEReH, X1~X3 B7H4 H fgmlxi
3 E0] O AT X5~-X7L FUFE ubgke) A g
3 ZA etk 8kF 7He W Hw ekl

o
— &
ok
i

2 off (& oy Lo
In

o
1 O
N
Fd
%
o
lo
b
=)
fmt

[o

34 39 Xd%

522 | gt=Z232|E%E =2 X193 M4 (2007)

Fig. 15 Evaluation of shear stress prediction by ACI 318-05
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“1-y, st | 2= 7 @ acr | o)t

VP act (YPrwo

M @ 3 4) ©) (6) O

®) ® (10) | ap | a2 | a3 | a4

C-0.5 78.2 63.3 26.02 1.23 0.82 1.99 0.661 | 0339 | 0.259 | 0.725 | 0.275 0.80 1.06
C-1 83.1 62.4 22.52 1.33 0.80 222 0.600 | 0.400 | 0.320 | 0.700 | 0.300 0.75 0.94
C-2 95.8 62.5 19.29 1.53 0.82 2.66 0.536 | 0.464 | 0.384 | 0.697 | 0.303 0.65 0.79
C-3 130.9 46.4 17.39 2.82 1.41 3.76 0.500 { 0.500 | 0420 | 0.823 | 0.177 0.35 0.42

(1)Specimen name, (2)Peak unbalanced moment, (3)Unbalanced moment computed by Eq.(6), (4)Moment resistance of the slab within
effective width of ¢, + 3% (Eq.7), (5) = (2)(3), (6)=(8)*(2)/(3), (7) = (8)*(2)/(4), (8)~(9)Computed fraction of unbalanced moment
transferred by flexure and shear(Eq.3), respectively, (10)Computed fraction of unbalanced moment transferred by shear(Eq.8), proposed

by Luo and Durrani'®

(13) =(12)/(9), (14)=(12)/(10),

, (11)~(12)Tested values for fraction of unbalanced moment transferred by flexure and shear(Eq.5), respectively,

sel=o|s MERe| oA et 7|5 Fable| g& | 523



E AL ACI 318-058 2o, o] o] 7FEe
HE d2Hrt 574 BS pE HLAIIES B
onzg Avtgoez= (7V)LW%}°1 (PParcETF ZA AkE
ot et o) AqME xS ACK 3180579 SUEH
AMEBIER 7)5 B4n] Sl wE A¥L ACI 318-
0579} BA3 BB FUHEHE p b UL 7t HR)
S UeR7] wj &l A AelA 715 B30T St
G52 HYE RUEY A7t FUlele A¥Ae i
€ Aot

Table 39| (1INE# (12)&le Gl A3l T2 (Diesr
1= (Deesr ™ AT (1) S HERL Zl0)H, A gkl
:1.746} zllf‘;Ltl ‘DUﬂEQ,] 7\%1;}- uj % ;q‘:h;]]%_% 2}7_}- L],
bk 283 (13)83 (19BN E o) A7 (M
E (Waa B Wiwest 133} Uehd Ae=zA, £ 4

BT 7% BNt SRS AN BAT A4
Z7rsta Qleng A Aner 715 A e St
E HIF RUE FUHE FHA3] wgsA Rshe

Ao yehyith 28 B2 ACI 318-057 71%4) 9] B
FRAE AGAFAN e Bdne % 48 4%

32wy

33

o) 71zele) AQED Bask Yo, S B Faw
o 3 Audue) ggol A 1 + Y= B
A5 Aol MgAH Row BHA,

A%at upe} 7ro] ACI 318-05¢) section 21.11.59M€
H) o] A$HE drift limit =[0.035 — 0.05(V,/ ¢V,)]
>0.0059F o] AASIL e, B A7 AEAA 3

ol
i
B
o,

€8 8 Ay 039 A5 20% olde] HIH

3 53 (connection drift capacity)& L2732 SU=Ul,
Ag AFde BF 3.0% o139 WY v % &
g, o] AFdAe FH ;ﬂ‘%@qﬂlﬂ AdH3 =) BRE
ANAel Wy 58 AEES M e, e $4 A
HHl g ¥R 3 PUd 7]%‘-%3}13 el sk A
d A87t 9 5449 dart

= AgAE 32 890 30%A A sFol
sH90m, 715 YRut dad 48 505

AL Ao SHEAM BRAT
L &HBe § AY fES] A

2) A 7)) AHSR 7)1E APA (S-S Hlast
W 715 @7 2~3u) Fhge et AEe
15.2~57.6%, 744& 17.6~60.7% S 7FIR3L DA<
S22 = 7 F

T ghdte A3

Z7tg Whd S3dAE oF 30% A

e Btk %3 715 AUt

0.591 S-0.5 AFAE S- 120 F=9 Aol 7=zt

6.0%9} 4.1% 7+A4F wiao] AAL 50.1%E =LA

Z7 sle 202 eyt

3) ACI 318-05™¢9] drift limite %8 HGEH|7F 032
o} 2.0% o] HEHF ¥E 5

g o

52 (connection drift
capacity)S 8738 U=, ’éfﬁ A= 3.0% ]
Aoz Yehg o] 7ES BF U
FAE 7t 120 Zolzl 8-0.5 AFA L
o] 28 (6.0%M ERHGHA) BA UeHTh
4) 23 3F (VHH)el Z43te SYETF ARl
AN Fd AgsEs d4 Ad-$E S tste ALt
=y 715 @ ()2 48 AFe ‘ﬂ A e
71 BE7E 05~2 Wl E 17-37% GRS
2 Jepgton}, dusE 31 AFA (S- 3)°ﬂ"1}\3
27k Bk v o) BA Jeh fiEdEd 9
o] (b) F7IE HEHE EHE FIP7t -5’1‘:1 A
g8 e 9o F2F/HIL e AL
VeRdth el @3 AA 715249 715 3
v Z7ld] e BgIEUE AEAse 48 A
Zo| 71&3 AREI} 2FHH.

ZAtel 2

o] RS AR (wUAAYF)Y Mhder =T
A EATE (R08-2004-000-10328-0), #7|&F -+
FAELAAEQ FFREE 1A AE ATAERIL-
2005-056-01003-0), A7 EATLNEAY (0434 7]
2Cn-2)R ez s, o FA=HHT

i

(=8

1. ). Moe, Shearing Strength of Reinforced Concrete Slabs and
Footing Under Concentrated Loads, Research and Devel-
opment Laboratories 5420, Portland Cement Association
(Skokie, Hlinois), 1961.

2. N. M. Hawkins, H. B. Fallsen, and R. C. Hinojosa, Influ-
ence of Column Rectangularity on the Behavior of Flat
Plate Structures, ACI Publication SP-30, 1971, pp.127~146.

3. K. K. Leong and S. Teng, Punching Shear Strength of Slabs
with Openings and Supported on Rectangular Columns,
Nanyang Technological University, Singapore, August, 2000.

4, D.R. C. Oliveira, P. E. Regan, and G S. S. A. Melo, “Punch-
ing Resistance of RC Slabs with Rectangular Columns”,
Magazine of Concrete Research, 2004, Vol.56, No.3,
pp.123~138.

5. S. Teng, H. K. Cheong, K. L. Kuang, and J. Z. Geng,
“Punching Shear Strength of Slabs with Openings and Sup-



ported on Rectangular Columns®, ACI Structural Journal,

Concrete Structures, KCI, 2003 (in Korean).

2004, Vol.101, No.5, pp.678~687. 13. ACI Committee 318, Building Code Requirements for Rein-
6. M. S. Choi, J. M. Ahn, K. S. Lee, and S. W. Shin, “Influ- forced Concrete(318-05) and Commentary (318R-05), Amer-

ence of Column Aspect Ratio on the Shear Strength of Inte- ican Concrete Institute, Farmington Hills, Mich., 2005,

rior Flat Plate Slab-Column Connections”, Journal of pp-181~183.

Architectural Institute of Korea(Structure & Construction), 14. M. E. Kamara and B. G. Rabbat(Ed.), Notes on ACI 318-05

Vol.21, No.10, 2005, pp.79~86 (in Korean). Building Code Requirements for Structural Concrete, Port-
7. N. W. Hanson and J. M. Hanson, “Shear and Moment land Cement Association, 2005, pp.16~12.

Transfer Between Congrete Slabs and Columns”, Journal of 15. Paul E. Mast, “Stresses in Flat Plates Near Columns”, ACI

the Portland Cement Association, Research and Develop- Journal, Oct. 1970, pp.761~768.

ment Laboratories, Vol.10, No.1, 1968, pp.2~16. 16. 1. P. Moele, M. E. Kreger, and R. Leon, “Background to
8. D. N. Farhey, M. A. Adin, and D. Z. Yankelevsky, “RC Flat Recommendations for Design of Reinforced Concrete Slab-

Slab-Column Subassemblages under Lateral Loading”, Column Connections”, ACI Structural Journal, 1988,

Journal of Structural Engineering, ASCE, Vol.119, No.3, Vol.85, No.6, pp.636~644.

1960, pp.299~314. 17. ACI-ASCE Committee 352, “Recommendations for Design
9. D. Y. Kim, The Seismic Behavior of Interior Flat Slab-Col- of Slab-Column Connections in Monolithic Reinforced

umn Connections, PhD Dessertation, Hanyang University, Structures(ACI 352.1R)”, ACI Structural Journal, Nov.-

1995 (in Korean). Dec. 1988, pp.675~696.

10. S. J. Hwang and J. P. Moehle, “Vertical and Lateral Load 18. Y. H. Luo and A. J. Durrani, “Equivalent Beam Model for
Tests of Nine-Pannel Flat-Plate Frame”, ACI Structural Flat-Slab BuildingsPart: Interior Connections”, ACT Struc-
Journal, Vol.97, No.1, 2000, pp.193~203. tural Journal, 1995, Vol.92, No.1, pp.115~124.

11. D. B. Lee, 4 Study on Behavior of Flatplate Structural Sys- 19. A. Pan and J. P. Moele, “Lateral Displacement Ductility of
tem according to Column Section Shape, PhD Dessertation, Reinforced Concrete Flat Plates”, ACI Structural Journal,
Hanyang University, 2007 (in Korean). 1989, Vol.86, No.3, pp.250~258.

12. Korea Concrete Institute, Design Code and Commentary for

2 o B aTE 348 33 ABA FuA A8HT gt SATAE RN PIR N5-EAE HUR
= gyos AN oo 47 ARE BAY Aotk of ATl BHe AWSTH Lol MEHo ek FT
Zo] Wste] /15 wEel G (B=c,/c= DoET UG W] J1F v AR eE A ke 71s
mol A7y WE HEgRe old AsS vl Hrpsk Aoltk, 715 wel AT 0.5-3 (¢;/c;= 12, 1/, 2/1, 31y
om MAHYL, /T T= 2B 9FvWY Fd o) (bt A 4 IS T3 A AdE (V) Z717)
Walale] =@ Aol xjolr} BAsy] QR 715 Fwe] 2715 A6 HRAIAM bt AR AEFE 7T &
mel /|2 AMsrt 2T SuE FA2E e} £ A (/7)) F AR ol Agd 4FE = F AU
e gs 98 dAEe s 20w AFsle 75 4 9 1FL § U= stk 48 FH 3 W
2y sipo] Aadls 2YHIT AN AP BN EEHDG P 42 A, 2 g FAYES HIE,
Aaxo e A4, 29T W 8 5L /)% F48 W weh BASAT EE, ACEH318-05 AA7ES |
A Adgd mdd od dugAe A3 Asel wase] BRI, H4F AA 71zt B3 Ao o HHE
B 2gynde Agvgd de AES st

ARO : SAZYOIE RX, 2dEII5 BYR, 0/ A5, E28EHE HE, mA MHZH

sopuo|S FERES| OIS0 thEt 715 Halulel et | 525



