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ABSTRACT

This study evaluates the seismic performance of reinforced concrete (RC) flat plate structures relation to the gravity shear

ratio. For this purpose, 3 and 7 story framed buildings were designed for gravity loads only. Subsequently, a nonlinear static pushover anal-
ysis and a nonlinear time history analysis for the prototype buildings were carried out. In the nonlinear analysis, newly propose analytical
slab-column joint model was utilized to capture punching shear failure and fracture mechanism in the analysis. The analytical results
showed that seismic performance of RC flat plate frame is strongly influenced by the gravity shear ratio. In particularly, in the RC flat
plate frame with a large gravity shear ratio the lateral strength and maximum drift capacity decreased significantly.
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Fig. 1 Prototype structures
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Table 2 Comparison of static pushover anal

ysis results
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[2)-(D] / (1) —46.93% -67.74% —66.67%
35 ZXET Ho wHepleh Ao S wHemzE 2 oF Ak of} AR M FHeTReR A
Uehd 212 P-AR ol osto] FY A7 THo| i A" 2 FHE =29 WX Asd 3 Lotrr]
=7 Wz AetEr flsted o] Al A9 ANk THEEE Y siginh Al A
go] Auk FPEEEL 5030 2 FE 10%AEF7]
5.HME X sl|A 4743)}F 500 23 BE 2%AEF7] 24759)9] F
7FA] hazard leveldll W3t 242 20701 e] At 7H&%E 7]
o] AFelXe Axlel|l gk vl Az o] A& & AHgaton,”? o] & Fig. 40l UrEMJ‘}iE}. Fig. 4
Fsted RC SR ZHolE Zxo] WA He H7HE = 5% ZEME Zhs 20709 AR Ll dis] A
FYsIATh AREE AN RS A9e UuBCrE" Al AFEHN Ha SH SFEHS YRSl

seismic zone 4, 3, 2A°] F3h= LA A9 Al E X o, FEMA 356”14 AAg Wyl wat 2493 35
o, 293 HAE AL ARtk Il A T 2AETE dehiich E3 20149 AN o]
4
. 10/50 Harzard level | i " 2/50 Harzard level
3 Lt (Scale=0.90) : N (Scale=0.83)
verage spectrum
LA LA
N Average spectrum Target spectrum
B Target spectrum (Site D, USGS)
(Site D, USGS)
1
SRR
3
10/50 Harzard level | £ 2/50 Harzard level
(Scale=0.73) Awverage spectrum (Scale=0.77)
— Seatl L2 Target spectrum Seatl
=11] - 4 .
PR Average spectrum s | e w, (Site D, USGS) eate
2 E Target spectrum e
1 (Site D, USGS)
1 : —
10/50 Harzard level 2/50 Harzard level
08 (Scale=0.63) (Scale=0.70)
06 Boston Average spectrum  Boston
Althy : 3 Target spectrum
04 [IE Average spectrum : (Site D, USGS)
Target spectrum ’
032 (Site D. USGS)
0 ..........
0 1 2 3 4 1 2 3 4
Th [sec]
Fig. 4 Response spectra for LA, Seattle, Boston motions

6

st2=ga|E

Esls Lo
t3| ==2g

| X222 M15 (2010)



gt S5 2¥EH] A =S =0]7] 9380 scale factor
£ A&tk 50d 2% A 50 10% ARl g
scale factor= LA A 99| A% 7}7} 0.83% 0.9, All&
A9 Z7F 0773 0732 ARESHAAL, 283 HAE
Aol zbzt 0703 0.63 AHg-steih”

5.1 LA X|f

= H S FEMA 356'70|A A&}
I AE A (life safety)Zt 532 WA 5= (collapse
prevention)el]l Tt Al Z7F W9} A eI
Ad F71 50 10%2] ARoA = BE ZF=A LS
A T2+ HLE 2FE A, & TYPAAEN ] 15 F
ZoMEe CP A 7 WHE 238 A S
FTHHAENL A2 AR 353 754
Zk7F 1.3390, 1489 =LA vepETh 283 5099 2%
A7l tisiMe e FZ7F CP 3 3
sto] Yebdth 2 FEAEAN U 7 HYE 3%
I 750l A2 73-Eoh ZhzF 143w, 1.568 =
itk ole FEAGRI 2 A4S ¢ e AEE HYd)
A1 LS9} CP A &7 Wfldl mdste AS ¢ )
Figs. 63} 72 242 A 571 50 2%9}F 10%2] A%
of sty Fx9] HY Auuly e} A4 A9 9%
YeERH AT

AEF7] 5049 2%2]
= 3%

Hele &

N

ol

(o}

2

Ao tste] = Aty
BE ZFXAA 118 YEleH, 73 2=

10%

[: Punching i Plstic Hinge

oo . O >
4O ' Of o
:O_DO—D'
<V, gV. = 046> T =059
(a) 3-stroy

- Oy 0 o O O =

. - > . = 3 =
p——p——% 4 z & o 4
T = = o} oo f
o T e e
p—p———4 e
b——3—4 b 4

<V, /¢V. =046 >
(b) 7-story

<V, /¢V.=0.59>

Fig. 6 Plastic hinge and punching shear failure for 2% 50 years
LA motions

Y AuM7h 2 A 270 2 73 33707 A
stttk 3% X9 He 7F JEAF A A= F
A7 e Agol F AS 7z sk 1600, 7%
ZZ= ZH2F 5709 49707 BAY Eh AT

a8 AEF7] 509 10%] ARl thsle] 35 =
z°] ¢ 4z 97)¢} 12

Aee gl o)
N, 7% FxE 247 1009 13707 2As)

A7t sdgh

E
T
)
X

Story

LS

0 0.01 0.02

Story
= N W A& OO O =~

0.02

o

0 0.02 0.04
Interstory Drift[rad]

0.06 0

0.05 0.1
Interstory Drift[rad]

| ——— Median (¥, / ¢V, = 0.46 )———&———Median (V, / ¢V, = 0.59) |

Fig. 5 Median maximum interstory drifts for LA motions

=g
S=

24

Metdof e HZE32|E E2 Z0|E =X Rl Hs gt 7



[J: Punching @ : Plastic Hinge

rC [ OrC Oy O
M I OO =
* N il o
<V, gV, =0.46 > <V, /gV.=0.59>
(a) 3-story
- Cr (> O Cy
L > - i LT -

[=]
09—,

4

L

L

-

e Er——
<V./9V. > b)7story <l #.=059>

Fig. 7 Plastic hinge and punching shear failure for 10% 50
years LA motions

3l
7t
%_o
07 3
52 A|OHE x|
Al E A9 50839 2%} 10% ARl gt v X

10/50 Hazard Level

SHolg sAE Tt 4 Hol S BSIE Fig. 8
of YeRHATE 50d2] 10% A XM= ST 2
71e BARe] F Ex 57 LS A T HeE =
FapA] ekt 23 50349 2% AW gEiME S
HATH 7 & AL Cp A =7 WHYe ZHskA
ko, SEAGIE & A9 CP A S HAE
dolxe Zog eyt FEAER 7 & 734 3
% 7% 229 Hd S Hele Fe AR 747

1459, 1.838) =7 e},

Fig. 95 AlolE A999] 50:d9] 2%9] Azl @Ay
z°] FY Aot 2470 LERd Ao
A&EZE7] 50d2] 2%2] A Mol thale] 3= Zxe
?_Ur = RE ZRA IR YJepgon, 7= 2
D}HV} 2o Agot F A% 77 22709k 27
L3 2z 24 AXE 72 189
= 77}y 25709} 36707 A skl e
220 thate] £ Avkuiy]el 24 3

=) =
XIS

=
=

o=z
==
25

= SOLH 10%

A B ZxoA BASA Stk w2 FEA
WS 2t w20 A9 B2 Y ddvdeh &

A9 A A5 Bl

53 HAE X|

Fig. 102 H2E 2 HoAe] RC S ZFY°lE FX
o Hu S7F HHE YERA oFFl ¥ RAE
A= 5099 2%} 10% A Aol thale] =HAG

2/50 Hazard Level

3 . .
' o, ' '
9: o. 9 %:
2 L " L
2
S
7]
1 - =
0 1 : 1 ; 1 : 1 :
0 001 002 003 004 0050 001 002 003 004 005
7 : :
6 g G . ot
5 | . : I .
a '
Sat -
17)]
3 - L
2 = -
1 - -
0 1 L 1 1 1 i 1 L 1
0 001 0.2 003 004 0050 001 002 0.03 0.04 0.05 0.06

Interstory Drift[rad]

Interstory Drift[rad]

l ———<=——Median (V, / ¢V, =0.46 )

&

Median (7, / gV, =0.59) |

v

Fig. 8 Median maximum interstory drifts for seattle motions

=232 ESts| =22 M224 X135 (2010)



[t Punching & Plastic Hinge 3194 ﬂ7]0ﬂ 5’4'7110101 =z B5F7F LS §HA =7 1Y
i A A 2 238 ggrom, BY AunH sl 24 A4 A
i BE ZxolA WAEA ergktt.
{ Table 3 7} A o] tfst RC Y FHOE Fxo|
<V, 19V, =0.46> T, 147, =059 e a7 270 Weu s Aalsted Lhehdl Aol
(a) 3-stroy
L+ - e i Oy 6 ?=_=| %
= - ¥ § = ‘ -
. . | D o] AelE FHdee] stold] me RC EY
. ] I selole Zxd] dhal vlAY AH D 04T 5
, A4 Fakel A A% Wrke S
— 4 ) HAE AH Y Ast FHAWIL 04604 E o
B S S— AA A 2 7F ERs ﬂ% 0.59914+= #4d
<V, /¢V,.=0.46> <V, /¢V.=0.59> 2ol AeAu] vz Jep)
b) 7-st
By Tston 2) B SN A FEAVIL 2 A%, A wA A
Fig. 9 Plastic hinge and punching shear failure for 2% 50 e Ay 270 W= e ASur) 3= Zx
years Seattle motions . o
N Z+2t 45.57%, 70.73% HAsIHA, 75 F=2
10/50 Hazard Level 2/50 Hazard Level
3 :
«; &: 9 &
” i .
P
o
7]
1 L
0.02 0.04 0 0.02 0.04
9 ! - 2 &:
0.02 0.04 0 0.02 0.04
Interstory Drift[rad] Interstory Drift[rad]
————&——Median (V, /¢V, = 0.46 ) ——————DMedian (V,/¢V. = 0.59) |
Fig. 10 Median maximum interstory drifts for Boston motions
Table 3 Comparison of median maximum interstory dirfts for LA, Seattle, Boston motions
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