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ABSTRACT

Current design provisions and guide for performance-based design do not accurately evaluate seismic performance
of flat plate system. In the previous companion studies, parametric studies using norlinear finite element analyses
were performed to investigate behavior of the flat plate, and based on the numerical results, design methods that can
predict the bending moment-carrying capacity and the corresponding deformability of the flat plate was developed. In
the present study, a generalized moment-rotation relation of the flat plate was developed based on the previous
studies and the numerical analyses. The proposed method was verified by the comparisons with existing experiments.
In addition, the effective stiffness of the flat plate corresponding to 0.2 percent of lateral drift that is generally
regarded as the serviceability limit was proposed, so as to evaluate conveniently deflection of the structure subject to

wind load.

Keywords : flat plate, connection, effective stiffness, unbalanced moment, performance based design

.M 2

AT F2EY WA e, AstEl e
Z29 A4 ATEART AdeEe A wdsp]
8 AsrizAdAgel FEdstl =Hn Yok ol
A7 E AR HeliMe FEE8s AUdE a7
3 7 o]F9] Ag ol27I7A FAS] AL vl
AsE WE3| Agstoof gt £F Asks R Tt
Zol disl A4 AEES 7] A, FakEd Asla
1o weh FA £4ARE Bdste] SHRY A
< Ags| Hrlstoiof k.

Z9 ZYolEx ¥ B VTR THHE @
+3 FejolAgh, P2 SudMe WA A
P APHER 2B A%l wi et AdsH
& dFsly) b otk bebM B2 A7AEE 2R =
dolES 57} WHFRS APk P AT’

N

* Corresponding author
Tel : 2-80-7065 Fax : 02-871-%018
E-mail : hgpark@gong.snuackr

856

ddow wy Hol2ali” e fEeads
ECECIEA-C EE R

g,
it
=)

ol

N

ol

of

10(_5

o
Ko 4

o,
=2
ry
)
%
>
of
ne
ret
Ho
m\;
Oox
oX,
o
AN
N
o
f
ot
N,
i
BN
LAl

1
Aeta s} Sadsee SEHe] fEAAe] A
t} ol tlgl /&AM E AHAT AAS u}
02 02 % EE 05 % 9 #8Z] g8 1/3 £=
o) ARAASRE Ak grk
Zy ZyolEg RUE-WHZL TA
7] SaiME Adaest a2 sdshe
Ul 3= glojob gtk FEMA 273°6l)A]
7 248 Yehly] gad dE-7)%
Fztg} AYAgzke FAARARA o
H$ Vo Vooluel @8 Jostar 9l
o] AerAe AA Henel 3F ©

go&‘ll‘_\ﬂﬂl

o

ot ol
Jgt
o

[l
rE
N
N,
(o
o, o
o {0,

rlr
g
Im

S )
o N
2 H
= r_;:izrim
O
1% ox B

o DN g
i
[e3

R4

oft >
= ofr o —

lo 2 | fo B oft ok ok

-4
i
o
2
ch
htl
_(r)f‘
=l
%0,
[e3
o
i)
O
=
1o
S O
o
2 oy
-+,
& E
<



(2

=
o M

O ok

> rg ot
v
o2
rot
X
Q':,
T
¥
1o

:

x4 o) ok px Y ox Ok

&
T

2 9 ﬁﬂ*ﬁ*iill%u EP% de ézﬁ}?‘ﬂ}
Z A

Chen'” 59 @70 oJ3b, Zages} AAREES 2
3l8l7] o)Ael AFUALIA LB 2 AlFEF] A

3 ko] A FHrel 27)1FPo] WAsEE,
zAne Ao 2asha F71H AFE 9FL ¥
S ek WA AFAGe] Be AdeFe Azl

md BT 5 YEE Az EH AIla o] ¥
B, o8 $j5 ¥ AFelNE ol
AZE AR A% @S Ageiad. ol |
ZIgol M ZAE AR Fexg AxFFENE X
dal7] 919 Bazant”] 233 @AY A A
Sk w3 AR WE 2AYEY APAE, YEAE
RAAS HekE s S8l Aa2le) 2 AHge)
gom, 2 9 /1A% UF FANAEY 2
Mol A8 20} gk AYAT o Qe 7)E
Ao AAZAG ERAL A4 A% seue] 27
He Aol7h Qick mEhq B Aol A% Fu x
Ag Hrh F28) WEAL & YuE HAEFAs
FRRgon], o AFold AgE fFEan HArd
Fig. 201 treh} ick 814 medoAe, 33be) dolrt o
A% A% s 4L nejel]
ASt B RolA A2 gl RE Rglv} I3
QoM c uwr D Ddoﬂx% C- Cg‘r D-D%ol] ti3t 3

0
__?zlts
>
oy ™
B
T

o o

ey
u

d

do
i
—{J
_o;
¥
v
e
aQ
[\]
Ee
>’
N
o{n
rE.
2
o,
v of
oft
Ol
rir
afy
I oofy I (R

ol
2
Oft
e
ol
e

o152 W BAUS0|=0| DUE-HYZ MM KUy

S
E maximum plastic deformation
plastic deformation
1 C
B
B: yielding point D E
C: maximum moment-carrying capacity
A

Drift

Fig. 1 Load-deformation relation of flat plate
specified in FEMA 273
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Fig. 2 Finite element model for interior flat plate
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pb=°Fr?vi:] %), Vel V.= HEFY AN
] Fstzol «]5} sHATE AsHlE (%), L,
L, = 33K Aspiats 2 Audke] 47bo] (mm),
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A9l ohes 2t

0< Vel Vo<T75(%), 0.3<p, 0,<1.2(%),
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0.03<h/L,<0.06,

3000<L,, Ly<6000 (mm)
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Fig. 4 Moment-drift response of flat plate
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Table 1 Prediction of stiffness reduction for analytical models (continued)

Model M, 0, f{a(2> (&) (@) KO.Z pred. KO.G pred. K0.2,creep &)
(kNm) (%) (MNm) K,/ Anal K, 74 Ko anat. | Ko.6anal. K,
E-500-500-180-0.3-03-0 268 142 839 1.00 0.72 1.05 1.00 0.719
E-500-500-180-03-03-% 224 1.24 839 0.71 0.55 111 1.03 0.498
E-500-500-180-03-03-50 180 1.03 83.9 042 0.37 1.40 112 0.314
E-500-500-180-03-03-%" | 148 0.82 - - - _ _ -
E-500-500-180-06-06-0 324 142 86.8 1.00 0.73 1.09 1.01 0.725
E-500-500-180-06-06-25 288 128 86.8 0.71 0.67 0.96 1.00 0.620
E-500-500-180-06-06-50 254 113 86.8 051 0.48 110 1.06 0.427
E-500-500-180-06-06-75 220 0.93 26.8 0.41 0.33 129 1.10 0.262
E-500-500-180-09-09-0 370 142 90.9 1.00 077 110 1.06 0.770
E-500-500-180-09-09-25 339 1.30 90.9 0.75 0.69 0.94 1.01 0.659
E-500-500-180-0.9-0.9-50 310 117 90.9 056 0.55 1.00 1.02 0.506
E-500-500-180-09-09-75 280 1.01 90.9 0.48 0.44 1.05 1.02 0.357
E-500-500-180-1.2-1.2-0 411 142 94.4 1.00 0.76 1.16 1.09 0.764
E-500-500-180-1.2-1.2-% 382 131 94.4 0.80 0.67 1.03 1.05 0.638
E-500-500-180-1.2-1.2-50 356 1.19 94.4 0.60 0.58 1.00 1.04 0.537
E-500-500-180-1.2-12-75 328 1.06 94.4 053 0.49 0.99 1.03 0.410
C-300-600-180-06-06-50 195 0.94 75.6 051 0.47 115 1.02 -
C-450-600-180-06-06-50 250 1.08 86.9 052 0.47 1.12 1.03 -
C-600-600-180-06-06-50 311 1.18 98.4 051 0.46 1.13 1.05 -
C-T50-600-180-06-0.6-50 366 123 1100 0.56 0.46 111 1.07 -
C-900-600-180-06-06-50 423 1.28 123.0 0.64 0.46 1.06 1.05 -
T-600-600-180-06-06-50 311 118 98.4 051 0.46 113 1.05 -
T-600-600-195-06-06-50 392 116 125.4 055 0.52 1.07 1.04 -
T-600-600-210-06-06-50 473 112 157.0 0.59 0.57 1.02 1.03 -
T-600-600-225-06-06-50 559 1.08 193.2 0.64 0.61 0.98 101
T-600-600-240-06-06-50 649 1.04 234.4 0.69 0.64 0.95 0.98 K
U-500-500-180-0.3-0.15-0 251 1.42 83.0 1.00 0.69 1.07 1.00 -
U-500-500-180-03-0.15-25 | 207 124 83.0 0.66 0.59 1.04 1.01 -
U-500-500-180-0.3-01550 | 163 1.03 83.0 0.42 0.38 1.30 1.03
U-500-500-180-03-0.15-57 132 0.83 - - - - -
U-500-500-180-0.6-03-0 298 142 85.7 1.00 0.73 1.07 1.02 -
U-500-500-180-06-0.3-25 263 1.28 85.7 0.72 0.68 0.95 1.00
U-500-500-180-0.6-0.3-50 228 112 85.7 051 0.48 1.09 101 -
U-500-500-180-06-03-%" | 193 0.93 - - - - - -
U-500-500-180-0.9-0.45-0 337 1.42 83.3 1.00 0.74 1.12 107
U-500-500-18009-045-%5 | 306 1.30 83.3 0.76 0.69 0.96 1.00 -
U-500-500-180-09-04550 | 275 116 88.3 057 0.55 1.00 1.01
U-500-500-180-09-045-5 | 245 1.00 833 0.48 0.47 0.98 1.08 -
U-500-500-180-1.2-06-0 373 142 90.8 1.00 0.75 1.14 1.08 -
U-500-500-180-1.2-06-%5 344 131 90.8 0.80 0.72 0.94 0.99 -
U-500-500-180-1.2-06-50 316 118 90.8 0.61 0.58 0.97 097 -
U-500-500-180-1.2-06-75 287 1.04 90.8 053 0.50 0.95 1.05 -
S1-150-150-180-03-03-5" 71 0.69 - - - - -
S1-150-150-180-03-03-"] 59 057 - - - - - -
S1-150-150-180-1.2-1.2-25 133 0.71 62.1 0.60 0.54 118 1.02
S1-150-150-180-1.2-1.2-75 125 0.63 62.1 052 0.47 1.05 1.08
S1-450-450-180-0.3-03-% 214 0.94 1215 0.64 0.53 1.05 1.00 -
S1-450-450-180-03-03-75 172 0.78 1215 0.39 0.35 1.17 1.00 -
S1-450-450-180-1.2-12-25 360 0.97 1372 0.62 0.57 1.14 1.01
S1-450-450-180-1.2-1.2-75 329 0.86 137.2 055 0.50 0.99 1.01 -

W The models were cracked during vertical loading, and therefore these were excluded in present study.
@ The initial stiffnesses of slab were calculated by finite plate-bending element analysis.
® Stiffness reduction of slab due to early cracking and long-term deflection.
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Table 1 Prediction of stiffness reduction for analytical models

_ 0 (3} : & KO 2 KO.Z pred. KO.G pred.
Model M, Nm) | 6,0 | K2 0Mm | ( X, ) anat. | (2 K. ) Anat. Rosmmr | Koo
S2-200-200-180-03-0.3-25 89 0.82 59.5 0.60 0.52 1.07 0.99
S2-200-200-180-03-03-75" 69 0.63 - - -
S2-200-200-180-1.2-1.2-%5 164 0.85 66.2 0.57 0.55 1.19 1.00
S2-200-200-180-1.2-1.2-75" 151 0.74 - - - _ -
S2-600-600-180-03-0.3-% 294 1.14 125.1 0.58 0.53 1.08 1.00
S2-600-600-180-0.3-0.3-75" 210 0.86 - - -
S2-600-600-180-1.2-1.2-2%5 481 1.18 1412 0.64 0.59 1.13 1.07
S2-600-600-180-1.2-1.2-75 426 1.02 141.2 0.48 0.43 1.05 0.94
S3-250-250-180-0.3-0.3-%5 107 0.95 615 0.56 0.52 111 0.99
$3-250-250-180-0.3-0.3-75" 78 0.67 - - - - -
S3-250-250-180-1.2-12-%5 198 0.99 63.7 0.62 0.56 1.20 1.04
S3-250-250-180-1.2-1.2-75 179 0.83 68.7 0.43 0.39 1.22 1.01
S3-750-750-180-0.3-0.3-25 351 1.29 127.1 0.58 0.52 111 1.02
$3-790-750-180-0.3-0.3-75" 216 0.85 - - _
S3-750-760-180-1.2-1.2-%5 574 1.35 143.7 0.63 0.57 1.14 1.10
S3-750-750-180-1.2-12-5 487 1.11 143.7 0.38 0.35 1.23 0.98
F-500-500-180-0.3-0.3-0 291 1.42 94.3 1.00 0.74 1.02 1.04
F-500-500-180-0.3-0.3-66" 176 095 - - -
F-500-500-180-06-06-0 349 1.42 97.3 1.00 0.71 1.12 1.05
PF-500-500-180-06-06-65" 250 1.03 - - - - -
F-500-500-180-0.9-09-0 397 1.42 101.4 1.00 0.73 1.14 1.07
F-500-500-180-0.9-0.9-65" 311 1.09 - - -
F-500-500-180-1.2-12-0 441 142 104.9 1.00 0.75 116 1.11
F-500-500-180-1.2-1.2-65 362 1.12 104.9 0.52 0.48 1.04 1.02
E2-500-500-180-0.3-0.3-15 242 1.33 839 0.85 0.68 0.92 0.38
F2-500-500-180-06-06-15 303 1.35 36.8 0.88 0.71 0.96 0.93
E2-500-500-180-09-0.9-15 353 1.37 90.9 0.89 0.72 0.96 0.95
E2-500-500-180-1.2-1.2-15 395 1.37 94.4 0.91 0.75 0.96 0.96
Mean 1.08 1.03
Standard deviation 0.093 0.043

Y The models were cracked during vertical loading, and therefore these were excluded in present study.
@ The initial stiffnesses of slab were calculated by finite plate-bending element analysis.
¥ Stiffness reduction of slab due to early cracking and long—term deflection.
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Fig. 9 Predicted moment-drift responses for Hwang
and Moehle's specimen (1993): (a) b2; (b)

b3; (c) ¢2; and (d) c3

Table 2 Properties of Hwang and Moehle’s specimens, and prediction of ultimate moment-carrying capacity
and maximum drift (E-W directions)
Reinf : :

Specimen LiLf a| 2| d| S| Sy ?Zti(:)rc(;g}snt Thickness| Vo/ Ve| M,*| 6.” | K, | M,°| 0.” | K/

(mm) 9 . 0 . . q :
mm) | (mm){ (mm) | (mm) | (mm) | (MPa) | (MPa) Top | Bottom %) | aNm) | 90 | MNm)| Nm) | (%) | (MNm)

b2 2740|1830 244 | 244 |64.3] 21.8 | 456 | 0.64 0.27 81 28 22.8 2.0 5.20 94 1.96 493
b3 2740|1830| 244 | 244 |70.6] 21.8 | 456 | 0.74 0.27 81 28 23.8 2.05 5.62 114 2.04 571
c2 2740{1830| 325 | 163 |64.3| 21.8 | 456 | 0.66 0.27 81 28 29.1 2.26 6.46 8.4 1.92 5.96
c3 2740(1830| 325|163 |70.6| 21.8 | 456 | 0.77 | 0.28 81 28 30.1 2.27 6.54 10.4 2.00 6.22

) The ratios were calculated for gross area.
(2) The values were calculated by proposed method.
¥ The values were calculated by FEMA 273.
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