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ABSTRACT

To reasonably predict the behaviors for RC flat-plate structures, analysis model considering the flexural stiffness
of slabs is required. FEMA 273 and ACI 318-99 refer to theoretical analysis models of two-way slab systems under
lateral loading but the actual application method is not suggested. In this study, the modeling and application
methods of the flat-plates using effective beam concept are suggested. The results of this study are as follows. 1)
The effective beam width model suggested in this study is very useful to model flat-plate structures subjected to
seismic loading for three dimensional analysis 2) The result of analysis for idealized flat-plate example using the
effective beamn widths considering the effect of the slab crack is shown upper value for displacements. Whereas the
model considering effective beam width coefficients only is shown upper value for unbalanced moments
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(b) Behavior of effective beam-column connection

Fig. 1 Concept of effective beam width

Table 1 Effective beam width coefficient studies

. Geometrical parameter
Investigator Date Type of study Commection Column Sah
Aalami® 1972 Finite difference INT S R
Mehrain & 1974 Finite element INT
Aalami
Pecknold” 1975 Levy analysis INT R R
Allen & Darvall® 1977 Levy analysis INT R R
Fraser” 1983 Finite element ALL R R
Miliia & Steven® 1985 Levy analysis INT R R
Banchik” 1987 Finite element ALL S R
Fariborz & Rainer & Mehrdad'® 1991 Finite element PER S R
Luo & Durrani'™? 1995 Modified equation E,\Ig{ R R
Choi & Song'>*® 2001 Finite element ALL R R

S/R : Square/rectangle

INT : Interior connection

PER : Edge connection with bending perpendicular to the edge ALL : All connection
Where. the studv bv banchik is referenced in the report bv hwang and moehle
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by 2 (crack) -

Table 2v <89 7374 A #8 7|1& AFE
Kokl 74_3 AsE BAse ArIe2 diE 33
o] 05 %= Ak o] & A2 2AE 31E
eHdal4ollA] UBC Code(UBC 1994772] AR&slzel o
ot 7P| #4937} Hwang ¥ Moehle/] UCB 23 7
PP0g mE o At 7)Fele} & 4= vk A7) 7
A7a Ardle AL olfsty AFE Feke By
2 eflZ HhH(multiple-valued prediction) JJr 13 =5 1/4
T AFAE ANl A9 SHEAE AlEsE |
F2)o)Z Whi(single-valued prediction) 22 &3
QEdl, RC T3 12 Al o1& wtgsr] s
gl 2ol AT GeAdS W (single-valued
prediction)®] H% &5 Aot}

Table 2 Stiffness reduction factor studies

i *ﬂ%‘ﬂ 3

Effective beam

Fig. 2 Three dimensional modeling of
effective beam width model

T P I
Investi gator Date Model est type - - .roposed s
Load Conne ction Criterion Value
. INT Lateral strength ratio 40 % .
17) g , -
Moehle & Diebold 1984 EBWM One way PER Drift ratio 05 % 1/3~1/2, @
Pan & Moehle'® 1988 EBWM Two way INT Displacement ratic 0.2 % /3
Hwang & Moehle™'® 1993 EBWM Two way ALL Drift ratio 05 % @', 1/3
Choi & Song'® 2001 EBWM Two way ALL Drift ratio 05 % 1/3, 1/4

M, M50 e
Note : @* A= (E)S'f‘[l‘_(Ma )d] Ig

@ B=( ”)‘”“’+[1 ( ”)““]

E
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- L N n ) 1
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Fig. 3 Division of flat-plate slabs

Table 3 Formulas by authors for effective beam
width coefficients

Connection

Effective beam width coefficients
type

Slah | Interior a’=%(4.561+0.14ll+0.1212)16)

Column | Exterior | « = k (3.0c1+0.0711+0.06/2)16)

Location

type 1 (1 21, +6t,)15

w2
z
o

]

I
Q‘H

Wall Location
typell

Table 4 Stiffness reduction factors by authors

Connection type Stiffness reduction factors

Edge and corner 8= 1/4"

Interior g=1/3"
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Fig. 4 Unit plan of idealized flat-plate example
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Fig. 5 Structural plan of idealized flat-plate example
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Table 5 Strength of material & size of elements

Strength of .. .
material () Section size(cm)

Concrete Column | Slab thick. | Beam | Wall thick.

300 kg/cm® | 50x50 20 25x45 2%

Table 6 Modeling types of effective beam

Modet | Flexural stiffness(Effective beam) Axial
type Width Depth stiffness
Slab

Type 1|4 = axl, Ea.(1) | thickness | Plaphragm

Type 2| &," = Bxaxly, Eq.(3) tmgll{%l:éss Diaphragm
Type 3 X X

Diaphragm

Table 7 Connection Effective beam widths of
idealized flat-plate example

Slab Coefficient Cofr%negtion
" — - oelficlen eriective
Déirsg nggr? geometry beam width
b by a B | Typel|Type2
a 6.2 55 1069]025] 382 96
b 60 | 55 [068]{033| 375 | 125
C 2.5 55 1067]025| 368 92
N-S d 6.5 | 425 10861025 367 92
e 6.0 425 11001033 | 425 | 142
@ 6.5 55 [0421025| 229 57
® 60 | 55 [041]025] 225 | 56
) 55 | 55 0401025 22 | 55
a 2.0 65 [035]025| 228 a7
b 2.5 6.0 {062{033| 374 | 125
C 2.0 55 040025 222 35
d 4.25 65 03410251 219 55
E-W e 425 1 60 |[1.007033] 600 | 198
f 4,25 55 [0350]025] 275 69
@ 2.0 6.0 [035]025] 228 57
® 5.5 6.0 [062]025] 374 93
© 5.5 50 0401020 222 20
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Table 8 Span Effective beam widths of idealized
flat-plate example
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Table 9 Period according to eigenvalue analysis

Direction | Typel | Type2 | Type3

Span
Direc- Number effective geam width
tion st | 2'nd Depth
Span Joint | Joint Typel | Type2 | Type3
1 a b 379 110 0 20
2 b C 372 109 0 20
N-S | 3 d e 396 117 0 20
©| @ | ® | 227 57 0 20
@ | ® | © | 223 56 0 20
1’ a |a/@| 228 57 0 20
2’ a |d/® | 223 56 0 20
3 b |b/©]| 374 125 0 20
E-W | 4 b e 487 162 0 20
5 c c 222 55 0 20
6’ C f 248 62 0 20
7 d d 219 55 0 20

Effctive beam

...Checked interior connection

(b) Effective beam width of type 1

~=Checked interior connection —  Effctive beam R

(b) Effective beam width of type 2

~Checked interior connection .. Non effective beam

0=

(c) Effective beam width of type 3

Fig. 6 Modeling of effective beam

620

Natural period N-S 1.007 | 1.086 | 1.138
(Eigen analysis) E-W 1118 | 1.384 | 1.708

Table 10 Period according to provision

Porvision Formulas for period |Natural period
Porvision 1 _ 3/4
(Moment frame) T =0.0731 (&,) 1.206
Porvision 2 — 3/4 | 0.845(N-S)
(Shear-Wall) | T = 0-0743 )"V A i
Porvision 3 _ 3/4
(Fte) T = 0.0488 (k,) 0.805
15 ff‘;/ 15 ¥ :
12 f.///- 12 :
s : s :
= = v
: : ari
s '—o— Typel w6 :—0— Typel
»-—.»~ ]'-)’082 [ T¥322
3 ypes 3 —>— Types
0 i o
0 0.0025 0.005 0 0.0025 0.005

Y-Displacement ratio (%)

(b) N-S Direction

X-Displacement ratio (%)
(a) E-W Direction

Fig. 7 Lateral displacements of idealized flat—plate
example
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Fig. 8 Story drifts of idealized flat-plate example
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0 5 10 15 20 0 5 10 15 20
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(a) E-W Direction {b) N-S Direction

Fig. 9 Unbalanced moments of idealized flat-plate
example
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