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Moment Magnifier Method for RC Flat Plate Subject to
Combined Axial Compressive and Floor Load

stE*
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ABSTRACT

This paper presents a numerical study for developing the moment magnifier method that
is applicable to RC flat plates subject to combined axial compressive and floor load. For
the nonlinear finite element analysis, a computer program addressing material and
geometric nonlinearities was developed. The flat plates to be studied are designed in
accordance with the Direct Design Method in Korean Building Code for Structural
Concrete. This paper proposes the buckling force and the moment magnification factor for
the flat plate under the governing load condition that is the combined vertical and
subsequently applied uniaxial compressive load. The buckling force is defined with two
ingredients: the buckling coefficient and the effective flexural rigidity. Parametric studies
are performed to investigate variations of the buckling coefficient and the effective
flexural rigidity. Based on the numerical results, this paper provides the design values of
the buckling coefficient and the effective flexural rigidity, and the design procedure for
the moment magnifier method.
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Fig. 1 Flat Plate Subject to Combined In-Plane
Compressive and Out-of-Plane Floor Load
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Fig. 2 Finite Element Model of Flat Plate
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Table 1 Summary of Analytical Program for Flat Plates

L: L2 h . E. load
Model o,
cm CIn cm kg/cm t/cm condition
PC1,PC2,PC3 600 600 17 240 230 V-U
PD1.PD2 PD3 900 600 25 240 230 V-U
PE1,PE2,PE3 1200 600 35 240 230 V-U
PF1,PF2,PF3 600 900 25 240 230 V-uU
PG1,PG2,PG3 600 900 15 240 230 V-U
PH1,PH2 PH3 600 600 17 350 280 v-U
PI1.PI2,PI3 600 600 20 240 230 vV-U
PJ1.PJ2.PJ3 600 600 15 240 230 V-U
PK1.PK2,PK3 600 600 13.5 240 230 v-U
Note ! Column size = 60cm x 60cm for 600cm x 600cm plates
= 80cm x 80cm for other plates
V-U : Vertical load and subsequently applied uniaxial compressive load (Pi:Py=1:0)
Table 2 Reinforcement Ratios for Flat Plates
long span short span
Model column strip middle strip column strip middle strip w
0 .
¢ ends | center | ends center ends center ends center | t/m®
% % % % % % % %
PC1 0.483 | 0.201 | 0.155 | 0.133 | 0.483 0.201 0.155 10.133 | 1.1
PC2 1.040 | 0.412 | 0.315 | 0.270 1.040 0.412 0.315 [ 0.270 | 2.2
PC3 1.647 | 0.615 | 0.467 | 0.399 1.647 0.615 0.467 | 0.399| 3.2
PD1.PF1.PG1 0.480 | 0.200 { 0.154 | 0.132 | 0.283 0.120 0.075 | 0.075 1.1
PD2.PF2.PG2 1.025 ] 0.410 | 0.314 | 0.269 | 0.586 0.243 0.092 [ 0.079} 2.2
PD3.PF3.PG3 1.610 | 0.611 | 0.464 | 0.397 0.884 0.358 0.135 | 0.116 | 3.2
PE1 0.431 ¢ 0.183 | 0.141 | 0.121 0.183 0.078 0.075 | 0.075| 1.1
PE2 0.924 | 0.373 | 0.286 | 0.245 | 0.374 0.157 0.075 10075 ] 2.2
PE3 1.429 | 0.554 | 0.423 | 0.362 | 0.555 0.230 0.075 [ 0.075 3.3
PH1.PI1,PJ1.PK1 0.483 | 0.201 | 0.155 | 0.133 0.483 0.201 0.155 | 0.133 -
PH2,PI2 PJ2,PK2 1.040 | 0.412 | 0.315 | 0.270 1.040 0.412 0.315 | 0.270 -
PH3.PI3,PJ3,PK3 1.647 | 0.615 | 0.467 | 0.399 1.647 0.615 0.467 | 0.399 -
Note : Minimum reinforcement is 0.075%(=0.15%/2) at the top and the bottom.
Concrete cover + 1/2 diameter of a bar = 3cm.
= 4 t/em’, Es = 2100 t/cm?, w = factored vertical load per unit area.
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Fig. 3 Buckling Coefficients of Square Plates
with Different Support Conditions
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Fig. 4 Buckling Coefficients of Flat Plates
with Different Aspect Ratios
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Table 3 S value
. Lv/L:
locations
0.5 0.67 0.8 1.0 1.25 15 2.0
C 4 -4 -4 4 4 -4 -4
parallel to +C 0 0 0 0 0 0 0
uniaxial load -M 10 5.7 45 0 0 0 0
M 0 0 0 0 0 0 0
-C n n n n n n n
perpendicular
+C n n n n n n n
o M n n n 20 4 0 0
uniaxial load
+tM n n n n -12 -4 0
Note: 'n’ : There is no need to consider the corresponding bending moment.
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Table 4 Summary of Design Examp!

/ o h A [ F. P q o7 D

. . » . p o . q/qo o

cm om om kg/cm e’ Vent | VM t/m vt trmr/m
pure .
. 600 17 540 240 230.25 4 15 1.50 1.000 964.4
vertical load

scheme 1 600 17 540 240 230.25 4 150 15 1.66 0.904 964.4
scheme 2 600 18 540 240 230.25 4 150 1.5 1.50 1.000 11448

Table 5 Design Parameters

locations Der Fow S K Po P/P. 8 Mo Al[/
Lm/m t/m t/m tm/m | tm'm
column end 238.3 261.0 4 5.70 372.0 0.40 1.68 5.32 3.9
strip center 238.3 261.0 0 4.00 261.0 0.57 2.35 2.29 5.38
schemel
middle end 1674 183.3 0 4.00 183.3 0.82 5.50 1.77 9.75
strip center 167.4 183.3 0 4.00 183.3 0.82 550 1.53 8.40
column end 2275 249.2 4 5.59 3485 0.43 1.76 5.32 9.34
scheme | Strib center 2275 249.2 0 4.00 2492 0.60 2.51 2.29 5.75
2 middie end 171.0 187.3 0 4.00 187.3 0.80 5.00 1.77 8.89
strip center 171.0 187.3 0 4.00 187.3 0.80 5.00 1.53 7.66
Table 6 Comparison of Reinforcement Ratios
reinforcement ratio o %
column strip middle strip
end center end center
pure vertical load top 0.819 - 0.258
h=17cm bottom 0.336 0.336 0.221 0.221
scheme 1 top 0.916 — 0.286 —
h=17cm bottom 0.373 0.373 0.245 0.245
scheme 2 top 0.705 - 0.224
h=18m bottom 0.291 0.291 0.192 0.192
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