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RC Flat Plate Subject to Combined In-Plane Compressive
and Out-of-Plane Floor Loads

uga

Park, Honggun

ABSTRACT

This paper presents a numerical study on the flat plates in deep basements, subjected
to out-of-plane floor load and in-plane compressive load due to soil and hydraulic lateral
pressure. For nonlinear finite element analysis, a computer program addressing material
and geometric nonlinearities is developed. The wvalidity of the numerical model is
established by comparison with existing experiments performed on plates simply
supported on four edges. The flat plates to be studied are designed according to the
Direct Design Method in Korean Building Code for Structural Concrete. Through
numerical study on the effects of different load combinations and loading sequence, the
load condition that governs the strength of the flat plates is determined. For the plates
under the governing load condition, parametric studies are performed to investigate
variations of the strength with reinforcement ratio, aspect ratio, concrete strength. and
slenderness ratio. Based on the numerical results, the floor load magnification factor is
proposed.
keywords © axial compression, finite element analysis., flat plate, reinforced concrete,

slenderness, two-way slab
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Fig. 1 Basement Structure under Soil and Hydraulic

Lateral Pressure
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Fig. 2 Flat Plate Subject to Combined In-Plane
Compressive and Out-of-Plane Floor Loads
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Table 1 Summary of Experimental Program for Plates Simply Supported on Four Edges (Ghoneim and MacGregor

(6./1

speci- /. L Lk P, <3 a. f § e o
men mm v Y t/m t/m t/m” kg/em” t/em” o
Cl 1829 1.0 26.98 0.00 0.00 7.39 252.0 213.0 0.383
c2 1829 1.0 27.06 0.00 65.39 5.26 252.7 214.0 0.385
Co 1829 1.0 27.14 65.78 65.78 6.92 254.4 217.2 0.386
9 1829 1.0 27.34 0.00 34.24 5.25 249.4 192.0 0.389

Note : Fv = 4.5 t/cm®, Fu = 6.2 t/cm”

Reinforcement is uniformly distributed at the top and the bottom in both directions.
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Fig. 3 Effect of Different Load Combinations on Plates
Simply Supporied on Four Edges.
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Comparison of Experiment and Numerical Results
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Fig. 5 Effect of Loading Sequence on Plates Simply

Supported on Four Edges
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Table 2 Summary of Analytical Program for Flat Plates

Model Ly Lo h £ E. R Ioad.

cm cm cm kg/cm” t/cm” condition
PA1L 600 600 17 240 230 V-U
PA2 600 600 17 240 230 u-v
PA3 600 600 17 240 230 V-B*
PA4 600 600 17 240 230 B*-V
PB1 9200 600 25 240 230 V-U
PB2 600 900 25 240 230 V-U
PB3 900 600 25 240 230 v-B*
PB4 900 600 25 240 230 v-B”
PB5 900 600 25 240 230 V-B¢
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-U
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 v-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

B-V ! Biaxial compressive load and subsequently applied vertical load
V-B : Vertical load and subsequently applied biaxial compressive load
U-V : Uniaxial compressive load and subsequently applied vertical load (P1:P:=1:0)
V-U : Vertical load and subsequently applied uniaxial compressive load (P:P2=1:0)
"PiiPe=1:1: "PiP2=0.5:1: ‘P1iPp=1:0.5
Table 3 Reinforcement Ratios for Flat Plates
long span short span
column strip middle strip column strip middle strip w
Model 2
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 1 0.133| 1.1
PA series,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
PBseries,PD2,PF2,PGs 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 | 0.075| 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,P12,PJ2 PK2 1.040} 0.412 | 0.315 | 0.270 1.040 0.412 0.315 { 0.270 -
PH3,Pi3.PJ3,PK3 1.647 1 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.
Fs = 4 t/em® E. = 2100 t/cm® w = factored vertical load per unit area.
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Table 4 Design Example of Square Flat Plates
L h fe q P P a
CT;I cm Li/h kg/cm t/m t/m t/r(;l P/Po d q t/r;?
600 17 35.3 240 2 200 408 0.49 1.31 2.62
900 25 36.0 240 2 200 600 0.33 1.10 2.20
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