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Stiffness Reduction Factor for Post-Tensioned Flat Plate Slabs under
Lateral Loads

Young-Mi Park,”” Jin-Ah Park,” and Sang-Whan Han"
"Dept. of Architectural Engineering, Hanyang University, Seoul 133-791, Korea

ABSTRACT Effective beam width model(EBWM) has been used for analysis of post-tensioned(PT) flat plate slab frames under
lateral loads. The accuracy of this model in predicting lateral drifts and unbalanced moments strongly depends on the estimated
effective stiffness of PT flat plate slabs. As moments on the slab due to lateral loads increases, cracks occur which leads to stiffness
reduction in slabs. For analyzing PT flat plate slab structure under lateral loads with good precision, reduction in slab stiffness has
to be accurately estimated for EBWM. For this purpose, this study collected test results of PT flat plate system conducted by former
researches. And this study reduced the width of slab so that the stiffness of the EBWM converged into the lateral stiffness of each
test specimens by trial and error. By conducting nonlinear regression analysis using the stiffness ratio of the reduced width of slab
to the effective width of EBWM with respect to the level of slab moments, an equation for calculating stiffness reduction factor
for slab is proposed. For verifying the accuracy of the proposed equation, this study compared with the test result of the PT flat
plate frame. It is shown that the EBWM with the proposed equation predicts the actual stiffness of the PT specimen which varied

according to the level of applied moment.
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Table 1 Dimensions, properties, and gravity shear ratio of PT interior slab-column connections

Dimensions (mm)

fox Jpe |Tendon| V, VIV,

R h Label | |
esearchers abe Slab Column (MPa) | (MPa) | Tayout | (kN) f

l] 12 h dave 4] (&) H
T1-EW 3734 | 3734 89 71.1 200 200 1334 | 28.1 1.41 D-B | 1135 | 0.72

T1-NS 3734 | 3734 89 71.1 200 200 1334 | 28.1 1.41 B-D | 113.5 | 0.72
) T2-EW 3734 | 3734 89 71.1 200 200 1334 | 28.1 1.41 D-B | 104.6 | 0.66

. .11
Qaisrani T2-NS | 3734 | 3734 | 89 | 711 | 200 | 200 | 1334 | 281 | 141 | B-D | 1046 | 0.66
T3-EW | 3734 | 3734 | 89 | 701 | 200 | 200 | 1334 | 277 | 141 | D-B | 8638 | 0.5
T3NS | 3734 | 3734 | 89 | 701 | 200 | 200 | 1334 | 277 | 141 | B-D | 8638 | 0.5
PI-B30 | 4800 | 3600 | 132 | 1042 | 300 | 300 | 2100 | 323 | 121 | B-D | 81.0 | 0.24
Han o o7 | PIBSO | 4800 | 3600 | 132 | 1042 | 300 | 300 | 2100 | 323 | 121 | B-D | 1322 | 039
PI-D30 | 4800 | 3600 | 132 | 1042 | 300 | 300 | 2100 | 323 | 121 | D-B | 81.0 | 024
PI-D50 | 4800 | 3600 | 132 | 1042 | 300 | 300 | 2100 | 323 | 121 | D-B | 1322 | 039
Pl;‘a;mmas test | 4800 | 5700 | 120 | 71.1 | 500 | 250 | 1800 | 404 | 141 | B-D | 133.1 | 049

PT-Control | 4000 | 3600 110 92.4 300 300 1800 | 30.0 1.68 B-D | 209.7 | 047

PT-BR3 4000 | 3600 110 92.4 300 300 1800 | 30.0 1.68 B-D | 203.8 | 0.46
Kwon et al'”| PT-BR3s | 4000 | 3600 110 92.4 300 300 1800 | 30.0 1.15 B-D | 184.6 | 046
PT-BR5 4000 | 3600 110 92.4 300 300 1800 | 30.0 1.68 B-D | 206.8 | 0.46
PT-BR5s | 4000 | 3600 110 92.4 300 300 1800 | 30.0 1.15 B-D | 1855 | 047

PT-SRS 4000 | 3600 110 92.4 300 300 1800 | 30.0 1.68 | B-D | 207.8 | 0.46
20 | PT-SR7 4000 | 3600 110 92.4 300 300 1800 | 30.0 1.15 | B-D | 1856 | 0.46
PT-SP5 4000 | 3600 110 92.4 300 300 1800 | 30.0 1.68 | B-D | 2073 | 0.46
PT-SP7 4000 | 3600 110 92.4 300 300 1800 | 30.0 1.15 | B-D | 1849 | 046
D = Distributed layout, B= Banded layout,

V= gravity force to be transferred from a slab to a column,

- Bof . +03f,0b,d+ TV,

where, #=min[0.29, 0.083(a,d/ b,+ 1.5], a,= 40(for interior columns), 30(for exterior columns), 20(for corner columns), ¥, = vertical
component of effective post-tensioning force at section (0)
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Table 2 Dimensions, properties, and gravity shear ratio of PT exterior slab-column connections

Dimensions (mm)
Researchers| Label Slab Column ( I\kaa) ( I\i[;Iia) Tz;lgzil (lggl) V!V,
12 L h Aove c c H
EI-EW | 1827 | 3658 102 73.7 195 195 1591 33.1 1.37 D-B 113.0 | 0.35
E2-EW | 1827 | 3658 102 73.7 195 195 1591 31.8 1.42 B-D 112.1 | 034
Martinez?" CI-EW| 1827 | 3638 102 73.7 195 195 1591 40.6 1.54 B-D 80.5 0.4
CI-NS | 1827 | 3658 102 73.7 195 195 1591 40.6 1.54 D-B 80.5 0.4
C2-EW | 1827 | 3658 102 73.7 195 195 1591 423 1.45 B-D 81.0 0.27
C2-NS | 1827 | 3658 102 73.7 195 195 1591 423 1.45 D-B 81.0 0.27
Han PI-B50 | 2400 | 3600 132 104.2 300 300 2100 323 1.21 B-D 84.1 0.34
et al™ |PI-D50 | 2400 | 3600 132 104.2 300 300 2100 323 1.21 D-B 80.1 0.32
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