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Generalized Analysis of RC and PT Flat Plates Using Limit State Model

Thomas H.-K. Kang"” and Chang-Soon Rha”*
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ABSTRACT This paper discusses generalized modeling schemes for both reinforced concrete (RC) and post-tensioned (PT) flat
plate buildings. In this modeling approach, nonlinear behavior due to slab flexure, moment and shear transfer at slab-column con-
nections, and punching shear was included along with linear secant stiffness of each member or connection that accounts for con-
crete cracking. This generalized model was capable of simulating all different scenarios of slab-column connection failures such
as brittle punching, flexure-shear interactive failure, and flexural failure followed by drift-induced punching. Furthermore, auto-
matic detection of drift-induced punching shear and subsequent backbone curve modifications were realistically modelled by incor-
porating the limit state model, in which gravity shear versus drift capacity relations were adopted. The validation of the model was
conducted using one-third scale two-story by two-bay RC and PT flat plate frames. The comparisons revealed that the model was
robust and effective.
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Fig. 1 Limit states at punching for drift ratio versus gravity
shear ratio
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Fig. 2 Flat plate specimen for shake table tests
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Table 1 Steps for shake table tests

RC specimen

Test step |Peak acc. (g)| Arias intensity (cm/sec) Duration (sec) Predominant period (sec) Mean period (sec)
Run 1 0.109 12.7 7.9 0.290 0.307
Run 2-1 0.287 89.2 11.3 0.438 0.295
Run 2-2 0.256 94.2 11.3 0.439 0.286
Run 3 0.407 223.5 10.9 0.438 0.319
Run 4 1.254 1775.0 9.9 0.439 0.366
PT specimen
Test step |Peak acc. (g)| Arias intensity (cm/sec) | Duration (sec) Predominant period (sec) Mean period (sec)
Run 1 0.095 10.2 8.8 0318 0.320
Run 2 0.276 77.7 8.9 0.346 0.363
Run 3 0413 202.4 11.0 0.407 0.408
Run 4 1.144 1730.0 9.9 0.558 0.518
Run 5 1.275 2221.0 9.8 0.585 0.552

Note: duration = time interval between the points at which 5% and 75% of the arias intensity has been recorded
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Fig. 3 Generalized modeling for nonlinear behavior of slab-column connections
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Table 2 Numerical values for connection / column strip springs for RC and PT specimens

RC specimen Spring type Yield value Nominal value Post-yield stiffness
C i . ]\/[y,unb (kN'm) Mn,unb (kN'm) pr,conn (kN'm/rad)
onnection spring
+27. +38.
(Case (b); 7= 0.6) 27.1 38.9 1305
Interior -27.1 -38.9 1305
connection Col i ' M, .; (kN-m) M, s (kN-m) K,y (KN-m/rad.)
olumn strip spring
+13. +16.4 11
(Case (c)) 33 6 0
-20.5 -24.1 270
C " . ]\/[y,unb (kN'm) Mn,unb (kN'm) pr,conn (kN'm/rad)
onnection spring
+7.
(Case (b); 7= 1.0) 7.6 N/A 300
Exterior -12.8 N/A 385
connection Col . . M, (kN-m) M, s (kN-m) K,y (KN-m/rad.)
olumn strip spring
+13. +16.4 11
(Case (¢)) 33 6 0
-20.5 -24.1 270
PT specimen Spring type Yield value Nominal value Post-yield stiffness
C " . Aly,unb (kN—m) Mn,unb (kN'm) pr,conn (kN—m/ rad.)
onnection spring
A +42. A
(Case (b); = 0.6) N 8 N
Interior N/A —42.8 N/A
connection Column stio sorin M, ., (kKN-m) M, s (KN-m) K, s (KN-m/rad.)
P Spring +5.9 +6.8 45
(Case (c))
-19.1 243 275
C " . Aly,unb (kN—m) Mn,unb (kN'm) pr,conn (kN—m/ rad.)
onnection spring
A A A
(Case (b); 7,=0.62) N N N/
Exterior N/A N/A N/A
connection Col . . M, ., (kKN-m) M, s (kN-m) K, s (KN-m/rad.)
olumn strip spring
+13. +16.
(Case (0)) 13.8 16.3 150
-13.8 -16.3 150
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