@ Journal of the Korea Concrete Institute
Vol.15, No.3, pp.482~493, June 2003

=

(20039 2¥ 259 Yy

o2t

Job
Ho
=
[m
Ui

E

549 229 HAI¢R)

Deformability of Flat Plate Subjected to Unbalanced Moment

Kyoung—-Kyu Choi v

and Hong-Gun Park b

! Dept. of Architecture , Seoul National University, Seoul, 151-742, Korea

(Received February 25, 2003, Accepted May 22, 2003)

spans  Increases,

ABSTRACT

Flat plate structures subjected to lateral load have less deformability than conventional moment frames, due to the
brittle failure of plate-column connection. In the present study, parametric study using nonlinear finite element analysis
was performed to investigate the deformability of flat plates. The numerical results show that as number of continuous
the deformability of flat plates considerably decreases.
sub-assemblages with 1 or 2 spans may overestimate the deformability of flat plates, and current design provisions
based on the experiments may not be accurate in estimating the deformability. A design method estimating the
deformability was developed on the basis of numerical results, and verified by comparison with existing experiment. In
the proposed method, the effects of primary design parameters such as direct shear force, punching shear capacity,

aspect ratio of connection, number of spans, and initial stiffness of plate can be considered.
Keywords : flat plate, connection, eccentric shear, unbalanced moment, deformability, performance based design

Therefore, existing experiments using
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Fig. 1 Deformed shape of plate-column subassemblage
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Fig. 2 Test setup: Pan and Moehle’s experiment
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Fig. 3 Vanations of moment-rotation relationships
with boundary conditions (Pan and Moehle

1992; Farhey et al. 1993)
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Fig. 4 Finite element model for interior flat plate
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Table 1 Numerical results and ductility prediction for analytical models (continued)

Model L | Vel V.| (¢, +d) Drift"’ at| Drift™ at 0 Dr.iftanal. Drift for | Drift for | Drift for
{mm)| (%) d M, (%)|08 M, (%) ¢ | Driftyeq.| 2bay (%) | 3bay (%) | 4bay(%)

E-500-500-180-0.3-0.3-0 | 6,000 0 447 1.49 1.67 0.048 1.05 3.37 2.80 2.03
E-500-500-180-0.3-0.3-25 | 6,000 25 447 1.26 1.50 0.036 1.01 2.60 2.02 1.51
E-500-500-180-0.3-0.3-50 | 6,000 50 447 1.03 1.33 0.023 1.00 1.60 1.42 142
E-500-500-180-0.3-0.3-7 | 6,000 5 447 1.08 1.21 0.014 1.31 1.30 1.21 1.2
E-500-500-180-06-06-0 | 6,000 0 447 1.38 152 0.043 0.97 2.92 258 1.55
E-500-500-180-06-06-25 | 6,000 25 447 1.27 1.47 0.038 0.99 240 2.10 147
E-500-500-180-06-06-50 | 6,000 50 447 1.13 1.32 0.029 1.00 1.61 1.50 1.31
E-500-500-180-06-06-75 | 6,000 75 447 1.08 1.20 0.019 1.16 151 1.42 1.11
E-500-500-180-09-09-0 | 6,000 0 447 1.28 1.49 0.048 0.90 2.59 2.31 1.52
E-500-500-180-09-09-25 | 6,000 25 447 1.26 144 0.039 097 2.50 2.10 1.29
E-500-500-180-09-09-50 | 6,000 50 447 1.14 1.32 0.031 0.98 1.80 148 1.18
E-500-500-180-09-09-75 | 6,000 75 447 1.04 1.19 0.023 1.03 1.49 1.09 1.10
E-500-500-180-1.2-1.2-0 | 6,000 0 447 1.21 1.37 0.048 0.85 2.52 1.80 1.53
E-500-500-180-1.2-1.2-25 | 6,000 25 447 1.16 1.34 0.040 0.88 2.00 1.71 1.32
E-500-500-180-1.2-1.2-50 | 6,000 50 447 1.10 1.31 0.033 0.92 1.83 152 1.21
E-500-500-180-1.2-1.2-75 | 6,000 (& 447 0.98 1.15 0.025 0.93 1.40 1.20 1.09
C-300-600-180-06-06-50 | 6,000 50 3.08 0.98 1.21 0.019 1.05 - - -
C-450-600-180-06-06-50 | 6,000 50 4,13 1.15 1.35 0.026 1.07 - - -
C-600-600-180-06-06-50 | 6,000 50 517 1.24 1.51 0.032 1.05 - - -
C-750-600-180-06-06-50 | 6,000 50 6.21 1.28 172 0.035 1.04 - - -
C-900-600-180-06-06-50 | 6,000 50 725 1.35 1.96 0.038 1.06 - - -
T-600-600-180-0.6-0.6-50 | 6000 50 517 1.24 151 0.032 1.05 - - -
T-600-600-19%5-06-0.6-50 | 6,000 50 477 1.12 1.32 0.031 097 - - -
T-600-600-210-0.6-06-50 | 6,000 50 4.45 1.02 1.16 0.028 091 - - -
T-600-600-225-06-06-50 | 6,000 50 417 094 1.07 0.026 0.87 - - -
T-600-600-240-06-0.6-30 | 6,000 50 3.94 0.89 0.97 0.024 0.86 - - -
U-500-500-180-0.3-0.15-0 | 6,000 0 447 149 1.69 0.048 1.05 - - -
U-500-500-180-0.3-0.15-25 | 6,000 25 447 121 155 0.036 0.97 - - -
U-500-500-180-0.3-0.15-50 | 6,000 50 447 1.24 1.41 0.023 1.20 - - -
U-500-500-180-0.3-0.15-75 | 6,000 75 447 1.06 1.19 0.014 1.28 - - -
U-500-500-180-06-03-0 | 6,000 0 447 141 1.59 0.048 0.99 - - -
U-500-500-180-06-0.3-25 | 6,000 25 447 1.19 1.45 0.038 0.93 - - -
U-500-500-180-0.6-0.3-50 | 6,000 50 447 1.14 1.32 0.028 1.02 - - -
U-500-500-180-06-0.3-75 | 6,000 (53 447 0.99 1.17 0.018 1.07 - - -
U-500-500-180-09-0.45-0 | 6,000 0 447 1.23 147 0.043 0.87 - - -
U-500-500-180-0.9-0.45-25 | 6,000 25 447 1.14 1.39 0.040 0.88 - - -
U-500-500-180-0.9-0.45-50 | 6,000 50 447 1.07 1.27 0.031 0.92 - - -
U-500-500-180-0.9-0.45-75 | 6,000 75 447 0.96 1.16 0.022 0.96 - - -
U-500-500-180-1.2-06-0 | 6,000 0 447 1.21 1.42 0.048 0.85 - - -
U-500-500-180-1.2-06-25 | 6,000 25 447 1.14 1.36 0.040 0.87 - - -
U-500-500-180-1.2-06-50 | 6,000 50 447 1.09 1.26 0.032 0.92 - - -
U-500-500-180-1.2-06-75 | 6,000 75 447 097 1.16 0.024 0.93 - - -
S1-150-150-180-0.3-0.3-25 | 3,000 25 2.04 0.52 0.72 0.009 0.75 - - -
S1-150-150-180-0.3-0.3-75 | 3,000 75 2.04 0.51 0.66 0.006 0.90 - - -
S1-150-150-180-1.2-1.2-25 | 3,000 25 2.04 0.52 0.73 0.010 0.73 - - -
$51-150-150-180-1.2-1.2-75 | 3,000 5 2.04 0.54 0.66 0.008 0.836 - - -
S1-450-450-180-0.3-0.3-25 | 3.000 25 413 0.92 1.21 0.019 0.98 - - -
S1-450-450-180-0.3-0.3-75 | 3,000 75 4,13 0.83 0.92 0.012 1.07 - - -
S1-450-450-180-1.2-1.2-25 | 3,000 20 413 0.89 1.06 0.020 093 - - -
$1-450-450-180-1.2-1.2-75 | 3,000 75 4.13 0.77 0.87 0.016 090 - - -
S2-200-200-180-0.3-0.3-25 | 4,000 25 239 0.69 0.85 0.014 0.84 - - -
S2-200-200-180-0.3-0.3-75 | 4,000 (5 2.39 0.65 0.76 0.008 1.02 - - -
S2-200-200-180-1.2-1.2-25 | 4,000 25 2.39 0.69 0.84 0.015 0.81 - - -
S52-200-200-180-1.2-1.2-75 | 4,000 75 2.39 0.69 0.76 0.011 0.93 - - -
Y Drift at maximum load-carrying capacity
@ Drift at 80 percents of maximum load-carrying capacity
Erd EoHEE U= S Z20[E2 HasH 485



Table 1 Numerical results and ductility prediction for analytical models (Continued)

V. c+ Drift(1) at Drift(2) at Drift .
Model () V<G//> ’ (l_dd) M, %) | 08M, %) 0. Drift s
S2-600-600-180-0.3-0.3-25 4,000 25 517 1.18 152 0.030 1.03
S52-600-600-180-03-0.3-7 4,000 75 517 0.98 1.15 0.015 1.14
S2-600-600-180-1.2-1.2-25 4,000 25 5.17 1.10 1.37 0.032 0.93
S2-600-600-180-1.2-1.2-7 4,000 % 5.17 1.00 1.16 0.023 0.98
S3-250-250-180-0.3-0.3-25 5,000 25 2.14 0.83 1.01 0.019 0.88
S3-200-250-180-0.3-0.3-7 5,000 7 2.74 0.80 0.87 0.009 1.20
S3-2650-250-180-1.2-1.2-25 5,000 25 2.74 0.82 0.97 0.021 0.83
S3-200-250-180-1.2-1.2-75 5,000 75 2.74 0.82 0.90 0.014 0.99
S3-T0-T0-180-0.3-0.3-25 5,000 25 6.21 1.37 1.96 0.039 107
S3-T0-T0-180-0.3-0.3-75 5,000 75 6.21 1.09 1.60 0.015 1.29
S3-T0-T0-180-1.2-1.2-25 5,000 25 6.21 1.36 1.70 0.043 1.01
S3-T0-T0-180-1.2-1.2-75 5,000 75 6.21 1.13 147 0.028 1.02
F-500-500-180-0.3-0.3-0 6,000 0 447 1.70 1.90 0.048 1.20
F-500-500-180-0.3-0.3-65 6,000 66 447 1.08 1.38 0.019 1.14
F-500-500-180-06-06-0 6,000 0 447 1.56 1.76 0.048 1.10
F-500-500-180-06-06-65 6,000 66 447 1.14 1.31 0.023 1.10
F-500-500-180-0.9-09-0 6,000 0 447 1.45 1.68 0.043 1.02
F-500-500-180-0.9-09-65 6,000 66 . 447 1.22 1.36 0.027 1.12
F-500-500-180-1.2-1.2-0 6,000 0 447 1.36 1.62 0.048 0.96
F-500-500-180-1.2-1.2-65 6,000 66 447 1.21 1.35 0.028 1.08
Mean - - - - - - 0.99

Standard deviation - - = - - - 0.117
Y Drift at maximum load- carrying capacity.
@ Drift at 80 percents of maximum load-carrying capacity.
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Table 2 Drift prediction for experimental specimens

Spcimen | 6, | Kemow Dﬂfgﬁo’;p”’ Drifpred”
Panand | 1 |0031| 171 154 2.04
Moehle” | 3 |0034| 225 320 279
Farhey 3 |oo62| 159 2.50 258
et al” 4 |o0054| 158 1.80 241

SM 05]0014 | 359 400 3.02
SM 10| 0014 | 293 2,60 2.48
Amin  [SM 15|0015| 297 2,00 256
Ghali'® |DM 05}0.015| 374 400 326
DM 10| 0014 | 291 3.00 249
DM 15[0015| 286 250 247

Y Stiffriess ratio in numerical results.
@ Drift at maximum load—carrying capacity in experiment.
® Drift predicted by Eq. (13).
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Table 3 Dimensions and properties of Hwang and Moehle's specimens

Specimen L | L, o e d o I3 Ren}%rcse)m(e;t Ir)‘atlo Rel?]gor\g%nent {atlo Thickness VG / V.
(mm) | (mm) | (mm) |{(mm) | (mm) |(MPa) | (MPa) Top Bottom Top Bottom (mm) (%)
b2 2740 | 1830 | 244 | 244 | 643 | 21.8 | 456 0.66 0.32 0.64 0.27 81.0 28
b3 2740 | 1830 | 244 | 244 | 706 | 218 | 456 0.81 0.36 0.74 0.27 81.0 28
c2 2740 | 1830 | 325 | 163 | 643 | 21.8 | 456 0.65 0.30 0.66 0.27 81.0 28
c3 2740 | 1830 | 325 | 163 | 706 | 21.8 | 456 0.69 0.33 0.77 0.28 81.0 28
" The ratios were calculated for gross area.
£rd BRHES H= Z3 Z20/E0 HESH 491



Table 4 Drift prediction for Hwang and Moehle’'s
specimens (E-W direction)

Speci- | L, | Yus ] K ocon o | Drift™ | Drift* | Drift"
men |l v. | 00 | K, | 9 | 00 | ©5)

b2 2286 | 46 [0.0317 1.7 1.80 | 205 | 196
b3 | 228 | 46 |0.0319 1.7 220 | 205 | 204
c2 | 2286 | 45 |0.0398 17 210 | 226 | 192
c3 | 2286 | 46 |0.0400 1.7 206 | 227 | 200

2; Stiffness ratio for 3 bay in the proposed method.

@ Drift at maximum load—carrying capacity in experiment.

. Drift predicted by Eg. (13). :
Drift predicted by FEMA 273.
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