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Pushover Analysis of Reinforced Concrete Wall-Frame Structures

Using Equivalent Column Model
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/] ABSTRACT /

RC shear wall sections which have irregular shapes such as T, 71, £ sections are typically used in low-rise buildings in Korea. Pushover
analysis of building containing such members costs a lot of computation time and needs professional knowledge since it requires
complicated modeling and, sometimes, fails to converge. In this study, a method using an equivalent column element for the shear wall is
proposed. The equivalent column element consists of an elastic column, an inelastic rotational spring, and rigid beams. The inelastic
properties of the rotational spring represent the nonlinear behavior of the shearwall and are obtained from the section analysis results and
moment distribution for the member. The use of an axial force to compensate the difference in the axial deformation between the
equivalent column element and the actual shear wall is also proposed. The proposed method is applied for the pushover analysis of a 5-
story shear wall-frame building and the results are compared with ones using the fiber elements. The comparison shows that the inelastic
behavior at the same drift was comparable. However, the performance points estimated using the pushover curves showed some
deviations, which seem to be caused by the differences of estimated yield point and damping ratios.

Key words: Nonlinear analysis, Shearwall, Seismic evaluation, Pushover analysis, Equivalent column model
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Fig. 1. Generalized force-deformation relationship
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Table 1. Properties of equivalent column for each iteration

Unit 1st 2nd 3rd
1, 10° mm* 174 171 169
0, rad 5.58x10° 3.55x10° 3.75x10°
M, KN-m 1477 1474 1438
spring mm 512 481 474
P kN 74,700 74,620 77,940
35x106
s o .
7 D
25ty
z /
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----- F|ber Element
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0
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Fig. 14. Comparison of pushover curves

Table 2. Results of 2D example structure

(a) Element force(Moment in kN - m, Axial force in kN)

Element | Category Fiber Equiv Column | Error(%)
| 122.8 123.0 0.65
B1 —1 Moment
J -195.8 -198.6 1.43
| 152.6 164.0 6.95
B2 —1 Moment
J -193.5 -189.4 2.16
| 252.7 253.1 0.15
—1 Moment
C1 J -105.5 -105.8 0.28
Axial force -193.5 -194.2 0.36
| 288.6 291.6 1.04
—1 Moment
C2 J -169.2 -169.5 0.17
Axial force -392.7 -411.5 4.78
Wi Moment 5147 5155 0.15
Axial force -1210 -1153 4.94
(b) Deformation (Rotation in rad, Curvature in mm/mm)
Element | Category Fiber Equiv Column | Error(%)
[ 1.45x10° 1.37x10° 5.78
B1 — Rotation 3 3
J -11.50x10° -11.46x10 0.35
[ 1.68 x10° 1.59x107 5.34
B2 —1 Rotation 3 3
J -9.12x10° -9.56x10" 4.59
[ 7.11x10° 7.11x10° 0.00
C1 —— Curv. 5 5
J -2.21x10° -2.23x10° 0.77
[ 7.23x10° 7.15x10° 1.11
C2 — Curv. 5 5
J -3.30x10° -3.25x10° 1.63
W1 Rotation | 3.89x10° 3.71x10° 4.80
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Table 3. Comparison of shear wall models

(a) Element force (Moment in kN - m, Axial force in kN)

Element | Category Fiber Equiv Column | Error(%)
I 132.6 132.2 0.30
A-B23 —— Moment
J -134.1 1375 2.53
I 135.6 135.3 0.22
B-B11 —— Moment
J -1375 1375 0.00
I 136.5 135.9 0.44
B-B12 —— Moment
J -137.1 -137.7 0.43
| 135.8 135.6 0.14
B-B1 ——1 Moment
J -137.3 1375 0.14
I 135.3 135.3 0.00
B-B14 |—— Moment
J -137.0 -136.2 0.58
I 134.2 133.9 0.22
B-B15 —— Moment
J -135.9 -136.7 0.58
I 137.0 134.4 1.89
B-B22 —— Moment
J -134.4 -134.5 0.07
I " t 149.1 147.8 0.87
— Momen
A-C22 | J -118.7 117.7 0.84
Axial force 102.2 100.0 2.15
I " t 149.0 1475 0.87
—1 Momen
AC52 | J -113.0 -117.9 4.70
Axial force 144 13.5 6.10
W1 Moment 3576 4034 0.12
W4 Moment -1376 -1584 0.15
(b) Deformation (Rotation in rad, Curvature in mm/mm)
Element | Category Fiber Equiv Column Error(%)
[ 2.59x10° 2.51x10° 3.13
A-B23 —— Rotation 3 3
J -4.56x10" -4.51x10° 1.22
I 6.94x10° 6.76x10° 2.56
B-B11 |—— Rotation 3 3
J -9.80x10° -9.64x10° 1.64
I 8.03x10° 7.90x10° 1.61
B-B12 —— Rotation 3 3
J -9.85x10 -9.70x10 1.73
I 7.50x10° 7.35x10° 2.01
B-B13 —— Rotation 3 3
J -9.69x10 -9.64x10 0.56
[ 6.99x10° 6.87x10° 1.76
B-B14 —— Rotation 3 3
J -8.83x10 -8.39x10 497
I 4.50x10° 4.92x10° 9.20
B-B15 —— Rotation 3 3
J -7.20x10 -8.24x10 14.58
I 4.22x10° 4.13x10° 2.21
B-B22 | —— Rotation 3 3
J -4.66x10 -4.56x10 1.99
LG22 I c 6.45x10° 6.49x10° 0.52
- 1 urv.
J -5.23x10°® -5.18x10° 1.05
ALCE2 [ c 4.19x10° 4.45x10° 6.28
- 1 urv.
J -5.16x10® -5.41x10° 4.97
W1 Rotation | 4.81x10° 4.60x10° 433
w4 Rotation | -6.30x10™ -5.37x10™ 14.70
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