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Development of Analytical Model to Predict the Inelastic Moment
Capacity of Reinforced Concrete and Masonry Shear Wall
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Abstract

A rapid progress has been made over last decade in the state-of-the-art earthquake structur-
al engineering towards a better understanding of both the earthgauke ground motion and struc-
tural response. These efforts seek to ensure that there will be no serious injury or loss of hfe in
the event of earthquake, and that structures can be built at muinimum cost, The design of
structures in general, concrete structures in particular, to resist strong ground input motions is
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not a simple matter, and analytical models for such structures must be developed from a design

perspective that accounts for the complexities of the structural responses. The primary objec-

tive of earthquake structural engineering research is to ensure the safety of structures by under-

standing and improving a design methodology. Ideally, this would require the development of an
analytical model related to a design methodology that ensures a ductile performance. For the ac-

curate assessment of the adequacy of analytically developed model, experiments conducted to

study the inplane inelastic cyclic behavior of structures should verify the analytical approach.

The fundamental goal of this paper is to present and demonstrate experimentally verified ana-

lytical methods that provide the adequate degree of safety and confidience in the behavior of

reinforced concrete structural components, This study further attempts to extend the developed

modeling technique for use by practicing structural engineers for both the analysis and design.

Keywords : Ductile performance, Inelastic cyclic behavior
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(Hollow Concrete Block)< Table 2(3) Test matrix/ vertical steel
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Table 3 Caiculated limit lateral loads
flexural flexural | flexural . failure
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vall )= v, v Ve | Ve | Vi v, | v, | flexure [ dvtical Test
N(). or or % ¥ max max ah sh atytica es
(kips) (psi) (kips) (psi) (kips} (pst) (kips) | (psi)
1 18 64 59 56 72 168 110 185 1.1 flexure 1 flexure
rrrrr 2 0| 15 |6y | 43 81 187 | 106 | 199 11 | flexwe | flexure
3 10 % L o99 | oo o on8 23 |1 137 shear shear
4 16 37 v(S«'l | E Y ) 211 140 139 shear shear
5 23 52 77 179 103 | 239 140 139 0, shear shear
b 16 . a6 106 | 57 | w2 12 | flexure |flexure /shear
7 24 56 79 132 1()7 247 10 N 146 0.6 shear ~shear ______
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Table 4 Calculated and measured flexural yield limit state

values
wall Calculated Measured | (Measured /
(kips) (kips) Calculated
1 59 60 1.02 “7‘
o 2 69 76 1.710*7
6 32 40 1.25 ~
3 31 36 1.16
10 47 NA* NA®E
11 65 NA** NA®*
R 47 NA** NA®
77777 15 | 60 NA® NA®

% Measured values are from a virgin loading curve and
correspond to first yield as measured using a strain
gauge on a reinforcing bar.

*x NA-Not available due to strain gauge malfunction.

Table 5 Calculated and measured flexural strength limit
state values

wall Ca(liliﬂpz;t)ed Measured (kips) I\(Al\gggi‘ﬁ%”}
Positive Negative | Calculated
1 72 +87 -78 1.08 3
2 81 —83 -9 1.02
6 46 +52 —47 1.0277
8 46 +50 -47 1.02 -
10 60 i +69 —67 1.12 _
11 w0 | +u % 0.9
) 12 63 +71 =71 113
B £ | ® -94 100

* Measured values are from virgin load deflection curves.

Table 6 The ratio fo minimum, maximum and average to
caculated values

Min /Calc Mix /Calc Ave /Calc
Virgin |Stablzd | Virgin |Stabled | Virgin | Stablzd
1 1.08 0.86 1.21 107 1.15 0.97
2 1.02 0.93 1.21 1.07 1.12 1.00
6 1.04 0.93 1.13 0.96 1.09 0.95
8 1.02 0.91 1.09 0.96 1.05 0.93
10 1.12 0.97 115 1.05 1.13 1.()17
11 0.99 0.89 1.06 0.94 1.02 O.éZ
12 0.13 1.02 1.13 1.03 113 1.02 -
15 1.00 0.88 1.15 1.05 1.07 0.9

Mean 1.05 0.92 1.14 1.02 .10 0.97
Covi| 47 | 51 | 44 | 50 | 37 | 26
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Table 7 Calculated and measured ratio of maximum capacity to
cracking moment capacity

Calculated Measured
Maximum / Yield Maximum / Yield
Wall Moment Capacity Moment Capacity
- Maximum Minimum

B 1 1.22 7 1.45 1.30
2 1.17 1.29 1.09 o

MG 1; 44 1.30 1.18

] 1.48 1.39 1.31

T T | NA NA

L 11 1.38 NA | NA

12 134 NA | Na
5 1.37 NA | NA

Mean 1.34 B

Cov(%) 74 66 | 9l




Table 8 Calculated ratio of yield moment capacity to cracking
moment capacity

Wall # M, / Met
1 211
2 2,10
6 2.00
8 1.72
"""" 10 196
11 .60
12 1.9 -
15 24(1
Mean 2.23
Cov(%) } 24.0
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Fig. 9 Model of 4-story shear wall
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Fig. 10 Moment curvature diagram for a 4-story
shear wall
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DEFORMATION DUCTILITY AT UL TIMATE=11.39

Lateral load at limit states

Table 9 Result of analysis

Colondo Limit Lateral ‘ Moment | Shear stress | Neutral Axis Locations
flexural State force (Kft) | (Psi) L
WALLS ‘ (kips) \ | onnet | on comp { % of
I | Area Area o 4( Wall_%__tﬁll
Cracking 77 1860 | 640 114.7 ‘ 02 56
Wall #1 | Yield 58.7 ‘ 351.9 ‘ 135.8 452.5 21.6 30
Maximum 72.4 4344 | 1766 788.5 153 | 21
Cracking 32.5 195.0 75.2 114.5 47.3 ! 66
Wall #2 | Yield 68.6 411.3 158.7 492.5 23.2 I 32
Maximum 80.6 483.3 186.3 741.7 81 2
Cracking 15.8 93.0 56.7 207.8 i 12.7 18
Wall #6 | Yield 31.7 189.9 1 73.3 418.7 | 12.6 18
Maximum 45.7 274.3 | 103.8 1120.5 i 6.8 9
Cracking 17.7 106.0 40.9 253.8 11.6 16
Wall #8 | Yield 31.0 186.1 71.8 l 449.5 11.5 ‘; 16
- _ Maximum 45.8 2749 106.1 1339.7 5.7 ,ﬁL, 8
I'Cracking 242 | uso 55.9 1839 | 219 30
Wall #£10 | Yield 46.8 280.9 | 108.4 506.7 ! 15.4 ' 21
Maximum 62.8 5769 1454 12464 | 84 | 12
Cracking 17.7 106.0 40.9 ‘ 192.4 ~ 15.3 21
Wall #11 ‘ Yield ‘ 64.5 | 386.9 149.3 702.4 i 15.3 N 21
o | Maximum | 928 | 5568 | 214.8 4061 0 110 | 15
Cracking ‘ 24.2 145.0 | 55.9 183.9 \ 21.9 ‘ 30
Wall #12 | Yield 46.7 280 3 108.1 " 505.6 15.4 21
| Maximum | 626 | 3757 \ 449 | 12424 84 12
" Cracking ! 24.5 ‘ 147 0 | 56.7 171.6 | 23.8 33
Wall #15 | Yield 60.1 ! 360.8 i 139.2 614.9 ‘\ 16.3 23
Maximum 81.8 L 490.8 [ 1894 0 13236 [4 10.3 ‘ 14
2 A A O =2 A == 2 3
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