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Fig. 1.1 Bending moment and Shear force distribution 
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Fig. 1.2 Relationship between force and displacement�
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Fig. 1.3 Plastic Hinge formation in coupled shear wall  
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Fig. 1.4 Graphical representation of CAPACITY SPECTRUM method 
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Fig. 1.5 Base shear Vs Lateral roof displacement curve is the Capacity curve 
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Fig. 1.6 Demand spectrum 
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Fig. 1.7 Plan and Section of coupled shear wall building 
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Table 1.1 Coupling beam depth, span and wall width parameters 
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Depth 

parameter (m) 

Beam span 

parameter (m) 

Wall length 

parameter (m) 

0.50 1 3 

0.75 1.5 4 

1 2 5 

1.25 2.5 6 
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Table 1.2 Wall width and column cross section 
�

No. of storey Wall width (m) Column cross section (m) 

10 0.25 0.45×0.45 

15 0.30 0.5×0.5 

20 0.30 0.6× 0.6 

25 0.35 0.7× 0.7 

30 0.35 0.8× 0.8 
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Fig. 1.8 Different cases of orientation of coupled shear walls in plan 
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(a)  Shell element                                     (b) Frame element 
 

Fig.3.1 Elements are used in modeling of CSW building 
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Fig. 3.2 Geometry creation 
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Fig. 3.3 Defining frame element                                                   Fig.3.4 Defining wall and slab  
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Fig.3.5 Support condition 

	
	

	 	
	

	
	
	

 
 
 

Fig. 3.6 3D model of 20 storey building 
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Fig.3.7 Static Load cases 

	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	
	

Fig.3.8 Earthquake load application as per IS: 1893 (2002) 
	
:�	����	�����	�����������	��	����	�������	��	��������	��	�����	��	5���	3�/�	�(	

��	!(,1=/3�	2:?	�
	����	����	��	��	3	0>7�2�	!�	��	�������	��	���	
�����	



                                                            Chapter 3. Three Dimensional Modeling of coupled shear wall 

 26

	

		

	
	

	
	

	
	
	
	
	
	
	
	
	
	

	
Fig.3.9 Mass source application 
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Fig. 3.10 Rigid Diaphragm 

	

	

	

	

	

	

	

	

Fig. 3.11 3D model in plan	
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Fig. 3.12 Meshing of wall element	
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Fig.3.13 Pier element	
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Fig. 3.14 Excel sheet for base shear calculation 
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Fig. 3.15 Wide-frame column model	
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Fig. 3.16 Time period comparison 
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Fig.3.17 Base Shear comparison	
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 (a) Shear hinge in Coupling beam                                       (b) Shear hinge in Wall	
	
	 	

	

 

 

 

 

 

 

 

 

 

 

 

 

 

             (c) Flexural hinge in Coupling beam                                (d) Flexural hinge in Wall 

 

Fig.3.18 Concrete Hinge property  
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            (a)   Wall element                                                                  (b) Coupling beam  

																							Fig.3.19 Assign hinge property 
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Fig.3.20 Static Nonlinear load case-1 
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Fig.3.21 Static Nonlinear load case-2 

 

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

											Fig.3.22 2D model of coupled shear wall with hinge property 
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Fig.3.23 3D model of coupled shear wall building with hinge property 
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(a) Spring support property                                                (b) Restrained condition of support 

 
Fig.3.24 Modeling spring support 
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Table 4.1 Summary of base shear distribution -Coupling beam depth as parameter�

No. of storey Depth of coupling 
beam (m) 

% Base shear 
resisted by wall 

% Base shear resisted by 
column 

10 

0.5 
0.75 
1.00 
1.25 

98.43 
98.40 
98.45 
98.51 

1.57 
1.60 
1.55 
1.49 

15 

0.50 
0.75 
1.00 
1.25 

97.88 
97.90 
98.10 
98.34 

2.12 
2.10 
1.90 
1.66 

20 

0.50 
0.75 
1.00 
1.25 

96.73 
96.92 
97.02 
97.07 

3.27 
3.08 
2.98 
2.93 

25 

0.50 
0.75 
1.00 
1.25 

95.63 
95.86 
95.98 
96.27 

4.37 
4.14 
4.02 
3.73 

30 

0.50 
0.75 
1.00 
1.25 

93.75 
93.99 
94.16 
94.27 

6.25 
6.01 
5.84 
5.73 
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Table 4.2 Summary of base shear distribution -Coupling beam span as parameter 
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No. of storey Span of coupling 
beam (m) 

% Base shear 
resisted by wall 

% Base shear resisted 
by column 

10 

1.00 
1.50 
2.00 
2.50 

98.43 
97.55 
97.54 
97.20 

1.57 
2.45 
2.46 
2.80 

15 

1.00 
1.50 
2.00 
2.50 

98.20 
97.10 
97.36 
96.94 

1.80 
2.90 
2.64 
3.06 

20 

1.00 
1.50 
2.00 
2.50 

96.70 
96.50 
96.32 
93.04 

3.30 
3.50 
3.68 
6.96 

25 

1.00 
1.50 
2.00 
2.50 

95.63 
95.64 
95.44 
95.23 

4.37 
4.36 
4.56 
4.77 

30 

1.00 
1.50 
2.00 
2.50 

93.75 
94.41 
93.91 
93.44 

6.25 
5.59 
6.09 
6.56 
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Table 4.3. Summary of base shear distribution -Wall length as parameter 
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No. of 
storey 

Wall length 
(m) 

% Base shear resisted by 
wall 

% Base shear resisted by 
column 

10 

3 
4 
5 
6 

98.43 
98.75 
98.78 
98.83 

1.57 
1.25 
1.22 
1.17 

15 

3 
4 
5 
6 

97.52 
98.34 
98.61 
98.77 

2.48 
1.66 
1.39 
1.23 

20 

3 
4 
5 
6 

96.73 
97.77 
98.41 
98.51 

3.27 
2.23 
1.59 
1.49 

25 

3 
4 
5 
6 

95.63 
97.01 
97.72 
98.74 

4.37 
2.99 
2.28 
1.26 

30 

3 
4 
5 
6 

93.75 
96.30 
97.61 
98.07 

6.25 
3.70 
2.39 
1.93 
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Fig. 5.2 Bilinear representation of capacity spectrum for capacity spectrum method�
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Table 5.1 Values For Damping Modification Factor, � 

 

Structural Behavior 
Type 

�0 
(percent) � 

Type A 
� 16.25 

 
> 16.25 

 

1.0 

y ypi pi

pi pi

0.51(a d - d a )
1.13 -

a d
 

Type B 
        �25 
 

> 25 

 
0.67 
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p i p i

0 .4 4 6 (a d - d a )
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Type C Any value 0.33 
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Fig.5.6 Converted demand spectrum (Sa Vs Sd) 
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Table 5.3  Minimum allowable SRA and SRv values 

 
Structural 

Behaviour Type SRA SRV 

Type A 0.33 0.50 
Type B 0.44 0.56 
Type C 0.56 0.67 
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Fig.5.8 Global capacity curve of the building (V Vs �) 
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Fig.5.9 Converted capacity spectrum (Sa Vs Sd)�
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Fig.5.10 Failure of 10 storey model at failure of first element�
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Fig.5.11  Faiure of 10 storey model after revising stiffness 
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Fig. 5.12 Comparison of capacity curve for 2D and 3D 
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Table 5.4 Stages of Hinge formation  in 2D model and 3D model-Flexural hinge�

�
Table 5.5  Stages of Hinge formation in 2D model and 3D model- Shear hinge�

�
2-D Model 3-D Model 

Steps 
Roof 

Displacement  
(m) 

Base 
shear 
(kN) 

Stage Steps 
Roof 

Displacement  
(m) 

Base 
shear 
(kN) 

Stage 

0 
1 

0 
0.0024 

0 
69 B 0 

1 
0 

0.0039 
0 

88.9 B 

2 0.0066 145.9 IO 2 0.0083 169.1 IO 

3 
4 

0.0054 
0.0065 

68 
72 LS 3 

4 
0.0083 
0.0085 

82.9 
85.2 LS 

5 0.006 70 CP 5 0.0085 83.9 CP 
6 0.0078 72 C 6 0.0086 84.9 C 

2-D Model 3-D Model 

Steps 
Roof 

Displacement  
(m) 

Base 
shear 
(kN) 

Stage Steps 
Roof 

Displacement  
(m) 

Base 
shear 
(kN) 

Stage 

0 
1 

0 
0.0064 

0 
158 B 

0 
1 

0 
0.0073 

0 
168 B 

2 0.0098 209.8 IO 2 0.0101 225.4 IO 
3 0.0102 234 LS 3 0.0118 247 LS 
4 0.0105 238 CP 4 0.0113 245.6 CP 
5 0.0116 242.8 C 5 0.0121 249.2 C 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

0.0116 
0.0118 
0.0119 
0.0122 
0.0127 
0.0132 
0.013 

0.0134 
0.0156 
0.0176 

119.8 
107.9 
108.6 
98.6 
93.3 

98.67 
99.4 
96.4 
98.9 
92.2 

D 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0.0121 
0.0124 
0.0125 
0.0126 
0.0128 
0.0131 
0.0135 
0.0138 
0.0154 
0.0184 

129.7 
115.8 
118.6 
114.3 
115.8 
113.4 
108.7 
101.2 
105.6 
99.2 

D 

16 0.0163 89.9 E 16 0.0174 97.6 E 
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7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

0.0081 
0.0141 
0.0153 
0.016 

0.0179 
0.0186 
0.0193 
0.0191 
0.0196 
0.0239 

2.9 
29.7 
37.6 
42.7 
43.6 
49.9 
46.4 
58.7 
44.9 
68.4 

D 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

0.0087 
0.0164 
0.0187 
0.0188 
0.0199 
0.0188 
0.0199 
0.0224 
0.0224 
0.028 

5.3 
42.6 
41.6 
52 
51 

56.1 
54.3 
65.4 
63.7 
88.8 

D 

17 
18 

0.0421 
0.0423 

102.7 
0 E 17 

18 
0.0453 
0.0453 

119.4 
0 E 

�
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Fig. 5.13 2D shear hinge- failure pattern of wall-step 11 
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Fig.5.14�3D shear hinge- failure pattern of wall-step 11 
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Table 5.6 Reduced spectrum information for 3D 10 storey building�
�

Step Teff ßeff Sd(C) Sa(C) Sd(D) Sa(D) ALPHA PF*Ø 
0 1.086 0.05 0 0 0.108 0.368 1 1 
1 1.086 0.05 8.33E-03 0.028 0.108 0.368 0.689 1.441 
2 1.086 0.05 0.017 0.057 0.108 0.368 0.689 1.441 
3 1.086 0.05 0.025 0.085 0.108 0.368 0.689 1.441 
4 1.086 0.05 0.031 0.107 0.108 0.368 0.689 1.441 
5 1.094 0.054 0.04 0.134 0.106 0.358 0.688 1.442 
6 1.108 0.062 0.048 0.158 0.104 0.341 0.687 1.443 
7 1.123 0.07 0.057 0.181 0.102 0.327 0.685 1.445 
8 1.141 0.077 0.065 0.201 0.101 0.313 0.683 1.446 
9 1.162 0.086 0.073 0.219 0.1 0.298 0.681 1.449 
10 1.183 0.094 0.083 0.238 0.099 0.285 0.678 1.452 
11 1.2 0.098 0.091 0.255 0.099 0.277 0.677 1.454 
12 1.216 0.101 0.099 0.271 0.1 0.271 0.675 1.456 
13 1.23 0.104 0.108 0.288 0.1 0.266 0.674 1.457 
14 1.244 0.106 0.118 0.306 0.101 0.262 0.673 1.459 
15 1.258 0.109 0.126 0.32 0.101 0.257 0.673 1.46 
16 1.258 0.109 0.126 0.32 0.101 0.256 0.673 1.46 
17 1.3 0.13 0.136 0.324 0.098 0.235 0.682 1.461 
18 1.339 0.148 0.146 0.329 0.097 0.219 0.689 1.461 
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Table 5.7 Step vise hinge formulation for 3 D 10 storey building  
�

Step A-B   B-IO IO-LS LS-CP CP-C C-D D-E >E TOTAL 
0 1740 0 0 0 0 0 0 0 1740 
1 1740 0 0 0 0 0 0 0 1740 
2 1740 0 0 0 0 0 0 0 1740 
3 1738 2 0 0 0 0 0 0 1740 
4 1699 41 0 0 0 0 0 0 1740 
5 1664 76 0 0 0 0 0 0 1740 
6 1627 113 0 0 0 0 0 0 1740 
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7 1546 194 0 0 0 0 0 0 1740 
8 1503 237 0 0 0 0 0 0 1740 
9 1481 229 30 0 0 0 0 0 1740 
10 1453 219 68 0 0 0 0 0 1740 
11 1422 248 70 0 0 0 0 0 1740 
12 1407 234 59 40 0 0 0 0 1740 
13 1399 218 53 70 0 0 0 0 1740 
14 1387 216 67 70 0 0 0 0 1740 
15 1385 218 67 70 0 0 0 0 1740 
16 1371 215 74 80 0 0 0 0 1740 
17 1355 224 81 80 0 0 0 0 1740 
18 1740 0 0 0 0 0 0 0 1740 
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Fig.5.15 Capacity spectrum & Performance Point 
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Table 5.8 Comparison of actual and permissible deformation Limit 

Storey Max. total drift Allowable Max. total drift 

1 0.015 0.12 

2 0.013 0.12 

3 0.012 0.12 

4 0.010 0.12 

5 0.08 0.12 

6 0.05 0.12 

7 0.003 0.12 

8 0.002 0.12 

9 0.001 0.12 

10 0.001 0.12 
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Table 5.9 Coupling beam depth as parameters 

�
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Column 
c/s 

D
w 

(m) 
H

b 
(m) 

L
b 

(m) 
T

h
 

(m) 

Failure of first element 

At 
performance 

point Remark 

Type of 
element � (m) 

Base 
shear 
(kN) 

Storey 
Location � (m) 

Base 
shear 
(kN) 

Failure 
of 

Coupling 
beam 

Failure 
sequence 

of 
Coupling 

beam 

Failure 
of Wall 

Failure 
sequence 
of Wall 

10 storey 
0.45×0.45 3 0.5 1 0.25 beam 0.153 4625.23 2to6 0.15 4592.50 Shear First Flexure Second 
0.45×0.45 3 0.75 1 0.25 beam 0.17 4721.74 2to4 0.11 4629.36 Flexure First Flexure Second 
0.45×0.45 3 1 1 0.25 beam 0.2 4813.54 1&2 0.10 4759.36 Flexure First Flexure Second 

15 storey 
0.5×0.5 3 0.5 1 0.3 c.b. 0.17 5147.2 2to5 0.16 4924.56 Shear First Shear Second 
0.5×0.5 3 0.75 1 0.3 beam 0.17 5241.11 2to5 0.13 5047.36 Flexure First Shear Second 
0.5×0.5 3 1 1 0.3 beam 0.16 5414.10 2&3 0.11 5245.36 Flexure First Shear Second 

20 storey 

0.6×0.6 3 0.5 1 0.3 
c.b. & 
beam 0.21 5641.58 8to14 0.17 5426.63 Flexure First Shear Second 

0.6×0.6 3 0.75 1 0.3 
c.b. & 
beam 0.17 5796.36 4to6 0.14 5625.14 Flexure First Shear Second 

0.6×0.6 3 1 1 0.3 
c.b. & 
beam 0.16 5842.94 2to4 0.13 5796.52 Flexure First Shear Second 

25 storey 

0.7×0.7 3 0.5 1 0.35 
c.b. & 
beam 0.13 6198.25 9to16 0.12 6025.45 Flexure First Shear Second 

0.7×0.7 3 0.75 1 0.35 
c.b. & 
beam 0.16 6325.25 6to13 0.14 6234.56 Flexure First Shear Second 

0.7×0.7 3 1 1 0.35 beam 0.17 6589.14 2to5 0.16 6425.23 Flexure First Shear Second 
30 storey 

0.8×0.8 3 0.5 1 0.35 
c.b. & 
beam 0.22 6742.12 14to20 0.21 6874.23 Flexure First Shear Second 

0.8×0.8 3 0.75 1 0.35 
c.b. & 
beam 0.22 7258.71 12to18 0.18 7045.56 Flexure First Shear Second 

0.8×0.8 3 1 1 0.35 
c.b. & 
beam 0.19 7412.65 8to11 0.15 7256.54 Flexure First Shear Second 
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Table 5.10 Coupling beam span as parameters 

 

Column 
c/s 

D
w 

(m) 
H

b 
(m) 

L
b 

(m) 
T

h
 

(m) 

Failure of first element 
At performance 

point Remark 

Type of 
element 

� 
(m) 

Base 
shear 
(kN) 

Storey 
Location 

� 
(m) 

Base 
shear (kN) 

Failure 
of 

Coupling 
beam 

Failure 
sequence 

of 
Coupling 

beam 

Failure 
of Wall 

Failure 
sequence 
of Wall 

10 storey 
0.45×0.45 3 0.5 1 0.25 beam 0.153 4625.23 2to6 0.15 4592.50 Shear First Flexure Second 

0.45×0.45 3 0.5 2 0.25 c.b. 0.17 5087.75 1to7 0.16 5051.75 Shear First Flexure Second 

0.45×0.45 3 0.5 3 0.25 c.b. 0.2 5596.52 2to10 0.19 5556.92 Flexure First Flexure Second 
15 storey 

0.5×0.5 3 0.5 1 0.3 c.b. 0.17 5147.2 2to5 0.16 4924.56 Shear First Shear Second 
0.5×0.5 3 0.5 2 0.3 c.b. 0.19 5661.92 3to17 0.17 5417.01 Shear First Shear Second 

0.5×0.5 3 0.5 3 0.3 c.b. 0.21 6228.11 4to12 0.18 5958.71 Flexure First Shear Second 
20 storey 

0.6×0.6 3 0.5 1 0.3 
c.b. & 
beam 0.21 5641.58 8to14 0.17 5426.63 Flexure First Shear Second 

0.6×0.6 3 0.5 2 0.3 

c.b. & 

beam 0.19 6205.73 6to17 0.18 5969.29 Shear First Shear Second 

0.6×0.6 3 0.5 3 0.3 

c.b. & 

beam 0.22 6826.31 3to11 0.19 6566.22 Shear First Shear Second 
25 storey 

0.7×0.7 3 0.5 1 0.35 
c.b. & 
beam 0.13 6198.25 9to16 0.12 6025.45 Flexure First Shear Second 

0.7×0.7 3 0.5 2 0.35 

c.b. & 

beam 0.18 6818.07 10to18 0.15 6627.99 Shear First Shear Second 

0.7×0.7 3 0.5 3 0.35 

c.b. & 

beam 0.21 7499.88 2to14 0.16 7290.79 Shear First Shear Second 
30 storey 

0.8×0.8 3 0.5 1 0.35 
c.b. & 
beam 0.22 6742.12 14to20 0.21 6874.23 Flexure First Shear Second 

0.8×0.8 3 0.5 2 0.35 

c.b. & 

beam 0.24 7416.33 15to21 0.22 7561.65 Flexure First Shear Second 

0.8×0.8 3 0.5 3 0.35 

c.b. & 

beam 0.26 8157.96 16to22 0.23 8317.81 Shear First Shear Second 
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Table 5.11 Wall length as parameters 
�

Column 
c/s 

D
w 

(m) 
H

b 

(m) 
L

b 

(m) 
T

h
 

(m) 

Failure of first element 
At performance 

point Remark 

Type of 
element 

� 
(m) 

Base 
shear 
(kN) 

Storey 
Location 

� 
(m) 

Base shear 
(kN) 

Failure 
of 

Coupling 
beam 

Failure 
sequence 

of 
Coupling 

beam 

Failure 
of Wall 

Failure 
sequence 
of Wall 

10 storey 
0.45×0.45 3 0.5 1 0.25 beam 0.15 4625.23 2to6 0.15 4592.50 Shear First Flexure Second 
0.45×0.45 4 0.5 1 0.25 c.b. 0.16 5781.53 2to9 0.12 5740.62 Flexure First Shear Second 
0.45×0.45 5 0.5 1 0.25 c.b. 0.18 7226.92 1to8 0.10 7175.78 Flexure First Shear Second 

15 storey 
0.5×0.5 3 0.5 1 0.3 c.b. 0.17 5147.2 2to5 0.16 4924.56 Shear First Shear Second 
0.5×0.5 4 0.5 1 0.3 c.b. 0.19 6434.34 8to12 0.13 6155.70 Flexure First Shear Second 
0.5×0.5 5 0.5 1 0.3 c.b. 0.2 8042.50 5to15 0.10 7694.62 Flexure First Shear Second 

20 storey 

0.6×0.6 3 0.5 1 0.3 
c.b. & 
beam 0.21 5641.58 8to14 0.17 5426.63 Flexure First Shear Second 

0.6×0.6 4 0.5 1 0.3 c.b. 0.22 7051.97 11to18 0.18 6783.28 Flexure First Shear Second 
0.6×0.6 5 0.5 1 0.3 c.b. 0.24 8814.96 12to19 0.19 8479.10 Flexure First Shear Second 

25 storey 

0.7×0.7 3 0.5 1 0.35 
c.b. & 
beam 0.13 6198.25 9to16 0.12 6025.45 Flexure First Shear Second 

0.7×0.7 4 0.5 1 0.35 c.b. 0.15 7747.81 7to15 0.16 7531.81 Flexure First Shear Second 
0.7×0.7 5 0.5 1 0.35 c.b. 0.17 9684.76 5to20 0.12 9414.76 Flexure First Shear Second 

30 storey  

0.8×0.8 3 0.5 1 0.35 
c.b. & 
beam 0.22 6742.12 14to20 0.21 6874.23 Flexure First Shear Second 

0.8×0.8 4 0.5 1 0.35 
c.b. & 
beam 0.21 8427.65 14to25 0.17 8592.78 Flexure First Shear Second 

0.8×0.8 5 0.5 1 0.35 
c.b. & 
beam 0.22 10534.56 9to22 0.13 9523.54 Flexure First Shear Second 
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              Ideal for behaviour and analysis                                 Good symmetry, analysis easy   

                                      (a) Recommended 
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����������������������������

Differential behaviour on opposite                                   Through symmetrical, long wings give 

behaviour  prediction problem                                                     end of long building                                                                                 

                                                                            

                 

�

Bad for asymmetrical effects, behaviour                     Re-entrant corner poor detailing 

prediction problem 

(b) Not recommended 

Fig. 6.1 Geometric plans for typical building 
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Fig. 6.2 Bracken layout concept 
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Table 6.1 Time period comparison�

                                                                                       

PLAN No. of 
storey 

Time Period(Sec.) 

As per 
IS:1893 

As per ETABS 3D model 
Analysis 

EQ X EQ Y 

 

 

 

 

 

 

10 0.59 1.62 0.65 

15 0.89 2.01 0.95 

20 1.18 2.94 1.46 

25 1.47 3.05 1.73 

30 1.77 3.86 2.35 

 

10 0.59 0.67 0.67 

15 0.89 1.09 1.09 

20 1.18 1.55 1.55 

25 1.47 2.09 2.09 

30 1.77 2.52 2.52 

Parallel CSW 

Mid side CSW 
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10 0.59 0.5 0.5 

15 0.89 0.84 0.84 

20 1.18 1.22 1.22 

25 1.47 1.74 1.74 

30 1.77 2.7 2.7 

  10 0.59 0.63 1.41 

15 0.89 0.95 2.14 

20 1.18 1.33 2.40 

25 1.47 1.84 3.02 

30 1.77 2.27 3.42 

�

'�	��  ����� (���� ��� �� 	������� ����� "7� �/82� ����
��� ���� ����� ����	��

������������	
�	��������	��	
��	����������������� ��������	��	
������������	�������

:7;������������������������	��������	�"7��/82�����
�����	��
	���	�����	��	
�

�	����� 	���	��������������������������<������ �����(�$��

Table 6.2 Base shear comparison�

 
PLAN No. of 

storey 

Base Shear (kN) Top storey 
displacement 

(m) As per 
IS:1893 

As per ETABS 3D 
model Analysis 

EQ X EQ Y EQ X  EQ Y 

 
 
 
 
 
 
 
 
 
 
 
 
 

10 1433.29 554.84 1402.81 0.06 0.01 

15 1483.75 576.41 1462.76 0.06 0.01 

20 1514.22 639.74 1501.19 0.08 0.03 

25 1585.45 682.92 1570.41 0.09 0.03 

30 1625.33 720.59 1601.21 0.11 0.05 

Outer side CSW 

Central CSW 

Parallel CSW 
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10 1433.29 1018.19 1018.19 0.01 0.01 

15 1483.75 1093.41 1093.41 0.02 0.02 

20 1514.22 1122.54 1122.54 0.03 0.03 

25 1585.45 1299.94 1299.94 0.04 0.04 

30 1625.33 1356.82 1356.82 0.05 0.05 

 
10 1455.29 1483.27 1483.27 0.01 0.01 

15 1513.7 1542.52 1542.52 0.01 0.01 

20 1584.22 1561.44 1561.44 0.02 0.02 

25 1625.45 1575.71 1575.71 0.03 0.03 

30 1690.76 1651.80 1651.80 0.04 0.04 

 
10 1433.29 1398.02 520.73 0.01 0.04 

15 1483.75 1416.57 538.74 0.02 0.05 

20 1514.22 1489.44 658.56 0.02 0.06 

25 1585.45 1501.36 753.59 0.04 0.08 

30 1625.33 1589.04 847.47 0.05 0.09 

�

'�	��  ����� �(�$� ��� ��	������������ ���� ����� ����
���� ���"7��/82� ���	���

�	��������	������	��������������������������
	����

�������	����	��	
�:7;��"��

���� 	
� ���������� �	������ :7;�� ��������� ���� ����� ����������� 
�	�� ��������

����������	����	��������	������	
����:7;������	������:	��������	������	
�"7�

�/82�����
�����	���

�

Mid side CSW 

Central CSW 

Outer side CSW 
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Table 6.3 Base shear distribution in CSW and column�

                                                                          
PLAN No. of 

Storey 

Base Shear distribution (%) 

Eq. X Eq. Y 

Wall Column Wall Column 

  
10 46.40 53.60 96.81 3.19 

15 40.98 59.02 96.79 3.21 

20 38.07 61.93 94.30 5.70 

25 35.19 64.81 94.03 5.97 

30 32.30 67.70 91.45 8.55 

  10 93.07 6.93 93.07 6.93 

15 92.31 7.69 92.31 7.69 

20 91.49 8.51 91.49 8.51 

25 86.56 13.44 86.56 13.44 

30 84.78 15.22 84.78 15.22 

Parallel CSW 

Mid side CSW 
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10 95.38 4.62 95.38 4.83 

15 95.23 4.77 95.23 4.77 

20 95.17 4.83 95.17 4.83 

25 94.35 5.65 94.35 5.65 

30 94.29 5.71 94.29 5.71 

  10 97.01 2.99 42.73 57.27 

15 96.86 3.14 41.10 58.90 

20 95.36 4.64 40.84 59.16 

25 93.14 6.86 39.47 60.53 

30 92.58 7.42 39.18 60.82 

�

�

7����� 	
� ���� ����� ���������	�� �	�� ������ �������� :7;� ��������� �� �	���

�

��������	����������������	��������	�	�����������������	
�:7;��>��������

:7;����� 	����� ���� :7;� ��������������	�� ���������
	�� ���������	��	
� ����

���������	��������������	���?����������	�����	��
	�����������	
�������������

���	������ �����(�2���

�

��������
������
���	�������
��

>��	���������������������	���
	����

������	��������	��	
�:7;����������������

������������������������'�	�����	������������
��������������������������

�	����������	�������������������������������5	�������
	�����	�����������

�� �	��� �� ������� ��� ����	�� 2�=�$��  ��� ������ 	
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Outer side CSW 

Central CSW 
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Table 6.4 Pushover results for parallel CSW  

Column 
c/s 

D
w 

(m) 
H

b 
(m) 

L
b 

(m) 
T

h
 

(m) 

Failure of first element 
At 

performance 
point 

Remark 

Type of 
element � (m) 

Base 
shear 
(kN) 

Storey 
Location 

� 
(m) 

Base 
shear 
(kN) 

Failure 
of 

Coupling 
beam 

Failure 
sequence 

of 
Coupling 

beam 

Failure 
of Wall 

Failure 
sequence 
of Wall 

10 storey 
0.45×0.45 
0.45×0.45 
0.45×0.45 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.25 
0.25 
0.25 

c.b. 
beam 
beam 

0.16 
0.16 
0.16 

3746.44 
3748.07 
3748.89 

2to8 
3to6 

3 & 4 

0.14 
0.14 
0.14 

3570.37 
3573.43 
3575.83 

Shear 
Flexure 
Flexure 

First 
First 
First 

Flexure 
Flexure 
Flexure 

Second 
Second 
Second 

15 storey 
0.5×0.5 
0.5×0.5 
0.5×0.5 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.3 
0.3 
0.3 

c.b. 
beam 
beam 

0.41 
0.41 
0.41 

4650.28 
4652.65 
4653.92 

3to7 
2to5 
4to6 

0.27 
0.27 
0.27 

3766.40 
3770.65 
3773.80 

Shear 
Flexure 
Flexure 

First 
First 
First 

Shear 
Shear 
Shear 

Second 
Second 
Second 

20 storey 
0.6×0.6 
0.6×0.6 
0.6×0.6 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.3 
0.3 
0.3 

c.b. 
beam 
beam 

0.51 
0.52 
0.51 

4006.17 
4008.40 
4009.65 

8to17 
12to15 

2to8 

0.42 
0.42 
0.42 

3813.59 
3817.68 
3820.97 

Shear 
Flexure 
Flexure 

First 
First 
First 

Shear 
Shear 
Shear 

Second 
Second 
Second 

25 storey 
0.7×0.7 
0.7×0.7 
0.7×0.7 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.35 
0.35 
0.35 

c.b. 
beam 
beam 

0.77 
0.78 
0.78 

5184.23 
5186.68 
5187.23 

11to19 
5to9 
2to8 

0.52 
0.52 
0.52 

3996.56 
3998.43 
4000.25 

Shear 
Flexure 
Flexure 

First 
First 
First 

Shear 
Shear 
Shear 

Second 
Second 
Second 

30 storey 
0.8×0.8 
0.8×0.8 
0.8×0.8 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.35 
0.35 
0.35 

c.b. 
beam 
beam 

0.63 
0.58 
0.61 

4784.99 
4617.14 
4744.18 

15to22 
18to23 

5to8 

0.54 
0.54 
0.54 

4415.54 
4421.62 
4427.82 

Shear 
Flexure 
Flexure 

First 
First 
First 

Shear 
Shear 
Shear 

Second 
Second 
Second 
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Table 6.5  Pushover results for mid side CSW 

�
Table 6.6 Pushover results for central CSW 

�

Column 
c/s 

Dw 
(m) 

Hb 
(m) 

Lb 
(m) 

Th 
(m) 

Failure of first element 
At 

performance 
point 

Remark 

Type of 
element � (m) 

Base 
shear 
(kN) 

Storey 
Location � (m) 

Base 
shear 
(kN) 

Failure 
of 

Coupling 
beam 

Failure 
sequence 

of 
Coupling 

beam 

Failure 
of Wall 

Failure 
sequence 
of Wall 

10 storey 
0.45×0.45 
0.45×0.45 
0.45×0.45 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.25 
0.25 
0.25 

c.b. 
c.b. 

beam 

0.193 
0.192 
0.192 

3622.22 
3616.27 
3617.34 

Base 
3to7 
2to5 

0.15 
0.15 
0.15 

3299.90 
3303.88 
3308.29 

Shear 
Flexure 
Flexure 

First 
First 
First 

Flexure 
Flexure 
Flexure 

Second 
Second 
Second 

15 storey 
0.5×0.5 
0.5×0.5 
0.5×0.5 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.3 
0.3 
0.3 

c.b. 
beam 
beam 

0.24 
0.24 
0.24 

4979.26 
4993.93 
5000.51 

4to10 
2to6 
2&3 

0.16 
0.16 
0.16 

4218.09 
4225.91 
4234.74 

Shear 
Flexure 
Flexure 

First 
First 
First 

Shear 
Shear 
Shear 

Second 
Second 
Second 

20 storey 
0.6×0.6 
0.6×0.6 
0.6×0.6 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.3 
0.3 
0.3 

c.b. 
beam 
beam 

0.28 
0.30 
0.30 

5948.91 
6030.62 
6025.08 

8to14 
3to9 
3&4 

0.17 
0.17 
0.17 

5109.18 
5111.12 
5119.72 

Shear 
Flexure 
Flexure 

First 
First 
First 

Shear 
Shear 
Shear 

Second 
Second 
Second 

Column 
c/s 

Dw 
(m) 

Hb 
(m) 

Lb 
(m) 

Th 
(m) 

Failure of first element 
At 

performance 
point 

Remark 

Type of 
element � (m) 

Base 
shear 
(kN) 

Storey 
Location � (m) 

Base 
shear 
(kN) 

Failure 
of 

Coupling 
beam 

Failure 
sequence 

of 
Coupling 

beam 

Failure 
of Wall 

Failure 
sequence 
of Wall 

10 storey 
0.45×0.45 

0.45×0.45 
0.45×0.45 

3 

3 
3 

0.5 

0.75 
1 

1 

1 
1 

0.25 

0.25 
0.25 

c.b. 

beam 
beam 

0.50 

0.31 
0.31 

2224.85 

2225.20 
2225.98 

Base 

3&4 
2 

0.2 

0.2 
0.2 

2182.52 

2241.12 
2343.25 

Shear 

Flexure 
Flexure 

First 

First 
First 

Flexure 

Flexure 
Flexure 

Second 

Second 
Second 

15 storey 
0.5×0.5 
0.5×0.5 
0.5×0.5 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.3 
0.3 
0.3 

c.b. 
beam 
beam 

0.36 
0.42 
0.43 

2564.57 
2549.58 
2547.24 

5to8 
2to6 
3to9 

0.33 
0.33 
0.33 

2487.84 
2490.42 
2497.37 

Shear 
Flexure 
Flexure 

First 
First 
First 

Shear 
Shear 
Shear 

Second 
Second 
Second 

20 storey 

0.6×0.6 
0.6×0.6 
0.6×0.6 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.3 
0.3 
0.3 

c.b. 
beam 
beam 

0.59 
0.59 
0.62 

2797.84 
2795.14 
2773.29 

11to15 
13to18 

5&6 

0.48 
0.48 
0.48 

2677.78 
2679.67 
2682.66 

Shear 
Flexure 
Flexure 

First 
First 
First 

Shear 
Shear 
Shear 

Second 
Second 
Second 

25 storey 
0.7×0.7 

0.7×0.7 

0.7×0.7 

3 

3 

3 

0.5 

0.75 

1 

1 

1 

1 

0.35 

0.35 

0.35 

c.b. 
beam 
beam 

0.74 

0.74 

0.74 

2969.30 

2915.20 

2918.36 

10to16 

6to10 

8to13 

0.69 

0.6 

0.6 

2886.14 

2853.50 

2856.79 

Shear 

Flexure 

Flexure 

First 

First 

First 

Shear 

Shear 

Shear 

Second 

Second 

Second 
30 storey 

0.8×0.8 

0.8×0.8 

0.8×0.8 

3 

3 

3 

0.5 

0.75 

1 

1 

1 

1 

0.35 

0.35 

0.35 

c.b. & 
beam 

0.82 

0.82 

0.82 

3032.58 

3034.09 

3036.84 

2to6 

12to14 

15&16 

0.81 

0.81 

0.81 

2913.46 

2918.01 

2921.59 

Shear 

Flexure 

Flexure 

First 

First 

First 

Shear 

Shear 

Shear 

Second 

Second 

Second 
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25 storey 
0.7×0.7 
0.7×0.7 
0.7×0.7 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.35 
0.35 
0.35 

c.b. 
beam 
beam 

0.19 
0.19 
0.19 

6398.77 
6421.65 
6434.02 

5to17 
3to8 
4&5 

0.17 
0.17 
0.17 

6102.97 
6112.57 
6125.33 

Shear 
Flexure 
Flexure 

First 
First 
First 

Shear 
Shear 
Shear 

Second 
Second 
Second 

30 storey 

0.8×0.8 
0.8×0.8 
0.8×0.8 

3 
3 
3 

0.5 
0.75 

1 

1 
1 
1 

0.35 
0.35 
0.35 

c.b. 
Beam 
& c.b. 
Beam  

0.25 
0.27 
0.25 

7805.22 
7956.12 
7805.22 

2to24 
3to17 
3to7 

0.18 
0.18 
0.18 

6620.53 
6630.26 
6638.53 

Shear 
Flexure 
Flexure 

First 
First 
First 

Shear 
Shear 
Shear 

Second 
Second 
Second 

�

�
Table 6.7 Pushover results for out side CSW 

 

Column 

c/s 

D
w 

(m) 

H
b 

(m) 

L
b 

(m) 

T
h
 

(m) 

Failure of first element 

At 

performance 

point 

Remark 

Type of 
element � (m) 

Base 
shear 
(kN) 

Storey 
Location 

� 
(m) 

Base 
shear 
(kN) 

Failure 
of 

Coupling 
beam 

Failure 
sequence 

of 
Coupling 

beam 

Failure 
of Wall 

Failure 
sequence 
of Wall 

10 storey 
0.45×0.45 3 0.5 1 0.25 c.b. 0.27 3195.90 2to6 0.14 2843.68 Shear First Flexure Second 
0.45×0.45 3 0.75 1 0.25 c.b. 0.3 3344.46 3to5 0.14 2849.72 Flexure First Flexure Second 
0.45×0.45 3 1 1 0.25 beam 0.31 3471.13 1&2 0.14 2857.89 Flexure First Flexure Second 

15 storey 
0.5×0.5 3 0.5 1 0.3 c.b. 0.45 3057.11 6to12 0.26 2970.06 Shear First Shear Second 
0.5×0.5 3 0.75 1 0.3 beam 0.44 3054.31 3to6 0.26 2973.40 Flexure First Shear Second 
0.5×0.5 3 1 1 0.3 beam 0.44 3235.75 3&4 0.26 2978.13 Flexure First Shear Second 

20 storey 
0.6×0.6 3 0.5 1 0.3 c.b. 0.58 3237.40 5to14 0.39 3092.32 Shear First Shear Second 
0.6×0.6 3 0.75 1 0.3 beam 0.54 3202.55 5to9 0.39 3096.31 Flexure First Shear Second 
0.6×0.6 3 1 1 0.3 beam 0.56 3290.30 2to7 0.39 3104.34 Flexure First Shear Second 

25 storey 
0.7×0.7 3 0.5 1 0.35 c.b. 0.63 3514.37 8to17 0.53 3185.29 Shear First Shear Second 
0.7×0.7 3 0.75 1 0.35 beam 0.62 3509.18 5to12 0.53 3195.37 Flexure First Shear Second 
0.7×0.7 3 1 1 0.35 beam 0.66 3642.74 3to6 0.53 3199.69 Flexure First Shear Second 

30 storey 
0.8×0.8 3 0.5 1 0.35 c.b. 0.77 3496.08 12to24 0.68 3245.18 Shear First Shear Second 

0.8×0.8 3 0.75 1 0.35 c.b. 
&beam 0.76 3471.75 13to18 0.68 3250.56 Flexure First Shear Second 

0.8×0.8 3 1 1 0.35 beam 0.74 3415.67 2&10 0.68 3255.64 Flexure First Shear Second 
�

�
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Figure 6.3 Structural arrangement in plan 
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Fig.6.4 Time Period comparison  
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Figure 6.5 Base shear comparison 
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Fig. 6.6  Displacement at  P.P.�
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Fig.6.7 Failure pattern of 10 storey building model of core shear wall at staring of failure 
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Fig. 6.8. Failure pattern of 10 storey building model of  coupled core shear wall at staring of failure 
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Fig.6.9. Failure pattern of 10 storey building model of core shear wall at performance point 
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Fig.6.10. Failure pattern of 10 storey building model of core coupled shear wall at performance point 
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Fig 7.1.Collapse mechanism for fixed-end beam 
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Fig. 7.6 Excel sheet for calculation of moment-curvature relation 
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(a) Longitudinal beam                                  (b) Coupling beam            (c) Transeverse beam 

 

                                   Fig.7.9  Hinge properties as per IS: 456 limit state criteria 
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(a) Hinge property based on IS 456 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

(b) Hinge property ATC 40 base 
 

Fig.7.11  Pushover curve 
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Table 7.1 Nonlinear performance of hinge comparison 
 

 Base Shear(kN)at P.P. Displacement  (m)at P.P. 
Hinge property based on IS: 456 7929.41 0.146 
Hinge property based on ATC 40 7749.178 0.150 
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Fig.7.12  Hinge property base on IS:456 for step 4 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                              Fig.7.13  Hinge property base on ATC 40 for step 4 
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Fig.8.1 Lateral forces and ductility�
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 (a) Parallel Diagonal reinforcement 
 
 
 
 
 
 
 
 
 
 
 

(b) Diagonal reinforcement 
 

Fig.8.2 Reinforcement detailing for coupling beam as per IS: 13920 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.8.3 Detailing as per ACI-318-05 
 

 
 
 
 
 
 
 
 

 
 

Fig.8.4 Detailing as per EC-8 
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Table 8.1 Ductile Wall Parameters 

  IS 13920 [35] ACI 318-05 [34] EC 8[36] 

Minimum 

thickness of 

Web 

  

  

  

  

 Thickness>150 mm 

 

   In case of coupled shear walls 

the thickness of wall shall be at 

least 200 mm. 

  

  

Shall not be less than 4 in.(101.6mm), or 1/30 the 

least distance between members that provide 

lateral support. 

  

  

  

> maximum of Hs/20 or 150 mm 

 

Hs = story height. 

  

  

 

 

Minimum 

reinforcement 

ratio  

  

 

0.0025 of gross area in each 

direction 

  

0.0025 of gross area in each direction 

  

0.002 of gross area in each direction 

  

Layer of 

reinforcement 

  

  

  

If shear stress exceeds 

0.25
��
�      or 

Thickness>200 mm 

Provide reinforcement  in two 

layers. 

 

Inplane shear force exceeds 2Acv
��
�  . 

 Provide reinforcement provide in two layers. 

Where,  

��
� �squrate root of specified compressive 

strength of concrete. 

Acv is gross area of concrete section bounded by 

web thickness and length of section in the 

direction of shear force considered, in.2 

Web reinforcement should be provided in form of 

two grids at each face of wall. 
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Minimum 

Diameter of bar 

  

 

   1/10 of thickness 

 

Bar sizes 3# to 11#, 14#, 18#. 

  

Maximum of  bw/8 or 8mm. 

Where,  bw is width of the wall 

Minimum 

spacing of 

reinforcement 

  

Least of lw/5, 3tw, and 450 mm 

lw is length of the wall. 

tw is thickness of the wall. 

  

< 18" (457.2 mm) 

  

  

Least of 20 times bar diameter or 200 mm for H-wall 

Least of 25 times bar diameter or 250 mm for M-wall 

M means medium ductile wall. 

H-wall H means high ductile wall. 

Boundary 

element 

  

  

  

Where the extreme fibre 

compressive stress in the wall 

due to factored gravity loads 

 plus factored earthquake force 

exceeds 0.2fck. 

Max comp. fiber stress fc = P/Ag + M/Z > 0.2 fc' 

boundary elements are required. 

  

  

May be defined on the basis of 0.2% of  

compression strain. but,> 0.15 Lw or 1.5 bw. 

  

  

% of vertical 

reinforcement 

in  boundary 

element. 

> 0.8 and <6% 

  

  

> 0.8 and <6% 

 

 

minimum 0.8 to  5% 
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Lap splices 

  

  

  

  

  

  

Splicing shall be avoided in 

region where yielding takes 

place. This region is consider to 

extend greater of  lw from base 

of wall or Hw/6  whichever is 

more. Splices in adjacent bars 

should be staggered by a 

minimum 600 mm. 

  

  

  

Lap splices shall not be used for bars larger than 

No. 11 . 

Minimum length for tension lap splices shall be as 

required for class A or B splice, but > 12 in. 

Class A splice - 1.0 ld 

Class B splice - 1.3 ld 

Where ld is development length in tension of 

deformed bar. 

  

lap length= � lbnet > lsmin 

lsmin=0.3��0(db/4)(fy/fcd) >15 db>200mm. 

 

Where, 

db is depth of the beam. 

 � is confinement effectiveness factor, angle 

between diagonal bars and axis of a coupling 

beam.  

�= 1 for bar in compression 

  = 1.4 for bar in compression. 

lbnet= �0 (db/4)(fyd/fcd)(Ast req/Ast pro) 

lbnet  is length of splice 

fyd is design value of yield strength of steel 

fcd is design value of concrete compressive 

strength. 

�0=prevailing aspect ratio of walls of the 

structural system 

�0=1 for straight bar and 0.7 for curved bar. 
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Table 8.2 Coupling Beam Design Parameters 
�

 IS 13920 ACI  318-05 EC 8 

Diagonal 

reinforcement  

Requirement 

When, Shear stress in coupling 

beam exceeds 
���

��
�� �

�

� �
 

Where, ls is clear span of  

coupling beam and D is its 

overall depth. 

a) Coupling beams with aspect ratio, (ln /h) < 4, shall 

be permitted to be reinforced with two intersecting 

groups of diagonally placed bars symmetrical about 

the mid span. 

b) Coupling beams with aspect ratio, (ln /h) < 2, and 

with Vu exceeding 4 
��
� Acw shall be reinforced 

with two intersecting groups of diagonally placed 

bars 

c) symmetrical about the mid span, unless it can be 

shown that loss of stiffness and strength of the 

coupling beams will not impair the vertical load-

carrying capacity of the structure, or the egress from 

the structure, or the integrity of nonstructural 

components and their connections to the structure. 

The resistance to seismic actions should 

be provided by reinforcement arranged 

along both diagonals of the beam, in 

accordance with, 

 � ���
���	 
	

� � � �� � � �  

where: 

VEd design shear force in the coupling 

element (VEd = �MEd/l); 

Asi total area of steel bars in each diagonal 

direction; 

� angle between the diagonal bars and the 

axis of the beam. 

Reinforcement & 

Detailing 

The area of reinforcement to be 

provided along each diagonal in 

a diagonally reinforced coupling 

beam shell be; 

Coupling beams reinforced with two intersecting groups of 

diagonally placed bars symmetrical about the mid span shall 

satisfy (a) through (f): 

a) Each group of diagonally placed bars shall consist 

a) The diagonal reinforcement is 

arranged in column-like elements 

with side at least equal to 0.5bw; 

its anchorage length exceeds by 
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��	
 ���


�	




�
�

� �

�
� �

 

Where Vu is the factored shear 

force, and � is the angle made by 

the diagonal reinforcement with 

the horizontal. At least 4 bars of 

8 mm diameter shall be provided 

along each diagonal. 

a) The pitch of spiral or 

spacing of       ties shall 

not be exceed 100 mm. 

b) The diagonal or 

horizontal bars of a 

coupling beam shall be 

anchorage length of 1.5 

times the development 

length in tension. 

of a minimum of four bars assembled in a core 

having sides measured to the outside of transverse 

reinforcement no smaller than bw / 2, perpendicular 

to the plane of the beam and bw / 5 in the plane of 

the beam and perpendicular to the diagonal bars. 

b) Vn shall be determined by  

Vn = 2Avdfysin � � 10 fc� Acw. 

Where � is the angle between the diagonally placed 

bars and the longitudinal axis of the coupling beam. 

c) Each group of diagonally placed bars shall be 

enclosed in transverse reinforcement satisfying 

confining detailing clause. 

d) The diagonally placed bars shall be developed for 

tension in the wall; 

e) The diagonally placed bars shall be considered to 

contribute to Mn of the coupling beam. 

f) Reinforcement parallel and transverse to the 

longitudinal axis shall be provided. 

50% . 

b) Hoops are provided around these 

column-like elements to prevent 

buckling of 

c) longitudinal bars. Hoop spacing s 

should not exceed 100 mm. 

d) Longitudinal and transverse 

reinforcement is provided at both 

lateral faces of the beam, meeting 

the minimum requirements of EN 

1992-1-1:200X for deep beams. 

The longitudinal reinforcement 

should not be anchored in the 

coupled walls, but only extend 

into them by 150 mm. 
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Table 8.3 Forces and reinforcement schedule for shear wall 

No. of 

storey 

Axial 

forces 

(kN) 

Moment 

(kNm) 

Shear 

(kN) 

Horizontal 

Reinforcement 

Vertical 

Reinforcement 

Reinforcement 

in B.E. 

20 13850.45 1945.86 418.87 10D  @ 160 c/c 10D @ 160 c/c N.R. 

 
Table 8.4 Forces and reinforcement schedule for coupling beam 

 

Shear 

(kN) 

Moment 

(kNm) 

Diagonal 

reinforcement 

Stirrups for 

Diagonal Reinf. 

(2-legged) 

ld 

(mm) 

Horizontal 

Reinforcement 

Vertical 

Reinforcement 

390.23 95.87 8 nos.25D 8D @ 100 c/c 1250 8 nos. 10D 8D @ 125c/c 

�
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Table 8.5 Forces and reinforcement schedule for beam 
 

Shear 

(kN) 

Moment 

(kNm) 

Stirrups for Diagonal 

Reinforcement 

(2-legged) 

ld 

(mm) 

Top 

Reinforcement 

Bottom 

Reinforcem

ent 

105.62 174.64 

10ø @ 75 c/c in confining 

zone & 10ø @ 250 c/c at mid 

portion 

1180 4nos. 16ø 5nos. 20ø 

 
Table 8.6 Forces and reinforcement schedule for column 

 

Axial 

(kN) 

Moment 

Mx 

(kNm) 

Moment 

My 

(kNm) 

Longitudinal 

Reinforcement 
Lateral Ties 

6843.25 94.82 156.98 12 nos. 32ø 

10ø @ 75 c/c in confining 

zone & 10ø @ 150 c/c at 

mid portion 
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