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FIGURE 1.2 SHEAR WALL BASED ON MATERAILS  
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FIGURE 1.3 SHEAR WALL IN DIFFERENT GEOMETRY  
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FIGURE 1.7 MODE OF DEFLECTION 
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FIGURE 3.6 USING ANSYS (a) MODELING (b) MESHING AND LOADING OF CSW �
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FIGURE 3.7 COUPLED SHEAR WALL (20-STORIED) 

                             

 

 

 

 

 

 

 

 
FIGURE 3.8 DISTRIBUTIONS OF AXIAL FORCES AND BENDING MOMENTS IN 

WALLS (CONTINUUM MODEL) 

��	�����
�����������(��� ��
�	�������	��	���������	���� ����������� ��	����� ���

���������:',!4/�=&;���
���	��������������	�&��



Chapter 3 Modeling of Coupled Shear Wall 

 27 

��	����	B������� �
�	����	�����.#9�����

�	���������������/�$5#�������� ���

���������:',!4/�=&<&���	�����
�����������(�����
�	��������	���������	������


	����������:',!4/�=&78&�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

FIGURE 3.9 WIDE-COLUMN FRAME MODEL OF CSW USING ETABS 

                      

FIGURE 3.10 DISTRIBUTIONS OF AXIAL FORCES & BENDING MOMENTS IN WALL 
(WIDE-COLUMN FRAME MODEL) 
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FIGURE 3.11 FINITE ELEMENT MODEL OF CSW USING ETABS 

       

 

 

 

 

 

 

 

 
FIGURE 3.12 DISTRIBUTIONS OF AXIAL FORCES AND BENDING MOMENTS IN 

WALLS (FINITE ELEMENT MODEL) 
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TABLE 3.1 COMPARISON OF MAXIMUM RESPONSES IN COUPLED SHEAR WALL 

Moment (kNm) Shear (kN) 
Axial force 

(kN) 
Coupling 

beam 

Model Wall 1 Wall 2 Wall 1 Wall 2 Wall 1 Wall 2 
Momen
t (kNm) 

Shear 
(kN) 

Degree 
of 

coupling 
Deflection 

(m) 
Continuum 
model 2902 7964 247 677 1876 1876 102 102 0.58 0.016 
Wide-column 
frame model 3805 8797 370 554 1659 1659 112 112 0.51 0.022 
Finite element 
model 3903 9199 372 550 1596 1596 124 468 0.49 0.023 
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FIGURE 3.13 CSW MODEL IN WOODEN LOADING FRAME 

(a) UNDEFORMED SHAPE OF CSW 

CSW Model 
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TABLE 4.1 LATERAL LOAD CALCULATION FOR CSW 

Storey 

Seismic 
weight, Wi 

(kN) 
Hi  

(m) Wi×Hi
2 Qi (kN) 

Lateral load on 
CSW, Qic  

(kN) 

Moment 
at base 
(kNm) 

10 3813 30 3.43E+06 457 91 2740 
9 4429 27 3.23E+06 430 86 2320 
8 4429 24 2.55E+06 339 68 1629 
7 4429 21 1.95E+06 260 52 1091 
6 4429 18 1.44E+06 191 38 687 
5 4429 15 9.97E+05 133 26 398 
4 4429 12 6.38E+05 85 17 204 
3 4429 9 3.59E+05 48 10 86 
2 4429 6 1.59E+05 21 4 25 
1 4429 3 3.99E+04 5 1 3 

Total 43678   1.48E+07     9183 
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TABLE 4.2 LINEAR STATIC ANALYSIS RESULTS OF CSW 

Axial force  
(kN) 

Bending Moment  
(kNm) 

Shear  
(kN) 

Shear 
Force 
(kN) 

Bending 
Moment 
(kNm) 

Storey Wall 1 Wall 2 Wall 1 Wall 2 Wall 1 Wall 2 Beam Beam 
10 49 -49 41 37 39 52 65 25 
9 153 -153 95 99 82 95 114 36 
8 291 -291 185 191 118 127 151 47 
7 462 -462 290 294 146 151 186 58 
6 659 -659 399 401 167 170 215 66 
5 876 -876 509 510 180 182 235 72 
4 1104 -1104 622 622 189 190 247 76 
3 1333 -1333 745 745 194 195 248 77 
2 1547 -1547 907 906 196 196 229 70 
1 1704 -1704 1184 1184 197 197 164 46 

 &5&>B�B"	��������
�����
	���������U"	��������
��	������

TABLE 4.3 CHECKING FOR HORIZONTAL FORCE EQUILIBRIUM, �Fx = 0 

From TABLE 4.2, 
Shear  
(kN) 

Storey   
(1) 

From 
TABLE 
4.1, Qic 

(kN)   
(2) 

Wall 1   
(3) 

Wall 2   
(4) 

External 
storey 
shear 
(kN)      
(5) 

Total shear 
in wall 
(kN) 

(6)=(3)+(4) 
10 91 39 52 91 91 
9 86 82 95 177 177 
8 68 118 127 245 245 
7 52 146 151 297 297 
6 38 167 170 335 335 
5 26 180 182 361 361 
4 17 189 190 379 379 
3 10 194 195 388 388 
2 4 196 196 393 393 
1 1 197 197 394 394 
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TABLE 4.4 CHECKING FOR MOMENT EQUILIBRIUM 

Moment  
(kNm) 

Storey 

Lateral 
load on 

CSW, Qic 
(kN) 

External 
Moment at 

storey base, M0 
(kNm) Wall 1 Wall 2 

Axial 
force in 

wall 
(kN) 

 M1 + 
M2 + P 
× L =  
(kN) 

10 91 274 41 37 49 274 
9 86 806 95 99 153 806 
8 68 1541 185 191 291 1541 
7 52 2432 290 294 462 2432 
6 38 3438 399 401 659 3438 
5 26 4524 509 510 876 4524 
4 17 5660 622 622 1104 5660 
3 10 6825 745 745 1333 6825 
2 4 8003 907 906 1547 8002 
1 1 9183 1184 1184 1704 9183 
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         (a) S11                  (b) S22                   (c) S12                             (d) STRESS BLOCK 

FIGURE 4.1 STRESSES OF 10-STORIED CSW 
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                                                                                        (b) HORIZONTAL DIRECT STRESS (S11)  
                                                                                            AT SECTION X-X (Hb = 0.75 AND 1.0 m)  
 

(a) 10 STORIED CSW MODEL (ELEVATION) SHOWING  
      ELEMENTS CONSIDERED AT SECTION X-X OF 
      3-STOREY LEVEL (Hb = 0.75 m) 
 
 
 
 

 

 

 

    (c) VERTICAL DIRECT STRESS (S22)               (d) SHEAR STRESS (S12) AT                 
          AT SECTION X-X (Hb = 0.75 AND 1.0 m)            SECTION X-X (Hb = 0.75 AND 1.0 m) 

N.B.:- +VE AND –VE SIGHN FOR TENSION AND COMPRESSION RESPECTIVLY 

FIGURE 4.2 STRESSES IN CSW AT SECTION X-X  
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                                          (e)                                                                             (f)  
FIGURE 4.3 FORCES AND DC IN 5-STORIED CSW (BEAM DEPTH AS PARAMETER)  
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                                         (e)                                                                               (f) 
FIGURE 4.4 FORCES AND DC IN 10-STORIED CSW (BEAM DEPTH AS PARAMETER) 

(c) (d) 
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                                           (e)                                                                            (f) 
FIGURE 4.5 FORCES AND DC IN 15-STORIED CSW (BEAM DEPTH AS PARAMETER) 
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                                           (e)                                                                            (f) 
FIGURE 4.6 FORCES AND DC IN 20-STORIED CSW (BEAM DEPTH AS PARAMETER) 
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                                          (e)                                                                            (f) 
FIGURE 4.7 FORCES AND DC IN 25-STORIED CSW (BEAM DEPTH AS PARAMETER) 
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                                          (e)                                                                            (f) 
FIGURE 4.8 FORCES AND DC IN 30-STORIED CSW (BEAM DEPTH AS PARAMETER) 
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TABLE 4.5 SUMMARY OF MAXIMUM FORCES IN 5, 10, & 15-STOREY CSW 

(BEAM DEPTH AS PARAMETER) 

Prob. 
No 

Dw 
(m)  

Hb 
(m) 

Lb 
(m) D.C. 

Max. 
Axial 

forces in 
Wall (kN) 

Max. 
Moment in 

Wall 1 
(kNm) 

Max. 
Moment in 

Wall 2 
(kNm) 

Max. Shear in 
coupling Beam 

(kN), (Location) 

Max. Moment 
in coupling 

Beam (kNm), 
(Location) 

5-Storey CSW       

1 3.0 0.5 1.0 0.59 349 492 488 
152 

(STOREY-3) 
35  

(STOREY-3) 

2 3.0 0.75 1.0 0.65 388 414 411 
107  

(STOREY-2) 
31  

(STOREY-3) 

3 3.0 1.0 1.0 0.69 409 371 369 
80  

(STOREY-2) 
27  

(STOREY-2) 

4 3.0 1.25 1.0 0.71 424 342 339 
64  

(STOREY-2) 
24 

 (STOREY-2) 

5 3.0 1.5 1.0 0.73 436 319 317 
53  

(STOREY-2) 
21 

 (STOREY-2) 
  10-Storey CSW             

6 3.0 0.5 1.0 0.7 1617 1356 1355 
382  

(STOREY-4) 
88  

(STOREY-4) 

7 3.0 0.75 1.0 0.74 1704 1185 1184 
249  

(STOREY-3) 
77  

(STOREY-3) 

8 3.0 1.0 1.0 0.76 1751 1092 1092 
180  

(STOREY-3) 
65  

(STOREY-3) 

9 3.0 1.25 1.0 0.78 1782 1031 1030 
140  

(STOREY-3) 
56  

(STOREY-3) 

10 3.0 1.50 1.0 0.79 1806 984 984 
114 

(STOREY-3) 
49  

(STOREY-3) 
15-Storey CSW              

11 3.0 0.50 1.0 0.75 2647 1776 1776 
426 

(STOREY-5) 
101  

(STOREY-5) 

12 3.0 0.75 1.0 0.77 2740 1593 1593 
270 

(STOREY-4) 
88  

(STOREY-4) 

13 3.0 1.00 1.0 0.79 2790 1496 1496 
193 

(STOREY-4) 
75  

(STOREY-3) 

14 3.0 1.25 1.0 0.8 2823 1431 1431 
150 

(STOREY-3) 
65  

(STOREY-3) 

15 3.0 1.50 1.0 0.8 2836 1377 1376 
123 

(STOREY-3) 
57  

(STOREY-3) 
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�

TABLE 4.6 SUMMARY OF MAXIMUM FORCES IN 20, 25, & 30-STOREY CSW 

(BEAM DEPTH AS PARAMETER)�

Prob. 
No 

Dw 
(m)  

Hb 
(m) 

Lb 
(m) D.C. 

Max. Axial 
forces in 

Wall (kN) 

Max. 
Moment in 

Wall 1 
(kNm) 

Max. 
Moment in 

Wall 2 (kNm) 

Max. Shear in 
coupling Beam 

(kN), 
(Location) 

Max. Moment 
in coupling 

Beam (kNm), 
(Location) 

20-Storey CSW       

16 3.0 0.50 1.0 0.77 3715 2196 2196 
449 

(STOREY-6) 
110 

(STOREY-5) 

17 3.0 0.75 1.0 0.79 3811 2007 2007 
282 

(STOREY-5) 
96 

(STOREY-4) 

18 3.0 1.00 1.0 0.8 3862 1907 1907 
201 

(STOREY-4) 
83 

(STOREY-3) 

19 3.0 1.25 1.0 0.81 3898 1840 1840 
156 

(STOREY-4) 
73 

(STOREY-3) 

20 3.0 1.50 1.0 0.81 3925 1790 1789 
129 

(STOREY-3) 
65 

(STOREY-3) 
25-Storey CSW              

21 3.0 0.50 1.0 0.79 4826 2631 2631 
467  

(STOREY-6) 
119  

(STOREY-5) 

22 3.0 0.75 1.0 0.8 4925 2436 2436 
291  

(STOREY-5) 
105 

(STOREY-4) 

23 3.0 1.00 1.0 0.81 4979 2333 2333 
208  

(STOREY-4) 
91  

(STOREY-3) 

24 3.0 1.25 1.0 0.82 5015 2264 2264 
162  

(STOREY-4) 
81  

(STOREY-3) 

25 3.0 1.50 1.0 0.82 5043 2212 2212 
134  

(STOREY-3) 
73  

(STOREY-3) 
30-Storey CSW              

26 3.0 0.50 1.0 0.8 5993 3088 3088 
483  

(STOREY-7) 
127  

(STOREY-5) 

27 3.0 0.75 1.0 0.81 6095 2887 2887 
300  

(STOREY-5) 
113  

(STOREY-4) 

28 3.0 1.00 1.0 0.82 6151 2781 2781 
215  

(STOREY-5) 
100  

(STOREY-3) 

29 3.0 1.25 1.0 0.82 6189 2709 2709 
168  

(STOREY-4) 
89  

(STOREY-3) 

30 3.0 1.50 1.0 0.82 6218 2656 2656 
140  

(STOREY-3) 
82  

(STOREY-3) 
�
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(c) (d) 

(e) (f) 
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FIGURE 4.9 FORCES AND DC IN 5-STORIED CSW (BEAM SPAN AS PARAMETER) 
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(e) (f) 
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FIGURE 4.10 FORCES AND DC IN 10-STORIED CSW (BEAM SPAN AS PARAMETER) 
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FIGURE 4.11 FORCES AND DC IN 15-STORIED CSW (BEAM SPAN AS PARAMETER) 
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FIGURE 4.12 FORCES AND DC IN 20-STORIED CSW (BEAM SPAN AS PARAMETER) 
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(e) (f) 
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FIGURE 4.13 FORCES AND DC IN 25-STORIED CSW (BEAM SPAN AS PARAMETER) 

(a) (b) 

(c) (d) 
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(e) (f) 

��	�(�����
�	�����	
�����	���������	�������������?AB���
�	��.#9����������

���:',!4/�D&7=���������P����&���	���	
���
�	�����	���������	���������������

�	��
	����������:',!4/�D&7=�����P��	�&���	�(�����
�	��	�
	�	�����5&�&�

���
	�	������������	����	������������������	�����
	�	�&�$�����	���	
���
�	�

���	�����5&�&��������������	�����
	�	����������
	�	������������	�&��

�

$ 1 1���������	����������"�/#�7�	
�����'�7�,������������������
���� 

'�� =8B���
�	��.#9�� ��	� (��� ��
�	��5&�&� ��� ��	
� �������� ��	
� ���5&�&� ���

����������	�����-.�
	������	��������	���������
�	�	
&��

 

 

 

 

 

 

 

                                                                                                                          

 

 

 

 

 

 

                                                                                       

     

                                                                                                                      

 
 
 

 

 

 

 

 

                                                                                                                       
FIGURE 4.14 FORCES AND DC IN 30-STORIED CSW (BEAM SPAN AS PARAMETER)�
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TABLE 4.7 SUMMARY OF MAXIMUM FORCES IN 5, 10, & 15-STOREY CSW 

(BEAM SPAN AS PARAMETER) 

Prob. 
No 

Dw 
(m) 

Hb 
(m) 

Lb 
(m) D.C. 

Max. 
Axial 

forces in 
Wall (kN) 

Max. 
Moment in 

Wall 1 
(kNm) 

Max. 
Moment in 

Wall 2 
(kNm) 

Max. Shear in 
coupling 

Beam (kN), 
(Location) 

Max. Moment in 
coupling Beam 

(kNm), 
(Location) 

5-Storey CSW       

31 3.0 0.5 1.0 0.59 349 492 488 
152 

(STOREY-3) 
34  

(STOREY-3) 

32 3.0 0.5 1.5 0.53 277 566 562 
181 

(STOREY-3) 
51  

(STOREY-5)  

33 3.0 0.5 2.0 0.46 219 642 637 
189 

(STOREY-3)  
73  

(STOREY-5) 

34 3.0 0.5 2.5 0.4 174 712 705 
190 

(STOREY-4) 
91 

(STOREY-5)  

35 3.0 0.5 3.0 0.35 140 772 765 
184 

(STOREY-4) 
105  

(STOREY-5) 
10-Storey CSW              

36 3.0 0.5 1.0 0.7 1617 1356 1355 
382 

(STOREY-4) 
88  

(STOREY-4) 

37 3.0 0.5 1.5 0.68 1384 1478 1476 
480 

(STOREY-4) 
128 

(STOREY-5) 

38 3.0 0.5 2.0 0.65 1185 1629 1628 
534 

(STOREY-5) 
163 

(STOREY-5) 

39 3.0 0.5 2.5 0.61 1018 1791 1789 
564 

(STOREY-5) 
203 

(STOREY-10) 

40 3.0 0.5 3.0 0.58 880 1952 1949 
575 

(STOREY-5) 
268 

(STOREY-10) 
  15-Storey CSW              

41 3.0 0.5 1.0 0.75 2647 1776 1776 
426 

(STOREY-5) 
101 

(STOREY-5) 

42 3.0 0.5 1.5 0.74 2322 1847 1846 
558 

(STOREY-5) 
153 

(STOREY-6) 

43 3.0 0.5 2.0 0.72 2039 1974 1973 
646 

(STOREY-6) 
202 

(STOREY-6) 

44 3.0 0.5 2.5 0.7 1797 2128 2128 
697 

(STOREY-6) 
246 

(STOREY-7) 

45 3.0 0.5 3.0 0.68 1592 2293 2293 
730 

(STOREY-7) 
287 

(STOREY-8) 
�

�

�
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TABLE 4.8 SUMMARY OF MAXIMUM FORCES IN 20, 25, & 30-STOREY CSW 

(BEAM SPAN AS PARAMETER)�

Prob. 
No 

Dw 
(m) 

Hb 
(m) 

Lb 
(m) D.C. 

Max. 
Axial 

forces in 
Wall (kN) 

Max. 
Moment in 

Wall 1 
(kNm) 

Max. 
Moment in 

Wall 2 
(kNm) 

Max. Shear 
in coupling 
Beam (kN), 
(Location) 

Max. Moment in 
coupling Beam 

(kNm), 
(Location) 

20-Storey CSW        

46 3.0 0.5 1.0 0.77 3715 2196 2196 
449 

(STOREY-6) 
110 

(STOREY-5) 

47 3.0 0.5 1.5 0.77 3299 2204 2204 
603 

(STOREY-6) 
172 

(STOREY-6) 

48 3.0 0.5 2.0 0.76 2934 2290 2290 
713 

(STOREY-7) 
230 

(STOREY-7) 

49 3.0 0.5 2.5 0.75 2620 2421 2421 
787 

(STOREY-8) 
284 

(STOREY-8) 

50 3.0 0.5 3.0 0.73 2350 2575 2575 
838 

(STOREY-8) 
335 

(STOREY-9) 
  25-Storey CSW              

51 3.0 0.5 1.0 0.79 4826 2631 2631 
467 

(STOREY-6) 
119 

(STOREY-5) 

52 3.0 0.5 1.5 0.79 4317 2570 2570 
634 

(STOREY-7) 
187 

(STOREY-7) 

53 3.0 0.5 2.0 0.79 3870 2609 2609 
759 

(STOREY-8) 
254 

(STOREY-8) 

54 3.0 0.5 2.5 0.78 3482 2707 2707 
851 

(STOREY-9) 
317 

(STOREY-9) 

55 3.0 0.5 3.0 0.77 3147 2841 2841 
916 

(STOREY-9) 
376 

(STOREY-10) 
30-Storey CSW             

56 3.0 0.5 1.0 0.8 5993 3088 3088 
483 

(STOREY-7) 
127 

(STOREY-5) 

57 3.0 0.5 1.5 0.8 5387 2954 2954 
660 

(STOREY-8) 
203 

(STOREY-7) 

58 3.0 0.5 2.0 0.8 4853 2941 2941 
797 

(STOREY-9) 
277 

(STOREY-8) 

59 3.0 0.5 2.5 0.8 4390 3003 3003 
901 

(STOREY-10) 
348 

(STOREY-9) 

60 3.0 0.5 3.0 0.79 3988 3112 3112 
979 

(STOREY-10) 
415 

(STOREY-10) 
�
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FIGURE 4.15 FORCES AND DC IN 5-STORIED CSW (WALL LENGTH AS PARAMETER) 
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FIGURE 4.16 FORCES AND DC IN 10-STORIED CSW (WALL LENGTH AS PARAMETER) 
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(e) (f) 

�$ 2 /���������	����������"�-0�7�	
�����'�7������%���
�����������
���� 

��	���
�	����������������������	��
	������	�������"
����������	������
���

?&8����E&8��&�+	
	���	�7AB���
	��.#9����������	
	����
���	������&���	�����%�	���

����������8&=��&� 

 

 

 

 

 

 

 

                                                                                                                          

 

 

 

 

 

 

 

                                                                                       

                                                                                                                         

 
 
 

 

 

 

 

 

                                                                                                                        

FIGURE 4.17 FORCES AND DC IN 15-STORIED CSW (WALL LENGTH AS PARAMETER) 
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FIGURE 4.18 FORCES AND DC IN 20-STORIED CSW (WALL LENGTH AS PARAMETER) 
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FIGURE 4.19 FORCES AND DC IN 25-STORIED CSW (WALL LENGTH AS PARAMETER) 
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FIGURE 4.20 FORCES AND DC IN 30-STORIED CSW (WALL LENGTH AS PARAMETER) 

(a) (b) 

(c) (d) 



Chapter 4 Linear Static Behavior of Coupled Shear Wall 

 60 

��	� 
	�����	�� ��� -.� ��� =8B���
�	�� .#9� ���	
"	�� �
��� ��� ������ ��� :',!4/�

D&?8&�9������	����
	�	����������	��������	�(�����
�	��	�
	�	�������	
����

�	���������	��� ������� ���
	�	�&�9�	
	�� ��� ��	� ����������	�� ��	
� ��
�	�

����	���������	����	�
	�	����������
	�	�� ����	�����������&���	�-.�����	�

�������
	�����
	�	���������	��������
	�	�&��

�

��	��(�������
�	�� ��������������������	���
	�����
�1	�� ����$56/�D&<�

���D&78&��

�

TABLE 4.9 SUMMARY OF MAXIMUM FORCES IN 5, 10, & 15-STOREY CSW 

(WALL LENGTH AS PARAMETER)�

Prob. 
No 

Dw 
(m) 

Hb 
(m) 

Lb 
(m) D.C. 

Max. 
Axial 

forces in 
Wall (kN) 

Max. 
Moment in 

Wall 1 
(kNm) 

Max. 
Moment in 

Wall 2 
(kNm) 

Max. Shear in 
coupling Beam 

(kN), (Location) 

Max. Moment in 
coupling Beam 

(kNm), 
(Location) 

5-Storey CSW       

61 2.0 0.5 1.0 0.67 511 386 385 
228 

(STOREY-2) 
52 

(STOREY-3) 

62 3.0 0.5 1.0 0.59 349 492 488 
152 

(STOREY-3) 
34 

(STOREY-3) 

63 4.0 0.5 1.0 0.53 260 579 570 
114 

(STOREY-3) 
25 

(STOREY-5) 

64 5.0 0.5 1.0 0.49 205 658 636 
90 

(STOREY-3) 
20 

(STOREY-4) 

65 6.0 0.5 1.0 0.45 167 735 690 
74 

(STOREY-3) 
16 

(STOREY-4) 
10-Storey CSW       

66 2.0 0.5 1.0 0.76 2252 1054 1054 
538 

(STOREY-3) 
131 

(STOREY-3) 

67 3.0 0.5 1.0 0.7 1617 1356 1355 
382 

(STOREY-4) 
88 

(STOREY-4) 

68 4.0 0.5 1.0 0.66 1260 1600 1597 
293 

(STOREY-4) 
66 

(STOREY-4) 

69 5.0 0.5 1.0 0.63 1032 1812 1805 
237 

(STOREY-4) 
53 

(STOREY-5) 

70 6.0 0.5 1.0 0.61 876 2004 1992 
198 

(STOREY-5) 
44 

(STOREY-5) 
15-Storey CSW       

71 2.0 0.5 1.0 0.8 3610 1373 1373 
582 

(STOREY-4) 
151 

(STOREY-4) 

72 3.0 0.5 1.0 0.75 2647 1776 1776 
426 

(STOREY-5) 
101 

(STOREY-5) 

73 4.0 0.5 1.0 0.71 2101 2101 2100 
337 

(STOREY-5) 
77 

(STOREY-5) 

74 5.0 0.5 1.0 0.69 1751 2385 2383 
278 

(STOREY-5) 
62 

(STOREY-6) 

75 6.0 0.5 1.0 0.67 1510 2646 2642 
238 

(STOREY-6) 
53 

(STOREY-6) 
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TABLE 4.10 SUMMARY OF MAXIMUM FORCES IN 20, 25, & 30-STOREY CSW 

(WALL LENGTH AS PARAMETER)�

Prob. 
No 

Dw 
(m) 

Hb 
(m) 

Lb 
(m) D.C. 

Max. 
Axial 

forces in 
Wall (kN) 

Max. 
Moment in 

Wall 1 
(kNm) 

Max. 
Moment in 

Wall 2 
(kNm) 

Max. Shear in 
coupling 

Beam (kN), 
(Location) 

Max. Moment in 
coupling Beam 

(kNm), 
(Location) 

20-Storey CSW       

76 2.0 0.5 1.0 0.82 5030 1702 1702 
607 

(STOREY-5) 
170 

(STOREY-4) 

77 3.0 0.5 1.0 0.77 3715 2196 2196 
449 

(STOREY-6) 
110 

(STOREY-5) 

78 4.0 0.5 1.0 0.74 2966 2590 2590 
359 

(STOREY-6) 
84 

(STOREY-6) 

79 5.0 0.5 1.0 0.72 2485 2929 2929 
300 

(STOREY-6) 
68 

(STOREY-7) 

80 6.0 0.5 1.0 0.69 2135 3211 3209 
257 

(STOREY-7) 
58 

(STOREY-7) 
25-Storey CSW       

81 2.0 0.5 1.0 0.83 6510 2043 2043 
628 

(STOREY-5) 
188 

(STOREY-4) 

82 3.0 0.5 1.0 0.79 4826 2631 2631 
467 

(STOREY-6) 
119 

(STOREY-5) 

83 4.0 0.5 1.0 0.76 3866 3094 3093 
375 

(STOREY-7) 
89 

(STOREY-6) 

84 5.0 0.5 1.0 0.74 3248 3489 3488 
315 

(STOREY-7) 
73 

(STOREY-7) 

85 6.0 0.5 1.0 0.72 2818 3844 3843 
273 

(STOREY-8) 
62 

(STOREY-8) 
30-Storey CSW       

86 2.0 0.5 1.0 0.83 8068 2403 2403 
648 

(STOREY-6) 
206 

(STOREY-4) 

87 3.0 0.5 1.0 0.8 5993 3088 3088 
483 

(STOREY-7) 
127 

(STOREY-5) 

88 4.0 0.5 1.0 0.77 4809 3622 3621 
389 

(STOREY-7) 
95 

(STOREY-7) 

89 5.0 0.5 1.0 0.75 4047 4073 4073 
328 

(STOREY-8) 
77 

(STOREY-8) 

90 6.0 0.5 1.0 0.73 3516 4477 4477 
285 

(STOREY-8) 
65 

(STOREY-8) 
�
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(a) BASE OF CSW (b) TOP STOREY OF CSW 
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FIGURE 4.21 DEGREE OF COUPLING (COUPLING BEAM DEPTH AS PARAMETER) 

 

 

 

 

 

 

 

 

 

FIGURE 4.22 DEGREE OF COUPLING (COUPLING BEAM SPAN AS PARAMETER) 

 

 

 

 

 

 

 

 

 

FIGURE 4.23 DEGREE OF COUPLING (WALL LENGTH AS PARAMETER) 
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FIGURE 5.1 TIME PERIOD OF CSW (COUPLING BEAM DEPTH AS PARAMETER)  

TABLE 5.1 TIME PERIOD OF CSW (COUPLING BEAM DEPTH AS PARAMTER) 

Beam depth, m 0.5 0.75 1.0 1.25 1.5 

5 storey 
0.262 

(0.235) 
0.238 

(0.217) 
0.227 

(0.206) 
0.22 

(0.197) 
0.215 

(0.191) 

10 storey 
0.715 

(0.749) 
0.68 

(0.694) 
0.665 

(0.657) 
0.657 
(0.63) 

0.652 
(0.609) 

15 storey 
1.356 

(1.422) 
1.319 

(1.317) 
1.304 

(1.247) 
1.297 

(1.196) 
1.292 

(1.155) 

20 storey 
2.311 

(2.384) 
2.272 

(2.208) 
2.257 

(2.091) 
2.25 

(2.004) 
2.247 

(1.936) 

25 storey 
3.316 

(3.572) 
3.279 

(3.308) 
3.267 

(3.133) 
3.262 

(3.003) 
3.261 

(2.901) 

30 storey 
4.71 

(4.989) 
4.673 
(4.62) 

4.663 
(4.375) 

4.66 
(4.194) 

4.66 
(4.052) 

(a) 5-STOREY CSW (b) 10-STOREY CSW 

(c) 15-STOREY CSW (d) 20-STOREY CSW 

(e) 25-STOREY CSW (f) 30-STOREY CSW 
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FIGURE 5.2 TIME PERIOD OF CSW (COUPLING BEAM SPAN AS PARAMETER)  

(a) 5-STOREY CSW (b) 10-STOREY CSW 

(c) 15-STOREY CSW (d) 20-STOREY CSW 

(e) 25-STOREY CSW (f) 30-STOREY CSW 
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(c) 15-STOREY CSW (d) 20-STOREY CSW 

TABLE 5.2 TIME PERIOD OF CSW (COUPLING BEAM SPAN AS PARAMTER)�

Beam span, m 1 1.5 2 2.5 3 

5 storey 
0.262 

(0.235) 
0.286 

(0.254) 
0.313 

(0.268) 
0.337 
(0.28) 

0.359 
(0.289) 

10 storey 
0.715 

(0.749) 
0.732 

(0.809) 
0.772 

(0.855) 
0.821 

(0.892) 
0.877 

(0.923) 

15 storey 
1.356 

(1.422) 
1.33 

(1.536) 
1.35 

(1.623) 
1.396 

(1.693) 
1.465 

(1.753) 

20 storey 
2.311 

(2.384) 
2.21 

(2.575) 
2.183 
(2.72) 

2.203 
(2.837) 

2.265 
(2.937) 

25 storey 
3.316 

(3.572) 
3.125 

(3.858) 
3.029 

(4.075) 
2.998 

(4.252) 
3.031 

(4.402) 

30 storey 
4.71 

(4.989) 
4.398 

(5.389) 
4.209 

(5.691) 
4.106 

(5.938) 
4.091 

(6.147) 
�

9�	�� 9��� 6	����� �� �
�	�	
� ��	� 
	������ ��� ��	� �����	�� ��	
� ���� �
���

/�$5#� ���@&� .����)�� ��
���� �� ������ ��� :',!4/� A&=�P� A&D� ��$56/� A&=�&�

9�	�� ��	� �	����� ��� ���� �� ��	� �
�	�	
�� ��	� �����	���� ���	� �	
���� ���

�����	����	
������	�
	�	��������	����
	�	���������	����&���	����	��	
�������

.#9��
���/�$5#�
	��������
�78����=8����
	���=&8�����E&8�����"	�����
�	
�"��	�

���� ��	� @&� .����)�� ��
���&� :�
� 78� ��� =8� ���
	�� .#9�� ��	� ���	� �	
����

�����	�� �
��� @&� .����)�� ��
���� ��
� ��	� �	����� ��� ���� ?&A� ��� =&8�� ���

���������������	�/�$5#�
	�����&���	�"��	���
���	����������
�%	������$56/�A&=�


	�������	���
���@&�.����)����
���&�

�

�

�

�

�

�

�

�

�

�

�

�

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

���

FIGURE 5.3 TIME PERIOD OF CSW (WALL LENGTH AS PARAMETER) 

(a) 5-STOREY CSW (b) 10-STOREY CSW 
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FIGURE 5.4 TIME PERIOD OF CSW (WALL LENGTH AS PARAMETER)  

TABLE 5.3 TIME PERIOD OF CSW (WALL LENGTH AS PARAMETER) 

Wall length, m 2 3 4 5 6 

5 storey 
0.386 

(0.314) 
0.262 

(0.235) 
0.2 

(0.192) 
0.163 

(0.165) 
0.139 

(0.146) 

10 storey 
1.085 
(1.0) 

0.715 
(0.749) 

0.533 
(0.613) 

0.426 
(0.527) 

0.357 
(0.467) 

15 storey 
2.082 

(1.891) 
1.356 

(1.422) 
1.001 

(1.169) 
0.792 

(1.008) 
0.656 

(0.896) 

20 storey 
3.573 
(3.17) 

2.311 
(2.384) 

1.693 
(1.959) 

1.331 
(1.688) 

1.095 
(1.5) 

25 storey 
5.13 

(4.753) 
3.316 

(3.572) 
2.426 

(2.933) 
1.904 

(2.528) 
1.563 

(2.245) 

30 storey 
7.302 

(6.642) 
4.71 

(4.989) 
3.437 

(4.095) 
2.691 

(3.526) 
2.204 
(3.13) 
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FIGURE 5.5 TIME PERIOD OF CSW BUILDING AND CSW 

(COUPLING BEAM DEPTH AS PARAMETER) 
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(a)FOR COUPLING BEAM DEPTH = 0.5m (b) FOR COUPLING BEAM DEPTH = 0.75m 

(c) FOR COUPLING BEAM DEPTH = 1.0m (d) FOR COUPLING BEAM DEPTH = 1.25m 

(e) FOR COUPLING BEAM DEPTH = 0.75m 
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TABLE 5.4 TIME PERIOD OF CSW BUILDING AND CSW 
(BEAM DEPTH AS PARAMETER) 

Storey Beam depth, m 0.5 0.75 1.0 1.25 1.5 
Wallace formula 0.17 0.17 0.17 0.17 0.17 

IS 1893-2002 0.302 0.302 0.302 0.302 0.302 
5 storey ETABS 0.262 0.238 0.227 0.22 0.215 

Wallace formula 0.64 0.64 0.64 0.64 0.64 
IS 1893-2002 0.604 0.604 0.604 0.604 0.604 

10 storey ETABS 0.715 0.68 0.665 0.657 0.652 
Wallace formula 1.388 1.388 1.388 1.388 1.388 

IS 1893-2002 0.906 0.906 0.906 0.906 0.906 
15 storey ETABS 1.356 1.319 1.304 1.297 1.292 

Wallace formula 2.403 2.403 2.403 2.403 2.403 
IS 1893-2002 1.207 1.207 1.207 1.207 1.207 

20 storey ETABS 2.311 2.272 2.257 2.25 2.247 
Wallace formula 3.8 3.8 3.8 3.8 3.8 

IS 1893-2002 1.509 1.509 1.509 1.509 1.509 
25 storey ETABS 3.316 3.279 3.267 3.262 3.261 

Wallace formula 5.544 5.544 5.544 5.544 5.544 
IS 1893-2002 1.811 1.811 1.811 1.811 1.811 

30 storey ETABS 4.71 4.673 4.663 4.66 4.66 
 

TABLE 5.5 TIME PERIOD OF CSW BUILDING AND CSW 
(BEAM SPAN AS PARAMETER) 

Storey Beam span, m 1 1.5 2 2.5 3 
Wallace formula 0.17 0.158 0.148 0.14 0.132 

IS 1893-2002 0.302 0.302 0.302 0.302 0.302 
5 storey ETABS 0.262 0.286 0.313 0.337 0.359 

Wallace formula 0.639 0.597 0.559 0.526 0.497 
IS 1893-2002 0.604 0.604 0.604 0.604 0.604 

10 storey ETABS 0.715 0.732 0.772 0.821 0.877 
Wallace formula 1.338 1.249 1.171 1.102 1.041 

IS 1893-2002 0.906 0.906 0.906 0.906 0.906 
15 storey ETABS 1.356 1.33 1.35 1.396 1.465 

Wallace formula 2.403 2.242 2.102 1.979 1.869 
IS 1893-2002 1.207 1.207 1.207 1.207 1.207 

20 storey ETABS 2.311 2.21 2.183 2.203 2.265 
Wallace formula 3.798 3.545 3.323 3.128 2.954 

IS 1893-2002 1.509 1.509 1.509 1.509 1.509 
25 storey ETABS 3.316 3.125 3.029 2.998 3.031 

Wallace formula 5.542 5.172 4.849 4.564 4.31 
IS 1893-2002 1.811 1.811 1.811 1.811 1.811 

30 storey ETABS 4.71 4.398 4.209 4.106 4.091 
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FIGURE 5.6 TIME PERIOD OF CSW BUILDING AND CSW 
(COUPLING BEAM SPAN AS PARAMETER)  
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(a) FOR COUPLING BEAM SPAN = 1.0m (b) FOR COUPLING BEAM SPAN = 1.5m 

(c) FOR COUPLING BEAM SPAN = 2.0m (d) FOR COUPLING BEAM SPAN = 2.5m 

(a) FOR COUPLING BEAM SPAN = 3.0m 
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FIGURE 5.7 TIME PERIOD OF CSW BUILDING AND CSW 
(WALL LENGTH AS PARAMETER) 

�
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(a) FOR WALL LENGTH = 2.0m (b) FOR WALL LENGTH = 3.0m 

(c) FOR WALL LENGTH = 4.0m (d) FOR WALL LENGTH = 5.0m 

(e) FOR WALL LENGTH = 6.0m 
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�

TABLE 5.6 TIME PERIOD OF CSW BUILDING AND CSW 
(WALL LENGTH AS PARAMETER) 

Storey Wall length, m 2 3.0 4 5.0 6 
Wallace formula 0.286 0.17 0.116 0.086 0.068 

IS 1893-2002 0.302 0.302 0.302 0.302 0.302 
5 storey ETABS 0.386 0.262 0.2 0.163 0.139 

Wallace formula 1.075 0.639 0.439 0.327 0.257 
IS 1893-2002 0.604 0.604 0.604 0.604 0.604 

10 storey ETABS 1.085 0.715 0.533 0.426 0.357 
Wallace formula 2.24 1.338 0.922 0.689 0.543 

IS 1893-2002 0.906 0.906 0.906 0.906 0.906 
15 storey ETABS 2.082 1.356 1.001 0.792 0.656 

Wallace formula 4.026 2.403 1.654 1.237 0.975 
IS 1893-2002 1.207 1.207 1.207 1.207 1.207 

20 storey ETABS 3.573 2.311 1.693 1.331 1.095 
Wallace formula 6.367 3.798 2.614 1.953 1.539 

IS 1893-2002 1.509 1.509 1.509 1.509 1.509 
25 storey ETABS 5.13 3.316 2.426 1.904 1.563 

Wallace formula 9.296 5.542 3.812 2.847 2.242 
IS 1893-2002 1.811 1.811 1.811 1.811 1.811 

30 storey ETABS 7.302 4.71 3.437 2.691 2.204 
�
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FIGURE 5.8 MODE SHAPES OF 5-STORIED CSW   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 5.9 MODAL MASS PARTICIPATION OF CSW  
(BEAM DEPTH (Hb) = 0.5m, BEAM SPAN (Lb) = 1.0m & WALL LENGTH (Dw) = 3.0m) 

(a) MODE 1  
T = 0.262 Sec 
M = 73.1 % 

(b) MODE 2 
T = 0.066 Sec 
M = 18.3 % 

(c) MODE 3 
T = 0.031 Sec 
M = 5.9 % 

(d) MODE 4 
T = 0.026 Sec 
M = 0 % 

(e) MODE 5 
T = 0.022 Sec 
M = 0 % 

(f) MODE 6 
T = 0.02 Sec 
M = 2.2 % 

(g) MODE 7 
T = 0.019 Sec 
M = 0 % 

(h) MODE 8 
T = 0.016 Sec 
M = 0.5 % 
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TABLE 5.7 MODAL MASS PARTICIPATION OF CSW 
 

Mode 
Period 

(second) 
M 

(%) 
�M 
(%) Mode 

Period 
(Second) 

M 
(%) 

�M 
(%) 

For 5 storey       For 20 storey       
1 0.262 73.10 73.10 1 2.311 64.40 64.40 
2 0.065 18.30 91.39 2 0.444 20.21 84.61 
3 0.030 5.87 97.26 3 0.187 6.10 90.71 
4 0.025 0.00 97.26 4 0.111 2.95 93.66 
5 0.021 0.00 97.26 5 0.076 1.75 95.41 

For 10 storey       For 25 storey       
1 0.715 68.10 68.10 1 3.316 63.63 63.63 
2 0.162 19.11 87.21 2 0.607 20.18 83.81 
3 0.072 5.73 92.94 3 0.250 6.35 90.16 
4 0.044 3.03 95.98 4 0.146 3.03 93.19 
5 0.030 1.78 97.75 5 0.099 1.76 94.95 

For 15 storey       For 30 storey       
1 1.356 65.70 65.70 1 4.709 63.14 63.14 
2 0.279 19.96 85.66 2 0.835 20.05 83.19 
3 0.121 5.81 91.47 3 0.336 6.53 89.72 
4 0.073 2.94 94.41 4 0.194 3.13 92.84 
5 0.050 1.78 96.20 5 0.131 1.79 94.63 
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FIGURE 6.1 FORCE ~ DEFORMATION CURVE  
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FIGURE 6.2 FORCE ~ DEFORMATION CURVE  
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FIGURE 6.4 HINGE FORMATION IN SHEAR WALL AND COUPLED SHEAR WALL 
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                            (a) STRUCTURAL SYSTEM                               (b) CAPACITY CURVE  

 

 

 

 

 

 

    

 

 (c) CAPACITY SPECTRUM IN ADRS FORMAT       (d) DEMAND RESPONSE SPECTRUM                           

 

 

 

 

 

 

 

 

 

 

(e) DEMAND SPECTRUM in ADRS FORMAT                     (f) ADRS 

 

FIGURE 6.5 NONLINEAR STATIC APPROACH 
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                       (a) DEFORMATION                                      (b) DEFORMATION RATIO 

FIGURE 6.6 LOAD-DEFORMATION RELATION 
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(a) PLASTIC HINGE ROTATION IN WALL              (b) STOREY DRIFT IN WALL 
                (FLEXURE GOVERNS)                                             (SHEAR GOVERNS)  
 

 

 

 
 
 
 
 
 
 
 

(c) CHORD ROTATION FOR COUPLING BEAM 

FIGURE 6.7 INELASTIC HINGE BEHAVIOR OF CSW  
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(a) CSW MODEL  (b)FLEXURAL HINGE IN WALL             (c) SHEAR HINGE IN WALL 
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        (d)FLEXURAL HINGE                             (e) SHEAR HINGE                   (f) MODEL WITH  
           IN COUPLING BEAM                              IN COUPLING BEAM         PLASTIC HINGES 

FIGURE 6.8 MODEL AND INELASTIC HINGE PROPERTIES OF CSW  
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             (a) GRAVITY LOAD (FORCED)                (b) LATERAL LOAD (DISPLACEMENT)  

 

 

 

 

 

 

(c) FORCED AND DISPLACEMENT ACTION                   (d) PERFORMANCE LEVEL 

FIGURE 6.9 LOAD CASE DATA FOR GRAVITY LOAD AND LATERAL LOAD 
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                                                                                                                   (FLEXURAL HINGE) 

Step 
Displacement 

(meter) 

Base 
Force 
(kN) 

0 1.77E-05 0 
1 0.0073 168.0 
2 0.0101 225.4 
3 0.0118 247.0 
4 0.0118 245.6 
5 0.0121 249.2 
6 0.0121 129.7 

  
FIGURE 6.10 CAPACITY CURVE 

(FLEXURAL HINGE) 
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                                                                                                       TABLE 6.2 CAPACITY CURVE  
                                                                                                                      (SHEAR HINGE)�

Step 
Displacement 

(meter) 
Base Force 

(kN) 
0 1.77E-05 0 
1 0.0039 88.9 
2 0.0083 172.4 
3 0.0083 107.8 
4 0.0516 675.4 
5 0.0516 161.7 
6 0.0994 391.0 
7 0.0994 360.2 
8 0.2194 896.1 
9 0.3394 1431.9 

10 0.481 2023.6 
11 0.5087 2129.8 
12 0.5087 0.5 
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FIGURE 6.12 FAILURE PATTERN OF COUPLING BEAMS  

STEP 5 STEP 6 STEP 2 STEP 3 
(a) FLEXURAL HINGE (b) SHEAR HINGE 

FIGURE 6.11 CAPACITY CURVE 
(SHEAR HINGE) 
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STEP 11 
(a) SHEAR HINGE 

STEP 12 STEP 17 STEP 18 
(b) FLEXURAL HINGE 
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FIGURE 6.13FAILURE PATTERN OF WALLS  
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                                                                                                        TABLE 6.3 CAPACITY CURVE  
                                                                                                      (FLEXURE AND SHEAR HINGE)�

Step 
Displacement 

(meter) 
Base force 

(kN) 
0 1.77E-05 0 
1 0.0039 88.9 
2 0.0083 169.1 
3 0.0083 82.9 
4 0.0085 85.2 
5 0.0085 83.9 
6 0.0086 84.9 
7 0.0087 5.3 
8 0.0164 42.6 
9 0.0164 41.6 

10 0.0187 52.0 
11 0.0188 51.0 
12 0.0199 56.1 
13 0.0199 54.3 
14 0.0224 65.4 
15 0.0224 63.7 
16 0.028 88.8 
17 0.0453 119.4 
18 0.0453 -34.9 
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TABLE 6.4 SUMMARY OF FAILURE PATTERN (BEAM DEPTH AS PARAMETER) 

Failure of Coupling 
beam Failure of Wall Remark 

Problem 
No. 

Dw 
(m) 

Hb 
(m) 

Lb 
(m) 

� 
(mm) 

F 
(kN) 

Storey 
Location 

� 
(mm) 

F 
(kN) 

Storey 
Location 

Failure 
of beam 

Failure 
sequence 
of beam 

Failure 
of wall 

Failure 
sequence 
of wall 

10 STOREY           
6 3 0.5 1 108 8 2 to 6 119 45 Base Shear First Flexure Second 
7 3 0.75 1 252 11 2 to 10 154 43 Base Flexure First Flexure Second 
8 3 1 1 266 11 1 to 10 154 42 Base Flexure First Flexure Second 
9 3 1.25 1 263 10 1 to 10 154 41 Base Flexure First Flexure Second 

10 3 1.5 1 268 10 1 to 10 154 40 Base Flexure First Flexure Second 
15 STOREY           

11 3 0.5 1 189 21 2 to 8 2419 1558 3 & 4 Shear First Shear Second 
12 3 0.75 1 270 29 4 to 15 2420 1558 3 & 4 Flexure First Shear Second 
13 3 1 1 273 28 2 to 15 2423 1559 3 & 4 Flexure First Shear Second 
14 3 1.25 1 272 28 3 to 15 2423 1559 3 & 4 Flexure First Shear Second 
15 3 1.5 1 277 28 2 to 15 2423 1559 3 & 4 Flexure First Shear Second 
20 STOREY           

16 3 0.5 1 367 195 7 to 12   NA   Flexure First NA   
17 3 0.75 1 313 105 5 to 12 1622 552 3 & 4 Flexure First Shear Second 
18 3 1 1 290 82 4 to 19 1624 462 2 Flexure First Shear Second 
19 3 1.25 1 288 75 3 to 18 1633 428 1 Flexure First Shear Second 
20 3 1.5 1 295 74 2 to 19 1631 410 Base Flexure First Shear Second 

N.B.:- The � and F are the Roof displacement and Base force respectively.  

TABLE 6.5 SUMMARY OF FAILURE PATTERN (BEAM SPAN AS PARAMETER) 

Failure of Coupling 
beam Failure of Wall Remark 

Problem 
No. 

Dw 
(m)  

Hb 
(m) 

Lb 
(m) 

� 
(mm) 

F 
(kN) 

Storey 
Location

� 
(mm)

F 
(kN) 

Storey 
Location

Failure 
of 

beam 

Failure 
sequence 
of beam 

Failure 
of wall 

Failure 
sequence 
of wall 

10 STOREY           
36 3 0.5 1 108 8 2 to 6 119 45 Base Shear First Flexure Second 
37 3 0.5 1.5 176 8.5 4   NA   Shear First NA   
38 3 0.5 2 421 32 7 to 10 1350 71 2 Flexure First Shear Second 
39 3 0.5 2.5 510 41 9 & 10 1335 77 2 Flexure First Shear Second 
40 3 0.5 3 437 73 6 to 10 428 83 Base Flexure First Flexure Second 

15 STOREY           
41 3 0.5 1 189 21 2 to 8 2419 1558 3 & 4 Shear First Shear Second 
42 3 0.5 1.5 209 22 4 to 7 1630 1088 1 Shear First Shear Second 
43 3 0.5 2 412 128 1 to 4 412 128 Base Flexure Second Flexure First 
44 3 0.5 2.5 488 78 15 1578 180 3 & 4 Flexure First Shear Second 
45 3 0.5 3 556 113 14 & 15 1561 185 4 Flexure First Shear Second 

20 STOREY           
46 3 0.5 1 367 195 7 to 12   NA   Flexure First NA   
47 3 0.5 1.5 119 28 8   NA   Shear First NA   
48 3 0.5 2 171 35 7   NA   Shear First NA   
49 3 0.5 2.5 477 124 18 & 19 1559 331 5 Flexure First Shear Second 
50 3 0.5 3 531 171 20 1543 328 5 Flexure First Shear Second 
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TABLE 6.6 SUMMARY OF FAILURE PATTERN (WALL LENGTH AS PARAMETER)  

Failure of Coupling 
beam Failure of Wall Remark 

Problem 
No. 

Dw 
(m)  

Hb 
(m) 

Lb 
(m) 

� 
(mm) 

F 
(kN) 

Storey 
Location

� 
(mm)

F 
(kN) 

Storey 
Location

Failure 
of 

beam 

Failure 
sequence 
of beam 

Failure 
of wall 

Failure 
sequence 
of wall 

10 STOREY           
66 2 0.5 1 88 11 1 to 7 170 208 Base Shear First Flexure Second 
67 3 0.5 1 108 8 2 to 6 119 45 Base Shear First Flexure Second 
68 4 0.5 1 264 7 6 to 10 1813 183 2 Flexure First Shear Second 
69 5 0.5 1 290 4 6 to 10 2261 119 2 Flexure First Shear Second 
70 6 0.5 1 300 3 7 to 10 2719 85 2 Flexure First Shear Second 

15 STOREY                     
71 2 0.5 1 107 3 1 to 10 100 376 Base Shear First Flexure Second 
72 3 0.5 1 189 21 2 to 8 2419 1558 3 & 4 Shear First Shear Second 
73 4 0.5 1 266 15 8 to 15 2160 592 2 Flexure First Shear Second 
74 5 0.5 1 290 9 8 to 15 2707 384 1 Flexure First Shear Second 
75 6 0.5 1 298 6 8 to 15 3257 271 2 Flexure First Shear Second 

20 STOREY                     
76 2 0.5 1 133 53 2 to 13   NA   Shear First NA   
77 3 0.5 1 367 195 7 to 12   NA   Flexure First NA   
78 4 0.5 1 270 33 13 to 20   NA   Flexure First NA   
79 5 0.5 1 294 20 14 to 20 2701 888 2 Flexure First Shear Second 
80 6 0.5 1 358 397 1 to 3 407 71 Base Flexure Second Flexure First 
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FIGURE 6.15 RELATIONSHIP BETWEEN PLASIC HINGE AND DEGREE OF COUPLING   
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FIGURE 7.2 REINFORCEMENT DETAILS OF COUPLED SHEAR WALL 
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TABLE 7.2 FORCES AND REINFORCEMENT SCHEDULE FOR COUPLE WALL 
 

Prob. 
No. 

Axial 
forces (kN) 

Moment 
(kNm) 

Shear  
(kN) 

Horizontal                
Reinforcement 

Vertical                    
Reinforcement 

Reinf. In 
B. E.  

Beam Depth as Parameter 
11 6885 1384 246 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
12 6961 1279 274 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
13 7008 1222 305 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
14 7043 1176 340 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
15 7074 1128 378 10 #   @ 200 c/c 10 #   @ 200 c/c NR 

Beam Span as Parameter 
41 6885 1384 246 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
42 6865 1517 258 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
43 6818 1700 270 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
44 6804 1922 285 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
45 6805 2169 301 10 #   @ 200 c/c 10 #   @ 200 c/c NR 

Wall Length as Parameter 
71 5983 651 147 10 #   @ 200 c/c 10 #   @ 200 c/c 8 nos 16 # 
72 6885 1384 246 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
73 7749 2349 356 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
74 8545 3534 476 10 #   @ 200 c/c 10 #   @ 200 c/c NR 
75 9341 4929 604 10 #   @ 200 c/c 10 #   @ 200 c/c NR 

N.B.:- ‘#’ represents TOR steel  
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TABLE 7.3 FORCES AND REINFORCEMENT SCHEDULE FOR COUPLING BEAM 
 

Prob. 
No. 

Shear 
(kN) 

Moment  
(kNm) 

Diagonal 
Reinforcement. 

Stirrups for 
Diagonal    

Reinf. 
(2-legged) 

ld       
(mm) 

Horizontal 
Reinforcement. 

Vertical 
Reinforcement. 

Beam Depth as Parameter 
11 289 68 8 nos. 20 # 8 #  @ 100c/c 1150 6 nos. 10 # 8 #  @ 125c/c 
12 183 60 8 nos. 12 # 8 #  @ 100c/c 1000 6 nos. 12 # 8 #  @ 125c/c 
13 128 51 4 nos. 12 # 8 #  @ 100c/c 700 8 nos. 12 # 8 #  @ 125c/c 
14 97 44 4 nos. 12 # 8 #  @ 100c/c 700 10 nos. 12 # 8 #  @ 125c/c 
15 78 39 4 nos. 12 # 8 #  @ 100c/c 700 10 nos. 12 # 8 #  @ 125c/c 

Beam Span as Parameter 
41 289 68 8 nos. 20 # 8 #  @ 100c/c 1150 6 nos. 10 # 8 #  @ 125c/c 

42 405 112 4 nos. 32 # + 
4 nos. 20 # 8 #  @ 100c/c 1850 6 nos. 10 # 8 #  @ 125c/c 

43 500 156 8 nos. 32 # 8 #  @ 100c/c 1850 6 nos. 10 # 8 #  @ 125c/c 

44 574 202 8 nos. 36 # + 
4 nos. 25 # 8 #  @ 100c/c 2050 6 nos. 10 # 8 #  @ 125c/c 

45 636 250 12 nos. 36 # 8 #  @ 100c/c 2050 6 nos. 10 # 8 #  @ 125c/c 
Wall Length as Parameter 

71 236 62 4 nos. 20 # + 
4 nos. 16 # 8 #  @ 100c/c 1150 6 nos. 10 # 8 #  @ 125c/c 

72 289 68 8 nos. 20 # 8 #  @ 100c/c 1150 6 nos. 10 # 8 #  @ 125c/c 
73 331 76 8 nos. 20 # 8 #  @ 100c/c 1150 6 nos. 10 # 8 #  @ 125c/c 

74 366 82 4 nos. 25 # + 
4 nos. 16 # 8 #  @ 100c/c 1500 6 nos. 10 # 8 #  @ 125c/c 

75 397 88 4 nos. 25 # + 
4 nos. 20 # 8 #  @ 100c/c 1500 6 nos. 10 # 8 #  @ 125c/c 

�

2 0 $������������9�
.������������	��������������	����������

��	� (��� ��
�	�����	��� ��� ��	
� ��� ��	� ��	
����� 
	���"	�� ��� �$56/� F&D&�

:
��� ��	�����
�������� ����	
	������� �	��������� �����	����	
����� �����	
�

������	��������
	�����	����	�����������&�

�

• ��	� (��� ��
�	�� 
	���
	� ���.#9� ��� ����
	�� ��� ��	�#9&���	� ���
	�	� ���

(�����
�	���������
	�	����	����	����

������������������&�

�

• ��	� ���	��� ��� ��	� #9� ��� ������	
���� ����	
� ���� .#9&� ��	
	��
	� ��	�


	���
	�	������
	����
�	�	������#9�����
�����	
�������	�.#9&�������������

����� � ��������	��� ��$56/� F&D��� ��	� �
�	� ������ ��� ��		�� 
	����
�	�	���


	� 
	���
	�&� ��	� 
	���� ��
� ��	� ��������	��� ��� ��	� ��	
� ���� ��� ��� ��	�

��
�	��
	�����	��
���������	���	�������&�-�	����
	����
�������������
�	�����

.#9����	��	�������
�	�����.#9�����	��	
�����#9&�

�



Chapter 7 Seismic Design of Coupled Shear Wall and Study of Its Foundation  

 103 

TABLE 7.4 FORCES AND REINFORCEMENT SCHEDULE FOR UNCOUPLED WALL 

Prob. No.
Axial forces 

(kN) 
Moment 
(kNm) 

Shear
 (kN) 

Horizontal  
Reinforcement 

Vertical  
Reinforcement 

Reinf. In Boundary  
Element (B.E.) (mm2)

a 3944 2747 80 10 #   @ 200 c/c20 #   @ 100 c/c (4+4) nos (25+20) # 
b 4640 4790 139 10 #   @ 200 c/c16 #   @ 150 c/c (4+4) nos (20+16) # 
c 5301 7231 209 10 #   @ 200 c/c12 #   @ 125 c/c 8 nos 16 # 
d 5906 10053 291 10 #   @ 200 c/c10 #   @ 125 c/c 8 nos 16 # 
e 6521 13215 382 10 #   @ 200 c/c10 #   @ 150 c/c 8 nos 16 # 
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TABLE 7.5 SUPPORT REACTION OF CSW 

Working loads Ultimate Loads 
Wall 
No 

Axial 
(kN) 

Moment 
(kNm) 

Axial 
(kN) 

Moment 
(kNm) 

1 3298 1022 4947 1533 
2 6885 1384 10327.5 2076 

Total 10183   15274.5   
�
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FIGURE 7.3 FOUNDATION DETAILS FOR PROBLEM No. 11 
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TABLE 7.7 TIME PERIOD COMPARISON OF CSW 

 Fixed Base SBC 25 T/m2 SBC 15 T/m2 
Time period of CSW  

(Second) 1.356 2.21 2.056 
Modal mass participation 

(MODE 1) (%) 65.70 73.20 72.55 
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TABLE 8.1 LATERAL LOAD DISTRIBUTION (EARTHQUAKE) 

Level Height (m) Hi Wi (kN) Wi×Hi2 Qiz (kN) Qix (kN) 
1 3 3 5408.8 4.87E+04 0.0 0.1 
2 4.2 7.2 5408.8 2.80E+05 0.2 0.3 
3 3.2 10.4 5408.8 5.85E+05 0.5 0.6 
4 3.2 13.6 5408.8 1.00E+06 0.9 1.1 
5 3.2 16.8 5408.8 1.53E+06 1.3 1.6 
6 3.2 20 5408.8 2.16E+06 1.9 2.3 
7 3.2 23.2 5408.8 2.91E+06 2.6 3.1 
8 3.2 26.4 5408.8 3.77E+06 3.3 4.0 
9 3.2 29.6 5408.8 4.74E+06 4.2 5.0 
10 3.2 32.8 5408.8 5.82E+06 5.1 6.1 
11 3.2 36 5408.8 7.01E+06 6.2 7.4 
12 3.2 39.2 5408.8 8.31E+06 7.3 8.8 
13 3.2 42.4 5408.8 9.72E+06 8.5 10.3 
14 3.2 45.6 5408.8 1.12E+07 9.9 11.9 
15 3.2 48.8 5408.8 1.29E+07 11.3 13.6 
16 3.2 52 5408.8 1.46E+07 12.9 15.4 
17 3.2 55.2 5408.8 1.65E+07 14.5 17.4 
18 3.2 58.4 5408.8 1.84E+07 16.2 19.5 
19 3.2 61.6 5408.8 2.05E+07 18.0 21.7 
20 3.2 64.8 5408.8 2.27E+07 20.0 24.0 
21 3.2 68 5408.8 2.50E+07 22.0 26.4 
22 3.2 71.2 5408.8 2.74E+07 24.1 28.9 
23 3.2 74.4 5408.8 2.99E+07 26.3 31.6 
24 3.2 77.6 5408.8 3.26E+07 28.6 34.4 
25 3.2 80.8 5408.8 3.53E+07 31.0 37.3 
26 3.2 84 5408.8 3.82E+07 33.6 40.3 
27 3.2 87.2 5408.8 4.11E+07 36.2 43.4 
28 3.2 90.4 5408.8 4.42E+07 38.9 46.6 
29 3.2 93.6 5408.8 4.74E+07 41.7 50.0 
30 3.2 96.8 5408.8 5.07E+07 44.6 53.5 
31 3.2 100 5408.8 5.41E+07 47.5 57.1 
32 3.2 103.2 5408.8 5.76E+07 50.6 60.8 
33 3.2 106.4 5408.8 6.12E+07 53.8 64.6 
34 3.2 109.6 5408.8 6.50E+07 57.1 68.5 
35 3.2 112.8 5408.8 6.88E+07 60.5 72.6 
36 3.2 116 5408.8 7.28E+07 64.0 76.8 
37 3.2 119.2 5408.8 7.69E+07 67.6 81.1 
38 3.2 122.4 5408.8 8.10E+07 71.2 85.5 
39 3.2 125.6 5408.8 8.53E+07 75.0 90.0 
40 3.2 128.8 5408.8 8.97E+07 78.9 94.7 
41 3.2 132 5408.8 9.42E+07 82.9 99.4 
42 3.2 135.2 5408.8 9.89E+07 86.9 104.3 
43 3.2 138.4 5408.8 1.04E+08 91.1 109.3 
44 3.2 141.6 5408.8 1.08E+08 95.3 114.4 
45 3.2 144.8 5408.8 1.13E+08 99.7 119.6 
46 3.2 148 5408.8 1.18E+08 104.2 125.0 
47 3.2 151.2 5408.8 1.24E+08 108.7 130.4 
48 3.2 154.4 5408.8 1.29E+08 113.4 136.0 
49 3.2 157.6 5408.8 1.34E+08 118.1 141.7 
50 3.2 160.8 5408.8 1.40E+08 122.9 147.5 
51 3.2 164 2704.4 7.27E+07 63.9 76.7 

  Total 273144 2.49E+09 2185.1 2622.2 
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TABLE 8.2 LATERAL LOAD DISTRIBUTION (WIND) 
4 $ $�����������

Level 
    

Height Vb K1 K2 K3 Vz Pz Area X Area Y 
Load in X 
dir (kN) 

Load in Z 
dir (kN) 

2 7.2 44 1 0.82 1 36.08 781.06 67.68 100.8 63 94 
3 10.4 44 1 0.82 1 36.08 781.06 60.16 89.6 56 84 
4 13.6 44 1 0.87 1 38.28 879.22 60.16 89.6 63 95 
5 16.8 44 1 0.87 1 38.28 879.22 60.16 89.6 63 95 
6 20 44 1 0.91 1 40.04 961.92 60.16 89.6 69 103 
7 23.2 44 1 0.96 1 42.24 1070.53 60.16 89.6 77 115 
8 26.4 44 1 0.96 1 42.24 1070.53 60.16 89.6 77 115 
9 29.6 44 1 0.96 1 42.24 1070.53 60.16 89.6 77 115 

10 32.8 44 1 1.02 1 44.88 1208.53 60.16 89.6 87 130 
11 36 44 1 1.02 1 44.88 1208.53 60.16 89.6 87 130 
12 39.2 44 1 1.02 1 44.88 1208.53 60.16 89.6 87 130 
13 42.4 44 1 1.02 1 44.88 1208.53 60.16 89.6 87 130 
14 45.6 44 1 1.02 1 44.88 1208.53 60.16 89.6 87 130 
15 48.8 44 1 1.02 1 44.88 1208.53 60.16 89.6 87 130 
16 52 44 1 1.02 1 44.88 1208.53 60.16 89.6 87 130 
17 55.2 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
18 58.4 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
19 61.6 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
20 64.8 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
21 68 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
22 71.2 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
23 74.4 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
24 77.6 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
25 80.8 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
26 84 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
27 87.2 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
28 90.4 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
29 93.6 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
30 96.8 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
31 100 44 1 1.1 1 48.4 1405.54 60.16 89.6 101 151 
32 103.2 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
33 106.4 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
34 109.6 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
35 112.8 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
36 116 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
37 119.2 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
38 122.4 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
39 125.6 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
40 128.8 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
41 132 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
42 135.2 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
43 138.4 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
44 141.6 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
45 144.8 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
46 148 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
47 151.2 44 1 1.15 1 50.6 1536.22 60.16 89.6 111 165 
48 154.4 44 1 1.18 1 51.92 1617.41 60.16 89.6 117 174 
49 157.6 44 1 1.18 1 51.92 1617.41 60.16 89.6 117 174 
50 160.8 44 1 1.18 1 51.92 1617.41 60.16 89.6 117 174 
51 164 44 1 1.18 1 51.92 1617.41 60.16 89.6 117 174 

        Total  4922.31 7331.09 
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TABLE 8.3 LOAD COMBINATIONS FOR LIMIT STATE OF COLLAPSE 

Load Factors Load Combination 
D.L L.L. Wind Earthquake 

COMB1 1.5 1.5 - - 
COMB2 1.2 1.2 1.2 (x) - 
COMB3 1.2 1.2 -1.2 (x) - 
COMB4 1.2 1.2 1.2 (z)  
COMB5 1.2 1.2 -1.2 (z)  
COMB6 1.2 1.2 - 1.2 (x) 
COMB7 1.2 1.2 - -1.2 (x) 
COMB8 1.2 1.2 - 1.2 (z) 
COMB9 1.2 1.2 - -1.2 (z) 
COMB10 1.5 -  1.5 (x) 
COMB11 1.5 -  -.15 (x) 
COMB12 1.5 -  1.5 (z) 
COMB13 1.5 -  1.5 (z) 

�

TABLE 8.4 LOAD COMBINATIONS FOR LIMIT STATE OF SERVICEABILITY  

Load  Factors Load 
Combination D.L L.L. Wind Earthquake 

COMB1 1 1 - - 

COMB2 1 0.8 0.8 (x) - 

COMB3 1 0.8 -0.8 (x) - 

COMB4 1 0.8 0.8 (z)   

COMB5 1 0.8 -0.8 (z)   

COMB6 1 0.8 - 0.8 (x) 

COMB7 1 0.8 - -0.8 (x) 

COMB8 1 0.8 - 0.8 (z) 

COMB9 1 0.8 - -0.8 (z) 

COMB10 1 -   1 (x) 

COMB11 1 -   -1 (x) 

COMB12 1 -   1 (z) 

COMB13 1 -   -1 (z) 
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TABLE 8.5 COMPARISION ON TIME PERIOD OF 51-STOREY BUILDING 

Wallace and Moehle ETABS results IS 1893 : 2002 
4.068 sec 4.044 sec 3.368 sec 
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FIGURE 8.5 MAXIMUM INTERSTOREY DRIFT INDEX IN 51-STOREY BUILDING 
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FIGURE 8.6 DEFLECTION AT FLOOR LEVEL IN 51-STOREY BUILDING 
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FIGURE 8.7 RESPONSES IN COUPLED WALLS IN 51-STOREY BUILDING 
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