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D-1-12(E)          Annexure-(E) 

 CRITERIA FOR EARTHQUAKE RESISTANT DESIGN OF STRUCTURES AND 
EQUIPMENT 

 

All structures and equipment shall be designed for seismic forces adopting 
the site specific seismic information provided in this document and using the 
other provisions in accordance with IS:1893 (Part 1 to Part 4). Pending 
finalization of Part 5 of IS:1893, provisions of part 1 shall be read along with 
the relevant clauses of IS:1893:1984, for embankments. 
 
A site specific seismic study has been conducted for the project site. The 
peak ground horizontal acceleration for the project site, the site specific 
acceleration spectral coefficients (in units of gravity acceleration 8g9) in the 
horizontal direction for the various damping values and the multiplying factor 
(to be used over the spectral coefficients) for evaluating the design 
acceleration spectra are as given at Appendix-I.  
 
Vertical acceleration spectral values shall be taken as 2/3rd of the 
corresponding horizontal values. 
 
The site specific design acceleration spectra shall be used in place of the 
response acceleration spectra, given at figure-2 in IS:1893 (Part 1) and 
Annex B of IS:1893 (Part 4). The site specific acceleration spectra along with 
multiplying factors specified in Appendix-I includes the effect of the seismic 
environment of the site, the importance factor related to the structures and 
the response reduction factor.  Hence, the design spectra do not require any 
further consideration of the zone factor (Z), the importance factor (I) and 
response reduction factor (R) as used in the IS:1893 (Part 1 to Part 4). 

 
 

Damping in Structures 
 
The damping factor (as a percentage of critical damping) to be adopted shall 
not be more than as indicated below for: 

 

a) Steel structures 
 

: 2% 
 

b) 
 
c) 
 

Reinforced Concrete Structures  
 
Reinforced Concrete Stacks 

: 
 
: 

5% 
 
3% 
 

d) 
 

Steel stacks : 2% 
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 Method of Analysis 
 
Since most structures in a power plant are irregular in shape and have 
irregular distribution of mass and stiffness, dynamic analysis for obtaining 
the design seismic forces shall be carried out using the response spectrum 
method. The number of vibration modes used in the analysis should be such 
that the sum total of modal masses of all modes considered is at least 90 
percent of the total seismic mass and shall also meet requirements of 
IS:1893 (Part 1). Modal combination of the peak response quantities shall be 
performed as per Complete Quadratic Combination (CQC) method or by an 
acceptable alternative as per IS:1893 (Part 1).  
 
In general, seismic analysis shall be performed for the three orthogonal (two 
principal horizontal and one vertical) components of earthquake motion. The 
seismic response from the three components shall be combined as specified 
in IS:1893. 
 
The spectral acceleration coefficient shall get restricted to the peak spectral 
value if the fundamental natural period of the structure falls to the left of the 
peak in the spectral acceleration curve. 
 
For buildings, if the design base shear (VB) obtained from modal 

combination is less than the base shear (ðVB) computed using the 
approximate fundamental period (Ta) given in IS:1893:Part 1 and using site 
specific acceleration spectra with appropriate multiplying factor, the 
response quantities (e.g. member forces, displacements, storey forces, 

storey shears and base reactions) shall be enhanced in the ratio of ðVB/ VB. 

However, no reduction is permitted if ðVB is less than VB.  
 

 
Design/Detailing for Ductility for Structures 
 
The site specific design acceleration spectra is a reduced spectra and has 
an in-built allowance for ductility. Structures shall be engineered and detailed 
in accordance with relevant Indian/International standards to achieve 
ductility. 
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APPENDIX-I  

SITE SPECIFIC SEISMIC PARAMETERS FOR DESIGN OF STRUCTURES AND 
EQUIPMENT 

 

The various site specific seismic parameters for the project site shall be as follows: 

 
1) Peak ground horizontal acceleration (MCE) 

 
     :  0.18 g 

2) Multiplying factor to be applied to the site specific 
horizontal acceleration spectral coefficients (in units of 
gravity acceleration 8g9) to obtain the design acceleration 
spectra 

 

 
a) for special moment resisting steel frames designed and 

detailed as per IS:800   
 

 
: 0.045 

b) For special concentrically braced steel frames 
designed and detailed as per IS:800 
 

: 0.034 

c) For special moment resisting RC frames designed and 
detailed as per IS:456 and IS:13920 
 

 
: 0.027 

d) for RCC chimney, RCC Natural Draft Cooling Tower 
 

: 0.09 

e) for Liquid retaining tanks 
 

: 0.054 

f) for Steel chimney, Absorber Tower, Vessels 
 

: 0.068 

g) for design of structures not covered under 2 (a) to 2 (f) 
above and under 3 below, in general (excluding special 
structure/ configuration/materials) 
 

 
: 0.045 

3) Multiplying factor to be applied to the site specific 
horizontal acceleration spectral coefficients (in units of 
gravity acceleration 8g9) for design of equipment and 
structures where inelastic action is not relevant or not 
permitted 

 
 
 
    : 0.09 

   
Note: g = Acceleration due to gravity 
 
 
The horizontal seismic acceleration spectral coefficients are furnished in 
subsequent pages. 
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APPENDIX 3 I 

 
 

HORIZONTAL SEISMIC ACCELERATION SPECTRAL COEFFICIENTS 
(In units of 8g9)  

 

Time Period 
Damping Factor (as a percentage of critical damping) 

 

(Sec) 2% 3% 5% 

0.000 1.000 1.000 1.000 

0.030 1.000 1.000 1.000 

0.040 1.368 1.289 1.226 

0.050 1.743 1.570 1.435 

0.060 2.126 1.844 1.632 

0.070 2.514 2.113 1.820 

0.080 2.907 2.378 2.001 

0.090 3.305 2.638 2.174 

0.100 3.706 2.895 2.342 

0.110 4.111 3.150 2.506 

0.108 4.030 3.099 2.473 

0.110 4.111 3.150 2.506 

0.115 4.315 3.276 2.586 

0.120 4.520 3.401 2.665 

0.125 4.520 3.526 2.743 

0.130 4.520 3.650 2.820 

0.135 4.520 3.650 2.820 

0.140 4.520 3.650 2.820 

0.145 4.520 3.650 2.820 

0.150 4.520 3.650 2.820 

0.200 4.520 3.650 2.820 

0.250 4.520 3.650 2.820 

0.300 4.520 3.650 2.820 

0.350 4.520 3.650 2.820 

0.370 4.397 3.650 2.820 

0.410 3.968 3.383 2.820 

0.430 3.784 3.226 2.753 

0.450 3.616 3.082 2.631 

0.520 3.129 2.667 2.277 

0.555 2.932 2.499 2.133 

0.560 2.905 2.477 2.114 
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APPENDIX 3 I 

 
 

HORIZONTAL SEISMIC ACCELERATION SPECTRAL COEFFICIENTS 
(In units of 8g9)  

 

Time Period 
Damping Factor (as a percentage of critical damping) 

 

(Sec) 2% 3% 5% 

0.565 2.880 2.455 2.096 

0.570 2.854 2.433 2.077 

0.575 2.830 2.412 2.059 

0.580 2.805 2.391 2.041 

0.585 2.781 2.371 2.024 

0.590 2.758 2.351 2.007 

0.595 2.734 2.331 1.990 

0.600 2.712 2.312 1.973 

0.650 2.503 2.134 1.822 

0.700 2.324 1.981 1.691 

0.750 2.169 1.849 1.579 

0.800 2.034 1.734 1.480 

0.850 1.914 1.632 1.393 

0.900 1.808 1.541 1.316 

0.950 1.713 1.460 1.246 

1.000 1.627 1.387 1.184 

1.050 1.550 1.321 1.128 

1.100 1.479 1.261 1.076 

1.150 1.415 1.206 1.030 

1.200 1.356 1.156 0.987 

1.250 1.302 1.110 0.947 

1.300 1.252 1.067 0.911 

1.350 1.205 1.027 0.877 

1.400 1.162 0.991 0.846 

1.450 1.122 0.957 0.817 

1.500 1.085 0.925 0.789 

1.550 1.050 0.895 0.764 

1.600 1.017 0.867 0.740 

1.650 0.986 0.841 0.718 

1.700 0.957 0.816 0.696 

1.750 0.930 0.793 0.677 

1.800 0.904 0.771 0.658 

1.850 0.879 0.750 0.640 
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APPENDIX 3 I 

 
 

HORIZONTAL SEISMIC ACCELERATION SPECTRAL COEFFICIENTS 
(In units of 8g9)  

 

Time Period 
Damping Factor (as a percentage of critical damping) 

 

(Sec) 2% 3% 5% 

1.900 0.856 0.730 0.623 

1.950 0.834 0.711 0.607 

2.000 0.814 0.694 0.592 

2.050 0.794 0.677 0.578 

2.100 0.775 0.660 0.564 

2.150 0.757 0.645 0.551 

2.200 0.740 0.630 0.538 

2.250 0.723 0.616 0.526 

2.300 0.707 0.603 0.515 

2.350 0.692 0.590 0.504 

2.400 0.678 0.578 0.493 

2.450 0.664 0.566 0.483 

2.500 0.651 0.555 0.474 

2.550 0.638 0.544 0.464 

2.600 0.626 0.533 0.455 

2.650 0.614 0.523 0.447 

2.700 0.603 0.514 0.439 

2.750 0.592 0.504 0.431 

2.800 0.581 0.495 0.423 

2.850 0.571 0.487 0.415 

2.900 0.561 0.478 0.408 

2.950 0.552 0.470 0.401 

3.000 0.542 0.462 0.395 

3.050 0.533 0.455 0.388 

3.100 0.525 0.447 0.382 

3.150 0.517 0.440 0.376 

3.200 0.508 0.433 0.370 

3.250 0.501 0.427 0.364 

3.300 0.493 0.420 0.359 

3.350 0.486 0.414 0.353 

3.400 0.479 0.408 0.348 

3.450 0.465 0.402 0.343 

3.500 0.452 0.396 0.338 
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