












1.    Introduction 

    CIRUS is one of the research and experimental nuclear reactors situated in 

BARC Mumbai. The Canada India reactor is a high flux, heavy water moderated 

and fresh water-cooled reactor, using natural uranium as a fuel. The reactor is 

designed to operate at a maximum power level of 40 megawatts (thermal) and to 

provide facilities for research work in the area of nuclear physics and the 

development of fuels and materials for use in nuclear power reactors. It also 

produces radioactive isotopes for industrial, medical and scientific applications.  

      The Canada Indian reactor was initiated way back in 1955 and its design was 

made with the methods prevailing at that time. The design codes and safety 

standards have changed since then, particularly with respect to seismic design 

criteria. As the structure is an important safety related structure it is mandatory 

to meet the present statutory requirement. The main objective of the work is to 

analyze the containment structure for seismic ground motion being adopted for 

the new structures being built in the vicinity of the site. The containment building 

has been checked for seismic motion along with dead weight and internal 

pressure separately and in combination.  

 

2.     Reactor Building  

       The containment superstructure is made of a complex steelwork consisting 

of a steel pressure shell, main frames, ring girders and cladding frames. The steel 

pressure shell enclosing the reactor is cylindrical up to crane level and beyond 

which it is steel hemispherical dome as shown in figure 1.  The shell diameter is 

120 feet (1). The shell is formed by welding small steel segments.  The steel shell 

is made of 7/8 inches thick plate up to crane level and half inches thick plate in 

the dome portion of the containment.  

     The main load bearing components, which are eighteen main frames, are 

separated at twenty degree in plan which supports on its interior the plate steel 

pressure resisting membrane shell and on its exterior the architectural cladding. 

Fig 2 and fig 3 shows the details of the structural arrangement of mainframe. The 

section of mainframe consists of one I girder, two equal channel sections and 

two unequal angles. All the members are joined by welding. 



      There are six ring girders provided in the steelwork. Two ring girders, which 

are having good steelwork, are provided in the shell portion while remaining four 

are provided in the dome portion of the containment as shown in fig. 4. These 

are connected both with the main frame and inside steel shell plate by welding. 

Cladding framework, totally supported on the main frames, is provided for the 

architectural Aluminum sheets.  Figure 5,6 and 7 show the detail arrangement of 

cladding frames in the containment. 

     The containment superstructure is supported on a substructure made of 

massive concrete work. It consists of ground floor, basement and a sub-

basement. In order to maintain the complete pressure seal of the cylinder, both 

basement and sub-basement are contained in a cylindrical reinforced concrete 

wall three feet thick, access being from the reactor hall. The sub-basement is 

mainly a foundation providing a heavy pedestal of concrete to support the 

reactor and storage block. Figure 8 and 9 shows the plan at basement and sub-

basement level. The structure has been designed for a nominal internal pressure 

of 5 psi above atmosphere, but the working stresses have been determined for 

the internal pressure rise of 15 psi above atmosphere. 

3. Damping  

     Seismic re-evaluation is not a design, but a measure to ensure structural 

integrity and to avoid collapse of the structure. Due to large deformation, the 

stress in component will be more than yield. Due to this reason, it will be more 

appropriate to use higher damping values as shown in table 1.  

   Table 1: Damping ratios for structures  

Structure/equipment % Damping values 

Steel frame 15 

Welded assembly 7 

Bolted and riveted assemblies 15 

 

 The above values of damping are taken from the report NUREG/CR.0098 (2) 

and from ASME boiler and pressure vessel code(3).    

 

4. Ground Motion 



        The seismic re-evaluation of the CIRUS containment has been performed 

using the ground motion currently adopted at Trombay site with 7% damping 

value as shown in fig 15. Three mutually perpendicular motions have been 

accounted in the present study with the scale factor unity for the two horizontal 

ground motion and 2/3 for vertical direction.  The ZPA value for the above 

spectra is 0.2g. 

 

5. Analysis procedure  

   For a given finite element (FE) model of the structure, dynamic equilibrium 

equation can be written as 

[ ]{ } [ ]{ } [ ]{ } [ ] { }1
g

xMxKxCxM &&&&& =++                                                                   

(1) 

  Where [M] is the mass matrix of the FE model which is obtained by assembling 

all the element matrices [M]e. Similarly, stiffness matrix[K] and damping matrix 

[C] will be obtained by assembling element stiffness [K]e and damping [C]e 

respectively. 

gx&&  is the earthquake ground acceleration. 

and {1} is the influence vector having ‘1’ along the direction of excitation and 

‘0’ along the direction of no excitation. 

For free vibration of undamped structure/equipment/piping the Eq.1 can be 

written as 

[ ]{ } [ ]{ }M x K x&&+ = 0                                                                                           

(2) 

Assuming a solution  {x}= {φ} sinω t 

  { } { }&& s i nx t= − ω φ ω2  

Substituting in Eq.2, we get  

[ ] [ ][ ]{ }K M− =ω φ2 0            (3) 

   Where {ϕ }  is the eigen vector (mode shape) and 2ω  is the eigen values 

(square of circular natural frequency). The equation (3) is solved using numerical 

methods such as Lanczos technique, subspace iteration technique etc. which are 



built in routines in the software packages. This will result in number of 

frequencies equal to the number of degree of freedom considered in the FE 

model and hence ‘n’ frequencies and eigen vectors can be obtained. 

Now, substituting for nth modal displacement displacement {xn} = { nφ } Xn in 

Eq.1, we can get; 

[ ]{ } [ ]{ } [ ]{ } [ ] { }M X C X K X M xn n n n n n gφ φ φ&& & &&+ + = − 1                                       

(4) 

Where Xn is the generalized displacement or modal displacement of nth mode of 

multi degree of freedom system and {øn} is the nth mode shape normalized with 

respect to mass. 

Multiplying Eq.2 with {øn}
T on both sides, we get  
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Due to the properties of normalized mode shapes, Eq.5 can be written into the 

following uncoupled equations. 

&& && &&X X X xn n n n n n n g+ + =2 2ς ω ω Γ                                                                                                    (6) 

Where Øn is the nth natural frequency of the structure, î is the damping ratio in nth 

mode and Γn is the modal participation factor given by 
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 Eq.6 can be solved using time history methods such as Wilson-θ  method,  

Newmark- β method. However, response spectrum method is generally used for 

the seismic analysis of structures. The main reasons for using this method are;  

a. Design ground motion is mostly defined in the form of response spectra. 

b. This method yields in conservative estimates of responses such as forces and 

moments.  

c. Method is Simple and requires less time.    

Response spectrum is a plot of maximum response acceleration of a single 

degree of freedom system as a function of its frequency keeping damping ratio as 

constant. This spectrum can be obtained for any desirable values of damping. 



Now, using response spectrum method, the response acceleration in nth mode for 

î damping is given as 
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Where  San is the spectral acceleration for the nth mode 

Knowing the modal displacement, modal force can be obtained in any element 

‘e’ as  

{ } [ ] { }F K xn e e n=               (9) 

To get the total response due to ‘n’ modes, the modal response will be combined 

using SRSS rule as; 

{ } { }F F F
e e= + +1

2 2 .......                  (10) 

The above method of combining the modal response is valid when the 

frequencies are quite apart and when the frequencies are close together, then 

10% SRSS method will be used. Frequencies are said to be closely spaced if the 

two adjacent frequencies are having a difference less than or equal to 10%. 

However, responses due to the three directional excitations are combined in an 

SRSS manner. 

 

5.1. Effective modes and missing mass correction 

  Number of modes included in the analysis shall be sufficient to ensure that 

inclusion of all remaining modes does not result in more than 10% increase in 

total responses of interest. 

   Alternatively, ASCE (3) standard, permits to include all the modes in the 

analysis having frequencies less than the ZPA frequency or cut-off frequency, 

provided that the residual rigid response due to the missing mass calculated from 

the following equation is added. 
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where a r&& is the highest spectral acceleration in the interval between the cut-off 

frequency and ZPA and xmm is the residual rigid response displacement due to the 

missing mass. 

     For the modal combination purpose the above response will be considered as 

an additional mode having frequency equal to the ZPA or cut-off frequency and 

will be combined using the SRSS method as mentioned above. 

     

6. Allowable stresses 

     For seismic re-evaluation the allowable stress limit for the material is given as 

2s(3) where S will be minimum of 2/3 of yield stress and 1/3rd of ultimate tensile 

strength.   According to ASME (5) for the vessel material of the given grade (SA-

516 gr. 70), the yield stress is 26.77 Kg/mm2  and ultimate tensile strength is 

49.32 Kg/mm2, therefore S would be equal to 12.33 Kg/mm2 . The permissible 

stress limit for the containment shell is 24.66 Kg/mm 2.  

    The supporting structure is checked as per AISC (6) code. According to AISC 

the allowable stress for axially loaded tension members is 0.6 times yield stress or 

1/2 of ultimate tensile strength which ever is minimum. For axially loaded 

compression members, the stresses depend on the slenderness ratio of the 

member. The slenderness ratio of the critical member of the supporting structure 

is 28.71 for which the stress given in AISC is 14.08 Kg/mm2. For members 

subjected to bending tension and bending compression for compression flanges 

restrained against lateral buckling, the allowable stress is given as 0.66 times the 

yield stress. AISC states that the loads produced by safe shut down earthquake 

comes under extreme environmental loads for which the allowable stress shall be 

increased by a factor of 1.6. According to IS: 226-1975 (7) for the structural steel 

used in the structure (i.e. rolled steel sections of nominal thickness between 6mm 

and 20 mm), yield stress is 26 Kg/mm2 and ultimate tensile strength is 42 

Kg/mm2. Thus the allowable stress for axial tension will be 24.96 Kg/mm2, for 

axial compression will be 21.8 Kg/mm2 and for bending will be 27.5 Kg/mm2.  

The concrete portion of the substructure is checked according to IS: 456-1978 
(8). 

 



 

 

 

7.  MODELLING AND ANALYSIS 

          3-Dimensional model and equivalent beam models are prepared. 

COSMOS\M(9) is used for finite element modeling and carrying out the seismic 

analysis.  The detailed description is as follows. 

7.1  3-Dimensional Model 

        The superstructure of the containment is fully made of steelwork. It mainly 

consists of eighteen main frames, steel pressure shell and cladding framework as 

explained earlier. Frame sections are modeled using beam element. The steel 

pressure shell, which is there in shell portion up to crane level, is modeled using 

SHELL 4 element. In the peripheral direction the plate is divided in to 108 

elements in order to have proper connectivity between main frame, plate, 

cladding and ring girder. In the dome portion the shell is modeled using SHELL4 

and SHELL3 elements.  The cladding and ring girders are also modeled using 

BEAM3D elements. The full 3D model consists of 16717 elements and 8061 

nodes. 

The assumption made during modeling are as follows 

1. Structure is assumed to be fixed at the ground level. 

2. Section properties for the beam elements are taken from SP: 6(1)-1964 (10). 

3. The last panel of the main frame near the ground level, which is actually 

slanting, is taken as straight for the sake of ease in the modeling. 

4. The small openings in the containment are neglected. 

5. The cladding framework, which is embedded in the concrete portion, is taken 

as free. 

           For detailed analysis two 3-Dimensional models are prepared. First one is 

called 3D model-1 which consists of main frames, inside steel pressure shell and 

ring girders. The eigen value analysis is done for this model. The next one is called 

3D model-2, which consists of cladding framework in addition to the structural 

details in model-1.  Figure 10 shows the details of model-2. Full dynamic analysis 

of model-2 is carried out. A comparison is made between the eigen values of the 

two models in Table 2. Fundamental frequencies and mass participation factors of 



3D model -2 along NS and EW direction are given in table 3a.  From the table it 

can be seen that the mass participation in horizontal direction is distributed in the 

two modes along NS direction and EW direction. This is because the structure is 

symmetrical and the mode shapes shows that it is moving in the horizontal 

direction. 

Table 2: Comparison of eigenvalues for two 3D models 

Compared item 3D model-1 3D model-2 

First fundamental frequency 6.198 5.206 

Mass participation    71.1 % 65.7 % 

    

 
 Table 3a: FREQUENCIES AND MASS PARTICIPATION OF CIRUS CONTAINMENT 
        
Predominant 
mode 

Frequency Direction: x  Effective 
mass participation 
Kg sec2 /CM          %age 

Direction: y Effective 
mass participation 
Kg sec2 /CM     %age 

Direction: z Effective 
mass participation 
Kg sec2 /CM     %age 

1 
(NS dir) 

5.206  1160.6 45.0 0.98e-5 0.0 534.44 20.7 

2 
(EW dir) 

5.207 
 

534.77 20.7 0.662e-5 0.0 1161.0 45.0 

3 
(Vertical dir) 

10.624 
 

0.706e-2 0.0 804.34 31.2 0.64e-2 0.0 

      

 
7.2  Equivalent Beam model 

    The beam model, as compared to 3D model is simple, conservative and requires 

less computational time for the analysis. It is also easy to meet the codal 

requirement of reaching the mass participation of 90% or frequency content of 33 

Hz within a few modes. The various beam models used and there modeling 

procedure is described herewith. 

 

7.2.1 Superstructure beam model 

        An equivalent beam model as shown in fig.10 is prepared by the static analysis 

of the 3D model-2 using strain energy equivalence. The beam consists of twenty-

one 3D beam elements with the masses lumped at the appropriate nodes. Method 

to obtain the various beam properties is explained below. 

 

7.2.1.1 Procedure to obtain the stiffness of beam model 

       In general, torsional, flexural and axial stiffness of a beam element is given 

respectively in matrix form.   



Torsional stiffness: 
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Where G is the modulus of rigidity of the structural material 

              Ji is the torsional inertia of the i-th beam element 

              Li is the length of the i-th beam element 

 

Flexural stiffness: 
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Where E is the Young’s modulus of the structural material 
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             Ii is the flexural inertia of the i-th beam element 

            Asi is the shear area of the i-th beam element 

 

Axial stiffness: 
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Where Ai is the axial area of the i-th beam element 

Using this stiffness, the force equilibrium equation can be written as  

[ ]{ } { }PK =δ                                                                                             

(15) 

Where [K] is the stiffness matrix of a beam as given in Eqs.(12),(13) and (14).  

However, for a complex structures like the reactor building, which consists of 



different sections, different beam elements have to be considered The stiffness 

of these elements, as given in Eqs.(12), (13) and (14), should be combined to 

obtain the global stiffness [K]. While evaluating the stiffness, along any one of 

the N-S, E-W and Vertical directions, load should be applied such that it will 

cause deformation along that particular direction. Using this method,  Eqs.(12), 

(13) and (14) can be used independently in Eq.(15) for evaluating the global 

stiffness. The displacement vector {δ} and the load vector {P} can be 

evaluated using the following two methods. 

 

7.2.1.1.1  Method of energy equivalence 

      The method of energy equivalence is explained to calculate the flexural 

displacement vector {δ}. P1, P2, P3 are the loads applied at different nodes on 

top of the wall, δ1,δ2,δ3 are the horizontal deflections along the direction of 

load, δz1,δz2,δz3 are the vertical deflections generated due to bending, and Peq is 

the total load to be applied on the equivalent beam model which is equal to 

(P1+P2+P3). 

It is known that in the structure, strain energy U is equal to the work done in 

distorting the system and is given as: 

U= 1/2 {δ}T [K] {δ}.                                                                               

(16) 

However, since {P} can be obtained as: 

{P}= [K]{δ} and {P}T= {δ}T [K} 

Hence, U=1/2 {P}T {δ}.                                                                          

(17) 

Therefore, as in  Eq.(17), the work done due to the translation and rotation 

becomes uncoupled and is taken as the basis for evaluating the equivalent beam 

translation δeq and rotation θeq respectively. 

The work done by the loads in the FEM, wf  and in beam wb due to translation is 

given as: 

w Pf i i= ∑ δ                                                                                            

(18)  

and wb=Peq δeq                                                                                                                                      (19) 
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where, δi is the i-th node deflection in the FEM. Equating Eq.(18) and Eq.(19), 

δeq can be calculated. Similarly, an equivalent beam rotation, θeq can be 

calculated by equating the work done by the forces in the FEM, wfv along 

vertical direction and the work done by the moment in beam, wbm  are given as: 

w N Lfv i i zi= ∑ δ                                                                                     

(20) 

[ ]w N L lbm i i i eq= ∑ θ                                                                              

(21) 

where, li is the distance between neutral axis of the wall and center of the i-th 

element, Li is the i-th element width and Ni is the i-th element vertical force per 

unit width and the term in the square bracket of Eq.(21) is the equivalent 

moment on the beam. 

    It should be noted that there is no moment applied to the FEM. However, 

the shear load will cause bending stress, which is used to calculate vertical 

force Ni and bending moment in  Eq.(20) and in  Eq.(21) respectively. Neutral 

axis can be located at the center for the closed sections and, at the local center 

for the open sections. 

 

 

 

 

 

 

 

 

 

7.2.1.1.2 Method of averages (11) 

           δeq can be obtained as the average deflection for a uniform nodal load as 

(δ1+δ2+δ3+…..). θeq can be obtained as (δz1+δz3)/L, where L is the diameter of 

cylinder width of the wall. Therefore, for an equivalent beam,  {P} and {δ} are 

described as: 

δz6 or δz8 
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With the values of {P} and {δ}, obtained using any one of the above methods, 

and using  Eq.(13) and  Eq.(14), beam flexural stiffness can be calculated. A 

similar procedure can be adopted along the axial and torsional directions to 

obtain the equivalent axial deflection and torsional rotation. Then, using  

Eq.(12), Eq.(13), and Eq.(15) torsional and axial stiffness can be evaluated. 

Using this procedure, complex structures can be accurately modeled into a 

beam.  

      Using method of averages and equation (12),(13),(14) and (15) stiffness of  

the beam elements representing containment  is derived. Frequencies and mass 

participation along horizontal direction and vertical direction are given in table 

3b. The table also shows the comparison of frequency and participation factor 

of 3D model .  It can be clearly seen from the table that the mass participation 

for the same frequency is large for the beam model because of elimination of 

local modes. 

 
Table 3b: Frequency comparison (in Hz)  

Predominant 
Mode 

3D Model   Equivalent Beam   

 Frequency %  
participation 

Frequency %  
participation 

1  (N-S) 
2  ( E-W) 

5.206 
5.207 

65.7 
65.7 

5.54 
5.54 

78.7 
78.7 

3 (Vertical) 10.624 31.2 10.08 41.8 

 
  
7.2.2 Beam model with soil structure interaction 

          The response of a structure during an earthquake depends upon the 

characteristics of the ground motion, the surrounding soil and the structure 

itself. In the mathematical model of the superstructure it is necessary to include 

effects of substructure and soil conditions.   

          In the present case the substructure is modeled as an equivalent beam 

with two beam elements. As the soil conditions for the dynamic calculations is 

not fully known, conservative values for the shear wave velocity is taken and 



the analysis is performed for the three values of the shear wave velocity 

600m/s, 700 m/s and 800m/s. Soil is represented by introducing equivalent 

springs. Spring constants representing the soil under its base are shown in table 

4. The formulae used to calculate the spring constants are tabulated here. 

Beredugo and Novek (12) have worked out the side stiffness of soil in horizontal 

rotational and vertical directions considering the effect of soil embedment. The 

spring values evaluated are distributed on all corresponding nodes along the 

height of the substructure and are shown in table 5. Frequency comparison with 

different soil properties are shown in table 6. It can be seen that the interaction 

effect is not significant.    

  

Table 4: Spring constants representing the soil under the base of 

foundation 

Motion Equivalent spring 

constants 

Vs   600m/s Vs   700m/s Vs   800m/s 

Horizontal 

Rocking 

)87/()1(32 µµ −−= GRK x

)1(3/8 3 µθ −GRK  

64.46 x106 

1.63x1014 

81.3x106 

2.22x1014 

114.6x1106 

2.898x1014 

Vertical )1/(4 µ−= GRKZ  69.563x106 90.328x106 123.67x106 

Torsion 3/16 3GRKT =  2.55x1014 3.33x1014 4.53x1014 

  

Table 5: Soil spring constants due to embedments 

Motion Equivalent spring 

constants 

Vs   600m/s Vs   700m/s Vs   800m/s 

Horizontal 

Rotational 

GHK x 4=  

HGRK 25.2=θ  

1.665x106 

2.458x1013 

16.13106 

3.717x1013 

18.96106 

4.37x1013 

Vertical GHKZ 7.2=  7.2x106 10.887x106 12.8x106 

 

Table 6: Frequency comparison for different shear wave velocity 

Frequency Vs     600m/s Vs    700m/s Vs     800m/s 

Horizontal 

Vertical 

4.925 

9.144 

5.058 

9.747 

5.141 

9.774 



 

7.3  ANALYSIS AND RESULTS 

a. Static Analysis  

The static analysis of the 3-Dimensional model is carried out for self-weight of 

the structure using COSMOS/M package. Analysis is also performed for 

internal pressure of 15 psi.  Figure 13 shows the deformed shape of the model 

due to dead weight. Thee deformed shape due to internal pressure is shown in 

figure 14. 

b. Seismic analysis 

Eigen value analysis of the 3D model-2 is performed, but due to presence of 

several local modes it was not possible to achieve 90% mass participation or 

frequency up to of 33 Hz in 210 modes. The mass participation up to 210 

modes in horizontal direction was 90% while it was 36% for vertical direction. 

The mass participation up to thirty-five modes was 85% in horizontal direction 

while it was 35% in vertical direction. Hence seismic analysis was performed 

up to thirty mode shapes using design spectra of Trombay site for 7% damping 

and missing mass correction is applied. Missing mass correction  was  

performed along vertical (Y axes) direction.   

Seismic stresses due to missing mass  = Dead weight stress * Acceleration     

                                                       in  g at 10.624Hz *  missing mass factor  

Missing mass factor = (100 - 31.3)/100 

         The first frequency obtained for the full model is 4.57 Hz. The first 

fundamental mode in horizontal direction is having 5.218 Hz frequency while it 

is 10.62 Hz for Vertical direction.  Figure 11 shows the first mode shape in 

Horizontal direction. 

  

8  Design Check  

The design check is carried out for each model prepared and the stresses are 

compared.   

8.1  3-Dimensional model of the superstructure 

     Analysis is done for dead weight, internal pressure of 15psi and seismic 

ground motion. The stresses for dead weight, test pressure and seismic loads 



calculated using 3D model are within the acceptable limits. However accident 

pressure only is required to apply for checking instead of test pressure and for 

this the stresses will come down further. Stresses for some of the critical 

members are tabulated in Table 7(a-d). Table 7a shows the stresses in some of 

the critical elements of the shell. The stresses due to dead weight, internal 

pressure and seismic motion are shown in the separate columns and finally 

combined to have the combined stresses in the element. It can be seen that the 

stresses in the element are well below the allowable stress. The governing load 

in case of the shell plate is internal pressure and causing significant stress. 

Similarly Table 7b shows the stresses in the critical elements of the main frames 

where the seismic forces are governing the stress. The stresses found are well 

below the allowable value. From the study of all four tables it is obvious that 

the most critical member in the structure is from the main frame, however the 

stresses are well within the allowable limits. 

 
 
TABLE 7 a  STRESSES IN THE MEMBERS OF SHELL ( 7% DAMPING)  

  Permissible Stress = 2s = 2466 Kg/cm2  
              Where s =  allowable stress = 1233  Kg/cm2 

 
ELEMENT STRESSES 

DUE TO DEAD 
LOAD 
Kg/cm2 

STRESSES DUE 
TO PRESSURES 

Kg/cm2 

STRESSES DUE 
TO SEISMIC 

MOTION 
Kg/cm2 

COMBINED  
STRESSES 

Kg/cm2 

4181 -100.3 1294.97 ± 24.414 1218.43 
4180 -138.7 1216.21 ± 31.532 1109.042 
4317 -263.2 1265.15 ± 58.254 1060.204 
4179 -127.8 1120.07         ± 29.8 1022.07 

 
 

 
TABLE 7 b  STRESSES IN THE MEMBERS OF MAIN FRAME ( 7% DAMPING)  

  Permissible Stress =  2254  Kg/cm2  
 

ELEMENT STRESSES 
DUE TO DEAD 

LOAD 
Kg/cm2 

STRESSES DUE 
TO PRESSURES 

Kg/cm2 

STRESSES DUE 
TO SEISMIC 

MOTION 
Kg/cm2 

COMBINED  
STRESSES 

Kg/cm2 

7068 -147.3 -552.6 ± 1018.75 -1718.65 
7200 -146.8 -551.6 ± 1019.35 -1717.75 
7332 -147.4 -550.6 ± 1017.38 -1715.38 

 
 

 
TABLE7c  STRESSES IN THE MEMBERS OF RING GIRDER ( 7% DAMPING)  

       Permissible Stress =  2254  Kg/cm2  
 



ELEMENT STRESSES 
DUE TO DEAD 

LOAD 
Kg/cm2 

STRESSES DUE 
TO PRESSURES 

Kg/cm2 

STRESSES DUE 
TO SEISMIC 

MOTION 
Kg/cm2 

COMBINED  
STRESSES 

Kg/cm2 

3895 -219.405 773.872 ± 246.674 801.142 
3893 -218.87 701.316 ± 244.607 727.05 
3892 -219.017 689.148         ± 243.260 713.391 

 
 
 
 

 
 
TABLE 7 d  STRESSES IN THE MEMBERS OF CLADDING FRAME 

 ( 7% DAMPING)  
   Permissible Stress =  2254  Kg/cm2  
 

ELEMENT STRESSES 
DUE TO DEAD 

LOAD 
Kg/cm2 

STRESSES DUE 
TO PRESSURES 

Kg/cm2 

STRESSES DUE 
TO SEISMIC 

MOTION 
Kg/cm2 

COMBINED  
STRESSES 

Kg/cm2 

5316 -122.5 1089.5 ± 224.9        1191.9 
12144 -122.7 1081.74 ± 226.4 1185.44 
4597 -122.7 1081.34 ± 224.3 1182.94 

 
Note : Seismic stresses can be either tensile or compressive 

 

8.2     Beam model in combination with 3-Dimensional model 

       As it was not possible to meet the codal requirement of mass participation 

and frequency content with the analysis of 3D-model, equivalent beam model 

was also considered. The seismic analysis of the equivalent beam model is 

carried out and the forces and moments obtained are applied on the 3D model. 

Table 8 shows the comparison of maximum displacement between the two 

model. The comparison of stresses is given in the Table 9 and 10. It can bee 

seen from the tables that the stresses given by equivalent static analysis using 

beam model is higher as compared to full 3D dynamic analysis. It is due to the 

higher mass participation in the beam model. 

 

    Table 8  : Comparison of Maximum Displacements (in cms) with N-S load case  
 

Equivalent static  Dynamic 

 N-S Loading 0.562 0.526 
      

E-W Loading 0.562 0.526 
     



Vertical Loading 0.1054 0.0537 
  
         Table 9 : Comparison of Stresses in bottom main Frame Members (in 
Kg/cm2) 
 
Load Case Axial Stress Bending Stress Combined Stress 
 Equivalent 

Static 
Dynamic   Equivalent 

Static 
Dynamic   Equivalent 

Static 
Dynamic   

N-S Loading 186.24 154.813 81.905 90.498 268.145 254.311 
E-W Loading 186.24 154.813 81.905 90.498 268.145 254.311 
Vertical Loading 13.072 8.994 1.67 3.822 14.742 12.816 

 
 
 

Table 10: Maximum Membrane Stress comparison in the bottom 
Shell elements (in Kg/cm2) 

Direction Static Dynamic 
N-S Loading 111.225 106.675 
E-W Loading 111.225 106.675 

 
8.3  Beam model with soil structure interaction 

Dynamic analysis of beam model is performed and the forces and moments 

obtained are used to find the stresses in the basement and subbasement using 

conventional methods. These stresses are combined with the dead weight 

stresses to check the design. The methodology adopted and some calculations 

are given in Appendix I. 

 

9.  Conclusions and Discussion 

1. Number of modes considered in the 3D model are 35 with the percentage 

mass participation in X and Z  (Horizontal) direction  80.6 % and in Y (vertical) 

direction  31.3%. In the first fundamental mode mass participation is 65.7% 

along X and Z direction while it is 31.3% along y direction.    

 

2. Analysis was also performed for 290 modes and the mass participation was 

87.5 % in X and Z direction while it was 38.4% in y (Vertical) direction. Hence 

from above it is obvious that maximum contribution is due to only first 35 

modes.   

 



3. Beam models along horizontal and vertical directions are developed using 

energy equivalence between the 3-Dimensional model and the beam model. 

 

4. Mass participation along horizontal direction in the beam model is 96.8% up 

to 46.72 Hz and along vertical direction it is 80.68% up to 30.42 Hz. For the 

first fundamental mode the mass participated along horizontal direction is 78.7% 

while for verical direction it is 41.8%. 

 

5. The forces obtained in the beam model are applied on the 3-Dimensional 

model and seismic stresses are calculated. In this procedure missing mass 

correction is not required. 

 

6. Seismic analysis is performed using 7% damping TAPP 3 & 4 spectra with 

0.2g ZPA. 

 

7 .The stresses for dead weight, test pressure and seismic loads are calculated using 

3D model. These are within the acceptable limits. However accident pressure is 

required to apply for checking instead of test pressure and for this the stresses 

will come down further. 

 

8. The gross design check for the concrete portion given in Appendix I show that 

the stresses are well within the acceptable limits.  

 

9. Frequency calculations for the reactor block and storage block are done. With 

the gross design check they are found safe.  

 

Suggestions 

Many members in the steel structure is corroded and connection at some places 

are also loose due to environmental effect, hence it is advisable to take care for it 

during maintenance. 
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Element 
 

Mass Element 

Fig 10 Finite element model of the containment 

Fig 11   Fundamental mode of containment along NS direction 

a. 3D FE model  
      Frequency (NS) 5.2 Hz 

b. Beam Model  
    Frequency (NS) 5.5 Hz 



 

 
 
 
 
 
 
 
 

 
 

 
 

Fig  12 : Deformed Shape due to earthquake 

Fig  13 : Deformed Shape due to Dead Weight 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Fig 14: Deformed shape due to internal pressure 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

PART II 

 

Experimental Investigation of CIRUS Containment 

 

 

 

 

 

 

 

 

 

 

 

Fig  15. Ground Motion spectra for 
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Fig 25  :  Ground Motion Spectra for 7% Damping
Frequency



 

 

 

 

  

 

 

 

 
1.  Introduction 

 
CIRUS research reactor was designed way back in 1955. The design codes and safety 

standards have changed since then, particularly with respect to seismic design criteria. 

As the structure is an important safety related structure it is mandatory to meet the 

present statutory requirement. For obtaining realistic responses of structure, it is 

necessary to obtain the free vibration characteristics as realistic as possible. Analytical 

and experimental studies were performed. Three analytical models were prepared using 

finite element method, strain energy equivalence and conventional approach. The free 

vibration characteristics obtained were compared with the experimental results.  

 

2. Experimental Measurement of containment oscillations  

In view of the huge size of the containment structure, the conventional shaker and response method 

could not be adopted. In fact no shaker or shaker system can be built up to excite the containment in its 

global modes of vibration. This was the major challenge in the experimental testing required to be 

carried out for validating the analytical estimation.  

This task was achieved by making use of the revolving crane inside the containment. As brought out 

earlier, the crane positioned at 22 meters above the ground floor revolves on a circular railing provided 

on the top girder. By this arrangement, the crane bridge can be aligned in the desired direction (N-S) or 

(E-W). When the 5-ton crane carriage moves and stops on the bridge, it excites the containment 

significantly in its global modes. The maximum excitation amplitude measured at the bottom of the 

hemisphere was about 970 microns. Vibration sensors can easily measure such amplitude levels. 

 



3. Containment modes of vibration 

Six sensitive vibration transducers were mounted on the inner steel lining as shown schematically in 

Fig 1. They are aligned in N-S and E-W directions. Sensor number 5 & 6 are mounted on the 

cylindrical portion at a lower elevation in line with sensor number 1 & 2 respectively. 

 

Fig 2 shows the vibration spectrum of the sensor 1 & 5 along with the phase and 

coherence function between them. The first frequency peak is at 6.75 Hz with a zero 

phase and high coherence. The peak corresponds to the first bending mode of the 

containment in N-S direction. Similarly, Fig 3 shows the above functions for the 

sensors 2 & 6. The same peak (6.75 Hz) and similar phase and coherence value can be 

seen. The peak corresponds to the first bending mode in E-W direction. The spectra 

shown in Fig 2 & 3 also show higher modes of containment vibration. However, to 

characterize the peaks, more numbers of sensors are required to be mounted. 

The phase and coherence between sensors 1 & 3 and between sensors 2 & 4 also 

confirm the global modes. In view of the symmetrical construction, the containment 

has identical bending modes in the two directions. The measured percentage of 

damping at the first mode is 3 %. The experimental results are higher than theoretically 

estimated value.          

 

4. Results 

1/3 2 

5 
6 

Fig 1 Vibration Measurement location in the Containment 

1 

2 

3 

4 

Accelerometer 



The frequencies obtained analytically and experimentally were compared and are 

shown in table below. 

 

 



Fig.   2: 



 

 

Fig.   3: 



  

 

 

 

 

Table 1:  Frequencies comparison  

S N. Prominent 

Mode 

3D model 

frequency 

(Hz) 

Equivalent Beam 

Frequency (Hz) 

Experiment

al Results 

(Hz) 

Conventional 

beam (Hz) 

1. North-

South 

5.2 5.5 6.75 9.4 

2. East-West 5.2 5.5 6.80 9.4 

The damping obtained was 3%. 
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Fig  4:    Response spectra showing the response comparison at different frequencies 



  

 

 

 

 

 

5.  Discussions and Conclusions  

 

It is important to model the free vibration characteristics of the structure as close to reality 

as possible for the purpose of seismic qualification. In the above study three analytical 

models of the containment were studied and there free vibration behaviour was obtained. 

These free vibration characteristic was then validated by experimentation on the full 

structure. The difference in the experimental study and analytical model is due to the 

auxiliary structures, which is giving some extra stiffness at the first girder location. It is 

clear from the Fig 4 that the response predicted by Equivalent beam model (Strain energy) 

is giving conservative results as it is standing on the higher side of the spectrum. It is 

obvious from the results as shown in Table 1 that the equivalent beam model prepared 

using strain energy approach is giving closer result to experimentation. Hence this model 

can be adopted for further seismic qualification.  

 

 

 

 

 

 

 
 

  

 

 
 
 
 
 
 



  

 
 
  



  

 
  

 

 

 

PART III 

 

Retrofitting of CIRUS Battery Rack 

  



1. Introduction 

Battery banks constitute class I power supply for CIRUS. It is made of wood 

and MS sections, which is isolated from the floor by a rubber pad.  Battery 

Rack is 2095 mm high, 4640 mm long and 940 mm wide. The typical line 

diagram is shown in Fig 1. There are two supporting racks, which are 

connected by 610mm long wooden block. These separation wooden blocks do 

not transfer any load but facilitate the inspection by providing a platform 

between the two racks. The Battery rack is resting on the rubber pad.  

 

2. Recommendations 

1. It is suggested that the proper connection should me made between Battery 

rack and the floor in order to restrict the vertical and horizontal motion. The 

recommended dimensions and arrangement of connection is Given in Fig 2 and 

Table 1. 

2. The on site investigation revealed that the batteries are resting on the rack and there is a lack of 

proper restriction to prevent the toppling of the batteries. A visit to Kuchh area in the wake of 

earthquake has given us the chance to have some experience about the failure of Battery rack 

and batteries. The batteries were toppled because of seismic motion thereby rendering the 

system unavailable. Hence it is advised to make following arrangements so that the overturning 

and collision of the batteries can be prevented. 

3. The battery rack should have end and side rails. Intermediate side rails are recommended after 

every five batteries as shown in Fig 3 and 4. Recommended sizes of the rails are given in Table 

1. 

4. There should be close fitting, crush resistance spacers between the cells, which fill about two 

third of the vertical space between the cells. Rubber can be used for this purpose. 

5. The fittings should be checked for its tightness.  

 

 

 

3. Reference  

1. Seismic evaluation procedure for equipment in US Department of Energy Facilities, 

DOE/EH-0545, March 1997. 



 
 

 

Table 1:  Section Properties 
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Bolt M12 
 Section  6 mm thickness 

 Side Rails  ISA 45 x 30 x 3 
 Longitudinal  Rails  ISA 45 x 30 x 3 

Rubber Pad 

Steel Plate 

Wooden Railing 

Rubber Sheet 

Wooden 
Block 

Wooden 
Block 

ISMC 

Fig. 1:   Line Diagram of Two Battery Racks 

Rubber Pad 

Battery 

ISA 45 x 30 x3 

Bolt Rubber pad 

Fig. 2:  Plate connection to floor 

17 mm 

60 mm 



 
 

 
  
 
  
 
 
 
 
 
 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Intermediate rails 

Longitudinal Rails 
Rubber Pads 

Battery 

Fig 4:  Part Plan Showing arrangements of 
longitudinal and side rails 

Fig. 3:  Side View of the Rail arrangement 



 
 

 
 

 
 
 
 
 
 
 

 Part IV   
 
Inlet and Exhaust Damper 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

1. Introduction 

 

The 48’ butterfly type damper is located at an elevation of about 122’ in 

the discharge duct immediately downstream of the reactor hall conditioner 

fan in the air conditioning room (1). This damper is called emergency 

damper because in an emergency, it closes automatically with a quick 

action (less than six seconds) to seal off the reactor hall containment shell. 

The damper can be operated manually also with the help of hand wheel.  

 

2. Assembly 

The damper assembly comprises of main damper (flapper) whose shaft is 

linked by a connector to the actuating rod of the Air cylinder on one side 

and the actuating rod of the spring cylinder on the other. Hand wheels are 

provided for the spring cylinder and air cylinder. The purpose of the air 

cylinder is to open the damper when on “auto” and spring cylinder closes 

it when on “auto”.  Hand wheels for the air cylinder is used to open or 

close the damper when on manual mode by the help of rack and pinion. 

Hand wheels for the spring cylinder is meant for locking the spring in 

compressed position and detaching it from the damper operating shaft to 

enable manual operation.  

a. Damper (Flapper) 

The damper is of butterfly type and 48” in diameter. The cross section increases 

towards the centerline to accommodate the shaft. Adequate bracings are also 

provided. The damper has 2.5ʺ diameter shafts, which is rigidly fixed to the 

damper. The shaft is provided with outboard lubrite bushings at either end. 

b. Spring Cylinder 

Spring cylinder assembly consists of the following  

1. Housing 

2. Spring 

3. Actuating rod 

4. Hand wheel 

The spring cylinder housing is made of carbon steel. The spring is made of steel 

and is positioned in the housing in between the back plate and the spring front 



   

plate. The spring front plate is fixed to the actuating rod by taper pins so that 

movement of the actuating rod towards the back plate will consequently compress 

the spring and vice versa. The actuating rod is made up of stainless steel and is 2” 

in diameter and 8� 7� in length. It moves in the spring cylinder through front and 

rear bushing.  It is threaded on the either side.  

The hand wheel is made of carbon steel and is used only to lock the spring in its 

fully compressed location. The hand wheel is threaded and can be rotated on the 

threaded rear position-actuating rod (Screw). During automatic operation, 

however the hand wheel is rigidly fixed to the screw by the locking pin so that the 

hand wheel moves with the screw in or out.  

c. Air Cylinder 

Air cylinder assembly consists of  

1. Air cylinder 

2. Three way air valve 

3. Key block 

4. Rack and pinion arrangement 

Air cylinder has a bore of 8� and a stroke of 12�. The air cylinder has a 

piston and an actuating rod. The actuating rod on the front end is 

connected rigidly by a pin to the lever of the damper shaft. The piston is 

pneumatically operated and also actuate the actuating rod.  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 



   

 
 

3. Check for Structural Integrity 

 

Due to non-availability of complete damper’s data, some assumptions have been made in the analysis. 

All the assumptions have been taken in consultation with engineers at CIRUS. Wherever possible 

measurements at the damper location have been taken to fill the gap for the data, which are not 

mentioned in the drawing. 

 

Assumptions 

1. The pipe connecting to the containment is assumed to be intact during the seismic event. 

2. The weight of internals of spring cylinder is suitably assumed in absence of complete data. 

3. The weight of flapper is assumed as 82 Kg. 

4. The weight of mass at the end of Air cylinder is suitably assumed. 

5. Switch assembly is assumed to be foolproof for the operation of the damper. 

6. Only the integrity of the system is checked as the operation is assumed to be failsafe. 

7. The duct is assumed rigid and will move along with the containment during the earthquake. 

The outside support structure provided for the duct and damper will not change the frequencies 

of the damper and duct.  

8. The peak response spectral shown in Fig. 1 accelerations is considered for the horizontal 

direction and the vertical acceleration is 2/3 of the horizontal. The damping considered is 7% 

(3). 
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Fig 1: Response spectra for 7% damping 



   

 
  

 

Weight Calculations 

SN. Item Volume (mm3) Weight (Kg) 

1. Cylinder ( CL ) 4.4564 x 106 35.03 

2. End Plate 8.34 x 106 65.55 

3. Actuating Rod ( R ) 4.646 x 106 36.52 ~ 50 (Assumed) 

4. Hand wheel (H)  6 (Assumed) 

 

  Total 137.1 

Concentrated Load (C) = Weight of rod  + weight of end plate 

         = 50/2 + 65.55 

         = 90.55 Kg 

Distributed load     = (CL + R)/2292.35 

         = 0.0317 Kg/mm 

Stress Calculations 

Earthquake Loading 

Taking the peak of response spectra 

Acceleration   = 0.55 g in Horizontal Direction 

  = 2/3 of horizontal in Vertical direction 

  = 0.37 g in vertical direction  

 

 

 

 0.0317 Kg/ mm  
96.55 Kg 
 (C + H) 90.55 Kg 

711.2  
196.85 196.85 

6.8 

1104.9 

2292.35 

50.8 

381 

50.8 

457.2 

Wheel 

Figure 2: Schematic diagram of the spring cylinder 

Cylinder 

Actuating 
rod 



   

 

 

 

 

 

 

Bending Stress including Earthquake Loading 
Max Bending Moment = 26.88 x 103Kg-mm  

Maximum Bending Moment in cylindrical shell = 23.57 x 103 kg-mm 

Bending Stress in Cylinder = M/Z 

    =0.0625 kg/mm2 < 21.78 kg/mm2 

 

 

Support Check: 

 

 

 

 

 

 

 

 

 

 

 

 

Bending Moments = 21285.37 kg-mm 

Bending stress =  0.036 Kg/mm2 < 21.78 kg/mm2 

Shear Stress  = 159.62 / 13306.25  

        =  0.012 kg/mm2 < 13.2 kg/mm2 

 

 

Bolt Checking 
 
Bolt Dia = 50 mm 

Total Shear Force = Reaction + weight of Shoe + Wt of Plate 

       = 304.32 + 2 x 27 x 1.37 + 1.37 x 54 

    = 452.28 Kg 

Shear Stress = 0.0144 kg/mm2 < 13.2 kg/mm2 

Fig 3: Equivalent Beam Loading without Earthquake Loading 

34.925 

266.7 

381 

Fig 4 :Horse Shoe Support Plate 



   

Tension  = 452.28 x 0.55 

    = 248.24 Kg 

Stress = 0.008 kg/mm2 

 

 

 

 

Main Supports 
 
 

 

 

 

 

 

 

 

A    6” x 2 ” x ¼” Channel 

B   & C 3” x 3 “ x ¼” Angle 

 

Load acting at Point 1  = 452.28 Kg 

Maximum Deflection = 0.18 mm at Point 1 

Maximum shear Stress = 0.006 kg/mm2 < 13.2 kg/mm2 

Maximum Bending Stress = 0.042 kg/mm2 < 21.78 kg/mm2 

 

 

 

 

Air Cylinder 

 

 

 

 

 

 

 

 

 

 

Elevation Plan 
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Fig 5: Schematic diagram of the Air cylinder 
 



   

 

 

 

 

 

 

 

 

Bending Stress including earthquake Loading 

Max bending Moment at Center = 865.73 Kg-mm 

Max bending Moment at end = 1731.46 Kg-mm 

Maximum Bending Stress = 0.0115 Kg / mm2 < 21.78 kg/mm2 

Shear Load = 9.3 Kg 

Shear Stress = 0.003 Kg / mm2 < 13.2 kg/mm2 

Bolts Checking 
Shear Loading on Bolt  

=  Load due to Two end plate + Connector Plate + Cylinder weight + two end plate 

= 20 x 304.8 x 538.8  + 10 x 304.8 x 82 + 13.67 + 69 x 2 

= 215.87 Kg 

Vertical force due to earthquake = 215.87 x 0.55 

         = 118.73 

Horizontal force = 1.37 x 215.87 

     = 295.75 Kg 

Shear Stress = 0.15 Kg / mm2 < 13.2 kg/mm2 

Axial Stress = 0.061 Kg / mm2 < 33.2 kg/mm2 

 

Flapper and Shaft Inside the Damper 

Total Weight = 82 Kg (Assumed)  

 

 

 

 

 

 

 

 

Maximum Bending Moment including earthquake Loading = 51362 Kg-mm 

Bending stress  = 51362 / 22.66 x 103 

   = 2.26 Kg / mm2 < 21.78 kg/mm2 

18.59 kg 

Fig 6: Equivalent Beam Loading 

82 kg 

914.4 

Fig 7: Equivalent beam of varying cross 
section without earthquake Loading 



   

Shear Stress = 0.027 Kg / mm2 < 13.2 kg/mm2 

 

4. Check for Operability 

The containment building is designed for simultaneous occurrence of 

accidental pressure and seismic loading. The inlet and exhaust damper will 

be required to function under this condition. An active component such as 

inlet and exhaust damper has to be shown to be operable during and after 

the earthquake. In this case the damper is not required to operate during 

the earthquake but is required to operate after the earthquake. Since the 

stresses in the damper assembly are negligibly small, no permanent 

deformation is likely to occur. Thus the operability of the damper is not 

affected by seismic loading. 

 

5. Additional Requirements 
Following guidelines have to be followed in order to confirm the seismic safety.  

Caveat 1: No Impact allowed  

It should be ensured that valve and operator would not impact surrounding structures and components 

as a result of pipe flexibility. The concern is that the impact may damage the valve, operator yoke, stem 

or attached components.  

 

Caveat 2: Carbon steel valve body, bonnet and yoke 

The valve body bonnet and yoke should all be carbon steel. The intent of this caveat is to avoid brittle 

failure mode of cast iron as evident by the poor performance of some cast iron components in past 

earthquakes. 

Caveat 3: Actuator and yoke not independently braced 

The valve actuator and yoke (connecting mechanism) should not be independently 

braced to the structure or supported by the structure unless the pipe (duct) is also 

braced to the same structure immediately adjacent to the valve. The concern is that if 

the operator is independently supported from the valve and attached piping, then the 

operator may act as a pipe support during seismic motion and attract considerable load 

through the yoke and possibly fail the yoke or bind the shaft. In addition, if both the 

operator and valve/pipe are restrained, and if they are both not tied back to the same 

structure, the different motion of support points may lead to high seismic loads and 

possible binding of the shaft.  

 



   

These requirements have been discussed with RRSD engineer Shri 

K N Rao and found to be satisfied. 

 

 

6. Conclusion: 

The 48” damper has been checked for prevalent earthquake loading. All 

the stresses found, are within limits.  

Outlet 60” damper is embedded in concrete and it is located at a lower 

elevation than inlet damper. Hence, based on 48” damper calculations it 

can be inferred that 60” damper is safe for the same motion as 48” 

damper.  

The bypass damper, which consists of rope and pulley arrangement, can be 

modified as per seismic requirement by putting clip guard on the pulleys so 

that the rope is restrained and will not come out of pulley. 
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