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Abstract— Shielding of radiations emitted by radioactive specimens is usually done using lead wall as lead is considered to be the best radiation 
shielding metal. Impact toughness of irradiated samples made out of stainless steel, from the PFBR main vessel and safety vessel, is to be found out for 
design requirements. For this a shielded impact test facility is needed due to the high gamma emission from the irradiated specimen. Lead is well known 
among the heavy metals for its shielding properties. The present work is based on the evaluation of capacity of the existing foundation for static load due 
to the placement of lead bricks as shielding arrangement in both strength and serviceability. 

Index Terms—Base pressure, Foundation, Interaction curve, Lead cells, Modulus of subgrade reaction, Radiation shielding,  Shell and wall finite 
elements, Stress resultants, Wood - Armer technique. 

——————————      —————————— 

1 INTRODUCTION                                                             

HE foundation for the lead cell shielding in RML (Radio 
metallurgy Laboratory), Indira Gandhi Center for Atomic 

Research (IGCAR), Kalpakkam, was designed and  constructed 25 
years ago as shown in the Fig-1, considering the loading due to lead 
cell mock up arrangement. The experimental setup is such that a 
central impact testing equipment will be installed with a block 
foundation and impact test will be conducted on irradiated specimen 
of dimensions 55 mm length and 5 sq.mm cross sectional area. The 
test specimen encased in a capsule is irradiated in FBTR (as PFBR is 
yet to be commissioned) with 100 neutrons, which is comparable to 
40 year irradiation in the actual main vessel, safety vessel stainless 
steel material in PFBR. The irradiated specimen has high gamma 
emission dose and therefore the whole setup with provision for 
inspection and maintenance on all sides and top had to be shielded 
from radiation. The impact toughness of the irradiated specimen is 
measured in a standard impact testing machine, with an impact 
velocity of 5 m/s, as this is a very important design parameter. The 
change in the impact toughness after irradiation is to be measured. 
Based on the strength of radiation that will be developed, the shield 
material thickness and height were decided as 0.25 mm and 3.1 m 
respectively with 0.12 mm thick stainless steel roof shield. Due to 
the proximity to the safety building, excavation and reconstruction of 
the existing foundation was not possible. So it was decided to 
evaluate the capacity of the existing foundation for the current 
requirement. The foundation was modeled in NISA /CIVIL package 
of NISA suit of software with the help of shell elements. The 
boundary conditions used in this model are foundation spring 
elements generated based on the modulus of sub-grade reaction 
determined theoretically for the soil.  

2 PROBLEM DEFENITION AND LOCATION 
The existing foundation is a composite system comprising of RC 
walls,  top slab and base slab. The top slab is continuous and covers 
the opening created by the RC walls on all four sides and the base 

slab forms the strip footing for the RC walls. It was probably 
intended at the time of designing that, the lead shield would be 
placed on the RC wall location such that the centerline of the lead 
shield and that of the wall coincide and the entire load is transferred 
to the foundation through the walls. But, due to experimental 
requirements, there is an offset of 75 mm as shown in the fig (2) in 
the placement of the lead bricks and that the lead cells needed to be 
placed on the top slab below which there is no RC wall. The 
foundation is taken to a depth of 2500 mm where the safe bearing 
capacity of soil is 250 KN/m2. Below the top slab the soil is well 
compacted and is comprised of layers of PCC, soling and gravel 
filling. The other parts of the foundation are filled up with soil. This  
foundation is to be evaluated for its various structural capacities, 
against the static loading due to lead cell shield.  The structural 
effects of arrangement of lead shielding of the specified height and 
thickness on existing foundation is studied and the strength of the 
foundation against the loading is evaluated in this paper. The 
following figures Fig-1 (a), (b), (c) and Fig-2 (a), (b) show the 
location of the lead cell foundation and shielding: 

 
(a) 

 
(b) 
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(c) 

Fig-1 Foundation details as per drawing no.  
IGCAR/RML/0202/REV1 

 

 
(a) 

 

 
(b) 

Fig-2 Arrangement of Lead wall over the foundation 
 
3 ANALYSIS  
 
Static analysis was done in NISA for the dead loads (DL) due to the 
shielding arrangement. 
 
3.1 Concrete material properties      
Grade of concrete is M-20, Poisson’s ratio is 0.2 and modulus of 
elasticity is 22360 N/mm2     
 
3.2 Soil Properties  
In order to idealize soil, Vesic' s modulus of sub-grade reaction [4] 
was considered and following soil properties were assumed in the 
model: 
Modulus of elasticity of the soil, Es = 150 N/mm2 [4]  
Poisson's ratio of soil, μ = 0.3 
Width of the foundation, Bf = 1500 mm  
Thickness of the base raft, t f = 300 mm  

Moment of inertia of foundation section, I = 
    

 

  
 = 3.375E+09 mm4  

Modulus of elasticity of the foundation, 𝐸 = 5000 √𝑓   = 22360.68 
N/mm2 

Modulus of sub-grade reaction,  𝐾 = 0.65 √
   

 

   
.

    

      …….(1)  

 

 
Fig-3 Mathematical model of the lead cell foundation 

 
Base raft and wall elements were modeled with 3D general shell 
element, 300 mm thick. Top slab was modeled with 3D general shell 
element, 200 mm thick. In NISA CIVIL, foundation springs (NKTP 
= 38, NORDER = 1) were generated by specifying the vertical 
modulus of sub-grade reaction based on the equation no (1). 
  
3.4 Lead cell loads       
The height of the wall is 3.1m and it is 0.25 m thick. Stainless steel 
roofing of 0.12 m thick is also used. The pressure due to lead cell 
loading = (114*3.1) = 353.4 KN/m2 where 114 KN/m3 is the density 
of lead. Additional pressure of 33.912 KN/m2 due to self weight of 
the roof was also considered. Total pressure applied in the model was 
390 KN/m2  

 
Fig-4 Plan of top slab loaded with lead bricks 

 
4 ANALYSIS RESULTS        
       
4.1 Nodal displacements 
For the structural stability of the lead shield arrangement the 
maximum permissible displacement of the system after the 
placement of shield is to be less than 1 mm. Maximum vertical nodal 
displacement = 0.0227165 mm (downwards). The maximum values 
of the 3 translational DOFs and the nodes at which they occur 
respectively are listed below and the figure shows the location of the 
respective nodes: 

Table-1 Maximum displacements 
DOF UX UY UZ 

Value, mm 0.009508 -0.02272 -0.0464 
Node no. 657 667 691 

 
Fig-5 Points where maximum nodal displacements/rotations occur 

 
4.2 Plate bending moments 
The plate elements for which the maximum and minimum stress 
resultant values occurred were considered critical and the final 
moments were determined based on Wood’s criterion [2] and is listed 
below:  

Table-2 Plate bending moments 
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4.3 Plate normal forces 
The plate elements for which the maximum and minimum stress 
resultant values occurred were considered critical and the final 
normal forces were determined based on Wood’s criterion [2] and are 
listed below:   

Table -3 Plate normal forces 

 
 
4.4 Plate shear forces 
The plate elements for which the maximum and minimum stress 
resultant values occurred were considered critical and the plate shear 
forces are listed below:   

Table-4 Plate shear forces 

 
 
4.5 Support reactions 
The support reactions at in the global directions at the following 
nodes showed uplift: 

Table-5 Support reactions 

 

 
Fig-6 Points where negative vertical support reactions occur on the 

top slab 
 
5 DEMAND VERSUS CAPACITY RATIOS 
 
Based on the finite element analysis for the static loads the demand 
versus capacity ratios for the slab and wall elements were calculated 
for the various modes as follows: 
 
5.1 Slab element 
 
5.1.1 Flexure, [3] 
Slab elements were checked for flexural capacity per unit run with 
the flexural demand developed per unit run and were found to be 
safe. The ultimate moment of resistance of slab element of overall 
depth 200 mm was determined. The reinforcement in the slab is 10 
mm diameter at 300 mm c/c both ways at top and bottom and 
effective depth for section is 170 mm. Moment capacities of the 
concrete slab along both the axes, Mu is 15.50944 KNm/m. This 
capacity was taken for both slab bottom and top as the reinforcement 
patterns are the same both ways in diameter and spacing and the 
same value was compared with the demand. The demand versus 
capacity ratios were calculated for all the critical elements and are 
listed below: 
Table-6 Flexure demand versus capacity ratios for slab elements 

 
 
5.1.2 Shear 
Area of steel, to resist shear over a length of 1000 mm is 522 mm2 
(as both top and bottom reinforcements are present at all sections). 
Percentage of reinforcement in the section is 0.26 %. The design 
shear strength of slab [3] is 75.48 KN. This capacity was taken for 
both directions as the reinforcement patterns are the same both ways 
in diameter and spacing and the same value was compared with the 
demand. The demand versus capacity ratio for all the critical 
elements is listed below: 
Table-7 Shear demand versus capacity ratios for slab elements 

 

 
Fig-7 Slab elements showing demand versus capacity ratio>1 

 
The demand versus capacity ratios marked in red are greater than 1 
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and the corresponding elements are located at the slab wall interface. 
This may be due to the fact that the chamfered portion in the slab 
wall junction as seen in Fig-1 (b) is not modeled in the FE model. 
There is no axial load for shell elements as evident in the table (6), 
and hence P-M interaction for slab elements is not plotted. 
  
5.2 Wall element 
 
5.2.1 Axial load – Uni-axial moment interaction 
Wall elements were checked for axial load and uni-axial moment 
capacities with the respective demand per unit run of the wall using 
interaction curve for a typical wall section with the following cross-
sectional properties: 
Overall depth of the section is 300 mm, longitudinal reinforcement is 
12 mm dia @ 150 c/c and transverse reinforcement is 10mm dia @ 
200 c/c. Area of steel over a length of 1000 is 754 mm2, and were 
found to be safe. 

Table-8 P-M Interaction values for wall elements 
    P u (KN) Mu (K Nm) P u/f ck b D Mu/fckbD2 

0.07735 2.5 1.28917E-05 0.001388889 
0.10108 0 1.68467E-05 0 
0.021068 2.02 3.51133E-06 0.001122222 
0.01572 0 0.00000262 0 
0.02596 3.37 4.32667E-06 0.001872222 
0.1012 1.88 1.68667E-05 0.001044444 

0.01564 1.65 2.60667E-06 0.000916667 

    

 
Fig-8 P-M Interaction curve for critical wall elements 

 
5.2.2 Shear, [3] 
Area of steel, A s v to resist shear over a length of 1000 mm is 1058 
mm2 (as both top and bottom reinforcements are present at all 
sections) and percentage of reinforcement in the section is 0.3526 %. 
Design shear strength is 149.328 KN. This capacity was taken for 
both directions as the reinforcement patterns are the same both ways 
in diameter and spacing and the same value was compared with the 
demand. The demand versus capacity ratios for all the critical 
elements is listed below: 
Table-9 Shear demand versus capacity ratio for wall elements 

 
 
6 MAXIMUM BASE PRESSURE 
   
Area of contact of base raft and the foundation is 56.4 m2. Total 
pressure on the soil due to lead wall (in addition to the existing 
pressure on the soil) considering the whole of contact area between 
the soil and foundation is 44.7712KN/m2. This value is less than the 
SBC of the soil at 2.5m depth of 250 KN/m2 and hence the 

foundation base pressures were assured to be within limits. 
 
7 PUNCHING SHEAR CHECK FOR THE BASE SLAB, [3] 
 
Considering 1m run of the footing loaded with lead wall throughout 
the length of the wall, the check for punching shear is evaluated for  
300 thick bottom slab with a reinforcement  of 10mm dia @300 mm 
c/c. 

Permissible shear stress in concrete =  𝑘 𝜏 = (0.5 + 
 

 
) 𝜏 

 =

 (0.5 + 
 

 
) . 0.25.√𝑓  = (0.5 + 

   

    
) . 0.25. √20 = 0.8944 Mpa 

Shear capacity of concrete is 0.8944 times the area resisting two-way 
shear and it is 429.3250 KN. The total load due to 1 m lead wall is 
88.35 KN and self weight of the footing is 29.25 KN.  Using a load 
factor of 1.5 to get the effect of unaccounted loads, upward soil 
reaction is 117.5 KN/m2 and the foundation shear is 112.896 KN 
which is less than shear capacity. 
 
8 FLEXURE CHECK FOR THE BASE SLAB, [3] 
 
Moment developed by the bottom slab of, at the face of the wall, due 
to loading is 21.15 KN m per meter run of the slab. 
Moment of resistance of the section is 61 KN m per meter run of the 
slab. 
Area of steel required to resist the developed moment is 249.58 mm2. 
Available flexural reinforcement in 1 m run of base slab of the 
footing is 754 mm2. 

9 CONCLUSION 
Based on the strength evaluation of the foundation the following 
conclusions were made on the safety margins available for the 
foundation for the lead shield loading: 
1. The top slab elements are safe for the bending moments 

developed in them. 
2. The wall elements are safe in taking up both the axial load and 

uni-axial bending moments developed in them and this is clear 
from the interaction curve. 

3. The base pressure developed below the foundation is less than 
the SBC of the soil assumed at founding level. 

4. The bottom slab elements are safe against the flexure and 
punching shear developed in them due to the loading. 

5. The top slab elements show higher demand versus capacity ratio 
for shear forces developed in them (>1) at the slab wall junction 
loaded with the lead wall. 

6. Uplift forces are developed in the interior points of the top slab 
7. Maximum vertical displacement of the nodes as per the present 

analysis is less than 1 mm. 

REFERENCES 
[1] “Reinforced plate design  -  Plate design for Mxy twisting moment” – Johnli, 

9 April 2002, Solutions research center, 603 eton tower, 8 hysan avenue 
causeway bay, hong kong Phone: + 852 3185 9500 fax: + 8523102 0612 
email: johnli@src-asia.com web: www.src-asia.com  

[2] “Method of calculating plate and shell reinforcement – Wood and Armer” 
(http://docs.autodesk.com/RSA/2013/ENU/index.html?url=filesROBOT/GU
ID-80FE7814-C14D-4A89-A6DF-
68EB9E7E4815.htm,topicNumber=ROBOTd30e93986) 

[3] IS 456-2000 – Plain and Reinforced concrete – Code of Practice –Fourth 
revision, Second Reprint OCT 2000 

[4] “Foundation Analysis and Design”- Joseph E. Bowles – Fourth Edition, 
page-407, equation 9-6 

36

IJSER

http://docs.autodesk.com/RSA/2013/ENU/index.html?url=filesROBOT/GUID-80FE7814-C14D-4A89-A6DF-68EB9E7E4815.htm,topicNumber=ROBOTd30e93986
http://docs.autodesk.com/RSA/2013/ENU/index.html?url=filesROBOT/GUID-80FE7814-C14D-4A89-A6DF-68EB9E7E4815.htm,topicNumber=ROBOTd30e93986
http://docs.autodesk.com/RSA/2013/ENU/index.html?url=filesROBOT/GUID-80FE7814-C14D-4A89-A6DF-68EB9E7E4815.htm,topicNumber=ROBOTd30e93986



