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1. INTRODUCTION 

It was proposed in Ref. 1 that elastomeric bearing pads may be 

utilized for supporting a large PCRV and protecting it against damaging 

earthquake loads. The most promising design for such a bearing appears 

to be a laminated neoprene and steel bearing of the type commonly used 

for bridge supports. 

A preliminary design of an elastomeric support for a large PCRV 

has been made, and a dynamic response analysis of this design has been 

performed using the SHAKE computer code (Ref. 2). The purpose of this 

report is to present the results and to demonstrate that the elastomeric 

bearing pad is, in fact, a feasible support concept. 

Four cases, each with different support flexibility assumptions, 

are analyzed. The first case uses the relatively crude flexibility as

sumptions which were made in the preliminary sizing calculations. Each 

succeeding case represents an improvement in the model, with the fourth 

case being the best approximation. The reason for doing this is to 

check the validity of the simplifying assumptions and to determine the 

effect that each succeeding improvement will have on the results. 

2. PCRV SUPPORT DESIGN 

The PCRV support design evaluated in this study consists of six 

variable diameter columsn of prestressed concrete construction. The 

elastomeric bearings are located at the top of the columns and are 

doweled to both the columns and the PCRV. The basic configuration and 

bearing details are shown on Figs. 1 through 3. 
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The function of the six prestressed concrete columns is to elevate the 

PCRV and to allow access to the bottom for piping and for installation of 

the steam generator modules. The column length is dictated by access 

requirements. The column diameter is governed by strength and by access 

requirements. A relatively large diameter at the bottom is needed for 

strength, and a relatively small diameter at the top is required for 

access to PCRV prestressing tendons. The stepped column design shown 

on page satisfies these requirements. A further advantage of the 

stepped design is that it facilitates the prestressing of the columns 

themselves. 

The elastomeric bearings were designed to limit the maximum PCRV 

response by ensuring a definite natural period of vibration. After 

preliminary investigation of the dynamic response criteria (Ref. 1), 

the natural period of the system in the horizontal direction was fixed 

at two seconds. It was assumed that the foundation and the concrete 

columns were rigid when compared to the elastomeric bearings and that the 

bearings had flexibility only in the horizontal direction. These 

assumptions permit one to calculate the natural period of the PCRV as 

a function of the rubber bearing dimensions alone. There are many 

possible combinations of bearing geometry and rubber hardness which will 

result in a natural period of two seconds, and the final design choice 

depends on strength, economy, and size limitations. 

The most useful strength basis for the design of an elastomeric 

bearing is not stress but strain level. Experience has shown that a 

shear strain of 50% is a safe allowable design value (Ref. 4) and that 

the ultimate strain capability of the bearing is considerably greater. 

Given the natural period of the PCRV, the maximum displacement 

response to an earthquake excitation can be found from the response 

spectrum (Ref. 1). Assuming a standard El Centro earthquake with an 

input ground acceleration of 0.16g (seismic zone 2), and also assuming 

a period of 2 seconds and a damping factor of 2%, the maximum displacement 

response was found to be 4.0 inches. In order for the operating shear 
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strain to be less than the 50% allowable, the thickness of the rubber 

must be at least 8.0-in. 

Making the plausible assumption that the smallest bearing is the 

least costly, the "optimum design" from a cost standpoint is one that uses 

the hardest possible rubber and which has the minimum bearing area and rubber 

thickness. In our case, however, there are many uncertainties that make 

it advisable to overdesign the bearing. The magnitude of the earthquake, 

the ability of the rubber to withstand deformations larger than 50%, and 

the aging characteristics of the rubber are some of the unknown factors. 

The final bearing design shown on Fig. 3 has a rubber thickness of 

13 inches. It therefore satisfies the strain criterion by an ample 

margin. This thickness was obtained by assuming the bearings to have 

the largest practical area, i.e., slightly less than the total area on 

top of the columns. Smaller, cheaper bearings could be designed, but 

they would not have as great a margin of safety. 

3. FLEXIBILITY CALCULATIONS 

The flexibilities of the various structural components are calcula

ted separately and combined by either the STATIC or the SHAKE computer 

programs. Although the SHAKE code itself is theoretically capable of 

assembling all of the flexibilites, a peculiarity of this dynamic 

problem renders solution by SHAKE alone impossible. The difficulty is 

that the structure is geometrically three dimensional, while, due to 

symmetry, the stiffnesses in the two horizontal directions are identical. 

This results in repeated eigenvalues. Unfortunately, the iterative 

solution scheme employed by SHAKE cannot handle repeated eigenvalues. 

The way to circumvent this difficulty is to first reduce the problem 

to two dimensions. The two-dimensional problem will not have repeated 

eigenvalues and can be solved successfully by SHAKE. Two dimensional 

flexibility matrices for the structure were therefore calculated by an 

auxiliary code. The STATIC code was used to calculate a three dimensional 

flexibility, and the two-dimensional flexibility was derived by simply 

deleting rows and columns. 
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3.1 STATIC Model 

The structural model used by STATIC to calculate the three 

dimensional flexibility matrices is shown below. Note that the ground 

flexibility is not included in this model. This is because the ground 

flexibility is readily obtainable in two-dimensional form and can be 

put into SHAKE directly. Also, to include the ground in the STATIC model 

would neccessitate adding a number of additional structural members. 

FIGURE 4 



3.2 Column Flexibilities 

The column flexibilites are calculated internally by the STATIC 

code, using beam formulas that account for shear deformation. A summary 

of the section properties for the three segments of the stepped column 

is given below. 

Column 
# 

1 

2 

3 

Diameter 
(in.) 

168. 

204. 

240. 

Length 
(in.) 

141.48 

120. 

120. 

Area 

(in.^) 

2.22x10^ 

3.27x10^ 

4.50x10^ 

Ix, Iz 

in.^ 

3.92x10'' 

8.48x10^ 

1.625x10^ 

J 

7.84x10^ 

16.96x10^ 

3.250x10^ 

3.3 Bearing Flexibility 

The flexibility of the laminated neoprene bearing is calculated by 

means of the method given in Ref. 3. A brief summary of the method and 

of the numerical results is given here. 

In matrix notation, the force vs displacement relationship is 

jxj = [A] IF} 

The flexibility matrix [A] is the inverse of the stiffness matrix [K]. 

Since the stiffness matrix for the laminated elastomeric bearing is a 

diagonal matrix (i.e.,there is no coupling), the inverse is found by simply 

taking the reciprocal of the diagonal elements. Furthermore, due to struc

tural sjnmnetry, both the bending and the shear stiffnesses are identical in 

the two horizontal directions. Only four independent flexibilities need be 

calculated. These are 

V K s K 
V s 

A = ^ A = - ^ 
' h ' \ 

Formulas for the stiffnesses (K) are given on the following page. The 

complete 6x6 flexibility matrix required by the STATIC code is shown on 

page 10. 
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TABLE 1 

SUMMARY OF STIFFNESS FORMULAS 

FOR ELASTOMERIC BEARINGS* 

Single Bearing 

Load 

Compression 
No-bulge 
f l e x i b i 
l i t y t 

Bulge 
Flexibi-
lity 

S t i f f n e s s 

K 
F + F see below 

F, = 

F = 

F = 

F + F , where s r 

n t / 2v t 
- ^ 1 ^ ( l + __s_ r 
E A r t 

s \ s 
"r'^r- 1 2E 

"" "^ 1 + • — V 

F„ = 
n t r 
E A 

r 

s hH +v 

\ 1 + 2 k S 7 

Page 

14 

12 

IJ 

12 

13 

Shear K = 
AG 
n t 

r r 
15 

Bending K,. -4) 15 

Torsion 
_5k_ 

~^ 
K„ 

-^ 

17 

* Obtained from Ref. 3 

t F and F are simplified by assuming E >> E and 

V =0.5. For more accurate values of F^, use Eqs. 21 

and 24 on page 11 of Ref. 3. 
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The total six degree of freedom flexibility for the bearing is given below. 

The matrix is arranged according to the displacement components given in the 

parentheses beneath the matrix. The displacement sign convention for a typ

ical beam-like structural element (see Ref. 2) is shown to the right. 

[A] = 

A s 

0 

0 

0 

0 

0 

0 

A 
V 

0 

0 

0 

0 

0 

0 

A 
s 

0 

0 

0 

0 

0 

0 

^e 

0 

0 

0 

0 

0 

0 

^ 

0 

0 

0 

0 

0 

0 

A 

(x 

a C^ 
Y 

a 

From the geometrical information shown on page 6 we have 

n = 35 
r 

n = 34 s 

t = 3/8 i n . 

t = .10 i n . 
s 

^ = i O a i (144) = 

(see p . 

= 19150 in^ 

(see p. 25 for list of symbols) 

Assuming rubber with a shore hardness of 70, we obtain the following 

material properties from Table 1 of Ref. 4. 

G = 245 psi 

E = 1040 psi 
r '^ 
E„ = 180,000 psi 
B 

k = .53 
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In addition, we assume for the steel plates 

E = 30 X 10 , V = .30 s ' s 

and for the rubber 

V = .5 
r 

Using the formulas given in Table 1 (p. 9 ) the following 

numerical values were obtained for the flexibility of a single bearing: 

A = 4.016 X 10"^ in/lb 
V 

A =2.79 X 10"^ in/lb s 

A^ = 2.565 X lO""""̂  radian/in-lb 
o 

A = .918 X 10~ radian/in.-lb 

These values, along with the column section properties shown on page 8, 

are used as input for the STATIC code. A six degree of freedom flexibility 

matrix for the support structure is calculated for two cases: (1) columns 

rigid and bearings flexible, and (2) both columns and bearings flexible. 

The flexibility is given as a 6x6 matrix of influence coefficients for 

space point number 1 of the STATIC model (see p. 7 ), The 6x6 matrix 

is then reduced to a 3x3 (to describe motion in the x-y plane alone) 

by deleting the rows and columns for all out-of-plane components. 

3.4 Ground Flexibility 

The flexibility of the ground is calculated by formulas given 

by Barkan (Ref. 5). These formulas are based on the assumption that the 

foundation can be treated as a rigid plate on a homogeneous, isotropic, 

elastic half-space. An inspection of Fig. 1 (p. 4 ) will show that this 

assumption is clearly not true for our foundation. Exact determination 

of the flexibility of our foundation by analytical means is beyond the 

present state of the art. Furthermore, material properties of the soil 
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and bedrock are completely unknown. Any analytical flexibility value, 

regardless of the method used, is therefore little more than an educated 

guess. The Barkan formulas are used here because they are simple and re

presentative of average conditions. The material properties assumed are 

those of a soft rock. The resulting flexibility values are therefore an 

order-of-magnitude estimate. The purpose of using these values in the 

dynamic analysis is to determine whether or not the ground flexibility might 

have an important influence on the dynamic response. The results are not 

intended to be an accurate analysis of the ground flexibility effect. 

A brief summary of the soil stiffness formulas is given below. 

RIGID PLATE 

ZZZZZZZZZ3. 

Normal Force 

K = 
V 

P 
6 

1.13 E VT 
, 2 
1-v 

HOMOGENCOOS , ISOTROPIC 

ELASTIC MALF-SPACE 

( f t ) 

Shear 

K = 7 s 6 
^EVT 

s 1-v ( « . ) 

Bending 

K„ = 
M 

m 
(in.-lb\ 

radiany 
= -i. 

where k^ and k are factors given in Ref. 5 which depend on the shape of 
* 

the plate. 
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Assuming a circular plate of radius r on a soil with v = .3, the above 

formulas reduce to 

K = 2.20 Er 
V 

K =1.69 Er s 

K„ = .968 Er" 

Assuming a plate with a diameter of 100 ft. (r = 600 in.) and a soil 

with E = 3.0 X 10 (a soft rock), we obtain the following stiffness matrix. 

K = 

K 
s 

0 

0 

0 

K 
V 

0 

0 

0 

K 

= 

3.04x10^ 

0 

0 

0 

3.96x10^ 

0 

0 

0 

6.28x10 
13 

The flexibility is simply the inverse of the stiffness, i.e. 

A = 

A 
s 

0 

0 

0 

A 
V 

0 

0 

0 

A 

.-8 .338x10 

0 

0 

0 

.252x10 

0 

-8 

.159x10 
•13 

4. STATIC ANALYSIS 

Two cases are analyzed by the STATIC code in order to calculate 

composite structural flexibilities. The stiffness are calculated for 

six degrees of freedom. Three of these degrees of freedom are unnecessary 

because of sjnnmetry, however, and they are eliminated before using these 

flexibilities in the SHAKE analysis. The two cases both make use of the 

same model (see p. 7 ), except that in case A the columns are assumed 

to be rigid. The results of the STATIC code analysis for these two 

cases are given below. 
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Case A - Bearings Flexible and Columns Rigid 

The total six degree of freedom flexibility^ which consists of influence 

coefficients for space point 1 of the model, is shown below 

A = 

4.65x10 

0 

0 

0 

0 

1.03x10' 

( X 

-7 

•13 

0 

6.69x10 

0 

0 

0 

0 

-10 
0 

0 

0 

0 
,-7 .-13 4.65x10 ' -1.03x10 
-13 , «^ ,„-13 -1.03x10 

0 

0 

6.03x10 

0 

0 

0 

0 

0 

0 

2.09x10 

0 

-12 

1.03x10 

0 

0 

0 

0 

6.03x10 

-13 

-13 

Considering motions in the x-y plane only, this matrix is reduced to a 

(3x3) by eliminating rows and columns for all out-of-plane motions. 

-13 

A = 

4.65x10 0 

0 6.69x10" 

1.03x10" •'•̂  0 

(x y 

10 
1.03x10 

0 

6.03x10 

9 ) 

-15 

Case B - Both Bearings and Columns Flexible 

The total six degree of freedom flexibility is 

,-7 

A = 

4.71x10 

0 

0 

0 

0 

5^89x10 

(X 

-13 

0 

1.09x10 

0 

0 

0 

0 

-9 
0 

0 

0 

0 
.-7 ,-13 

4.71x10 -5.89x10 
-13 „ „. ,„-15 -5.89x10 

0 

0 

9.82x10 

0 

0 

0 

0 

0 

0 

2.12x10-12 

0 

-13 
5.89x12 

0 

0 

0 

0 

9.82xl0""'_̂  

e ) * 

* These symbols list the order of the components (see page 10). 
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The corresponding three degree of freedom flexibility is 

A = 

.-7 
4.71x10 

0 

5. 89x10"-"-̂  

(X 

0 

1.09x10"^ 

0 

y 

5.89x10 

0 

9.82x10 

-13 

-15 

PCRV MASS 

The total weight of the PCRV and its internals is assumed to be 

85 X 10 lb. It is assumed that the mass is uniformly distributed through

out the PCRV volume and that the center of gravity is at the geometric center. 

The dimensions of the PCRV are as shown below. 

I*—9i'9"(^->| 

85 X lO^ lb. 
T 
1 

The volume of the PCRV is 

= TTD̂ h ^ TT(92.75)^(84.667) 
^ 4 4 

= 572,000 f f 

The effective uniform density is 

= W ^ 85x10 lb 
eff V 4 3 

57.2x10 ft 
= 148.4 

lb 

ft" 
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The mass moment of inertia about the center of gravity is 

I = T ^ (h^+3r^) 
eg 12g 

82x10^ i_[s4.,,7^.3i22^] 
12(32 

= 2.99X10^ lb sec^ ft 

or 

I = 2.99x10^(12) = 3.59x10''"° lb sec^in 
eg 

The above weight plus the mass moment of inertia are both used as SHAKE 

code input. 

6. DYNAMIC ANALYSIS 

The dyanmic response is determined for four cases , each using 

different support flexibility assumptions. The first of these is a 

simplified single degree of freedom model, and the calculations are 

performed by hand using the response spectrum directly. The others, eac 

having an increasingly flexible and more accurate model, are all three 

degree of freedom systems, and the SHAKE code is employed for their 

analysis. The characteristics of the four cases are summarized below. 

Case 1 - Columns and ground assumed rigid. Bearings flexible in 

horizontal direction only. 

Case 2 - Same as Case 1 except complete bearing flexibility used. 

Case 3 - Same as Case 2 except column flexibility is added. 

Case 4 - Same as Case 3 except ground flexibility is included. 
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The model analyzed by SHAKE is shown below 

Y 

e 

PCRV MASS AT CQ. 

RIGID UNK 

SUPPORT STRUCTURE 

(allOUND PLEKIBILITV 

In Case 2, member 0-3 is assumed rigid and member 2-3 is given 

the flexibility of Case A on page 14 . in Case 3, member 0-3 is still 

rigid, but member 2-3 is given the flexibility of Case B on page 15. 

In Case 4, member 2-3 is unchanged but member 0-3 is given the ground 

flexibility shown on page 13. 

The ground excitation used in the analysis is the El Centro standard 

earthquake with a .33g ground acceleration input. Vertical and horizontal 

excitations are treated in separate runs so that their effects can be ob

served separately and later superimposed The actual design earthquake for 

the PCRV in a zone 2 application has a .16g horizontal and a .llg vertical 

ground acceleration. Since the dynamic response is proportional to the earth

quake ground acceleration, this condition is analyzed by multiplying the hori

zontal and vertical SHAKE results by appropriate scaling factors and super

imposing them. 
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Tabular summaries of the analysis results are given in Tables 2 

through 4. 

TABLE 2 

FREQUENCIES AND MODE SHAPES 

Case 

1 

2 

3 

4 

Mode 

1 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Frequency 
f 

(cps) 

.498 

.496 
10.84 
13.11 

.493 
8,50 
10.26 

.484 
5.32 
5.64 

Period 
T 

(sec) 

2.010 

2.014 
.092 
.076 

2.029 
.118 
.097 

2.065 
.187 
.177 

Eigenvector 
X 

(in) 

1.000 

1.000 
1.000 
.000 

1.000 
1.000 
.000 

1.000 
1.000 
.000 

y 
(in) 

.000 

.000 

.000 
1.000 

.000 

.000 
1.000 

.000 

.000 
1.000 

e 
(radian) 

.000 

small 
-.903 
.000 

small 
-,519 
,000 

small 
-.149 
.000 

TABLE 3 
* t 

MAXIMUM DYNAMIC LOADS AT BOTTOM OF PCRV 

Case 

1 

2 

3 

4 

Axial 
Load 
(lb) 

.915x10^ 

1.19x10^ 

1.31x10^ 

1.91x10'̂  

Shear 
(lb) 

.860x10^ 

.859x10^ 

.853x10^ 

.840x10^ 

Bending 
Moment 
(in.-lb) 

4.37x10^ 

4.37x10^ 

4,35x10^ 

4.32x10^ 

* Root sum square of all contributing modes. Assumes 

.16g horizontal and .llg vertical ground acceleration 

input. 

t The bottom of the PCRV is space point 2 in the SHAKE 

model (see p. 17). 
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TABLE 4 

MAXIMUM DYNAMIC DEFLECTION AT PCRV C.G. 

Case 

1 

2 

3 

4 

X 

(in) 

4.00 

4.01 

4.04 

4.12 

y 
(in) 

small 

.00797 

.0143 

.069 

6 
(radian) 

0.00 

2.72x10"^ 

4.77x10"^ 

1.70x10"^ 

1) Root sum square of all contributing modes. Assumes 

.16g horizontal and.llg vertical ground acceleration input. 

The results of this dynamic analysis (see Table 2) indicate that the 

increasingly flexible support flexibility assumptions have very little 

effect on the horizontal oscillations but may have a significant effect 

on the vertical response. This is because the bearing is already so flexible 

horizontally that the increased flexibility due to the ground, etc., is in

significant in comparison. Since the bearing alone is quite stiff in the 

vertical direction, however, the vertical response is very sensitive to 

changes in the vertical foundation flexibility. One must be careful, there

fore, that in an effort to design a horizontally flexible support, one does 

not indiscriminately add flexibility in such a way that the vertical response 

criteria are jeopardized. It is seen that, in this case, the best results 

(I.e. the lowest vertical response) are obtained if the elastomeric bearings 

are mounted on a foundation that is as stiff as possible. 

7. STRESS ANALYSIS 

The dynamic loads calculated and presented in Section 6 have been ap

plied to the support structure to determine whether the design is structurally 

adequate. These results are given briefly on page 20. 
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Bearing Array Section Properties 

r = (ok 4i = 78 IN 

R= 59f< = f t S i 

Individual Bearing: 

A = Tir̂  = TT(78)^ 
o 

4 4 
= III = TT(78) 

ô 4 4 

1.915 X 10^ in^ 

2.915 X 10^ in^ 
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Bearing Array: 

A = 6A = 6(1.915 X 10^) = 1.150 x 10^ in^ o 

I = A R̂  Z) coŝ e + 61 

= (1.915 X 10^)(468)'^ + 6(2.915 x 10^) 

= 1.274 X 10 in • 

Distance to extreme fiber, 

c = R+r = 468+78 = 546 in. 

Max Compressive Stress (Design Earthquake) 

P M 
max , c 

c A I 

P = 85x10^ + 19.1x10^ = 104.1x10^ lb 
max 

M = 4.32x10^ in-lb (Ref. p. 18) 

1.041x10^ _̂  4.32x10^(.546x10-^) 

^ 1.15x10^ 1.274x10"'"° 

= 905 + 184 = 1089 psi 

Max Tensile Stress (Design Earthquake) 

-P ^ M 
min , c 

°T = - T - + — 

P . = -85x10^ + 19.1x10^ = 65.9x10^ lb 
min 

M = 4.32x10^ in-lb (Ref. p. 18) 

-65.9x10^ ^ 4.32x10^(.546x10^) a = 5- + ^-JQ ^ 
1.15x10 1.274x10 

= -573 + 184 = -389 psi (compression) 
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There is no tensile stress for the design earthquake. 

Vertical Strain in Rubber 

Assuming maximum compressive stress exists over the entire bearing 

area, the effective pressure load is 

p = 1089 psi 

The vertical strain in the rubber is 

r ^ P \ ^ 1089(1.915x10^) 

^ '̂̂ r'̂ r .249x10^(13.12) 

= .0064 

Since the allowable vertical strain, according to Ref. 4, is 

15%, it is clear that there is no problem here. The steel offers almost 

complete restraint. 

Shear Strain in Rubber 

From Table 4, p. 19, the maximum horizontal deformation of the 

bearing is 

6 = 4.12 inches 

The shear strain is 

6 4.12 -,-
n t 13.12 
r r 

This compares favorably with an allowable of 50% (Ref. 4). 

Steel Tensile Stress 

a^ ~ P l-^j = 1089 F ^ j = 4080 psi 

Steel stress is no problem either. 
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Ultimate Earthquake 

In addition to operating safely at the "operating earthquake," 

which is an input acceleration of 

.16g horizontal and 

.llg vertical, 

the structure must also be able to withstand an "ultimate earthquake," 

which is an input acceleration of 

.25g horizontal and 

.17g vertical 

without a catastrophic collapse. The only two possible critical areas 

are tension and/or shear strain in the rubber. 

Using the same approach as above, the minimum axial load is 

P , = 85x10^ - 19.1x10^ 
min a 

= 85x10^ - 29.6x10^ = 55.4x10^ lb 

The new bending moment is 

(tS) = -M = 4.32x10^ H T T I = 6.75x10^, 

The maximum tensile stress is then 

-55.4x10 _, 6.75x10 (.546x10 ) 
a 5- + iQ 

1.15x10 1.274x10^ 

= -482 + 289 = -193 psi (compression). 

There is no tensile stress for the ultimate earthquake. 
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The maximum horizontal deformation is 

^ = ^•12 (^ = 6.42 in.. 

and the maximum shear strain is 

Y = ^-^^ = 490 
^ 13.12 '^^^ 

This is still less than the operating allowable, so there is clearly no 

problem. Tests show ultimate shear strain capabilities of well over 

100% (Ref. 6). 

8. CONCLUSIONS 

The results given in this report demonstrate three significant 

facts: 

1. The original assumptions used to design the elastomeric 

bearing are quite good, i.e., most of the flexibility in 

the horizontal direction is due to shear in the bearings. 

Accurate assessment of the vertical response, however, can 

be made only after refining the model to include the effects 

of vertical bearing flexibility, column flexibility, and 

ground flexibility. 

2. Vertical response is kept to a minimum if the elastomeric 

bearings are mounted on a foundation which is as stiff as 

possible. 

3. The preliminary bearing design analyzed in this report is 

proven to be structurally sound. 

The elastomeric bearing concept is clearly a feasible support concept. It 

can be readily designed, using simplifying assumptions, to satisfy a great 

variety of design conditions. 
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9. LIST OF SYMBOLS 

A Flexibility or area 

c Distance to extreme fiber 

D Diameter 

E Young's modulus 

E„ Bulk modulus of rubber 

G Shear modulus 

h Height 

I Moment of inertia 

J Polar moment of inertia 

k Constant 

K Stiffness 

M Bending moment 

n Number of layers 

p Pressure 

P Axial compression load 

r,R Radius 

S Shear force or shape factor 

t Thickness 

T Torque 

V Volume 

W Weight of PCRV 

x,y,z Coordinate directions 

a Normal stress 

T Shear stress 

e Normal strain 

V Shear s t r a in 

V Poisson's rat io 

9 Angle (bending rotation) 
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. • 

Subscripts 

s 

r 

t 

c 

V 

e 

Steel or Shear 

Rubber 

Torque or Tension 

Compression 

Vertical 

Bending 

* 
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