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INFLUENCE VALUES FOR ESTIMATING STRESSES IN ELASTIC FOUNDATIONS

RALPH E. FADUM 

Professor of Soil Mechanics 

Purdue University

SUMMARY.

This paper deals with the problem of estimating the vertical normal stresses in 
quasi elastic foundations due to building loads. Contributions to this subject from 
the theory of elasticity are briefly reviewed. Influence values derived from the 
Boussinesq and Westergaard solutions are presented for loading conditions that are 
frequently encountered in building settlement investigations; namely, for the case 
of loads applied at a point, distributed uniformly along a line of finite length, 
and distributed uniformly over rectangular and circular areas.

Influence values for some of the above loading conditions as computed from the 
Boussinesq solution have been previously published. To the writer's knowledge, in­
fluence values corresponding to the Westergaard solution have not appeared in the 
technical literature. A major purpose of this paper is to summarize for ready refer­
ence and in a form, which the writer has found convenient, influence value data ob­
tained from both the Westergaard and Boussinesq solutions that one may find desirable 
to have available when making a stress analysis for the computation of building sett­
lements.

BRIEF REVIEW OF CONTRIBUTIONS FROM THE THEORY 

OF ELASTICITY

The determination of vertical normal 
stresses in clay-like strata underlying a 
structural foundation constitutes a major part 
of a settlement investigation. Rigorous solu­
tions by Boussinesq 1), Burmister 2) and 
Westergaard 3) are available from the theory 
of elasticity that are strictly applicable to 
the case of semi-infinite masses that deform 
in accordance with Hooke's Law as a result of 
normal loads applied to their surfaces. The 
solution by Boussinesq is applicable to the 
case of a mass that has the properties of a 
homogeneous, elastic and isotropic solid. Bur- 
mister's solutions are applicable to layered 
systems each layer of which is assumed to be 
homogeneous, isotropic and elastic. Wester­
gaard *s solution is applicable to a homogeneous 
mass that is assumed to be reinforced internal­
ly in such a manner that horizontal displace­
ments are entirely prevented.

Boussinesq's solution, 1885, nas been ap­
plied extensively to investigations involving 
the analysis of stresses and displacements in 
clay-like soil masses. The equations for stress­
es and displacements derived from Boussinesq's 
solution that apply to various types of loading 
have been summarized by Gray 4-). Jurgenson 5) 
has contributed influence tables and diagrams 
for stresses due to uniformly loaded long 
strips and uniformly loaded circular areas and 
for long strips with triangular and terrace 
loadings. Newm&rk has developed the solution 
and influence values for the vertical normal 
stresses due to a load uniformly distributed 
over a rectangular area 6); he has developed 
influence charts to simplify the computation 
of vertical stress on horizontal planes, the 
sum of the principal stresses (bullc stress), 
the horizontal stress on vertical planes and 
the components of shearing stress on horizon­
tal and vertical planes due to distributed ver­
tical loads 7). He has also contributed in­
fluence charts to simplify the computation of 
vertical displacements at the surface or with­
in the interior of an elastic, homogeneous,and 
isotropic mass bounded by a plane horizontal 
surface and loaded by distributed vertical 
loads at the surface 8). Mathematical expres­
sions for the displacement of the surface of a 
semi-infinite, elastic, homogeneous, and iso­

tropic mass due to loading a rectangular area 
with a uniform pressure, a uniform shearing 
force per unit area x), and a moment nave been 
developed by Vogt 9). These contributions 
have reduced the problem of determining the 
stresses and elastic displacements in an ideal­
ized, elastic, homogeneous and isotropic mass 
of semi-infinite extent due to normal loads ap­
plied to its surface to a comparatively simple 
task.

The more recent solutions by Westergaard, 
1939, and Burmister, 194-3, which are applicable 
respectively to masses in which horizontal dis­
placements are prevented and to layered systems, 
have not as yet been used extensively even 
though the properties of the idealized masses 
to which they apply may, in some instances, re­
present more closely the properties of the real 
soil mass. Burmister's solution has found ap­
plication in the design of airport runways 10). 
The writer has applied the Westergaard solution 
in a study of building settlements 11).

To simplify the application of vi/ester- 
gaard's solution to the problem of building 
settlements, the writer developed 11) the ex­
pressions and influence values for vertical 
normal stresses due to loading conditions that 
are encountered frequently in settlement in­
vestigations. Influence values for these load­
ing conditions corresponding to both the Wes­
tergaard and Boussinesq solutions are present­
ed herein.

INFLUENCE VALUES

The loads that are produced by a build­
ing can, in general, be treated as point loads, 
loads distributed uniformly along a line of 
finite length or distributed uniformly over a 
rectangular or circular area. To simplify a 
stress analysis, it is desirable to express 
the equation for the stress resulting from a 
given type of loading in terms of dimension- 
less ratios, the quantities constituting the 
ratios being dimensions that can be easily 
measured from a load plan. In this form, the 
right hand member of the equation can be solv­
ed once and for all for various values of the

x) Developed from Cerrutti's solution. See for 
example "A Treatise on the Mathematical Theo­
ry of Elasticity, "by A.E.H. Love, Cambridge 
University Press, 1927.
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d i m e n s i o n l e s s  r a t i o n s ;  t h e  r e s u l t s  o b t a i n e d  

a r e  c a l l e d  i n f l u e n c e  v a l u e s .
I n f l u e n c e  v a l u e s  f o r  t h e  v e r t i c a l  s t r e s s ­

e s  a c t i n g  o n  h o r i z o n t a l  p l a n e s  a n d  p r o d u c e d  

b y  l o a d s  a p p l i e d  a t  a  p o i n t ,  a p p l i e d  u n i f o r m l y  

a l o n g  a  l i n e  o f  f i n i t e  l e n g t h ,  a n d  a p p l i e d  

u n i f o r m l y  o v e r  r e c t a n g u l a r  a n d  c i r c u l a r  a r e a s  

f o r  b o t h  t h e  B o u s s i n e s q  a n d  W e s t e r g a a r d  s o l u ­
t i o n s  f o l l o w .  F o r  e a c h  l o a d i n g  c o n d i t i o n  a  

f i g u r e  d e f i n i n g  t h e  c o o r d i n a t e  s y s t e m  i ”s  g i v e n  
a n d  t h e  e q u a t i o n s  a p p l i c a b l e  t o  t h e  c a s e  s t a t ­

e d .  E x p r e s s i o n s  f o r  t h e  s t r e s s e s  d e r i v e d  f r o m  
t h e  B o u s s i n e s q  a n d  W e s t e r g a a r d  s o l u t i o n s  a r e  

d i s t i n g u i s h e d  b y  t h e  s u b s c r i p t s  3  a n d  W r e s ­

p e c t i v e l y .

a .  L o a d  A p p l i e d  a t  a  P o i n t
T h e  v e r t i c a l  s t r e s s  a t  3  d u e  t o  a  l o a d  P  

a p p l i e d  a t  A  o n  t h e  s u r f a c e  o f  a  s e m i - i n f i n i t e  

m a s s  i s  e x p r e s s e d  i n  t e r m s  o f  t h e  c o o r d i n a t e  
s y s t e m  s h o w n  i n  P i g .  l a  a n d  i n  a c c o r d a n c e  w i t h  

t h e  B o u s s i n e s q  a n d  W e s t e r g a a r d  s o l u t i o n s  r e s ­

p e c t i v e l y  a s  f o l l o w s :

3 P z‘

2 ix (r2+ z ,)v* 

P K  z

2  7T ( r * +  K 'z*) LW

w h e r e i n  K > / i«  P o i s s o n ' s  r a t i o  x )
n - a ^ r  

I 2 (1-/4

I n  d i m e n s i o n l e s s  f o r m  t h e s e  e q u a t i o n s  b e c o m e

z2 3
a * * - -

P  2  7T

z2 K

"p * 2 n

1

%

va

B

-w

T h e  v a l u e s  o f  t h e  r i g h t  h a n d  m e m b e rs  o f  

t h e s e  l a t t e r  e q u a t i o n s  ( d e s i g n a t e d  P Qg  1 2 )

a n d  P  r e s p e c t i v e l y )  f o r  v a r i o u s  v a l u e s  o f  t h e

r a t i o  r / z  a r e  g i v e n  i n  T a b l e  l . T h e  v a l u e s  s t a t e d  

f o r  P qW a r e  v a l i d  f o r  K « V t/ 2  ; t h a t  i s , f o r  t h e

c a s e  o f  / !  = 0 .

T o  f i n d  t h e  v a l u e  o f  a  s t r e s s  p r o d u c e d  b y  
a  p o i n t  l o a d  i t  i s  n e c e s s a r y  o n l y  t o  m e a s u r e  

t h e  d i s t a n c e ,  r ,  f r o m  t h e  p o i n t  o f  l o a d  a p p l i c ­

a t i o n  t o  t h e  p o i n t  o n  t h e  s u r f a c e  i m m e d i a t e l y  

a b o v e  t h e  p o i n t  a t  w h i c h  t h e  s t r e s s  i s  d e s i r e d ;  

d i v i d e  t h i s  d i s t a n c e ,  r ,  b y  t h e  v e r t i c a l  d i s ­

t a n c e ,  z ,  b e t w e e n  t h e  p l a n e  o n  w h i c h  t h e  l o a d  

i s  a p p l i e d  a n d  t h e  p l a n e  o n  w h i c h  t h e  s t r e s s  i 6

d e s i r e d ;  s e l e c t  t h e  i n f l u e n c e  v a l u e  P  „  o r  P
OB ow

c o r r e s p o n d i n g  t o  t h e  v a l u e  o f  t h e  r a t i o  r / z ;  

a n d  c o m p u te  t h e  s t r e s s  f r o m  t h e  r e s p e c t i v e  
e q u a t i o n s :

p
P.8 5fl

p
•TLw

b. L i n e  L o a d  o f  F i n i t e  L e n g t h

T h e  v e r t i c a l  s t r e s s  a t  ri d u e  t o  a  l o a d  o f  
p  p e r  u n i t  o f  l e n g t h  a p p l i e d  a l o n g  a  l i n e  o f  
l e n g t h ,  y ,  i s  e x p r e s s e d  i n  t e r m s  o f  t h e  c o o r d i ­

n a t e  s y s t e m  6how n i n  F i g .  l b  and i n  a c c o r d a n c e  

w i t h  t h e  B o u s s i n e s q  an d  W e s t e r g a a r d  s o l u t i o n s  

r e s p e c t i v e l y  a s  f o l l o w s !

FIG. 1
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1
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I n  d i m e n s i o n l e s s  f o r m  t h e s e  e q u a t i o n s  b e c o m e
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K

(m* + n‘+l) (ml+l)

V 2tt (7nl+KJ) (m* + nt+K,)vi 7W.

w h e r e i n  m » —  a n d  n  -
z z

T h e  v a l u e s  o f  t h e  r i g h t - h a n d  m e m b e r s  o f  

t h e s e  e q u a t i o n s  ( d e s i g n a t e d  p o fi a n d  p QW r e s ­

p e c t i v e l y )  f o r  v a r i o u s  v a l u e s  o f  m a n d  n  a r e  

sh o w n  g r a p h i c a l l y  i n  F i g s .  2  a n d  3 .  T h e  v a l u e B  

sh o w n  i n  F i g .  3  c o r r e s p o n d  t o  K « t h a t
i s  f o r  = 0 .

x )  K  i B  d e f i n e d  s i m i l a r l y  i n  a l l  t h e  c a s e s  
t h a t  f o l l o w .
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INFLUENCE VALUES POR VERTICAL NORMAT, RTOTCHRES DUE TO LOAD AP.PT.T~Rn AT A POTOT1

TABLB 1.

Boussinesq Solutions 

Westergaard Solution (}*■ = O) ¡

OÍb” --• R» 
z*

<Zw’ ~ ■ 1JW 
2*

r/z

0.00
1
2
3
4
5
6 
7

o.io
i
2
3
4
5
6
7
8 
9

aB
0.W5
0.4773
0.4-770
0.4764
0.4756
0.4745
0.4732
0.4717
0.4699
0.4679

oW
0.3183
0.3182
0.3179
0.3175
0.3168
0.3159
0.3149
0.3137
0.3123
0.3107

0.4657
0.4633
0.460?
0.4579
0.4548
0.4516
0.4482
0.4446
0.4409
0.4370

0.3090
0.3071
0.3050
0.3028
0.3005
0.2980
0.2953
0.2926
0.2897
0.2867

0,20 0.4329 0.2836 0.90 0.1083
1 0.4266 0.2804 1 0.1057
2 0.4242 0.2771 2 0,1031
3 0.4197 0.2737 3 0.1005
4 0.4151 0.2703 4 0,0981
5 0.4103 0.2668 5 0,0956
6 0.4054 0.2632 6 0,0933
V 0.4004 0.2595 7 0,0910
8 0. 395* 0.2558 8 0.0887
9 0.3902 0*2521 9 0.0865

0.30 
1 
2
3
4
5
6
7
8

0.3849
0.3796
0.3742
0.3687
0.3632
0.3577
0*3521
0.3465
0.3408
0.3351

0.2463
0.2445
0,2407
0.2369
0.2330
0.2291
0.2253
0.2214
0.2176
0.2137

0.40 
1 
2
3
4
5
6
7
8 
9

0.329*
0.3238
0.3181
0.3124
0.3068
0.3011
0.2955
0.2899
0.2843
0.2788

0.2099
0.2061
0.2023
0.1986
0.1946
0.1911
0.1875
0.1839
0.1803
0.1768

0.50 
1 
2
3
4
5
6
7
8 
9

0.2733
0.2679
0.2625
0.2571
0.2518
0.2466
0,2414
0.2363
0.2313
0.2263

0.1733
0.1698
0.1664
0.1631
0.1598
0.1566
0.1534
0.1502
0.1471
0.1441

.60
1
2
3
4
5
6
7
8 
9

0.2214
0.2165
0,2117
0.2070
0.2024
0.1978
0.1934
0.1889
0.1864
0,1804

0,1411
0.1382
0,1353
0.1325
0.1297
0.1270
0.1244
0.1218
0.1192
0.1167

r/ z PoB PoW
r/ z

0.70 0.1762 0.1143 1,40
1 0.1721 0.1119 1
2 0.1681 0.1095 2
3 0.1641 0.1072 3
4 0.1603 0.1050 4
5 0.1565 0.1028 5
6 0.1527 0.1006 6
7 0.1491 0.0985 7
8 0.1455 0.0964 8
9 0.1420 0.0944 9

0.80
1
2
3
4
5
6
7
8

__9

0.1386
0.1353
0.1320
0.1288
0.1257
0.1226
0.1196
0.1166
0.1138
0.1110

0.0925 
0.0905 
0.0887 
0.0866 
O.0850 
0.0833 
0.0815 
0.0799 
0.0782 
0.0766
0.0751
0.0735
0.0720
0.0706
0.0692
0,0678
0.0664
0.0651
0.0638
0.0625

.00
1
2
3
4
5
6
7
8 
9

0.0844
0.0823
0.0803
0.0783
0.0764
0.0744
0.0727
0.0709
0.0691
0.0674

0.0613
0.0601
0.0589
0,0577
O.O566
0.0555
0.0544
0.0534
0.0523
0«0513

1.10
1
2
3
4
5
6
7
8 
9

0.0658
0.0641
0.0626
0.0610
0.0595
0.0581
0.0567
0.0553
0,0539
0.0526

0.0503
0.0494
0,0464
0.0475
0.0466
0.0458
0.0449
0.0441
0.0432
0.0424

1.20
1
2
3
4
5
6 
7 
6 
9

0.0513
0.0501
0.0489
0.0477
0,0466
O.0454
0,0443
0,0433
0.0422
0,0412

0.0417
0.0409
0,0401
0.0394
0,0387
0,0360
0,0373
0.0366
0.0360
0.0354

1.30
1
2
3
4
5
6
7
8 
9

0,0402
0,0393
0.0384
0.0374
0.0365
0.0357
0,0346
0,0340
0.0332
0.0324

0,0347
0.0341
0,0335
0.0329
0.0324
0.0318
0.0313
0.0307
0.0302
0.0297

oB
0.0317
0.0309
0,0302
0.0295
0.0288
0.0282
0.0275
0.0269
0.0263
0,0257

oW
0.0292
0,0287
0,0282
0,0277
0,0273
0,0266
0.0264
0,0259
0.0255
0.0251

1.50
1
2
3
4
5
6 
7 
6 
9

0,0251
0.0245
0.0240
0.0234
0.0229
0.0224
0.0219
0.0214
0.0209
0.0204

0.0247
0.0243
0.0239
0.0235
0.0231
0,0228
0,0224
0,0220
0.0217
0.0214

1.60
1
2
3
4
5
6 
7 
6 
9

0,0200
0.0195
0.0191
0,0187
0,0183
0,0179
0.0175
0.0171
0.0167
0.0163

0.0210
0,0207
0.0204
0.0201
0.0198
0.0195
0.0192
0.0189
0.0186
0,0183

1,70 0,0160 0.0180 2.40 0.0040 0,0072
1 0.0157 0.0178 1 0.0040 0,0071
2 0.0153 0.0175 2 0.0039 0.0070
3 0.0150 0.0172 3 0.0038 0.0069
4 0.0147 0.0170 4 0,0038 0,0069
5 0.0144 0,0167 5 0,0037 0.0068
6 0.0141 0.0165 6 0.0036 0.0067
7 0.0138 0,0163 7 0.0036 0.0066
8 0.0135 0,0160 6 0.0035 0.0066
9 0.0132 0,0158 9 0.0034 0.0065

1.80 0.0129 0.0156 2.50 0.0034 0.0064
1 0.0126 0.0153 1 0,0033 0,0064
2 0.0124 0.0151 2 0,0033 0.0063
3 0.0121 0,0149 * 0.0032 0.0062
4 0.0119 0,0147 4 0.0032 0.0061
5 0.0116 0.0145 5 0.0031 0,0061
6 0.0114 0,0143 6 0.0031 0.0060
7 0.0112 0,0141 7 0.0030 0.0059
8 0.0109 0.0139 8 0,0030 0,0059
9 0.0107 0.0137 9 0.0029 0.0058

1,90 0,0105 0,0135 2.60 0,0029 O.OO58
1 0.0103 0,0133 1 0.0028 0.0057
2 0.0101 0,0131 2 0,0028 0,0056
3 0.0099 0.0130 3 0.0027 0.0056
4 0.0097 0.0128 4 0.0027 0.0055
5 0.0095 0,0126 5 0,0026 0.0054
6 0.0093 0,0124 6 0,0026 0.0054
7 0.0091 0,0123 7 0,0025 O.OO53
8 0,0089 0.0121 8 0.0025 0.0053
9 0,0087 0.0120 9 0.0025 0,0052

2,00
1
2
3
4
5
6
7
8 
9

0,0085
0,0084
0.0082
0.0081
0.0079
0.0078
0.0076
0,0075
0.0073
0.0072

0.0118
0.0116
0.0115
0.0113
0,0112
0.0110
0,0109
0.0108
0.0106
0,0105

r/z
2.10
1
2
3
4
5
6 
7 
6 
9

oB
0.0070
0.0069
0,0068
0,0066
0,0065
0,0064
0,0063
0,0062
0,0060
O.OO59

oW
0.0103
0.0102
0.0101
0,0100
0.0098
0.0097
0.0096
0.0095
0.0094
0.0092

2.20
1
2
34
5
6
7
8 
9

0.0058
0.0057
0.0056
0.0055
0.0054
O.OO53
0,0052
0.0051
0.0050
0,0049

0.0091
0.0090
0.0089
0.0088
0.0087
0.0086
0.0085
0.0084
0.0083
0.0082

2.30
1
2
3
4
5 
6.
7
8
9

0.0048
0.0047
0.0047
0,0046
0,0045
0,0044
0,0043
0,0043
0,0042
0,0041

0.0081
0,0080
0,0079
0,0078
0.0077
0,0076
0,0075
0.0074
0,0074
0.0073

2,70
1
2
3
4
5
6
7
6
9

0,0024
0.0024
0.0023
0.0023
0,0023
0,0022
0,0022
0.0022
0,0021
0.0021

0.0052
0.0051
0.0051
0,0050
0,0050
0.0049
0.0049
0.0048
0,0046
0,0047

r/z
2,80 

1 
2
3
4
5
6
7
8 
9

0,0021
0.0020
0,0020
0,0020
0.0019
0,0019
0.0019
0.0019
0.0018
0.0018

P0W

0.0047
0.0046
0.0046
0.0045
0.0045
0.0045
0.0044
0.0044
0.0043
0.0043

2.90
1
2
3
4
5
6 
7 
6 
9

0.0018
0.0017
0,0017
0,0017
0.0017
0,0016
0.0016
0.0016
0.0016
0.0015

0.0042
0.0042
0.0042
0.0041
0.0041
0,0040
0,0040
0,0040
0.0039.
0.0039

r/ z

6,00
PoB
0.0001

PoW
0.0005

7.00 0.0000 0.0003

8,00 0.0000 0.0002

9.00 0.0000 0.0002

10.00 0.0000 0.0001
00 0.0000 0.0000

,00
2
4
6
8

3.20
2
4
6
6

3.50
.6
.7
.8
.9
4.00
.1
.2
.3
.4
.5
,6
.7
,8
.9

0.0015
0,0015
0,0014
0.0014
0,0013

0.0038
0.0038
0.0037
0.0036
0.0036

3.10
2
4
6
6

0.0013
0,0013
0,0012
0,0012
0,0012

0.0035
0.0034
0.0034
0.0033
0.0033

0.0011
0.0011
0.0011
0.0010
0.0010

0.0032
0.0031
0.0031
0.0030
0.0030

.30
2
4
6
8

0.0010
00,009
0,0009
0,0009
0,0009

0.0029
0.0029
0.0028
0.0028
0.0027

3.40
2
4
6
8

0.0009
0.0008
0.0008
0.0008
0.0008

0,0027
0,0026
0.0026
0.0026
0.0025

0,0007
0.0007
0.0006
0.0005
0.0005

0.0025
0.0023
0.0021
0.0020
0.0018

0.0004
0.0004
0.0003
0.0003
0.0003
0,0002
0.0002
0.0002
0.0002
0.0002

0.0017
0,0016
0.0015
0.0014
0.0013
0.0012
0,0011
0,0011
0,0010
0,0009

5.00 0,0001 0.0009
.2 0,0001 0.0008
.4 0.0001 0.0007
.5 0,0001 0.0007
,6 0,0001 0.0006
• B 0,0001 0.0006
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FIG. 2

To find the value of the stress at any 
point, 3, it is necessary only to measure the 
distances x and y as defined in Fig. lb; di­
vide these distances by the depth z to obtain 
the ratios m and n respectively; and then 
select the influence value PqB or pQW from the

respective chart. The stress is determined 
from the respective equations»

-P .B  6 B
z

—  • P .w  
z

%

It is to be noted that the coordinate sys­
tem shown in Fig. lb is so chosen that the T 
axis is parallel to the line that is loaded 
and that the X axis passes through one end of 
this line. By the principle of superposition 
the stress(Jz' at a point 3' that lies in the 
plane z'O'x', which is parallel to the plane 
zOx, can be determined readily by subtracting 
from the stress due to a line load of length 
(y'+y) the stress due to the line load of 
length y'.

c. Rectangular Area-Uniformly Loaded.
Expressions 1 or the vertical stresB at 

depth, z, below the corner of a rectangular 
area (x, y) uniformly loaded with a load w per 
unit of area are stated in tenns of the coordi­
nate system shown in Fig, lc, as follows: x)

47T

2xyz(xt+y1+z*)Vk x U y ' + i z *

Z*(x,+ y*+z‘)+x*y* x*+y*+z*

2 * y Z (x*+ y'+ z*)*1
-*• t a n

z,(x,+ y1+z1)-x‘y*

-i xy

2*r K z  ( x * + y ‘ + K 1z l )Vl

?B

Expressed in t e n s  of d i m e n B i o n l e s s  q u a n t i t i e s  
t h e s e  e q u a t i o n s  become

w 4tt

2 ■m-n(ni,+ 1)*+I)’4 ni‘+'n,+ 2

m '+ n **  1 ■un1«'

2-m-n(Tn‘+ n*+ l)Vl
+ tan

m1 + n* +1-Tn'T)1

w 2?r R(m1+n*+K*)Vl

x) The equations and influence values for the 
Boussinesq problem were developed for this 
case by N.U. Newmark, loc.cit. (6). See also 
(13), "Tafeln zur Setzungs berechnung," Die 
Strasse, Oct 1934; and (14), "Stress Distri­
bution and Deflection under loaded Areas," 
ty A. Gutierrez, a thesis submitted to tne 
Massachusetts Institute of Technology, Cam­
bridge, Mass., 1931.



81

FIG.3

The valueb of the right-hand members of 
equations 8fi and 8^, designated wQfi and wQff

respectively, are shown graphically in Figs. 4 
and 5. The values shown in Fig. 5 correspond 
to a value of jjl « 0. To find the value of the 
stress at any point B below the comer of a rec­
tangular area (x, y) uniformly loaded with a 
load of w pex unit area proceed as follows:
1) Measure the distances x and y as defined in 

Fig. lc.
2) Obtain the ratios m and n by dividing x and 

y respectively by z, the distance from the
plane of loading to the plane on which the 
stress is desired,
3) Select from the chart the proper value of 

W0B or wo W
4) Compute the stress, <fz from the respective 

equations.

It is seen that the coordinate system 
shown in Fig. lc is so chosen that the origin 
coincides with the comer of the loaded, rec­
tangular area. The stress at sonie point,which 
is not below a corner, as for example at point 
B* in Fig. lc, can be found from the principle 
of superposition as follows:
1, Determine the influence of value wQl for

the stress due to load uniformly distribut­
ed over the rectangular area (x+x') ,(y+y'), 
which includes the area that is loaded and 
which has a comer above the point at which 
the stress is desired.
2. Determine the influence values w q2 and wQ^

for the stress due to load uniformly distri 
buted over the areas (x+x')f y' and x 1, (y+y') 
respectively.
3. Determine the influence value w ,, for the 

stress due to load uniformly distributed
over the area x ’, y*. (this area was included 
twice in step 2.)
4, Compute the stress at 3' from the equation:

o;w- w w .b o'*' - w (w.1- - woS + wo4) 10
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INFLU ENCE VALUES FO B  V E R T IC A L  NORMAL S T B E S S E S  

BENEATH THE CENTER OF A UNIFORMLY LOADED. C IR C U L A R  AR E A .

BoussineBq Solution:

TABLE 2 .

Westergaard Solutions (M* 0): C£W* W ' W 4W

r/z
oE oW

r / z
W oB woW

r / z oB woW r / z
w oB oW

0 .00 0.0000 0.0000 0 .7 0 0 .4 5 0 2 0 .2 8 9 3 1 .4 0 0 .8 0 3 6 0 .5 4 9 2 2 .3 0 0 .9 3 6 6 0 .7 0 6 1

1 0 .0 0 0 2 0.0 0 0 1 1 0 .4 5 7 9 0 .2 9 4 3 1 0 .8 0 6 4 0 .5 5 1 7 .3 5 0 .9 4 0 0 0 .7 11 9
2 0 .0 0 0 6 0 .0 0 0 4 2 0 .4 6 5 5 0 .2 9 9 3 2 0 .8 0 9 1 0 .5 5 4 3 .4 0 O .943I 0 .7 17 4
3 0 .0 0 1 4 0.0009 3 0 .4 7 3 1 0 .3 0 4 3 3 0 .8 1 1 8 0 .5 5 6 8 .4 5 0 .9 4 6 0 0 .72 27
4 0 .0 0 2 4 0 .0 0 1 6 4 0 .4 8 0 6 0 .3 0 9 1 4 0 .8 1 4 4 0 .5 5 9 2 • 5 0 0 .9 4 8 8 0 .7 2 7 8

5 0 .0 0 3 7 0.0025 5 0 .4 8 8 0 0 .3 1 4 0 5 0 .8 1 7 0 0 .5 6 1 7 • 55 0 .9 5 1 3 0 .7 3 2 0
6 0 .0 0 5 4 0 .0 0 3 6 6 0 .4 9 5 3 0 .3 1 8 8 6 0 .8 1 9 6 0 .5 6 4 1 .6 0 0 .9 5 3 7 0 .7 3 7 6
7 0 .0 0 7 3 0 .0 0 4 9 7 0 .5 0 2 6 0 .3 2 3 6 7 0 .8 2 2 1 0 .5 6 6 5 .6 5 0 .9 5 6 0 0 .7 4 2 2
8 0.0095 0 .0 0 6 3 8 0 .5 0 9 8 0 .3 2 8 4 8 0 .8 2 4 5 0 .5 6 8 9 .7 0 O .958I 0 .7 4 6 7

9 0 .0 1 2 0 0 .0 0 8 0 9 0 .5 1 6 9 0 .3 3 3 1 9 0 .8 2 6 9 0 .5 7 1 3 .7 5 0 .9 6 0 1 0 .7 5 1 0
on 0 .9 6 2 0• w

0 .1 0 0 .0 1 4 8 0.0099 0. 80 0 .5 2 3 9 0 .3 3 7 7 1 .5 0 0 .8 2 9 3 0 .5 7 3 6 .8 5 0 .9 6 3 7 0.7592
l 0 .0 1 7 9 0 .0 1 1 9 1 0 .5 3 0 8 0 ,3 4 2 4 1 0 .8 3 1 7 0 .5 7 5 9 .9 0 0 .9 6 5 4 0 .7 6 3 1
2 0 .0 2 1 2 0 .0 1 4 1 2 0 .5 3 7 6 0 .3 4 7 0 2 0 .8 3 4 0 0 .5 7 8 2 .9 5 0 .9 6 6 9 0 .7 6 6 9
3 0 .0 2 4 6 0 .0 1 6 5 3 0 .5 4 4 4 0 .3 5 1 5 3 0 .8 3 6 2 O . 58O5
4 0 .0 2 8 7 0.0190 4 0 .5 5 1 1 0 .3 5 6 0 4 0 .8 3 8 5 0 .5 8 2 7 3 .0 0 0 .9 6 8 4 0 .7 7 0 6
5 0 .0 3 2 8 0 .0 2 1 8 5 0 .5 5 7 7 0 .3 6 0 5 5 0 .8 4 0 7 0 .5 8 5 0 .1 0 0 .9 7 11 0 .7 7 7 6
6 0 .0 3 7 2 0 .0 2 4 7 6 0 .5 6 4 2 0 .3 6 4 9 6 0 .8 4 2 8 0 .5 8 7 2 .2 0 0 .9 7 3 5 0 .7 8 4 2
7 0 .0 4 1 8 0 .0 2 7 7 7 0 .5 7 0 6 0 .3 6 9 3 7 0 .8 4 5 0 0 .5 8 9 3 • 3 0 0 .9 7 5 6 0 .7 9 0 5
8 0 .0 4 6 ? 0.0309 8 0 .5 7 ,6 9 0 .3 7 3 6 . 8 0 .8 4 7 0 0 .5 9 1 5 .4 0 0 .9 7 7 5 0 .7 9 6 4
9 0 .0 5 1 8 0 .0 3 4 3 9 0.5832 0 .3 7 7 9 9 0 .8 4 9 1 0 .5 9 3 7 .5 0 0 .9 7 9 3 0 .8 0 2 0

.6 0 O .98O8 0,8073
0 .2 0 0 .0 5 7 1 0 .0 3 7 8 0.90 0 .5 8 9 3 0 .3 8 2 2 1 .6 0 0 .8 5 1 1 0 .5 9 5 8 .7 0 0 .9 8 2 2 0 .8 1 2 3

1 0 .0 6 2 7 0 .0 4 1 4 1 0 .5 9 5 4 0 .3 8 6 4 1 0 .8 4 3 1 0 .5 9 7 9 .8 0 0 .9 8 3 5 0.18171
2 0 .0 6 8 4 0 .0 4 5 2 2 0 .6 0 1 4 0 .3 9 0 6 2 0 .8 5 5 1 0 .6 0 0 0 .9 0 0 .9 8 4 7 0 .8 2 1 6
3 0 .0 7 4 4 0 .0 4 9 0 3 0 .6 0 7 3 0 .3 9 4 8 3 0 .8 5 7 0 0 .6 0 2 0
4 0 .0 8 0 6 0 .0 5 3 1 4 0 .6 1 3 2 0 .3 9 8 9 4 0 .8 5 8 9 0 .6 0 4 1 4 .0 0 0 .9 8 5 7 0.8259
5 0 .0 8 6 9 0 .0 5 7 2 5 0 .6 1 8 9 0 .4 0 2 9 5 0 .8 6 0 8 0 .6 0 6 1 .2 6 0 .9 8 7 6 0 .8 3 4 0
6 0 .0 9 3 5 0 .0 6 1 4 6 0 .6 2 4 6 0 .4 0 6 9 6 0 .8 6 2 6 0 .6 0 8 1 .4 0 0 .9 8 9 1 0 .8 4 1 3
7 0 .1 0 0 2 0 .0 6 5 8 7 0 .6 3 0 2 0 .4 1 0 9 7 0 .8 6 4 4 0 .6 1 0 1 .6 0 0.9904 0 .8 4 8 1
8 0 .1 0 7 0 0.0702 8 0 .6 3 5 7 0 .4 1 4 9 8 0 .8 6 6 2 0 .6 1 2 1 .8 0 0.9915 0 .8 5 4 3
9 0 .1 1 4 1 0 .0 7 4 8 9 0 .6 4 1 1 0 .4 1 8 8 9 0 .8 6 7 9 0 .6 1 4 0

c n n 0.9925 n Gcnnp , UU U* ODUU
0.30 0 .1 2 1 3 0 .0 7 9 4 1 . 00 0 .6 4 6 5 0 .4 2 2 7 1 .7 0 0 .8 6 9 7 0 .6 1 6 0 .20 0 .9 9 3 3 0 .8 6 5 3

1 0 .1 2 8 6 0 .0 8 4 2 1 0 .6 5 1 7 0 .4 2 6 5 1 0 .8 7 1 4 0 .6 1 7 9 .4 0 0.9940 0 .8 7 0 2
2 0 .1 3 6 1 0 .0 8 9 0 2 0 .6 5 6 9 0 .4 3 0 3 2 0 .8 7 3 0 0 .6 1 9 8 .6 0 0 .9 9 4 6 0 .8 7 4 7
3 0 .1 4 3 6 0 .0 9 3 8 3 0 .6 6 2 0 0 .4 3 4 0 3 0 .8 7 4 7 0 .6 2 1 7 .8 0 0 .9 9 5 1 0 .8 7 9 0
4 0 .1 5 1 3 0 .0 9 8 8 4 0 .6 6 7 0 0 .4 3 7 7 4 0 .8 7 6 3 0 .6 2 3 5
5 0 .1 5 9 2 0 .1 0 3 8 5 0 .6 7 2 0 0 .4 4 1 4 5 0 .8 7 7 9 0 .6 2 5 4 6 .0 0 0 .9 9 5 6 0 .8 8 3 0
6 0 .1 6 7 1 0 .1 0 8 9 6 0 .6 7 6 9 0 .4 4 5 1 6 0 .8 7 9 4 0 .6 2 7 2 • 50 0 .9 9 6 5 0 .8 9 1 9
7 0 - 1 7 5 1 0 .1 1 4 0 7 0 .6 8 1 7 0 .4 4 8 7 7 0 .8 8 1 0 0 .6 2 9 0
8 0 .1 8 3 2 0 .1 1 9 1 8 0 .6 8 6 4 0 .4 5 2 2 6 0 .8 8 2 5 0 .6 3 0 8 7 .0 0 0 .9 9 7 2 0 .8 9 9 5
9 0 .1 9 1 3 0 .1 2 4 4 9 0 .6 9 1 0 0 .4 5 5 8 9 0 .8 8 4 0 0 .6 3 2 6 • 5 0 0 .9 9 7 7 0 .9 0 6 1

0 .4 0 0 .1 9 9 6 0 .1 2 9 6 1 . 10 0 .6 9 5 6 0 .4 5 9 3 1 .8 0 0 .8 8 5 5 0 .6 3 4 4 8 .0 0 O .998I 0 .9120
1 0.2079 0 .1 3 4 9 1 0 .7 0 0 1 0 .4 6 2 7 1 0 .8 8 6 9 0 .6 3 6 1 Q (VI r\ rtftryi
2 0 .2 1 6 3 0 .1 4 0 2 2 0 .7 0 4 6 0 .4 6 6 2 2 0 .8 8 8 3 0 .6 3 7 9

y * UU o #99“7 0 .9 2 17

3 0 .2 2 4 7 0 .1 4 5 6 3 O.7 0 8 9 0 .4 6 9 5 3 0 .8 8 9 7 0 .6 3 9 6 1 0 .0 0 0.9990 0.9295
4 0 .2 3 3 2 0.1510 4 0 .7 1 3 2 0 .4 7 2 9 4 0 .8 9 1 1 0 .6 4 1 3 r\  rtofwi
5 0 .2 4 1 7 0 .1 5 6 4 5 0 .7 1 7 5 0 .4 7 6 2 5 0 .8 9 2 5 0 .6 4 3 0

i.d*UU o*999**- 0.9412
6 0.2502 0 .1 6 1 8 6 0 .7 2 1 6 0 .4 7 9 5 6 0 .8 9 3 8 0 .6 4 4 7 1 4 .0 0 0 .9 9 9 6 0.9496
7 0 .2 5 8 7 0 .1 6 7 2 7 0 .7 2 5 7 0 .4 8 2 8 7 0 .8 9 5 1 0 .6 4 6 3 t c. rv~\
8 0 .2 6 7 3 0 .1 7 2 6 8 0 .7 2 9 8 0 .4 8 6 0 8 0 .8 9 6 4 0 .6 4 8 0

±D* UU o#9990 0.9559
9 0 .2 7 5 9 0 .1 7 8 1 9 0 .7 3 3 7 0 .4 8 9 2 9 0 .8 9 7 7 0 .6 4 9 6 1 8 .0 0 0 .9 9 9 8 0 .9 6 0 8

0.50 0 .2 8 4 5 0 .1 8 3 5 1 . 20 0 .7 3 7 6 0 .4 9 2 3 I .90 0 .8 9 9 0 0 .6 5 1 2
2 0 .0 C 0 .9 9 9 9 0 .9 6 4 7

1 0 .2 9 3 0 0 .1 8 9 0 1 0 .7 4 1 5 0 .4 9 5 5 1 0.9002 0 .6 5 2 8 25.00 0 .9 9 9 9 0 .9 7 1 7
2 0 .3 0 1 6 0 .1 9 4 4 2 0 .7 4 5 3 0 .4 9 8 5 2 0 .9 0 1 4 0 .6 5 4 4
3 0 .3 1 0 2 0 .1 9 9 8 3 0 .7 4 9 0 0 .5 0 1 6 3 0 .9 0 2 6 0 .6 5 6 0

30.00 1 .0 0 0 0 0 .9 7 6 4

4 0 .3 1 8 8 0.2053 4 0.7526 0 .5 0 4 6 4 0 .9 0 3 8 0 .6 5 7 6 4 0 .0 0 1 .0 0 0 0 0 .9 8 2 3
5 0 .3 2 7 3 0 .2107 5 0 .7 5 6 2 0 .5 0 7 6 5 0.9050 0 .6 5 9 1
6 0 .3 3 5 8 0 .2 1 6 1 6 0 .7 5 9 8 0 .5 1 0 6 6 . 0 .9 0 6 1 0 .6 6 0 6

50 • 00 1 .0 0 0 0 0.9859

7 0 .3 4 4 3 0.2215 7 0 .7 6 3 2 0 .5 1 3 5 7 0 .9 0 7 3 0 .6 6 2 2 1 0 0 .0 0 1 .0 0 0 0 0 .9 9 2 9
8 0 .3 5 2 7 0 .2 2 6 8 8 0 .7 6 6 7 0 .5 1 6 5 8 0 .9 0 8 4 0 .6 6 3 7
9 0 .3 6 1 1 0 .2 3 2 2 9 0.7700 0 .5 1 9 3 9 0 .9 0 9 5 0 .6 6 5 2

00 1 .0 0 0 0 1 .0 0 0 0

0 .6 0 0 .3 6 9 5 0 .2 3 7 5 1 . 3 0 0 .7 7 3 3 0 .5 2 2 2 2 .0 0 0 .9 1 0 6 0 .6 6 6 7
1 0 .3 7 7 8 0—2 4 28 1 0 .7 7 6 6 0 .5 2 5 0 2 0 .9 1 2 7 0 .6 6 9 6
2 0 .3 8 6 1 0 .2 4 8 1 2 0.7798 0 .5 2 7 8 4 0 .9 1 4 7 0 .6 7 2 5
3 0.3943 0 .2 5 3 4 3 0 .7 8 3 0 0 .5 3 0 6 6 0 .9 1 6 7 0 .6 7 5 3
4 0.4025 0 .2 5 8 6 4 0 .7 8 6 1 0 .5 3 3 3 8 0 .9 1 8 7 0 .6 7 8 1
5 0 .4 1 0 6 0 .2 6 3 8 5 0 .7 8 9 1 0 .5 3 6 0
6 0 .4 1 8 6 0 .2 6 9 0 6 0 .79 2 1 0 .5 3 8 7 2 .1 0 0.9205 0 .6 8 0 9
7 0 .4 2 6 6 0 .2 7 4 1 7 0 .79 51 0 .5 4 1 4 ■15 O.9250 0 .6 8 7 6
8 0 .4 3 4 5 0 .2 7 9 2 8 0 .7 9 8 0 0.5440 .2 0 O.9 29 1 0 .6 9 4 0
9 0 .4 4 2 4 0 .2 8 4 3 9 0 .8 0 0 8 0 .5 4 6 6 .2 5 0 .9 3 3 0 0 .7 0 0 2
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d. Circular Area Uniformly Loaded
Expressions lor the stress beneath, the 

center of a uniformly loaded, circular area 
are as followst

1 >
------I1*
1 + (r/2) B

< K___ __

'  livw ^rT" n w

In Table 2 are given the values of the 
right-hand members of these equations, and

w for various values of the ratio r/z. The 
v&fues of correspond to a value of^- O# 
The value of the stress below the center or 
a uniformly loaded» circular area is deteroiu— 
ed with the aid of the values given in Table 2 
from equations similar to Eq. 9g and 9^.
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