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CATEGORY B 
C 

Reed L. Mosher 

T h i s  program can  be used f o r  t h e  a n a l y s i s  o f  t h e  b e a r i n g  c a p a c i t y  o f  sha l low 
s t r i p ,  r e c t a n g u l a r ,  s q u a r e ,  o r  c i r c u l a r  f o u n d a t i o n s  on one- o r  t w o - l a y e r  s o i l  
sys tems .  The b e a r i n g  c a p a c i t y  can b e  computed c o n s i d e r i n g  t h e  e f f e c t s  o f  embed- 
ment o f  t h e  founda t ion ,  i n c l i n a t i o n  o f  t h e  f o u n d a t i o n  b a s e ,  i n c l i n e d  l o a d s ,  a  
s l o p i n g  s o i l  s u r f a c e ,  e c c e n t r i c  l o a d s  i n  t h r e e  d imensions ,  submerged s o i l ,  o r  
su rcharge .  

Timeshar ing FORTRAN Program. 

The b e a r i n g  c a p a c i t y  o f  an  i n f i n i t e  s t r i p  f o o t i n g  i s  d e r i v e d  based on t h e  
c l a s s i c a l  t h e o r y  o f  p l a s t i c i t y  u s i n g  l i m i t  e q u i l i b r i u m  a n a l y s i s .  The s o i l  
b e h a v i o r  i s  assumed t o  be  a s  f o l l o w s :  (a)Mohr-Coulomb f a i l u r e  c r i t e r i a  govern;  
( b ) s h e a r  s t r e n g t h  a t  any p o i n t  i s  independent  o f  s t r a i n ;  ( c ) e l a s t i c  de fo rmat ions  

1 a r e  n e g l i g i b l e  w i t h  r e s p e c t  t o  p l a s t i c  d e f o r m a t i o n s ;  and (d)volume 
I s t r e s s  i s  n e g l i g i b l e .  

Data i s  i n p u t  from a  p r e p a r e d  d a t a  f i l e  i n  f r e e  f i e l d  format  o r  from t h e  u s e r ' s  
t e r m i n a l  d u r i n g  e x e c u t i o n .  I f  t h e  d a t a  a r e  i n p u t  from a  t e r m i n a l  t h e  u s e r  may 
e n t e r  d a t a  by u s l n g  key command words o r  by fo l lowing  a  prompting sequence.  Out 
p u t  from t h e  program may be d i r e c t e d  t o  a f l l c  o r  p r l n t c d  a t  t h e  u s e r ' s  t e r m i n a l .  

Program i s  a v a i l a b l e  through t h e  COIlPS on lVES DT-'S/l, CSC H G O O O  a t  blacon, GA, and -- 
Boeing Computer S e r v i c e s .  
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PREFACE 

This user's guide documents a computer program called CBEAR that 

can be used to perform bearing capacity analyses on shallow foundations. 

The work in writing the computer program and the user's guide was accom- 

plished with funds provided to the U. S. Army Engineer Waterways Experi- 

ment Station (WES), Vicksburg, Miss., by the Civil Works Directorate of 

the Office, Chief of Engineers, U. S. Army (OCE), under the Geotechnical 

Aspects of the - Computer-Aided - - Structural - Engineering (CASE) Project. 
Specifications for the program were provided by members of the 

CASE Task Group on Geotechnical Aspects of CASE: 

Mr. 
Mr. 
& *  

Hr . 
Mr. 
Mr. 
Mr. 
Dr. 

Thomas Wolff, St. Louis District (Chairman) 
Lavane D. Dempsay, St. Paul District 
Roger Brown, South Atlantic Division 
Earl V. Edris, Jr., WES 
Rixby J. Hardy, OCE 
Reed L. Mosher, WES 
Phillip Napolitano, New Orleans District 
N. Radhakrishnan, WES 

The specifications were compiled by Mr. Dana Humphrey, Foundation and 

Materials Branch, St. Louis District, under the guidance of Mr. Wolff. 

The main analysis algorithm was written by Mr. Gordon L. Muster I1 

and Dr. Michael W. O'Neill, Department of Civil Engineering, University 

of Houston, under Contract No. DACW39-80-M-4524, Additions and modifi- 

cations were made to the code by Mr. Mosher and Mr. Michael E. Pace, 

Computer-Aided Design Group, Automatic Data Processing (ADP) Center, WES. 

This report was written by Messrs. Mosher and Pace. Appendices B ,  

C, and D are an edited version of Mr. Humphrey's specifications report. 

The work was managed and coordinated by Dr. Radhakrishnan, Special Tech- 

nical Assistant, ADP Center, LrES, and CASE Project Xanager. Mr. Hardy, 

Geotechnical Branch, Civil Works Directorate, was the OCE point of con- 

tact. Mr. Donald L. Neumann was Chief of the ADP Center, WES. 

Commanders and Directors of WES during the development of the pro- 

gram and the publication of this report were COL S .  P. Conover, CE, and 

COL T. C. Creel, CE. Technical Director was Flr. F. R. Brown. 
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CONVERSION FACTORS, INCH-POUND TO METRIC ( S I )  
U N I T S  OF MEASUREMENT 

Inch-pound u n i t s  o f  measurement used i n  t h i s  r e p o r t  c a n  b e  c o n v e r t e d  t o  

m e t r i c  ( S I )  u n i t s  as f o l l o w s :  

M u l t i p l y  By To O b t a i n  

f e e t  0.3048 m e t r e s  

k i p s  (1000 l b  f o r c e )  4.448222 ki lonewtons  

k i p s  ( f o r c e )  p e r  s q u a r e  f o o t  4 7 . 8 8 0 2 6 3  p a s c a l s  

pounds ( f o r c e )  p e r  s q u a r e  f o o t  4 7 . 8 8 0 2 6 3  k i l o p a s c a l s  

pounds (mass) p e r  c u b i c  f o o t  16 .018463  ki lograms  p e r  c u b i c  m e t r e  



USER'S GUIDE: COMPUTER PROGRAM FOR BEARING 

CAPACITY ANALYSES OF SHALLOW FOUNDATIONS 

(CBEAR) 

PART INTRODUCTION 

Purpose  o f  Program CBEAR 

1. CBEAR i s  a computer program f o r  a n a l y s i s  of t h e  b e a r i n g  capac- 

i t y  o f  s h a l l o w  s t r i p ,  r e c t a n g u l a r ,  s q u a r e ,  o r  c i r c u l a r  f o u n d a t i o n s  on 

one- o r  two-layer s o i l  sys tems .*  The b e a r i n g  c a p a c i t y  can  be computed 

c o n s i d e r i n g  t h e  e f f e c t s  o f :  

a .  Embedment o f  t h e  f o u n d a t i o n .  - 
b .  I n c l i n a t i o n  o f  t h e  f o u n d a t i o n  base .  .- 

c .  I n c l i n e d  l o a d s .  - 
d .  A s l o p i n g  s o i l  s u r f a c e .  - 
e .  E c c e n t r i c  l o a d s  i n  t h r e e  dimensions .  - 
f .  Submerged s o i l .  - 
g. S u r c h a r g e s .  

Scope 

2 .  P a r t  I1 g i v e s  a b r i e f  d e s c r i p t i o n  of t h e  a n a l y s i s  p rocedures  

employed i n  t h e  program, P a r t  111 p r e s e n t s  i n s t r u c t i o n s  f o r  t h e  i n p u r  

and e x e c u t i o n  o f  t h e  program. Example r u n s  with hand computa t ions  a r e  

p r e s e n t e d  i n  Appendix A .  Appendix B p r e s e n t s  t h e  d e t a i l e d  c r i t e r i a  

CBEAR i s  d e s i g n a t e d  I0017 i n  t h e  C o n v e r s a t i o n a l l y  O r i e n t e d  Real-Time - - 
Program-Generating Svstem (CORPS) l i b r a r y .  Three  s h e e r s  e n t i t l e d  - 
"PRoGR~vI I~TFOFXLP~TICE;' have Seen hand-inser  ted  i n s  i ? .~  t h e  f r o n t  cover  
o f  t h i s  r e p o r t .  They p r e s e n t  g e n e r a l  in fo rmat ion  on t h e  program and 
d e s c r i b e  how i t  can be a c c e s s e d .  I f  p rocedures  ussd t o  a c c e s s  t h i s  
and o t h e r  CORPS l i b r a r y  programs s h o u l d  change,  r e c i p i e n t s  of t h i s  
r e p o r t  w i l l  b e  f u r n i s h e d  a r e v i s e d  v e r s i o n  of t h e  "PROGRAM INFORMATIOK." 



specifications that were used in program development as well as the 

analytical procedures used by the program. Appendix C presents a compari- 

son of the different procedures investigated in the development of the 

criteria specifications. Appendix D presents numerical comparison for 

the procedures discussed in Appendix C. 



PART 11: ANALYSIS PROCEDURE 

I n t r o d u c t i o n  

3 .  The b e a r i n g  c a p a c i t y  o f  a n  i n f i n i t e  s t r i p  f o o t i n g  is d e r i v e d  

based on t h e  c l a s s i c a l  t h e o r y  of p l a s t i c i t y  u s i n g  l i m i t  e q u i l i b r i u m  

a n a l y s i s .  The s o i l  behav ior  i s  assumed t o  be as fo l lows  (Vesic  1967) :  

a .  Mohr-Coulomb f a i l u r e  c r i t e r i a  govern.  - 
b .  Shear  s t r e n g t h  a t  any  p o i n t  i s  independent  o f  s t r a i n .  - 
c .  E l a s t i c  de format ions  a r e  n e g l i g i b l e  w i t h  r e s p e c t  t o  - 

p l a s t i c  de format ions .  

d .  Volume change due t o  s t r e s s  i s  n e g l i g i b l e .  - 

These assumpt ions  d e s c r i b e  t h e  b e h a v i o r  of a  r i g i d ,  p e r f e c t l y  p l a s t i c  

m a t e r i a l  which would e x h i b i t  t h e  s t r e s s - s t r a i n  r e l a t i o n s h i p  shown in 

F i g u r e  1. 

Figure  1. S t r e s s - s t r a i n  r e l a t i o n s h i p  
f o r  a r i g i d ,  p e r f e c t l y  p l a s t i c  

m a t e r i a l  

4. The f i r s t  t h e o r e t i c a l  s o l u t i o n  of t h i s  problem i s  a t t r i b u t e d  

t o  P r a n d t l  and R e i s s n e r  i n  t h e  e a r l y  1 9 2 0 ' s .  T h e i r  s o l u t i o n  was f o r  a  

punch b e i n g  p r e s s e d  i n t o  a s e m i - i n f i n i t e ,  w e i g h t l e s s  continuum. The 

puzch was model led as  a d i s t r i b u t e d  i n f i n i t e  s t r i p  load (Vesic  1 9 6 7 ) .  

The f a i l u r e  p a t t e r n ,  as  i l l u s t r a t e d  i n  F igure  2 ,  c o n s i s t e d  o f  t h r e e  

zonies of shear: 



a .  - I: Rankine a c t i v e  zone. 

b. 11: Rankine p a s s i v e  zone. - 
c .  111: R a d i a l  s h e a r  zone.  - 

F i g u r e  2. Shear  zone a t  f a i l u r e  of an e a r t h  
s u p p o r t e d  s t r i p  f o o t i n g  

5. T e r z a g h i  (1943) d e f i n e d  t h i s  t y p e  o f  f a i l u r e  mechanism a s  a 

g e n e r a l  s h e a r  f a i l u r e  and d e r i v e d  t h e  f o l l o w i n g  e q u a t i o n  f o r  b e a r i n g  

c a p a c i t y  of 2 con t inuous  f o o t i n g :  

where I3 e q u a l s  w i d t h  of t h e  f o o t i n g .  The b e a r i n g  c a p a c i t y  f a c t o r s  
*c 

Id , and N are dependent o n l y  on t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  . 
9 Y 

6.  Meyerhof (1963) ,  Ves ic  (1975),  and o t h e r s  have d e r i v e d  v a r i o u s  

b e a r i n g  c a p a c i t y  f a c t o r s  and have a p p l i e d  c o r r e c t i o n  f a c t o r s  t o  t h e  

g e n e r a l  b e a r i n g  c a p a c i t y  e q u a t i o n  proposed by Terzagh i .  The c o r r e c t i o n  

f a c t o r s  account  f o r  v a r i a t i o n s  i n  l o a d i n g  geometry and s o i l  c o n d i t i o n s .  

The b e a r i n g  c a p a c i t y  f a c t o r s  and c o r r e c t i o n  f a c t o r s  used i n  t h i s  p r o g r a u  

a r e  t h o s e  of V e s i c  (1975) and Meyerhof (1963) .  The c o r r e c t i o n  f a c t o r s  

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

f o r  a 1 1  problems encountered by t h e  p r a c t i c i n g  e n g i n e e r  and shou ld  n o t  be  

used b l i n d l y .  Appendix B shou ld  be  r e a d  i f  t h e  u s e r  i s  u n f a m i l i a r  w i t h  

t h e  use  o f  t h e s e  c o r r e c t i o n  f a c t o r s .  

Generali-zed Bear ing  Capac i ty  Equa* 

7 .  The form of t h e  g e n e r a l i z e d  b e a r i n g  c a p a c i t y  e q u a t i o n  used by 

t h e  program is :  



where 

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

N c ,  N q ,  Ny = b e a r i n g  c a p a c i t y  f a c t o r s  

$ 9  C q ,  iy = s h a p e  f a c t o r s  

'cd' 'qd' 'yd = embedment f a c t o r s  

Sci, C q i ,  Syi = i n c l i n a t i o n  f a c t o r s  

' c t y  < q t '  'yt 
= b a s e  t i l t  f a c t o r s  

'cg' 'qg' <Yg 
= ground s l o p e  f a c t o r s  

c  = cohes ion  

y  = u n i t  we igh t  o f  t h e  s o i l  

B = e f f e c t i v e  b a s e  wid th  

L = e f f e c t i v e  b a s e  l e n g t h  

qo 
= e f f e c t i v e  overburden p r e s s u r e  on a  p l a n e  p a s s i n g  

t h r o u g h  t h e  b a s e  of t h e  f o o t i n g  

Bear ing c a p a c i t y  f a c t o r s  (N , Na , Ny)  
C 

8 .  The b e a r i n g  c a p a c i t y  f a c t o r s  used i n  t h e  program a r e  t h o s e  

d e r i v e d  by Meyerhof (1963) f o r  a s h a l l o w  h o r i z o n t a l  s t r i p  f o o t i n g  uirrder 

a  v e r t i c a l  l o a d .  They a r e :  

For  9 > 0' , 

N = (Nq - I) c o t  9 
C 

TT tan 9 
N = e  N 

q 9 

N = (Nq - 1 )  t a n  1.49 
Y 

For Q = 0' , 

where 
2 IT A$- '  N = t a n  (z . 2) 

4 
4 = a n g l e  of i n t e r n a l  f r i c t i o n  



Shape f a c t o r s  (c , c , 3 ) 
C 

' 9 .  The s h a p e  f a c t o r s  computed by t h e  pxogram were  p r e s e n t e d  by 

Meyerhof (1963) : 

X 

For  4 = 0" , 

For 4 > 10' , 

For 0' < 4 - < 10' , a  l i n e a r  i n t e r p o l a t i o n  between 1 f o r  4 = 0' and 

'1 -t 0.1N (B/L) f o r  @ = 10" i s  used .  
@ 

Embedment f a c t o r s  ( 5  C I 
- cd 'qd ' yd' 

1 0 .  The embedment f a c t o r s  used  are a c c o r d i n g  t o  Meyerhof (1963):  

%d 
- 1 + 0.2  - " t a n  (45 +$)  

B 

where D i s  t h e  d e p t h  of embedment a t  t h e  b a s e  of t h e  f o o t i n g .  

For I$ = 0" , 

For 4 > 10" , 

For 0" < 4 - < 10' , a l i n e a r  i n t e r p o l a t i o n  be txeen  1 f o r  q = 0" and 

1 + 0 . 1  t a n  (45" + 1 0 ° / 2 )  f o r  4 = 10" i s  used. The dep th  D and 

t h e  b a s e  w i d t h  R a r e  shown i n  F i g u r e  3. 



Figure 3. Embedment of footing 

Inclination factors ( 5  
ci <qi <yi) 

11. The inclination factors are computed according to Meyerhof 

( 1 9 6 3 )  : 

where 6 i s  the a n g l e  of inclination of the load from the vertical as 

shown in Figure 4. 

F i g u r e  4 .  F o o t i n g  with an i n c l i n e d  l o a d  

1 0  



For d > $I , 

Base t i l t  f a c t o r s  (.< cr ' 'st c v t )  

12. The b a s e  t i l t  f a c t o r s  computed by t h e  program a r e  a c c o r d i n g  

t o  V e s i c  (1975) :  

- - 
'qt 

5yr = (I - a t a n  + l L  

where a i s  the s l o p e  o f  t h e  b a s e  o f  the f o o t i n g  shown i n  F i g u r e  5 .  

For 4 = 0' , 

For 4 > o 0  , 

1 -- - - - Sq , 
' c t  5qr N t a n  4 

C 

F i g u r e  5 .  Foo t ing  w i t h  a  t i l t e d  base  

Ground s l o p e  f a c t o r s  (< , cqg _iS1 c g 

13.  The program computes t h e  ground s l o p e  f a c t o r s  a c c o r d i n g  t o  

Ves ic  (1975) :  



- - L 

<qi3 i ~ g  
= (1 - tan 6)  

G i i e r e  6 is the slope of the surface of soil as shown in Figure 6. 

I Y .  

I For  4 = 0' , 
1 

N = -2 s i n  B 
Y 

For  I$ > 0' , 

-.-a 1 ,  q = yD cos 0 

F i g u r e  6 .  F o o t i n g  w i t h  a s l o p e d  s u r f a c e  

E f f e c t i v e  F o u n d a t i o n  Dimensions 

14, An a p p r o x i m a t e  method of Meyerhof (1963) i s  employed by t h e  

program f o r  a d j u s t i n g  t h e  f o u n d a t i o n  d imens ions  f o r  e c c e n t r i c  l o a d i n g s :  

For s t r i p s  f o o t i n g s  ( F i g u r e  i ) ,  



F i g u r e  7 .  S t r i p  f o o t i n g  w i t h  an  e c c e n t r i c  l o a d i n g  

For  r e c t a n g u l a r  f o o t i n g s  ( F i g u r e  8 ) ,  

F i g u r e  8. R e c t a n g u l a r  f o o t i n g  w i t h  an e c c e n t r i c  l o a d i n g  

Net and - Gross  U l t i m a t e  - Bear ing  C a p a c i t v  -- 

1 5 .  CBEAR w i l l  compute t h e  n e t  o r  g r o s s  u l t i m a t e  b e a r i n g  c a p a c i t y  



f o r  a  f o o t i n g  as r e q u e s t e d  by t h e  u s e r .  The net u l t i m a t e  b e a r i n g  capac- 

i t y  q '  i s  d e f i n e d  a s  t h e  l o a d  t h a t  can  b e  a p p l i e d  t o  t h e  s o i l  a t  t h e  

b a s e  o f  t h e  f o o t i n g  i n  e x c e s s  o f  t h e  l o a d  a p p l i e d  by t h e  overburden.  The 

g r o s s  u l t i m a t e  b e a r i n g  c a p a c i t y  q is t h e  t o t a l  l o a d  t h a t  can b e  a p p l i e d  

a t  t h e  base .  

q '  = q - yD 
B q = c N  C q N  i - y - N  

C 0 4  

0 q  
'" ) + q N  f y - N  - y D  

2 Y 

B q '  = cN +yD(Nq - 1 )  + y ? N y  
C 

Analyzing a  Two-Layer S o i l  System 

16. A two-layered s o i l  sys tem can  be ana iyzed  w i t h  CBEKZ, Depend- 

i n g  on t h e  t y p e  o f  s o i l  and i ts s t r e n g t h  p a r a m e t e r s ,  t h e  program has 

a l t e r n a t i v e  p r o c e s s o r s  f o r  computing t h e  b e a r i n g  c a p a c i t y  o f  footings: 

a. If t h e  s u b s o i l  (lower l a y e r )  is  g r e a t e r  t h a n  one  f o o t i n g  - 
w i d t h  below t h e  base of  t h e  f o o t i n g s ,  t h e  e f f e c t  o f  t h i s  
l a y e r  i s  ignored .  

b. If t h e  s h e a r  s ~ s e n g t h  o f  t h e  s o i l  a t  t h e  b a s e  of t h e  - 
f o o t i n g ,  which 9s d e f i n e d  a s  

does  n o t  va ry  more t h a n  50 p e r c e n t  from t h e  s h e a r  
s t r e n g t h  of t h e  s o i l  one f o o t i n g  wid th  below t h e  c e n t e r  
of t h e  b a s e  of t h e  f o o t i n g ,  which i s  d e f i n e d  a s  

S2 = C '  + 4: ( t a n  4 ' )  

(where c i s  i n  s i t u  v e r t i c a l  e f f e c t i v e  s r r e s s  one 



f o o t i n g  wid th  below t h e  c e n t e r  o f  t h e  f o o t i n g ) ,  t h e  
method of Sowers (1962) d e s c r i b e d  i n  Appendix B (page B12) 
is  used .  

c .  I f  t h e  c r i t e r i o n  d e s c r i b e d  i n  b  above i s  n o t  m e t ,  and a - 
s o f t e r  c l a y  ($I = 0")  o v e r l i e s  s t i f f e r  c l a y  ($I = 0 ° ) ,  o r  a  
s t i f f e r  c l a y  ( 4  = 0') o v e r l i e s  a  s o f t e r  c l a y  ( $  = 0 ° ) ,  
method I1 and method I11 d e s c r i b e d  i n  Appendix B (pages  
B13 and B14), r e s p e c t i v e l y ,  a r e  used.  

d.  For  a l l  o t h e r  c a s e s ,  t h e  method of  P e r l o f f  and Baron (1976), - 
d e s c r i b e d  i n  Appendix B (pages  B14-Bl7), is u s e d  f o r  t r a n s -  
l a t i o n  of a n  e q u i v a l e n t  f o o t i n g  t o  t h e  s u r f a c e  o f  t h e  lower 
l a y e r .  



PART 111: INPUT GUIDE 

Source  of I n p u t  

17.  Da ta  may b e  i n p u t  from a  p r e p a r e d  d a t a  f i l e  o r  from t h e  

u s e r ' s  terminal d u r i n g  execu t ion .  If t h e  d a t a  a r e  i n p u t  from a t e r m i n a l ,  

t h e  u s e r  may e n t e r  d a t a  by u s i n g  key command words o r  by f o l l o w i n g  a  

prompt ing sequence .  

Da ta  Format 

18.  A l l  i n p u t  d a t a ,  whe the r  s u p p l i e d  from a  d a t a  f i l e  o r  from t h e  

t e r m i n a l ,  a r e  r e a d  i n  f r e e - f i e l d  f o r m a t .  I n  a d d i t i o n :  

a .  Da ta  i t e m s  must b e  s e y a r a t e d  by one o r  more b l a n k  s p a c e s  - 
(commas are n o t  a l lowed  a s  d e l i m i t e r s ) .  

b. I n t e g e r  numbers must  b e  i n  nondecimal form. -- 
c .  R e a l  numbers may be  i n  d e c i m a l  form, nondecimal  form,  o r  - 

E format .  

d. User r e s p o n s e s  t o  a l l  r e q u e s t s  f o r  program c o n t r o l  may be  - 
a b b r e v i a t e d  by izhe f f r s t  l e t t e r  of  t h e  word. For  example,  
i n  r e s p o n s e  t o  

DO YOU WANT A PLOT OF THE INPUT? YES OR NO. 

t h e  u s e r  may e n t e r  Y o r  N .  S t r i k i n g  a  c a r r i a g e  r e t u r n  i n  r e s p o n s e  t o  

any YES o r  NO q u e s t i o n  i m p l i e s  a  n e g a t i v e  r e s p o n s e ;  i . e . ,  t h e  answer NO 

w i l l  b e  assumed. 

Data En t ry  from Terminal  

1 9 .  Two methods of  d a t a  e n t r y  from t h e  t e r m i n a l  a r e  a v a i l a b l e  t o  

t h e  u s e r .  The f i r s t  i s  f o r  t h e  l e s s  e x p e r i e n c e d  u s e r  of t h e  program. 

T h i s  method employs a  prompting sequence  which r e q u i r e s  t h e  u s e r  t o  

answer r e q u e s t s  f o r  d a t a  i n  a g i v e n  o r d e r .  I t  i s  e x p l a i n e d  i n  d e t a i l  

l a t e r  i n  t h i s  r e p o r t .  The second method a l l o w s  t h e  u s e r  freedom i n  t h e  

o r d e r  o f  d a t a  e n t r y  and r e q u i r e s  l e s s  t ime ,  The i n p u t  i n f o r m a t i o n  i s  



e n t e r e d  by t y p i n g  i n  command words  and t h e  accompanying d a t a .  The program 

p r o v i d e s  a l i s t  o f  t h e s e  command words a t  t h e  b e g i n n i n g  of  t h e  d a t a  

e n t r y  s e q u e n c e :  

NAME = T I T L E  O F  RUN 
BASE = BASE DATA 
SCHG = SURCHARGE DATA 
S O I L  = S O I L  DATA 
S U B S  = S U B S O I L  DATA 
WATR = WATER DATA 
COMM = COMMENT CARD 
CONT = CONTINUOUS 
F I N 1  = F I N I T E  
C I R C  = CIRCULAR 

END = I N P U T  COMPLETE 
LOAJI = LOAD DATA 
NCOM = NO COMMENT 
S T O P  = ENDS PROGRAM 
NSUB = NO S U B S O I L  
NSCHG = NO SURCHARGE 
NWATR = NO WATER 
NLOAD = NO LOAD 
COMO = RESTORES COMM 

If t h e  command words r e q u i r i n g  d a t a  i n p u t  are  e n t e r e d  a l o n e ,  a l i s t  of 

v a r i a b l e  words  and t h e  d e f i n i t i o n s  o f  t h e  v a r i a b l e s  a s s o c i a t e d  w i t h  t h e  

command a re  l i s t e d  a t  t h e  t e r m i n a l .  

Da ta  E n t r y  f rom F i l e  

20.  Data may be  e n t e r e d  f rom a  p r e p a r e d  d a t a  f i l e .  The p r o c e d u r e  

f o r  c o n s t r u c t i n g  a d a t a  f i l e  i s  t h e  same as t h a t  f o r  e n t e r i n g  d a t a  from 

t h e  t e r m i n a l  by t h e  method d e s c r i b e d  above ;  command words  and a l l  subse-  

q u e n t  d a t a  are  s i m p l y  typed  i n .  I n  a d d i t i o n ,  a l l  l i n e s  of i n p u t  must be 

p r e c e d e d  by a l i n e  number. 

21. The t i t l e  o f  t h e  r u n  must  a lways  b e  e n t e r e d  f i r s t  t o  i n d i c a t e  

a new r u n .  T h e r e  is  no l i m i t  t o  t h e  number of  r u n s  wh ich  may be  i n c l u d e d  

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

22 .  The command word STOP may b e  u s e d  t o  t e r m i n a t e  t h e  r u n  from 

t h e  d a t a  f i l e  o r  t h e  t e r m i n a l .  I f  t h e  command word S T O P  i s  o m i t t e d  

from t h e  d a t a  f i l e ,  c o n t r o l  i s  r e t u r n e d  t o  t h e  t e r m i n a l .  As many d a t a  

f i l e s  as  d e s i r e d  may b e  used  i n  o n e  r u n  o f  t h e  program. A f t e r  o n e  f i l e  

i s  e x h a u s t e d ,  t h e  u s e r  i s  g i v e n  t h e  chance  t o  e n t e r  a d d i t i o n a l  r u n s  

e i t h e r  f rom t h e  t e r m i n a l  o r  f rom a n o t h e r  d a t a  f i l e .  If t h e  comiand word 

STOP i s  u s e d  a t  t h e  end o f  any datla f i l e ,  t h e n  t h e  u s e r  w i l l  n o t  have 

t h e  o p t i o n  t o  e n t e r  a d d i t i o n a l  p rob lems  and program e x e c u t i o n  w i l l  be 

t e r m i n a t e d .  



I n p u t  D e s c r i p t i o n  

General  

23. B e s i d e s  be ing  used i n  d a t a  e n t r y ,  command words a l s o  con- 

t r o l  and modify t h e  i n p u t  and o u t p u t  of t h e  program. The f o l l o w i n g  is 

a n  e x p l a n a t i o n  o f  t h e  command words ,  r e q u i r e m e n t s ,  and v a r i a b l e s  f o r  

d a t a  i n p u t .  I f  d a t a  a r e  i n p u t  from a  f i l e ,  t h e n  a l l  l i n e s  o f  d a t a  must 

be  preceded by a l i n e  number. 

24 .  The i n p u t  i n f o r m a t i o n  i s  d i v i d e d  i n t o  t h e s e  s e c t i o n s :  

a. T i t l e  of run .  - 
b. Foo t ing  type .  - 
c .  Base d e s c r i p t i o n .  - 
d.  S o i l  d e s c r i p t i o n .  -- 
e.  S u b s o i l  d e s c r i p t i o n .  - 
f .  Water t a b l e  d e s c r i p t i o n .  - 
g. Appl ied l o a d .  

h .  Surcharge  s o i l  d e s c r i p t i o n .  - 
i. Terminat i o n .  - 

A l l  u n i t s  a r e  i n  pounds and f e e t  e x c e p t  where o t h e r w i s e  n o t e d .  

25. When d a t a  a r e  e n t e r e d  from t h e  t e m i n a i ,  t h e  t i t l e  may be 

e n t e r e d  a t  any t ime .  The f o o t i n g  t y p e  must b e  t h e  f i r s t  o f  t h e  remain- 

i n g  d a t a  i t e m s  t o  be i n p u t .  The b a s e  and s o i l  d e s c r i p t i o n s  must b e  

e n t e r e d  n e x t  b u t  may be e n t e r e d  i n  any o r d e r .  The f o o t i n g  t y p e ,  b a s e  

d e s c r i p t i o n ,  and s o i l  d E s c r i p t i o n  a r e  always r e q u i r e d  a s  input d a t a .  

When e n t e r i n g  from a  p repared  d a t a  f i l e ,  t h e  t i t l e  of t h e  run ,  f o o t i n g  

t y p e ,  b a s e  d e s c r i p t i o n ,  and s o i l  d e s c r i p t i o n  must be e n t e r e d  f i r s t .  The 

t i t l e  of t h e  run  is r e q u i r e d  and must always be  t h e  f i r s t  i t e m  e n t e r e d  

when d a t a  a r e  e n t e r e d  from a  p repared  d a t a  f i l e .  

26 .  Surcharge  s o i l ,  s u b s o i l ,  and wate r  t a b l e  d e s c r i p t i o n s  and t h e  

a p p l i e d  l o a d  a r e  o p t i o n a l  and shou ld  be e n t e r e d  a f t e r  t h e  d a t a  i t ems  

mentioned above.  

27 .  I n  t h e  f o l l o w i n g  i n p u t  d e s c r i p t i o n ,  ILK] is  used t o  d e n o t e  

t h e  need f o r  a  l i n e  n~cnber  when d a t a  a r e  s u p p l i e d  from a p r e d e t e r -  

mined i n p u t  f i l e .  S i n g l e  q u o t e s  C V N N ' )  deno te  u s e  of a lphanumer ic  



i n f o r m a t i o n ;  u n d e r s c o r e  d e n o t e s  t h e  minimal amount of c h a r a c t e r s  r e q u i r e d .  

I n p u t  i n f o r m a t i o n  

28.  T i t l e  of run :  

a.  [LN] 'NAME' - t i t l e  (60 c h a r a c t e r s  o r  l e s s ) .  - 
b. NOTE: I f  d a t a  are e n t e r e d  from a  d a t a  f i l e ,  t h e n  t h e  - 

t i t l e  must be  e n t e r e d  b e f o r e  any o t h e r  command. I f  two 
o r  more r u n s  a r e  j o i n e d  t o g e t h e r ,  t h e n  t h e  t i t l e  w i l l  
i n d i c a t e  a  new run .  

29.  F o o t i n g  type :  

a .  ILN] 'CONTINUOUS' - - 'GROSS '  

[LN] 'FINITE' ' N E T '  

[ LN] ' CIRCULAR ' 
b. NOTE: The f o o t i n g  t y p e  may be a b b r e v i a t e d  t o  t h e  f i r s t  - 

f o u r  c h a r a c t e r s .  GROSS o r  NET must be e n t e r e d  t o  i n d i -  
c a t e  t h e  p r e s s u r e  type .  If no p r e s s u r e  t y p e  is  e n t e r e d ,  
t h e n  NET i s  assumed. A c i r c u l a r  f o o t i n g  i s  ana lyzed  a s  
a  s q u a r e  f o o t i n g .  I f  t h e  e f f e c t i v e  base  dimensions  of a 
f o o t i n g  r e s u l t  i n  a  s q u a r e ,  t h e n  t h e  f o o t i n g  i s  analyzed 
a s  a  s q u a r e .  

3 0 ,  Base d e s c r i p t i o n :  

a .  [LN] 'BASE' X 1  Y1 X2 Y2 LENGTH - 

b. D e f i n i t i o n s  ( s e e  F i g u r e  9 ) :  - 
' B A S E '  - command word 

X 1 - X coord inaLe ,  l e f t  s i d e  of b a s e l i n e  
Y 1  - Y c o o r d i n a t e ,  l e f t  s i d e  o f  b a s e l i n e  
X2 - X c o o r d i n a t e ,  r i g h t  s i d e  o f  b a s e l i n e  

( X 1 , Y I )  0(2,Y2) 

F i g u r e  9 .  Base d e s c r i p t i o n  



Y 2  - Y c o o r d i n a t e ,  r i g h t  s i d e  of b a s e l i n e  
LENGTH - l e n g t h  of b a s e  i n  Z d i r e c t i o n  

c .  NOTE: I n p u t  l e n g t h  o n l y  i f  TYPE = FINITE; i . e . ,  f o r  a  - 
s q u a r e  o r  r e c t a n g u l a r  f o o t i n g .  

. 31. S o i l  d e s c r i p t i o n :  

a. [LN] 'SOIL' XSL YS1 XS2 YS2 SOILGM SOILGS PHI C 
A 

. D e f i n i t i o n s :  - 
'SOIL' - command word 
XS1 - X c o o r d i n a t e ,  l e f t  s i d e  of s o i l  l i n e  
YS1 - Y c o o r d i n a t e ,  l e f t  s i d e  of s o i l  l i n e  
XS2 - X c o o r d i n a t e ,  r i g h t  s i d e  of s o i l  l i n e  
YS2 - Y c o o r d i n a t e ,  r i g h t  s i d e  of s o i l  l i n e  
SOILGM - m o i s t  u n i t  weight  ( p c f )  
SOILGS - s a t u r a t e d  u n i t  weight  ( p c f )  
PHI - a n g l e  of i n t e r n a l  f r i c t i o n  (deg) 
C - cohes ion  ( p s f )  

32. S u r c h a r g e  d e s c r i p t i o n  ( o p t i o n a l ) :  

a. [LN] 'SCHG' SCHGNO YSCHG SURCGM SURCGS - 

SCHG = 1 

F i g u r e  10. Soil p r o f i l e  

2 0 



b. D e f i n i t i o n :  - 
'SCHG' - command word 
SCHGNO - number o f  t h e  s u r c h a r g e  l a y e r  ( 1  o r  2 )  
YSCHG - Y c o o r d i n a t e ,  t o p  of  s u r c h a r g e  l a y e r  ( s e e  

F i g u r e  10) 
SURCGM - m o i s t  u n i t  we igh t  ( p c f )  
SURCGS - s a t u r a t e d  u n i t  we igh t  ( p c f )  
( S u r c h a r g e  2  p a r a m e t e r s  are t h e  same as s u r c h a r g e  1 

p a r a m e t e r s )  

c .  RESTRICTION: Not a l lowed  i f  s u r c h a r g e s  are i n c l u d e d  w i t h  - 
a s l o p i n g  s o i l  l a y e r ;  t h e  s u r c h a r g e  d a t a  w i l l  b e  i g n o r e d .  

33.  S u b s o i l  d e s c r i p t i o n  ( o p t i o n a l ) :  

a .  [LN] 'SUBS' YSUBS SUBSGM SUBSGS SUBPHI SUBC - 
b.  D e f i n i t i o n s :  - 

'SUBS' - command word 
YSUBS - Y c o o r d i n a t e ,  t o p  of  s u b s o i l  l a y e r  ( s e e  

F i g u r e  1 0 )  
SUBSGM - m o i s t  u n i t  we igh t  ( p c f )  
SUBSGS - s a t u r a t e d  u n i t  we igh t  ( p c f )  
SUBPHL - a n g l e  o f  i n t e r n a l  f r i c t i o n  ( d e g )  
SUBC - c o h e s i o n  ( p s f )  

c .  RESTRICTION: S u b s o i l  d a t a  w i l l  be  i g n o r e d  i f  t h e  s o i l  - 
l a y e r  i s  s l o p i n g .  

34 .  Water t a b h e  d e s c r i p t i o n  ( o p t i o n a l ) :  

a .  [LN] 'WATR' YWATER WTRWGT - 
b .  D e f i n i t i o n s :  - 

'WATR' - command word 
YWATER - Y c o o r d i n a t e  o f  w a t e r  t a b l e  
WTRWGT - u n i t  w e i g h t  of  w a t e r  ( p c f )  

c .  NOTE: I f  WTRWGT i s  n o t  i n p u t ,  t h e n  t h e  d e f a u l t  i s  - 
62.4  ( p c f ) . *  

35.  A p p l i e d  l o a d  ( o p t i o n a l )  : 

a .  [LN] 'LOAD' P XP ZP ALPHA - 
b .  D e f i n i t i o n s  ( s e e  F i g u r e  1 1 )  : - 

'LOAD' - covmagd word 
P - a p p l i e d  l o a d  ( k i p s )  
XP - X c o o r d i n a t e ,  b a s e  a p p l i c a t i o n  poinC 

-- 

A t a b l e  of  f a c t o r s  f o r  c o n v e r t i n g  inch-pound u n i t s  o f  measurement  t o  
m e t r i c  ( S I )  u n i t s  i s  p r e s e n t e d  on page 3.  



F i g u r e  11, Load d e s c r i p t i o n  

Z P - Z c o o r d i n a t e ,  b a s e  a p p l i c a t i o n  p o i n t  
ALPHA - i n c l i n a t i o n  of l o a d  c lockwise  from v e r t i c a l  (deg) 

c .  NOTE: Whenever a n  e c c e n t r i c  l o a d  i s  encountered w i t h  a  - 
l a y e r e d  system (a s o i l  and a s u b s o i l ) ,  on ly  t h e  equiva-  
l e n t  c o n c e n t r i c  f o o t i n g  i s  c o n s i d e r e d  i n  c a l c u l a t i o n s .  
When p r o j e c t i n g  an e q u i v a l e n t  f o o t i n g  on to  t h e  i n t e r f a c e  
of t h e  s o i l  and s u b s o i l ,  o n l y  t h e  e q u i v a l e n t  c o n c e n t r i c  
f o o t i n g  i s  c o n s i d e r e d .  I f  an i n c l i n e d  load  o r  i n c l i n e d  
b a s e  i s  s p e c i f i e d  a long  w i t h  a l a y e r e d  system,  t h e  
program w i l l  i g n o r e  l o a d  i n c l i n a t i o n  e n t i r e l y  and w i l l  
t r e a t  t h e  base  a s  l e v e l  and a s  be ing  a t  t h e  e l e v a t i o n  of 
t h e  c e n t r o i d  of t h e  b a s e .  

36.  Other  o p t i o n a l  corn-ands: 

a .  [LN] 'NLOAD' - e r a s e s  l o a d  d a t a .  - 
b .  [LN] 'IrXATR' - e r a s e s  w a t e r  t a b l e  d a t a .  - 
c .  [LN] ' N S U B '  - e r a s e s  s u b s o i l  d a t a .  - 

d .  [LN]  'ESCHG' - e r a s e s  s u r c h a r g e  d a t a .  - 
e .  [LN] 'COMM' - p r o v i d e s  f o r  comment, a s  f o l l o w s :  - 

( 1 )  The u s e r  may e n t e r  up t o  22 l i n e s  of a lphanumeric  
c h a r a c t e r s  t h a t  a r e  60 c h a r a c t e r s  o r  l e s s  i n  1-ength 



( 2 )  Comments a r e  p r i n t e d  o u t  a f t e r  t h e  t i t l e .  

(3) I f  a  t o t a l l y  new comment is e n t e r e d ,  t h e n  t h e  NCOM 
command shou ld  b e  e n t e r e d  f i r s t .  

f .  [LN] 'NCOM' - s u p p r e s s e s  c u r r e n t  comment. - 
g. [LN] 'COMO' - r e s t o r e s  p r e v i o u s  comments. 

h .  NOTE: A l l  of  t h e  above commands may be e n t e r e d  anywhere - 
p r i o r  t o  t h e  ' E N D '  command. 

Termina t ion :  

a .  'END'  - causes  t e r m i n a t i o n  of t h e  i n p u t  sequence and - 
b e g i n s  t h e  e x e c u t i o n  sequence ,  

b ,  NOTE: T h i s  command s i g n i f i e s  t h e  end of d a t a  i n p u t .  I f  - 
d a t a  were being e n t e r e d  from a f i l e ,  t h e n  t h i s  would 
s i g n i f y  t h e  end of t h e  run.  I f  a n o t h e r  r u n  was t o  fo l low,  
t h e  t i t l e  of t h e  n e x t  run  would f o l l o w  t h e  EYD c a r d ,  A s  
many r u n s  as d e s i r e d  may be p repared .  The end of t h e  
f i n a l  run  w i l l  s i g n i f y  t h e  end of t h e  f i l e ,  o r  t h e  com- 
mand STOP may be added a t  t h e  end of t h e  f i n a l .  run .  

Examples of Termina l  and F i l e  I n ~ u t  

38. I f  t h e  u s e r  d e c i d e s  t o  e n t e r  d a t a  from t h e  t e r m i n a l  wi thou t  

prompting,  t h e n  a  L i s t  of a l l  t h e  command words i s  p r i n t e d .  The program 

w i l l  t h e n  prompt t h e  u s e r ,  and t h e  u s e r  w i l l  t y p e  i n  a  cornnand word and 

any subsequen t  d a t a .  An example f o l l o w s :  

LIST OF COMMAND ,WORDS 

NAME = TITLE OF RUN CONT = CONTINUOUS STOP = ENIS  PROGM1 
RASE = BASE DATA FIN1 = FINITE NSUB = SO SUBSOIL 
SCHG = SURCHARGE DATA C I R C  = CIRCULAR NSCHG = SO SURCHARGE 
SOIL = SOIL DATA END = INPUT COMPLETE NLOAD = SO LOAD 
SUBS = SUBSOIL DATA LOAD = LOAD DATA CON0 = RESTORES COXX 
COhDi = COMHENT CARD NCOM = NO CONMEET NWATR = Xij WATER 
IGATR = WATER DATA 
= NAME TEST RUN 1 
= FINITE 
= BASE 1 5  1 5  35 15 20 
= SOIL 5  25 55 75 120 120 0 800 
= SUBS 5 135 135 0  2500 
= WATIi 5 6 2 . 4  
= ESI) 



39.  En t ry  from a  d a t a  f i l e  i s  i n  t h e  same format except  t h a t  a l l  

l i n e s  o t  i n p u t  must  b e  preceded by a l i n e  number: 

100 NAME TEST RUN 1 
110 FINITE NET 
120 BASE 1 5  15 3 5  15 20 
130 S O I L  5 25 55 25 125 120 0 800 
140 SUBS 5  135 135 0 2500 
150 WATR 5 62.4 
160 END 

Opt i o n s  

Prompting 

40. I f  t h e  u s e r  shou ld  choose t o  e n t e r  d a t a  from t h e  t e r m i n a l ,  

t h e n  t h e  q u e s t i o n  

DO YOU WANT PROMPTING? YES OR NO.  

i s  asked .  I f  prompting i s  r e q u e s t e d ,  t h e n  a  sequence of q u e s t i o n s  w i l l  

b e  asked f o r  a l l  t h e  d a t a .  The t i t l e ,  t y p e  of f o o t i n g ,  b a s e  d e s c r i p t i o n  

and s o i l  d e s c r i p t i o n  must b e  e n t e r e d .  Any d a t a  t h a t  a r e  n o t  needed can 

b e  d e l e t e d .  To d e l e t e  t h e  wa te r  t a b l e  d e s c r i p t i o n ,  z e r o s  may be 

e n t e r e d .  To d e l e t e  t h e  a p p l i e d  l o a d ,  any n e g a t i v e  number may be e n t e r e d .  

An example f o l l o w s :  

DO YOU WANT PROMPTING? YES OR NO. 
=Y - 
ENTER TITLE - 60 CHAIUCTERS OR LESS 
=EXAMPLE PROBLEN 

BASE CONFIGURATION - FINITE,CIRCULAR,CONTINUOTJS 
=FIN1 

ENTER PRESURE TYPE - GROSS OR NET 
=NET - 
BASE LINE,ENTER VALUES UNDER HEADINGS 

LEFT SIDE R I G I I T  SIE3 
ELEVATION X-COORD ELEVATION X--COORD 

(FT) (FT) (FT) (FT) 
=O 10 0 25 - - - _  



BASE DIMENSION 
i 

LENGTH 
=60 - 
SOIL DESCRIPTION,ENTER 

N W E R  LAYERS BELOW THE BASE,l OR 2 
(2 IS THE SUBSOIL) 
= 1 - 

LAYERNO. 1 

LEFT SIDE RIGHT SIDE 
ELEVATION X-COORD ELEVATION X-COORD 

(FT) (FT) (FT) (FT) 
=6 0 6 55 

. - _  

SOIL PROPERTIES 

LAYER NO. INTERNAL COHESION UNIT WEIGHT 
FRICTION @SF) MOIST SATURATED 
ANGLE (DEG) (PCF) (PCF) 

=l 15 1000 130 130 . - - - - -  

SURCHARGE DESCRIPTION,ENTER 

.NUMBER OF SURCHARGE LAYERS (O,I,OR 2) 
= 2 - 
SURCKUGE PROFILE 

LAYER SURFACE 
NO: ELEVATION 

(FT) 
=1 15 90 90 

UNIT WEIGHT 
MOIST SATURATION 
(PCF) (PCF) 

ELEVATION OF UNIT WEIGHT 
WATER TABLE OF WATER 
=o 0.0 -- [No water included in p r o b l e m ]  

:IPPLIED LOAD (KIPS) 
=- g - [Xo l o a d  a p p l i e d ]  

DO YOU WANT AN ECHO OF THE INPUT? ENTER YES OR NO. 
=N - 



E d i t i n g  

41. A f t e r  d a t a  have been e n t e r e d ,  t h e  u s e r  h a s  t h e  o p t i o n  t o  

review and e d i t  t h e  i n p u t  d a t a .  The q u e s t i o n ,  

DO YOU WANT TO EDIT THE DATA? YES OR NO. 

w i l l  be asked.  I f  t h e  u s e r  answers  w i t h  YES, t h e n  t h e  l i s t  of command 

words w i l l  b e  l i s t e d .  A 1 1  t h e  u s e r  must do t o  c o r r e c t  d a t a  i s  r e e n t e r  

t h e  command word and v a r i a b l e s  t h a t  con ta ined  t h e  mis take .  If one  

v a r i a b l e  i s  i n c o r r e c t ,  t h e n  a l l  v a r i a b l e s  f o r  t h a t  p a r t i c u l a r  command 

word must be  r e e n t e r e d .  The command word a l o n e  may be e n t e r e d  t o  o b t a i n  

a  l i s t  of t h e  v a r i a b l e s  and t h e  d e f i n i t i o n s  t h a t  a r e  a s s o c i a t e d  w i t h  

t h a t  command word. 

Rerun problem w i t h  a  
d i f f e r e n t  combinat ion of f a c t o r s  

4 2 .  The u s e r  i s  g i v e n  a chance t o  make h i s  own combinat ion of 

f a c t o r s .  The q u e s t i o n  

DO YOU WANT YOUR OWN COMBINATION OF FACTORS? YES OR NO. 

i s  asked.  I f  t h e  u s e r  answers  YES, t h e n  a  t a b l e  c o n t a i n i n g  a l l  t h e  

f a c t o r s  i s  p r i n t e d  o u t ,  and t h e  u s e r  s e l e c t s  t h e  d e s i r e d  ones t o  be 

used i n  r e c a l c u l a t i n g  t h e  f i n a l  answer.  Up t o  s i x  v a l u e s  may be  

e n t e r e d  on a l i n e .  To c o n t i n u e  t h e  s o l u t i o n ,  a c a r r i a g e  r e t u r n  i s  

e n t e r e d .  A s  many combinrations a s  d e s i r e d  may be  made. A f t e r  each com- 

b i n a t i o n ,  t h e  u s e r  is a s k e d  i f  a n o t h e r  combinat ion of f a c t o r s  i s  d e s i r e d .  

An example showing t h i s  sequence  f o l l o w s :  

SIJMNAllY OF BEARING CAPACITY FACTORS 

- FACTORS C (7 G 

BEUZING CAP. T;: c NQ NG 

S W E  - CONC FC FQ FG 

ED EDMENT FCD FQD FGD 

IGCL IN-kTPON 

BASE TILT 

GROUND SLOPE 

FC I 

FCT 

FCG 

FG I 

FGT 

FGG 



ENTER BEARING CAPACITY FACTORS TO BE USED I N  
COMPUTATION.(MAX. 6 TO A LINE) 
=NC NQ NG 
- - 

COMBINED EFFECTS 
Q = FNC + FNQ f FNG = 

DO YOU WANT YOUR OWN COMBINATION OF FACTORS? YES OR N O .  
=N 

I f  t h e  u s e r  a n s w e r s  YES t o  t h i s  q u e s t i o n ,  t h e n  t h e  s e q u e n c e  r e p e a t s .  

Rerun p r o b l e m  w i t h  m o d i f i c a t i o n s  

43 .  The u s e r  h a s  t h e  o p t i o n  t o  r e r u n  t h e  c u r r e n t  p rob lem b u t  

w i t h  m o d i f i c a t i o n s .  The q u e s t i o n  

DO YOU WANT TO MODIFY CURRENT DATA AND RERUN PROBLEM? YES OR NO.  

i s  a s k e d .  I f  t h e  u s e r  answers  YES, t h e n  a l i s t  o f  the command words  i s  

. p r i n t e d ,  a n d  t h e  u s e r  may modify  t h e  c u r r e n t  d a t a  by e n t e r i n g  a comxand 

word and t h e  new d a t a .  When a l l  m o d i f i c a t i o n s  h a v e  been  made, t h e  u s e r  

s i m p l y  e n t e r s  t h e  command word END, and t h e  program is  r u n  w i t h  t h e  

m o d i f i e d  d a t a .  A l l  o p t i o n s  may b e  a p p l i e d  t o  t h e  mod i2 ied  r u n ,  suc.n a s  

o b t a i n i n g  a n  e c h o p r i n t  o f  i n p u t  o r  e x e r c i s i n g  t h e  o p t i o n  t o  r e r u n  t h e  

problem w i t h  a d i f f e r e n t  c o m b i n a r i o n  o f  f a c t o r s .  

4 4 ,  Example computer  r u n s  a r e  shown i n  Appendix A  a l o n g  w i t h  hand 

c o m p u t a t i o n s .  
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AF'PENDIX A: EXAMPLE RUNS AND HAND VERIFICATIONS 



. Example 1: Foot ings  w i t h  Surcharge  S o i l  Layers  

SURCHARGE 1 

SURCHARGE 2 1 I 

S o i l  P r o p e r t i e s  

Angle  of 
I n t e r n a l  

Cohesion F r i c t i o n  Unit Weight,  pc f  
c , psf  e Moist  S a t u r a t e d  

S u r c h a r g e  1 

S u r c h a r g e  2 

S o i l  



Input  Data F i l e  BCPl 

108 NAME TEST RUN 1 ( D a t a  L i s t  'NAME' - T i t l e )  
118 FINITE NET (Footing T y p e )  
128 BASE 10 0 25 8 60 ( D a t a  L i s t  ' B A S E '  - xi ~1 xz Y Z  LENGTH) 
138 SOIL 8 6 55 6 130 130 '15 1808 ( D a t a  L i s t  'SOIL'  - X S ~  YSI X S ~  YSZ SOILGM SOILGS PHI  C )  
148 SCHG 1 15 90 90 ( D a t a  L i s t  ' S C H G '  1-XSCHG SURCGll SURCGS) 
158 SCHG 2 11 120 128 ( D a t a  L i s t  'SCHG' 2-XSCHG SURCGM SIJRCGS) 
160 WATR 8 62.4 ( D a t a  L i s t  'WATRa-YWATER WTRWGT) 
1-70 END ( ' E N D '  - E n d  o f  D a t a  E n t r y )  

PROGRAM CBEAR - BEARING CAPACITY ANALYSIS 
T IDE:  16~13 :  3 DATE: 8/18/81 

IS INPUT FROM TERMINAL OR A FILE? 
ENTER T OR F 
= F 

ENTER DATA FILE NAVE 
=BCP 1 

UILL OUTPUT GO TO THE TERMINAL, FILE,OR BOTH? 
ENTER T.  F. OR B 

ENTER NAME FOR OUTPUT FILE OR 
ENTER A CARRIAGE RETURN IF OUTPUT IS NOT TO BE SAVED 
=BCP10 

X l t % X  INPUT COMPLETE t l l X X  

DO YOU WANT AN ECHOPRINT OF THE INPUT? YES OR NO, 
= Y 



* 

PROGRAM CBEAR - BEARING CAPACITY ANALYSIS 

TIME: 16:15:ii DATE: 8/18/31 
8 2 

1.--INPUT DATA 

T-EST RUN 1 

2.--BASE DESCRIPTION 

2.A--BASE LINE 

LEFT SIDE 
POINT ELEVATION X-COORD 
NO, (FT 1 (FT 

RIGHT SIDE 
POINT ELEVQTION X-COORD 

i @ * 10.0 1 0,  25.0 

2.B--BASE CONFIGURATION 

FINITE 

FOUNDATION BASE WIDTH = 15.0 ( F T )  
FOUNIffiTION BASE LENGTH = GB.B(FT1 

3.--SOYE DESCRIPTION 

3.8--SOIL PROFILE 

LAYER NO, 1 

LEFT SIDE 
POINT ELEVATION X-COORD 

RO, (FT 1 (FT 1 

RIGHT SIDE 
POINT ELEVATION X-COORD 

NO, (FT > (FT 1 

I 6.8 HORIZ, 1 6.0 t-iORIZ. 

3aB--SOIL PROPERTIES 

LAYER NO. INTERNAL COHESION Ut4IT WEIGHT 
FRICTION (PSF MOIST SQTURATED 
ANGLE (DEG) 

1 
(PCF (PCF 1 

15.0 10k30.0 138.0 138,8, 

4,--SURCHARGE DESCRIPTION 

LAYER SURFACE UNIT WEIGHT 
NO ELEVATION MOIST SATURATION 

(FT 1 (PCF 1 (PCF 





5.--WATER TABLE DESCRIPTION 

ELEVATION OF WATER TABLE = 0, (FT I  
UNIT WEIGHT OF WATER .. .. 62.4 (PCF) 

DO YOU WANT TO EDIT  YOUR DATA? YES OR NO* 
= N 

DO YOU WANT %PLOT OF THE INPUT? YES OR NO. 
= Y 



PBOGRAH GBEAR - BEARING CAPACITY ANALYSIS 

%.--HEADING 

'PEST RUN 4 

2.--SURflAWV OF RESULTS 

2,A--EFFECTIVE BASE BIEENSIQH 

EFFECTIVE BASE MEDTN = 115.61 (FT) 
EFFECTIVE BASE LENGTH 68.8 ( F T )  

Z.B--SURfqAWV 8F BEARING CAPACITY FACTORS 

FACTORS C t2 6 UBC - NET 
(KfPS/%fXX2 9 ------------ ------------ -----,.."------ --.---------- -------------- 

BERRPNC CAP. 18098 36 94 10 13 16e66'9 

SWRPE - CONC 11 * 88498 5 84246 10 84346 1"5,848 

FNC + FRO + FWG s 0 

CORBHME 
EFFECTS 
OF FACTORS 85*8913 6.83@ 8.674 29e747 

8 FOR THE AQPLIGATIOH OF THESE FOCTORS TO YOUR 
PROBLER SEE APPEMDEX B I H  THE BWOGRAH BOCUREWTATPON* 

DO YOU UANT YOUR OMN CORBINATIBN OF FQCTORS? YES OW NO, 
I 



SUMMARY OF BEARING CAP6CITY FhCTORS 

FACTORS C Q C 
-s---...----,..- ------------ ...-..-...------- ------------ 
BEARING CAP, NC NQ 

SHAPE - CONC F C F Q 

EMBEDMENT FC D FQD FGD 

INCLINATION FC I FQ I FG I 

BASE TILT FCT FQT FGT 

GROUND SLOPE FCG FOG FGG 

ENTER BEARING CAPACITY FACTORS TO BE USED IN 
CORPUTATION.(MAX. 6 TO A LINE) 
-NC NQ NG 

COMBINED EFFECTS -----------_-___ 
= FNC + FNQ t FNC = 18.487 ( K I P S / F T X t 2 )  

DO YOU WANT YOUR OWN COMBINATION OF FACTORS? YES OR NO. 
= M 

DO YOU WANT TO MODIFY CURRENT DATA AND RERUN 
THE PROBLER? YES OR NO. 

DO YOU WANT TO MAKE ANOTHER RUN? YES OR NO. - N 



Example 1: Hand V e r i f i c a t i o n  

Soil P r o ~ e r t i e s  

S u r c h a r g e  1 

S u r c h a r g e  2 

Soil 

Angle  of 
I n t e r n a l  

Cohesion. F r i c t i o n  Uni t  ' ideight ,  pc f  

c , psf  $ , deg  Mois t  S a t u r a t e d  -- 



Bearing c a p a c i t y  f a c t o r s  

The f o l i o w i n g  are t h e  t h e o r e t i c a l  b e a r i n g  c a p a c i t y  f a c t o r s  f o r  a  s h a l l o w  

h o r i z o n t a l  f o o t i n g  under a v e r t i c a l  l o a d :  

N = t a n 2  (: + 3) 
4 

= t a n  45  + - ( I:) 

= e  tan (15) (1.70) 

= 3.94 

N = (N - 1 )  c o t  4 
C q 

= (3.94 - 1) c o t  15 

= 10.98 

N = (N - 1) t a n  (1.44) 
Y 4 

= (3.94 - 1) t a n  [I. 4(15) 1 
= 1.13 

Shape f a c t o r s  -- 
Shape f a c t o r s  a r e  used t o  account  f o r  o t h e r  g e o m e t r i c a l  c o n f i g u r a t i o n s :  

B ' 6 = 1 + 0 . 2 N  - 
C 9 L' 

Embedment f a c t c r s  

S i n c e  t h e  S t r u c t u r e  is embedded, these f r c t o r s  will be c a l c u l a t e d :  



&cd = 1 + 0.2 - "5 B t a n  + $) 
= 1 + 0.2(g) t a n  (45 + %) 

6 = 6  
qd yd 

= 1 + 0.1 "5 t a n  + +') 
= 1 + 0.1(%) tan (45 + y) 

Base t i l t  factors 

6 = A  =? j  = 1  
c t  q': Y t  

I n c l i n a t i o n  f a c t o r s  

6 = 6  = r ;  = 1 
c i  qi y i  

Ground s loce f a c t o r s  

I n f l u e n c e  o f  ware r  t a b l e  

S i n c e  t h e  w a L e r  l e v e l  i s  a t  t h e  t o p  of t h e  s o i l  layer, t h e  submerged 

u n i t  w e i g h t  will be  used: 

= 1.30 - 6 2 . 4  = 6 7 . 6  pcf 

E f f e c t i v e  overburden p r e s s u r e  

T h i s  i s  t h e  p r e s s u r e  due t o  t h e  s o i l  a n d / o r  s u r f a c e  l o a d s  above t h z  b a s e  

of t h e  f o o t i n g :  

= 6 f t  (130 p c f )  + 5 ft ( 1 2 0  p c f )  + 4 f t  ( 9 0  p c f )  

= 1740 psf 

- 1 . 7 4 0  k s f  



B e a r i n g  c a p a c i t y  - n e t  

Each b e a r i n g  c a p a c i t y  i s  c a l c u l a t e d ,  b e g i n n i n g  w i t h  t h e  b e a r i n g  c a p a c i t y  

f a c t o r s  and  t h e n  a d d i n g  o n e  set o f  f a c t o r s  a t  a t i m e :  
B ' 

Q = c N c  + qo(N 
q  - + -3- Y N ~  

= 1 6 , 6 6 8  ps f  

= 16 .67  k s f  

= 1 1 , 9 1 3 . 3 0  + 5330.45  + 596.97  

= 1 7 , 8 4 1  p s f  

= 1 7 . 8 4  k s f  
E ' 0 = 6  6 N  + 6  6 q ( N  - l ) + 6  6  ,yN 

c d c c  q d q o  q  Y ~ Y  - Y 

= 2 1 , 7 2 1  p s f  

= 21.72  k s f  

Base  c i l t ,  i n c l i n a t i o n ,  and ground s l o p e  f a c t e r s  a r e  e q u a l  t o  1, s o  t h e  

f i n a i  b e a r i n g  c a p a c i t y  would n o t  change .  The f i n a l  b e a r i n g  c a ? a c i t p  i s  

21.72  k s f .  



Example 2: Foo t ings  w i t h  Subsoil and E c c e n t r i c  Loads 

S o i l  P r o p e r t i e s  

Angle of 
I n t e r n a l  

Cohesion F r i c t i o n  Uni t  Weight,  pcf 
c . p s f  (6 , deg Moist  S a t u r a t e d  

S o i l  

S u b s o i l  



Input  Data File BCP2 

100 HARE TEST RUN 2 ( D a t a  L i s t  'NAME' - T i t l e )  
118 FINITE ( F o o t i n g  Ty e )  
128 BFtSE 15 15 35 1P 26 ( D a t a  L i s t  'BASE' - X 1  Y1 X2 Y2 LENGTH) 
130 SOIL 5 25 55 25 120 120 0 880 ( D a t a  L i s t  'SOIL' - XS1 YS1 XS2 YS2 SOILCM SOILGS PHI C )  
1 4 8  519135 5 135 135 8 2500 ( D a t a  L i s t  'SUBS' - YSUBS SUBSQl SUBSGS SUBPHI SUBC) 
158 WATR 5 62.4 ( D a t a  L i s t  'WATR' - YWATER WTRWCT) 
168 LOAD 1008 22 18 8 ( D a t a  L i s t  'LOAD' - P XP ZP ALPHA) 
178 END ('END' - End of D a t a  E n t r y )  

PROCRAfi CBEAR - BEARING CAPACITY ANALYSIS 

TIF9E: 16:25: i DATE8 8/18/81 

I S  INPUT FROR TERMINAL OR A F ILE? 
ENTER T OR F 

ENTER DATA FILE MAPIE 
a B C P 2  

DILL O U T P U T  GO TO THE TERMINAL, FILE,  OR BOTH? 
ENTER P, F, OR B 
a $  

ENTER NAME FOR OUTPUT F I L E  .OR 
ENTER A C A R R I A G E  R E T U R N  I F  O U T P U T  PS NOT TO BE S a U E B  
sBCP20 

t x x a x  INPUT COMPLETE X X ~ X X  

80 YOU U A N f  AN ECHOPRINT OF THE INPUT? YES OR NO. 
-\I 



PROGRGPI CBEAR - BEARING CAPACITY ANALVSIS 

1.--INPUT DATA 

1.--HEADING 

TEST RUN 2 

2.--BASE DESCRIPTION 

2.8--BASE LINE 

LEFT SIDE RIGHT SIDE 
POINT ELEVATION X-COORD POINT ELEVATION W-COBRW 

NO, ( F a r  ) (FT) NO, (FT 1 (FTS 

2.B--BASE CONFIGURATION 

FINITE 

FOUNDATION BASE WIDTH = 20.8 
FOUNDATION BASE LENGTH - 28.8 

3.--SOIL DESCRIPTION 

3.A--SOIL PROFILE 

LEFT SIDE RIGHT SIDE 
POEHT ELEVATION X-COOWD POINT ELEVATION X-COORD 
NO. ( F T )  (FT 1 NO. (FT)  (FT 1 

2 Z5.$ WCBRPZ. 1 25.8 HORIZ. 

SUBSOIL LAVER 

ELEVATION 
CFT) 

308--501k PROPERTIES 

LAVER NO. INTERNAL COHESION UNIT WEIGHT 
FRICTION ( PSF 1 MOIST SATURATED 
ANGL,E (DEG 1 (PCF (BCF 1 

4 8 . 800.8 428.0 120.8 
SUBSOIL 8. ' 2588.8 135.8 135.8 

5,--MATER TABLE DESCRIPTION 

ELEVATION OF WATER TABLE = 5,8 ( F T )  
UNIT UEIGHT OF WATER 62.4 (PCF) 



6.--LOAD DESCRIPTION 

APPLIED LOQD = 1000.0 (KIPS) 
X-COORD O F  APPLIED LOOD = 22.0 ( F T )  
2-COORD OF APPLIED LOAD . 18.0 (FT)  
ANGLE INCLINATION OF APPLIED LOAD 0. (DEG) 

DO ~ O U  WANT TO EDIT YOUR DATA? YES OR NO. 
* N 

DO YOU WANT A PLOT OF OWE INPUT? YES OR NO. 
='I' 





DO YOU WANT TO CONTINUE THE SOLUTION? YES OR NO. 
=YES 

PROGRAM CBEAR - BEARING CAPACITY ANALYSIS 
TIME: 16:29:38 DATE: 8/18/81 

11.--RESULTS 

1.--HEADING 

TEST RUN 2 

2.--SUMMARY OF RESULTS 

2.A--EFFECTIVE BASE DIMENSION 

EFFECTIVE BASE WIDTH = 14.0 (FBI 
EFFECTIVE BASE LENGTH = 28.64 (FBI 

i?.B--SURfWRV OF BEARING CAPACPVV FACTORS 

FACTORS C Q G UBC - NET 
(KIPS/FTXXE 1 

----------I- --------I--- ------------ -------------_ 
BEARING CAP. 5.14 1 .B@ 8 .  4.  t a a  

SHAPE - CONC lei?@%@@ 1 . 88088 1.88888 4.934 

SHAPE - ECC. 1*148%8 I *@@@@@ 1. @@@@@ 4 e 688 

%BASE T I L T  1. BBB0B 1.88@88 1 e 88088 4,688 

%CROUHB SLOPE 1 , 88888 1.86888 1. BB809 4.6838 

FNC c FPIQ + FNG rn Q 

COJWINEI)  
EFFECTS 
OF FACTORS 4 .415  8. 

THE FGCTOR OF SAFETY FOR BEARING CAPACITY 6.24 

2 FOR THE AQPEICATIOH OF THESE FACTORS TO YOUR 
PROBLER SEE APPENDIX B IN THE PWOGWAPI BOCUPIEWTATIOW. 



NO COHBINATfON OF FACTORS I S  ALLOWED. X 

DO YOU UANP TO RODIFV CURRENT DATA AND RERUN 
THE PWOBLEFl? YES OR NO. 
= N 

DO YOU WANT TO HAKE ANOTHER RUN? YES OR NO. - N 



Example 2: Hand Verification 

Soil Properties 

Angle of 
Internal -- 

Cohesion Friction Unit Weight, pcf 
c , psf $ deg Moist Saturated 

Soil 

Subsoil 

Load Data 

P = 1000 kips at 0.0 deg 



Bear ing  c a p a c i t y  f a c t o r s  

The f o l l o w i n g  a r e  t h e  t h e o r e t i c a l  b e a r i n g  c a p a c i t y  f a c t o r s  f o r  a sha l low 

h o r i z o n t a l  f o o t i n g  under a v e r t i c a l  l o a d :  

= en(') (I.. 000) 

= 1.000 

Nc = 5 .14  because  C$ < 1 . 0  

N = (Nq - 1 )  t a n  (1 .44)  
Y 

= ( l . 0 0  - 1) t a n  [ 1 . 4 ( 0 ) ]  

= 0  

I n f l u e n c e  of w a t e r  t a b l e  

Because zw i s  l e s s  t h a n  t h e  b a s e  w i d t h ,  gamma w i l l  be a  combined u n i t  

weight :  

10 
= (120 - 6 2 . 4 )  + 20 [120 - (120 - 6 2 . 4 )  ] 

= 88 -8  pcf 

E f f e c t i v e  f o u n d a t i o n  dimensions  

S i n c e  t h e r e  is  a n  e c c e n t r i c  l o a d ,  t h e  b a s e  dimensions  must be a d j u s t e d :  

B P  = B - 2e 
X 

= 20 - 2 ( 3 )  

= 14 f t  

L = L -  
2 e Z  

= 20 - 2 ( 0 )  

= 20 f t  

Shape f a c t o r s  

Shape f a c t o r s  a r e  u s e d  t o  account  f o r  o t h e r  g e o m e t r i c a l  c o n f i g u r a t i o n s :  



For C$ = 0 6 = 6 = 1.0 
4 Y 

E f f e c t i v e  overburden p r e s s u r e  

This i s  t h e  p r e s s u r e  due t o  t h e  s o i l  a n d / o r  s u r f a c e  l o a d s  above t h e  b a s e  

o f  t h e  f o o t i n g :  

= lO(120.0) 

= 1200 psf 

Nonhomogeneous s o i l  c o n d i t i o n s  

S i n c e  t h e r e  i s  a s u b s o i l  p r e s e n t ,  s h e a r  s t r e n g t h s  of b o t h  t h e  s o i l  and 

t h e  s u b s o i l  shou ld  b e  checked t o  s e e  i f  t h e y  vary  by more than  50 

p e r c e n t .  

Shear  s t r e n g t h  of t h e  s o i l :  

S = N t a n $ G C  

,.,,.= N t a n  (0) 9 C 

= 0  + 800 

= 800 

Shear  s t r e n g t h  of t h e  s u b s o i l :  

S = N t a n $ - t C  

= N t a n  (0) + C- 

S i n c e  t h e  s h e a r  s t r e n g t h s  do v a r y  by more t h a n  50 p e r c e n t  and b o t h  s o i l s  

a r e  c l a y s ,  because  t h e i r  a n g l e s  a r e  e q u a l  t o  z e r o ,  t h e  b e a r i n g  c a p a c i t y  

w i l l  b e  found u s i n g  a  method d e a l i n g  w i t h  c l a y s .  The t e c h n i q u e  used w i l l  

i n v o l v e  a  s o f t  c l a y  over  a s t i f f  c l a y .  T h i s  i s  because  t h e  s o i l  cohesion 

i s  l e s s  t h a n  t h e  s u b s o i l  cohes ion :  



The overburden  will be  i g n o r e d  because  t h e  b e a r i n g  capac i ty  i s  net: 

Q = clNm 

= 800(5.519) 

= 4415 psf 

= 4.415 ksf 



Example 3 :  F o o t i n g s  w i t h  One L a y e r ,  S l o  i n g  Ground S u r f a c e ,  

S o i l  P r o p e r t i e s  

Angle o f  
I n t e r n a l  

Cohesion F r i c t i o n  Uni t  Weight, pc f  
c  9 p s f  9 , deg Moist  S a t u r a t e d  

S o i l  



Input  Data F i l e  BCP3 

180 HAME TEST RUM 3 ( D a t a  L i s t  'NAME' - ~itle) 
P 18 CONTINUOUS GROSS ( F o o t i n g  T y p e )  
120 BASE 28 10 30 12 (Data Li s t  'BASE'  - X l  Y1 X2 Y2 LENGTII) 
130 SOIL 8 20 48  38 128 128 28 500 ( D a t a  L i s t  'SOII.' - XS1 YS1 XS2 YS2 SOILGM SOILGS PHI C) 
140 LOAD 1 24 e s  18 ( D a t a  L i s t  'LOAD' - P XP ZP ALPI!A) 
150 LdATf? 5 62.4 ( D a t a  L i s t  'WATR' - YWATER WTRWGT) 
160 ENT) ( 'END'  - E n d  o f  D a t a  Entry) 

PROGWAR CBEAR - BEARING CAPACITY ANALYSIS 
TIME$ 161318 7 DATE : 8/18/81 

IS INPUT FROM TERMINAL OR FILE? 
ENTER Ti OR F 
5 F 

ENTER DRTA F I L E  NAPIE 
pBCP3 

UILL OUTPUT GO TO THE TERMINAL, FILE,OR BOTH? 
ENTER T, 6, OW B 
5 T 

X X X f %  INPUT COflPLETE t X X 1 X  

DO YOU WANT AN ECHOPRINT OF THE INPUT? VES OR NO. 
= Y 



PROGRAfl CBEhR - BEARING CAQACITV ANALYSIS 

TIRE2 16232842 DATE8 8/18/81 

TEST RUN 3 

2.--BASE DESCRIPTION 

LEFT SIDE RIGHT SIDE 
POINT ELEVATION X-COORD POINT ELEVATION X-COORD 
NO. (FT IFT NO. (FT) (FT) 

I tB.0 2 0 . 0  i 1248 38.8 

2.B--BASE CONFIGURATION 

CONTINUOUS 

FOUNDATION BASE UIDTH = 10.0 
FOUNDATION BASE LENGTH - t .&1 

3.--SOIL DESCRIPTION 

3.A--SOIL PROFILE 

LAYER NO, 1 

LEFT SIDE RIGHT SIDE 
POINT' ELEVATION X-COGRD POINT ELEVATION X-COORD 
NO. (FP) (FT )  NO. (FTI (FT) 

1 25.0 8 .  P 38.8 48.8 

JOB--SOIL PROPERTIES 

LAVER N O ,  INTERNAL COHESION UNIT UEICHT 
FRICTION ( PSF 1 MOIST SATURATED 
ANGLE ( D E G )  (PCF 1 

1 
( PCF 3 

28.8 568.8 i 2B .B  128.0 

§.--WATER TABLE DESCRIPTIOM 

ELEVATION OF CATER TABLE 5.8 (FT) 
UNIT UEIGWT OF WRTER a 62*4  (PCF) 

6.--LoOD DESCRIPTIOW 

APPLIED LOAD I 1.0 (KIPS) 
X-COORD O F  APPLIED LOAD 24.8 ( F T )  
2-COORD OF APPLIED LOAD s 0 . 5  ( F T )  
ANGLE INCLII.IGTS0N OF APPLIED LOAD = 18.0 (DEG) 

DO YOU WANT TO EDIT VOUR DnfA? YE9 OR NO. 

DO YOU WANT A PLOT OF THE INPUT? YES 08 NO. - V 





PROCRAf4 CBEAR - BEARING CAPACITY ANALYSIS 

TEST RUN 3 

2,--SUHHARY OF RESULTS 

2.A--EFFECTIVE BASE DInENSION 

EFFECTIVE BASE WIDTH = 8 . 8  (FT) 
EFFECTIVE BASE LENGTH 1+8 (FT) 

2.B--SUPiHRRY OF BEARING CAPACITV FACTORS 

FRCTOWS C 0 6 UBC - CROSS 
(KIPS/FTtt2 

--D---om---- ----------00 ------------ ---..--- ----- -------------- 
BEeRIWC CAP. 25.88 14.72 31.19 45.156 

SHAPE - CONC I. eeeee 1 , 88888 I. eeeee 45.156 

S M W E  - ECC. 9.88858 1.888863 t 0 @BBBB 44 e 893 

%GROUND SLOPE 8.53861 8, S62S8 8 . 56258 14.fSa9 

ZERBEDRENT 1.49928 1 .24964 1,24964 18.886 

FNC -+ FNQ + FNG e (B 

CORBINE 
EFFECTS 
OF FfiCTORS 6.3?9 11,434 8 e 998 18.886 

THE FhCTOR OF ShFETV FOR BEARING CAPACITY 152.77 

8 FOR THE APPLICATION O F  THESE FACTORS PO YOUR 
PROBLEM SEE APPENDIX B I N  THE P R B G R A P l  DOCUEENTAVPOM. 

DO YOU UANT YOUR OWN COMBINATION QF FACTORS? YES OW NO. 
m 



DO YOU URNT YOUR OUN COMBINATION OF FACTORS? YES OR NO. 
0 Y 

SUMEAWY OF BEARING CAPACITY FACTORS 

FACTORS C Q G -_----_--_-- ---------I-- ------------ ------------ 
BEARING CAP. N C N Q N G 

SHAPE - ECC. 
EflBEDflENT FCD FQD FGD 

I N C L I N A T I O N  FC I F Q I  F G I  

BASE T I L T  FCT FQT  FGT 

GROUND SLOPE FCG F Q 6  FGG 

ENTER B E A R I N G  CAPACITY FACTORS TO BE USED I N  
CORPUTATION.(MAX. 6 TO A L I N E )  
=NC NQ NG F C I  FOP F G I  
=FCG FQG FGG 
I 

COMBINED EFFECTS ---------------- 
Q - FNC 9 FNQ -+ FNG a 17.046 (KIPS/FT%$2) 

DO YOU WANT YOUR OWN COMBINATION OF FACTORS? YES OR NO. 
=N 

DO YOU WANT TO ROBXFY CURRENT DATA RHD RERUN 
THE PROBLEN? YES OR NO. 



S o i l  

Example 3: Hand V e r i f i c a t i o n  

S o i l  P r o p e r t i e s  

Angle of 
I n t e r n a l  

Cohesion F r i c t i o n  
c , p s f  $I , deg Moist Sa tu ra t ed  

Load Data 

P = 1 k i p  a t  10.0 deg  



\ 
Bearing c a p a c i t y  f a c t o r s  

I 
I 
i 

The f o l l o w i n g  a r e  t h e  t h e o r e t i c a l  b e a r i n g  c a p a c i t y  f a c t o r s  f o r  a  s h a l l o w  

h o r i z o n t a l  fo 'o t ing under a v e r t i c a l  l o a d :  

s + l e  N = t a n  (T 2 )  4 

= e  "tan(28) (2.770) 

= 14 .721  

Nc = (N  - 1 )  c o t  I#I 

4 

= (14.721 - 1 )  c o t  (28) 

= 25.805 

N = ( N  - I) t a n  ( 1 . 4 9 )  
Y 9 

= (14.721 - 1 )  t a n  [ I - 4 ( 2 8 ) ]  

= 13.191 

E f f e c t i v e  f o u n d a t i o n  - dimensions  

S i n c e  t h e r e  is an e c c e n t r i c  l o a d ,  t h e  b a s e  dimensions  must be  a d j u s t e d :  

B v  = B - 2e 
9; 

Shape f a c t o r s  

These f a c t o r s  a r e  used t o  account  f o r  o t h e r  g e o m e t r i c a l  c o n f i g u r a t i o n s :  
B ' 

6 =1+0,2N 7 
C 9 L 

= 1 + 0.2(2.770)(0) 
= 1.000 

For @ > l o 0  6 = 6  = 1  
q Y 



Embedment factors 

These factors are calculated when the structure is embedded: 

&cd 
= 1 -t 0.2 f tan 

= 1 + 0.2(5) tan (45 + $) 

6 = 6 = 1 + 0.1 for $ > 10' 
qd yd B 

= 1 + O.I(%) tan (45 + 9) 

Inclination factors 

These factors will account for load inclination for a concentrically 

loaded foundation: 

Base tilt factors 

These factors are used to account for a sloping base of a shallow 

footing: 

tan O)L 

= [l - 0,197(tan 28)] 2 
= 0.801 

6 = S  - ( 1 - 6  ) / ( S  tany) for + > O  ct qt q t C 



Ground s l o p e  f a c t o r s  

~ h e s e '  f a c t o r s  are u t i l i z e d  t o  c o r r e c t  t h e  b e a r i n g  c a p a c i t y  f o r  a s l o p i n g  

ground s u r f a c e :  

6 = 6 = [ l  - t a n  (w)] 
2 

qg Yg 

= [ l  - t a n  (14.036)]  
2 

6 = 6 - ( 1  - Sqg)/(Nc t a n  $1 f o r  $ > 0  
c  g qg 

E f f e c t i v e  overburden  p r e s s u r e  

0 
= Dy 

= 15.25(120) 

= 1830 psf  

I n f l u e n c e  of w a t e r  t a b l e  

Since zw is  l e s s  t h a n  t h e  b a s e  w i d t h  of t h e  f o o t i n g ,  gamma w i l l  be  a  

combined u n i t  we igh t :  

Eearirig capac i ty - -g ross  

Each b e a r i n g  c a p a c i t y  w i l l  be  c a l c u l a t e d  s t a r t i n g  w i t h  t h e  b e a r i n g  

c a p a c i t y  f a c t o r s  and add ing  one s e t  of f a c t o r s  a t  a t ime .  The b e a r i n g  

c a p a c i t y  u s i n g  j u s t  t h e  b e a r i n g  c a p a c i t y  f a c t o r s  w i l l  n o t  include any 

a d j u s t m e n t s  of f o u n d a t i o n  dimensions:  

= 45,160 psf  

= 45.160 lcsf 



The shape f a c t o r s  wi th  a c o n c e n t r i c  load i s  c a l c u l a t e d ,  no adjustment  

is  made f o r  e c c e n t r i c  load ing  
B 

! Q = d c c N c + 6  q N  + 6 y - N  
q o q  Y 2 Y 

= l(500) (25.81) + l (1830)  (14.72) + l (95.04)  (5) (11.19) 

= 45.160 ksf 

The shape f a c t o r s  and the reinaining f a c t o r s  w i l l  i n c l u d e  t h e  e f f e c t i v e  

foundat ion  dimensions: 
B ' 

Q =  6ccNc+ 6 q N + 6 y - N  
q o q  Y 2 y  

= 44,097 psf 

= 44.097 ksf  

= 58,334 psf 

= 58.334 ksf 

= 0.790(1.499)(1)(500)(25.81) + 0.790(1.25)(1)(1830)(14.72) 
+ 0.413 (1.25) (1) (95.04) (4) (11.19) 

= 44,079 psf 

= 44.079 ksf 

B ' 4 - 6  6 .6  6 q N  4 - 6  6 . 6  6 y - N  
Q = 6ct6c i6cd6cCNc q t  q l  qd q  o  q  yt yl yd y 2 y 

= 0.786(0.790) (1.499) (1) (500) (25.81) 

+ 0.801(0.790)(1.25)(1)(1830)(1~.72) 
+ 0.801(0.413) (1.25) (1) (95.04) (4) (11.19) 

= 35,078 p s f  

= 35.078 ksf  

For  t h e  b e a r i n g  c a p a c i t y  c a l c u l a t e d  w i t h  t h e  ground s l o p e  f a c t o r s ,  t h e  

o v e r b u r d e n  mus t  a l s o  b e  a d j u s t e d  t o  a c c o u n t  f o r  a  s l o p i n g  g round  s u r f a c e :  



90 
= yD cos o 

= 1 2 0 ( 1 5 )  cos ( 14 .036 )  

= 1746  p s f  
B ' Q = 6cg6ct6ci6cd6c~Nc + 6 6 6 .6 6 q N + 6 6 6 .6 6 y - N 

qg qt (41 qd q 0 q Yg Yt Yl yd Y 2  Y 

= 0 . 5 3 1 ( 0 . 7 8 6 ) ( 0 . 7 9 0 ) ( 1 . 4 9 9 ) ( 1 ) ( 5 0 0 )  ( 2 5 . 8 1 )  

+ 0 . 5 6 3 ( 0 . 8 0 1 )  ( 0 . 7 9 0 )  ( 1 . 2 5 )  ( 1 )  ( 1 7 4 6 )  ( 1 4 . 7 2 )  

+ 0 . 5 6 3 ( 0 . 8 0 1 ) ( 0 . 4 1 3 ) ( 1 . 2 5 ) ( 1 ) ( 9 5 . 0 4 ) ( 4 ) ( 1 1 ~ 1 9 )  

= 1 8 , 8 1 4  p s f  

= 18 .814  ksf 





Purpose  and Scope 

1. T h i s  appendix o u t l i n e s  a  p r o c e d u r e  f o r  c a l c u l a t i n g  t h e  b e a r i n g  

c a p a c i t y  of s h a l l o w  f o u n d a t i o n s  f o r  v a r i o u s  l o a d i n g  geomet r ies  and s o i l  

c o n d i t i o n s .  The procedure  i s  i n t e n d e d  t o  form t h e  b a s i s  of a computer 

program t h a t  w i l l  compute t h e  f a c t o r  of s a f e t y  a g a i n s t  b e a r i n g  c a p a c i t y  

f a i l u r e .  A s h a l l o w  f o u n d a t i o n  a s  c o n s i d e r e d  h e r e i n  i s  one whose wid th  

i s  g r e a t e r  t h a n  i t s  d e p t h  of embedment. 

2.  Two b a s i c  p rocedures  were  c o n s i d e r e d  f o r  adop t ion :  one  pro- 

posed by Meyerhof (1963) and t h e  o t h e r  by Vesic  (1975) ,  Meyerhof ' s  

method was chosen as t h e  b a s i s  f o r  t h e  p rocedure  d e s c r i b e d  h e r e i n  be- 

cause  f o r  many c a s e s  i t  i s  more c o n s e r v a t i v e  t h a n  V e s i c ' s  method and 

because  some of V e s i c ' s  shape f a c t o r s  do n o t  v a r y  i n  a  c o n s i s t e n t  manner 

. w i t h  t h e  pa ramete rs  ( t h e  a n g l e  of i n t e r n a l  f r i c t i o n )  and c  (cohe- 

s i o n ) .  Some of V e s i c s s  p rocedures  a r e  i n c l u d e d ,  however, where Meyerhof 

makes no recommendation r e g a r d i n g  some s p e c i a l  c a s e s .  

3 .  The r e l a t e d  problems of s o i l  c o m p r e s s i b i l i t y ,  l o c a l  s h e a r ,  and 

punching s h e a r  a r e  n o t  c o n s i d e r e d  h e r e .  However, s i n c e  t h e y  a r e  impor- 

t a n t  f a c t o r s  i n  some b e a r i n g  c a p a c i t y  f a i l u r e s ,  due c o n s i d e r a t i o n  shou ld  

be  g iven  them b e f o r e  complet ing a  f i n a l  d e s i g n .  I n  a l l  s i t u a t i o n s ,  i t  

w i l l  be  n e c e s s a r y  t o  c o n s u l t  a  g e o t e c h n i c a l  eng ineer  r e g a r d i n g  t h e  appro- 

p r i a t e n e s s  of t h e  a n a l y t i c a l  ne thod  chosen and of t h e  i n p u t  pa ramete rs .  

Genera l i zed  Bear ing  CapacLty Equa t ion  

4. The g e n e r a l i z e d  bearing c a p a c i t y  e q u a t i o n  can be w r i t t e n  2s :  

-- 
* By Dana Humphrey, S t .  Lou is  D i s t r i c t .  E d i t e d  by Reed Mosher, WES. 



where 

g  = v e r t i c a l  component of t h e  u l t i m a t e  
u n i t  b e a r i n g  c a p a c i t y  o f  t h e  f o u n d a t i o n  

Q = v e r t i c a l  component of  t h e  u l t i m a t e  
b e a r i n g  c a p a c i t y  o f  t h e  f o u n d a t i o n  

B ' ,  L' = e f f e c t i v e  f o u n d a t i o n  d imens ions  

N N N 
c s t r i p '  q s t r i p '  y s t r i p  = b e a r i n g  c a p a c i t y  f a c t o r s  f o r  a s t r i p  

l o a d  

c = c o h e s i o n  pa ramete r  

Y = u n i t  weight  of s o i l  

5 c 9  <q '  
= s h a p e  f a c t o r s  

'cd' 'gd' G y d  embedment f a c t o r s  
i C i 9  Sqi, iyi = i n c l i n a t i o n  f a c t o r s  

< c t y  Sq t9  iyt = b a s e  t i l t  f a c t o r s  
5  cg'  'qg' <Yg = ground s l o p e  f a c t o r s  

qo = e f f e c t i v e  overburden p r e s s u r e  on t h e  
p l a n e  p a s s i n g  th rough  t h e  b a s e  of t h e  
f o o t i n g  

Bear ing  c a p a c i c y  f a c t o r s  

5.   he t h e o r e t i c a l  b e a r i n g  c a p a c i t y  f a c t o r s  f o r  a  s h a l l o w  h o r i -  

z o n t a l  s t r i p  f o o t i n g  under a  v e r t i c a l  l o a d  can be def-ned a s  (Meyerhof 

1963) : 

For  + > 0 

N - - 
c s t r i p  (Nqs t r ip  - 1) c o t  $ 

N = e  ( n t a n 4 )  
q s t r i p  N 4 

N YSt r ip  - - (Nqstr ip  - 1) t a n  1 . 4 4  

For 3 = 0  

where 



N + = t a n 2  (t + -$) 
@ = a n g l e  of i n t e r n a l  f r i c t i o n  

I f  + i s  o b t a i n e d  by t r i a x i a l  t e s t i n g ,  i t  shou ld  b e  c o r r e c t e d  b e f o r e  

i n p u t  t o  t h e  program by: 

where 

@t  
= a n g l e  of i n t e r n a l  f r i c t i o n  o b t a i n e d  from a  t r i a x i a l  t e s t  

+ r = a n g l e  of i n t e r n a l  f r i c t i o n  t o  b e  used i n  c a l c u l a t i n g  t h e  
b e a r i n g  c a p a c i t y  f a c t o r s  

Shape f a c t o r s  

6 .  Shape f a c t o r s  a r e  used t o  a d j u s t  t h e  t h e o r e t i c a l  b e a r i n g  capac- 

i t y  f o r  a s h a l l o w  h o r i z o n t a l  s t r i p  f o o t i n g  t o  account  f o r  t h e  i n f l u e n c e  

of o t h e r  g e o m e t r i c a l  c o n f i g u r a t i o n s .  The shape  f a c t o r s  a r e  (Meyerhof 

and f o r  @ = o0 , 

For 4: > 10' , 

An approx imate  meehod f o r  computing r' q and 5 Y when O "  < @ - < l o 0  i s  

a  l i n e a r  i n t e r p o l a t i o n  bet.ween 1 f o r  4 = O 0  , and 1 + 0.1N @ (B'/L') f o r  

4 = 10' . For s t r i p  f o o t i n g s ,  

For s q u a r e  and c i r c u l a r  f o o t i n g s ,  



Embedment f a c t o r s  

7. Embedment f a c t o r s  t a k e  i n t o  c o n s i d e r a t i o n  t h e  s h e a r i n g  r e s i s -  

t a n c e  on t h e  f a i l u r e  p l a n e  p a s s i n g  th rough  s o i l  above t h e  b a s e  o f  t h e  

f o o t i n g ,  i n d i c a t e d  by segment AB i n  F i g u r e  B l .  

F i g u r e  B 1 .  Embedment of f o o t i n g  

The embedment f a c t o r s  can  be computed a s  (Meyerhof 1963): 

and for  @ = 0" , 

- iqd - Cyd = 1 

For 4 > 10' , 

An approx imate  method f o r  computing and iyd when 0" < Q < 10" - 
i s  a  l i n e a r  i n t e r p o l a t i o n  between 1 f o r  Q = O 0  , and 1 -k O.l(D/B) 

t a n  [ 4 5  + (10/2)  J f o r  @ = 10" . 
8 .  These embednen~ f a c t o r s  shou ld  be  used w i t h  c a u t i o n  because ,  

a s  Vesic  (1975) s t a r e s :  "There e x i s t s  good ev idence  t h a t  t h i s  e f f e c t  i s  

p r a c t i c a l l y  n o n e x i s t e n t ,  i f  t h e  f o u n d a t i o n s  a r e  d r i l l e d  i n  o r  b u r i e d  and 

b a c k f i l l e d  o r  i f  t h e  overburden s t r a t a  a r e  r e l a t i v e l y  c o m p r e s s i b l e .  For 



t h i s  r e a s o n ,  i t  is a d v i s e d  n o t  t o  i n t r o d u c e  dep th  f a c t o r s  i n  t h e  d e s i g n  

of s h a l l o w  founda t ions . "  T h e r e f o r e ,  

I n c l i n a t i o n  f a c t o r s  

9. The i n c l i n a t i o n  f a c t o r s  a c c o u n t  f o r  t h e  e f f e c t  of l o a d  i n c l i -  

n a t i o n  f o r  c o n c e n t r i c a l l y  l o a d e d  f o u n d a t i o n s  w i t h  a  "rough" b a s e  (Fig-  

u r e  B2) .  These  are computed as (Meyerhof 1963):  

and f o r  6 5 $ , 

For 6 > $ , 

where 6 is  t h e  a n g l e  of i n c l i n a t i o n  of t h e  load  from t h e  v e r t i c a l .  

Neyerhof makes no s p e c i f i c  recommendation f o r  an  i n c l i n e d  l o a d  w i t h  a 

component p a r a l l e l  t o  t h e  long a x i s  of t h e  f o o t i n g .  However, a 

F i g u r e  B 2 ,  F o o t i n g  w i t h  an i n c l i n e d  load  



reasonable approach would seem to be taking 0 as the inclination of 

the resultant with the vertical, irrespective of the axes of the footing, 

and computing the bearing capacity assuming that failure will be in the 

"p" direction. 

Base tilt factors 

10. Base tilt factors are employed to account for the effects of 

a sloping base of a shallow footing. They can be computed as (Vesic 

1975): 

~qt = ~yt = (1 - a tan ~)2 

and for $ = 0° , 

For $ > 0° , 

1 - r.:; 
r.:; = r.:; qt For ~ > 0 
ct qt - N tan ~ T 

C 

where a is the slope of the base of the footing, as shown in Figure B3. 

11. The base tilt factors are valid only for long rectangular 

footings with the main axis parallel to the slope and a less than 

D 

Figure B3. Footing with a tilted base 

B6 



45 degrees. Vesic suggests that shape factors presented previously are 

valid for base tilt, but there is no experimental evidence to support 

this conclusion. Although Vesic does not say so, these factors may 

only be used when the inclination of the load, its eccentricity, the 

ground slope, and the tilt all tend to produce failure in the same 

direction. 

12. The above equation for ~yt is quite accurate. It is on the 

safe side. 

Ground slope factors 

13. Ground slope factors are used to correct the bearing capacity 

factors for a sloping ground surface, as illustrated in Figure B4. The 

ground slope factors can be computed as (Vesic 1975): 

and for cp = 

Also the N 
y 

where: 

~qg = ~yg = (1 - tan 8)2 

0° , 

~cg = 1 - (2 S 2) 'IT + 

term should be included for cp o . 

N = -2 sin 8 y 

D 

Figure B4. Footing with a slo ped surface 

B7 



For ~ > 0° , 

1 - ~ qg 
~cg • ~qg - N tan ~ 

c 

14. The ground slope factors are valid only for long rectangular 

footings with the main axis parallel to the ground slope, ground slope 

(6) less than 45°, and ~. Vesic suggests that shape factors presented 

previously are valid when used with ground slope, but there is no experi­

mental evidence to support this conclusion. A slope stability analysis 

should also be performed for slopes greater than ~/2 to ensure the 

stability of the footing. Although Vesic does not say so, these factors 

should only be used when all factors tend to produce failure in the same 

direction. 

Effective foundation dimensions 

15. An approximate method for accounting for eccentric loading of 

strip footings (Figure B5) is (Meyerhof 1963): 

B' = B - 2e x 

~ Q 

Figure B5. Strip footing ~ith an 
eccentric loading 

For rectangular footings (Figure B6), 

B' 

L' 

B - 2e 
x 

Ba 

I 
! 

! 
! 
! 
I 

~ 
~ 
j 



B + lex 
ez ~ 

-'---

I. 
L 

.1 
Figure B6. Rectangular footing with an 

eccentric loading 

16. For other shapes, Vesic (1975) says "Effective foundation 

area may be determined as that of an equivalent rectangle, constructed 

so that its geometric center coincides with the load center and that it 

follows as closely as possible the adjacent contour of the actual base 

area." (In all cases, e. < (B/6) and e _< (L/6).) In general, B x - z 
and L are chosen such that L' > B' . However, for the case of several 

monoliths in a row (Figure B7), B should be chosen as: 

For monoliths 2, 3, 4, .. _, 

B = A 

For an end monolith (e.g., 1), 

if A > C, B C 

if A < C, B = A 

Effective overburden pressure 

17. q ,as illustrated in Figure B8, is the pressure due to the 
a 

B9 



c 

-ro-. 

A 1 

-'--

D 

~I 

2 3 4 5 6 

Figure B7. Base dimensions for monoliths 

1111 
Figure BS. Overburden pressure for one 

layer above the base 

soil and/or surface loads above the base of the footing; i.e., 

q = Dy' 
a m 

~ 
I 

where y' is the effective unit weight of the overlying soil. Now, if m 
y' is not constant (Figure B9), :m 

• • • • • • 
dn r'mn 

d.y' . 
~ m~ 

Figure B9. Overburden pressure for multiple 
layers above the base 

BID 
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For the special case of sloping ground surface, 

lated as shown in Figure B4. 

Influence of groundwater table 

should be calcu-

18. The three cases in Figure BIO show the influence on the 

groundwater table on the unit weight of the soil to be used in the bear­

capacity calculation. 

D 

-~ 

Use mass unit weight Ym 

a. Case I 

Use sumberged unit weight Ysub I 
b. Case II 

D 
Use combined unit weight y, where 

c. Case III 

Figure BlO. Influence of groundwater 

Nonhomogeneous Soil Conditions 

Method I (clays) 

19. This method (Sowers 1962) is applicable where soil strengths 

Bll 



do not vary more than 50 percent throughout the depth of the shear zone, 

which is obtained using Figure Bll, where b is base width and d is 

the depth of the shear (failure) zone (Figure B12). The weighted aver­

age of the soil properties within the depth d would be used in the 

analysis. 

12 
I 

:g 10 

= 
L 

/ 
.r. 
.c; 8 
~ 

V 
/ 

'0 
.c: 6 .. 
:g ...... 
"E 4 

.. J:. 
Q. 
III 

2 0 

flb/ 
/ 

17 
V 

dlb k7 ~ 
~ .... --I"'" -

o 
o 5 10 15 20 25 30 35 40 45 50 

Angle of internal friction !p. degrees 

Figure Bll. Depth and width of the shear zone 
in bearing capacity failure of a cohesionless 

sand (after Sowers (1962» 

,- b 
~I 

Figure B12. Failure zone 

Method II (soft 
clay over stiff clay) 

20. This method (Vesic 1975) is applicable for a soft clay layer 

over a stiff clay layer, as shown in Figure B13. The bearing capacity 

equation is: 

q clN + q m 0 

B12 



o 

H 

8 SOFT CLAY 
cl 

STIFF CLAY 
c2 

Figure Bl3. Soft clay layer over a stiff clay layer 

where 

N 
m 

KN*(N* + S - 1) r(K + 1)N*2 + (1 + KS)N* + t3-
= ~~ ____ ~ __ ~c~~c~ ____ ~~L~~ __ ~~c~ ______ ~ __ ~c~~ ____ ~~~~ __ ~ 

[K(K + l)N* + K + S - l][(N* + S)N* + S - 1] - (KN* + t3 - l)(N* + 1) c c c c c 

S BL/[2(B + L)H] 

K = c/cl 

N* C;cNc c 

c2 cohesion of layer 2 

c = 1 cohesion of layer 1 

For (B/H) < 4 , 

N = 6.17 (square footing) 
m OJ: 

The stiff layer has no effect 
For (B/H) < 2 , 

N = 5.14 (strip footing) 
m 

21. The failure of the footing occurs, at least in part, because 

of lateral plastic flow similar to that occurring in a solid squeezed 

between two rough parallel plates. Vesic states that "For absolutely 

rigid footings they are probably on the safe side. However, caution is 

advised in applying these factors to very flexible footings." 

B13 



Method -111 ( s t i f f  
c l a y  o v e r  s o f t  c l a y  

22 .  T h i s  method (Vesic  (1975) is  a p p l i c a b l e  f o r  a  s t i f f  c l a y  o v e r  

a s o f t  c l a y  l a y e r  ( F i g u r e  B14). The f a i l u r e  is caused by punching 

SOFT CLAY 
C2 

F i g u r e  B14. S t i f f  c l a y  l a y e r  over  a  s o f t  c l a y  l a y e r  

through t h e  s t i f f  c l a y  around t h e  f o o t i n g  p e r i m e t e r .  The e q u a t i o n s  

given by V e s i c  may be r e a r r m g e d  t o  form 

s h e a r i n g  r e s i s t a n c e  b e a r i n g  c a p a c i t y  overburden 
due t o  punching o f  s o f t  c l a y  s t r e s s  a t  
t h r o u g h  s t i f f  c l a y  d e p t h  I) 

The cl used i n  t h e  above e q u a t i o n  shou ld  be reduced by an  a p p r o p r i a t e  

f a c t o r  t o  a c c o u n t  f o r  p r o g r e s s i v e  f a i l u r e  i n  s t i f f  c l a y  i n  some s i t u a -  

t i o n s  (Brown and Meyerhof (1969) used 0 .75  f o r  c l a y  w i t h  s e n s i t i v i t y  

of 2 ) .  It i s  f e l t  t h a t  t h e  s h e a r i n g  r e s i s t a n c e  i n  punching th rough  t h e  

s t i f f  c l a y  s h o u l d  be  n e g l e c t e d  i n  computing t h e  u l t i m a t e  b e a r i n g  

c a p a c i t y .  

Sand o v e r  a  weak l a y e r  
P 

23. T h i s  method i s  t h e  same a s  Method I ,  pa ragraph  19 of t h i s  

appendix ,  f o r  c l a y s .  

Method I ( P e r l o f f  and Baron 1 9 7 6 )  

2 4 .  T h i s  method i s  a p p l i c a b l e  f o r  t h e  c o n d i t i o n s  shown i n  



I ') F i g u r e  B15. The p rocedure  is as f o l l o w s :  

The s t r o n g e r  material upon which t h e  f o u n d a t i o n  rests 
i s  assumed t o  e x t e n d  t o  a n  i n f i n i t e  d e p t h .  The b e a r -  
i n g  c a p a c i t y  of t h e  material ( q )  is computed on t h i s  
b a s  is.  

The a v e r a g e  v e r t i c a l  stress t r a n s m i t t e d  from t h e  
f o u n d a t i o n  t o  t h e  s u r f a c e  o f  t h e  weaker m a t e r i a l  i s  
de te rmined  by a n  approx imate  method a s  shown i n  Fig-  
u r e  B16a. The s u r f a c e  of t h e  u n d e r l y i n g  m a t e r i a l  i s  
t h e n  c o n s i d e r e d  t o  b e  t h e  b a s e  of a n  e q u i v a l e n t  
f o u n d a t i o n  w i t h  dimensions  determined as shown i n  
F i g u r e  B16b and c a r r y i n g  a  u n i t  p r e s s u r e  e q u a l  t o  
t h a t  t r a n s m i t t e d  from t h e  f o u n d a t i o n  i n  a d d i t i o n  t o  
t h e  we igh t  of t h e  overburden  m a t e r i a l  above t h e  
e q u i v a l e n t  f o u n d a t i o n .  

. . .  . 
8 ' .  . . . .  

* .  . - 'SAND 

. a .  - .  . . - .  . . . .  . - .  I . . O . . . . . s . . a 1  * .  . . . .  . . * . . . . .  
WEAK LAYER 
$2, C2 

F i g u r e  B15. Sand o v e r  a  weak l a y e r  

The b e a r i n g  c a p a c i t y  used i s  t h e  s m a l l e r  of t h e  two. 

25. To compute t h e  u l t i m a t e  b e a r i n g  c a p a c i t y  of t h e  f o o t i n g ,  

the. u l t i m a t e  b e a r i n g  p r e s s u r e  o f  t h e  weak l a y e r  q" must b e  t r a n s m i t t e d  

from t h e  weak l a y e r  t o  t h e  f o o t i n g  and t h e  weight of t h e  overburden  

m a t e r i a l  above f o o t i n g  must b e  s u b t r a c t e d .  

2 6 .  The r e l a t i o n s h i p s  between t h e  u l t i m a t e  b e a r i n g  c a p a c i t y  of 

t h e  f o o t i n g  q  and t h e  u l t i m a t e  b e a r i n g  c a p a c i t y  of t h e  weak l a y e r  

q" a r e  : 

For a  s t r i p  f o o t i n g ,  



q = ultimate bearing capacity of footing - 

q' = ultimate bearing capacity of footing neglecting weak layer 

q" = ultimate bearing capacity of weak layer 

Figure B16. Approximate diseribution of vertical 
stress due to a surface load 

For a rectangular footing, 

27. Rearranging the equations to solve for the ultimate bearing 

capacity of tile footing q the resulting equations are: 



For a s t r i p  f o o t i n g ,  

For a r e c t a n g u l a r  f o o t i n g ,  

28 .  The y H term should t a k e  i n t o  account  t h e  l o c a t i o n  of t h e  
1 

w a t e r  t a b l e .  The u n i t  p r e s s u r e  on t h e  s u r f a c e  of t h e  u n d e r l y i n g  mate- 

r i a l  q" shou ld  be computed u s i n g  B o r  an e q u i v a l e n t  f o o t i n g  and an  

embedment d e p t h  o f  D + H . It shou ld  be  no ted  t h a t  q is independent  

of c1 and . 

The Proper  Combination of t h e  F a c t o r s  Tending t o  Cause F a i l u r e  

E c c e n t r i c  - and i n c l i n e d  - l o z d i n g  

29.  A c o n t r o v e r s y  e x i s t s  i n  t h e  l i t e r a t u r e  ( P e r l o f f  and Baron 

1976, Meyerhof 1963, Vesic 1975) a s  t o  whether  i n  c a s e  A o r  c a s e  B 

( F i g u r e  B17) t h e  i n c l i n a ~ i o n  and t h e  e c c e n t r i c i t y  combine t o  produce t h e  

CASE A CASE B 

F i g u r e  Bl7 .  Foo t ing  w i t h  an e c c e n t r i c  and i n c l i n e d  l o a d  

most c r i t i c a l  c a s e .  It i s  t h e r e f o r e  f e l t  prudent  t o  assume t h a t  i n  

bo th  c a s e s  t h e  i n c l i n a t i o n  2nd e c c e n t r i c i t y  cnc:bine t o  produce t h e  most 

c r i t i c a l  c a s e .  



Eccentric loading of a 
strong layer over a weak layer 

30. It is found that for e 5 (B/6) , the eccentricity may be 
neglected when calculating the bearing capacity of the weak layer, if 

(B/H) < 2 (see Figure B18). - 

H I 
STRONG LAYER 

I 1 WEAK LAYER 

Figure B18. Two-layer system with eccentric loading 

Factors tending to cause 
failure in different directions 

31. The recommendations given in this appendix cannat be blindly 

applied in cases such as in Figure B19. Judgment will be required. 

EXAMPLES 

Figure 819. Cases of failure in different directions 



APPENDIX C:  COMPARISON OF BEARING CAPACITY PROCEDURES* 

Bearing Capaci ty  Fac to r s  

1. The va lues  f o r  bea r ing  capac i ty  f a c t o r s  presen ted  by Meyerhof 

(1963) and Vesic (1975) a r e  approximately t h e  same f o r  t h e  cohes ion  term 

Nc and t h e  surcharge  term N . Meyerhof's va lues  f o r  t h e  f r i c t i o n  
q 

term N a r e  sma l l e r  t h a n  Ves ic ' s  when i s  l e s s  t h a n  35 deg rees  
Y 

(F igure  Cl). 

Shape Fac to r s  

2 .  Meyerhof and V e s i c q s  recomnendatLons a r e  p re sen t ed  i n  Table C 1 .  

The t a b l e  compares shape f a c t o r s  computed by t h e i r  methods f o r  va r ious  

va lues  of B/L and Nc r a t i o s .  For t h e  cohesion term cc , t h e  two 

methods g ive  p r a c t i c a l l y  t h e  same r e s u l t s  (F igure  C2a). For r h e  sur-  

charge term Tg MeyerhoPTs v a l u e s  are more conse rva t ive  t h a n  V e s i c ' s  

(F igu re s  C2b). The v a l u e s  f o r  t h e  f r i c t i o n  term f o r  t h e  two methods 

do not  c o r r e c t  i n  t h e  same d i r e c t i o n  (F igure  C2c); Vesicss va lues  a r e  

more conse rva t ive .  

Embedment F a c t o r s  

3 .  Meyerhof and V e s i c ' s  recommended embedment f a c t o r s  f o r  va r ious  

va lues  of and D / B  a r e  compared i n  Table C2. V e s i c ' s  va lues  f o r  

t h e  cohes ion  term C c d  a r e  more conse rva t ive  t h a n  Meyerhof 's .  However, 

they e x h i b i t  an unusual  behavior  of decreas ing  i n  va lue  when i s  

g r e a t e r  t han  25 (F igure  C3a). This  behavior  is a l s o  p r e s e n t  i n  ~ e s i c ' s  

va lues  f o r  t h e  surcharge  term 'yd ' but h i s  v a l u e s  a r e  on t h e  uncon- 

s e r v a t i v e  s i d e  (F igure  C3b). V e s i c ' s  va lues  f o r  t h e  f r i c t i o n  term 

a r e  more conse rva t ive  (Figure C3c). 

-- 
* By Dana Humphrey, S t .  Louis D i s t r i c t .  Edi ted  by Reed Mosher, G T S .  



ANGLE OF SHEARING RESISTANCE 0, DEGREES 

'Qure c l *  Compar i son  of  b e a r i n g  C;pacitl- factirs 
d e r e m i n e d  u s i n g  t h e  me thods  o f  ileyerllof (1963) and 

V e s i c  (1975) 



2.0 

NOTE: B I L  = 1 

A N G L E  OF S H E A R I N G  RESISTANCE (3, DEGREES 

F i g u r e  C2. Compar isons  o f  s h a p e  f a c t o r s  d e t e r m i n e d  
u s i n g  t h e  methods  o f  Meyerhof ( 1 9 6 3 )  and Vesic 

(1975) 



NOTE: D/B=1 

ANGLE OF SHEARING RESISTANCE 0, DEGREES 

Figure C3. Comparisons of embedment factors 
determined using the methods of Meyerhof 

(1963) and Vesic (1975) 



I n c l i n a t i o n  Fac tors  

4 .  The v a l u e s  proposed by Vesic and Meyerhof a r e  presented  i n  

T a b l e  C 3  a long  wi th  t y p i c a l  computations.  The i n c l i n a t i o n  f a c t o r s  f o r  

t h e  s p e c i a l  c a s e  of c = 0 a r e  evaluated t o  show t h e  r e l a t i o n s h i p  be- 

tween t h e  i n c l i n a t i o n  f a c t o r s  i n  t h e  surcharge 5-y i and f r i c t i o n  \i 

terms. For t h e  va lues  i n  t h e  surcharge term, Meyerhof's va lues  a r e  

more conse rva t ive  (Figure C 4 ) ,  except f o r  t h e  case  of 4 > 40' . ~ e s i c ' s  

va lues  f o r  t h e  f r i c t i o n  term a r e  more conserva t ive  (F igure  C 5 ) .  Ves ic ' s  

va lues  show t h a t  f o r  c f 0 , a s  i nc reases ,  Sci and Fqi  decrease .  



0 I I I 
0 

I 

5 10 15 20 25 30 
INCLINATION OF LOAD 6, DEGREES 

Figure C4. Comparison of inclination factors 
(surcharge term) determined using the methods 

of Meyerhaf (1963) and Vesic (1975) 

5,; 

INCLINATION OF LOAD 6, DEGREES 

Figure C 5 .  Comparison of inclination izctors 
(friction term) determined using the metilods 

of Pleyerhof (1963) and Vesic (1975) 



I 
I Table C1 

1 -) Comparison of Shape F a c t o r s  

V e s i c  Meyerho f 

Recommended c 

N c s q u a r e  

N c s t r i D  

Recomended 
q 

Nqsquare 
W q s t r i p  

1- 00 
1.04 
1.13 
1.27 
1.48 

Recomended 
<Y - -  

N ysquare 

'ystrip ---- 



Table C2 

Comparison of Embedment Factors 

Meyerho f 
Vesic For 4 = 0 For I$ > 10" 

2 D Cqd = 1 + 2 tan $ (1 - sin 4) - 
B Fqd = l Sqd = I + 0.1 {tan 

I - - - <qd ** 
'cd - 'qd N= tan 4 

Recommended 
<,d 

Recommended 5 
cd 

Recommended 
<yd 

* For  $ = 0 .  
** For + # 0 .  



Table C3 

Comparison of I n c l i n a t i o n  Fac to r s  

Vesic  Meyerhof 

P 
c q i  = (1 - Q + B ' L l c  c o t  4 )m 

where 

L 

% = -  B 
( f o r  i n c l i n a t i o n  i n  

1 + , t h e  base  width B 
L 

d i r e c t i o n )  

2 +-k 
( f o r  i n c l i n a t i o n  i n  B Z = -  L 

1-1- - t h e  base l eng th  L 
d i r e c t i o n )  

The compariscn is f o r  t h e  s p e c i a l  ca se  of a  load i n c l i n e d  i n  t h e  B 
d i r e c t i o n  and c  = 0 : 

Therefore ,  

'ii 
i s  i r r e l e v a n t  

(Cont inuecl) 



Table C3 (Concluded) 

Vesic Meyerhof 

The factors are:  

Say c = 0.10 tsf 

@ = 1 5 " ,  30" 

- P - - 
Q + B'L'(0.17) 

Thus, f o r  c # 0 , as @ increases ,  cqi  decreases. 



APPENDIX D :  COMPARISON OF BEARING CAPACITY CALCULATIONS* 

Homogeneous S o i l  P r o f i l e s  

1. Simple  examples of b e a r i n g  c a p a c i t y  c a l c u l a t i o n s  f o r  cohesion-  

less and c o h e s i v e  s o i l s  a r e  shown i n  t h e  fo l lowing  pages.  For  t h e  par-  

t i c u l a r  examples ,  Meyerhof ' s  (1963) procedure  g i v e s  more c o n s e r v a t i v e  

value's  t h a n  V e s i c ' s  (1975) a l t h o u g h  t i le  two s e t s  of v a l u e s  a r e  n o t  v e r y  

d i f f e r e n t .  

Example 1: c o h e s i o n l e s s  s o i l  

APPLIED LOAD IS VERTICAL AND CONCENTRIC 

1 
= 3 '  qN 3 - ' Y Y  ByN 

qo q q d  q 2 Y Y ~  Y 

Ves ic  

( )  can 30 = 1.58 

2 D 
= 2 t a n  $ ( I  - s i n  @ )  - 

q d B 

= 1 + 2 t a n  3 0 ( 1  - s i n  30) YS) 
= 1 . 2 9  

q = 1 0  x 115 = 1150 p s f  

N = 18 .40  (from T a b l e  3 . 1 ,  Vesic (1975))  
4 

By Dana IIumphrey, S t .  Louis  D i s t r i c t .  E d i t e d  by Reed Mosher,  WES. 

Dl 



Vesic  (Continued) 

YYd 
= 1 

N = 22.40 (from Table  3.1, Vesic  (1975)) 
Y 

= 50,900 psf = 50.9 ksf 

Meyerhof 

Y = 1 + 0.1 t a n  (45 + $) 
q d 

= 1 + 0 . 1  ($) t a n  (45 + $) = 1.17 

q = 1150 psf 

N = 18.70 
q 

Y = Y = 1.17 
yd  qd  

N = 18.00 
Y 

90 
= (1.17) (1.17) (1150) (18.70) + $ (1019)  (1 .17)  (10) (115) (18.00) 

= 43,800 psf = 43.8 k s f  

Example 2: cohes ive  s o i l  

Same a s  example 1 but  s = 1 .0  ksf and 6 = 0 

qo 
= YcPcdcNc + Y Y q N  q qd q 

Vesic -- 

: C = 1 -I- (;)(>) = I 4. (g) (LA-)  1-19 
C 



Vesic (Continued) 

N = 5.14 (from Table 3.1, Vesic (1975)) 
C 

10 Y = 1 +(:)ran ( = 1 + -  (tan 0) = 1.00 
q 10 

= 1 + 2 tan )(1 - sin .!? = 1.00 qd B 

q = 1150 psf 

N = 1.00 
q 

= 9.7 ksf 

Meyerhof 

C 
cstrip 
U 

ycd = 1 + 0.2 2 tan 45 + = 1 + 0.2($) tan (45 + 0) = 1-20 2) 

=l.00 for + = o  
q d 

M = 1-00 
q 

qo = (1.20) (1.20) (1.0)(5.14) + (1-00)(1.00) 

= 8-6  ksf 

Nonhomogeneous Soil Conditions 

2. A search of the literature revealed many different methods and 

procedures for evaluating the bearing capacity for nonhomogenous soil 

conditions. The procedures are dependent on the type of nonhomogeneous 

soil profile; i.e., soft clay nver sriff clay, or strong layer over weak 

layer, etc. Several of the metAods were examined and compared. From 

these comparisons, the most reliable methods were recommended for the 

program criteria. 



~ u t t o n ' s  (1953) method 

3. T h i s  method assumes t h a t  a g e n e r a l  s h e a r  f a i l u r e  o c c u r s  a long  

a c y l i n d r i c a l  s l i p  s u r f a c e  s t a r t i n g  a t  t h e  edge o f  t h e  founda t ion .  

Brown and Meyerhof (1969) showed t h a t  t h i s  assumed f a i l u r e  mode was 

u n r e a l i s t i c  and r e s u l t e d  i n  b e a r i n g  f a c t o r s  on t h e  u n s a f e  s i d e  f o r  a  

s o f t  c l a y  o v e r  a s t i f f  c l a y  and a s t i f f  c l a y  over  a s o f t  c l a y .  Fig-  

u r e  D l  compares ~ u t t o n ' s  v a l u e s  w i t h  t h o s e - o f  Vesic  (1975) which were 

d e s c r i b e d  e a r l i e r  i n  Appendix B .  

Sand o f  f i n i t e  
t h i c k n e s s  o v e r  c l a y  l a y e r  

4 .  Exper imenta l  s t u d i e s  (Tcheng 1957,  Vesic  1970) have shown t h a t  

f a i l u r e  f o r  t h i s  c o n d i t i o n  i s  by punching a long  e s s e n t i a l l y  v e r t i c a l  

s l i p  l i n e s  forming a t  t h e  f o u n d a t i o n  p e r i m e t e r .  

5 .  Tcheng 's  (1957) a n a l y s i s  proposed r e l a t i n g  t h e  b e a r i n g  

c a p a c i t y  o f  t h e  u n d e r l y i n g  c l a y  l a y e r  
q: t o  t h e  b e a r i n g  c a p a c i t y  of a 

l o n g  r e c t a n g u l a r  f o o t i n g  on a  sand  l a y e r  o v e r  c l a y  ( w i t h  s h e a r  p a r a m e t e r s  

of c  = 0 and $)  by t h e  e x p r e s s i o n  

q; 
@ ... e  - ( ~ 1 4 - $ 1 2 )  t a n $  

qo 
t a n  $ ( 1  + s i n  $) 

Tcheng r e p o r t e d  t h a t  t h e  above e x p r e s s i o n  showed r e a s o n a b l e  agreement 

w i t h  h i s  tes t  r e s u l t s  when H - < 1.5B , and f o r  g r e a t e r  d e p t h s  he pro- 

posed s e m i e m p i r i c a l  fo rmulas  f o r  d e p t h s  up t o  K 3.5B , after which  

t h e  i n f l u e n c e  o f  t h e  s o f t  c l a y  l a y e r  is n e g l i g i b l e .  Th i s  methed w2s 

found t o  g i v e  u n r e a l i s t i c a l l y  h i g h  b e a r i n g  c a p a c i t y  v a l u e s  eve2 f o r  s m a l l  

t h i c k n e s s e s  o f  t h e  sand s t r a t u m ,  a r e s u l t  t h a t  is  shown ks? t h e  compari- 

s o n  l a t e r  i n  t h i s  appendix.  It is  t h e r e f o r e  recommended rhat ~Ihis 

method n o t  be  used.  

6.  V e s i c  (1970) proposed a more g e n e r a l  a n a l y s i s  (valid f o r  

r e c t a n g u l a r  f o o t i n g s  of any shape  on a  s t r o n g e r  l a y e r  with shear s t r e n g t h  

p a r a m e t e r s  c1 and u n d e r l a i n  by a  weaker l a y e r  w i t h  s h e a r  s t r e n g t h  

p a r a m e t e r s  c  2 '  $ 2 )  based on t h e  assumption of v e r t i c a l  s l i p  s u r f a c e s .  





This  approach y i e l d e d  t h e  e x p r e s s i o n  

where 

1 - s i n  
2 

K = 4 1  
2 

l + s i n  4  
1 

The b e a r i n g  c a p a c i t y  v a l u e  q: i s  f o r  a f i c t i t i o u s  f o o t i n g  o f  t h e  same 

s i z e  and s h a p e  as t h e  a c t u a l  f o o t i n g  b u t  r e s t i n g  on t h e  lower l a y e r  and 

e v a l u a t e d  w i t h  t h e  s h e a r  s t r e n g t h  p a r a m e t e r s  c  2 ,  Q , 2 .  When c l = O  

and 25 Q, < 50 , t h e  above e x p r e s s i o n  can  be reduced t o  - 

T h i s  e x p r e s s i o n  can  be used t o  f i n d  t h e  c r i t i c a l  d e p t h  o f  t h e  upper  

l a y e r ,  a f t e r  which t h e  b e a r i n g  c a p a c i t y  o f  u n d e r l y i n g  weaker l a y e r  w i l l  

have l i t t l e  i n f l u e n c e :  

H 3 1. ($) - - - 
c r i r  

where q i  i s  t h e  b e a r i n g  c a p a c i t y  o f  t h e  upper  l a y e r  as an i n f i n i t e  

mass. For  = O , t h e  b e a r i n g  c a p a c i t y  q goes  t o  n e g a t i v e  i n f i n i t y .  
1 0 

7.  A s p e c i a l  problem w i t h  t h i s  method is  de te rmin ing  t h e  b e a r i n g  

c a p a c i t y  o f  t h e  weaker l a y e r  q" . I n  an example given by Ves ic  (1975) ,  

embedment i s  t a k e n  a s  t h e  d e p t h  t o  t h e  t o p  o f  t h e  weaker l a y e r ,  b u t  when 

t h e  b e a r i n g  c a p a c i t y  of t h e  a c t u a l  f o o t i n g  i s  computed, no account  i s  

t a k e n  o f  t h e  we igh t  o f  s o i l  between t h e  b a s e  of t h e  f o o t i n g  and t h e  s o f t  

l a y e r .  On t h e  b a s i s  of t h e  p r o c e d u r e  g i v e n  by P e r l o f f  and Baron ( 1 9 7 6 )  

i n  Appendix B ,  p a r a g r a p h  2 4 ,  t h i s  a ssumpt ion  seems i n c o r r e c t .  It i s  

t h e r e f o r e  recommended t h a t  Vesicls method n o t  be used u n t i l  t h i s  i s  

r e s o l v e d .  



8. P e r l o f f  and Baron (1976) proposed a  procedure  which was p re -  

s e n t e d  earlier (Appendix B, p a r a g r a p h  30) f o r  a  s t r o n g  l a y e r  o v e r  a weak 

l a y e r .  It was found t o  g i v e  r e a s o n a b l e  r e s u l t s  as shown i n  t h e  f o l l o w i n g  

comparison.  

9. A comparison of t h e  t h r e e  methods d e s c r i b e d  above was per-  

formed u s i n g  c  = 0 and f o u r  d i f f e r e n t  a n g l e  of i n t e r n a l  f r i c t i o n  
1 

(15', 25', 35O, 50") .  I n  t h e s e  c a l c u l a t i o n s  and comparisons ,  i t  is  

assumed t h a t  t h e  b e a r i n g  c a p a c i t y  o f  t h e  lower l a y e r  is c a l c u l a t e d  i n  a  

c o n s i s t e n t  manner r e g a r d l e s s  o f  t h e  method being used.  

a. F o r  a r e c t a n g u l a r  f o o t i n g  ( F i g u r e  D 2 ) , *  - 
(1)  Tcheng's  (1957) method: 

46' - - e  - (~r /4 -$ /2 )  t an4  
0 

t a n  4 ( 1  + s i n  4)  

T h e r e f o r e ,  

M = 
1 

e  - ( ~ / 4 - @ / 2 )  t a n 4  
1 - 2({) t a n  4 ( 1  + s i n  4)  

and f o r  

( 2 )  V e s i c ' s  (1970) method: 

For  c  = 0  and B/L = 0 , t h e  e x p r e s s i o ~ :  r e d n c e s  to :  1 

* Note: For  a l l  t h r e e  methods, :, ( b a s e  l e n g t h  of sand e x t e n d i n g  t o  
i n f i n i t e  d e p t h )  i s  t h e  l i m i t i n g  v a l u e  of 

40 



Figure 02. Comparison of Tcheng (19571, Vesic (1970),  and Perloff and ~aron's (1976) 
methods for a rectangular footing 



Thus, f o r  

(3) P e r l o f f  and B a r o n ' s  (1976) method: 

B - 
0 

( n o t  a f u n c t i o n  o f  $1 

T h e r e f o r e ,  

The b e a r i n g  c a p a c i t y  f a c t o r s  a re :  

Tcheng Vesic  

B (1) + = $ =  ( $ =  $ =  + =  7 -  - , $ =  a = :  
Z H / B  15" 25' 35" 50" 1 5 "  25" 35" 50" ------- - 

4  1 . 1 6  1 .34  1 . 6 5  3.27 1 . 1 2  1 . 1 8  1 . 1 9  1 . 1 7  

Perlof f 
&Id 

Baron 

1 . 2 5  

1.50 

2.00 

3.00 

5,OO 



b .  For  a s q u a r e  f o o t i n g  ( F i g u r e  D3), - 
( 1 )  V e s i c ' s  (1970) method: 

For t h i s  c a s e ,  B/L  = 1 . T h e r e f o r e ,  

and f o r  

( 2 )  P e r l o f f  and Baron's ( 1976 )  method: 

T h e r e f o r e ,  

( i n d e p e n d e n t  of 4 )  





The b e a r i n g  c a p a c i t y  f a c t o r s  a r e :  

Vesic f(&) ) 

For  c r i t i c a l  (H/B), 

(BIZ) crit lyBNy = -  
(B/Z) c r i t  2C2Nc 

1 + 1 YBNY 1 =- -  
(BIZ) crif 2C2Nc 

For  a  t y p i c a l  case ($  = 35' , B = 15 , y .= 115 p c f ) ,  

C 2  = 0.10, 0.25, 0.50, 1.0 t c f  

( B , / Z )  - - - 1 

crit (11.5) (15)(45! - 
2(C2)(5.14)(2000) 

P e r l o f f  
and 

Baron 

1- 56 



(B/Z) c r i t  

0.027 

0 .071  

0.153 

0.360 

The e f f e c t  o f  cl # 0 

( a )  R e c a l l  t h a t  t h e  P e r l o f f  and Baron method i s  independent  o f  
, and c , )  

( b )  V e s i c ' s  method may be  r e w r i t t e n :  

Theref o r e ,  
0 

= Mq" + Mccl 
0 

For a s t r i p  f o o t i n g ,  for 
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