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INTERACTION BETWEEN STRIP FOOTING AND SOFT GROUND TUNNEL 

INTERACTION ENTRE LES SUPPORTS ET PASSAGE SOUTERRAIN QUI EST 

VASCUX
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Vice President, LRA Engineering, Rancho Cordova, California, U.S.A. 
2Professor of Civil Engineering, Pennsylvania State University, University Park, Pennsylvania, U.S.A.

SYNOPSIS: Interactions between strip footings and circular shallow soft ground tunnels were investigated. The analysis was 

made on an IBM-PC computer using a program named FLAC. The soil was characterized as a non-linear elastic perlectty 

plastic material. Within the elastic range, the hyperbolic stress-strain law was used, whereas the Drucker-Prager yield criterion 

was adopted to model the plastic behavior. Variables analyzed included footing displacement, tunnel deformation, stress 

distribution, displacement field, and ultimate bearing capacity of the footing. These variables were used to evaluate the 

d e g r e e  of footing/tunnel interaction.
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1 IN T RO DU C T IO N

T r a ns p o r ta t io n , w a te r , a n d  s e w e r  t u n n e ls  a s  w e ll a s  utility  c o n d u it s  q u it e  

o ft e n  a r e  c o n s t r u c t e d  in  s o ft  g r o u n d . S o ft  g r o u n d  t u n n e ls  m a y  b e  

lo c a t e d  n e a r  t h e  g r o u n d  s u r fa c e . W h e n  s h a llo w  s o ft  g r o u n d  t u n n e ls  a r e  

o ve r la y  b y  b u ild in g s , t h e y  in te r a c t  w ith  t h e  b u ild in g  fo u n d a t io n s .  

In te r a c t ion  b e t w e e n  t u n n e ls  a n d  fo u n d a t io n s  a ffe c t s  t h e  s ta b ility  o f b o t h  

t he  t u n n e ls  a n d  fo u n d a t io n s . T h u s , t o  d e s ig n  a  s a fe , e c o n o m ic ,  a n d  

s t r uc t ur a lly  s o u n d  s o ft  g r o u n d  t u n n e l b e n e a t h  a n d  t h e  o ve r ly ing  fo u n d a t io n , 

a  p r o p e r  c o n s id e r a t io n  o f t h e  in t e r a c t io n  b e t w e e n  t h e m  is  r e qu ir e d .

Ve r y fe w  s t u d ie s  o n  fo u n d a t io n / t u n n e l in t e r a c t io n  a r e  a v a ila b le . T h e r e  

a r e  s o m e  s t u d ie s ,  h o w e v e r , o n  t h e  e ffe c t  o f u n d e r g r o u n d  c a v it y  (or  v o id ) 

o n  t h e  p e r fo r m a n c e  o f o ve r ly ing  fo o t in g s . W a n g  a n d  h is  c o - w or ke r s  

(B a d ie  & W a n g ,  1 9 8 4 ; B a u s  & W a n g ,  1 9 6 3 ; W a n g  & B a u s , 1 9 0 0 ;  W a n g

& B a d ie , 1 9 0 5 ;  a n d  W a n g  e t . a l. 1 9 6 9 ) r e p o r t e d , b a s e d  o n  t he ir  finite  

e le m e n t  a n a ly s e s ,  v a r io u s  im p o r t a n t  fa c to r s  in flu e n c in g  lo o t in g  s ta b ility . 

T h e  fa c t o r s  in v e s t ig a t e d  w e r e  fo o t ing  s iz e  a n d  c o nfig u r a t io n :  lo a d in g  

c o n d it io n :  c a v it y  c o n d it io n  in c lu d in g  c a vit y  s iz e ,  lo c a t io n , a n d  o r ie n t a t io n  

w ith  r e s p e c t  t o  t h e  fo o t in g :  a n d  s o il c o n d it io n s  w h ic h  in v o lv e s  s oil 

p r o pe r t y  a n d  la y e r  c o m p o s it io n -  T he y  c o n s id e r e d  t h e  c o n d it io n s  o f a  

s in g le  fo o t in g  a b o v e  a  s in g le  c a v it y , a  s in g le  fo o t in g  a b o v e  d o u b le  c a v it ie s  

a n d  d o u b le  fo o t in g s  a b o v e  a  s in g le  c a v it y  (B a d ie  & W a n g ,  1 9 9 0 , a & b). 

Ot h e r  s t u d ie s  s u c h  a s  W o o d  a n d  L a m a c h  (1 9 6 5 ) a n d  D r u m m , e t . a l. 

(1 9 6 7 ) r e po r t e d  fin d ing s  s im ila r  t o  t h o s e  o f W a n g  a n d  h is  c o w o r k e r s . 

Me a n w h ile , Ab d c lla h , e t  a l. (1 9 6 7  a & b ) u t ilize d  t h e  t he o r y  o f e la s t ic ity  to  

a n a ly z e  c a v it y  d e fo r m a t io n  a s  w e ll a s  s t r e s s  d is t r ib u t io n  a r o u n d  t h e  c a v ity .

T his  p a p e r  a d d r e s s e s  t h e  in t e r a c t io n  b e t w e e n  s t r ip  fo o t in g s  a n d  c ir c u la r  

u n lin e d  s o ft  g r o u n d  t u n n e ls  fo r  a  s in g le  fo o t ing  a b o v e  a  s in g le  t u n n e l, a n d  

a  s in g le  fo o t in g  a b o v e  t wo  pa r a lle l t u n n e ls .  P a r t ic u la r  e m p h a s e s  a r e  

p la c e d  o n  t h e  a n a ly s is  o f fo o t ing  a n d  t u n n e l c o lla p s e , d is p la c e m e n t  

ve loc it y - ve c t o r s , s t r e s s  d is t r ib ut io n , a n d  t h e  e x t e n t  o f t h e  in flu e n c e  zo n e .

2  IN T E RA C T ION  A N AL YS IS

T h e  in t e r a c t io n  b e t w e e n  lo o t in g s  a n d  t u n n e ls  w a s  a n a ly z e d  u s in g  a  two-  

d im e n s io n a l finite  d iffe r e n c e  p r o g r a m  n a m e d  F LAC  (It a s c a , 1 9 6 7 ). T h e  

fo u n d a t io n  s o il w a s  a  c o m p a c t e d  c la y  h a v in g  a  d r y  d e n s it y  o f 1 3 7 6  k g / m 3 

w ith  a  w a te r  c o n t e n t  o f 2 3 % .  T h e  s o il p r o p e r t ie s  in c lu d e d  a n  in t e r na l 

fr ic t ion a n g le  o f 8 d e g r e e s ,  a  u nit  c o h e s io n  o f 1 5 8 .7  KP a , a n  init ia l 

m o d u lu s  in  c o m p r e s s io n  o f 1 9 .8 7  K P a  a n d  a  P o is s o n ’s  r a t io  o f 0 .3 9 .

T h e  fo o t in g / t un n e l c o n d it io n s  a n a ly z e d  a r e  a  s in g le  fo o t in g  a b o v e  a  s in g le  

t u n n e l fo r  d iffe r e n t  fo o t in g  a n d  t u n n e l s iz e s  w ith  v a r y ing  t u n n e l lo c a t io n s , 

a n d  a  s in g le  fo o t in g  a b o v e  d o u b le  t u n n e ls  w ith  d iffe r e n t  t u n n e l s p a c in g s ,  

d e p t h s  to  t u n n e ls ,  a n d  t un n e l s ize s . T h e  r e s u lt s  o f c o m p u t e r  a n a ly s is  

p r o v id e  fo o t ing  s e t t le m e n t , t un n e l d e fo r m a t io n , s t r e s s , s t r a in , a n d  s o il 

y ie ld ing . F r o m  t h e s e  d a t a , t h e  fo o t in g / t un n e l in t e r a c t io n  b e h a v io r  is  

e v a lu a t e d  fo r  t h e  u lt im a t e  lo a d in g  c o n d it io n . T h e  u lt im a t e  lo a d  is  

d e t e r m in e d  fr om  t h e  fo o t ing  p r e s s u r e  v e r s u s  s e t t le m e n t  r e la t io n s h ip  a t  t h e  

p o in t  b e y o n d  w h ic h  t h e  c u r v e  r e a c h e s  a  s t e a d y  m in im u m  s lo p e .

3  T U N N EL DE F O RM A T IO N / F OO T IN G  S E T T LE ME N T

Ac c o r d in g  to  B a d ie  a n d  W a n g  (1 9 9 0 a ), t h e  ve r t ic a l d is p la c e m e n t  o f t h e  

t u n n e l c r o w n  (6c ) in c r e a s e s  line a r ly w ith  in c r e a s in g  fo o t ing  d is p la c e m e n t  

(6 i). T h e s e  t w o  d is p la c e m e n t  v a lu e s  a r e  c o m b in e d  t o g e t h e r  a s  a  r a t io  

(6 c /6 i) , a n d  t h e  e n t ir e  s e t  o f d a t a  a n a ly z e d  a r e  p lo t t e d  a g a in s t  t h e  r a t io  

o f d e p t h  to  t u n n e l (D) a n d  lo o t in g  w id th  (B), in F ig ur e  1. N o t e  t h a t  t h e  

d a t a  s h o w n  in F ig ur e  1 a r e  for  a  s in g le  foo t ing  a b o v e  a  s in g le  t u n n e l 

w ith  t h e  lo o t in g  w id t h  a n d  t u n n e l d ia m e t e r  e a c h  e q u a l lo  1 rn. T h e  

t u n n e l is  e it h e r  c e n t e r e d  w ith  t h e  lo o t in g  o r  o ff- c e n te r e d  h a v in g  a n  

e c c e n t r ic ity  d e n o t e d  by  E  a s  s h o w n  in t h e  in s e t . T h e  figur e  illu s t r a t e s , 

a s  w o u ld  b e  e x p e c t e d , t h a t  t h e  r a t io  & / 6 i is  g r e a t e s t  w h e n  t h e  t u n n e l 

is  c e n t e r e d  w ith  t h e  fo o ling . For  t h e  E / B -  0  c u r v e , t h e  v a lu e  o l 6 J 6 i 

a p p r o a c h e s  a  m a x im u m  o f 1 .0  a t  t h e  g r o u n d  s u r fa c e  i.e . a t  D/ B  =  0 , 

a n d  d e c r e a s e s  g r a d u a lly  w ith  in c r e a s in g  D/ B. F o r  a  c o n s t a n t  D/ B, t h e  

r a t io  6c/6 i d e c r e a s e s  w ith  in c r e a s in g  E / B. T h e  fig ur e  r e ve a ls  t ha t  t h e  

m a x im u m  6 J 6 i o n  e a c h  c u r v e  t a k e s  p la c e  a t  a  g r e a t e r  d e p t h  w h e n  E/B 

is  h ig h e r . In o t he r  w o r d s , (or  n e a r  s u r fa c e  s h a llo w  t u n n e ls , t h e  fa r t he r  

a w a y  fr o m  t h e  fo o lin g  t h e  s m a lle r  t h e  fo o t ing / t un ne l in te r a c t ion .

F o r  t h e  c o n d it io n  o f a  s in g le  fo o t ing  a b o v e  t wo  pa r a lle l t u n n e ls ,  w ith  D/ B

-  2  a n d  S / B  -  4 , w h e r e  S  =  c e n te r - to - c e nie r  t u n n e l s p a c in g , t h e  

e ffe c t  o l r e la t ive  p o s it io n  b e t w e e n  t h e  lo o t in g  a n d  t h e  t u n n e ls  o n  lo o t in g  

d is p la c e m e n t  a n d  t un n e l d e fo r m a t io n  is  illus t r a t e d  in F ig ur e  2 . N o t e  t ha t  

t h e  r e la t ive  p o s it io n  b e t w e e n  lo o t in g  a n d  t u n n e l is  in d ic a t e d  b y  cx w h ic h  

is  t h e  h o r izo n t a l d is t a n c e  b e t w e e n  lo o t in g  c e n t e r  a n d  c e n le r  o f d o u b le  

t u n n e ls  a s  illus tr a t e d  in t h e  in s e l o l F ig ur e  2 . It is  s e e n  t ha t  a s  t h e  

fo o lin g  m o v e s  a w a y  Ir om  (t ie  la r  t un n e l, t h e  t u n n e l c r o w n  d is p la c e m e n t  

d e c r e a s e s , a n d  t t ie  c r o w n  d is p la c e m e n t  n e a r  t h e  t u n n e l in c r e a s e s  a s  lf»e  

fo o t ing  m o v e s  c lo s e r  t o  t h e  n e a r  t u n n e l. T h e  t o o t ing  d is p la c e m e n t  

a p p e a r s  lo  d e c r e a s e  s ligh t ly  w ith  in c r e a s in g  « .

T h e  c r o w n  d is p la c e m e n t  o l t h e  n e a r  t u n n e l to  t h e  lo o t in g  d is p la c e m e n t  

r a tio  is  p lo t te d  a g a in s t  D/ B for  d iffe r e n t  v a lu e s  o l & in F ig ur e  3 . T he
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Figure 2: Displacements vs. distance.

s h a p e  o t  t h e  c u r v e s  r e s e m b le s  t ha t  o l F ig ur e  1. T h e  d iffe r e n c e  is  

e n t ir e ly  c a u s e d  by  t t ie  p r e s e n c e  o l t h e  a d | a c e nl t u n n e l. A s  e x p e c t e d  t h e  

p r e s e n c e  o f t h e  a d ja c e n t  t u n n e l r e s u lt s  in a  g r e a t e r  r a t io  o l 6J 61 w h e n  

c o m p a r e d  w ith  t t ie  c o n d it io n  o f a  s in g le  lo o t in g  o v e r  a  s in g le  t u n n e l.

4  S T R E S S  DIS T RIB U T ION

T h e  ve r t ic a l s t r e s s  d is t r ib ut io n  c a u s e d  b y  s o il w e ig h t  a n d  lo o t in g  lo a d  lor  

a  s in g le  lo o t in g  c e n t e r e d  a b o v e  d o u b le  t u n n e ls  is  s h o w n  in F ig u r e  4  

a lo n g  lo u r  ve r t ic a l p la n e s . T he  lo u r  p la n e s  a r e  a t  lo o t in g  c e n t e r , a t  t h e  

c e n t e r  o l a  t u n n e l, a n d  a t  e a c h  e d g e  o f tfie  t u n n e l. T h e  in s e t  o l t h e  

fig ur e  s h o w s  t t ie  lo c a t io n s  o l t h e  four  ve r t ic a l p la n e s  a n d  t h e  d im e n s io n s  

a n d  c o n fig u r a t io n s  o t  t h e  lo o t in g  a n d  t u n n e ls . T h e  d is t r ib u t io n  c u r v e  lor  

t h e  lo o t in g  c e n t e r  s h o w s  a n  a b r u p t  in c r e a s e  in s t r e s s  im m e d ia t e ly  a b o v e  

t h e  c r o w n  le ve l o l t h e  t u n n e ls ,  fo llow e d  by  a  s h a r p  d e c r e a s e . S u c h  a  

va r ia t io n  in s t r e s s  d is t r ib u t io n  c a n  b e  a t t r ib u t e d  to  s o il a r c h in g  e ffe c ts .

0 1 2 3 4  5 6 7 8

VERTICAL STRESS DISTRIBUTION ON VERTICAL PLANE, 10E5 Pa

Figure 4: Vertical stress distributions on vertical planes.

W it h o u t  t h e  t u n n e ls ,  t h e  s h a p e  o f t h e  c u r v e  is  e x p e c t e d  to  fo llo w  t h a t  o f 

B o u s s in e s q  d is t r ib ut io n . A m o n g  t h e  o t h e r  t h r e e  c u r v e s , a ll s ta r t ing  fr o m  

■zero a t  t h e  g r o u n d  s u r fa c e , t h e  ve r t ic a l s t r e s s  a lo n g  t h e  t u n n e l c e n t e r  

Im e  in c r e a s e s  w ith  d e p t h  la s t e r  t h a n  t h e  o t h e r  t w o  lin e s , t h e n  d r o p s  

a b r u p t ly  lo  ze r o  a t  t h e  t u n n e l c r o w n . B e lo w  t h e  t u n n e l b o t t o m , t h e  

ve r t ic a l s t r e s s  in c r e a s e s  w ith  d e p t h  a t  a  d e c r e a s in g  r a le . At  b o t h  t u n n e l 

e d g e s ,  t h e  ve r t ic a l s t r e s s  u n d e r g o e s  a  s h a r p  in c r e a s e , fo llow e d  b y  a n  

a b r u p t  d e c r e a s e  a c r o s s  t h e  h e ig h t  o f t h e  t u nn e l. T h e  s t r e s s  a t  t h e  

t u n n e l e d g e  n e a r  t h e  lo o t in g  (n e a r  e d g e )  is  g r e a t e r  t h a n  t ha t  o f t h e  la r  

e d g e  p n r n a n ly  b e c a u s e  t h e  n e a r  e d g e  is  u n d e r  a  g r e a t e r  m llu e n c e  o l 

t h e  lo o t in g  lo a d .

T h e  ve r t ic a l s t r e s s  d is ln b u lio n s  a lo n g  t h e  h o r izo n t a l p la n e s , o n e  e a c h  a t  

t o p , m id - he ig ht , a n d  b o t t o m  o f t h e  t u n n e ls  a r e  illus t r a t e d  in F ig u r e  5 . 

N o t e  t t ia l b e c a u s e  o f s y m m e t r y , o n ly  o ne - ha ll o l t h e  d is t r ib u t io n  c u r v e s  

is  p r e s e n t e d . B e t w e e n  t h e  r ight  e d g e  o l t h e  t un n e l a n d  t h e  t o o t ing  

c e n t e r , t h e  ve r t ic a l s t r e s s  d e c r e a s e s  will) in c r e a s in g  h o r izo n t a l d is t a n c e  

fr o m  a  m a x im u m  a t  t o o t ing  c e n t e r , r e s e m b lin g  t h e  t yp ic a l d is t r ib u t io n  

c u r v e  lo r  no - t unne l c o n d it io n . As  e x p e c t e d , a t  t h e  lo o t in g  c e n t e r , t h e  

ve r t ic a l s t r e s s  is  g r e a t e s t  a t  t h e  lo p  a n d  s m a lle s t  a t  t t ie  b o t t o m  le ve l o f 

t t ie  t u n n e l. N e a r  Ih e  t u n n e l e d g e ,  h o w e v e r , t h e  s t r e s s  a t  t h e  t o p  

b e c o m e s  m u c h  s m a lle r  t h a n  tha t  a t  t h e  b o t t o m , a n d  Ih e  s t r e s s  a l mid-  

h e ig h t  is  e s s e n o a lly  e q u a l t o  tha t  a l t t ie  b o t t o m . Har  a w a y  Ir o m  t h e
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Figure 5: Vertical stress distribution on horizontal planes.

5  D IS P L A C E M E N T  F IELD

As  t t ie  lo o  ling  lo a d  in c r e a s e s , s oil yiekJir»g w h ic h  in it ia t e s  fr o m  t h e  t o o t ing  

e d g e s  will p r o p a g a t e  d o w n w a r d  a n d  la te r a lly . De p e n d in g  o n  t h e  s iz e  a n d  

lo c a t io n  o l t h e  t u nn e l, the  s oil y ie ld ing  m a y  or  m a y  r»ot r e a c h  t h e  t u n n e l 

b e fo r e  t h e  lo o u n g  c o lla p s e s . T he  d is p la c e m e n t  fie ld a t  fo o t in g  c o lla p s e  

d ille r s  lor  d it t e r e n t  fo o t ing  a n d  t u n n e l c o n d it io n s  a s  illus t r a t e d  in F ig u r e s

7 a n d  0. F igur e  7 d e m o n s t r a t e s  ih e  va r ia t io n  o f d is p la c e m e n t  ve lo c ity  

v e c to r s  w ith  fo o lin g  s ize  for  a  c o n s t a n t  t u n n e l s iz e  a n d  d e p t h  t o  t u n n e l, 

e a c h  e q u a l to  2  m . T he  lo ur  fo u lin g  s iz e s  s h o w n  a r e  0 .1 6 , 0 .5 4 ,  1 .0  

a n d  1 .9 2  rn. Ac c o r d in g  to ih e  figur e , w h e n  Ihe  lo o t in g  s iz e  is  ve r y  

s m a ll c o m p a r e d  lo  the  t u n n e l s iz e ,  ih e  ve lo c ity  fie ld is  d o m in a t e d  b y  

la te r a l a n d  u p w a r d  v e c to r s  s ig nify ing  a  g e n e r a l s h e a r  fa ilu r e  in  t h e  

fo u n d a t io n  s oil w h e n  t h e  lo o u n g  c o lla p s e s . As  t h e  t o o t ing  s iz e  in c r e a s e s ,  

t h e  ve loc ity  ve c to r  o r ie n t s  t ow a r d  the  t un n e l s u g g e s t in g  a  p u n c h in g  s h e a r  

la ilu r e  in w h ic h  t h e  s oil u n d e r n e a t h  Hie  lo o t ing  is  p u s h e d  b y  t h e  lo o t in g  

into  I)ve t u n n e l Wt ie n  live  lo o u n g  s ize  is  la r ge r  t h a n  t h e  t u n n e l s iz e ,  t t ie  

y ie ld ing  s o il m a s s  is  w ide r  t h a n  the  t unn e l, ih u s  invo lving  s o m e  r a dia l 

s i te a r  la ilu r e  a t  t t ie  t u nn e l s h o u ld e r . F o r  the  c o n d it io n  o f fo o t in g  s ize  

e q u a l lo  t t ie  t u n n e l s ize , s u c h  a s  t ha t  s h o w n  in  F ig u r e  8 , t h e  m o d e  of 

fa ilur e  c h a n g e s  Ir om  p u n c h in g  s h e a r  a t  s fia llow  d e p t h s  t o  g e n e r a l s h e a r  

at g r e a t e r  d e p t h s . T he  t r a ns it io n  ol s oil fa ilur e  m o d e  w ith  in c r e a s in g  

d e p t h  lo  t u n n e l is  c le a r ly  d e p ic t e d  in F ig ur e  8 .

o t he r  e d g e  o f t h e  t u nn e l, t h e  ve r t ica l s t r e s s  d e c r e a s e s  w ith  in c r e a s in g  

h o r izo n ta l d is t a n c e , a n d  t t ie  m a g n it u d e  is  g r e a t e s t  a t  t h e  b o t t o m  a n d  

s m a lle s t  a t  t h e  t o p . T his  is  a s  w o u ld  b e  e x p e c t e d  b e c a u s e  fa r  fr o m  t h e  

fooUng lo a d , t h e  ve r t ic a l s t r e s s  is  p r e d o m in a n t ly  c a u s e d  b y  t h e  s o il w e ig h t  

w h ic h  in c r e a s e s  witt i in c r e a s in g  d e p t h . Wit h in  t h e  d ia m e t e r  o f t u n n e l, t h e  

ve r t ica l s t r e s s  b o t h  a t  Hie  lo p  a n d  Hie  b o t t o m  le ve ls  u n d e r g o e s  a b r u p t  

c h a n g e s . At lo p  le ve l, t h e  ve r t ica l s t r e s s  d e c r e a s e s  a n d  in c r e a s e s  

a b r u p t ly  a t  t h e  t u n n e l in d ic a t in g  a  h ig h  d e g r e e  o f in t e r a c U o n b e t w e e n  t h e  

fo o ling  a n d  t t ie  t u nn e l.

T he  m a jo r  p r inc ipa l s t r e s s  c o n t o u r s  fo r  a  s in g le  fo o t in g  c e n t e r e d  a b o v e  

d o u b le  t u n n e l is  p r e s e n t e d  in F ig ur e  6. ft is  s e e n  t h a t  t h e  g r e a t e s t  

m a jo r  p r inc ipa l s t r e s s  d e v e lo p s  a t  t o o t ing  e d g e s , a n d  t ha t  t h e  s t r e s s  

d e c r e a s e s  g r a d u a lly  w ith  in c r e a s in g  d e p t h . As  w o u ld  b e  e x p e c t e d , t h e  

m a jo r  p n n c ip a l s t r e s s  a t  t h e  t un n e l is  m u c h  s m a lle r  t h a n  t h a t  a t  the  

lo o ting . T t ie  lig u r e  a ls o  d e m o n s t r a t e s  s t r e s s  c o n c e n t r a t io n s  a t  lo o t in g  

e d g e s  a n d  a ls o  a t  Ih e  t o p  o f t h e  t u nn e l. It is  e x p e c t e d  t h a t  s o il y ie ld ing  

will in it ia t e  fr om  Uie  h ig t i s t r e s s  c o r ic e n t r a Uon a r e a  t h e n  g r a d u a lly  

p r o p a g a t e  d o w n w a r d  t o w a r d  t h e  t u n n e l a r e a .

Figure 6: Major principal stress contours.

Figure 8: Displacement velocity vectors for four depths 

to tunnel.

6  B E A RIN G  C A P AC IT Y

For  a  s in g le  lo o t in g  c e n t e r e d  a b o v e  a  s ing le  t u nn e l o l a  c o n s t a n t  s iz e  

a n d  a  c o n s t a n t  d e p t h  to  t unn e l, t t ie  u lt im a t e  b e a n n g  c a p a c it y  o f t h e  

fooUng va r ie s  with  fo o lin g  w idth . F igur e  9  p r e s e n t s  s u c h  a  va r ia uo n  tor  

t w o  le ve ls  o l d e p t t i to t unn e l. T he  c o n d it io n s  a n a ly z e d  invo lve  a  va r y ing  

lo o Ung  w id lt i (B) w ilh  W  = 1 m  a n d  D = 1 a n d  2  m . T he  u lt im a t e  b e a n n g  

c a p a c it y  lo r  e a c h  c o n d it io n  a n a ly ze d  is  e x p r e s s e d  a s  a  p e r c e n t a g e  o l t h e  

u lu m a le  b e a r in g  c a p a c it y  for  a  no - lunne l c o nd it io n . T h e  fig ur e  

d e m o n s t r a t e s  t ha t  a s  the  B/D r a t io  in c r e a s e s  w ith in t h e  r a n g e  o f 

c o nd iU o n s  a n a ly ze d ,  t he  b e a r in g  c a p a c it y  d e c r e a s e s  fr om  a  m a x im u m  of 

1 0 0 %  at  a  ve r y  s m a ll B/ D t o  a  m in im u m  a t  B/ D o l a b o u t  1 .0 , t h e n  

in c r e a s e s  g r a d ua lly . T he  d r o p  in u lt im a t e  b e a r in g  c a p a c it y  is  m u c h  

g r e a t e r  for  D  = 1 r n  t h a n  D - 2  rn; liie  m in im u m  v a lu e  o f b e a r in g  c a p a c it y  

a t  B/ D =  1 .0  e q u a ls  4 2 %  for  D = 1 m  a n d  6 2 %  for  D  =  2 m .

B= 1 .9 2 m

vectors for four footingFigure 7: Displacement velocity 

sizes.
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B/D

Figure 9: Bearing capacity vs. (DIB) for circular tunnel.

D/B

E/B

Figure 10: Critical zone for single footing above single 

tunnel.

T h e  h ig h  v a Jue  o f b e a r in g  c a p a c it y  w ith  s m a lle r  lo o t in g s  c a n  b e  a tU ib u t e d  

t o  t h e  r e s u lt  o f g e n e r a l s h e a r  fa ilu r e , w h ile  t h e  lo w e r  b e a r in g  c a p a c it y  

w ith  la r ge r  lo o t in g s  m a y  b e  a  r e s ult  o l p u n c h in g  a n d / o r  lo c a l s h e a r  

fa ilu r e . T h e  g e n e r a l s h e a r  la ilur e  in v o lve s  d is p la c e m e n t  o l t h e  y ie ld e d  

s o il m a s s  to  t h e  g r o u n d  s u r la c e ,  w h e r e a s , in t h e  p u n c h in g  s h e a r  la ilur e , 

t h e  s o il m a s s  u n d e r n e a t h  t h e  t o o lin g  d is p la c e s  ve r t ica lly  in to  tt>e c a v it y . 

At  B / D =  2 , b e c a u s e  t h e  lo o t in g  s iz e  is  m u c h  g r e a t e r  t h a n  t h e  t u n n e l, a  

p u n c h in g  s t ie a r  la ilur e  is  u nlike ly  t o  o c c u r . In s t e a d , a  lo c a l s h e a r  la ilur e  

in vo lv in g  a  t u n n e l s iz e  c o lla p s e  m a y  la k e  p la c e .  As  a  r e s u lt , t h e  b e a r in g  

c a p a c it y  b e c o m e s  g r e a t e r  t h a n  tha t  o l B/ D -  1. W h e n  t h e  t w o  m in im u m  

b e a r in g  c a p a c it y  v a lu e s  a t  B / D = 1  a r e  c o m p a r e d ,  t h e  g r e a t e r  v a lu e  o f 

6 2 %  for  D  -  2  m  c a n  b e  a t t r ib u t e d  to  t h e  fa c t  t h a t  a t  B/ D =  1 t h e  fo o t in g  

s iz e , B  =  1 m ,  is  t w ic e  t h e  t u n n e l s iz e , w h ic h  r e d u c e s  t h e  e ffe c t  o l 

p u n c h in g  s h e a r .

F o r  t h e  s a m e  t u n n e l s iz e  a n d  d e p t h  to  t u n n e l, lo o t in g / t u n n e l in te r a c t io n  

d e c r e a s e s  a s  t h e  e c c e n t r ic it y  b e t w e e n  lo o t in g  a n d  t u n n e l in c r e a s e s . T he  

d e g r e e  o f in t e r a c t io n  m a y  b e  e v a lu a t e d  fr om  t h e  u lt im a t e  b e a r in g  c a p a c it y  

v a lu e ,  s in c e  in t e r a c t io n  r e s u lt s  in a  d e c r e a s e  in t h e  u lt im a t e  h e a r in g  

c a p a c it y  o f t h e  lo o t in g . T h u s , b a s e d  m i t h e  a n a ly z e d  u lt im a t e  b e a r in g  

c a p a c it y  d a t a , it is  p o s s ib le  to  e s t a b lis h  a  z o n e  b e y o n d  w h ic h  t h e  

p r e s e n c e  of t h e  t u n n e l h a s  ne g lig ib le  in t e r a c t io n  w ith  t h e  fo o lin g . Rt e  

e x t e n t  o l s u c h  a  z o n e  u n d e r  a  lo o t in g , h e r e in a ft e r  t e r m e d  a s  t h e  c r it ic a l 

z o n e ,  v a r ie s  w ith  t h e  t u n n e l s iz e .  F ig ur e  10 p r e s e n t s  t lie  e x t e n t  o f t h e  

c r it ic a l z o n e  lo r  t w o  t u n n e l s iz e s  of W / B  = 0 .5  a n d  1 .0 . T he  figur e  

d e m o n s t r a t e s , a s  w o u ld  b e  e x p e c t e d , lh a t  t h e  c r it ic a l z o n e  is  g r e a t e r  fo r  

a  la r ge r  t u n n e l. W h e n  t h e  t u n n e l is  lo c a t c d  w ith in t h e  c r it ic a l z o n e ,  the  

u lt im a t e  b e a r in g  c a p a c it y  o l t h e  lo o t in g  d e c r e a s e s  w ith  d e c r e a s in g  

d is t a n c e  fr om  Ih e  t u nn e l.

7  S U M M A H Y AN D C O N C L U S IO N S

T h e  in te r a c t io n  b e t w e e n  s t r ip  lo o t in g s  a n d  s h a llo w  c ir c u la r  s o ft  g r o u n d  

t u n n e ls  w a s  in v e s t ig a t e d  u s in g  a  t wo  d im e n s io n a l finite  d if le r e n c e  c o m p u t e r  

p r o g r a m  n a m e d  Fl- AC. T h e  a n a ly s is  w a s  p e r fo r m e d  o n  a n  IBM- P C. In 

t h e  a n a ly s is , t h e  s oil w a s  id e a lize d  a s  a  n o n lin e a r  e la s t ic  p e r fe c t ly  p la s t ic  

m a t e r ia l w h ic h  o b e y s  H o o k e ’s  la w  a n d  Dr u c k e r  P r a g e r  y ie ld  c r it e r ion . 

C o n d it io n s  a n a ly ze d  in c lu d e d  a  s ing le  lo o t in g  a b o v e  a  s ing le  t u n n e l a n d  

a  s in g le  lo o t in g  a b o v e  d o u b le  t u n n e ls  w ith  va r y ing  lo o t in g  a n d  t u n n e l 

s iz e s , t u n n e l lo c a t io n s , a n d  d e p t h  to  lu n n e ls .  Va r ia b le s  in v e s t ig a t e d  w e r e  

fo o lin g  d is p la c e m e n t , t u n n e l d e fo r m a t io n , s t r e s s  d is t r ib u t io n , a n d  t h e  

u lt im a t e  b e a r in g  c a p a c it y  o l Uie  lo o t ing .

B a s e d  o n  t h e  r e s u lt s  o f t h e  s tu d y , it is  c o n c lu d e d  tha t  s ig n ific a n t  

lo o t in g / t u n n e l in t e r a c t io n  will la k e  p la c e  o n ly  w h e n  t h e  lo o t in g  a n d  t u n n e l 

a r e  lo c a t e d  w ith in t h e  c r it ic a l zo n e . T h e  e x t e n t  o f Hie  c n t ic a l z o n e  v a n e s  

w ith  Ih e  t u n n e l s ize . T he  c lo s e r  Ih e  t u n n e l is  lo  t h e  fo o lin g , t h e  g r e a t e r  

t t ie  in t e r a c t io n  will b e . T he  in t e r a c t io n  will r e s ult  in g r e a t e r  fo o lin g  

d is p la c e m e n t s  a n d  t u n n e l d e fo r m a t io n s , a n d  will d e c r e a s e  Ih e  u lt im a t e  

b e a r in g  c a p a c it y  o l t h e  fo o t ing . T h u s , lo  d e s ig n  a  s a le  a n d  s t r u c t u r a lly  

s o u n d  s o fl g r o u n d  t u n n e l a n d  t h e  ove r ly ing  lo o t in g , t h e  in te r a c t io n  

b e t w e e n  t h e  t wo  m u s t  b e  p r o pe r ly  t a k e n  in lo  c o n s id e r a t io n .
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