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ELASTIC ANALYSIS OF P ILE  GROUP IN GRANULAR SOIL 

ANALYSE ELASTIQUE DU COMPORTEMENT DU GROUPE DE PIEUX DANS LE  SOL GRANULEUX

y npy r wf i  a h a jim 3  p a b o t n  k y c t a  c b a îî b  c t in y iE M  r p y r n E

S.P. SHRI VAST AVA, Scien t ist , Cent rol  Bui lding Reseorch  Inst i t ut e, Roorkee (India)

SYNOPSI S.  A p i l e  gr oup s ub j ec t ed  t o  v er t i c a l  and  l at er a l  l oads  i s  ana l y s ed by  dev el op i ng  a 
s t i f f nes s  mat r i x  r e l a t i on be t ween ex t er nal  f or c es  and di s pl ac ement  v ec t or s . ' me pi l e cons t ant e 
i nv o l v ed i n  t he ma t r i x  ar e det er mi ned us i ng t he t l i ndl i n' s  s ol ut i on f o r  f or c es  ac t i ng i n  s i de 
t he el as t i c  hal f  space.  The ef f ec t  of  s pac i ng on t he ef f i c i enc y  of  pi l e gr oup i s  anal y t i c a l ­
l y  eval uat ed.  Fi e l d t es t s  one on non i ns t r ument ed A- pi l e gr oup and ot her  on i ns t r ument ed 9 
p i l e  g r oup  wer e c onduc t ed.  I t  was  f o u nd  t hat  t he el as t i c  t heor y  g i v es  good r es ul t s  pr ov i ded 
( a)  t he s o i l  par amet er s  a r e  pr oper l y  as s es s ed  a nd  ( b)  t he magni t ude of  l oads  i s about  one 
t h i r d  t o hal f  of  u l t i mat e  l oads .

I NTRODUCTI ON

A pi l e gr oup s ub j ec t ed  t o v er t i c a l  and  l at er al  
al  f o r c es  ac t s  as  a s t r uc t ur a l  f r amewor k  em­
bedded  ± n a s emi i n f i n i t e  el as t i c  s pac e. I t  c an 
be ana l y s ed  by  dev el op i ng a s t i f f nes s  mat r i x  
r e l a t i on bet ween t he ex t er nal  f or c es  and t he 
d i s pl ac ement  v ec t or s . The mat r i x  i nv o l v es  c er ­
t a i n quant i t i es  c a l l ed t he pi l e c ons t ant s ,  
wh i c h  ar e de f i ned as  t he  f or c es  ex er t ed  by  
pi l e on pi l e c ap per  uni t  def l ec t i on  or  r o t a ­
t i on of  t he pi l e head . They  c an be c or r e l a t ed  
wi t h  s oi l  p r oper t i es  us i ng  t he Mi n d l i n ’ s so­
l ut i on ( Mi ndl i n, 1936)  f o r  f o r c es  ac t i ng i ns i ­
de t he el as t i c  s pac e.

ANALYSI S

As s umpt i ons  -  ( 1)  The p i l es  ar e  embedded i n 
el as t i c »homogenous  and  i s ot r opi c  soi l .  The 
modul us  of  e l as t i c i t y , Es , i nc r eas es  l i near l y  
wi t h  dept h  i n g r anu l ar  s oi l  and  i s  c ons t ant  
i n ov er c ons ol i dat ed c l ay .  ( 2)  The s oi l  pr o ­
per t i es  do not  c hange due t o pr es enc e of  pi l e 
i n soi l .  ( 3)  The p i l es  i n  a gr oup ar e c on ­
nec t ed  by  a r i g i d p i l e  cap.  ( 4)  The p r ob l em 
i s  t wo  d i mens i onal  i . e . t he f o r c es  ar e  appl i ed 
onl y  i n v er t i c al  and l at er al  d i r ec t i ons . ( 5)
The l oad c ar r i ed by  eac h  p i l e  i s  pr opor t i onal  
t o t he d i s p l ac ement  of  t he pi l e head.

The f i r s t  a nd  s ec ond as s umpt i ons  ar e no t  s t r ­
i c t l y  v a l i d , as  t he s oi l  does  not  behav e as  
an e l as t i c  mat er i al .  Howev er . i t  was  f ound  
( Shr i v as t av a, 1971)  t ha t  t hey  do  no t  i n t r odu ­
ce s i gn i f i c ant  er r or  i n t he r ange of  wor k i ng 
l oads  whi c h ar e gener a l l y  hal f  t o one t h i r d  
of  t he u l t i mat e l oads .

Def i n i t i ons  -  Bas ed on t he l as t  as s umpt i on,  
t he pi l e c ons t ant s  ar e de f i ned as  t he f or c es

ex er t ed  b y  a pi l e on t he f oot i ng or  t he pi l e 
c ap when  t he he ad  i s  g i v en a uni t  d i s p l ac e ­
ment  or  r ot at i on.  Thus  we hav e pi l e c ons t ant  
k a c or r es pondi ng t o ax i al  di s pl ac ement ;  k t  
and mt  due t o i t  t r ans l a t i on  and m^  and k 0 
f o r  uni t  r ot a t i on as  s hown i n Fi g . I . By  r e­
c i pr oc al  t heor em,  i t  c an be s hown t hat  m- t =k- t .  
Henc e,  t her e ar e onl y  f ou r  i ndependent  c ons ­
t ant s  namel y  ka,  k^ ,  and me .

The ax i a l  f or c es  ac t i ng downwar d,  t he l at er al  
f or c es  t owar ds  t he r i ght  and moment  i n  c l oc k ­
wi s e d i r ec t i on  ar e c ons i der ed  as  pos i t i v e.

Æ u9 = 1 l i " '/ qxj . Yj )
1 P (X i .Yi ) 0p-* -Y(-tve;|

/ o< ■xc+ve)

/ C+ ve )

/ q

Fi g. l  PI LE CONSTANTS Fi g . 2 COORDI NATES

Coor d i nat e  Sy s t em -  Let  ABCD be t he f o ot i ng 
and P t he  po i n t  wher e pi l e I Q meet s  t he f oo ­
t i ng at  an angl e «(. wi t h hor i z on t a l  as  i n  Fi g . 2.  
Let  us  c hoos e a c oor d i na t e  s y s t em Z - Y  wi t h  
or i gi n at  O. The c oor d i nat es  of  P ar e ( Xi , T^ ) .  
Si mi l ar l y  l et  t he c oor d i nat es  of  an ex t er nal  
l oad v ec t or  ( W j )  be ( X j ,  Y j ) .

I f  t her e ar e n  number  of  pi l es  i n  a gr oup 
and m number  a£ l oad v ec t or s ,  t he d i s p l ac em­
ent  v ec t o r  of  a pi l e gr oup i n t er ms  of  ex t er ­
nal  f or c es  ax e gi v en as
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w - p ” P YJ] ' ‘ E [ g h (
1 i= 1 L

w h e r e

■£ = D is p la c e m e n t  v e c t o r  o f  p ile  g ro u p ; 

^YYjJ = S t if fn e s s  m a tr ix  o f  s o i l - p i l e  s y s t e m ; 

f

T h e  s t i f fn e s s  m a tr ix  can  b e  w r itte n  as

[ y y .]  = [ T]  [ r ] [k j [[ t ] [ r ]  ] t

w h e r e ,

M -

( i )

T w J = T r a n s fe r  m a tr ix  o f  e x te r n a l f o r c e s ;  

= E x te r n a l f o r c e  v e c t o r .

(2 )

' l 0 0 Sin <*. -C o s  «< 0

0 1 0
M  =

C os « S in 0

Y.
l

-X .
1

1 0 0 1 .

- ka 0 0 1 0 0 '

e -k
t

m
t N -

0 1 0

.  0 m
t

-m
»

. Y. 
J

-X .
J

1

= T r a n s p o s e  o f

T h u s k n ow in g  the co n sta n ts  and th e  g e o m e t r y  o f  
p ile  g ro u p , £ Y Y .^ c a n  b e  com p u ted  and the d i s ­
p la ce m e n ts  w o r k e d  out.

e =i Q M
0rn  E g . Li

( 6 )

In w h ich , I I a r e  th e  in flu e n ce  fa c t o r s  f o r  d i s -  uq urn
p la ce m e n t  due to  la t e r a l  lo a d  Q and m o m e n t M  r e s -
p e c t iv e ly .  S im ila r ly ,  I , Ie a r e  the fa c t o r s
fo r  r o ta t io n . T h e y  ca n  b e  d e t e r m in e d  u sin g  M in d - 
l in 's  s o lu t io n  (P o u lo s  1968b).

P u ttin g  0 = 0  and u = 1 and s o lv in g  E q s . (5 ) and (6) 
8 S

w e g et

kt = E s . L  . ---------Î2ÏE------------------ = A , . E  L  (7)
I I -  1 I £ S
uq* 1erT1 u m ' eq

m = E . L  . 
t s

-I ,eq

1 uq* Ie m _Iu m ’  Ieq

,=  A 3 . E s . L  (8)

S im ila r ly  putting  0 ^ = 1  aüd = Û, w e  get

M  -  E c - L -------- iug-----------------
I I  - I  I 4 s  
uq"  a m  a q ‘  u m

= A , .  E  L  (9)

In  th e  a b o v e  a n a ly s is  E g is  a s s u m e d  as c o n s ta n t 

w ith  d ep th . W hen E s in c r e a s e s  l in e a r ly  w ith  dep th , 

th e  in flu e n c e  fa c t o r s  can b e  d e t e r m in e d  b y  the m e ­

thod s u g g e s te d  b y  L e n c i  et a l (L e n c i  e t a l , 1968).

P IL E  C O N ST A N T S

T h e  p r o b le m  is  s o lv e d  i f  the p ile  co n s ta n ts  a r e  p r o ­
p e r ly  a s s e s s e d .  T o  c o r r e la t e  th e s e  c o n s ta n ts  w ith  
s o i l  p r o p e r t ie s ,  the M iu i lu i 'e  s o lu t io n  f o r  s t r e s s e s  
and d is p la c e m e n t s  in  s e m i- in f in it e  e la s t i c  s p a c e  

d u e  to  p o in t lo a d s  in  it  iB u se d .

P i l e  C on stan t k  -  L e t  us c o n s id e r  a p ile  s u b je c ­
te d  to  v e r t i c a l  lo a d  P . T h e  d is p la c e m e n t  v^  o f  the 
p ile  h ea d  at g rou n d  le v e l  and the lo a d  P  ca n  b e  
c o r r e la t e d  b y  the fo l lo w in g  r e la t io n  -

_ P____  . Iv  -  
g Es*  L

(3)

w h e r e
E g = M od u lu s o f e la s t i c i t y  o f  s o i l ;

L  = L en gth  o f  p ile ;

I = In flu e n ce  fa c t o r  f o r  v e r t i c a l  d is p la c e m e n t  
cf p ile  h ead  in  a s e m i- in f in it e  m a s s  w hich  
ca n  b e  d e te r m in e d  u sin g  M in d lin 's  s o lu t io n  

(P o u lo s  & D a v is  1968)

P  -  E s . LH e n c e , ka =

g
I

A  . E  . L  
1 s

(4)

P ile  C on stan ts  k^., and m  e -  L e t  us c o n s i ­

d e r  a f r e e  h ead  p ile  s u b je c t e d  to  a la t e r a l  f o r c e  Q 

and m o m e n t M at g rou n d  lev e l*  T h e  la t e r a l  d i s ­
p la ce m e n t  Ug and r o ta t io n  0^ at g rou n d  le v e l  can  be

e x p r e s s e d  as -

(5)
g

ß

~Tr 7 r n ~
+ i M

u m  E s . L

T h e  v a lu e i  o f  co n s ta n ts »  A j  and A ^  a r e  ta b u la ted  

e ls e w h e r e  (S h r iv a s ta v a  1971) f o r  d i f fe r e n t  v a lu e s  o f  

s t i f fn e s s  fa c t o r  E p . ^ E s - L 4 . S im ila r ly  A j  fo r

d if fe r e n t  v a lu e s  o f  E  /È _  a r e  a ls o  ta b u la ted .
P s

E F F E C T  O F  S P A C IN G  O F  P IL E S

P o u lo s  (P o u lo s  1968a, 69) h as d is c u s s e d  in  d e ta il  

th e  e f f e c t  o f  s p a c in g  on th e  d e f le c t io n s  o f  p ile s  in a 

g ro u p  X .et us c o n s id e r  a g ro u p  o f  a  p i le s  w fiich  is  
s u b je c t e d  t o  v e r t i c a l  lo a d s  o n ly . T h e  a x ia l  d i s ­

p la ce m e n t  v  o f  an y  p ile  1* in  the g ro u p  b y  s u p e r ­
p o s it io n  is

( 1 0 )
V i i  ^

w h e re

*^vkj = In te r a c fio n  fa c t o r  f o r  v^;

V e r t i c a l  d is p la c e m e n t  o f  p ile  k du e to  lo a d  P

_ _________________ on  p ile  j________________________

V e r t i c a l  d is p la c e m e n t  o f  p ile  k  due to  lo a d  F  
on  p ile  k

S im ila r ly ,

i = S  ^uq rj  , . + 5? Au m _ f n)

g f r  Ë T l  u q k j j = i  ¥ 7 l 3 ^ u m k j

M . I,

s

M.  I 0

v £

w h e r e  r f ’ s a r e  the in te r a c t io n  fa c t o r s  w h ich  d ep en d  

on the s p a c in g  o f  p ile s  and ca n  b e  e v a lu a te d  f r o m  
M in d lin 's  eq u a tion  (P o u lo s  196S a , 1969). S in ce

224



3/35

E o s .  ( l l )  and  (12) a r e  s i m i l a r  to  (3), (5) and  (6) 

t he c ons t ant s  f o r  pi l es  i n  g r oup  c an be ev al u ­
a t ed by  t he pr oc edur e d i s c us s ed  ear l i er .

f i e l d  t e s t s

D e s c r i p t i o n  of S i te  - T h e  s o i l  w a s  m a i n ly  s i l t y  

s a n d  w i th  a  l a y e r  of c l a y  a t  a  d ep th  of a b o u t  3. 15 m.

T h e  w a t e r  t a b l e  w a s  a t  a  d ep th  of 2, 5 rn. T h e  b o r e -  

log  an d  p e n e t r a t i o n  r e s i s t a n c e s  a r e  sh o w n  in  F ig .  3.

T h e  m o d u lu s  of e l a s t i c i t y  and p o i s s o n ' s  r a t i o  w e r e  

d e t e r m i n e d  by  th e  t r i a x i a l  t e s t ,  h o r i z o n t a l  and 

v e r t i c a l  p la t e  lo a d  t e s t s ,  p e n e t r a t i o n  t e s t s  u s in g  

e m p i r i c a l  r e l a t i o n s  s u g g e s t e d  by  S c h u l tz e  e t  al 

(S ch u l tze  k  M e l z e r  1965) and  v i b r a t i o n  t e s t s .  It 

w a s  found  th a t  th e  v a lu e s  a s  d e t e r m i n e d  by  d i f f e r e n t  

t e s t s  v a r i e d  w id e ly  d e p e n d in g  on ty p e  of t e s t ,  m a g ­

n i tu d e  of  s t r a i n  e tc .  and  i t  w a s  d i f f ic u l t  to  c h o o se  

a  s in g le  v a lu e  of E s . H o w e v e r ,  b a s e d  on  th e  d a t a  

o f  s in g le  p i le ,  t r i a x i a l  t e s t  and p la te  lo a d  t e s t s ,  

t h e  v a lu e s  of E s e q u a l  to  60 k g / c m ^  in  d r y  c o n -  

co n d i t io n  an d  20 k g / c m ^  w h en  th e  s i t e  is  k ep t  

f lo o d e d  f o r i  d a y s ,  w e r e  found to  be  m o s t  p ro b a b le  

v a lu e s

0 0______—
t M
R d . -  4 9  I  

Ĝ l - -  e - 49%  2 
-2*05gm/cc

L L * 48%

%

<fcCKG/CMZ)

Cl

P L  =  2 7 *  

P l * = 2 ¡ I

S O R E  LO G

0 4 8 12 0 50 150 150 

STANDARD PENETRATION STATIC CONE

Fi g.  3 SOI L  EXPLORATI ON DATA

T e s t  D e ta i l s  - A 4 p i le  g ro u p  of n o n in s t r u m e n te d  

p i l e s  and  a  9 p i le  g ro u p  of in s t r u m e n te d  p i le s  w e r e  

t e s t e d  u n d e r  v e r t i c a l  and l a t e r a l  lo a d s  and m o m e n t .

4 P i l e  G ro u p  - T h e  g r o u p  c o n s i s t e d  of 4 s t e e l  

p i le s  of 10 c m  d i a m e t e r ,  E p  Ip of 6. 20x10® k g c m ^  

and  le n g th  of 500 cm . T h e  p i le s  w e r e  s p a c e d  at 4 

t i m e s  th e  d i a m e t e r  and w e r e  conn e c ted  by  a  r ig id  

p i le  c a p  of c o n c r e te .  T h e  g ro u p  w as  s u b je c te d  to  

v e r t i c a l  load  in i t i a l ly .  T h e  lo ad  w as  a p p l ied  in 

g r a d u a l  s t e p s .  In th e  n e x t  t e s t ,  th e  v e r t i c a l  load  

w a s  k e p t  c o n s ta n t  and  l a t e r a l  lo ad  w as  g r a d u a l l y  

i n c r e a s e d .  T h e  v e r t i c a l  lo ad  w a s  app l ied  by a 

g i r d e r  w h o s e  one end j e s t e d  on a r o l l e r  f ixed  a t  

th e  c e n t r e  of th e  p i le  cap  and the  o th e r  end on a non- 

y ie ld in g  type  of s u p p o r t .  T h u s ,  th e  load  on  the  

p i le  c a p  w a s  e q u a l  to  h a l f  th e  v e r t i c a l  load  a p p l ied  

a t  th e  c e n t r e  of g i r d e r .  T h e  l a t e r a l  load  above  

g ro u n d  l e v e l  w as  ap p l ied  by m e a n s  of d ea d  w e ig h ts  

su sp e n d e d  by  a w i r e  c a b le  and  p u l le y  a r r a n g e m e n t .  

T h e  t e s t  w as  done  in d r y  co n d i t io n  of so i l ,

9 P i le  G ro u p  - T h e  g ro u p  c o n s i s t e d  of in s t r u m e n - ^  

te d  p i le s  of 10 cm  d i a m e t e r ,  E p  Ip of  3. 2 x l0 ^ k g c m  

and e m b e d d e d  le ng th  of 500 c m .  F i f t e e n  e l e c t r i c  
r e s i s t a n c e  w i r e  s t r a i n  g a u g e s  of ty p e  of S R -1 0 8

w ith  gauge  le n g th  eq u a l  to  8 m m .  w e r e  f ixed  on e a ch  

h a l f  of th e  p ile  a t  a n  i n t e r v a l  of 30 c m  c e n t r e s ,  e x ­

c e p t  f o r  th e  l a s t  w h ich  w a s  f ixed  a t  a d i s t a n c e  of 

60 cm .  T h e  p i le s  w e r e  c a l i b r a t e d  fo r  a x ia l  lo a d  and 

bend ing  m o m e n t .

— Q)

dHj

<D-

INDEX 

© -JA CK  

©-HIGH TENSILF 
WIRE

i ©-GIRDER 

©-REACTION 
PILES 

© -T EST  PILE 

© -PI L E CAP

F ig .  4 T E S T  SE T  U P  -  9 P IL E  G R O U P

T he  v e r t i c a l  lo a d  w as  a p p l ied  in  g ra d u a l  i n c r e m e n t s .  

S u b s e q u e n t ly ,  the  v e r t i c a l  load  w as  kep t  c o n s ta n t  

and l a t e r a l  lo a d s  w a s  app l ied  by  h igh t e n s i l e  w i r e  a s  

shown in F ig .  4. In th i s  c a s e ,  th e  a r e a  w as  f looded  

f o r  7 d a y s  to  avoid  the  e f fe c t  of d e s s i c a t i o n .

TEST RESULTS

The v er t i c al  l oad s et t l ement  c ur v es  and t he 
l at er al  l oad def l ec t i on c ur v es  ar e shor n i n 
Fi g. 5( a) and 5( b) r es pec t i v el y . The moment , def l e ­
c t i on and pr es s ur e di s t r i but i on al ong dept h 
f o r  one of  t he pi l es  i n 9 pi l e gr oup ar e 
s hown i n Fi g.  5 ( c) .  The el as t i c  anal y s i s  
i s  us ed t o  pr edi c t  t he l oad- def or m&t i on c ur ­
v es . The moment , def l ec t i on and pr es s ur e di s t r i ­
but i on al ong t he dept h f or  9 pi l e gr oup ar e 
al s o c omput ed. Val ue of  Es i s  c hos en as  60 
k g/ c un f or  4- p i l e gr oup and 20 k g/ cm2 f or  ot h ­
er  gr oup. Al s o s i nc e t he penet r at i on r es i s t anc e 
i nc r eas es  wi t h dept h  t he f s L l owi ng v ar i at i on 
of  Es bas ed on N v al ue i s  as s umed f ar  9 pi l e 
gr oup - Ea =5+15

SETTLEMENT CMM)

F ig .  5(a) V E R T IC A L  LOAD D E F L E C T IO N  CURVES
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$

i
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DEFLECTION CMMD 

F ig , 5 (b ) L A T E R A L  L O A D  D E F L E C T IO N  CU RVES

3, T h e  o b s e rv e d  p r e s s u r e  on p ile  a t th e  g ro u n d  

le v e l  d if fe r  c o n s id e ra b ly  a s  c o m p a re d  to  p re d ic te d  

one in  c a s e  E s is a s s u m e d  as c o n s ta n t w ith  d e p th . 

H o w e v e r, th e  a g r e e m e n t  b e tw een  o b s e rv e d  and p r e ­

d ic te d  is  good if E g is  ta k e n  a s  l in e a r ly  in c r e a s e s  

w ith  d ep th ,

4 . T h e  e r r o r  is  no t s ig n if ic a n t if th e  lo a d s  a r e  

w ith in  w o rk in g  r a n g e  i. e .  h a lf  to  one th i r d  o f u l t im a ­

te  lo a d s .

I t  c a n  be co n c lu d ed  th a t  th e  p ro p o se d  e l a s t i c  a n a ly ­

s is  of p ile  g ro u p  is  m o r e  lo g ic a l th a n  o th e r  e x is t in g  

m eth od s b a se d  on s u b g ra d e  r e a c t io n  th e o r y  b e c a u s e  

i t  can  ta k e  in to  ac co u n t th e  c o n tin u ity  of s o i l  m e d ia . 

H o w e v e r, m a in  d if f ic u lty  is  in  c h o s in g  a  c o r r e c t  

v a lu e  of E g.j T h e  b e h a v io u r  of p ile  g ro u p  in  sa n d y  

s o i l  is  b e t te r  p re d ic te d  if E g is  a s s u m e d  a s  l in e a r ly  

in c r e a s in g  w ith  d ep th .

A CK N O W LED G EM EN T

T h e  a u th o r  is  th a n k fu l to  D r Ve N«Sp M u rtb y , H ead  

of th e  Civil. E ngg . D e p t . ,  V. R , E ngg. C o lleg e ,

N agp ur and  P r o f .  D in esli M ohan , D i r e c to r ,  C B R I, 

R o o rk e e  fo r  th e i r  g u id an c e  in  th is  in v e s t ig a tio n .

T h e  p a p e r  f o r m s  a  p a r t .o f  n o rm a l r e s e a r c h  p r o g r a m ­

m e c a r r i e d  o u t a t th e  C e n tra l B u ild ing  R e s e a r c h  

In s t i tu te ,  R o o rk e e , In d ia  and is p u b lish ed  w ith  th e  

p e r m is s io n  of th e  D ir e c to r .

+ l + 2 +3
V E R T IC A L  LOAD 15 TONS

+4 +5 +6 LATERAL L0A0 2 TONS

+7 + 8 +9 MOMENT 72 TO NS-C M

F ig . 5 (c )  M O M E N T , D E F L E C T IO N  &t S O IL  P R E S ­
SU RE A LO N G  D E P T H  FO R  P IL E  1

DISCUSSIONS AND CONCLUSIONS

1. T h e  s o il  te s ts  show ed  th a t  th e  s o i l  e s s e n t ia l ly  

fo llo w s a  n o n - l in e a r  s t r e s s - s t r a i n  r e la t io n  and a 

s in g le  v a lu e  of ca n n o t be a s s ig n e d . H o w e v e r, 

c o r re s p o n d in g  to  w ork ing  lo ad s  a  v a lu e  can  be 

ju d ic ia l ly  c h o se n .

2. T h e o b s e rv e d  loa d  d e f le c t io n  c u r v e  is  

c u r v ilin e a r  w h e r e  th e p r e d ic te d  one is  a s tra ig h t 
lin e .
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