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TABLE 1 . C on v erg en ce  o f  n o n d im e n s io n a l iz e d  d is p la c e m e n t ,  A0EhA /V 0a , o f  an e l a s t i c  b ar  
embedded in  a hom ogeneous p o r o e l a s t i c  h a l f - s p a c e  w ith  r e s p e c t  t o  K . (hb = 10a, ÇL = 25, N t = 
10)

K Eb /E„
10 100 1000 10000 100000

4 0.6388 0.3731 0.3342 0.3301 0.3296
6 0.6392 0.3732 0.3342 0.3301 0.3296
8 0.6399 0.3733 0.3342 0.3301 0.3296
10 0.6401 0.3733 0.3342 0.3301 0.3296
12 0.6401 0.3733 0.3342 0.3301 0.3296
14 0.6401 0.3733 0.3342 0.3301 0.3296



TABLE 2. Convergence of nondimensionalized displacement, A0EhA /V 0a , of an elastic bar
embedded in a homogeneous poroelastic medium with respect to N t. (hb = 10a, ÇL = 25, K = 14)

N, E„/Eh
10 100 1000 10000 100000

10 0.6468 0.3754 0.3364 0.3323 0.3319
12 0.6439 0.3745 0.3354 0.3313 0.3309
14 0.6418 0.3738 0.3347 0.3306 0.3302
16 0.6401 0.3733 0.3342 0.3301 0.3297

TABLE 3 . C on vergen ce  o f  n o n d im e n s io n a l iz e d  a x i a l  d is p la c e m e n t ,  A0Eb2)A /V 0a ,  w ith  r e s p e c t  t o  
(hb = 10a, h(1) = 6a, h(2) = 4a, K(1)/ k (2) = 0.001, Nt = 14, K = 10, t* = 105)

Sl Eb/E<2>
10 100 1000 10000 100000

15 0.6136 0.3579 0.3199 0.3159 0.3155
20 0.6153 0.3578 0.3199 0.3159 0.3155
25 0.6136 0.3578 0.3199 0.3159 0.3155
30 0.6137 0.3578 0.3199 0.3159 0.3155



TABLE 4 . C om parison b etw e en  s o l u t i o n s  from  S t e h f e s t  and S ch a p e r y  schem e (hb = 10a, h(1) = h(2) 
= 5a , G(1)/ G(3) = 0.5, G(2)/G (3) = 0.5, v(2) = 0.25, K(1) / K(2) = 0.001, N t = 14, K = 10, Eb/E (2) = 1000 and
k  = 25)

•t A0E™A/V0a
Stehfest scheme Schapery scheme

104 0.2306 0.2306
10'3 0.2307 0.2308
10’2 0.2311 0.2311
10'1 0.2319 0.2321

1 0.2336 0.2338
10 0.2359 0.2362
102 0.2397 0.2403
103 0.2458 0.2462
104 0.2506 0.2450
105 0.2508 0.2507

น )
VO



Table 5. Comparison of nondimensionalized axial displacement obtained from present study
and Selvadurai & Rajapakse(3)

Eb/E h A0EhA /V 0a
Present Study Selvadurai & Rajapakse(3)

10 0.6468 0.6043
100 0.3754 0.3431

1000 0.3364 0.3137
10000 0.3323 0.3096

T a b le  6 . C om parison o f  f i n a l  s o l u t i o n s  f o r  n o n d im e n s io n a l iz e d  a x i a l  d is p la c e m e n t  o b t a in e d  
from  p r e s e n t  s tu d y  and N iu m p ra d it & K arasu d h i*4’

Eb/E h A0EhA / V0a
Present study Niumpradit & Karasudhi(4)

10 0.6468 0.6944
100 0.3754 0.4017

1000 0.3364 0.3657
10000 0.3323 0.3612



F ig u r e  1 A hom ogeneuos p o r o e l a s t i c  h a l f - s p a c e
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F ig u r e  2 G eom etry o f  m u lt i la y e r e d  h a l f - s p a c e
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F ig u r e  3 G eom etry o f  b a r - m u l t i la y e r e d  
medium sy s te m
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F ig u r e  4 B a s ic  e le m e n ts  u se d  in  d i s c r e t i z i n g  
m u lt i l a y e r e d  medium
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F ig u r e  5 B ar-h om ogen eou s medium sy ste m  
c o n s id e r e d  in  t h i s  s tu d y

F ig u r e  6 N u m er ica l r e p r e s e n t a t io n  o f  b a r 
m u lt i la y e r e d  sy s te m
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FIGURE 7 Nondimensionalized bar displacement for different k (1)/ k (2)
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FIGURE 8 Nondimensionalized bar displacement for different h (1)/h!2)
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FIGURE 9 Nondimensionalized bar displacement for different V
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FIGURE 10 Nondimensionalized bar displacement for different shear moduli
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FIGURE 11 Nondimensionalized bar displacement for different bar length
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Layer 1 
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Layer 3 
Layer 4

Layer 5 
Layer 6

L a y er  p ro p erties

-  L a y er  1 : v (1) =  0 .1 5 ,  VU(I) =  0 .2 5 ,  p ° y 2) =  0 .5 4 ,  tc(1)/tc<2) =  1 0 0 , B (1) =  0 .5 0

-  L a y er  2 : v <2> =  0 .2 5 ,  v u(2) =  0 .4 5 ,  p (2) =  5 8  k s c .,  K(2) =  l x l 0 " m 4/k g - s e c  , B (2) =  1 .0 0

- L a y er  3 : v (3) =  0 .3 0 ,  v u(3) =  0 .4 5 ,  p (3y 2) =  2 , k (3)/ k (2) =  1, B (3) =  1 .0 0

-  L a y er  4  : v <4) =  0 .3 5 ,  v u(4) =  0 .4 5 ,  p (4)/ p (2) =  4 .6 3 ,  k (4)/ k (2) =  1, B (4) =  1 .0 0

-  L a y er  5 : v (5) =  0 .2 0 ,  v u(5) =  0 .4 5 ,  p (5y 2) =  6 .9 4 ,  k (5)/ k (2) =  5 0 , B (S) =  1 .0 0

-  L a y er  6  ะ v (6) =  0 .3 5 ,  v u(6) =  0 .4 5 ,  แ (6y 2) =  7 .7 1 ,  k (6)/ k (2) =  1, B (๑  =  1 .0 0

-  U n d e r ly in g  h a lf-sp a c e  : v (7> = 0 .2 0 ,  v u(1) =  0 .4 5 ,  p (7)/ p (2) =  1 0 .4 2 , k (7)/ k (2) =  5 0 , B(๑ =  1 .0 0

- EbÆh(2) =1000

FIGURE 13 G eom etry o f  p i l e - s o i l  sy s te m
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FIGURE 14 N o n d im e n s io n a liz e d  p i l e  d is p la c e m e n t  o f  s y s te m  in  FIGURE 13
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FIGURE 15 Nondimensionalized bar axial stress of system in FIGURE 13
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MATRICES R(Ç,Z,ร) AND S(Ç,Z,ร)

The m a t r ic e s  R(£,z, ร) and ร(Ç,z ,ร) in  eq n s ( 2 .1 8 )  and 
( 2 .1 9 ) ,  r e s p e c t i v e l y ,  a r e  g iv e n  b y <9>.

R fez , ร) = LR 1 : R ‘_ ( A - l )

ร(^ z, ร) = ร 1 : ร 1 (A-2)

w here

ร 1 = n

- 2 | ^ 3ทุ62 e1z -2  na3Tl Ô 2 e‘F a,ze*z -a,ze_4z
0 0 0 0

=
2^a3riô]eYZ - 2 |^a^ô,e' -  - (alZ- | ) e ^ - (alZ + ̂ ) e ^
2 |ia3ทุe1* 2^a 3ทุe_TZ - 2 |aa4ทุe52 - 2 |ta4ทุe_Çz

e”̂  -e^  -e -^ ‘
1 e-^ e-5z

K
2 = 2 - e 5* e*2 - e '*2

0 0 0 0

4(ia 3̂ ทุÔ1e“TZ (2a ^ z - l ) e Çz (2a,Çz+ l)e~^
0 0 0 0

4(ia3̂ 6 2eTZ 4*ia3ÇทุÔ e _TZ2C - 2(a 1Ç z -a 4)e^ 2(a,Çz + a4)e-Çz
2a301eTZ 2a3ô,e -Tz 2a 4ô2 - 2a4Ô2e_Çz

(A-3)

(A -4)

(A -5)
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2 ^ -2Çe_Çz -2ÇeÇz 2Çe“Çz
๙■ - S * - * ๙ *

- 2 \ ê z -2Çe"^ 2 1 ^ 2 l ^ z

0 0 0 0

w h e r e

a ‘ = 2(1-2 v u)

5 (3 -4 v u)
a2 = 2(1 -2 v .)

B(l + Vu)(l-V ) 
3(vu -v )

8 g -V u )  
&4 = g - 2 v u)

c = 2fxa3ioi

= B(l-f vu) 
 ๆ = 3(1 - v j

(A-6)

(A -7 )

(A-8)

(A -9)

(A -10)

(A - l l )

(A -12)

«1 ร

ร2

(A -13)

ร (A -14)
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DERIVATION OF STRAIN ENERGY OF ELASTIC BAR 
EMBEDDED IN MULTILAYERED POROELASTC HALF-SPACE

The s t r a i n  e n e r g y  o f  an a x i a l l y  lo a d e d  e l a s t i c  
b a r  em bedded in  a m u l t i la y e r e d  p o r o e l a s t i c  h a l f - s p a c e  in  
L a p la c e  dom ain , a s  shown in  F ig .  3 , can  be d e te r m in e d  a s  
f o l l o w s  ะ

The a x i a l  s t r a i n  c o r r e s p o n d in g  t o  eqn ( 2 .4 7 )  can  
be e x p r e s s e d  a s

In  v ie w  o f  th e  c o n v e n t io n a l  c o n s t i t u t i v e  r e l a t i o n  
th e  s t r a i n  e n e r g y  o f  an e l a s t i c  b ar  can  be w r i t t e n  a s

m u l t i l a y e r e d ,  eqn (B -3) can  be r e w r i t t e n  in  v ie w  o f  eqn  
(B -2 ) a s

m ° M A d z  = f"
Lb 7ta2E* ริ2 

■ j (B -2)

N ote  t h a t  E* = Eb — Eh . S in c e  th e  h a l f - s p a c e  i s

X  (m - l)(n -  l)ôcma ne”(m+n_2)z/hbdz (B-3)^ m=1 n=1

ร ุ ( r n - l ) (n - l ) ^ mâ ne-(m+n-2)z/hbdz

E(N)‘ ร ุ ร ุ ( เท -l ) (n - l ) â mâ ne-(m+n-2)z/hkdz
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By i n t e g r a t i n g  eqn ( B - 4 ) ,  th e  s t r a i n  e n e r g y  o f  an e l a s t i c  
b ar embedded in  a m u lt i la y e r e d  p o r o e l a s t i c  h a l f - s p a c e  can  
be o b ta in e d  in  th e  f o l l o w in g  form

in  w hich

D  =  n a  £ ๓ * ^ 0 - (เท+ท-2X z,-A t,/2) _ c -(m + n-2X z,+ A t,/2 )^  ( B ~ 5 )
๓“ ~~ 2hb(m + n - 2 )  j=i

w here Zj and Atj d e n o te  th e  d i s t a n c e  from  th e  to p  o f  th e  
b ar t o  th e  m id d le  o f  th e  i* e le m e n t and th e  t h ic k n e s s  o f  
th e  i* e le m e n t , r e s p e c t i v e l y .

(B-4)
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