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SYUOiSlS Coefficients of subgraie reactions represent the supporting conditions offered by
the half space serving as foundation media. An ideal half space may be defined as a homogeneous) 
isotropic» elastic continuum and, with the availability of infinite elements it is now possible to 
arrive at the rational estimate of the values of the coefficients by employing the finite element 
method of analysis. A parametric investigation was made, covering a complete range of the relative 
rigidity of the structural foundation and supporting media, as applied to the soil-pile system.
The set of normal, shear and torsional subgrade reaction coefficients were derived by employing the 
finite element analysis incorporating infinite elements. Ihe use of the coefficients in the 
analysis of a single as well as group of piles subjected to axial force, lateral thrusts and moments 
were illustrated. In addition, the finite element analysis incorporating infinite elements was 
also performed to investigate the Influence of stratification on the coefficients of subgrade 
reactions. For a two layered soil mœs the modified values of the coefficients were also 
established«

INTRODUCTION

The reactions offered by a soil mass to a 
structure founded over it, constitute important 
parameters in defining structural behaviour of 
the soi 1-structure interaction system. The 
coefficients of subgrade reactions defining the 
soil resistance to the noriual, shear and 
torsional actions over the structure-soil 
interface end denoted by K̂ , and could

define the reactive capacity of the soil strata 
most effectively. Irfany factors affect the 
values of these coefficients, viz, type of soil, 
relative rigidity of soil-structure system, 
shape of the foundation structure, size of 
foundation structure etc. With the availability 
of finite element method of analysis and develop
ment of infinite elements, it was possible to 
undertake useful parametric investigations, for 
determining the values of K̂ , Kg, Kg. Indeed

this would be of practical importance. In this 
paper some interesting features of the para- 
metrio Investigations are presented and their 
use In the solution of pile-soil systems is 
demonstrated« This paper, however, deals with 
the investigation pertaining to circular piles 
with modulus of elasticity in a homogeneous

elastic soil strata with modulus of elasticity E .B
It was experienced end also confirmed by earlier 
works that the fblsson's ratios of these 
materials have only marginal influence on the 
behaviour of the system. Hence, in the entire 
investigation the values of Poisson's ratio for 
the pile and soil mass were assumed a fixed 
value of 0.15 and 0.45 respectively.

METHOD 0? ANALYSIS

A plane strain finite element analysis of a

system comprising of a circular section surrounded 
by a mass extending upto infinity in all dire
ctions offers a convenient means of arriving at 
the representative values of the coefficients 
of sub-grade reaction. The types of finite ele
ments and the loading details for deriving the 
values of 1̂ , and Ke are as shown in the

figures 1a, 1b and 1c respectively. It may be 
noted that the 6lx noded ieoparametric triangu
lar, eight ncded isoparametric quadrilateral 
and eight noded infinite elements, whose details 
are available in standard text (Zienkiewcz, 1977) 
were employed in the analysis*

Denoting the applied loads in the figures 1a,
1b and 1c through Qy , Qg and respectively,

and determining the displacements in the dire
ctions of the applied loads at their point of 
applications as S^f Sy and & respectively,

through the plane strain analysis, it follows 
that th* K̂ , Kq and Kg can be defined as below

v _ Qy 
“ S7.d

= ( 1 )
SH ' d

On, d
K = ----

e * . d . e

wherein, d is the diameter of circular section 
and 6 is rotation in radians.

In the equation 1 K and have the units 

of Kg/cB?, Kg/cm^ and Kg/cm respectively.
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IN FIN ITE SOIL ELEM EN TS 

QUADRILATERAL SO IL ELEM EN TS 

QUADRILATERAL FOUNDATION ELEM EN TS 

TRIAN 6ULAR FOUNDATION ELEM EN TS

FIG 1.0

P = POINT OF APPLICATION OF LOAD.

p '=  NEW POSITION OF P AFTER 

APPLICATION OF LOAD
FIS  1-b

FIGURE 1

BE s u m

The system shown in the equation 1 was subjected 
to parametric investigations* The results 
derived thereby have following features *

For a standard diameter of the circular 
section, the relationships between K̂ ,

and Kg and the relative rigidity ratio

B — Bp/Eg are as shov® below:

log E -2.12103 /  .
^  = 1 ^ x 1 0  p wben1^B<2

log B -1 .035 log R -1 .82233

= Idnl1° when B 2

log E.,-1.1109 log H-1.85773
1  = I, X 10 p , ,
0 dB when H./103

linearly with diameter d.

log E-log R-2.19043 
= Idf x 10 *

when R^ 10

K = _______ 1593 d
e 1Qlog R-log Bp + 3*66463

(2 )

It may be noted that though the equation 2 are 
to soue extent cumbersome, they can be easily 
programmed in the Boil-structure interaction 
analysis programme.

The variation of and Kg with diameter d is 

expressed through 1^ and Ide* Figure 2 shows 

the relationship between d and 1^ and ^s* 

may be noted the torsional modulus varies

The analysis for the case of soil layer with 
finite depth h were performed by placing tbs 
oentre of the circular section at different 
depths (l/4th, 1/2 and 3/4th) of soil layer as 
show in figure 1d. The infinite elements, In 
this case, were provided only in the horizontal 
directions* The modified value of and K0

can be given approximately by the following 
expressions >
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-fa/0.3y
^(mod) = (8.0 e + 1 ) x

(3)
-h/0.8y

K (nod) = (8 .0 e + 1) x KB O

where K^(mod) and Kg(mod) axe the modified

values of subgrade reactions. end Kg

are the values of subgrade reactions In 
the same soil of semi-infinite exteat.

application

The K̂ , Ks, K̂ , derived in the above manner,

were employed to Investigate the behaviour of 
soi1-pile systems. In the analysis, the piles 
were Idealized through two noded one-dimensional 
elements and 1̂ , Ke, were introduced to

define the specially attached foundation soil 
elements to the line elements. The foundation 
soil elements are in fact the consistent soil 
reaction elements as proposed in the reference 
(ttiiyahara and Ergatoudie, 1976).

The results obtained match admirably with these 
reported earlier by Poulos (1969, 1971, 1975). 
The detailB of the Investigations have already 
been presented elsewhere (Parikh and Pal, 1979). 
However, a typical set of the results are 
presented in Table I.

INTERFERENCE

The interference between the piles in pile 
group can also be investigated by modifying

Kg, Kg for the group effect. Now the modified

values are determined through the analysis of 
two circular sections placed in the infinite 
soil continuum as shown in Figure 3* Obviously

the modified values of K^m, êm are bound

to be less than the isolated values of K̂ , Kg, 

Ke such that Kg“ = Cm, = C^ Kq and

wherein Cmi etc are the inter-K m
•e wm3 * 
ference factors. Variation of Cffl̂ and C^ for

two identical circular foundation can be given 
by »

Cm1 " *11 x I12 13
(4)

idle re Iin = 0.53347-0.03693 (S/d)
2 3

+ 0.032106 (S/d) -0.00377(S/d)

+ 0.000128(S/d)4 when S/d /lO 
-0.0833+0.0278 log(s/d)

= 10 .
when S/d/ 10

T - (1.163 - 0.0l3(S/d))1/,2̂ lOS H"1^12

wtten R^10^ and S/d ^12 

= 1.163 - 0.013 (S/d) 

when B^ 10̂  and S/d <̂ 12

= 1.0 when S/d}  12

-0.183 + O.O915 log d

when d ̂  200 cm 

= 1.05 when d ̂  200 cm

X13 = 10

'm2 ' Cml (In case of in-plane loading)

The interference factor for torsion (Cmj) may

be taken ae unity as it was observed that in 
worst possible case (S/d = 1) the rotation is 
not affected by more than 10 to 153*.

table: 1

Value 
of a

Axially loaded Dile

Value 
of H

Free head Dile Fixed heed pile
Vertical load Qy=10^Kg 

I/D = 10 length = 1500 cm

Horizontal load Qjj=10̂ Kg 
I/D=1 0 length^ 0  ̂0m

Horizontal load Q^tO^JSg 
I/D=10 Length = 10̂  cm

Vertical deflection 

cm

Horizontal
deflection

cm

Botation

Had

Horizontal deflection 

cm

-2 -1 -4 -2
10 0.11 x 10 2 x 10 0.1 x 10 0.82 x 10 0.53 X 10

2 -2 2 -1 -3 -1
10 0.54 x 10 2 x 10 0.62 x 10 0.27 x 10 O.33 x 10

3 -1 3 0 -3 0
10 0.51 x 10 2 x 10 0.396x 10 0.93 x 10 0.21 x 10

4 0 4 1 -2 1
10 0.494 x 10 2 x 10 0.307x 10 0.5 x 10 0.12 x 10

NOTE 1 All displacements and rotations indicate the displacements and rotations 
at top of a floating pile of Ep = 2 x 10̂  Kg/cm2.
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Employing the modified coefficients, group of 
piles have been analysed by employing the 
foundation soil elements for each pile of the 
group as referred above. The results once 
more match admirably with those reported by 
fouloa (1968, 1971). The complete set of 
results giving the values of modification 
factors are under preparation for the purpose 
of another full length publication.
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