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Calculation of bearing capacity of laterally loaded pile groups

Calcul des fondations sur pieux à la force horizontale

V. V. ZNAMENSKY, Kuybyshev Moscow Civil Engineering Institute, Moscow, USSR

A. V. KONNOV, Kuybyshev Moscow Civil Engineering Institute, Moscow, USSR

3Y1I0PSIS. The behaviour of a single pile ia radically different from the behaviour of a pile

in group. The new method of calculation involves the group effect coefficient as a product of the 

two coefficienta - a coefficient of interaction of piles , which take in account the interaction 

of piles and coefficient of restraint K , taking in account a rigid restraint of a pile in a cap.

INTRODUCTION

A complicated geological structure at construc

tion sites,- especially in constructing projects 

on developed territories, makes it difficult to 

determine design characteristics of upper soil 

layers, which affects the accuracy of calcula

tions of laterally loaded pile foundations. To 

avoidboth major errors and overstimated safety 

margins, the most reliable method of determina

tion of a pile resistence to lateral load is 

useds a pile test under a static test load.

This technique provides for an integrated ac

count of all features of soil properties vary

ing with depth and, which is not least impor

tant, changes in soil properties owing to con

solidation during pile driving.

Groups of piles are used in the majority of ap

plications in the mass construction, which are 

united into a system by a stiff reinforced 

concrete cap. The behaviour of a single unrest

rained pile is radically different from the 

behaviour of a pile in a group. This resides in 

different resistance to the action of lateral 

load with one and the same pile head deflection 

at the ground level.

Now the abovementioned difference in bearing 

capacities of laterally loaded piles is asses

sed by a group effect coefficient K . Ac-
g* e•

cording to the experimental results, the group 

effect coefficient is always greater than unity, 

it varies over a wide range and depends on a 

number of factors including also soil conditions

and parameters of a group of piles'so that it 

is very difficult to determine this coefficient 

in each specific application. As a result, the 

load bearing capacity of laterally loaded piles 

in the majority of applications is not used to 

the full extent, and engineering and economic 

characteristics of pile groups are undervalued. 

The new method of calculation involves the 

determination of the group effect coefficient 

as a product of two coefficients - a coeffici

ent of interaction of piles taking into ac

count the interaction of piles when they are 

used together in a foundation, and a coeffici

ent of restraint Kr taking into account a rigid 

restraint of a pile in a reinforced concrete 

cap:

This approach to the determination of the group 

effect coefficient makes it possible to take 

into account the influence of various factors 

on its value in a more correct manner thus 

substantially improving the accuracy of calcula

tions.

A method has been worked out on the basis of 

comprehensive experimental studies of operation 

of model and field laterally loaded pile founda

tions conducted at the Chair of Soil Mechanics, 

Bases and Foundations of the Kuybyshev Moscow 

Civil Engineering Institute. The use of up-to- 

-date strain gauge techniques made it possible
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to conduct individual investigations into the 

Influence of pile restraint by a cap and their 

Interaction on the load hearing capacity of 

laterally loaded pile groups.

The experimental studies showed that the inter

action of piles In laterally loaded groups 

increased with an increase in the number of pi

les and decreased with an increase in the dis

tance between the piles, being practically 

independent of the embedment length. On the 

basis of these results, an assumption was made 

that it is possible to detennine the coeffici

ent of interaction only depending on two fac

tors: the number of piles in a group and their 

spacing.

It is very difficult if possible to obtain a 

rigorous mathematical solution for the determi

nation of the coefficient of interaction of pi

les which would be based on real soil proper

ties, variation of its physical characteristics 

with depth and also such an important factor as 

non-uniform consolidation of soil during pile 

driving, rather than on an idealized elastic 

medium. For these reasons it seemed most expedi

ent to determine the coefficient of interaction 

using experimentally obtained relationships. 

These include:

- regularity of variation of the coeffici

ent of interaction depending on the num

ber of piles in a foundation;

- regularity of variation of the coeffici

ent of interaction depending on the pile 

spacing.

Using these regularities, diagrams of the rela

tionship of the ratio 1/K^ verssus the pile 

spacing for groups with different number of pi

les were plotted which are given in Fig.1. 

Mathematical computer handling of these diag

rams by the least square technique made it pos

sible to obtain the following formula for the 

determination of the coefficients of interac

tion within the range of pile spacing from 3 to 

10 d:

0.0l6n+0.39

0.14n + 2.08
( 2 )

wherein is the number of piles in a group; 

a is the pile spacing.

For laterally loaded foundations having from 3 

to 20 piles, with a pile spacing between '3 and

3d 4d 5d 6d 7d 8d 

Fig.1. Diagrams of the Relationship 1/K^=f(a)

6d, the values of the coefficients of interac

tion determined by fromula (2) are given in 

Table I.

Table I.

Coefficients of Interaction of Piles 

in laterally Loaded Groups

n a
3d 4d 5d 6d

3 0.649 0.737 0.813 0.881

4 0.626 0.713 0.800 0.858

6 0.585 0.673 0.751 0.821

9 0.539 0.628 0.708 0.781

12 0.504 0.596 0.678 0.755

16 0.470 0.566 0.654 0.736

20 0.446 0.546 0.640 0.729

According to the results of the experimental 

studies, the coefficient of restraint taking 

into account rigid restraint of a pile head in 

the cap does not depend on the number of piles 

in a laterally loaded group. This makes it pos

sible to consider two individual piles which 

differ only in the conditions of restraint of

their heads to determine this coefficient. 

Assuming that under the action of a lateral 

load the pile behaves as an elastic rod having 

its lower part fixed in soil at a certain depth,
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the upper part being bent, we can find the 

values of horizontal forces that are necessary 

to cause a unit deflection of the pile head: 

for unrestrained pile

Dur 3EI .1

o.ur

for restrained pile

12EI.1

(3)

(4)

Table II 

Coefficients of Restraint

I
Kr

I K
r

I
Kr

2.6 2.92 3.0 2.48 3.4 2.32

2.7 2.80 3.1 2.42 3.6 2.27

2.8 2.67 3.2 2.38 3-8 2.23

2.9 2.57 3.3 2.35 4.0 2.22

wherein El is the bending stiffness of pile, 

kN/m2 ;

1 is the embedment length of an 
o.ur

unrestrained pile, m;

■*"o.r is ditto, for a cap-restrained pile. 

As the coefficient of restraint is the ratio 

of the lateral resistance of a cap-restrained 

pile to the lateral resistance of unrestrained 

pile wiht one and the same deflection at the 

ground level, obtain:

Kr
* r
F*1
ur

= 4 o.ur

o.r

(5)

The values of 1_ and 1 _ were determined 
o.ur o.r

according to K.S. Zavriev, depending on the 

dimensionless penetration of pile into soil X:

1 e = ( 6 )

wherein 1 is the depth of pile penetration, m;

^ is the coefficient of defonnation, 

determined by the formula:m

5 k d.5d + 0.5) 

El

(7)

With the known values of the coefficients of 

interaction and restraint, the load bearing 

capacity of a laterally loaded group of piles 

is determined by the formula:

pi.g. - “W i . s. (8 )

wherein P.
1. g.

is the design lateral load per-

missible for a group of piles, kN;

P, _ is the design lateral load per- 
X* s*

missible for an individual unrestrained pile, 

kN.

The design permissible lateral load for an in

dividual unrestrained pile is determined by 

the static test of the pile.

Table III 

Test and Calculation Data 

on Resistance of Laterally 

Loaded Pile Groups

wherein E is the coefficient of proportionali

ty,

kN/m^;

is the pile diameter, m;

El has the same meaning as in (4).

The values of the coefficients of restraint 

calculated by formula (5) for various values of 

dimensionless pile penetration depth are given 

in Table II.

Number of piles Load bearing capacity of

in a group laterally loaded pile group.

kN

Test Theory Difference, 56

results

2 piles 114 96 15

4 piles 210 178 15

5 piles 290 214 26

6 piles 310 250 16

9 piles 405 346 14

It can be seen from the above that the new cal

culation method makes it possible to determine 

the load bearing capacity of a laterally loa-
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ded group of piles with a low cap based on sta

tic teat results obtained for an individual 

unrestrained pile. The method has been worked 

out for long flexible piles (I 2,5), taking 

into account both the parameters of a pile 

group and characteristics of a soil base.

Table III gives test and calculation results 

for the load bearing capacity of piles of 

30x30 cm cross-section, 6.0 m long tested in 

the test field under lateral static load.

It can be seen from Table III that the disag

reement between the theory and test data avera

ges 15$. The exception is the group of five pi

les, wherein the difference was 2&%.

Comparison of the test results and theory makes 

it possible to recommend the new method for 

the practical calculations.
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