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Analysis of the relationship between the bearing capacity and diameter
of piles in sands
Variation de la force portante des pieux en fonction du diamétre en milieux sableux

YU. G. TROFIMENKOV, Director, Cand. Sc., Fundamentproject Institute, Moscow, USSR
R. E. KHANIN, Engineer, Fundamentproject Institute, Moscow, USSR
G. M. LESHIN, Engineer, Fundamentproject Institute, Moscow, USSR

SYNOPSIS | Load testing of instrumented
been carried out. The portion of the load car

Lles 73=325 mm in diameter driven in sands hsve
ed by the point and by the shaft was measured

during'pile loading. The relationship between the bearing capacity and diemeter of piles was
determined. This permits the bearing capacity of production piles to be accurately estimated by
the teets of small dlameter sectional steel piles driven to the predetermined depth.

The reliable data on the bearing capaci of
piles can be derived by the results of static
load tests. But these tests are very laborious.
During site investigations it is much easier
to drive and load test small diameter sectional
steel piles of the same length as presupposed
production piles.

To evaluate the expediency of the use of these
piles, the test results of steel instrumented
piles of 73 to 325 mm in diameter were compared.
The toe of these piles was equipped with a cone
and an electric strain gauge to measure point
loads. The strain gauges were also placed along
the plle shaft to measure the distributiom of
gkin friction.

The tests of piles of equal length and of 4
different diameters provided data for
evaluation of the change of the bearing capa-
city of piles with the diameter.

Correlations made earlier (Trofimenkov, et al.,
I983) showed that in clayey soils the bearing
capacity of piles of equal length is directly
proportional to diameter of the piles., In sand
s0ils such a relationship is not observed.

Comparison of the bearing cepacity of produc—
tion piles in c¢lays and in sands determined by
the Ioad tests (Q ) and by compution fram the

results of the load tests of smglldiiles (Qc)
assuming that bearing capacity is rectly
proportional to the pile diameter is given in
Fig. I. The results of both determinations
are close in clays and differ in sands. This
departure from linear proportionality in
sands is the result of a significant role of
base load of a pile on its bearing capacity.
Therefore the distribution of the load along
the pile shaft and pile base was analyzed.

The tests were carried out in alluvial medium
sand of medium density with the following
characteristics at the level of pile point:

unit weight ~ I8.5 kN/m3, angle of internal
friction =359, modulus of deformation -
30 MPa, cone penetratlon resistance, Qe 7 MPa
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Fig., I Comparison of the bearing capacity
determined gy tests of production piles and
pile of small dismeter.

The length of tested piles - 6 m. In Fig 2
the load-settlement diagrams of the test piles
of four different diameters are presented. In
these diagrams each curve is a mean of the

two tests. The distributlon of force along the
pile shaft is shown in Fig. 3. In this figure
it is seen that the part of the total load
taken by plle base changes in the process of
loading and comstitutes more than 40 percent.
All the date on results of the tests are given
in Table I. As not all load - settlement curves
show a definite peak load, the ultimate load

was defined as the load causing total pile
settlement equal to IO percent of the radius.

As it is seen from the Table I :

load, Q. 1s increased by 8.3 when the diameter
of a piYe is increased by 4.4; the ratio of
the point load tho the cross section area

the ultimate
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Fig. 2 Load - settlement diagrams of the
test piles

I, Dia. 75mm 2, Dia. II4 mm
Dia. 325 mm

3, Diaes 2I%mm 4.
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Distribution of load along a pile

a - pile IT4 mm in diameter
b - pile 325 mm in diameter

is approximately constant and does not depend
on the pile diameter.

For the determination of the relationship
between the bearing capacity and dimensions
(length and diameter) of a pile, equation (I)
may be written following the technique of
dimensional analysis:

Q
= £ (L/r) (I)

q,rs

where Q load on a pile, kNj;
q - cone resistance, MPaj;
radius of a pile, cmj
pile settlement, cm; .
pile length, cm;

HoR
]
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TABLE I

Results of Pile Testing

Description Unit Pile diameter, mm

73 II4 2I9 325

Pile radius (r) cm
Ratio of pile
Length (L) to

pile radius (r) =
Ultimate

load (Q ) kN { I70 300 690 1420
Point LBad Q) i | 30 80 2% 600

3.65 5.7 I10.95 1I6.25

Ie4 I0.5 55 37

Ratio Qp/Qu - 0.I75 0,207 0.420 0.423
Unit base
resistance (qo) MPa | 7.07 771 7.60 7.08

Unit skin
resistance (£f) MPa [0.I0O0 O.I46 0,095 0.I32

Value for
function 0.I £(L/r) I3.2 82 7.7

by Fq_. 2

18.2

As was indicated above ultimete load corres-
ponds to settlement equal to O.I r. Im this

case
s L

9 T

Value for function 0.I £ (L/r) calculated by
equation (Ei is given in Table I and the
graph of this function is shown in Fig. 4. As
it is seen in the graph all the experimental
points are practical on a straight line. The
equation of this line is:

0.I £ (L/r) = 0.09I5 (L/r) + 3.I6 (3)

As a result the following formula is obtained

L
Qu = 9, T° ( 0.09I5 — + 3.16) (%)
k

After some transformations the formula (4)
may be expressed as

9.
Q = hy— + & g, (5)
70
where AB; Ab - the bearing areas of a pile
skin base, respectively.
This expression shows that the unit resistance

under a pile point for all diameters is equal
to cone resistance divided by 70.

From the formula (5) the relntionshig between
the ultimate loads of piles with different

slenderness ratio (L/r) may be found
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Fig. 4 Value of functiom 0.I £ (L/r)
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Fig. 5 Variation of.A with r2/ r; and L/rT

I, L/ry = 20 2. L/ry= 50 3. L/ry = 75
4. L/ry = 100 5. L/ry= 200
T, I+ 35 .EE
A= x 2 (6)
Ty I+ 35 1
L

The variation of )\ with rz/r1 and L/rI is
showa in Fig. 5

From the formula (6) and the graph in Fig. 5,
it is seen that the bearing capacity of a
pile in sand is increasing not proportional
to the dismeter but much more rapidly as it
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was indicated above on the basis of the tests.
The fraction of the load taken by the base is
(from Eq. 5)

Q% I -
= 7
Qu I +I_TI.‘
35

In Table II the comparison of the ratio Qb/Qu

determined experimentally and by Eq. 7 is
given.

Table II

Fraction of the load taken by pile base

Ir
/% OB [ 3.65 5,70 I0.95 I6.25
imentally | 0.I76 O. 42 0.4
prpgrimgntally | 8-178 8:3¢ 8:35 0:43

The obtained relationship between the bearing
capacity and the slenderness ratio of piles
enabled to widely use sectional steel piles of
II4 mm in diameter for the determination of
the bearing capacity of production piles.
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