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Introduction 

Pile Displacements Due to Tensile Loads 

M.R. Madhav* 

Hormoz B. Poorooshasb** 

Jf a structure is tall or high and is subjected to large lateral forces such as 
wind or wave loads, the resulting moments could induce tension in some 

of the piles supporting the structure. Piles driven into soil or rock may be 
used as anchors to specifically withstand pull out forces. During some pile 
load tests, the reaction from the pile under test is resisted by tensile loads in 
adjacent piles. In order to evaluate unit shaft resistance and the deforma
tion modulus of the soil, a tensile load test is simpler and economical than a 
compression test, as the loads required to cause failure are much smaller. 
In this note, a method of analysis of a single pile subjected to a tensile load 
and the application of the results to a practical case are presented. 

Analysis 

The approach used in this work follows closely the method developed by 
Poulos and Davis 1968). The pile is assumed to be rigid and the soil as a 
linear, elastic continuum. A vertical pile of length, L, and diameter, d, 
subjected to an axial pull, P, is considered (Fig. la). The soil offers resis
tance along the shaft. The loads on the pile and the soil are shown in Fig. 1. 
The pile is divided into 11 elements each of length L/11. Due to the stresses 
at the soil - pile interface, the vertical displacement, sPii, at node i, due to 
the stress, Pi, on element}, based on Mindlin (1936), can be written as 
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FIGURE 1. Definition Sketch 

where 

( I + v,) J,r / Id [ (3-4v,) + 8(1 -v:) - (3-4v,) 

8,.,.( 1-v,) 0 (j-l)L /nd R1 R2 

.. (2) 

R1 , 2 = ./ x2 + yZ + (z + c)2, the har representing nondimensionalization 
with respect to d, Es and v, - the deformation modulus and the Poisson's 
ratio of the soil. x , y , z , c , R1 , and R2 are defined in Fig. 1 c. The total 
vertical displacement, ,p;, of node i , is 
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Collating all the soil displacements, 

--d 
{,p} = °£;- [/J {p} 

... ( 3) 

.. (4) 

where f,p} and {p} are vectors of soil displacement and stresses respectively, 
of size n, and (l] - the influence coefficient matrix of size II X 11. 

The displacements {pp}, of pile assumed rigid are written as 

. . (5) 

where {I} is a unit vector, and 8 - the vertical displacement of the pile. 

Equilibrium of forces requires 

-rrdL 11 

I' = - - :E Pi 
n j = l 

. .. (6) 

The compatibility of displacements is satisfied by equating IPp) and {,pl 

i.e. Eqs. (4) and (5), from which one gets 

Substituting Eq. (7) into Eq. (6), the pile displacement 8, is obtained as 

a= - P 
Ed I, 

.f 

where I , is the influence factor due to tensile load. 

Results 

.. . (7) 

... (8) 

Numerical results are obtained using CYBER 835 computer at Concordia 
University. The analysis is carried out with n = 20 though for displace
ments a lone 11 = IO is adequate. For the intergration over each element 
to evaluate 10 numerically, the surface of each element is subdivided with 
n, = IO and no = 20 ( over half the circumference). The displacement factor 
I,, is plotted against L/d - ratio for l's= 0.2 and 0.5 (f'ig. 2). As anticipated 
the value of I, decreases with the length of the pile. Longer the pile the 
smaller will be the displacement. As L/d ratio tends to zero, values of I, 
tend to infinity unlike for a pile in compression. Comparing the results 
with those for a pile in compression (Poulos and Davis, 1968), it may be 
noted that values of I, are more by 25 to 30 % over Ip . For a soil with r, "=-
0.2, the influence factor, I,, is smaller in comparison with those for r, --
0.5. 
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FIGURE 2 Influence Coefficient 

The shear stresses on the shaft increase with depth along the pile (Fig. 3). 
Near the tip (z/L - 1.0), the values of shear stresses are very high being more 
than 3 to 4 times the average value. With increasing L/D ratio, the shear 
stresses tend to become uniform over a large part of the pile. 

Application 

Lord and Davies (1980) report results from a tension test on an 800 mm 
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F[GURE 3 Shear Stresses Versus Depth 

dia. and 4 m long pipe pile driven into chalk. The deformation of the pile 
(f.Jd = 5, I, = 0.207) was 0.525 mm and 2.85 mm for loads of 500 and 1000 
kN respectively. The modulus of deformation of chalk is calculated from 
Eq. 8 and compared in Table 1 with the predictions from plate load test 
(Burland and Lord, 1969), and lateral load test on a pile (Lord and Davies, 
1980). From the plate load test results of Burland and Lord (I 969), the 
values of the deformation modulus have been estimated to range between 
500-100 kN/ m2 for average stress intensities of 500-800 kN/m2 on the plate. 
The corresponding values of the modulus from a pull-out test on a pile 
range between 365-135 kN/m2 at load levels of 500-1000 kN. Bozozuk 

Es MN/m2 

Es MN/m2 

TABLE I 

Modulus of deformation from Load Tests 

Plate Bearing' Pile Load' Lateral Load3 

500 JOO 350 

7.36 

Tension1 

365 135 

4 .98 

1Burland and Lord (1969); 2Bozozuk et al. (1979) ; 3Lord and Davies (1 980) ; 4Pre cnt 
Analysis. 
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.,.. et al. (1979) report results of compression and tension load tests on 324 mm 
dia. 21.7 m long friction piles driven through compressible silts into dense 
gravel. The backfigured deformation moduli are also featured in Table I. 
It can be noted that £,-values from tens.ion test on a pile are comparable 
with those from other types of tests. In case of the latter case study, the 
smaller Es value from the tension test is understandable from the fact pointed 
by Bozozuk et al. that as the piles were subjected to negative skin friction 
prior to load tests the pile under pull out had undergone larger displacements. 
If corrected for the effects of negative skin friction, the results could possibly 
agree very closely. 

Conclusions 

A method of analysis of deformation of a pile subjected to a tensile load 
is presented. The pile is treated as rigid and the soil as an elastic half space. 
The displacement influence factor, Ii, is evaluated as a function of the length 
to diameter ratio of the pile, and Jls of the soil. It is known to differ from 
that corresponding to compressive load. The modulus of deformation 
computed from the results of tensile load test compares well with those from 
other types of tests (plate load or axial compression, and lateral load on a 
pile). 
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