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Abstract – A Study on Tension Pile for different angle is
presented here. The Comparison experimental study
carried out using the circular and square pile in clay, loamy
and sand Soil. The Specific gravity of clay, loam and sand
soil is 2.70, 2.65 and 2.55 respectively. The combination
of mild steel piles and model tank 600 mm x 600mm x 750
mm is assessed the actual pile bearing capacity more
closely than analytical models based on empirical
calculation rules. Results were successively compared
with actual test results which were measured during pile
tests. The bearing capacity of tension piles involves
interactions between the tension-pile with the
neighbouring sediments, often use is made of empirical
relations between soil properties and skin friction.
Keywords – Tension Pile, Study and Behaviour, Inclined
Loading, Lateral and Uplift Capacity, Pile Surface
Roughness, Length and Diameter, Unit Skin Friction,
Earth Pressure, Specific gravity and Soil Type.

I. INTRODUCTION
General – In this study an attempt has been made to
present experimental study of the literature to identify the
important and useful analysis of tension pile with the basic
concept. Generally, tension piles are used to provide
sufficient lateral but Nowadays, with the increasing need
for infrastructures and the decreasing availability of space,
both structural and geotechnical engineers are challenged
to design, analyse, and evaluate more expensive and
strategic structural systems (offshore platforms, highrising buildings, multi-story highways, etc.) submitted to
extreme lateral loadings (terrorist attacks, earthquakes,
gusty winds, etc.). But also, in structural engineering and
bridge construction piles are often used as foundation
elements.
Foundations of Tension pile are widely used in the
geotechnical engineering to sustain uplift load from the
superstructure. In the past decades, a few studies have
been conducted to investigate the capacity of tension pile
foundations, but the design of tension pile foundations still
needs much empirical treatment. As most common
buildings will experience horizontal loads, whether it is
from wind loads on a building or hydrostatic loading on a
quay, the slender piles used must be inclined as the lateral
resistance of the vertical piles is extremely low.
There is currently no validated method to analyse
horizontal loading from a settling soil. However, recent
studies have pointed out that in several configurations, the
large forces induced onto the pile cap connection during
the earthquake. It indicates the possible tensile or
compressive failure at the connection with the cap when
the pile is embedded or the extraction of the pile because
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of cyclic axial distress in case of floating piles. The main
problems that appear during an earthquake loading are
summarized hereafter:
• Tension piles induce large axial forces translated to the
pile cap,
• The bending capacity of Tension piles is reduced due to
important tensile stress,
• Tension piles are subjected to bending stress due to soil
densification or soil consolidation,
• The spatial configuration of Tension piles has significant
influence on the dynamic response of the super-structure.
These findings imply that piles at different angles can be
used in a far greater extent than previously expected and
may have a beneficial behaviour, hence decreasing the
cost for the project. In our study, following types of soil
are used.
Clay
Soil:
Clay is
a
finely-grained
natural rock or soil material that combines one or
more clay
minerals with
possible
traces
of quartz (SiO2), metal
oxides (Al2O3 , MgO etc.)
and organic matter. Geologic clay deposits are mostly
composed of phyllosilicate minerals containing variable
amounts of water trapped in the mineral structure. Clays
are plastic due to particle size and geometry as well as
water content, and become hard, brittle and non–plastic
upon drying or firing. Depending on the soil's content in
which it is found, clay can appear in various colours from
white to dull grey or brown to deep orange red.
Loamy
Soil:
Loam is soil composed
mostly
of sand (particle size > 63 µm), silt (particle size > 2 µm),
and a smaller amount of clay (particle size < 2 µm). By
weight, its mineral composition is about 40–40–20%
concentration of sand-silt-clay, respectively. These
proportions can vary to a degree, however, and result in
different types of loam soils: sandy loam, silty loam, clay
loam, sandy clay loam, silty clay loam, and loam. In
the USDA textural classification triangle, the only soil that
is not predominantly sand, silt, or clay is called "loam".
Loam soils generally contain more nutrients, moisture,
and humus than sandy soils, have better drainage and
infiltration of water and air than silt and clay-rich soils,
and are easier to till than clay soils.

Sand Soil: - Sand is a granular material composed of
finely divided rock and mineral particles. It is defined by
size, being finer than gravel and coarser than silt. Sand can
also refer to a textural class of soil or soil type; i.e., a soil
containing more than 85 percent sand-sized particles by
mass. The composition of sand varies, depending on the
local rock sources and conditions, but the most common
constituent of sand in inland continental settings and nontropical coastal settings is silica (silicon dioxide, or SiO2),
usually in the form of quartz.
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II. THE PAPER OBJECTIVES






To study of tension pile at different angles &
behaviour of piles in Loamy, clay and sand soil
subjected to inclined loads.
To Comparison Study between Circular and Square
Pile in Loamy, Clay and Sandy Soil respectively.
To study the Importance of unit skin friction between
soil and surface of pile, and
To examine the benefits and barriers of tension pile.

III. LITERATURE SURVEY
The research paper related to “A Study on Tension Pile for
different Angle” from various reputed journal have been
considered for the review. After doing thorough study of
tension pile the results of the research papers considered
for the review. There are quite a good number of studies
available in the body of literature focusing on the
awareness and Potential for implementation of tension pile
for different sector. The one important such study is
discussed below.
Broms (1964) – In his studies was to be found of different
failure modes. Failure modes was described depending on
the length of the pile. for calculating the deflections and
moments of piles in a cohesive soil under undrained
loading using the theory of subgrade reaction. Deflections
to the "working" load range, which is normally considered
to be 1/2 of the computed ultimate pile capacity. In the
working load range, he also assumed that the soil was
linearly elastic.
Meyerhof and Adams (1968) - They have developed a
theory of uplift resistance capacity of foundations
embedded in soil. On the basis of model test results, an
approximate non dimensional uplift load displacement
relationship is developed. This relationship is useful in the
determination of the allowable anchor holding capacity at
a given level of vertical displacement of the anchor. The
experimental ultimate uplift capacity of rectangular anchor
plates is generally in good agreement with those predicted.
Poorooshasb and Parameswaran (1982) - They analysed
vertical uplift behaviour of a single rigid pile or pier
embedded in a frozen sandy soil. Using a simple
displacement field, the vertical uplift behaviour of a single
rigid pile (or pier) embedded in a frozen sandy soil is
analysed. Results of the analysis are represented by curves
from the magnitude but movement can be estimated for
given uplift forces. The procedure is directly applicable to
piles embedded in moderately to heavily over consolidated
clay deposits.
Chaudhuri and Symons (1983) - They reported test results
on piles of various diameters, depths, and pile surfaces
embedded in medium and dense sand. The difference of
skin friction lengthwise the shaft was found to be of like
parabolic shape with the maximum value attained nearly
at 70%- 80% of the depth. They indicated that the critical
depth is nearly 30 times the diameter, d, of a pile in dense
sand or medium dense sand. For rough piles in medium
dense sand it is 15d.
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Das and Azim (1985) - Model tests are carried out by them
on group of piles embedded in clay under axial uplift load.
Piles were having the L/d ratio of 12 and 15. The group
efficiency varied with embedment ratio, number of piles
in the group and spacing of piles.
Chattopadhyay and Pise (1986) - They proposed the
theoretical analysis and also carried out laboratory
experimental investigation on piles under different pulling
load conditions. The present analysis takes into
consideration of various pile and soil parameters such as
length (L), diameter (d) of the pile, angle of internal
friction of soil (ϕ), soil pile friction angle (δ) and unit
weight of soil (γ). A modified value of coefficient of lateral
earth pressure in uplift has been developed considering the
arching effect of soil. A comparative assessment of the
uplift capacity of piles predicted by using proposed theory
and the existing available theories is made with the
existing field and model test results. It has been observed
that the present model considering the arching effect
predicts the results closer.
McVay Et Al. (1996) - He has studied the effect of battered
piles in fixed-head 3x3 pile group and compared the pile
cap displacement of these pile group with a vertical pile
group. In medium dense sands, the battered groups were
in an A frame arrangement, i.e., each pile in a given row
battered the same. results of the tests showed that fixedhead plumb groups have a 30 to 55% higher lateral
resistance than free-headed piles depending on soil density
and pile spacing. For the battered 3D-spaced group, the
lateral resistance was greater by 20 to 50% than the fixedhead plumb response in the medium dense sand; however,
in the medium loose sand, the battered and plumb fixedhead group response was very similar. The latter is
attributed to the limited axial tension capacity of the piles
in the medium loose sand. Increasing the dead load on a
battered group to 45% of its axial capacity resulted in a
30% increase in the group's lateral resistance. The lateral
resistance of the 5D-spaced battered groups were in all
cases greater than their 3D counterparts.
Zhang et al. (1999) – His study was based on centrifuge
tests, the effect of the pile inclination and soil density by
submitting a single inflight battered pile to horizontal
static loading. the lateral capacity increases over plumb
piles were 4, 14, 24, and up to 50 % in very loose, loose,
medium-dense, and dense sands, respectively, at negative
angle batter (-14°). In contrast, the lateral capacity
decreases over plumb piles were 4, 5, 15, and up to 35 %,
respectively, at positive angle batter (14°).
Guo and Ghee (2004) - It can be seen in these tests that a
maximum pressure against the pile is reached at a relative
displacement of the soil depending on different factors
such as the prole of the moving soil.
Poulos (2006) - He mentioned the effect of the possible
soil densification that follows an earthquake which
induces bending stress and reduction of bending capacity
in the inclined piles and the development of large tensile
force during an earthquake by shear box tests, where a
vertical pile stands in a movable soil medium, to test pure
lateral displacement of soil.
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F. Zhang, K. Okawa, and M. Kimura, (July 2008) - They
carried out the experimental study by Centrifuge model
test on dynamic behaviour of group-pile foundation with
inclined piles and its numerical simulation. They
concluded that the effects of pile batter were significant in
medium dense and dense sands, but minor in very loose
and loose sands. Larger contrasts exist between the results
obtained throughout these experimental studies of lateral
response of battered piles under lateral loads.
H. Mroueh and I. Shahrour, (2009) – They analysed the
uplift capacity of battered piles by Numerical analysis of
the response of battered piles to inclined pull-out loads.
Analyses show that the load's inclination with regard to the
pile's axis affects both the lateral and axial response of the
battered piles. Analyses also show that the pull-out
capacity of battered piles is affected by the pile's
inclination regarding the vertical axis as well as the load's
inclination regarding the pile's axis. The investigation of
the influence of the contact condition at the soil–pile
interface shows that the possibility of sliding at the soil–
pile interface affects the response of battered piles
subjected to loads with low inclination regarding the pile's
axis.
Qin and Guo (2010) and Lin et al. (2014) - There studies
covering the lateral displacement of tension piles between
a pile and soil. The profiles of bending moment, shear
force and pile deflection along the pile, the development
of maximum bending moment, maximum shear force, and
pile deflection at the ground surface with soil movement.
The tests reveal the effects of axial load P (at pile head),
the distance between the tested pile and source of free-soil
movement Sb, sliding depths, and angle of soil movement
(via loading angle) on the pile response. It can be reached
at a relative displacement of the soil by pressure against
the pile due to prole of soil.
Nasr, A. M. A. (2014), They carried out experimental and
theoretical studies of laterally loaded finned piles in sand.
The results indicated that the uplift resistance was
drastically reduced by oil contamination. The maximum
reduction in uplift resistance and skin friction factor
occurred at low contamination (oil content = 1%). The
initial sand density and method of pile installation are
significant factors affecting uplift capacity of piles
embedded in oil-contaminated sand
K. M. Reddy and R. Ayothiraman (2015), Experimental
studies on behaviour of single pile under combined uplift
and lateral loading. The maximum value of skin friction
increases with depth of embedment and it reaches by a
constant value at a critical depth of embedment.
Ganesh R. and Sahoo J. P. (2015), Influence of
groundwater on the ultimate uplift resistance of circular
plate anchors”. The presence of ground water decreases
the ultimate uplift resistance continuously with an increase
in the level of water table towards the ground surface. The
maximum reduction in uplift capacity occurs when the
level of water table is at the ground surface irrespective of
embedment depth of anchor.
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Pelecanos, L, Soga, K, Hardy, S, Blair, A & Carter, K
(2016), It can be seen in these tests that Distributed fibre
optic monitoring of tension piles and increase the uplift
capacity of tension pile. These piles exhibited a more
nonlinear load-movement behaviour in uplift than in
compression, probably due to the release of residual load.
Azzam, W. and Elwakil, A. (2016), They have carried out
the Study on the performance of single-finned pile in sand
by using of tension loads. Investigations were done by
changing the fin-width ratio (b/D), fin inclination angle
(β), pile length-to-diameter ratio (L/D), and soil density.
Results indicate that there is a considerable increase in
uplift capacity of the piles when using fins at the end of
the piles. When fins were installed with effective width
equal to the pile diameter and at an inclination angle (β) of
90° for sand, with relative density (Dr) of 50%, the
improvement in uplift capacity reached 1.82, 3, and 6
times that of the normal pile with L/D stiffnesses of 15, 20,
and 30, respectively. It was also found that fins should be
installed with an optimum fin inclination angle (β) equal
to or greater than 45° to achieve the beneficial effect. The
existence of such fins at the lower part of the tested piles
provided an ideal anchorage system because of the
significant locking-up effect of the soils within the fins,
resulting in increased uplift capacity.
W. Wang D, J. Wu B, and J. Wang X (2016), Their study
based by load tests for bearing capacity and deformation
behaviour of uplift piles and piles group with enlarged
base. A comparison of two-pile interaction factors
determined using their Finite Element analysis may go
some way to explaining the source of the incongruity, for
a loaded (free-headed) 49-pile group, the discussers
observed 15% difference in the centre pile settlement
when the distance to the lateral boundary was increased
from 13 m to 30 m.
Azzam, W. R. and Basha, A. (2017), They worked out on
shear strength and settlement in cohesive soil. Shear
strength is inversely proportional to settlement of cohesive
soil. The skin friction increased with depth for shallow
depth range. The higher value was associated with
relatively deeper piles.
Pelecanos, L., Soga, K. (2018), They analysed of
fibreoptic strain data using finite element analysis and
optimisation by development of axial load. provides
detailed information about the axial pile strains along the
entire length of a pile. The load-transfer analysis method
is a practical approach for analysing the deformation
behaviour of foundation piles where the soil is modelled
with a series of springs following a nonlinear response
according to load-transfer curves. Distributed fibre optic
sensing following the Brillouin Optical Time-Domain.
The Analysis and methodology of direct integration and
differentiation provide the corresponding values for
vertical displacements and shaft friction which can
therefore be used to develop relevant load-transfer curves.
W. R. Azzam and A. M. Basha (2018), They carried out
experimental and numerical study of Utilization
of micro‑piles by improving the sub‑grade. the effect of
the groundwater level rising on the soil pile interaction
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under uplift load. A series of model test for piles
embedded in partially submerged sand along pile depth
under pull out loads were carried out. A rigid steel
cylindrical cell measuring 315 mm inside diameter with
850 mm high was used as a sand container. Investigations
were done by varying parameters as the ratio between
groundwater height to embedded pile length (hw/L), pile
stiffness (L/D), installation method and sand density.
Results showed that there is a considerable decrease in the
uplift capacity of the piles due to increase in the
groundwater level. It has been found that the variation of
the submerged pile length ratio from 0 % to 100 % leads
to decrease in the uplift capacity as much as 60% of its
initial value in dry condition. Peak side resistance in uplift
was also approximately equal to that in compression,
although the distribution was different.
V. INFERENCE OF LITERATURE REVIEW
It is inferred that the pull-out capacity depends on
hollow and solid pile but also on the shape of Pile.
 The pull-out capacity is depending on the roughness
of pile or unit skin friction of pile and.
 The pull-out carrying capacity of circular piles is
higher than the other specimen’s types of piles.
 Pile capacity depend on slenderness ratio(L/D).
 Pile Capacity also depend on the water table.
VI. CONCLUSIONS
The conclusions of this study are mentioned below:
 The pile-soil interfacial behaviour is a key issue for
efficiently evaluating the bearing capacity of tension
piles installed in various sediments in the field.
 The ultimate uplift capacity and also the efficiency of
a pile depends on the embedment length to diameter
ratio, pile configuration, soil-pile friction angle,
spacing of piles in a group, and angle of shearing
resistance of soil.
 Inclined piles should not be used due to the large
induced bending moments when the soil is expected
to settle.
 The enhancement of the tension bearing capacity gets
more obvious when the cohesion strength of sediment
gets higher. Interfacial shear degradation effects are
investigated to reveal the mechanism of the “critical
embedded length” phenomenon.
 The net ultimate uplift capacity of pile increases
significant with increasing in L/D ratio.
 Circular pile will resist more uplift force compare to
other shape of pile.
 Uplift capacity also increases with increase in
diameter.
 Uplift capacity varies with inclined load.
 The distributions of interfacial sliding displacement
and the shear stress along the pile depth indicate that,
the degradation of shear stress occurs firstly at the
pile-top and then spreads to the pile-bottom due to the
breakage of the bonding mechanism; meanwhile, the
interfacial shear stress is always mobilized only
within certain part along the whole pile, especially for
a long tension pile.
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VII. SCOPE OF FURTHER RESEARCH
Piles and pile groups under different conditions of
loading.
Studies on instrumented piles for load transfer
mechanism.
Mechanism of failures including failure surfaces and
modes of failure
Parametric study on the coefficient of earth pressure
and adhesion factor.
Effect of grain size distribution of soils and size
effects of piles and pile groups.
Studies on Micro-piles for improving the sub-grade.
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