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Evaluating the Performance of Flexible
Passive Pile Group in Cohesionless Soil
Under the Effect of a Nearby
Embankment

Mahdi O. Karkush, Ghofran S. Jaffar, and Omar K. Al-Kubaisi

Abstract Constructing embankments or multi-story structures can induce lateral
soil movement especially for cohesionless soil due to its weak structure. In case of
having these constructions near an existing pile group, damage can occur to these
piles due to the passive loads induced by the soil movement especially when these
loads exceed the capacity of the piles. In the current study, the performance of the
existing flexible (2 × 1) pile group installed in cohesionless soil has been investi-
gated experimentally under the effect of lateral soil movement induced by a nearby
embankment. To simulate the cohesionless soil, a sandy soil having a dry unit weight
of 13.5 kN/m3 has been used in this study. While an aluminum pipe with an outer
diameter of 10 mm and a length of 500 mm has been used to simulate the piles.
An embedded length (Le) of 420 mm has been adopted in this study to ensure the
flexible behavior for the piles. The embankment loads have been applied at distances
of 2.5D, 5D, and 10D from the edge of the pile. The results show that the soil reac-
tion has decreased with increasing the distance between the edge of the piles and
the embankment due to the reduction of soil movement pressure. The maximum soil
reaction has decreased by (25–33)% in the loaded pile group (LG) and by (50–60)%
in the unloaded pile group (UG) with increasing the distance from 2.5D to 10D,
respectively.

Keywords Passive pile group · Flexible pile group · Nearby embankment ·
Cohesionless soil · Experimental study
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1 Introduction

In the case of lateral loads, direct or passive, piles behave like transversely loaded
beams and transfer loads to the surrounding soil by using the lateral resistance of the
soil. Application of lateral loading on piles, a part or whole of the pile tries to move
horizontally in the direction of loading which causes bending moment, rotation, and
movement of the pile [1, 2]. The laterally loaded pilemaybe classified as an active pile
or passive pile, regarding themethod of transferring the loading direction between the
pile and the surrounding soil [3–5]. An active pile is principally loaded at its top, with
the lateral load being transferred to the soil, such as piles acting as foundations for
transmission towers and offshore structures. A passive pile usually sustains lateral
thrusts along its shaft arising from horizontal movement of the surrounding soil,
such as piles in a moving slope [6]. Passive piles are extensively used next to the
embankments and inmoving slopes. In these systems, passive lateral pressure exerted
to the pile by the moving soil causes displacements, moments and shear forces. The
correct prediction of these values is a key element in the design, construction, and
serviceability of the piles.

The influence of a passive pile on three-dimensional soil deformation around a
laterally loaded pile and on the response of an active pile’s in sandy soil has been
investigated by conducting a series of model tests using a newly developed technique
named Stereo-PIV [7]. A simple analytical method has been developed by Zhao et al.
[8] and Zhang et al. [9] for simulating the effects of soil movement resulted from
soil excavation on the behavior of pile groups. The lateral response of passive pile
groups obtained from the proposed method has found to be well agreed with those
obtained from centrifuge model tests. Furthermore, the behavior of piles subjected
to lateral soil movement resulted from slopes has been investigated by conducting
large-scale shear box [10]. The results of tests have been compared with those found
in the literature to contribute to understanding the behavior of passive piles. Large
geotechnical centrifuge model tests of two design schemes have been conducted to
simulate the sheet-pile wharves with a load-relief platform in fine sand to investigate
the distribution of lateral pile-soil pressure and to distinguish the pile’s passive part
from the active part [11]. The behavior of passive piles in fine-grained textured soil
contaminated with two ratios of petroleum products (MFO) has been investigated
under the effects of lateral soil movement [12, 13]. The obtained results of tests have
shown an increase in the percentage of soil contamination has caused an increase in
the impacts of embankment on the response of passive piles. A three-dimensional
finite element model was established and the influence of pile spacing and pile-cap
spacing on the displacement of soil around the pile has been analyzed. The results
have shown that when the pile-cap spacing was less than 50 m, the soil settlement
coefficient has almost changed linearly [14]. In the present study, the response of
the existing flexible pile group of 2 × 1 to the lateral soil movement resulted from
constructing a nearby embankment has been investigated.
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2 Properties of the Materials

In this study, the soil, which was used, has been classified as (SP-SM) river sand
according to the unified soil classification system (USCS). The geotechnical proper-
ties of the soil sample, which have been listed in Table 1, have been tested according
to both the American (ASTM) standards and the British (BS) specifications [15, 16].
An aluminum pipe with a total length of 500 mm and a circular cross-section has
been used to simulate the pile in this study by closing its both ends to prevent the soil
to go inside the pile during the installation process. The mechanical properties of the
aluminum pile have been listed in Table 2. A ratio of the pile length to its diameter
(L/D) of 50 and an embedded depth (Le) of 420 mm have been used in this study
to ensure the flexible behavior of the pile group according to the flexibility factor
(KR) shown in Eq. 1 [17]. Where: Ep is the pile modulus of elasticity; Ip is the pile
second moment of inertia; Es is the soil secant modulus of elasticity and Le is the
pile embedded length.

KR = Ep Ip
Es Le4

< 10−5 (1)

Four pairs of strain gauges, denoted as SG1 to SG4, with a gauge resistance of
120 ohms and a gauge factor of 2.12 ± 1% have been used to measure the bending
strain along the model piles. The strain gauges have been fixed in two vertical lines
with a 120 mm spacing, with the first pair at the soil surface, on both the near and the

Table 1 The geotechnical properties of the soil sample

Property Value Property Value

Specific gravity (Gs) 2.67 Min dry unit weight (γdmin) [kN/m3] 11.87

Coefficient of uniformity (Cu) 2.934 Max. dry unit weight (γdmax ) [kN/m3] 15.14

Coefficient of curvature (Cc) 1.188 Dry unit weight (γd ) [kN/m3] at Dr =
56%

13.5

Percentage of fines [%] 9.8 Friction angle (ϕ) [º] at Dr = 56% 35º

Percentage of sand [%] 90.2 Cohesion (c) [kPa] 9

Relative density (Dr) [%] 56 Confined elasticity modulus (Eoed) [kPa] 65770

Table 2 The mechanical
properties of the model pile

Property Value

Pile outer diameter (D) 10 [mm]

Thickness of pile wall 1 [mm]

Pile Length (L) 500 [mm]

Pile weight 42 [gm]

Density of aluminum 2.97 [gm/cm3]

Pile modulus of elasticity (Ep) 69.871 [GPa]
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Fig. 1 Stain gauges
arrangement along the pile in
a half-bridge configuration

Bending 

Direction

120 mm

80 mm

60 mm

SG1

SG2

SG3

SG4
120 mm

120 mm

Soil 

Surface

rear sides of the model pile with respect to the location of the embankment as shown
in Fig. 1. Each pair of strain gages has been connected to a half-bridge configuration
by Wheatstone bridge.

3 The Experimental Work

A steel box with a length of 800 mm, a width of 800 mm, and a height of 800 mm
has been used to conduct the experimental work of this study. Sand has been poured
in the box and densified to the required dry unit weight using the raining technique
which required dropping the soil from a specific height. To calculate the required
height, four dropping height ranged from 100 mm up to 400 mm with an increment
of 100 mm have been adopted to study the effect of the dropping height on the dry
unit weight of the soil as shown in Fig. 2. Based on Fig. 2 and to achieve a dry unit
weight of 13.5 kN/m3, a 240 mm dropping height has been adopted in this study.
To maintain the dropping height, the dropping cone has been lifted a distance that
equals the poured soil layer thickness.

A loading frame has been used to support the dropping cone system that used for
the sand raining technique as well as a hydraulic jack of 10 tons capacity which is
used for the piles installation process and the application of the embankment loads.
Two (2 × 1) pile groups have been installed. One group, labeled as (LG) due to the
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Fig. 2 The relation between the soil dry unit weight and the dropping height

application of axial loads, has been installed in the soil at a distance that exceeded 10
times the diameter of the pile from the steel boxwalls to ensure the elimination of any
tip resistance effect [18]. While to ensure the elimination of rigid boundary effects
[19], the other group, labeled as (UG) for the unloaded group, has been installed in
the soil at a distance that exceeded 15 times the diameter of the pile from the loaded
group (LG). Four dial gauges, two for each group, have been installed, one at the
soil surface and the other one at the pile cap, to measure the horizontal displacement
of each group. Surcharge loads of 10, 20, 30, 40, 50, and 60 kPa have been used
to simulate the embankment loads at distances of 2.5, 5, and 10 times the diameter
of the pile. A load cell mounted at the end of the hydraulic shaft has been used to
monitor the magnitude of the applied surcharge loads. Each applied surcharge load
has been maintained for 2 min as recommended by the literature [20, 21]. At each
surcharge load, the strain gages readings as well as the dial gauge readings have been
recorded with time.

4 Analysis of the Experimental Data

The flexural stress (σz) at the strain gauge locations has been calculated based on
the measured bending strain (εz) by applying the elastic stress–strain relationship.
Then, the discrete bending moment (Mz) has been calculated based on the calculated
flexural stress (σz) using Eq. 2.

Mz = 2σzIp
D

= 2EpεzIp
D

(2)
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Fig. 3 Strain gages locations along the pile and patterns of calculated parameters

To convert the discrete bending moment to a continuous moment diagram along
the pile, the literature has reported two approaches. One approach had been devel-
oped using the best-fit polynomial curve of the 4th to the 7th order. However, some
drawbacks have been reported in the literature regarding this approach such as the
inconsistency in selecting the best-fit curve aswell as, in some cases, the sudden jump
in the magnitude of the soil reaction at the pile tip [20, 22]. The other approach, [23–
25], had been developed using the beam theory in which the responses of the pile
and the reaction of the soil, see Fig. 3, could be derived from the bending moment.

Numerical integration following the trapezoidal rule has been adopted in this study
to generate the profile of the bending moment along the pile. After this, the finite
difference method [26], has been used to generate both the rotation and the deflection
profiles along the pile as expressed in Eqs. 3 and 4. Where (θo and Yo): are the
rotation integration constant and the displacement integration constant, respectively,
measured directly from the dial gauges at the head of the pile and �z: is the distance
between any two successive strain gauges as shown in Fig. 1a.

θi =
n∑

i=0

Mi +Mi+1

2
νz− θo (3)

Yi =
n∑

i=0

θi + θi+1

2
− �z − n�zθo + Yo (4)

Finally, both the shear force profile (Vi) and the soil reaction profile (Pi) have
been obtained by applying Eqs. 5 and 6, respectively, using five bending moments
[27]. Two imaginary moments, labeled as M5 and M6 which assumed to be equal to
M4 and M3, respectively, have been adopted to find the soil reaction (P4) based on
the method described by Scott [28].

Vi = 1

2

Mi−1 −Mi+1

νz
(5)
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Pi = 1

7

2Mi−2 −Mi−1 − 2Mi −Mi+1 + 2Mi+2

νz2
(6)

5 Results and Discussion

The effects of constructed embankment adjacent to the pile group have been studied
at three different distances from the edge of the model pile group equal to 2.5, 5
and 10 times the outer diameter of the model pile. Two loading conditions, axially
loaded (LG) and unloaded (UG) pile groups, have been adopted in this study. The
displacement of UG has been more than that of LG by 5% and 24% when the
embankment constructed at distances of 5D and 10D, respectively, as shown in Fig. 4.
While at a distance of 2.5D, LG has displaced more than UG at the soil surface by
21% due to the high pressure induced by the soil movement. Based on the results, the
maximum displacement at the soil surface for the pile group has decreased by (60–
64)% for LG and by (48–55)% for UG. The results obtained from the vertical loading
tests and the tests of simulated embankment nearby axially loaded piles group are
presented and discussed in this section.

Themaximumrotation at the soil surface ofLG increased by415%with increasing
the distance of the embankment from 2.5D to 5D because LG was rotated toward
the embankment at distance 2.5D due to the high soil movement pressure as shown
in Fig. 5. With increasing the distance from 5 to 10D, the maximum rotation at the
soil surface decreased by 42% because the pressure of soil movement reduced as the
distance increased. The rotation at the soil surface of UG decreased by (43–82)% as
the distance increased from 2.5D to 10D as shown in Fig. 6. The UG group was not
restrained with axial load and the rotation has decreased with increasing the distance
due to the reduction in the pressure of soil movement.
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Fig. 4 Displacement of the pile group at the soil surface



8 M. O. Karkush et al.

-0.001

0

0.001

0.002

0.003

0.004

0.005

0.006

0 20 40 60 80

R
ot

at
io

n 
at

 so
il 

su
rf

ac
e

Surecharge (kN/m2)

LGLe=420mm, 2.5D

Le=420mm, 5D

Le=420mm, 10D

-0.001

0

0.001

0.002

0.003

0.004

0.005

0.006

0 20 40 60 80

R
ot

at
io

n 
at

 so
il 

su
rf

ac
e

Surecharge (kN/m2)

UGLe=420mm, 2.5D

Le=420mm, 5D

Le=420mm, 10D

Fig. 5 Rotation of the pile group at the soil surface
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Fig. 6 Bending moment profiles of the pile group

The maximummoment is negative because the piles in the groups had bent under
the reaction of the soil behind the piles as shown in Fig. 6. The maximum moment
has decreased by (25–33)% for LG and by (50–60)% for UG with increasing the
distance from 2.5D to 10D due to the long-embedded length of piles. The applied
axial load has increased the stiffness of the pile group which in turn has reduced the
maximum bending moment at high soil movement by 40% for LG in comparison
withUGwhen the embankment at 2.5D. The effect of axial load in stiffening the piles
group has decreased with increasing the distance. For 5D, the maximum moment in
LG and UG is almost the same. While at a 10D distance, the maximum bending
moment of LG has found to be increased to 50% when compared to UG.

The maximum deflection has decreased by (72–154)% in LG and by (47–61)%
in UG when the distance increased from 2.5D to 10D, respectively, as shown in
Fig. 7. The maximum deflection of LG is located at the piles tip when the embank-
ment constructed at distance 2.5D due to the high soil movement and application of
axial load which in turn has caused rotation toward the embankment. The maximum
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Fig. 7 Deflection profiles of the pile group

deflection of LG (at piles tips) has found to bemore than that ofUG (at piles heads) by
78%when the embankment constructed at a distance of 2.5D because LG has rotated
toward the embankment due to the high soil movement and by 229% at distance 10D.
While the maximum deflection of UG has found to be more than that of LG (at piles
heads) by 7% when the embankment constructed at a distance of 5D.

The maximum rotation of LG is more than that of UG by 209% as shown in Fig. 8
when the embankment at 2.5D and 10D. While, the maximum rotation of UG is
more than that of LG by 13% at 5D. The maximum rotation has increased by 146%
then has decreased by 42% in LG, while it has decreased by 43% and 146% in UG
with increasing the distance from 2.5D to 5D and from 5 to 10D, respectively. The
maximum shear force has decreased by (25–33)% in LG and by (50–60)% in UG as
the distance has increased from 2.5D to 10D, respectively, as shown in Fig. 9. This
reduction has found to be related to the reduction in the bending moment for both
LG and UG as described earlier.

The maximum soil reaction of negative sign has been defined as soil movement,
while the soil reaction of positive sign has been defined as soil reaction. The soil
reaction has decreased with increasing the distance between the edge of the pile
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Fig. 8 Rotation profiles of the pile group
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Fig. 9 Shear force profiles of the pile group
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Fig. 10 Soil reaction profiles of the pile group

group and the embankment due to the reduction of soil movement pressure as shown
in Fig. 10. The maximum soil reaction has decreased by 33% and 25% in LG and
by 60% and 50% in UG with increasing the distance from 2.5D to 5D and from 5 to
10D, respectively.

6 Conclusions

The construction of a nearby embankment or surcharge load will affect the perfor-
mance of the existing pile foundation. Based on the results obtained from the present
study, the following conclusions can be drawn out:

• The application of axial load decreased the displacement at the soil surface, where
UG displaced more than LG at 5D and 10D, respectively. However, at 2.5D, LG
has displaced more than UG.
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• The maximum deflection of LG has found to be more than that of UG when the
embankment constructed at distances of 2.5D and 10D, respectively. However,
the maximum deflection of UG has found to be more than that of LG by 7% at
5D.

• The maximum shear force in UG is more than that in LG by 40% when the
embankment at distances of 2.5D and 5D. At 10D, the maximum shear force in
LG is more than that in UG by 50%.

• The maximum displacement at the soil surface has decreased with increasing the
distance between the pile and the edge of embankment from 2.5D to 10D in LG
and UG, respectively.

• The soil reaction has decreased with increasing the distance between the edge of
the piles and the embankment due to the reduction of soil movement pressure.
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Evaluating End-Bearing
and Skin-Friction Resistance of Test Pipe
Pile in Sand Soil

Wissam H. S. Al-Soudani and Bushra S. Albusoda

Abstract The present study explained a technique to separate the bearing capacity
of pipe pile into skin friction and end bearing by adopting an experimental testing
program. Close-end and open-end test pipe pile have considered. The technique
depends on the manufactured movable steel container for a mini circular load cell
(Dm = 15 mm) to measure the end bearing resistance of the pipe pile with a diam-
eter 40 mm. The competence of this technique was studied by manufacturing and
modeling the two pipe piles types with different lengths according to ratios of the
lengths to a diameter that was considered in this study (L/D= 15 and L/D= 20). The
model piles were tested in loose dry sand. The soil plugging phenomenon and the
Incremental Filing Ratio IFR were studied. The complete setup is manufactured for
installing and loading the piles at a constant rate of penetration. The obtained results
show that the skin-friction less than the end bearing resistance for all pipe pile tests.
The distribution of skin-friction tends to become constant below the critical depth
of the pile into the sand container. Also, the distribution of skin friction will depend
on the lengths to diameter ratios. Also, the end bearing resistance is more than the
exterior shaft friction resistance for both pile length 600 and 800 mm.

Keywords Open-ended (OE) pipe pile · Closed-ended (CE) pipe pile ·
End-bearing capacity · Skin friction capacity · Plug capacity

1 Introduction

The foundation of the building structures in the offshore and land are still nowadays
used the deep foundation type hollow pipe pile OE and CE. The OE is classified as a
low displacement pile and has a low effect on the surrounded soil during installation.
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During the pile driving into the ground, the soil will move up inside the pile and
formed a soil plug. The entrance of soil will continue until the inner soil cylinder
mode develops sufficient resistance to prevent further soil intrusion. If the stresses in
the inner soil are sufficient to resist and prevent further soil intrusion inside the pipe
pile, the pile will act as a full plugged CE. Thus, if the shear resistance developed
along the length of the columnof the restricted soilmore than the end bearing capacity
at the base of the soil plug, the pile will fail in the plugged mode. On the other hand,
the pipe pile will fail in unplugged mode when the shear failure occurs between the
soil plug and the pile shaft. The analytical methods and some field tests like chamber
tests are still considered as design criteria for OE, suggested from [1–4].

American Petroleum Institute [5] used to evaluate the bearing capacity for OE for
the different modes of the OE like unplugged and full plugged mode. The OE when
installed in sands behave in partially plugged mode. Stefanoff and Boshinov [6],
referred possibility the soil plug can be modeling by one-dimensional analysis, by
taking a series of horizontal thin discs to simulate the length of the soil plug and these
discs are connected by equilibrium condition represented by a force applied to each
disc in final these forces used to measure the plug capacity of the OE. Fattah and Al-
Soudani [7] explained that when soil entering the pipe pile during installation, the pile
can be fully plugged or partially plugged where the external skin friction and internal
skin friction will be mobilized during driving the pile into the ground [8]. Tested a
special type of full-scale OE in the field (northern Indiana), that is represented by the
double-walled OE that is constituted of two hollow pipes with different diameters
as shown in Fig. 1a. Figure 1b explained the curve of separation total pile capacity
to major components (shaft friction capacity and end bearing capacity) during the
applied loading test. The figure explained a constant behavior resistance of the shaft

Schematic double-walled (OE) Separation total pile capacity to major components

Fig. 1 Schematic and Load settlement curves of full-scale test pile by [9]
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friction capacity at the end of the loading test, while the end bearing capacity can be
considered at the settlement of 35.6 mm, corresponding to 10% of the pile diameter.

2 Experimental Work

Four steel traditional pipe piles (open-ended and closed-ended) are used for testing
(static axial compression loading) within loose sandy soil.

Soil Properties. The soil used in the study was clean sand fromKarbala city, with
poorly graded, the properties of the sand (physical and mechanical) were evaluated
according to the ASTM standards, that explained in Table 1.

The loose density of the soil sample was prepared by letting the sands falling
from a constant height like a raining by depending on the raining method. And to
decreases the speed of the falling soil particles, by sand diffuser that includes sieves
No. 10 to get sand with a relative density of (25%).

Model Setup Formulation. The loading system is manufactured to simulate that
of thefield-test, it comprises Steel Structure of framemodel; steel tank container; steel
moveable girder loading system; steel moveable axial loading system; compression
load cell type(s); mechanical jack; gearbox; weighing indicator; speed regulator;
raining apparatus; dial gauge indicator; pile driving installation system and reading
board. The moveable loading system allows testing the pile models at any location
in the steel container and can apply different types of loading in a different direction,
as shown in Fig. 2.

Table 1 Properties of the
sand (physical and
mechanical) considered are in
the study

Index Value Standard

Coefficient of uniformity
(Cu)

2.63 –

Coefficient of curvature (Cc) 1.42 –

Grain size analysis – ASTM D 422-2007

Specific gravity (Gs) 2.63 ASTM D 854-2014

D10 (mm) 0.16 –

D30 (mm) 0.28 –

D50 (mm) 0.35 –

Soil classification (USCS) SP –

Maximum dry unit weight
(kN/m3)

17.4 ASTM D 4253-2014

Minimum dry unit weight
(kN/m3)

15.46 ASTM D 4254-2000

Maximum void ratio 0.667 –

Minimum void ratio 0.482 –
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Fig. 2 Complete set up for model pile testing

Model Pile. Four models of the pile (steel pipe) were used and investigated in the
study. These piles executed in the loose sand by hammering (free drop hammer). The
piles model was illustrated by a diagram in Fig. 3. The lengths of the piles model
(600 and 800 mm) were considered in the experimental testing program, with an
outside diameter of 40 mm and thickness of the pile wall (2 mm). These models have
named as Open-End Pipe Piles (OE) and Closed-End Pipe Piles (CE). An OE piles
commonly was behaved in a partially plugged mode when driven into sands. Then
the total capacity of OE composed of the annular load capacity, plug load capacity,
and shaft load capacity.

3 Testing Program

Four models (OE and CE) tests have executed in dry sand soil samples, with loose
relative densities. These piles were driven by a drop hammer (40 N) with a free-drop
from a height of 200 mm.When pile driving, the pile penetration depth, and soil plug
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Fig. 3 Traditional OE and CE were piles used in the study

lengthweremeasured for everyfiveblows intervals to calculate the incremental filling
ratio (IFR). The variation in the soil plug length when pile driving was measured
using a ruler entered inside the pipe pile. Axial static load compression has performed
at a CRP by using a mechanical jack. The total applied load on the pile has evaluated
by a load cell, and the settlement of the pile has evaluated by dial gages. The load
tests have continued until the plunging failure.



18 W. H. S. Al-Soudani and B. S. Albusoda

Separation of the shaft friction resistance and the endbearing resistance from
total pile capacity. To parting the total pile load capacity into shaft friction and the
end bearing resistance, an instrumented circular steel container includes a mini-load
cell inside it was used to measure the end bearing resistance of the closed-end pipe
pile model, as shown in Figs. 4 and 5.

SteelCircularContainer forCircularMiniLoadCell.A steel circular container
was manufactured, to put a mini circular cell inside it, with a diameter (39 mm), and
height 40 mm. The steel circular container has locked by the cover. It contains an
apex aciculate in the center with a height of 2 mm to connect with the apex of the
load cell. The cover is movable in the vertical direction, through a vertical interval
distance of (1 mm) between the apex as shown in Figs. 4 and 5. The load cell has
stabilized inside the steel container.

Distribution of the Resistance Forces of Soil along the Length of the Tradi-
tional Pipe Piles. Figure 6 explains the distribution of the resistance forces of soil
along the external piles’ body. Three types of traditional pipe pile have considered.
The first type represents the distribution of the resistance forces for an unplugged
pipe pile, whereas the total capacity of the pile includes the exterior and interior shaft
friction forces along the external piles’ body. The end-bearing resistance forces that
represented only under the annular wall of the pipe pile. The second type for open-
end pipe pile with a plugged mode in which the total resistance force is similar to the
behavior of the third type of the CE, that the total resistance of these piles includes
the exterior shaft friction forces along the external piles’ body and the end-bearing
resistance for a total area end bearing.

Length of the Soil Plug (Lp) andMeasurements the Incremental FillingRatio
(IFR) for Traditional OE Pipe Pile. The (Lp) as shown in Fig. 7 and the (IFR) have
measured for two piles of the traditional open-end pipe piles with different lengths,
as shown in Fig. 8.

Definition of failure load: According to [8], that explains two criteria are
commonly used to define the failure axial pile load capacity under static compression
load.

Fig. 4 Details of the steel
container of load cells
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Fig. 5 Types of the steel container of load cells to measure end bearing resistance

Fig. 6 Distribution of the resistance forces of soil along the external piles’ body

Ultimate capacity (plunging failure). The failure load represents the load at
which settlement continues indefinitely, as shown in Fig. 8. At field testing, pile load
testing cannot use sufficient loads to reach this type of failure. Plunging failure has
been reached when using a constant rate of penetration test (CRP).

Deformation controlled capacity. This concept is based on the failure load. It
is the load at which the settlement of pile reaches 10% of the diameter of the pile
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Fig. 7 Length of soil plug for traditional open-end pipe pile

L=600 mm L= 800 mm

Fig. 8 Incremental filling ratio (IFR) for traditional open-end pipe pile (OE)

base, as shown in Fig. 9. In the present study, the failure load (ultimate capacity) has
considered as the load that causes plunging failure, due to the type of loading test is
the constant rate of penetration (CRP).

Interpretation of ultimate pile load capacity (failure load). A 30 mm displace-
ment of the pile into the sand container has considered ensuring the mobilization of
the end bearing and pile reaches the failure condition. Fleming et al. [10] showed that
the true ultimate capacity of the tested pile can be evaluated when the shaft friction
essentially is fully mobilized. It is recommended to mobilize the conceivable rate of
end bearing. This means that for good analysis, it needs a settlement over around
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Fig. 9 Definitions of pile
failure

25 mm for the tested pile. The [11] and [8] defined the load at failure as the load
at which the rate of settlements continues lowering without further increment of the
load.

Presentation Result for Traditional Pipe Pile (Open-End and Closed-End).
Four traditional pipe piles with two types, open-end (OE) and closed-end (CE),
with different lengths to the diameter ratios (L/D = 15 and 20). Figure 10 presents
the curves of the relation between the applied load and pile head settlement for
traditional OE with partial plugged and CE. It can be noticed that all curves of the
relation between applied load and pile head settlement exhibit punching shear failure.

L= 600 mm L= 800 mm

Fig. 10 Curves of the relation between applied load and pile head settlement (OE and CE)
performed in loose sand


