
 

1 

 

Analytical and Experimental Study of Pile Capacity  

in Unsaturated Sandy Clay  
 

H. Pujiastuti1, A. Rifa’i2, A.D. Adi2, T.F. Fathani2,3 

 

 

 

Abstract – The design of pile foundation in technical practice is based on saturated soil 

mechanic or empirical procedure that ignores the influence of matric suction. Understanding the 

pile behavior and predicting the capacity of pile in unsaturated soil are important topics in 

foundation design. An experimental model test has been conducted on a single concrete pile model 

with a diameter of 16 mm and L/d ratios of 6, 10, 15 and 20. Model pile has been driven into 

sandy clay in the test box and is subjected to compression and uplift loading. The tensiometer 

instrument has been used to measure matric suction and the SoilVision has been used to get an 

estimate of the entire Soil Water Characteristic Curve (SWCC). The shear strength of sandy clay 

has been examined using a series of unconsolidated undrained triaxial tests to identify the 

relationship between cohesion, internal friction angle, and matric suction. The result has shown 

that end bearing pile capacity, skin friction capacity and total capacity of single piles are 

significantly influenced by the contribution of matric suction. Based on the experimental resul t, 

end bearing capacity and skin friction capacity of pile in saturated soil equation have been 

modified to calculate total capacity of pile in unsaturated soils by considering the influence of 

matric suction. 
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Nomenclature 

bA     Cross sectional area 

sA      Area of shaft in contact with the soil 

      Adhesion factor 

cr     Corrected adhesion factor. 

uc     Undrained cohesion 

unsatuc
−

    Undrained cohesion of unsaturated  

                    soils.  

unsatubc
−

  Undrained cohesion of unsaturated  

                    soils at the base of the pile 

D Diameter ratio of the soil media 

D50 50 percent of the total grain weight is 

smaller than a certain grain size 

d      Pile diameter 

ddd qc ,,   Depth factor 

crcd −
   Corrected depth factor 

      Angle of interface along the pile and  

                    soil 

      Internal friction angle 

      Unit weight of soil 

iii qc ,,    Load inclination factor 

sK    Coefficient of horizontal soil stress which  

depends on soil condition 

L     Pile length 

NNN qc ,,   Bearing capacity factor 

bP'     Effective vertical pressure at pile base 

0p   Average effective overburden pressure   

at pile base 

bQ     Ultimate end bearing capacity 

unsatbQ −
  Ultimate end bearing capacity of the  

                    Pile in unsaturated soils 

sQ      Ultimate skin friction capacity of the  

                    pile 

unsatsQ
−

  Ultimate skin friction capacity of the  

                    pile in unsaturated soils 

tQ  Ultimate total pile capacity 

Sr     Residual suction value 

sss qc ,,   Shape factor 

(
wa uu − )  Matric suction 

w     Initial water content 

I. Introduction 

The pile foundation is a slender structural element, 

which is located underneath the upperstructures [1]-[24].  

Generally, it is used to support the building and to 

transfer the upperstructural load into the hard soil that is 

very deep [1]. It is also used when the soil beneath the 

surface is very shallow [2]. The method of pile 

installation, dissipation of excess pore pressures 

generated during installation, pile loading, stiffness and 

shear strength characteristics of the surrounding soil, and 

the soil-pile interface all have an impact on the bearing 

capacity of pile foundations [3]. Longer piles utilization 

on the nailed-slab system increases its bearing capacity 

[4]. The behavior of pile capacity is usually studied using 

experimental and numerical studies based on saturated 
soil mechanics principles, which assumes the weakest 
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natural soil is found under unsaturated conditions due to 

the very deep ground water table. The mechanical 

behavior of unsaturated soils is very different from 

saturated ones. The changes in matric suction do not have 

the same effect as the ones due to applied stresses, and 

consequently the effective stress principle is not 

applicable [5]. Several experimental and semi-empirical 

methods have revealed that matric suction has a 

considerable impact on shear strength [6]-[8]. The results 

of the research carried out by [8] have stated that the 

shear strength depends on matric suction in unsaturated 

sandy clay. The shear strength parameters are important 

in calculating the pile foundation capacity in unsaturated 

sandy clay [9]. Several studies have been conducted to 

investigate the effect of matric suction on the behavior of 

pile foundations in unsaturated soils based on both 

experimental and numerical modelling studies [10]-[15]. 

Furthermore, the analytical methods using several 

theories and validated by the field load test have been 

conducted by [16]. The influence of matric suction on the 

behavior of pile foundations in unsaturated sandy clay 

using analytical method has been also conducted by [9].  

The end bearing, the skin friction, and the total pile 

capacity have increased nonlinearly with the increasing 

of matric suction. The physical behavior of the pile 

driven into sandy clay shows that on low matric suction, 

the value of the skin friction pile capacity tends to be 

higher than the one of the end bearing pile capacity. At a 

certain matric suction value, the skin friction pile 

capacity tends to be flat while the value of the end 

bearing pile capacity tends to increase. Due to the low 

value of the skin friction capacity on the short piles, the 

value of the end bearing capacity exceeds the value of the 

skin friction. It does not occur at the long pile because 

the value of skin friction capacity increases. In order to 

investigate the validity of the modified-, , and  

methods used by [17], a series of model pile load 

experiments were undertaken in a laboratory on statically 

compacted fine grained soil (i.e. compacted Indian Head 
till). The test findings reveal that the modified-, and 

approach gave a reasonable match to the model pile load 

test results performed in a laboratory. This paper is to 

proposes the equation of modified skin friction capacity 

and the equation of modified end bearing capacity in 

order to estimate the total capacity of the pile in 

unsaturated soil. The required parameters in the equation 

of the pile friction capacity and end bearing capacity are 

determined by laboratory tests. A tensiometer is used to 

measure the matric suction in order to determine the soil 

water characteristic curve (SWCC). 

A set of unconsolidated undrained triaxial experiments 

are used to investigate the shear strength parameters of 

unsaturated sandy clay. In order to get unsaturated 

undrained cohesion parameters and the internal friction 

angle, the connection with a matric suction supported by 

Soil Water Characteristic Curve (SWCC) is needed. The 

relationship is expressed in the matric suction function. It 

can be used to estimate the value of cohesion and the 

internal friction angle in the matric suction variation.  A 

series of pile load tests have been carried out on a 

statically compacted sandy clay soil with varying water 

content to study the validity of the proposed modification 

equation. The corrected adhesion factor for unsaturated 

sandy clay is determined by the back calculation of the 

friction pile capacity equation with the test result of the 

pile model subjected to uplift loads. The corrected depth 

factor for unsaturated sandy clay is determined by back 

calculation of the end bearing capacity equation with the 

test results of the pile models subjected to compressive 

load deducted by the test result of the pile models 

subjected to uplift loads. 

II. Calculating Ultimate Pile Capacity in 

Saturated-unsaturated Sandy Clay 

This section provides the procedures in calculating the 

ultimate pile capacity in saturated and partially saturated 

soils. The ultimate total pile capacity in saturated soil is 

calculated from the sum of the ultimate end bearing and 

the ultimate skin friction capacity. Pile in soils 

intermediate between sand and clay, alternatively the 

base resistance, can be calculated from the equation of 

shallow foundation bearing capacity [18]. For the soils 

having both the undrained cohesion and the internal 

friction angle, i.e. sandy clay, the ultimate end bearing 

capacity of the circular shape foundation in saturated soil 

is calculated with Meyerhof’s general equation, 

expressed in Eq. (1). 

)5.0( '

 idsNdidsNPidsNcAQ qqqqbicccubb ++=      (1) 

where 
bQ is the ultimate end bearing capacity, 

bA is the 

cross sectional area, 
bP' is the effective vertical pressure 

at pile base, 
NNN qc ,,  is the bearing capacity factor,   

is the unit weight of soil, d  is the pile diameter, 

sss qc ,, is the shape factor, 
ddd qc ,, is the depth factor, 

and 
iii qc ,, is the load inclination factor. The ultimate 

skin friction capacity of the pile considers the 

contribution of undrained cohesion and internal friction 

angle as expressed in Eq. (2). 

)tan()( 0 sssus ApKAcQ  +=                   (2) 

where 
sQ  is the ultimate skin friction capacity of the pile, 

 is the adhesion factor, 
uc is the undrained cohesion, 

sA  

is the area of shaft in contact with the soil, 
sK  is a 

coefficient of horizontal soil stress which depends on soil 

condition, 
0p  is the average effective overburden 

pressure at pile base,   is angle of interface along the 

pile and soil. Researchers in [9] have proposed the 

formula in Eq. (3) and Eq. (4) in order to calculate the 

ultimate end bearing and skin friction capacity, 

respectively in unsaturated soil. The unsaturated 

parameters involved in the formula in Eq. (3) and Eq. (4) 

have been obtained from the results of the laboratory 
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testing. The ultimate end bearing of the circular shape 

foundation is expressed in Eq. (3). 

)5.0( '

 idsNdidsNPidsNcAQ qqqqbicccunsatubbunsatb ++= −−

                      (3)  
where 

unsatbQ −
is the ultimate end bearing capacity of the 

pile in unsaturated soils, 
unsatubc

−
 is the undrained 

cohesion of unsaturated soils at the base of the pile. The 

ultimate skin friction capacity of the circular shape 

foundation is expressed in Eq. (4).  

)tan()( 0 sssunsatuunsats ApKAcQ  +=
−−

          (4) 

where 
unsatsQ
−

 is the ultimate skin friction capacity of the 

pile in unsaturated soils, 
unsatuc
−

 is the undrained 

cohesion of unsaturated soils.  

 

III. Materials, Testing Methodology and 

Equipment Set Up 

Under static loading circumstances, a set of model pile 

load tests have been conducted in saturated and partially 

saturated compacted sandy clay. The purpose of the 

experimental testing is to see how matric suction affects 

the ultimate pile capacity of various pile models. 

III.1. Soil Properties 

The soil sample used in the study is made up of 40% 

clay and 60% sand from Yogyakarta's Piyungan 

Subdistrict and Depok Subdistrict. 

The soil samples have been tested for their index 

properties. The results of the index properties test are 

shown in Table I. It has been proposed to determine the 

ultimate pile capacity of model piles at three different 

water contents i.e., 23 % (optimum), 17 % (dry optimum) 

and 28.05 % (saturated). These water contents have been 

chosen from standard Proctor test. The specimens were 

statically compacted to reach the same dry density (15.1 

kN/m3) despite having three varying water contents. 

Using a tensiometer, the matric suction values of the 
tested compacted soils in the test box were directly 

determined [15]. The measured matric suction values 

have been 73.67 kPa, 53.61 kPa and 0 kPa for water 

contents of 17 %, 23 % and 28.05 %, respectively. 

The specimens prepared at nine different water 

contents were compacted statically in the nine CBR 

moulds to attain the same dry density (15.1 kN/m3) in 

order to determine the soil water characteristic curve 

(SWCC). The link between the degree of saturation and 

matric suction was plotted using the results of 

tensiometer measurements of specimens. Using an 

appropriate curve fitting equation that represents 

measurable data points, the SoilVision has been used to 

approximate the full SWCC. In this research, Fredlund 

and Xing’s equation presented in Fig. 1 has been used. 

The air entry values (AEV) and the residual suction value 

(Sr) of sandy clay have been 28.06 kPa and 210 kPa, 

respectively. 

 

III.2. Testing Methodology and Equipment Set up 

The test box has been constructed with internal 

dimensions of 110 cm  110 cm  110 cm. The materials 

used for constructing the box have consisted of a series 

of 9.5 mm thick steel plate and 40 mm  60 mm  5 mm 

thick hollow steel section (HSS) as the frame and 

stiffeners. The materials used for the construction of the 

box have been rigid enough to function as an 

independent reaction frame. The vertical stress in the soil 

may decrease due to friction between the soil and the 

wall of the test box. In order to minimize such 

interference, the inside walls of the soil bin have been 

polished smooth in order to to reduce friction with soil as 

much as possible. This research applies the diameter ratio 

of the soil media (D) against the one of the model (d) 

greater than eight or D/d > 8, in order to avoid the 

influence of soil media boundaries. Moreover, the pile 

diameter greater than 20  D50 (grain size) has been used 

in order to avoid the influence of scale effect. The model 

pile is too close to the boundary of the test box, affecting 

the stress and the  displacement of the soil. Therefore, the 

zone of influence is in the range of 3-8 times the pile 

diameter. The distance between the boundaries of the box 

to the pile model in the horizontal direction is 12 times 

the diameter of the pile, while the vertical direction is 8 

times the diameter of the pile [19]. 
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Fig. 2. Test set up for model pile compression loading test (Detail A) and uplift loading test (Detail B)[20] 

 

 

The field soil sample has been air-dried for several 

days, pulverized, and passed through a sieve with a 2 mm 

aperture size (i.e. #10 sieve). The soil sample has been 

combined with water at a set beginning initial water 

content. To guarantee equal water content conditions 

throughout the sample, the prepared soil water 

combination was placed in sealed plastic bags and then 

stored for one day. It should be noted that the sandy clay-

water mixture (hereafter reffered to as soil) has been 

prepared in ten layers placed at about 100 mm thick in 

box. Soil was deposited in the test box and compacted 

with a 10.96 kg compactor in 100 mm thick layers. All of 

the layers in the test box were compacted in the same 

way. After the soil has been compacted per layer, the 

core cutter test has been done in order to determine the 

density of soil (it is appropriate with maximum dry 

density of standard compaction test result). The average 

dry density of the soil in the box is 95 % of the optimum 

dry density. The model pile used in the study has been 

made out of circular concrete with 16 mm diameter (d). 

The pile length (L) have been 96 mm, 160 mm, 240 mm 

and 320 mm, which correspond to (L/d) ratios of 6, 10, 

15 and 20, respectively. Model piles have been driven 

into the depths of 96 mm, 160 mm, 240 mm and 320 

mm. The pile have been tested in axial compression and 

uplift load, the test set up  shown in Fig 2. The 

compression and uplift load has been applied with 

constant rate of penetration method. A pile penetration 

rate of 0.85 mm/minute referred to ASTM D1143-81 for 

the compression load and ASTM 3689-9 for the uplift 

load. The applied load and the displacement of the pile 

have been recorded during the compression/uplift load 

test. The linear variable displacement transducer (LVDT) 

has been installed at the pile head in order to measure the 

pile displacement. In this research, the 30-WF6209 

LVDT with a stroke length of 50 mm has been used. This 

model has been supplied with a spring loaded shaft, 

subjected to the fully extended position.  The accuracy of 

LVDT readings is 0.01 mm. The 28-WF6453 load cell 

has been used to measure the applied compression/uplift 

load at the pile head. The accuracy of the load cell 

readings is 0.01 kg. LVDT and the load cells are 

connected with a 30-WF6016 Geodatalog series 6000 

data logger to collect and record data and has been 

processed by a laptop computer. The tensiometers used 

for the test program have an operating range from 0 to 

100 kPa in order to measure matric suction. More details 

related to experimental test equipment have been 

reported by Pujiastuti [20]. 

IV. Result and Discussion 

IV.1. Undrained Cohesion and Internal Friction Angle 

The undrained cohesion (
uc ) and the internal friction 

angle ( ) in unsaturated sandy clay are obtained by 

modified Unconsolidated Undrained (UU) Triaxial Test 

conducted by [8]. Matric suction values used in the 

calculations are obtained from the tensiometer readings 

for the related depths. The corresponding matric suction 

value for the related degree of saturation value has been 

estimated from the soil water characteristic curve 

(SWCC). Based on Fig. 3, the undrained cohesion (
uc ) 

expressed as a function of the matric suction (
wa uu − ) is 

determined by Eq. (5).  

 

223.20)(9486.0)(0044.0 2 +−+−−= wawau uuuuc       (5) 

 

While internal friction angle ( ) expressed as a function 

of the matric suction (
wa uu − ) is determined by Eq. (6) 

and showed in Fig. 4. 
 

7788.1)(5705.0)(0027.0 2 +−+−−= wawa uuuu       (6) 
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Fig. 3. The relationship between undrained cohesion and matric suction  

based on laboratory test 

 

                
 

Fig. 4. The relationship between internal friction angle and matric 
suction based on laboratory test 

IV.2. Adhesion Factor ( ) 

In this study, the adhesion factor ( ) has been 

determined from the laboratory test results, by dividing 

the adhesion of concrete and soil material (
dc ) obtained 

from the direct shear test with undrained cohesion (
uc ) 

obtained by the modified UU Triaxial Test conducted by 

[8]  as expressed in Eq. (7). 

u

d

c

c
=                        (7)  

The relationship between the adhesion factor ( )  

undrained cohesion (
uc ) is shown in Fig. 5. The adhesion  

factor ( ) expressed as a function of undrained cohesion 

(
uc ) is determined by Eq. (8).  

1.01362.1 −= uc                     (8)  

The adhesion factor ( ) decreases with increasing 

undrained shear strength (
uc ) of the soil. This is in line 

with the results of studies conducted by [21]. 

 
Fig. 5. The relationship between adhesion factor and undrained 

cohesion based on laboratory test 

IV.3. Model Pile Test Result 

Figure 6 shows the results of model piling tests 

conducted in both saturated and partially saturated soil 

conditions. Model pile is driven into the compacted soil 

with different compaction water contents (i.e., 28.05 %, 

23 %, and 17 %). The end bearing, the skin friction and 

total pile capacity are vary greatly depending on the soil 

conditions i.e saturated and unsaturated and the length of 

pile with L/d ratio varies 20, 15, 10 and 6 while d is 16 

mm. The ultimate skin friction capacity has been 

determined by using the data of uplift load test results, 

the ultimate total pile capacity has been determined by 

using the data of compressive load test results, and the 

ultimate end bearing capacity has been calculated by 
subtracting the ultimate skin friction capacity and the 

ultimate total pile capacity. Based on the ultimate 

capacity of the model pile test results (Fig. 6), it is 

clarified that the ultimate end bearing, the ultimate skin 

friction, and the ultimate total pile capacity have 

increased nonlinearly with the increase of the matric 

suction. This is because the increased matric suction 

increases the shear strength. The inter-particle force 

produced by the negative pore water pressure is linked to 

higher soil shear strength [8]. In the other words, the 

shear strength has controlled the pile foundation capacity 

in unsaturated soils. This is in agreement with the results 

of the study conducted by [10]. The physical behaviours 

of the long pile (L/d=20 and L/d=15) are presented in 

Fig. 6a and 6b. The total pile capacity has increased 

significantly in all the observed matric suctions. The total 

pile capacity has the highest capacity value, followed by 

skin friction and end bearing capacity. At a certain value 

of the matric suction, the skin friction value tends to be 

flat while the end bearing value rises more significantly. 

The physical behaviours of the short piles (L/d=6 and 

L/d=10) is presented in Fig. 6c and 6d. At low matric 

suction to the certain value of matric suction, end 

bearing, skin friction, and total pile capacity increase 

slowly. After exceeding the certain value of the matric 

Measured data 

Fitting curve 

Measured data 

Fitting curve 
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suction, the total pile capacity and the end bearing capacity have increased rather significantly, but skin 

friction has tended to be flat.  

The physical behaviour of the long and the short piles 

is agreement with the results of study conducted by [9]. 

The percentage of the ultimate skin friction capacity 

(
sQ ) and the ultimate end bearing capacity (

bQ ) 

components in the ultimate total pile capacity (
tQ ) is 

calculated by using (9) and (10).  

%100=
t

s
ts

Q

Q
QonQsharingLoad               (9) 

%100=
t

b
tb

Q

Q
QonQsharingLoad             (10) 

The results of the load sharing calculations 
sQ  and 

bQ  

are shown in Table II. In saturated soil conditions (zero 

matric suction), the load distribution mobilized from the 

collapsed pile has been dominated by the skin friction 

pile. This is agreement with the results of study 

conducted by [9]. The average load distribution of the 

skin friction pile has been 86.13 % and 74.29 % of the 

total pile capacity for long and short pile, respectively. 

The domination of the skin friction pile is associated with  

the saturated soil in soft and not dense condition. At 

matric suction of 53.61 kPa (i.e. in unsaturated soil 

condition), the load distribution mobilized from the 

collapsed pile has been dominated by the skin friction 

pile for long pile. The average load distribution of the 

skin friction pile has been 57.19 % of the total pile 

capacity. For short pile, the collapsed pile has been 

dominated by the end bearing pile. The average load 

distribution of the end bearing pile has been 59.55 % of 

the total pile capacity. The domination of end bearing 

pile is related to small pile shaft area at short pile. It has 

lead to the skin friction pile capacity relatively low. 

Furthermore, at matric suction of 73.67 kPa (i.e. in 

unsaturated soil condition), the load distribution 

mobilized from the collapsed pile has been dominated by 

the end bearing pile. The average load distribution of the 

end bearing pile has been 53.43 % and 71.82 % of the 

total pile capacity for long and short pile, respectively. 

The domination of the end bearing piles is related to stiff 

dense soil conditions at high matric suction. In such 

conditions, the increase in end bearing pile is more 

significant than skin friction pile. 

 

 

 
   (a)                       (b) 

 
  (c)                       (d) 

Fig. 6. Ultimate pile capacity with variation of matric suction by different L/d ratios: (a) 20; (b) 15; (c) 10 and (d) 6 
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IV.4. Pile Capacity Calculation 

The model pile capacity test results have been 

calculated using the equation of the end bearing and the 

skin friction capacity, while the total pile capacity has 

been calculated by adding up the value of the end bearing 

and skin friction capacity. The pile model with L/d ratio 

varies 20, 15, 10, 6 and d is 16 mm and it has been tested 

in compacted soil sample prepared with different initial 

water contents (i.e. 28.05 %, 23 % and 17 %). 

The end bearing of the tested pile has been calculated 

by using Eq. (3). The bearing capacity  factor, 

NNN qc ,, , the shape factor, 
sss qc ,, , the depth factor, 

ddd qc ,, and the load inclination factor, 
iii qc ,, are 

determined by using Meyerhof’s equation. In this study, 

the load position is vertical so the value of the load 

inclination factor 
iii qc ,, is assumed to be 1.  

Table III shows the measurement and the calculation 

of the ultimate end bearing pile capacity test results. The 

skin frictions of tested pile have been calculated by using 

Eq. (4).  
A value of cu is calculated by using Eq. (5),   is 

calculated by using Eq. (8). 
sK value is assumed to be 

equal to 1 for saturated condition and 5 for unsaturated 

condition. For saturated condition, tansK  value is 

much lower as it reflects the effect of looser soil 

conditions (low soil clamping) near the shaft pile after 

the collapse of soil into the cavity below the pile tip.  

 

 

The angle of the friction between the pile surface and 

the soil ( ) and the effective angle of shearing resistance 

( ) over the length of the pile shaft has been assumed to 

be the same as for the precast concrete pile [18]. In this 
study,  is a function of matric suction and it is 

determined by using Eq. (6). Matric suction values used 

in the calculations are obtained from the tensiometer 

readings. Table IV shows the measurement and the 

calculation of ultimate skin friction pile capacity test 

results. 

Both the values of the measurement and the 

calculation results are the same due to the contribution of 

matric suction. It can be concluded that the difference 

between the measurements and the calculation of the 

value of the end bearing capacity can be related to the 

depth factor (
cd ) that depend on the stress conditions, 

while the difference between the measurements and the 

calculation of the value of pile friction capacity can be 

related to the value of the adhesion factor ( ). For this 

reason, the value of depth factor (
cd ) and the adhesion 

factor ( ) have been recalculated to understand the 

effects of unsaturated soil conditions.  

The depth factors have been recalculated from the pile 

model test results as expressed in equation Eq. (11).  

ccunsatu

qqqb

b

b

crc
sNc

dsdNdsNP
A

Q

d
−

−

−−

=

)5.0()( '


      (11)    

where 
crcd −

is the corrected depth factor. The results of 

the corrected depth factor (
crcd −

) is summarized in Table 

III.  

The proposed depth factor for end bearing equation 

modification as a function of undrained cohesion has 

been expressed in Eq. (12) and presented in Fig. 7. 

 

                        (12) 
The adhesion factor ( ) has been determined for 

saturated and unsaturated condition based on laboratory 

test result as discussed in earlier sections. The adhesion 

factor ( ) has been recalculated from the pile model test 

results. 
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Fig. 7. The relationship between depth factor and undrained cohesion 

 
The back calculation of the adhesion factor ( ) has 

been determined by dividing the shear stress of the soil 

mobilized as a skin friction on the ultimate skin friction 

by the shear strength of the soil for each model test [22], 

as expressed in Eq. (13).  

unsatu

s

s

s

cr
c

PK
A

Q

−

−

=





tan0

                   (13) 

where 
cr is the corrected adhesion factor. The results of 

the corrected adhesion factor (
cr ) are summarized in 

Table IV. The proposed adhesion factor for skin friction 

equation modification as a function of undrained 

cohesion has been expressed in Eq. (14) and presented in 

Fig. 8.  

 
091.01847.1 −= ucr c               (14) 

 

Furthermore, the modified end bearing pile capacity 

equation (
unsatbQ −

) and the modified skin friction pile 

capacity for pile foundations in unsaturated soils 
(

unsatsQ
−

) as expressed in Eq. (15) and Eq. (16) have been 

proposed. 

 

)5.0( '

 idsNdidsNPidsNcAQ qqqqbicrcccunsatubunsatb ++= −−−

                     (15) 

where 
unsatbQ −

is the ultimate end bearing capacity of the 

pile in unsaturated soils, 
unsatubc

−
 is the undrained 

cohesion of unsaturated soils at the base of the pile and 

crcd −
is the corrected depth factor. Both 

unsatubc
−

 and 
crcd −

 

have been calculated by using Eq. (5) and Eq. (12). 

 

            )tan()( 0 sssunsatucrunsats ApKAcQ  +=
−−

        (16) 

 

where 
unsatsQ
−

 is the ultimate skin friction capacity of the 

pile in unsaturated soils, 
cr is the corrected adhesion 

factor, 
unsatuc
−

 is the undrained cohesion. Both 
unsatuc
−

 

and 
cr  have been calculated by using Eq. (5) and Eq. 

(14). 

  
Fig. 8. The relationship between adhesion factor and undrained 

cohesion 

V. Conclusion 

The capacity of pile foundation (end bearing and skin 

friction pile capacity) that is driven into unsaturated 

sandy clay considers two parameters of soil shear 

strength i.e., undrained cohesion and internal friction 

angle of soil. Saturated soil parameters, which assume 

the weakest soil conditions, are commonly used for pile 

foundation design. In this study, the pile foundation 

capacity in unsaturated sandy clay has been calculated 

using the equation for modified saturated soil by 

involving matric suction using SWCC that has been 

adjusted using the SoilVision knowledge-based system.  

A series of compression and uplift load tests on the 

model pile have been conducted on statically compacted 

sandy clay in a soil mechanical laboratory in order to 

study the effect of matric suction on the end bearing, the 

skin friction, the total pile capacity and to propose the 

modified equations from saturated equations. 

The results show that the ultimate end bearing, the 

ultimate skin friction, and the ultimate total pile capacity 

increased with the increasing of matric suction. There is a 

tendency for a certain matric suction (i.e. 60 kPa) in 

which the skin friction value tends to be flat while the 

end bearing value rises more significantly. In saturated 

soil conditions, the ultimate total pile capacity is more 

dominated by the mobilization of the skin friction 

capacity than the end bearing capacity. The opposite 

conditions have experienced pile model in unsaturated 

soil at matric suction of 73.67 kPa, the ultimate total pile 

capacity is more dominated by the mobilization of the 

end bearing capacity. While the long pile model in 

unsaturated soil at matric suction of 53.61 kPa, the 

ultimate total pile capacity is dominated skin friction 

capacity and it is dominated end bearing capacity for 

short pile model. The modified equation for unsaturated 

soil and involvement of the undrained cohesion, the 

correction value of depth factor and adhesion factor have 

been validated with the model pile load test results under 

compression and uplift load conducted in soil mechanical 

laboratory. 
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