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Graphical abstract Abstract

Clayey scils had a seasonal water content change, which occumed in the zone known as
active zone. This change was en due to the seasonal drying and wetling cycles,
which offected on fluctuation of r table. The water content vanation was followed by
undrained shear strength change and these changes have an impact to friction copcch
and adhesion factor of pile foundation. The main cbjective of this research was
investigate the undrained shear strength, friction capacity of pile and adhesion factor of
piles under drying and wetting cycles. This research was conducted on two different types
of clayey soils. Laboratory experments for varying soil water content were done. Soil
samples were placed in a cylinder tube, the concrete pile model was then inserted into
the zoil. The diameter of the tube w out 15 times of the pile. Loading test was carried
out fo investigate pile friction cap . The result of this study showed the impact of
seasonal water content change on undrained shear strength, friction capacity and dlso
adhesion facter of pile in the clayey soils.
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1.0 INTRODUCTION

Indonesia, has two seasons, as dry and wet
seasons which cause variations in soil moisture
content. This two distinct seasons cause the ground
water table fluctuations on soil with shallow depth
of the water table. While on the soil which have
groundwater table far away from the surface, the
change of seasons resulted in a variation of the
moisture content uniil a certain depth frem the
surface. An area where the water content in the
soil is always changing due te the influence of the
change of seasons is called the active zone. The
active zone is defined as the depth in a soil to
which periodic changes of moisfure content [1).

Variation of water content in the aclive zone
leads to changes in the physical and mechanical
characteristics of the soil. Especiglly, when soil
changes from saturated to unsaturated condition,
which was shown by air entry value [2-3]. Beside of
that. changes in water content can also cause
shrinkage and changes in the volume of soil [4-9].
Therefore, it should be considered for foundation
built on this active zone.

In pile foundation case on clayey saoil, pile friction
capacity could be vared due to the drying-
wetting process. This process changed the shear
sfrength parameter of the seil. which is used in the

This research was conducted on two different
types of clayey soils. Laboratory experiments for
varying soil water content were done. The purpose

this study was to investigate undrained shear

ngth, friction capacity and adhesion factor of
piles under drying and wetting cycles.

2.0 EXPERIMENTAL PROCEDURES

In this study. field and laboratory investigation
were done on soil sample taken from Citraland,
West Surabaya, Indonesia and Siwalankerto, South
Surabaya, Indonesia. Citraland clay is expansive
clay and in this research was represented as a soil
under negative pore pressure, In real field
condition, Citraland clay might be as unsaturated,
pseudo  saturated or saturated  soil, While,
Siwalankerto clay was represented as soft clay
under positive pore pressure. The changing of
water content in Citraland was caused by water
infiltration and evaporation, On Siwalankerto, the
changing was caused by the fluctuation of ground
water table. The initial characteristics of soil sample
can be seen at Table 1.

Table 1 Initial Characteristic of Soil Sample

calculation of the pie friction capacity. Figure 1 Initial Ch terishi Cilraland | Siwalankerh
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Figure 1 Carrelation between adhesion facter and undrained

shear strength [10]

This correlation has been determined by some
previous studies to calculate friction capacity of
pile foundation. Unfortunately, there were still not
clear whether those correlations have considered
the change of field water content, parficularly in
the active zone. Variation of water content in the
active zone cause changes in soil characteristics
and changes in soil volume, where this change
greatly affect the value of adhesion factor. In
addition, the graphs of adhesion facter is also not
known whether can be applied to the bearing
capacity of friction piles for all types of soil.

*According to ASTM Test Designation D-427

Citraland clay has a water content value lower
than Siwalankerto clay., because the soi at
Siwalankerto has a high ground water level and soil
samples was taken below groundwater level. The
existence of ground water level causes
Siwalankerto clay has a lower dry unit weight. This is
indicated by the soil unit weight which was lower
than Citraland clay and wvoid ratic which was
higher than Citraland clay.

Based on Unified Soil Classification System (USCS).
Citraland and Siwalankerte soil were classified as
clay soil with high plasticity (CH). Citraland clay
had a higher level of plasticity than Siwalankerto
clay. This is indicated by the wvalue of plasticity
index of Citraland clay which was much higher
than the Siwalankerto clay. The high plasticity index
of Citraland seoil was caused by the percentage of
clay particles in the soil which was higher than the
Siwalankerto soil. The hydrometer test results
showed that the percentage of clay in the
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Citraland soi was 746.8% and 50.3% for Siwalankerto
soil.
Pile ion capacities under drying and wetting
cycles were determined by field and laboratory
tests. Details of the field and laboratory tests can
be seenin previous studies [11-12). Field research at
the location of soil sampling. was done fto
determine the accuracy level of the results of this
research in the laboratory. The results showed as
80% of accuracy [11]. Thus, drying and wetling
process conducted in the laboratory could be
represented  the field condition during the
changing seasons.

The undisturbed soil samples were taken at a
depth of approximately 1 meter. Soil sampling was
don ing a PYC tube with 15.24 cm diameter
and cm. The determination of tube diameter
was considering the boundary effect of 15 fimes
pile diameter [13-14). In the laboratory experiment,
concrete s with 1 cm diameter and 30 cm
length werﬁad. It can be seen in Figure 2 that a
pile model was inserted to the soil sample in order
to obtdin its friction capacity.

= Proving ring

— Dial gouge

= Pile Model, $ =1 cm
= Soil sample

| == Piate

T ., Tube 6"
¢=15.24cm

Figure 2 Laboratory Model File

The scil sample in the PVC tube was TQsTGnmh
water content variation. The wvariation of water
content was based on the secondary data of soil
moisture content variation in field due to seasonal
change. Wetting condition was obtained by
adding water into the soil which was placed in the
PWVC tube with a certain weight in each condition.
As for the drying, the soll inside the PVC tube was
drained until reach the predetermined weight.
Wetting and drying process is showed in Figure 3
and Figure 4. The variation of water content and
degree of saturation in this research is shown in
Table 2. In expansive clay (Citraland). the sail might
sfill be in a saturated condition even though there
was a decrease in water content under drying
process. It was cause by the high volume change
behavior in an expansive clay.

Figure 4 Drying Process

Table 2 Drying and Wetfing Condifion

Drying-Wetting Water Content (%
Condition Citraland Siwalankero
Wetting 15% 51.18 [S=100%] -
Wetting 10% 48.95 [5=100%) -
Weting 5% 446.73 (S=100%) -
Initial 44.50 (§=100%) 5811 [5=100%)
Drying 10% 40,05 [5=100%) 52,30 [$=93%)
Drying 20 % 35.60 [5.=94%) 46,47 [5=B4%)
Drying 30 % 31.15 [5.=85%) 40.68 [5=79%)
Dirying 40 % 26.70 [5=75%) 34.87 [8=70%)
ﬁing 0% 22,25 [5=65%) 29.08 [5=60%)

Mote: Drying x% < wWe (= We ety = X% We nita)
Wething v& = we gy = We para) + YR We (ara)

By wvarying water content, unined shear
strength ts were conducted in this study.
Determindil@n of undrained shear strength was
done by unconfined compression test for drying
condition and wvane test for wetling condition.
Based on ungdiained shear strength and pile friction
capacity frcﬁ test results, adhesion factor was
determined by dividing pile friction capacity by
undrained shear strength and contact area
between pile and soil [11].

3.0 ﬁSULTS AND DISCUSSION
3.1 Undrained Shear Strength

Changes in the water content aradegree of
saturation in Citraland clay have a significant
effect on the strength of the socil. When soil
conditions change from ligquid to plastic state and
continue to solid state, soll shear strength
pereased. It is shown in Figure 5. undrained shear
gngth decreased wunder welling process.
Undrained shear strength decreased due to an
increase in pore water pressure and effective stress
reduction in seil. On the contrary, undrained shear
strength increased under drying process. Changes
in the vdlue of undrained shear strength, from
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drying 50% conditions (we = 22%) to wetling 15%
conditions (w. = 51%). reached 8.2 times.

The range of water content variation, when it is
placed on a global clay material, shows that the
clay sail is in a plastic condition transform to solid
condition (Figure 5). Changes from plastic state into
the solid state are showed by plastic limit value
which has water content 30%. When the soil

gnditions was changed to solid state, soil water
nieni passes through the plastic limit, the value
of undrained shear strength significantly increased.

Changes in the water confent and degree of

uration in Siwalankerte <clay alse cauwse
ar‘lificar‘ﬂ effects on soil shear strength (Figure §).
Changes in the value of undrained shear strengih.
from inifial condition {we = 58%) to drying
condition (we = 29%). reached 154 fimes. The

ange of wundrained shear strength in
ﬁalanker'fc clay was much greater than the
c ges in undrained shear strength in Citraland
cl@which was enly about 8.2 times.

Changes in undrained shear strength due to
varigtions in moisture content of about 29% of
Siwalankerto clay was much larger than Citraland
clay. These phenomenon could be explained by
comparing the value of plasticity index (Pl) fo both
area, When soil moisture was changed in clayey
soil with greater plasticity index value, the value of
undrained shear strength was getting lower
compared to clayey soil with lower plasticity index
value, Citraland clay has plasticity index value two
times larger than Siwalankerfo clay. Changes in
undrained shear strength of Siwalankerto clay were
two times larger than the clay in Citraland with the
same variations in water content. Thus, change of
undrained shear strength value was also influenced
by soil plasticity index.

Shrinkage Plastic Initial
120 . Limit, w, Limit, w, Condition
drying y . +* wetting
Unsoturated Saturated
10a | 5
Lo I
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Figure 5 Undrained Shear Strength (c.) under Drying-
Wetting Process of Citraland clay
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Figure & Undrained Shear $trength (c.) under Drying-
Wetting Process of Siwalankerto clay

Degree of saturation in both clay soils, Citraland
and Siwdlankerto clays, had greatly effect on
change of undrained shear strength value. When
soil condition was changed from saturated to
unsaturated, undrained shear strength significantly
increased, as shown in Figure 5 and é. As the phase
émil was chonged into unsaturated condition,

re water pressure was obtained negative.
Negative pore water pressure potentidlly increased
the effective stress of the soil.

3.2 Friction Capacity

ile friction capacity was determined by dividing
friction load by the surface area of pile model.
The relationship between the vealue of the water
content and friction capacity of concrete pile
model at Citraland and Siwalankerto soil can be
nin Figure 7 and 8.
Eicﬁcn capacity of pie at Ciraland soil
decreased with increasing water content as shown
in the relationship between water content and pile
iction capacity in Figure 7. The process of drying
d wetting had a significant impact on the friction
capacity of pile. The different of pile friction
capacity in the range of water content between
22% (drying S50%) to 51 % (wetting 15%) reached 8.7
times. The change of pile friction capacity was due
the water content variation around 29%.
general, friction capacity decreases with
increasing water content. Drying d wetting
process also causes significant imp on the pile
friction capacity at Siwalankerto scil. The difference
of pile friction capacity in the range water content
between 58% (initial condition) to 29% (drying 50%)
reached 13.6 ftimes. With the same water content
variafion aroun %. the difference of pile friction
capacity on Sg@lankerte clay was greater than
Citraland clay. The relatiorship between the water
content and friction capacity of pile on
Siwalankerto clay can be seen in Figure 8.
Citraland clay had a plastic limit 30% and liquid
limit 109% (Pl = 79%). While Siwalankerto clay has
plastic limit 25% and liguid limit 67.5% (Pl = 42.5%).
Variation of water content around 29% causes a
greater impact on pile friction capacity at
Siwalankerto soil which had a plasticity index value
of 42.5%. While at Citraland soil which had a
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plasticity index value of 79%, vanations in water
content around 29% causes smaller impact on the
varigtion of pile friction capacity. Thus. the
fluctuation of pie friction capacity due to seasonal
change was also influenced by soil plasticity index.

Initial
: Condition
10 drying + wetting

09 - Unsaturated . 2 I
08 :

o7
0.6
0.5

0.4 WS=26%¢)

Saturated

P=30%

03
0z 7 8 v
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B RT=0.9561 ET P F ¥
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Figure 7 Pile Fricfion Capacity under Drying-Wetting
Frocess on Citraland clay
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Figure 8 Pile Fricfion Capacity under Drying-Wetting
Process on Siwalankerto clay

In Citraland clay., degree of saturation had
greatly effect on change of pile friction capacity,
as shown in Figure 7. As scil condition was changed
from unsaturated to soturated, pile friction
capacity  was  significantly  decreased.  This
phenomenon was also coused by negative pore

ter pressure when the phase of soil was
ﬁcnged inte unsaturated condition. Megative
pore water pressure potentially increased the
effective stress of soil so that the friction capacity
between soil and pile material became stronger.

3.3 Adhesion Factor

In  this secuch. the adiesion factor was
obtained by dividing the pil ction capacity by
undrained shear strength. The relationship between
the undrained shear strength and adhesion factor
of pile can be seen in Figure 9. At the saturated
condition. the value of adhesion factors indicates a
relatively constant value at 0.9, This adhesion factor
decreased significantly to 0.6 at the time of Air

Entry Value [AEV) when soil state nges from
saturated to unsaturated conditi Values of

hesion factor increased when the value of

rained shear strength exceeds 30 kPa. When
the value of undrained shear strength reached 45
kPa, where the soil has been in solid state. the
adhesion factor w onstant in the value of 0.8
until soil water conta@lireach shrinkage limit.

In general, an increase in undrained shear
sirength followed by a decrease in the value of
adhesion factor. However, in the case of Citraland
soil which was called expansive scil, it is necessary
to know and understand the behavior of expansive
soil itself. This type of clay was high plasticity clay.
which had a high plasticity index. High plasticity
clay affected to the density and cohesion of the
soil. When the water content decreased. clay has
been changed from plastic to semi salid state, the
soil cohesion increased and the soil become
stickier. The soil cohesion affect the adhesiveness of
the soil against a pile material. Thus it is possible in
these conditions that the value of adhesion factor
has increased.

In addition, the phenomenon of an increase in
adhesion factor on expansive soil is possible
because the soil become unsaturated soil. As
shown in Figure 9, when the phase of soil was
changed fiom saturated soil to unsaturated [cu =
30 kPa), re water pressure became negafive.
Megative pore water pressure potentidlly increased
the effective stress of soil so that adhesion between
soll and pile material became stronger. Friction
cwzcity of pile and dlso adhesion factor then

in@§ased.
The relationship between the undrained shear
stref and adhesion factor for saturated clay in

Siw kerto can be seen in Figure 10. The graph
has the same frend as the graph of undrained
shear strength and adhesion factors that have
been proposed by some previous researchers
(Figure 11). When undrained shear strength value
was smaller than 5 kPa, which soil was in saturated
condition, the value of adhesion factorwas 0.9. The
adhesion factor then decreased to 08 when
entering the phase of unsaturated soil with
undraine ear strength value was 10 kPa. After
that pow adhesion factor wvalue was kept
constant with the increasing of undrained shear

strength.
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The differences between adhesion factor of
Citraland and Siwalankerto clays to adhesion
factors proposed by some previous researchers

was due to the adhesion factors, proposed by
several researchers, was obtained empirically from
pile loading test results in the field with redl scale.
While in this research, testing was done by using the
pile model in the laboratory. Adhesion factor
proposed by several researchers at Figure 11 can
be clearly seen with spread dots of adhesion factor
in different value with same undrained shear
strength value. Some researchers suggest several
functions to determine the walue of adhesion
factors. Walue of adhesion factors are not
distinguished by the types /classification of clay
and the type of pile material. While the adhesion
factor graph of this research was obtained in
specific  locations with the specific type
[classification of clay and wing concrete pile
model.

] L] [ 1840 b

-
-
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de wo T = Tomiisscn (1957}
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— Shvalacierne. Tardrant o

Adhesion Factor, a
T

o ) [ 1508 o 2440 e W MG M0 0

Undrained Shear Strength, S, (IbAt%)

Figure 11 Cemparison of Adhesien Factors with Some
Researchers

4.0 CONCLUSION

A field n']d laboratory  researches  were
performed to investigate the impact of water
content variation on adhesion factor of pile friction
capacity. From this study, it can be coggluded as
following: Cﬁ
1. The variation of water content in drying and

wetling process greally affected soil shear

strength. The undrained shear strength changes
up to 8.2 times for Citraland clay as water
content increased from 22% to 51%. While for

Siwalankerto clay, the changes was up to 154

times as water content increased from 29% to

58%.

2. Drying and wetlling process greatly affected the
friction capacity of pile. In Citraland clay. the
friction capacity of pile was changed up to 8.7
times when water content increased from 22%
to 51%. As comparison, pile friction capacity in
Siwalankerto soil was changed up to 13.4 fimes
when water content increased from 29% to 58%.

3. The change of undrained shear strength value
and friction capacily of pile due to seasonal
changes was influenced by soil water content
and degree of saturation.
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4. This study had approximately the same irend of
cormelation between undrained shear strength
and adhesion factor proposed by some
previous studies, especially fopa Siwalankerio
clay. In the other side, as uthained shear
strength in Citraland clay was higher than 30
kPa, adhesion factor increased with
increasing undrained shear sirength. This 5
confrary to the previous findings. This
phenomenon was thought that greater
undrained shear strength was set by lowering
the water content, which then increased the
adhesiveness between soil and pile.
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