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Abstract 
 

This research aims at investigating and modeling the axial bearing capacity 

degradation of a bored pile on clay shale due to the bored pile installation processes. 

Clay shale sample models were prepared to simulate the wetting and drying cycles 

through weathering process between 0 to 6 hours. All samples were tested in which 

every 1 hour of the weathering process representing 1 cycle of wetting and drying. The 

direct shear laboratory tests were performed to obtain the peak and residual shear 

strength parameters of the interface between the bored pile and clay shale. The peak 

and residual shear strength parameters were obtained after 6 hours of the weathering 

process. The residual shear strength parameters were measured by applying with and 

without stress release. This investigation showed that the shear strength degradation at 

peak, residual without stress release, and residual with stress release respectively 

reached 87-62%, 28-20%, and 25-14% after 1 to 6 hours of weathering process. This 

result is very useful for predicting the bored pile skin friction in clay shale soils. 
 

Keywords: Clay shale, bored pile friction, shear strength degradation, weathering, 

direct shear 

 

Abstrak 
 

Penyelidikan ini bertujuan untuk menyiasat dan memodelkan kemerosotan kapasiti 

galas paksi cerucuk bored pada syal tanah liat akibat proses pemasangan cerucuk 

bored. Model sampel syal tanah liat telah disediakan untuk mensimulasikan kitaran 

pembasahan dan pengeringan melalui proses luluhawa antara 0 hingga 6 jam. 

Semua sampel telah diuji di mana setiap 1 jam proses luluhawa mewakili 1 kitaran 

pembasahan dan pengeringan. Ujian makmal ricih langsung telah dilakukan untuk 

mendapatkan parameter kekuatan ricih puncak dan baki antara muka antara 

cerucuk gerek dan syal tanah liat. Parameter kekuatan ricih puncak dan baki 

diperoleh selepas 6 jam proses luluhawa. Parameter kekuatan ricih sisa diukur dengan 

menggunakan dengan dan tanpa pelepasan tegasan. Penyiasatan ini menunjukkan 

bahawa kemerosotan kekuatan ricih pada puncak, baki tanpa pelepasan tegasan, 

dan baki dengan pelepasan tegasan masing-masing mencapai 87-62%, 28-20%, dan 

25-14% selepas 1 hingga 6 jam proses luluhawa. Keputusan ini sangat berguna untuk 

meramalkan geseran kulit cerucuk bosan dalam tanah syal tanah liat. 
 

Kata kunci: Syal tanah liat, geseran cerucuk bored, degradasi kekuatan ricih, 

luluhawa, ricih langsung 

© 2022 Penerbit UTM Press. All rights reserved 
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1.0 INTRODUCTION 
 

Previous investigation indicates that several problems 

will occur when excavation is conducted for bored 

pile installation in clay shale [1] that result in the 

reduction of bored pile friction resistance. Drilling 

time up to casting concrete that is more than 2 hours 

can cause significant friction resistance degradation. 

The small-scale bored hole in clay shale for bored 

piles has been conducted before in a laboratory by 

Labiouse and Vietor [2]. The clay shale bored hole 

commonly has a microfracture parallel to the 

bedding plane on two sides of the bored hole. The 

hole side is parallel to the bedding plane moving to 

the hole, and then the bored hole narrows [3], as 

shown in Figure 1. It shows time-depending fracture 

formation. Other study [4] also shows that the 

fracture parallel to the bedding plane curved into 

the bored hole. A numerical study [5] confirmed that 

the fracture around the bored hole was occurred 

due to the time-depending excavation 
 

   
(a)                                             (b)   

Figure 1 X-ray computed tomography scan of the central 

part of the Opalinus Clay hollow cylinder specimen[2] (a) 

cross section (b) inside the hole 

 

 

The level clay shale shear strength degradation 

used to calculate the bearing capacity of the bored 

pile in each location is different due to mineral 

contents [7] and depends on the length of drilling 

time [1]. The degradation of bored pile friction 

resistance in clay shale occurs as clay shale shear 

strength is degraded. If clay shale is exposed to 

sunlight, air, and water in a short time, it will slake and 

change into soft clay [7]. The previous studies 

mentioned that clay shale is an integral part of 

claystone (Clay-Bearing Rocks) [8], mudstone, and 

siltstone [9]. Those changes can be in the form of 

physical disintegration or chemical decomposition. In 

tropical climate areas, such as Indonesia, the process 

is generally more common than other climatic 

conditions [10]. In general, the claystone mineralogy 

is mainly composed of fine-grained particles, i.e., 

clay minerals. It is widely known that the rocks 

containing Smectite and Pyrite minerals may be 

damaged when exposed to air and water [11]. From 

the drained direct shear test, the shear strength of 

the soaked clay shale dramatically decreased 

compared to the unsoaked clay shale.  The soaked 

and remoulded residual shear strength will be lower 

[12] when compared to the soaked and remoulded 

peak stress as shown in Figure 2(a) [13]. The 

weathering effects have been studied [14] as shown 

in Figure 2(b).  

Alatas [15] has conducted a study to figure out 

the clay shale shear strength degradation by drying 

and wetting the clay shale in 80 days. The shear 

strength was measured using a multi-stage triaxial 

Test. The frequently wetting and drying phenomena 

could create a rapid weathering process. The results 

showed clay shale shear strength degradation at 

peak, residual, and stress release (RTS) conditions as 

shown in Figure 3. The cohesion and angle of internal 

friction decreased in all stress conditions. Unconfined 

compression test on Pamplona marl clay shale 

soaked for 5 minutes caused the peak shear strength 

of clay shale to decrease by 8% [16]. 

Friction between two different material surfaces 

had been investigated using standard and modified 

direct shear tests [17]. The Tests to find the value of 

clay shale skin friction using direct shear between 

concrete and calcarenite rock have been 

conducted to figure out the effect of the roughness 

of bored hole walls [17], soil – cement of soil nailing 

[18], shale, and casing [19], soil – concrete of bored 

pile [20].       

This research proposed several equations 

describing the relationship between the adhesion 

factor of bored pile in clay shale and peak clay shale 

shear strength. These adhesion factors resulted from 

a laboratory study simulating the clay shale shear 

strength degradation due to excavation. The work 

presented in this paper is also a continuation from 

the study conducted by Alatas [6] on time-

depending degradation of clay shale shear strength 

utilizing triaxial yet focused on the bored pile friction. 

 

 
(a) 
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(b) 

Figure 2 Results of (a) clay shale shear strength degradation 

from peak and residual with unsoaked and soaked samples 

[10] and (b) degradation of clay shale shear strength due to 

weathering effect [11] 

 

 

2.0 METHODOLOGY 
 

In this study, the friction resistance of a bored pile in 

clay shale was modeled in a laboratory using direct 

shear test. The excavation-weathered clay shale was 

also simulated using cycles of wetting and drying. 

Disturbed and undisturbed samples were gathered 

from the Semarang-Bawen Highway at STA 438. The 

undisturbed samples were collected using a core drill 

to generate accurate shear strength parameters. The 

core drill bit had the same diameter as the direct 

shear split box pit, which was 60.5 mm. The samples 

were obtained using a core drill shown in Figure 4 

and were properly sealed in black plastic (which was 

not exposed to sunlight and water) as well as put in a 

pipe to prevent from collision. 

 

 

 
Figure 3 Results of (a) cohesion degradation and (b) internal 

angle friction degradation up to 80 days of drying process 

for saturated clay shale samples at Peak Total Stress (S-PTS) 

and Residual Total Stress (S-RTS)[15] 

 

 

The initial shear strength of clay shale  = 59.4 

and c = 700 kN/m2 [15] were used to measure the 

shear strength degradation. Clay shale surrounding 

the bored pit was modeled to be exposed to light, 

air, and submerged. When drilling with water, the 

excavated area was exposed to air and sunlight. This 

process was conducted at 0 hour, 1 hour, 2 hours, 3 

hours, 4 hours, 5 hours, and 6 hours because the 

shear strength of clay shale would be degraded by 

the bored pile installation which took more than 2 

hours [1]. Therefore, the modeling is adequate up to 

6 hours. Each sample was submerged for 5 minutes 

as the water in bored pit during excavation. To 

simulate the circumstance of clay shale in a drilled 

pile pit, which is not exposed to direct sunlight, the 

draining process was carried out in a room condition 

with no direct sunlight. 

In this test, clay shale samples were put in the 

bottom split box and wet concrete in the upper split 

box as shown in Figure 5. Then, a 3-day curing 

process is carried out on the direct shear sample, to 

ensure the setting process of the concrete layer. 

Each sample was subjected to different normal 

stresses in the laboratory. The normal stress was 

measured from the lateral stress on the bored pile at 

the Lemah Ireng Bridge nearby to the sampling 

location. 

The test was proceeded using a multi-stage direct 

shear. Each sample was sheared until it reached its 

peak strength and decreased to the residual 

strength. Then, normal stress was added to the same 

sample and sheared until it reached its peak 

strength. This process was repeated twice. In order to 

obtain the residual shear strength stress release 

condition, the normal stress was removed from the 

sample and proceeded with the multi-stage reversal 

direct shear as shown in Figure 6. This process was 

carried out using the same procedure as multi-stage 

direct shear but in the reverse direction.  

Figure 7 shows the experimental stages which was 

used in the analysis. The normal stress for the first 

sheared sample was 34 kN/m2 (NP-1), after it reaches 

its residual shear strength, then the normal stress was 
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increased to 68 kN/m2 (NP-2), and finally to 103 

kN/m2 (NP-3). At last, the normal stress level was set to 

zero and followed by the multi-stage reversal direct 

shear.  

The initial normal stresses for the second sample 

were 68.3 kN/m2 (NP-2), 103 kN/m2 (NP-3), and 137 

kN/m2 (NP-4). Meanwhile, the initial normal stresses 

for the third sample were103 kN/m2 (NP-3), 137 kN/m2 

(NP-4), and 205 kN/m2 (NP-5).  These normal stresses 

then were used for the next 6 cycles. 

 

 
 

Figure 4 Taking samples using a core drill 
 

 
Figure 5 Placement of clay shale and concrete for direct 

shear test 

 

 

3.0 RESULTS AND DISCUSSION 
 

The values of peak shear stress () were plotted with 

normal stress (n) to describe peak shear strength in 

each cycle as shown in Figure 8. The values of 

residual shear stress were shown in Figure 9, while 

those of stress release was shown in Figure 10. 

 
Figure 6 Multistage reversal mechanisms in direct shear 

testing 

 

 

Figure 7 Normal stress applied to each sample in multi-stage 

direct shear testing 

 

 
 

Figure 8 Shear stress () vs normal stress (n) at peak stress 

from the test results. 

 

 

The lines connecting points in Figures 8, 9, and 10 

were deduced using linear regressions. The linear 

regressions produced adhesion (αc) and interface 

friction angle (). The direct shear test results show 

that peak friction angle was between 45.3º and 27º, 

while peak adhesion (ac) was between 151.4 kPa 

and 101.9 kPa. The results also show that residual 

strength of the friction angle () was between 36.9º 

and 20.8º, while residual strength of adhesion (ac) 

was between 49.4 kPa and 32.4 kPa. The residual 

strength stress release condition of friction angle () 

was between 31.4º and 16.2º, whereas that of 

adhesion (c) was between 52.4 kPa and 19.2 kPa.  

  

 
 

Figure 9 Shear stress (r) vs. normal stress (nr) at the residual 

stress from the test results 
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Figure 10 Shear stress (rr) vs. normal stress (nrr) at the 

residual stress with stress release from the test results 

 

 

In each cycle, the interface shear strength 

parameters of the bored pile and clay shales, such as   

adhesion (ac) as well as friction angle of clay shale 

and bored pile () can be calculated (see Figures 8, 

9, and 10). The regression results of each parameter 

then were plotted in Figures 11 and 12. These figures 

show that the adhesion (ac) and interface friction 

angle between the concrete and clay shale () from 

the peak stress was greater than those of residual 

stress and residual stress release conditions. At the 

same time, the shear strength at the residual stress 

condition were almost the same as those at residual 

stress release. 

To quantify the shear strength degradation, the 

ratio of shear stress () and normal stress (n) were 

calculated. Therefore, the shear strength 

degradation was not affected by depth and normal 

stresses. To determine the clay shale shear strength 

degradation without normal stress dependence, the 

stress ratio in each peak, residual without stress 

release, and residual with stress release condition 

were calculated. The shear strength degradations for 

each stress condition are shown in Figure 13. 

 

 
 

Figure 11 Pile and clay shale adhesion degradation at 

peak, residual, and stress release conditions per cycle 

 

 
 

Figure 12 Degradation pile and clay shale interface friction 

angle at peak, residual, and stress release vs. cycle  

 

 
 

Figure 13 Clay shale shear degradation at peak, residual, 

and stress release condition vs. time (hour) 

 

 

In this study, the reduction coefficient () was 

defined as the ratio of soil-pile friction to the initial 

internal friction angle of clay shale (=tan /tan ) as 

shown in Table 1, Figure 14, and Figure 15 for peak, 

residual, and stress release. Meanwhile, the adhesion 

factor (α) was calculated by dividing adhesion (ac) 

by cohesion (c) as shown in Table 2, Figure 16, and 

Figure 17. 
 

Table 1 Soil-pile friction angle and internal friction angle at 

each peak, residual, and stress release condition 

 

Peak Residual Stress Release 

  r r rr rr 

45.29 0.76 36.87 0,62 31.38 0,53 

44.71 0.75 29.68 0,76 26.10 0,44 

44.42 0.75 29.68 0,72 25.17 0,42 

36.50 0.61 26.57 0,71 21.80 0,37 

34.99 0.59 26.10 0,63 24.23 0,41 

30.96 0.52 22.29 0,55 19.29 0,32 

27.02 0.45 20.81 0,53 16.70 0,28 
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Table 2 Soil-pile skin resistances and cohesions at each 

peak, residual, and stress release condition 

 

Peak Residual Stress Release 
Αc c Αc cr Αc crr 

151.35 0.22 49.00 0,07 52,39 0,07 

127.10 0.18 43.00 0,06 41.83 0,06 

118.40 0.17 36.00 0,05 36,03 0,05 

119.74 0.17 39.00 0,05 30,64 0,04 

115.39 0.16 36.00 0,05 24.06 0,03 

104.36 0.15 34.00 0,05 25.09 0,03 

101.85 0.15 32.00 0,04 19.17 0,03 

 

 
 

Figure 14 Reduction coefficients in peak condition vs. 

cycle 
 

 
 

Figure 15 Reduction coefficients in residual and stress 

release vs. cycle  

 

 
 

Figure 16 Adhesion factors in peak condition vs. cycles 

 

 

 
 

Figure 17 Adhesion factors in residual stress and stress 

release vs. cycles  

 

 

4.0 CONCLUSION 
 

The results of the laboratory tests show that the 

interface shear strength was greatly degraded when 

clay shale samples were exposed to air, light, and 

wetting. The effect of wetting of the clay shale in a 

room for up to 6 cycles (1 hour for each cycle) led to 

the degradation of both peak and residual shear 

strengths. The shear strength parameters decreased 

as weathering time increased. The initial adhesion of 

clay shale, with and without stress release, 

significantly decreased after 6 hours. After 6 hours of 

simulated weathering, the shear strength 

degradation in peak and residual conditions was 

achieved. The residual shear strength parameters 

were separated based on whether the residual shear 

strength was with or without stress release.  

This investigation showed that the shear strength 

degradation at peak, residual without stress release, 

and residual with stress release respectively reached 

87-62%, 28-20%, and 25-14% after 1 to 6 hours of 

weathering process. This result can be used for 

predicting the bored pile skin friction in clay shale 

soils. 

Moreover, in this study, the adhesion factor (a) 

was measured using the average adhesion factor 

per cycle in each condition. The adhesion factor (a) 

for peak stress, residual stress, and stress release 

conditions was 0.17, 0.06, and 0.05, respectively. In 

this study, the determination adhesion factor was 

derived from the average of a per cycle in each 

condition. The reduction factor () for peak stress, 

residual stress, and stress release conditions was 0.63, 

0.46, and 0.40, respectively.  
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