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ABSTRACT: Piles for foundations are used when hard soil layers are located far below the ground surface. Full-
friction piles are defined as piles that depend solely on the friction between the pile and soil where the embedded 
depth is less than 10 meters. For decades, Galam wood piles have been used as foundations for light to medium-
weight constructions. Due to Galam wood restrictions in length and diameter, concrete micropiles are used as an 
alternative. Therefore, it is important to know the actual bearing capacity of concrete micropiles in the field. A 
simple axial field load test was carried out on 3 (three) test pile samples of 15 cm x 15 cm concrete micro piles 
with pile length variations of 4 m, 5 m, and 9 m. This paper shows the ultimate and unit shaft bearing capacity for 
full-friction piles fully embedded in very soft soil. The 4 m long concrete micro piles produced an ultimate bearing 
capacity of 1,700 kg = 1.7 tons, the 5 m length 2,400 kg = 2.4 tons, and the 9 m length 3,550 kg = 3.55 tons 
indicating the ultimate bearing capacity increased linearly with the pile lengths. The pile shaft unit bearing capacity 
obtained was between 657.407 – 800 kg/m2 of pile shaft area, where the obtained values show nearly constant 
results with similar conditions.  
 
Keywords: Load test, Micropile, Pile shaft, Soft soil, Ultimate bearing capacity 

 
1. INTRODUCTION 
 

Soft soils are usually found in low-lying areas, 
river banks, estuaries, swamps, and beaches. 
Influenced by soil mineral deposits and time 
intervals, these soft soil deposits vary greatly and are 
complex. Soft clay soil conditions with high plasticity 
index, very small internal shear angles, and high void 
ratios are problems always faced in civil works [1]. 
Banjarmasin is located on the banks of the Barito 
River. The Barito River is the largest and longest river 
in South Kalimantan, with an average width between 
650 – 800 m and an average depth of 8 m. The longest 
part of the river, starting from the upstream, is located 
in Central Kalimantan, and the remaining part, which 
reaches 1,000 m, is located in South Kalimantan [2]. 
Sediment flows into surrounding rivers and ends up 
in the Barito River due to erosion occurring in 
upstream areas. History shows that the tidal 
fluctuations from the sea and surrounding rivers, 
combined with water erosion, formed tidal swamp 
deposits [3]. 

The deposits resulting from the Barito River 
sedimentation process that became tidal swamp land 
are the surface soil layer in Banjarmasin in the form 
of very soft to soft clay and silt layers. The soft soil 
in Banjarmasin reaches a depth of 10 m and is still in 
the form of very soft soil with qc values less than 6 
kg/cm2 [4]. The Banjarmasin cohesive soil in the form 
of very soft to soft clay and silt has a thickness of up 
to 25 – 30 m from the ground surface [5]. 

Soft soils have a poor bearing capacity, thus 

shallow foundations cannot be used unless they are 
fortified with pile foundations to increase their 
bearing capacity [6]. There were several cases of 
tilted and collapsed buildings in Banjarmasin; The 
Indonesian Architectural Association in South 
Kalimantan reported there were at least 21 buildings 
in Banjarmasin that tilted and collapsed from 2018 to 
2021 [7]. 

This problem can be resolved by using end-
bearing piles as foundations. However, end-bearing 
piles in hard soil layers located deep from the ground 
surface cost more than the upper structure itself, thus 
full-friction piles are preferred for light to medium-
load buildings [8]. Pile foundations used in 
Banjarmasin soil at depths less than 10 m are 
classified as full-friction piles, meaning that the sole 
factor determining the pile-bearing capacity is the 
friction between the pile and the soil [5]. Because of 
the homogenous characteristics of Banjarmasin's soft 
soil, the bearing capacity of full-friction piles is 
nearly constant [9]. 

Galam wood piles are typically used for full-
fiction pile foundations in Banjarmasin and the 
neighboring areas. Currently, it is very difficult to 
find sufficient length and large-diameter Galam wood 
for foundations. Concrete micro piles are starting to 
be used more frequently in the community, 
particularly for medium-sized buildings like 
shophouses and warehouses. According to [10], light 
buildings such as single and double-story houses on 
soft soil require alternatives to concrete micro piles, 
considering the scarcity of Galam wood. 
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In cases where the pile is entirely dependent on 
frictional resistance to support weight, deepening the 
piles is more preferred than adding more piles to the 
group as this will result in reduced bearing capacity 
efficiency [8]. The field static load test is the best 
method to determine the pile's actual bearing 
capacity. The loading test is conducted by applying 
loads gradually to the pile samples until they settle 
continuously at the same load [8, 9, 12-14]. 

Numerous studies have been done to obtain the 
ultimate bearing capacity of piles by conducting load 
tests; small-scale laboratory load tests on full-friction 
model piles in sand [14], pile field load tests on multi-
layered soils with medium to very dense consistency 
[15], ultimate bearing capacity of end-bearing bored 
piles embedded in a layer of firmer soil [16], etc. 
However, study on full-friction piles fully embedded 
in very soft soil is still limited. Previous studies of 
full-friction piles were done to compare ultimate 
bearing capacity from field load tests and numerical 
calculations of single piles [9], and only focused on 
the ultimate bearing capacity and the efficiency of 
single and pile groups with lengths > 10 m [5].  

In this study, direct field axial loading tests are 
conducted on 3 (three) concrete pile foundation 
samples of 15 cm × 15 cm with different pile lengths 
of 4 m, 5 m, and 9 m. This research focuses on the 
pile's actual bearing capacity based on the test data 
interpretation. The test results can be used as a 
reference to estimate the actual ultimate load in the 
field for full-friction piles in very soft soil. 
 
2. RESEARCH SIGNIFICANCE 

 
Many of the previous studies in obtaining the pile-

bearing capacity from load test data are limited to 
only laboratory testing by using model friction piles, 
end-bearing piles in multi-layered soil with 
heterogenous soil consistency (from soft to 
stiff/hard), or friction piles but the tip is embedded in 
a firmer soil, while this study focuses on obtaining 
actual pile bearing capacity from field load test data 
in homogenous very soft soil consistency based on 
Banjarmasin soil condition. The significance of this 
study is to minimize the efforts and costs in 
estimating pile actual bearing capacity for full-
friction piles without conducting expensive field load 
tests by using the pile unit shaft bearing capacity 
value obtained in this study. Full-friction micropiles 
and their ability to withstand the loads in very soft soil 
are necessary to choose the appropriate amount and 
length. 
 
3. PILE BEARING CAPACITY 
DETERMINATION USING CPT AND N-SPT 
TESTS 
 

Saturated clay soils contain clay minerals and 
high water content, which causes low shear strength, 

high shrinkage swelling potential, and low bearing 
capacity. Clay soil is a type of cohesive soil with fine 
particles and a fairly good attractive force between 
the soil particles. Cohesive clay or silt with a high 
water content is usually called soft soil. The bearing 
capacity value of soft soil is only 7 – 29 kN/m2, with 
small shear and compression forces [15, 16]. 

Before beginning structural work, soil 
investigation is crucial in civil works to ascertain the 
soil's bearing capacity, its physical and mechanical 
characteristics, and its classification, which will help 
determine the best type of foundation to use to 
withstand the load above. Depending on the type and 
size of the building that will be constructed, several 
soil tests are conducted.   

Meyerhof [19], Chin [20], Janbu [21], and Danish 
Formula [22], among others, have devised methods 
for calculating pile-bearing capacity under soft soil 
conditions. Soil mechanical tests such as Standard 
Penetration Test (SPT), California Bearing Ratio 
(CBR), and Cone Penetration Test (CPT) can be used 
to determine the soil-bearing capacity [23]. CPT is the 
most common method to use as it provides cone 
resistance and friction resistance results that can be 
read by the manometer readings per 20 cm of testing 
depth even when the soil conditions are very soft, 
making it ideal for very soft soils. CPT provides 
results of cone resistance and friction resistance along 
the embedded pile’s length to determine the ultimate 
bearing capacity (Qult) of full friction piles [8, 10, 11]. 
Meanwhile, the SPT data in very soft soil conditions 
usually has an N-value (N-SPT) of zero so it cannot 
be used to determine the bearing capacity of full-
friction piles [26]. N-value is the summation of blows 
needed to penetrate through a 150 mm interval of soil 
depth and is a rough estimate of the soil density, it is 
also used in many empirical geotechnical engineering 
formulas [27].  

If the hard soil is exceptionally deep, as indicated 
by a Df/B ratio greater than 10, pile foundations are 
used [28]. Pile foundations are structures made of 
wood, concrete, steel, or other materials that are used 
to transfer the weight of the super-structure onto a 
strong layer of soil as piles can distribute load 
vertically [29]. This form of foundation is utilized 
when the soil beneath the building lacks the bearing 
capacity to support the weight of the building load 
[30]. Pile foundations can be tested for their actual 
bearing capacity by being subjected to loading above 
them. The best and most accurate method that can be 
used is by using a loading test or static loading test. 
The loading test data can be interpreted to obtain the 
actual bearing capacity of the pile foundation [31]. 
Pile loading tests are needed to prove the accuracy of 
calculating the design capacity of piles from various 
calculation methods based on soil test data in the field. 

Interpretation of pile loading test results can be 
used to determine the bearing capacity. There are 
many ways to interpret the ultimate load from the 
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results of pile loading tests. The Graphical Method 
with the Elastic Plastic Method (Tangent Method) is 
one of the easiest ways [13]. This method shows the 
estimated ultimate bearing capacity by dragging each 
tangent line from the initial and the end of the load-
settlement curve. The point of intersection between 
the tangent line on the elastic part and the plastic part 
determines the limit or ultimate load. 
 

 
 
Fig.1 The plastic-elastic method (tangent method) 

4. RESEARCH METHODOLOGY 
 
4.1 Banjarmasin Soil Conditions and Parameters 
 

The results of soil investigation using bore-
drilling/SPT and CPT are shown in Fig.2. It is known 
that soft soil layers consisted of very soft clay and soft 
to medium silt with an N-SPT value of 0 – 1 and Cone 
values of 1 – 6 kg/cm2 are found up to a depth of 
around 20 m, the next layer is silt with stiff to hard 
consistency up to a depth of 25 m. Sandy soil layers 
with medium density were found at depths around 25 
m to the end of the test at a depth of 30 m. 

The physical and mechanical features of soil or 
soil properties can be identified and studied from 
laboratory test results on soil samples taken during 
drilling at the soil investigation site. The test results 
obtained can be used to determine the properties of 
the soil and calculate the bearing capacity and 
settlement of the soil and foundation [32]. 
 

  

 
 

Fig.2 (a) N-SPT values based on the results of bore-drilling/SPT, (b) Cone resistance values based on the results 
of CPT, (c) Soil classifications based on bore-drilling/SPT and CPT 
 
Table 1 Soil properties data 
 

Depth 
(m) 

Moisture 
Content, 
w (%) 

Specific 
Gravity, 

Gs 

Volume 
Weight, 

γ 
(kg/cm3) 

Soil Proportion by Gradation 
Curves (%) 

Liquid 
Limit, 
LL (%) 

Plasticity 
Index, PI 

Cohesion, 
c 

(kg/cm2) 

Internal 
Friction 
Angle, 
φ (°) 

Void 
Ratio, e 

Sand Silt Clay 

1 145.26 2.21 1.33 4.91 38.89 56.20 50.50 3.26 0.14 9.40 2.53 
3 89.46 2.53 1.53 2.50 86.50 11.00 47.80 10.18 0.13 18.4 2.21 

5 85.32 2.52 1.50 11.08 76.72 12.20 43.20 6.44 0.09 12.4 2.24 

7 89.36 2.49 1.49 0.90 90.30 8.80 48.70 7.18 0.05 4.9 2.11 

9 89.30 2.50 1.46 0.18 86.82 13.00 53.50 11.52 0.14 10.2 2.17 

12 98.50 2.45 1.48 0.41 72.80 26.80 69.30 28.25 0.59 8.80 2.81 

15 93.39 2.46 1.46 0.28 80.72 19.00 58.15 11.66 0.11 23.0 2.28 

21 86.63 2.49 1.50 26.50 55.10 18.40 55.00 6.30 0.17 12.7 2.32 
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Laboratory test results from samples taken in 
Banjarmasin at depths of 1.0 – 21.0 m (Table 1) show 
moisture content ranges from 85% – 145%, unit 
weights of 1.33 – 1.5 gr.cm3, and specific gravity 
ranging from 2.21 – 2.53. Soil cohesion values based 
on Unconfined Compression Test (UCS) tests range 
from 0.05 – 0.59 kg/cm2. The resulting physical 
properties of the soil all indicate the soil is soft. The 
soil type based on the Unified Soil Classification 
System (USCS) is silty soil with medium to high 
plasticity. Void ratios range from 2.11 – 2.81, with 
void ratios > 2 indicating that Banjarmasin soil has 
high compressibility. 
 
4.2 Field Axial Loading Tests 
 

Field axial load test research was carried out in the 
State Polytechnic of Banjarmasin campus area. 
Simple loading tests were carried out on 3 (three) test 
pile samples of 15 cm x 15 cm concrete micro piles 
with pile length variations of 4 m, 5 m, and 9 m as 
shown in Fig.3. 

 

 
 
Fig.3 Description of concrete micropile test piles for 
field load test 

 
The research location is on a swamp land with a 

groundwater level around 50 cm from the ground 
surface. The ground surface condition which was 
below the groundwater level caused the driving and 
loading methods to be adjusted to the field conditions. 
Test piles could only be driven using a tripod drop 
hammer with a 500 kg hammer. The piles were driven 
to the planned embedded depth, and 100 cm of the 
pile was left above the ground to place the load frame. 
After the piles were driven, they were left for 15 days 
to allow the friction between the soil and the pile shaft 
to take effect. 

Preparations for field load testing began by 
making a loading frame as shown in Fig.4. The load 
frame is made from welded steel. A steel cap on the 

pile head is also prepared to be welded with the 
loading frame. Steel bars were installed on the 
loading frame to place the measuring ruler during 
settlement observation. Then for the loads used 
during testing, precast concrete piles were used with 
the dimensions of 20 cm x 20 cm, 3 m in length, and 
weighed 300 kg each pile. 

 

 
 
Fig.4 Loading frame from welded steel 
 

A waterpass and a ruler staff is used in the 
measurements to accommodate the needed accuracy 
in taking the height difference data from observations 
of settlements during field load tests, illustration is 
shown in Fig.5. The waterpass was placed at a point 
where the initial elevation has been set so that the 
subsequent height difference can be determined at 
each settlement observation. 

 

 
 

Fig.5 Measurement of settlement during load test 
using waterpass 

 
The load test process was carried out by applying 

several load stages and observing the settlement that 
occurred at each stage. Observations were made at 
each stage for 2 × 60 minutes where settlements were 
measured every 15 minutes. Further loading was 
carried out with the same process and loading would 
be stopped if, at a certain load stage, settlement 
continued to occur even exceeding the pile diameter 
size. Field load tests can be stopped if the 
movement/settlement that occurs is more than 10% of 
the pile diameter [6]. Implementation of load tests on 
the 3 (three) test pile samples is shown in Fig.6. 

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30

0 5 10 15 20 25 30 35 40 45 50

D
ep

th
 (m

)

N-SPT

Clay, very soft

Silt (MH), very soft

□ = 15 x 15 cm

LOAD

4 
m

LOAD

5 
m

LOAD

9 
m

R = LOAD RATIO

LEVELLING STAFFLevelling Staff



International Journal of GEOMATE, May, 2024 Vol.26, Issue 117, pp.60-67 

64 
 

 

  
 

  
 

  
 
Fig.6 Field loading test process: (a) B1 first stage loading, (b) B1 final stage loading, (c) B2.1 first stage loading, 
(d) B2.1 final stage loading, (e) B3 first stage loading, (f) B3 final stage loading 
 
5. RESULTS AND DISCUSSIONS 

 
The results of observing settlements at each 

loading stage in this simple load test are described in 
the form of a curve of the relationship between the 
load and settlement, as shown in Fig.7 – Fig.9. 
Determination of ultimate bearing capacity (Qult) in 
this simple load test is done graphically using the 
Tangent Method. 

The intersection of the load-settlement curve’s 
initial and final tangent lines is identified as the 
ultimate bearing capacity (Qult) [33]. The settlement 
reaction during the initial stages of loading is 
relatively minimal as the pile is still in the elastic 
stage. The end-bearing resistance still support the 
load given to the test piles at this stage. When the load 

given is nearing the estimated ultimate bearing 
capacity (Qult), a huge settlement occurs rapidly in a 
short time. This rapid settlement is causing the test 
piles to experience failure. At this stage, the end-
bearing resistance has little to no involvement in 
supporting the load and the piles relies fully on the 
skin friction resistance of the pile shaft. 

Each single pile test results depending on the pile 
lengths showed that B1, B2.1, and B.3 produces an 
ultimate bearing capacity (Qult) of 3,550 kg or 3.55 
tons, 2,400 kg or 2.4 tons, and 1,700 kg or 1.7 tons, 
respectively. This means the pile ultimate bearing 
capacity (Qult) increases with the increase of the pile 
lengths. Found results are similar to [5] and [9], where 
ultimate bearing capacity is linear with pile lengths. 
A minimum safety factor of 3.0 is recommended to 

a b 

c d 

e f 
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use in estimating ultimate bearing capacity for full-
friction piles [5].  

 

 
 
Fig.7 Axial load test curve on 15 cm × 15 cm micro 
pile with 9 m length (B1) 
 

 
 

Fig.8 Axial load test curve on 15 cm × 15 cm micro 
pile with 5 m length (B2.1) 
 

 
 

Fig.9 Axial load test curve on 15 cm × 15 cm micro 
pile with 4 m length (B3) 

Based on the loading test done to the test piles, it 
can be assumed that the pile ultimate bearing capacity 
(Qult) in soft to very soft soil relies solely on the 
friction between the pile shaft surface and the 
surrounding soil while the pile tip bearing capacity is 
ignored, which means the ultimate bearing capacity is 
the shaft bearing capacity itself (Qult = Qs). The pile 
unit shaft bearing capacity (qs) is obtained by dividing 
the ultimate bearing capacity (Qult) by the pile shaft 
area (As) showed in Eq. (1). 

 

𝑞𝑞𝑠𝑠 =
𝑄𝑄𝑢𝑢𝑢𝑢𝑢𝑢
𝐴𝐴𝑠𝑠

                                                                      (1) 

 
Table 2 Results of axial load test on test piles 

 

Pile 
Number 

Pile 
Dimension 

(cm) 

Pile 
Length 

(m) 

As 
(m2) 

Qult 
(kg) 

qs 
(kg/m2) 

B1 15 x 15 9 5.4 3,550 657.407 
B2.1 15 x 15 5 3.0 2,400 800.000 
B3 15 x 15 4 2.4 1,700 708.333 

  
The results obtained shows that B1, B2.1, and B.3 

produces a unit shaft bearing capacity (qs) of 657 
kg/m2, 800 kg/m2, and 708 kg/m2, respectively. A 
previous study of full-friction piles in very soft soil 
with a length of 5,5 m estimated ultimate bearing 
capacity from CPT data shows that Begemann 
Formula [34] produces pile ultimate bearing capacity 
of  3,320 kg and 7,350 kg [10] or pile shaft unit 
bearing capacity of 754.545 kg/m2

 and 715.909 
kg/m2, which falls into the range of results obtained 
in this study. This is also in agreement of [9], where 
the bearing capacity is nearly constant in homogenous 
Banjarmasin very soft soil.  

Although all samples in this paper show 
comparable results, further research is needed to 
ensure the consistency of the unit shaft bearing 
capacity of full-friction piles in very soft soil as the 
research done in this paper is limited to only 3 (three) 
different pile lengths samples with the same 
dimensions. 
 
6. CONCLUSIONS 
 

The research was carried out by utilizing axial 
field load tests on 3 (three) samples of 15 cm x 15 cm 
concrete micro pile samples, with lengths of 4 m, 5 
m, and 9 m. The tangent method is used to interpret 
the test results; the ultimate bearing capacities (Qult) 
of the test piles are 1,700 kg for the 4 m pile, 2,400 
kg for the 5 m pile, and 3,550 kg for the 9 m pile. 
According to the results obtained, the pile's ultimate 
bearing capacity (Qult) increases with the pile lengths. 
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Based on the assumption that the pile bearing 
capacity fully depends on the pile friction, the pile 
shaft bearing capacity (Qs) has the same value as the 
pile ultimate bearing capacity (Qult). Meanwhile, the 
pile unit shaft capacity (qs) shows a nearly constant 
results of 708.333 kg/m2 for the 4 m pile, 800 kg/m2 
for the 5 m pile, and 657.407 kg/m2 for the 9 m pile. 

While this paper shows the relationship between 
pile lengths and pile ultimate bearing capacity (Qult), 
and obtained pile unit shaft bearing capacity (qs) for 
full-friction piles in very soft soil, it is still limited to 
only one type of pile dimensions for each observed 
length. Recommendations for future studies; 
researchers are encouraged to add more variations of 
different pile cross-sections and lengths to attest if the 
pile capacity per square meter of pile shaft area 
obtained is nearly the same with piles of different 
cross sections. 

 
7. ABBREVIATIONS AND NOMENCLATURE 

 
SPT = Standard Penetration Test 
CBR = California Bearing Ratio 
CPT = Cone Penetration Test 
UCS = Unconfined Compression Test 
USCS = Unified Soil Classification System 
Qult = Ultimate bearing capacity (kg) 
Qs = Shaft Bearing Capacity (kg) 
As = Pile Shaft Area (m2) 
qs = Unit Shaft Bearing Capacity (kg/m2) 
w = Moisture Content (%) 
Gs = Specific Gravity 
γ = Volume Weight (kg/cm3) 
LL = Liquid Limit (%) 
PI = Plasticity Index 
c = Cohesion (kg/cm2) 
φ = Internal Friction Angle (°) 
e = Void Ratio 
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