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Abstract  The provision of foundation piles in small 
diameters to support load capacity is fundamental in 
enhancing the stability and safety of shallow foundations, 
retaining walls, and other medium-load structures. The 
ultimate load (Qult) of piles from soil investigations and 
CPT testing can be easily analyzed, but the facilities 
needed to determine this process in the form of test 
equipment are costly and time-consuming. This process 
makes it difficult to empirically calculate the ultimate load 
capacity on installing small diameter piles in the form of 
Cerucuk wooden piles. Therefore, this research aims to 
determine the correlation of clay-bearing capacity from 
drop hammers and loading tests on small diameter piles. 
This is based on the relationship between static and drop 
hammer test values on piles with varying diameter, depth, 
and curing time after piling. The method used in the drop 
hammer test is an analysis of the EN formula, technically 
and the calculation is a bit far from the analysis results 
from other in situ test results, but the use of simple tools in 
determining the ultimate load makes its reason to use it by 
correlating the Ultimate Load results from the loading test 
based on the Davison method. The analysis of the De Beer 
and Chin method is also shown to see significant results. 
As a benchmark in testing the Loading test on the pile, the 
soil investigations results, from analysis of the Meyerhof 
method and CPT calculations. As a result of the analysis of 
the relationship between the calculation of permitted 
bearing capacity pile from the drop hammer test and the 
loading test, it is displayed in a curve approaching an 

exponential equation QultLDT = 0,0101. e0,9736.QultDP 
for 3 days of curing time after piling and QultLDT =
0,147. e0,5813.QultDP 30 days of curing time after piling. 
This research can be used as a reference for planners in 
determining the bearing capacity of foundation piles on 
soft soil for medium load structures. 
Keywords  Foundation Piles, Ultimate Load, Drop 
Hammer, Loading Test 

1. Introduction
Under certain conditions, two-story buildings with foot 

foundations and retaining walls constructed on soft and 
unstable soil require an additional axial bearing capacity 
to prevent a shift that results in collapse. In reality, the 
ultimate bearing capacity analysis of piles used to install 
deep foundations with small diameter wood materials is 
not calculated empirically. Therefore, the bearing capacity 
of piles needs to be researched and tested. 

Estimating the axial capacity of a pile has been a 
challenge for geotechnical engineers. This has led to the 
development of several methods and approaches to predict 
an equation close to the truth. The methods include 
numerous simplifying assumptions or empirical 
approaches regarding soil stratigraphy, and the interaction 
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and distribution of soil structure with piles [1-4]. However, 
these methods have not provided quantitative values that 
are directly useful in the foundation design of a building. 

The bearing capacity of a pile can be determined by 
five approaches, including 1) Interpretation of data from 
the actual scale of pile loading test, 2) Dynamic analysis 
method based on wave equation, 3) Dynamic test using 
Pile Driving Analyzer (PDA), 4) Static analysis by 
applying soil parameters in effective stress approximation, 
and 5) in-situ, direct, or indirect investigation test methods 
[5-6]. 

This research aims to 1) investigate the effect of 
variations in diameter, depth, and curing time on the 

bearing capacity of the cerucuk wooden pile on soft soil, 2) 
analyze the correlation between its bearing capacity based 
on the results of the drop hammer and loading tests, and 3) 
obtain the ultimate bearing capacity quickly using a 
simple tool. 

2. Methodology 
This is a full-scale modeling field experiment carried out 

in Lebak Harapan Pakjo, Palembang, to determine the 
characteristics of clay soil using Cone Penetration Test. 
The stages of this research in the form of a methodology 
flowchart are shown in Figure 1. 

 

Figure 1.  Research Methodology Flowchart 
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2.1. Soil Characteristic Test 

2.1.1. Field Investigation 
Cone Penetration also known as Sondir Test, is carried 

out to a depth of 5 m in accordance with the ASTM D 
3441-75 standard. The sondir test is an in-situ test where 
cone resistance (qc) and local friction (fs) are recorded at 
every 20 cm interval and used to compare the bearing 
capacity of the soil against pile friction. 

Shallow drilling is carried out to take soil samples 
according to ASTM D 1452-80 standards. The drilling is 
planned to a depth of 3 m with undistributed samples used 
to identify soil parameters at depths of 0.5 m – 1 m – 1.5 m 
– 2 m – 2.5 m. 

2.1.2. Laboratory Test 
The physical parameter properties used to conduct this 

research include weight volume (γ), moisture content (ω), 
density (ρ), and atterberg limits (LL, PL, PI, LI). 

While the mechanical parameter test include the angle of 
shearing resistance (φ) and soil cohesion (c) [7-8]. 

2.2. Test Pile Properties and Variables 

The pile to be tested is cerucuk wooden pile with varying 
lengths of 0.5 m, 1 m, and 1.5 m, as well as various 
diameters of 8 and 12 cm. This pile type was selected 
because it is easily available in the market and is 
commonly used to increase the bearing capacity of shallow 
foundations. 

Table 1.  Test Object Variables 

Length 
(L) 

Diameter 
(D) Test On-Time (t) Total 

Test 
Object (cm) (cm) 3 Days 

After Piling 
30 Days 

After Piling 

50 
8 1 1 2 

12 1 1 2 

100 
8 1 1 2 

12 1 1 2 

150 
8 1 1 2 

12 1 1 2 

Ʃ 6 6 12 

Table 2.  Nomenclature of Test Object Identity Map 

t 3 Days 30 Days 

L (cm) 
Diameter (cm) 

8 12 8 12 

50 50-8-3 50-12-3 50-8-30 50-12-30 

100 100-8-3 100-12-3 100-8-30 100-12-30 

150 150-8-3 150-12-3 150-8-30 150-12-30 

Meanwhile, the time variable is the length of delay in the 
static loading and pile hammer drop tests after piling. The 
curing time of the pile varies from 3 to 30 days, with a total 
of 12 test objects. Tables 1 and 2 show the input method 
used to determine the bearing capacity to be achieved and 
the pile data, respectively. 

2.3. Pile Test Method 

This is a full-scale field test, and experimentation 
research with the pile test carried out using a dynamic 
load/drop hammer and static loading tests. Pile testing with 
a drop hammer is easy to carry out in the field because it 
does not require special tools, in contrast to testing with 
pile loading. However, the results of the EN Formula 
analysis on the drop hammer test, to determine the bearing 
capacity of the soil, were not achieved. This is because, in 
this case, which aims to see the correlation that occurs, the 
hammer drop height is required to be 1 m for all piles. For 
this reason, this experimental test was carried out to 
determine the true ultimate soil bearing capacity approach 
from the pile loading test. 

2.3.1. Dynamic Load/ Drop Hammer Test 
The drop hammer test is conducted on a friction pile 

through the following implementation stages: 

a. Piling Equipment 

1) Pile Hammer 

This gravity hammer comprises a weight and hammer 
drop height of 21 kg and 1 meter. During piling, a helmet is 
used on the pile cap hence the hammer blow energy is 
evenly distributed. 

2) Height Reference 

When the hammer has fallen and hits the reference pile 
cap, its height is continuously monitored to avoid error, 
especially when testing the bearing capacity. 

b. Test Method 

Piling is carried out by inserting the test object into the 
ground until the pile cap is 15 cm above the surface. After 
reaching this depth, the bearing capacity test is carried out 
by pounding the 1 m high pile ten times. The drop hammer 
test is analyzed using the EN formula [9-10]. 

2.3.2. Static Loading Test 
The loading test is conducted as a reference to the 

assumption of bearing capacity when the in-situ and drop 
hammer tests. The bearing capacity of the soil against the 
pile is tested by axial loading following the ASTM 
D1143-07 procedure. This loading test is carried out by 
considering the curing time of the pile in accordance with 
the long time variable of 3 to 30 days needed to review the 
isotropic soil properties. When the pile is driven, the soil is 
remolded and considered a supporter of the shallow 



2990 Correlation of Clay-Bearing Capacity from Drop Hammer Test and Loading Test on Small Diameter Piles  
 

foundation, ready to be loaded after 30 days. 

a. Test Equipment 

1) The Load Frame consists of Test Steel girders for 
loading anchored Steel Piles to the ground. 

2) The hydraulic jack is placed right in the middle of the 
surface of the test pile. 

3) The LVDT (Linear Variable Differential Transformer) 
consists of at least two units with a reading accuracy 
of 0.25 mm used to measure the amount of 
movement. 

4) The reference table is the datum for LVDT readings 
placed in a transverse position with a maximum 
distance to the right of the test pile on a rigid support. 

5) The Load Cell measures the load given to the test pile, 
and the reading uses a data logger. 

b. Loading Procedure 

The loading procedure carried out in this research is 
included in the Quick Test (QT). This method is relatively 
faster than those required by ASTM, with a total test time 
of approximately 1 to 3 hours. In the QT test, the load is 
increased gradually every 5% of the allowable weight until 
the maximum load failure is reached. During each interval, 
it is kept constant for 4 to 15 minutes. The same time 
interval is used for each increase in load during the test, 
which is stopped five to ten times. It is also used to lower 
the load during pile settlement with a longer time interval 
to estimate creep behavior and zero final loads. 

Load Frame installation of loading test with ASTM 
D1143-07 “Standard Test Methods for Deep Foundations 
under Static Axial Compressive Load” is shown in Figure 
2. The top view of the Load Frame and the LVDT 
installation are shown in Figures 3 and 4. 

 

Figure 2.  Loading Test Installation under Axial compressive Load 

 

Figure 3.  Top View of Load Frame Installation 
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Figure 4.  Pieces A – A in Installation of LVDT (Linear Variable 
Differential Transformer) 

3. Results and Discussion 
The soil investigation results from the sondir test show a 

sample of one point S01 with a depth of up to 5.0 meters 
and a shallow drill at a depth of 2.3 meters, BH-1. In soil 
investigation with CPT or sondir, the depth, cone value qc 
and local friction fs are 5.0 m, 1.0 kg/cm2, and 0.033 
kg/cm2. 

Based on the sondir test results, the soil layer used is at a 
depth of 2.00 m with a qc = 3.5 kg/cm2 and an average qc = 
2.4 kg/cm2. Furthermore, the highest cone value is found at 
a depth of 2.2 meters with a qc of 4 kg/cm2. 

The consistency of the soil at a depth of 2.0 meters based 
on the qc value is moderate. The stratification of the soil 
layer per depth at the test location and the graph of the 
sondir test are shown in Table 3 and Figure 5. 

Table 3.  Soil stratification based on CPT data 

Depth (m) Cone Resistance 
(qc) (kg/cm2) Consistency 

0 - 1 1.5 Soft 

1 - 2 3.4 Moderate 

2 - 3 4.0 Moderate 

3 - 4 2.0 Soft 

4 - 5 1.0 Soft 

 

Figure 5.  Graph of CPT Results 
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Undisturbed soil samples (STTG) are obtained using a 
special test tube to drill at a certain depth. In this case, the 
samples taken are STTG 1, 2, and 3 at a depth of 0.8 - 1.1 m, 
1.5 - 1.8 m, and 1.9 - 2.3 m. Drilling results show soil 
samples with moderate to a soft consistency. 

After sampling, the soil is tested to determine the 
physical and mechanical properties and calculate the 
ultimate load. During the drill test, undisturbed soil 
samples are taken for laboratory identification at depths of 
0.8 - 1.1 m, 1.5 - 1.8, and 1.9 - 2.3 m using a special tube 
pressed into the test hole. 

Based on the test results of three undisturbed soil 
samples, moisture content above 30% was obtained and 
classified as soft clay. Furthermore, the Atterberg limit test 
obtained a plasticity index value of 42%, while the three 
undisturbed soil samples around the test location have a 
soft consistency, passing through the No. 200 > 35% sieve. 
These results indicate that the soil around the test location 
is clay with the recapitulation of laboratory test results on 
the three undisturbed soil samples shown in Table 4. 

Analysis of the soil bearing capacity on the pile from the 
in-situ investigation with sondir test is based on the 
following equation: 

𝐐𝐮𝐥𝐭 = (  𝐪𝐜  ×  𝐀𝐛 ) + (  𝐉𝐇𝐏 ×  𝛟 3T)        (1) 

Where qc= cone resistance, Ab = pile cross-sectional 
area, JHP = friction resistance, ϕ = pile circumference. 

Based on its test, the soil bearing capacity on the pile is 
analyzed empirically using the Ultimate Bearing Capacity 
equation. Where, the Permitted Pile Bearing Capacity (𝐐𝐮𝐥𝐭) 
is the sum of the permitted pile bearing capacity due to the 
pile end resistance (𝐐𝐩) with the pile skin resistance (𝐐𝐬). 
For clay soil types [11-13], the Meyerhof method was used 
to determine the bearing capacity equation. 

𝐐𝐮𝐥𝐭 = ( 𝟗 ∙ 𝐜′ ∙ 𝐀 )  + � 𝐂 ∙ �σ�𝐯
𝐂′
�
𝟎.𝟒𝟓

∙ 𝐜′ ∙ 𝐊𝐥𝐧𝐠 ∙ 𝐋𝐛 � (2) 

The Depth and Pile Diameter from Equation 2 are 
changing variables. Therefore, changes in depth affect the 
average value of vertical stress ( σ�𝑣), pile skin area input 
(Klng  ×  Lb), soil cohesion (c’), and soil volume weight or 
unit weight (γ). Meanwhile, the pile diameter affects the 
pile cross-sectional area (A) and the pile skin area Input 
(Klng  ×  Lb), except for the value of C, which is 0.5 for 
piles without units. 

Table 5 shows the recapitulation of the soil's ultimate 
bearing capacity on the pile from the sondir test. 
Meanwhile, the recapitulation of bearing capacity 
calculation estimation for the Permitted Pile Bearing 
Capacity based on the Soil Parameter test on each pile is 
shown in Table 6. 

The pile test was conducted to determine the actual pile 
capacity on a field scale. Therefore, using a straight pile 
and proper installation are very important in determining 
the actual pile capacity. 

Table 4.  Soil stratification based on Laboratory Test 

No Property Index Unit 

Sample 

STTG 
0.1 -1.1 m 

STTG 
1.5 - 1.8 m 

STTG 
1.9 - 2.3 m 

1 Moisture Content (ω) % 39 42 43 

2 Weight Volume (γ) Density (ρ) 
N/𝑚3 

gr/𝑐𝑚3 
17709 1.806 17697 1.805 17685 1.803 

3 Specific Gravity (Gs) ton/𝑚3 2.736 2.736 2.736 

4 

Atterberg Limit 
Liquid Limit (LL) 
Plastic Limit (PL) 

Plasticity Index (PI) 
PI = LL - PL 

Liquid Index (LI) 
LI = (wn - PL) / PI 

 
% 
% 
 
% 
 
% 

 
67 
25 

 
42 

 
0.4 

 
67 
25 

 
42 

 
0.4 

 
67 
25 

 
42 

 
0.4 

5 
Triaxial Unconsolidated Undrained (UU) 

c’ (Soil cohesion) 
kpa 

kg/𝑐𝑚2 
31.71 
0.32 

39.23 
0.40 

33.34 
0.34 
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Table 5.  Recapitulation of the soil bearing capacity on the pile from the sondir test 

Pile Code 
Ab 𝚽 (Pile 

Circumference) qc JHP Qult 

cm2 cm kg/cm2 kg/cm kg kN 

50-8 50.265 25.133 1.00 7.00 226.19 2.22 

50-12 113.097 37.699 1.00 7.00 376.99 3.70 

100-8 50.265 25.133 2.60 11.20 412.18 4.04 

100-12 113.097 37.699 2.60 11.20 716.28 7.02 

150-8 50.265 25.133 3.70 22.40 748.96 7.34 

150-12 113.097 37.699 3.70 22.40 1262.92 12.39 

Table 6.  Recapitulation of Permitted Pile Bearing Capacity Estimation on soil parameter investigation 

Pile Qp Qs Qult 

 Newton Newton kN 

50-8 1434.53 1122.18 2.56 

50-12 3227.68 1683.27 4.91 

100-08 1434.53 3065.88 4.50 

100-12 3227.68 4598.82 7.83 

150-08 1604.62 5869.31 7.47 

150-12 3610.41 8803.96 12.41 

 

The Drop Hammer is used to make a heavy load fixed or 
installed to the desired depth into the ground [14-16]. In 
contrast to piling, a Drop Hammer is carried out to 
determine its influence on the pile and the bearing capacity 
of the soil after a hammer is dropped at the height of 1 
meter and a weight of 21 kg. The Drop Hammer Test 
Documentation is shown in Figure 6. 

 

Figure 6.  Pile Drop Hammer Test Documentation Impact Test, b. Pile 
Set Final Measurement 

Several equations have been developed and used in 

preliminary studies to determine the ultimate pile load. One 
of the first general equations based on the Engineering 
News (EN) Formula is developed from the Theory of 
Work-Energy, as follows: 

Hit energy by hammer per impact = (pile friction) x 
(penetration per hammer impact) 

Based on the EN Formula, pile friction is equal to the 
ultimate load (Qu) as written in equation 3: 

Qult =  WR∙h
S+C

                       (3) 

Where WR= hammer weight, h = hammer drop height, S 
= pile penetration per impact, C = constant value. For drop 
hammer, C = 25.4 mm or 1 inch. 

Before the Drop Hammer Test, the initial distance 
between the tool's bottom and top plate is measured, as 
shown in Figure 6. After the test, the final distance between 
the bottom and the top plate is measured. Therefore, the 
result of the incoming pile during the test is the final minus 
the initial measurement values. 

The results of the pile test with a drop hammer are 
shown in Tables 7 and 8. 

The loading test is used to confirm the axial and lateral 
loads of the foundation piles withstand structural loads on 
the foundation. In this research, the loading is carried out 
axially. 

The loading test uses a jack continuously to determine 
the settlement that occurs by referring to ASTM D 1143/D 
1143M – 07. The implementation and the installation 
section of the pile loading test are documented in Figure 7. 
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Table 7.  Recapitulation of Permitted Pile Bearing Capacity Estimation from Drop Hammer Test After 3 Days 

Pile Code 
WR h S C Qult 

N mm mm mm kN 

50-8-3 205.94 1000 21.4 25.4 4.40 

50-12-3 205.94 1000 15.6 25.4 5.03 

100-8-3 205.94 1000 7.8 25.4 6.20 

100-12-3 205.94 1000 7.6 25.4 6.24 

150-8-3 205.94 1000 3.5 25.4 7.13 

150-12-3 205.94 1000 3.2 25.4 7.20 

Table 8.  Recapitulation of Permitted Pile Bearing Capacity Estimation from Drop Hammer Test After 30 Days  

Pile Code 
WR h S  C Qult 

N mm mm mm kN 

50-8-30 205.94 1000 19.1 25.4 4,63 

50-12-30 205.94 1000 14.3 25.4 5,18 

100-8-30 205.94 1000 7.6 25,4 6,24 

100-12-30 205.94 1000 7.2 25,4 6,32 

150-8-30 205.94 1000 2.8 25,4 7,30 

150-12-30 205.94 1000 2.6 25,4 7,35 

 

Figure 7.  Documentation for Implementation and Installation of Pile loading test 

After driving, the soil around the pile is remolded which 
takes time. The isotropic properties of the soil at the depth 
of the pile being tested due to the driving are disturbed, for 
this reason, Loading test in the field to see the variables is 

grouped in 2 times, including: 
a. Test 3 days of piling 

The first pile group test is carried out after 3 days of 
piling with a load and settlement relationship curve used to 
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determine the test on the 150-12-3 pile, as shown in Figure 
8. The settlement curve tends to be concave at the 
beginning of loading with a fairly long elastic-plastic phase 
before the pile collapses. The result indicates that the 
relationship between the two values is very typical. 

Analysis using the Davisson method in Figure 9 shows 
that the ultimate load value of 12.4 kN is reached just after 
the plastic phase [17-18]. 

The De Beer method defines the failure load according 
to the intersection of the two curve slopes of the 
settlement-load data plotted using a logarithmic scale. 
Figure 10 shows this method's estimated ultimate bearing 
capacity of 12.6 kN. 

In the Chin method, the load is determined by dividing 
c1 from the line equation or the slope of the straight line 
representing the points drawn. This method usually 
produces a high ultimate load that must be corrected with 

the interpretation results shown in Figure 11. Based on this 
figure, a linear equation of 0.0732x + 0.0494 is obtained 
with a c1 value of 0.0732. Using the Qult criteria from the 
Chin method with Qult = 1/c1, the ultimate load becomes 
13.66 kN. 

At 150-8-3 pile, the ultimate bearing capacity analyzed 
using the Davison, Chin, and De Beer methods are 7.6 kN, 
10.88 kN, and 7.7 kN. Meanwhile, the 100-12-3 pile 
obtained 6.81 kN, 8.43 kN, and 6.9 kN using the same 
methods. The ultimate bearing capacity for the 100-8-3 pile 
from the Loading test is 4.7 kN, 5.6 kN, and 4.73 kN. 

The ultimate bearing capacity of the 50-12-3 pile 
analyzed from the Davison, Chin, and De Beer methods are 
0.9 kN, 1.17 kN, and 0.96 kN, respectively. Meanwhile, 
the ultimate bearing capacity of the 50-8-3 pile from the 
Davison, Chin, and De Beer analysis methods is 0.87 kN, 
1.05 kN, and 0.92 kN. 

 

Figure 8.  Load - Settlement Curve Of 150-12-3 Pile 
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Figure 9.  Ultimate Load Estimation Curve (Davisson Method) of 150-12-3 Pile 

 
Figure 10.  Ultimate Load Estimation Curve (De Beer Method with Logarithmic Scale) of 150-12-3 Pile 
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Figure 11.  Ultimate Load Estimation Linear Line (Chin Method) of 150-12-3 Pile 

 

Figure 12.  Load - Settlement Curve Of 150-12-30 Pile 
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a. Test 30 Days of Piling 

The second pile group test is conducted after the piles 
are embedded for 30 days. Figure 12 is a settlement-load 
curve for the output pile test of 150-12-30. 

The Davisson analysis method shown in Figure 13 
indicates that the ultimate load of 12.6 kN is reached right 
after the plastic phase. 

The De Beer method defines the failure load according 
to the intersection of the two curve slopes of the 
settlement-load data plotted using a logarithmic scale. It is 
shown in Figure 14 with an estimated ultimate bearing 
capacity of 12.7 kN. 

In the Chin method, the load is determined by dividing 
c1 from the line equation or the slope of the straight line 
representing the points drawn. This method usually 
produces a high ultimate load that needs to be corrected. 
The interpretation results of the ultimate load using the 
Chin method with a linear equation of 0.0673x + 0.0601 
and a c1 value of 0.0673 are shown in Figure 15. Using the 
Qult criteria of the Chin method that Qult = 1/c1, the 
ultimate load is 13.86 kN. 

The ultimate bearing capacity of the 100-12-30 pile 
analyzed from the Davison, Chin, and De Beer methods are 
7.5 kN, 8.75 kN, and 7.77 kN, respectively. Meanwhile, 
the 100-8-3 pile from the Davison, Chin and De Beer 
methods is 5.3 kN, 6.84 kN, and 5.4 kN, respectively. 

The ultimate bearing capacity of the 50-12-3 pile 
analyzed from the Davison, Chin, and De Beer methods are 
2.42 kN, 2.54 kN, and 2.44 kN, respectively. The 50-8-3 
pile is 2.38 kN, 2.5 kN, and 2.4 kN. 

The recapitulation results of Ultimate Load (Qult) 
Interpretation from static loading tests after three days and 
30 days of piling are shown in Tables 9 and 10. 

One of the influencing factors used to calculate the 
bearing capacity from the Drop Hammer analysis with EN 
Formula is the hammer drop height and weight. The 
dynamic test is transformed into energy retained by the pile 
skin area. Furthermore, the parameter and depth of piling 
are the influencing factors in determining the calculation of 
bearing capacity from static loading tests using the 
Davison, Chin, and De Beer Methods. Therefore, the 
relationship between the two tests is presented [19-22]. 

Table 9.  Recapitulation of Permitted Pile Bearing Capacity Interpretation from Static Loading Test after 3 Days 

Pile Code 
D L Qult  (Davison) Qult  (De Beer) Qult  (Chin) 

mm mm kN kN kN 

50-8-3 77.31 500 0.87 0.92 1.05 

50-12-3 115.37 500 0.90 0.96 1.18 

100-8-3 76.60 1000 4.70 4.73 5.60 

100-12-3 115.54 1000 6.80 6.85 8.44 

150-8-3 76.75 1500 7.60 7.70 10.88 

150-12-3 115.45 1500 12.40 12.50 13.66 

Table 10.  Recapitulation of Permitted Pile Bearing Capacity Interpretation from Static Loading Test After 30 Days 

Pile Code 
D L Qult  (Davison) Qult  (De Beer) Qult  (Chin) 

mm mm kN kN kN 

50-8-30 77.96 500 2.38 2.40 2.50 

50-12-30 116.90 500 2.,42 2.44 2.54 

100-8-30 77.14 1000 5.30 5.40 6.84 

100-12-30 117.61 1000 7.50 7.77 8.75 

150-8-30 76.96 1500 7.80 7.90 10.43 

150-12-30 116.76 1500 12.60 12.70 14.86 
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Figure 13.  Ultimate Load Estimation Curve (Davisson Method) of 150-12-30 Pile 

 

Figure 14.  Ultimate Load Estimation Curve (De Beer Method with Logarithmic Scale) of 150-12-30 Pile 
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Figure 15.  Ultimate Load Estimation Linear Line (Chin Method) of 150-12-30 Pile 

 

Figure 16.  Correlation of Bearing Capacity Results from Drop Hammer 
Test using Davison Method with Loading Test 

 

Figure 17.  Correlation of Bearing Capacity Results from Drop Hammer 
Test using Davison Method with Loading Test Interpretation after 30 days 
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Figures 16 and 17 correlate the bearing capacity results 
from the drop hammer test using the Davison method with 
loading test interpretation after 3 days and 30 days of piling 
interpretation after 3 days. 

Figures 16 and 17 show that the change in Qult loading 
test divided by Qult Drop Hammer is equal to a constant (k) 
times Qult loading test. Where y is the Qult loading test axis 
and x is the Qult Drop Hammer axis, mathematically 
written as follows: 

∆𝑦
∆𝑥

= 𝑘 ∙ 𝑦 

𝜕𝑦
𝜕𝑥

= 𝑘 ∙ 𝑦 

𝜕𝑦
𝑦

= 𝑘 ∙ 𝜕𝑥 

�
𝜕𝑦
𝑦

= �𝑘 ∙ 𝜕𝑥 

𝑙𝑛 𝑦 = 𝑘 ∙ 𝑥 + 𝐶 

If y = y0 on x = 0, then C = ln y0 

𝑙𝑛 𝑦 − 𝑙𝑛 𝑦0  = 𝑘 ∙ 𝑥 
𝑙𝑛 𝑦
𝑙𝑛 𝑦0

 = 𝑘 ∙ 𝑥 

 𝑦 = 𝑦0. 𝑒𝑘.𝑥                     (4) 
The curve above is an exponential equation [23]. 
In Figure 16 the correlation of the Qult loading test with 

the Qult Drop Hammer after 3 days of piling obtained an 
intersection point of x = 0 at y0 = 0.0101. If x = 4.6 and y = 
0.89, then 

0.89 = 0.0101 ∙ ek∙4.6 

ln �
0.89

0.0101
� = k ∙ 4.6 

k =
4.4787

4.6
= 0.9736 

By entering the k value into equation 4 above, then 

y = 0,0101 ∙ e0.9736∙x 

QultLDT = 0,0101 ∙ e0.9736∙QultDP 

QultLDT = 0.0101 ∙ Exp(0.9736 ∙ QultDP) 

Meanwhile, in Figure 17, the correlation of the Qult 
loading test with the Qult Drop Hammer after 30 days of 
piling obtained an intersection point of x = 0 at y0 = 0.147. 
Hence if x = 4.804 and y = 2.4, then 

2.4 = 0.147 ∙ ek∙4.6 

ln �
2.4

0.147
� = k ∙ 4.804 

k =
2.7928
4.804

= 0.5813 

By entering the k value into equation 4 above, then 

y = 0.147 ∙ e0.5813∙x 

QultLDT = 0.147 ∙ e0.5813∙QultDP 

QultLDT = 0.147 ∙ Exp(0.5813 ∙ QultDP) 

The above equation is an exponential line approximation 
with kN units from this research which can be used for the 
Drop Hammer test at a weight of 21 kg or 205.93965 N 
obtained with the EN Formula, Constant Loading test, and 
Davison Method analysis. 

4. Conclusions 
In conclusion, the soil consistency using the sondir and 

sample tests is in a soft to moderate state, which certainly 
affects the bearing capacity by the pile skin resistance (qs), 
where the smallest and largest percentages are on the 50-12 
and 150-8 piles of 34.27 % and 78.53 %. 

The maximum energy of the Drop Hammer is needed to 
get the optimal bearing capacity analysis results limited to 
10 blows with a fixed hammer weight. Therefore, it is 
ensured that there is no resistance when hitting the hammer, 
and during its perpendicular fall to the reference pile hence 
there is a decrease in height. The greater the diameter and 
depth of the pile skin resistance, the higher the pile bearing 
capacity, and the longer it is driven, the greater the strength 
of the pile bearing capacity. This is caused by the soil's 
isotropic properties due to the pore pressure. 
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