
 

 Copyright Holder:      This Article is Licensed Under: 
 © Prijasambada et al. (2024)  
 Corresponding author’s email: prijasambada@upi-yai.ac.id 
 

 Corresponding author’s email: xxx@xxx.com 

Proceeding of International Conference on Multidisciplinary Research for Sustainable Innovation, Vol. 1 No. 1 (2024)                           
DOI to be assigned soon 

Bearing Capacity and Settlement of Bored Pile Foundation Based on SPT Test 
Data and CPT Test 

Prijasambada Prijasambada1*, Arman Jayady2    , Fitri Suryani3    , Halimah Tunafiah4, Ricky K. 
Natadipura5, Rahman Danil6, Nabilah Nabilah7 

1,2,3,4,5,6,7 Universitas Persada Indonesia Y.A.I, Indonesia 

Received : January 13, 2024 Revised : February 23, 2024 Accepted : March 9, 2024 Online : March 13, 2024 

Abstract 

One form of government effort for the community is the construction of flats. In the construction of Flats X, it is 
necessary to conduct an analysis in order to minimize the occurrence of foundation collapse beyond the permit limit 
requirements. In this research analysis using axial and lateral carrying capacity. For axial carrying capacity based on 
NSPT values using three methods, namely Wright and Reese, Mayerhoff, Luciano Decourt. As well as on shaman 
power based on the CPT Test using three methods, namely Aoki de Lancer, Mayerhoff, and Schmertmann and 
Nottingham. For lateral carrying capacity using the calculation of the p-y curve method and using LPille software. For 
the descent of the foundation using Settle3D. So, obtained in this study for axial carrying capacity taken from three 
methods in the SPT Test is using the mayerhoff method with the results obtained, namely Q (all press) = 170 tons 
and Q (all pull) = 85 tons. The axial carrying capacity based on the Cpt Test is obtained from the smallest value in the 
three methods is the Aoki de Lancer method with the results obtained, namely Q (all press) = 83 tons and Q (all pull) 
= 14 tons. For lateral carrying capacity using the LPille program, a lateral load of 63.2 kN was obtained. For the 
number of foundation needed, namely 306 foundations. As well as for the lowering of the foundation obtained using 
Settle3D which is 96.3 mm. 
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INTRODUCTION 
The soil serves as a support for the foundation. Soil consists of three elements: solid grains, 

water and air. Soil classification itself is divided into several parts, according to (Das et al., 1995 

(page. 64-72)), namely: soil classification based on texture, soil classification based on the AASHTO 

system, soil classification based on soil unity or UUSC system. Bored pile foundation is a type of pile 

foundation that is paired by drilling and then filled with reinforcement and then casting. Before 

conducting a carrying capacity analysis, it is necessary to conduct a soil investigation. Based on 

National Standardization Agency (2017), things that must be considered are the type of foundation 

used, soil retaining structure, construction site, and depth of construction. Analysis of soil carrying 

capacity is the ability of the soil to withstand the weight of structures working on it without collapse 

due to soil shear. 

Soil investigation with CPT Test is a method carried out with emphasis on obtaining 

parameters of soil layer penetration resistance. Meanwhile, soil investigation with SPT Test is a 

method carried out by erecting the stem into the ground using a hammer blow and measuring the 

number of blows per depth of penetration.  

Based on the background above, several problem formulations are obtained as follows: 
1. What is the bearing capacity of the bored pile foundation in the X Flats construction project 

based on SPT and CPT data? 
2. How much foundation point is needed for the X Flats construction project? 
3. How much is the value of the bored pile foundation settlement in the X Flats construction 

project? 
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Based on the existing problem formulation, several purposes and objectives of writing are 
obtained as follows: 
1. Knowing the value of the bearing capacity of the bored pile foundation in the X Flats 

construction project based on SPT and CPT data. 
2. Know the number of bored pile foundation points needed. 
3. Knowing the amount of the value of the bored pile foundation reduction (Settlement) in the X 

Flats construction project. 

 

LITERATURE REVIEW 
In this study, the method used in calculating axial carrying capacity uses two methods, 

namely based on SPT Test and CPT Tests. For the SPT Test in this study, three methods were used, 

namely the Wright and Reese, Mayerhoff, and Luciano Decourt methods. Meanwhile, the CPT used 

three methods, namely the Aoki de Lancer, Mayerhoff, and Schmertmaan and Nottingham methods. 

For lateral carrying capacity used the p-y curve method, and input into LPille software. And for the 

calculation of foundation settlement from the needs of the foundation used then correlated with the 

soil data needed by being inputted using Settle3D software 

This study aims to obtain the value of axial soil carrying capacity and lateral soil carrying 

capacity value in Flat X building, obtain the foundation needs needed in Flat X, and find out the value 

of settlement that occurs in Flat X 

 

Axial Carrying Capacity 

Axial Bearing Capacity of SPT Test 

1. Wright and Reese Method (1977) 

The equation used to calculate carrying capacity using the Wright and Reese method: 

a. Cohesive Soil 

 

𝑄𝑢𝑙𝑡=  𝑞𝑝 × 𝐴𝑝 + 𝛼 × 𝐶𝑢 × 𝑃 × 𝐿𝑖 

 

b. Non-cohesive Soil 

 

𝑄𝑢𝑙𝑡=  𝑞𝑝 × 𝐴𝑝 + 𝛼 × 𝐶𝑢 × 𝑃 × 𝐿𝑖 

 

For N < 60, so 𝑞𝑝 = 7 N (kN/m2) < 400 (kN/m2) 

For N > 60, so 𝑞𝑝 = 400 (kN/m2) 

For N < 53, so 𝑓𝑠= 0,32 N-SPT(kN/m2)  

For 53 < N < 100 so fs is obtained from a direct correlation with NSPT (Reese and Wright, 

1977) regarding the sliding resistance of pole covers. 

 

Information: 

𝑄𝑃= end bearing capacity (kN) 

𝑞𝑝= End carrying capacity per unit area (kN/m2) 

𝐴𝑝= Cross-sectional area of the mast (m2) 

𝛼 = Adhesion factors (Based on Reese and Wright, 1977 for 𝛼 = 0,55) 

𝐶𝑢 = Soil cohesion (kN/m2)  

𝑃 = Area of pole blanket (m2) 

𝐿𝑖  = The length of the soil layer (m)  
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Figure 1. Skin Bearing Capacity Picture 

Source: Hardiyatmo, H.C. (2002) 

 

2. Mayerhoff Method 

The equation used to calculate the carrying capacity using the Mayerhoff method: 

a. Cohesive Soil 

 

𝑄𝑢𝑙𝑡 =  9 × 𝐶𝑢 × 𝐴𝑝 + 𝑋𝑚 × 𝑁 − 𝑆𝑃𝑇 × 𝑝 × 𝐿 

 

b. Non-cohesive Soil 

 

𝑄𝑢𝑙𝑡 = 40 × 𝑁𝑆𝑃𝑇 × 𝐴𝑝 + 𝑋𝑚 × 𝑁𝑆𝑃𝑇 × 𝑝 × 𝐿 

 

Information: 

𝐶𝑢 = Soil cohesion (kN/m2)  

=  𝑁𝑆𝑃𝑇 ×
2

3
× 10 

𝐴𝑝 = Cross-sectional area of the mast (m2) 

𝑁𝑆𝑃𝑇    = Nspt value at pole base elevation (kN/m2) 

L = Display soil layer (m) 

P = Perimeter of drill pile (m) 

N = The number of statistical average stroke calculations 

𝑋𝑚 = 0,2 for bored pile 

 

Note: Limit values for 0,2 × N is 10 Ton/m2 

 

3. Luciano Decourt Method 

The equation used to calculate the carrying capacity using the Luciano Decourt method: 

 

𝑄𝑢𝑙𝑡 = Ap × Np × K + (
𝑁𝑠

3
+ 1) × 𝐴𝑠 

 

Information: 

Ap = Cross-sectional area of the end of the mast (m2) 

Np = The average SPT value starts from 4D below the pole end to 4D above the pole end 

K = The value of the soil type coefficient (12 t/m2 for clay and 40 t/m2 for sand) skin friction 
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capacity 

Ns = Average value of NSPT along the pole 

As = Wide blanket pole along embedded pole (m2) 

 

Table 1. The value of the soil type coefficient 

 
Source: Ismail & Ryden (2014) 

 

Axial Bearing Capacity Based on CPT Test 

a. Aoki de Lancer Method 

The equation used to calculate the carrying capacity using the Aoki de Lancer method: 

 

𝑄𝑈 =  𝑄𝑝 + 𝑄𝑠 =  𝑞𝑏 . 𝐴𝑝 + 𝑓. 𝐴𝑠  

 

Information: 

𝑄𝑈 = The ultimate bearing capacity of drilled piles (kN) 

𝑄𝑝 = End bearing capacity (kN) 

𝑄𝑠 = Skin friction capacity (kN) 

𝑞𝑝 = The carrying capacity at the end of the unity pole is wide (kN/m2) 

𝐴𝑝 = Cross-sectional area of the mast (m2) 

𝑓  = Wide unity leather carrying capacity (kN/m2) 

𝐴𝑠 = Area of pole blanket (m2) 

 

𝑄𝑏 =  
𝑞𝑐𝑎(𝑏𝑎𝑠𝑒)

𝐹𝑏
  

 

Information: 

𝑞𝑐𝑎(𝑏𝑎𝑠𝑒) = The average conus resistance of 1.5D above the end of the pole, 1.5D 

below the end of the pole is empirical the bearing capacity of the end depending on the type 

of pole. 

𝐹𝑏= Empirical factors of bearing capacity of mast ends depend on pole type (Table 1) 

Broad unity skin resistance(𝑓)as follows: 

 

𝑓 =  𝑞𝑐(𝑠𝑖𝑑𝑒)
𝛼𝑠

𝐹𝑠
  

 

Information: 

𝑞𝑐(𝑠𝑖𝑑𝑒) = Average conus resistance in each layer along the pole 

𝛼𝑠 = The value of the empirical factor of the soil 

𝐹𝑠 = Empirical factor of bearing capacity of pole skin depends on pole type (Table 2) 
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Table 2. empiric factor 𝐹𝑏 and 𝐹𝑠 

 
Source: Aoki & Velloso (1975) 

 

Table 3. Empirical Factors of Soil 𝛼𝑠 

 
Source: Aoki & Velloso (1975) 

 

Mayerhoff Method 

The equation used to calculate the carrying capacity using the Mayerhoff method: 

 

𝑄𝑢𝑙𝑡 =  𝑞𝑐 × 𝐴𝑝 +  𝐽𝐻𝐿 × 𝐾𝐼  

 

Information: 

𝑄𝑢 = Mast bearing capacity (kN) 

𝑞𝑐 = Sondir tip resistance (kg/cm2) 

𝐴𝑝 = Cross-sectional area of the mast (m2) 

JHL = Number of sticky barriers (kg/cm2) 

𝐾𝐼 = Pole circumference (m)  

 

With the safety factor of pole bearing capacity 

 

For pure sand 𝑆𝐹1 = 3,  𝑆𝐹2 = 5 

For clay 𝑆𝐹1 = 5,  𝑆𝐹2 = 10 

 

Schmertmaan and Nottingham Method 

The equation used to calculate carrying capacity using the Schmertmann & Nottingham 

methods: 

 

𝑄𝑢 =  𝐴𝑏 × 𝜔 × 𝑞𝑐𝑎 + 𝐴𝑠 × 𝐾𝑓 × 𝑞𝑓   

 

Information: 

Ab = Cross-sectional area of the mast (cm2) 

As = Area of pole blanket (cm2) 

Fb = Unit end resistance (kg/cm2) 

Fs = Unit friction resistance (kg/cm2) 

qca = Average conus resistance (kg/cm2) 
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qc = Conus side friction resistance (kg/cm2) 

Kc = Dimensionless coefficient 

𝜔 = correlation coefficient 

 

To calculate the average value (qc), it is obtained from along 8D above the base of the pole to 

0.7 or 4D below the pole. 

 

Table 4. 𝜔 factor (deRuiter & Beringen, 1979) 

 
Source: Bowles (1996) 

 

If the pole is in sand, Kf depends on the ratio of L/d (L = depth, and d = diameter of the pole). 

In the first 8d depth of ground level, Kf is interpolated from zero at ground level to 2.5 at 8s depth. 

Lower than this depth, the value of Kf decreases from 2.5 to 0.891 at a depth of 20d or is considered 

as a whole Kf = 0.9. 

Another method, for poles in sand soil (not applicable to loam), friction units It can be 

determined from the QC conus prisoner: Kc = A dimensionless coefficient whose value depends on 

the type of pole. 

a) Bottom end steel pole open, Kc = 0,8  

b) Closed lower end pipe pole, Kc = 1,8 % 

c) Concrete pole, Kc == 1,2 % 

 

Lateral Bearing Capacity 

P-Y Curve Method 

According to Hardiyatmo (2008, pp. 233-237), the p-y curve method is a method that 

connects lateral loads and deflections between the ground and the pole described by a curve. The 

p-axis represents the lateral resistance of the land of union of the length of the pole. Meanwhile, the 

y-axis is the lateral deflection of the pole. 

The p-y method must pay attention to changes in the p-y curve with depth, can be done by 

finite difference analysis, which has two conditions, namely shear force and zero moment. In the 

lateral force analysis power of the pole, the pole is divided into two, namely the free head pole and 

the fixed head. To calculate lateral carrying capacity, there are several things that must be 

considered first are the number of poles in a group, pole spacing, pile arrangement, and reduction 

factors. Based on National Standardization Agency (2017) Article 9.7.3.1, the lateral deformation 

powder of pole permits is 12 mm for planned earthquakes and 25 mm for strong four in single pole 

and free head conditions. 

 

 

 

 

 

 

 



 Proc. of Int. Conf. on Multidiscip. Res. for Sustain. Innov. 

275 

Table 5. Comparison of p-Multiplier Values from Various Experimental and Field Studies (LPile 

Group with Pile Center-to-center spacing of 3 Pile Widths) 

 
So, the reduction factor used is 0.4, obtained based on the Cu value on the tax return, 

mayerhoff method. 

 

1. Mast Efficiency 

a. Converse-Methods Method 

 

𝐸𝑔 = 1 − [
(𝑛−1)𝑚+(𝑚−1)𝑛

90.𝑚.𝑛
] 𝜃  

 

b. Los Angeles Method 

 

𝐸𝑔 = 1 −
𝑑

𝜋.𝑠.𝑚.𝑛
[𝑚(𝑛 − 1) + (𝑚 − 1) + (𝑛 − 1)√2]  

 

Information: 

𝐸𝑔 = Mast Efficiency (%) 

𝜃 = Arc tan d/s (in degrees) 

𝐸𝑔 = Mast Efficiency (%) 

D = Pole diameter 

s = Distance between poles 

m = Number of poles parallel to the x-axis 

n = Number of poles parallel to the y-axis 

 

2. Safety Factors 

Table 6. Safety Factor Reese & O’Neill 

 
 

3. Settlement 

Based on National Standardization Agency (2017), the decrease in permits < 15 cm + b / 600 

(b with cm units) for tall buildings and proven that the upper structure is still safe. The difference 

in the decline that will occur and affect the building above must meet the criteria of strength and 

serviceability of 1/300. 

Settle3D is software that functions to analyze foundation subsidence, embankments and 

surface loads. 

Soil parameters used in Settle3D 



 Proc. of Int. Conf. on Multidiscip. Res. for Sustain. Innov. 

276 

a. Correlation of N-SPT Value to Cu Value 

In general, the Cu value can be taken at 0.6N (Cu = ton/m3) 

 

Table 7. Correlation of N-SPT with Cu Value 

 
Source:  Das et al., (1995) 

 

 
Figure 2. The Relationship of Cohesion Value and NSPT on Cohesive Land 

Source: Terzaghi (1943) 

 

b. Correlation of NSPT value to soil content weight (gsat) 

 

Table 8. NSPT Value to Cohesive Soil Content Weight (gsat) 

 
Source: Terzaghi (1943) 

 

Table 9. NSPT value to weight of non-cohesive soil content (gsat) 

 
Source: Teng et al. (1962) 
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c. The correlation of the N-SPT value to the value of the young modulus of soil elasticity, 

according to Schmertmann (1970), as follows: 

1) Correlation on sand soils Es (kN/m2) = 766× N-SPT Es  = 2 qc 

2) Correlation on clay soils 

a) Normally consolidated clay soils (NC) Es = 250 Cu – 500 Cu 

b) Over-consolidated clay soils (OC)  Es = 750 Cu – 1000 Cu 

 

Table 10. Plasticity Index values and soil types 

 
Source: Hardiyatmo (1996) 

 

RESEARCH METHOD 
In this study using a quantitative approach. To achieve the aims and objectives of this 

research, several stages were carried out, namely: 

 

Preparation Stage 

Conduct a literature study of textbooks and journal references related to the analysis of 

carrying capacity and settlement. 

 

Data Collection Stage 

Collect the necessary data from the Geotechnical Structure Planning. The data required is in 

the form of X Flats shop drawing data, SPT Test and CPT Test data, and loading data. 

 

Data Analysis Stage 

Conducting analysis of textbook literature and journal references, using three methods for 

calculating the carrying capacity analysis of SPT and CPT, lateral carrying capacity, the needs of the 

foundation to be used and settlement in Flats X. 
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Research Flowchart 

 
Figure 3. Research Flowchart 

 

FINDINGS AND DISCUSSION 
Technical Data 

Types of structures : Bored pile 

Number of Floors : 24 Lantai 

Bore mast depth : 21 m or until it reaches hard ground 

Bottom Structure Concrete Quality: 

1. Bore pile  : fc’ 30 MPa 

2. PC, Tie Beam, Pelat : fc’ 30 MPa 

3. Diameter < 10 mm : U-24, Fy 240 MPa 

4. Diameter≥ 10 mm : U-40, Fy 420 MPa 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Ground Research Point Plan) 

Source: Geotechnical Structure Planner 
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Investigation of acquired land 

Standar Penetration Test (SPT) : BH-1; BH- 2; BH-3 

Cone Penetration (CPT) : S-1; S-2; S-3; S-7;S-8;S-9; S-10; S-11 

 

Axial Carrying Capacity Based on SPT 

Metode Wright and Reese Method (1977) 

Based on depth 21 m 

 

Table 11. Resume DDT (Wright and Reese) 

 
 

Mayerhoff Method 

Based on depth 21 m. 

Table 12. Resume DDT (Mayerhoff) 

 
 

Luciano Decourt Method 

Based on depth 21 m 

Table 13. Resume DDT (Luciano Decourt) 

 
Thus, of the three Resume methods based on BH-1. BH-2. BH-3 with a depth of 21 m, obtained 

are: 
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Table 14. Comparison of Carrying Capacity Based on N-SPT Value 

 
 

Based on the three methods, for the calculation of the carrying capacity of N-SPT, the smallest 

value can be taken from the Mayerhoff method with the result that the compressive carrying 

capacity is 170 tons and the tensile carrying capacity is 85 tons. 

 

Axial Carrying Capacity of CPT 

Aoki de Lancer Method 

Thus, the resume obtained from 8 sondir points based on the Aoki de Lancer Method, as 

follows: 

 

Table 15. Carrying Capacity (Aoke de Lancer) 

 
 

Mayerhoff Method 

Table 16. Carrying Capacity (Mayerhoff) 
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Metode Schmertmann dan Nottingham 

 

Table 17.  Carrying Capacity (Schmertmann and Nottingham) 

 
 

Lateral Bearing Capacity 

Based on the resume of the three SPT carrying capacity methods, the smallest value for lateral 

carrying capacity data input is taken, namely in the mayerhoff method located at BH-3 depth of 21 

m. So, the carrying capacity obtained in the p-y curve method is; 

 

Table 18. Lateral Bearing Capacity 

 
 

Based on National Standardization Agency (2017) concerning Geotechnical Planning 

Requirements Article 9.7.3.1. The estimated lateral capacity of the mast corresponds to the lateral 

deformation difference of the mast head clearance. The lateral deformation magnitude of the 

clearance pole is 12 mm for planned earthquakes and 25 mm for strong earthquakes in single pole 

and free-head conditions 

 

 
Figure 5. LPile Land Data BH-3 Rusun X 
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Figure 6. Graphs Lateral Pile Deflection vs Depth 

 

 
Figure 7. Graphs Bending Moment vs Depth 

 

 
Figure 8. Graphs Shear Force vs Depth 
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Figure 9. Graph Lateral Load vs Pile Head Deflection LPile BH-3 Rusun X 

 

Interaction Diagram of Checking Rebar Against Moment 

 
Figure 10. Diagram of the Interaction Diagram of Checking Rebar Against Moment. 

 

In the diagram, the interaction of nominal and ultimate forces is still safe from designs that 

use 7D22 reinforcement. 

Number of foundations based on base shear force 

 

Sum =
V base shear

Daya dukung Lateral
=

10242

63,2
= 𝟏𝟔𝟑 𝐅𝐨𝐮𝐧𝐝𝐚𝐭𝐢𝐨𝐧 𝐏𝐨𝐢𝐧𝐭  

 

Based on the calculation of the number of axial foundations, the number of foundations was 

obtained as many as 306 foundations. So, the number of foundations based on the base shear force 

against the number of axial foundations is: 

306 axial foundations > 163 base shear foundations 

 

a. Converse-Methods Method 

𝐸𝑔 = 1 − [
(𝑛−1)𝑚+(𝑚−1)𝑛

90.𝑚.𝑛
] 𝜃  

b. Los Angeles Method 

𝐸𝑔 = 1 −
𝑑

𝜋.𝑠.𝑚.𝑛
[𝑚(𝑛 − 1) + (𝑚 − 1) + (𝑛 − 1)√2]  
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Table 19. Foundation Group Efficiency 

 
 

The efficiency table is used for the calculation of the number of foundations. The number of 

foundations obtained is 306 foundations. 

 
Figure 11. Number of Flat Foundations X 

 

Settlement 

Table 20. Correlation of NSPT Value to Soil Elasticity Modulus Value (ES) 

 
 

Table 21. Correlation of NSPT Value of Soil Fill Weight (𝛾) 
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Table 22. Plasticity Index values and soil types 

 
 

Table 23. Correlation of NSPT value to cc value 

 
 

Table 24. Correlation of NSPT Value to eo Value 

 
 

Table 25. Data Soil Properties Settle3D 

 
 

 
Figure 12. Soil Layer 
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Figure 13. Settle3D Results 

 

 
Figure 14. The results of the decline obtained based on the BH-3 that Settle3D has output 

Remarks: The result of the decrease for one building of Flats X by 96.4 mm. 

 

So, based on the results of Setlle3D the excel table is 96.4 mm. Based on National 

Standardization Agency (2017), settle in output yield = 96,4 mm = 9,64 cm 

b = Pile cap width (in cm) 

b = 67600 mm = 6760 cm 
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Settle permissions < 15 cm + b/600 

= 9,64 cm < 15 cm + 6760/600 

= 9,64 cm < 26,2667 cm (SAFETY) 

 

CONCLUSIONS 
From the calculation results, conclusions were obtained for the carrying capacity of axial 

foundations based on SPT Tests from the three Wright and Reese Methods, Mayerhoff, and Lucioano 

obtained the smallest value, namely in the mayerhoff in borehole-3 method is a compressive 

carrying capacity of 170 tons and a tensile carrying capacity of 85 tons. Meanwhile, axial carrying 

capacity based on CPT tests from the three methods of Aoki de Lancer, Mayerhoff, Schmertmann 

Nottingham obtained the smallest value in the Aoki de Lancer method located in Sondir-8 with a 

depth of 5.3 m of 83 tons for compressive carrying capacity and 14 tons for tensile carrying capacity. 

For lateral carrying capacity obtained amounted to 63.2 tons. The number of foundation needs 

obtained according to the calculation is 306 foundations. And for the lowering of the foundation 

obtained for one building is 96.4 mm. 

 

LIMITATION & FURTHER RESEARCH 
In research on the carrying capacity and lowering of bore pole foundations, complete 

technical data and laboratory data (test data for each depth of the soil layer) are needed in order to 

get accurate calculations. Research using the LPille and Settle programs is a calculation tool, so it 

needs to be adjusted to the conditions in the field. Flexibility in reading, testing, and calculation 

greatly affects the results of the calculation value. Especially pay close attention to the values of the 

coefficients and correlations used because they can affect the values obtained. 
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