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Abstract: Axial bearing capacity is an important factor in designing of foundation. It must be able to carry the
load of upper structure without any significant deformation due to important role in pile design. A part from
empirical and numerical methods, axial pile bearing capacity can be predicted by pile driving analyzer test that
use wave equation analysis during the test. Prediction of the axial bearing capacity and its distribution can be
achieved by combining wave equation analysis with dynamic pile monitoring. This paper compares the axial
capacity of pile obtained from PDA records with predicted axial capacities obtained using empirical, numerical,
and interpretation of static load test method. The empirical method used NSPT data from bore testing that conduct
in site, finite element method that uses in this study is Plaxis 8.6. Both of them was compared with PDA test result
of axial bearing capacity. There is a difference value of the calculation results of axial pile bearing capacity and
foundation settlement. Comparing with PDA, from empirical method has smallest deviation for axial bearing
capacity which equal to -268.45 kN with percentage -6.05%, smallest settlement equal to 0,0044 m. Plaxis result
shows that distinction between Qult result equal to -11.00 kN with percentage -0.24% and settlement of foundation
equal to 0,005 m. From interpretation of static loading test method smallest deviation for Qult which equal to -
40,00 kN, with percentage -0,90%, and smallest settlement equal to 0,0055 m. So, from all method the smallest
deviation for Qult and PDA result is used finite element method. This is due to many data parameters has been
inputted and analyzed in the Plaxis program, so the results of calculation analysis are more detailed and closer to
the situation in the research site. Differences in axial bearing capacity can be caused by the test was carried out
which depends on the accuracy of operator and parameters that used in the calculations.
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NCCJIEJOBAHUE HECYIIEN CIIOCOBHOCTHU CBAW HA
OCHOBE DMIIUPUYECKUX JAHHBIX, JUHAMUYECKHUX
HUCHBITAHUN U YUCJTEHHOI'O MOJAEJUPOBAHUS

Tcaana Xoupynucaa, bamoanz Cemuasan, IlOcen M. Ilypeana

dakynpTeT rpaXkJaHCKOT0 CTPOUTENLCTBA, Y HUBepcuTeT Cebenac Maper, r. Cypaxapra, UTHJJOHE3W

AnHoTanus: Hecymas cnocoOHOCTh Ha BHABIMBAHHE SBISIETCS BAKHBIM (DAKTOPOM TPH MPOCKTHPOBAHHH
¢yamamenta. OH [OJDKEH HECTH HArpy3Ky OT COOpY)KeHHs Oe3 3HaunTenpHBIX Aedopmarmil. Ilommmo
SMIOUPUIECKUX U YHCICHHBIX METO/IOB, HECYIIasi CTIOCOOHOCTH CBaW HA BIABIMBaHUE MOXKET OBITh TIpeICKa3aHa C
MOMOIIIBI0 aHayM3aTopa 3a0uBku cBaii PDA, mpuHimm paboThl KOTOPOro OCHOBaH Ha OICHKE MapaMeTpoB
BOJIHOBOT'O YpaBHEHHsI BO BpeMsi MCIbITaHUil. [IporHo3upoBanne Hecylleil CllocOOHOCTH Ha BAABJIMBAaHHUE U €€
pacnpeaciCHusd MOXET 6I)ITB BBITIOJTHEHO MMYTEM OLCHKH IMapaMETPOB BOJTHOBOT'O YpaBHECHHUA IPpU JTUHAMUYCCKOM
MOHUTOpHHI'e 3a0MBKM cBail. B naHHOW paboTe cpaBHHMBaeTCs HeCylasi ClIOCOOHOCTh CBaW Ha BIaBJIMBaHHE,
MoJy4eHHasi 1o JaHHbIM PDA, ¢ sMIuMpuyecKuMH AaHHBIMH, Pe3yJbTaTaMH YHCICHHOTO MOJCIMPOBAHUS U
UCIBITAHUN CTATHUYCCKOW HArpy3KOW. DMIMPHUYCCKUE JaHHBIC 0 Hecylieh crnocoonoctd NSPT Obuin mosydeHb
[0 pe3yibTaTaM HUCIBITAHUH B CKBAXXWUHAX. UWCIIEHHOE MOJCIMPOBAHUE BEHIIOJHECHO IO METOMY KOHCYHBIX
3JIEMEHTOB B TporpaMMHoM Komrutekce Plaxis 8.6. IlomyueHHble pe3ynbTaThl CpaBHUBAJINCH C PE3yJbTaTaMu
ucneiTaanii PDA Hecymiedl crmocoOHOCTH Ha BHIABIMBAaHWE. BBIABICHO, UTO PE3yNbTaThl PAcUeTOB HECYIIECH
crocoOHOCTH CBail Ha BIABIMBAaHUE W OCAAKH (yHIAMEHTA MO PA3IUIHBIM METOJaM OIICHKH pasnmdaiorcs. 1o
cpaBHeHHIO ¢ PDA, sMmmprdecKkiii METO MMeeT HanMEeHbIIIee OTKIOHEHHE, KOTOpoe cocTaBmiio -268.45 kH nmm
-6.05%. Hanmensbinas ocanka pasHa 0,0044 m. Pesynbrar monenupoBanus B Plaxis mokaspIBaoT, 4To pasjinuue
Mexay pesynbrarom Qult cocrasmio -11.00 kH wim -0.24%. Ocanka pyngamenta npu atom pasha 0,005 m. J{ist
MeTOJ[a CTAaTHYECKOTr0 Harpy)kKeHus HanuMeHblee oTkinoHenne Qult 6su1o -40,00 kH nmm -0,90%. A HanMmeHbIas
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ocajka cocrasmia 0,0055 m. Takum 06pa3om, 13 BCEX METOI0B HAMMEHBIIIee OTKIOHeHHE Tt Qult o cpaBHEHUIO
C JIaHHBIMU JUHAMHUYECKUX WCTBITAHWM, BBITIOJHEHHBIX C HCHoJib3oBaHueM PDA, mMeer MeTo] KOHEUYHBIX
JJIEMEHTOB. DTO CBSI3aHO C TEM, YTO HCIOJIH30BAJIOCH OOJBIIOC YHCIIO HCXOAHBIX MapaMeTpOB, KOTOPEIC OBLIH
BBeJIeHBI B mporpamme Plaxis. [TosToMy pe3ympTaThl pacdeTHOTO aHain3a 0ojiee MeTalbHBI U MPHONMKECHBI K
CUTyallii Ha OOBEKTE WCclemoBaHWA. Pasnmuums B Hecymied cIocOOHOCTH Ha TIPOJABIMBAaHUE MOTYT OBITh
BBI3BAaHBl TEM, KAaKWE€ WMEHHO HWCIBITAHUA TPOBOAWINCH. JTO 3aBUCHT OT KBANH(UKAIIMU OlepaTropa H

rapaMeTpoB, KOTOPbIE HCIIOJIb3YIOTCS B pacyerax.

KiioueBble cjioBa: Hecylast CIIOCOOHOCTD Ha BIABIMBaHUE, SMIIMPUYECKUA METO, METOJ] CTATHYECKHX
UCIIBITAaHNH, METOJ] KOHEYHBIX d51eMeHTOB, Pile driving analyzer (PDA)

INTRODUCTION

Foundation is the main structure that very
important in every building construction, and has
function to transmitting load of upper structure to
the soil layer below. In some cases, foundations
are insufficient to support the structural load, and
deep foundations are required [1]. Various type
of deep foundations is classified into categorized
according to geologic condition, installation
method, structural material, ground effect,
function, cross-section, loading, isolation,
inclination, and other characteristics [2]. Axial
pile bearing capacity is a maximum vertical axial
load on foundation that can support before it
reaches the ultimate capacity. To determine axial
pile bearing capacity it can be use empirical and
numerical method. The use of different design
methods, resulting in various estimates of axial
bearing capacity, selection of appropriate and
accurate design schemes to minimize errors due
to axial bearing capacity predictions are required
[3]. Estimation of the axial bearing capacity has
an important role in pile design. Part of semi-
empirical and numerical methods, the axial
bearing capacity of piles can be predicted
through static loading tests and dynamic load test
[4]. Several studies compared pile bearing
capacity of analytical and field test [5], [6], [7].

One of common method used to measure and
analyze the dynamic response of piles is PDA.
The results show that PDA data can provide the
best prediction of axial pile bearing capacity.
Subsequent research discussed the pile bearing
capacity using PDA and CAPWAP, which is
standard practice for testing offshore piles [8].
Testing of piles under axial loads has been
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carried out on in-situ piles. Simulation has
carried out for a single pile with axial load at the
top of pile, so it can be evaluate the settlement of
the pile [9].

Various analytical, numerical and software
approaches using Plaxis 2D software, with
design results of more than 30 heaps, for the piles
analyzed the largest relative error between
theoretical and numerical method in this study
was around 14%, these errors can be reduced
significantly by modifying the meshing and
making it smoother [10]. Analysis in plaxis
software use several model parameters such as
Mohr-Coulomb, soft soil, hard soil, and many
more [11].

The problem of predicting and assessing pile
bearing capacity is complex. The most important
thing is to determine the method used to predict and
evaluate pile bearing capacity based on the level of
accuracy and consistency values required [12].
Knowing the characteristics of the axial bearing
capacity of concrete piles embedded in soil layer is
important before carrying out tests [13].

This study was conducted to compare the axial
pile bearing capacity of foundation with several
methods. Empirical method formulated of
geotechnical expert, numerical method of finite
element method (FEM) and interpretation of
static load testing method. All of them were
compared and validated with PDA test result in
research location.

METHODS

This study is located in Cirebon, West Java,
Indonesia. The method of studies is divided into
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several stages. First stage is the analysis and data
processing based on Standard Penetration Test
(SPT) wusing empirical methods and soil
parameters through laboratory tests. At this stage
it calculates axial pile bearing capacity using
empirical formula developed by, Luciano
Decourt, Meyerhoff, Briaud et al and Shioi &
Fukui. Two problems arise when determining
soil qualities through laboratory testing: (1)
Difficulties in obtaining an "undisturbed" soil
sample, and (2) sample size limitations. Data
from in-situ test such as Standard Penetration
Test (SPT) indicate a significant amount of soil.
The test is relatively simple and data information
is easy to obtain during the site investigation. The
crossection of soil layers in this study can be
shown in the Figure 1.

Second stage is the modeling stage using
numerical method. At this stage Finite Emelent
Method (FEM) modeling with Plaxis software
using Mohr-Coloumb. Soil parameters that used
in this program are young's modulus (E.),
Poisson ratio (v), unit weight of saturated soil
(ysat), unit weight of unsaturated soil (yunsat),
Cohesion (c.), friction angle (¢), and dilatation
angle (y). Result from this modeling is axial
bearing capacity, soil settlement, and safety
factor.

Third stage is interpretation of static load test
method using Mazurkiewicz (1972) and
Davisson (1973). The final stage is to compare
both analytical, numerical, and static load test
method by Pile Driving Analyzer that conducted
in this research location.

RESULTS AND DISCUSSION

The soil test data for this study were collected
from a project that located in Cirebon, West Java,
Indonesia. Prestressed concrete pile type spun
pile with diameter 600 mm and 35 m length. Site
investigation data includes laboratory tests data,
material properties from SPT within 70.45 m
depth.
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Figure 1. Cross-section profile of soil layer

Empirical Method

Empirical method of Luciano Decourt (1982),
Meyerhoff (1956), Briaud et al (1985), and Shioi
& Fukui (1982) are utilized in this study can be
shown in Table 1 and Figure 2.
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Table 1. Axial pile bearing capacity based on
empirical method

Axial Pile Bearing Capacity Deviation

End | Skin | Tt

. . Axial PDA
Empirical Method | Beari | Resis Capa | Test Quie Quit
ng tance .
city
Q Qs Quit RMX o
W |y | Ny |y [ E 0

169, | 3653, | 5350, 201 20

46 91 37 0

L. Decourt (1982)

2.375, 1.796, 4.171, 268,
04 51 55 45 -6,05

Meyerhoff (1956)

1722, | 3ast, | as7s, | 4440 o

19 27 46 9,76

Briaud et al (1985)

1.796, 1.991, 2.44 -
51 60 8,40 55,1
4

Shioi & Fukui (1982) 195.09

The ultimate axial pile bearing capacity (Qult)
based on the planning design is 4,500 kN. PDA
testing was carried out three times. This because
during first PDA test, the axial bearing capacity
result had a high difference from the design plan,
so a re-test was carried out. From the results of
PDA test, the Qult value of 4,440 kN is used as a
reference for compare the bearing capacity of
empirical and numerical methods. From the
result above Luciano Decourt method has Qult
equal to 5,350.37 kN, is the highest value
compared to other methods, because soil
coefficient is used as a multiplier.

Empirical Method

| :
4 87345 ] 1]

i
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% 000,00
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Figure 2. Graph of Axial Pile Bearing Capacity
Calculation Based on NSPT Data (Empirical
Method)
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Compared with PDA test result, based on the
calculation analysis of the axial bearing capacity of
the empirical method above, the Meyerhoft method
has the smallest deviation, with value -268.45 kN
and percentage of 6.05%, Briaud et al method has
a deviation 433.46 kN with a percentage of 9.76%,
followed by the L. Decourt method with a
deviation 910.37 kN and a percentage of 20.50%.
The biggest deviation is using the Shioi & Fukuni
method with a value of -2,298.40 kN and a
deviation percentage of -55.14%.

Meyerhoff method is usually used on non-
cohesive soils or sandy soils, based on the results
of' borelog testing of the soil layers at the research
study, which are classified as soft soils. The
borelog test was carried out to a depth of 70.45
m, the composition ratio of soft soil and sandy
soil layers was 68% for soft soil and 32% for
sandy soil. The pile foundation used in this study
has a length of 35 m. The composition of the
layers of soft soil and sandy soil along the
foundation is 50% for soft soil and 50% for clay,
this affects the analysis of the empirical method
used. Pile was embedded in a layer of sandy soil
at 35 m depth, so Meyerhof method can be used
in this research study, and has the smallest
difference compare with other empirical formula
validated by Pile Driving Analyzer test result.

Finite Element Method (FEM)

FEM is numerical method that divides a problem
into a finite number of elements to represent a
problem that actually has an infinite number of
elements (continuum). The interactions between
these small parts are determined based on the
physical phenomena to be resolved. Material of
soil that used in Plaxis is Mohr-Coulomb model.
Parameter data for this method comes from
secondary data and correlation calculations, it
can be shown in Table 2.

To calculate Young’s Modulus (E.) using
Schmermann (1970) formula:

Correlation of sand soil
E =766. NSPT

E =2qc (2)
Correlation of clay soil

(1
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Clay soil normally consolidated (NC)

E =250 Cu—-500 Cu (3)
Clay Soil over consolidated (OC)
E =750 Cu—1000 Cu 4)

Another parameter was found from laboratory
testing. Parameter profile of the pile foundation
must be included during Plaxis analysis, it can be
shown in Table 3.

Table 2. Mohr-Coloumb Parameter of Soil layer

Value
Parameter 1% Soil Layer 4™ Soil Layer (13.00 Source
(0.00 m—3.00 m) m—17.00 m)
USCS Chart CL ML Secondary data
Material
Mohr-Coulomb Mohr-Coulomb
Model
Material
Undrained Drained
Behavior
Unit weight of
unsaturated 6,68 kN/m? 9,06 kN/m? Calculation
s0il (Yunsat)
Unit weight of
saturated soil 14,90 kN/m?3 15,00 kN/m? Secondary data
(Ysat)
Young's Correlation and
3125 kN/m? 2298 kN/m?
Modulus (E) calculation
Poison Ratio (
0,2 0,3 Secondary data
v)
Cohesion (¢ ) 6,25 kN/m?* 0,35 kN/m? Secondary data
Friction ratio
18,87° 21,71° Secondary data
()
Dilatation
0° 0°
angle (y)
Table 3. Pile foundation specification
Parameter DP6 Unit
Pile Test No DP6-7
Foundation Type Spun PC-Pile mm
Diameter 600 mm
Thickness 100 mm
Length 35 m
Area 0,28 m?
Modulus Elasticity 33.892.182 kN/ m?
Fc’ of Pile 52 Mpa
Allowable stress 15,49 Mpa
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Allowable compressive 38 Mpa
stress

E 33892182 kN

1 5,2x 10 m*

EI 17457,46 kNm?/m
EA 9582789 kNm*/m
W 3,768 kN/m
\ 0.2

Based on the results of the Plaxis analysis, the
allowable pile bearing capacity (Qall),
settlement, safety factor (MSF), load-
deformation curves are obtained. The results of
the analysis can be seen in Figure 3.

Based on the results of the plaxis analysis, the
Qall value equal to 3.720 kN and the MSF equal
to 1.1906. So to get the value of the axial bearing
capacity (Qult) using the formula :

Qu = Qall x XMSF
=3.720 x 1.1906
=4.429 kN.

Compared with the axial bearing capacity (Qult)
from the PDA test results of 4,440 kN, the Qult
deviation is very small, equal to -11.00 kN with
a percentage of -0.24%.

By using plaxis, deformation occurs on the soil
layer can be determined. Figures 4 and 5 shows
the typical deformation that occurs in soil due to
loading on continuous foundation. On the left
and right side of the foundation there is heaving,
i.e, ballooning. This is due to the soil under the
foundation pushed in all directions, which is
eventually it will also push the ground above it.
Pile foundation with a diameter of 0.6 m and a
length of 35 m, deformation of 0.005 m will
occur in the soil layer around pile. Effective
stress from plaxis can be shown in Figure 6.
Plaxis analysis can be used as a modeling pile
load test at the study site. The relationship curve
between the total multiplier load (Sum-Mload)
and settlement can be seen in Figure 7. Based on
the curve, the ultimate Sum-Mload is 66.419.
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Figure 3. Allowable pile bearing capacity (Qall)
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Figure 4. Soil deformation due to pile

foundation loads
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Figure 7. Curve of load-settlement of soil

Static Load Test Interpretation Method
Interpretation of loading test data using the
Mazurkiewicz (1972) and Davisson (1973) can
be shown in Figures 8 and 9.

-l s

5000 G000

g

Q™ 4,400 kN

g

28 EE

Settlement (mmj

=

5.= 34 mm

Figure 8. Load and settlement curve with the
interpretation of Mazurkiewicz method (1972)

Result from Mazurkiewicz method for piles with
a diameter of 0.6 m with a concrete quality (f'c)
of 52 MPa after plotting the relationship curve
between load and settlement of the pile load test
obtains an ultimate load value of 4,400 kN with
a decrease of 0.034 m.

Volume 19, Issue 4, 2023

Figure 9. Load and settlement curve with the
interpretation of Davisson. method (1973)

Result from Davisson method, obtains an elastic
settlement value (Se) 0f 0.00548 m. To determine
the ultimate load, the value of X based on the pile
diameter 1s 5.15 mm. After plotting the
relationship curve between load and settlement,
an ultimate load of 4,100 kN is obtained with a
settlement of 0.025 m.

Pile Foundation Settlement

Pile foundation settlement based on empirical,
and numerical method can be shown in Table 4
and Figure 10.

Table 4. Soil Settlement of Pile Foundation

Method Settlement (m)
L. Decourt (1982) 0,0129
Meyerhoff (1956) 0,0121
Empirical
Briaud et al (1985) 0,0121
Shioi & Fukui (1982) 0,0044
FEM Mohr-Coulomb Parameter 0,0050
Mazurkiewicz (1972) 0,0340
Static load
test
Davisson (1973) 0,0055
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Figure 10. Pile foundation settlement graph
uses three interpretation methods

Allowable foundation settlement (Sall) is 10% of
the diameter of the foundation used, then Sall equal
to 0.06 m. Based on pile foundation settlement
calculation using empirical methods, Shioi &
Fukui (1982) has the smallest settlement with value
0.0044 m, while the largest settlement of pile
foundations using static load test interpretation
method of Mazurkiewicz (1972) with a value
0.034 m. The results pile foundation settlement
analysis by Shioi & Fukui method, this due to end
bearing capacity of the soil under tip point of pile
foundation (Qp) and skin friction bearing capacity
from shear force or adhesion between pile and soil
(Qs) in this method has a small result, because it
affects the results of foundation settlement. The
greater the value of Qp and Qs directly proportional
to pile foundation settlement.

Both empirical and numerical methods show that
pile foundation settlement is declared safe to use
because the Stotal < Sall. Based on the finite
element method using plaxis software with the
parameters of the Mohr-Coulomb model, the pile
foundation settlement is 0.005 m. The results of
this decrease are still within safe limits because
Stotal < Sall.

Comparation of Axial Pile Bearing Capacity

Comparation between axial pile bearing capacity
of empirical and numerical method with PDA
test result can be shown in Table 5 and Figure 11.
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Table 5. Comparation of Axial Pile Bearing
Capacity Using three interpretation methods
and PDA testing

PDA

Q Test Quit Deviation
Methods ult €S
(kN) RMX )
Ny | %)
L. Decourt
(1982) 5.350.37 910,37 20,50
Meyerhoff 417155 268,45 6,05
iy (1956)
Empirical Briaud et al
(1985) 4.873,46 43346 9.76
Shioi &
Fukui (1982) | 197160 | 4440, | 244840 | 5514
Finite | Mobr-
Coulomb 4.429,00 -11,00 0,25
Element
Parameter
Mazurkiewic
Static 2(1972) 4.400,00 -40,00 -0,90
Load Test Davisson
M.T. (1973) | *100:00 -340,00 47,66

Axial Pile Bearing Capacity

[T
CLAIn
. m Mol [ 1556
W 15§
AR Shecd & Fuiad (1980
00000
Mururicraics |EIT
1000 ¢

Figure 11. Graph of axial pile bearing capacity

[l
5

Axial pile bearing capacity (Qult) based on
empirical and numerical method, compared
with PDA test results shows that, the smallest
difference is using the finite element method
with Mohr-Coulomb parameter model. The
resulting Qult difference is -11.00 kN with
percentage of -0.25%. This is due to many data
parameters has been inputted and analyzed in
the Plaxis program, so the results of calculation
analysis are more detailed and closer to the
situation in the research site.

The next closest Qult was generated using the
static load testing interpretation method by
Mazurkiewicz (1972) with deviation of Qult
equal to -40.00 kN and a percentage -0.90%.
Next closest Qult was generated through
empirical methods by Meyerhoff (1956)
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deviation of Qult equal to -268.45 kN and
percentage of -6.05%. Level of results the
comparison of Qult with the PDA test is the
Davisson. (1973) method with a Qult
difference of -340.00 kN and a percentage of -
7.66%, Briaud et al. (1985) method has
deviation of Qult equal to of 433.46 kN and a
percentage of 9.76%, the L. Decourt method.
(1982) with a Qult difference 910.37 kN and
percentage of 20.50%, and the largest
difference was obtained by calculating the
Shioi & Fukui method. (1982) with deviation
of Qult value -2,448.40 kN and a percentage of
-55.14%.

CONCLUSION

Based on the results of comparison between
axial pile bearing capacity on soil with PDA
test result, it can be concluded that:

1. The result of finite element analysis shows
that the ultimate axial pile bearing capacity is
in good agreement with the axial capacities
obtained using pile driving analyzer (PDA) test
result.

2. From the results of empirical and numerical
methods, it’s observed that axial pile bearing
capacity obtained by those method is quite
variable hence they must be validated with
other reliable methods such as PDA and static
load test.

3. Differences in axial bearing capacity can be
caused by the test was carried out which
depends on the accuracy of operator and
parameters that used in the calculations.
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