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Abstract. The deep foundation at the Ketek Sikara-kara wharf is the function of
foundation that distribute the load from the upper structure of the building to the
soil on the bottom of building to the hard soil layer, without effecting shear
failure and settlement, has a bearing capacity allowed. The function of Pile
Driving Analyzer (PDA) at Parlimbungan Ketek Sikara-kara wharf to determine
the bearing capacity of pile and also control to calendering test result, then this
researched were tested the pile driving analyzer at 8 sections of pile from 84
sections of calendering pile (10% of the number of sections setting up). Obtained
calendering results of lowering is equal to 0.60, 071, 045, 060, 053, 041, 065, 060
fulfilled the specification allowed < 1 inch (2.54 c¢cm). The largest value of pile
calendering bearing capacity is 128.52 Ton and the smallest bearing capacity is
73.29 Ton more larger than the allowable pile bearing capacity is 60.9 Ton. Pile
driving analyzer results of the largest bearing capacity is equal to TP - B12 Ru
177 Ton more larger than the bearing capacity of pile is allowed on planning is
60.9 Ton and the smallest is equal to TP - B22 Ru 111 Ton more larger than the
bearing capacity of pile is allowed on planning is 60.9 Ton.

1. Introduction

The wharf of Parlimbungan Ketek is one of the development project of Sikara-kara wharf
which taken place shallow up to -2 m LWS due to the location of Sikara-kara wharf is a
sediment catchment area that has properties throughout the year experienced sedimentation
due to the movement of currents and wave perpendicular to the coast, effecting shallow at the
Sikara-kara wharf, the wharf were only docked by ships < 30 GT. In addition, the 2004
tsunami in the Mandailing Natal district caused problems to damage some parts of the Sikara-
kara wharf trestle floor. The attendance of a wharf in the Mandailing Natal district is very
needed as a production outlet for the area. Potential area Mandailing Natal district one of
them has £ 100,000 ha of oil palm plantation is expected to be transported through Sikara-
kara wharf.

Before the upper construction was built, there are several tests which were undertaken on
the pile foundation, One of testing are loading testing or pre loading, but because of the
difficulty of doing pre-loading test in the sea, therefore it were undertaken the test pile driving
analyzer. There were two pile test in the field that was calendering test, which was
undertaken at each section of pile that were as much as 84 sections in location and pile
driving test analyser was undertaken at 8 sections in location.
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In this research, all dynamic formulas are empirical formulas, meaning they contain
empirical constants whose value depends on the assumptions and conditions at which
developed from the results of the monitoring of calculations and investigations performed
over a period of time.

Hilley (Modified) on the factors and co-factors that are identified as ambiguous (type and
type of hammer / hammer used, method of applying empirical appeal scale to efectiveness
reduction factor. Hilley formula actually refers only to the standard of calendering, regarding
the effectiveness of Hilley's modified formulas (in developing the relationship between co-
earthquake reduction factors, press laterally while the pile, and press while cap pile) (Das,
B.M, 2002).

2. Literatur Review

2.1 Calendering

The action of setting up a pile was stopped when it reached hard soil. The indication of setting
up pile has reached the hard soil, when the hammer has already set-up on the position. It
usually in each tool has already set-up the size of hammer. if it has already set up the hammer
in such a position then it was undertaken the reading of calendering immediately. This
reading of pile was undertaken on the setting up. If the high reading of hammer value was less
than 2.54 cm, then the setting up of pile can already be stopped That means the pile has
reached the sections of hard soil that cause of the reading calendering is value small or less
2.54 cm. If the value setting up of pile continued more 2.54 cm then it could be failure.
Calendering reading was under take on the last 10 blowing (U.S. Department of
Transportation Federal Highway Administration, 2016).

Calendering is a graphic record that available on a tool pile that the function are knowing
so far the setting up of pile that has already been undertaken whether has fulfilled the
specification of the allowable bearing capacity which was used in working of setting up pile
(concrete and steel pipe) to determine the bearing capacity of the soil empirically through the
calculations was taken into account by the blowing tool which is a diesel hammer or
hydraulic hammer..

Calendering calculations obtain output which is the bearing capacity in Ton. Calendering
was undertaken almost approaching the required top pile, final setting for the last 10 blowing
< 2.54 cm. One count to know the bearing capacity of calendaring is used Hilley formula
(Fellenius,2018) in this research. It is listed below.

Modified Hilley formula for :
Single acting hammer

Qu = a W Herm
S+05(Cc+Co+Cq) s 1)
Qr = Qu
3 e 2)
Double acting hammer
Q u= a En n
S+0.5(Cc+Co+Cq) e 3)
Q= _Qu
2 4)
where :

Q. = ultimate load capacity of pile at time of driving predicted by driving formula
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Q: = allowable load

A = hammer efficiency

W = weight of ram

Her = effective ram stroke

n = blow Efficiency

S = permanent set of pile per blow
P =weight of pile

E = coefisien of restution of cushion
Cc= compression of pile head

Cp= compression of pile

Cq= compression of ground

2.2 Pile Driving Analyser (PDA)

Pile Driving Analyser (PDA) was a digital testing to control or determine the bearing capacity
of piles has been achieved and also function re-control the results of the Calendaring testing
which the function is to stop the pile of each section. Pile driving analyzer test is also a test
for dynamically measuring the pile capacity of the deep foundation, it is good for pile or drill
pile, pile integrity, and energy from hammer which refers to ASTM D-4945 (Standard Test
Method for High-Strain Dynamic Testing of Deep Foundations) (Fellenius, 2018).

Analysis of data pile driving analyzer is undertaken by Case Method procedure (Fellenius,
2018), i.e; the data recorded by the PDA are displayed in real time (blow by blow) in the
form of wave traces. Routinely, they are also treated analytically and values of stress, energy,
etc., are displayed to the operator. The data analysis of pile driving analyzer is undertaken by
Case Method procedure, which includes measurement of velocity data and force during re-
strike and dynamic variable calculation in real time to get description about bearing capacity
of single pile foundation.

Pile driving analyser test, dynamic load test has several advantages, one of it can do
multiple pile-test to save time, require relatively small space, evaluate bearing capacity and
structural integrity of pile, Evaluate pile settlement. Disadvantages of the pile driving analyzer
include: cannot calculate lateral forces, the results can deviate away from test data and
interpretation when is undertaken by an inexperienced person.

3. Research Methodology

Development of rehabilitation of Parlimbungan Ketek wharf is suitable for port master plan in
port development so that the right port is formed according to its function and rule it refers to
Republic Indonesian Law Number. 17 Year 2008 on shipping identifies the need for the
provision of port infrastructure as a place of intra and inter moda transportation.

The geographical position of Parlimbungan Ketek wharf is 0 © 21'47. 18 "LU and 99 °
7'16.13" B.T. The location of Parlimbungan Ketek wharf is located on the west coast of North
Sumatera Province and is a strait area directly opposite to Tamang island.

Time schedule for the implementation of the research working was planned within 120
calendar days or 4 months after the warrant starts to commence issues, on time schedule.

The activity objectives of this research was determine whether the capacity of the pile
bearing capacity is compatible with the required technical specifications, obtained from the
test results of the test pile driving analyzer. Calendering testing is undertaken to determine if
the pile bring down at the last 10 blowing < 2.54 cm and the setting up pile can be stopped
and move to the piling sections next.
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Figure 1. Location Project Map
Pile which was used in field testing, there is in shown table 1.

Table 1. Project Information & Pile Properties
Table 1.1 Project Information Table 1.2 Pile Properties

Data 1l Data 1
Pile Name TP-A 20 LE 437 m
DESC Steel 50- Diesel 6.5 T AR 217.27 cm?
File TP-A 30 PDA EM 2109 T/cm?
Blow Number 22 SP 7.88 T/ m’
Serial Number 4690 LE WS 5123.0 m/s
wC 5.11 m/s
EA/C 89.5 Tn- s/m
Data 2 2L/C 17.10 ms
File Name
DESC Steel 50 — Diesel 6.5 T JC 0.50
File TP - B 12 PDA LP 34.9 meter
Blow Number 17
Serial Number 4690 LE Data 2
LE 47.8 meter
Data 3 AR 213.75 T/m?
File Name TP A3-3 EM 2109 cm?
DESC Steel 50- Diesel 6.5 T SP 7.88 T/m?
File TP A3-3 PDA WS 5123.0 m/s
Blow Number 5 WC 5112.3 m/s
Serial Number 4523 LE EA/C 88.0 Tn- s/m
2L/C 18.70 ms
JC 0.50
LP 39.5m
Data 3
LE 47.5m
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AR 213.75 cm?
EM 2109 T/cm?
SP 7.88 T/'m®
WS 5123.0 m/s
wWC 5107.5 m/s
EA/C 88.0 Tn-s/m
2L/C 18.50 ms
JC 0.50
LP 39.0 m

4. Result and Discuss

4.1 Result

A. Datal : Calendering data of setting up per day

Results which is obtained from the calendaring test for each pile, is obtained bring down of
10 (ten) last blowing as shown in table 2.

Table 2. Calendering data of setting up per day
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A. Data 2 : Calendering bearing capacity record (Hilley Formula)
Capacity of bearing capacity based on Hilley formula using calendaring data as shown in
table 3.

Table 3. Calendering bearing capacity record (Hilley Formula)
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B. Data3. Data rebound calendering the last 10 (ten) blowing
There is a ten (10) rebound of calendaring data in accordance with the number of last 10 (ten)
blowing and the rebound value is on the average as shown in Table 4.
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C. Data 4: Recapitulation calendaring of setting up data
The magnitude of the last 10 (ten) blowing, on the average into Calendering (final set) as
shown table 5.

Table 5. Recapitulation calendering of setting up data
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4.2 Discuss
Calculation of bearing capacity of pile using data calendaring and Hilley formula is obtained
by bearing capacity of pile as shown in table 6
Table 6. Bearing capacity of calendering

Pile Name CALENDERING

w P H S K n R EF SF R Cut water level +  Calendering
Ton Ton m cm cm Ton use water level to seabed +  /settlement
Ton  seabed to hard soil  (decrease)
(m) (cm)
TP-A20 604.26 8.36 1.60 0.60 0.95 0.50 370.42 0.90 3.00 111.13 48.565 0.60
TP-A21 604.26 8.36 1.80 0.71 0.90 0.50 401.20 0.90 3.00 120.36 48.485 0.71
TP-B12 604.18 8.36 1.60 0.45 1.90 0.50 244.29 0.90 3.00 73.29 48.530 0.45
TP-C12 604.18 8.36 1.60 0.60 0.95 0.50 370.37 0.90 3.00 111.11 48.510 0.60
TPA3-3 604.18 8.36 1.60 0.53 1.10 0.50 352.19 0.90 3.00 105.66 48.653 0.53
TPB2-2 604.26 8.36 1.60 0.41 1.75 0.50 265.81 0.90 3.00 79.74 49.541 0.41
TP-C4 604.18 8.36 1.60 0.65 1.40 0.50 280.04 0.90 3.00 84.01 48.575 0.65
TP-C8-1 604.18 8.36 1.60 0.60 0.74 0.50 428.42 0.90 3.00 128.52 48.554 0.60
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Calculation of bearing capacity of pile using data pile driving analyzer and CAPWAP
software, is obtained the bearing capacity of pile as shown in table 7

Table 7. Bearing Capacity of Pile Driving Analyzer

Pile Name PDA CAPWAP
Bearing Bearing  Friction End Elastic Displacement
Capacity Capacity (SF) Bearring Displacement Maximum
(RMX/RSU) (RU) Ton Ton (EB) Ton (Dy) mm (Dx) mm
Ton

TP-A20 163 158 157 2 46.39 71.36
TP-A21 125 143 140 3 61.22 97.65
TP-B12 173 177 159 18 16.50 40.37
TP-C12 140 133 125 8.0 37.33 55.19
TP- A3-3 199 174 172 2.0 18.90 28.29
TP- B2-2 111 111 110 1.0 35.22 72.21
TP- C4 177 153 145 8.0 16.31 33.18
TP-C8-1 161 148 148 0.0 11./53 43.49

5. Conclusions

1. The result of the calendering test are 0.60, 071, 045, 060, 053, 041, 065, 060 fulfilled
allowable settlement < 1 inchi (2.54 cm).

2. The largest pile bearing capacity calendering is equal to 128.52 ton and the smallest
bearing capacity is equal 73.29 Ton > The bearing capacity of pile is allowed on
planning is 60.9 Ton

3. CAPWAP software calculation results for Pile Driving Analyzer test at 8 pile sections ie
highest bearing capacity on TP - B12 Ru 177 ton > The bearing capacity of pile is
allowed on planning is 60.9 Ton and lowest bearing capacity TP - B22 Ru 111 ton >
The bearing capacity of pile is allowed on planning is 60.9 Ton

4. The CAPWAP software analysis results for the Pile Driving Analyzer test state that the
bearing capacity of the pile is safe to ultimate the load of allowable bearing capacity ,
Ru > The bearing capacity of pile is allowed on planning is 60.9 Ton
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