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ABSTRACT

Keywords: rig; finite element Indonesia is a country that has a variety of natural resources, one of
analysis (fea); remaining life.  which is oil and gas. In the process of drilling for petroleum, one of the
equipmentused is a Rig. Age factors can affectthe performance of the
rig system. Where a structure is depleted beyond ten per cent, then the
contribution mustbe the elementundergoingrepair or replacement ofthe

defective. The Depletion structure must be repaired. Before operating
with new materials, returnto the initial condition. Therefore, Regulation
Number 32 of 2021, Safety Inspection of Installations and Equipment in
Oil and Gas Business Activities, sets the remaining life limit for
equipment service. The research method used in this paper refers to the
strength of the Rig Tower member, which is calculated using applicable
formulasand standards. The final step is a simulation performed using
FAE MSC Nastran software. In the calculation, the loading cases of API
Spec 4F are used, namely: 1. Max. Rated static hook load of 90.7 tnf
(889,463.2 N) with 6 lines, 2. Wind speed of 60 knots with pipe setback.
The calculation results can be concluded that the structure of PT XYZ's
Rig tower is strong enough against the Maximum Static Hook Load of
889,463.2 N (6 lines), wind load of 60 Knots with pipe setback, rigup
load and can last for 30.39 (thirty-thirty-nine hundredths) of years for
fatigue, 24 (twenty-four) years for environmental corrosion (Upper
Mast) and 20.56 (twenty-fifty-six hundredths) of a year for abrasion

corrosion (Lower Mast).
(©Nolel
Introduction

Indonesia is a country that has a variety of natural resources, one of which is oil and
gas (Anshar, 2017). In the process of drilling for petroleum, one of the equipment used is
a Rig. Arig is aset of equipment used for underground drilling to obtain gas, petroleum,
and various other underground minerals (Ulfah. Nurul, 2014). The existence of towers
made of steel used to raise and lower well tubular pipes is the main characteristic of rigs.
This rig is usually used in oil and gas and geothermal operations because it is able to
operate at high pressure (Aji, Subagio, Hariyadi, & Weningtyas, 2015). Natural gas and
oil drilling rigs can be used to determine the geological properties of reservoirs as well as
to create holes that allow the extraction of natural gas or oil content from reservoirs
(Minister of Education and Culture, 2013). In oil and gas exploration and exploitation
operations, safety is very important because it relates to asset safety, environmental
safety, and human resource safety (Rozie, 2020). Age factors can affect the performance
of the rig system. Where a structure is depleted beyond ten per cent, then the contribution
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must be the element undergoing repair or replacement of the defective (Bethoven, 2023).
The Depletion structure must be repaired. Before operating with new materials returns to
the initial condition (Chen, 2016), and systems that have been improved must be proven
feasible. Operations by performing calculations carried out technically (Santika, 2017).
Therefore, Regulation Number 32 of 2021, Safety Inspection of Installations and
Equipment in Oil and Gas Business Activities, sets the remaining life limit for equipment
service. All equipment that has exceeded the operating design life limit (if known) or
shows symptoms of ageing that can interfere with the integrity of the equipment must
evaluate the remaining service life (Suhendar, 2021).
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The research method used in this paper refers to the strength of the Rig Tower
member, which is calculated using applicable formulas and standards. The final step is a
simulation performed using FAE MSC Nastran software. This method is used to evaluate
the greatest load that occurs during the construction of the Rig tower to determine the
deflectionthat occurs in the frame structure of the Rig tower bar; this paper presents data
from manual calculations and FEA simulation results (Mayudha, 2022). As mentioned
above, for calculation and Remaining life Assessment used FEA software MSC/
NASTRAN 4.5 and Patran Nastran 2007 for 3D structures using a choice of AISC ASD-
89 calculation modules as recommended by APl Spec 4F, section 8 and Design
Specification. In calculations used, loading cases from API Spec 4F are:

a. Max. Rated static hook load of 90.7 tnf (889,463.2 N) with 6 lines
b. Wind speed of 60 knots with pipe setback

It uses a static load of 90.7 tnf (889,463.2 N). The placement of the load above on
the structure of the boom is as in Figure 3.3 and Figure 3.4, where for the Hook load, the
load acting on the boom is the Hook load plus the weight of the travelling block and the
forces due to deadline and draw work which are each 1/6 x (Hook load + weight of the
travelling block).

The calculation results produced by the software are as follows:
Pressure Clearance (AISC, 1989)

a. Tension Member

b. Compression Member

C. Combined Stresses

Results and Discussion

Calculations are performed on several "Combined Load Cases™ (CLCs), where each
CLC can consist of one or more Load Cases (Arsita, Saputro, & Susanto, 2021). For
booms, there are 3 CLCs each. Each CLC is calculated separately and produces its
STRESS RATIO (SR) for each part of the structure (lrawan, Subagio, Hariyadi, &
Gerardo, 2017). The highest SR value of each part obtained from the three CLCs is then
displayed in the form of the Maximum STRESS RATIO Distribution for the tower, as
shown in Figures 1, 2, and 3.

S T Tegangan B Defclrmas.i |
Pembebanan Hook Load (M) Optimum (N/m?) (m) Keterangan
889,463.2 - 5502E+3 | 0.248 Upper mast
Wind Load (Knots) _ | B
60 (dengan pipe set back) 3.544E+7 | 0.00323 | Upper mast
Rig Up Load - 2597647 0.00334 | Upper mast _
Figure 1

The value of the optimum working voltage of compression on the critical beam
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Figure 1 details the voltage results of the maximum hook load, wind load and rig-
up load. According to AISC, a construction is defined as strong if the SR value of the
combined loading of its parts does not exceed the value of one in Figure 5 (Nurhayati &
Oktavia, 2022). It can be seen that none of the parts of the tower are red, i.e. the part of
the structure that has an SR value greater than 1.
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Figur 2 FEA Static Hook Load 90.7 tnf (889,463.2 N) voltage results
the maximum is 5.502E+3 N/m2, and the deformation is 0.248 m
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Vi
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-2622084
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3978895
4657300,
5335706,
e H6I517
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Figure 3 FEA Wind load result of 60 knots (73.63 x 10-6 Kgf/mz2 distributed load)
with pipe setback maximum voltage at lower mast is 3.544E+7 N/m2 and
deformation is 0.00323 m.
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Figure 4 FEA results in the maximum voltage when the rig up is 2597E+7 N/m?,
and the deformation is 0.00334 m.

The calculation of remaining life is calculated based on the cycle load approach and
the actual thickness and corrosion rate that occurs. Here is the calculation of the remaining

life (Sari, 2014). Based on the Rig History report, the average rig works for 8.07 hours in

one day, then in one year, 8.07x3600x365 = 10,603,980 seconds. The frequency on the
Rig is 0.0256 Hz then:

Cycles (T) = f'-j,i

Sec.=Cycles (T x f

Sec.= 1019 x 35 6 ¥ 107 = 25,6 x 10710

25.6 x 10710
3 = 30.39 Tahun

HE]‘!'IEI“IHE LifE' = m
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Account for remaining life By environmental corrosion (Fontana, 1986).

= Max. Static Hook Load

4
' Fx4
d = Jma]! =
breg = o —
F =222,365.8 N
Oy = 345 Mpa = 345 N/mm?
For the safety factor, the voltage used
o =220 Mpa =220 N/mm?
treq =7.56 mm
tabr2017) =7.78 mm
tact(2017) =7.80 mm
(Now) =8.08 mm

Length of operation = 28 Tahun

Corrosion rate Upper Mast results in environmental corrosion be: (Fontana, 1986)

o= (Emrw - tﬂﬂ't)
Tree Years

Crec = 0.0lmm/Tahun

Remaining Life of Upper Mast results in environmental corrosion be: (Fontana, 1986)

Rl = ({22~ )
rec

RL,. = 24 Tahun

Corrosion rate Lower Mast result abrasion corrosion be: (Fontana, 1986)

_ tnew — Labr
Crac =
years

Cy e = 0.0107 mm/Tahun
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Remaining Life Lower Mast result abrasion corrosion be: (Fontana, 1986)

Lape — T
RL,, = (u)

C‘J".ﬂ{'

RL,. = 20.56 Tahun

Conclusion
From the calculation results shown in Figures 4.1, 4.2, 4.3 and Table 4.1, it can be

concluded that the structure of PT XYZ's Rig tower is strong enough to the Maximum
Static Hook Load of 889,463.2 N (6 lines), wind load of 60 Knots with pipe setback, rig
up load and can last for 30.39 (thirty-thirty-nine hundredths) of years for fatigue, 24
(twenty-four) years for environmental corrosion (Upper Mast) and 20.56 (twenty-fifty-
six hundredths) years for abrasion corrosion (Lower Mast).
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