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Abstract—In this study, the sound power level of the gas
piping system was determined at the sources of vibration
and at each discontinuity using the criteria of sound power
level limit curves and the Likelihood of Failure (LOF). A
detailed finite element model of the connection was
developed, and a random acoustic field equivalent to the
acoustic power level calculated by generating and applying a
pressure field on the walls and summing up the stresses
resulting from excitations. This study would help minimise
or avoid physical pipe modification, reducing the offshore
plant shutdown time while enhancing the safety of the plant.
Also, modifications such as alteration in pipe size (diameter
and thickness) should be implemented to reduce the
Acoustic Induced Vibration (AlV) effects to an acceptable
level.

Index Terms—AlV, fatigue failure, gas piping system, FEM,
branch connection

I.  INTRODUCTION

In the gas piping systems of processing facilities, high-
velocity hydrocarbon gases frequently pass through
restrictions or pressure-reducing devices, such as the
Control Valve (CV), Pressure Safety Valves (PSV), or
Restriction Orifice (RO). The high differential pressure
across these valves tends to generate a high acoustic
frequency, with an excitation between 500 Hz and 2000
Hz [1]. In turn, this frequency could lead to the
concentrations of stress in the downstream or upstream
piping, particularly in areas with an asymmetric
circumference such as the branch connections, tees, or
welded pipe supports and anchors. The structural stress
generated in a piping system by high acoustic pressure
via excitation of gas flow is known as Acoustic Induced
Vibration (AIV) [2].

In AlV, the cross-wall (high-order) modes of acoustic
pulsation could rapidly develop into piping fatigue failure
[3], typically in a few minutes to hours. However, the
vibration in the pipe wall shows no detectable changes in
the piping structure and gas-flow movements. Thus, this
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fatigue failure has become a major concern for many
companies because it is related to the safety of the plant,
production downtime, costs for corrective actions, and the
environment. Among the causes leading to a catastrophic
accident, the piping fatigue due to AlV ranks the second-
highest risk, i.e., 21%, which also results in the release of
hydrocarbon gases into the atmosphere [4].

It is, therefore, essential that the problems of AlV
failures are attended to at the stage of designing the
piping systems to minimise or even eliminate any
excessive excitations [5]. Although there are many design
guidelines available, the oil and gas industry, following
the guidelines of the European association for safety,
health, and environment (SHE), has adopted the
Carucci/Mueller calculation methodology and design
curve for most of their AIV screening strategies.
Meanwhile, the Energy Institute, UK has been updated
based on the Marine Technology Directorate (MTD), UK
to provide a procedure and guidelines to countermeasure
the acoustic vibration fatigue in pipelines [1].

Also, once the piping systems have been
commissioned, it is equally important to measure the
vibration levels for predicting the necessary corrective
modifications needed for the systems or its support
structure.  Alternatively, the vibration-contributing
excitation mechanisms must be altered or eliminated [5].
Therefore, this study aimed to identify the potential
sources of AIV in the gas facility via the estimation of
fatigue life due to AIV by determining the likelihood of
failure and redesign of pipe mainline at the small-bore
connection (SBC).

In predicting the necessary corrective modifications
needed for piping failure, empirical design curves are
used to calculate the failure probability using the pipe
diameter-to-thickness ratio and acoustic power as an
input in previous studies, which yielded less accuracy
estimate for fatigue failure. The Energy Institute
guidelines are based on the Carucci-MUler [2] design
curve and internal pipe sound power level equations are
applied in the recommended analysis/screening
methodology. The assessment are expanded to include
consideration of fatigue life curves for range of pipe
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fittings and piping materials. Therefore, in this study, the
calculation of sound power level with reference to the
guideline by the Energy Institute, UK was used to
determine the source of AIV in the piping systems.
Estimates of the sound power level and the likelihood of
fatigue failure would be used to redesign the main
pipeline at the small-bore connections (SBC).

Il. METHODOLOGY

A. The Determination of Sound Power Level (PWL)

In this study, the sound power levels were calculated
using the Guidelines for the Avoidance of Vibration
Induced Fatigue in Process Pipework of the Energy
Institute [1]. The sound power level was calculated at the
sources where the vibration was generated because the
sound power level is the primary function of the upstream
conditions. These sources included the blowdown valve
(BDV), choke valve (IVA), Flow Valve (FV), Pressure
Safety Valve (PSV) and Restriction Orifice (RO). The
mass flow rate differed at each relief valve due to the
staggered opening of the relief valve during an over-
pressure scenario. In this case study, 30 pressure-reducing
valves were evaluated.

Meanwhile, the flow noise along a length of pipe
attenuates to some degrees because of viscous losses and
heat conduction at the pipe wall. This attenuation is
generally about 3 dB per 50 pipe diameters [1]. The pipe
length was assumed to be 1 m in the present study
(conservative assumption). As the pipe length between
the valve and high risk locations of the valve increases,
acoustic energy may be decreased to an acceptable level
[1]. The PWL at the branch connection was calculated for
seven pressure-reducing devices over the 1-m length.
These devices were BDV 3802, IVA 0111, PSV 1221,
PSV 3850A, PSV 4032, PSV 7021A/B, and RO 3809.

The acoustic analysis was streamlined to a single
pressure drop source by calculating the sound power level
(PWL) as in (1), which was then compared with the
allowable power level (PWLajowabie) @S in (2). The PWL
was dependent on the process parameters, including the
mass flow rate, pressure drop, gas temperature, and gas
composition. However, there was just one parameter
affecting the PWLgowane» Namely the diameter-to-
thickness ratio.

The PWL at Source:

PWL = 1010gy [(222) " w2 (L) ] + 1261 (1

where,

PWL : internal pipe sound power level (dB);
P, :upstream pressure (bar abs);

T  :upstream gas temperature (K);

W :gas flow rate (kg/s);

P, :downstream pressure (bar abs);

Mw : molecular weight of flowing gas.
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If the calculated PWL value exceeded that of the
PWLa0wanle, then the piping system might be susceptible
to AIV. If the PWL exceeded 155 dB, the PWL of the
mainline discontinuity must also be determined, as in (3).

The PWI—aIIowabIe:

D
PWLyowape = 173.6 — 0.125 (Tzz) @)

where,

D, : inside pipe diameter, mm
T, : pipe thickness, mm
The PWL iscontinuity) OF the mainline:

L .
PWLdiscontinuity = PWLsource - 60ﬁ (3)
where,
Lgis : Distance between source and the asymmetric
welded discontinuity, mm
Dint : Internal diameter of the main line, mm

B. The Determination of Likelihood of Failure (LOF)

Meanwhile, the LOF was calculated using (4) to (8)
following the guidelines of the Energy Institute [1]. The
assessment generated a mainline LOF value at each
welded discontinuity, e.g., small-bore connection, welded
tee, or welded support. Corrective actions would be
needed at the discontinuities when their LOF values equal
to one.

Using the PWL at the location of interest,

Logio N = 470711.5155 — 63075.1241 (logy0B)

183685.4368 575094.3273

4 Losess @)

where,

B = a(PWL — 0.11276(s) — 0.001812(s)? +
4307277 x 107° (5)

s =919 — Zext (6)

T

a=3.28 x1077 (%)3 —0.8503 x 1075 (%)2 +
7.063 x 1073 (%)1 +0.816 )

Depending on the types of connections used, such as
the welded type fitting, piping material duplex, or none,
the number of cycles to failure, N calculated, was then
multiplied with fatigue life multiplier for stage (FLM).
Finally, the LOF was calculated using (8), and Table 1
shows the LOF values upon which the redesign of the
piping system could be based. Where applicable, the
calculated LOF values were then confirmed with
Eisinger’s design limit curve [2], in which the allowable
design-limit and fatigue-limit lines were constructed
based on (2).

Ly = —0.1303In(N) + 3.1 (8)
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TABLE I.  ACTION NEED TO BE TAKEN BASED ON LOF SCORE

LOF Score
LOF=1

Action on Main line

Main line shall be redesigned by a specialist, re-
supported or detailed analysis of the main line
shall be conducted, vibration monitoring shall be
undertaken, small bore connection (SBC) shall be
examined, and visual survey shall be undertaken to
check for poor construction

Piping integrity improvement should be applied
(see the conclusion), vibration monitoring shall be
undertaken, SBC shall be examined, and visual
survey shall be undertaken to check for poor
construction.

SBC shall be examined, and visual survey shall be
undertaken to check for poor construction.

0.5<LOF<1

0.3<LOF<0.5

C. Redesigning the Mailine at Small-bore Connection

For pressure-reducing devices that failed the AIV
screening (LOF > 0.5), further analysis was carried out to
reduce the vibration. The model’s view of the pressure-
reducing devices experiencing fatigue failure was built
with the computer programme SolidWorks and exported
to ANSYS for dynamic stress analysis. Finite element
analysis (FEA) was then used to simulate the piping
vibration excited by the pipe internal sound dynamic
pressure, the piping dynamic stress resulting from the
vibration was also estimated.

I1l.  RESULTS AND DISCUSSION

A. The PWL at the Sources

The study's result has been presented as Sound Power
Level (PWL), which captures the generation and
propagation of acoustic energy in the affiliated gaseous
systems. The sound power level was calculated firstly at
where the source of vibration generated, which at
blowdown valve (BDV), choke valve (IVA), Flow Valve
(FV), Pressure Safety Valve (PSV) and Restriction
Orifice (RO). The mass flow rate from each relief valve
was different due to the staggered opening of the relief
valve during an overpressure scenario. In the first phase
of AlV screening, seven out of the 30 examined pressure-
reducing valves generated a PWL higher than 155 dB
each, and hence requiring further evaluation on their LOF
values in accordance to Energy Institute guideline. These
seven devices were BDV 3802, IVA 0111, PSV 1221,
PSV 3850A, PSV 4032, PSV 7021A/B, and RO 3809 as
shown in Table II.

The PWL of each source calculated using (1)
according to EIl guideline and most of the sound power
levels calculated are lower than limit criteria (155 dB).
This means no further assessment is needed since the
LOF is less than 0.30 where the systems are considered
acceptable, and no further investigations required. A
higher mass flow of compressible gas moving towards
the reducing devices produced a higher PWL. Since the
pressure-reducing devices reduced the gas pressure, the
downstream pressure was low compared to upstream
pressure. Therefore, if the differences between upstream
pressure and downstream pressure were not high, this
parameter shall not significantly affect the value of the
PWL. The values of temperature and gas molecular
weight also showed a similar trend for each pressure-
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reducing device, thus, the PWL values shall not be
significantly affected.

TABLE Il. 1T PHASE OF AlV SCREENING AT SOURCE
Downstre Gas Upstre | Sound
Mass | Upstream am Molecu am Power
Tag No| Flow, W | Pressure, Pressure lar Tempe | Level,
(kg/s) |P1 (barg) P2 (bar ) Weight | rature, PWL
DI Mw K (dB)
BDV
3802 40.21 118.20 4.60 2044 | 34315 | 170.61
IVA
0111 8.14 165.50 15.10 211 373.15 | 156.08
PSV
1221 8.82 226.60 3.40 20.44 318.23 157.49
PSV | 1176 | 4380 | 730 | 2020 | 35107 | 157.83
3850A ) ) ) ) ) '
PoY | 1277 | 18205 | 530 | 2144 | 30698 | 160.11
PSV70
11AB 14.48 154.00 4.00 20.39 | 296.95 | 161.33
RO
3809 60.67 118.60 13.70 19.08 | 359.60 | 173.38

B. Determination of PWL over the Pipe Length to the
Branch Connection and LOF

Table 11l shows the LOF values for the small-bore
connection of the tagged pressure-reducing devices, with
four devices (Tag no.: IVA 0111, PSV 1221, PSV 3850A,
and PSV 4032) showing a 0.29 value each. These four
pressure-reducing devices passed the AlV screening since
their PWLs at the discontinuities were lower than the
PWLaIIowabIe-

TABLE I1l. 2ND PHASE OF AlV SCREENING - DETERMINATION OF LOF

Diameter of | Thickne | PWL@disc Allowable Likelihood
Tag No Pipe, D ss, T | ontinuities | D/t PWL (dB) Pass/Fail | of Failure,
(mm) (mm) (dB) LOF
EsDo\zl 15000 | 1000 | 17010 1500 17173 | Fail 0.29
VA
o) | 15000 | 635 | 15505 |2362 17214 | Pass 0.29
PSV
8000 | 711 | 15710 [11.25 17096 | Pass 0.29
1221
PSV | 15000 | 635 | 160.60 [23.62| 170.96 | Pass 0.29
3850A : : : ' : :
PSV
osy | 20000 | 1428 | 16011 |1400 17214 | Pass 0.29
Psgém 20000 | 37.90 | 16080 |5.28| 17008 | Pass 0.29
RO3800| 32380 | 1427 | 17300 2260 170.76 | Fail 0.76

The allowable sound power level (PWL) is based on
each of the reducing valves discontinuities ratio of the
diameter of the mainline to the thickness. If the LOF
value is < 0.3, the piping system is considered subsuming
within the design limits [1], and the PWL produced is
insufficient to cause any fatigue failure to the branch or
the source of vibration. Although the calculated LOF
value for BDV 3802 was 0.29, SBC might still be
necessary, and a visual survey should be undertaken to
check for poor construction. In contrast, the LOF value
for RO 3809 was higher than 0.5, indicating that piping
improvement would be essential.

Further analysis by using Eisinger’s method to confirm
the values of LOF calculated. The value of the sound
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power level of RO 3809 has exceeded the allowable
design limit while BDV 3802 slightly below the line of
the allowable design limit. Fig. 1 shows that the
maximum allowable design and fatigue limit decreased as
the diameter-to-thickness ratio increased, suggesting that
diameter-to-thickness ratio inside the pipe (D/t) merely
affected the vibration stress level at the external pipe wall
with constant wall thickness. Thus, the wall thickness,
rather than D/t, appeared to be the crucial factor upon
which the AIV evaluation was dependent [6].

180

RO 3809, 173
175
170 \

BDV 3802, 170.1

165
PSV 7021, 160.8

150 PSV 28054, 160.6
PSV 4032, 160.11

Sound Power Level, dB

155 PSV 1221, 157.1 IVA 0111, 155.05

150
0 10 20 30 40 50 60 70

D/t

= Fatigue Limit  =——Allowable Design Limit Pwl@discontunities

Figure 1. Eisinger’s Method PWL allowable

For lines that score LOF > 0.3, reparative action steps
should be taken into consideration to improve piping
integrity. The El Guidelines offer several options to
achieve a reduction in LOF. The line pipe is considered
acceptable, and no action required if the LOF < 0.3. If the
LOF falls between 0.3 and 0.5, a visual study should be
applied to check for poor development/geometry/support
for the primary line. Modifications to the mainline are not
required, and small-bore connection actions should be
undertaken. If the calculated LOF is between 0.5 and 1.0,
a visual study should be attempted to check for poor
development/geometry/support for the primary line. The
mainline should be redesigned or re-supported for
associated piping as far as practicable. Small bore
connection (SBC) actions shall be undertaken. If LOF
equals 1, a visual study should be done to identify the
inadequate construction and support for the main line. If
LOF cannot be reduced to less than 1 through changing
the stiffness regime alone, the alternative options are to
reduce the flow rate or increase pipe size/wall thickness

[1].

C. Redesign of Pipe Mainline at Small-bore Connection
(Discontinuities).

Given that line RO 3809 failed the AIV screening
(LOF > 0.5), it was chosen as a model for further analysis
to reduce the vibration caused by the PWL. Fig. 2 shows
the model's view of RO 3809 built with the software
SolidWorks, in which, as a mitigation action, the
thickness of the mainline was slightly increased by 16
mm to reduce the LOF. Additional information such as
the actual discontinuity geometry and site visual
condition was applied to FEA to model the discontinuity,
reflecting the as-built conditions of piping. The
specifications of the model are summarised in Table IV.

© 2021 Int. J. Mech. Eng. Rob. Res

L
Figure 2. Design of SBC line downstream of RO3809

TABLE IV. PIPE MATERIAL AND SPECIFICATION

Pipe Material Carbon Steel
Yield Strength, 241 MPa
Ultimate strength 413 MPa
Diameter, mm 323.8
Thickness, mm 30, 40, 50
Frequency, Hz 500 to 2500
Poisson Ratio 0.3
Mass Flow kg/s 30

Pipe Length, mm 1000
Upstream Temp., K 343.15
Molecular Weight 19.08
Speed of Sound 360450 mm/s
Modulus Elasticity, GPa 195
Upstream Pressure, barg 118.6
Downstream Pressure, barg 1.37

Fig. 3 shows the mode shape of RO 3809 generated via
the software ANSY'S with the acoustic pressure mounted
on the plate. The model was meshed before the analysis
to calculate the von-mises stress at any point to determine
whether the SBC was on dynamic or static loading. In Fig.
3, the SBC was perfectly meshed with the pipe mainline
to obtain the first five modes between the frequency of
500 Hz and 2500 Hz. The thickness was then varied
from 30 mm, 40 mm, and 50 mm to generate the
maximum stresses in frequency, as shown by the peak in
red (Fig. 3).

o |

-
S

1000.00 (rmem)
=1;

25000 75000

Figure 3. Pipe shell mode vibration of SBC @ 30mm

Fig. 4 shows the plot between the stress and the
frequency. As a mitigation measure, the thickness of the
piping was increased to 30 mm with peak stress of 70.4
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MPa exerted by the PWL of 175 dB at a frequency of
1300 Hz. Although the stress was reduced to the safe
design limit, i.e., < 105 MPa [7], the von stress contour
indicated that the design was still susceptible to fatigue
failure with red contour (Fig. 3). The graph gradually
decreased after it peaked, yielding the minimum stress at
3.3 MPa at 2100 Hz, at which fatigue failure would most
unlikely happen.

Stress

Figure 4. Stress vs Frequency @ 30mm of thickness

Fig. 5 shows that when the thickness of the piping was
increased to 40 mm, which was thicker than the actual
thickness by 26 mm, less fatigue was exerted around the
branch and the main pipe with lesser red contour. A
decrease in stress was primarily due to a slight decrease
in the D/t ratio. Fig. 6 shows that the maximum stress of
the design at 1300 Hz was 52.8 MPa with a thickness of
40 mm, which was lower than the maximum stress for the
thickness of 30 mm. Clearly, fatigue failure was less
likely to occur when the stress was low, resulting in a
higher number of cycles to failure.

‘;1_

Figure 5. Pipe Shell Mode Vibration of SBC @ 40mm, 175 PWL

Stress (MPa)

1000. 1250. 1500, 1750, 2000, 2250, s |/

Frequency (Hz)

Figure 6. Stress vs frequency @ 40mm of thickness
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Fig. 7 shows that when the main pipe's thickness was
increased to 50 mm, there was no high concentration of
stress at the SBC or around the main pipe. The maximum
stress obtained at 1300 Hz was the highest, i.e., 26.4 MPa,
and it was substantially lower than the design limit for
carbon steel, namely 105 MPa [7], as shown in Fig. 8.
The stress gradually decreased, reaching its lowest value,
namely 0.97 MPa at 2500 Hz. The dynamic stress was
then compared with the fatigue life curves in accordance
with ASME VIII Div. 2[8] and BS 7608 [9] for
calculating the pipe discontinuity fatigue life. These
limits were determined based on the device operating
duration and the material type of the pipe discontinuity
[7]. Based on the input of acoustic energy used, each of
the stress was simulated to determine the number of
cycles to failure. The higher the number of stress, the
lower the number of cycles to failure and hence resulting
in higher LOF values.

100000

200000 {mrn)

50000 150000

Figure 7. Pipe shell mode vibration of SBC @ 50mm, 175 PWL

Stress (MPa)

1000, 1250. 1500, 1750, 2000. 250, 500

Frequency (Hz)

Figure 8. Stress vs Frequency @ 50mm of thickness

Table V shows the LOF at RO 3809 before and after
the countermeasure at different thicknesses. After the
countermeasure, the LOF decreased as the thickness of
the mainline increased. The wall thickness increment has
the effect of vibration stress level decrease a little more
significant than the effects of wall thickness and pipe
diameter ratio to wall thickness [6]. While the thickness
was increased to 30 mm, 40 mm, and 50 mm, their
respective LOF value had reduced from 0.76 to 0.54, 0.42,
and 0.29. Even though the PWL applied to the design was
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175 dB, the vibration stress decreased as the thickness
increased. With a LOF value of 0.29 (< 0.3), the pipe
now could withstand the PWL produced at the
discontinuities with minimal fatigue. This level of stress
was reduced through the implementation of design
actions, which increased the connection quality level and
finally yielded an increased number of cycles to failure,
N, through the same curves. In practice, increasing wall
thickness would have a massive impact on the piping
system's overall weight. Increasing the wall thickness
would also decrease the internal cross-section area thus
increasing the flow rate. Hence, proper re-evaluations
would be required to further mitigate this phenomenon.

TABLE V. RESULT OF AIV ASSESSMENT BEFORE AND AFTER

COUNTERMEASURE.
Pipe . Likelihood
Tag No Diameter, D Thl(crl;r::)ss, t D/t of Failure
(mm) (LOF)
RO 3809 3238 14.00 23.13 0.76
RO 3809
(After counter|  323.8 30.00 10.79 0.54
measure)
RO 3809
(After counter|  323.8 40.00 8.10 0.42
measure)
RO 3809
(After counter|  323.8 50.00 6.48 0.29
measure)

IV. CONCLUSION

The problems of AIV could be addressed at the design
stage, at which the acoustic level could be estimated, and
the required adjustments could be implemented to
eliminate or mitigate the potential of vibration failure due
to excessive excitation. The Energy Institute guideline
provides a stepwise approach via qualitative assessment
to identify the potential excitation mechanism while
providing a ranking order to prioritise the subsequent
assessments. In this study, a quantitative assessment was
carried out to determine the LOF of vibration-induced
piping fatigue in areas of higher risks. By calculating the
pipe fatigue life, the risk was quantified to evaluate the

extent of physical modifications required to mitigate AlV.

In this respect, incrementing the wall thickness yielded a
significant improvement in acoustic fatigue life. For
typical piping integrity improvement over the welded
branches with high potential for acoustic vibration-
induced fatigue failure, the usage of weldolets, especially
on thin-walled pipe, should be avoided. Instead,
sweepolets or pressure-reducing tees were recommended.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Mohd Fazril Irfan and Muhammad Shalihan wrote the
paper and conducted the research; Ahmad Danial
Zulhilmi and Zulkifli analysed the data and provided
some concepts, review and discussion. All authors
had approved the final version.

© 2021 Int. J. Mech. Eng. Rob. Res

ACKNOWLEDGMENT

The authors are grateful to the School of Chemical
Engineering, College of Engineering and Research
Management Centre (RMC) of Universiti Teknologi
MARA for the financial support. We would like to thank
DM Consultancy Services for technical support. We
appreciate all the hard work and dedication provided by
the staff and all those involved.

REFERENCES

[1] Energy Institute, (2008) Guidelines for the Avoidance of Vibration
Induced Fatigue in Process Pipework (Energy Institute, London).

[2] Carucci, V A and Mueller R T, (1982)" Acoustically Induced
Piping Vibration in High Capacity Pressure Reducing Systems’
(ASME 82-WA/PVP-81982).

[3] Cowling, J. (2016). Acoustic and Turbulence Flow Induced
Vibration in Piping Systems: A Real Problem for LNG Facilities.
In Perth Convention and Exhibition Centre: Houston, TX, USA.

[4] RR672, H. S. E. (2008). Offshore hydrocarbon releases 2001-2008.
Research Report 672 by Health Safety Executive, UK.

[5] Karczub D G, Fagerlund A C, (2005) ‘Dynamic stress predictions
of acoustic induced pipe vibration failures’ (24th International
Conference on Offshore Mechanics and Artic Engineering,
Halkidiki, Greece).

[6] Nishiguchi M., lzuchi H. and Hayashi I., (2012). " Investigation of
Pipe Size Effect against AIV", Inter-Noise

[7]1 Lee, G. Y. H., Chan, K. B., Lee, A. Y. S., & Jia, S. (2017). High
Energy Vibration for Gas Piping. I0P Conference Series:
Materials Science and Engineering, 217(1).
https://doi.org/10.1088/1757-899X/217/1/012010

[8] ASME BPVC VIII Div. 2 2005 Rules for Construction of
Pressure Vessels Division 2 Alternative Rules (The American
Society of Mechanical Engineers, Two Park Avenue, New York)

[9] BS 7608:2014+A1:2015 Guide to fatigue design and assessment
of steel products (The British Standard Institution, BSI Standards
Limited)

[10] Avoiding vibration-induced fatigue failure. (2018, February).
Retrieved  from  http://www.betamachinery.com/knowledge-
center/vibration-induced-fatigue-management

[11] Bruce, R. D., Bommer, A. S., & LePage, T. E. (2013). Solving
acoustic-induced vibration problems in the design stage. Sound
and Vibration, 47(8).

Copyright © 2021 by the authors. This is an open access article
distributed under the Creative Commons Attribution License (CC BY-
NC-ND 4.0), which permits use, distribution and reproduction in any
medium, provided that the article is properly cited, the use is non-
commercial and no modifications or adaptations are made.

Mohd Fazril Irfan Ahmad Fuad is a lecturer of Qil & Gas Department,
School of Chemical Engineering, College of Engineering, UiTM. He
holds a Master Degree in Petroleum and Gas Engineering from The
University of Salford, UK and Bachelor Degree in Mechanical
Engineering (Materials and Petroleum) from University Technology
Petronas, Malaysia. Prior to joining UiTM, he has more than three years
working experience in Maintenance, Reliability and Safety fields with
various oil and gas companies such as DNV GL, Worley Parson Sdn
Bhd, Petrokon Brunei. He has been involved in various project design
phases including Conceptual Design (CD), Front End Engineering
Design (FEED) and Detailed Design (DD). His experience covers
execution Reliability, Availability and Maintainability (RAM) study,
Safety Critical Element Management & Establishment of Performance
Standard (SCE-PS), Acoustic Induced Vibration (AIV) Analysis,
Maintenance Manual Development including inspection scopes and
frequencies, High Level Sparing Philosophy Establishment,
Consequences Analysis and prepared the concerning reports for various
clients as well as maintenance aspects in repair activities, job unit notes,
engineering packages and maintenance documentation. He has also
involved in implementation of safety methodologies, ergonomics and



International Journal of Mechanical Engineering and Robotics Research Vol. 10, No. 5, May 2021

human factors, and safety and risk management techniques including
CIMAH, ERP and QRA.

Muhammad Shalihan Mustafa graduated in 2019 and holds a
Bachelor Degree in Engineering (Oil and Gas Engineering) from UiTM.

Ahmad Danial Zulhilmi Ahmad Nazari is a Germany-trained
Chartered Mechanical Engineer with 9 years' experience in the oil & gas
and petrochemical industries. He delivers engineering expertise which
includes assessment, design, trouble-shooting and provides engineering
solutions. He has worked across a range of international projects (South
East Asia, Australasia, North America and the Middle East);
specialising in noise prediction study, noise risk assessment, induced
vibration (i.e. AlV, FIV) analyses, Reliability, Availability and
Maintainability (RAM) study, Safety Critical Elements and
Performance Standards Management (SCEPS) for floaters, offshore
fixed structure installations as well as onshore facilities. He has
obtained extensive exposure in various upstream and downstream EPCC
Greenfield and Brownfield projects. He is highly trained and possesses
wide working experience in performing conceptual, FEED and detailed
design studies. His industry experience and technical knowledge are
complemented by his strong client focus and project management skills
which have delivered projects on time and on budget. He is also a
Professional Engineer (P.Eng.) registered with the Board of Engineers

© 2021 Int. J. Mech. Eng. Rob. Res

282

Malaysia (BEM), a Professional Technologist (P.Tech.) registered with
the Malaysia Board of Technologists (MBOT) and a Vibration Analyst
Category Il certified by Mobius Institute Board of Certification (MIBoC)

Zulkifli Abdul Rashid is an Associate Professor at UITM. He attained
his first degree in chemical engineering at University of Manchester
Institute of Science and Technology (UMIST) UK. After graduated, he
works as a project engineer and project manager for about 3 years in a
few oil and gas companies. The petrochemical projects which he
participated were insulation project at UCC plant in Kertih, Terengganu,
fabrication and maintenance sphere tank at BP mobil in Klang, Selangor
and PETRONAS, Melaka. During his service at Department of
Environment (DOE), he directly involved in various enforcement
activities such as prosecutor officer, assess hazardous material
installation projects, river rehabilitation project evaluation, analyze the
reliability and performance of industrial wastewater and air pollution
control system. Whilst at DOE, he pursued his study in MSc Eng (Env
Eng) at UPM and after 5 years, he joined UiTM. He holds his PhD from
UTP in Process Safety and Loss Prevention. In UITM, he involved in
various projects such as assessment RDF technology for KPKT,
hazardous area classification zoning ATEX, IEC BSI, and research
associated with process safety and quantitative of risk assessment,
CIMAH consultancy works, major accident prevention, and
collaborative research in industrial safety and environmental
management at local and overseas.


http://www.betamachinery.com/knowledge-center/vibration-induced-fatigue-management
http://www.betamachinery.com/knowledge-center/vibration-induced-fatigue-management
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/



