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Abstract. Unexpected damages or failures of steel pipes in refineries cause significant disruption to economic activity. 
While research has been conducted on the prevention of damage to steel pipes, no systematic methods or practical tech-
niques for monitoring of vibrations to estimate the state of pipeline system have been reported. In this study, vibration 
safety evaluation model consisting of design – evaluation – control steps was developed to measure and control the vibra-
tion level during operation of the piping system of an oil refinery. The measurement location was designed by examining 
the structure of the pipe, and the vibration level measured at each location was compared with the allowable vibration 
level. Subsequently, two types of vibration reduction measures, namely, dynamic absorbers and viscous dampers, were in-
troduced to reduce the vibration level. The effect of the application of the monitoring system was evaluated by comparing 
the vibration levels of the steel pipes before and after the application of the dynamic absorbers and viscous dampers. The 
vibrations of steel pipes in the oil refinery during operation decreased by over 50%. Upon applying the dynamic absorbers 
and viscous dampers, the responses of the frequency component also exhibited local and global reductions of approxi-
mately 50–80%.

Keywords: monitoring system, measurement, steel pipe, oil refinery.

Introduction

The rupturing of steel pipes in refineries, which result in 
explosions and environmental pollution, occur continu-
ally worldwide. The brittle failure of pipes in a plant in-
stantaneously releases a large amount of high-temperature 
and high-pressure fluid and severely affects various de-
vices and components around the pipes (Gabbianelli et al., 
2023; Iqbala et al., 2017; Miranda et al., 2010; Chock, 2006; 
Whittaker & Soong, 2003; Taghavi & Miranda, 2003). Fur-
thermore, global seismic events have caused significant 
economic losses to industrial structures and their compo-
nents over the pastseveral decades (Ozdemir et al., 2010; 
González et al., 2010; Brunesi et al., 2015; Vela & Nascim-
bene, 2019; Gabbianelli et al., 2022). The damage attrib-
uted to pipe vibrations in developed countries is estimated 
annually at US$ 10 billion (Hussein & Al-Waily, 2019). 
Therefore, research on the prevention of damage to steel 
pipes in refineries caused by the vibrations of fluid pipes 

is valuable in terms of securing structural safety and eco-
nomic aspects (Parvizsedghy et al., 2015; Sun et al., 2013). 

Senouci et al. (2014) used regression analysis and arti-
ficial neural network models to aid decision-makers pre-
dict the failure occurrence of pipelines. These two models 
have been successfully applied to predicting pipeline fail-
ures caused by mechanical, operational, corrosion, third-
party, and natural hazards. Kabir et al. (2016) developed a 
safety assessment model for oil and gas pipeline failures by 
incorporating fuzzy logic into a Bayesian belief network. 
Construction defects, overloads, mechanical damage, bad 
installation, and poor quality of workers were identified as 
the most significant causes of oil and gas pipeline failures. 
Ariaratnam and Namachchivaya (1986) proposed an ana-
lytical method for the stability of analysis of pipe systems. 
Olson and Jamison (1997) used finite element formulas 
for four types of pipe-end conditions to analyze calculated 
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and theoretical results and compare them. Zhang et  al. 
(2001) proposed a finite element method to perform a 
dynamic analysis of initially tensioned thin-walled ortho-
tropic cylindrical tubes conveying a normal flow of fluid, 
and they validated it via comparison with the obtained 
natural frequencies. Seo et al. (2005) used a finite element 
method to formulate cylindrical shells that convey fluids 
at a uniform velocity; they observed that as the velocity in-
creases, the rigidity decreases and the damping increases, 
thereby decreasing the natural frequency and peak.

Tan et  al. (2019) designed spring-steel and simple-
pendulum pounding tuned mass dampers (PTMDs) to 
mitigate the vibration of a suspended piping system with-
out fluids. The two PTMDs were compared with a regular 
tuned mass damper (TMD) in free vibration and forced 
vibration tests. The PTMDs exhibited faster vibration sup-
pression effects than the TMD for both vibration types. 
However, the experiments were conducted using the am-
plitude for a specific domain and did not consider the ad-
ditional mass of the liquid.

Many studies have analyzed the static and dynamic 
behaviors of the structural vibrations of piping systems 
in various aspects. The free vibration of regular structures 
with no fluid is determined using only the mass and ri-
gidity for a specified structure; however, the dynamic be-
havior of a pipe that conveys a fluid is complex to analyze 
because the natural frequency decreases as an axial force is 
applied and the force increases (Jweeg & Ntayeesh, 2015). 
To investigate flow-induced vibration (FIV), Miwa et al. 
(2015) divided structural and fluid dynamics problems 
and analyzed the two-phase FIV; they identified the churn 
of the fluid and slug generated inside as the main cause of 
the vibration. A method for minimizing the generation of 
slugs was proposed to resolve this issue; it increases the 
natural frequency of the pipe structure beyond the vibra-
tion range of the two-phase fluid through rigid solid fix-
tures or supports to avoid resonance and rapid direction 
changes.

Generally, the reliability of the vibration analysis of 
piping systems in the design phase is low, and flow anal-
ysis is time-consuming because it is affected by numer-
ous field conditions (Mossa et al., 2018). To evaluate and 
control the vibration level of structures in use or under 
construction, researchers have applied structural health 
monitoring (SHM) technology to the field measure-
ments of vibrations (Zhang et al., 2021; Zhou et al., 2018; 
Amezquita-Sanchez & Adeli, 2016; Yildirim et al., 2013; 
Xiao et al., 2021; Sepehry et al., 2020; Riveiro et al., 2016; 
Wang et  al., 2006). Because safety and vibration can be 
evaluated using the identified modal parameters from 
measurement data, various SHM technologies have been 
developed (Wang et al., 2021; Yun et al., 2021; Kim et al., 
2017; Park & Oh, 2018). 

However, research on the evaluation of the structural 
condition monitoring during operation of pipelines is still 
insufficient, and the degree of the external shock detection 

system is suggested through analysis and monitoring con-
sidering various aspects of the pipe structure. This paper 
proposes a steel pipe vibration control model consisting of 
three stages: design, evaluation, and control, for pipelines 
that are already installed and operating.

In the design stage, we conducted an investigation of 
the pipeline and proposed measurement locations. The 
evaluation stage involved measuring the vibration of the 
pipeline and searching for sections that exceeded the spec-
ified threshold. The measured vibration level is compared 
with the allowable vibration level based on the American 
Society of Mechanical Engineers [ASME] OM Part 3 stan-
dards (ASME, 2001). Finally, in the Mitigation stage, we 
proposed appropriate vibration reduction measures. Based 
on the comparison results of the measured and allowable 
vibrations, two types of vibration reduction measures are 
considered to reduce the vibration level: dynamic absorb-
ers and viscous dampers. The monitoring system was ap-
plied to control the vibration level of the steel pipes in a 
refinery during operation. The effect of applying the moni-
toring system was evaluated by comparing the vibration 
levels of steel pipes in the refinery before and after the 
application of the monitoring system.

1. Monitoring system for vibration  
of steel pipes in refineries 

In this study, a monitoring system using accelerometers 
was developed to evaluate the vibration level and maxi-
mum stress of pipes in an oil pipeline in the field. The 
monitoring system was used to evaluate the vibration lev-
els of pipes before and after the application of dampers 
and absorbers to reduce the vibration levels.

1.1. Piping system

Figure 1 shows the steel pipes in the pipelines of an oil fac-
tory in the field to be monitored. The pipes were U-bend 
and Z-bend pipes with diameters of 10 and 24 inches, re-
spectively, and the support conditions were all fixed.

The Z-bend consisting of three sections was denoted 
by Z1, Z2, and Z3, and the location and end condition 
of the Support U-bend (SU) and Support-Z bend (SZ) is 
shown in Figure 1a. The figure is drawn relatively enlarged 
to explain the U-bend structure. A schematic of the pipes 
classified by pipe size is presented in Figure 1b by rotat-
ing the pipes in Figure 1a by 90° in the counterclockwise 
direction. To control the vibration levels of the pipe in 
the pipeline, we measured the vibration of pipes at the 
sections at which vibration occurred. The pipe sections 
shown in Figure 1 were fabricated from A106-B steel with 
a yield strength of 240 MPa.

As shown in Figure 1, the pipe sizes were primarily 
classified into two parts: upper (colored in red) and low-
er (colored in blue) pipes. The nominal pipe sizes of the 
lower and upper pipes were 10 and 24 inches, respectively. 
On-site photographs of the pipes are shown in Figure 2.
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1.2. Measurement system for vibration of pipes

Figure 3 illustrates the practical field measurement system 
used in this study. The acceleration data obtained using 
a Wilcoxon 993A 3-axial accelerometer were the signals 
received and converted from a SIEMENS SCADAS XS 
data logger. The hardware used in this study was a Le-
novo T460 laptop, and the signal analysis software used 
was LMS Test.Lab. 

1.3. Measurement locations

Figure 4 shows the on-site photographs of the accelerom-
eters attached to the surface of the pipes; as shown in the 
figure, vibrations were measured at 11 points based on the 
pipe branching points, vertical and horizontal elbows, and 
supports.

2. Evaluation of vibration level of pipes

Simplified methods for evaluating the vibration level of 
steel pipes in refineries include the displacement and the 
velocity methods, of which the velocity method was used 
in this study. Depending on the level of vibration of the 
pipes, we can determine whether to perform additional 
analysis to mitigate the vibration level of pipes.

2.1. Allowable velocity baseline  
of pipes according to ASME OM part 3

To determine the vibration level of the pipes, the allow-
able vibration level using the velocity of the pipes of the 
oil plant can be expressed as Vallow by ASME OM part3 
(ASME, 2001):

Figure 1. Steel pipes in oil pipeline to be monitored: a – Bend and support type of steel pipes;  
b – Classification of pipes by the size of section

Figure 2. Photos of upper and lower pipes in pipelines of oil factory: a – 24 inch pipes in upper part;  
b – 10 inch pipes in lower par

b)

a) b)

a)



732 S. G. Bae et al. SHM-based practical safety evaluation and vibration control model for steel pipes

β
= β =

a
1 4

3 5 2 2

( )
(where 1.34 mm/s)el

allow
SC C

V
C C C K

,  (1)

where Vallow is the allowable peak velocity (mm/s), and 
C1 is a correction factor for compensating for the effect 
of concentrated weights, such as valves, along the char-
acteristic span of the pipe (Xue et al., 2007). For straight 
beams, L-bends, U-bends, and Z-bends, if the concen-
trated weight is less than 17 times the span weight, a con-
servative value of 0.15 can be used for C1 for screening.

C2K2 is the stress index defined by the ASME BPV 
Code (ASME, 2010). In most steel pipes in refineries, s 
C2K2 has a value of less than or equal to 4, and is calcu-
lated as follows (Xue et al., 2007):

=
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where tn is thickness of matching pipe (in), R is radius to 
center line of curvature for elbows or smooth bends (in), 
and r is mean radius of matching pipe (in) (Figure 5). 

Figure 5. Dimensions of pipes for the 
correction factor C2K2

Figure 3. Composition of the vibration measurement system

Figure 4. Locations for vibration measurements on the pipes

tn

r

R
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C3 is the correction factor for the thermal insulator 
and pipe contents and is calculated as follows:

= + +3 1 f InsW W
C

W W
,  (3)

where W is the weight of the pipe per unit length (kg/m), 
Wf is the weight of the pipe content per unit length 
(kg/m), and WIns is the weight of the thermal insulation 
per unit length (kg/m). C4 is a correction factor for the 
boundary condition and span configuration of the pipe. 
Span configurations can be classified as straight, Z-bends, 
and U-bends. The straight span has a value of 1.0 when 
the boundary condition is fixed ends and 1.33 when the 
boundary condition is cantilever and simply supported. 
When the configuration is a Z- or U-bend, the correction 
factor C4 is 0.74 or 0.83, respectively (ASME, 2012). C5 
is the same as the ratio of the first natural frequency (Fn) 
to the measured frequency (Fm), and it is the correction 
factor for explaining the off-resonance forced vibration. 
If the ratio is larger than 2.0, C5 is not defined; if it is less 
than 1.0, C5 is 1.0.

For a normal state vibration, the calculated maximum 
alternating stress intensity (Salt) is defined by

= ≤
a

2 2 el
alt

SC K
S M

Z
,  (4)

where M is the maximum zero to peak dynamic moment 
loading due to vibration, Z is the sectional modulus of 
the pipe, Sel is 0.8SA, and SA is the alternating stress at 
106 cycles in psi (MPa). a is the allowable stress reduc-
tion factor, which is defined as 1.3 or 1.0 depending on 
the pipe material. 

2.2. Application of vibration velocity  
baseline according to correction factors

Table 1 shows the method of calculating vibration veloc-
ity based on the correction factor that uses a conservative 
baseline by classifying the pipe size into 10 and 24 inch-
es. The baseline velocity range calculated using Eqn (1)  
with the variables of Table 1 is 14.8–32.6 mm/s for 10-inch 
pipes, and 14.8 mm/s is used as the conservative base-
line; it is 17.2–34.0 mm/s for 24-inch pipes, for which 
17.2 mm/s is used as the conservative baseline.

The acceleration is measured at each point using the 
measurement system described in Section 2.2. The accu-
rate velocity values are obtained through integration by 
processing acceleration data using a 1.5 Hz high-pass filter 
to suppress variations in the low-frequency range and to 
remove constant terms from the initial conditions (Zhu 
et al., 2020; Guo et al., 2022). The vibration levels at each 
measurement point are expressed as velocity values in the 
x, y, and z directions in Table 2. As shown in Table 2, 
the results of the pipe vibration evaluation based on the 
ASME screening criteria show that the baseline was ex-
ceeded at points 5 and 7–10, indicating that the baseline 
for vertical pipes is exceeded mostly in the vertical and 
horizontal directions. 

Figure 6a depicts the result of Fast Fourier transform 
(FFT) on the acceleration data measured at Node 7, con-
firming that the main vibration mode was at 3.25 Hz. The 
RMS value of the FFT amplitude was employed to intui-
tively understand the magnitude of the attenuated energy 
both before and after attaching the vibration reduction de-
vice (Escaler et al., 2006; Valentín et al., 2019; Al-Obaidi, 
2020; Bhandari & Jotautienė, 2022). To verify whether the 

Table 1. Variables according to the pipe section size

Pipe size C1 C2K2 C3 C4 Sel/a

10
inch

0.28 (5 times of average concentrated mass)
0.15 (17 times of conservative baseline)

R = 381 mm
r = 131.9 mm
tn = 9.271 mm

Pipe: 7833.0 kg/m3

Fluid: 558.3 kg/m3

Insulation: 208.2 kg/m3

0.83
(U-bend) 53

24
inch

0.28 (five times the average concentrated mass
0.15 (17 times the conservative baseline)

R = 914.4 mm
r = 300.0 mm
tn = 9.525 mm

Pipe: 7833.0 kg/m3

Fluid: 19.06 kg/m3

Insulation: 208.2 kg/m3

0.74
(Z-bend) 53

Figure 6. Vibration deformation shape through operational deformed shape  
(ODS) analysis: a – FFT plot of the piping system; b – Deformed shape (3.25 Hz)

a) b)
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searched frequency was the natural frequency of the pipe-
line, we confirmed through the finite element analysis that 
the first mode frequency appeared the same at 3.25 Hz. 
Figure 6b shows the deformed shape of the entire pipe 
in the corresponding mode (3.25 Hz). The displacement 
value increased (from the value denoted by yellow to that 
denoted by red), and the largest displacement occurred in 
the horizontal direction (y axis) at point 7 (marked in red). 
Therefore, vibration levels must be reduced by installing 
appropriate viscous dampers and dynamic absorbers.

3. Application of dampers and absorbers

Depending on the source of the vibration, various devices 
are used to reduce the vibration levels for each pipe ac-
cording to the force. The oil pipe system in this study vi-

brated in the low-frequency region because of the natural 
frequency and mode shape of the pipe system due to the 
random load caused by the fluid turbulence. Generally, 
vibration reduction measures for pipes are based on the 
principle of applying a reduction measure at the maxi-
mum response point. Consequently, a behavioral pattern 
analysis of the main vibration components of the pipe 
vibration response is crucial. The reduction measures in-
cluded damping reinforcement and rigidity reinforcement. 
However, in this study, the rigidity reinforcement method 
that controls vibrations by adding and reinforcing sup-
ports at other parts in addition to existing supports was 
excluded because the stress concentration phenomenon 
owing to thermal deformation can occur in steel pipes in 
refineries. The masses of the dynamic absorber and vis-
cous damper can add rigidity to the pipe. However, the 

Table 2. Vibration level evaluated at each measurement point

Measurement point
(Node no.)

Peak velocity
(mm/s)

Screening 
criteria (mm/s) Evaluation Exceeding pipe section

1
x 5.7

14.8

Oky 4.1
z 1.5

2
x 7.4

Oky 6.8
z 4.6

3
x 9.6

Oky 5.0
z 3.0

4
x 9.5

Oky 4.9
z 13.5

5
x 10.3

NGy 5.3
z 15.0

6
x 6.0

17.2

Oky 5.4
z 3.1

7
x 12.1

NGy 42.2
z 4.3

8
x 11.9

NGy 18.2
z 15.2

9
x 19.9

NGy 18.1
z 16.3

10

x 3.4

NGy 20.4

z 19.7

11
x 3.4

Oky 2.0
z 1.4
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dynamic absorber is at a level that facilitates displacement; 
thus, there is no issue concerning cold joints, and it can be 
installed while maintaining the deformed shape and con-
trolling the vibration while operating the facility. Similarly, 
the viscous damper enables static displacement and selec-
tively controls only dynamic displacement; hence, there 
is no concern about thermal stress. Therefore, damping 
was controlled for the displacement control of a particular 
section, and dynamic absorbers and viscous dampers were 
installed for the optimal vibration reduction.

3.1. Dynamic absorber and viscous damper

The dynamic absorber in Table 3 is used when the vibra-
tion level of a single frequency and a certain direction is 
large and when damping higher than that of the viscous 
damper is required. It is installed directly on the pipe, and 
it is advantageous in that a support frame need not be 

installed because the connecting structure is not required 
in the surrounding structures. A vibration reduction effect 
is expected because it enables the occurrence of displace-
ment, and there is no concern for cold joints. Moreover, 
it can be installed even during the operation of a facil-
ity because it controls vibrations while maintaining the 
deformed shape. However, the target frequency must be 
known exactly through mode analysis. Therefore, the Pas-
sive Dynamic Absorber (PDA)-70H model with a dynam-
ic mass of 70±10 kg among PDA models with a reduced 
frequency range of 3 to 20 Hz was selected for this pipe 
system with a natural frequency of 3.25 Hz. 

The viscous damper in Table 3 is used when the vi-
bration level is large, and stress transfer to other parts is 
expected when reinforcing the supports. The disadvantage 
is that the field conditions should be considered, and in-
stallation is difficult because a frame for supporting the 

Table 3. Specifications of the dynamic absorber and viscous damper

Dynamic absorber Viscous damper

Model no. PDA-70H or V RHY-160/V50/H50

Elevation

Model image

Installation

Mass 70±10 kg 231 kg
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damper is required. However, it has the advantage that 
a reduction in the entire frequency domain is feasible in 
contrast to dynamic absorbers. Furthermore, because it 
enables static displacements and selectively controls dy-
namic displacements, there is no concern for thermal 
stress, and because it facilitates vibration control while 
maintaining the deformed shape, it can be installed dur-
ing the pipe operation. Although a computational method 
is used to conservatively determine the load transmitted 
to the frame by estimating the damper force according 
to the magnitude of vibration, most of the specifications 
of the damper, which are affected by the site installation 
requirements, are determined based on the diameter of 
the pipe. Therefore, the Rotary Hydraulic Damper (RHY)-
160/V50/H50 model was selected for this pipe system to 
be installed on the 24-inch upper pipe.

3.2. Application of vibration reduction measures

This paper proposes a model for evaluating and control-
ling vibration levels in an operating oil refinery piping sys-
tem, which is composed of three steps outlined in a flow-
chart in Figure 7. In the design step, proposed attachment 
locations for accelerometers are determined based on 
field survey, steel pipe inspections and document reviews. 
The accelerometers are placed primarily at points where 
vibration intensity is highest, with a total of 11 attach-
ment points selected in this study, including the branch-
ing point, elbow, and support of the piping system (Figure 
4). Next in the evaluation step vibration was measured 
using accelerometers, and the vibration velocity baseline 
was calculated and compared according to the ASME OM 
Part 3 (ASME, 2001) correction factor calculated using 
the pipe material, diameter, and boundary conditions to 
determine which intervals were exceeded. The pipes were 
diagnosed according to the given velocity baseline, and 
the vibration reduction was examined by applying and 
installing appropriate reduction measures in the exceed-
ing sections, considering the vibration sources and field 
installation conditions, and targeting the frequency reduc-
tion domain.

The dynamic absorber was installed in the lower sec-
tion (point 7) of the pipeline shown in Figure 4. Vibra-
tion in the horizontal direction, at a frequency of 3.25 Hz,  
occurred dominantly in the pipe, and the section was lo-
cated at a height at which the steel frame could not be 
constructed. Therefore, we devised a method for installing 
two dynamic absorbers that can operate effectively at a 
single frequency to control the vibration.

Viscous dampers were installed in the upper section of 
the pipeline (points 9 and 10) shown in Figure 4. Because 
vibrations occurred in symmetry at the uppermost and 
lower parts of the pipeline, it was desirable to consider 
vibration reduction by installing viscous dampers of two 
units of RHY-160/V50/H50 at the vertical support and 
lowermost sections. They were installed to prevent inter-
ference from the existing spring support and guide sup-
port. 

The interconnected nature of refinery pipelines im-
plies that vibrations at one point strongly affect those at 
adjacent points. For points 5, 7, 8, 9, and 10, the most 
cost-effective and efficient approach involves mitigating 
vibrations on both sides of a target structure when they 
exceed the baseline, yielding collateral central vibration 
reduction. This eliminates the need for ubiquitously at-
taching vibration reduction devices. In light of site condi-
tions, priority was assigned to point 7 due to its remote 
location without support, coupled with an independent Y-
direction vibration mode, resulting in the highest peak ve-
locity. Consequently, our strategy included floating point 8 
and installing vibration reduction devices at points 9 and 
10. As outlined in Section 2.2, the ASME screening crite-
ria establish a velocity range of 14.8–32.6 mm/s for a 10-
inch pipe. The recorded peak velocity at point 5 reached 

Figure 7. Flow chart of monitoring system for the vibration  
of the piping system

Determine the location of piping 
measurements

(Branching point, Elbow, Support)

Measurement of vibration
(tri-axial accelerometer)

Field survey and review document

Check piping in excess 
of ASME Screening Criteria

No

YesIf piping vibration 
is satisfying criteria? 

Calculate the allowable peak velocity 
by ASME OM part 3 

Identification of site requirements for 
vibration reduction measures installation 

section
(Pipe height, frame installation possibility)

Selection of vibration reduction measures
(Dynamic absorber/Viscous damper)

End

No

No

If piping vibration 
is satisfying criteria? 

Step 1: Design of monitoring system for piping system 

Step 3: Vibration mitigation

Step 2: Evaluation of vibration level of piping system

If piping vibration 
is satisfying stress 

analysis? 

Yes

Yes

where mm/s
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15.0  mm/s, only slightly above the baseline’s most con-
servative value of 14.8 mm/s. The reduction in vibrations 
following the installation of vibration reduction devices 
at points 7, 9, and 10 also extends to point 5. Attaching a 
vibration reduction device to point 5, with its marginal ex-
ceedance of the conservative velocity threshold, becomes 
unnecessary. Therefore, considering the extent of ASME 
standard exceedance, structural characteristics of oil pipe-
lines, and site conditions, vibration reduction devices were 
not affixed at points 5 and 8.

4. Comparison of vibration levels before  
and after installation of dampers and absorber

Dynamic absorbers were installed at point 7, and viscous 
dampers were installed at points 9 and 10. The vibration 
responses and frequencies at the points before and after 
installation were measured and compared (Figure 8). As 
shown in Figure 8, the vibration responses decreased at 
points 7, 9, and 10. The reduction rates of the vibrations 
for points 7, 9, and 10 were approximately 52%, 70%, and 
79%, respectively. The global response reduction charac-
teristics of the viscous damper installed at points 9 and 10 
and the local response reduction characteristics of the dy-

namic absorber installed at point 7 are shown in Figure 8.
In actual field measurement results, the vibration re-

sponse, which was large at 3.5 Hz before the installation of 
passive dynamic absorbers (PDAs), decreased after PDA 
installation and tuning because the response frequency 
was divided into 3 and 4 Hz, similar to the change in ideal 
vibration data (Figure 8a).

Although the PDA has less vibration reduction effect 
per unit product than the viscous damper, it exhibits an 
excellent vibration reduction effect at high positions of vi-
bration at which installation of the structure is impossible, 
as for the pipes in this study. 

The combined measurement value in Table 4 repre-
sents the square root of the sum of the squares (SRSS) 
value of the vibration values in each direction and is the 
maximum vibration amplitude value in all directions dur-
ing the measurement time. The combined measurement 
values in Table 4 represent the square root of the sum of 
the squares (SRSS) of x, y, and z directions at the same 
time during the total measurement time. In contrast, the 
vibration measurement values represent the peak val-
ues during the total measurement time. Thus, the com-
bined measurement value can be equal to or larger than 
the maximum value in each direction but not smaller.  

Figure 8. Velocity (left column) and frequency (right column) measured at points 7, 9, and 10 before and after installation of the 
absorber and damper: a – Velocity and frequency measured at point 7 (Y-dir) before and after installation of the absorber;  

b – Velocity and frequency measured at point 9 (X-dir) before and after installation of the damper; c – Velocity and frequency 
measured at point 10 (Y-dir) before and after installation of the damper
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In the pipe vibration evaluation results based on the 
ASME screening criteria, the measurement result ex-
ceeded the baseline at point 7 on the pipe after applying 
the measures; however, the other two points satisfied the 
baseline. At points 9 and 10, the vibration reduction rates 
were approximately 70% and 79%, respectively. The peak 
velocity in the y-direction at point 7 was 42.2 mm/s before 
installing the absorber. This surpassed the entire range of 
the screening criteria (14.8–32.6 mm/s) and was reduced 
to 20.2 mm/s after reinforcement, falling within the crite-
ria. While 20.2 mm/s falls within the acceptable range of 
14.8–32.6 mm/s, it exceeds the most stringent criterion 
of 14.8 mm/s suggested in this paper. Therefore, asserting 
that a safe vibration level is achieved based on this is in-
complete. Therefore, the conformity with the vibration cri-
terion was further evaluated using stress evaluation based 
on Eqn (4). The stress evaluation result confirmed that the 
vibration criteria were satisfied in all sections, including 
point 7, as shown in Table 5.

Conclusions 

To control the vibration of the piping in an oil refinery, ap-
propriate vibration reduction countermeasures have been 
selected after analyzing the site requirements such as the 
vibration source and material, size, and frame installation 
possible. Vibration data was obtained from the accelera-
tion response of an accelerometer installed at 11 points of 
two types of bends of oil refinery pipelines with different 

pipe directions and sizes, and the measured vibration level 
was compared with the allowable vibration level according 
to the ASME OM part 3 standard. 

In the velocity measurement, it has been observed that 
the vibration levels of five of the 11 measurement points 
exceeded the allowable vibration level. After comparing 
the measured and allowable vibrations, two types of vi-
bration reduction measures, i.e., dynamic absorbers and 
viscous dampers, were considered to reduce the vibration 
level. For the effective vibration mitigation strategies of the 
pipe system, vibration reduction devices were not installed 
at point 5, which slightly exceeds the ASME standard, and 
at point 8, where potential secondary mitigation effects 
could be achieved.

After installing the vibration reduction measures, 
the vibration responses reduced by 52%, 70%, and 79%, 
respectively, at the aforementioned three points. The re-
sponses of the frequency component also exhibited local 
and global reductions of approximately 50–80% at each 
point after the installation of dynamic absorbers and vis-
cous dampers.

The proposed method determines sections of the pipe 
system that exceed the standard by measuring only the 
acceleration in the operating state of the installed pipe 
system, evaluates the safety, and proposes a method of 
adopting an appropriate damping reinforcement device 
considering the site requirements for the identified sec-
tions. It is demonstrated that the safety of the pipe system 
in operation can be diagnosed and a vibration reduction 
countermeasure can be selected without complicated and 
unreliable flow analysis at the design stage.
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Table 4. Evaluation results of ASME screening criteria

Measurement 
point

(Node no.)

Vibration measurement value
Screening 

criteria 
(mm/s)

Evaluation

Combined measurement value
Reduction 

rate
(%)

Before 
installation

(mm/s)

After 
installation

(mm/s)

Before 
installation

(mm/s)

After 
installation

(mm/s)

7
x 12.1 4.1

17.2

NG 42.2 20.2 52.2y 42.2 20.2
z 4.3 4.4

8
x 11.9 –

Not measured – – –y 18.2 –
z 15.2 –

9
x 19.9 6.1

Ok 20.9 6.2 70y 18.1 4.0
z 16.3 3.0

10
x 3.4 2.3

Ok 22.2 4.7 79y 20.4 4.7
z 19.7 3.4

Table 5. Fatigue stress evaluation for steel pipes

Point Stress (M/Z) C2K2 Salt Sel /a Result

7 12.95 3.3 42.74

53

Ok

9 8.01 3.3 26.43 Ok

10 5.07 3.3 16.73 Ok
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