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Piping systems are susceptible to vibrations arising from 
both operational conditions and external forces, which 

can lead to structural resonance and serious consequences. 
These include fatigue failure, unplanned shutdowns, extended 
downtime,�and,�in�extreme�cases,�𿿿res�or�explosions.�Com-
mon� vibration� sources� include� ¾uid-structure� interactions,�
vortex shedding, valve-induced pulsations, and mechanical 
equipment such as piston pumps and reciprocating compres-
sors.�High�¾ow�velocities�and�turbulence�at�piping�discontinui-
ties further exacerbate vibration issues.

Because of their inherently low mechanical damping, piping 
systems are especially prone to resonant vibrations with sig-
ni𿿿cant�dynamic�ampli𿿿cation.�While�pulsation-induced�vibra-
tions�can�often�be�mitigated�using�¾uidic�or�acoustic�devices�
like pulsation dampers, mechanical disturbances — such as 
cylinder gas forces, random perturbations, and vortex shed-
ding — require dedicated vibration control strategies. These 
may involve integrating auxiliary damping elements into the 
system, such as tuned mass dampers or viscous dampers.

NATURAL�FREQUENCIES�AND�MODES�OF�VIBRATION
Like many other structures, piping systems exhibit a pro-

pensity to vibrate at distinct frequencies known as natural 
frequencies.�Each�of�these�frequencies�aligns�with�speci𿿿c�pat-
terns or shapes, termed mode shapes. These dynamic char-
acteristics of the structure rely on how mass and stiffness are 
distributed within the piping system.
When� the� rhythm�of� an�organized,�periodic�dynamic�dis-

turbance aligns closely with or matches one of the natural 
frequencies of a piping system, it triggers resonance. In addi-
tion, when a piping system is subject to random perturbation 
as well as shocks (abrupt, discontinuous perturbations), it also 
vibrates�excessively�at�its�natural�frequencies.�With�negligible�
mechanical damping in piping systems, these perturbations 
induce heightened vibrations in piping systems, leading to fa-
tigue that could cause system failure.

EXAMPLES�OF�ELEVATED�VIBRATION�IN�PIPING�SYSTEMS
Following�are�three�instances�of�signi𿿿cant�vibration�in�pip-

ing systems:

Case 1:  After-Cooler Discharge Piping In A Natural Gas 
Compression Station

Excessive vibration was observed in the discharge 
piping�of�an�after-cooler,�primarily�around�7�Hz.�The�
tonal nature of the vibration suggested excitation of 
a� natural� frequency� by� ¾ow� turbulence.� Field�mea-
surements were conducted to evaluate the frequen-
cy-dependent relationship between applied force 
and pipe motion.

Figure 1 illustrates the spectra of acceleration-to-force 
ratio� across� a� 0-� to� 17-Hz� range.� The� blue� trace� shows� a�
pronounced�peak�at�7�Hz,�indicating�resonance�at�that�fre-
quency. Using these data, a single degree-of-freedom model 
was�developed�to�represent�the�7-Hz�mode.�The�red�trace�
in�Figure�1�shows�the� frequency�response�of�the�identi𿿿ed�
model. The black trace will be discussed later in this article.

Case 2:  Compressor-Induced Pipe Vibration In A Power 
Plant
Gas� forces� generated� by� piston�movements� in� a�

natural gas reciprocating compressor in a power 
plant led to resonance in 12- and 10-inch (304- and 
254-mm) natural gas lines supplied by the compres-
sor, affecting them in all three directions. Figure 2 
shows time and frequency domain acceleration trac-
es, in three directions, measured at one location on 
the 12-inch pipe. The acceleration power spectra 
reveal that the predominant vibration occurred at 
15�Hz,�coinciding�with� the�natural� frequency�of�the�
primary structural mode of the pipe.

MITIGATING VIBRATION IN PIPING SYSTEMS:
EFFECTIVE STRATEGIES AND SOLUTIONS

Figure 1. Spectra Of Measured (Blue Trace) And Model-Predicted 
(Red Trace) Modal Acceleration/Force Of The Pipe

Figure 2. Time Traces And Spectra Of Compressor-Induced Pipe Vi-
bration In Three Directions



Case 3:  Two-Phase Flow-Induced Pipe Vibration In 
An�Oil�Re�nery

Two 6-inch (152-mm) piping systems carrying 
a� two-phase�solution� in�an�oil� re�nery�experi-
enced�periodic�bursts�of�random�force�approxi-
mately every 30 seconds, leading to transient 
tonal vibrations primarily in the vertical direc-
tion.�These�vibrations�exhibited�long�delay�times.

Analysis of the measured acceleration data 
revealed that most vibrational energy was 
concentrated at 12 Hz, aligning with the natu-
ral frequency of the primary modes of both 
pipes. Figure 3 shows the time and frequency 
domain representations of vertical accelera-
tion in one of the pipes.

VIBRATION CONTROL OF PIPING SYSTEMS
A common approach to reducing pipe vibration is to 

deliberately�create�a�mismatch�between�the�excitation�
frequency and the natural frequency of the piping sys-
tem. This is normally done by increasing the system’s 
rigidity, either by using larger pipe diameters or by en-
hancing the support structure. However, these meth-
ods come with certain drawbacks, as follows:

a.  Increasing Pipe Diameter adds weight and increases 
the overall cost of the piping system. While it can 
alter�the�natural�frequency,�it�comes�with�a��nan-
cial and structural trade-off.

b.  Extensive Support like U-bolts or clamps can stiffen 
the piping system, altering its natural frequencies. 
However, this strategy can lead to unintended 
consequences such as elevating thermal stresses 
and reaction loads to levels that surpass safety 
limits. This could potentially compromise the in-
tegrity of the system.

Balancing between altering natural frequencies and 
managing the potential adverse impacts, such as in-
creased weight or heightened thermal stresses, be-
comes a critical consideration in addressing pipe vi-
bration using the aforementioned techniques.

DAMPING SOLUTIONS
Incorporating mechanical damping into a piping system offers an ap-

pealing alternative to stiffening. Typically, most vibration energy within 
piping�systems�is�concentrated�in�their��rst�mode�or��rst�two�modes.�
The�most�effective�approach�to�mitigate�this�vibration�involves�speci�-
cally targeting these dominant modes and applying tuned damping, us-
ing tuned mass dampers. This method allows for a targeted reduction 
of vibration energy, focusing on the modes where vibration is most 
concentrated, effectively mitigating the vibration of the piping system.

TUNED MASS DAMPERS
Tuned mass dampers (TMDs) consist of an inertia element (mass) 

suspended by an energy dissipating (damping) device alongside a resil-
ient�element�(like�springs).�These�devices�are�exceptionally�effective�
in� addressing� narrowband� vibrations�within� structures,� speci�cally�
targeting� and� reducing� vibrations� at� a� speci�c� resonant� frequency.�
TMDs are widely adopted to dampen vibrations in various structures 
with�precision�and�ef�ciency.

TMDs�are�sized�to�ful�ll�three�primary�criteria:�ensuring�suf�cient�
inertia�or�mass�to�guarantee�their�effectiveness,�con�guring�the�right�
balance between resilience and inertia to achieve the desired tuning 
frequency, and incorporating adequate energy dissipation capacity 
within them to effectively mitigate the vibration of their designated 
target modes. This calibration/tuning ensures that tuned dampers ef-
�ciently�mitigate�vibrations�of�their�intended�structure.
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Figure 3. Time Trace And Power Spectrum Of 6-Inch Pipe 
Acceleration
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Figure 5. Viscous Dampers Treating A 4-Inch Piping System

Figure 6. TMDs Installed On (Top) 10-Inch And (Bottom) 12-Inch 
Natural Gas Pipes

Figure 4. Two Tuned Mass Dampers Installed On The 6-Inch Pip-
ing System

TMDs are appended to the vibrating pipe at locations where 
they can most effectively couple with their target mode(s). Figure 
4 shows two TMDs (highlighted within the red circle) installed on 
the�re𿿿nery�piping�system�of�Case�2.

One notable advantage of TMDs is their requirement for con-
nection to the vibrating structure only at one end, eliminating 
the need for anchoring to an abutment at the opposite end. 
This favorable feature is clearly illustrated in Figure 4, where 
the unfettered ends of the TMDs highlight this desirable and 
sought-after trait, rendering TMDs more adaptable and simpler 
to integrate into all structures, including piping systems. 

VISCOUS�DAMPERS
Viscous dampers are energy dissipation devices that do not 

need to be tuned to a particular resonant frequency. They con-
sist� of� a� plunger�moving� within� a� cylinder� 𿿿lled� with� a� highly�
viscous�¾uid.�In�a�piping�system�application,�the�plunger�gets�at-
tached to the vibrating pipe and the cylinder gets secured to a 
solid/rigid� abutment.� As� the� piping� system� experiences� vibra-
tions,� the� plunger� movement� through� the� ¾uid� dissipates� the�
vibrational energy, reducing the system’s oscillations. Viscous 
dampers are more straightforward and less costly than TMDs.  

While TMDs act as single-point devices connected to the vi-
brating structure at one end, viscous dampers function as two-
point�damping�devices.�As� shown� in�Figure�5,� viscous�dampers�
require attachment to the vibrating pipe at one end while being 
anchored�to�a�wide�¾ange�beam�(abutment)�at�the�opposite�end.�
This requirement for an anchoring point limits their applicability 
in situations where a support structure is not readily available.

EFFECTIVENESS�OF�DAMPING�SOLUTIONS
To showcase the effectiveness of the tuned damping, the 

identi𿿿ed� single� degree-of-freedom�model� of� the� 7-Hz�mode�
of the after-cooler discharge pipe — shown by the red trace 
in Figure 1 — is numerically treated with a tuned mass damper 
targeting that mode. The effectiveness of integrating the TMD 
in�reducing�vibration�of�the�speci𿿿ed�mode�of�the�piping�system�
is demonstrated by contrasting the frequency response func-
tions of the pipe in its original state and with the added TMD, 
represented�by�the�red�and�black�traces�in�Figure�1.�Comparing�
these frequency response functions clearly demonstrates how 
the� TMD� signi𿿿cantly� reduces� the� vibration� magnitude� at� its�
tuned natural frequency.
Continuing�to�highlight�the�effectiveness�of�tuned�damping,�two�

TMDs�were�constructed�for�the�12-�and�10-inch�natural�gas�pip-
ing�systems�(Case�2).�One�TMD�featured�an�800-pound�(363-kg)�
mass with two lateral degrees of freedom, while the other had 
a�400-pound�(181-kg)�mass�and�was�designed�with�one�vertical�
degree�of�freedom.�All�three�degrees�of�freedom�for�these�TMDs�
were�tuned�to�match�the�pipe’s�primary�natural�frequency�of�15�
Hz.�Figure�6�exhibits�the�positioning�of�these�TMDs�(highlighted�
within�red�circles)�along�the�segments�of�the�piping�system�exhib-
iting�signi𿿿cant�vibration.
Figure� 7� compares� the�measured� vibration� (in� frequency� and�

time�domain)�of�the�12-inch�natural�gas�pipe,�with�the�compressor�
feeding the pipe at full capacity, without and with the TMD op-
erational.�This�comparison�clearly�shows�that�the�TMD�has�signi𿿿-
cantly abated the vibration of the pipe in both X and Y directions.

.



Figure 7. (Left) Power spectral densities and (Right) time traces of the 12-inch pipe measured vibration in two lateral directions, with the tuned mass 
damper locked (blue traces) and operational (red traces) while the compressor is at full capacity.

IMPLEMENTATION 
Successful implementation of vi-

bration control solutions, including 
TMDs and viscous dampers, into 
piping systems requires a thorough 
understanding of the system dy-
namics. This understanding encom-
passes natural frequencies, mode 
shapes, vibration amplitudes, and 
areas� susceptible� to� signi�cant� os-
cillations. Field measurements and 
analyses,�typically�involving��nite�el-
ement analysis and/or modal analy-
sis, are needed to ascertain natural 
frequencies, mode shapes, and the 
optimal� placement� and� speci�ca-
tions of dampers. The selection 
of the suitable damper type, size, 
positioning within the piping sys-
tem, and rigid anchors (in the case 
of viscous dampers) are pivotal for 
attaining the desired outcomes in 
vibration control.

SUMMARY
TMDs and viscous dampers serve 

as indispensable tools in controlling 
vibrations within piping systems. 
Their ability to dissipate vibration-
al� energy� ef�ciently� makes� these�
dampers a preferred choice for en-
gineers� seeking� effective� solutions�
to mitigate the detrimental effects 
of vibrations. Tuned and viscous 
dampers are crucial vibration con-
trol strategies for piping systems, 
signi�cantly�enhancing�their�reliabil-
ity, safety, and longevity.

In addition to their techni-
cal� bene�ts,� TMDs� and� viscous�
dampers contribute to the overall 
safety and reliability of plant op-
erations. By mitigating vibrations 
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in piping systems, these devices help prevent structural resonance, which can lead 
to� fatigue,� shutdowns,� and� catastrophic� failures� such�as� �res�or�explosions.�This�
enhances�the�operational�ef�ciency�and�reduces�maintenance�costs,�leading�to�sig-
ni�cant�economic�bene�ts.
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