




There are references in the literature for experience based safe design limitsThere are references in the literature for experience based safe design limits

Source: Zamjec, Acoustic Fatigue – Turbulence 
I d d F ti F il f R li f S t Pi iInduced Fatigue Failure of Relief System Piping, 
Spring 2006 API Refining Meeting May 3, 2005
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The vibration induced fatigue chain is well developed and quantified in the most recent g p q
version of the MTD Guidelines
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Source: R. Swindell, “Vibration Fatigue in Process Pipework – A Risk Based Assessment Methodology”, 2003?



Currently, API does not offer specific guidance on piping vibration risk

Factors that have led to an increasing incidence of vibration 
related fatigue failures in piping systems:

Increasing flow rates as a result of debottlenecking contributes to higher flow velocities 
with a correspondingly greater level of turbulent energy
Frequent use of thin-walled piping which results in higher stress concentrations, 
particularly at small bore connectionsparticularly at small bore connections

Process piping systems are often designed on the basis of a 
static analysis with little attention paid to vibration induced y
fatigue

Most piping design codes do not emphasize the issue of 
ib ti ti lvibration proactively

Take our most commonly used standard, ISO/API 521:
N ifi id l it li it ti th th b k l l ti
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No specific guidance on velocity limitations other than backpressure calculations

No guidance on acoustic fatigue or vibration induced fatigue
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Pi i ib ti i ft id d d h ti b iPiping vibration is often considered on an ad-hoc or reactive basis

Many operating companies have established their own internal 
standards and those standards vary from company tostandards and those standards vary from company to 
company

Currently available public guidance documents include:Currently available public guidance documents include:
NORSK P-001 Process Systems, Rev. 4, October 1999

Harris Shock and Vibration Handbook, Chapter 29, “VIBRATION OF STRUCTURES 
INDUCED BY FLUID FLOW” BY R D BlevinsINDUCED BY FLUID FLOW  BY R. D. Blevins

Energy Institute’s “Guidelines for the Avoidance of Vibration Induced Fatigue in Process 
Pipework” (2nd Edition, 2008)
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Vibration is the mechanical oscillation or repetitive motion of an object around an p j
equilibrium position

Vibration of an object is always caused by an excitation force, 
which can be exerted externally or originally from within thewhich can be exerted externally or originally from within the 
object

Slide 8 © 2010, ioMosaic Corporation; all rights reserved. Do not copy or distribute without the express written permission of ioMosaic Corporation 



Th t d t d ib ib ti f lit d d l tiThe terms used to describe vibration are frequency, amplitude and acceleration

F Th b f l th t ib ti bj t l t i d iFrequency - The number of cycles that a vibrating object completes in one second is 
called frequency. The unit of frequency is hertz (Hz). 

Amplitude - Amplitude is the distance from the stationary position to the extreme 
position on either side The intensity of vibration depends on amplitudeposition on either side. The intensity of vibration depends on amplitude. 

Acceleration - The speed of a vibrating object varies from zero to a maximum during 
each cycle of vibration. It moves fastest as it passes through its stationary position to an 
extreme position. The vibrating object slows down as it approaches the extreme, where it 
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stops and then moves in the opposite direction through the stationary position toward the 
other extreme. 
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Common causes of piping vibration include flow induced turbulenceCommon causes of piping vibration include flow induced turbulence
Fluid flow in pipes generates turbulent energy

Dominant sources of turbulence are from flow discontinuities in the piping systemsDominant sources of turbulence are from flow discontinuities in the piping systems 
(e.g., partially closed valves, short radius, mitered bends, tees or expanders)

The level of turbulence intensity is a function of pipe size, fluid density, viscosity, 
elocit and str ct ral s pportvelocity, and structural support

Example of the distribution of kinetic energy due to turbulence generated by flow into a tee
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Example of the distribution of kinetic energy due to turbulence generated by flow into a tee

Source: The Energy Institute Guidelines (2008)



C f i i ib ti l i l d hi h f it tiCommon causes of piping vibration also include high frequency excitation

High frequency acoustic energy are often generated by a pressure 
reducing device (e.g., relief valve, control valve, or orifice plate)g ( g , , , p )

Acoustic failure is of a particular concern for safety related (e.g. relief and 
blowdown) systems

High noise levels are generated by high velocity fluid impingement on the 
pipe wall, turbulent mixing, and if flow is choked, shockwaves downstream 
f fl t i ti hi h l d t hi h f ib tiof flow restriction, which leads to high frequency vibration

The severity of high frequency acoustic excitation is primarily a function of 
the pressure upstream and downstream of the valve pipe diameter andthe pressure upstream and downstream of the valve, pipe diameter, and 
the fluid volumetric flow
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Other causes of piping vibration include mechanical excitation and pulsation andOther causes of piping vibration include mechanical excitation and pulsation and 
vortex shedding

Mechanical excitation and pulsation
These excitations are often associated with pipes connected with reciprocating 
compressors, pumps, or rotating machinery 

Such connection machines cause vibration of the pipe and its support structure 

Vertex shedding from thermowells
Thermowells are intrusive fittings and are subject to static and dynamic fluidThermowells are intrusive fittings and are subject to static and dynamic fluid 
forces. 

Vortex shedding is the dominant concern as it is capable of forcing the 
thermowell into flow induced resonance and consequent fatigue failurethermowell into flow-induced resonance and consequent fatigue failure 

The latter is particularly significant at high fluid velocities
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Other causes of piping vibration include surge/momentum changes associated withOther causes of piping vibration include surge/momentum changes associated with 
valves, cavitation, and flashing

For relief piping, flow induced turbulence and high frequency acoustic excitations 
f th jare of the major concerns
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Samples of common vibration related failure risksSamples of common vibration related failure risks

The most fatigue sensitive locations are 
welded joints associated with main lines 
and small bore connectionsand small bore connections

Typically, fatigue failure of small bore 
connections occurs at the connection 
with the parent pipe

However, depending on the local 
configuration fatigue failures can 
occur at other weld locations

Example of a fatigue crack which did 
not occur at the connection to main 
line, resulting in a clear leak
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Source: Energy Institute Guidelines (2008)



Samples of main line support related risksSamples of main line support related risks
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Source: Energy Institute Guidelines (2008)



Samples of small bore connections related risksSamples of small bore connections related risks
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Source: Energy Institute Guidelines (2008)



Samples of common fretting related risksSamples of common fretting related risks
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Source: Energy Institute Guidelines (2008)



W b f th E I tit t d t id b hiWe are a member of the Energy Institute and encourage you to consider membership

The Energy Institute’s “Guidelines for the Avoidance of Vibration Induced 
Fatigue in Process Pipework” (2nd Edition, 2008) (the Guidelines)g p ( , ) ( )

Copyright for the Guidelines (originally published by the Marine Technology 
Directorate) was transferred to the Energy Institute, in the U.K.

Rearranged and significantly improved from the 1st Edition 

The Guidelines are used to conservatively estimate the likelihood of failure 
(LOF). The LOF can also be combined with a consequence of failure to 
determine the overall risk of a system or component
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The MTD Guidelines follow a systematic approach which includes both qualitative and y pp q
quantitative methods
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Source: Energy Institute Guidelines (2008)



The following proactive methodology for new design is proposed in the MTD GuidelineThe following proactive methodology for new design is proposed in the MTD Guideline
Note 1: If the qualitative assessment does not 
indicate any high or medium scores

N t 2 If th i li lit ti tNote 2: If the main line qualitative assessment 
results in a LOF score greater than 0.5

Note 3: If the SBC qualitative assessment results in 
a LOF score greater than 0.4a LOF score greater than 0.4

Note 4: If the thermowell qualitative assessment 
results in a LOF score of 1.0

Note 5: If the location is identified to be of concernNote 5: If the location is identified to be of concern
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Source: Energy Institute Guidelines (2008)



A different methodology is used for an existing plantA different methodology is used for an existing plant
Note 1: If the location is identified to be of 
concern

N t 2 If th i li lit ti tNote 2: If the main line qualitative assessment 
results in a LOF score greater than 0.5

Note 3: If the SSC qualitative assessment 
results in a LOF score greater than 0 4results in a LOF score greater than 0.4

Note 4: If the thermowell qualitative 
assessment results in a LOF score of 1.0

Slide 21 © 2010, ioMosaic Corporation; all rights reserved. Do not copy or distribute without the express written permission of ioMosaic Corporation 

Source: Energy Institute Guidelines (2008)



The MTD guideline also provides a methodology to assess the vibration risks from g p gy
changes to an existing plant

Note 1: If the location is identified to be of 
concern

N t 2 If th i li lit ti tNote 2: If the main line qualitative assessment 
results in a LOF score greater than 0.5

Note 3: If the SSC qualitative assessment 
results in a LOF score greater than 0 4results in a LOF score greater than 0.4

Note 4: If the thermowell qualitative 
assessment results in a LOF score of 1.0
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Source: Energy Institute Guidelines (2008)



If there are known vibration issues the following methodology is proposedIf there are known vibration issues, the following methodology is proposed

Address case of an existing 
plant where there are know p
vibration issues

Once the issues are 
addressed, a proactive 
strategy should be 
implementedimplemented

Visual inspection and a 
verification process toverification process to
implement and verify corrective 
actions are key
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Source: Energy Institute Guidelines (2008)



Th G id li ’ t th d l i di id d i t l tThe Guidelines’ assessment methodologies are divided into several stages

Qualitative Assessment  

Quantitative Main Line Assessment

Quantitative Small Bore Connections (SBC) Assessment

Quantitative Thermowell Assessment 
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Th i f ti i d i l d il bl i li f t t diThe information required is already available in relief systems studies

Key information required include:
P&ID PFDP&IDs, PFDs

General knowledge of the plant operation

Plant history, maintenance (e.g. corrosion management)

Identify potential problem systems and their potential vibration 
excitation mechanisms

Qualitative assessment questionnaire are dependent on the 
types of assessments

Provide a means of risk ranking in order to prioritize the 
subsequent  assessments
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Qualitative assessment excitation factors use rho*u*uQualitative assessment excitation factors use rho u u
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Source: Energy Institute Guidelines (2008)



Qualitative assessment excitation factors use rho*u*u (continued)Qualitative assessment excitation factors use rho u u (continued)
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Source: Energy Institute Guidelines (2008)Source: Energy Institute Guidelines (2008)



The qualitative methodology also includes condition and operating factorsThe qualitative methodology also includes condition and operating factors
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Source: Energy Institute Guidelines (2008)



Qualitative Assessment Issues for Changes to PlantQualitative Assessment Issues for Changes to Plant
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Source: Energy Institute Guidelines (2008)



Qualitative Assessment Issues for Changes to Plant (Continued)Qualitative Assessment Issues for Changes to Plant (Continued)
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Source: Energy Institute Guidelines (2008)



Q tit ti M i Li A tQuantitative Main Line Assessment

Key information required include:
P&IDs PFDsP&IDs, PFDs

General knowledge of the plant operation

Selected piping isometrics

Detailed equipment and process information (e.g. valve datasheets, flow rates, fluid 
densities)

Determine the likelihood of failure from various vibration 
excitation mechanisms as identified from the Qualitative 
Assessment stage

List corresponding corrective action items based on the 
severity indicated by the calculated likelihood of failure (LOF)
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Q tit ti S ll B C ti A tQuantitative Small Bore Connections Assessment

Key information required include:
M i li LOFMain line LOF

SBC geometry

SBC locationSBC location

For each main pipe under consideration, assess all SBCs as 
“flagged” from the Qualitative Assessment and Main Lineflagged  from the Qualitative Assessment and Main Line 
Assessment

Calculate the likelihood of failureCalculate the likelihood of failure 

List corresponding corrective action items based on the 
severity indicated by the calculated LOF
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severity indicated by the calculated LOF
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Q tit ti Th ll A tQuantitative Thermowell Assessment

Key information required include:
Process data

Thermowell geometry

Main line schedule

For each main pipe under consideration, assess all applicable 
th ll “fl d” f th Q lit ti A tthermowells as “flagged” from the Qualitative Assessment

Calculate the likelihood of failure 

List corresponding corrective action items based on the 
severity indicated by the calculated LOF
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Procedure for flow induced turbulence assessmentProcedure for flow induced turbulence assessment
Determine ρv2

For single phase
Determine ρv2

ρv2 = (actual density) x (actual 
velocity)2

For multi-phase

ρv2 (effective density) x (effective

Determine fluid viscosity 
factor, FVF

ρv2 = (effective density) x (effective 
velocity)2

Determine fluid viscosity factor, FVF

Determine support 
arrangement

For single phase
Determine flow induced 

vibration factor, Fv
3101 −

=
x

FVF gasμ

where μgas is the dynamic viscosity

For multi-phase

FVF = 1

Calculate flow induced 
turbulence L.O.F
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FVF = 1

Source: MTD Guidelines, 1999. All units are in SI.



Procedure for flow induced turbulence assessmentProcedure for flow induced turbulence assessment
Determine support arrangement

Different support arrangements as a function of span length and outside 
diameter
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diameter

Source: Energy Institute Guidelines (2008)



Procedure for flow induced turbulence assessmentProcedure for flow induced turbulence assessment
Determine the flow induced vibration factor, Fv
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Source: Energy Institute Guidelines (2008)



Procedure for flow induced turbulence assessmentProcedure for flow induced turbulence assessment
Calculate likelihood of failure (LOF) for flow induced turbulence

2ρυ

For flexible pipes LOF is very sensitive to the fundamental natural frequency

FVF
F

LOF
v

ρυ
=

For flexible pipes, LOF is very sensitive to the fundamental natural frequency 
(particularly having natural frequency between 1 and 3 Hz) and further detailed 
method is needed to estimate the LOF.
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Main Line ActionsMain Line Actions

Score Action

The main line shall be redesigned re-supported or a detailed analysis of the main line shall be

LOF >= 1.0

The main line shall be redesigned, re supported or a detailed analysis of the main line shall be 
conducted, and vibration monitoring of the main line shall be undertaken (TM-07,08,09)

Corrective actions shall be examined and applied as necessary (TM-10)

Small bore connections on the main line shall be assessed. (TM-03)

A visual survey shall be undertaken to check for poor construction and/or geometry and/or support forA visual survey shall be undertaken to check for poor construction and/or geometry and/or support for 
the main line and/or potential vibration transmission to neighboring pipework. (TM-05, 06)

1 > LOF >= 0 5

The main line should be redesigned, re-supported or a detailed analysis of the main line should be 
conducted, or vibration monitoring of the main line should be undertaken (TM-07,08,09)

Corrective actions should be examined and applied as necessary (TM-10)
1 > LOF >= 0.5

Small bore connections on the main line shall be assessed. (TM-03)

A visual survey shall be undertaken to check for poor construction and/or geometry and/or support for 
the main line and/or potential vibration transmission to neighboring pipework. (TM-05, 06)

Small bore connections on the main line should be assessed. (TM-03)
0.5 > LOF >= 0.3 A visual survey should be undertaken to check for poor construction and/or geometry and/or support for 

the main line and/or potential vibration transmission from other sources. (TM-05, 06)

LOF < 0.3
A visual survey should be undertaken to check for poor construction and/or geometry and/or support or 
the main line and/or potential vibration transmission from other sources. (TM-05, 06)
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Small Bore Connections ActionsSmall Bore Connections Actions

Score Action

The SBC shall be redesigned re-supported or a detailed analysis shall be conducted and vibration

LOF >= 0.7

The SBC shall be redesigned, re supported or a detailed analysis shall be conducted, and vibration 
monitoring of the SBC shall be undertaken (TM-07,08,11)

A visual survey shall be undertaken to check for poor construction and/or geometry for the SBC‘s and 
instrument tubing. (TM-05,06)

Vibration monitoring of the SBC should be undertaken. Alternatively the SBC may be redesigned, re-

0.7> LOF >= 0.4
supported or a detailed analysis conducted. (TM-07,08,11)

A visual survey should be undertaken to check for poor construction and/or geometry for the SBC‘s and 
instrument tubing. (TM-05,06)

LOF < 0 4
A visual survey should be undertaken to check for poor construction and/or geometry for the SBC‘s and 
instrument tubing (TM-05 06)LOF < 0.4 instrument tubing. (TM-05,06)
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Thermowell ActionsThermowell Actions

Score Action

LOF = 1.0 Modify the thermowell or a detailed analysis shall be conducted.

LOF = 0.29 No action required
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S l f C ti A ti f M i LiSample of Corrective Actions for Main Line

For flow induced turbulence: 
D h fl l i b i i h di f h i iDecrease the flow velocity by increasing the diameter of the main pipe 

Run a second pipe in parallel

Increase the pipe wall thicknessIncrease the pipe wall thickness

Minimize the number of bends in a system, the use of long radius bends, etc.

Stiffen the main line and its supporting structure

For high frequency acoustic excitation: 
Use of low noise trim, particularly for control valvey

Increasing the pipe wall thickness

Reduce the flow rate
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S l f C ti A ti f S ll B C tiSample of Corrective Actions for Small Bore Connections

The fitting and overall unsupported length should be as short as possible

Th f l d i t t ti h ld b i i i dThe mass of valves and instrumentation should be minimized

Any bracing supports should be from the main pipe, thus ensuring that the small 
bore connection moves with the main pipe
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Salah Gas Incident

It is believed that flow induced turbulence caused the failure of this line at header tie-in

Source: Ed Zamejc, Spring 2006 API Refining Meeting
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Overview

Factors that have led to an increasing incidence of vibration related fatigue failures 
in piping systems:

Increasing flow rates as a result of debottlenecking contributes to higher flow velocities 
with a correspondingly greater level of turbulent energy in process systems;

Frequent use of thin-walled piping which results in higher stress concentrations, 
particularly at small bore connections

Process and relief piping systems are often designed with little attention paid to 
vibration induced fatigue

Most piping design codes do not emphasize the issue of vibration proactively

Take our most commonly referenced standard, ISO/API 521:
No specific guidance on velocity limitations other than backpressure calculations

No guidance on acoustic fatigue or vibration induced fatigue
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Overview

As a result, piping vibration is often considered on an ad-hoc or reactive basis

Many operating companies have established their own internal standards and 
those standards vary from company to company

Currently available public guidance documents include:
NORSK P-001 Process Systems, Rev. 4, October 1999

MTD “Guidelines for Avoidance of Vibration Induced Fatigue in Process
Pipework” ISBN 1870553 37 3, 1999 [There is a second revision pending]

Harris Shock and Vibration Handbook, Chapter 29, “VIBRATION OF STRUCTURES 
INDUCED BY FLUID FLOW” BY R. D. Blevins

SuperChems offers state of the art computational flow models that provide 
detailed estimates of kinetic energy and sound pressure/power levels required for 
the assessment of the risk of vibration induced failure of process and relief piping.
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Vibration in brief

Mechanical oscillation or repetitive motion                     
of an object around an equilibrium position. 

Vibration of an object is always caused by                      
an excitation force, which can be exerted                       
externally or originally from within the object. 

Frequency - A vibrating object moves back and forth from its normal stationary position. 
A complete cycle of vibration occurs when the object moves from one extreme position 
to the other extreme, and back again. The number of cycles that a vibrating object 
completes in one second is called frequency. The unit of frequency is hertz (Hz). 

Amplitude - A vibrating object moves to a certain maximum distance on either side of 
its stationary position. Amplitude is the distance from the stationary position to the 
extreme position on either side. The intensity of vibration depends on amplitude. 

Acceleration - The speed of a vibrating object varies from zero to a maximum during 
each cycle of vibration. It moves fastest as it passes through its stationary position to an 
extreme position. The vibrating object slows down as it approaches the extreme, where 
it stops and then moves in the opposite direction through the stationary position toward 
the other extreme. 
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Common causes of  
piping vibration

Flow induced turbulence
Fluid flow in pipes 
generates turbulent energy

Dominant sources of 
turbulence are from flow 
discontinuities in the piping 
systems (e.g., partially 
closed valves, short radius, 
mitered bends, tees or 
expanders)

The level of turbulence 
intensity is a function of 
pipe size, fluid density, 
viscosity, velocity, and 
structural support

An example of the distribution of kinetic energy due to turbulence 
generated by flow into a tee (MTD Guidelines, 1999)



© 2007, ioMosaic Corporation; all rights reserved
Do not copy or distribute without the express written permission of ioMosaic Corporation

Slide 7

Common causes of  
piping vibration

High frequency acoustic excitation
High frequency acoustic energy are often generated by a pressure reducing device 
(e.g., relief valve, control valve, or orifice plate)

Acoustic failure is of a particular concern for safety related (e.g. relief and blowdown) 
systems

High noise levels are generated by high velocity fluid impingement on the pipe wall, 
turbulent mixing, and if flow is choked, shockwaves downstream of flow restriction, 
which leads to high frequency vibration

The severity of high frequency acoustic excitation is primarily a function of the pressure 
upstream and downstream of the valve, pipe diameter, and the fluid volumetric flow
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Common causes of  
piping vibration

Mechanical excitation and pulsation

These excitations are often associated with pipes connected with reciprocating 
compressors, pumps, or rotating machinery 

Such connection machines cause vibration of the pipe and its support 
structure 

Other causes of piping vibration include surge/momentum changes associated 
with valves, cavitation, and flashing

For relief piping, flow induced turbulence and high frequency acoustic excitations 
are of the major concerns and therefore are the central discussion in this 
presentation



© 2007, ioMosaic Corporation; all rights reserved
Do not copy or distribute without the express written permission of ioMosaic Corporation

Slide 9

MTD Guidelines Screening 
Methodologies

The “Guidelines for the Avoidance of Vibration Induced Fatigue in Process 
Pipework” published by Marine Technology Directorate (MTD, 1999), is now 
administered by the Energy Institute (2nd Revision to be released soon)

The Guidelines are used to conservatively estimate the likelihood of failure (LOF). 
The LOF can also be combined with a consequence of failure to determine the 
overall risk of a system or component.

The Guidelines’ assessment methodologies are mainly divided into three stages:
Stage 1: Identification of excitation mechanisms – Identify potential problem systems 
and their potential vibration excitation mechanisms by survey questionnaire

Stage 2: Detailed screening of the main pipe – Assess all main pipe systems identified 
in Stage 1 and determine the LOF. Appropriate action items are recommended based 
on the severity indicated by the calculated LOF.

Stage 3: Detailed screening of small bore connections (SBC) – Excitation energy that 
causes vibration comes from the main pipe. For each main pipe under consideration, 
assess all SBCs as “flagged” from Stage 1 and 2, and then determine the LOF. 
Recommended action items are proposed based the calculated LOF.
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Screening methodologies –
Stages 1 and 2

Reference: MTD Guidelines, 1999. 
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Screening methodologies –
Stage 3

Reference: MTD Guidelines, 1999. 
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Procedure for flow induced 
turbulence assessment

Determine ρv2

For single phase

ρv2 = (actual density) x (actual velocity)2

For multi-phase

ρv2 = (effective density) x (effective 
velocity)2

Determine fluid viscosity factor, FVF
For single phase

where µgas is the dynamic viscosity

For multi-phase

FVF = 1

Determine rv2

Determine fluid viscosity 
factor, FVF

Determine support 
arrangement

Determine flow induced 
vibration factor, Fv

Calculate flow induced 
turbulence L.O.F

Reference: MTD Guidelines, 1999. All units are in SI.

3101 −
=

x
FVF gasµ
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Procedure for flow induced 
turbulence assessment

Determine support arrangement

Different support arrangements as a function of span length and outside diameter

Reference: MTD Guidelines, 1999. 
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Procedure for flow induced 
turbulence assessment

Determine the flow induced vibration factor, Fv

Methods for calculating Fv

Reference: MTD Guidelines, 1999. 
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Procedure for flow induced 
turbulence assessment

Calculate likelihood of failure 
(LOF) for flow induced 
turbulence

For flexible pipes, LOF is very 
sensitive to the fundamental 
natural frequency (particularly 
having natural frequency 
between 1 and 3 Hz) and 
further detailed method is 
needed to estimate the LOF.

Reference: MTD Guidelines, 1999. 

FVF
F

LOF
v

2ρυ
=

Turbulent energy as a function of frequency
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Procedure for high frequency 
acoustic excitation assessment

Reference: MTD Guidelines, 1999. 

Calculate source sound power level (PWL)

where:
p1 = pressure upstream of valve (kPa absolute)
p2 = pressure downstream of valve (kPa absolute)
W = mass flow rate (kg/s)
t1 = upstream temperature (deg K)
M = molecular weight of gas

Calculate PWL at branch

PWL(branch) = PWL(source) – 60*L/Dm

where:

L = distance downstream between source and branch (m)
Dint = internal diameter (mm) of the main line
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Procedure for high frequency 
acoustic excitation assessment

1.01010
3273.5750944368.183685)(log1242.630755155.470711log
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])(70000430727.0)(001812.0)(112762.0)([ 32 sssbranchPWLaB +−−=

Calculate source sound power level (PWL)

where:
PWL1 (branch) = PWL in the main pipe of valve 1 at the branch
PWL2 (branch) = PWL in the main pipe of valve 2 at the branch

Estimate the fatigue life (N)

where:
D = external diameter (mm) of the main line
T = wall thickness (mm) of the main line 

T
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Reference: MTD Guidelines, 1999. 
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Procedure for high frequency 
acoustic excitation assessment

Calculate the fatigue life multiplier (FLM), corrected for D/d

Reference: MTD Guidelines, 1999. 
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Procedure for high frequency 
acoustic excitation assessment

Calculate fatigue life multiplier (FLM), corrected for weldolet connection

Reference: MTD Guidelines, 1999. 
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Procedure for high frequency 
acoustic excitation assessment

Calculate fatigue life multiplier (FLM), corrected for duplex alloys piping material

Reference: MTD Guidelines, 1999. 
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Procedure for high frequency 
acoustic excitation assessment

Calculate the LOF for high frequency acoustic excitation

LOF = -0.1303ln(N)+3.1

where:
N = number of cycles of failures, corrected for the D/d ratio, weldolet connections, and duplex alloys where applicable.

Reference: MTD Guidelines, 1999. 
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Possible Design Solutions for 
Main Pipe

For flow induced turbulence:
Decrease the flow velocity by increasing the diameter of the main pipe

Run a second pipe in parallel

Increase the pipe wall thickness

Minimize the number of bends in a system, the use of long radius bends, etc..

Stiffen the main line and its supporting structure

For high frequency acoustic excitation:
Use of low noise trim, particularly for control valve. Uncertain success and durability.

Increasing the pipe wall thickness

Reduce the flow rate
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Possible Design Solutions for 
Small Bore Connections

The fitting and overall unsupported length should be as short as possible

The mass of valves and instrumentation should be minimized

Any bracing supports should be from the main pipe, thus ensuring that the small 
bore connection moves with the main pipe
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Pipe and process data readily 
available from SuperChems

SuperChems has 
piping, fittings, and 
stream properties 
readily available for 
assessing vibration 
induced fatigue 

The gas pipe 
summary shows a 
rating calculation for  
a 4P6 relief system 
set at 357 barg (~ 
5200 psig)

SuperChems
provides appropriate 
warnings to flag 
potential vibration 
risks for relief piping
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Pipe and process data readily 
available from SuperChems

Temperature/pressure can be extracted at anywhere along the axial distance 
along the relief system
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Pipe and process data readily 
available from SuperChems

Indication of choked points
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Pipe and process data readily 
available from SuperChems

Indications of reaction force and potential vibration
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Piping Vibration  
Evaluation Tool (PVET)

PVET is based on the MTD’s Guidelines

Currently in the beta testing phase

Sample of data entries for the 4P6 relief  
system set at 357 barg (~ 5200 psig)

ioMosaic has also developed general piping vibration risk evaluation tools for a 
large energy company
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Piping Vibration  
Evaluation Tool (PVET)

Data entries to determine LOF for flow induced turbulence

Calculated likelihood of failure,         
LOF => 1 (classified as intolerable)

Recommended actions:
Main pipe must be redesigned or re-
supported

Consult Section 4.2 for design solutions

SBCs should be assessed per Stage 3

Confirms that piping has flow induced 
turbulence concerns as flagged by SC
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Piping Vibration  
Evaluation Tool (PVET)

Data entries to determine LOF for high frequency acoustic excitation using 1”
weldolet downstream of the valve

Calculated likelihood of 
failure, LOF => 1 (classified 
as intolerable)

Recommended actions:
Main pipe must be 
redesigned or re-supported

Consult Section 4.2 for 
design solutions

SBCs should be assessed 
per Stage 3

LOF estimated from high 
frequency acoustic excitation 
confirms that the main pipe 
has serious piping fatigue 
concerns
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Piping Vibration  
Evaluation Tool (PVET)

Summary of the main pipe 
findings

The highest individual 
mechanism’s estimated value of 
LOF will be the main pipe’s LOF

For design and redesign 
guidelines, consult Section 4.2 
(Design Solutions for Pipe Main)

Assess all SBCs on the 
indicated main pipe
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Summary

MTD Guidelines provides a comprehensive methodology for screening vibration 
induced fatigue in process and relief piping systems

SuperChems Expert offers state of the art computational flow models for single 
and multiphase reacting flows

Flow models provide detailed estimates of kinetic energy and sound 
pressure/power levels required for the assessment of the risk of vibration induced 
failure of the relief piping

The models can be coupled with MTD Guidelines to provide the user with a clear 
indication of potential vibration risks

Screening results can be also used to develop mitigation measures or used as 
inputs to a more detailed piping structural analysis

For high pressure piping system, design engineer should evaluate the risk of 
vibration induced fatigue
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About ioMosaic Corporation

Founded by former Arthur D. Little Inc. executives and senior staff, ioMosaic Corporation is the 
leading provider of safety and risk management consulting services. ioMosaic has offices in 
Salem, New Hampshire and Houston, Texas, and Minneapolis, Minnesota.

Since the early 1970's, ioMosaic senior staff and consultants have conducted many landmark 
studies including an audit of the Trans-Alaska pipeline brought about by congressional whistle 
blowers, investigation of the Bhopal disaster, and the safety of CNG powered vehicles in 
tunnels. Our senior staff and consultants have authored more than ten industry guidelines and 
effective practices for managing process safety and chemical reactivity and are recognized 
industry experts in LNG facility and transportation safety. 

ioMosaic Corporation is also the leading provider of pressure relief systems design services 
and solutions. Its pressure relief system applications are used by over 250 users at the world's 
largest operating companies. It holds key leadership positions in the process industries' most 
influential and active pressure relief system design, and chemical reactivity forums, and plays a 
pivotal role in defining relief system design, selection, and management best practices.
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