
 Pipe Stress Analysis

Stress Analysis

Purpose

• To ensure that piping is routed and supported so that no
damage occurs to either the pipe or associated equipment
due to the effects of thermal expansion or contraction, or
loads resulting from weight, pressure, wind earthquake,
pulsation, shock, foundation settlement, etc.



• Temperature

• Pressure

• Occasional loads (Seismic & Wind)

• Dynamics of the flowing fluid

WHAT MAKES PIPING CRITICAL?



• Live and Dead load (Piping component, Insulation, 

Flowing medium etc.).

• Line pressure

• Restraining of pipe expansion or Temperature gradient

• Discharge reaction (E.g. Relief valves)

• Seismic / Wind load

• Dynamics of flowing fluid.

WHAT CAUSES STRESS IN THE 
PIPE?

Cont….



WHY STRESS ANALYSIS IS TO BE 
DONE?

 To ensure that all stresses in the piping system are within 

allowable limits.

 To limit the loads on the equipment nozzle.

 To limit the thermal displacement and sagging

 To limit the loads on the supporting structures & flanged 

joints.

 To avoid excessive piping vibration





When & Why Perform Pipe Stress 
Analysis
• Lines 75 mm and larger that are:

• connected to rotating equipment

• subject to differential settlement of connected 
equipment and/or supports, or

• with temperatures less than -5 C.



When & Why Perform Pipe Stress 
Analysis
• Lines connected to reciprocating equipment such

as suction and discharge lines to and from
reciprocating compressors.

• Lines 100 mm and larger connected to air coolers,
steam generators, or fired heater tube sections

• All size lines with temperatures of 300 C and higher

• Welded lines 150 mm and larger at a design
temperature of 175 C or higher



When & Why Perform Pipe Stress 
Analysis
• High pressure lines (over 14,000 kPa). Although 

systems over 10,000 kPa are sometimes a problem, 
particularly with restraint arrangements.

• Lines subject to external pressure

• Thin-walled pipe or duct of 450 mm diameter and 
over, having an outside diameter over wall 
thickness ratio (d/t) of more than 90

• Pressure relief systems. Also relief valve stacks with 
an inlet pressure greater than 1100 kPa.





SUSTAINED AND DISPLACEMENT 
STRESSES
• Piping flexibility analysis in accordance with the

basic assumptions and requirements of B31.3 is
concerned with two types of stress called sustained
stress and displacement stress.

• Each type of stress must be considered separately;
these are the two criteria by which the adequacy of
a piping system is evaluated.

• They are considered separately because sustained
stresses are associated with sustained forces while
displacement stresses are associated with fixed
displacements



SUSTAINED STRESSES

• Sustained Stresses are defined as stresses caused
by loads that are not relieved as the piping system
deflects.

• An example is the stress induced by the weight of
the valve at the end of the cantilevered pipe
segment shown below



SUSTAINED STRESSES

• Regardless of the magnitude of the displacement ∆,
the magnitude of the load (the weight of the valve)
which causes the stress is unchanged.

• Therefore, to avoid catastrophic failure, the
magnitude of any sustained stress must not exceed
the yield strength of the material.

• Another example of a sustained stress is the hoop
and longitudinal stresses induced by pressure.

• The loadings, which induce sustained stresses, are
termed sustained loadings



SUSTAINED STRESSES

• The sustained stress principle is expressed as a
Code requirement



DISPLACEMENT STRESSES :

• Displacement stresses are defined as those stresses
caused by fixed displacements, i.e., caused by loads
that are relieved as the piping system deforms.
Consider the cantilevered beam shown below



DISPLACEMENT STRESSES :

• Assume that the end of the beam is displaced, its 
elastic limit and its elastic range is  𝛿.  As long as 
any displacement cycle is within the elastic range of 
the beam, no yielding will take place



• In Figure 5A, if the pipe end at position (1) is assumed free,
then when the piping is heated it would move to the
unrestrained hot shape with the free end at position (2).

• Figure 5B illustrates how an increase in temperature of the
restrained piping system is equivalent to displacing the
unrestrained hot pipe from position (2) to position (1).

• Therefore, stresses caused by thermal expansion are
displacement stresses.



• When piping system satisfies Eq.3, it is judged to be
adequately flexible against thermal expansion and
restraint displacement because the elastic range of
the system will never be exceeded even though the
system may yield.

• Since the inherent flexibility is most piping systems
is provided by changes in direction, the code
considers only bending and torsional stresses
significant in the calculation of SE and gives the
following equation for its computation.





ALLOWABLE STRESSES

• The stresses computed by the program must be
compared to Code allowable stresses to determine
the adequacy of piping systems.

• The Code differentiates between stresses caused by
pressure and other sustained loads and stresses
caused by displacement strains.

• These allowable values are a function of the basic
allowable stresses.



BASIC ALLOWABLE STRESSES

• The code sets forth the rules for deriving basic 
allowable stresses for metals in the clause, 302.3.2 
- Bases for design stresses.  

• The significant aspect of these rules is that B31.3 
permits the use of one third the tensile strength, 
rather than one fourth the tensile strength as used 
by Section VIII, Division I, of the  ASME Code, using 
section VIII allowable stresses for piping is  unduly 
conservative.



ALLOWABLE STRESS AS PER CODE

ALLOWABLE STRESS IN CODE ARE BASES ON MATERIAL PROPERTIES

As per the ASME B31.1 ( Minimum of )

 1/4TH OF UTS OF MATERIAL AT OPERATING TEMPERATURE

 1/4TH OF UTS OF MATERIAL AT ROOM TEMPERATURE. 

 5/8TH OF YIELD STRENGTH OF THE MATERIAL AT OPE TEMPERATURE

 5/8TH IF YIELD STRENGTH OF THE MATERIAL AT ROOM TEMPERATURE.

As per the ASME B31.3  ( Minimum of )

 1/3RD OF UTS OF MATERIAL AT OPERATING TEMPERATURE

 1/3RD OF UTS OF MATERIAL AT ROOM TEMPERATURE. 

 2/3TH OF YIELD STRENGTH OF THE MATERIAL AT OPE TEMPERATURE.

 2/3TH IF YIELD STRENGTH OF THE MATERIAL AT ROOM TEMPERATURE.

21



ALLOWABLE DISPLACEMENT 
STRESS RANGE
SA = f (1.25 Sc+ 0.25 Sh)

Sc = Cold allowable stress.

Sh = Hot allowable stress.

f = Stress range reduction factor for cyclic condition.

Cycles f

7000 and less 1.0

7000 to 14000 0.9

14000 to 22000 0.8

22000 to 45000 0.7

45000 to 100000 0.6

100000 and over 0.5











• For B31.1 / B31.3 and similar codes, the piping system is evaluated, from a stress point of view by considering failure modes. This 
leads to the following load cases for evaluation:
Sustained - for primary, force based loads

• Expansion - for secondary, displacement based self limiting loads

• Occasional - for primary extreme (wind, seismic) loads

•

For each of these conditions, the piping codes provide equations to determine both the code stress and the allowable stress. From 
a pipe stress point of view, the system passes the code requirements if all of the code stresses are less than the 
corresponding allowable stresses.

The B31.1 / B31.3 codes do not consider the Operating Condition to be a stress case, therefore, there are no equations provided to 
compute a code stress or an allowable stress. CAESAR II computes an operating stress using a basic strength of materials 
equation, but the allowable is set to zero since there is nothing to compare this stress to.

The Operating case is important and it must be evaulated for:
The determination of maximum displacments.

• The determination of equipment and support loads.

• The computation of the "Expansion Stress Range".

•

There are other piping codes (B31.4 / B31.8) that do consider the Operating stress condition as a code case. For these codes there is 
an allowable stress computed and compared to the actual stress in the pipe.

Take a look at the CAESAR II Quick Reference Guide, for a list of the piping codes supported, the load cases addressed, and the 
equations for the code stress and the allowable stress. Note, these are the load cases that must be run for stress evaluation. There 
may be other load cases necessary for structural or operational reasons.



STRESS INTENSIFICATION

• Local stresses in fittings such as tees and elbows
are generally higher than stresses in the adjoining
pipe segments.

• The code allows these stresses to be calculated by
multiplying the stresses in the adjoining pipe
segments by a Stress Intensification Factor (SIF)



STRESS INTENSIFICATION

• The stress analysis of elbows has been the subject of
many studies since 1910 when a German named
Bantlin demonstrated that curved pipe segments
behaved differently than predicted by simple curved
beam theory.

• The curved beam theory assumes the elbow cross
section remains circular when subjected to bending
moments.

• In fact, the cross section becomes oval when subjected
to load, increasing the flexibility and the stress
magnitude in the curved portion of the elbow







• Consider a straight pipe (refer Figure 1) with length 
“l‟ which will produce rotation “Ө‟ under the 
action of bending moment „M‟.

• A bend having same diameter and thickness with 
same arc length “l‟ under the action of same 
bending moment “M‟ will exhibit “k Ө‟ rotation. 

• In nutshell, bend shows k times flexibility than the 
straight pipe, called as Flexibility factor. 



Stress Intensification Factor for a 
Piping Bend/Elbow
• In lay man’s language the SIF of a bend or elbow 

can be defined as the ratio of bending stress of an 
elbow to that of straight pipe of same diameter and 
thickness when subjected to same bending 
moment. 

• Whenever the same bending moment is applied to 
a bend because of ovalization the bending stress of 
the elbow will be much higher than that of 
strainght pipe. 

• That is why the SIF value will always be greater than 
or equal to 1 .0 (for straight pipe).





• THe process piping code ASME B 31 .3 provides a
simple formula to calculate the SIF of a bend or
elbow. As per that co de

• SIFin-plane = 0 . 9 / h^(2/ 3)

• SIF out-plane = 0 . 7 5 / h^(2/ 3)

• Here h = T R1 / r 2^2

• h =Flexibility characteristics, dimensionless

• T =Nominal wall thickness o f bend, in

• R1 =Bend radius, in

• r 2 =Mean radius of matching pipe, in



Stress Analysis

• The need for formal stress analysis should be
determined by designers with extensive flexibility
experience.

• Hot piping connecting to strain-sensitive
equipment such as pumps, compressors and
turbines shall be closely reviewed for possible full
analysis.

• For other systems full stress analysis is required
when the following criteria is not satisfied :



Emprical formula for finding flexibility of the system having
only two terminal points and pipe of uniform size.

U

l

D Y
-------- ≤ 208.3
(L – U)2

D = Outside dia of pipe

Y = Resultant expansion in mm

L = Developed length of line

axis between anchors (m)

U = Anchor distance (m).

In SI Units



In Imperial Units





















Figure 11, illustrates the conservative consideration of another situation frequently
encountered in piping system analysis.
Because both cantilever legs deflect the same due to the weight of the vertical section,
the moment is larger at the anchor for the shorter cantilever.
Therefore, to be conservative, only the moment on the leg is considered for calculating
the stress in the piping system. To conservatively calculate that moment, it is modelled as
a uniform load on the shorter cantilever plus a concentrate load acting at its end.
The concentrated load P is composed of two components, viz, the actual weight of the
vertical leg and the conservatively estimated effective weight of the longer cantilever leg.
Experience has shown that including half the weight of the longer leg is sufficient to
assure a conservative analysis
















































