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INTRODUCTION

Pipes are the most delicate components in any process plant. They are also the busiest
entities. They are subjected to almost all kinds of loads, intentional or unintentional. It is
very important to take note of all potential loads that a piping system would encounter
during operation as well as during other stages in the life cycle of a process plant.
Ignoring any such load while designing, erecting, hydro-testing, start-up shut-down,
normal operation, maintenance etc. can lead to inadequate design and engineering of a
piping system. The system may fail on the first occurrence of this overlooked load.
Failure of a piping system may trigger a Domino effect and cause a major disaster.

Stress analysis and safe design normally require appreciation of several related concepts.

An approximate list of the steps that would be involved is as follows.

1. ldentify potential loads that would come on to the pipe or piping system during its
entirelife.

2. Relate each one of these loads to the stresses and strains that would be developed in
the crystals/grains of the Materia of Construction (MoC) of the piping system.

3. Decide the worst three dimensional stress state that the MoC can withstand without
failure

4. Get the cumulative effect of all the potential, loads on the 3-D stress scenario in the
piping system under consideration.

5. Alter piping system design to ensure that the stress pattern is within failure limits.

The goal of quantification and analysis of pipe stresses is to provide safe design through
the above steps. There could be severa designs that could be safe. A piping engineer
would have a lot of scope to choose from such alternatives, the one which is most
economical, or most suitable etc. Good piping system design is always a mixture of sound

knowledge base in the basics and alot of ingenuity.
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OBJECTIVE AND SCOPE

With piping, as with other structures, the analysis of stresses may be carried to varying

degrees of refinement. Manual systems allow for the analysis of simple systems, whereas

there are methods like chart solutions (for three-dimensional routings) and rules of thumb

(for number and placement of supports) etc. involving long and tedious computations and

high expense. But these methods have a scope and value that cannot be defined as their

accuracy and reliability depends upon the experience and skill of the user. All such

methods may be classified as follows:

1

Approximate methods dealing only with special piping configurations of two-, three-
or four-member systems having two terminals with complete fixity and the piping
layout usually restricted to square corners. Solutions are usually obtained from charts
or tables. The approximate methods falling into this category are limited in scope of
direct application, but they are sometimes usable as a rough guide on more complex
problems by assuming subdivisions of the model into anchored sections fitting the
contours of the previously solved cases.

Methods restricted to sguare-corner, single-plane systems with two fixed ends, but

without limit as to the number of members.

3. Methods adaptable to space configurations with square corners and two fixed ends.

Extensions of the previous methods to provide for the specia properties of curved

pipe by indirect means, usually avirtual length correction factor.

The objective of this project is to check the adequacy of rules of thumb as well as simple

solution approaches by comparison with comprehensive computer solutions of similar

systems, based on FEM. It may also be possible to extend the existing chart solutions and

rules of thumb to more complex systems with these comparative studies.
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METHODOLOGY
CLASSIFICATION OF LOADSAND FAILURE MODES

Pressure design of piping or equipment uses one criterion for design. Under a steady
application of load (e.g.. pressure), it ensures against failure of the system as perceived by
one of the failure theories. If a pipe designed for a certain pressure experiences a much
higher pressure, the pipe would rupture even if such load (pressure) is applied only once.
The failure or rupture is sudden and complete. Such afailureis called catastrophic failure.
It takes place only when the load exceeds far beyond the load for which design was
carried out. Over the years, it has been realised that systems, especially piping, systems
can fail even when the loads are always under the limits considered safe, but the load
application is cyclic (e.g. high pressure, low pressure, high pressure, ..). Such afalureis
not guarded against by conventional pressure design formula or compliance with failure
theories. For piping system design, it is well established that these two types of loads
must be treated separately and together guard against catastrophic and fatigue failure.

The loads the piping system (or for that matter any structural part) faces are broadly

classified as primary loads and secondary loads.

Primary Loads

These are typicaly steady or sustained types of loads such as interna fluid pressure,
external pressure, gravitational forces acting on the pipe such as weight of pipe and fluid,
forces due to relief or blow down pressure waves generated due to water hammer effects.
The last two loads are not necessarily sustained loads. All these loads occur because of
forces created and acting on the pipe. In fact, primary loads have their origin in some
force acting on the pipe causing tension, compression, torsion etc leading to normal and
shear stresses. A large load of this type often leads to plastic deformation. The
deformation is limited only if the material shows strain hardening characteristics. If it has
no strain hardening property or if the load is so excessive that the plastic instability sets
in, the system would continue to deform till rupture. Primary loads are not self-limiting. It

means that the stresses continue to exist as long as the load persists and deformation does
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not stop because the system has deformed into a no-stress condition but because strain

hardening has come into play.

Secondary L oads

Just as the primary loads have their origin in some force, secondary loads are caused by
displacement of some kind. For example, the pipe connected to a storage tank may be
under load if the tank nozzle to which it is connected moves down due to tank settlement.
Similarly, pipe connected to a vessel is pulled upwards because the vessel nozzle moves
up due to vessel expansion. Also, a pipe may vibrate due to vibrations in the rotating
equipment it is attached to. A pipe may experience expansion or contraction once it is
subjected to temperatures higher or lower respectively as compared to temperature at

which it was assembl ed.

The secondary loads are often cyclic but not always. For example load due to tank
settlement is not cyclic. The load due to vessel nozzle movement during operation is
cyclic because the displacement is withdrawn during shut-down and resurfaces again after
fresh start-up. A pipe subjected to a cycle of hot and cold fluid similarly undergoes cyclic
loads and deformation. Failure under such loads is often due to fatigue and not

catastrophic in nature.

Broadly speaking, catastrophic failure is because individual crystals or grains were
subjected to stresses which the chemistry and the physics of the solid could not withstand.
Fatigue failure is often because the grains collectively failed because their collective
characteristics (for example entanglement with each other etc.) changed due to cyclic
load. Incremental damage done by each cycle to their collective texture accumulated to
such levels that the system failed. In other words, catastrophic failure is more at
microscopic level, whereas fatigue failure is at mesoscopic level if not at macroscopic

level.
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The Stresses

The MoC of any piping system is the most tortured non-living being right from its birth.
Leaving the furnace in the molten state, the metal solidifies within seconds. It is a very
hurried crystallization process. The crystals could be of various lattice structural patterns
such as BCC, FCC, HCP etc. depending on the material and the process. The grains,
crystals of the material have no time or chance to orient themselves in any particular
fashion. They are thus frozen in all random orientations in the cold harmless pipe or

structural member that we see.

When we calculate stresses, we choose a set of orthogonal directions and define the
stresses in this co-ordinate system. For example, in a pipe subjected to internal pressure
or any other load, the most used choice of co-ordinate system is the one comprising of
axia or longitudina direction (L), circumferential (or Hoope's) direction (H) and radial
direction (R) as shown in figure. Stresses in the pipe wall are expressed as axia (S.),
Hoope's (S4) and radial (Sg). These stresses which stretch or compress a grain/crystal are

called normal stresses because they are normal to the surface of the crystal.

But, all grains are not oriented as the grain in the figure. In fact the grains would have
been oriented in the pipe wall in al possible orientations. The above stresses would also
have stress components in direction normal to the faces of such randomly oriented
crystal. Each crystal thus does face normal stresses. One of these orientations must be

such that it maximizes one of the normal stresses.

Circumferential , R
(H) Radial (R)
) ( ---------------------------------- U

4

H

The mechanics of solids state that it would also be orientation which minimizes some
other normal stress. Normal stresses for such orientation (maximum normal stress

orientation) are called principa stresses, and are designated S; (maximum), S; and S3
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(minimum). Solid mechanics also states that the sum of the three normal stresses for all
orientation is always the same for any given externa load. That is
S+SH+R=S+S+S
In addition to the normal stresses, a grain can be subjected to shear stresses aswell. These
act parallel to the crystal surfaces as against perpendicular direction applicable for normal
stresses. Shear stresses occur if the pipe is subjected to torsion, bending etc. Just as there
is an orientation for which normal stresses are maximum, there is an orientation which
maximizes shear stress. The maximum shear stressin a 3-D state of stress can be shown
to be
Tmax = (S1— Sg) / 2

i.e. half of the difference between the maximum and minimum principa stresses. The
maximum shear stress is important to calculate because failure may occur or may be
deemed to occur due to shear stress also. A failure perception may stipulate that
maximum shear stress should not cross certain threshold value. It is therefore necessary to

take the worst-case scenario for shear stresses also as above and ensure against failure.

It is easy to define stresses in the co-ordinate system such as axial-Hoope’s-radia
(L-H-R) that are defined for a pipe. The load bearing cross-section is then well defined
and stress components are calculated as ratio of load to load bearing cross-section.
Similarly, it is possible to calculate shear stressin a particular plane given the torsional or
bending load. What are required for testing failure - safe nature of design are, however,
principal stresses and maximum shear stress. These can be calculated from the normal
stresses and shear stresses available in any convenient orthogonal co-ordinate system. In
most pipe design cases of interest, the radial component of normal stresses (Sg) is
negligible as compared to the other two components (S and S.). The 3-D state of stress
thus can be smplified to 2-D state of stress. Use of Mohr's circle then allows to calculate
the two principle stresses and maximum shear stress as follows.

S1= (S + w2+ [{ (S - S/ + %

S1= (S +S/2- [{(S. - S/ +771%°

=05[(S-S4) + 417

The third principle stress (minimum i.e. Sg) is zero.
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All failure theories state that these principle or maximum shear stresses or some
combination of them should be within allowable limits for the MoC under consideration.
To check for compliance of the design would then involve relating the applied load to get

the net Sy, S, T and then calculate S;, S; and tmax and some combination of them.

Normal And Shear Stresses From Applied Load

Assaid earlier, apipe is subjected to al kinds of loads. These need to be identified. Each
such load would induce in the pipe wall, normal and shear stresses. These need to be
calculated from standard relations. The net normal and shear stresses resulting in actual
and potential loads are then arrived at and principle and maximum shear stresses
calculated. Some potential loads faced by a pipe and their relationships to stresses are

summarized herein brief

Axial Load
A pipe may face an axia force (F.) as shown in Figure. It could be tensile or

compressive.

Wheat is shown is atensile load. It would lead to normal stressin the axial direction (S.).
The load bearing cross-section is the cross-sectional area of the pipe wall normal to the
load direction, A, The stress can then be calculated as
S =F./An
The load bearing cross-section may be calculated rigorously or approximately as follows.
Am =1 (do?—d?) /4 (rigorous)

=mn (do + dj) t/2 (based on average diameter)

=mdyt (based on outer diameter)
The axial load may be caused due to several reasons. The simplest case is a tall column.

The metal cross-section at the base of the column is under the weight of the column
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section above it including the weight of other column accessories such as insulation,
trays, ladders etc. Another example is that of cold spring. Many times a pipeline is
intentionally cut a little short than the end-to-end length required. It is then connected to
the end nozzles by forcibly stretching it. The pipe, as assembled, is under axia tension.
When the hot fluid starts moving through the pipe, the pipe expands and compressive
stresses are generated. The cold tensile stresses are thus nullified. The thermal expansion

stresses are thus taken care of through appropriate assembly-time measures.

Internal / External Pressure

A pipe used for transporting fluid would be under internal pressure load. A pipe such asa
jacketed pipe core or tubes in a Shell & Tube exchanger etc. may be under net externa
pressure. Internal or external pressure induces stresses in the axial as well as
circumferential (Hoope’s) directions. The pressure also induces stresses in the radia

direction, but as argued earlier, these are often neglected.

The internal pressure exerts an axial force egual to pressure times the internal
cross-section of pipe.

F.=P[rnd?®/4]
This then induces axial stress calculated as earlier. If outer pipe diameter is used for
calculating approximate metal crossection as well as pipe cross- section, the axia stress
can often be approximated as follows.

S . =Pd,/ (4t)
The interna pressure also induces stresses in the circumferential direction as shown in

figure
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The stresses are maximum for grains situated at the inner radius and minimum for those
situated at the outer radius. The Hoope's stress at any in between radia position (r) is
given asfollows (Lame's equation)

Sqatr=P 2+ 12 IfP) [ (re =)

For thin walled pipes, the radial stress variation can be neglected. From membrane
theory, Sy may then be approximated as follows.
Sy=Pd,/2t or Pdi/2t

Radial stresses are aso induced due to internal pressure as can be seen in figure

Patm OF Pex

At the outer skin, the radial stressis compressive and equal to atmospheric pressure (Pam)
or external pressure (Pex;) on the pipe. At inner radius, it is also compressive but equal to
absolute fluid pressure (Pas). In between, it varies. As mentioned earlier, the radial

component is often neglected.

Bending L oad

A pipe can face sustained loads causing bending. The bending moment can be related to
normal and shear stresses. Pipe bending is caused mainly due to two reasons: Uniform
weight load and concentrated weight load. A pipe span supported at two ends would sag
between these supports due to its own weight and the weight of insulation (if any) when
not in operation. It may sag due to its weight and weight of hydrostatic test fluid it
contains during hydrostatic test. It may sag due to its own weight, insulation weight and

the weight of fluid it is carrying during operation

All these weights are distributed uniformly across the unsupported span, and lead to
maximum bending moment either at the centre of the span or at the end points of the span

(support location) depending upon the type of the support used.
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Let the tota weight of the pipe, insulation and fluid be W and the length of the
unsupported span be L (see Figure).

Pinned Support T

llllllllll%

Total Load W

o auuuuuv&/
) \

The weight per unit length, w, is then calculated (w = W/L). The maximum bending

moment, Mmax, Which occurs at the centre for the pinned support is then given by the
beam theory asfollows.
Mmax = WL2/8 for pinned support
For Fixed Supports, the maximum bending moment occurs at the ends and is given by
beam theory as follows
Mmax =W L?/ 12 for fixed support.
The pipe configuration and support types used in process industry do not confirm to any
of these ideal support types and can be best considered as somewhere in between. As a
result, a common practice is to use the following average formula to calculate bending
moment for practical pipe configurations, asfollows.
Mmax =W L?/ 10.
Also, the maximum bending moment in the case of actual supports would occur

somewhere between the ends and the middle of the span.

Another load that the pipe span would face is the concentrated load. A good exampleis a

valve on apiperun (seefigure).
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l Point Load W

Pinned Support
! a o
Fixed Support g E

The load is then approximated as acting at the centre of gravity of the valve and the
maximum bending moment occurs at the point of loading for pinned supports and is given
as
Mmax =W ab/L
For rigid supports, the maximum bending moment occurs at the end nearer to the pointed
load and is given as
Mmax =W & b/ L?

aisto betaken asthe longer of the two arms (aand b) in using the above formula.

As can be seen, the bending moment can be reduced to zero by making either aor b zero,
i.e. by locating one of the supports right at the point where the load is acting. In actual
practice, it would mean supporting the valve itself. As that is difficult, it is a common
practice to locate one support as close to the valve (or any other pointed and significant
load) as possible. With that done, the bending moment due to pointed load is minimal and
can be neglected.

Whenever the pipe bends, the skin of the pipe wall experiences both tensile and

compressive stresses in the axial direction as shown in Figure.

Max Tensile Stress

7
Mp|  =momefim e e )

Max Compressive Stress
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The axial stress changes from maximum tensile on one side of the pipe to maximum
compressive on the other side. Obviously, there is a neutral axis along which the bending

moment does not induce any axial stresses. Thisis also the axis of the pipe.

The axia tensile stress for a bending moment of M, at any location ¢ as measured from
the neutral axisis given asfollows.
S =Mpc/l
| is the moment of inertia of the pipe cross-section. For a circular cross-section pipe, | is
given as
| =7 (do’ — o) /64
The maximum. tensile stress occurs where c is equal to the outer radius of the pipe and is
given asfollows.
S at outer radius=Mp 1o/l =My / Z

where Z (= I/ro) isthe section modulus of the pipe.

Shear Load
Shear load causes shear stresses. Shear load may be of different types. One common load

is the shear force (V) acting on the cross-section of the pipe as shown in figure.

It causes shear stresses which are maximum along the pipe axis and minimum along the
outer skin of the pipe. This being exactly opposite of the axial stress pattern caused by
bending moment and also because these stresses are small in magnitude, these are often
not taken in account in pipe stress analysis. If necessary, these are calculated as

Tmax =V Q/ Am

where Q is the shear form factor and A, is the metal cross-section.
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Torsional Load

Thisload (seefigure) also causes shear stresses.

%
A/
\ "

The shear stress caused due to torsion is maximum at outer pipe radius. And is given
there in terms of the torsional moment and pipe dimensions as follows.
T (atr= r0)= Mt TO/RT: Mt ro/(2l) = MT/ZZ

Rr isthetorsional resistance (= twice the moment of inertia).

All known loads on the pipe should be used to calculate contributions to S, Sy and t.
These then are used to calculate the principal stresses and maximum shear stress. These
derived quantities are then used to check whether the pipe system design is adequate

based on one or more theories of failure.

Theories Of Failure

A piping system in particular or a structural part in genera is deemed to fail when a
stipulated function of various stresses and strains in the system or structural part crosses a
certain threshold value. It is a normal practice to define failure as occurring when this
function in the actual system crosses the value of a similar function in a solid rod
specimen at the point of yield. There are various theories of failure that have been put
forth. These theories differ only in the way the above mentioned function is defined.

Important theoriesin common use are considered here.

Maximum Stress Theory
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This is adso called Rankine Theory. According to this theory, failure occurs when the
maximum principle stress in a system (S;) is greater than the maximum tensile principle

stress at yield in a specimen subjected to uni-axial tension test.

Uniaxial tension test is the most common test carried out for any MoC. The tensile stress
in a constant cross-section specimen at yield is what is reported as yield stress (Sy) for
any material and is normally available. In uni-axial test, the applied load gives rise only
to axial stress (S.) and Sy and Sg as well as shear stresses are absent. S is thus also the
principle normal stress (i.e. S;). That is, in a specimen under uni-axial tension test, at
yield, the following holds.
S=S,S$=0,%=0
$=5,$=0and S$:=0.
The maximum tensile principle stress at yield is thus equal to the conventionally reported

yield stress (load at yield/ cross-sectional area of specimen).

The Rankine theory thus just says that failure occurs when the maximum principle stress
in asystem (S;) ismore than the yield stress of the material (Sy).

The maximum principle stress in the system should be caculated as earlier. It is
interesting to check the implication of this theory on the case when a cylinder (or pipe) is

subjected to internal pressure.

As per the membrane theory for pressure design of cylinder, as long as the Hoope's stress
is less than the yield stress of the MoC, the design is safe. It is also known that Hoope's
stress (Sy) induced by external pressure is twice the axia stress (S.). The stresses in the
cylinder as per the earlier given formulawould be
S1= (S + w2+ [{ (S - S/ + 1%
=3
Si=(SL+S)2-[{(S - S22+
=Sy
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The maximum principle stressin thiscaseis S; (=S4). The Rankine theory and the design

criterion used in the membrane theory are thus compatible.

This theory is widely used for pressure thickness calculation for pressure vessels and

piping design uses Rankine theory as a criterion for failure.

Maximum Shear Theory

This is aso called Tresca theory. According to this theory, failure occurs when the
maximum shear stress in a system tmax 1S greater than the maximum shear stress at yield
in a specimen subjected to uni-axial tension test. Note that it is similar in wording, to the
statement of the earlier theory except that maximum shear stress is used as criterion for

comparison as against maximum principle stress used in the Rankine theory.

Inuniaxia test, the maximum shear stress at yield condition of maximum shear test given
earlieris
Tmax = 0.5 [(SL = Su )? + 4 9%
=S/2=9yl2

The Tresca theory thus just says that failure occurs when the maximum shear stressin a
system is more than half the yield stress of the material (Sy). The maximum shear stress
in the system should be calcul ated as earlier.

It should also be interesting to check the implication of this theory on the case when a
cylinder (or pipe) is subjected to internal pressure.

As the Hoope's stress induced by internal pressure (Sy) is twice the axial stress (S) and
the shear stressis not induced directly (t = 0) the maximum shear stressin the cylinder as
per the earlier given formulawould be

Tmax = 0.5 [(SL — Sn )* + 417%°
=0.25 S
This should be less than 0.5Sy, as per Tresca theory for safe design. This leads to a

different criterion that Hoope's stress in a cylinder should be less than twice the yield
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stress. The Tresca theory and the design criterion used in the membrane theory for

cylinder are thus incompatible.

Octahedral Shear Theory

This is also caled Von Mises theory. According to this theory, failure occurs when the
octahedral shear stress in a system is greater than the octahedral shear stress at yield in a
specimen subjected to uniaxial tension test. It issimilar in wording to the statement of the
earlier two theories except that octahedral shear stress is used as criterion for comparison
as against maximum principle stress used in the Rankine theory or maximum shear stress

used in Trescatheory.

The octahedral shear stressis defined in terms of the three principle stresses as follows.

Toa = U3 [(S-S)* + (SS9 + (S $)]°°
In view of the principle stresses defined for a specimen under uni-axial load earlier, the
octahedral shear stress at yield in the specimen can be shown to be as follows.

Tot = V2 Sy/3

The Von Mises theory thus states that failure occurs in a system when octahedral shear
stress in the system exceeds 2 Sy/3.
For stress analysis related calculations, most of the present day piping codes use a

modified version of Trescatheory.

Design Under Secondary L oad

As pointed earlier, a pipe designed to withstand primary loads and to avoid catastrophic
failure may fall after a sufficient amount of time due to secondary cyclic load causing,
fatigue failure. The secondary loads are often cyclic in nature. The number of cycles to
failure is a property of the material of construction just as yield stress is. While yield
stress is cardinal to the design under primary sustained loads, this number of cycles to
failure is the corresponding material property important in design under cyclic loads aim
at ensuring that the failure does not take place within a certain period for which the

system isto be designed.
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While yield stress is measured by subjecting a specimen to uni-axial tensile load, fatigue
test is carried out on a similar specimen subjected to cycles of uniaxia tensile and
compressive loads of certain amplitude, i.e. magnitude of the tensile and compressive
loads. Normally the tests are carried out with zero mean load. This means, that the
specimen is subjected to a gradually increasing load leading to a maximum tensile load of
W, then the load is removed gradually till it passes through zero and becomes gradually a
compressive load of W (i.e. a load of W), then a tensile load of W and so on. Time
averaged load is thus zero. The cycles to failure are then measured, The experiments are

repeated with different amplitudes of load.

Conclusion

Stresses in pipe or piping systems are generated due to loads experienced by the system.
These loads can have origin in process requirement, the way pipes are supported, piping
system’s static properties such as own weight or simple transmitted |oads due to problems
in connecting equipments such as settlement or vibrations. Whatever may be the origin of

load, these stresses the fabric of the MoC and failure may occur.

Fatigue failure is an important aspect in flexibility analysis of piping systems. Often
cyclic stresses in piping systems subjected to thermal cycles get transferred to flexibility
providing components such as elbows. These become the components susceptible to
fatigue failure. Thermal stress analysis or flexibility analysis attempts to guard against

such failure through very involved calculations.
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FLEXIBILITY ANALYSIS
Flexibility analysis is done on the piping system to study its behaviour when its

temperature changes from ambient to operating, so as to arrive at the most economical

layout with adequate safety.

The following are the considerations that decide the minimum acceptable flexibility on a

piping configuration.

1. The maximum allowable stress range in the system.

2. The limiting values of forces and moments that the piping system is permitted to
impose on the equipment to which it is connected.

3. The displacements within the piping system.

4. The maximum allowable load on the supporting structure.

Methods Of Flexibility Analysis

There are two methods of flexibility analysis which involve manual calculations.

1. Check asper clause 119.7.1/319.4.1 of the piping code
This clause specifies that no formal analysis is required in systems which are of
uniform size, have no more than two points of fixation, no intermediate restraints and
fall within the empirical equation.

K 2—(L?TJ)2 where,

D = the outside diameter of the pipe

Y = resultant of total displacement strains to be absorbed by the piping
system.

L = developed length between anchors.

U = anchor distance, straight line between anchors.

K =0.03 for FPS units.

=208.3 for Sl units.
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2. Guided Cantilever Method
Guide cantilever is based on the simple concept of "minimum length".

re="
' |
-—"""_T AAAAA ,
————————— i 1 !
I K
| 1 1
' .
1 !
! 1
h .
| '
! '
1 .
1 1
! 'L
1 !
! 1
' .
1 1
! '
1 .
1 1
f .

When two vessels are connected by a straight pipe, the pipe may buckle or dent the sides
of the vessel when operating at high temperature due to expansion. To overcome this
difficulty a bend is provided as shown in figure above. So that the movement ‘6’ due to
expansion will be absorbed and stresses are restricted to a given value. The minimum

length for this configuration to absorb movement can be calculated as-
L= ,DE&
48f
where,

L = minimum leg length.
f = maximum bending stress.
d = movement.
E = Young's modulus.
D = outer diameter of the pipe.
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WORKING
CAD Packages like CAEPIPE and CAESAR Il have been developed for the

comprehensive analysis of complex systems. These software make use of Finite Element
Methods to carry out stress anaysis. However they require the pipe system to be
modelled before carrying out stress analysis. Due to time constraints it is not possible to
model the pipe systems always. Hence it becomes necessary to carryout elementary
analysis before going in for the software analysis. Chart solutions, Rules of Thumb and
Mathematical formulae are at our disposal. Our project is mainly concerned with the
analysis of two anchor problems using the formula and modify it if needed. If possible we

may also extend it to three anchor problems.

Clause 119.7.1/319.4.1 of the piping code suggests that for a pipe to be safe the value of

critical coefficient K where K :L should be less than 208.3 (in SI units). If

(L-V)*

according to thisformula a pipe is safe, then no further analysisis required.

The software, which we would be using to compare our studies, is CAEPIPE. In
CAEPIPE the ratio of Maximum Stress Induced to Maximum Allowable Stress is
calculated. If thisratio is below 1 then the pipe system is safe else redesigning is required.
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CAEPIPE
Caepipe alows a comprehensive analysis of piping systems. The piping system has to be
modelled on the computer as shown below. Various values are needed like loads on the

pipe, materia of the pipe, operating temperature, diameter of the pipe, types of bends etc.

Fi- Cacpipe : Lapout [11]  [finalproj11 med [D:AS02F EVAL]]

ke Edir Wew Uphone Losd: Mec Wirdoe d=fp

N2 e mE D @@

t [Meds [Tups [0 1mm: [0 (ot [DZ () M| et [Losd] Dt

T | Hlle =

z (b |From Aacher
A | Rrnr RNrN [ZA 11

Iz |3c |Benc 8000 CTRERE]
B BOCO M1 |31 |U1

G |5C |Denc|11000 TTRERIE]

17 |oc G000 M (51 (L1 |&acher
2 |

B

L
=

GhAs

below
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After this the analyze command in the file menu is given and the analysis for safety is

carried out. Various results are displayed in a tabular format as follows

Fi- Cacpipe - ASME Clazz 2 [1992) Code Complance [Sorted Shrezzcs]  [Finalprogl 1.ica [D:AE02

b Hszukbz Yew Lphons Wircow Eelp

= T A I,
s|EEE| BB« HE
tietained k) =4pangior [1U] Erpanzion |17)
L GL 1551 52 GC |54 5L CL+SC | S1-54 ) So+G0

Hode MPa]|(M7al | TEST Hode | MMa] | (MMa) 557 |Hode | f7al |(Ma) |5 58
BOE 2927|1551 |1£2 -0 |00031|1551 003|BJ8 |122¢ |ZE@E |49
04 26251531 |169 204 0003|1551 003|53% |1154 |ZE2E |45
40 105 |Thal (174 20 [ LUD (12T UUdf1d 1147 [eEd8E | 148
e ITIE|IES ] |12 3G (0002|1551 003408 |2449 |2EEE D33
dne. 1TNA 1551 (110 30k [ nma(1RRT1T Nnass [RRAEE |FFAR | 1R
S0E 1567 (1531 100 404 0003|191 003|408 |&294 |zEEE 1%
206 1°6.3|1031 (275 406 0003|191 003|506 |7raC |ztee |13
00 1700|1531 |27 s0s |oooa|1sm1 ood|ze |cooc |z=0c [ass
20E 92321531 |2E0 s0B |0o03|1sm1 ooo|ze |smoz |semE [
60 5233|1531 (238 60 |oooa|1sm1 ood|ed  |s2sc |zEmE 1o

Caepipe shows the precise point at which the pipe will fail. Asin the above example we
see that the pip will fail at node 50A, 50B, 40A, 40B, 30A, S/A ratio being the maximum
at node 50B. The graphic of the analysisis shown in the following figure.

= Caeppe 51 A1 05H - [Imalposg 1 e [ WNPEF WAL Y]

Jl= Miew Oobcne wfndos _ek

B & Q0]
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Let us consider the following examples where we will find the value of critical coefficient

‘K’ and compare it with the % ratio in CAEPIPE.

Sr.No X Y 4 Diameter K SA
Length(m) | Length(m) | Length(m) (mm)

1 4 7 12 457.2 207.02 0.56
2. 5 20 5 323.8 203.4 0.48
3. 4 15 3 219.07 206.74 0.38
4, 20 13 31 219.07 31.63 7.91
5. 23 11 65 114.3 21.42 34.68
6. 3 3 2 219.07 214.248 0.19
7. 3 11 2 168.27 227.49 0.27
8. 10 5 8 406.4 149.19 0.52

Thus it is clear that although the formula gives accurate results many a times, there are
certain discrepancies. Therefore we have to modify the formula accordingly to cover a

wide spectrum of problems

The Vaue of ‘K’ depends on the following factors :

Diameter of Pipe Lengths of pipe Number of Bends Pipe Configuration

Internal Pressure Dead Loads Material of Pipe Temperature of the Pipe

1. Diameter of the Pipe :- K «« D so0 as K increases, D also increases but is actual case,
for a fixed configuration as D increases pipe becomes more and more safe. Consider

the following example
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The Orientation of the pipe in 3D spaceisasfollows

Sy

z X
15
4

6
S X Y Z Diameter K SIA
No | Length(m) Length(m) Length(m) (mm)
1 4 15 6 114.3 62.27 1.25
2. 4 15 6 168.27 91.675 0.8
3. 4 15 6 219.07 119.352 | 0.63
4. 4 15 6 273.05 148.76 0.47
5. 4 15 6 323.85 176.43 0.42
6. 4 15 6 355.6 193.43 0.41

Thus we need to modify the formula in order to account for the above factor. After a lot
of analysis and tedious calculation we were able to establish a homomorphic index of D

which itself is afunction of D. So the new formulais

1+0.5D
Y 1-D

Ke—o
(L-U)?

2. Lengths of Pipe:- It isthe total length in the X, Y and the Z direction. If any one of
the length in the X,Y or the Z direction is very large as compared to the other two, it
greatly affects the value of K. However it is already considered in the origina formula

where:
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Tota lengthin X,Y and Z directionsL = [X| + |Y| + |Z]| and

Distance between the supports U = 4/ X2 +Y? 4+ Z2

Total length of the pipe ‘L’ has a considerable effect on the value of criticality
constant ‘k’. We multiply the formula with 2 + 0.05L%° to reduce the weight of the
length.

We also consider the ratio of the longest length to the shortest Iength in the pipe
system. If any one of the length is too long or too short then the pipe system may

Longest Length

become unsafe. Here we multiply the formula with the ratio .
Shortest Length

Also length of the leg attached to the anchor (anchor leg) and the leg attached to it
plays an important role. The leg attached to the anchor leg induces a bending moment
in the anchor leg due to its weight. This bending moment may make the pipe unsafe
hence a proper combination of this two must be chosen. We again multiply the
formula

with the factor

Length of thefirst Anchor leg— Length of theleg attached to anchor leg
Length of thesecond Anchor leg— Length of theleg attached to anchor leg

where first anchor is the starting anchor and second anchor is the concluding anchor.

3. Number of Bends :- As the number of bends increases, the pipe becomes more and
more safe provided the initial and the final point is same. The original formula does

not account for the number of bends.
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Let us consider some examples :-

n=2 n=3 n=4 n=5
S X Y z Diameter n SIA
No | Length(m) | Length(m) | Length(m) (mm)
1. 4 15 6 406.4 2 0.81
2. 4 15 6 406.4 3 0.66
3. 4 15 6 406.4 4 0.61
4, 4 15 6 406.4 5 0.52

0.3
We established a factor (gj by which the original formulaisto be multiplied if the
n

0.1
number of bendsis less than 4 else we multiply by (E)
n

4. PipeConfiguration :- Pipe configuration greatly affects the S/A ratio. More complex
the configuration, more difficult isits analysis. Such systems are usually modelled on

the computer for a comprehensive analysis so we don’t consider such cases here.

5. Internal Pressure:- Astheinternal pressure increases pipe becomes more and more
unsafe. However this does not affect the critical constant much hence it is not

considered in our analysis.
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6. Dead Loads:- As the dead loads increase the pipe becomes more and more unsafe.
Dead loads may include hangers, diaphragms, bellows etc. When the piping system is
designed and the initial and final points are decided a preliminary analysisis carried
out. This analysis doesn’t consider the effects of dead loads however software like

Cagepipe takes into account these dead |oads.

7. Material of the Pipe :- Materia of the pipe affects the pipe system. Depending on
various materials, the linear expansion will vary. Thiswill change the value of Y and
hence critical coefficient K. In our calculations we have assumed the material as
ASTM A106 Grade B, which iswidely used in the industry.

8. Pipe Temperature :- The pipe may operate at various temperatures. If the
temperature of the pipe is very high or very low then the pipe may fail. The values of
the temperatures can be selected and the corresponding el ongations can be taken from
a standard databook.

Hence the final formula after considering the effect of diameter, lengths of pipe and no of

bendsis
25 1+0.5D 03 _
K> 2+ 0.05L _Y _D D E & w for n<4
10 (L-U) n SL ANA2-AL2
25 1+0.5D 01 _
< 5 2005 _Y _pio (2] [LE w for n>=4
7 (L-U) n SL NA2-AL2
where

L =Tota Length = |X|+ Y]+ [Z]
Y=exU...... eisthe Expansion Coefficient
U= VX?+Y?+2Z2

n = Number of Bends

LL = Length of the Longest leg

SL = Length of the Shortest leg
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Al= Length of starting anchor leg

A2 = Length of concluding anchor leg

AL1 = Length of leg attached to starting anchor leg
AL 2 = Length of leg attached to concluding anchor leg
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PROGRAM IN VISUAL BASIC

The Program consists of two forms as follows: -
FORM1

Label

. pipingwurks

A PROJECT ON
PIFING STEESS ANALYSIS

ExlERMAL GUIDE - FPEOF A5 WUHSRIR

{2y Frgiseriag Tell ) Cal Canlra, Twliag Tnshiou e
Tocknelegy  bombay, bowal, Mumba: cooors )

INTCREMAL GUIDC - K=, R.R. CAS0W

[Mackamcel Lapt.  zardar Facel Colega Ut zrginesnng.
stunst Macar . Axclen Cwd . momoei- 000503

SUBMITTEZ B
AZWAT & _0SH  ‘Ea-Mach®
GIRIS— P RAQ {Be-Meck

RORM O THORMAS - (RA-tdech)

COLLEGE . Serder Satal College Of Cwgineesrry . burshi wagar,

Aacdken (w), moragi- 00056 )

Command

Pressing Enter Key loads form 2.
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FORM2

Combobox Textbox

~n

w. pipingsoftwora

STEESS ANALYSIS

EATAR RN S Y ]

ot ey O
ek TR H | BT

bl

L=r b stthe

=1 H=
—£1e1 = aaln lerge st arbe -

o e L

Lar ik 2 the

[IRIERE Y e TH ) shchoiln anln

2 dirze zaLind

LR THIR

7 vrnjlbonl b
Troes j"—'" nerk = Jfocae

T anc o

o Iouqll allin
==} :Eher:is rrembes coljpezr:

Iihr: &0

= P Ak SEA R H Ioagll dlln
HE Sl E e Tua Caraon Seel Ire nbe - ezzzhec 3

I s ol =nem -

3 H LarF e
r v =
; “39""‘”':9 | =] cames L rre nbe - ecljimcar:
v ceral

lisa nenl=rnen -

Hbmer Chne =1

Entering in the various values and pressing commandbutton givesthe value of "

K".
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The coding of the Program is as follows: -

Option Explicit
Dima k, I, 111,112,113, u, €1, b, e, g, 91, n2, n1, 11,12, d, d1, d2, d3, x1, y1, z1, d4
AsDouble

{"Dim" isa command used to declare variables." Double" isatype of a variable}

Private Sub dd_Click()

{ Procedure declaration of the Combobox "dd" (drop down box ) used to input
vaue of a diameter. Variable " d" is for diameter which is assigned values
according to the value of diameter selected in the Combobox "dd". The Combobox

givesvauesininchesaswell asin millimetres. }

If dd.Text = "6inch-168.27" Then d = 168.27

If dd.Text = "8inch-219.07" Then d = 219.07

{Every variable has a text field where its value is assigned. Thus according to the
value assigned to the text field of "dd", "d" is given avalue. The value in this text
field isselected from the list in the drop down box (combobox).}

If dd.Text = "46inch-1168.4" Then d = 1168.4
If dd.Text = "48inch-1219.2" Then d = 1219.2

End Sub
{End of procedure dd_click.}

Private Sub t_Click()
If t.Text = "-28.89" Then e2.Text = "0.00001055"
If t. Text = "21.11" Then e2.Text = "0.00001093"

{Declaration of proceduret_click."t" is a Combobox for selecting the value of temperature of pipe. "e2" is

the Textbox where the elongation of the pipe is shown corresponding to the temperature selected in
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Combobox "t". |F statement assigns various values for "e2" corresponding to the value of "t" that is
selected fromiitslist. The value of "e2" is displayed in its textbox automatically.}

If t. Text = "565.6" Then e2.Text = "0.00001449"
If t.Text ="593.3" Then e2.Text = "0.00001462"

End Sub
{End of proceduret_click}

Private Sub Commandl_Click()
{ Declaration of commandbutton "Commandl" in form2. The Commandl Commandbutton has the caption

"Show Constant K" onit.}

If n<4 Then
e=Va(e2) * val(t) * 1000

{ value of ein mm per metre is found}

| = Val(x) + Va(y) + Va(2)
{I=x+y+3

x1 = sgr(x)

{ x1= sguare of x}
y1=sqr(y)

{yl= sguareof y }
z1=sgr(2)

{z1= sguare of Z
b=x1+yl+z1
{b=sqrx+sqry + sorz}
u = pow(Val(b), 0.5)
{u=sguare root of b}
gl=I-u

g =sor(Val(gl))

{ g = square of the difference between | and u }
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nl=(2/n)

n2 = pow(Val(nl), 0.3)
{n2=(2/n)wholeraiseto 0.3}
el=e*u

12 = pow(Val(l), 2.5)
{12=Iraisedto 2.5}
[1=(2+(0.05* 12)
{Thevalueof12is= 2+ 0.05L*°}
dl=1+05* Val(d)
d2=1-(Va(d))
d3=(d1/d2)

d4 = pow(Val(d), Val(d3))

1+0.5D
{Thevalueof d4is=D *P }

11 = Abs(al - al1)

{The value II1 is the difference between the length of starting anchor leg and the length of leg attached to
starting anchor leg.}

Ifl1I1=0Thenll1l=1

{If 111=0then it isassigned value of 1}

[12 = Abs(a2 - al2)

{The value 112 is the difference between the length of concluding anchor leg and the length of leg attached
to concluding anchor leg.}

[flI2=0Thenll2=1
N3 =111/112

k=Mn2*d4*el*112*113*1l)/(10* 9 * g)
MsgBox k

{The value of K is displayed in a message box }

If k<1Then
{Depending on the value of K being lesser than or greater than one the respective message box is

displayed.}
MsgBox "THE PIPE IS SAFE"
Else: MsgBox "THE PIPE IS UNSAFE"
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End If

{ End of inner If statement }
End If

{ End of outer If statement }

If n>=4Then

{We use two loops for different number of bendsi.e. for no. of bends |ess than four and greater than four.}
e=Val(e2) * Val(t) * 1000
| =Va(x) + Val(y) + Va(z)
X1 = sgr(x)

yl=sar(y)

z1=s0r(2)
b=x1+yl+z1

u = pow(Val(b), 0.5)
gl=1I-u

g9 =sqr(Val(g1))
nl=(2/n)

n2 = pow(Val(nl), 0.1)
el=e*u

12 = pow(Val(l), 2.5)
[1=(2+ (0.05*12))
di=1+(0.5* Va(d))
d2=1-(Va(d))
d3=(d1/d2)

d4 = pow(Val(d), Va(d3))
[11=Abs(al - al1)
[fllI1=0Thenlll=1

[12 = Abs(a2 - al2)
If12=0Thenll2=1
3=11/12
k=Mm2*d4*el*11* 11 *[I3)/(6* 9 * Q)
MsgBox k

If k<1Then
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MsgBox "THE PIPE IS SAFE"

Else: MsgBox "THE PIPE IS UNSAFE"
End If

End If

End Sub

{ End of procedure}

Function sgr(i As Double) As Double

{User Defined Function for squaring a number. The function returns a value of type "Double".}
sgr = Val(i) * val(i)

{"sgr" isassigned a value equal to the square of the number. This value isreturned.}

End Function

{End of function declaration}

Function pow(i As Double, j As Double) As Double

{User Defined Function for finding the value of a number raised to another number. The function returns a
value of type "Double".}

Dimil, i2 AsDouble

i1=(* Val(Log(i))

{wefirst find the Log of the number.}

i2 = Exp(il)

{then we find the antilog or exponential.}

pow = Val(i2)

{pow is assigned the value of i2.This value is returned.}

End Function

{End of function declaration.}

Private Sub Form_L oad()

{The values of various standard diameters and operating temperatures have to be stored in " respective
lists of the comboboxes "dd" and "t". Thisis done with the help of the "Additem" function , which adds the
values in the order in which the values are typed. The commands are given in a procedure "Form_|oad"

which gets executed at start of runtime. }
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dd.Addltem "6inch-168.27"
dd.Addltem "8inch-219.07"

dd.AddItem "46inch-1168.4"
dd.Additem "48inch-1219.2"

t.Additem "-28.89"
t. Additem "21.11"

t.Additem "565.6"
t.Addlitem "593.3"

End Sub
{ End of "Form_load" procedure.}
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The entire coding is shown below:-

Coding for Form1 :-

Option Explicit

Private Sub Command01_Click ()
Unload form1

form2. Show

End Sub

Coding for Form2 :-

Option Explicit

Dimak, |,u,el, b, e g,gl,n2 nl,l1 12 d dl, d2, d3, x1,yl, z1, d4 AsDouble
Private Sub dd_Click()

If dd.Text = "6inch-168.27" Then d = 168.27
If dd.Text = "8inch-219.07" Then d = 219.07
If dd.Text = "10inch-273.05" Then d = 273.05
If dd.Text = "12inch-323.85" Then d = 323.85
If dd.Text = "14inch-355.60" Then d = 355.6
If dd.Text = "16inch-406.4" Then d = 406.4

If dd.Text = "18inch-457.2" Thend = 457.2

If dd.Text = "20inch-508.0" Then d = 508

If dd.Text = "22inch-558.8" Then d = 558.8

If dd.Text = "24inch-609.6" Then d = 609.6

If dd.Text = "26inch-660.4" Then d = 660.4

If dd.Text = "28inch-711.2" Thend = 711.2

If dd.Text = "30inch-762.0" Thend = 762

If dd.Text = "32inch-812.8" Thend = 812.8

If dd.Text = "34inch-863.3" Then d = 863.3

If dd.Text ="36inch-914.4" Thend = 914.4
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If dd.Text = "38inch-965.2" Then d = 965.2

If dd.Text = "40inch-1016.0" Then d = 1016
If dd.Text = "42inch-1066.8" Then d = 1066.8
If dd.Text = "44inch-1117.6" Thend = 1117.6
If dd.Text = "46inch-1168.4" Then d = 1168.4
If dd.Text = "48inch-1219.2" Thend = 1219.2
End Sub

Private Sub t_Click()

If t.Text ="-28.89" Then e2.Text = "0.00001055"
If t.Text ="21.11" Then e2.Text = "0.00001093"
If t.Text ="93.33" Then e2.Text = "0.00001148"
If t.Text ="148.9" Then e2.Text = "0.00001188"
If t.Text ="204.4" Then e2.Text = "0.00001228"
If t.Text ="260" Then e2.Text = "0.00001264"
If t.Text ="315.6" Then e2.Text = "0.00001301"
If t.Text ="343.3" Then e2.Text = "0.00001319"
If t.Text ="371.1" Then e2.Text = "0.00001339"
If t.Text ="398.9" Then e2.Text = "0.00001357"
If t.Text ="426.7" Then e2.Text ="0.00001377"
If t.Text ="454.4" Then e2.Text = "0.00001395"
If t.Text ="482.2" Then e2.Text = "0.00001411"
If t.Text ="510" Then e2.Text = "0.00001424"
If t.Text ="537.8" Then e2.Text = "0.00001435"
If t.Text = "565.6" Then e2.Text = "0.00001449"
If t.Text ="593.3" Then e2.Text = "0.00001462"
End Sub

Private Sub Commandl_Click()
If n<4Then
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e=Val(e2) * Val(t) * 1000
I =Va(x) + Va(y) + Va(2)
X1 = sgr(x)

yl=sor(y)

z1=s9r(2)
b=x1+yl+z1

u = pow(Val(b), 0.5)
gl=1-u

g=sqr(vVa(gl))
nl=(2/n)

n2 = pow(Val(nl), 0.3)
el=e*u

12 = pow(Val(l), 2.5)
11=(2+ (0.05* 12))
dl=1+05* Val(d)
d2=1- (va(d))
d3=(d1/d2)

d4 = pow(Val(d), Val(d3))

11 = Abs(al - al1)
IflI1=0Thenlll=1
12 = Abs(a2 - al2)
If12=0Thenll2=1
N3=11/112

k=(n2* d4*el* 1*113* 1)/ (10* & * g)

MsgBox k

If k<1Then
MsgBox "THE PIPE IS SAFE"
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Else: MsgBox "THE PIPE IS UNSAFE"
End If
End If

If n>=4Then

e=Val(e2) * Val(t) * 1000
I =Va(x) + Val(y) + Va(2)
x1 = sgr(x)

yl=sor(y)

z1=s9r(2)
b=x1+yl+z1

u = pow(Val(b), 0.5)
gl=I-u

g=sqr(Val(gl))
nl=(2/n)

n2 = pow(Val(nl), 0.1)
el=e*u

12 = pow(Val(l), 2.5)
11=(2+ (0.05* 12))
dl=1+(0.5* Va(d))
d2=1- (Va(d))
d3=(d1/d2)

d4 = pow(Val(d), Val(d3))

[11=Abs(al/al)

[flI1=0Thenlll=1

[12 = Abs(a2 / a2)

[fl12=0Thenll2=1

N3=11/12
k=m2*dd*el*[1*11*1I13)/(6* d * g)
MsgBox k
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If k<1Then

MsgBox "THE PIPE IS SAFE"

Else: MsgBox "THE PIPE IS UNSAFE"
End If

End If

End Sub

Function sgr(i As Double) As Double
sgr = Val(i) * Val(i)

End Function

Function pow(i As Double, j As Double) As Double
Dimil,i2 AsDouble

i1=(* val(Log(i)))

i2 = Exp(il)

pow = Val(i2)

End Function

Private Sub Form_L oad()
dd.Addltem "6inch-168.27"
dd.Addltem "8inch-219.07"
dd.Addltem "10inch-273.05"
dd.AddItem "12inch-323.85"
dd.Addltem "14inch-355.6"
dd.Addltem "16inch-406.4"
dd.Addltem "18inch-457.2"
dd.Addltem "20inch-508.0"
dd.Addltem "22inch-558.8"
dd.Addltem "24inch-609.6"
dd.AddItem "26inch-660.4"
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dd.Addltem "28inch-711.2"
dd.Addltem "30inch-762.0"
dd.Addltem "32inch-812.8"
dd.Addltem "34inch-863.3"
dd.Additem "36inch-914.4"
dd.Addltem "38inch-965.2"
dd.Addltem "40inch-1016.0"
dd.Addltem "42inch-1066.8"
dd.Additem "44inch-1117.6"
dd.Addltem "46inch-1168.4"
dd.AddItem "48inch-1219.2"

t.Addltem "-28.89"
t.Additem "21.11"
t. Additem "93.33"
t.Addltem "148.9"
t.Addltem "204.4"
t. Additem "260"
t.Additem "315.6"
t.Addltem "343.3"
t.Additem "371.1"
t.Addltem "398.9"
t.Addltem "426.7"
t.Additem "454.4"
t.Additem "482.2"
t.Additem "510"
t. Additem "537.8"
t.Addltem "565.6"
t.Additem "593.3"
End Sub
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A solved Exampleis shown below : --
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Values are input as shown above and commandbutton commandl with caption "Show

constant K" is pressed which displays a message box.
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. pipingeafwors

On pressing "OK" another message box saying whether the pipe is safe or unsafe

displayed.
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If value of K is greater than 1
then

"THE PIPE IS UNSAFE "is
displayed.

If value of k is less than 1 then
"THE PIPE IS SAFE " is
displayed.

The values can be changed and any number of further computations can be carried out in
the manner explained.
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Comparison of the new formula with theresults obtained from Caepipe

S| X |Y | Z D n|LL | SL | Al | A2 | All| AI2| SA K
No | (m) | (m) | (m) | (mm) (m) | (m) | (m) | (m) | (M) | (M)

1. 6 | 12 | 12 | 32385 |5| 7 2 2 5 5 7 | 053 | 262
2. 15 | 15| 10 | 4064 |5| 40 | 25 | 26 | 25 | 40 | 25 | 21.07 | 114.59
3. | 50|40 55| 508 |4 40 | 20 | 25 | 20 | 40 | 25 | 139 | 23.04
4. | 16 | 25 | 20 | 4572 |8 20 | 10 | 15 | 15 | 20 | 15 | 30.54 | 10.45
5. 8 3 | 133238 |5| 8 3 5 5 8 8 | 076 | 1.34
6. 3 |17 | 7 |27305/4| 11 | 7 8 8 |11 | 9 | 225 4.2
7. 6 7 8 (21907 2| 8 6 8 7 6 6 | 056 | 0.64
8 | 18|15 10 | 356 |9 8 3 6 5 6 5 | 408 | 253
9. 8 8 5 [16825|3| 8 3 5 3 8 5 | 067 | 102
10.| 25 | 12 | 17 |32385|4| 14 | 8 | 12 | 8 | 14 | 11 | 349 | 145
1. 11 | 14 | 13 | 3556 (4| 11 | 5 5 6 8 | 11 | 181 0.8
12011 | 14 | 13 | 3556 (4| 11 | 5 5 | 11| 8 6 | 085 0.8
13.1 16 | 13 | 6 | 3556 |6| 8 5 5 7 8 7 | 242 3.1
4.1 16 | 11 | 8 | 21904 4| 8 5 8 8 5 6 | 1.00 | 185
5./ 5 | -1 |12 |27305/4| 14 | 9 | 11 | 9 | 14 | 10 | 449 | 312
16.| 13 | -11| 12 | 32385 |2| 3 | 11 | 11 | 12 | 13 | 13 | 1.03 | 0.23
17.1-12 | 15 | 12 | 32385|3| 15 | 5 7 5 | 15|12 | 121 | 151
18.| 9 8 0 [27305]3| 9 8 9 9 8 9 | 105 0.4
19.| 6 6 (21907 3| 9 3 9 6 5 3 | 075 | 0.62
20. 4 | 10 | 273053 | 5 3 5 5 4 3 1034 02
2. 4 | 15| 6 | 4064 3| 8 4 7 6 4 8 | 039 | 111
22.1 10 | 5 4064 (2|10 | 5 | 10| 5 8 8 | 047 0.3
23.| 3 |10 4 |32385|3| 5 3 3 5 5 4 | 026 | 0.74
24.1 5 | 20 32385|3| 10 | 5 5 |10 10 | 5 | 048 | 143
25.| 10 | 10 | 10 (323854 | 10 | 5 5 5 5 5 | 088 | 0.53
26.| 3 8 2 116827 3| 6 2 3 5 6 2 1027 | 074
27.0 3 |11 | 2 |16827 3| 6 2 3 5 6 2 | 057 14
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28.1 20| 30 | 10 (16827 3| 20 | 10 | 20 | 15 | 15 | 10 | 785 | 3.05
29.1 30 | 25 | 55 | 4572 |5/ 30| 10 | 10 | 25 | 15 | 20 | 1228 | 9.69
30.| 23| 11 | 65 | 5588 |6 25| 5 | 13 | 25| 5 | 10 | 835 | 12.98
31. 2 |10 | 1143 |2| 10 | 2 2 2 |10 | 10 | 070 31
32. 15| 3 | 1413 |5| 5 2 2 5 5 2 | 047 | 283
33. 7 | 12 | 21907 | 5| 8 2 2 4 3 2 |1 08 | 099
34. 3 2 21907 2| 3 2 3 2 3 3 | 019 0.1
35120 | 13 | 31 [21907|5| 16 | 6 | 10 | 7 6 | 16 | 691 | 238
36.0 21 | 9 4 | 4572 |3 17 | 4 4 |17 | 9 4 | 0.55 1
37.| 4 | 28 1016 |3 14| 2 | 14 | 14 | 4 2 | 032 | 3298
38. 4 | 16 | 21907 | 3| 8 3 8 8 4 3 | 075 | 156
39.1 33| 5 2730514, 11| 5 |11 | 11| 5 6 | 228 | 1012
40.1 13 | 9 0 [21907 3| 7 4 7 4 5 6 | 084 | 109

Thus we can see that the results are quite satisfactory except for some cases where our

formula shows that the pipe is unsafe whereas in actua case it is safe. This type of

difference can cause no harm in the calculation of the values. The pipe will have to be

checked on Cagepipe again after check by the normal formula. This gives double safety.
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CONCLUSION

ADVANTAGES

With increasing diameter the pipe becomes safer. This drawback that existed in
the old formula has been dealt with.

The old formula did not account for the number of bends. The formula derived
does account for number bends. With increase in bends the pipe becomes safer.
The old formula did not consider anchor lengths which have a considerable effect
on the value of ‘k’ this has been considered.

If one of the length is too short or too long then the pipe may become unsafe this
was not included in the old formula. We have comsidered this in the new formula.
The formulais a quick and easy check for pipe configurations. The formula gives
results in conformance to CAEPIPE results in most of the simple standard

configurations.

DRAWBACKS

The formula gives very accurate results for simple two anchor with three
orientations. It does not account for three anchor problems

When the number of bends are high there are multiple combinations possible with
other factors remaining same so the S/A ratio in Caepipe may change but the
formula gives only one value which is the average of all such S/A ratios of
Caepipe.

The formula gives a bit higher values in some case. The piping engineer may have
to carry out analysis once more on some software like Caepipe, Ceaser |1 etc. But

thisisjustified as it ensures double safety.




