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Introduction

Process industries like Refineries , Fertilizer plants itYtdlants , Power plants need to transport
fluids ( Liquids & Gases including steam) from point to point thropigle lines. Pipe lines come in
various sizes & materials of construction :

Sizes ranging from 15 NB to 1000 NB ( NB = Nominal Bore) made from matekials li

ABS Pipe

Aluminum Pipe
Asbestos Cement Pipe
Cast Iron Pipe
Concrete Drain Pipe
Copper Instrument Tube
Copper Water Tube
Lead Pipe

Nickel & Alloys Pipe
PVC Pipe

Steel Pipe

Steel Tube

Titanium Pipe
Wrought Iron Pipe
Zirconium Pipe

Pipe Material of construction should be in line with service conditionexample Instrument tubing
normally use Copper or stainless tubes & High temperature hegsyme steam service piping uses
Seamless alloy pipes.

The design engineer selects relevant materials of constiugéised on service conditions like fluid
type ( Petroleum products , acids , alkalis etc) , servitpeaeature , pressure & relevant standard
Piping & design codes.

Hence Pipe & piping plays a critical role in industry & da@ compared to arteries & veins in our
body transporting life sustaining oxygen , nutrients , food etc t@owsrmrgans to keep us alive &
functional.

Why use Pipe Supports

All Pipe’s irrespective of materials of construction have a self weigigcdan Diameter of pipe , Wall
thickness & specific gravity of the raw material used for mactuking the pipe. This is typically
expressed in Pipe handbooks as weight per running meter.

Pipelines have to be supported by external means at regulaalateo prevent them from sagging
due to their intrinsic self weight & the weight of the fluids inside the pipe.

Normally pipes are placed on Pipe Racks or supported either frorbottean or hung from the
supporting structure depending on layout & availability of supporting locations &steuct

Pipe supports , pipe hangers etc are normally used to support pipbyisespending them from
structural members or supporting pipe lines from the bottom where ever feasible.

Pipe lines not supported at regular intervals will lead to saggoausing stress at welded joints ,
flanges etc , which may end in leaks & ultimately lead to failure or rupture imthe li

Therefore it is essential to have a well designed pipe l&ipe supports / hangers for long trouble
free service in the plant.



Stress analysis of Piping

Modern process & Power plants are very compact & have complex piputiggs , layouts . Now
days with modern day soft wares & powerfull computers Pipe lines are mod&BEd i

Pipe lines which carry fluids have a tendency to expand with increase in teimperat

Metal will expand with rise in temperature , expansion being leigueo-eff of thermal expansion
applicable to that metal & will take place in all 3 axesi.e X,Y & Z.
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In the diagram above a piece of steel round rod is clamped & hedwedo thermal expansion it will
bend as it is prevented from expanding linearly by the clampingeleSimilarly a pipe line will
expand in the linear direction (when hot fluids are transported through it) .

When the pipe line is complex consisting of horizontal runs , verigexs , U bends , elbows , loops
etc with fittings like valves , flanges , insulation etc the expansion profilenbes very complex.

Typically Pipe line Isometry drawing is prepared showing pipe dimensions , sizes , length ,
temperature , fittings etc. This drawing will also show possioigitions of pipe hangers based on
spacing of pipe supports i.e span between adjacent supports , aiaidtstructural members ,
columns , beams , floors etc from where Pipe supports can be suspended or placed.

This data is fed into pipe stress analysis software packdge output of the stress analysis provides
data on the forces ,moments & movements at various points in the 3 axes namely X ,Y & Z

X & Z movements & forces are in the horizontal / lateral pland the Y axis movements are in the
vertical plane.
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In the diagram below a resting type pressure vessel fixed grahed is generating steam. The steam
is evacuated from the vessel by means of a pipe line connected to the fldregeazzle at the tope of
the vessel. The pipe line has a long vertical run , takes a 90 Deg bend then again a 90 Regésnd
up . The entire weight of the pipe line is supported by the restpe Pipe shoe assembly fixed at
point “B” to a structural member as shown.
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Hence no weight is transferred to the nozzle in this condition. Pressure vesses$ nozzl

(Point “A”) are highly stressed components as they are operatidgr high pressure & elevated
temperatures hence it is not desirable to transfer piping loads on to them.

As the steam starts flowing in the pipe , due to heating ofiriee thermal expansion takes place &
Point “B” will lift off the resting pedestal. In this condif the entire weight of the pipe line is now
transferred to the nozzle. This situation is not desirable asottde is stressed beyond its designed
loadings.

To avoid this situation a flexible support is introduced at Pointw@ith will allow the Pipe to move
vertically and at the same time support the load of the pipe temqrég weight being transferred to
the nozzle.

This is achieved by using a spring hanger , the spring suppdhiéntpad & being flexible allow
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Thus when there is no movement in the “Y” axis pipe lines are siggpby means of Rigid hangers
& when there is movement in the Y axis the pipes are supporteagebys of spring hangers which
support the pipe load & at the same time allow pipe to move when subjected to thermabaxpans




Various types of Pipe Supports

Pipe Hangers & supports can be broadly classified into the following categories :

Rigid hangers / supports

Variable effort supports / hangers
Constant effort supports / hangers
Spring Loaded sway braces
Dynamic restraints / Rigid struts
Snubbers / shock absorbers.
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Rigid Hangers

Rigid Hangers are normally used at suspension points where nolZERPIPE MOVEMENT ( i.e
along the “Y” Axis ) occurs and the only considerations are thedlat the point of support , Line
temperature , Pipe Material of construction , & Insulation thickifesny . Rigid supports support the
Pipe line from the bottom & usually rest on the floor , pipe racktrcture. Pipe line subjected to
horizontal expansions only in the “X” or “Z” direction may be suppobg®ipe roller guides & when
both “X” & “Z” direction movement takes place pipe lines are suppolg pipe shoes with low
friction slide bearings beneath them typically PTFE baset$ ulhderstood that there is no movement
of pipe line in the “Y” i.e vertical direction.

[T

Rigid Hangers Rigid Support (Pipe Shoe / Base)

Spring Hangers

Flexible supports using helical coil compression springs ( to acoolaw® loads and associated pipe
movements due to thermal expansions) are broadly classified aniab\és Effort support & Constant
effort support.

The critical component in both the type of supports are Helical Coil Compressiagsspr



Springs

Spring hanger & supports usually use Helical coil compression spiing springs are manufactured
either by the cold coiling process (where wire diameter is less t#amm) or by Hot coiling process
Springs are classified as “Light” & “Heavy” . Light sprsx@re normally cold formed Heavy springs
are manufactured by the hot coiling process.

Cold formed springs are made from spring steel which alreadseg®ss elastic properties
conferred either by Patenting followed by cold drawing or handeand tempering. No heat
treatment is required.

Hot formed springs are made from ‘as’ rolled / annealed sptieg) sounds , the desired
properties in the finished spring being obtained by heat treatment of thelfepmegs.

The raw materials used for coiling springs can be cladsih to 2 major groups namely Silico
manganese steels & Alloy steels with various alloying el@mlike chromium , nickel , vanadium ,
molybdenum etc etc.
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Springs are designed using the formulae :-
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Spring Rate (K) = —----mmeemememeev
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Where: d = Wire Dia in mm
Dm= Mean Diameter of Spring Caoll
Woc= Total no of working coils
K = Spring rate or Spring Constant in Kg/mm
G = Modulus of Rigidity normally 80,000 N/nfr8154.9 Kg/ mr

Working coils = Total coils — 2 if Wire dia less than 12.5 mm (cold coiled springs)
Working coils = Total coils — 1.5 if Wire dia more than 12.5 mm (hot coiled springs)

Other physical Dimensions

Lo = Free Length or Un-Loaded Length

OD = Outer Diameter of Spring Coil = Dm + d

ID = Inner Diameter of Spring Coil =Dm - d
When load is applied on a helical coil compression spring it wilcgmpressed by an amount equal
to the Load / Spring constant.

For example :

Lo =250 mm
K =10 Kg/mm

1. By compressing the spring by 10mm the load will be 10mm x 10Kg/m60 Kg . The
compressed height (Loaded length ) of the spring will be 250-10 = 240 mm



2. By further compressing the spring by 15mm the Load will be 100 Kg + (15 x 10)
= 250 Kg & the loaded length of the spring will be 225mm.

3. By releasing the spring by 5 mm the load will be 250 — (5 x 2083=Kg and the loaded length
of the spring will be 230mm.

Hence it is clear that compressing the spring , the loadases & by releasing a compressed spring ,
the load decreases.

The spring constant of a spring theoretically is a constant inbpitactice , it is reasonably linear
between approximately 25% to 80% of the total expected deflectioredetiie un-loaded length &
the block length (i.e when the spring is compressed such that thergyép between adjacent coils &
the spring cannot be compressed any further).

Initially the spring is very soft & beyond 80% compression thera mon-linear increase in spring

constant.

The curve below gives a fair idea of the spring load deflection chasticieri

F2-F1 F

Spring Constant K (Kg/mm) = ----------- = -----
L L



Springs — Method of Manufacture.

Cold wound springs

Cold wound springs are those whose spring steel wire diamaternslly less than 11 to 12 mm.
Coiling is done at room temperature i.e the raw material is not heated.

The raw material is supplied in coil form with the coil weight being amya/ibetween 150 to 450 kgs.
The material is tagged & traced to a manufacturers test cedifigth test results for various chemical
& physical parameters as required in relevant codes.

As the description suggests cold drawn spring steel wire is tosedil these springs. For small

production runs a mandrel to suit the Inner Dia of the spring is maduwnt a coiling machine very

similar to a lathe. The wire is fed while the mandrel rotétélse point of feeding progresses linearly
to suit the Helix angle or the pitch of the spring coils. Foriten/pe springs the coils are close to
each other with out any gap between them .

For large production runs a modern CNC or semi-automatic ceileseid wherein the spring steel coil
is loaded on to a rotating table. The machine will draw the fnora this Bobbin type arrangement &
fed into the coiling mechanism. The mechanism will have tooling sienylar to a “Hawks nose” or
such similar arrangements thru which the wire is guided & dueetprofile of the path , the coil gets
formed. After the requisite number of coils are formed a cutezhanism will cut off the wire , the
formed spring drops into a collecting bin at the bottom , by whigé tige next spring is already being
coiled.



The automatic process produces accurately dimensioned spring coitbebgbiling process is
orientated towards large quantity batch production .

After coiling the ends are closed & ground flat such that whedheés placed on a surface table the
spring stands erect & parallel.

This completes the coiling process & the spring is readyder, in some cases the springs may be
lightly tempered to relieve coiling stresses ( soaked at elevateeammges without quenching ) when
called upon for specific uses.

The spring steel used for cold coiled springs can be Silicogammse type or spring steel with
Alloying metals like chromium & vanadium. The alloy type sprstgel is used when the working
conditions of the springs are dynamic in nature & are called upavotk in extreme conditions

typically like the springs used in the cams on the head of the internal combustidrecha

The springs used in Pipe Hangers & supports are static in natmemally operate in ambient
temperatures. Thus standard silico manganese steels are used for coiling.

Hot Coiled Springs

Hot coiling process for manufacture of Helical coil compressidar&ion type springs are used when
the wire diameter of the spring steel coil is approximately 11 to 12 mm or more.

The raw material is procured from steel rolling mills in faled” condition . In this condition , the
Diameter , Ovality in diameter & length are not controlled when supplied.

The spring steel is supplied colour coded with traceability igiral mill certs i.e the billets from
whence the bars were rolled.

The bars are tested on a sampling basis to verify conformance to relevardlrsi@edards & put into
stock. Prior to processing for coiling the raw bars areedeby magnetic particle test to ensure that
they are free from superficial & sub-surface cracks. Sosieaguipped manufacturers use automated
high speed testing machines where the bars are passed througing hetad with sensors , to test for
defects / abnormalities & also to segregate between silicon mesg& chrome vanadium steels to
negate the possibility of mix up .

Raw material storage yard Chemical & Physical Laboratory
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Automatic machine for crack detection & segregation

The rounds are cut to required length either by a shear or cotagtiine. The bars then peeled to
remove at least 1 to 2mm off the diameter to remove all suér8c sub surface physical
abnormalities like minor cracks , fissures , inclusions if any.

It is then fed into a centre less grinding machine to getdneect bar diameter as specified in the
drawing. The tolerance in diameter is maintained within £ 0.1 mm.

Bar peeling machine Centre less grinding machine
The spring steel bars are now ready for the coiling prodéss.bar ends are heated in a bar end
heating furnace. When ends are “red hot” they are fed into a dimdy rof taper rolling machine to

flatten the ends so that after coiling when seated on auilieice the spring ends are parallel to the
surface.

Bar end heating furnace End Taper rolling machine
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Taper rolling is achieved by inserting the bars between 2 daoiters rotating in opposite direction.
This gives a clean profile with out any blemishes. End taperingatso be carried out by manual
process i.e by heating the ends & hammering them to get siredig@rofile , but then this is purely
based on skill of the person & not uniform.

The spring steel bars are now ready for the coiling procesddrkeare fed into a bar heating furnace
typically fired by using furnace oil & forced air. Modern furnades spring coiling will have a
“screw” type feeding mechanism. The screws (several of thengla angles to the length of the
furnace) rotate very slowly such that the bars placed on thetraasported slowly into the furnace &
by the time they reach the center of the furnace , are red hot & ready fog.coili

The bar to be coiled is drawn by opening the front door of the fer&ananually fed into the coiling
machine. Typically in large spring factories the coilers@aeed on either side of the furnace ( i.e
opposite sides along the length of the furnace) to increase produétimiaximize use of furnace &
furnace consumables.

CNC controlled Coiler Semi automatic “lead screw” type coiler

The springs are coiled on a mandrel suited to the Inner Diaraktiye spring . The mandrel is
mounted on a shaft & driven . In a CNC coiler the coiler Numedoatroller decides the speed of
coiling i.e RPM & the horizontal pitch of the coiling process dase physical data of the spring to be
coiled.

In a semi automatic mechanical coiler there is a leadvs&réhe bar is fed into screw slot , thus the
coil pitch etc are determined by this “tooling”.

After coiling the mandrel will rotate in the opposite directibng “un-screwing” itself from the coiled
spring.

In many small spring manufacturing units who do not have such soptestimodern machinery the
springs are coiled on a mandrel by physical means , i.e by workmalking round the with the
partially heated spring bar , thus coiling it. The bar alongy Wit semi coil is extricated from the
mandrel by hammering & then heated again , fitted on to the maathen the work men again walk
around in circles around the mandrel thus producing a few more coilsvhtite process is repeated
several time till the whole spring is coiled.

The coils are made close i.e touching each other. The close spiieg thus manufactured is then

heated as a whole to red hot again & wedges are driven betweearddjails to achieve the requisite
pitch , gap between coils & free length of the spring.

12



By this process the spring gets heated several times leaxweyyt high de-carb levels which can
affect the performance of the spring under sustained loads.

In an automatic coiling machine the entire process is over in@getlye coil drops into a quenching
tank filled with quenching oil maintained at a specific temperadbyréneans of a heat exchanger /
ventilating mechanism.

The spring when it drops into the quench tank actually falls on a s@mierged conveyor system

with a preset speed . This conveys the spring out of the quencli. threkspeed of the conveyor is

adjusted (differently for different bar diameters & springesimaterial) in such a way , such that by
the time the spring emerges from the quench tank it is alma@shhient temperature & ready for

tempering cycle.

Quench Tank Temperature controls

The quenched springs have to be handled very carefully at this, stagleeir hardness is very high &
any induced mechanical shock can lead to either breakage or “injuries” to it.

The springs have to tempered within 45 minutes to 60 minutes olvatthiem the quench tank. To

this effect the springs are loaded on to a tempering furnaceaiatained at a certain elevated
temperature for a period of time (typically 45 mins or soxdmplete the tempering cycle , this will

hardness as specified in the standards , typically Brinnell Hssdrfeabout 450 for silico manganese
steels.

Modern tempering furnace also called as “walking Beam fugidt@ve a tractor mechanism such
that the spring placed on it travels through the length of the fi&dbe speed of travel is adjusted in
such a way that the spring emerges at the other end of the furnace fulhghtsat or tempered.

Conveyorised spring tempering / heat treatment furnace
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The temperature inside the furnace is controlled & recorded contigyassh few degrees error can
damage the springs.

The springs are then “shot peened” in a shot peening machine. Inabespisteel “shots” i.e small
balls of a specific diameter are bombarded on the spring atanceelocity . This will close any
small microscopic superficial discontinuities & by impartingrgyeto the spring increases its shear
stress values. Shot peening increases the Fatigue life girihg.sAfter every operation the shots are
sieved to ensure that the correct diameter is used. “Almen” strips aucgobinto the

Shot peening machine
Machine along with the springs . The strips will tend to curve vidi@sted by shots & these are cross
referred to standards defining the process to arrive at the effectivertbeshbt peening process.

The springs are then subjected to non- destructive testing twatvgdresence of superficial & sub-
surface cracks , discontinuities etc which may prove detrimentahg term operation of the springs.
Magnetic particle inspection is carried out ( dry type ) .

Magnetic Particle test

The spring is held between 2 electrodes & high DC current isg#ssrigh it for a short while . The
spring gets magnetized. In this condition fine iron powder is sprirddetthe surface of the spring. If
there are discontinuities , the magnetic lines of force wibidaken & iron powder will stick on the
place of discontinuity . This test can be carried out only if pineg steel bar stock has been peeled &
center less ground .

Some spring manufacturers still use “as rolled” condition sptig bars which may have not have a

good surface & ovality . The springs manufactured from such bars also knowads tidrs may not
give any conclusive results when subjected to magnetic particle test.
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In the interest of long life & good performance it is alwaysadvisable to use peeled & ground
spring steel bars.
The accepted “lot” of springs are further processed by machining the endsnd grinding machine.

End grinding machine

The end grinding machine as shown above consists of a big rotatagjvabgrinding wheel. The
springs are held in place by seating them on a “V” groove &peessing from above by a hydraulic
piston. The spring is then pushed against the grinding wheel & the surface is dabund f

The last & final process before application of surface prateatoatings is Inspection. Inspection is
carried out for the following parameters :-

Visual Inspection

Physical Dimensions

Test for squareness of ends

Test for “BOW”

Scragging ( compressing coil to coil 3 times & releasinguitk succession with little or no
reduction in free length)

Spring constant

arwnE
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Visual & Physical Dimensions

Visual Inspection as the name implies is inspection visually éckcfor any ab- normalities. Physical
dimensions such as free length , Outer diameter , Wire diantetat no of coils , parallelism etc as
specified in the drawing / data sheet are measured & checkiedtagtéevant standards for acceptance
norms if there are any deviations.

The spring is then placed on a load testing machine to ektéidispring constant of the spring. The
spring is compressed & the load / deflections recorded to verifgghiag constant. The observed
values are checked against required values ( with tolerance) to accept them.

15



Spring under deflection testing to establish Spring Constant

Individual springs are tagged with a unique serial number to trame i@late with the test certificates
giving test values.

The last & final operation is surface preparation & surface gtiote The springs are prepared by
using the “seven tank process” & phosphated. In this condition even if noipapplied & the
springs are stored under closed roof , little or no surface corrosion will take place

Seven tank process

The spring hanger business demands unique surface protection ctatidifferent applications. For
example very highly corrosive environments like off-shore applicatonhe north sea rigs may use
Plastic / Epoxy polyester coatings , on shore refineries heacdast may demand In-organic zinc
silicate coatings followed by epoxy polyamide top coats. Thaslisihdless. Most overseas hanger
manufactures buy their springs already coated to a ceariteemal company standard & if any
specialty coatings are to be applied , they strip the painhbly/sgrit blasting & apply the special
paints.

Paint booth for Epoxy Powder coating Timed Conveyor with baking oven
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Some old legacy specifications may call for “Neoprene” rulsbated springs. It was a good coating
in the olden days , but in the modern world with the availability oh tpgrformance specialty
coatings Neoprene is not a good choice for the following reasons.

1. It is not possible to achieve uniform coating thickness given thetlat the neoprene rubber
solution ( prepared by dissolving neoprene rubber in Toluene) is brushed sprittgeor dipped
in a container containing the solution leading to run offs & drip offs.

2. There is no specific test for purity of Neoprene or its contetihe applied coatings , the only
rudimentary test being the “Flame Test” by which when adl@nintroduced to the coating , it
burns & upon removing the source of heat / flame , the burning coatimgushes it self. This
does not conclusively prove anything other than the fact that neoprene rubber is.present

3. The spring coils after application of neoprene rubber solution havelialkdeel in an autoclave at
130 Deg Centigrade (approx) for about 90 mins to vulcanize the rubbertio@ $pring material.
This method is questionable as tiny bubbles appear due to the expahdiapped air &
dissipate after the air escapes leaving tiny microscopic pges to atmosphere from where
corrosion can start. Thus it is mandatory to conduct “Holiday” spark test on such springs

4. It is nearly impossible to conduct any repair on the coating treceubber has vulcanized over
the metal surface , short of stripping the entire coating &oedhrg it. The surface prep for
vulcanizing is acid etching which is totally un-desirable dué€’Hgdrogen- Embrittlement”
problem. The only alternative is grit blasting , this agaimaieds first coating of adhesive to be
applied with in 20 mins to avoid rusting on the exposed virgin mEt&e is no point in having
a neoprene rubber top coat with a semi rusted steel substrate.

5. It is nearly impossible to repair the “point of suspension” ofsjwéng (i.e the point where the
suspension hook is attached to the spring to suspend it for coating). Atdaesbe given a coat
by brush & hope that corrosion doesn’t start from there .!! , whene jglastic or epoxy polyester
powder coating , the “Hot knife” method is effective in mergihg surrounding coatings with
the exposed steel of the “point of suspension”. Other standard pairgsfd@npance coats like
zinc phosphate , enamel paints etc etc allow overcoats & spot repairs.

All paint / protective coats must be compatible with the aml@anundings & intent of use. The
coatings should be uniform with out exposed metal. Proper surface gli@petd by good primer
coatings are essential for long service life. The coatihgald be uniformly applied & deposition i.e
dry film thickness as mentioned in the paint manufacturers data book.

The DFT should be measured at least in 5 places & averageslalul be a fairly representative
DFT. The DFT should be measured by a calibrated accuratedditing thickness measuring gauge (
it is better to avoid the pen type devise consisting of a springagnetized ball as the instrument is
not effective & accurate , more so over curved surfaces typical to springs )

It is important to remember here to avoid Galvanizing of springshbyHot dip method & the
electrolytic method. Pickling is acid or immersing the springan electrolytic bath will lead to
Hydrogen embrittlement and Zinc liquid embrittlement (in the case otliggirocess).

The springs if galvanized have to go through de-embrittlemeimiding the springs at about 100
DegC for about 60 mins or boiling (for very small automotive sprngde from thin wires) them in
water for about 60 mins. There is no conclusive test to prove tliaealascent hydrogen which enter
the inter molecular spaces have been effectively evacuatedtiespring. Hence it is best to avoid
this process.
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Salt Spray chamber test

In order to test the effectiveness of surface protection caatiagconclusive method is the salt spray
chamber test. The coated surface is exposed to a continuous spray of sait aratrclosed chamber
& the number of hours before onset of corrosion is recorded indicaten@fticacy & life of the
coating in real life. There are set standards for conducting salt sptdyitderence of data.

Fatigue life of Springs

Springs subjected to large cyclic variation in loads during itscelife may cause the spring material
to fail in fatigue. The number of loading cycles which wilusa failure of any given material is
dependent , among other things , on both the minimum & maximum valugesses which can be
applied without failure for a particular number of cycles. Therofetors contributing are dynamic
loading , corrosion of spring steel wire & working temperature.

All ferrous materials have a fatigue limit . This is tleue of maximum stress below which , for any
given value of minimum stress , failure will never occur no mdttev many times the loading &
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unloading cycle is applied. Above the fatigue limit stress valle spring failure stress is found to be
approximately inversely proportional to the logarithm of the number of cycles.

Helical coil compression springs used in spring hangers & suppertsoarsubjected to dynamic or
cyclic duty cycles like those of automobile or rolling stock springs usedways. Springs utilized in
Hanger supports are subjected to static loadings & hence fatigue is natrareajof concern.

Some of the factors influencing the fatigue properties of springs ar@meegblbelow.

A.

Corrosion : Under corrosive conditions metals show no fatigue limit and giverceirftitime

, failure will occur in spring steel at stresses very mucletavan non-corrosive fatigue limit
stresses. It is important to take note of influence of corrosixgéronment & taking into
account the active service life of the spring. For example a spring requiredatedp@®cycles
over a period of three months would be much less influenced by a@upartcorrosive
environment than a spring operating for the same number of cycles over a penedyehfis.

. Fretting Corrosion : Is the name given to the type of damage which occurs when twaesurfa

in contact have a small relative movement which can considemedilige the fatigue strength
of the material. Fretting can occur in compression spring ensl tlod hook of tension spring ,
in between consecutive leaves of a leaf spring etc. Thet efféietting can be minimized by
lubricating the surfaces , the surface against which the sprindléng is of a lower hardness
etc. In a helical coil compression spring , fretting at the enligaielatively low as the
working stress is low (dead coils) & if the end coils aosetl the problem is reduced further.
It is preferable to design Helical coils operating undegdi@ conditions to be “buckle proof” .
If that is difficult , a compression spring should be guided on itddeutiameter since the
working stress is lower at the outside than at the inside due to coil curvaturs. effect

. Pre-stressing : Investigations show that fatigue strength of spring steg¢mals improve by

pre-stressing . The useful amount of pre-stressing which cappliecato a helical coil spring
is limited by distortion which makes it difficult to meet thenénsional tolerances on the
drawing.

. Temperatures: Temperature has a profound effect on performance of spNognal silico

manganese steels cannot perform at ambient temperatures beldeg2Qentigrade. For
cryogenic or other low temperature applications special sgteg)s & structural steels will
have to be used & the materials have to be subjected to Charmotsii test preferably at -20
or -40 Deg C depending on application. For elevated temperature&nioue that carbon
steels no longer have a fatigue limit & their fatigue regth based failure in ICcycles,
decreases up to a temperature of about 120 Deg C & then incredsexbopt 350 deg C after
which temperature the fatigue strength falls of again. Henceaxtbpgtemperatures have to be
considered when designing springs.

Surface Coatings: The fatigue properties of a spring which has been coated or @eted
approximately the same as the non-corrosive fatigue propefteespring made from the base
material provided : (a) the surface coating gives completedém from corrosion in the
particular environment (b) any metallic coatings are reasorthbty& free from residual
tensile stresses (c) no deterioration of the surface of the f@ang material has occurred as a
result of surface cleaning before the coating or platinggso¢d) no hydrogen embrittlement
remains as a result of an electro plating or acid cleanirgepsae) the coating does not fail in
fatigue prior to the steel base.
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F. Shot Peening It is a method of cold working the surface of the spring steeimipact of a
steady stream of particles of a defined size preferablyrisphén shape. The particles are
propelled by air or by centrifugal force from the periphery of a rotatimgelvat high speed. As
the shots impinge on the steel surface they cause plastiocndditmm , the process being similar
to the chisel end where the material is flattened & flows outtdwepeated hammering. This
induces residual compressive stresses & reduced risk due to oitaton at the surface
levels , as the shots impinging on the steel surface effectoleses the micro fractures /
cracks if any, preventing failures.

Spring Materials of Construction

The raw material for making springs is broadly classified Carbon steel i.e Silico manganese steel ,
Alloy steel & precipitation hardened hardened non-ferrous alloy steels.

Cold coiled Springs.

These springs are manufactured from cold drawn wires typiedigre wire diameters are not more
than 12 to 14mm approximately. The cold drawn wires are manufactured to IS 4454 .

The springs are cold coiled either on a mandrell or automatd €dilers. The materials used for
coiling cold coiled springs are listed below in the table below:

Spec/Yr | Grade | C Mn Si S P Cr |V
Max Max
1S:4454 | 1 0.50- | 1.0max 0.15-| 0.05 0.04 | - -
0.75 0.35
2 0.60- | 0.8max 0.15-| 0.04 0.04 | - -
0.85 0.35
SW 0.55- | 0.6-0.9 0.10-| 0.04 0.04 | - -
0.75 0.35
VW 0.60- | 0.6-0.9 0.10-| 0.02 0.025| - -
0.70 0.25
1D 0.45- |0.6-0.9 0.15-] 0.02 0.02 | 0.9-| 0.15-
0.55 0.35 1.2 ]0.30
2D 0.50- | 0.5-0.8 1.2- | 0.025 | 0.025| 0.5- -
0.60 1.6 0.8
BS 970 | 070A72 0.70- | 0.60-0.80| 0.10-| 0.05 0.05
(EN42) | 0.75 0.35

Grade SW & VW are oil hardened & tempered wire .Grade 1D &P Alloyed patented wires
typically used for high stressed components like engine valeesubjected to high temperatures &
duty cycles.

It is adequate to manufacture cold coiled springs for Hangers & supports Wwih@®? material.
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Hot Coiled Springs

Springs with wire diameters of 12 to 14 mm or more are manufachyrehe hot coiling process &
raw materials used are shown in the table below.

Spec/Yr | Grade C Mn | Si S P Cr \ Mo
Max Max
BS-970 250A53 0.50- | 0.70-] 1.70-| 0.05 0.05 - - -
(EN45) 0.57 |1.00 | 2.10
250A58 0.55- | 0.70-| 1.70-| 0.05 0.05 - - -
(EN45A) 0.62 |1.00 |2.10
250A61 0.58- | 0.70-| 1.70-| 0.05 0.05 - - -
(EN45A) 0.65 |1.00 |2.10
735A50 0.46- | 0.60-| 0.10-| 0.04 0.04 0.80- | 0.15 | -
(ENA47) 0.54 |0.90 | 0.35 1.10 min
IS: 3195 | 55Si7 0.50- 0.80-| 1.50-| 0.04 0.04 - - -
0.60 |1.00 | 2.00
60Si7 0.55-]0.80-| 1.50-| 0.04 0.04 - - -
0.65 | 1.00 | 2.00
65Si7 0.60- | 0.80-| 1.50-| 0.04 0.04 - - -
0.70 |1.00 |2.00
50Cr4v2 0.45- ] 0.50-| 0.15-| 0.04 0.04 0.90- | 0.15-| -
0.55 |0.80 |0.35 1.20 0.30
60Cr4v2 0.55-| 0.80-| 0.15-| 0.04 0.04 0.90- | 0.15 | -
0.65 |1.00 | 0.35 1.20 Min
51CrMoVv4 | 0.48-| 0.70-| 0.15-| 0.035 | 0.035 | 0.90-| 0.07-| 0.15-
0.56 |1.10 [ 0.40 1.20 0.12 | 0.25
DIN 51Si7 0.47-|10.50-| 1.5- | 0.045 | 0.045 | - - -
17221 0.55 |0.80 |1.8
60SiCr7 0.55-{0.70-| 1.5- | 0.045 | 0.045 | 0.20-| - -
0.65 |1.00 |1.8 0.40
55Cr3 0.52-|0.70-{ 0.15-{ 0.035 | 0.035 | 0.60- | - -
0.59 |1.00 | 0.40 0.90
50CrV4 0.47- ] 0.70-| 0.15-| 0.035 | 0.035 | 0.90-|0.10-| -
0.55 |1.10 {0.40 1.20 0.20
51CrMoV4 | 0.48-| 0.70-| 0.15-| 0.035 | 0.035 | 0.90-| 0.07-| 0.15-
0.56 |1.10 [ 0.40 1.20 0.12 | 0.25

It is a common practice to use silico-mangenese steel like &85 or 65 Si7 etc for manufacture of
springs with a wire diameter upto 38 mm (approximately). Fongpwith higher wire diameters it is
recommended to use steels with alloying elements like Chrov@adium , Molybdenum etc to
improve the through hardenability upto the core of the rod. It is observed thatpallay steels have a

reduced silicon content when compared to silico manganese steels.

The decarb levels on Alloy steels are comparatively less when compéinesiliso manganese steels.

The selection of appropriate steels for making a spring entiedis on the Helical coil spring
manufacturer as he is the expert on spring making. The Springrhmaagafacturer normally provides
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dimensions like Free length , Outer dia , spring stiffnessé&etit is the responsibility of the
manufacturer to achieve the specifications with specifiedaint@s by choosing correct spring steel &
manufacturing methods.

It is not un-common for the spring manufacturer to alter the dilmentike Outer dia , bar dia etc ( to
a small percentage) after making a few representativplearto achieve the correct spring constants ,
this process commonly referred to as “Tweaking”.

Spring making is a science , but also an art . Many a tivmes after getting everything right the
spring constants will go awry .!l It takes years of expmgeto get the coiling , heat treatment ,
material selection , metallurgy etc correct.

There is no short cut to spring making & one has to achieve qumlitiollowing basic spring
manufacturing processes as outlined eatrlier.

Many breakthrough’s in metallurgy are taking place givinghbto new varieties of spring steels
which normally have small amounts of inclusions to improve performaihce manufactured at a
lower cost compared to older expensive materials , a caseninigaimaterial called SUP 7, which is
fundamentally a silico manganese steel with a small inclusiomafbdenum , enhancing the
hardenability & performance.

Solid design stresses for hot wound springs shall conform to stress curves provided SPBIS

Popular Spring standards like IS 7906 , BS1726 , ASTM A 125 do not makefargnce to specific
spring steel material requirements , but broadly mention shear stressfoaliespurpose of design.

Spring Hanger supports standards like MSS-SP58 & BS-3974 do not calsppog steel material

requirements , demonstrating the fact that the choice of spriabmstgerials is left to the Spring
manufacturer.
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Rigid Hangers

Rigid hangers and supports are used to support pipe lines which asehbjetted to any vertical
movement. (but may be subjected to Axial or lateral movement). dliypec rigid hanger will consist
of a Tie rod assembly with a pipe clamp.

A pipe shoe or pipe base is also a rigid support as it supports thengifieom beneath & normally
rests or welded to structure.

The necessary inputs required for designing Rigid hangers are :-

a) Pipe Size

b) Pipe Load

c) Pipe Temperature

d) Pipe Insulation thickness

e) Horizontal or lateral movement if any.

f) Assembly length i.e from bottom of structure from where the ippe be suspended to the
center line of pipe.

g) In the case of pipe bases , whether any antifriction pad Tik&ERr Graphite is required or
not , with or with out mirror finished counter facing sheets.

h) In case of pipe bases , the horizontal loads if any in axidht&ral direction with
movement .

It should be borne in mind that 2-Bolt pipe clampsraeto be usedwithin  insulation.

The hinge or suspension point of 3-Bolt Pipe clamps shall be outsdtation by at least 25 to
50mm. If this cannot be achieved due to assembly length constram@s atconical hole is to be
provided in the insulation to allow swinging of the hinge point .

Alloy clamps with flat thickness 12 mm and above & all fabadaalloy pipe bases will have to be
stress relieved by baking in a furnace for a specified number of hgoaking & cooling as specified
in the heat treatment standards for the specified raw matdnaaddition to this requirements of pre-
weld & post weld heat treatment requirements shall be met for welded Pipe Shas& ba

Design of pipe clamps , hangers , rod sizing shall be stristgpacified in MSS SP-58 . Maximum
load ratings , stress values at various temperatures etc shall conform&o SP-5
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As per SP-58 the drop in temperature is at the rate of 100 DegnReltrper inch of distance from
pipe wall (with or with out insulation). This is to be used judiciously strength calculations &
material sizing requirements.

Hexagonal nuts (Alloy Bolting) to ASTM A 194 2H can be used in wactjon with A193 Gr B16
Bolts within insulation upto a temperature of 566 Deg C.

Austenitic Stainless steels to 304 , 316, 321 , 347 can be used at 100@588yDeg C) and above
provided carbon content is more than 0.04%.

Stainless steel pipes irrespective of the operating tenuperahall be supported by compatible
stainless clamps or pipe bases to prevent galvanic corrosionbdinsasteel clamps are to be used (at
temperatures lower than 400 Deg C) , a suitable isolator shatbbieled between pipe & clamp. This
can be a cost effective solution.

All suspension type rigid hangers are designed in such a wayte@lk®v a swing of 4 Deg along the
vertical axis. If due to excessive horizontal movements thegsisinmore than 4 deg , the hanger
clamp can be offset by an amount equal to 50% of the expectedmeat so as to maintain the
movement with in 4 Deg.

Some typical rigid hangers are shown below.
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R3 R4
Twin type or Trapeze type rigid hangers shown above are dignesed for vertical pipes ( Fig R2) or
Horizontal pipes , but cannot be supported from a single point due to witislother lines or
equipment.

For typical rigid hangers type R2 , R4 the rod sizing should be donecinasway such that each
individual hanger rod can support the full load of the pipe in the eveliftofg” on one side due to
lateral and or rotational movement.

For Rigid Hangers typically where the pipe rests on the teapeis placed on a pipe shoe which rests
on a trapeze , this rule may not hold good as the pipe is not rigidtyto the trapeze. Hence in such
cases each individual hanger rod can be designed to carry 50% of the pipe load.

The span of the trapeze should be designed in such a way so aoitemaciate the pipe with
insulation , plus a clearance of at least 100 mm on either sidett@miythe pipe will not touch the tie
rods at either end.

In Fig R3 above the height of the pipe base shall be calculatedltolen§0% of pipe OD, plus
insulation thickness , plus at least a 50 mm clearance to base.

Thus a 300 NB pipe with 200 mm of insulation the “C” dimn as shown belolvraitabe less than
323.4+200+50 = 573.4mm

If the pipe temperature is 560 Deg C , then from the fig abovéethperature at the base will be
(considering a drop of 100 deg F every inch from pipe wall) appragipnambient temperature ,
given the fact that unless there is forced cooling , it cannot be lower than atebipetature.
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It is common practice to specify & design the base plate o$hibe as carbon steel as it will not be
exposed to high temperatures as that of the pipe. This reducescoaostderably when pipe
temperatures go beyond 400 Deg C & alloy clips & bases are used.

RE Pads :When supporting pipe lines from below (when the pipes are clageutdural members it
is easier to support from below pipe) it is a good practice to pravidenforcing pad welded on pipe
at the point of support. Normally pipe have a wall thickness rgnfyjom 5 mm to about 12 mm
depending on factors like type , class , schedule etc etc.imforeing pad (normally cut from the line
pipe to match material , curvature , dimensions etc) is weldpgbéoat the point of contact to avoid
issues relating to stress concentration , weld heat stresses etsteawaselow.

Typical field installatior
showing RF Pad welded
pipe & Pipe shoe resting
contact with RF Pad
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Variable Hangers

Variable effort supports also known as variable hangers or varial@dassad to support pipe lines
subjected to moderate (approximately upto 50mm) vertical thermal movements.

VES units (Variable effort supports) are used to support the weiglipe work or equipments along
with weight of fluids ( gases are considered weightless) whdaiag certain quantum of movement
with respect to the structure supporting it.

Spring supports may also be used to support lines subject to refedixaments occurring typically
due to subsidence or earthquakes.

A VES unit is fairly simple in construction with the pipe virtyadluspended directly from a helical
coil compression spring as the cut away sectional sketch shows below. The main caosipeing:
Top Plate

Pressure plate or Piston Plate

Bottom plate or base plate

Helical Spring

Turnbuckle assembly

Locking Rods

Name Plate

Can section or cover

ONOOAWNE

A typical VES assembly is shown below where in the VES u@niftxed to supporting structure be
means of a welded beam attachment & the pipe is slung beneatbans of a Hanger rod & clevis
attachment.
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From the above it is evident that the pipe is suspended from ting.sphus if the pipe moves down
from the present position shown above , the spring will get further cesgatek if the pipe were to
move up from the position shown above the spring will get relaxed.

Thus with movement of pipe the spring gets compressed or relaxadinl $s compressed the load
increases & relaxation leads to decrease in load. TherefaeVIES unit the load varies with pipe
movement. Hence the name Variable effort support or Variable load hanger.

It must be remembered thdétermal movement always takes place from Cold condition to hot
condition & the Pipe is the prime mover , not the spring.

Normally Clients / Engineering Consultants will furnish tbdwing data when issuing enquiries for
Variable effort units.

1. Hot Load

2. Thermal Movement (with direction i.e up or + & down or -)

3. Maximum Load variation in Percentage (LV % max) , if Max Isvnot specified then it is

assumed to be 25% as per MM-SP58.

4. Type of Support i.e whether hanging type , foot mounted type etc.

5. Special features such as travel limit stop required if any.

6. Preferred surface protection / Paint / Finish.

Hot Load : This is the working load of the support in the “Hot” condition ileew the pipe has
traveled from the cold condition to the hot or working condition. The pipeesupred to be in the
cold condition when the plant or the line is not working . As the steasther hot fluids start flowing
in the line , it gets heated , starts expanding causing theromament . This condition after the
expected thermal movement takes place is known as the hot condii®mssumed that in the hot
condition the downward force exerted by the pipe along with thehwefdluids , self weight of pipe
& fittings is equal & opposite to the upward reaction of the spag is in a compressed state. Thus
the line is theoretically supposed to be “floating” or perfectly counter balance
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Thermal Movement : The vertical displacement of the pipe work with the passadetofluids
through it from the cold condition to the hot condition. The movement is denoted as “-” or “dadn”
“+” or “UP” depending on whether the pipe is moving up along the i¥ f@m the cold set position.
or moving down from the cold set position.

Maximum Load Variation : This is the variation in load or stress imposed on the pipe west&my
when moving from the cold condition to the hot condition. This is usually esg@teas a percentage of
the Hot load. For a VES unit as the pipe is suspended or supportety diretite spring any thermal
movement of pipe line will force the spring to expand or compressirga either a decrease or
increase in load. This differential change in load is known as L¢mdhtion expressed as a
percentage.

Normally MSS-SP58 specifies max Load Variation ( popularliedd.V) as 25%. However designers
sometimes impose a cap on the load variation for certain supportgicel pipe work to reduce the
differential stresses experienced by it , this only meartdtar spring constant has to be selected to
achieve it as will be proved in the examples to illustrate selection ofMESfrom a chart.

Load Variation (LV) or Percentage variation =(Hot Load ~Cold Load) x 100
Hot Load

=(Travel x Spring Rate) x 100

Hot Load

Type of Support: The VES units basically consist of a Top plate , Pistore pl&ottom plate ,
spring , some locking device to hold the piston plate in place atoldeset load & some adjusting
mechanism to transfer the load from the Pipe work system toaHebil spring. By changing the box
configuration & mechanism various types are offered as will be cl@arpictures below.

* = ..

o
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The models marked as “TS1” , “TS2” , “TS3” are hanging typ@seaning they are hung from
structure to support a pipe line below , Typical assemblies are shown below.

=)
4
=
v
[N

TSI model is used when the assembly lengths are largeqretdottom of supporting beam to center
line of Pipe) or due to “interference” when a line is passingecto structure & fouls with the spring
box.

Use of TS2 & TS3 models are fairly simple as shown above iskibieh. The typical components for
a hanging type VES unit are :

Structural attachment like Lug , Beam Welding attachment
Spring Box

Hanger Rod with forged weldless eye nut

3 Bolt or 2 bolt Pipe clamp

PwbdPE
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VES Model type TA & ES are used when the pipe is to be supplaedStructure , but instead of
hanging below the structure the Spring Support “sits” on the steuciurfloor as shown in the
drawing.

VES Model BM ( Base mounted) type support is fixed to floor arcttire & the pipe is made to “sit”
on top of the flange of the spring support.

X %

o th

It is to be remembered that Bare pipe or insulated pipe canndatinestly on the Load flange of the
BM1 support. The pipe has to be supported on a Pipe Base or Pipe shoenwhrahwill rest on the
load flange of the BM1 spring Support. If the insulated pipe weredtodirectly on the load flange ,
the insulation will get compressed due to weight causing a “d@présat that point & the resultant
imbalance in load will get distributed to other supports .

Normally if any horizontal movement (more than 3mm in the “X*gt direction i.e axial or lateral)
takes place some sort of anti friction pad is provided between tbeflloage of the foot mounted
spring support & the base of the pipe shoe. This reduces the mfid friction & the lateral /
horizontal forces imposed on the support due to movements other than vertical.

Steel to steel coefficient of friction is 0.3 & by providing ETE eflon) on the load flange of the

support with a counter facing mirror polished Stainless sheet weldske of the pipe shoe the coeff
of friction can be as low as 0.05 . It is to be remembered that Teflon can be usedtemperature of
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approximately 250 Deg C , however the adhesive used for bonding Teflmetaan with stand heat
up to a temperature of only 120 Deg C beyond which it breaks down.

For very high temperatures directly exposed to the antidngtiembrane , solid graphite blocks can
be used up to a temperature of 500 Deg C . The coeff of frictioGfaphite when used with SS
mirror finished counter facing plates is 0.16. Graphite by nasumeanufactured in layers & hence not
a good idea to paste to the steel substrate. Graphite blockdlypzdo 13 mm thk are bonded to
steel & a retaining “wall” is built around it with 6mm Squé to prevent it from moving w.r.t to the
load flange.

Graphite is a highly brittle material & is to be handledetaly ,has excellent compressive strength
(400 Kg / cni) but very poor tensile properties & is prone to brittle failukesmall impact typically
that of a spanner or tools when working at project site are knowhipoor break the graphite pad.
Extreme caution is advised when dealing with graphite pads.

The sizing of the anti friction pads is based on Loads , bearingupee$¢ which is a function of
temperature) . The size of the pad is to be decided by the supmoufacturer & certain arbitrary
specification by piping engineering consultants like 100 x100 x 10 ThiEERFA50 x 150 x 12 Thk
PTFE is to be totally ignored. When it come to antifriction padgdBr” is not better. Friction is a
function of area , hence the pad sizing has to be decided careRilger the pad than what is
required , more is the force due to friction.

PTFE pads etched on side & pasted on to the steel substrate loy RBspart high strength epoxy
adhesives can be as thin as 2.4mm thk. Again it should be rememberdckreess of the pad does

Selection of V E S units

All spring hanger manufacturers publish catalogues of products mamefatty them . The catalogue
will have a Support Selection Chart , giving sizes , loads , spangtants & working movements. A
part of a typical table is reproduced below.

Steps for selection of hangers to suit specified loads & travels.

1. Determine the required supporting effort (Operating Load or plteadtas the case may
be) & pipe movement (Up or down) installed to operating.

2. Locate the Spring size which accommodates the required Load e ¢hatirequired travel
can be achieved with in the “Working Range” shown in the catalogue.

3. Compute the preset load based on operating load , Travel & Springroios the chosen
size. Here it is advised to choose the spring constant for Vassinst & if found un-
suitable due to reasons such as LV% exceeding max LV specitiedbse V2 series & so
on.

4. Formulae for calculating Cold Load: Cold Load =Hot Load ~ (Trav8pring Rate , the
travel should be with the correct direction i.e + for up travel & - for down travel.

5. Ensure that both the cold load & hot load can be accommodated in thesigame the
same vertical column under the spring size.

6. If the Loads & travel cannot be accommodated , try the negtaithe next travel range.
Continue this iteration process till the following criteria are met :

Operating & Preset Load in the same size

Load variation less than specified LV%
Smallest possible size selected
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For example it is better to use a V2-15 than V3-14 , in terms of. clise cost of variable hangers
increase with size & travel range , for example a V3-I@iush more costlier than a V1-10 & a V1-19
is more costlier than a V1-18.

The following worked examples will explain the concepts discussed above.

Case I|: Operating Load as the Basis

A) Operating Load = 1000 Kgq ; travel = + 20 mm

Selected Size from Selection table = Size 19
Spring Rate for V1 = 16.27 kg/mm
Cold Load = 1000 + (16.27 x 20) = 132%4 ( Out of Load Range )
Load Variation = (1325.4 ~1000) x 100/10@25 % > Not Acceptable as it is more than 25%
Spring rate for V2 = 8.13 Kg/mm

Cold load =1000 + (8.13 x 20) = 1162.6 Kg Hot Load

Load variation = (1162.6~1000) x 100/1000 = 16.3%
Hence Selected Size = V2-19
B) Operating load = 1000 Kg ; travel = — 20 mm +

Selected Size from Table = Size 19
Cold Load = 1000 - (8.13 x 20) = 837.4 kg
Load Variation = (837.4~1000) x 100/1000 = 16.3% COLD LOAD

Selected Size = V2-19
Case Il : Preset Load As The Basis

A) Preset Load = 1000 Kg ; travel = + 20mm &>
Selected Size from Table = Size 12

Hot Load = 1000 — (8.13 x 20) = 837.4 Kg Hot Load

Load variation = (837.4~1000) x 100/1000 = 16.3%
Selected Size = V2-19

B) Preset Load = 1000 Kg ; travel = — 20 mm

Selected Size from Table = Size 12
Hot Load = 1000 + (8.13 x 20) = 1162.6 Kg
Load variation = (1162.6~1000) x 100/1000 = 16.3%

Selected Size = V2-19

Note: It is preferable to have cushion in the direction of Travel suchthieaOperating Load is not
located at the extremities of the Size Selection Chart. @neelect in such a way that the Operating
& Preset Load lie in the Middle of the Recommended Working Range of the Hanger
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Variable Effort Support Size Selection Chart of M/s Pipe Supports Limited.

In the chart shown above it is evident that the total travdteSpring in the recommended working
range is as follows.

V1=35mm

V2=70mm
V3= 140mm
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The bottom table contains the spring constants of the support sizestagai, V2 & V3 travel
ranges. Thus from the table one will notice that for a givenssigeSize 13 the Minimum load is 125
Kgs & the Maximum load is 230 Kgs.

Thus the difference in load is 230-125=105 Kgs.

For V1 travel range of 35 mm the Spring constant is 105/35 = 3 Kg/mm
For V2 travel range of 70 mm the Spring constant is 105/70 = 1.5 Kg/mm
For V3 travel range of 140 mm the Spring constant is 105/140 = 0.75 Kg/mm

From the above the following points are clear:

1. The load range for a given size of variable hanger remainsthe @rrespective of V1, V2 or
V3) & by changing the Spring constant , different travels ( 38 m70mm , 140mm) are
obtained.

2. That the helical coil spring is in a pre-compressed stateltceethe headroom & any attempt
to open the spring casing will cause an accident by the pre-compressed gpringptexpand.

3. The spring constant decreases by half when travel doubles frotm V2 & V2 to V3 travel
Range.

4. The Load variation decreases with decrease in spring constanwith.@ softer spring the
LV% will decrease.

Over travel is provided at either extremities of recommendedravage to accommodate un-expected
movements if any beyond the specified theoretical thermal maousniéor V1 travel range the over
travel on either side is 5mm , for V2 it is 10 mm & for V3 it is 15mm.

Unless one is extremely sure of the pipe movements , it is cainreended to choose with in over
travel & as such it should be retained as a cushion.

It is noteworthy to mention that the pipe thermal movement atrsttee working condition is almost
never equal to that of the theoretical specified thermal movement. The reasorengr:-

1. The weights of the pipe lines & fittings like flanges , valveseic are standard catalogued
values , where as all codes allow a certain tolerance oniatdtéckness for example on
seamless pipe to A106GrB the tolerance on wall thick is + 10%hwhi&ans the weights at
site may be a lot different from the catalogued weights.

2. The density & thickness of the pipe insulating material can vary .

3. There could be small changes in the location of the support w.r.t drawing dimensions.

4. Tolerance is permitted on spring constants as per relevant gfegign & manufacturing
standards / codes.

5. How well the spring hanger is erected , commissioned & thelipipéFLOATED” from point
to point.

6. Due to allowed tolerances on spring constants , there will be atiffes between standard
catalogued spring constants & actual spring rates achieveldeosupport. This will lead to
small changes in loads between theoretical specified & actually obtained.

7. Friction in the system if the spring tends to “rub” in the casing when moving.

Due to small changes in the points mentioned above the movements caffetemtdirom that
specified. If the travel is less than that specified , then there is no problem it mifotind to be more
, then there are chances that due to excessive travel thg spn become solid & further movement
may become impossible making the spring hanger a rigid halgeping in mind the above , hanger
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designers provide “OVERTRAVEL” to accommodate any small esicegravels in the extremities of
the Load movement chart.

Specific Spring Rates

Some piping engineers / engineering consultants include spgmifitg constants for the VES units as
part of the Load / Travel Data given to hanger vendors. Proldablgttess analyst as part of the spec
includes the stress report of hangers which includes the spring constants.

It must be remembered that stress analysis is conductedrgyaugany ) manufacturers catalogue ,
given the fact that most reputed manufacturers spring constantséhsions are included in all the
stress analysis packages.

Spring constants can differ from vendor to vendor , there is no ititerabstandard for spring
constants & SP-58 does not require spring rates of various hanger manufactuegchto m

However by common practice Spring constants of manufacturerspatferdike Anvil (formerly
Grinnell) , Pipe Supports Limited , Carpenter & Patterson , NHEnw& Tekki , Bergen Patterson ,
Unison etc will more or less match with minor differences in the decimad.plac

The following points must be remembered:

1. Do not specify spring rates in the hanger RFQ (request for Quote)

2. It is not necessary to match both the operating load & preset egknding on how the
stress analysis was done ( hot load based or cold load based)f,tbeewo can & will
vary. For example if the stress analysis was Hot load basedhalipthe hanger vendor
will match the hot load , travel & select a suitable supponpikgein mind the max Load
variation allowed ( if nothing is specified it is assumed as 23%)s the cold load may or
may not match the specified cold load in the RFQ.

3. To keep matters simple & avoid wastage of time in technieaificitions it is advisable to
mention only one load , travel & max LV%.

4. It must be appreciated that VES is a fairly simple suppdh avipipe hung from a spring ,
with movement the loads will vary & few kilos this way or thedlty doesn’t matter in the
whole scheme of things.

5. Due to allowed manufacturing tolerances the spring rates wilrneatch the catalogued
values , Thus the mismatch in loads start at that stage itself.!!

Test Rig for spring supports using Load cells with Digital Read out’s &rélytics
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Constant Effort Supports

When confronted with large vertical movements typically 150 mm or 280, there is no choice but
to select a constant effort support (CES).

When the Load variation percentage exceeds 25% or the specified max LV%iabéevsanger , it is
choice less but to go for a CES.

For pipes which are critical to the performance of the sysie so called critical piping where no
residual stresses are to be transferred to the pipe it is a common poacieedES ‘s.

Why is it called a CONSTANT ?? > In a constant effort supfiee load remains constant when the
pipe moves from its cold position to the hot position. Thus irrespectiteaeél the load remains
constant over the complete range of movement. Therefore itd eatlenstant load hanger. Compared
to a variable load hanger where with movement the load varidé® &dt load & cold load are two
different values governed by the travel & spring constant.

A CES unit does not have any spring rate.

A CES unit is a complicated piece of machinery employingcakelkoil springs , PTFE bearings ,
precision machined components , leverages etc to achieve the load constancy.

Simply put the operation of a constant effort support can be equateg@ipe supported via a wire
rope , with the pipe at one end , a dead weight equal to the plpe @ther & the wire passing over a
weightless frictionless pulley. The sketch below illustrates then same

When the pipe moves up due to thermal expansion the dead weight move& dmenversa. In the
olden days pipes were supported like this , but the system was disdeantlue to the compact nature
of modern pipe work installations & the cost of materials andfale that the pulley wire rope
business was prone to a lot of maintenance activities .

Thanks to helical coil springs , bell crank levers & the margélsiodern engineering the constant

effort support was developed to support pipe lines by occupying aswealy envelope & costing a
fraction of their large rope pulley cousins.
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A typical cross sectional view of a CES unit is given below for better undensgandi

The Bell crank lever rotates around the Fulcrum point ‘O’ . One end of the Bl lexger is

connected to the pipe ‘P1’, the other end is connected to the spring by the tie rod. Thus wipen the pi
moves down from cold to hot condition , the point P1 moves down , and as it moves down the Bell
crank lever will rotate in the anti clock wise direction & tie rod connected tepttieg will be pulled

in , by which the spring gets further compressed.

When the pipe moves up the bell crank lever will rotate (in the clock wise direktibe)tie rod
connected to spring will be pushed out thus allowing the spring to expand or relax.

By computing moments around the fulcrum point ‘O’ , we will arrive at the formula :

P1xD=Fxd
P1=Fxd
D

Our purpose is to keep P1 constant i.e the load experienced by the pipersstant. As the bell crank
rotates around the Fulcrum point ‘O’ , the values of ‘F’ (the loadtdube spring reaction ) , ‘d’ &
‘D’ will change in such a predetermined manner so as to keep value of ‘P1’ constant.

Theoretically & mathematically the value of P1 will remaonstant but due to friction at rotating

points , spring hysteresis , manufacturing tolerances , MSS-SHBb®8 a deviation oft 6 % on the
preset load and BS3974 allows + 5%.

The formula for calculating the permitted deviation is :-
Deviation from = Max. Reading moving down — Min Reading Moving up

Specified LOAd  ==mmmmmmmmm e e
Max. Reading moving down + Min Reading Moving up

Maximum reading moving down & minimum reading moving up shall be wébitn(per MSS-SP-58)
of specified Load.
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Simply put this means that when the lever (bell crank lever) ikeatop most position & a load is
applied (equal to its set load) , the lever starts to move dowrdethi&ion in load required to bring it
down from its extreme top position to its bottom most position shall noatéeby more than 6% of
the set load.

For example if a CES unit is set for 1000 Kgs, then the force ezhjuir register a down ward
movement through its entire travel range shall not exceed 1060dmdarly when traveling up the
load indicating device shall not register a load lower than 940 Kgs.

Lever at top mos Lever at botton
position set fo most position se
down trave for up trave

A typical cross sectional view of the CES unit is given below for better undersgandi

The above is a design of a special “Admiralty” series of suppledgned to support pipe lines in a
ship.

The points X , Y & Z are all rotating points & bearings atie(i at these points to minimize frictional
forces (even though the max rotation is only 45 Deg) . Theingsaare maintenance free, self
lubricating type & are TEFLON based . These are specialty bearings called DU BUSHE Sepsahe
by Glacier UK & now manufactured worldwide.

Typically the bush consists of a steel backing sheet , witlataix of bronze & lead which in turn is
pressure filled with a PTFE liner . When the shaft rotateslenthe bush a part of the PTFE will
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remain in the bush & part of it will get transferred to the SHATFE is a lubricant thus the bush is
non-lubricating maintenance free.

These bushes are excellent for use when the RPM is low butyahigér rotational loads & torque.
Typically in CES units , the rotation is only about 45 Deg & &adsslow that to turn the full 45 Deg it
could take a few days (i.e the time taken for the system to morecold to hot in a very gradual
manner).

Selection of Constant effort support Units

Unlike VES units manufacturers of CES units have their own methoélett®n from a Load /
Movement chart published by them. However some minimum requirerasntspecified in Piping
standards like MSS-SP58 which have to be adhered to.

1. The client / user will specify the travel from cold to hot ; this figure lieddhe actual travel.

2. Manufacturers will add “over travel” to this actual or requirelet. The over travel shall be
10% of actual travel subject to a minimum of 25mm i.e on no accoumivtretravel added
shall be less than 25 mm , this is mandatory.

3. Some models & suspension types cannot be selected either beldwver a certain travel
range as suggested by respective manufacturers.

4. It is quite possible for a given load & travel the selec@&$ unit may be of excessive travel
for example for a travel of 24 mm & 8900 kgs the selected siZeSaf would be C6-23-
110mm Total movement. Thus the total movement of 110mm is utilizie textent of 23mm
& the balance is treated as over travel. Therefore 110-24= 8ayets equally divided as 43
mm on either side of the cold set point & the expected hot positientedieling 23mm. TO
draw a crude analogy, it is like driving a Formula | sports car at 40 Mph .

Standard features of Constant Effort Supports

1) The “Hot” & “Cold” set position shall be clearly & Permanentlynarked & identified
preferably by rivets or such similar options & painted with apprtggalours like red for hot
& blue for cold

It is mandatory to provide some form of simple load adjustmeniteatvith out the use of
special tools & tackles. Normally the adjustment provided is + 2ff #%he set cold or preset
load. This is achieved by shifting the point of force exerted bgphieg wrt the fulcrum point.
In the sketch Point “F” if shifted near the Fulcrum or Pivot , tloenent reduces thus reducing
the load & if shifted away from the fulcrum , the moment in@easthere by increasing the
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load at the pipe suspension point. This is achieved by a “Load Adjuster” bolt , normalhgturni
the bolt clockwise increases the load & anti clockwise reduces the load.

The increase & decrease in load in measured in percentage & is done witaerhload
adjusting scale graduated in percentage.

In order to ensure that the CES unit performs as a perfatit@nt effort support even after
adjustment of load , the unit is first calibrated & tested for temrty at the set operating load ,
after which the load is adjusted to the +20% mark by using the loastiadjdevise , again the
unit is tested for constancy , then the load adjusting screstated to set it at -20% & again
tested for constancy.

Simply put this means if a CES unit is set for 1000 Kg operddiag , it is tested thrice i.e at
its set load of 1000 Kg , at 1200 Kg (+20%) & at 800 kgs (-20%) . Ithede positions it is
ensured that the deviation in loads is maintained with in + 6% as specified in \B8S-SP

2) Constant effort units must have some means of locking at their cold set load whemgshippi
from the manufacturer’s works. Different manufacturer’s have differekingalevices the
most popular being the “Locking Pin”. Depending on the direction of movement i.e + or — the
lever is positioned in the extreme opposite position & a “Pin” is used to lock therawet i
position by aligning it with holes drilled thru in the lever & frame. At sfteraerection , when
the load is being transferred from the pipe to the support by rotating the turnbuckie |casit
becomes equal to the set load of the support the pin becomes loose & is with drawn from the
frame thus allowing the lever to move during operation. As simple as it sounds , tthasl ok
locking is fraught with difficulties.

A. In 99 out of 100 cases the pin is lost when required for re-locking during
shut downs.

B. During shut down there is no guarantee that the lever will return to its
original cold set position , therefore the holes wont align & even if the
Pin were available it would be useless trying to lock the lever in the cold
condition.

C. Inorder to bring the lever to its original factory set condition the turn
buckle will have to be rotated in the appropriate direction to physically
move it & when we talk of large loads it can be physically impossible.
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The alternative would be to use chain pulley blocks , build scaffolding
etc etc , probably cheaper to buy a new hanger.!!

3) Pipe Supports Limited have over come this with an ingenious locking device equivalent to the
infinite locking devise in a variable effort support. This muti position universakeptocking
devise allows the CES unit’s Lever to be locked & un-locked any where through toavéis
range. This means taking shut downs & locking the CES for maintenance is virtulally chi
play & easily achieved by rotating locking nuts positioned on either sidte GES unit.

4) For certain travel ranges , the total travel can be changed at site with oubugespécial
tools & tackles. This becomes use full when designers are not too sure of movements or issue
relating to settlement taking place over years.

The total travel or movement is a function of the distance between the fulcrum or pivot point
& the center of the load pin. The larger the distance more is the travel & véze itanust be
remembered that for a given set load , if the “C” Distance is increasetbatheill decrease

& if the “C” Distance is decreased , the load will increase.
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A snapshot of the catalogue below shows the various ‘C’ distane@ssatptal movements
provided. With Change in ‘C’ , dimension ‘D’ i.e the horizontal distandead bearing point
w.r.t fulcrum also changes . Therefore for a given spring setting ¢hianging the ‘C’
dimension , the load will change. To know by how much the load will changker, the

relevant selection chart & read off the revised load agéneshew total travel for which the
support has been set.

5)

6)

After changing the travel requirement , if the original load is to be maedaiadjust to the
old load by using the load adjustment mechanism. All this is pesSibkitu” condition
with out use of any special tools & tackles. This featurgyilabthe best & unique feature
in the hanger support industry which frees the designer from waitie to changes in
loadings & movements at the eleventh hour.!!

Travel limit stops can be easily provided by simply adding additiomds at fixed
distances on the universal multi position locking device as shown below.

The spring can is triangular in shape , with sufficient clearance betyweeg & casing .
Triangles are structurally very rigid & offer greater resistatocdeformation when the

hanger gets ‘knocked’ about by chance or due to falling debris or due to handling common
to construction sites. With round casings , there is very little gap between sptifg

inner wall of casing & any indentation due to object falling on the support or dents due to

handling will hamper the free movement of spring with in the casing limitingakelt&
loads.
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7) The triangular can acts like a guide for a ‘slide’ bearing fixed on thenpate of the
spring. This facilitates free & smooth movement of the piston plate inside theataoms
with out rubbing. Therefore major consequences of rubbing like friction & removal of
protective coatings or finish paints are totally avoided.

AN

PTFE Slide Bearing fixed to VENT hole provided to a"0V\_/
Piston plate & Profiled to suit drainage of accumulated fluids

the ‘Triangular shape of CAN. like rain water if any.

8) Due to its typical triangular shape the inner surface of the can acts liggnag# channel
to allow smooth drainage of rain water or other fluids if any with out stagnatirlg i&si
allowing on set of corrosion on the spring , can , parts etc. To that effect there & eve
“drainage vent” provided on both ends of the can.

9) Other standard features of CES units :

- Compact design
Load capacity to 52,000kgs (114,000 Ibs)
Travel up to 750mm (30”) as standard
Wide range of standard types to suit all space envelopes
Calibrated to specific requirements without loss of load adjustment or dgailab
travel.
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SWAY BRACES

A standard variable spring hanger unit is used to support tensile loads (Hangg)@typ@Empressive
loads , (Foot mounted BM1 type) , but never a combination of both.

Sway braces are essentially double acting variable spring units whicis theg can handle both
tensile & compressive loads .

The construction is fairly simple , the unit has 2 piston plates one on either side ofdhleché|
compression spring connected by a single piston rod.

(The above 2 pictures are from ANVIL product Catalogue)

If a tensile load is applied , the top piston plate is pulled down causing the spring tosso&ra
compressive load is applied the thrust nut / rod coupling pushes the bottom piston plate to push up
causing the spring to compress. Therefore in both cases the spring getssethpre due to design
(see cut away section above) the unit is capable of handling compressivé&nengments /

forces.

As the name suggests “sway” braces are spring loaded units mounted on pipe wotkhe limi
swaying or vibration induced by external forces by applying an opposing force pip¢heA sway
brace will try & prevent the pipe vibrating at its resonant frequency (pifheevibrates at its resonant
frequency , the amplitude will double & can lead to failures in supporting structutached
equipments. ).

The sway brace will not stop the pipe from vibrating. The pipe will continue to vibrate as long as
the force inducing the vibration is present. Typical examples are using swayg brahe pipe line
feeding the flare stack in a refinery. When gases at very high pressipsaed in the pipe line in
the flare stack , it tends to vibrate & the sway brace will try & limit theations.

Sway brace is used to restrain piping or equipment and is not intended support.

The construction of the sway brace enables a pre-loaded sprioly sustains both compression and
extension displacement to provide a pre-determined restoring force.

For example, a pipe that is exposed to cross wind will sustaintfagkverse force during strong
winds. If the pipe is subject to thermal expansion and contractwill ihave a certain amount of
flexibility. If allowed to displace freely during strong windlse pipe may become unstable and
possibly sustain permanent deformation.
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By installing a sway brace the pipe can be held in position duringpplkcation of forces less than
the pre-set force within the spring. At higher forces the pifio@iallowed to displace but the further
from its neutral position it is pushed the greater the restoring force wairieec

When the storm recedes the sway brace will push or pull the pipe back to its neutial.posi
Specifying Sway BracesLike all devices that exert a restoring force to a piperthgnitude of force
that can be applied and the amount of acceptable displacementewdédided by the allowable
stresses within the pipe. This information will be defined by pipiggreeer during his analysis of the
system.

The level of pre-load within the sway brace shall be definedhé@yrtinimum force required to restore
the pipe to its neutral position; it may be a function of the desaghwof the piping and the magnitude
of frictional resistance thus created at sliding surfaces may be the amount of force required to
restore an unstable, out of balance mass.

For simplicity if we consider a pipe crossing a bridge stmactthermal expansion of the pipe is
predominantly in the axial direction and so the pipe is carried oa #tiding supports each having a
coefficient of friction of 0.1

The total supported mass of the pipe is 10,000kg. Therefore therfakttiesistance in the transverse
plane is 1000kg.

If we select a sway brace that delivers a pre-load of 1000kg and has a sfpnegssbf 100kg/mm the
minimum transverse resistance to sliding is 2000kg increasing by 100kg/mrplatdisent.

Assume now that the wind pressure on the pipe exerts a force of 2500kgpe will displace by
5mm. If the pipe is sufficiently flexible and without the influermédgéhe sway brace it may not be able
to generate sufficient elastic energy within itself tume back to its neutral position. Subsequent axial
loading may then cause further deformation of the pipe becauseat céfering a rigid shape to the
applied force.

With the sway brace installed the restoring force is attlé@at which is necessary to overcome
friction and so the pipe is returned to its neutral position.

When in the neutral position the sway brace exerts zero ragtorce and so the pipe is free once
again to move with the thermal cycle.

Any practical combination of pre-load and spring stiffness bwgefined and any spring within our
standard range of variable and constant efforts supports can be applied to the product.

In our catalogue we offer a basic range of sway braceds Wilt normally be necessary to design the
device to suit the specific requirements of the customer.

Neutral Adjustment : After installing sway braces & the plant start operating , the pipe may have
thermal movements. This may cause the spring in the sway brace to compmasafiyunt equal to
the thermal movement. At this point the sway brace will be exerting a force pipéhkne equal to
the pre-load + movement X spring constant.

The load has to be released by doing “Neutral adjustment”. This is achievedtingribta Rod
coupling shown above in a direction such that the piston plate gets releasedagagsisthe end
plate . In this condition the sway brace will not exert any force on the pipe. Dhtihd®vn , as the
pipe cools & gets in to the cold position , the sway brace will exert a force orpthagpihe spring

will get compressed .

Sway braces are normally designed to allow a movement of £70mm.
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Dynamic Restraints

Restraint verses Support:The restraint system performs an entirely different functothat of the
supports. The latter is intended to carry the weight of the piplke avat allow it to move freely under
normal operating conditions.
The restraint system is intended to protect the pipe work, the gianthe structure from abnormal
conditions; it should not impede the function of the supports.
Conditions that necessitate the use of restraints are as follows —

Earthquake.

Fluid disturbance.
Certain system functions.

Environmental influences.

In areas that are situated on or near to geological fault ile€ommon practice to protect the plant
from potential earthquake activity. In such plant there will berg lage requirement for dynamic
restraints.

Fluid disturbance can be caused by the effect of pumps and coarpresccasionally fluid in a
liquid state entering a pipe intended for the transportation of gas or steam.

Some system functions such as rapid valve closure, pulsation due tonguanpi the operation of
safety relief valves will cause irregular and sudden loading patterns vinehpiging system.

The environment can cause disturbance due to high wind loadings oraasthef offshore oil and
gas rigs, impact by ocean waves.

The restraint system will be designed to cater for all of these inflaence

What is a Restraint? A restraint is a device that prevents either the pipe work oplére to which
the pipe work is connected being damaged due to the occurrence oh@my more of the above
phenomenon.

It is designed to absorb and transfer sudden increases in loath&qgipe into the building structure
and to deaden any opposing oscillation between the pipe and the structure.

Therefore dynamic restraints are required to be very stiff, to have highdpadity and to minimize
free movement between pipe and structure.
The standard parts that make up dynamic restraints are —

- Hydraulic and mechanical snubbers.

Rigid struts.
Stiff clamps.
Welding Clevises.
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Hydraulic Snubbers: Similar to an automobile shock arrestor the hydraulic snubber tsaboiind a
cylinder containing hydraulic fluid with a piston that displacesflined from one end of the cylinder
to the other.

Displacement of fluid results from the movement of the pipe cgukim piston to displace within the
cylinder resulting in high pressure in one end of the cylinder aathtvely low pressure in the other.
The velocity of the piston will dictate the actual difference in pressure.

The fluid passes through a spring-loaded valve, the spring beed) to hold the valve open. If the
differential pressure across the valve exceeds the effqmtégsure exerted by the spring, the valve
will close. This causes the snubber to become rigid and furtherackspént is substantially
prevented.

The hydraulic snubber is normally used when the axis of restsaimttihhe direction of expansion and
contraction of the pipe. The snubber is therefore required to extendract revith the normal
operation of the pipe work. The snubber has low resistance to movement at very lowegelociti

Mechanical Snubbers:Whilst having the same application as the hydraulic snubber, ribaradd
the pipe is due to centrifugal braking within the snubber. A splitHBal is made to rotate at high
velocity causing steel balls to be forced radially outwards. fljfaéheel is forced apart by the steel
balls causing braking plates to come together thus retarding the axiatelspla of the snubber.
Rotation of the flywheel is generated by the linear disphace of the main rod acting on a ball-screw
or similar device.Sound’s very complicated — It is and it is also very experisive!

Cross Sectional view of Mech-snubber
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Rigid Struts: When the disturbed displacement is at an axis normal to the thermal displacesnent it

preferable and considerably less expensive to use a rigid strut. Litggallythis is a strut capable of
rotation at either end through close tolerance spherical bearings but it vallowetany axial
deflection whatsoever.

Stiff Clamps: Complimenting both snubbers and struts these clamps are very close fitting, igighly r
clamps for attaching to the pipe.
Welding Clevises: The point of attachment to the structure and occasionally the pipe.stiff
clamps these items are highly rigid with very close fitting pins to elit@ifiae play.
Comparison of Hydraulic and Mechanical Snubbers:The major comparison between the two types
of snubber is related to the level of maintenance required in todezep the snubber functional.
Hydraulic snubbers require regular inspection and replenishing afytlvaulic fluid otherwise air can
enter the cylinder and prevent the valves from functioning correctly.
Mechanical snubbers are simply lubricated prior to installatiois dhifficult to visually examine a
mechanical snubber to ensure that it is functioning correctly. Itispecormally requires physical
testing to ensure functionality and mechanical failure normakylt® in seizure or substantially
increased resistance to movement.
Caution must be exercised when high temperatures are likedyyery important that the hydraulic
cylinder is isolated from any high temperature as thisaaillse expansion of the hydraulic fluid and
increased pressure within the snubber.
Selection of Rigid Restraints: Rigid restraints are selected to suit the force that thibtyesist and
the space available to fit them. The anchor point to the strusttine most simple to select since it is
only dependent on the size of the rigid strut. The pipe attachmdapé&nhdant on both pipe size and
strut size but is also influenced by the orientation of the strut relative popiae
The strut is often more difficult to specify because it mayelsesting forces in the three primary axes,
X,y and z. It is therefore necessary to use some simpbadmgetry to resolve the given forces into an
axial force acting on the strut and to calculate the actngtheof the strut between the fixing point
and the pipe attachment.

Because the strut is held between two pinned connections its ability to oespsessive force is
greater the shorter the strut is. A long strut will have a lower safe wddadgn compression than a
short strut. However its length does not affect the tensile load capacitystfithe

The strut is therefore selected by considering the directidnnaagnitude of the axial force and if
compressive forces are acting, the length between the fixing pins afrtheations.

Having selected the strut size the welding clevis is automaticallyfispeo suit the strut size.

The pipe attachment is selected now by considering the pipetbe& strut size and the connection
requirements between the strut and the clamp. It is essentiahéhatrut can attach to the clamp
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without obstruction and any thermal movements are able to occur wittestrut interfering on the
clamp. It is therefore very important to consider the tramsitf the assembly during all expected
displacements.

Selection of Snubbers:The snubber is influenced by the same factors that the rigid ist the
magnitude and direction of axial force, but it is also necessary to consider thalttisplacement the
snubber will undergo.

Again it will be necessary to use trigonometry to calculatddree and the length of the snubber but
also to determine the actual displacement applied to the snubbpltad@ments in the primary axes
cannot simply be combined to determine the snubber displacemenpédtessary to calculate the
overall length of the snubber in the various installed and operatingiomsdn order to determine the
required stroke.

Having calculated the actual stroke it is good engineering peaictiallow a margin of excess travel at
each end of the design travel and so select a snubber capabtevirig greater displacement than is
theoretically required.

Orientation of the snubber may be important for both hydraulic andanemal types. Access to either
lubrication points or inspection points may be required and must be emetsiduring the design and
installation of the restraint. It may also be a requiremerdllow in-situ testing of the snubber to
validate its functionality and so access may be a permanent requirement.

Welding Clevises :Welding Clevises are used to connect the snubbers / struts tststeglre & to

pipe line. The clevises are either forged or flame profitedhfa single piece of steel & precision
machined to exacting tolerances.

Welding clevis
The clevis is welded to steel structure & direction of loading shall be with@? £ The holes in the
clevis for inserting the pins are machined to sliding fit tolerances to prewating” during

movement of pipe. The snubbers / rigid struts have spherical bush bearings to maintdiadiios
of force even with a slight swing in the pipe.

Self aligning spherical bush
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Pipe Clamps for Struts & Snubbers:

Pipe clamps used for connecting the dynamic members to pipe/@mcally clamps & welding
clevises. The clamps are selected from a standard cataldggegasameters like Pipe size , operating
temperature & loads.

The pipe clamps have a standard R.T.O which cannot be modified to suit insulation thidiemessit

is essential to reduce the insulation thickness in the vicinitysfamic clamps to ensure that the
hinge point is outside the insulation.

Some of the typical types of clamps used to support pipe lines subjecteddynamic loading
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\

A typical Sway Strut assembly with Fig 514 Stiff dmp Connection detail with Sphieal Bearing

The Use of Secondary SteelworkOften it may be more economic to ‘shorten’ the distance between
the primary structure and the connection point to the pipe by designimgyd frame of secondary
steelwork.

This will have the benefit of reducing the size of struts and snubbers, espétiedlyare exposed to
compressive forces. The cost difference between a very large snubber aitassmbber may be
significantly more than the additional cost for providing the secondary stéelwor

A typical example of failure due to wrong erection of snubbers , though the snubber hdsdotlia
connecting rod has deformed making it defunct.
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What is an Ancillary Item?  Ancillaries are the hardware that complement spring supports
and allow the connection of the pipe to the building structure, sometimes as simple as a pipe

shoe or comprised of many items from a beam clamp through hanger rods, spreader beams
and pipe clamps.

This photograph shows a good selection of the many standard ancillary items detailed in
Pipe Clips and Ancillaries catalogue of Pipe Supports Limited
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Selecting Ancillaries: The three main factors that will decide on which ancillary items you
require are —
The weight of the pipe being supported.

The general arrangement of the support being designed.

The temperature of both the pipe and the surrounding environment.

When thinking about the weight of the pipe or the load that the ancillaries will be expected to
carry it is important to consider all possible loadings.
- Normal operating load, including the weight of heavy pipe clips, riser clamps or
spreader beams should be taken into account.

Beam attachments may carry substantially higher loads than the actual design load
of the pipe. Eccentric loading on beam attachments such as our figure 172 need
very special design consideration and should be shown to a competent engineer
before final detailing.

Hydraulic test loading must be considered in conjunction with the additional weight
of the hanger assembly; our components are designed with a safety factor that
allows upto 100% additional loading. If the combined loading is greater than twice
the specified safe working load you must refer the problem to a competent
engineer.

It is important to consider any other factors that may cause increased loading
during the whole operating life of the plant; snow loading, wind loading, surge
loading, temporary loads due to access and many other possibilities.

Normally it is reasonable to expect the Customer to advise all design and plant life loadings;
it is our responsibility to assess additional load due to self-weight.
With regard to the actual support arrangement, there are many factors that will influence the
choice of ancillary to be used.

How is the support fixed; is it hanging from or standing on steelwork or concrete?

Is there a clear path to the pipe from the point of attachment to the structure?
Is the pipe moving horizontally and vertically?
In which direction are the forces being applied?

Finally, temperature has a significant influence on the ability of steel to withstand stress. High
temperatures (above 350°C) cause steel to loose strength and we must begin to consider the
phenomenon of creep.

Low temperature, below 0°C causes steel to become brittle and reduce its ability to withstand
sudden increases in load.

Quite obviously the temperature of the fluid within the pipe will affect the pipe clip or
attachment to the pipe. The material of the pipe will be specified to suit it's operating
temperature and this may also dictate the material of the pipe clamp regardless of the actual
design temperature.

Often and not so obvious, the temperature of the surroundings may affect the choice of
ancillary and the type of material we can use. A plant in Siberia will experience ambient
temperatures as low as —45°C and so all components of the pipe support will need to be
manufactured from low temperature carbon steel or even austenitic stainless steel.

Similarly, a pipe suspended within the boiler casing of a power plant may operate at a
temperature of 570°C dictating that we use a CrMo alloy pipe clamp. However the load bolt
of the clamp, the hanger rod and weldless eye nut will be exposed to the same temperature
because they too are within the boiler casing.
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Look critically at the information provided. Read the technical specification for
hanger design as they will affect choice of ancillary components —

(0]

(0]

Occasionally it may specify the minimum rod diameter to be used or
whether continuously threaded rod is permitted.

There may a requirement for higher than normal safety factors or specific
requirements for certain situations such as tandem type hangers. Such
requirements will need Engineering involvement.

Thin type locking nuts may not be permitted, instead two full nuts may be
specified. This will affect bolt and thread lengths.

If in doubt ask , do not guess.

Take account of all loadings; the additional weight of large clamps and spreader
beams and the self weight of DS type variables will affect the size of spring hanger
and may preclude the use of variable hangers due to increased deviation.*

The support configuration must allow all movement to take place freely but within
normal limitations —

(0]
0]

Hanger rods should always remain within 5° of vertical.

Guides shall be designed to allow for the full thermal movement and include
an adequate margin for safety and load bearing contact.

Moving parts of spring hangers and angulating rods shall not collide with
other supports, pipe work, equipment or building structure.

When special materials are required such as stainless steel always check to see if
the catalogue safe working load is acceptable. Stainless steel is not as strong as
carbon steel and either larger sections or reduced safe working loads will need to
be specified.
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Pipe Bases : _Pipe bases also called as pipe shoes are used to support the pipe from under
& rest on the load flange of a foot mounted pipe support or directly on a steel structure.
Sometimes pipe bases are also used as restraints to prevent movement of pipe in some
directions.

The picture above represents the most simple of pipe bases. The pipe base consists of a
base plate , 2 vertical plates on which the 2 sets of two bolt pipe clamps are welded & a
center stiffner piece which connects the two vertical plates & the base plate .

The key parameters required for selecting a pipe base off the table in a catalogue are :
Pipe Size
Pipe Temperature
Pipe Load

The “C” dimension shown above is required to check & ensure that there is at least a 25mm
or 1” gap between insulation & base plate . If the ‘C’ Dimn is less than what is required either
reduce the insulation thk locally or consult the pipe hanger manufacturer on increasing the ‘C’
Dimn to suit the insulation thickness.

If there is any horizontal movement of pipe then it may be better to provide some form of anti
friction sliding mechanism between pipe base & structure to prevent transfer of excessive
forces to pipe.

Typically PTFE sliding pads or Graphite pads are provided. With PTFE pads the Co-eff of
friction is approximately better than 0.1 & with graphite pads it is 0.16.

The base plate of the pipe base must be sized in such a way that even after the full
horizontal movement in both ‘X’ & ‘Z’ directions have occurred the base plate still fully covers
the sliding membrane.

For very large horizontal movements it is not uncommon to have extra long pipe bases with
multiple stiffners & clamps to evenly distribute load.
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Care must be taken to weld small pieces of line pipe material to pipe at either end of the
clamps of the pipe base to act as “stopper” to make sure the pipe base moves along with the
pipe & there is no relative movement between pipe & Pipe Base.

Pipe bases can be used as restraints as shown below :

In the picture above the pipe base will allow movement in 2 axes & in the next picture only in
one axis i.e along the axis of the pipe. In designing such supports care must be taken to
accurately calculate pipe loadings if restraining movements & if desired provide anti friction
pads to reduce structural forces , thereby saving costs on structure.
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Sliding Supports

The purpose of using low-friction slide bearings is to reducesstdue to the pipe sliding in a
horizontal or occasionally vertical direction.

.

4P
Gz
NP\

The physical property that defines the amount of friction iexjsietween two sliding surface is called
the coefficient of frictiorand is given the symbat(Greek for mu), it has no units and so is considered
to be a constant.

The value ofrmdepends on the type of materials that are being brought togethénheandurface
finish. A non-slip surface such as those on stair treads is aabeagive surface and has a high
coefficient of friction approachingrn= 1.0. Conversely a non-stick frying pan will have a very low
coefficient of friction,nm= 0.1. or less.

Certain materials are inherently slippery, graphite, bronze zamgl all posses ‘self lubricating’
properties and are commonly used to manufacture ‘dry’ bearingsaoin@s that require little or no
lubrication.

Highly polished steels and other materials are very slippengehine non-slip surfaces of stair treads
and road surfaces at particular hazards. Certain plasticeamlly slippery; thinking about the non-
slip frying pan, we have all heard of Teflon. This is a tradeen&on surfaces containing a small
amount of Poly Tetra Fluoro Ethylene or PTFE as we perhaps know it.

To quantify the coefficient of friction that exists between male we commonly use; mild steel on
mild steel with a shot-blasted surface has a coefficientiaifan of 0.5 or greater. Highly polished
stainless steel on PTFE has a coefficient of frictiorebditian 0.1, hence a structure that uses steel on
steel for sliding will be exposed to five times the frictional forces of one s$angless steel on PTFE.

An unusual concept about slide bearings is the fact that théegtee bearing pressure the lower the
frictional resistance. This seems very odd that a high load onall bearing pad can have lower
friction than a low load on a large bearing pad.

To give you a good analogy consider two people of similar weight aedsBding across a frozen
lake, one of them is wearing shoes and the other ice skates. Which one wilbgsttherlake first and
with the least effort?

The contact area of the skate is considerably smaller thaafttiee shoes and so the bearing pressure
is much greater. In fact the ice immediately beneath the bkade is turned momentarily to liquid
and so the ice skate agua-planes across the ice.

The concept of a standard bearing to suit a range of load is ni¢arproposition. The bearing will
be designed for the largest load in its range and so at lowr tle@ optimum coefficient of friction is
not achieved.

To achieve the optimum coefficient of friction it is necesgargesign the slide bearing to suit the
design load so that we have the absolute minimum bearing area.ahhseate its own problems
because it is possible to have a pipe shoe for a 500NB pipe sittagiece of PTFE little bigger than
a postage stamp.
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Stability of the slide bearing is very important, normally tthekness of the PTFE is 2.5mm though it
can be as much as 5mm or as little as 1.5mm. This is all that is separatirejaltie faces and so any
tendency to tilt could cause metal to metal contact and result in binding.

It is therefore preferable to use two, three or even four segaeates of PTFE to achieve a good load
distribution.

The shape of each piece is dependant upon the amount and direction of displacement.
Displacement predominantly in the axial direction of the pipe wouldestiggrips of PTFE aligned
parallel to the pipe. Equal displacements in both the axial and traasidieections may suit a square
pad of PTFE. Good engineering practice and practical knowledge are requinegetatathe optimum
design.

The most common supply condition is mirror-polished stainless sted?TFE for low friction
bearings. Other materials are available and may be specified by varidam€nss

There are two basic methods of constructing a slide bearind®tR& may be either bonded to or
recessed into the backing plate. A bonded bearing is more economic toeptioglnthe recessed type
due to the latter normally having 5mm thick PTFE and an expensivieimadcrecess in the backing
plate.

There are some advantages that the recessed type has when compared to thepggonded ty
There is no need to glue the PTFE into the recess.

The PTFE can be removed from the recess during installatmnird welding to take place
without the risk of damage to the PTFE.

Un-etched PTFE can be used.

The PTFE can be removed and replaced in situations of excessiveHwavever this facility
must be considered in the design of the plant and provision forasegathe sliding faces or
removing the bearing must be included.

It is possible to justify higher unit loading for a recessed bearing.

Bonded bearings however can have curved surfaces and are relatively cheagydadr@nufacture.

Virgin PTFE is the most common, it is pure PTFE without anyfeecement and can be used
in most moderately loaded applications. Caution must be exercisedhigietemperatures are
possibler.ﬁ/:At 8C the recommended bearing pressure is 14N/mhereas at 5C it is reduced
to 4N/mnf.

Glass filled PTFE has a reinforcement of fibre glass strandss available with either 15% or
25% reinforcement. The glass fibre has the effect of strengthé¢ime material by between 10
and 20%. Again temperature will substantially reduce the allowable bearssype

60% bronze filled PTFE is occasionally specified and unlike the quswjrades which are
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extruded, this is a sintered composite. Powders of the constituesriaisaare mixed together
and formed into a solid by the application of pressure. This maigriapable of working at
temperatures upto 18D and still retaining good load bearing capacity.

Other materials are specified from time to time; PTFERads permitted in either the food or tobacco
industries and so other polymers such as nylon or polypropyleneeasetl. However these materials
will have different temperature limitations. As a general toydo limit the temperature at the sliding
face to not more than 180 by incorporating thermal insulation such as Monolux 250 or 500.

In very high loading conditions it may be necessary to use geaphbronze or its many derivatives.
Often the Customer will stipulate the specific material he requires.

The sliding surface also deserves some discussion; again thet@iares materials that can be used
and various theories as to which is best. It is preferred tpalshed stainless steel because it is free
of surface defects and is relatively hard compared to the PTFE.

Other practical reasons for using stainless steel arettlgataadily available in a range of suitable
thickness, it can be sheared, rolled and can be welded.

However some people prefer to use PTFE sliding on PTFE becayskelieve this gives the least
possible coefficient of friction. That may well be the case beitet is a problem that arises with this
combination of material.

Notionally, the bearings are effectively static; displacenakeés place at a very slow rate and very
low frequency. This means that for most of the bearings life it is stationary.

Because the upper sliding area must be larger than the lowergoglate to prevent dust and particles
falling onto the surface of the bearing it has a tendency te s#ito the lower pad. The upper pad
deforms to create an impression of the lower pad in its surié@v when the bearing is made to slide
it must first overcome this deformed bearing surface. Use sdft material sliding against a hard
material prevents this from happening.

A further consideration when designing and specifying slide beaimghe local environmental
conditions; a dusty environment will lead to wear of both the PTfeRlze sliding surface. Dust seals
can be used to reduce the affect though normally with 2.5mm or thi€k& &ust is not a significant
problem because it is simply absorbed into the PTFE.

A final word about hydro-static test loads; testing is cdraet at ambient temperature, is short-term
and will not involve sliding of the bearing surfaces. It is theeefeermissible to allow the bearing
pressure to increase to 14N/Mmduring this condition.

To sum up the PTFE based slide bearings have to be designed considering the following:
1.Load on the bearing
2. Temperature on the bearing surface
3.Expected movements in horizontal & lateral directions
4. Method of fixing bearing to structure at site.

A typical worked example is presented below :
Working load = 2600 Kgs

Temperature at slide bearing = 100 Deg C
Movement in ‘X’ =45 mm

Movement in ‘Z' = 75mm

Refering to the curve relating bearing pressure & tempera@e 00 Deg C the bearing pressure of
virgin PTFE is 3.6 N/mr
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The size of the PTFE pad for a load of 2600 Kgs = 84.5 Square MM.
By adding some margin & rounding off , the PTFE Size is 100 mm square.
Size of base plate on which PTFE pad is fitted is 100 + 15mm on all sides = 130 mm square.

The size of mirror finished SS sheet typically 3mm thk is PTFE Size + 2 x ¢texpeavel in X & Z
direction) + Overtravel (25mm) = 215mm x 275mm.

To ensure that even after traveling the full expected movement the SS shdeliglcaver the PTFE
pad , the travel is doubled to accommodate travels in = Direction . Over travel is addedddlets
even if some additional un-expected travel takes place the pad will stillypedvered by SS sheet.

The size of backing plate for the SS sheet = 225 mm x 285 mm i.e 10mm more than the siz8 of the S
sheet.

Pipe supports have tested the co-eff of friction under fully loaded condition by uspegially
fabricated test rig & the results are plotted below.
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Test Conditions: -

Specimen type:
Specimen size:
Slider material:
Slider Size:

Slider Hardness:
Ra Value of slider:
Sliding speed:
Lubrication:
Temperature:
Load cell No:

5. Test Results: -

40% Bronze filled PTFE

75X75x2mm

Stainless steel, Polished

100x250x3mm
Not measured
Not measured

Not measured ,

Nil, Dry surface

but gradual

Ambient, between 30 anfi(32

Epoch 5Mt — Sr.#4997 , Epoch 3x3.5Mt — Sr#4893,4894&4895

Applied Bearing Pressure Frictional Co-efficient of
Compressive Force Resistance (F) Friction (mn
(P)
Kg N/sq.mm kg
540 0.9 55 0.05
1035 1.8 68 0.03
1549 2.7 102 0.03
1948 3.4 123 0.03
3100 5.4 155 0.03
3955 6.9 200 0.03
5050 8.8 230 0.02
6800 11.9 288 0.02
mr F/R
Where as, Reaction(R) = P*2
Frictional Characteristics of
40YBronze Filled PTFE Slide Bearing
0.06
0.05 -
g 0.04 -
i
S 0.03 —
£ 002 —
@
@)
O o0.01
0
0 2 4 6 8 10 12 14

Bearing Pressure, N/sg.mm

The above experiment proves that with increasing bearing pressure tli@tbietion decreases.
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Graphite Pads :

Where the temperature on the PTFE pad exceeds 200 Deg C , the common solution is to use solid
graphite blocks as anti friction pads. Graphite blocks can with stand temperature upt@3D0 De

Graphite blocks are used as 12 to 12.5mm thk pads & fixed by providing a retainind amaliat it
constructed with typically 6mm Square bars. Graphite being very softte bnaterial cannot be
pasted or screwed in.

The Graphite block can with stand very high compressive loads typically of threob&( Kg/cm ~2
, but very poor in tensile properties. Graphite pads are designed with a compresss/ef80
Kg/mm”2 & sizing is similar to that of PTFE pads above.

The counter facing plate here is Mirror finished stain less steel. ploalkygo-eff of friction for
graphite is 0.15 to 0.16 which is a tad higher than PTFE but better than steel to steef frazton.

Graphite has to be handled very carefully & can break or chip very easily if mdiedhar if
something were to drop on it.

Graphite Block on Foot Mounted
Spring support
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Specification for tendering Pipe Supports & hangers

Having worked in a company for more than 17 years that produces f@gapports | can possibly
claim that ‘I have seen it all’ . That is not true. Every g learn something new more from the
mistakes of others rather than our own.

As | have said elsewhere , hanger manufacturer’'s work stahtseceipt of RFQ (request for quote)
from a client who wishes to purchase hangers & supports (end uset¥eofrom engineering
consultants or EPC contractors who are contracted by the end user.

In many instances we come across in-complete or wrong spespring hangers & supports. This
leads to numerous correspondence, seeking clarifications on missag daffers are submitted
assumed data as the last date for receipt of quotes approaches fast.

In an attempt to remedy this situation a questionnaire is presented belotv agdtiresses over 90% of
the short comings in a RFQ & if the design engineer usesat check list , he can be certain that the
data furnished in the RFQ is reasonably adequate to get ofters iendors with out any short
comings.

Most points are standard but many are missed out by Piping ersgeeé¢hey have to deal with a
multitude of data & items which go into a package.

For example an issue like whether the weights of attachrbelus the spring support is to be added
to operating loads or is it already included in the given loads , often delays sobrofdsids.

Many times critical data’s like Insulation thickness & horizbnteovements are missed out. The
manufacturer will assume standard pipe clamps & RTO’s & matl check for 5° Angulation of the
hanger rod as movement in ‘X’ & ‘Z’ direction is not included in the spec.

For foot mounted supports many consultants provide ‘max’ assemighy lanailable between pipe &
structure , does it mean the hanger vendor has to match this dimégssupplying spool pieces or
does it suffice to check lengths & ensure compliance. It may seehappt one vendor matches the
length by spool pieces & the other ensures compliance , obviouslpshefcsupplying spool pieces

When dealing with “twin” or “tandem” supports , does the load in the sggaxl for the pipe load or
load per spring support. Normally if nothing is mentioned the hanger ntaméfia would safely
assume the load to be pipe load & divide by two to get load per support .

It is best to leave selection of materials to the hanger mafacturer than to specify the MOC of
each & every item as the hanger maker is definitely experieed enough to select proper
materials based on standards like MSS —SP 58 , SP-69 etc etc.
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Standards for Pipe Hangers & Supports

Pipe Hangers & supports normally conform to MSS-SP58 , MSS-SPS39B4 B31.1 Power Piping

. These standards deal with Rod hangers , spring hangers , logd fatimarious rod sizes , welding ,
allowable material stresses at various temperatures , reeftnent , coatings , surface protection ,
hanger testing methods , spring design & materials , typical supportingeamanis etc.

It is not un-common to find piping design engineers refer to MIBIRquently as part of their
specification with additional conditions relating to materials & selection.

Some of the extracts from MSS-SP58 are shown below :
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For details refer to the individual standards mentioned above , the representaBorabgive are in-
complete extracts & not to be used for designing or reference. Pleade tekefull standard for
details.
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Quality Assurance plans & Check lists

Quality assurance plans (QAP’s) & Quality check lists famery important part of the Purchase
order. Not only is it essential to properly design piping systems , engineer thatadehsure that the
right quality of job has been supplied in accordance to the specification laid down legiteed.

For example the client would have specified structural steeh foertain job & the supplier would
have committed to supply ASTM A36 grade of steel. It is importaattthe client gets ASTM A 36 in
totality to the parameters like chemical composition , mechaproglerties , supply condition etc etc
or else if there are deficiencies in mechanical propertiesdhgament may not perform the intended
job or can even fail causing catastrophic accidents.

To that effect it is essential that an agreed Qualitylchstis followed to ensure compliance to codes
, Standards & supply conditions.

A typical check list is given below for ready reference.
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Software for Hangers & Supports

Where expansion and contraction occurs it is important that the supporting systesntab take
place without exerting additional forces on the pipe. Spring hangers, corestdntariables allow the
pipe to move vertically, hanger rods and slide bearings allow the pipe to move hoyz@yalmic
restraints control the pipe during undesirable events such as earthquake odstsidrances.

To support a piping system properly there will be a combination of rigid hangers or suypoaties
and constant effort supports. There will be a secondary restraint systemmysexdection that should
not have any influence on the supporting system.

After deciding on the layout of the main items of plant the plant designer wil hisipipe work.
From this information the piping engineer will carry out the piping analysimeSanalysis
programmes will actually specify the type and size of spring or snubber to be uieelida little
more from our point of view.

Some of the popular stress analysis software are Ceaser , Caepipe , €tiflex

At this point the support spacing and location will have been identified; temperaadse and
movements will have been calculated and most probably the type of support will have hegedde

This information is passed to hanger suppliers & from the above conditions we can wardifyof
our spring units or snubbers is suitable. However it is not quite finished there; wie liksggn or
select all of the other parts of the hanger.

Ideally the pipe will have been routed and the supports located beneath or above the dituilctinge
and the space where the support fits will be clear of obstructions - unfortunageiyrély this easy.
We often have to supply secondary steel work and we have to support a pipe that paates bene
another pipe; these factors will affect which of our equipment we use.

In power stations the task of supporting a pipe is often relatively simple bebatsés quite a lot of
space in which to fit the support; additional steel work can be fitted and other pipes orezjudam
be easily avoided.

In the petro-chemical industry the problems are often different; offshca@digas platforms are built
to very tight space and weight constraints, which impose substantial restricti what we can
supply. Chemical and Oil processing plants have similar space constraemndy@hg constructed in
modular form.

As mentioned somewhere earlier , pipe hangers & supports are virtually thertessta be indented
for procurement in a project as these are engineered items & specs aoeemotifi the last minute
given the fact that any small change in pipe routing can affect hanger, lyges placements etc.
Needless to say the hanger manufacturer gets very little lead timlentit ffers & probably has to
work against time to deliver within very tight schedules.

Pipe hangers & supports though look simple from the out side , are complicated pieaekinény
with a lot of parts that go to make it. The catalogues of major manufacturers contairdaufdre
products with various sizes , materials of constructions , types etc. This wiak#gyrnishing offers
, Issuing drawings for approvals to clients , very laborious & time consuming , promers e

This is where software helps , as major manufacturers have built in thegrotituct catalogues into
software with intelligence to select , draw & issue a BOM for a progsed on simple inputs like
loads , movements , pipe sizes etc.

The softwares work within drafting software or are built as stand alones . Theaghsare
manifold, one can produce close to 50 or 60 error free hanger assembly drawingdswith Bi
materials & the look & feel of a drawing drawn in a CAD station in a mattan bbar. Thus there is
huge savings in cost of man hours & time. Some of these softwares allow 3-D roduelgenerated
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from their 2 D cousins & export them to 3D plant lay out modeling software like PORIES ect ,
making hanger placement , clash checking child’s play.

Examples —

Pipe Supports Ltd- PSDesigner
Pipe Supports Ltd- PSL Cad
Pipe Supports Ltd-COMET
Hydra - CASCADE

Binder - SSSS

Lisega - LICAD

C&P - Witch Hanger

PTP - SpringSize

Each software is designed to operate in a certain way , wtitee of them have standard hanger
assembly configurations , others allow the user to build his own bBs@wnfiguration . Some
companies like Pipe Supports Limited have both options built into thdwasef & allow a huge
degree of flexibility to the user.

The software not only draws intelligently , it exports to scdié files to Autocad , extract Bills of
materials with weights, tag wise , project wise , allowsvdrg structural members , & also gives a
price estimate . The drawings being drawn to scale giwtsaa visual representation to the user &
mismatch if any on the screen , thus allowing the user to rethedsituation immediately rather than
wait for hanger vendors to point out potential problems in assembgithei fouling of pipe with
hanger etc at a time when civil & structural drawings have liesued to site for fabrication & re-
routing becomes difficult.

It is good that piping engineers acquaint themselves with the software , receqall the hanger
vendor for a demo & tutorial . Department heads should encourage use of such softwarergsthe int
of project schedules , man hours & time spent on corrections. If a piping draughtsnthaw 50
Hanger assemblies in one hour rather than draw one assembly in 3 hours , spendiimgesome t
educating one’s self in such software in justified.

Most companies distribute the software as free issue to genuine users. Neithaillyhere is a
manual or a help file to assist first time users navigate through the set ugsptacee.
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Basic Draughting & Detailing

Introduction: The drawing has many different purposes and serves each ‘reviewer’ in antiffaye

The Customer who is purchasing the supports needs to know hanger vendor has included all of
his requirements. Has the support manufacturer specified the correct gssemtansferred
the correct data, etc.

The Erector will need to know what he is expecting to find when he un-packs the hahger a
where he is going to install the hanger on the plant.

The support manufacturer needs to know every detail about each part of the support to enable
them to manufacture and assemble the right parts.

So, the drawing needs to be clear and without room for doubt. Dimensiahsonbe relevant and
clearly understood. The support manufacturer needs to show how the sadpad ito the existing

structure; if there are several connection points this mughdens similarly if there are bolt fixings
then these must show fixing centers.

All hanger drawings must be submitted to the Customer for rearehvapproval. Only in exceptional
circumstances will manufacture commence without approval of drawings Bustemer.

If the piping engineer uses a specific vendor’s software , then there is no napgdrfmral of hanger
drawings & production can commence soon after order placement with out wasting msa& hme.

The software has created a 3D image above from 2D using PS Designer & $Aqqeldr released
by Pelican forge in PDS . The process for creating 3D images in PDMS |a&r sithie approach to
design & engineering is changing a pace with shrinking office spaces ,gehoft@ained manpower ,
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shorter cycle times for project implementation & lower costs , year onleardesigners have to use
tools illustrated above to improve work efficiency & accuracy . The days ofrsliee & draughting
tables are gone, replaced by software with in built intelligence & ledge base.!!

A typical drawing for a main steam hanger with auxiliary stru¢stesel members , location plan &
BOM drawn using PSLCAD.
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Erection & Commissioning of Pipe Supports

One of the most important but often neglected issue relating to Pipe Hangers &Sigeaaction &
commissioning.

The hanger support is an engineered item & its life from concept to realityedaaced in the
following steps:

1. Pipe routing

2. Fix points from where the pipe can be supported by using nearest availakilgstonc
build auxiliary supporting structure.

3. Conduct stress analysis on the pipe line using stress analysis softwaigepacka
4. Finalize pipe isometry.

5. Prepare preliminary support sketches to show assembly configuration , loadenbvem
data , pipe sizes , type of support etc .

Issue indent to procurement department for purchasing hangers / supports
7. Receive offers from various vendors.

8. Conduct Techno-commercial evaluation of received offers ,'ff paBty engineering
consultant is involved , then include him in the bid evaluation process.

9. Clarifications from suppliers on queries if any.

10. Conduct quality audit , freeze QAP’s.

11.Place Purchase order on successful bidder.

12. Supplier submits Drawings & final QAP for approval.

13. Approve submitted documents .

14. Supplier manufactures & offers the material for Inspection.

15. Carry out inspection of manufactured items at vendor’s manufacturing &iliti
16. Properly tagging materials for easy identification at site.

17.Dispatch materials to site.

From the above it is evident that enormous amount of work has gone into design , emgineeri
manufacture & supply of the items which are no less critical in application edmapared to valves ,
pumps etc & can affect the performance of the entire plant.

Once the material reaches site , it rarely gets thmeotst deserves . In most instances the material is
stored in open yard exposed to natural elements.

Finally as the supports are erected, in most cases it gatsdrlike a piece of hardware & rarely gets
the attention it deserves, in terms of awareness towards ogEion & commissioning to ensure
smooth operation & function.

Many of the erection contractors & their team members ardullgt aware of the importance to
properly erect, float the line & commission the spring supportssegaential manner. Fundamentals
such as removing “Preset Locks” on spring support after completiorsafation & other activities
are completely ignored either due to lack of awareness or “pressure” to tmthplgb in time.

Improper installation of Spring Hangers & Supports can cause undessed to develop at the
“Terminal” points leading to failures or repeated maintengmoblems such as gaskets leaking, welds
cracking, vibration in rotating equipments etc.
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It is imperative that the Stress engineer & designemefpipe line inspect the pipe line (before
charging the line) at site once all preliminary activities are camnhl¢o ensure that it is as per design.

Even though Hanger manufacturer’'s send “Erection / CommissioMaguals, it rarely reaches the
field personnel. Probably it will be a good idea to attach the manutal the Spring Hanger body say
one in ten Tag nos thus ensuring , it is seen by field staff & engineers , for wisaotitally meant &
not to be filed as part of Documentation or incoming stores receipt documentation.!!

To this effect most support manufacturers worth their salt publishdidribute Erection /
Commissioning manuals for the products made by them giving $tegep procedures. Many even
extend their helping hand for field services such as supervision of erection & ommng .

Some vendors have produced training video presentation & some oiffiergraf filed erection staff
at their works to teach them the do’'s & don’ts. Despite all thiareness of the product & its
criticality is sorely lacking , the simple reason being naefects in erection go un-noticed in the first
few months or couple of years , by which time , the engineeringuitants , EPC contractors , sub
contractors , piping erectors have wound up their site offices &. dénoen there on each problem
when identified is dealt on a case to case basis.

All that can be avoided if proper care & attention is taken dwetegtion & commissioning ensuring
some fundamental points as given below.

1. Hangers & supports are to be used only for the purpose intendeat @@pporting the
pipe or vessel) & not for other purposes like rigging , temp support etc.

2. The support is to be fixed at the exact location as indicated lndagon plan given in
the drawings.

3. The support is to be connected using components intended for that tag only.

4. The support & its assembly attachments shall not be used foratpig like welding
earth etc . This cause the spring to heat up & loose its property.

5. The temporary supporting structure for pipe line is to be remowveyl after all

activities are completed including insulation to ensure thaleathents contributing to

the operating loads have been fixed on the pipe.

The Spring support is to be un-locked in the cold condition & the line “floated”.

For small bore pipe lines ,do not stand on them when un locking or floating them.

If hydro test or acid cleaning of the pipe is carried outhaltlde ensured that the pipe

line is at its cold condition with the spring support pointer , pointingeacold load. If

not all the hangers have to be re floated to achieve this.

9. After the plant start up , the performance of the hangers hawve teonitored till the
plant reaches its intended capacity & to ensure that excdsaugds do not occur &
springs don’t bottom out.

10. After the construction activities are complete it is ideah# piping engineer does a
“walk through” to ensure that hangers have been erected cyrragitocked & that
there no temporary structures preventing free movement of pipe line.

11.1t is important to ensure that there is “fouling of pipe line"hnstructure , cable trays ,
walk ways , etc which can cause serious damage & accidents hdiethermal
expansions start occurring

12.Ensure by cleaning , blowing compressed air etc , that anstraiction debris , dirt
dust, etc are removed from the spring support prior to operation.

© N
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1 2 3

1. No clearance in hole in the wall to allow for vertical downwargldisement of
Main steam line of a coal fired power plant. Notice pipe withlatson is sagging a
bit & insulation is already compressed around the bottom of the hole.

2. Clearly the cable tray is fouling , cable is all over thacel & during large
movements the cable may get damaged leading to failures , accidents.

3. The foot mounted support is virtually buried in coal dust & ash &hvhigh
humidity & the hygroscopic nature of the dust , it will solidifyti8e support will
become useless.

Maintenance

There is no routine maintenance required & the supports are intemdechfoimum 20 to 25 year life
cycle . If the initial spec for corrosion resistance is gpeden painting may not be required. What is
required is routine inspection to check for damages , breakageg due to creep , fatigue , excessive
loads , additions , modifications to line etc.

The bearings in the Constant effort supports are lubrication frée 8ot need any attention. If there
are hints of rusting a coat of paint once in 2 years would go@way to extend the life of the
support.

Inspection should include a check to see whether the spring idingdratween the ‘Hot’ & ‘Cold’
Pointers & not beyond its travel range.

Painting : Its important to draw up a very good spec for painting at thegbriojplementation stage
taking into consideration , the project site location , ambient opgratnditions , process etc to
ensure a very low rate of corrosion. Its cheaper to spend akttie on a very good painting system ,
rather than spend loads of money & man power on an yearly bas@mse 8till , buy new equipment
once in 5 years. The author is withess to broken spring supports (doeasive saline atmosphere)
hanging from pipe , hence instead of the hanger supporting thethgeipe is supporting the hanger
, though it sounds funny its not a very healthy sign , as rustikgisdncer & once induced spreads
quickly & quietly.

With the present day easy availability of high performancarggsmt customers should make it a habit
to include specialty paint processes as part of their specification .

Hangers & supports are fundamentally ‘Fit & Forget’ items and in_many cases not _easily
accessible for inspection or maintenance. All the more erhpsis should be on surface protection
as the life of the plant “hangs in balance” supported by hangers & supporis
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DISCLAIMER

“The author has tried to explain the fundamental concepts of Hangers & Supports , thandew
observations in many cases are of a personal nature drawn from experienaausfpeople in the
filed , hence they may not be 100% accurate or to the point. Any Discrepancieskemjgtrinters
devil , additions , inputs , if brought to the attention of the author , the same will be included in
subsequent revisions to be released at later dates.”

My sincere thanks to the following individuals & their contributions with out which | plyssi
couldn’t have completed this small hand book.

Mr.Stuart Barry, Technical Director , Pipe Supports Limited U.K.

Mr.Ashutosh Singhvi L&T Baroda for contributing some wonderful pictures
Mr.Soundarajan of Avant Garde Consultants for sharing his experiences
Mr.Narendra Bafna of Coventry springs

Mr.Anil Bafna of Coventry Coil-O-Matic (springs)

Mr.T.R.Venkataraman , Managing Director , Pipe Supports India for his pearisdufrov

Please address your comments , queries , suggestions to:
M.Rajagopal

Pipe Supports India (P) Ltd,

Plot No 29 , Industrial Estate, Perungudi,

Chennai, Tamilnadu , INDIA.

Phone +91-44-24961003 , Fax -+91-44-24962668

Email : marketing@pipesupports.irvisit us aWWW.PIPESUPPORTS.IN

77



