THERMAL EXPANSION IN PIPING SYSTEMS
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Thermal Expansion In Piping Systems-Course Outline

*Principles and calculations of thermal expansion in piping systems.
*Piping system loads and impact on building systems and structural systems
*Metal Expansion Joint Anatomy and options

*Guidelines and methodology for applying and selecting metal expansion devices for
compensation of thermal expansion and equipment connections and isolation
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Metal Bellows
Expansion Joints

B micrices:

1.877.METAL E] * www.llexhose.com

THERMAL EXPANSION s o misor prcblor

designing, instating andl
maintaining piing systems.

To help you save tme and money we have developed
this metal axpansion joint spphcation gusda to st
¥oul in appiying metal expansion joint technalogy o
ot pping syster

We aba invite you to call us tollfree for technical
support at 1,877, Metal XJ.

DESIGN CONSIDERATIONS

[Basic Principles: Thermal Expansion
THERMAL EXPANSION b5 a magor problem
confranting engineers desgning, instaing

and maintaining pipng systerns.

As } Increases
Pipe

Grows in

L ength
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DESIGN CONSIDERATIONS

-«——— Pipe Growth ————

** HEAT**

Thermal Expansion for carbon steel pipe
is the same for all pipe sizes.

Exampile; Chilled Water
40F —= |00F

~ PipeGrowth—~

Mote: Anchor Thrust loads will vary

APPLICATION TEMPERATURE RAMNGE Thermal Expansion
Chilled Water 40°F ——= |100°F 453 inches per 100 ft
Condensor Water 40°F ——= |D0°F 453 inches per 100 ft
Domestic Hot Water® 40°F ——= |40°F 1.139 inches per 100 ft
Hot Water 40°F ——= 200°F 1.220 inches per 100 ft
Steam 100 psig 40°F —= 338°F 2,400 inches per 100 ft
* Copper Pipe
The Consequence of Thermal Expansion: Serious Problem
Stress Loads can be above
= -
. 10,000 Ibs of Force ™.
ke .

Unless compesnation is provided for these dimensional changes, high stressed will be transmitted
throughout the system to pumps, chillers, anchors and the connected eguipment.

DESIGN CONSIDERATIONS

Uncontrolled
Thermal Expansion

DESIGN CONSIDERATIONS

Thermal Expansion of Mecal Pipe

Calculating Pipe Growsh

Apatrasan
Haating Hot Wase:

bt
Froem it — Al mupaiviban of o g 4t
~ 2,300 pmr 100 1.
aer 487 e 100 . plipr
e hmadime oo n,
134100 5 1,85 = 248" tetal langth change

P ——
V10m Steam

[
A 5" tmed wipe b i 152 feet long.
Hamirmien bmierabur (e (o =i

i

Thermal Expansion of Metal Pipe

*Heating Water 40-200 Deg. F.
170 Foot Run Between Anchor Points

170

I

X carbon steel pipe

Carbon Steel Pipe=1.22” growth, per/100ft. TPG= 2.07”

Stainless Steel Pipe= 1.79” growth, per/100 ft. TPG=3.04" +30% vs. CS

v
copper pipe | ;

+35% vs. CS
Copper Pipe=1.85" growth, per/100 ft. TPG=3.15" +5% vs.SS
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DESIGN CONSIDERATIONS

Thermal Movement

WA maserials expase and costiact due
0 tmrgeraturs changes. Tn # poteg or
dheting wyatrn, these thesssl changes
30 produce st o the sy
Found ot sk i el e
wokating eqeipment ut wel s the
Fiping or dact work sy e,

Thermal changes are produced
by the followlng:
® The tempmariues of B systom
whes: imtaled it difterert from
cpmmating trmperat .
For meple: chilled woter
100 whm instalied.

‘oid in @ piging system

epenaies af 40 on joint 40 extend

* The tempesatue cycle during iyt iy propesty
spenticn

» The sysiem b exposed to amisiert e s s
fempentusy changes e R

DESIGN CONSIDERATIONS

Thermal Movement
Axial compression

> <=

Heat in a piping system causes the
expansion joint to compress axially when
piping system is properly anchored.

DESIGN CONSIDERATIONS

Thermal Movement
Axial extension

Cold in a piping system causes the
expansion joint to extend axially when
piping system is properly anchored.

DESIGN CONSIDERATIONS

Compensating for Thermal | ‘Why Expansion Joints?
The Basic methos of compensating far thermal movement In a piging sysiem s 'mwwmm
* Infine, compuxt detign wves vikibie:
' Design a Meible piging system which  # Design expantion devioes, exqunsion jelnts KL Su
utiizes charges of Srection to stnocd or exible loop technaloy '9"':;"'! "":
Facrveseni, For el "7 b, * Aity 1o harsfle large sty of
1" bendts e mechanical pipe koo e :.ﬂxbuﬂlwﬂu
-
- S (17 e Sl s
expursion & anchor lnady
® Rouiren mirisseen hergths of offrts.
o Pipe guides ane essential
g My reuive: e B o ot
| T Beed i iy S+ My add o hes lont &
1 5
= = rcudre L space b inutall &y
e
Fioa Gucle

How to Control Thermal Expansion

Spring
. " Clevis Cushion
X Free Floating Pipe Hanger Hanger

- -
‘ “L" Bend “Z" Bend

x Pipe Bends
-

D( Pipe Loops Fipe Loop

x Externally Pressurized Expansion Joints

x Metal Bellows type Expansion Joints

DESIGN CONSIDERATIONS

How to Control Thermal Expansion
Free Floating Pipe

. Spring cushion
Clevis Hanger hanger with roller
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Pipe Bends and Pipe Loops

Pipe Bends

. o

“L” Bend “Z” Bend

il
1

— A —
- =
“L" Bend ‘Z" Bend
= A, ==
S Y q -
Pipe Loop
Design a flexible piping system which utilizes
changes of direction to absorb movement For
example: “Z" bends, “L” bends and
mechanical pipe loops
Design expansion devices, expansion joints
Anchor Pipe Guides
3 B == «— Minimum Feet — Minimum
Designing “L” Bends Feel
or 90° Pipe Bends

H [I Pipe Guides

1. Calculate expansion of longest leg.

2. Find minimum feet required for this amount of expansion from chart.
This represents the minimum footage of expansion type pipe supports
required EACH side of elbow.

Note: Per 2000 ASHRAE Systems and Equipment Handbook page 41.11 a conservative
estimate of force (Anchor Loads) is 500 Ib per diameter inch.

Anchor

Pipe Expansion of Longest Leg
Size Lo | 2 |2 | 3 | 3% | 4| 4y | 5
2 9 | 127 |14 |16 | 17 | 18 |19 | 21 | 22

3| 10| 13 |15 |17 |18 | 19 |20 | 22 |2

170 ft
Pipe Guide
Anchor —

= 27— T

3000 Ibs of force 27

I] ﬂ Pipe Guide
Anchor 3000 Ibs of force

Per 2000 ASHRAE Systems and Equipment Handbook page 41.11
a conservative estimate of force (Anchor Loads)
is 500 Ib per diameter inch.

4 n| 14 |16 | 18 [ 19 | 220 |22 | 24 |25
5 12| 15 17 19 2 23 25 2r 28
6" 13 167 19 21 23 25 29 31
8" 18 207 22 25 v 29 33 35
i Anchor to Anchor Expansion |
>
| i Minmum i Minimum : !
i PeGuides 0 et T Feet 1
Anchor ' : i
,,,,,,,, E :
DeS|gn|ng ! !
“7” Bends or | Pipe Guides !
=
PipeBends 1 = =
1. Calculate total expansion anchor to anchor. Anchor

2. Find minimum feet required for this amount of expansion from chart.
This represents the minimum footage for offset and minimum footage
of expansion type pipe supports required for EACH side of “Z" Bend.

Pipe Anchor to Anchor Expansion
Size B I A A < I - A I

8 9 10 n |12 13 14 15
9 10 12 13 14 15 16 17
00 | W |13 |14 | 16 |17 | 18 | 19
100 | 127 | 14 | 16" | 17 0| 200 | 21
w18 |15 | 17 | 19 2 |8

12 w 1 19 20° 2 20 25

@ oo &
QxR e~ N

DESIGN CONSIDERATIONS

Anchor

1440 Ibs of force

Anchor
14401Ibs of force

From 2000 ASHRAE Systems and Equipment Handbook, p 41.12, the force developed
in a Z bend can be calculated with acceptable accuracy as follows:
F = CE(DIL)? where Fis in Ibs, C = 4000 Ib/in, D = outside pipe diameter in inches,
L = length of offset in ft, E = anchor to anchor expansion in inches.
F = CE(DIL)? = 4000(4)(6/20)% = 1440 Ibs
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Why Pipe Guides

Pipe Loops
on U-Bends?

o ﬁ (:# o Oversressed
“E— 3 . “_— Connection

Overstressed
Connection

T

Pipe Guides Limit stop

-— L

Table 11 0n 2000 paL12

Pipe Expansion Example
170 ft

Anchor Pipe Guide
=

T i |
2in. expansion 4in. expansion 6 in. expansion
p—— W H . H W H 1200lbsofforce  Pipe Guide Pipe Guide 1200 bs offorce
1 2 4 3 6 3.5 7
2 3 6 a 3 5 10 anchor S 26’ i 26’ = Anchor
3 3.5 7 5 10 6 12
4 4 8 5.5 11 6.5 13 “A conservative estimate of pipe loop force is 200 Ib per diameter inch”
6 5 10 (6 (13 ) 8 16 -- 2000 ASHRAE Systems and Equipment Handbook page 41.12
8 5.5 11 7.5 15 9 18
Typical Thrust Loads
3” Pipe Loop 4” Axial Compression 600 Ibs of Force L  pend
6" Pipe Loop 4” Axial Compression 1200 Ibs of Force 3 Pipe bends and loops:
= -
cal ns. for cof .
6” -1200 1bs of Force 6” -1200 1bs of Force & W" ,"5 "'?mmLmufm
* Pipe guides are essential
L e
“Z" Ban " o m'.
3”600 Ibs of Force 3 - 600 Ibs of Force \ oo Pt o iy
% need multiple locations.
Pipe Guide
Mechanical Hard
Pipe Loop
_ Anchor
Load




DESIGN CONSIDERATIONS
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* Bellows formed from
a metal cylinder in

wo steps Cylinder
* Bollows length
approximately
one-third the length Step 2
of original cylinder

Einpd

* Adding flanges completes
assembly of the single bellows
expansion joint

BELLOWS TECHNOLOGY.

Single Ply vs. Laminated Bellows

Single Ply

Pipe Size = 607

Corugation Depth = 0.67

Corrugation Pitch = 043"

Material Thickness = 03s

Laminated

Pipe Size - 40"

Corrugation Depth = 0.6

Carrugation Pitch = 043"

Matarial Thickness Laminated of multi-ply bellows for
is 3 plysof 11" = 035 and end:

The reduced thickness of the laminations results in lower bending stresses due to axial motion
increasing the life of the bellows

BELLOWS TECHNOLOGY

Pl
et ey dr P beflow wataris 12 oot e g
e b e e, ks, et gucematry Hut g

s o gty of e s i 19 contie e presins o e

range. The ek sach am vt 1 pert: b, sves oo or sves

P e e bt bt o P o it 1 gt th Compeession whi muiniog te A pevinse thast inths st of 4 uin sncher
i e e g o U sl e 1n racrard elaste sed by
s e i

[

o sxpaerion ot it fhe rimary Rtom:

Accessories

Covers Flow Liners Tie Rods Limit Rods Control Rods

Expansion joints require careful
handling and must be protected from
any impact, weld spatter, etc. Before
insulating an expansion joint, care
must be taken that foreign material is
not trapped in the corrugations
impeding its movements. It is suitable
to install a metal cover over the
flanges and then wrap the insulation
around it.

Accessories
Covers Flow Liners Tie Rods Limit Rods Control Rods
L
=5 =a; s <« merea

Flow liners are installed in the inlet |
bore of the expansion joint to protect =

the bellows from erosion damage due FLOW » Flow Lier
to abrasive media or resonant
vibration caused by turbulent flow or

excessive velocities. External
Cover/Shrowd

|« EndFiting
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BELLOWS TECHNOLOGY

Accessories

Covers Flow Liners Tie Rods Limit Rods Control Rods

Tie Rods are devices with the L P -

primary function to restrain the

bellows pressure thrust. It should be | [~ et
pointed out that when tie rods are Flow tinar
furnished on expansion joints subject

to external axial movement, they will < EndFiring
only restrain the pressure thrust in -

the event of an anchor failure. During
normal operation the anchor or
adjacent equipment will be subjected
to the pressure thrust forces.

BELLOWS TECHNOLOGY.

Accessories

Covers Flow Liners Tie Rods Limit Rods Control Rods

Limit Rods are devices with the
primary function of restricting the
bellows movement range. The limit
rods are designed to prevent bellows
over-extension or over-compression
while restraining the full pressure
thrust in the event of a main anchor
failure.

BELLOWS TECHNOLOGY

Accessories

Covers Flow Liners Tie Rods Limit Rods Control Rods

Control Rods are devices
attached to the expansion joint
with the primary function of
distributing movement
between the two bellows of a
universal joint. Control rods
are not designed to restrain
bellows pressure thrust.

Expansion Joint Movement Capabilities
Installation

Misalignment
Mivsligreest of e expurmicn jort
o i 1 ‘o Iemtallation seduces the ot
& e ————
ot Mhaliersent o he prgng
nyitem e b cormected price b

etallation of the exgarsion joist.

Axial Extension Lateral Offset 1 the rivsligrenert can rot be
o the b e Foton which iy prrpendiculr o the (ML, e cortac
o 5l contacrion whes i 5 Hire of the g with the erpamaion Pl Hase €, for echvical ppers
tem s anchosms property. ot fittings. revuaining parsliel.
Concurrent Movements

Expamion ol mvrnet Lapatity

W et the ca b s

Angular Rotation et Cap y of e
B st the ernye.civul ot be determined. The e
cevteding of the expamion joire. of Fhue vakari raay et et OO

Expansion Joint Movement Capabilities
For example:
WARNING Expansion Joint design parameters
TORSHOM: Twisting about the longity-
divel s of metal ) 5
exparsion joint wil reduce beflows tateal -
Tife or cause expansion joint Failure Ao 10°
and shoukd be aveided. Exparsion
Joints should not be kocated at any Concurent
ot in a piping system that woukd Aoal 5. 5%
impase torue to the exgansion font Lateral A - 2%
devke, TORSION Aogular 25 . 2%
Bending abaut the longitudinal L e 100%
centerine of the expansion joint

BELLOWS TECHNOLOGY

Thermal Movement
Axial compression

Heat in a piping system causes the
expansion joint to compress axially when
piping system is properly anchored.
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BELLOWS TECHNOLOGY.

Thermal Movement
Axial extension

Cold in a piping system causes the
expansion joint to extend axially when
piping system is properly anchored.

BELL( CHNOLOGY

Squirm/Bellows Instabsility

BELLOWS TECHNOLOGY.

Design Considerations

Spring Rate Pressure Thrust

In very low pressure application the more
significant force may be the spring rate
(force to compress the bellows) which is
expressed in pounds per inch of motion.
Thus, as the pipe grows due to increasing
temperature, the bellows will resist
compression by the force noted in the spring
rate animation.

A comparison of pressure and force data to
spring rate will show that it does not require
very much line pressure for pressure thrust
to be the dominant factor of the two in
expansion joint applications.

Squirm Main Anchor

BELLOWS TECHNOLOGY

Pressure thrust pushes the bellows apart at the end convolutions and
pulls the bellows apart by pushing on the blind flanges.

The pressure thrust force acts the same way when pushing on
the elbows where the pipe changes direction.

BELLOWS TECHNOLOGY

The pressure thrust force acts on the piping system as
shown. The amount of force varies directly with pressure
in the line. The pipe must be anchored to react to the
pressure thrust force for the maximum test pressure.

Design Considerations

Spring Rate Pressure Thrust Squirm Main Anchor

The bellow's very nature of being flexible (to absorb movement) will
extend (straighten out) due to the line pressure, see example.

L s

PASSARSRANRNE

This pressure thrust must then be absorbed by some means or the line pressure will cause
the bellows to over extend and tear itself apart. This force may be accommodated by
anchoring the pipe or by using an expansion joint which incorporates tie rods or limit rods.




Unless restrained, the pressure
thrust force will stretch the
bellows of the expansion joint
back into a cylinder.

Rods are installed temporarily to
restrain the expansion joint
during the hydrostatic test.

PRESSURE THRUST

Typical Piping Layout
Shawing the use of unrestrained

‘xpansion joints whan propar
system anchoring is brited,

Over extension due to pressure thrust

4/16/2021

Shawing the use of unvestrained .

expansion jonts when proper A
systam ancharing is kmited.

Expansion joints without limit rods

Typical Piping L
Showing the use of limit rods with wary

the exparmion joints when proper
systam ancharing i limited.

Expansion joints with limit rods

How much force is at the anchors?
Pipa Expansion Example
170 fr. pipe run
Low cormugation expansion joint
= = & has an effective ama of 34.5 i
L] ey
. Pressure Thust Force = 5174 Ibs
ple using Low 9 ¢ High comegation expansion joint
* Pressure Thrust Force = (pia) would have an effective area of
= Where p = the system pressure (psig), and 56.7 '

a = the effective area of the expansion joint (in)

Pressure thrust force = 8505 Ib.
* Pressure Thrust Force - (150psigh(34.5 ir) = 5174 lbs

APPLICATIONS
Wsin
Anthar
Losd

Determining How Much Force is at the Anchors:
Appliorion: T4 Sieam Drparrin joe s aiting s ey

Erme:
To.= Tha static pormssey Tomce e B rtareat
A el et 1% foet bemg. Masioum s

wil st b WO,
Lot espeion b 4571,

Wi thr fame o the anchon and e

1) counating comditiorn Sy

2) kit i s 15 ey 1 ML
Maximen lateral forres acting oo pipe:
it
Fortn it i main drais n 0,35
Mavimues bateal e = 10,058 8 0,15
Mabomsm Latersl fomce = LE4TS4 B

= Girrial empaeriao jents.
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DESIGN CONSIDERATIONS

Intermediate Anchor

An intermediate anchor is one which divides a pipeline into
individual expanding pipe sections containing multiple
expansion devices of the same pipe size. Such an anchor

must be designed to withstand the forces and moments
imposed upon it by each of the pipe sections to which it is

attached. In the case of a pipe section
more bellows units, these forces will consist of forces and/or

moments required to deflect the bellows unit plus the

frictional forces due to the pipe moving over its guides. The

pressure thrust is absorbed by the other anchors or devices

on the bellows unit such as limit rods, tie rods, hinged I
restraints, etc.

{jﬂ]ﬂj I':[[[I]]j ¥
(3—251 1A G1G2 G G

z
5

o ||l
@ |1

MAIN ANCHOR LOAD = EFFECTIVE AREA x DESIGN LINE PRESSURE

SPRING RATE x AXIAL DEFLECTION

INTERMEDIATE ANCHOR LOAD = SPRING RATE x AXIAL DEFLECTION

MAXIMUM LATERAL FORCE (PIPE GUIDE LOAD) = MAIN ANCHOR LOAD x .15

APPLICATIONS

Understanding the Customers Intent (Application)
* Mew Installation * Temperature:
- maximum operating

* Replacement of current expansion joint in service
- minimum ambient temperature

A, Manufacturer's part numbert

B. Overall length in service * Working pressure

C. Overall length when system is down * System test pressure
* Size diameter * Media being conveyed
* Space restrictions: * Alloy of piping system

Overall length if dimension is critical

APPLICATI(

APPLICATIONS

Expansion on a piping run due to an elevated oparating temperature {axial motion)
Assumptions:
T [
* The piping systemn is properdy g j;]]]]]]:: - =
supported and guided. e — =
* The weight of the piping |
systen and the fluid being
conveyed is carmied by Rechuce ins

100 FT
ion costs by locating the expansion joint to the main

properly designed supports  ancher no greater than a dstance of 4 times the dameter of the pipe,

and hangers and is, therefore,  this eliminates the need for a pipe guide.
not included. MA = Main Anchor G = Guide

APPLICATIONS

MA = Main Anchor G = Guide

10



APPLICATIONS

g s amt ol B (o Pl sgpomamt e
iy o st i applcatons st nisl

Main Anchor Piping System
Save installation time/cost with first set of guides included - Ready to install

Bellowsflex™ Metal Bellows Expansion Joints
The sunclard bolows elsmant
with wancus 300 series sminkess sieel aloys

Maimum system test pressure 1.5 times
mamm werking pressure.
Bellcwsflax can alsc be supplied with
‘acoessones such as tie rods, lmit rods,
flow liners, and protective coveryshouds:
Standard sizes

210 247 1D,

Custom sizes avadable 1o 607

Design Pressure 50, 150, 300, 600 PSIG

Mote: Proper guiding and anchoring is

esaeritial to an installation of Belowsfx

[ xpansion joints 1o prevent bucking oe
squinming of the pipeline.

ﬁ ﬁ For movement
i 7 /4 upto3.5”
Main hnchr RS —— e

T
Expansion on a piping run due to an elevated oparating temperature (axial motion)

Assumptions:

* The piping system is properdy » The weight of the piping system and the fluid being

supponted and guided convayed is camied by propery designed supports
and hangers. (not ghown]

TYPICAL BELLOWSFLEX AXIAL APPLICATION
Mote: Proper guiding, anchoring and
pipe suppons ane essential to an installation of
Ballowsflex expansion joints 1o pravent buckling
o sequirrming of the pepefine.

Design Considerations

Low Corrugated vs.  High Corrugated

Flexhose State-of-the-Art
Technology Low Corrugation

4/16/2021
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BELLOWS TECHNOLOGY.

Design Considerations
Low Corrugated vs. High Corrugated

Old Technology
High Corrugation

4/16/2021

Low Corrugation vs. High Corrugation

Low Corrugation Features STATE-OF-THE-ART TECHNOLOGY

LOW CORRUGATION

* No ring reinforcement required

* Lower rod and hinge hardware
required

* Over 60% smaller effective area
reduces anchoring costs

* Extension allowance normally
eliminates precompression
at installation site

* Lighter weights reduce shipping
costs and simplify installation

=
3

-.-|| ]

=
g

OLD TECHNOLOGY

High comugation is yesteryear's HIGH CORR TION

technalogy which typically requires
reinforcing rings to achieve higher
waorking pressure over 50 pai.

The extreme haight and pitch of the
convolutions cause the expansion
joint to have very little hoop
strength, requiring external structure
such as root rings o reinforcing
rings for pressures greater than

50 psi.

The increased effective area of the
bellows significantly increases the
overall cost of a project by creating
the need for larger anchors and
structure to attach the pipe guides
to.

APPLICATI(

Internally Pressurized Bellows
Bellows 5

An internally pressurized expansion
joint will eventually buckle at some
internal pressuse Ioading. This
buckling is called squinm. Squirm is

For & grang pressune, the lamer the
diameter, the greater the comoluted
length can be befone the bellows
will scuirm. Thenedone, the emaller
diameter beliows wil have a shoer
comohsed length and a reduced

wntal to bellows p o
i that it can greatly reduce bath
cyche life and pressure capacity.

Every internally pressurized bellows
will squirm if the pressure s
ncreased to a high encugh level.
For a given diamater ballows, the
qgreater the convoluted length the
lower the pressure requred to cause
squirm,

abslity to absorb whan
companed to a lirger chameter bellows.

Externally Pressurized Bellows
Bellows Stability

External pressure does not produce
squirm no matter how long the
convoluted length

Expansion joints designed with
externally pressurized bellows can
accommodate greater axial
movements even in small diameters.

g [
o 2 i

SQUIRM

APPLICATIONS

Bellowsflex Dual Metal Bellows Expansion Joints

Dual Bellows Expansion Joint 3 B
with Intermediate Anchor Base | n

Main Anchor System

By using a dual unit with an imermediate anchor at the
center of a long run of pipe, movement is limited to an
amaount whach can be handled by sach una of the dual
EXpANsion joint

<x
NOTE: Movernent is "-'mx\x
lirmited 1o an amount which

can be handled by cach unit of
the dual expansion joints.

.- Unit rated for &° total axial
travel, 37 axiad per swde of the Anchar Bane
intormediate anchor base

Assumpticns:
= The piping system is propedy = The wesght of the piping system and the flusd being
wpported and guided comeeyed i carmed by propedy designed supports
and hangers. [nat shown)

Bellows Pump Connectors/ Expansion Joints

304 series stainless steel bellows
construction. Series EJPC has a
short face-to-face dimension for
compact installations.

5" axial compression.

Standard Sizes
2"'t012"1.D.

Additional alloys, styles, sizes and higher working

pressures available. Please consult factory.

12
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Bellows Pump Connectors/ Expansion Joints

Removable Tie Rod
)"— Length —-I For Installation

300 Series (4

Stainless

Steel ———{

Multi-ply

Bellows r
i

150 Ib.
[*— Steel Plate
Fixed Flange

Tie Rod
Restraint

i

Compression Stops

Bellows Pump Connectors/ Expansion Joints

OPTIONAL VANSTONE FLANGE
Vanstone flanges provide a cost-effective
means of isolating the media from the
standard carbon steel flange.

The Vanstone option, without the use of
tie rods, allows full rotation of the backup
flange to allow for bolt hole alignment.

oy

|\\

Standard Sizes

2"t0 12" 1.D.

Additional alloys, styles, sizes and higher working
pressures available. Please consult factory.

Bellows Pump Connectors/Expansion Joints

Anchor
to Structure

Typical Bellows Pump
Connector/Espansion
Joint Installatien
Typical piping layout
showing Serie3

nciw
EJPC installaton

within a properly Expansion Joint
anchored systzm. / with Control Unit

PUMP — Correct

anchoring
eliminates
forces being
delivered to
mating
equipment

ANCHOR g

Flexcomp”

Expansion Compensators

Main Anchor Piping System -
For movement up to 2" axial travel.

Hot water and chilled water piping system (steel) “ w
Domestic hot water piping system (copper)

External cover, assuring safety and reliability.
Standard working pressure ratings up to 200 psi.

Standard Sizes
3/4"to 4" 1.D.

Design Considerations

Spring Rate Pressure Thrust Squirm Main Anchor

Flexpress"

Externally Pressurized
Expansion Joints

Convolutions can be added to increase
movement without sacrificing cycle life,
but there is a limit to this process which
is reached when the bellows, under
internal pressure, exhibits a condition
known as squirm (bellows instability).

Flex-Hose Series EJXP externally pressurized bellows are not subject to this condition, as they
become more stable under pressure. A bellows is a a flexible seal. This convoluted part of the
expansion joint is designed to flex when thermal movement in the piping system occurs. Therefore,
by determining the thermal movements that will occur in the piping system, expansion joints may be
specified, manufactured, and installed in the system to accommodate these movements.

Flexpress®

Series EJXP (welded ends)
Cut-away side wiew

Suitable for virtually any axial movement.

Bellows element is completely enclosed to preclude external damage, internal contact with the flow,
and containment of the media in the event of bellows rupture

External pressurization of bellows eliminates squirm or instability — even if over-pressurization occurs.
Internal guides insure alignment

External guiding is necessary but minimized by internal guides in the joint.

Standard Sizes
2"10 24" 1D,

13



Flexpress™ Extemnally Pressurized Guided Expansion Joints
Flexpress FPS-Singhe

Main Anchor Piging System

For movement up to 8% axial travel

Extarnally peessurized guiced expansion joints educe the
of prpe quides. in a prping system. EJXP internal
eliminates the first sat of pipe guides required

=
- // Man Arces
Reduce installation costs by locating
the expansion jont to the ma
anchor no greater than a distance of
14 times the diameter of the pipe,
this eliminates the need for a

pipe gude.

4/16/2021

Flexpress FPD-Dual

Main Anchor Piping System

For movement up to 16" axial travel

By using a dual unit with an intermediate anchor at
the center of a long un of pipe, movement up o
14" can be handled by the expansion joint.

NOTE: Movemant is

limited to an amount <
which can be handled Man Aschor
by each unit of the dual
expansion joints

i.e.: Unit rated fior 167 1ol

aial travel, 8 axial por side of ——

the intermediate anchor base. bruaiog <o

Assumptions:

* The piping system i proparly * The weight of the piping systern and the fiuid being
suppaorted and guided conveyed & carmied by properly dessgned suppons

and hangers. (not shown)

Bellows Xhaust”

Exhaust Type Expansion Joints

Low pressure (up to 50 psi) and high
temperature (1200°F) applications.

Assembly weights have been reduced to
permit use in thin wall flue duct systems.

Applications are exhaust connections on
diesel, gasoline or gas turbine engine
installations

Ducting conveying corrosive gases

Standard Sizes

470 48" 1.D.

Other corrosion resistant alloys available.
Please consult factory.

Design Pressure 50 PSIG

Bellows Xhaust”
Exhaust Type Expansion Joints

To Atmaoigharm

Standard Sizes Eeny
4" to 48" L.D. Anchor Expancn

Ocher comonion resistant olloys eviabie b o ok
Floass consult foctory.

Bellows Xhaust”

Exhaust Type Expansion Joints

OPTIONAL VANSTONE FLANGE
Vanstone flanges provide a cost-effective
means of isolating the media from the
standard carbon steel flange vs. a
bellows exhaust unit with high alloy
flanges. The Vanstone design are
available for ease of bolt hole alignment

\\

Standard Sizes
410 48" 1.D.

Other corrosion resistant alloys available.
Please consult factory.

Design Pressure 50 PSIG

Main Anchor Main snchor

e rpe ai‘

Directional Anchor

A directional anchor, or sliding anchor, is one which is designed to absorb loads in one
direction while permitting motion in another. It may be either a main or intermediate
anchor, depending upon the application considered. When designing a directional anchor, an
effort should be made to minimize the friction between its moving or sliding parts, since this
will reduce the loading on the pipe and equipment, and will ensure proper function of the
anchor.
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M Anchar W Archar s e

s g x/

e ‘ —
|
) o %iﬂ ' G

Single expansion joints have very limited lateral capability

Universal Tied Expansion Joints

N e

L}

The universal expansion joint is capable of
absorbing large lateral motions in any direction.

Control rods are attached to the universal
expansion joint with the primary function of

distributing movement between the two bellows elements.
Control rods are not typically designed

to restrain bellows pressure thrust.

Universal expansion joints will not transmit

pressure thrust to the piping system when experiencing
lateral motion only as the control

rods will be in constant tension. However, if the universal
expansion joint will see concurrent motions involving axial
deflection than the anchor requirements will change to
main anchors as a result of the control rods no longer
remainin tension.

Universal Tied Expansion Joints

Universal Tied Expansion Joint for 2-Plane Movement

Bellowsflex™ Universal Tied Expansion Joint

Planar Pipe Guide

Main Ancher

Absorbs axial movement of the pipe
moving in 2 different planes,

Significantly reduces bending stress.

No pressure thrust force.
No flex torque load.

Hanger Supported Piping System

Planar Pipe Guide

A directional planar pipe guide is a pipe alignment guide
modified to permit limited movement and/or bending of
the pipe in one plane. Itis used only in applications
involving lateral deflection or angular rotation resulting
from 2- or 3-hinge piping configurations

Universal Tied Expansion Joint “Dog Leg” System

Amaae \.l/ Albsorbs axial movernent in the of the ppe. »
' : :

Significantly reduces bending stress.
No pressure thrust force. debr
No flex torque load.

Assumptions:

= The piping system is properly * The weight of the piping system and the fluid being
suppernted and guided convayed is camiod by propery designed supports
and hangers, (not shown)

Hinged Expansion Joints

Features:

* Supports
* Proverts
* No man
* Miimum guiding rquied

» Lo foree

and comy

« Anguise miotion in one plane only
+ Pt oy

dleae] wesght
tonicn on bellows
anchors reguan

% o peping system

o g wystems,
- 1ol
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Hinged Expansion Joints

Used in sets of two or thres to
absorb Lateral deflection in one or

Each expansion joint s restricted 1o
pure angular rotation by its hingos.
When the joints are separated by &
segment of piping they will act ke a
Universal expansion ot in a single
plane applications.

— —p
Assumptions:
* The piping system s properly = The weight of the piping system and the fluid being

supported and guided conveyed is camied by properly designed supports
and hangers inot shown)

Series EJBF

Significantly reduces the bending stress.

Absorbs the equivalent movement of
several nigid Dog Leg offsets.

Mo pressure thust force.
o flex torgue load,

Absorbs axal movement in both legs of pipe.

Eliminates bending stress
Mo pressure thrust fore. s
Mo Rex torque load e

ety

Assumptions:

* The piping system is properly # The weight of the piping systern and the fluid being
supported and guided conveyed is caried by properly designed supports
and hangers. not shown)

Gimbal Expansion Joints
Features

* Angular mation in all planes

* Posstivee control over moverment
» Eiminates pressure thrust forces
= Transmits external loads

* Supports dead weight

®= Prevents torsion on bellows

* Mo main anchoes reguined

* Minimum guiding required

* Low forces on piping system

Usad in sets of two [occasionally more) to absork
lateral deflection in multi-plane systems.
Advantages are similar to hinged expansion joint systems
excopt they are not restricted to single plane systems.

Flexpress™ Pressure Balanced
For up to 8" of movemant

Flospress axtomally prossurized guided
expansion joint elminates the requinments
for i amvchiors. The inline pressure
balanced expansion jont utizes a balancing
Esalicws to absor the pressum thust within
the auspansion joint itsplf

Flenpress provides 3 relisble means of
ssoring high adal motions. It offers &
ratally enclosed, extemally prossurizod
stanless stoel boliows that is protected from
extomal damage by and extemal cover, Tho
carbion steel pipe intogral lner & designed
o prvent bellows impingemant or fatigue Assumptions:

e 10 flow induced vibration, The intemal * The piping system is iy

cuiche ring mairairs the longtucinal wiocd sd uu'dcdc e

conterling of the expansion joint and + The weight of the piping system and
eliminates the first set of pipe guides the fluid being conveyed i cared by
required on each sde of the expansion property designed supports and

joint saving raterial and laibor hangers. (nat shown)
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Flexpress™ Pressure Balanced
Externally Pressurized Guided Expansion Joint

Determining How Much Force is at the Anchors:

Applicatioe: 758 Seam

Exterple: An B theel pipe fise is 27% fSoet kon. Maximum tempectus
thet line will encourter v J20°F, Lowest terepecature s 40°F,

Expantion oint forees acting upn anchon:

Wherr:
¥ = The foe sequived bo deflect the exuion joist
= [Sgrineg rate) {Acial deflection]

Coladstion: 275/100 = 2.21 = 613" theemal gromth = (1,166 1b/iw) (.13 i)
Sedution

Expamsion Joket Specifiect

Flen-Hta Flenpress Poosate Balanced
Extersally Prevsiieed Guided Expantion Joint
What gre the fres o the onoton ond guides
1) openation condition

) *coldaater

& florves octing o madn anchon Fr = 7,148

Forte acting on i ancher 0,15
Marirmum Urteral fooce = 7,148 x 015

Maximem Lateral force = 1,072.2 ibs
i S
-
d N/
»
e

In-Line Pressure Balanced Expansion Joint
Pressure balanced expansion

joints contain the pressune th
fence

s in the expansion significantly
reducing anchor requirements. This is
accomplished by utilizing a balancing

beflows. The bellows taks

s then extends,

abways in skl
lows the fomm—
ncing bellows to absorb the In-Line pressure balanced expansicn joints cons
re thrust. The expansion jont of deuble (universal] bellows to accept the pipi
£an accept axial compressicn, axial mavement induced for small to mediem aix
nsion, and lateral movements. anel angulas movements, The larger bellows c

chamber that produces thrust forces which, by tying to ea:
end of the joint, balance the pressure thrust. They am typs

used in 52 e runs between intermediate anchors

In-Line Pressure Balanced Expansion Joint

Anchar

Intermediate Anchor
Piping System

Assumptions:

g system is properly = The ht of the piping system and the fluid being
supported and guided conveyed is camied by properly designed suppons
and hangers, {nat shawn)

Universal Pressure Balanced Expansion Joint Elbow Assembly

Pressure balanced expansion
joints contair
forees in the expansior

e prgessure thrust
int to the

piping m anch is is
accomplished by utilizing a balancing
bellows. The bellows taking the

1
the balancing beflows then extends,

mal expansion is compressed and .

n 1he st s IWayS i progeure balanced elbows are expansion joints which can
A fhe: consist of a single
""f“slh_""““: o atsort Uie ballows, but thay also contain an albow which h
presturs thust. The expansion Ot it guter elbow a balancing bellows and blind flange 1o

can accept axial compression, axial
extension, and latoral movements.

balance the pressune thr

these tie rod
joint can accept axial comy
movements

This expansion
nsion and

Flex-Hose Expansion Joint Training

™ »

4560 Buckley Road e Liverpool, NY 13088-2509
Phone: 315.437.1611 o Toll Free 1-877-Tri-Flex (874-3539) e Fax: 315.437.1903
Email: flexhose@flexhose.com

www.flexhose.com
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