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What We Will Discuss Today
• BRIEF INTRODUCTION TO THERMAL EXPANSION

• OVERVIEW OF EXPANSION JOINTS, ANCHORS AND GUIDES

• CALCULATE ANCHOR LOADS AND THERMAL EXPANSION

• PLACING EXPANSION JOINTS

• TIPS AND TRICKS TO REDUCE THE NUMBER OF GUIDES / 
JOINTS REQUIRED



According to Merriam-Webster: “increase in linear dimensions of a solid or in 
volume of a fluid because of rise in temperature”

Hot systems (hot water, steam) will expand as they heat up

Chilled systems (chilled water) will contract as they get colder 

An expansion joint is used to absorb this expansion or used to absorb the 
contraction. The expansion joint moves so your whole system does not

What Is Thermal Expansion?



What is an Expansion Joint?

An expansion joint is:

A device designed to safely absorb the heat-induced expansion and 
contraction of a piping system, to absorb vibration,  or to allow 
movement due to ground settlement or earthquakes. 



What happens when you heat up pipe?



These forces are huge



Expansion joints absorb the pipes expansion 
while the piping remains in its original position





Which Expansion Joint do I use ?



Flex connectors are NOT expansion joints



Internally 

Pressurized

Flexible 

Pipe Loop

Types of Expansion Joints

Externally 

Pressurized



INTERNALLY PRESSURIZED JOINTS



High Corrugation 
Bellows

Features

Advantages

Disadvantages

High Corr. Design.

Hydraulically Formed.

Axial or angular movement only. 

Hydrostatic forming process develops lower stresses 
in the stainless steel bellows.

Very reliable.  The hydrostatic forming process also 
tests the bellows to 5,000 PSI.

Engineered product.

Low movement.

Must be anchored / restrained 

Critical guiding requirements –If this joint is not guided 
properly, it is subject to squirm out.   



Low Corrugation
Bellows

Features

Low Corr. Design.

Mechanically Formed.

Axial or angular movement only.  
Can be used for lateral if used in 
pairs.

Advantages 

Low Cost 

Disadvantages 

Low movement 

Critical guiding requirements –If this joint 
is not guided properly, it is subject to 
squirm out.

Must be anchored / restrained 

Small face-to-face dimension 



A chrome plated slip tube 

Can be repacked in service

This joint can be used for very high pressure steam 
applications (1,000 PSI at 750⁰ F)

Can absorb very large amount of pipe expansion

Maintenance Issues – The packed joint will need to 
be repacked over time

Anchoring issues – Develops high anchor loads

Guiding requirements are similar to bellows joints

Any damage to the chrome plated will cause leaking 
when the joint is cycled.

Features

Advantages

Disadvantages

Packed 
Joint



EXTERNALLY PRESSURIZED JOINTS



With an externally pressurized expansion joint, the pressure is 

external to the bellows allowing a longer, more stable bellows. 

Pipe acts as a liner

Pressure on the outside of 

the Bellows!

Pipe acts as a liner



Built in liner – The pipe acts as a liner to protect 
the bellows.

Housing = Cover – The outer casing acts as a 
shield protecting the bellows.

More movement – The pressure is on the 
outside of the bellows, this is a much more 
stable design than the internally pressurized 
bellows.  Because of this, the bellows can have 
more corrugations and can be designed for 
more movement then an internally pressurized 
bellows.

Lower guiding requirements – The internal 
guide and the end plate both act as guides.  The 
externally pressurized joint can be successfully 
installed without the first guide at four 
diameters from the joint

Very reliable – With the internal guides, pipe 
acting as a liner, and the casing acting as a 
shield, this is a very reliable joint.

Maintenance free

Externally 
Pressurized 
Bellows

Features



Copper version of a compensator

Copper 
Compensator

Features

Externally pressurized bellows.

Designs in 150 lb. class

Axial movement only.

Advantages.

Built in housing – The outer casing acts as a shield 
protecting the bellows.

Built in liner – The pipe acts as a liner to protect the 
bellows.

Very reliable – With the internal guides, pipe acting as a 
liner, and the casing acting as a shield, this is a very 
reliable joint.

Maintenance free.

Sweat Ends



Features

Available large range of sizes

Available in Carbon steel, stainless steel, copper, and 
other alloys

Handles movement in any direction

Advantages

Minimal guiding requirements

Lowest anchor loads of any expansion joint

Ideal for use in seismic applications 

Available with UL, FM, CSA, and IAPMO listings

Maintenance free.

Can be easily customized (smaller or larger movements)

Flexible Pipe Loop

Disadvantages

B dimension





Stainless Steel Bronze

Size Dynamic Static Seismic Size Dynamic Static Seismic

Bend Rad Bend Rad Bend Rad Bend Rad Bend Rad Bend Rad

1/2" 6 1.5 3.75 1/2" 7 1.5 4.25

3/4"' 8 2.25 5.125 3/4"' 8 2.25 5.125

1" 9 2.75 5.875 1" 10 3 6.5

1 1/4" 10.5 3.5 7 1 1/4" 12 3.5 7.75

1 1/2" 12 4 8 1 1/2" 13.5 4 8.75

2" 15 5 10 2" 17 5 11

2 1/2" 20 8 14 2 1/2" 22 8 15

3" 22 9 15.5 3" 24 12 18

4" 27 13 20 4" 26 14 20

6" 36 19 27.5

8" 40 20 30

10" 50 25 37.5

12" 60 30 45



Centerline Intermittent Offset Motion

Bend Max Distance From Centerline

Radius in in Inches
Incehs 1" 1.5" 2" 3" 4" 5" 6" 8" 10"

5 6 7 7.75 10.25 12.25 13.5 15 18 20.5

6 6.25 7.5 8.25 10.75 12.75 14.25 16 19 21.5

7 6.75 8.25 9.25 11.5 13.5 15.25 17 19.75 23

8 7 8.75 10 12.5 14.5 16.25 18 21.5 24.25

9 7.5 9.25 10.75 13.25 15.25 17 19 22.5 25.5

10 8 9.75 11.25 13.75 16 18 20 23.5 26.5

11 8.25 10.25 11.75 14.5 16.75 18.75 20.75 24.5 27.5

12 8.5 10.5 12.25 15 17.5 19.5 21.5 25.5 28.75

13 9 10.75 12.75 15.75 18 20.25 22.5 26.25 29.75

14 9.25 11.25 13.25 16.25 18.75 21 23.5 27.25 30.75

15 9.75 11.75 13.5 16.75 19.25 21.75 24.25 28 31.75

16 10 12.25 14 17.25 20 22.5 25 29 32.75

17 10.25 12.5 14.5 17.75 20.5 23.25 25.5 29.75 33.5

18 10.5 13 15 18.25 21.25 24 26 30.5 34

19 10.75 13.25 15.25 18.75 21.75 24.5 26.75 31.25 35

20 11 13.5 15.75 19.25 22.5 25 27.5 32.25 36.25

22 11.5 14 16.25 20 23.25 25.75 28.5 33.5 37.5

24 12 14.5 17 20.75 24 26.5 29.5 34.75 39

26 12.5 15 17.5 21.5 25 27.75 30.75 36 40.25

28 13 15.75 18.25 22.5 26 29 32 37.5 41.5

30 13.5 16.5 19 23.5 27.25 30.5 33.5 39 43.75

35 14.5 18 20.75 26.25 29.5 32.75 36 42 47

40 15.5 19 22 27 31.25 35 38.5 44.75 50

45 16.5 20.75 23.5 28.5 33.25 37 41 47.5 53

50 17.5 21.5 24.75 30 35 39 43 50 56

60 19 23.25 27 33 38.25 43 47 54.5 61

70 20.5 25.25 29 35.5 41.5 46 51 58.75 65.75

80 22 27 31 38 44 49.5 54 62.75 70

90 23.5 28.5 33 40.5 46.75 52 57.25 66.25 74.25

100 24.5 30 35 42.5 49.25 55 60.5 69.75 78.25





Virtually any amount of 
movement





Anchor Load
(Thrust Load) 
Calculation



18” Externally 
Pressurized Joint

Operating at 
125 PSI

42,250 lbs Thrust 
Load



42,250 lbs = 3 African Bush Elephants





Pressure Thrust Pressure X effective area (Use the highest pressure possible, often the 

 test pressure).

   The effective area of a bellows is often over looked.  The effective area 

 can be found by calculating the area of the “mean” diameter of the 

  bellows.



Deflection Load Published Spring Rate X movement of the joint

     The deflection load is the force it takes to bend the stainless steel 

     bellows



HPF30400
150 PSI Test Pressure
2” Axial Compression

(Max Pressure X Effective Area) + (Spring Rate X Movement)



HPF30400
150 PSI Test Pressure
2” Axial Compression

(Max Pressure X Effective Area) + (Spring Rate X Movement)

(150 psi X 20.8 sq in) + (341 lbs X 2”) = 3,802 lbs

Friction Load = Weight of Pipe  +    Weight of Water X 0.3



Now You Try !!! 

125 PSI Test Pressure
4” Axial Compression

(Max Pressure X Effective Area) + (Spring Rate X Movement)

Thrust Load = ________ LBS



Now You Try !!! 

125 PSI Test Pressure
88.8 sq. in. X 125 PSI = 11,100 lbs

4” Axial Compression
332 lb/in X 4” = 1,328 lbs

(Max Pressure X Effective Area) + (Spring Rate X Movement)

Thrust Load = _12,428_ LBS



Let’s Try Another !!! 

125 PSI Test Pressure
4” Axial Compression

(Max Pressure X Effective Area) + (Spring Rate X Movement)

Thrust Load = ________ LBS



Let’s Try Another !!! 

125 PSI Test Pressure
166.6 sq. in. X 125 PSI = 20,825 lbs

4” Axial Compression
463 lb/in X 4” = 1,852 lbs

(Max Pressure X Effective Area) + (Spring Rate X Movement)

Thrust Load = _22,677_ LBS



Prefabricated Anchors

*Anchor loads must be predetermined by manufacturer



Simple Steel Anchor



Complex Steel Anchor



No Anchors



Incorrectly Designed Anchors



Guiding 



Column 

strength 
of pipe



4,   14,   40
Pipe Diameters





Traditional Pipe Alignment Guides



Spider Type 

Standard Extended Spider Type 
(for larger movements)



Slide Guides

Standard Pre-Insulated

Rated to restrain both the lateral loads and dead load of the pipe



USE SLIDE GUIDES FOR CURVED PIPE



Riser Guide



No Guides



Could these be used as guides?



The flexible pipe loop is also smaller and has 

less anchor load than a hard pipe loop 

Flexible Pipe 

Loop



120 lbs VS 3,802 lbs 

260 lbs VS 12,482 lbs 



On a flex loop the braid is the anchor



Flexible Loops can use light weight 
anchor clamps

*Anchor loads must be predetermined by manufacturer





A building’s seismic 

joints (before)



A building’s seismic 

joints (after) 



A building’s seismic 

joints (after) 







Per NFPA 13

Each seismic brace can be no farther than 6 feet from the seismic separation.

The seismic device (flexible loop) can be no farther than 2 feet from the seismic separation.



The seismic clearance needs to be the seismic 
movement plus 2 inches per NFPA 13.



Also Great for Seismic









Joint        



Over loaded hanger

Un-loaded hanger

Building Joint

Before Settlement

After Settlement



Correct Installation Building Settlement and Combined 
Seismic and Thermal



Calculating Thermal 
Expansion



Hot Water Example

40o F           200o F

Note:  But the anchor Thrust Loads will vary depending on the pipe size

Similar Metals
Will expand (and contract) at the same rate 

regardless of the pipe size



Hot Water Example

40o F           200o F

Different Metals
Will expand at different rates at the same 

temperature change





To Calculate Expansion

5 Multiply the expansion rate by the length.

 (165 / 100) X 1.179 = 1.94” Expansion

6 If the joint is for both thermal and seismic, the values 

must be added together!

3 Find the expansion rate per 100 feet – 

 1.179” / 100 feet for steel – 1.728” / 100 feet for copper

4 Determine the length of pipe run – for example 165 feet

2 Establish installation temperature  - For example 50° F

1 Determine design temperature – for example 200° F.



8”

250’

Lets Start With 

Determining The Pipe 

Size and Pipe 

Dimensions



8”

250’

Lets Calculate How 

Much The Pipe Will 

Expand

Pipe Material    Carbon Steel

Service     Hot Water

Design Temperature  200°F



8”

250’

2.95”

Lets Calculate How 

Much The Pipe Will 

Expand

Pipe Material    Carbon Steel

Service     Hot Water

Design Temperature  200°F

1.179” X 2.5 = 



Now You Try!!!



Now You Try!!!

2.032”

1.016” per/100 ft  X 2 = 2.032”



Now You Try!!!

Copper pipe



Now You Try!!!

2.966”

1.483” per/100 ft  X 2 = 2.966”

Copper pipe



Use Any Natural Flexibility In 
The piping layout

So Where Do We Start?



2020 ASHRAE Handbook

Heating, Ventilating, and Air 

Conditioning 

Systems and Equipment

Chapter 46



L = 4 √ΔD Where Δ    = Thermal expansion of leg AB

 D    = Pipe Outside Diameter

 E    = Modulus of Elasticity

 SA  = Allowable Stress 

For a Basic Expansion “Z” Bend 
Hard Pipe

X

X

Guide

Guide

Anchor

Anchor

L

L

L

A

B

Anchor to Anchor Expansion 





Or this can be simplified to

L = 6.225  √ΔD

L =    3ΔDE 

         √(144in²/ft²)SA

Where Δ    = Thermal expansion of leg AB

 D    = Pipe Outside Diameter

 E    = Modulus of Elasticity

 SA  = Allowable Stress 

For a Basic Expansion Elbow
Hard Pipe Δ

L

Anchor

Anchor

A

B

C





L = 6.225  √ΔD

W = L/5

H = 2*W

Where Δ    = Thermal expansion of run

 D    = Pipe Outside Diameter

 E    = Modulus of Elasticity

 SA  = Allowable Stress 

For a Basic Expansion Loop 
Hard Pipe

XX

Anchor

Anchor

Guide

Guide

Anchor to Anchor Expansion 

2H 2H

W

H



What do we do?

So if we do not 

have enough 

natural 

flexibility



Basic Rules for Placing Expansion Joints

Determine anchor locations.  The anchor loads associated with bellows 

expansion joints often limit the areas where they can be placed

Divide up the piping system into the largest sections that one expansion 

joint can handle  

Only 1 expansion joint between anchors



8”

250’

2.95”

Let’s Place Anchors

X

X



8”

250’

2.95”

Let’s Place Expansion Joints

X

X



8”

250’

2.95”

Let’s Place Expansion Joints

X

X



4,   14,   40
Pipe Diameters



Installation

Expansion  Joint



8”

250’

2.95”

Let’s Place Expansion Joints

X

X











Guides Not Shown for Clarity









The Dog Leg

Note:  For Dog Legs, each section of hose must be sized for the full amount of movement



That will look like this



Lets Check for Natural Flexibility

Standard Weight Carbon Steel 90⁰ Elbow Minimum "L" Offset Required in Feet

Size OD Growth in Inches 1 2 3 4 5 6 8

0.5" 0.84 5.71 8.07 9.88 11.41 12.76 13.97 16.14

0.75" 1.05 6.38 9.02 11.05 12.76 14.26 15.62 18.04

1" 1.315 7.14 10.10 12.36 14.28 15.96 17.49 20.19

1.25" 1.66 8.02 11.34 13.89 16.04 17.93 19.65 22.68

1.5" 1.9 8.58 12.13 14.86 17.16 19.19 21.02 24.27

2" 2.375 9.59 13.57 16.62 19.19 21.45 23.50 27.13

2.5" 2.875 10.55 14.93 18.28 21.11 23.60 25.85 29.85

3" 3.5 11.65 16.47 20.17 23.29 26.04 28.53 32.94

4" 4.5 13.21 18.67 22.87 26.41 29.53 32.35 37.35

5" 5.563 14.68 20.76 25.43 29.36 32.83 35.96 41.53

6" 6.625 16.02 22.66 27.75 32.04 35.83 39.25 45.32

8" 8.625 18.28 25.85 31.66 36.56 40.88 44.78 51.71

10" 10.75 20.41 28.86 35.35 40.82 45.64 49.99 57.73

12" 12.75 22.23 31.43 38.50 44.46 49.76 54.45 62.87

Table 3.  expansion Offset Required, found on page 3



Guides Not Shown for Clarity





AT 150 PSI – Anchor Load of 12,272.75 lbs. 

Guides Not Shown for Clarity



Another OptionAlways Will Have Lower Anchor Load

4,078 lb. Anchor Load



Z - Bend Example

3.66” + .24” + 1.22” = 5.12” Exp.

Table 4.  Expansion Offset Required for "Z" Bend  found on page 9



Guides Not Shown for Clarity



Flexible 

Loop 

(enlarged for 

clarity)



Flexible 

Loop 

(enlarged for 

clarity)



Things to think about.

Is it chilled water?

Ambient 

Temperature

PRV

Testing



Questions?
Dan Holbach – DanH@Metraflex.com





5.361”

4.467”

1.787”

1.787



Questions?
Dan Holbach – DanH@Metraflex.com
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