


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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Uncontrolled
Thermal Expansion

10,000 lbs of Force
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stainless steel pipe

copper pipe

carbon steel pipe

Thermal Expansion of Metal Pipe

•Heating Water 40‐200 Deg. F.
•170 Foot Run Between Anchor Points

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

Stainless Steel Pipe= 1.79” growth, per/100 ft. TPG=3.04”

Copper Pipe=1.85” growth, per/100 ft.  TPG=3.15”

+30% vs. CS

+35% vs. CS
+5%   vs. SS

170´



DESIGN CONSIDERATIONS



Heat in a piping system causes the 
expansion joint to compress axially when 

piping system is properly anchored. 

Thermal Movement
Axial compression
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Thermal Movement
Axial extension

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

Free Floating Pipe

Pipe Bends

Pipe Loops

Externally Pressurized Expansion Joints

Metal Bellows type Expansion Joints

Pipe Loop

“Z” Bend“L” Bend

Clevis
Hanger

Spring 
Cushion
Hanger
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Spring cushion
hanger with rollerClevis Hanger

How to Control Thermal Expansion
Free Floating Pipe
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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 

“Z” Bend“L” Bend

Pipe Loop

Pipe Bends and Pipe Loops
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Pipe Bends

“Z” Bend“L” Bend
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Designing “L” Bends
or 90o Pipe Bends

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

Pipe 
Size
21/2˝
3˝
4˝
5˝
6˝
8˝

1˝
9´

10´
11´
12´
13´
18´

11/2˝
12´
13´
14´
15´
16´
20´

2˝
14´
15´
16´
17´
19´
22´

21/2˝
16´
17´
18´
19´
21´
25´

3˝
17´
18´
19´
21´
23´
27´

31/2˝
18´
19´
22´
23´
25´
29´

4˝
19´
20´
22´
25´
27´
31´

41/2˝
21´
22´
24´
27´
29´
33´

5˝
22´
23´
25´
28´
31´
35´

Expansion of Longest Leg

Minimum Feet Minimum
Feet

Anchor

Anchor

Pipe Guides

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

27´
27´

Anchor

Anchor

Pipe Guide

Pipe Guide

170 ft

3000 lbs of force

3000 lbs of force
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Designing 
“Z” Bends or 
Pipe Bends

1. Calculate total expansion anchor to 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.

Anchor to Anchor Expansion

Minimum
Feet

Minimum
Feet

Offset

Pipe 
Size
21/2˝
3˝
4˝
5˝
6˝
8˝

1˝
6´
7´
8´
8´
9´
9´

11/2˝
8´
9´

10´
10´
11´
12´

2˝
9´

10´
11´
12´
13´
14´

21/2˝
10´
12´
13´
14´
15´
17´

3˝
11´
13´
14´
16´
17´
19´

31/2˝
12´
14´
16´
17´
19´
20´

4˝
13´
15´
17´
19´
20´
22´

41/2˝
14´
16´
18´
20´
22´
24´

5˝
15´
17´
19´
21´
23´
25´

Anchor to Anchor Expansion

Anchor

Anchor

Pipe Guides

Pipe Guides
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170´

20´ 20´

20´

Anchor

Anchor

Pipe Guides

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(D/L)2, where F is in lbs, C = 4000 lb/in, D = outside pipe diameter in inches, 
L = length of offset in ft, E = anchor to anchor expansion in inches.

F = CE(D/L)2 = 4000(4)(6/20)2 = 1440 lbs 

1440 lbs of force

1440 lbs of force
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Pipe Loops
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Overstressed
Connection

Overstressed
Connection

Why Pipe Guides
on U‐Bends?

Pipe Guides Limit stop



Table 11 on 2000 ASHRAE Systems and Equipment, p 41.12

W

H

Anchor Anchor

2H 2H

Pipe GuidePipe Guide

HWHWHW

8
6
4
3
2
1

189157.5115.5
168136.5105
136.5115.584
12610573.5
1058463
73.56342

2 in. expansion 6 in. expansion4 in. expansion

Pipe Size



“A conservative estimate of pipe loop force is 200 lb per diameter inch.”
‐‐ 2000 ASHRAE Systems and Equipment  Handbook page 41.12

6.5’

13’

Anchor Anchor26’ 26’

Pipe GuidePipe Guide

Pipe Expansion Example
170 ft

1200 lbs of force 1200 lbs of force



Mechanical Hard
Pipe Loop

3” Pipe Loop
6” Pipe Loop

Typical Thrust Loads

4” Axial Compression
4” Axial Compression

600 lbs of Force
1200 lbs of Force

3” - 600 lbs of Force

6” - 1200 lbs of Force

3” - 600 lbs of Force

6” - 1200 lbs of Force

Anchor
Load=
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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.

Covers
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Accessories
Covers  Flow Liners  Tie Rods  Limit Rods  Control Rods

Flow liners are installed in the inlet 
bore of the expansion joint to protect 
the bellows from erosion damage due 
to abrasive media or resonant 
vibration caused by turbulent flow or 
excessive velocities.

Accessories
Covers  Flow Liners Tie Rods  Limit Rods  Control Rods

FLOWFLOW
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Accessories
Covers  Flow Liners  Tie Rods  Limit Rods  Control Rods

Tie Rods are devices with the 
primary function to restrain the 
bellows pressure thrust. It should be 
pointed out that when tie rods are 
furnished on expansion joints subject 
to external axial movement, they will 
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.

Accessories
Covers  Flow Liners  Tie Rods Limit Rods  Control Rods
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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.

Accessories
Covers  Flow Liners  Tie Rods  Limit Rods Control Rods
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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.

Accessories
Covers  Flow Liners  Tie Rods  Limit Rods  Control Rods

Control Rod
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Heat in a piping system causes the 
expansion joint to compress axially when 

piping system is properly anchored. 

Thermal Movement
Axial compression
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Thermal Movement
Axial extension

Cold in a piping system causes the 
expansion joint to extend axially when 
piping system is properly anchored. 
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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
Design Considerations
Spring RateSpring Rate
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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.
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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.
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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. 

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

Pressure Thrust Squirm Main Anchor
Design Considerations
Spring Rate Pressure Thrust
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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
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PRESSURE THRUST


