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More advanced rubber expansion joint 
arrangements should not be confused 
with simply adding control rods to an 
unrestrained rubber expansion joint 
(Illustration 1). This is because setting 
control rods with gaps still imposes 
100% of the pressure thrust force on 
the system and setting them without 
gaps will lack axial flexibility. This no-
gap setting is effective in restraining the 
full pressure thrust force and obtaining 
all common rubber expansion joint 
benefits, excluding axial flexibility. It is 
a fundamental principle that all piping 
systems require support and some 
degree of flexibility. Today’s pipe stress 
engineer must go beyond just checking 
for allowable pipe stresses, but must 
also check for load limitations on the 
equipment and/or support structure. 
This requires not just understanding 
general piping codes such as ASME 
B31.1 & 31.3, but also considering 
codes addressing nozzle loading such 
as API 610 5.5.1 and ANSI/HI 9.6.2. 
Illustration 2 shows four solutions to an 
example application of a 36” diameter 
carbon steel pipe with a 100’ axial run 
under 90 psi with temperature fluctua-
tion of 100°F. In this regard, it is helpful 
to look at several alternative solutions 
for the same application and compare 
the different end loading results.

Solution 1 incorporates an unre-
strained expansion joint installed 
between two main anchors with 
numerous guides at specific spacing. 
This is a good solution when there are 
no load limitations on the equipment 
and/or support structure. The com-
mon benefits of incorporating rubber 
expansion joints are also obtained. 
The consequence of an unrestrained 

expansion joint being installed axially 
in-line results in the pipe no longer 
being able to carry the pressure thrust 
force in tension. So, the pressure thrust 
force must now be transmitted as a 
compressive load onto the systems 
ends, thus requiring main anchors. The 
end load can be calculated as the sum 
of the pressure thrust force, the spring 
rate load of the rubber expansion joint 
and some minor friction loads from the 
pipe guides. The end load for Solution 

1 extends to approximately 92,900 lbf. 
This illustrates why many pump manu-
facturers would not want their pumps 
to be treated as a main anchor and 
forced to carry such a heavy load.

Solution 2 incorporates a rigid piping 
loop installed between two intermedi-
ate anchors with a limited number of 
guides. This is a good solution when 
there are no space restrictions or a need 
to reduce material or energy costs, as 
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Engineers are justifiably concerned about the damaging effects of high nozzle loading. They are quick to 
point out that excessive loading will cause internal clearance issues and, in some cases, cracking to the pump 
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Image 1: Unrestrained rubber expansion joint
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well as a need for the common benefits 
gained from incorporating rubber 
expansion joints. The carbon steel pipe 
will carry the full pressure thrust force 
in tension and does not transfer that 
load on to the systems ends. The end 
load can be calculated as the sum of 
the load deflection values from the solid 
pipe loop using the Kellogg method 
and some minor friction loads from the 
pipe guides. The end load for Solution 
2 extends to approximately 105,000 lbf. 
Pump manufacturers should be just as 
concerned with this heavy load as they 
are to eliminate pressure thrust forces.

Solution 3 incorporates an in-line 
pressure balanced rubber expansion 
joint installed between two intermedi-

ate anchors with a limited number of 
guides. This is the only effective solution 
for directly absorbing large axial thermal 
movements while continually self-
restraining the pressure thrust forces. 
This advanced rubber expansion joint 
arrangement consists of tie devices 
interconnecting its main joint section to 
its opposing balancing joint section (Il-
lustration 3). This is an optimal solution 
when there are load limitations on the 
equipment and/or support structure and 
there is a high value placed on reducing 
the system footprint, as well as saving 
material and energy costs. The com-
mon benefits of incorporating rubber 
expansion joints are also obtained. The 
end loads can be calculated as the sum 
of the spring rate load of the expansion 

joint and some minor friction loads from 
the pipe guides. The end load for Solu-
tion 3 extends to approximately 4,500 
lbf; a very manageable load.

Solution 4 incorporates a flexible pipe 
loop installed between two intermedi-
ate anchors with a limited number of 
guides. This advanced rubber expan-
sion joint arrangement consists of 
two universal tied joints for maximum 
lateral movement capability, intercon-
nected in a compact pipe loop (Illustra-
tion 4). This is a very effective way to 
absorb large axial thermal movements 
from the longer adjacent pipe runs. It is 
also an optimum solution when there 
are load limitations on the equipment 
and/or support structure and there is 

Image 2: Alternative piping solution

Image 3: In-line pressure balanced rubber expansion joint.

Solution 1 End load = 92.9 klbf

Solution 3 End load = 4.5 klbf

Solution 2 End load = 105 klbf

Solution 4 End load = 2.1 klbf

Example application
 Pipe size: 36” x 100’ Long
 Pressure: 90 psi
 Carbon steel pipe w/ΔT = 100°F
 Axial movement: 0.8”
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some value placed on reducing the system footprint, as well 
as saving material and energy costs. The common benefits of 
incorporating rubber expansion joints are also obtained. The 
end load can be calculated as the sum of the lateral spring 
rate loads of the two expansion joints and some minor fric-
tion loads from the pipe guides. The end load for Solution 
4 extends to approximately 2,200 lbf; an extremely low and 
very manageable load.

When concerned about the load carrying capabilities of 
pumps and other load sensitive equipment and/or sup-
port structures, an optimal solution is neither to increase 
rigidity into the piping system or ignore the imposing 
pressure thrust forces as an effect of some expansion joint 
arrangements. One must rather incorporate more advanced 
rubber expansion joint arrangements that can facilitate both 
system flexibility and restraint when needed. This approach 
is also very much in line with owners and stress engineers 
who desire piping systems with smaller footprints, lower 
construction costs, improved energy efficiency, modular 
construction and less structural support.
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Image 4: Flexible pipe loop utilizing universal tied rubber expansion joints
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