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Numerical Evaluation of Expansion Loops for Pipe Subjected to Thermal Displacements
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! Department of Naval Architecture, Universitas Diponegoro, Semarang, Indonesia
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Corresponding author: hartono.yudo@yahoo.com

Abstract

The thermal expansion can lead to the high stress on the pipe. The problem can be overcome using
expansion loops in a certain length depending on the material’s elastic modulus, diameter, the amount
of expansion, and the pipe’s allowable stresses. Currently, there is no exact definition for the
dimension of expansion loops design both for width (W) and height (H) size. In this study, expansion
loops were investigated with W/H variations to understand pipe stress occurring on the expansion
loops and the expansion loops' safety factor. Relationship between non dimensional stress on the
expansion loop pipe was studied numerically by finite element software on several working
temperatures of 400°F, 500°F, 600°F, and 700°F. Stress occurring on the pipes increases as the W/H
of the expansion loops increases and results in a lower safety factor. The safety factor of the expansion
loops pipe has a value of 1 when the W/H value was 1.2 for a 16-inch diameter pipe. Stress occurring
on the pipe increases with the increase of the working temperature. Expansion loops pipe designed

for 400°F can still work well under to handle thermal extension pipe occurring on 500°F.

Keywords: Thermal expansion, expansion loop, safety factor.

1. Introduction
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Thermal expansion on a pipe is one of the problems in designing a piping system because it can
lead to high stress on a pipe. This case can cause fatal damage to the system. Therefore, the study and
design are necessary to avoid damaged piping systems due to the thermal expansion [1]. One of the
methods used to prevent damage to the piping system is by using expansion loops that can be used to
increase designed piping system flexibility [2]. Huang et al. [3] have confirmed that flexible branch
heat pipe has a larger maximum heat load than the straight pipe. Meanwhile, the other study showed
that a flexible pipe with a repeated unit cell had a strong correlation between the repeated unit cell
model and the analytical models with some difference in the wire bending stresses [4]. This research
also found that the repeated unit cell model is robust and computationally efficient for analyzing
flexible pipes [4]. Tang et al. [5] have analyzed that an increase in the winding angle of the tensile
armor wires and damage to the outer sheath of the flexible pipe decreased the compressive stiffness
significantly. Yoo et al. [6] have analyzed flexible pipes which aims to improve the convergence of
nonlinear analysis by simplifying interactions between layers. The result showed the model was
subjected to incremental axial tension, and the overall stiffness decreases due to the progressive
failure of tensile armour layers. The inner tensile armour yields first, and the outer tensile armour
layer follows. Moreover, Hastie et al. [7] have confirmed that increasing the internal temperature
causes a drastic rise in the inner liner failure coefficient of pipe under low pressure. Thermal
expansion occurring on the pipe depends on the expansion coefficient of the pipe material during
working temperature and pipe length. VValue of expansion coefficient during work temperature can
be found on ASME B3 1.1 about Power Piping ASME Code for Pressure Piping [8]. Ja¢imovi¢ [9]
believes that there might be an issue with the code philosophy concerning the thermal expansion
stress range. An overstressed piping element may be deemed acceptable. Total occurring expansion
on the pipe over working temperature is based on the design of the piping system [10]. Alhussainy et
al. [11] have studied small tubes under axial compression and concluded that failure of the small tube
due to axial compression was influenced by the L/D value used during the study. When the L/D ratio

of the steel tube increased, the ultimate compressive strength will decrease. Moreover, Yudo and
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Yoshikawa [12] have stated that the buckling moment of a pipe will decrease the more irregular the
shaped the pipe is. Buckling moment reduction of the irregular pipe is higher for shorter pipe
compared to longer pipes.

Further, Yudo et al. [13] have studied using rectangular hollow pipe and concluded that critical
moment occurring in the rectangular hollow pipe would increase along with the increase of pipe
thickness. Xie et al. [14] have investigated the dynamic loading history of the pipe during the S-lay
operation based on a test-verified finite element model, and the results have confirmed that the deep
water S-lay operation will lead to obvious plastic deformation of the pipe, which decreases the pipe
collapse capacity to some extent. Shehadeh et al. [15] have researched the expansion loop in which
the result shows that stress occurring in the expansion loop will be lower along with the increase of
H value on the expansion loop with constant W. Then, Rao et al. [16] have proved that using
expansion loop and spring supports could be a decrease of stress that occurred in the pipe subjected
to operational load and expansion load. Therefore, to make sure that the stresses in the pipe are within
the allowable limit. With CAESAR Il version 5.30, Verma et al. [17] have analyzed the piping system
of high-pressure and high temperature, which produces significant deflections and thermal
expansions in the piping network. The flexible loop patterns are used to avoid excessive stresses in
the piping network. In the expansion loop pipes, there exists a curve pipe, whether elbow pipe or bend
pipe. Yudo and Yoshikawa [18] have explained that the buckling moment will decrease along with
reducing the R/D value. Kang et al. [19] have mentioned that the relevant equations can be used to
estimate the maximum withstand load evaluation of a highly ductile pipe and can also be used to
estimate the elastoplastic fracture mechanics parameters using the reference stress method. Sorour et
al. [20] have studied that the presence of the residual stresses remarkably reduces the pipe bend load-
carrying capacity.

A study regarding the expansion loop using L2 as bend length has not yet been conducted. In this
study, an analysis was performed on an expansion loop pipe with constant L that is adjusted with the

required loop length. Another research regarding temperature increase effect towards occurring stress
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of the pipe. The pipe material used for a high-temperature study based on Piping Materials Guide is
ASTM A 106 [21].
2. Numerical Method
2.1 Calculation parameters

The expansion loop studied in this study was an asymmetrical expansion loop with three pipe
spans and an expansion loop located in the middle span as shown in Fig. 1 with L as the distance
between guide, and L as the distance between anchors, as shown in Table 5. The loop length used
can be seen in Table 6. Required loop length to absorb thermal expansion of the pipe can be calculated
using Eg. 1. W and H values used in the expansion loop design can be calculated using Eq. 2. The
bending radius of the expansion loop pipe was designed using a short bend radius. Abdalla [22] has
observed that the combined load carrying capabilities increase as the number of milter welds
increases. Balakrishnan et al. [23] have studied that ratcheting was the principal reason for failure for
long bend radius elbows. In contrast, for short bend radius elbows, reserved plasticity was the reason

for failure.

La=2H+ W

x

L L

s Ly +

Fig. 1. Symmetrical Expansion Loop.

,3EDA
L, = 1
27 144 o, @

L, =W +2H (2)

In this study, stress analysis of the expansion loops pipe designed for 400°F was conducted using
ASTM A106 Grade A used as a material with 16 inches, 20 inches, and 24 inches with the thickness
of 0.2 inches. The parameter used was the ratio between loop width (W) and loop footing height (H).
Variations of W/H used in this study were 0.25, 0.5, 0.75, 1, 1.05, 1.1, 1.15, 1.2, 1.25, 1.5, 1.75, 2.

The parameter used for 16-inch diameter can be seen in Table 1. While for the 20-inch diameter pipe
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can be seen in Table 2, and the 24-inch diameter pipe in Table 3. Yu et al. [24] have explained that J-
integral resistance curve, critical initial fracture toughness, critical initial fracture toughness stretch
zone width method, and stress zone width are higher at lower crack depth ratios and gradually
decrease with increasing crack depth. Expansion loop model designed to work at 400°F temperature
with W/H 0.25, 0.5. 0.75 and 1 will be studied using displacement changes due to thermal expansion
from 400°F up to 700°F, which are shown in Table 4.

Table 1. Parameters for 16-inch pipe diameter

16-inch 20-inch 24-inch
W/H w H W H W H
(ft) (ft) (fy () () ()
0.25 4.2 16.9 4.2 16.9 5.6 222
0.5 7.6 15.2 7.6 15.2 10 20

0.75 10.4 13.8 12 16 13.6 182

1 12.7 12.7 14.7 147 167 16.7

1.05 13.1 125 151 144 172 164

11 13.5 12.3 15.6 142 177 16.1

1.15 13.9 121 16.1 14 18.3 159

1.2 14.3 11.9 16.5 138 188 15.6

1.25 14.6 11.7 16.9 135 192 154

1.5 16.3 10.9 18.9 126 214 143

1.75 17.7 10.1 20.5 117 233 133

2 19 9.5 22 11 25 125

Table 4. Analytical parameter of different temperature

NPS 400 500 600 700

(inch) (CF)  CF) R  (F)
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16 2940 3.885 4.935 5.985

20 3.276 4329 5499 6.669

24 3.528 4.662 5922 7.182

2.2 Model and applied boundary condition

Models will be studied at 400°F working temperature, so the distance between the guide (L) and
distance between anchor (L1) are obtained, which is shown in Table 5. Loop required length to control
pipe expansion at 400°F is shown in Table 6. The full model of pipe with expansion loops was
investigated with Finite Element Analysis (FEA).

Table 5. Anchor and guide distance

NPS L L1
(inch) () 4y
16 35 105
20 39 117
24 42 126

Table 6. Required loop length.

NPS  Total Expansion L2
(inch) (inch) (ft)
16 2.940 38
20 3.276 44
24 3.528 50

The boundary used in this study was the single point constraint (SPC) which restricts the
movement of a single node in any of 6 degrees of freedom. The degree of freedom in SPC consisted
of translation X, Y, Z (dofl, dof2, dof3) and rotation of X, Y, Z (dof4, dof5, dof6). SPC was added

in anchor, guide, and middle section of loop parts according to Fig. 2. SPC on anchor part has dofl=
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dof2=dof3=dof4=dof5=dof6=0, SPC on guide part was dof2=dof3=0, and SPC on middle part of loop
is dof1=0. The weight used was displacement change on the anchor parts, which was equal to total
expansion on the pipe. Weights were added into both anchor parts, valued half of the total expansion
in each anchor towards opposite directions, as shown in Fig. 2. The weight used in the analysis of
model 400°F with temperature variations was half of the total expansion value, as shown in Table 4

inputted using displacement change in each anchor.

Fig. 2. Boundary condition.

The method used in this study was nonlinear static analysis with 3d solid element mesh. The
mesh size used was 1 unit, with 0.25 units in width. The total node amount in the pipe diameter parts
was increased to get a better mesh shape, which total node was 336 for the 16-inch diameter pipe,
420 nodes for the 20-inch diameter pipe, and 502 nodes for the 24-inch diameter pipe, as shown in

Fig. 3.

Fig. 3. The number of nodes in each pipe diameter variation models.
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3. Numerical result and discussion
3.1 Calculation result on design temperature

The pipe will undergo thermal expansion which values are based on the pipe length and working
temperature following Table 4. Thermal expansions are occurring in the expansion loop pipe cause

the pipe to undergo stresses on the pipe bend expansion loop, as shown in Fig. 4.
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Fig. 4. Stress occurring in the expansion loop pipe.

Fig. 5 indicates the correlation between stress occurring in the pipe with the W/H value of the
expansion loops when thermal expansions occur on the 16-inch, 20-inch, and 24-inch diameter pipes
for 400°F working temperature, as shown in Table 4. The vertical axis shows the non-dimensional
unit of stress (oa/o). The lowest recorded stress occurs in the expansion loop with W/H value of 0.25,
and the highest recorded stress in the expansion loops with W/H value is oo (straight pipe). Pipe stress
will increase along with an increase in W/H value. Stress occurring on the pipe caused by the thermal
expansion will have a higher value if the W/H value is higher. The non-dimensional unit of stress
(on/ o) of the 16-inch diameter pipe has the value of 1 when the W/H value is equal to 1.2. This means
that expansion loops which W/H values equal to 0.25 up to 1.2 can work properly in dealing with
thermal expansion of the pipe, while expansion loop stress which W/H from 0.25 to o cannot work

correctly in dealing with thermal expansion of the pipe.
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Fig. 6. Relations between oy/o with W/H of expansion loop at 400°F temperature.

Stress occurring on the pipe caused by the thermal expansion will have a higher value when the
W/H value is higher. The non-dimensional unit of stress (oa/o) of the 20-inch diameter pipe has the
value of 1.003 when W/H= 1.1, this means that expansion loops with W/H values of 0.25 up to 1.1
can work properly in handling the thermal expansion of the pipe while the expansion loop stresses of
the pipe which W/H= 1.5 up to W/H= « is unable to work properly in handling the thermal expansion
of the pipe. Stress occurring on the pipe due to thermal expansions will have a higher value if the
W/H is of higher value. Non dimensional stress (oa/o) of the 24-inch diameter pipe has the value of
1.006 when W/H= 1.1, which means that expansion loops with W/H values = 0.25 up to 1.1 can work
properly in handling the thermal expansion of the pipe while for expansion loop stress of those with
W/H=1.15 up to W/H= o is unable to work properly in handling the thermal expansion of the pipes.

Fig. 6 shows the relation between stress occurring on the pipe with W/H value of the expansion
loops when thermal expansion is occurring on the 16 inches 20 inches, and 24-inch diameter pipes at
400°F working temperature as shown in Table 4. The vertical axis shows the non-dimensional unit of
stress (oy/o). Non dimensional unit of stress (oy/o) on the 16, 20, 24-inch diameter pipe which W/H
value 0.25 up to W/H= 2 shows values of more than 1 that means expansion lops pipe with W/H value
=0.25 up to 2 for 16, 20, 24-inch diameter pipe are experiencing lower stress value of the pipe yield
stress. Straight pipe (W/H= o) with 16, 20, 24-inch diameter will undergo stress that exceeds yield

stress on the pipe, hence the pipe will be damaged due to thermal expansion of the pipe with 400°F
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temperature. Hence it can be proven that the use of an expansion loop can prevent damage to the
piping system due to thermal expansion of the pipe.
3.2 Calculation result on increasing temperature

Expansion loop with 0.25, 0.5, 0.75, and 1 W/H value designed for 400°F temperature is studied
by applying temperature increase up to 700°F. The higher the working temperature is, the highest the
occurring thermal expansion, as shown in Table 4. Fig. 7 shows relations between stress occurring
on the pipe with 400°F up to 700°F working temperature as shown in Table 4 on the 16-inch pipe
diameter with 0.25, 0.5 0.75, and 1 W/H values. The vertical axis represents the Non dimensional unit
of stress (on/o). The higher working temperature of a pipe leads to higher thermal expansion and
increases the stress value of the pipe. Hence the on/o value is lower. Fig. 8 shows the relations
between stress occurring on the pipe with 400°F up to 700°F as shown in Table 4 on the expansion
loops with the 16-inch diameter with 0.25, 0.5 0.75, and 1 W/H value. The vertical axis shows a non-
dimensional unit of stress (oy/o). Higher working temperature causes the pipe to undergo higher
thermal expansion and increase of stress value on the pipe, so the (oy/o) is lower. Pipe will be
damaged if the working temperature reaches 700°F because stress occurring is exceeding yield
strength represented in 0.982 (oy/ o) value for W= 0.25H, 0.9 for W= 0.5H, 0.827 for W= 0.75H and
0.765 for W=H.

Fig. 9 shows relations between the stress of the pipe with 400°F working temperature up to 700°F
as shown in Table 4 on the 20-inch diameter expansion loops pipe with 0.25, 0.5 0.75, and 1 W/H
value. The vertical axis represents the non-dimensional unit of stress (oa/o). Higher working
temperature causes the pipe to undergo higher thermal expansion and increase in stress value. Thus
the (oa/o) value is lower. Fig. 10 shows relations between the stress of the pipe with 400°F working
temperature up to 700°F as shown in Table 4 on the 24-inch diameter expansion loops pipe with 0.25,
0.50.75, and 1 W/H value. The vertical axis represents the non-dimensional unit of stress (oa/o). The
vertical axis represents the non-dimensional unit of stress (oy/o). Higher pipe working temperature

causes the pipe to undergo higher thermal expansion and causes an increase of stress value, so the
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(oy/ o) is lower. Pipe will be damaged if the working temperature reaches 700°F because the stress
value exceeds yield stress represented by oy/ovalued 0.967 for W = 0.25H, 0.882 for W = 0.5H, 0.808
for W =0.75H and 0.745 for W = H.

Fig. 11 indicates the relation between stress that is occurring on a pipe with a working
temperature of 400°F up to 700°F shown in Table 4 on the 24-inch diameter expansion loops pipe
with W/H 0.25, 0.5 0.75, and 1 value. The vertical axis indicates non-dimensional stress (oa/o). The
higher the working temperature of the pipe causes a large thermal expansion of the pipe, and this
leads to the stress value of the pipe increase so that the value of oa/o will be lower. Fig. 12 indicates
the relation between stress that is occurring on the pipe with working temperature 400°F up to 700°F
shown in Table 4 on the 24-inch diameter expansion loops pipe with W/H 0.25, 0.5 0.75, and 1 value.
The vertical axis indicates non-dimensional stress (oy/ o). The higher the working temperature of the
pipe causes a large thermal expansion of the pipe and leads to the stress value of the pipe increase so
that the value of (oy/o) will be lower. The pipe will be damaged when the working temperature
reaches 700°F because the stress that occurs will exceed the yield stress value of the pipe that shown

with (oy/ o) valued 0.974 for W= 0.25H, 0.890 for W= 0.5H, 0.814 for W= 0.75H, and 0.749 for W=H.
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Fig. 7. Relationship between on/o of the 16-inch diameter expansion loops pipe with increasing

temperature.
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Fig. 13 indicates the relation between stress that occurring on the expansion loop pipe with pipe
diameter for expansion loop pipe designed for working temperature 400°F. The vertical Axis indicates
non-dimensional stress (oa/o). The stress change that occurs on the expansion loop pipe along with
the increasing diameter pipe indicates that the value is too significant because the loop length design

is adjusted with the required minimum loop length to overcome the expansion thermal in 400°F
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temperature based on Eq. 3. The larger the pipe diameter, the higher the expansion and the longer the
loop length. Expansion loop With W= 0.25H designed for working temperature 400°F can still
working well in overcoming the expansion that occurs when the working temperature increases to
500°F in diameter 16, 20, and 24 inches because it shows a value (oa/c) more than 1. When the
temperature reaches 600°F or even higher, so the expansion loop no longer works properly in
overcoming the thermal expansion that occurs in the pipe. Fig. 14 show the relationship between
stress that occurring on the expansion loop pipe with pipe diameter for expansion loop pipe designed
for working temperature 400°F. The vertical Axis indicates non-dimensional stress (oy/ o). It shows
that the non-dimensional stress (oy/o) will be decreased with increasing the value of W/H or
increasing the working temperature on the pipe. The expansion loop can work properly when the
value of on/cis lower than 1, and the expansion loop will be damaged when the value of oy /o is
lower than 1. The pipe will be damaged when the working temperature increases to 700°F. When the
working temperature increases to 600°F, it will inflict damage to the pipes for pipes with expansion
loop W= H in diameters 16, 20, and 24 inches and W= 0.75H for diameters 20 inches and 24 inches
shown by the value oy/o less than one which mean the stress that occurs in the expansion loop pipe
exceed the yield stress value of the pipe that can be seen in Fig. 14. The value of op/o for W/H= o
(straight pipe) when the working temperature is 400°F will be lower than others W/H when the
working temperature increase until 700°F that can be seen in Fig. 13, and the value of oy/o for W/H=
oo (straight pipe) when the working temperature is 400°F will be lower than others W/H when the

working temperature increase until 700°F that can be seen in Fig. 14.
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4. Conclusion

In this study, an analysis of the stress that occurs in the expansion loop pipe was carried out due
to the thermal expansion that occurred in the pipe by the working temperature using FEA Software.
The following are the result obtained based on the results of the analysis. Stress in the expansion loop
occurred at the pipe bend of the pipe. Stress in the expansion loop pipe will be larger as the W/H value

increase in the expansion loop pipe. The pipe safety factor will be decreased as the W/H value
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increases in the expansion loop. The expansion loop can be used to prevent damage to the pipe due

to thermal expansion in the pipe. The stress that occurred in the expansion loop pipe will increase

with increasing the working temperature pipe. Moreover, the difference in pipe diameters had a slight

effect on the stress that occurred on the pipe if the expansion loop used was adjusted to the minimum

L> required to overcome the thermal expansion of the pipe. The expansion loop pipe with a W/H 0.25

value can still overcome thermal expansion for an increase in temperature to 500°F. All expansion

loop will be damaged when the working temperature increased to 700°F.

Acknowledgements

The work is supported by Laboratory of Computer-Aided Design at Department of Naval

Architecture, Universitas Diponegoro which provides research tools and facilities. The support is

gratefully acknowledged by the authors.

Funding Information

Authors state no funding involved.

Author contributions

All authors have accepted responsibility for the entire content of this manuscript and approved its

submission.

Conflict of interest

The authors state no conflict of interest.

References

[1] American Society of Mechanical Engineers. ASME B31.3 Process Piping-ASME Code for
Pressure Piping. New York: American Society of Mechanical Engineers; 2014.

[2] Kannappan S. Introduction to Pipe Stress Analysis. Canada: John Wiley & Sons, inc; 1986.

[3] Huang J, Xiang J, Chu X, Sun W, Liu R, Ling W, Zhou W, Tao S. Thermal performance of
flexible branch heat pipe. Appl. Therm. Eng. 2021;186:16532.

[4] Lukassen TV, Gunnarsson E, Krenk S, Glejbgl K, Lyckegaard A, Berggreen C. Tension-bending

analysis of flexible pipe by a repeated unit cell finite element model. Mar. Struct. 2019;64:401-



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

20.

Tang T, He W, Zhu X. Parameter sensitivity analysis on the buckling failure modes of tensile
armor layers of flexible pipe. Eng. Fail. Anal. 2019;104:784-95.

Yoo DH, Jang BS, Yim KH. Nonlinear finite element analysis of failure modes and ultimate
strength of flexible pipes. Mar. Struct. 2017;54:50-72.

Hastie JC, Kashtalyan M, Guz IA. Failure analysis of thermoplastic composite pipe (TCP) under
combined pressure, tension and thermal gradient for an offshore riser application. Int. J. Press.
Vessel. Pip. 2019;178:103998.

American Society of Mechanical Engineers. ASME B31.1 Power Piping-ASME Code for
Pressure Piping. New York: American Society of Mechanical Engineers; 2014.

Ja¢imovi¢ N. Uncertanties in expansion stress evaluation criteria in piping codes. Int. J. Press.
Vessel. Pip. 2019;169:230-41.

Wiley J. Design of Piping System, 2" ed. United States of America: The M. W. Kellog
Company; 1956.

Alhussainy F, Sheikh MN, Hadi MNS. Behaviour of Small Diameter Steel Tubes Under Axial
Compression. Structures. 2017;11:155-63.

Yudo H, Yoshikawa T. Buckling phenomenon for imperfect pipe under pure bending. J. Mar.
Sci. Technol. 2015;29(6):703-10.

Yudo H, Amiruddin W, Jokosisworo S. Analysis of the buckling moment on rectangular hollow
pipe under pure bending load. MATEC Web Conf. 2018;177(11):228-35.

Xie P, Zhao Y, Yue Q, Palmer AC. Dynamic loading history and collapse analysis of the pipe
during deepwater S-lay operation. Mar. Struct. 2015;40:183-92.

Shehadeh B, Ranganathan SI, Abed FH. Optimization of Piping Expansion Loops Using
ASME B31.3. Proc. Inst. Mech. Eng. Part E J. Process Mech. Eng. 2016;230(1):56-64.

Rao RN, Maiya M, Prabhu S, Santhosh G, Hebbar G. The analysis of a piping system for

improvement of a system in a process unit. Mater. Today Proc. 2021;46(7): 2791-7.



10

11

12

13

14

15

16

17

18

19

20

21

22

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Verma AK, Yadav BK, Gandhi A, Saraswat A, Verma S, Kumar ER. 3D modelling of loop
layout, pipe stress analysis and structural responses of high-pressure high-temperature
experimental helium cooling loop (EHCL). Fusion Eng. Des. 2019;145:87-93.

Yudo H, Yoshikawa T. Buckling Phenomenon for Straight and Curved pipe Under Pure
Bending. J. Mar. Sci. Technol. 2015;20(1):94-103.

Kang SJ, Choi JH, Lee H, Cho DH, Choi, JB, Kim MK. Limit load solutions for elbows with
circumferential through-wall crack under the pressure-induced bending restraint effect. Int. J.
Press. Vessel. Pip. 2019;177:103983.

Sorour SS, Shazly M, Megahed MM. Limit load analysis of thin-walled as-fabricated pipe
bends with low ovality under in-plane moment loading and internal pressure. Thin-Walled
Struct. 2019;144:106336.

Smith P. Piping Materials Guide, vol. 111, no. 479. United States of America: Elsevier Inc,
2005.

Abdalla HF. Load carrying capacities of pressurized 90 degree miter and smooth bends
subjected to monotonic in-plane and out-of-plane bending loadings. Int. J. Press. Vessel. Pip.
2019;171:253-70.

Balakrishnan S. Veerappan AR. Shanmugam S. Determination of plastic, shakedown and
elastic limit loads of 90° pressurized pipe bends with shape imperfections. Int. J. Press. Vessel.

Pip. 2019;175:103925.

[24] YuW, Liu Z, Fan M, Gao H, Liu E, Chen M, Xue F, Chen X. The effect of constraint on fracture

properties of Z3CN20.09M after accelerated thermal aging. Int. J. Press. Vessel. Pip.

2021;190:104294.



LAMPIRAN 2

Francesco Tornabene, PhD
Journal Editor
Curved and Layered Structures

Reviewers' comments:

Reviewer #1: The present work aims at analyzing the mechanical behavior of an expansion loop pipe subjected to a thermal
displacement. In absence of an exact definition for dimension of the expansion loops design, the problem is here tackled
numerically by means of classical finite elements, and provides usefult insights from a practical and design standpoint. The work is
well written and orgainzed, except few typos in the text that must be properly checked and corrected. The authors are also invited
to introduce properly all acronyms in the text, and to comment about their 3D solid selection in lieu of a shell-based discretization,
which would enable a lower computational cost. Once making the above-mentioned minor corrections, the work could be accepted
for publication in this journal.

Reviewer #3: Please, find attached the comments in a separate file.

Created By: Sgn Doc



Manuscript Title

Numerical Evaluation of Expansion Loops for Pipe Subjected to Thermal Displacements

Reviewer Comments

The authors deal with the interesting topic of the expansion loop strategy in the design process of pipe systems
for withstanding the thermal expansion loads in such appliances. After a literature review on the topic, a
systematic set of numerical Finite Element (FE) investigations is performed on a repetitive expansion loop pipe
unit pattern in order to assess the influence of geometric, thermal and mechanical design parameters on the
safety of such appliances, according to international standards.

The topic of the manuscript has significative scientific value, and the main results of the research activity
performed by the authors can be a guideline for the design of expansion loops in pipeline systems. Setup of the
numerical simulation has been well declared, and all the results have been briefly commented.

In order to improve the quality of the work, the reviewer suggests the following minor corrections:

All the references should be briefly commented within the Introduction section; then, they can be called
back throughout the manuscript.

Please, avoid using mathematical symbol in the Abstract and in the Introduction unless they are well
declared in the same paragraph. In the sections at issue there are no specifications for symbols
H,W,R,D,L,.

The last part of the introduction of the manuscript should be provided with more emphasis on the main
results obtained by the research work, and the methodology of the numerical investigation should be briefly
introduced. Nevertheless, a short description of the manuscript arrangement should be added.

A brief introductory sentence should be added to Section 2 and 3 before paragraphs 2.1 and 3.1.

The quality of Figure 1 should be better.

The authors should explicitly declare all the symbols introduced in Eqn. 1.

Everything considered, the work is well prepared and follows a systematic approach for the presentation of results.
After these Minor Revisions, it can be considered as valuable for publications.



LAMPIRAN 3

AUTHOR RESPONSE

Dear
Francesco Tornabene, PhD
Editor-in-Chief

Curved and Layered Structures

We appreciate your quick response and thank you very much for giving us an opportunity
to revise our manuscript. We appreciate editors and reviewers very much for their positive and
constructive comments and suggestions on our article entitled "Numerical Evaluation of
Expansion Loops for Pipe Subjected to Thermal Displacements” Manuscript Number
CLStructures-D-21-00014 by Haartono Yudo, Sarjito Jokosisworo, Wilma Amiruddin, Pujianto
Pujianto, Tuswan Tuswan, Mohamad Djaeni

We have carefully studied the reviewer's comments and have made revisions
comprehensively. We have tried our best to revise our manuscript according to the comments.
Please find the attached revised manuscript version and author response to the reviewer comment
at the end of the letter.

We would like to express our great appreciation to you and the reviewers for your comments on
our work. We hope the revision has improved the manuscript to a level of your satisfaction. I look

forward to hearing from you soon.

Thank you and best regards.

Yours sincerely,

Dr. Eng Hartono Yudo ST, MT.



Reviewer #1:

The present work aims at analyzing the mechanical behavior of an expansion loop pipe subjected
to a thermal displacement. In absence of an exact definition for dimension of the expansion loops
design, the problem is here tackled numerically by means of classical finite elements, and provides
usefult insights from a practical and design standpoint. The work is well written and orgainzed,
except few typos in the text that must be properly checked and corrected. The authors are also
invited to introduce properly all acronyms in the text, and to comment about their 3D solid
selection in lieu of a shell-based discretization, which would enable a lower computational cost.
Once making the above-mentioned minor corrections, the work could be accepted for publication
in this journal.

Author response: Thank you for thoroughly reading the entire manuscript. All comments from the
reviewers have been thoroughly revised in the updated manuscript. We have rechecked the
grammatical error and language structure of the whole revised manuscript. We ensure the
readability of the article has improved. Moreover, all acronyms (ASME, ASTM, NPS, FEA, SPC,
DOF etc.) in the whole texts have been introduced. The changes are highlighted in blue colour. In
terms of modelling scheme, we have added the explanation of 3D solid selection in the updated
text. The shell element is most well-known for its application in plated structure analysis. Several
of the mentioned pioneering works used this element, the intention of which is to perform time-
effective calculations. However, the solid element in finite element analysis has certain advantages
compared to the shell and has desirable characteristics in numerical calculations: i.e., the solid
element has no geometric limitations, requires no geometric preprocessing, and allows stress and
strain to be profiled through the thickness. Nevertheless, both the shell and solid elements are
equally superior in terms of the meshing freedom. The updated version can be found in page 8 line
3-6:

The method used in this study was nonlinear static analysis with 3D solid element mesh. The solid
element in finite element analysis has certain advantages compared to the shell and has desirable
characteristics in numerical calculations: i.e., the solid element has no geometric limitations,
requires no geometric preprocessing, and allows stress and strain to be profiled through the
thickness.

Reviewer #3

The authors deal with the interesting topic of the expansion loop strategy in the design process of
pipe systems for withstanding the thermal expansion loads in such appliances. After a literature
review on the topic, a systematic set of numerical Finite Element (FE) investigations is performed
on a repetitive expansion loop pipe unit pattern in order to assess the influence of geometric,
thermal and mechanical design parameters on the safety of such appliances, according to
international standards. The topic of the manuscript has significative scientific value, and the main
results of the research activity performed by the authors can be a guideline for the design of
expansion loops in pipeline systems. Setup of the numerical simulation has been well declared,
and all the results have been briefly commented. In order to improve the quality of the work, the
reviewer suggests the following minor corrections:



1. All the references should be briefly commented within the Introduction section; then, they can
be called back throughout the manuscript.
Author response: We aggre with your suggestion. We have called back the reference numbers
1,15, 21 in Section 3 Numerical Result and Discussion. The updated version is as follow:
Page 9 line 11-13:
The vertical axis shows the non-dimensional unit of stress (oa/o) where on is allowable strees
given by ASME code B31.3 [1] and o is stress occurred in the pipe.

Page 11 line 5-7
The vertical axis shows the non-dimensional unit of stress (oy/ o) where oy is yield stress of the
material given by ASTM 106 [21] and ois stress occurred in the pipe.

Page 11 line 13-18

In previous study, Shehadeh et al. [15] conducted a parametric evaluation to optimize the
dimensions of the expansion loop in accordance with ASME B31.3. The ffect of reducing length
of the loop (L) and width (W) was investigated. It can be found from the result that expansion
case cannot be affected significantly while reducing width of the loop. Furthermore, systematic
investigation of thermal expansion using another design parameter (W/H) is crucial to be
investigated comprehensively.

2. Please, avoid using mathematical symbol in the Abstract and in the Introduction unless they are
well declared in the same paragraph. In the sections at issue there are no specifications for
symbolsHWR D L2
Author response: The authors would like to thank you for the suggestion. We have added the
specification of the coresponding symbols of HW R D L2 etc. in entire manuscript. All changes
have highlighted in blue colour.

3. The last part of the introduction of the manuscript should be provided with more emphasis on
the main results obtained by the research work, and the methodology of the numerical
investigation should be briefly introduced. Nevertheless, a short description of the manuscript
arrangement should be added.

Author response: Thank for the reviewer for valuable comment. We have revised the content at
last paragraph of the introduction. The revised version can be found in Page 4 line 1-11.

Although a majority of previous investigations have been reviewed to explore the development
of expansion loop design. There is limited study in the comprehensive assessment of expansion
loop design to assess the influence of geometric, thermal and mechanical design parameters on
the pipe safety. The issue is crucial since the result can be guideline for the design of expansion
loops in pipeline systems. To address this issue, numerical assessment of expansion loops of
pipe subjected to thermal displacements is evaluated. Relationship between non dimensional
stress on the designed expansion loop pipe was studied by nonlinear fininte element analysis
(FEA) on several working temperatures of 400-700°F. The pipe material used for a high-



temperature study based on Piping Materials Guide is American Standard Testing and Material
(ASTM) A 106 [21]. In this case, the design parameter used was the ratio between loop width
and loop footing height (W/H) with 12 total variations analyzed in three different nominal pipe
sizes.

. A brief introductory sentence should be added to Section 2 and 3 before paragraphs 2.1 and 3.1.
Author response: We do aggre with the suggestion. We have added the introductory sentence
in Section 2 and 3. The revised version is as follow:

2. Description of Numerical Method

In this work, simulations are implemented numerically using a finite element software package.
The finite element method is a numerical technique ideally suited to digital computers in which
a model is discretized into smaller but finite sub-structures (element) that can be represented by
equations. In modelling and simulation purposes, the physical parameters of expansion loop
need to be defined in the first step. Then, the simulations are performed using nonlinear finite
element analysis to investigate the influence of the mentioned parameters on the structural
behaviour.

3. Numerical result and discussion

The discussion of FEA result is intended to describe the corelation between occurred strees of
designed expansion loop pipe and thermal displacement. In the first part, discussion of
calculation result of 12 W/H variations at 400°F working temperature is presented. In the last
part, the influence of increasing working temperature on the designed expansion loop pipe with

4 \W/H variations is discussed.

. The quality of Figure 1 should be better.

Author response: The authors would like to thank the reviewer for the comment. We have
changed the quality of Figure 1 with better resolution and sharpness. Moreover, we have also
revised Fig. 5 — 14 with better font size of the text axis and legend. The updated Figure 1 is as
follow:
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Fig. 1. Symmetrical Expansion Loop.

6. The authors should explicitly declare all the symbols introduced in Egn. 1.
Author response: We do aggre with the reviewer suggestion. We have added the symbol
intoduced in Equation 1. The updated version is as follow:

/3EDA
L, = 1
27 144 o, @)

L, =W +2H 2)

where L is bend length required to absorb expansion (ft), E is modulus of elasticity of pipe
(psi), D is outside pipe diameter (inch), A is expansion to be absorted by the loop (inch), o4 is
pipe allowable stress (psi), W is loop width (ft), and H is loop footing height (ft)

7. Everything considered, the work is well prepared and follows a systematic approach for the

presentation of results. After these Minor Revisions, it can be considered as valuable for
publications.
Author response: We have carefully studied the reviewer's comments and have made revisions
which were marked in blue in the manuscript. We have tried our best to revise our manuscript
according to the comments. We hope the revision has improved the manuscript to a level of
your satisfaction.
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Abstract

The thermal expansion can lead to the high stress on the pipe. The problem can be overcome using
expansion loops in a certain length depending on the material’s elastic modulus, diameter, the amount
of expansion, and the pipe’s allowable stresses. Currently, there is no exact definition for the
dimension of expansion loops design both for loop width (W) and loop footing height (H) sizes. In
this study, expansion loops were investigated with using ratio of width and height (W/H) variations
to understand pipe stress occurring on the expansion loops and the expansion loops' safety factor.
Relationship between non dimensional stress on the expansion loop pipe was studied numerically by
finite element software on several working temperatures of 400°F, 500°F, 600°F, and 700°F. It can be
found that stress occurring on the pipes increases as the increases of W/H of the expansion loops and
results in a lower safety factor. The safety factor of the expansion loops pipe has a value of 1 when
the ratio of loop width and loop footing height (W/H) value was 1.2 for a 16-inch diameter pipe. Stress
occurring on the pipe increases with the increase of the working temperature. Expansion loops pipe

designed for 400°F can still work well to handle thermal extension pipe occurring on 500°F.

Keywords: Thermal expansion, expansion loop, safety factor.
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1. Introduction

Thermal expansion on a pipe is one of the problems in designing a piping system because it can
lead to high stress on a pipe. This case can cause fatal damage to the system. Therefore, the study and
design are necessary to avoid damaged piping systems due to the thermal expansion [1]. One of the
methods used to prevent damage to the piping system is by using expansion loops that can be used to
increase designed piping system flexibility [2]. Huang et al. [3] have confirmed that flexible branch
heat pipe has a larger maximum heat load than the straight pipe. Meanwhile, the other study showed
that a flexible pipe with a repeated unit cell had a strong correlation between the repeated unit cell
model and the analytical models with some difference in the wire bending stresses [4]. This research
also found that the repeated unit cell model is robust and computationally efficient for analyzing
flexible pipes [4]. Tang et al. [5] have analyzed that an increase in the winding angle of the tensile
armor wires and damage to the outer sheath of the flexible pipe decreased the compressive stiffness
significantly. Yoo et al. [6] have analyzed flexible pipes which aims to improve the convergence of
nonlinear analysis by simplifying interactions between layers. The result showed the model was
subjected to incremental axial tension, and the overall stiffness decreases due to the progressive
failure of tensile armour layers. The inner tensile armour yields first, and the outer tensile armour
layer follows. Moreover, Hastie et al. [7] have confirmed that increasing the internal temperature
causes a drastic rise in the inner liner failure coefficient of pipe under low pressure. Thermal
expansion occurring on the pipe depends on the expansion coefficient of the pipe material during
working temperature and pipe length. Value of expansion coefficient during work temperature can
be found on American Society of Mechanical Engineers (ASME) B3 1.1 about Power Piping ASME
Code for Pressure Piping [8]. Ja¢imovi¢ [9] believes that there might be an issue with the code
philosophy concerning the thermal expansion stress range. An overstressed piping element may be
deemed acceptable. Total occurring expansion on the pipe over working temperature is based on the
design of the piping system [10]. Alhussainy et al. [11] have studied small tubes under axial

compression and concluded that failure of the small tube due to axial compression was influenced by
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the ratio of unsupported length to the outside diameter (L/D) value used during the study. When the
L/D ratio of the steel tube increased, the ultimate compressive strength will decrease. Moreover, Yudo
and Yoshikawa [12] have stated that the buckling moment of a pipe will decrease the more irregular
the shaped the pipe is. Buckling moment reduction of the irregular pipe is higher for shorter pipe
compared to longer pipes.

Further, Yudo et al. [13] have studied using rectangular hollow pipe and concluded that critical
moment occurring in the rectangular hollow pipe would increase along with the increase of pipe
thickness. Xie et al. [14] have investigated the dynamic loading history of the pipe during the S-lay
operation based on a test-verified finite element model, and the results have confirmed that the deep
water S-lay operation will lead to obvious plastic deformation of the pipe, which decreases the pipe
collapse capacity to some extent. Shehadeh et al. [15] have researched the expansion loop in which
the result shows that stress occurring in the expansion loop will be lower along with the increase of
loop footing height (H) value on the expansion loop with constant loop width (W). Then, Rao et al.
[16] have proved that using expansion loop and spring supports could be a decrease of stress that
occurred in the pipe subjected to operational load and expansion load. Therefore, to make sure that
the stresses in the pipe are within the allowable limit. With CAESAR 11 software version 5.30, Verma
et al. [17] have analyzed the piping system of high-pressure and high temperature, which produces
significant deflections and thermal expansions in the piping network. The flexible loop patterns are
used to avoid excessive stresses in the piping network. In the expansion loop pipes, there exists a
curve pipe, whether elbow pipe or bend pipe. Yudo and Yoshikawa [18] have explained that the
buckling moment will decrease along with reducing the ratio of the curvature radius of curved pipe
to diameter of cylinder (R/D) value. Kang et al. [19] have mentioned that the relevant equations can
be used to estimate the maximum withstand load evaluation of a highly ductile pipe and can also be
used to estimate the elastoplastic fracture mechanics parameters using the reference stress method.
Sorour et al. [20] have studied that the presence of the residual stresses remarkably reduces the pipe

bend load-carrying capacity.
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Although a majority of previous investigations have been reviewed to explore the development
of expansion loop design. There is limited study in the comprehensive assessment of expansion loop
design to assess the influence of geometric, thermal and mechanical design parameters on the pipe
safety. The issue is crucial since the result can be guideline for the design of expansion loops in
pipeline systems. To address this issue, numerical assessment of expansion loops of pipe subjected
to thermal displacements is evaluated. Relationship between non dimensional stress on the designed
expansion loop pipe was studied by nonlinear fininte element analysis (FEA) on several working
temperatures of 400-700°F. The pipe material used for a high-temperature study based on Piping
Materials Guide is American Standard Testing and Material (ASTM) A 106 [21]. In this case, the
design parameter used was the ratio between loop width and loop footing height (W/H) with 12 total
variations analyzed in three different nominal pipe sizes.

2. Description of Numerical Method

In this work, simulations are implemented numerically using a finite element software package.
The finite element method is a numerical technique ideally suited to digital computers in which a
model is discretized into smaller but finite sub-structures (element) that can be represented by
equations. In modelling and simulation purposes, the physical parameters of expansion loop need to
be defined in the first step. Then, the simulations are performed using nonlinear finite element
analysis to investigate the influence of the mentioned parameters on the structural behaviour.

2.1 Calculation parameters

The expansion loop studied in this study was an asymmetrical expansion loop with three pipe
spans and an expansion loop located in the middle span as shown in Fig. 1. The loop length used can
be seen in Table 6. Required total expansion loop length/bend length (L) to absorb thermal expansion
of the pipe can be calculated using Eq. 1. Moreover, the bending radius of the expansion loop pipe
was designed using a short bend radius. Abdalla [22] has observed that the combined load carrying

capabilities increase as the number of milter welds increases. Balakrishnan et al. [23] have studied
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that ratcheting was the principal reason for failure for long bend radius elbows. In contrast, for short

bend radius elbows, reserved plasticity was the reason for failure.
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Fig. 1. Symmetrical Expansion Loop.
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where L2 is bend length required to absorb expansion (ft), E is modulus of elasticity of pipe (psi), D
is outside pipe diameter (inch), A is expansion to be absorted by the loop (inch), o, is pipe allowable
stress (psi), W is loop width (ft), and H is loop footing height (ft)

In this study, stress analysis of the expansion loops pipe designed for 400°F was conducted using
ASTM A106 Grade A used as a material with 16 inches, 20 inches, and 24 inches of nominal pipe
size (NPS) with the thickness of 0.2 inches. The parameter used was the ratio between loop width and
loop footing height (W/H). Variations of W/H used in this study were 0.25, 0.5, 0.75, 1, 1.05, 1.1,
1.15,1.2, 1.25, 1.5, 1.75, 2. The parameter used for 16-inch diameter can be seen in Table 1. While
for the 20-inch diameter pipe can be seen in Table 2, and the 24-inch diameter pipe in Table 3. Yu et
al. [24] have explained that J-integral resistance curve, critical initial fracture toughness, critical initial
fracture toughness stretch zone width method, and stress zone width are higher at lower crack depth
ratios and gradually decrease with increasing crack depth. Expansion loop model designed to work
at 400°F temperature with W/H 0.25, 0.5. 0.75 and 1 will be studied using displacement changes due

to thermal expansion from 400°F up to 700°F, which are shown in Table 4.



1 Table 1. Parameters of expansion loop pipe at 16, 20, 24-inch pipe diameters

16-inch 20-inch 24-inch

Number W/H W H W H W H
(ft) (ft) fy @) ) ()
1 0.25 4.2 16.9 4.2 16.9 56 222
2 0.5 7.6 15.2 7.6 15.2 10 20
3 0.75 10.4 13.8 12 16 136 18.2
4 1 12.7 12.7 147 147 16.7 16.7
5 1.05 13.1 12.5 151 144 172 164
6 11 135 12.3 15.6 14.2 17.7 16.1
7 1.15 13.9 12.1 16.1 14 183 15.9
8 1.2 14.3 11.9 165 138 188 156
9 1.25 14.6 11.7 169 135 192 154
10 1.5 16.3 10.9 189 126 214 143
11 1.75 17.7 10.1 20.5 11.7 23.3 133
2 19 9.5 22 11 25 125

Table 4. Analytical parameter of different temperature

H W

NPS 400 500 600 700
(inch)  (°F)  (CF)  (F)  (CF)

16 2940 3.885 4.935 5.985

20 3.276 4329 5.499 6.669

24 3.528 4.662 5922 7.182

5 2.2 Model and applied boundary condition
6 Models will be studied at 400°F working temperature, so the distance between the guide (L) and
7  distance between anchor (L1) are obtained, which is shown in Table 5. Loop required length to control
8  pipe expansion at 400°F is shown in Table 6. The full model of pipe with expansion loops was
9 investigated with FEA-based software.
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Table 5. Anchor and guide distance

NPS L L1

(inch) Y Y
16 35 105
20 39 117
24 42 126

Table 6. Required loop length.

NPS  Total Expansion L2
(inch) (inch) (ft)
16 2.940 38
20 3.276 44
24 3.528 50

The boundary used in this study was the single point constraint (SPC) which restricts the
movement of a single node in any of 6 degrees of freedom (dof). The degree of freedom in SPC
consisted of translation X, Y, Z (dofl, dof2, dof3) and rotation of X, Y, Z (dof4, dof5, dof6). SPC
was added in anchor, guide, and middle section of loop parts according to Fig. 2. SPC on anchor part
has dofl= dof2=dof3=dof4=dof5=dof6=0, SPC on guide part was dof2=dof3=0, and SPC on middle
part of loop is dof1=0. The weight used was displacement change on the anchor parts, which was
equal to total expansion on the pipe. Weights were added into both anchor parts, valued half of the
total expansion in each anchor towards opposite directions, as shown in Fig. 2. The weight used in
the analysis of model 400°F with temperature variations was half of the total expansion value, as

shown in Table 4 inputted using displacement change in each anchor.
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Fig. 2. Applied boundary condition.

The method used in this study was nonlinear static analysis with 3D solid element mesh. The
solid element in finite element analysis has certain advantages compared to the shell and has desirable
characteristics in numerical calculations: i.e., the solid element has no geometric limitations, requires
no geometric preprocessing, and allows stress and strain to be profiled through the thickness. The
mesh size used was 1 unit, with 0.25 units in width. The total node amount in the pipe diameter parts
was increased to get a better mesh shape, which total node was 336 for the 16-inch diameter pipe,
420 nodes for the 20-inch diameter pipe, and 502 nodes for the 24-inch diameter pipe, as shown in

Fig. 3.

Fig. 3. The number of nodes in each pipe diameter variation models.
3. Numerical result and discussion
The discussion of FEA result is intended to describe the corelation between occurred strees of
designed expansion loop pipe and thermal displacement. In the first part, discussion of calculation

result of 12 W/H variations at 400°F working temperature is presented. In the last part, the influence
8
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of increasing working temperature on the designed expansion loop pipe with 4 W/H variations is
discussed.
3.1 Calculation result on design temperature

The pipe will undergo thermal expansion which values are based on the pipe length and working
temperature following Table 4. Thermal expansions are occurring in the expansion loop pipe cause

the pipe to undergo stresses on the pipe bend expansion loop, as shown in Fig. 4.
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Fig. 4. Stress occurring in the expansion loop pipe.

Fig. 5 indicates the correlation between stress occurring in the pipe with the W/H value of the
expansion loops when thermal expansions occur on the 16-inch, 20-inch, and 24-inch diameter pipes
for 400°F working temperature, as shown in Table 4. The vertical axis shows the non-dimensional
unit of stress (on/o) where on is allowable strees given by ASME code B31.3 [1] and o is stress
occurred in the pipe. The lowest recorded stress occurs in the expansion loop with W/H value of 0.25,
and the highest recorded stress in the expansion loops with W/H value is oo (straight pipe). Pipe stress
will increase along with an increase in W/H value. Stress occurring on the pipe caused by the thermal
expansion will have a higher value if the W/H value is higher. The non-dimensional unit of stress
(on/ o) of the 16-inch diameter pipe has the value of 1 when the W/H value is equal to 1.2. This means
that expansion loops which W/H values equal to 0.25 up to 1.2 can work properly in dealing with
thermal expansion of the pipe, while expansion loop stress which W/H from 1.4 to oo cannot work

correctly in dealing with thermal expansion of the pipe.
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Fig. 6. Relations between oy/ o with W/H of expansion loop at 400°F temperature.

Stress occurring on the pipe caused by the thermal expansion will have a higher value when the
W/H value is higher. The non-dimensional unit of stress (oa/o) of the 20-inch diameter pipe has the
value of 1.003 when W/H= 1.1, this means that expansion loops with W/H values of 0.25 up to 1.1
can work properly in handling the thermal expansion of the pipe while the expansion loop stresses of
the pipe which W/H= 1.5 up to W/H= o is unable to work properly in handling the thermal expansion
of the pipe. Stress occurring on the pipe due to thermal expansions will have a higher value if the
W/H is of higher value. Non dimensional stress (oa/o) of the 24-inch diameter pipe has the value of

1.006 when W/H= 1.1, which means that expansion loops with W/H values = 0.25 up to 1.1 can work
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properly in handling the thermal expansion of the pipe while for expansion loop stress of those with
W/H=1.15 up to W/H= o is unable to work properly in handling the thermal expansion of the pipes.

Fig. 6 shows the relation between stress occurring on the pipe with W/H value of the expansion
loops when thermal expansion is occurring on the 16 inches 20 inches, and 24-inch diameter pipes at
400°F working temperature as shown in Table 4. The vertical axis shows the non-dimensional unit of
stress (oy/ o) where oy is yield stress of the material given by ASTM 106 [21] and o is stress occurred
in the pipe. Non dimensional unit of stress (oy/o) on the 16, 20, 24-inch diameter pipe which W/H
value 0.25 up to W/H= 2 shows values of more than 1 that means expansion lops pipe with W/H value
= 0.25 up to 2 for 16, 20, 24-inch diameter pipe are experiencing lower stress value of the pipe yield
stress. Straight pipe (W/H= o0) with 16, 20, 24-inch diameter will undergo stress that exceeds yield
stress on the pipe, hence the pipe will be damaged due to thermal expansion of the pipe with 400°F
temperature. Hence it can be proven that the use of an expansion loop can prevent damage to the
piping system due to thermal expansion of the pipe. In previous study, Shehadeh et al. [15] conducted
a parametric evaluation to optimize the dimensions of the expansion loop in accordance with ASME
B31.3. The ffect of reducing length of the loop (L) and width (W) was investigated. It can be found
from the result that expansion case cannot be affected significantly while reducing width of the loop.
Furthermore, systematic investigation of thermal expansion using another design parameter (W/H) is
crucial to be investigated comprehensively.
3.2 Calculation result on increasing temperature

Expansion loop with 0.25, 0.5, 0.75, and 1 W/H value designed for 400°F temperature is studied
by applying temperature increase up to 700°F. The higher the working temperature is, the highest the
occurring thermal expansion, as shown in Table 4. Fig. 7 shows relations between stress occurring
on the pipe with 400°F up to 700°F working temperature as shown in Table 4 on the 16-inch pipe
diameter with 0.25, 0.5 0.75, and 1 W/H values. The vertical axis represents the Non dimensional unit

of stress (on/o). The higher working temperature of a pipe leads to higher thermal expansion and

increases the stress value of the pipe. Hence the oa/c value is lower. Fig. 8 shows the relations
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between stress occurring on the pipe with 400°F up to 700°F as shown in Table 4 on the expansion
loops with the 16-inch diameter with 0.25, 0.5 0.75, and 1 W/H value. The vertical axis shows a non-
dimensional unit of stress (oy/0). Higher working temperature causes the pipe to undergo higher
thermal expansion and increase of stress value on the pipe, so the (oy/o) is lower. Pipe will be
damaged if the working temperature reaches 700°F because stress occurring is exceeding yield
strength represented in 0.982 (oy/ o) value for W= 0.25H, 0.9 for W= 0.5H, 0.827 for W= 0.75H and
0.765 for W= H.

Fig. 9 shows relations between the stress of the pipe with 400°F working temperature up to 700°F
as shown in Table 4 on the 20-inch diameter expansion loops pipe with 0.25, 0.5 0.75, and 1 W/H
value. The vertical axis represents the non-dimensional unit of stress (oa/o). Higher working
temperature causes the pipe to undergo higher thermal expansion and increase in stress value. Thus
the (oa/o) value is lower. Fig. 10 shows relations between the stress of the pipe with 400°F working
temperature up to 700°F as shown in Table 4 on the 24-inch diameter expansion loops pipe with 0.25,
0.50.75, and 1 W/H value. The vertical axis represents the non-dimensional unit of stress (oa/o). The
vertical axis represents the non-dimensional unit of stress (oy/o). Higher pipe working temperature
causes the pipe to undergo higher thermal expansion and causes an increase of stress value, so the
(oy/ o) is lower. Pipe will be damaged if the working temperature reaches 700°F because the stress
value exceeds yield stress represented by oy/ ovalued 0.967 for W = 0.25H, 0.882 for W = 0.5H, 0.808
for W =0.75H and 0.745 for W = H.

Fig. 11 indicates the relation between stress that is occurring on a pipe with a working
temperature of 400°F up to 700°F shown in Table 4 on the 24-inch diameter expansion loops pipe
with W/H 0.25, 0.5 0.75, and 1 value. The vertical axis indicates non-dimensional stress (oa/o). The
higher the working temperature of the pipe causes a large thermal expansion of the pipe, and this
leads to the stress value of the pipe increase so that the value of oa/o will be lower. Fig. 12 indicates
the relation between stress that is occurring on the pipe with working temperature 400°F up to 700°F

shown in Table 4 on the 24-inch diameter expansion loops pipe with W/H 0.25, 0.5 0.75, and 1 value.
12



~

11

The vertical axis indicates non-dimensional stress (oy/ o). The higher the working temperature of the
pipe causes a large thermal expansion of the pipe and leads to the stress value of the pipe increase so
that the value of (oy/o) will be lower. The pipe will be damaged when the working temperature
reaches 700°F because the stress that occurs will exceed the yield stress value of the pipe that shown
with (oy/ o) valued 0.974 for W= 0.25H, 0.890 for W= 0.5H, 0.814 for W= 0.75H, and 0.749 for W=H.
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Fig. 13 indicates the relation between stress that occurring on the expansion loop pipe with pipe
diameter for expansion loop pipe designed for working temperature 400°F. The vertical Axis indicates
non-dimensional stress (oa/o). The stress change that occurs on the expansion loop pipe along with
the increasing diameter pipe indicates that the value is too significant because the loop length design
is adjusted with the required minimum loop length to overcome the expansion thermal in 400°F
temperature based on Eq. 3. The larger the pipe diameter, the higher the expansion and the longer the

loop length. Expansion loop With W= 0.25H designed for working temperature 400°F can still
15
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working well in overcoming the expansion that occurs when the working temperature increases to
500°F in diameter 16, 20, and 24 inches because it shows a value (oa/c) more than 1. When the
temperature reaches 600°F or even higher, so the expansion loop no longer works properly in
overcoming the thermal expansion that occurs in the pipe. Fig. 14 show the relationship between
stress that occurring on the expansion loop pipe with pipe diameter for expansion loop pipe designed
for working temperature 400°F. The vertical Axis indicates non-dimensional stress (oy/ o). It shows
that the non-dimensional stress (oy/o) will be decreased with increasing the value of W/H or
increasing the working temperature on the pipe. The expansion loop can work properly when the
value of on/cis lower than 1, and the expansion loop will be damaged when the value of oy /o is
lower than 1. The pipe will be damaged when the working temperature increases to 700°F. When the
working temperature increases to 600°F, it will inflict damage to the pipes for pipes with expansion
loop W= H in diameters 16, 20, and 24 inches and W= 0.75H for diameters 20 inches and 24 inches
shown by the value oy/o less than one which mean the stress that occurs in the expansion loop pipe
exceed the yield stress value of the pipe that can be seen in Fig. 14. The value of op/o for W/H= o
(straight pipe) when the working temperature is 400°F will be lower than others W/H when the
working temperature increase until 700°F that can be seen in Fig. 13, and the value of oy/o for W/H=
oo (straight pipe) when the working temperature is 400°F will be lower than others W/H when the

working temperature increase until 700°F that can be seen in Fig. 14.
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4. Conclusion

In this study, an analysis of the stress that occurs in the expansion loop pipe was carried out due
to the thermal expansion that occurred in the pipe by the working temperature using FEA Software.
The following are the result obtained based on the results of the analysis. Stress in the expansion loop
occurred at the pipe bend of the pipe. Stress in the expansion loop pipe will be larger as the W/H value
increase in the expansion loop pipe. The pipe safety factor will be decreased as the W/H value

increases in the expansion loop. The expansion loop can be used to prevent damage to the pipe due
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to thermal expansion in the pipe. The stress that occurred in the expansion loop pipe will increase

with increasing the working temperature pipe. Moreover, the difference in pipe diameters had a slight

effect on the stress that occurred on the pipe if the expansion loop used was adjusted to the minimum

L> required to overcome the thermal expansion of the pipe. The expansion loop pipe with a W/H 0.25

value can still overcome thermal expansion for an increase in temperature to 500°F. All expansion

loop will be damaged when the working temperature increased to 700°F.
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10  Abstract

11 The thermal expansion can lead to the high stress on the pipe. The problem can be overcome using
12 expansion loops in a certain length depending on the material’s elastic modulus, diameter, the amount
13 of expansion, and the pipe’s allowable stresses. Currently, there is no exact definition for the
14  dimension of expansion loops design both for loop width (W) and loop footing height (H) sizes. In
15 this study, expansion loops were investigated with using ratio of width and height (W/H) variations
16  to understand pipe stress occurring on the expansion loops and the expansion loops' safety factor.
17  Relationship between non dimensional stress on the expansion loop pipe was studied numerically by
18 finite element software on several working temperatures of 400°F, 500°F, 600°F, and 700°F. It can be
19  found that stress occurring on the pipes increases as the increases of W/H of the expansion loops and
20  results in a lower safety factor. The safety factor of the expansion loops pipe has a value of 1 when
21 theratio of loop width and loop footing height (W/H) value was 1.2 for a 16-inch diameter pipe. Stress
22 occurring on the pipe increases with the increase of the working temperature. Expansion loops pipe
23 designed for 400°F can still work well to handle thermal extension pipe occurring on 500°F.
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1. Introduction

Thermal expansion on a pipe is one of the problems in designing a piping system because it can
lead to high stress on a pipe. This case can cause fatal damage to the system. Therefore, the study and
design are necessary to avoid damaged piping systems due to the thermal expansion [1]. One of the
methods used to prevent damage to the piping system is by using expansion loops that can be used to
increase designed piping system flexibility [2]. Huang et al. [3] have confirmed that flexible branch
heat pipe has a larger maximum heat load than the straight pipe. Meanwhile, the other study showed
that a flexible pipe with a repeated unit cell had a strong correlation between the repeated unit cell
model and the analytical models with some difference in the wire bending stresses [4]. This research
also found that the repeated unit cell model is robust and computationally efficient for analyzing
flexible pipes [4]. Tang et al. [5] have analyzed that an increase in the winding angle of the tensile
armor wires and damage to the outer sheath of the flexible pipe decreased the compressive stiffness
significantly. Yoo et al. [6] have analyzed flexible pipes which aims to improve the convergence of
nonlinear analysis by simplifying interactions between layers. The result showed the model was
subjected to incremental axial tension, and the overall stiffness decreases due to the progressive
failure of tensile armour layers. The inner tensile armour yields first, and the outer tensile armour
layer follows. Moreover, Hastie et al. [7] have confirmed that increasing the internal temperature
causes a drastic rise in the inner liner failure coefficient of pipe under low pressure. Thermal
expansion occurring on the pipe depends on the expansion coefficient of the pipe material during
working temperature and pipe length. Value of expansion coefficient during work temperature can
be found on American Society of Mechanical Engineers (ASME) B3 1.1 about Power Piping ASME
Code for Pressure Piping [8]. Ja¢imovi¢ [9] believes that there might be an issue with the code
philosophy concerning the thermal expansion stress range. An overstressed piping element may be
deemed acceptable. Total occurring expansion on the pipe over working temperature is based on the
design of the piping system [10]. Alhussainy et al. [11] have studied small tubes under axial

compression and concluded that failure of the small tube due to axial compression was influenced by
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the ratio of unsupported length to the outside diameter (L/D) value used during the study. When the
L/D ratio of the steel tube increased, the ultimate compressive strength will decrease. Moreover, Yudo
and Yoshikawa [12] have stated that the buckling moment of a pipe will decrease the more irregular
the shaped the pipe is. Buckling moment reduction of the irregular pipe is higher for shorter pipe
compared to longer pipes.

Further, Yudo et al. [13] have studied using rectangular hollow pipe and concluded that critical
moment occurring in the rectangular hollow pipe would increase along with the increase of pipe
thickness. Xie et al. [14] have investigated the dynamic loading history of the pipe during the S-lay
operation based on a test-verified finite element model, and the results have confirmed that the deep
water S-lay operation will lead to obvious plastic deformation of the pipe, which decreases the pipe
collapse capacity to some extent. Shehadeh et al. [15] have researched the expansion loop in which
the result shows that stress occurring in the expansion loop will be lower along with the increase of
loop footing height (H) value on the expansion loop with constant loop width (W). Then, Rao et al.
[16] have proved that using expansion loop and spring supports could be a decrease of stress that
occurred in the pipe subjected to operational load and expansion load. Therefore, to make sure that
the stresses in the pipe are within the allowable limit. With CAESAR II software version 5.30, Verma
et al. [17] have analyzed the piping system of high-pressure and high temperature, which produces
significant deflections and thermal expansions in the piping network. The flexible loop patterns are
used to avoid excessive stresses in the piping network. In the expansion loop pipes, there exists a
curve pipe, whether elbow pipe or bend pipe. Yudo and Yoshikawa [18] have explained that the
buckling moment will decrease along with reducing the ratio of the curvature radius of curved pipe
to diameter of cylinder (R/D) value. Kang et al. [19] have mentioned that the relevant equations can
be used to estimate the maximum withstand load evaluation of a highly ductile pipe and can also be
used to estimate the elastoplastic fracture mechanics parameters using the reference stress method.
Sorour et al. [20] have studied that the presence of the residual stresses remarkably reduces the pipe

bend load-carrying capacity.
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Although a majority of previous investigations have been reviewed to explore the development
of expansion loop design. There is limited study in the comprehensive assessment of expansion loop
design to assess the influence of geometric, thermal and mechanical design parameters on the pipe
safety. The issue is crucial since the result could be guidelines for the design of expansion loops in
pipeline systems. To address this issue, numerical assessment of expansion loops of pipe subjected
to thermal displacements is evaluated. The relationship between non dimensional stress on the
designed expansion loop pipe was studied by nonlinear finite element analysis (FEA) on several
working temperatures of 400-700°F. The pipe material used for a high-temperature study based on
the Piping Materials Guide is American Standard Testing and Material (ASTM) A 106 [21]. In this
case, the design parameter used was the ratio between loop width and loop footing height (W/H) with
12 total variations analyzed in three different nominal pipe sizes.

2. Description of Numerical Method

In this work, simulations are implemented numerically using a finite element software package.
The finite element method is a numerical technique ideally suited to digital computers in which a
model is discretized into smaller but finite sub-structures (element) that can be represented by
equations. For modelling and simulation purposes, the physical parameters of the expansion loop
need to be defined in the first step. Then, the simulations are performed using nonlinear finite element
analysis to investigate the influence of the mentioned parameters on the structural behaviour.

2.1 Calculation parameters

The expansion loop studied in this study was an asymmetrical expansion loop with three pipe
spans and an expansion loop located in the middle span as shown in Fig. 1. The loop length used can
be seen in Table 6. Required total expansion loop length/bend length (L) to absorb thermal expansion
of the pipe can be calculated using Eq. 1. Moreover, the bending radius of the expansion loop pipe
was designed using a short bend radius. Abdalla [22] has observed that the combined load carrying

capabilities increase as the number of milter welds increases. Balakrishnan et al. [23] have studied
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that ratcheting was the principal reason for failure for long bend radius elbows. In contrast, for short

bend radius elbows, reserved plasticity was the reason for failure.

Fig. 1. Symmetrical Expansion Loop.

’3EDA
— 1
L= 1 o, ()

L,=W+2H 2

where L; is bend length required to absorb expansion (ft), E is modulus of elasticity of pipe (psi), D
is outside pipe diameter (inch), A is expansion to be absorted by the loop (inch), o is pipe allowable
stress (psi), Wis loop width (ft), and H is loop footing height (ft).

In this study, stress analysis of the expansion loops pipe designed for 400°F was conducted using
ASTM A106 Grade A used as a material with 16 inches, 20 inches, and 24 inches of nominal pipe
size (NPS) with the thickness of 0.2 inches. The parameter used was the ratio between loop width and
loop footing height (W/H). Variations of W/H used in this study were 0.25, 0.5, 0.75, 1, 1.05, 1.1,
1.15, 1.2, 1.25, 1.5, 1.75, 2. The parameter used for 16-inch diameter can be seen in Table 1. While
for the 20-inch diameter pipe can be seen in Table 2, and the 24-inch diameter pipe in Table 3. Yu et
al. [24] have explained that J-integral resistance curve, critical initial fracture toughness, critical initial
fracture toughness stretch zone width method, and stress zone width are higher at lower crack depth
ratios and gradually decrease with increasing crack depth. Expansion loop model designed to work
at 400°F temperature with W/H (.25, 0.5. 0.75 and 1 will be studied using displacement changes due

to thermal expansion from 400°F up to 700°F, which are shown in Table 4.
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Table 1. Parameters of expansion loop pipe at 16, 20, 24-inches pipe diameters.

16-inch 20-inch 24-inch

Number  W/H 14 H w H W H
(ft) (ft) (/v d)  d) ()
1 0.25 4.2 16.9 4.2 169 56 222
2 0.5 7.6 15.2 7.6 15.2 10 20
3 0.75 104 13.8 12 16 13.6 18.2
4 1 12.7 12.7 14.7 147 167 16.7
5 1.05 13.1 12.5 15.1 144 172 164
6 1.1 13.5 123 15,6 142 17.7 16.1
7 1.15 13.9 12.1 16.1 14 183 159
8 1.2 14.3 11.9 16.5 138 18.8 15.6
9 1.25 14.6 11.7 169 135 192 154
10 1.5 16.3 10.9 189 126 214 143
11 1.75 17.7 10.1 20.5 11.7 233 133
2 19 9.5 22 11 25 125

Table 4. Analytical parameter of different temperature

NPS 400 500 600 700

(inch)y CF) CFH CFH P

16 2940 3.885 4.935 5.985

20 3276 4329 5499 6.669

24 3.528 4.662 5922 7.182

2.2 Model and applied boundary condition

Models will be studied at 400°F working temperature, so the distance between the guide (L) and

distance between anchor (L;) are obtained, which is shown in Table 5. Loop required length to control

pipe expansion at 400°F is shown in Table 6. The full model of pipe with expansion loops was

investigated with FEA-based software.
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Table 5. Anchor and guide distance

NPS L L

(inch) () (ft)
16 35 105
20 39 117
24 42 126

Table 6. Required loop length.

NPS  Total Expansion L

(inch) (inch) (ft)
16 2.940 38
20 3.276 44
24 3.528 50

The boundary used in this study was the single point constraint (SPC) which restricts the
movement of a single node in any of 6 degrees of freedom (dof). The degree of freedom in SPC
consisted of translation X, Y, Z (dofl, dof2, dof3) and rotation of X, Y, Z (dof4, dof5, dof6). SPC
was added in anchor, guide, and middle section of loop parts according to Fig. 2. SPC on anchor part
has dof1= dof2=dof3=dof4=dof5=dof6=0, SPC on guide part was dof2=dof3=0, and SPC on middle
part of loop is dof1=0. The weight used was displacement change on the anchor parts, which was
equal to total expansion on the pipe. Weights were added into both anchor parts, valued half of the
total expansion in each anchor towards opposite directions, as shown in Fig. 2. The weight used in
the analysis of model 400°F with temperature variations was half of the total expansion value, as

shown in Table 4 inputted using displacement change in each anchor.
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Fig. 2. Applied boundary condition.

The method used in this study was nonlinear static analysis with 3D solid element mesh. The
solid element in finite element analysis has certain advantages compared to the shell and has desirable
characteristics in numerical calculations: i.e., the solid element has no geometric limitations, requires
no geometric preprocessing, and allows stress and strain to be profiled through the thickness. The
selection of a 3D solid element is based on the result of a validation test between numerical test and
analytical calculation in Table 7. The recorded stress of a 16-inch diameter pipe with W/H = 1 using
3D solid model discretization has good agreement with the analytical result, indicating small error
compared with shell-based discretization. Furthermore, the mesh size used was 1 unit, with 0.25 units
in width in this case. The total node amount in the pipe diameter parts was increased to get a better
mesh shape, which total node was 336 for the 16-inch diameter pipe, 420 nodes for the 20-inch

diameter pipe, and 502 nodes for the 24-inch diameter pipe, as shown in Fig. 3.

Fig. 3. The number of nodes in each pipe diameter variation models.
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Table 7. Validation test between numerical test and analytical calculation.

Stress of pipe at W/H=1 (psi)

Model Error
o Numerical test Analytical calculation
discretization (%)
(present study) based on ASME B31.3
3D Solid element 1.926 x 10* 1.884 x 10* 2.2
Shell element 2.787 x 10* 1.884 x 104 479

3. Numerical result and discussion

The purpose of the FEA results discussion is to describe the relationship between the stresses that
occurred in the designed expansion loop pipe and thermal displacement. In the first part, a discussion
of the calculation results of 12 W/H variations at a 400°F working temperature is presented. In the
last part, the influence of increasing working temperature on the designed expansion loop pipe with
4 W/H variations is discussed.
3.1 Calculation result on design temperature

The pipe will undergo thermal expansion which values are based on the pipe length and working
temperature following Table 4. Thermal expansions are occurring in the expansion loop pipe cause

the pipe to undergo stresses on the pipe bend expansion loop, as shown in Fig. 4.

11676404
9.999E+03
8,332E+03
6.666E+03
5.000E+03
33336403
1.667E+03
~ 351060
=2 i
Max = 1.5006+04
30 786016
Min = 3510601
3D 190666
ZEaN

|

Fig. 4. Stress occurring in the expansion loop pipe.
Fig. 5 indicates the correlation between stress occurring in the pipe with the W/H value of the
expansion loops when thermal expansions occur on the 16-inch, 20-inch, and 24-inch diameter pipes
for 400°F working temperature, as shown in Table 4. The vertical axis shows the non-dimensional

unit of stress (oa/0) where oy is allowable strees given by ASME code B31.3 [1] and o is stress
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1 occurred in the pipe. The lowest recorded stress occurs in the expansion loop with W/H value of 0.25,
2 and the highest recorded stress in the expansion loops with W/H value is o (straight pipe). Pipe stress
3 will increase along with an increase in W/H value. Stress occurring on the pipe caused by the thermal
4  expansion will have a higher value if the W/H value is higher. The non-dimensional unit of stress
5 (ou/o) of the 16-inch diameter pipe has the value of 1 when the W/H value is equal to 1.2. This means
6 that expansion loops which W/H values equal to 0.25 up to 1.2 can work properly in dealing with
7 thermal expansion of the pipe, while expansion loop stress which W/H from 1.4 to oo cannot work

8 correctly in dealing with thermal expansion of the pipe.
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Stress occurring on the pipe caused by the thermal expansion will have a higher value when the
W/H value is higher. The non-dimensional unit of stress (oa/o) of the 20-inch diameter pipe has the
value of 1.003 when W/H= 1.1, this means that expansion loops with W/H values of 0.25 up to 1.1
can work properly in handling the thermal expansion of the pipe while the expansion loop stresses of
the pipe which W/H= 1.5 up to W/H= 0 is unable to work properly in handling the thermal expansion
of the pipe. Stress occurring on the pipe due to thermal expansions will have a higher value if the
W/H 1s of higher value. Non dimensional stress (oa/0) of the 24-inch diameter pipe has the value of
1.006 when W/H= 1.1, which means that expansion loops with W/H values = 0.25 up to 1.1 can work
properly in handling the thermal expansion of the pipe while for expansion loop stress of those with
W/H= 1.15 up to W/H= <0 is unable to work properly in handling the thermal expansion of the pipes.

Fig. 6 shows the relation between stress occurring on the pipe with W/H value of the expansion
loops when thermal expansion is occurring on the 16 inches 20 inches, and 24-inch diameter pipes at
400°F working temperature as shown in Table 4. The vertical axis shows the non-dimensional unit of
stress (0y/0) where oy 1s yield stress of the material given by ASTM 106 [21] and o is stress occurred
in the pipe. Non dimensional unit of stress (oy/0) on the 16, 20, 24-inch diameter pipe which W/H
value 0.25 up to W/H=2 shows values of more than 1 that means expansion lops pipe with W/H value
=0.25 up to 2 for 16, 20, 24-inch diameter pipe are experiencing lower stress value of the pipe yield
stress. Straight pipe (W/H= o) with 16, 20, 24-inch diameter will undergo stress that exceeds yield
stress on the pipe, hence the pipe will be damaged due to thermal expansion of the pipe with 400°F
temperature. Hence it can be proven that the use of an expansion loop can prevent damage to the
piping system due to thermal expansion of the pipe. In previous study, Shehadeh et al. [15] conducted
a parametric evaluation to optimize the dimensions of the expansion loop in accordance with ASME
B31.3. The ffect of reducing length of the loop (L) and width (W) was investigated. It can be found
from the result that expansion case cannot be affected significantly while reducing width of the loop.
Furthermore, systematic investigation of thermal expansion using another design parameter (W/H) is

crucial to be investigated comprehensively.
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3.2 Calculation result on increasing temperature

Expansion loop with 0.25, 0.5, 0.75, and 1 W/H value designed for 400°F temperature is studied
by applying temperature increase up to 700°F. The higher the working temperature is, the highest the
occurring thermal expansion, as shown in Table 4. Fig. 7 shows relations between stress occurring
on the pipe with 400°F up to 700°F working temperature as shown in Table 4 on the 16-inch pipe
diameter with 0.25, 0.5 0.75, and 1 W/H values. The vertical axis represents the Non dimensional unit
of stress (oa/0). The higher working temperature of a pipe leads to higher thermal expansion and
increases the stress value of the pipe. Hence the oa/c value is lower. Fig. 8 shows the relations
between stress occurring on the pipe with 400°F up to 700°F as shown in Table 4 on the expansion
loops with the 16-inch diameter with 0.25, 0.5 0.75, and 1 W/H value. The vertical axis shows a non-
dimensional unit of stress (oy/0). Higher working temperature causes the pipe to undergo higher
thermal expansion and increase of stress value on the pipe, so the (oy/0) is lower. Pipe will be
damaged if the working temperature reaches 700°F because stress occurring is exceeding yield
strength represented in 0.982 (oy/0) value for W= 0.25H, 0.9 for W= 0.5H, 0.827 for W= 0.75H and
0.765 for W= H.

Fig. 9 shows relations between the stress of the pipe with 400°F working temperature up to 700°F
as shown in Table 4 on the 20-inch diameter expansion loops pipe with 0.25, 0.5 0.75, and 1 W/ H
value. The vertical axis represents the non-dimensional unit of stress (oa/c). Higher working
temperature causes the pipe to undergo higher thermal expansion and increase in stress value. Thus
the (ou/0) value is lower. Fig. 10 shows relations between the stress of the pipe with 400°F working
temperature up to 700°F as shown in Table 4 on the 24-inch diameter expansion loops pipe with .25,
0.50.75, and 1 W/H value. The vertical axis represents the non-dimensional unit of stress (oa/6). The
vertical axis represents the non-dimensional unit of stress (o;/0). Higher pipe working temperature
causes the pipe to undergo higher thermal expansion and causes an increase of stress value, so the

(0y/0) 1s lower. Pipe will be damaged if the working temperature reaches 700°F because the stress
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1 value exceeds yield stress represented by oy/c valued 0.967 for W= 0.25H, 0.882 for W=0.5H, 0.808
2 for W=0.75H and 0.745 for W= H.
3 Fig. 11 indicates the relation between stress that is occurring on a pipe with a working
4 temperature of 400°F up to 700°F shown in Table 4 on the 24-inch diameter expansion loops pipe
5 with W/H 0.25, 0.5 0.75, and 1 value. The vertical axis indicates non-dimensional stress (oa/o). The
6  higher the working temperature of the pipe causes a large thermal expansion of the pipe, and this
7  leads to the stress value of the pipe increase so that the value of oa/o will be lower. Fig. 12 indicates
8 the relation between stress that is occurring on the pipe with working temperature 400°F up to 700°F
9  shown in Table 4 on the 24-inch diameter expansion loops pipe with W/H 0.25, 0.5 0.75, and 1 value.
10  The vertical axis indicates non-dimensional stress (6y/6). The higher the working temperature of the
11 pipe causes a large thermal expansion of the pipe and leads to the stress value of the pipe increase so
12 that the value of (oy/0) will be lower. The pipe will be damaged when the working temperature
13 reaches 700°F because the stress that occurs will exceed the yield stress value of the pipe that shown

14  with (6y/0) valued 0.974 for W=0.25H, 0.890 for W= 0.5H, 0.814 for W=0.75H, and 0.749 for W=H.
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16 Fig. 7. Relationship between oa/o of the 16-inch diameter expansion loops pipe with increasing
17 temperature.
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Fig. 13 indicates the relation between stress that occurring on the expansion loop pipe with pipe
diameter for expansion loop pipe designed for working temperature 400°F. The vertical Axis indicates
non-dimensional stress (oa/o). The stress change that occurs on the expansion loop pipe along with
the increasing diameter pipe indicates that the value is too significant because the loop length design
is adjusted with the required minimum loop length to overcome the expansion thermal in 400°F
temperature based on Eq. 3. The larger the pipe diameter, the higher the expansion and the longer the
loop length. Expansion loop With W= 0.25H designed for working temperature 400°F can still
working well in overcoming the expansion that occurs when the working temperature increases to
500°F in diameter 16, 20, and 24 inches because it shows a value (o4/c) more than 1. When the
temperature reaches 600°F or even higher, so the expansion loop no longer works properly in
overcoming the thermal expansion that occurs in the pipe. Fig. 14 show the relationship between
stress that occurring on the expansion loop pipe with pipe diameter for expansion loop pipe designed
for working temperature 400°F. The vertical Axis indicates non-dimensional stress (cy/0). It shows
that the non-dimensional stress (o;/0) will be decreased with increasing the value of W/H or
increasing the working temperature on the pipe. The expansion loop can work properly when the

value of oa/ois lower than 1, and the expansion loop will be damaged when the value of oy /o is
16
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lower than 1. The pipe will be damaged when the working temperature increases to 700°F. When the

working temperature increases to 600°F, it will inflict damage to the pipes for pipes with expansion

loop W= H in diameters 16, 20, and 24 inches and W= 0.75H for diameters 20 inches and 24 inches

shown by the value oy/o less than one which mean the stress that occurs in the expansion loop pipe

exceed the yield stress value of the pipe that can be seen in Fig. 14. The value of oa/c for W/ H= o

(straight pipe) when the working temperature is 400°F will be lower than others W/H when the

working temperature increase until 700°F that can be seen in Fig. 13, and the value of y/c for W/H=

o (straight pipe) when the working temperature is 400°F will be lower than others W/H when the

working temperature increase until 700°F that can be seen in Fig. 14.
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4. Conclusion

In this study, an analysis of the stress that occurs in the expansion loop pipe was carried out due
to the thermal expansion that occurred in the pipe by the working temperature using FEA Software.
The following are the result obtained based on the results of the analysis. Stress in the expansion loop
occurred at the pipe bend of the pipe. Stress in the expansion loop pipe will be larger as the W/H value
increase in the expansion loop pipe. The pipe safety factor will be decreased as the W/H value
increases in the expansion loop. The expansion loop can be used to prevent damage to the pipe due
to thermal expansion in the pipe. The stress that occurred in the expansion loop pipe will increase
with increasing the working temperature pipe. Moreover, the difference in pipe diameters had a slight
effect on the stress that occurred on the pipe if the expansion loop used was adjusted to the minimum
L; required to overcome the thermal expansion of the pipe. The expansion loop pipe with a W/H 0.25
value can still overcome thermal expansion for an increase in temperature to S00°F. All expansion
loop will be damaged when the working temperature increased to 700°F.
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Abstract: The thermal expansion can lead to the high stress
on the pipe. The problem can be overcome using expansion
loops in a certain length depending on the material’s elas-
tic modulus, diameter, the amount of expansion, and the
pipe’s allowable stresses. Currently, there is no exact def-
inition for the dimension of expansion loops design both
for loop width (W) and loop footing height (H) sizes. In this
study, expansion loops were investigated with using ratio
of width and height (W/H) variations to understand pipe
stress occurring on the expansion loops and the expansion
loops’ safety factor. Relationship between non dimensional
stress on the expansion loop pipe was studied numerically
by finite element software on several working temperatures
of 400°F, 500°F, 600°F, and 700°F. It can be found that
stress occurring on the pipes increases as the increases of
W/H of the expansion loops and results in a lower safety
factor. The safety factor of the expansion loops pipe has
a value of 1 when the ratio of loop width and loop foot-
ing height (W/H) value was 1.2 for a 16-inch diameter pipe.
Stress occurring on the pipe increases with the increase of
the working temperature. Expansion loops pipe designed
for 400°F can still work well to handle thermal extension
pipe occurring on 500°F.
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1 Introduction

Thermal expansion on a pipe is one of the problems in de-
signing a piping system because it can lead to high stress
on a pipe. This case can cause fatal damage to the system.
Therefore, the study and design are necessary to avoid dam-
aged piping systems due to the thermal expansion [1]. One
of the methods used to prevent damage to the piping system
is by using expansion loops that can be used to increase
designed piping system flexibility [2]. Huang et al. [3] have
confirmed that flexible branch heat pipe has a larger maxi-
mum heat load than the straight pipe. Meanwhile, the other
study showed that a flexible pipe with a repeated unit cell
had a strong correlation between the repeated unit cell
model and the analytical models with some difference in
the wire bending stresses [4]. This research also found that
the repeated unit cell model is robust and computationally
efficient for analyzing flexible pipes [4]. Tang et al. [5] have
analyzed that an increase in the winding angle of the tensile
armor wires and damage to the outer sheath of the flexible
pipe decreased the compressive stiffness significantly. Yoo
et al. [6] have analyzed flexible pipes which aims to im-
prove the convergence of nonlinear analysis by simplifying
interactions between layers. The result showed the model
was subjected to incremental axial tension, and the overall
stiffness decreases due to the progressive failure of tensile
armour layers. The inner tensile armour yields first, and the
outer tensile armour layer follows. Moreover, Hastie et al.
[7] have confirmed that increasing the internal temperature
causes a drastic rise in the inner liner failure coefficient
of pipe under low pressure. Thermal expansion occurring
on the pipe depends on the expansion coefficient of the
pipe material during working temperature and pipe length.
Value of expansion coefficient during work temperature
can be found on American Society of Mechanical Engineers
(ASME) B3 1.1 about Power Piping ASME Code for Pressure
Piping [8]. Ja¢imovi¢ [9] believes that there might be an
issue with the code philosophy concerning the thermal ex-
pansion stress range. An overstressed piping element may
be deemed acceptable. Total occurring expansion on the
pipe over working temperature is based on the design of
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the piping system [10]. Alhussainy et al. [11] have studied
small tubes under axial compression and concluded that
failure of the small tube due to axial compression was in-
fluenced by the ratio of unsupported length to the outside
diameter (L/D) value used during the study. When the L/D
ratio of the steel tube increased, the ultimate compressive
strength will decrease. Moreover, Yudo and Yoshikawa [12]
have stated that the buckling moment of a pipe will de-
crease the more irregular the shaped the pipe is. Buckling
moment reduction of the irregular pipe is higher for shorter
pipe compared to longer pipes.

Further, Yudo et al. [13] have studied using rectangular
hollow pipe and concluded that critical moment occurring
in the rectangular hollow pipe would increase along with
the increase of pipe thickness. Xie et al. [14] have investi-
gated the dynamic loading history of the pipe during the S-
lay operation based on a test-verified finite element model,
and the results have confirmed that the deep-water S-lay
operation will lead to obvious plastic deformation of the
pipe, which decreases the pipe collapse capacity to some
extent. Shehadeh et al. [15] have researched the expansion
loop in which the result shows that stress occurring in the
expansion loop will be lower along with the increase of
loop footing height (H) value on the expansion loop with
constant loop width (W). Then, Rao et al. [16] have proved
that using expansion loop and spring supports could be
a decrease of stress that occurred in the pipe subjected to
operational load and expansion load. Therefore, to make
sure that the stresses in the pipe are within the allowable
limit. With CAESAR II software version 5.30, Verma et al.
[17] have analyzed the piping system of high-pressure and
high temperature, which produces significant deflections
and thermal expansions in the piping network. The flexible
loop patterns are used to avoid excessive stresses in the
piping network. In the expansion loop pipes, there exists
a curve pipe, whether elbow pipe or bend pipe. Yudo and
Yoshikawa [18] have explained that the buckling moment
will decrease along with reducing the ratio of the curva-
ture radius of curved pipe to diameter of cylinder (R/D)
value. Kang et al. [19] have mentioned that the relevant
equations can be used to estimate the maximum withstand
load evaluation of a highly ductile pipe and can also be
used to estimate the elastoplastic fracture mechanics pa-
rameters using the reference stress method. Sorour et al.
[20] have studied that the presence of the residual stresses
remarkably reduces the pipe bend load-carrying capacity.

Although a majority of previous investigations have
been reviewed to explore the development of expansion
loop design. There is limited study in the comprehensive as-
sessment of expansion loop design to assess the influence
of geometric, thermal and mechanical design parameters

DE GRUYTER

on the pipe safety. The issue is crucial since the result could
be guidelines for the design of expansion loops in pipeline
systems. To address this issue, numerical assessment of ex-
pansion loops of pipe subjected to thermal displacements
is evaluated. The relationship between non dimensional
stress on the designed expansion loop pipe was studied
by nonlinear finite element analysis (FEA) on several work-
ing temperatures of 400-700°F. The pipe material used for
a high-temperature study based on the Piping Materials
Guide is American Standard Testing and Material (ASTM)
A 106 [21]. In this case, the design parameter used was the
ratio between loop width and loop footing height (W/H)
with 12 total variations analyzed in three different nominal
pipe sizes.

2 Description of numerical method

In this work, simulations are implemented numerically us-
ing a finite element software package. The finite element
method is a numerical technique ideally suited to digital
computers in which a model is discretized into smaller but
finite sub-structures (element) that can be represented by
equations. For modelling and simulation purposes, the
physical parameters of the expansion loop need to be de-
fined in the first step. Then, the simulations are performed
using nonlinear finite element analysis to investigate the
influence of the mentioned parameters on the structural
behaviour.

2.1 Calculation parameters

The expansion loop studied in this study was an asymmetri-
cal expansion loop with three pipe spans and an expansion
loop located in the middle span as shown in Figure 1. The
loop length used can be seen in Table 6. Required total ex-
pansion loop length/bend length (L,) to absorb thermal
expansion of the pipe can be calculated using Eq. (1). More-
over, the bending radius of the expansion loop pipe was de-
signed using a short bend radius. Abdalla [22] has observed
that the combined load carrying capabilities increase as the
number of milter welds increases. Balakrishnan et al. [23]
have studied that ratcheting was the principal reason for
failure for long bend radius elbows. In contrast, for short
bend radius elbows, reserved plasticity was the reason for

failure.
3EDA
L, = 1
27\ 1440, )
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Figure 1: Symmetrical Expansion Loop.
L,=W+2H )]

Where:

L, is bend length required to absorb expansion (ft), E is
modulus of elasticity of pipe (psi), D is outside pipe diame-
ter (inch), A is expansion to be absorted by the loop (inch),
0, is pipe allowable stress (psi), W is loop width (ft), and
H is loop footing height (ft).

In this study, stress analysis of the expansion loops
pipe designed for 400°F was conducted using ASTM A106
Grade A used as a material with 16 inches, 20 inches, and
24 inches of nominal pipe size (NPS) with the thickness
of 0.2 inches. The parameter used was the ratio between
loop width and loop footing height (W/H). Variations of
W/H used in this study were 0.25, 0.5, 0.75, 1, 1.05, 1.1, 1.15,
1.2, 1.25, 1.5, 1.75, 2. The parameter used for 16, 20 and 24-
inch diameter can be seen in Table 1. Yu et al. [24] have ex-
plained that J-integral resistance curve, critical initial frac-
ture toughness, critical initial fracture toughness stretch
zone width method, and stress zone width are higher at
lower crack depth ratios and gradually decrease with in-
creasing crack depth. Expansion loop model designed to
work at 400°F temperature with W/H 0.25, 0.5. 0.75 and 1
will be studied using displacement changes due to thermal
expansion from 400°F up to 700°F, which are shown in
Table 2.

2.2 Model and applied boundary condition

Models will be studied at 400°F working temperature, so
the distance between the guide (L) and distance between
anchor (L1) are obtained, which is shown in Table 3. Loop
required length to control pipe expansion at 400°F is shown
in Table 4. The full model of pipe with expansion loops was
investigated with FEA-based software.

The boundary used in this study was the single point
constraint (SPC) which restricts the movement of a sin-
gle node in any of 6 degrees of freedom (dof). The de-
gree of freedom in SPC consisted of translation X, Y, Z
(dof1, dof2, dof3) and rotation of X, Y, Z (dof4, dof5, dofé).
SPC was added in anchor, guide, and middle section of
loop parts according to Figure 2. SPC on anchor part has
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Table 1: Parameters of expansion loop pipe at 16, 20, 24-inches pipe
diameters.

16-inch 20-inch 24-inch
Nr. W/H W(ft) H@t) W(ft) H@F) w(ft) H(t)
1 0.25 4.2 16.9 4.2 16.9 5.6 22.2
2 0.5 7.6 152 7.6 15.2 10 20
3 0.75 10.4 13.8 12 16 13.6 18.2
4 1 12,7 12,7 147 147 16.7 16.7
5 1.05 13.1 12,5 151 144 17.2 16.4
6 11 13.5 123 156 142 17.7 161
7 1.15 139 121 16.1 14 18.3 15.9
8 1.2 143 119 16.5 13.8 188 15.6
9 1.25 146 11.7 169 13,5 19.2 154
10 1.5 163 109 189 12.6 21.4 143
11 175 177 101 20.5 11.7 233 133
2 19 9.5 22 11 25 12.5
Table 2: Analytical parameter of different temperature.
NPS (inch) 400 (°F) 500 (°F) 600 (°F) 700 (°F)
16 2.940 3.885 4,935 5.985
20 3.276 4.329 5.499 6.669
24 3.528 4.662 5.922 7.182

dof1= dof2=dof3=dof4=dof5=dof6=0, SPC on guide part was
dof2=dof3=0, and SPC on middle part of loop is dof1=0. The
weight used was displacement change on the anchor parts,
which was equal to total expansion on the pipe. Weights
were added into both anchor parts, valued half of the to-
tal expansion in each anchor towards opposite directions,
as shown in Figure 2. The weight used in the analysis of
model 400°F with temperature variations was half of the
total expansion value, as shown in Table 4 inputted using
displacement change in each anchor.

Figure 2: Applied boundary condition.

The method used in this study was nonlinear static
analysis with 3D solid element mesh. The solid element in
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Table 3: Anchor and guide distance.

NPS (inch) L(ft) Lq (ft)
16 35 105
20 39 117
24 42 126

Table 4: Required loop length.

NPS (inch)  Total Expansion (inch) L, (ft)
16 2.940 38
20 3.276 44
24 3.528 50

finite element analysis has certain advantages compared

to the shell and has desirable characteristics in numeri-

cal calculations: i.e., the solid element has no geometric

limitations, requires no geometric preprocessing, and al-
lows stress and strain to be profiled through the thickness.

The selection of a 3D solid element is based on the result
of a validation test between numerical test and analytical

calculation in Table 5. The recorded stress of a 16-inch diam-

eter pipe with W/H = 1 using 3D solid model discretization
has good agreement with the analytical result, indicating

small error compared with shell-based discretization. Fur-

thermore, the mesh size used was 1 unit, with 0.25 units
in width in this case. The total node amount in the pipe
diameter parts was increased to get a better mesh shape,
which total node was 336 for the 16-inch diameter pipe, 420
nodes for the 20-inch diameter pipe, and 502 nodes for the
24-inch diameter pipe, as shown in Figure 3.

Figure 3: The number of nodes in each pipe diameter variation
models.
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3 Numerical result and discussion

The purpose of the FEA results discussion is to describe
the relationship between the stresses that occurred in the
designed expansion loop pipe and thermal displacement.
In the first part, a discussion of the calculation results of
12 W/H variations at a 400°F working temperature is pre-
sented. In the last part, the influence of increasing working
temperature on the designed expansion loop pipe with 4
W/H variations is discussed.

3.1 Calculation result on design temperature

The pipe will undergo thermal expansion which values
are based on the pipe length and working temperature fol-
lowing Table 4. Thermal expansions are occurring in the
expansion loop pipe cause the pipe to undergo stresses on
the pipe bend expansion loop, as shown in Figure 4.

Figure 4: Stress occurring in the expansion loop pipe.

Figure 5 indicates the correlation between stress occur-
ring in the pipe with the W/H value of the expansion loops
when thermal expansions occur on the 16-inch, 20-inch,
and 24-inch diameter pipes for 400°F working tempera-
ture, as shown in Table 2. The vertical axis shows the non-
dimensional unit of stress (04/0) where 04 is allowable
strees given by ASME code B31.3 [1] and o is stress occurred
in the pipe. The lowest recorded stress occurs in the expan-
sion loop with W/H value of 0.25, and the highest recorded
stress in the expansion loops with W/H value is oo (straight
pipe). Pipe stress will increase along with an increase in
W/H value. Stress occurring on the pipe caused by the ther-
mal expansion will have a higher value if the W/H value is
higher. The non-dimensional unit of stress (o4 /) of the 16-
inch diameter pipe has the value of 1 when the W/H value
is equal to 1.2. This means that expansion loops which W/H
values equal to 0.25 up to 1.2 can work properly in dealing
with thermal expansion of the pipe, while expansion loop
stress which W/H from 1.4 to oo cannot work correctly in
dealing with thermal expansion of the pipe.
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Table 5: Validation test between numerical test and analytical calculation.

Model Stress of pipe at W/H=1 (psi)

Error

discretization Numerical test (present study)

Analytical calculation based on ASME B31.3 (%)

3D Solid element
Shell element

1.926 x 104
2.787 x104

1.884 x 104
1.884 x 104

2.2
47.9
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Figure 5: Relationship between g,/0 with W/H of Expansion Loop at
400°F temperature.
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Figure 6: Relations between 0),/c with W/H of expansion loop at
400°F temperature.

Stress occurring on the pipe caused by the thermal ex-
pansion will have a higher value when the W/H value is
higher. The non-dimensional unit of stress (64/0) of the
20-inch diameter pipe has the value of 1.003 when W/H=
1.1, this means that expansion loops with W/H values of
0.25 up to 1.1 can work properly in handling the thermal
expansion of the pipe while the expansion loop stresses of
the pipe which W/H= 1.5 up to W/H=c< is unable to work
properly in handling the thermal expansion of the pipe.
Stress occurring on the pipe due to thermal expansions
will have a higher value if the W/H is of higher value. Non
dimensional stress (04 /0) of the 24-inch diameter pipe has
the value of 1.006 when W/H= 1.1, which means that ex-

pansion loops with W/H values = 0.25 up to 1.1 can work
properly in handling the thermal expansion of the pipe
while for expansion loop stress of those with W/H= 1.15
up to W/H=co is unable to work properly in handling the
thermal expansion of the pipes.

Figure 6 shows the relation between stress occurring
on the pipe with W/H value of the expansion loops when
thermal expansion is occurring on the 16 inches 20 inches,
and 24-inch diameter pipes at 400°F working tempera-
ture as shown in Table 4. The vertical axis shows the non-
dimensional unit of stress (g, /) where oy is yield stress of
the material given by ASTM 106 [21] and ¢ is stress occurred
in the pipe. Non dimensional unit of stress (0y/d) on the
16, 20, 24-inch diameter pipe which W/H value 0.25 up to
W/H= 2 shows values of more than 1 that means expansion
lops pipe with W/H value = 0.25 up to 2 for 16, 20, 24-inch
diameter pipe are experiencing lower stress value of the
pipe vield stress. Straight pipe (W/H=oc0) with 16, 20, 24-
inch diameter will undergo stress that exceeds yield stress
on the pipe, hence the pipe will be damaged due to thermal
expansion of the pipe with 400°F temperature. Hence it can
be proven that the use of an expansion loop can prevent
damage to the piping system due to thermal expansion of
the pipe. In previous study, Shehadeh et al. [15] conducted
a parametric evaluation to optimize the dimensions of the
expansion loop in accordance with ASME B31.3. The effect
of reducing length of the loop (L) and width (W) was inves-
tigated. It can be found from the result that expansion case
cannot be affected significantly while reducing width of
the loop. Furthermore, systematic investigation of thermal
expansion using another design parameter (W/H) is crucial
to be investigated comprehensively.

3.2 Calculation result on increasing
temperature

Expansion loop with 0.25, 0.5, 0.75, and 1 W/H value de-
signed for 400 °F temperature is studied by applying tem-
perature increase up to 700°F. The higher the working tem-
perature is, the highest the occurring thermal expansion, as
shown in Table 2. Figure 7 shows relations between stress
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occurring on the pipe with 400°F up to 700°F working tem-
perature as shown in Table 2 on the 16-inch pipe diameter
with 0.25, 0.5 0.75, and 1 W/H values. The vertical axis repre-
sents the Non dimensional unit of stress (¢4 / ¢). The higher
working temperature of a pipe leads to higher thermal ex-
pansion and increases the stress value of the pipe. Hence
the 04/0 value is lower. Figure 8 shows the relations be-
tween stress occurring on the pipe with 400°F up to 700°F
as shown in Table 2 on the expansion loops with the 16-inch
diameter with 0.25, 0.5 0.75, and 1 W/H value. The vertical
axis shows a non-dimensional unit of stress (oy /o). Higher
working temperature causes the pipe to undergo higher
thermal expansion and increase of stress value on the pipe,
so the (0y/0) is lower. Pipe will be damaged if the working
temperature reaches 700°F because stress occurring is ex-
ceeding yield strength represented in 0.982 (0y/ o) value for
W= 0.25H, 0.9 for W= 0.5H, 0.827 for W= 0.75H and 0.765
for W=H.

Figure 9 shows relations between the stress of the pipe
with 400°F working temperature up to 700°F as shown in
Table 4 on the 20-inch diameter expansion loops pipe with
0.25, 0.5 0.75, and 1 W/H value. The vertical axis represents
the non-dimensional unit of stress (o4 /o). Higher working
temperature causes the pipe to undergo higher thermal
expansion and increase in stress value. Thus the (04 /0)
value is lower. Figure 10 shows relations between the stress
of the pipe with 400°F working temperature up to 700°F
as shown in Table 4 on the 24-inch diameter expansion
loops pipe with 0.25, 0.5 0.75, and 1 W/H value. The vertical
axis represents the non-dimensional unit of stress (04/0).
The vertical axis represents the non-dimensional unit of
stress (0y/0). Higher pipe working temperature causes the
pipe to undergo higher thermal expansion and causes an
increase of stress value, so the (oy/0) is lower. Pipe will be
damaged if the working temperature reaches 700°F because
the stress value exceeds yield stress represented by oy/o
valued 0.967 for W = 0.25H, 0.882 for W = 0.5H, 0.808 for W
=0.75H and 0.745 for W = H.

Figure 11 indicates the relation between stress that is
occurring on a pipe with a working temperature of 400°F
up to 700°F shown in Table 4 on the 24-inch diameter ex-
pansion loops pipe with W/H 0.25, 0.5 0.75, and 1value. The
vertical axis indicates non-dimensional stress (64/0). The
higher the working temperature of the pipe causes a large
thermal expansion of the pipe, and this leads to the stress
value of the pipe increase so that the value of 04/ will be
lower. Figure 12 indicates the relation between stress that is
occurring on the pipe with working temperature 400°F up
to 700°F shown in Table 2 on the 24-inch diameter expan-
sion loops pipe with W/H 0.25, 0.5 0.75, and 1 value. The
vertical axis indicates non-dimensional stress (g, /0). The
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higher the working temperature of the pipe causes a large
thermal expansion of the pipe and leads to the stress value
of the pipe increase so that the value of (g, /0) will be lower.
The pipe will be damaged when the working temperature
reaches 700°F because the stress that occurs will exceed
the yield stress value of the pipe that shown with (o,/0)
valued 0.974 for W= 0.25H, 0.890 for W= 0.5H, 0.814 for W=
0.75H, and 0.749 for W=H.

W=025H ——W=05H
-B-W=075H

W=H

0.9

I
Q9

Non-Dimensional Stress (G,/c)

L
E=N

o
n

<
=

400 500 600 700
Temperature (°F)

Figure 7: Relationship between g, /o of the 16-inch diameter expan-
sion loops pipe with increasing temperature.

22

W=025H —-W=05H
20 W =0.75H W=H

Non-Dimensional Stress (c,/c)

0.8

0.6

400 500 600 700
Temperature (°F)

Figure 8: Relationship between /0 of the 16-inch diameter expan-
sion loops pipe with increasing temperature.

Figure 13 indicates the relation between stress that oc-
curring on the expansion loop pipe with pipe diameter
for expansion loop pipe designed for working temperature
400°F. The vertical Axis indicates non-dimensional stress
(04/0). The stress change that occurs on the expansion loop
pipe along with the increasing diameter pipe indicates that
the value is too significant because the loop length design
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Figure 9: Relationship between 04/0 on the expansion loop pipe
20-inch diameter with increasing temperature.
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Figure 10: Relationship between gy /0 on the expansion loop pipe
20-inch diameter with increasing temperature.

is adjusted with the required minimum loop length to over-
come the expansion thermal in 400°F temperature based
on Eq. (3). The larger the pipe diameter, the higher the ex-
pansion and the longer the loop length. Expansion loop
With W= 0.25H designed for working temperature 400°F
can still working well in overcoming the expansion that
occurs when the working temperature increases to 500°F
in diameter 16, 20, and 24 inches because it shows a value
(04/0) more than 1. When the temperature reaches 600°F
or even higher, so the expansion loop no longer works prop-
erly in overcoming the thermal expansion that occurs in the
pipe. Figure 14 show the relationship between stress that
occurring on the expansion loop pipe with pipe diameter
for expansion loop pipe designed for working temperature
400°F. The vertical Axis indicates non-dimensional stress
(0y/0). It shows that the non-dimensional stress (o /0) will
be decreased with increasing the value of W/H or increas-
ing the working temperature on the pipe. The expansion
loop can work properly when the value of 0,/ is lower
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Figure 11: Relationship between ¢4 /0 on the expansion loop pipe
24-inch diameter with increasing temperature.
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Figure 12: Relationship between gy /0 on the expansion loop pipe
24-inch diameter with increasing temperature.

than 1, and the expansion loop will be damaged when the
value of 0y /0 is lower than 1. The pipe will be damaged
when the working temperature increases to 700°F. When
the working temperature increases to 600°F, it will inflict
damage to the pipes for pipes with expansion loop W=H
in diameters 16, 20, and 24 inches and W= 0.75H for diame-
ters 20 inches and 24 inches shown by the value oy /0 less
than one which mean the stress that occurs in the expan-
sion loop pipe exceed the yield stress value of the pipe that
can be seen in Figure 14. The value of a4 /0 for W/H=co
(straight pipe) when the working temperature is 400°F will
be lower than others W/H when the working temperature
increase until 700°F that can be seen in Figure 13, and the
value of 0y /o for W/H=co (straight pipe) when the working
temperature is 400°F will be lower than others W/H when
the working temperature increase until 700°F that can be
seen in Figure 14.
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Figure 14: Relationship between gy /o with the pipe diameter (inch).

4 Conclusion

In this study, an analysis of the stress that occurs in the ex-
pansion loop pipe was carried out due to the thermal expan-
sion that occurred in the pipe by the working temperature
using FEA Software. The following are the result obtained
based on the results of the analysis. Stress in the expansion
loop occurred at the pipe bend of the pipe. Stress in the ex-
pansion loop pipe will be larger as the W/H value increase
in the expansion loop pipe. The pipe safety factor will be
decreased as the W/H value increases in the expansion
loop. The expansion loop can be used to prevent damage
to the pipe due to thermal expansion in the pipe. The stress
that occurred in the expansion loop pipe will increase with
increasing the working temperature pipe. Moreover, the
difference in pipe diameters had a slight effect on the stress
that occurred on the pipe if the expansion loop used was
adjusted to the minimum L2 required to overcome the ther-
mal expansion of the pipe. The expansion loop pipe with a
W/H 0.25 value can still overcome thermal expansion for
an increase in temperature to 500°F. All expansion loop
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will be damaged when the working temperature increased
to 700°F.
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