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Design Validation and Improvement of District Heating Pipe
Using FE Simulation
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Abstract

This paper investigates the reliability of district heating pipes at thermo-elastic fatigue loading.
District heating pipes, subjected to 120°C and 16kgd/cm’ due to water distributing service through

inside the pipes, should
the co-centric tubes
ethylene(HDPE) case.

of
On

steel  pipe,
installation,

poly

is

endure long term cyclic thermal-mechanical loadings. The heating pipes are
urethane(PUR)
foam pad

insulator, and high density poly
externally wrapped for accommodating stress

reduction near the bend sections of pipes. However, there have been frequent reports on the failures
of bend sections in the middle of long term service. This study scrutinizes the observed failures near
the bend sections through applying the finite element methods. Specially in this study, heating pipes are
studied on the influence of foam padding on failures and proposed new designs for reinforced bend

without foam pad.
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Table 1 Dimensions of district heating pipes

800A 400A 200A 125A
(n?rln) 793.8 393.6 203.5 129.6
Carrier
Pipe Do
(mm) 812.8 406.4 216.3 139.8
PUR (rt]?ri]f)k”ess 76.0 67.0 43.75 30.1
Di
964.8 540.4 303.8 218.0
Casing (mm)
Pipe Do
(mm) 1000.0 560.0 315.0 225.0

Table 2 Material properties of pipes

Allowable Stress

: Thermal
' Elastic e (MPa)
Material Modulus Poisson's|  exp.

Name Ratio Coeff.
MP o
(MPa) (1/°C) | ten. |comp.|shear

Parts

Carrier PG38W

Pipe (SPPS38) 210,000 0.3 12x107° | 841 | 154

Insulation | FUR 29 031 |[72x107|042] 03 | 02
Casing | HDPE 827 | 035 |1sx10-1| 17 |102
Soil gloaf;, 520 | 03
AL, T
FWL-‘ %

( NFP

(Natural Fix-Point)

Fig. 1 Pipe characteristics in bend section.
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Table 3 Friction per unit length, friction length, and
soil reaction force

F, (kN/m) L; (m) F, (V)
800A 15.095 210 463,330
400A 7.012 148 153,225
200A 3.583 147 78,630
125A 2.437 110 39,327
A7|A B e B A (=21 % 10°N/mm?),
av Ao ABA AF(=12x107°/°0), A= %
#o] GWHA(=rd - 1), ATE SEWHEHAYS
.

o 21 120°C—65°C=55°C) ©|Ttt.
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(@) 125A model (b) 200A model

]

"V — "~ "V — "~

(c) 400A model (d) 800A model

Fig. 2 CAD model (without pad)

(@) Full model (b) Section view
Fig. 3 FE model (without pad)

(a) water pressure (b) soil pressure
Fig. 4 Appling the water and soil pressure
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322 W& dAHHe = uhE g Table 4 Calculation of axial boundary forces
W] AAH &5k & ek ¥ 4 -
e, a EAF 7Re] mpze, gl EAR gk Size (kN/Tm) Ly(m) | E,(N) | Ey(N) | N,(W)
Hol ofate] 4bEH T
g570] [,2 A4HE 4 Q8 4 @9 2 800A | 15.095 210 | 775994 | 431,956 | -344,038
o] Malsle] = HiEk 3]o oo 2= o)
I Hgstel 5 B AS L= 5 8l 400A | 7.012 148 190,786 | 153,225 | -37,561
F.«L, F +IL 200A | 3.583 147 50,999 | 78,630 | 27,631
ABaNA T+ Fp(1—2v)— F, CR— 4)
125A | 2.437 110 20,685 | 39,327 | 18,642
A7IA 7+ EEE 7] e Aol g 39

Qo2 v o] BT 4 vk )

° " =07 Table 5 Max. shear stress of without pad model
AFaAT R 800A | 400A | 200A | 125A
Fl-2) HIw== 038 | 027 | 023 | 021

—Fl : E_/\]—E]_]_—a Shear max. . . . .
‘ Stress of
F oo I allowable 0.20 0.20 0.20 0.20
—r - wpake PUR
2 (MPa) F.S 0.53 0.74 0.87 0.95
TN s g a3
Aol dAS v 7HA F T dd5E e W

H(P)el os] TAE = FHomA ofn] gto]

AgEonz i AAH Agsh= F W

& (V) olE BASte] 2 (5)¢F Zo] WEkd

T 3

N,=F,—Fp %)

= ABeAT—=20Fp—F, « L;

IS

—2wFpe WSkl os) A= WA
sl whel BAss F W Eolth oA ﬁ S A
S Wl=eA W G HNFP)Cl A& 5= ol (c) 400A model (d) 800A model
g2 agE AT = EdeA digte] ¢ Fig. 5 Shear stress distribution (without pad model)
a 2AE= 3 e W fles 59 N E AA
SHQITE Table 40 Wl ZAAWHe #74 4 A& shAut A @A AA Ao ¢F PUR E
=95 At o] mEo] o FEUth Fig. 5% PUR &9 Ao

€8s 7 #AHEER =AS Folu A s

33 Ax=siAM Za} Table 59 7] a}3ic}.

Aufjte] otgAg AR5 Fdsr] st 57 Tk F AARY 2 AAY w AE-gHe
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(a) Initial (b) After compression
Fig. 6 Compression test of foam pad
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Fig. 7 E-modulus of foam pad
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Table 6 Max. shear stress comparison between with
pad and without pad model

Shear Stress 800A 400A 200A 125A
max.
038 | 027 | 023 | o021
(MPa)
without | allowable | 0 | 000 | 020 | 020
pad (MPa) ' ' ' '
FS. 053 | 074 | 087 | 095
max.
036 | 022 | 019 | 013
(MPa)
with | allowable |01 000 | 020 | 020
pad (MPa) ' ' ' '
FsS. 056 | 091 | 105 | 154
F.S. increasing 5.66% | 23.0% | 20.7% | 62.1%

(c) 400A model

(d) 800A model
Fig. 8 Shear stress distribution (with pad model)
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Table 7 Thickness due to the pipe schedule

thickness (mm)
size
SCH10 | SCH20 - |SCH20S| SCH30 | SCH40 | SCH60
800A - - 9.5 12.7 - 17.5 -
400A 6.4 7.9 - 8.0 9.5 12.7 16.7
200A - 6.4 - 6.5 7.0 8.2 10.3
125A - 5.1 - 5.0 - 6.6 8.1

Table 8 Factor of safety according to schedule up

. . without pad
without pad with pad
+ schedule up
0.77
800A 0.53 0.56
(SCH20S)
0.91
400A 0.74 0.87
(SCH20S)
1.05
200A 0.87 1.05
(SCH40)
1.43
125A 0.95 154
(SCH60)

(@) Pipe (b) Full model
Fig. 9 CAD model of adding sandstone type
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S EAE BA AAE 71E Al e A )

53 1.0MPad] gt o R oyt Athel] 5 5 Zd =R eRt 483} FowE 3
< 7HE o H7HE fel wE AdE vk AbE Zpol7h glem e Algbel Wshr) gl
A, ZFad Qo] Agete SH#S HUbE = Aol 2tk Fig. 110 Aortd PA X F
o] o&] #AsAT PUR Foll Zgale AU o] MEEE ZASSIT
g2 23y F7ksilth o]+ #H7bE &}l w A A e BolA PUR #9 HdsEol
2t PURES] 77} FHadl FiolA st Aol wel dahd s e St s

FAQl SEPET A WEeR 2 F vt 1% & ASUTE 53] 800A°] 4§ PUR ¥°
a8y 83Tl dojvhe F9E AYE oA Ao A= o] 0.24MPaz 37 el 23 @I}
M= Ao o] 499k mprA R &= F=E HgA7 22(0.36MPa) R Ut E 53]
Aastth. H7bEel 9%k PUR 9 Zx A
a9 JUHEY A 2 Fd 5o WA uek Table 10 Factor of safety according to anchoring
F7FA <1 g<lo] gttt Table 9o h= stz _ _ without pad
e PUR Eol Arje=e Aelalglen Fig. 10 ot el | MY |+ anchoring
of PUR &9 §8FT S EASHAT 800A 053 0.56 0.83

53 IS B 2imh o4 Alx 400A 0.74 0.87 0.95

obA Fig. 5014 E ule} o] PUR Zol U 200A 0.87 1.05 111

v AEgEe 35S E7] 9% AHAA W 125A 0.95 154 143
Ho=H 73 HER F9d BAFE AA =

Table 9 Stress comparison between without and
with adding sandstone

PUR
WOS WIS increasing
max. equivalent
0.887 1.343 +51.41% _ ]
stress (MPa) Fig. 11 Conceptual design of anchor model
tensile
max. +0.187 +0.235 +25.66%
L. (MPa)
principal
compress.
stress -0.633 -0.696 +9.95%
(MPa)
max. shear stress
0.460 0.702 +52.60%
(MPa)

(@) 125A model

(c) 400A model (d) 800A model
Fig. 10 Shear stress distribution on PUR Fig. 12 Shear stress distribution of anchor model
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Fig. 14 Operating shear stress in PUR
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