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Establishment of Fatigue Life Evaluation and Management System for District
Heating Pipes Considering Operating Temperature Transition Data

Yoon-Suk Chang, Sung-Wook Jung, Hyeong-Keun Kim,
Jae-Boong Choi, Young-Jin Kim, Sang-Ho Kim and Youn-Hong Kim

Key Words : Cumulative Usage Factor(*r-2<471%), District Heating Pipe(X| S @),
Equivalent Full Temperature Cycle(’33 -2 EA}Fo] &), Peak/Valley Filtering(H /& &=
€] &), Rainflow Counting(+5= 715 ), Relational Database(F Al F ©l o] ¥ W o] &)

Abstract

A district heating(DH) system supplies environmentally-friend heat and is appropriate for reduction of
energy consumption and/or air pollutions. The DH transmission pipe, composed of supply and return pipes,
has been used to transmit the heat and prevent heat loss during transportation. The two types of pipes are
operated at a temperature of 75~115°C and 40~65°C, respectively, with an operating pressure of less than
1.568MPa. The objectives of this paper are to systematize data processing of transition temperature and
investigate its effects on fatigue life of DH pipes. For the sake of this, about 5 millions temperature data were
measured during one year at ten locations, and then available fatigue life estimation schemes were examined
and applied to quantify the specific thermal fatigue life of each pipe. As a result, a relational database
management system as well as reliable fatigue life evaluation procedures is established for Korean DH pipes.
Also, since the prototypal evaluation results satisfied both cycle-based and stress-based fatigue criteria, those
can be used as useful information in the future for optimal design, operation and energy saving via setting of
efficient condition and stabilization of water temperature.
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Fig. 1 The locations of data measurement
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Table 1 Data acquisition results at each location

Location r:&"'dgfa bg;&gf Remark
KDHCO1 | 247,398 | 343.61 Main pipeline
KDHCO02 | 240,440 | 333.94 Main pipeline
KDHCO03 | 259,207 | 360.01 | Service connection
KDHCO04 | 271,403 | 376.95 | Service connection
KDHCO5 | 271,372 | 376.91 | Service connection
KDHCO06 | 271,332 | 376.85 | Service connection
KDHCO07 | 271,357 | 376.88 | Service connection
KDHCO08 | 263,844 | 366.45 | Service connection
KDHC09 | 259,915 | 360.99 | Service connection
KDHC10 | 80,523 | 111.84 | Service connection
9 B 542 Asel Uehd Aol

=
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ot A&HA xygyt 2AEY. ARAA
A7% By A dEr@Y~108)s SHY
FA 2 dFstez, o] 7zt Tl qAFHL
2 A20200)% 4418 2ZEXE YEWt 2
21} KDHCO059} KDHCO6 W&o A% 1d il
eyl A%ES &8 Fg 2v AR
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Table 2 Data filtering results at each location

. No. of No. of Filtering ratio

Location raw data filtered data [%]
S R S R

KDHCO1 |247,398 | 44,347 | 47,983 | 17.93 | 19.40
KDHCO02 240,440 | 14,768 | 22,635 | 6.14 | 9.41
KDHCO03 | 259,207 | 26,179 | 28,795 | 10.10 | 11.11
KDHCO04 {271,403 | 4,252 | 5,159 | 1.57 | 1.90
KDHCO05 |271,372 | 22,288 | 78,734 | 8.21 | 29.01
KDHCO06 {271,332 5,986 | 33,627 | 2.21 | 12.39
KDHCO7 (271,357 5,117 | 7,832 | 1.89 | 2.89
KDHCO08 (263,844 | 5,630 | 8,061 | 2.13 | 3.08
KDHCO09 (259,915 4,992 {21,683 | 192 | 8.34
KDHCI10 | 80,523 | 1,506 | 3,272 | 1.87 | 4.08
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Fig. 4 Entity-relation diagram of the KDHC database
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Table 3 Number of equivalent full temperature cycles
converted to 30 years

Equivalent full temperature IEA
Location | Pipe |—— ;y‘:le(dirq;“o C)b - (Ccr;(t:el:;ls
KDHCO02 g 32 310 o
KDHC03 ; 2 39627 3212500
KDHC04 3 ‘9‘3‘7‘ ié; ;g; 2,500
KDHC03 IS{ 2(5)?5 4;7 120 2,500
KDHCOS 406 o5 345 | >
KDHCO7 ; % z 1277 500
KDHCoS| 5012 Z7_1 168 509
KDHC09 IS{ 34698 12(?6 ig 2500
KDHCI0—5——2- 2 2 150
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Table 4 The material and geometries of each pipe

Pipe ID | Material Cazrr 0 glf egl:mg foDim [rt;?ﬁ};] [nfm]
[mm]| [mm]|{mm]| [mm]
KDHCO1|A672,A55] 9.5 1812.8 17.6 | 1000| 76
KDHCO02|A672,A55| 9.5 |812.8] 17.6 | 1000| 76
KDHCO03{SPPS 370| 4.5 | 76.3 | 3.2 | 140 {28.65/12000
KDHC04|SPPS 370| 4.5 | 76.3 | 3.2 | 140 |28.65
KDHCO5[SPPS 370( 4.5 176.3 | 3.2 | 140 {28.65
KDHCO06|SPPS 370| 4.5 | 89.1 | 3.2 | 160 |32.25
KDHCO7{SPPS 370{ 3.9 | 60.5 | 3.2 | 125 |29.05
KDHCO8|SPPS 370| 5.5 [165.2| 4 | 250 |38.4 |6000
KDHCO09|SPPS 370| 3.6 |42.7 110 [30.65
KDHC10|SPPS 370 4.9 [114.3] 3.5 | 200 [39.35

[Note] # thickness, D,: outer diameter, L:length

L e58F A2 ASARE R AY S8
Asalth, ol LEMsd He Ao WY
3 SeBel BAL oheel JUE HY BANE
A},

o=E¢=Ea(AT) [e))
A7, B BAAS, 2 WHE 29D o= @
BAAFolth @RFAFE 22 wet 2 gro

- —

watste goz, A ) H&se 4F 9g
= Az 24 dig u3st gy wEd B
#e FHs $HE AMNGAY A AA W)
e AEQY A672 A559] BAAE HELFG o,
SAAFd SERAT gL 42 198.17GPa R
1.186x10°C™" o]t}

422 RetRAHS 0|8 A

o Hd 2L 2xwl =3
uZste] wof A S £ 3
4 fFRasdAe FARACt AG9Ed S
2 0]F 1 & W (Pre-Insulated Pipe; PIP)C.2 o] gl
o1} B -23(Rigid Polyurethane Foam; RPF)9} 9| &

(casing foam)S )&% U F(carrier pipe)S Al
Ao g AR Table 45 AA wige A

718183 HaE AEd ol

2 A9 zrigAld AEG Qe &
2292 Fig. 73 Zo] AA Edx A4 E o
3 1/4 249 27kA gejolth ey W
o] dadte 1/4 EEE o83 M 2
Fe= Ax ndo) Ul A= U wH 4
Al kL 1/4 olstolm =z ol & A €& kAt
ANSYS(92 o] &3t §aai™ MAA I-DEAS
ZzaR0e Fgaigion aa FHEE 37
9 dAz AHS 98 8E A AWA 24 (8-node

i
ko

&

(3D full model}

Fig. 7 Typical finite element meshes of DH pipes

[3D quarter model]

. W V) ® ©
5 AT,
VA \
S |-
-

S a5y 3% 3756 >

Time [sec}

Fig. 8 Idealized typical load types of A, B and C

Y-symmetric
constraint

" Initial
temperature

Fig. 9 Initial and boundary conditions of DH pipes

orthotropic element, 1-dof at each node)Q! Solid707} 3
A9 1A Fz oANS A sEyY And e
(8-node orthotropic element, 3-dof at each node)%
Solid45E5 Attt =3 wWig Zol7p AHFH
9 g nXe JFS WAs7] Aste] wjHe
Zo| tf A7 v&(LM, L; length, d; diameter)
108 A=A

Aol AR AP B AZELAE
grd =3 dolg g 45 on P AR A
o) FrRHR 23 B B3 2AE Bstd 2
Raigich. £ 7oA melstn Qi Addy
duj#e] AR Table 40 Yebd uie} ol
A672 Grade A559F SPPS 370 27Aloly F A g9
EAAE BYstnz® 2@ AAE 2=
W3lo] ME E & C, o S AT BT 5
FaasldA nyHEE el o DA S
(hyE 4 ()23E FHA

- 24k 48k

ho=—— = —— 5
“ 11y, 11D )



@08 g 1T Al dujud Az Jrt % By AA 75

1241

s e e o Table 5 Stress-based fatigue life evaluation results
il
§ 404 % % Location Plpe CUF 30-Years, Equation CUF: 30-Years, FEA
o S 5.848E-05 3.26E-04
g 24 KDHCO01
& el AN R 7.464E-07 9.10E-05
-] M H =
£ e L S 0 4.49E-05
5 = ZE.EI%Ln(N%SZNI é KDHC02 R 0 4.51E-05
< i KDHCO03 S 7.819E-05 2.59E-04
o I % il R 2.778E-04 1.36E-03
0 18402 1E+08 1E+04 1E-08 1E“05 1E407 E+08 S 2,333E-04 6'48E_04
¢ KDHC04
Numberof cycle [V] ot 4.830E-04 1.36E-03
Fig. 10 S-N curve used in fatigue life evaluation KDHCOS S 2 602E-06 4.47E-05
714, ris Ee WAF, ke Bied QA R e e
feassd A4l EzAe dun Oy S 684505 T33E.04
5o £xEms dolgo}, Wuigt 24 dojge  KDHCOT———— 2 14503
A3 Fgo] A BH5EER dolrg oy s 12708508 $90E.04
5 5 = 59 KDHCO08 . .
g7k RFR 2 A7 xreAdAE 5T 5 153505 406504
A9 78 & Ao} Z(each temperature cycle)d 4 S 2.620E-05 9.12E-05
& EA}o] E (equivalent full temperature cycle)®] 27} KDHC09 R 5.405E-05 5.18E-04
7 71202 BT (transient) S o] A3}atg 0w, S 0 4.52E-05
Fig. 83 o] AA% H=3d (A),®) 28w () KDHCIO— 2.613E-06 2.08E-04
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