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Abstract: The district heating system distributes the heat generated from a cogeneration plant to wider locations. In this
process, the district heating pipe (DHP) is subjected to internal and external loadings. The internal loadings are generally
caused by the operating conditions such as water temperature and internal pressure. Frictional interactions between the
pipes and the soil contribute to the external loadings. Thus, investigation of the mechanisms of failure of DHPs will
help to guarantee both mechanical stability and heating efficiency. In this study, we investigate the local buckling of
DHPs using limit state design (LSD). Two methods are considered: the use of the limit state for the width-thickness
ratio and the use of the limit state for the strain. The results are used to confirm that the DHP is stable under local
buckling. Finally, we suggest a minimum preheating temperature for avoiding local buckling.
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Table 1 Steel pipe dimensions from KDHC

Nominal Outside Inside Nominal
diameter diameter diameter .wall
A Do (mm) Di (mm) thickness
t (mm)
900 914.40 893.80 10.30
850 863.60 843.00 10.30
800 812.80 793.80 9.50
750 762.00 744.60 8.70
700 711.20 693.80 8.70
650 660.40 643.00 8.70
600 609.60 592.20 8.70
550 558.80 541.40 8.70
500 508.00 495.20 6.40
450 457.20 444.40 6.40
400 406.40 393.60 6.40
350 355.60 342.80 6.40
300 318.50 305.70 6.40
250 267.40 254.60 6.40
200 216.30 203.50 6.40
150 165.20 154.20 5.50
125 139.80 129.60 5.10
100 114.30 104.50 4.90
80 89.10 80.10 4.50
65 76.30 67.30 4.50
50 60.50 52.70 3.90
40 48.60 41.20 3.70
32 42.70 35.50 3.60
25 34.00 27.20 3.40
20 27.20 21.40 2.90
HelAl ot olsHZEmHAY Ae widdE E
Fol =31S nHste] FAe ed s #d
st 3]de] glo] Yeto] nAE nAHG-uAE
(fixed - fixed) ZHOZ E 4 lom ojujo] {
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Table 2 Width-thickness ratio of DH pipes

Nominal Diameter of DH Pipes

Nominal W-T ratio limit state for
diameter W-T ratio
A A Ap
900 87.8
850 82.8
800 84.6
750 86.6
700 80.7
650 74.9
600 69.1
550 63.2
500 78.4
450 70.4
400 62.5
350 54.6
300 48.8 95.5
250 40.8
200 32.8
150 29.0
125 26.4
100 22.3
80 18.8
65 16.0
50 14.5
40 12.1
32 10.9
25 9.0
20 8.4
100
I | imit State for Width-Thickness Ratio
9 8o gl gy
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Fig.

4 Width-thickness ratio of pipes
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Zk =% AA3}7] oJHu. 53 AT wjAdE= Table 3 Mean radius-thickness ratio and limit state
olZReduTe] A A3 Yrs sa= o2 for strain of DH pipes
ocg] %1‘:—%‘0 = ;% Mean

A Huz mge dqadews AA FFeEd Nominal Md?a“ radius o

od AAHE Lxmalo] od dwalo] WA diameter radius theikness Strain Limit state for

g} A Tm ratio (%) strain (%)

A G tula)] #A) 2HA} S 8] (European  District (mm) T lt

Heating Pipe Nq[anufacturers A;sociation, EuHP)OﬂL/\ﬂ 900 | 452.05 | 43.89 0104

= A|=9 u/\;.‘:ozi 31].0 H = =1 —
15l = ]_ ] ol =y s 850 | 426.65 | 41.42 0.110
5 ut gusl wus) fistel A 3 L

AF ﬂiq S Ao YEE s g4 en 800 | 401.65 | 42.28 0.108

A2 wEE eI WME E(limit state 750 | 376.65 | 43.29 0.105

for strain)S ©]-8-3 H7PHS Atetar ¢t 700 | 351.25| 10.37 0.113

T’ln/t

) 650 | 325.85| 37.45 e | 0122

(mean radius-thickness ratio)& T-¥F § A} 74A] €] 600 | 300.45 | 34.53 0132
3

Eiﬂr e FEs Bl gy da
FoRte s yieo] 747t

o] H}H =21

550 | 275.05| 31.61 0.145

500 | 250.80 | 39.19 0.117
oﬂ 91?‘?} W Eo] SAUFE ol S wW —
Moo Zog o] wAlstx e-viy FoE) 450 | 225.40 | 35.22 0.130

Ao #Agahs FhatEe] glo] WHES 400 | 200.00| 3125 0.146
1A E SAGE e A FEuAFAR e P 350 | 174.60 | 27.28
of mel 4 (6-1)¥ 4] (6-2)= 2 5 Y 300 | 156.05 | 24.38 | 0.068

250 | 130.50 | 20.39
r,/t < 28.7, Ae< 0.16% (6-1)

200 | 104.95 | 16.40
—0.003)% (6-2) 150 | 79.85 | 14.52
125 | 67.35 | 13.21

P > 987, Ae< (4.58—

HFNAS AT= W 100 | 5470 | 11.16 rlt

%) e o] 33wl = 0.160
T UEE 52 A9 2Ee oqdend o 80 | 42.30 | 940 =287
& WAGE X2 UERE Acls LA} 65 | 3590 | 7.98
ol MY ES ety Fwg o 3 2%3b 50 | 2830 | 7.26
o og dWPE Aex= A () E 2 ®) 93 40 | 2245 | 6.07
A4% 7 Ao 32 | 1955 | 543
25 1530 | 4.50
ru = (D, = 1)/2 M 20 | 1215 | 4.19
Ne=qa + AT ®)
ojty, A utukg olFH2dujze] 7} FA o
A7IM, ot Ao AAFAFE 1.24x10°° et A ()& ol &ste] HRHAEFAME o)
/co #e e a olE A (6-1) A(6-2)F °l&3ste] IAMEE
St X At ukF Ao A o] T H 2w ujAd Al S 7% 5 dagk Z3E Table 390 A5k
AEsts dderEE 65ColnE FH2EHS JI2% 65C AL 7|Fog BE A9 A
10~120CE & v Hof 222 ATE 55C SH WY ES IANIES 9A ForngE 7
(120C-65C)ol 22 4t=d WP E At 0.068% o] MASHA] s Ao=E AT 5 gt
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Table 4 Min. pre-heating temperature of DH pipes

Nominal Limit state Max.' tf.:mp. Min..
diameter for strain variation pre-heating
A %) AT temp. ]
) Ty min (©)
900 0.104 83.9 36.1
850 0.110 88.9 31.1
800 0.108 87.1 32.9
750 0.105 85.1 349
700 0.113 91.2 28.8
650 0.122 98.4 21.6
600 0.132 106.7 133
550 0.145 116.6 34
500 0.117 94.0 26.0
450 0.130 104.6 15.4
400 0.146 118.0 2.0
350
300
250
200
150
125
100
0.160 129.0 -9
80
65
50
40
32
25
20
7}
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