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Abstract — District heating was first introduced in Korea in 1985. As the service life of the underground thermal pip-
ing network has increased for more than 30 years, the maintenance of the underground thermal pipe has become an
important issue. A variety of complex technologies are required for periodic inspection and operation management for
the maintenance of the aged thermal piping network. Especially, it is required to develop a model that can be used for
decision making in order to derive optimal maintenance and replacement point from the economic viewpoint in the field.
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In this study, the analysis was carried out based on the repair history and accident data at the operation of the thermal
pipe network of five districts in the Korea District Heating Corporation. A failure probability model was developed by
introducing statistical techniques of qualitative analysis and binomial logistic regression analysis. As a result of quali-
tative analysis of maintenance history and accident data, the most important cause of pipeline damage was construction
erosion, corrosion of pipe and bad material accounted for about 82%. In the statistical model analysis, by setting the sep-
aration point of the classification to 0.25, the accuracy of the thermal pipe breakage and non-breakage classification
improved to 73.5%. In order to establish the failure probability model, the fitness of the model was verified through the
Hosmer and Lemeshow test, the independent test of the independent variables, and the Chi-Square test of the model.
According to the results of analysis of the risk of thermal pipe network damage, the highest probability of failure was
analyzed as the thermal pipeline constructed by the F construction company in the reducer pipe of less than 250mm,
which is more than 10 years on the Seoul area motorway in winter. The results of this study can be used to prioritize
maintenance, preventive inspection, and replacement of thermal piping systems. In addition, it will be possible to reduce
the frequency of thermal pipeline damage and to use it more aggressively to manage thermal piping network by estab-
lishing and coping with accident prevention plan in advance such as inspection and maintenance.

Key words: District heating pipeline network, Thermal pipeline failure probability model, Binary logistic regression analysis,
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Fig. 1. Thermal pipeline network of KDHC Metropolitan area.
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Fig. 2. Structure of thermal pipeline.
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Table 1. Chemical composition and mechanical property of steel pipe material

Chemical composition (%)

Mechanical property (MPa)

Steel pipe material

C Si Mn S Tensile stress Yield point
SPPS 370 0.25 (below) 0.35 (below) 0.30~0.90 0.04 (below) 0.04 (below) 380 (more than) 220 (more than)
SPW 400 0.25 (below) - - 0.04 (below) 0.04 (below) 410 (more than) 230 (more than)
Table 2. Allowable axial stress of steel pipe material
Steel pipe material Yield point (MPa) Safety factor Allowable stress (MPa) Applied stress (MPa)
SPPS 370 185 154
1.2 154
SPW 400 198 165
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Table 3. Major inspection of thermal pipeline network [13]

325

Division

Check cycle Major Checklist

Remarks

Pipeline

o Whether surface temperature rises
o Abnormality of soil buried in Thermal pipeline
All pipelines daily ~ ° Manhole (Hand hole) subsidence
check o Manhole (Hand hole) cover installation safety
o Thermal pipeline marker damage, marker falling
o Whether there is construction nearby

Maintenance
Map 1~5 grade
Differential
application of
inspection time

o Check for the occurrence of frost season / rainy season / winter season and other abnormalities

If necessary o Holiday and nighttime on-demand inspection

A grade

1 time/6 months o Crack occurrence and status

Manhole
B grade

° Flooding and cleaning status

o Foreign matter inflow

o Whether the manhole cover facilities are loaded
o Ladder Installation Status

o Ventilation Installation Status

1 time/month o Crack occurrence and status

° Flooding and cleaning status

o Foreign matter inflow

o Whether the manhole cover facilities are loaded
o Ladder Installation Status

o Ventilation Installation Status

Butterfly Valve
usage
Air Vent usage

A grade

1 time/6 months  ° Internal flooding and foreign matter inflow

Hand hole
B grade

> Fast opening and closing of the inner lid for preventing foreign matter

o Internal cable management status of hand hole for signal transmission line connection
o Whether or not the hand hole is equipped with other facilities

1 time/month o Internal flooding and foreign matter inflow

> Fast opening and closing of the inner lid for preventing foreign matter

o Internal cable management status of hand hole for signal transmission line connection
o Whether or not the hand hole is equipped with other facilities

Ball Valve usage
signal transmission
line connection
usage

Valve

° Valve corrosion state

o Heat insulation finish condition

° Valve handle and connection pin, etc. Affiliated facility management status
o Remove surface foreign matter

Same to manhole and
handhole inspection
cycle

1 time/6 months  ° Check valve electrical opening / closing condition

Air Vent

o Corrosion state of valve and steel pipe exposed part
° Heat insulation finish condition
o Valve Handle and Quick Coupling Accessory Facility management status

Same to manhole and
manhole inspection cycle

By-pass

o Foreign matter in the structure
° By-pass external structure lid or cover maintenance status
1 time/week o Corrosion state of temporary connection steel pipe
° Opening and operating state of valve installed in temporary connection pipe
o Water penetration into the heat pipe connected to the city-connecting steel pipe

Thermal pipeline in
Utility-Pipe Conduit

o Damage to the exterior of the thermal pipeline and insulation
> Installation condition of various supports and corrosion
2 time/months o Expansion Joint Leaks
> Thermal pipeline flooding
° Access security system

Exposed thermal
pipeline

o Thermal pipeline appearance damage

o Structural stability of the support

o Existence of thermal pipeline piping hazard
> Deformation of thermal pipeline

1 time/week

Key management
section

> Soil subsidence status in the thermal pipeline
If necessary o Location Indicator, Installation Area Indicator lost
° Underground temperature measurement in buried section

River section

o Erosion due to water and safety
If necessary (Summer ° Depth change due to erosion
season, Heavy rain)  Pipe linear and structural deformation
° Visual inspection, surveying, etc. check. Changes reflect drawing modifications

Erosion area interval

measurement cycle
1 time/2 years

Third Party
Damage section

o Whether the thermal pipeline facility protection method was implemented according
to the contents of the discussion

o Damage to the exterior of the thermal pipeline and insulation

° Exposed themal pipeline suspension, suitability of support

o Inspection of damaged facilities such as manhole, warning tape, pipe marker, heat pipe
monitoring system equipment, etc. due to third party construction

° Deformation of thermal pipe and displacements by measuring point

o Possible damage due to external factors

o Safety of thermal pipeline check passage

Inspect Thermal pipeline
at the same time

(A separate check at bed

excavation and backfill)

Develop ground
section

e Thermal pipeline facility guide sign Installation state
2 time/months o Start of construction work
o Damage to thermal pipeline due to construction work

Korean Chem. Eng. Res., Vol. 55,
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Table 5. Variables of regression analysis input data contents

Variable symbol Variable Description Data type Classification hierarchy
P Damage or Not Binary Dependent variable, I=Damage, 0=No damage occurred
. 1=spring (3~5 month), 2=summer (6~8 month), 3=autumn (9~11 month), 4=winter
X1 Seasonal factors in Korea Category (12~2 month)
X2 Burial period Category 1=0~4yr, 2=5~9yr, 3=10~14yr, 4=15~19yr, 5=20yr (more than)
X3 Jurisdiction city Category 1=Goyang, 2=Nambu, 3=Seoul, 4=Seongnam, 5=Yongin
. -, I=driveway, 2=off-road (green space), 3=river, 4=the terrace land on the river,
X4 Buried position Category S=others (sidewalk)
. . 1=pipeline, 2=Tee, 3=bend, 4=reducer, 5=Anchor, 6=Vent, 7=Valve, 8=others
X5¢) Equipment name (Damaged point) ~ Category (Bypass, end cap, ctc..)
X6y Pipe size Category 1=250 mm (below), 2=300~500 mm, 3=550~700 mm, 4=750 mm (more)
X7 Depth of burial Category 1=1 m (below), 2=2 m (below), 3=3 m (below), 4=4 m (below), 5=4 m (excess)
X8 Constructor Category 1=S Construction company, 2=B Construction company... etc. Classified into 11 groups
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Division Total 250A (below) 300A ~ 500A 550A ~700A 750A (more)
Pipe length (km) 2258 1298 465 342 153
% 100 57.5 20.6 15.1 6.8
Number of pipe breaks 482 340 57 55 30
% 100 70.5 11.8 11.4 6.3
Number of pipe breaks per km 0.10 0.26 0.12 0.16 0.19
Table 7. Damage characteristics by buried environment
Classification Total Two-lane pavement Four-lane off-road River Farmland .others
below pavement more (green space) (sidewalk)
Pipe length (km) 2258 976 752 185 63 29 253
% 100 432 333 8.2 2.8 1.3 11.2
Number of pipe breaks 482 134 68 93 38 3 146
% 100 27.8 14.1 19.3 7.9 0.6 30.3
Number of pipe breaks per km 0.10 0.13 0.09 0.50 0.60 0.10 0.57
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Table 8. Frequency of breakage by pipe size according to period
o Burial period 5 5-10 11~15 16~20 21-25 Etc.
Pipe size
250mm (below) 6 25 179 44 17
300~500 mm 0 3 19 14 2
550~700 mm 0 3 16 4 1 (unit: number)
750 mm (more) 0 0 6 2 2
37(10.8%) 306(89.2%)

Table 9. Frequency of breakage by pipe size according to cause of accident

Damaged cause pipe size ~ Poor construction ~ Corrosion  Design miss Maintenance error Material failure ~ Third-party accidents
250 mm (below) 108 60 13 5 54 31
300~500 mm 18 1 2 0 12 5
550~700 mm 9 6 0 2 7 0
75 mm (more) 3 1 0 2 3 1
Sum 138 68 15 9 76 37
Table 10. Frequency of breakage on according to pipe size of accident location
Damaged point pipe size Straight pipe Tee Bend Reducer Anchor Vent Valve Others
250 mm (below) 130 23 29 0 6 2 77 4
300~500 mm 15 10 3 0 0 3 7 0
550~700 mm 7 2 3 2 1 6 3 0
75 mm (more) 9 1 0 0 0 0 0 0
Sum (%) 161 (47%) 36 (10%) 35 (10%) 2 (1%) 7 (2%) 11 (3%) 87 (25%) 4 (1%)
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Table 11. The fitness of the model verified

Overall test of model coefficient

chi-square df p-value

step 16.137 3 .001

7 stepwise  block 425.000 35 .000

model 425.000 35 .000

Hosmer & Lemeshow Test

chi-square df p-value

7 stepwise 12.830 8 118
Independent variable of equation
B SE. Wald df p-value Exp(B)
X1 15633 3 .001
X2 26.000 4 .000
X3 42264 4 .000
7 stepwise X4 24287 4 .000
X5( 150917 7 .000
X6 21.605 3 .000
X8y 48.093 10 .000
constant —1.913 964  3.939 1 .047 .148

*B: Logistic regression coefficient, S.E: standard error, Wald: Wald
statistics, df : Degree of Freedom
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Fig. 3. Classification probability point vs. accuracy.

Table 12. Accuracy of breakage and non-breakage classification

Separation point of Classification = 0.25(0.5) Prediction —
non-breakage breakage Classification accuracy (%)
Actual non-breakage 745 (871) 203 (77) 78.6 (91.9)
breakage 91 (152) 252 (191) 73.5(55.7)
Total percent 77.2 (82.3)
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Table 13. Each variable in the prediction Exp(B) value

o
of
_Lu
o
)
ot
o
=
r_gl_l;

Independent variable of equation

X B df Exp (B) Classification hierarchy
X1 Seasonal factors 3
X1 - 1 Spring (3~5 month)
Xl -.521 1 .594 Summer (6~8 month)
Xl 184 1 1.202 Autumn (9~11 month)
Xl 358 1 1.431 Winter (12~2 month)
X2 Burial period 4
X2, 1 O0~4yr
X2 .140 1 1.150 5~9yr
X2 1.479 1 4.387 10~14yr
X24 1.302 1 3.675 15~19yr
XZ(S) 1416 1 4.121 20yr (more than)
X3_Jurisdiction city 4
X3 1 Goyang
X3 .556 1 1.744 Nambu
X3 1.380 1 3.973 Seoul
X3 1.261 1 3.528 Seongnam
X35 -1.072 1 342 Yongin
X4 _Buried position 4
X4 1 driveway
X4 -.397 1 672 off-road (green space)
X4, -2.116 1 120 river
X4 —2.583 1 076 the terrace land on the river
X4 —-.033 1 968 others (sidewalk)
X5_Equipment name (Damaged point) 7
X5a 1 pipeline
X50 272 1 1313 Tee
X5 439 1 1.551 Bend
X5a 1.399 1 4.052 Reducer
X5s) 287 1 1.333 Anchor
X5 -2.113 1 121 Vent
X5 -1.925 1 .146 Valve
X5 -1.005 1 .366 others (Bypass, end cap, etc..)
X6_Pipe size 3
X6 1 250 mm (below)
X6 —-.614 1 541 300~500 mm
X6 -1.060 1 347 550~700 mm
X64) -1.230 1 292 750 mm (more)
X8_Constructor 10
X8 1 A Construction company
X8 1.392 1 4.021 B Construction company
X8 1.593 1 4.921 C Construction company
X8y, 293 1 1.341 D Construction company
X8 .830 1 2.294 E Construction company
X8 3.075 1 21.640 F Construction company
X8 -.591 1 554 G Construction company
X8, -20.124 1 .000 H Construction company
X8 -.304 1 738 I Construction company
X810) 3.036 1 20.819 J Construction company
X8y 1.713 1 5.547 etc.
Constant -1.913 1 148
Ae] A g4 Y, AR RALRS BRI B ke B olelE A8l %Ko B mag s Uitk 5 vk
B AL A Sl & 7 Qlrk 2 B vE oS 2 o Aot 5 Y =Y o glewlzt ek
T BT 73.5%0) A% B 7H 0] W5 wE o B Y
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