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ABSTRACT : Losses of both life and property increased from damage to underground pipe such as heat transmission pipe buried
underground in downtown because pipes are gradually aging. Considering the characteristics of the heat transmission pipe, which is
not exposed to the outside and difficult to immediately identify problems such as damage, it is realistic to indirectly check the
condition of the facility based on the historical information that is periodically collected through facility maintenance. In this study,
a methodology for estimating the damage probability was developed by examining the history information of the heat transmission
pipe, deriving an evaluation factor that is related to the damage probability. The contribution factor of the damage probability were
reviewed by analyzing not only the guidelines for maintenance of heat transmission pipe of advanced European countries and domestic
district heating companies, but also the cases of waterworks with similar characteristics. Evaluation factors were selected by
considering not only the correlation with the damage probability but also the possibility of securing data. Based on 1999, when the
construction technology and standards of heat transmission pipe changed, the damage probability estimation function according to the
period of use was divided into the case of being buried before 1998 and the case of being buried after 1999, and presented. In
addition, the damage probability was corrected by assigning weights according to the measured data for each evaluation factor such
as the diameter, use, and management authority.
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Table 1. Influencing factors for estimating the probability of damage
to the heat transmission pipe

List Item

Year of completion, Period of use, Management
Construction | authority, Installation location, Diameter, Purpose,
information | Burial depth, Pipe Material, Accessory facilities,
Activity section, Buried environment

Corrosive environment, Humidity, Water pressure,

Operational . .
20 . Water quality, Water temperature, Maintenance
information .
history
3 Diagnostic | Leak, Geothermal, Steam, Hearing, Gas, DCVG,

information | Potential, Disconnection of monitoring system
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Fig. 2. Prediction of the damage possibility for heat transmission
pipe according to the period of use
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Fig. 3. Example of the correlation between the period of use and
the damage possibility for underground pipelines (3S Consult
GmbH, Germany)
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Fig. 4. Analysis of damage possibility by year of completion
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Table 2. Weighting factor by pipe diameter

. Damage possibility Weighting
Diameter
(number/km/year) factor
Small
1 0.054 1.163
(20~200 mm)
Small
2 0.038 0.772
(250~350 mm)
Small
3 0.041 0.886
(400~1,100 mm)

S B3 B A4B0E /18 dolde Bl
AgEA o] M2 shEASS vtk AR fA o]
o % B A5 §Esh BF B fpoR
WAE sT27e] TRk A AR, BRES B4t 297
5277, BT HA 497} 45A0R ST o]2
o WE HEAE 12 AYST S §ARSA

T Zol& el 7iEAE AAsHth

Table 3. Weighting factor by purpose

Purpose Number of repair Weighting factor
1 Supply 527 1.843
2 Return 45 0.157
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Table 4. Damage possibility analysis by management authority

Management Percentage of long | Damage possibility
authority period use (number/km/year)
1 Gl 51.2 0.033
2 D 342 0.013
3 G2 534 0.032
4 B 75.2 0.064
5 J 49.3 0.055
6 S 38.6 0.026
7 Y 18.9 0.012
8 C 10.9 0.006
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Damage possibility
Management (number/km/year) VoV, Weighting
authority | Measurement | Estimated factor
value (Vn,) | value (V)
1 Gl 0.033 0.061 0.547 0911
2 D 0.013 0.037 0.361 0.602
3 G2 0.032 0.062 0.515 0.859
4 B 0.064 0.094 0.687 1.145
5 J 0.055 0.111 0.500 0.833
6 S 0.026 0.035 0.746 1.243
7 Y 0.012 0.019 0.628 1.046
8 C 0.006 0.017 0.341 0.568
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