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ABSTRACT

A Study on Freezing and burst Detection of

Water-Pipe by Electrical Signal

Kang Young Jun

Advisor : Prof. Jeong, Sang-Hwa, Ph.D.

Major in Mechanical & Metallurgical Education
Graduate School of Chosun University

The damages of the water plumbing system are usually caused by the
freezing and material failure of pipe. The freezing of burst of pipe is
generated by the extreme pressure of the iced water, while the volume of the
pipe is reduced by ice-plug growth. Due to the rapid climate change on
global warming, it gives serious damage to society and the economy such as
cold wave, heavy snowfall, heavy rain, and drought, etc. No exception was in
korea last winter, and it suffered a lot of damage to a record cold snap.

Indirect damage caused by leaking is greater than the direct damage caused
by pipe failure. It should detect the water pipes burst and repair plumbing
problems to minimize the damage.

In this paper, the method to detect the freezing and burst of the water
pipe by an electric signal was proposed. When the aluminum film adhered to
the pipe is broken by pipe failure, Freezing and burst was detected by
measuring the change in resistance. Temperature of pipe surface was
measured by an infrared thermometer. The effect on cold tolerance was
investigated by measuring the temperature characteristics according to the

diameter, the outer diameter of the pipe, and the material.
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Three factors such as diameter, thickness, and material that affect cold

resistance’s improvement was analyzed by an experimental result.

(1) 42mm(OD) pipe froze and burst after 1 hour 59 minutes and surface
temperature of the pipe is -14C. 48mm pipe was after 4 hours 53 minutes
and surface temperature is -5C. 60mm pipe was after 9 hours 44 minutes
and surface temperature is -6.4C.

(2) 1.8mm(thickness) PVC pipe was unable to withstand the pressure and
froze and burst. 3.6mm PVC pipe did not fracture even after 16 hours at -2
5C.

(3) Although copper pipe is thinner than the thickness and smaller than the
diameter of PVC pipe, copper pipe endured a long period of time at a lower
temperature.

As the outer diameter of the pipe increases at the same thickness, the
thickness of pipe increases at the same outer diameter, and when the material
is copper rather than PVC, it can better withstand long time at low

temperature and the cold resistance is improved.
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Fig. 3-1 Schematic diagram of the freezing and burst testing
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Fig. 3-2 Support fixture

Table 3-1 Mechanical properties of metal and size

Material SM45C
Y.S.(Kg;/mm?) 50.0
T.S.(Kg;/mm®) 70.0

EL (%) 17

Width < Height < Length(cm) 15 x 15 x 75
- 15 -
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Fig. 3-3 Infrared radiation thermometer

Table 3-2 Infrared radiation thermometer specification

IR thermometer Specification
Measuring range - 32T ~ 320C
Response time 500ms
Accuracy + 1% or £ 1T
Usage power 3V
- 16 -
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Fig. 3-4 Digital multimeter

Table 3-3 Digital multimeter specification

Digital multimeter Specification
Range(<2) 0 ~ 2MQ
Resolution(S2) 0.1 ~ 1K&
Accuracy + (0.8% + 3) ~ £ (1.0% + 3)
Rated voltage 3.2V
- 17 -
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Fig. 3-5 Refrigerator

Table 3-4 Refrigerator specification

Refrigerator

Specification

Rated voltage

AC220V, 60HZ

Power consumption 200W
Refrigerant R 12, 220¢g
Capacity 240L

_18_
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Table 3-5 PVC Pipe

of different diameters

Type Diameter(mm) Thickness(mm) Material
VG2-35 42 1.8
VG2-40 48 1.8 pPVC
VG2-50 60 1.8

Table 3-6 PVC pipe of different thickness
Type Diameter(mm) Thickness(mm) Material
VG1-40 48 3.6
PVC
VG2-40 48 1.8
Table 3-7 Pipe of different material

Type Diameter(mm) Thickness(mm) Material
M-32 34.92 1.07 copper
VG2-35 42 1.8 pPVC

— 20 —
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Fig. 3-6 Variation of temperature and resistance according to time at VG2-40
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Table 3-8 Resistance change per image frame

Frame 1 2 3 4 5 6 7 e 30
over over
Q 04 04 04 1004 | 100.4 | 100.4
load load

Fig. 3-7 Resistance variation of the bursting moment
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Table 4-1 Measurement temperature according to time during the pipe

bursting at dia. = 42mm, dia. = 48mm and dia. = 60mm

Diameter

Material 42mm(VG2-35) 48mm(VG2-40) 60mm(VG2-50)
Time Temp. Time Temp. Time Temp.

0:00 223 0:00 224 0:00 21.6

0:30 8.4 1:00 -0.7 1:00 6.5

1:00 -0.9 2:00 -1.1 2:00 -0.7

1:30 -0.9 3:00 24 3:00 -1.8

pPvC 4:00 -3 4:00 21
5:00 2.6

6:00 43

7:00 -5.2

8:00 -5.7

9:00 -6.1

Bursting 1:59 14 4:53 5 9:44 64
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(a) dia. = 42mm

(b) dia. = 48mm

(c) dia. = 60mm
Fig. 4-1 Fracture shapes of PVC for (a) dia. = 42mm, (b) dia. = 48mm,
(c) dia. = 60mm

_25_
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Fig. 4-2 Temperature variation of time according to the pipe diameter

for t = 1.8mm
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Fig. 4-3 Two types of PVC pipe at thickness t = 1.8mm and t = 3.6mm

Fig. 4-4 Bulging of PVC pipe at thickness t = 3.6mm
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Table 4-2 Measurement temperature according to time during the pipe

bursting at t = 1.8mm and t = 3.6mm

Thickness
Material 1.8mm(VG2-40) 3.6mm(VG1-40)
Time Temp. Time Temp.
0:00 224 0:00 23.3
1:00 -0.7 1:00 -2
2:00 -1.1 2:00 -6.7
3:00 -24 3:00 -7.2
4:00 -3 4:00 -7
5:00 -7.5
6:00 -8.1
PVC 7:00 -14.4
8:00 -16.8
9:00 214
10:00 -221
11:00 -24.2
12:00 -24.4
13:00 -24.3
14:00 -24.5
15:00 -24.7
16:00 -25
fastng | s | s
— 29 —
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Fig. 4-5 Temperature variation of time according to the pipe thickness

for dia. = 48mm
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Table 4-3 Measurement temperature according to time during the pipe

bursting for PVC and copper

pvC copper
Type
VG2-35 M-32
Time Temp. Time Temp.
0:00 22.3 0:00 21.8
0:30 8.4 1:00 0.5
1:00 -0.9 2:00 -1.8
1:30 -0.9 3:00 -2.6
4:00 -4.3
Bursting 1:59 14 403 43

Fig. 4-6 Fracture shape of copper pipe for dia. = 34.92mm, t = 1.07mm
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Fig. 4-7 Temperature variation of time according to the pipe material
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