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Experimental Study for Earthquake and Subsidence-resistant Performance Evaluation of
iPVC Buried Water Pipe

Bub-Gyu Jeon', Sung-Jin Changz*, Jae-Bong Kim®, Bu-Seog Ju*

Abstract: Water pipes are important facilities and consist of pipes of various specifications and materials. The annual average number of earthquakes
in Korea is steadily increasing. Therefore, in case of the water pipe, it is estimated necessary to prepare for earthquakes. Damages to the water pipe
by the earthquake can cause problems such as water supply and fire suppression, and cause damage to life and property. In Korea, however, it is difficult
to find examples of seismic performance evaluation of water pipes based on experimental study. Damage to the water pipes by the earthquake is caused
by the displacement-controlled behavior of the ground which is the liquifaction and fault lines. Especially, The damage to the water pipes by the
earthquake is concentrated on the joint of the pipe. In particular, piping less than 200mm in diameter was found to be dangerous. Thus, in this study,
the seismic and settlement performance of iPVC buried water pipes with fixed joints with a clamp of 150mm was evaluated with a test approach.
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Fig. 1 Damage of buried pipe line by earthquake

Table 1 Examples of buried pipes damaged following earthquakes

Earthquake Magnitude

Name ear M) Buried Pipe Damage

Damage to buried pipe

- Components of underground buried
pipe to building connection (ex : Tee,
joint)

Damage to buried pipe

- Water pipe

Damage to buried pipe

- Large size water pipe and branch pipe

Damage to buried pipe

- Water pipe,

- Pipe Joint Pull Out

Damage to buried pipe

- Failure of buried pipe by Fault and
liquefaction

Mexico 1985 8.1

Loma Prieta 1989 7.1

Northridge 1994 6.7

Kobe 1995 7.2

Tohoku 2011 9.1
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Table 2 Sensor description and location for tension test

Item Location Sensor
name
Force (load cell) Actuator LA
Displacement
(LVDT) Actuator DA
Strain (strain =736 mm from Joint O-ring, L1
gauge) front (Bell)
Strain —736 mm from Joint O-ring, rear L2
(strain gauge) (Bell)
Strain +621 mm from Joint O-ring,
. . R1
(strain gauge) front (Spigot)
Strain +621 mm from Joint O-ring, rear
. . R2
(strain gauge) (Spigot)
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Table 3 Sensor description and location for 4 point bending test

Item Location Sensor
name
Force Actuator LA
(load cell)
Disp. Actuator DA
(LVDT) 4
-2,080 mm from center D1
-1,520 mm from center D2
—760 mm from center D3
. -250 mm from center D4
Disp. .
Center of specimen D5
(DIC)
+250 mm from center D6
+760 mm from center D7
+1,520 mm from center D8
+2,080 mm from center D9
-1,650 mm from Joint O-ring, rear(Bell) Sal
-1,650 mm from Joint O-ring, Sa2
bottom(Bell)
-1,650 mm from Joint O-ring, front(Bell) =~ Sa3
-1,650 mm from Joint O-ring, top(Bell) Sa4
=559 mm from Joint O-ring, rear(Bell) Sbl
=559 mm from Joint O-ring, bottom(Bell) ~ Sb2
—559 mm from Joint O-ring, front(Bell) Sb3
=559 mm from Joint O-ring, top(Bell) Sb4
Strain +559 mm from Joint O-ring, rear(Spigot)  Scl
(strain +559 mm from Joint O-ring, Se2
gauge) bottom(Spigot)
+559 mm from Joint O-ring, front(Spigot) ~ Sc3
+559 mm from Joint O-ring, top(Spigot) Sc4
+1,650 mm from Joint O-ring,
. Sd1
rear(Spigot)
+1,650 mm from Joint O-ring,
. Sd2
bottom(Spigot)
+1,650 mm from Joint O-ring,
. Sd3
front(Spigot)
+1,650 mm from Joint O-ring, top(Spigot) ~ Sd4
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[ : Strain gage
O : DIC target

Strain gage

Fig. 7 Test set up photo and sensor location of 4 point bending test
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Table 4 Basic earthquake- and subsidence- resistance check
criteria (ISO 16134)

Parameter class Component performance

S-1 +1 % of L or more

Expansion /

contraction S-1 +0.5 %to less than +1 % of L
performance S-1 Less than +0.5 % of L
Joint M-1 +15° or more
deflection M-2 +7.5°to 15°
angle M-3 Less than £7.5°

Table 5 Performance evaluation of iPVC buried water pipe

Criteria of ISO 16134 Test results of iPVC pipe

Parameter Component
Class Performance Test results (R) R/P
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