International J. Highw. Engineering Vol. 15 No. 1 : 75—-86 February 2013
http://dx.doi.org/10.7855/IJHE.2013.15.1.075

OFATE =2 Ao 43 ulo|Z AAHS o] 43
BH2E=A 7| B3 A4

A Study of the Surface Temperature Reduction Using Pipe Cooling System
in Asphalt Pavement

&  Yoon, Yong Kyu ds|tfsty Botst EESZs MAPY (E-mail : yongku85@naver.com)
Bt A @ Park, Kyung Won H3|# - U.S Army corps of engineers (E-mail: pkw4425@naver.com)
0| A2  Lee, Suk Keun MHolq - daltistn Zattfst E2ZStaE w4 (E-mail : skrhee@khu.ac.kr)

ABSTRACT

PURPOSES : The purpose of asphalt pavement reducing surface temperature by using Pipe cooling system is to make pleasant city life
environment.

METHODS : We considered building condition to lay the pipes under asphalt pavement and figured out that temperature reducing effect with
pipe cooling system. In addition, we guessed rutting through wheel tracking test with a laid the pipes under asphalt mixture and performed
fatigue cracking through a flexural fatigue test for performance evaluation of pipe cooling system.

RESULTS : When pipe cooling system worked, the temperature of pavement model reduced quickly in test. The system can turn down the
degree by 4 or 5 quickly as well. It didn't affect rutting to lay the pipes under the pavement, but it can get damaged to asphalt pavement in early
stage by the result of performance evaluation.

CONCLUSIONS : We figured out that pipe cooling system can turn down the temperature of aspalt pavement surface through tests. We
suggest that pipe cooling system should be considered one of the effective way to solve urban heat island problem.
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Fig. 1 The Surface Temperature Change of Seoul
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Table 1. Specifications of Three Pipes Evaluated

Type Copper pipe| PB pipe Teflon pipe
. high—density
Constituent copper |polypropylene polyethylene
Economics expensive cheap expensive
Compression )
Strength normal low high
Corrosion 0 X X
Thermal
. strong weak strong
resistance
Heat
conductivity 332 0.32~0.33 0.32
Kcal/m hr'C

—+—Asphalt Surface

—®=Copper pipe
PB pipe
==L pipe

Temperature ('C)
ra w = w
w v w w

=
w

10 50 100 150 200
Time (minute) R e Bt

Fig. 2 Return Temperature According to the Type
of Buried Pipes
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Table 2. Heat Recovery Condition of Buried Pipes

Pipe Burial
Pitch Area Depth Temperature
Sensor

Sensor Position
(mm?)
(mm) (mm)

1000 X T Surface —10mm

100mm 200 50 -

Surface =50mm

1000X T3 Surface —10mm

200mm 200 50 T4

Surface —10mm
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Fig. 8 Pipe Arranged in a 100mm Space on the Test
Pit Pavement and Sensor Position by Depth
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Table 3. Temperature Change Which Doesn’'t Use
Water Circulation System(C)

emperature T T
Sensor

(T,\'/Tne) TI=1 | T1=2 | T1=3 | T2-1 | T2—2 | T2-3
0 157 | 16.4 | 17.0 | 155 | 159 | 16.4
30 m7 | 218 | 170 | 443 | 230 | 17.9
60 504 | 334 | 206 | 598 | 347 | 222
90 693 | 423 | 254 | 683 | 430 | 269
120 756 | 488 | 295 | 738 | 49.0 | 310
150 803 | 540 | 336 | 778 | 536 | 346
180 803 | 57.9 | 37.0 | 812 | 57.5 | 378
210 626 | 56.3 | 39.9 | 56.2 | 533 | 39.0
240 492 | 487 | 395 | 444 | 453 | 376
270 417 | 430 | 379 | 376 | 396 | 354
300 365 | 386 | 358 | 332 | 354 | 332
330 330 | 352 | 341 | 301 | 323 | 31.3
360 303 | 326 | 323 | 278 | 299 | 296
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Table 4. Temperature Change Which Does Use
Water Circulation System(C)

emperature T T
Sensor
Time
(Min) T1=1 | T1=2 | T1I=3 | T2—1 | T2—2 | T2-3
0 157 | 16.0 | 16.3 | 15.6 | 13.5 | 14.9
30 394 | 20.0 | 151 | 446 | 229 | 17.2
60 56.4 | 30.8 | 183 | 59.7 | 345 | 220
90 66.3 | 39.6 | 229 | 68.0 | 427 | 26.7
120 728 | 46.0 | 271 | 736 | 48.6 | 30.9
150 774 | 511 | 311 | 776 | 533 | 347
180 813 | 56.0 | 359 | 76.8 | 57.6 | 38.0
210 582 | 52.0 | 37.7 | 51.5 | 49.1 | 37.2
240 441 | 429 | 36.0 | 39.0 | 39.7 | 344
270 357 | 36.4 | 333 | 321 | 336 | 315
300 305 | 31.8 | 31.0 | 27.9 | 295 | 29.2
330 271 | 286 | 29.0 | 251 | 26,6 | 271
360 247 | 26.3 | 27.3 | 23.1 | 246 | 255

—=T1-1(noflow)
~B=T1-1(flow)
—4—-T1-2{no flow)
—=T1-2(flow)
—=T1-3(noflow)
—e-T1-3(flow)

Temperature(°C)

Time(Min)

T2

——T2-1{noflow)
~B=T2-1(flow)
—4=T2-2{no flow)
—=T2-2(flow)
~#=T2-3(no flow)
~8-T2-3(flow)

Temperature(°C)

Time(Min)

Fig. 9 Water Circulation System According to the
Presence or Absence of Change in the
Temperature of the Pavement
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Table 5. Wheel Tracking Test
(Rate of Deformation & Dynamic Stability)

Rate of ) -
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Fig. 13 Wheel Tracking Test Result
(Rate of Deformation & Dynamic Stability)
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Fig. 14 Schematic Diagram of Flexural Fatigue Test
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Fig. 16 Flexural Fatigue Test Result(No Pipe)
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Fig. 17 Flexural Fatigue Test Result(Pitch 100mm)
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Table 6. Flexural Fatigue Test Result
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