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Abstract: The impacts of sunshine on thermal distribution of box-type aqueducts in high-altitude areas provide guidance for
the design and construction of box-type aqueduct structures. The ANSYS is used in this study for a high-altitude box-type
aqueduct, based on the heat conduction theory and the temperature boundary conditions of hydraulic aqueducts. The simula-
tions of thermal distributions of the solar radiation show that the temperature of each wall is higher outside and lower inside
with a quadratic distribution. The temperature stress of the wall is under expansion for the inner surface and under compres-
sion for the outer surface. The vertical maximum tensile stress appears on the inside of the top plate and the inside of the
web. The maximum temperature compressive stress appears on the outside of the top plate and the web. The temperature
stress on both inner and outer surfaces of each wall increases firstly and then decreases. Therefore, installation of tempera-

ture steel bars, lateral pre-stressing or surface heat insulation measures should be provided to improve the stress state of the
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aqueduct under the action of sunlight, and to make sure the safe operation of the structure, in the design and construction of

the box aqueduct structure.

Key words: sunshine; box aqueduct; temperature; boundary condition; temperature stress
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Tab. 1 Convection heat transfer coefficients
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Tab. 2 Comprehensive heat transfer coefficients
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Tab. 3 Environmental temperatures at different times Bf. C
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Tab. 4 Solar radiation intensities at each boundary at different times BAA7 . W/m?
\ Fisf 1]
R
10:00 11:00 12:00 13:00 14:00 15:00 1600 17:00 1800
TR 325 602 823 931 968 944 906 713 540
JERAR 52 77 90 96 101 98 85 74 50
RIEMR 309 346 312 267 173 105 38 69 11
T AR 70 88 96 111 169 227 258 296 261
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Tab.5 The integrated temperatures at each boundary at different times B, C
) i 1]
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10:00 11:00 12:00 13:00 1400 15:00 16:00 1700 18:00
Ttk 27. 435 39. 328 50. 424 56. 891 60. 079 58. 309 54. 089 43.892 36. 338
MR 18. 905 22. 821 27.297 30. 516 32. 700 31. 590 28. 114 23. 711 20. 831
ZRIEAR 27. 436 31. 585 34.538 36.018 34. 843 31. 546 27. 972 23. 330 20. 385
VY IE R 19. 364 22.972 27. 242 30. 749 34. 708 35. 667 33. 714 30. 997 27.815
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Fig. 1 Box aqueduct section unit division map
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Tab. 6 = Differences between the maximum internal and external wall temperatures at different times Mgy, C
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Fig. 2 Typical lateral temperature profile
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Fig. 3 Lateral temperature change duration curves
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Tab. 7 X,Y directional maximum temperature stress

at each moment Pfij . MPa
X 1) Y i
i %)
FLN JERE Sy FLR T HER T
10:00 0. 443 —1. 306 0. 248 —1.181
11.00 1. 340 —3.491 0. 870 —2.714
12.00 2. 264 —5.251 1.652 —3. 544
13.:00 3.125 —6. 501 2. 382 —4. 196
14.00 3. 750 —7.066 2.914 —4. 371
15.00 4. 045 —6.779 3. 183 —4.473
1600 4.170 —6. 117 3. 196 —4. 218
17.00 4.159 —4. 884 2.907 —3.58
18:00 3.839 —3.424 2.734 —2.787
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