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Analytical Investigation on Preventive Method of Thermal
Cracking in a RC Box Culvert Wall by Embedded Pipe

Hidehiko Ogata™® and Kunio Hattori*

* Department of environmental engineering, Faculty of Agriculture, Tottor: University, Tottori, 680-8553, Japan

The thermal cracking generated in a RC box culvert wall is an external restraint cracking. The thermal
stress which causes this cracking is generated by volume change of the wall concrete being restraint with the
lower slab concrete which has already been placed. The thermal stress is influenced by the fluctuation of
temperature and the elastic modulus ratio between the wall and the lower slab concrete. If the fluctuation
of temperature between the wall and the lower slab concrete is reduced, the generated thermal stress can
be decreased. In this research, the method for reducing the fluctuation of temperature between the wall
and the lower slab concrete by using the pipe embedded in the lower slab concrete was examined. The
effectiveness of this method was evaluated by the analytical results of thermal stress in a RC box culvert
wall using 3-D FEM. The diameter of the pipe embedded in the lower slab concrete and concrete condition
placed in that had been variously changed. As a result, the thermal stress of the wall concrete was able to
be decreased by the pipe embedded in the lower slab concrete.
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REOBMBEEELRE (°C) 45.12
RELREEICET2ER 1.597
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Case 1 | Case2 | Case 3 | Case 4

EROBREELRRE  (°C)

45.12 58.66 58.66 67.68

BEEREZICHTOER

1.597 2.076 2.076 2.400

FaEm )

0 0 24 0

BOR BMNEHIBUZEIZLORRRE

No.1 { No.2 l No.3 l

No4 | Nob | Nob | No.7 | No8 [ No9

BT EE, 508 = (m)

IS 025 [ 045 | 065 | 085 [ 105 | 125 [ 165 [ 205 | 245
BRERE (°C)
Normal 24.03 [ 27.33 | 30.76 | 36.01 | 42.87 [ 47.82 | 54.88 | 58.12 | 57.56

¢20cm | 24.69 | 28.40 | 32.01

37.05 | 43.42 | 48.15 | 54.83 | 58.00 | 57.50

Case 1 | ¢30cm | 26.05 | 30.78 | 34.01

38.36 | 44.15 | 4864 | 54.84 | 57.81 | H57.45

¢40cm | 28.55 | 33.86 | 36.74

40.03 | 45.10 | 49.09 | 54.84 | 57.61 | 57.40

$20cm | 24.78 | 28.95 | 32.42

37.41 | 43.64 | 48.28. | 54.91 | 57.97 | 57.48

Case 2 | #30cm | 27.55 | 33.63 | 35.20

39.16 | 44.63 | 48.84 | 54.83 | H7.74 | 57.42

¢40cm | 31.62 | 38.39 | 39.24

41.41 | 45.96 | 49.63 | 54.93 | 57.50 | 57.34

¢20cm | 26.58 | 33.46 | 34.85

37.37 | 43.38 | 48.12 | 54.88 | 58.01 | 57.50

Case 3 | ¢30cm | 29.88 | 38.16 | 38.81

38.83 | 43.73 | 48.28 | 54.80 | 57.86 | 57.48

$40cm | 33.95 | 42.71 | 43.49

40.93 | 44.12 | 48.48 | 54.74 | 57.74 | 57.47

¢20cm | 25.05 | 30.44 | 32.68

37.64 | 43.79 | 48.37 | 54.91 | 57.94 | 57.47

Case 4 | ¢30cm | 28.93 | 36.28 | 36.03

39.67 | 44.97 | 49.06 | 5491 | 57.69 | 57.39

$40cm | 33.98 | 41.99 | 41.26

42.32 | 46.55 | 50.01 | 54.99 | 57.42 | 57.29
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(MPa) (MPa) (MPa)
Normal 2.67 2.65 2.57 0.97
$20cm 2.67 2.62 2.57 0.98
Case 1 $30cm 1.96 2.33 2.57 1.10
¢40cm 1.95 2.34 2.57 1.10
$20cm 1.97 2.33 2.57 1.10
Case 2 | ¢30cm 1.89 2.33 2.57 1.10
¢40cm 1.94 2.34 . 2.57 1.10
$20cm 2.07 2.32 2.57 1.10
Case 3 | ¢30cm 2.05 2.32 2.57 1.10
¢40cm 2.03 2.34 2.57 1.10
$20cm 1.97 2.33 2.57 1.10
Case 4 $30cm 1.95 2.33 2.57 1.10
¢40cm 1.94 2.34 2.57 1.10
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