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content field before grooving in ground
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1. Temperature at any points below O far from canal, 2. Water content at any
points below O far from canal; 3. Temperature at any points below O' at the
middle of canal bottom; 4. Water content at any points below O' at the middle
of canal. bottom
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Fig.2 Abridged general view of compound temperature and

moisture content at special points in the binary variable field after
grooving
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Note: ¢ is normal frost-heave force; 7 is tengential frost-heave force, the same as below.
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Fig.3 Displacement of soil frost heaving affected by concrete lining and form of frost heaving force in canal without water in winter
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Fig.4 Displacement of soil frost heaving affected by concrete lining and form of frost heaving force in canal with water in winter
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Frozen heaving and capacity of frozen heaving resistance of trapezoidal
concrete lining canal with water in winter

Song Ling, Ouyang Hui, Yu Shuchao
(College of Water & Architectural Engineering, Shihezi University, Shihezi 832003, China)

Abstract: The trapezoidal canal with the anti-seepage and anti-scour concrete lining is widely used in water conveyance
project. However, the impervious effect of the canal in the seasonally frozen region doesn’t work because the frozen heaving
of the bed soil causes the concrete lining damage. The forms of frozen heaving force, which were caused by rigid concrete
lining’s confining the deformation of the canal bed soil, were analyzed for the different coupled field of temperature and water
content in the canal bed soil under atmospheric negative temperature, by means of studying the change of the canal slope
length with the formation mechanism of tangential frost-heave force. The conclusion was drawn that if the slope was shorter
during frozen period than that during unfrozen period, tangential frost-heave force, pointing to the top end of the slope slab,
would act on the undersurface of the concrete lining and vice versa. In fact, there are 2 kinds of frozen states of the bed soil in
the section of the canal. One is that the bed soil below the whole concrete lining is frozen, which is mainly presented in the
canal used for irrigation. The other is that the bed soil under the part of slope concrete lining is frozen in the canal providing
water for city or factory. In the former, normal frozen heaving force acts on the bottom slab while tangential frozen heaving
force acts on the slope slab pointing to the bottom of the slope. In the latter, there isn’t normal frozen heaving force on the
bottom slab but there is tangential frozen heaving force, pointing to the top of slab, under the slop slab above the canal water
level. Many results were attained on the damage of concrete lining caused by bed soil’s frozen heaving of the whole section,
while few researches on the frost damage of the slope slab in the canal delivering water were carried out, and related
researches were focused on ice situation, including the numerical simulation and control of ice situation and the analysis on ice
condition. So the next research was on the capacity of frozen heaving resistance of concrete lining slab on the slope bed soil of
the canal delivering water in winter. The problem of frozen heaving resistance of concrete lining was changed into that of
bearing capacity of concrete structure under the action of frozen heaving force. Because slope slab was originally lain on the
bed soil and the slope slab and the bottom slab were articulated, and the slope slab was jointless, the mechanical model of the
slope concrete slab was established under the combination of the normal and the tangential frozen heaving forces, the gravity
of the slope concrete slab, the water pressure and the frictional resistance under the slope concrete slab. The frost damage of
the slope concrete slab of the canal carrying water in winter belongs to the problem of being pulled by frozen heaving. After
the magnitude of normal force and tangential force of frozen heaving was calculated based on the force equilibrium and the
formation mechanism of tangential frost-heaving force, the solution to the frost damage of the trapezoidal canal carrying water
in winter was found. The capacity of frozen heaving resistance of the trapezoidal canal carrying water in winter could be
calculated in the light of pulling resistance of pile as long as the anti-seepage concrete lining of the trapezoidal canal carrying
water in winter was regarded as the pile suffered from frozen heaving force, which non-vertically acted on a part of lateral
surface of the pile. So the method to design the concrete lining structure of trapezoidal canal carrying water in winter, whose
core is checking the calculation of anti-pulling strength of the slope slab, was successfully founded.

Key words: canals; temperature; moisture; hydro-engineering; seepage-proof canal; frozen-heaving force; introduction of rigid
surface layer; checking computation of capacity of rigid surface layer
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