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ABSTRACT: The soil slopes of larger canal often collapse in Heilongjiang province. So there is many diffi-
culties in the water transmission of irrigation and draining canals and the engineering maintenance manage-
ment. Through field survey, combined with the environment characteristics of cold regions, the damage cha-
racteristics and main reasons of soil slope was concluded. And the anti-freezing design practice was put 
forward, in order to protect the slope from being damaged. The geocell gravel structure was used in cold re-
gions canal slope protection engineering project, through which the application effect of this structures was 
observed and evaluated. And the new way to protect the canal soil slope in cold regions was put forward 
 
 
1 INTRODUCTION  

Heilongjiang Province is located at the cold regions 
in Northern China. It has water diversion irrigation 
channels and drainage channels thousands of kilo-
meters in total, but the water utilization efficiency in 
channels is only 0.40-0.45, which is arising from se-
vere channel permeation and freezing heaving dam-
age. Therefore, seeking a technically reliable, tech-
nical, durable and easy construction channel slope 
protection technology is significant for recovering 
slopes beside the channels in Heilongjiang Province.  

2 PROPOSAL OF THE DESIGN PRINCIPLE OF 
FROZEN DAMAGE PREVENTION  

The channel slope protection body is the bearing 
structure but the attached channel soil surface pro-
tection project, and the basic function is to prevent 
washing out and channel slope collapse. If the inte-
grity is not damaged, proper deformation is permiss-
ible. According to experience in different areas, 
three kinds of normal direction displacement values 
in lining structure are proposed by Design code for 
anti-frost-heave of canal and  its structure[1] (SL23—
2006) (Ministry of Water Resources of the People’s 
Republic of China 2006). Under the functions of the 
frost heaving and thaw collapsing, certain deforma-
tion (maximum residue deformation) of the lining 
can not affect design functions and use requirements 

of the channels. The protection body is the building 
allowing deformation.  

Frost heaving of the frozen soil and collapse of 
the thawed soil are a kind of natural phenomenon for 
seasonal frozen soil, and a cycle process. In this 
process, functions of ice and water cause relocation 
and gravity transfer of the soil granules, which de-
forms the protection body. If the selected protection 
body, channel bed frozen soil and thawing soil fea-
ture can reach the best matching, it is possible to 
utilize the natural phenomenon to realize that the 
protection soil body heaves with the frozen soil and 
thaws with collapse of the soil and remove the dam-
age to the slope.  

Under the circumstances of unavailability of re-
sistance and prevention, proposal of the frozen dam-
age prevention technical route thinks that freezing 
heaving of frozen soil of the channel beds is natural. 
Freezing heaving and collapse of frozen soil are a 
necessary process, and the final residual deformation 
is permissible. When the permissible residual de-
formation is exceeded, it is called froze damage. 
Therefore, the engineering technical indexes of the 
frozen damage prevention technical route can be 
controlled by the residual deformation quantity and 
recovery rate. The service life can be calculated with 
performance of the protection materials. 
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3   GEOCELL  

The plastic geotechnical grid is a 3-dimensional net 
structure made of High Density Polyethylene
（HDPE）with high-strength welding and is a spe-
cial material in geotechnical synthesis materials. 
When used, stretch it out manually, and the inter-
connected strips form flexible 3-dimensional geo-
cell. Add rubbles into the geocell to form the 3-
dimensioanl grid structure. See Figure 1. 

 
Figure 1 geocell gravel structure  

3.1  Advantages of the geocell gravel structure 
slope  

Geotechnical geocell as the main frame can restrict 
the loosen materials in the geocell and avoids cracks 
and lateral displacement.  

The plastic geotechnical geocell are mainly 
made of the raw material polyethylene, which be-
longs to olefin group and has stable molecular struc-
ture. The carbon black aging resistance agent is add-
ed and the filled materials and surface plant covering 
can effective prevent ultraviolet, so service life of 
the geotechnical geocell is 40 years under the sun-
shine.  

When sand, rubber and other loosen materials are 
filled in the geocell, an integral protection layer is 
formed on the slope. The material granules are large 
and belong to non-freezing heaving soil, without 
frost heave. 

Each net produces independent geocell and pre-
vents the loosed fills from washed out by water and 
improve the erosion ability of the slope. 

Owing to sound permeation of the protection 
layer of the slope, after the channel is out of water 
supply, water level in the slope can be quickly lo-
wered within a short time, and the slope frost heave 
quantity is reduced, after thawing in spring, water in 
the thawing soil on the slope can permeate out 
quickly to reduce water content of the soil body near 
the channels, the shearing strength is increased and 
shallow landslide of the channels will not occur. 

The slope protection layer forms a sound anti-
filtration system. water level in the slope can be 
quickly lowered within a short time, and the slope 
frost heave quantity is reduced. 

3.2 Design of the geocell gravel structure slope 
protection  

Design of the geocell gravel structure slope protec-
tion is to determine the filled materials and depth 
and welding distance of the geocell.  

(1) Selection of the filled materials: success of the 
geotechnical grid slope protection relates to types of 
the filled materials and water flow rate. Diameters of 
the filled materials refer to the curve of the flow rate 
and rubble size (Figure 2[2]).  

 
Figure 2 Curve of the flow rate and rubble size  

 
(2) Factors to be considered for selecting the grid 

sizes  
The slope angle, surface radial flow strength and 

minimum angle of repose etc. should be considered 
for determination of depth, welding distance etc. At 
present, there is no standard method on the channel 
slope protection in cold regions. Selection of height 
and welding distance of the geotechnical geocell can 
only refer to existing projects of railway and high-
way. 

4 APPLICATION OF CHANNEL SLOPE 
PROTECTION IN COLD REGIONS  

4.1 Profile of Hadashan Hydro Junction Project  
Hadashan Hydro Junction Project (Stage 1)is located 
at the lower reaches of the 2nd Songhuajiang River 
trunk about 20Km from Songyuan City in the south-
east in Jilin Province. The annual average tempera-
ture is 4.5℃, the extreme low temperature in past 
years is -37.8℃, the freezing period last 5 months 
and it is the high cold region. The water conveyance 
main canal crosses Alluvial-proluvial Plain, Valley 
Alluvial Plain and Filled Lake Plain. The ground 
rock is clay, loam and other frost heaving soil. The 
water level of main canal is high. The uplift pres-
sure, frost heaving and ice pushing resistance con-
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fronted by the channel lining are the technical diffi-
culties which have not been solved yet.  

To ensure science and feasibility of the water 
conveyance main canal lining design and long-term 
safe operation of the water conveyance main canal, 
the geocell gravel structure slope protection model is 
proposed, and the testing project is established for 
verification. 

4.2  Project design  
In accordance with geographical conditions and geo-
logical conditions of Hadashan water conveyance 
main canal, the principles for selecting the lining 
structure in the project are offered as follows: the 
first is employing flexible structure, which effective-
ly adapts frost heaving deformation of the founda-
tion soil quality, the second is reducing uplift pres-
sure of the lining structure for underground water 
level. The structure used by the design has strong 
permeability and drainage, and the opening system 
can reduce frost heaving of the foundation soil, the 
third is improving integrity of the entire lining sys-
tem. Integrity of the geocell gravel structure can mi-
nimize the damage force to the slope arising from 
the stock water after water subsiding in the channels 
in winter,the fourth is the desirable ecological ef-
fects. The growing space for plants can be provided 
above the lining system water level, with a sound 
ecological sightseeing effect.  

Basic parameters: designed flow 100m3/s, de-
signed water level 137.84m, bottom elevation 
133.32m, channel bottom width 28m, slope gradient 
1：2.5, calculated wind speed 5.4m/s. 

4.2.1  Wave calculation  
According to GB50286-98[3] (Dode for design of le-
vee project), the average wave height H is calculated 
as follows:  
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where,      g=9.81m/s2 

According to the given parameters in the design 
materials, they are taken into the formula:  
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where,      T=1.81s 
T: the average wave cycle 
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where, considering g=9.81m/s2 and H=0.167m, 
the average wave length (L) calculated was 5.11m 

4.2.2 Selection of the filling materials  
According to Yu(1987), define the provisional water 
depth when the wave is broken on the slope d0, the 
height of the wave peak A higher than the static wa-
ter level H0., after the wave is broken, the wave peak 
particles impact the slope along the parabola in the 
form of jet flow, and the maximum wave flow pro-
duces at the intersection B of the jet flow and the 
slope (See Figure 3), 

 
Figure 3 Broken wave on the slope 
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2 2tanh
2 2A
gL d g dV n H cth

L L L
π π π

π
= +     （4）  

4.7 3.4( 0.85)
1

H mn
L m

= + −
+

                   （5） 

where,  considering VA=1.06 m/s VBX=1.06 
m/s >designed flow rate=0.56m/s，d= 8cm.  

4.2.3 Selection of sizes of the geocell  
Factors to be considered for selecting sizes of the 
geocell are: slope angle, surface radial flow strength 
and minimum angle of repose of the filled materials.   
Relations of variations are offered below:  

          arctan[( ) / ]cd d Lα β= − −   or               （6） 

tan( ) cd L dβ α= ⋅ − +                             （7） 

Where, α – Minimum angle of repose of the filled 
materials ，β- Slope angle ，d – Depth of the geo-
cell ，L – Length of the geocell ， dc – Minimum 
permissible depth of the filled material.  

The minimum thickness with function of the 
waves can be calculated by the formula below [4]: 
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After taking parameters into it, t=7cm  
According to the calculation results, the rubber 

with graduation diameter 3-8cm plus 300g/m2 po-
lyester needling geotechnical fabric for anti-
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filtration, with the design height 200mm and the 
welding distance 600mm. See Figure 5 on the struc-
ture schematic diagram of the geocell gravel struc-
ture. 

 
Figure 4 Determination of the minimum grid depth  
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Figure 5 Structure drawing of the geocell gravel (mm) 
 

4.3 Application effect 
The project was started in the last 10 days of No-
vember, 2008 and finished in the first 10 days of 
December. After completion of the project, it en-
tered the freezing period in winter. The frozen soil 
layer was completed thawed on March 4, 2009, and 
the channel slope deformation is stable till April 30.  

See Figure 6 on the effect drawing of the geocell 
gravel structure slope protection after construction. 

Through the on-site observation and measure-
ment in a freeze-thaw cycle, a collection for the ob-
servation and measurement results between the geo-
cell gravel structure slope protection proposal and 
the contrast section without lining is made. See Ta-
ble 1. 

 

 
Figure 6 Effect drawing of the geocell gravel structure slope 
protection after construction. 

 Table 1 Featured values of the freezing and thawing deforma-
tion of the tested sections (Unit: mm)    

Structure Value 
Measurement points  

1 2 3 4 5 

Geocell 
gravel 

Max 3.8 5.8 7.8 7.1 9.5 

Resi 0.7 -0.2 -0.7 -0.1 2.3 

Without 
protec-
tion sec-
tion

Max 4.2 7.3 9.1 7.9 11.6 

Resi -0.3 -0.5 1.7 0.2 1.6 

 
Known from Table 1, the maximum frost heaving 

of the observation points in the geocell gravel struc-
ture protection proposal is significantly smaller than 
that of the contrasted section without lining, with 
maximum 25.5% reduction of frost heaving. The re-
sidual deformation quantity of the geocell gravel 
structure slope protection plan is also significantly 
smaller than that of the contrasted section without 
lining. It is visible that, the geocell gravel structure 
can effectively reduce the frost heaving, meanwhile, 
the structure can adapt the freezing and thawing de-
formation well.  

5 CONCLUSION  

The following conclusions are drawn from the 
present study 

1) The geocell gravel structure can effectively re-
duce the frost heaving quantity and well adapt the 
freezing and thawing deformation.  

2) The protection project for the high under-
ground water level channel slope shall employ the 
principle of freezing injury prevention. The water 
permeation mode can be selected, which reduces the 
construction difficulty, shortens the working period 
of the project, can be constructed in winter and re-
duces the project cost. 
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