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1- Introduction 
 

For long, several barriers were subjected to high variable temperature cycles (landfill sites 
for waste disposal, deep barriers for radioactive storage, ...). However, until now, waste 
sorting is not performed, that's why; for example landfills received a variety of organic and 
inorganic components. Presence of such materials can lead to serious environmental 
threats, especially if cracks arise within landfill covers since they are expected to 
experience cycles of saturation and drying. 
In fact, these landfill liners are commonly built by clayey soils (it is also the case for several 
deep barriers), and many previous works have shown that efficiency of these covers are 
greatly affected by apparition of crack pattern within clayey soil subjected to successive 
wetting-drying cycles. 
That’s why; research related to clay barriers design has primarily focused upon conditions 
and procedures for barrier construction to minimize hydraulic conductivity.  Indeed, Freeze 
and Cherry (1979) reported that an increase in the transport rates may occur due to cracks 
presence. Also, Prendergast (1995) have shown that the movement of pesticides and 
fertilizers to the root zone are largely affected by crack pattern characteristics. 
Dumm et al. (1997) have done a laboratory investigation using lysimeters to prove that 
hydraulic conductivity greatly increases due to development of preferential flow path 
resulting from desiccation cycles. 
Therefore, accurate characterization of crack pattern proves to be useful, especially to 
update flow and strength parameters of fractured soils. 
In this paper, we present some results of experimental investigation of crack pattern 
propagation within compacted clayey soils subjected to drying path. The selected material 
is clay extracted from Tibar (Bejà), region in the Northern of Tunisia which frequently 
displays severe landslides. Major physical properties of soils are as following: specific 
gravity= 2.7, plasticity index Ip=32%, liquid limit   WL= 58%, plastic limit Wp =26%, 
shrinkage limit WRe=14% optimum moisture content Wop=18%, and maximum dry density 
ρdmax=1.5g/cm3. 

 

2- Tensile strength of compacted clay 
 

Since soil tensile strength is negligible comparing to shear and compression ones, 
researchers don't given it a great attention in explain saturated soil mechanisms. However, 
understanding phenomenon occurring within unsaturated soils can't pass through 
evaluating soil tensile strength. 
    Nowadays, it is well recognized that desiccation crack initiation within clayey soils is 



deeply dependant on soil tensile strength and its variation function of layer water content 
(or suction). 
In fact, several researches have shown that drying soils are likely to crack when attraction 
forces between particles  overcome soil tensile strength for a given suction value. 
That's why, aiming to investigate desiccation cracks in barriers, it seems more and more 
useful  to determine dependency of tensile strength on compacting conditions and 
unsaturated state. 
In fact, Barzegar et al. (1995) shown that considering a given initial state characterized by 
values of water content and dry density, measurement of tensile strength is strongly 
dependant on the way used for measurement and also to water amount within soil. 
Trabelsi et al. (2011) have also related tensile strength to porosity and suction governing 
drying soil. 
Nevertheless, if for lower water content (under Proctor optimum), it is easy to apply direct 
method for tensile strength measurement, it seems to be less appropriate for remoulded 
soils or samples compacted at higher water contents.  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
Zeh and Witt (2007) compared tensile strengths for soils compacted at dry and wet sides 
of Proctor Optimum and they assign the variation to soil structure. 
In this section, we present results of tensile tests performed on clayey soils under 
controlled displacement and force conditions following different hydro-mechanical paths. 
Different paths were followed: On one hand, starting from a slurry state, rebuilt sample was 
prepared in the direct tensile apparatus and then subjected to progressive drying under 
controlled climatic conditions (relative humidity: Hr and temperature T), once drying 
occurring, tensile strength was determined (referred as SD test).  
On the other hand, considering sample already compacted, dried and then, subjected to 
direct tensile test (referred as CD test). 
 



 
 
Figure1. Tensile strength as a function of water content for remoulded/dried (‘SD’), as-
compacted and compacted/dried (‘CD’) paths. 
 
Figure 1 shows the great dependency of tensile strength on draining path and on void ratio 
variation. The effect of the initial water content is well highlighted; an increase in initial 
water content implies an increase in tensile strength trend. That’s why; one can conclude 
that, for example for landfill cover design, it would be better to compact soil at a water 
content from the wet side of Proctor Optimum.  
 
 
 

3- Experimental investigation on desiccation cracking on compacted soils 
 

In this section, we present results of experimental investigations of the desiccation 
cracking behaviour of compacted clayey soil at different water content (13 and 25%) which 
correspond to the same dry density on Proctor curve. The processes of soil water 
evaporation, drying shrinkage, crack initiation if occurred were monitored and analysed.  
Crack network involve segments, nodes formed by cracks (Liu, 2013). In order to quantify 
the crack pattern, “Crack Image Analysis System” is used, which is a software developed 
by (Liu, 2013).     
As mentioned above, Béjà clayey soil was dried, crushed ad then sieved to 0.2mm. Then, 
samples were mixed with distilled water to obtain previous mentioned water content. Once 
prepared soils were poured into 10 x 10 cm glass mould, these latter were then placed in a 



climatic enclosure with controlled relative humidity and temperature. Figure 2 shows 
evolution of these climatic parameters across drying time.  

 
Figure 2. Evolution of temperature and relative Humidity across drying time. 
 

Soil Water Evaporation Process    
 
Figure 3 shows evolution of water content for soil specimens compacted at different water 
content during drying time. Figure 4 and 5 show respectively evolution of evaporation rate 
for sample with w from dry side and one with w from wet side.  
One can easily see that for both of samples, and at the opposite of tests performed on 
slurry sample, there is only the falling restage during which water content decreased 
linearly with time 
  
 

 
 
Figure3. Evolution of water content for soil specimens compacted at different water content 



during drying time and modelling answers 
 

 
Figure 4. Evolution of evaporation rate (flux: kg/m2.h) of compacted soil at a w=13% during 
drying time. 

 
Figure 5. Evolution of evaporation rate (flux: kg/m2.h) of compacted soil at a w=26% during 
drying time. 
 

Surface Crack Propagation Behavior 
 
Only sample compacted at the wet side, since the sample initially compacted at 13% of 
water content didn’t exhibit cracks. For the sample compacted at 26% of water content, 

after crack initiation (time=15 hours and w18%), cracks propagate both laterally and 
downward and finally they split sample into clods. 
 



Figure 6. shows evolution of the index IF against time, where IF(%) is the intensity factor 
defining as : 
 

IF= 
Total Crack Area

Total Area
[%] 

 

 
Figure 6. Evolution of crack intensity factor against time. 

 

Conclusion 
 
From the presented results in this paper, it can be concluded that: 
- Besides the tensile strength is trongly depended on the initial moisture  content and dry 
density, it is also well linked to the followed path of prepration samples (slurry and dried, 
compacted and dried). 
-  the crack pattern affects the evaported flux, which is in its turn very dependant on the 
followed path of sample prepration . 
- The anlytical prediction of the evaported flux should include more parametrs taking into 
account also the followed path. 
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