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ABSTRACT: Slurry cut off wall techniques are successfully being used in creating impermeable barriers in many geotechnical 
engineering applications around the world. Most commonly used slurry materials include bentonite, soil-bentonite and cement-
bentonite mixtures. However, soil-cement-bentonite mixtures are getting popular as slurry cut off wall materials since it shows 
satisfactory performance both in terms of permeability and strength. However, compared to other slurry cut off wall materials, limited 
studies have been carried out on the characteristics of soil-cement-bentonite mixtures. In view of the above, this study is focused on 
investigating the strength, deformation and permeability characteristics of different soil-cement-bentonite mixtures with an emphasis in 
mitigating excessive seepage in Vendrasan Dam, Sri Lanka. Soil available at the above dam site has been used as the base soil for soil-
cement-bentonite slurry material. The results of a comprehensive experimental programme including, consolidation tests and 
unconfined compression strength tests on different soil-cement bentonite mixtures have been presented.  

RÉSUMÉ : Les techniques de coupure de paroi sont utilisées avec succès dans la création de barrières imperméables dans de 
nombreuses applications d'ingénierie géotechnique à travers le monde. Les matières de suspension les plus couramment utilisées 
comprennent des mélanges de bentonite, de terre-bentonite et de ciment-bentonite. Cependant, les mélanges terre-ciment-bentonite 
sont de plus en plus populaires en tant que matières découpées en suspension dans les murs car elles présentent des performances 
satisfaisantes en termes de perméabilité et de résistance. Cependant, par rapport à d'autres matériaux de paroi coupés en suspension, 
des études limitées ont été menées sur les caractéristiques des mélanges terre-ciment-bentonite. Compte tenu de ce qui précède, cette 
étude est axée sur l'étude des caractéristiques de résistance, de déformation et de perméabilité de différents mélanges terre-ciment-
bentonite, en mettant l'accent sur l'atténuation des infiltrations excessives dans le barrage de Vendrasan, au Sri Lanka. Le sol disponible 
sur le site du barrage ci-dessus a été utilisé comme sol de base pour la matière de boue de sol-ciment-bentonite. Les résultats d'un 
programme expérimental complet comprenant des essais de consolidation et des essais de résistance à la compression non confinés sur 
différents mélanges de bentonite sol-ciment ont été présentés.  
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1  INTRODUCTION.  

Seepage problems in large earthen dams should be addressed in 
proper way on time before it becomes a disaster. Field 
investigation and data evaluation reveal the type of seepage and 
its extent. Then the most appropriate remedial measures can be 
adopted. Construction of toe filter, toe drain, downstream 
seepage berm, conducting cement/clay grouting and Cutoff 
walls construction are more frequently practiced to prevent 
seepage through and beneath the dam. Cutoff walls make the 
seepage paths longer, decrease the exit gradient at the toe and 
reduce the seepage quantities. Compacted impervious trench 
cutoffs, concrete cutoff walls, sheet piles, slurry trench cutoff 
walls are some different types of cutoff walls currently being 
utilized. 

The slurry trench cutoff method is well known for creating 
impermeable groundwater barriers and has been used for 
decades to create economical and positive cutoff walls in the 
core or foundation soils beneath dams and dikes of many types 
and sizes. Soil Cement Bentonite (SCB) Slurry walls are a 
variation of the more common soil bentonite (SB) slurry walls. 
In this method, the soils excavated from the trench are blended 
with bentonite and cement to provide additional strength to the 
final backfill. 

Some of the Sri Lankan earthen dams are suffering from 
seepages where basic remedial measures are not sufficient to 
impede the flux. Slurry trench cutoff walls would be an 

economical solution, even though currently not practicing due 
to poor research and development on the characteristics of cut 
off wall materials particularly of leteritic origin. Once it is 
proved the effectiveness it may be useful for future planners 
and designers to incorporate this technique in rehabilitation 
works and also where applicable. 

Therefore this study is focused on investigating the 
suitability of Soil Cement Bentonite (SCB) slurry cutoff wall 
material to mitigate seepage in Vendrasan dam Trincomalee, Sri 
Lanka.  

 
1.1 Vendrasan dam in Trincomalee 

 
The Vendrasan dam, owned by the Irrigation Department of Sri 
Lanka, is located south-west of Trincomalee and a short 
distance from the Kantale tank in eastern Province of Sri Lanka. 
The tank, of ancient origin, controls only a small catchment 
area of 11 km but is fed by water issued from Kantale tank. The 
capacity of the reservoir at Full Supply Level (FSL) is 25.7 
mcm3. The primary function of the scheme is the provision of 
water for irrigation of a large plain which is under intensive 
cultivation.  
 This homogenous earth fill dam is about 700 m long and 
has a maximum height of 16 m. The tank bund has been 
modified a number of times, and still suffers from toe seepage, 
to such an extent that the water level in the tank is currently 
held at a low level, several meters below FSL. 
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  The critical seepages were observed between the 
chainages of 470 m – 590 m along the embankment and from 
the geological investigations, it was revealed that unacceptable 
GM, SM and SP materials are present in the heterogeneous 
filling which was done in the past. It is clear that these 
permeable layers pave path to the seepages at toe. Hence, it is 
required to cutoff or lowers the high level phreatic line created 
with more permeable layers to address this issue. For that, 
slurry mixtures consisting of Soil, Bentonite and Cement 
materials can be utilized in suitable proportions by achieving 
required strength and permeability. 
 
 
2  BACKGROUND     
 
Slurry wall construction starts with the “slurry excavation 
technique”, which was developed in Europe and has been used 
in the United States since the 1940s.According to Xanthakos 
(1979), the first slurry trench cut-off was “probably” built at 
Terminal Island, near Long Beach, California in 1948. It was 45 
feet deep and backfilled with soil. Soil-Cement-Bentonite slurry 
walls (SCB wall) are constructed in much the same manner as a 
conventional Soil Bentonite (SB) walls. Designing the SCB 
backfill is a complex issue involving conflicting actions of the 
various materials involved. While the SCB wall provides 
additional strength, permeability is one property that generally 
suffers in comparison to soil-bentonite slurry walls. With 
special attention to materials and procedures very low 
permeability could be achieved. 
 Ryan & Day (2003) cited by evaluating the actual project 
that there is no impact on strength based on the fine percentage 
while cement added as grout shows lower permeability due to 
pre hydration of cement. Further he showed that poor fine 
percentage fail to meet permeability requirements. Britton & 
Herring (2004) studied on measuring the hydraulic conductivity 
of soil-Bentonite backfill. 
 
 
3  METHODOLOGY 
 
The series of laboratory testing were conducted to obtain the 
research objectives. To come out with a more suitable mix 
design of Soil-Cement-Bentonite (SCB) two soil composites 
were selected from the Vendrasan site, one is very close to the 
downstream and other is from a borrow area bit far from the 
dam site. Moisture content, grain size distribution and Atterburg 
limit tests were carried out for each composite for classification 
and designing purposes.  
 Considering the SCB walls in the literature and their 
design mixes and performances, four mix proportions were 
selected for testing as in Table 1. The prepared samples of each 
mix were cured for saturation and tested for 7 day, 14 day and 
28 day saturated results. Saturated hydraulic conductivity is the 
paramount property of the material which was difficult to test 
with. Hence, Consolidation test with oedometer apparatus was 
utilized to overcome the difficulty. To attest the reliability of 
the permeability results derived from oedometer test, the mix 
proportions of mix no. 1 and 2 were selected so as tally with the 
case study of construction and in-situ hydraulic conductivity 
evaluation of a deep soil-cement-bentonite cutoff wall presented 
by Ruffing and Evans in 2014. 
 
Table 1: Selected mix proportions for laboratory testing 
 

 Oedometer/consolidation tests were conducted for five 
loading increments, 25 kPa, 50 kPa, 100 kPa, 200 kPa, 300 kPa 
at each time steps, 7 day, 14 day and 28 day and there by 
hydraulic conductivity (k) values were derived as;.   
 
 
                                 (1) 
 
                                 (2) 
 
where  
mv= coefficient of volume compressibility,  
Cv= coefficient of consolidation (using Taylor's method),  
H1= height of the specimen at the beginning of the stage in mm 
(i.e. at the end of the previous stage),  
H2= height of the specimen at the end of that increment in mm, 
P1= pressure applied to the specimen for the previous loading 
stage (kPa),  
P2= pressure applied to the specimen for the loading stage being 
considered (kPa),  
k= hydraulic Conductivity,  
w= unit weight of water. 

Coefficient of consolidation (Cv), Coefficient of volume 
compressibility (mv) and Hydraulic conductivity (k) variation 
with load increments for all four (4) mix proportions were 
plotted for 7 day, 14 day and 28 day samples. 

Unconsolidated undrained triaxial test (UU) was conducted 
to determine undrained cohesion (cu) and thereby compressive 
strength (qu) for 28 days saturated samples. Proctor compaction 
test was conducted for composite 2 soil. Samples for 
consolidation and triaxial tests were prepared at maximum dry 
density (100% compaction) for soil composite 2. 

 
3.1 Seepage and slope stability analysis 

 

Numerical modeling and analysis procedure also followed to 
investigate the performance of cutoff wall. The dam profiles 
along the critical section (CH 250-690 m) were modeled with 
available borehole data. A single borehole profile was assumed 
to be persisting throughout the critical section. Model 1 was 
defined assuming that profile of the borehole 1 is remaining 
unchanged throughout the dam section. Model 2 & 3 were also 
defined accordingly. A 1 m thick Soil-Cement-Bentonite (SCB) 
wall was assumed to be implemented through the center of the 
dam from crest level up to the impermeable hard rock layer. 
Limit equilibrium analysis was conducted for stability analysis 
by using Geo/Slope SLOPE/W commercial software while 
finite element analysis for seepage analysis by using SEEP/W. 
 Total head (H) boundary conditions and saturated 
material properties (hydraulic conductivity) were used for 
seep/w analysis. Seepage quantities (Flux) through the pre-
defined sections were determined before and after the 
application of the SCB cutoff wall. Flux values of minimum 
three sections were computed. 
 SLOPE/W software was used to conduct the limit 
equilibrium analysis for stability. The static stability of the 
downstream slope of the dam was also carried out at steady 
state condition to verify the applicability. Factor of safety 
values for the circular slip surfaces were determined by using 
Grid & Radius method. Adopted methods for the analysis are 
Ordinary, Bishop, Janbu and Morgentsern-Price. 
 
 
3.1.1 Material properties employed in the analysis 

 
The material properties employed in seepage and slope stability 
analysis are presented in Table 2. 
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Composite 
Mix 
No: 

% Bentonite added 
by wt of  soil 

% Cement added 
by wt of  soil 

Composite 
1 

1 3.3 8 
2 2.2 4 

Composite 
2 

A 2 3 
B 1 3 
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Table 2: Material properties employed in the analysis. 
 

 

 

 

 

 

 

 

 

 

 

 

 

General values of soil properties were adopted in modeling the 
subsurface strata for the soils which no values of soil properties 
were found by the literature of the Vendrasan Dam. Cohesion 
(c’), Angle of Friction (’), Saturated Density (ɤsat) and 
Hydraulic Conductivity (k) values as shown in Table 2 were 
required for SEEP/W and SLOPE/W analysis. Properties of 
SCB material were obtained from the laboratory results of the 
most suitable mix proportion. 
 
 
4  RESULTS AND DISCUSSION 
 
Basic soil classification test results are presented in Table 3. 
Composite 1 is classified as SM material and consists with 
more fine percentage than composite 2 which is also classified 
as SM material. 
 
Table 3: Basic soil classification test results 
 
 
 
 
 
 
 
 
 
 
 Coefficient of Consolidation (Cv), Coefficient of volume 
Compressibility (mv) and Hydraulic Conductivity (k) values 
comparatively reduce with time for all the four (4) mix 
proportions. When considering the SCB slurry cutoff wall, 
consistency, hydraulic conductivity (k) and compressive 
strength are the most important properties. The variation of the 
hydraulic conductivity with curing time are given in Table 4. 
The compressive strength after 28 days of curing is presented in  
and Table 5. 
 
Table 4: Variation of hydraulic conductivity with curing time  
 
 

It can be clearly observed from the test results that the hydraulic 
conductivity decreases with the curing time for all the mix 
proportions. No significant difference in k value was observed 
between the different mixes cured for the same duration. The 
results also indicate that hydraulic conductivity values generally 
decrease with the loading increments.  
 
Table 5: Variation of compressive strength with curing time 
 
 
 
 
 
 
 
 
 
 
 
  
 When compare the mix no.1 and 2 from same composite 
(composite 1), mix no.1 exhibits higher strength values. This 
may due to the higher cement content action on bentonite. 
Portland cement chemically affects the ability of bentonite to 
“swell” and help retain water, creating more porous backfill 
material. 
 When the mix no. A and B from same composite 
(composite 2) is compared, mix no. B exhibits lower 
permeability and higher strength values which has lower 
bentonite percentage than mix no. A. Bentonite seems to be 
proportionately influencing on permeability. 
 In view of the above, it was decided to select Mix 
proportion B as the most approapiate composite for the SCB cut 
off wall at Vendrasan dam.  
 Results of seepage analysis along the three cross sections 
after the implementation of SCB cutoff wall (Mix B) is 
presented in Tables 6. Seepage is estimated through four flux 
sections for each cross section. Percentage seepage reduction is 
very close to the 99% for all three sections. 
 
Table 6: Results of seepage analysis for Sections 1, 2 and 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Soil 
Type 

c/ 
(kPa) 0 sat 

(kN/m3) 
k (m/sec)

SC 3 35 22 10-7 

GM 0 34 21 10-6 

SM 2 33 22 10-5 

SP 0 30 19.5 10-4 

CL 10 28 16 10-8 

SC/SM 3 32 22 10-6 

SP/SM 2 30 20 10-5 
SCB 49 0 22 10-10 

MIX 
NO 

Undrained cohesion 
(cU), (kPa) Average 

(cu) 
(kPa) 

Compressive 
strength (qu)

(kPa) 
@ Cell 

Pressure 
100 (kPa)

@ Cell 
Pressure 

200 (kPa) 

1 78 105 91.5 183 

2 26 55 40.5 81 

A 22.75 29.5 26.125 52.25 

B 66 32 49 98 

Flux 
Section

Seepage (m3/sec) Percentage of 
seepage 

reduction (%)
Without SCB 

cutoff wall 
With SCB 
cutoff wall 

1 7.54 × 10-5 2.54 × 10-8 99.9 
2 1.08 × 10-4 3.68 × 10-8 99.9 
3 1.08 × 10-4 3.68 × 10-8 99.9 
4 1.08 × 10-4 3.68 × 10-8 99.9 

 

Flux 
Section

Seepage (m3/sec) Percentage of 
seepage 

reduction (%)
Without SCB 

cutoff wall 
With SCB 
cutoff wall 

1 2.08 × 10-5 2.05 × 10-8 99.9 
2 2.51 × 10-5 3.03 × 10-8 99.9 
3 2.51 × 10-5 3.03 × 10-8 99.9 
4 2.51 × 10-5 3.03 × 10-8 99.9 

 

Flux 
Section

Seepage (m3/sec) Percentage of 
seepage 

reduction (%)
Without SCB 

cutoff wall 
With SCB 
cutoff wall 

1 1.71 × 10-5 2.99 × 10-8 99.8 
2 2.22 × 10-5 3.89 × 10-8 99.9 
3 2.22 × 10-5 3.89 × 10-8 99.9 
4 2.22 × 10-5 3.89 × 10-8 99.9 

MIX 
NO 

@ 7 day, k  
(m/sec) 10-10 

@ 14 day, k  
(m/sec) 10-10 

@ 28 day, k 
(m/sec) 10-10 

Av Min Max Av Min Max Av Min Max

1  8.1 1.8 20.9 5.5 0.5 23.7 1.9 0.8 4.9

2  5.7 3.7 10.8 4.9 1.7 10.7 1.7 0.7 3.4

A  4.7 3.0 6.0 4.3 3.3 5.5 3.6 1.9 5.8

B  3.0 1.9 4.6 2.5 1.3 3.9 1.5 0.6 3.1

Borrow Sample / Natural Soil  9.1 4.1 13.2

Composite 
ID 

Soil 
Group 

Moisture 
Content 
(%) 

Grain size 

(% passing) Fines 
Content 

(%) 
# 
4 

# 
30 

# 
200 

Composite 
1  

SM 9.25 100 41.6 41.6 41.6 

Composite 
2 

SM 8.13 100 30.5 30.5 30.5 
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 Pore water pressure values obtained through the seepage 
analysis have been incorporated in the analysis of the stability 
of downstream slopes under steady state seepage. 
 The most critical failure surface and the corresponding 
phreatic surface along a typical section (Section 1) before and 
after the implementation of SCB cutoff wall is presented in 
Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Downstream slope stability analysis under steady state 
seepage for Section 1 before the construction of the cutt off wall 
(top) and after the construction of the cutt off wall (bottom). 
 
The results of downstream slope stability analysis under the 
steady state seepage condition is presented in Table 7. Stability 
of slope with and without the cutoff wall has beeen evaluated. 
The factor of safety values obtained through the Morgentsern-
Price method is presented.  
 
Table 7: Results of slope stability analysis 
 

Section Factor of Safey 
without the SCB wall With the SCB wall

1 2.05 2.40 
2 1.69 1.94 
3 1.85 2.17 

 
It can be observed from the results that the stability of the 
downstream slope of the dam would increase after the 
implementation of SCB cut off wall due to the increased 
compressive strength/undrained cohesion of the SCB wall.   
 
 
 
 
 
 

5  CONCLUSION 
 
The following conclusions can be made from the results of the 
present study. The Soil-Cement-Bentonite (SCB) Slurry Trench 
Cutoff Wall material can be recommended for effectively 
mitigating seepage at Vendrasan. In view of the results, mix 
proportion B can be considered as the most appropriate 
composition of SCB wall for the selected base soil at the dam 
site. All the mix proportions show a significant reduction in 
hydraulic conductivity with the curing time of the mix. In 
adition, SCB wall acts as a relatively stiff member within the 
dam enhancing the stability of the donstream slope under steady 
state seepage.    
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