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Abstract 

Recently, the construction of water structures and seepage reduction are critical 
issues. This importance was induced due to the required specifications for the 
desired type of concrete. Mechanical strength and permeability are the two major 
parameters in achieving the design mix efficiently. This study investigates the 
effect of different types of admixures on the performance of concrete.  The 
performance of concrete was evaluated using the mechanical strength and 
permeability tests. The concrete mixes admixtures include A retarder (Sika 
R2004 type G), water proofing material (addicrete DM2), superplasticizers 
(sikament), additive (silica fume) and water proofing coating (sika 107). Some 
admixtures were used to increase the strength and others to reduce the 
permeability. The aim of the investigation is to conclude the optimum percentage 
of each admixture to achieve the highest mechanical strength and the lowest 
permeability. The design mix ratios are 0.7% of cement for the retarder, 1kg/m3 
for addicrete DM2, 80 kg/m3 for silica fume and (7.2% and 10%) for sikament. 
All compressive strength and permeability tests were implemented according to 
the British standards. Keeping in consideration that all permeability tests were 
held with and without water-proofing material (sika 107). This coating was used 
to enhance the permeability of the concrete in the water structure construction 
site.  On the other hand, the effect of the admixtures on the consistency of the 
concrete was shown through slump test for all concrete mixes. Adding addicrete 
to the retarder coated with sika water proofing resulted in an optimum strength 
(52 MPa) and permeability (2.1 cm) after 28 days.  

Keywords: Canal, Compression, Concrete, Permeability, Seepage, Slump test. 
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1.  Introduction 
One of the main reasons of losing water in irrigation canals is evaporation and 
seepage. For example, a study was done by El Baradei and Al Sadeq [1] to save water 
from canals by reducing evaporation in canals. This research studied the impact of 
covering channels on evaporation rates and on dissolved oxygen concentrations, 
which is a very essential factor for the water quality. The idea of solar canals is 
reducing the water evaporation while producing power and electricity. The irrigation 
canals are covered with solar panels to keep the water from the sun. This will lead to 
reducing water evaporation from those canals, conserving water, and generating 
green energy that can be used in different purposes, one of which is providing 
electricity to communities living around the canals [1]. 

Inappropriate canal lining is one of the major factors causing seepage since it 
diminishes the loss of water by having impermeable layers [2]. The concrete lining 
of canals should not only be impermeable, but it should also be durable, and has high 
compressive strength. In this research the most important properties of concrete 
mixes are workability, high compressive strength and low permeability to achieve the 
minimum acceptable limitations for the concrete mix. All the previously mentioned 
properties improve the performance of concrete where the most important property 
in this study is the permeability. Permeability is considered as an important design 
parameter since it controls the flow rate of a fluid into a permeable concrete and helps 
resist eroding action, or any process of deterioration. For the concrete, it should have 
a high compressive strength to withstand all the applied loads over time. The strength 
of concrete can be enhanced using the steel reinforcement as in bridges and buildings 
but for the structures underwater, they may be subjected to corrosion. Accordingly, 
admixtures are added to acquire the desired compressive strength with the sufficient 
permeability and workability as well. 

Many studies were applied on the impact of adding different admixtures on the 
permeability of the concrete mix. For instance, Amadi and Amadi-Oparaeli [3] 
applied a study on the effect of various admixtures on the characteristics of concrete 
such as permeability and compressive strength. They used four admixtures beside 
the control mix: waterproofing admixture, accelerator, two different 
superplasticizers such as polycarboxylate ether (PCE) and sulphonated naphthalene 
formaldehyde condensates (SNF). It was found that when some admixtures such as 
accelerators and superplasticizers are combined with a reduction in water to cement 
ratio (w/c), they offer lower permeability than that of the reference conventional 
concrete and provide a higher compressive strength [3]. For the waterproofing 
admixtures, the decrease in w/c, produced compressive strength lower than the 
conventional concrete mix. However, it provided lower water permeability than the 
conventional mix. Moreover, the superplasticizers were the most effective 
admixture when compared to waterproofs and accelerators as it yielded high 
strength and durable concrete [3].  

Another study was done by Imam et al. [4] about the impact of silica fume 
mixed with concrete considering its absorption co-efficient which was lower than 
the normal concrete. This showed that the silica fume produces impermeable 
concrete. Adding silica fume with cement makes the concrete microstructure 
denser. The ratio of the added silica fume between 8% and 12% reduced the 
permeability of the concrete noticeably. However, permeability becomes negligible 
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when the ratio of the silica fume exceeds 12% and sometimes the permeability 
increases when the water to cement ratio increases [4].  

Also, Khaddour et al. [5] applied a study on the effect of adding two types of 
water proofing materials (addicrete DM2 and plastocrete N) by different ratios of 
the cement weight on the concrete water penetration. The outcomes ensured that 
adding addicrete DM2 and plastocrete-N are water isolating substances which 
improved the properties of concrete effectively. As a result, it reduced permeability 
and increased the strength [5]. Adding addicrete with a ratio of 0.45% of the cement 
weight resulted in the lowest value of water penetration (1.43 cm) while adding 
plastocrete N of ratio 0.50% of cement weight resulted in water penetration of 1.76 
cm. For retarders, most of the studies and research were on the effect of the retarders 
on the setting time of the concrete in hot weather.  

In this paper, the effect of the retarder on the concrete permeability was studied. 
Moreover, this effect was investigated without influencing the other characteristics 
such as compressive strength and workability. This occurred by adding different 
admixtures which have a direct effect on the permeability such as silica fume, 
superplasticizer and addicrete with or without waterproof coating and comparing 
the results to that when adding retarder with or without waterproof coating. The 
results showed that adding the retarder could reduce the permeability in an indirect 
way with the addition of the waterproof coating. Also, it achieved the other required 
properties where it increased the compressive strength and delayed the setting time 
of the concrete until it reached the site, and which suits the hot weather. 

The aim of this study is assessing the impact of different admixtures on the concrete 
used in the canal lining in order to achieve acceptable permeability, compressive 
strength and workability considering different parameters such as the time needed for 
the fresh concrete to be placed to the site and the high temperature. This study is a part 
of a large, funded research project which studies the impact of covering channels with 
solar panels on the rates of evaporation and on water quality factors of the covered canal 
where the case study of this project is Sheikh Zayed canal in Tushka, Egypt. The 
specimens used in this study were extracted from the prototype canal. The prototype is 
downscaled as 1:10 and is located at the Nile University in Cairo, Egypt. The prototype 
simulates the same hydraulic design and conditions as Sheikh Zayed canal in Tushka, 
Egypt. The top width of the prototype canal is 7 meters, the top bottom width is 1 meter, 
the depth of the water is 1 meter, the length of the prototype is 29.5 meter, and the 
thickness of the canal lining is 18 cm. Figure 1 shows the prototype after pouring the 
concrete. The experimental work of this study was performed at the Civil Engineering 
Laboratory, Nile University and the Egyptian Housing and Research Centre. 

 
Fig. 1. The prototype after pouring concrete. 
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2.  Materials 
Grade 42.5 ordinary Portland cement produced in Beni Suef in Egypt was used 
(425 kg/m3). Fine aggregate was purchased (620 kg/m3), and Coarse aggregate 
(Dolomite) with maximum size of aggregate of 12.6 mm and density of 1150 kg/ 
m3 was used. 190 litres of distilled water were used as a mixing water in the 
concrete mix. The all-in aggregate (coarse and fine) sample were graded through 
sieving according to BS EN 12620:2013 [6]. Table 1 shows the sieve analysis for 
the mixed aggregates sample (5000 gm) used in the experiment. 

Table 1. Sieve analysis for all-in 
 aggregate including the lower and upper limits. 

sieve size retained cum %Retained %Pass Lower 
limit 

Upper 
limit 

19 0 0 0 100 - - 
12.5 121 121 2.42 97.58 100 100 
9.5 999 1120 22.4 77.6 95 100 

4.76 2050 3170 63.4 36.6 30 65 
2.36 104 3274 65.48 34.52 20 50 
1.18 99 3373 67.46 32.54 15 40 
0.6 257 3630 72.6 27.4 10 30 
0.3 1141 4771 95.42 4.58 5 15 

0.15 205 4976 99.52 0.48 0 8 
0.075 24 5000 100 0 - - 

 
Fig. 2. All-in aggregate grading according to BS 882:1992 [7]. 

Figure 2 shows the grading curve (particle size distribution) of the all-in aggregate 
sample. They are a mix of coarse and fine aggregate where particle sizes 12.5 mm, 
9.5 mm and 300 µm fall below the lower limit recommended by BS 882:1992. On 
the other hand, the particle sizes majority are within the upper and lower limit. 
Accordingly this satisfies the grading requirement medium and can be used for the 
concrete works [8]. Four different admixtures were added, their dosages were 
specified in the design stage of the concrete mix. The admixtures include silica fume, 
as it is one of the widely used superplasticizers, it increases the concrete compressive 
strength and enhance durability and decrease permeability. Adding silica fume 
resulted in increasing the strength with less amount of cement. In addition, the silica 
fume mix was designed using the absolute volume method which caused a change in 
the amount of the aggregate and cement. Sikament superplasticizer admixture was 
added to the concrete mix to increase the compressive strength and workability of 
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concrete [6]. Addicrete DM2 (1 kg/m3) was added to reduce porosity and 
permeability, increase workability and strength [9]. A retarder (Sika 2004 type G) 
was also added with a dosage of 0.7% of the cement to increase the workability, 
compressive strength and delay the setting time of the concrete [10]. For the four 
previously mentioned admixtures, sika 107 was coated on the moulds as a 
waterproofing element. Table 2 shows the different concrete mixes. 

Table 2. Concentrations of mixes used in this study. 
 

Water 
(L) 

Cement 
(kg/m3) 

Dolomite 
(kg/m3) 

Fine 
Agg. 

(kg/m3) 

Silica 
Fume 

(kg/m3) 

Sikament 
Super-

plasticizer 
(litre) 

Addicrete 
(kg/m3) 

Retarder 
(Sika R2004 

type G) 

Concrete +Silica fume 
+Sikament plasticizer 190 400 1050 710 80 7.2 / 10 - - 

Conventional Concrete 190 425 1150 620 - - - - 
Concrete + Retarder 190 425 1150 620 - - - 0.7% of 

cement 
Conventional + 
Addicrete 190 425 1150 620 - - 1 - 

Conventional + 
Addicrete 
+ Retarder 

190 425 1150 620 - - 1 0.7% of 
cement 

3.  Experimental Work 
Five concrete mixes were prepared including a conventional mix with no additives and 
four mixes with the following admixtures: silica fume, sikament superplasticizer, 
addicrete DM2, retarder and waterproof material which was added in each mix. A 
rotating mixer was used where the mixing was applied based on BS 5328: part 2:1997. 
Before mixing, the following materials were added which are: coarse aggregate, fine 
aggregates and cement were added consecutively. Then, water and chemical additives 
were added gradually during mixing. The materials were mixed appropriately until a 
consistent mixture was obtained. The workability of the newly mixed concrete was 
determined through applying the slump cone test based on BS EN 12350-2:2009. After 
performing slump test, the fresh concrete was emptied into cubed moulds of 
dimensions: 15 cm×15 cm×15 cm where the moulds were properly lubricated to allow 
easy removal of the concrete when it gets hardened. A compacting bar and vibrator 
were then used to compact the fresh concrete for a few minutes in order to reduce the 
air entrained in the concrete [11]. The samples were removed after 24 hours from the 
moulds and were cured in water tanks. Based on BS EN 12390-3-2009, three samples 
of the cured concrete cubes were tested for the compressive strength after 7 and 28 days 
and their average was calculated. Also, the water penetration test (permeability) was 
performed where the cubes were removed from the curing tanks and left to dry for 24 
hours before applying the test. The cap must be lubricated and fixed carefully in order 
to avoid leak which might cause errors in the outcomes [3]. Generally, for the validation 
of the outcomes, the average of the results of the three samples was taken. 

4.  Characterization Techniques 

4.1.  Slump test 
The slump test is essential as it concludes the consistency and the workability of 
the fresh concrete [12]. This test is applied based on the BS EN 12350-2:2009 
where the fresh concrete is poured in a cone shaped mould and then compacted. 
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After the cone is lifted upwards, the workability of the concrete is measured through 
measuring the distance dropped by the concrete [11]. This is the main concept of 
the slump test as shown in Fig. 3. 

  
Fig. 3. Slump test for fresh concrete mix. 

4.2.  Compressive strength test 
Three cubes (15 cm×15 cm×15 cm) are tested from each sample based on the BS 
EN 12390-3:2019. The cubes are tested using an adjusted compressive machine 
after 7 and 28 days. The compressive machine applies a continuous constant force 
on the perpendicular face to the moulding face until the samples fail, where the 
maximum compressive strength of the concrete is the reading at failure [13]. The 
minimum compressive strength stated in the mix design is 35 MPa [14]. As a result 
of compression, the shape of the cubes changes when they reach failure, the failure 
shape can show if the failure is acceptable or not. Figure 4 shows the compressive 
strength machine (capacity of 2000 kN, 150 mm and 100 mm concrete cubes or 
cylinders up to 320×160 mm diameter). 

  

Fig. 4. Compressive strength machine test. 

4.3.  Permeability test 
Based on BS EN 12390-8:2019, the specimen is cured for 7 and 28 days and then 
water pressure of 3 bars for 24 hours is applied on one of the smoothed surfaces of 
the cube so that water can infiltrate within the concrete [15]. The specimens are 
split to measure the penetration of water. The specimens are split in the compressive 
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machine by directing concentrated load on the central axis from the two sides. The 
penetration of water through the cube is then measured as shown in Fig. 5 and then 
the average of three results of penetration is calculated. 

 

Fig. 5. Permeability test. 

5.  Results 

5.1.  Slump Values 
Based on BS EN 12350_2:2009, the consistency of the concrete easily affects the 
slump test which corresponds to slumps between 10 mm and 210 mm. The results of 
the slump test are considered inappropriate when the measurements are beyond the 
limits. Table 3 shows the measurements of the slump test of fresh concrete. The 
workability increases after adding (sikament type G) in mix 2 and the same goes for 
adding the retarder (Sika R2004 type G) in mix 3. Adding sikament type G to the mix 
caused a decrease in the added amount of water which resulted in preserving the 
compressive strength with relative higher workability. On the other hand, adding 
Addicrete in mix 4 caused a huge decrease in the workability of the fresh concrete 
until it became zero and the same for adding (addicrete + retarder) in mix 5. 

Although addicrete decreases permeability and increases compressive strength and 
workability without adding extra water, in this study the addicrete decreased the 
workability to zero. This is due to the chemical composition of the addicrete, it had a 
negative impact on how it reacted in the mix with the aggregate. Accordingly, based on 
experimental tests in the laboratory, it was found that the amount of 1 kg/m3 of addicrete 
will keep the workability of the concrete and any increase in the amount of addicrete 
than 1 kg/m3 - which is greater than the selected one in the admixture manual and it is 
supposed to increase the workability of the mix - causes a segregation to the concrete. 
Based on the above, adding the addicrete admixture only is excluded from the rest of 
the tests as the workability result is beyond the limitations extremes. 

Table 3. Slump test results. 
Mixes Tests Slump (cm) 
1 concrete conventional 1.5 
2 conventional +silica fume +sikament 18 
3 conventional + retarder 15 
4 conventional+ addicrete (1 kg/m3) 0 
5 conventional + addicrete + retarder 1 

Water 
penetration 
depth 
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5.2.  Compressive strength Values 
For the Compressive strength test, Table 4 shows that adding (silica fume + sikament) 
gave a very high compressive strength compared to the conventional concrete results. 
The results are conforming with the study applied by Amadi and Amadi-Oparaeli [3] 
when adding superplactizer. Also, this admixture is expensive compared to the other  
additives. Accordingly, it is excluded from the rest of the tests. On the other hand, 
adding the retarder (Sika R2004 type G) gave the required compressive strength after 7 
days and the increase in the compressive after 28 days was reasonable. Adding 
(addicrete + retarder) also caused a reasonable increase in the compressive strength 
whether after 7 days or 28 days. The results of adding the retarder and the addicrete 
whether separately or together satisfied to a great extent as both addicrete and retarder 
maintain the compressive strength or increase it based on the used dosages. 

The aim of this study is to reach the designed compressive strength with lower 
permeability and higher workability. This function compiles with the structure usage 
(canal).  This study compares the effect of the retarder (Sika R2004 type G), additives 
(addicrete and silica fume) and superplasticizers (sikament) on the concrete mix. The 
mixture of the silica fume and sikament increased the strength by 38.6%. The effect of 
the retarder (Sika R2004 type G) decreased the strength by 18.1%, however adding 
addicrete with retarder caused an increase in the compressive by 2%. Keeping into 
consideration that this relative lower increase in strength corresponds higher 
enhancement in the permeability properties of concrete [3]. As a result, the mix of 
(addicrete+retarder) represent the optimum usage for the constructed structure.  

Table 4. Compressive strength test results 

 Concrete 
Conventional 

Conventional + 
Silica fume + 

Sikament 

Conventional + 
Retarder 

Conventional + Addicrete + 
Aika r2004 type G (Retarder 

0.7% of cement) 
Compression 
(7 days) 

Ultimate Load: 
984.3 kN 
Ultimate 
Strength: 43.7 
MPa 

Ultimate Load: 
1326.7 kN 
Ultimate Strength: 
58.9 MPa 

Ultimate Load: 
814.246 kN. 
Ultimate Strength: 
36.1865 MPa 

Ultimate Load: 1106 kN 
Ultimate Strength: 48.8 MPa 

Compression 
(28 days) 

Ultimate Load: 
1130.42 kN 
Ultimate 
Strength: 50.21 
MPa 

Ultimate Load: 
1570.4kN 
Ultimate Strength: 
69.7 MPa 

Ultimate Load: 
924.217 kN. 
Ultimate Strength: 
41.089 MPa 

Ultimate Load: 1177 kN 
Ultimate Strength: 52 MPa 

5.3.  Permeability Values 
Based on BS EN 12390-8:2019, the depth of water penetration should not exceed 
2.5 cm. Table 5 presents the results of the permeability test in each mix. The 
permeability test was applied after 7 and 28 days with and without adding a 
waterproofing coating which is sika. 

The results after 7 days show that adding retarder (4.2 cm) which is greater than 
the limits and the same when adding (addicrete +retarder). After 28 days, the 
penetration of water reached 15 cm which means that the water penetrated the 
whole cube, and this is unacceptable while when adding (addicrete + retarder) the 
increase in water penetration is reasonable however it is greater than the limits.  



2680        N. H. H. Mohamed et al. 

 
 
Journal of Engineering Science and Technology               June 2021, Vol. 16(3) 

 

After adding the waterproof coatings (Sika), it is observed from the results that 
the penetration of water decreased. The permeability decreased from 4.2 cm to 4 
cm after 7 days when adding the waterproof coating and for the (addicrete + 
retarder) the permeability decreased from 3.6 to 2 cm. After 28 days, the 
permeability of the concrete containing retarder reduced from 15 cm to 2.5 cm 
which is a huge drop in the results after using the waterproof coating and for the 
(addicrete + retarder) the water penetration decreased from 4.4 cm to 2.1 cm.  

In conclusion, the mix contains (addicrete + retarder) with waterproofing 
material resulted in water penetration 2.1 cm which is less than the standard limit 
2.5 cm. The effect of adding addicrete on the permeability and compressive strength 
is conformed with the study applied by Khaddour et al. [5].  

The conventional concrete with waterproofing coating (sika) resulted in no 
penetration. However, this concrete mix was not workable and could not be used 
in the mass production of concrete. The conventional concrete with retarder 
resulted in 2.5 cm water penetration which conforms with the BS penetration limits 
(2.5 cm). In addition, this concrete mix was workable and could be handled in the 
construction site. On the other hand, adding addicrete resulted in decrease in water 
penetration by 16% from comparing the (conventional + retarder) mix with 
(conventional + addicrete + retarder) mix. Finally, it should be mentioned that (sika 
R2004) resulted with the optimum workability which compiles with the 
construction of a trapezoidal waterside section. Keeping into consideration that all 
results were compared with respect to the conventional concrete but to show the 
effect of addicrete, the mix that contains (addicrete + retarder) was compared with 
the (conventional + retarder) mix to show the effect of the addicrete.  

From the previously mentioned paragraph, it could be seen that the (retarder + 
addicrete) mix achieved the best results in compressive strength and permeability. 

Table 5. Permeability test results.  

Tests concrete 
conventional 

conventional 
+ retarder 

conventional + 
addicrete + sika 

r2004 type g 
(retarder 0.7% 

of cement) 

Rate of change 

conventional 
+ retarder 

conventional + 
addicrete + 

(retarder 0.7% 
of cement) 

Permeability (7 days) 10 cm 4.2 cm 3.6 cm -58% -64% 
Permeability (28 days) 4.9 cm 15 cm 4.4 cm 2.06% -10.2% 
Permeability (Sika) 
(7 days) 3.9 cm 4 cm 2 cm 2.5% -48.7% 

Permeability (Sika) 
(28 days) 0 cm 2.5 cm 2.1 cm - 

-19% (with 
respect to 

conventional 
retarder) 

6.  Conclusion 
This study proves that the retarder can be used as an admixture in decreasing the 
permeability of the concrete of the canal lining in addition to its role in increasing 
the compressive strength, the workability and delaying the setting time of the 
concrete until the fresh concrete is placed and poured in the site. This study is 
applied through adding different chemical admixtures such as: silica fume, 
addicrete, superplasticizers which are having an effective direct impact on the 
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permeability of the concrete. The concrete cubes were coated with appropriate 
waterproofing such as sika where it prevents water infiltration. Laboratory tests 
were performed on the fresh and hardened concrete with/without adding the 
waterproof coating in order to study the effect of the added admixtures on the 
physical and mechanical behaviour of the concrete. The results of the tests were 
compared with that when adding retarder to the concrete with  or without the 
waterproof coating. 

Based on the results obtained from the previous experiments, the following 
conclusions can be illustrated: 

• The addition of (silica Fume + sikament superplasticizer) produced acceptable 
workability with a very high compressive strength. However, high cost 
prevents the mass production of this type of concrete. 

• For the addicrete admixture, it was also excluded from the rest of the tests as 
it failed in the slump test. The reason for this failure was the source of the 
addicrete as mentioned before.  

• Adding the retarder with sika 107 water proofing coating caused an increase 
in the permeability by 2.5% and decrease in the compressive strength by 18.1% 
with optimum workability (15 cm).  

• In this study the optimum mix is the (addicrete + retarder) as they enhanced 
the permeability and compressive strength. The results showed that, adding 
addicrete and retarder in addition to sika waterproofing coating produced a 
concrete mix with low permeability, high compressive strength, and also it did 
its role in delaying the setting time of the concrete mix due to the time taken 
to place the fresh concrete mix to the site and pour it.  

7.  Recommendations for the future work 
More tested specimens are recommended to be implemented on the concrete 
mixes to show optimum percentages of additives for the workability, 
permeability, and strength together on concrete. 
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Nomenclatures 
 
W/C Water to Cement ratio 
 
Abbreviations 

BS British Standards 
DM 2  Addicrete  
PCE Polycarboxylate Ether 
SNF Sulphonated Naphthalene Formaldehyde 
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