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Abstract. Grout is a cement-based material with high strength and workability that allowing it to be 
injected into small cracks or leaky areas. It is usually used to patch concrete cracks or holes, but it 
may also be used to fill voids under metal bases or digging anchors. Furthermore, grout is used 
efficiently in the production process of semi-flexible pavement mixtures. The purpose of this study 
is to characterize the effect of grout ingredients on their mechanical properties. The grout ingredients 
were Ordinary Portland Cement (OPC), silica fume (SF), emulsion (Em), super-plasticizer (SP), and 
water. Different proportions of mentioned materials were used to characterizing the developed grout 
through flowability, compressive strength, and flexural strength tests. Results showed that the flow 
time decrease with an increase in the W/B. Also, the compression strength of the grouts comprised 
OPC+EM reveals an optimal dosage: i.e., 20% EM. Moreover, SF generally leads to increase 
compressive and flexural strength. As the main conclusion, the mechanical properties of 
cementitious-emulsion grout are highly affected, but grout ingredient types, dosage, and properties. 

Keywords: Bitumen emulsion; cementitious grout materials; compressive strength; flow ability; 
semi-flexible pavement; silica fume. 
 
Introduction 

Cement-based grouts are used widely in geotechnical applications [1]. Furthermore, cement grouts 
have been used in soil stabilization, precast construction, structural reconstruction, and other 
applications in civil engineering. Cement grout is widely used in different applications such as; jet 
grouting, soil grouting permeation grouting and rock grouting, coating prestressed cables in precast 
constructions, post-tensioned cable duct grouting, and ground stabilization close tunnels, are all 
applications for crack injection and filling holes in concrete structures [2-4]. The pumping of grouts 
when entering voids and cracks is directly related to their rheological properties. Estimating the 
penetrability of grout suspension is critical for the effective implementation of any grouting project.  

It should be done before grouting because, for example, it decides the effectiveness of soil 
improvement and the overall cost of the project [5]. Cement pastes (also known as cement grouts) are 
fluid mixtures produce from cement, water, and possibly an admixture. Cement pastes have many 
applications, including filling, sealing, and consolidation, where their ingredient dosages influence 
their properties and application type. For example, the water/cement (W/C) ratio for prestressed cable 
coating ranges from 0.35 to 0.42, while it for masonry repair and consolidation is in the range of 0.5-
1 [1]. Cement grouts for soil or rock injection are highly fluid hydraulic binders with W/C ratios 
varying from 1 to 2.  At the same time, W/C ratios for sealing cement grouts are similar to those used 
for masonry repair, which varies between 0.5 and 1 [6,7]. 

Fluidity, impermeability, strength, corrosion safety, sulfate resistance, and, in certain instances, 
frost toughness, are all performance requirements for a high-performance cementitious grout intended 
for structural repair. Reduced porosity, inhomogeneity, and microcracks in the cement grout and 
transition zone allow high efficiency [8,9]. Cement grouts are made up of cement and water, with or 
without sand and other additives. Admixtures are used to boost the flowability, permeability, and 
strength of grout. The most popular admixture in grout mixes is super-plasticizers (SP). More water 
and super-plasticizer will be needed to achieve the desired workability [10]. Due to its excellent 
capacities to increase the strength of grout, mortar, or concrete, silica fume is one of the most effective 
mineral admixtures [11-14]. On the other hand, Semi-flexible pavement (SFP) is a pavement type 
that is built in two phases. In the first, an asphalt mixture of 20–35 percent air void is laying, then 
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grouts (cement mortar or cement paste) are poured within the asphalt mixtures in the second step. 
The mixture is cured for a period of time that varies depending on the grout compounds and the 
thickness of the asphalt mixture[15,16]. The problem could be solved by using a more suitable 
grouting material with strong flexibility and interface bonding properties with the asphalt mixture.  

The cement asphalt emulsion paste (CAEP) gathers between cement mechanical properties and 
the asphalt durability properties and is used as grouting material for SFP. It is composed of several 
components: cement, fine sand, and asphalt emulsion with several chemical admixtures [17]. In fact, 
cement-asphalt emulsion composites have a variety of industrial applications. The road industries 
prefer utilizing cold recycled asphalt mixtures and cold mix asphalt pavement for maintenance rather 
than hot asphaltic mixtures because they contribute to lower emission of CO2 to the air relatively and 
require less energy to produce [17-21]. Further, CAEP (which relatively lower cost production than 
polymer cement composite) can be used as a strong waterproofing and repair medium in the 
construction industry [22-24]. Therefore, this study aims to find the effect of the use of silica fume, 
emulsion, and super-plasticizer on the mechanical properties of the grouts used in the semi-flexible 
mixture. 

Experimental work 

Materials. Ordinary Portland cement (CEM I 42.5R) was used in this study, which is with the limits 
of the Iraqi requirements according to specification No: 5/1984 type I. the physical and chemical 
properties of such type of cement are listed in Table 1. 

Table 1. Physical and chemical properties of OPC. 
Physical properties 

kg)\2Specific Surface Area (m 410 
)2cm\Density (gm. 2.987 

Chemical properties (%) 
2SiO 18.1 
3O2Al 3.05 
3O2Fe 5.45 

CaO 62 
MgO 1.38 

O2K 0.760 
O2Na 1.714 

 
Asphalt emulsion was supplied from Fosroc Company (under the commercial name of Nitoproof 

10). Table 2 summarizes the Nitoproof 10 properties given by the manufacture [25].  

Table 2. Properties of asphalt emulsion. 
Property Standard ASTM Limits Results 

Emulsion type D2397 [26] Rapid, medium and slow-
setting 

Medium-setting 
(CMS) 

Color appearance  Dark brown liquid 
Residue by evaporation, % D6934 [27] Min. 57 60 
Specific gravity, gm/cm3 D70 [28] ------- 1.03 

Penetration, mm D5 [29] 100-250 235 
Ductility, cm D113 [30] Min. 40 44 

Viscosity, rotational paddle 
viscometer 50 °C, mPa.s D7226 [31] 110-990 225 

Freezing D6929 [32] Homogenous, broken Homogenous 
Solubility in trichloroethylene, % D2042 [33] Min. 97.5 97.8 
Emulsified asphalt/job aggregate 

coating practice D244 [34] Good, fair, poor Good 

Miscibility D6999 [35] ------- Immiscible 

Aggregate coating D6998 [36] ------- Uniformly-
thoroughly coated 
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CONMIX provided silica fume (SF). SF, also known as condensed silica fume or micro silica, is 
a fine powder with a high concentration of amorphous silicon dioxide [16]. This substance is a by-
product of the smelting of silicon and ferrosilicon [37]. The used SF's physical and chemical 
properties can be shown in Table 3. 

Table 3.  Physical and chemical of SF. 
Physical properties Specification, ASTM C1240 

/kg)2Surface area (m 18100 15000 
Density )3kg/m( 700 - 
Chemical properties (%) Specification, ASTM C1240 

NaO  1.534 - 
MgO  0.432 - 

3O2Al  0.091 - 
2SiO  92.05 >85% 

O2Cl  0.001 - 
O2K  1.886 - 

CaO  3.035 - 
2TiO  0.002 - 

MnO  0.149 - 
3O2Fe  0.448 - 

2CO  0.006 - 
CuO  0.017 - 
ZnO  0.179 - 
SrO  0.016 - 

3O2Y  0.005 - 
BaO  0.057 - 
LOI  0.01 <6% 

Moisture  0.05 <3% 
 

Super-plasticizer (SP) was supplied by LYKSOR Company (under the trade name Nano-Flow 
5500). Nano-Flow 5500 is a polycarboxylate-based, high-range water reducer/super-plasticizer type 
of chemical admixture designed for the production of very flowable concretes or self-compacting 
concrete; Nano-Flow 5500 provides very high flow-ability and slump retention performance. Table 
4 shows the properties of the used super-plasticizer, Type G-water-reducing, high range, and retarding 
admixtures, according to ASTM C494. 

Table 4. Properties of super-plasticizer. 
Property Value Specification 

Color and form Yellowish-liquid - 
Chemical base Polycarboxylate - 
Density (kg/lt) 1.06 1.05-1.09 (at +200C) 

Chloride ion content 0.05 Max 0.1% - Chloride free acc.to EN 934-2) 
Alkali content 3% Max. 5% 

pH 4 3-7 
Conformity - ASTMC494  Table 1 

Methods. The investigation program included two stages, the first aimed to specify the optimum W/B 
ratio (Water/ Binder, the binder is OPC+SF), while the second is for optimizing the emulsion content. 
The developed grouts were designed to replace OPC with other materials and different proportions 
of water in the first stage, different percentages of water were used, ranging from (0.3 to 0.45) % of 
binder weight. The proportion of a super-plasticizer dosage is constant as 2% of the weight of the 
binder. The SF replacement proportions were decided as recommended by previous research work 
[38] to confirm reliability. In the second stage, OPC was replaced with 20, 40, and 60% of OPC 
emulsion ratios. Also, as recommended by previous studies [39], the W/B ratio was constant as 40% 
for all stage two investigations. Table 5 shows the matrix of cementitious grout. 
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Table 5. Matrix of cementitious grout. 
Mix Stage OPC, % S.F% EM, % W\B S.P, % 
M0 

one 

95 5 0 0.3 2 
M1 95 5 0 0.35 2 
M2 95 5 0 0.4 2 
M3 95 5 0 0.45 2 
M4 

two 
75 5 20 0.4 2 

M5 55 5 40 0.4 2 
M6 35 5 60 0.4 2 

Preparation of grouts. The grout samples were prepared in the laboratory under appropriate 
conditions and at the laboratory temperature. Firstly, the water was mixed with the super-plasticizer 
for a minute or more to obtain a homogeneous liquid. Secondly, Silica fume is added to this mixture, 
then OPC is added at a regular mixing speed. The produced grout is directly applied for either fluidity 
test or cast the required cubes or prisms. After the casting process, the samples were left in the molds 
to dry for one day or more, and they are demolded and placed in water until the day of the testing. 
Figure 1 shows the preparation of grout. 

Grouting materials tests 
The testing methods included  

1) Fresh grout test (Fluidity test): The flow time is used to determine the fluidity of grouting 
materials conform to the ASTM C 939-10 [40]. The flow cone was filled with 1750 mL of 
grouting materials while the outlet was closed, and the efflux time was registered when the 
grouting material was fully discharged from the flow cone. 

2) Hard-paste test (Compressive and flexural strength tests): The compressive strength test for 
the grout cubes was performed according to ASTM C 942-10 [41-43] for ages of 3, 7, 14, 28, 
56, and 96 days. In addition, standard-dimensional molds that adhere to ASTM C 348-14 [44] 
were used to measure the grout's flexural strength at 3, 7, and 28 days. This test is conducted 
on hardened grout. Figure 2 shows the devices used to test the grout. 
 

 
Figure 1. Grouts and samples preparation: a) mixing, b) fluidity test, c) cubs casting, d) prisms 

casting, e) cubes demolded, f) prism demolded, and g) curing. 
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a) Compressive strength device           b) Flexural strength device 

Figure 2. Mechanical test machines. 

Results and Discussion 

The following subsections discuss the results of the flow test, compression, and flexure strength 
of all mixtures at various ages: 

Fluidity of cementitious grout. The results of the fluidity are shown in Figure 3. The results 
demonstrate that mixtures M0 to M3, which contains variable percentages W/B showed that the 
fluidity decreases with increasing the percentage of W/B, the highest flow value is 19 s which was 
produced by 30% of W/B and lower flow value is 9 s which was produced by 45% of W/B. Based on 
the previous works, the range of flow time from 11 s to 16 s and that the mixture M1, M2 is within 
the range, while the mixture M0, M3 is not within the range [38,45]. The mixture M0 is the control, 
and the flow time is 19 seconds, and the time for it is considered 100%, so the mixtures are M1, M2, 
M3, their ratio for the control mixture is 21, 42, and 53, respectively, and this shows that with the 
increase in water the percentage of change of these mixtures decreases with respect to the control 
mixture. The test results reveal that grout liquidity and flowability can be enhanced with a higher 
W/B ratio. Such modification permits the grout to flow faster from the discharge tube, confirming the 
reference results [38]. To ensure the higher workability of the grout, SP was added to the mixture. 
Grout slurries with a W/B ratio of 0.40 to 0.45 reflected higher workability, which interns confirmed 
in reference findings [46]. Addition of SP grants better cement particles, which reflected higher paste 
fluidity. It was determined from a study that a factor affecting workability was the water content of 
the mix since by simply adding water, the interparticle lubricant is increased. The higher the 
water/binder ratio, the lower the viscosity because the flow time is inversely proportional to the water 
content.   

The mixtures from M4to M6, showed that with increasing the level of emulsion, fluidity is 
decreased. This result is agreed by previous research [39]. This result resulted in lower emulsion 
ratios to obtain high fluidity and suggested using lower emulsion ratios to increase the fluidity or 
decrease the flow time. Flow time increases by increasing the proportion of emulsification because 
emulsion occurs in the coalescence process, which reduces workability. Based on the previous works, 
the range of flow time from 11 s to 16 s and that the mixture M4, M5and M6 is within the range 
[38,45]. They used it when adding the emulsion, the percentage of W/B is 40%, which is the M2 
mixture because it took less time and within the suggested range, and we do not use less than 11 
seconds because the material becomes with a high amount of water and air and thus cement does not 
penetrate through the mixture. We have added emulsion to the mixture to obtain ductile cards and 
that the concrete is brittle and breaks easily. As for the asphalt, its durability is high. The mixture M2 
is the control mixture, and that the percentage change for mixtures M4, M5, and M6 is 0, 9, and 18, 
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which indicates that mixtures containing emulsion increase with the increase in the proportion 
emulsion. 

        
Figure 3. The fluidity of cementitious grouts. 

Compressive strength of cementitious grout. The compressive strength of cementitious grout cubes 
50×50×50 mm was studied with three cubes for each age at 3, 7, 14, 28, 56, and 96 days. Figure 4 
shows the compressive strength for pastes at different W/B ratios. The mixtures from M0 to M3 
showed that the compressive strength increases for all mixtures with increasing age because cement 
needs time to complete its hydration process and reach relatively mature strength [16]. This is 
interesting as SF normally increases the compressive strength of the concrete mix. The majority of 
compressive strength of all mixtures was gained at an early age (i.e., 14 days). After 28 days, the gain 
in strength is less noticeable. The mixture M0 containing 30% W/B the control and the percentage 
change in compressive strength for mixtures M1, M2, M3 regarding the control mixture, (22, 40, and 
19) MPa respectively appeared. And it seemed that I have the highest compressive strength using 
40% water, which is considered the best. After that, the compressive strength decreases because of 
the silica fume and the cement added needs enough water to complete the hydration process and that 
for a certain extent, the water increase causes a decrease in the compressive strength because the 
water will occupy space after it does not dry out, and these voids will be weak places. It caused a 
decrease in compressive strength. The increase in the water content resulted in an increase in the 
compressive strength of the M0, M1, and M2 mixture, but at the same time, the flow time decrease. 
On the contrary, the M3 mix decreases the compressive strength with the increase W/B and the flow 
time decrease. For this reason, we must balance the ratio of added water and resistance. 

The compressive strength of the pastes (M4, M5, and M6) decreases with the increased emulsion. 
Asphalt is much softer than cement hydrates. Therefore, the compressive strength of grouting pastes 
progressively decreases with rising asphalt emulsion content, as confirmed by a previous study [24]. 
Meanwhile, Figures 5 and 6 displays that the compressive strength growth rate is significant higher 
for all pastes when compare with control paste. This is because the emulsifier in asphalt emulsion 
significantly impacts cement hydration at an early age. Furthermore, the compressive strength of 
mixtures is connected to the creation of an asphalt emulsion film, which is also influenced by curing 
time. As a result, adding asphalt emulsion to a regular mixture not only decreases its compressive 
strength but, also slows down its hardening rate. The addition of water from the emulsion affects the 
resistance to compression, as the coalescence process occurs, which is emulsions droplets are 
naturally unstable and insoluble in water; with time (it could be hours or years). The bitumen phase 
will ultimately disconnect from the water and break down, and the droplets will combine small 
charges instigate the creation of the bitumen emulsion droplets; these charges come from two sources, 
the emulsifier and the ionic components in the bitumen itself.  
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Figure 4. Compressive strength of pastes comprising different W/B ratios. 

 
Consequently, an electrostatic barrier is initiated on the droplets’ surface due to these small 

charges; this barrier prevents bitumen droplets from approaching each other. Thus, flocculation 
results when bitumen droplets have enough energy to overpower the electrostatic barrier, where 
droplets start to approach and adhere. This flocculation can be averted in different ways, such as 
adding more emulsifiers, agitation, and dilution.  The mixture M2 is the control mixture, so that the 
rate of change for M4, M5, and M6 is 58, 70, and 74, respectively. This illustrates that in the mixtures 
containing emulsion, the compressive strength is reduced by increasing the proportion of emulsion 
and flow time. 

 
Figure 5. Compressive strength of paste comprising emulsion. 

 
Figure 6. Compressive strength of Pastes at the age of 28 days. 
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Flexure strength of cementitious grout. Figure 7 shows the flexural strength of the mentioned pastes 
at ages of 3, 7, and 28 days. The flexural strength was examined after 3, 7, and 28 days. The flexural 
strength of mixtures notation from (M0-M3) shows that it increases with the increase in life and that 
40% W/B has the highest flexural strength. Koting et al. [47] showed that using 30% water provides 
the highest flexural strength. Incorporating an adequate amount of SP resulted in a sufficient fluidity 
improvement of the grout mixture, which leads to infiltrating the composition through the compacted 
aggregates skeleton with the help of gravity action. Moreover, such an addition resulted in a batter 
dispersion of cement particles to reflect higher grout fluidity. The mixture M0 containing 30% W/B 
the control and the percentage change in flexural strength for mixtures M1, M2, M3 regarding the 
control mixture, (9, 42, and 22) MPa respectively appeared. And it appeared that I have the highest 
flexural strength using 40% water. 

The mixtures from (M4-M6) indicate that the flexural strength decreases with the increase in the 
emulsion percentage and that the emulsion percentage of 20% has the highest flexural strength. On 
the contrary, Zarei et al. [39] showed that using 60% emulsion ratio has the highest flexural. Also, 
they stated that the dosing of asphalt emulsion within the mix has an insignificant effect on the overall 
paste flexural strength. In this study, the noticeable emulsion harms the flexural strength; it is reduced 
up to 62% in comparison between M2 and M6 because of the ability of asphalt to adhere with 
aggregates which reflected better strength. In general, the ratio of flexural to the compressive strength 
of the grout was decreasing significantly with the higher addition of asphalt emulsion. The previous 
refers that the grout's toughness property increased with a higher amount of asphalt emulsion. On 
other side, reduction of toughness value could be a feature for the durability and flexibility of SEP. 
The mixture M2 containing 40% W/B the control and the percentage change in flexural strength for 
mixtures M4, M5, M6 regarding the control mixture, (30, 58, and 62) MPa respectively appeared, as 
can be seen in Figure 8. It seems that the flexural strength rate increases with the increase of emulsion 
depending on the mixture control. 
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refers that the grout's toughness property increased with a higher amount of asphalt emulsion. On 
other side, reduction of toughness value could be a feature for the durability and flexibility of SEP. 
The mixture M2 containing 40% W/B the control and the percentage change in flexural strength for 
mixtures M4, M5, M6 regarding the control mixture, (30, 58, and 62) MPa respectively appeared, as 
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depending on the mixture control. 
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Figure 8. Flexural strength of cementitious grout pastes at 28 days. 

Conclusions 

The grout of SFP is an essential part that determines the properties of such mixture; therefore, the 
characterizing of grout concerning its contents is necessary. The following conclusion draws from 
the experimental results of grouts comprising various contents:  

 Flow time decreases with increasing water percentage, while it is increased with increase 
emulsion percentage. 

 The use of 40% W/B has the highest compressive strength, and with increasing age, the 
compressive strength increases. 

 20% EM replacement of OPC in grout production is the optimum value when the required 
properties govern mechanical properties. 

 The increase in W/B increases the compressive strength of the mixtures (M0, M1, and M2) 
and the flow time increase. As for the mixture M3 with the rise in water percentage, its 
compressive strength decreases, and the flow time decreases. 

 With an increase in the emulsification percentage, the compressive strength decreases and the 
flow time increases. 
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