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Abstract 

 

The influence of using silica fume in combination with fly ash on 

setting time of cement paste and mechanical properties of mortar 

have been investigated in this paper. Three groups named I, II, 

and III of mortar include sixteen mixes have been tested in this 

research work. Mortar specimens cured through keeping them in 

water until testing day. Initial and final setting times of cement 

paste were measured. The compression test carried out for mortar 

at different ages until 180 days, while the flexural strength of 

mortar measured at 28 days only. The results indicate that the use 

of silica fume in combination with fly ash as a ternary 

cementitious material increases the initial and final setting times 

and improves the measured mechanical properties of mortar. Such 

combinations offset the problems associated with using increased 

amounts of fly ash or silica fume required when these materials 

are used individually. The CO2 emissions from the cement 

industry will be lowered due to the reduction of the cement 

content.  
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1. Introduction  

 

Cement is considered as a main binder to produce mortar and concrete, and its production is 

associated with environmental problems. The main negative environmental impacts are 

greenhouse gases production and natural resources consumption [1-3]. Approximately 7% 

of CO2 in the atmosphere is produced due to cement industry only [4] and many attempts 

were done to develop new environmentally friendly construction materials. In addition, 

these new by-product materials provide the same performance to the cement [5]. Materials 

of natural origin such as industrial by-products or volcanic ash like slag and pulverized fuel 

ash, have been widely used as partial replacement of Portland cement in concrete. The 

advantages of uses these materials are improved technological properties, low cost, and 
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reduction of waste accumulation [6]. Coal-burning power plants produce fly ash. Fly ash is 

widely used as a cementitious and a pozzolanic material in mortar and concrete. The 

properties of mortar and concrete improve because of using of fly ash in concrete [7]. 

The mechanical properties and the chemical durability of concrete can be improved using 

silica fume (micro-silica) as a pozzolanic admixture [8]. Chemical-resistant and/or 

economical high strength concrete can be produced by using of silica fume in various parts 

of the world [9]. However, Portland cement or fly ash is cheap as compared to silica fume.  

The mechanical properties of the Portland cement mortar which is replaced by fly ash of Al 

Aslaah bricks factories in the south Iraq is evaluated [10]. Percent of 5% to 20% of fly ash 

are used as replacement ratio of cement. The   initial and final setting time are increased 

with increasing the fly ash replacement percent. The mortar strengths were lowered than 

that of the standard cement mortar for all the fly ash percentages at early ages, while the 28 

days’ compressive strength was passed the standard cement mortar values for percentage 

5% and 10% fly ash replacement [10]. A production of high strength concrete for practical 

application is indispensable of silica fume (SF) and fly ash (FA) individually or in 

combination. The fresh and hardened properties of concrete like cohesiveness, strength, 

permeability, and durability can be enhanced by using as certain percent of silica fume [11]. 

The comparison between the flow of mortar with ASTM Type I cement and ASTM Type I 

cement incorporating with 5% silica fume and 25% fly ash indicated no significant change 

[12]. The addition of silica fume in PC– SF– FA system cement is responsible of the 

slightly increase of early strength of system. The strength did not increase so much at and 

after 28 days [13]. The ternary cementitious blends of silica fume, fly ash and Portland 

cement have a significant advantage more than binary blends and even greater 

enhancements more than ordinary Portland cement [14]. Ternary blends of Portland cement, 

5% silica fume and 10% to 20% fly ash with water reducing agent super plasticizer produce 

high strength mortar (HSM).  The produced HSM can be used to rehabilitee reinforced 

concrete structures especially with ferrocement composites [15]. 

The main purpose of this paper is to study the setting time and the mechanical properties of 

the mortar of binary and ternary cementitious systems. Cement paste and mortar of binary 

and ternary cementitious systems of silica fume, fly ash and Portland cement, with various 

combinations investigated. The effect of the changing in the replacement percent of fly ash 

and silica fume on the properties of mortar with using local materials and high replacement 

percent were examined. The measured properties were included initial and final setting time 

of cement paste, flow of fresh mortar. Further, compressive, and flexural strength of 

hardened mortar determined. 

 

 

2. Experimental Procedure 

 

The used materials selected from locally sources in Egypt. The specific gravity of used 

cement and by-product materials are 3.16, 2.32, and 2.24 for ordinary Portland cement 

(OPC), fly ash (FA), and silica fume (SF), respectively. Moreover, the specific surface area 

of used OPC, FA, and SF are 3310, 3910, 153000 cm2/g, respectively. The properties of 

used sand are 2.63, 1.73 t/m3 and 2.69 for specific gravity, unit weight and fineness 

modulus, respectively. The chemical composition of OPC, FA and SF listed in Table 1. 

The mix proportions of mortar summarize in Table 2. ASTM C 187-16 used to prepare the 

standard consistency of cement pastes. The measured properties of cement paste include 

water to cement ratio for standard consistency as well as initial and final setting time. The 



Aly A. Makhlouf, Effect of Silica Fume in Combination with Fly Ash on Mortar Properties… 

 

 

 

314 

measured properties of fresh and hardened mortar include flow, compressive strength, and 

flexural strength. The mixing of mortar has done according to the steps mentioned in ASTM 

C305-20. After casting, compaction made using mold vibrator. The test specimens de-

molded after 24 hours. The samples put in water until time of testing.  

 
Table1: Chemical composition of OPC, FA and SF 

Chemical compound OPC (%) FA (%) SF (%) 

SiO2 19.49 55.0 97.30 

AL2O3 7.36 25.0 0.46 

Fe2O3 2.90 2.00 0.28 

CaO 62.73 10.0 0.36 

MgO 2.82 1.50 0.14 

K2O 0.58 1.00 0.05 

TiO2 --- 2.00 --- 

SO3 2.4 --- 0.10 

Na2O 0.35 1.00 0.08 

Loss on Ignition 1.37 2.50 1.23 

  

Table 2: Mix proportions of mortar 

Group No. I II III 

Mix No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

System Type Binary Ternary Ternary 

W/C ratio 0.4 

OPC (%) 100 90 80 70 60 50 95 85 75 65 55 90 80 70 60 40 

FA (%) --- 10 20 30 40 50 --- 10 20 30 40 --- 10 20 30 40 

 

 

3. Setting Time 

 

The standard consistency of cement paste prepared after that initial and final setting times 

were measured. Water to cementitious materials ratios (w/cm) of paste for standard 

consistency represented in Figure 1. For group I of cementitious material paste, it noticed 

that w/cm ratios increase with increasing the percentage of fly ash.  for group II and group 

III, w/cm ratio of paste increase with increasing the percentage of fly ash and silica fume. 

The maximum increase of water to cementitious materials ratios was recorded for Mix 16 

with 27 % over the control Mix 1. This is due to the high carbonation content percent in fly 

ash, and this comply with the results of Krishna raj [16].  

Figure 2 shows that the initial and final setting time of cementitious material paste. It is 

appearing from figure the initial and final setting time of cementitious material paste of 

group I increase with increasing the percentage of fly ash. The initial and final setting time 

was increased from 59 and 169 minutes to 140 and 260 minutes when the replacement ratio 

of cement by fly ash was changed from 0 to 50 percent.  For group II, the initial and final 

setting time of cementitious material paste was increased from 80 and 190 minutes to 140 

and 240 minutes when and the replacement ratio of cement by 5 percent of silica fume and 

fly ash was changed from 0 to 45 percent. For group III, the initial and final setting time of 

cementitious material paste was increased from 90 and 200 minutes to 144 and 244 minutes 

when the replacement ratio of cement by 10 percent of silica fume and fly ash was changed 

from 0 to 40 percent.  

The initial setting time of Mix 16 (10 % SF & 40 % FA) is less than that of OPC mix.  

Moreover, the increase in the final setting time was recorded for Mix 6 (50% fly ash) and 
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Mix 16 (10 % SF & 40 % fly ash) as 54 % and 44 % over the control Mix 1.  The increase 

in setting time for cement paste with fly ash or with SF and FA as cementing materials is 

the result of increasing water to cementitious materials ratio and decreasing cement content 

this comply with the results of Ali [10] and Sri Ravindra rah [17]. 
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Figure 1-a:  Water / cementitious materials ratio of paste of Group I 
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Figure 1-b:  Water/ cementitious materials ratio of paste of Group II 

 
Figure 1-c:  Water / Cementitious Materials Ratio of Paste of Group III 
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Figure 2-a:  Setting times of paste of Group I 

 
Figure 2-b:  Setting Times of Paste of Group II 

 
Figure 2-c:  Setting Times of Paste of Group III 

 

 

4. Properties of Fresh Mortar 

 

The measured flow values of fresh mortar mixture are shown in Figure 3. The flow of fresh 

mortar mixture reduced gradually with increasing of fly ash percent as shown in Figure 3-a. 
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The maximum flow was obtained 60 % for control mortar (mix 1) among all mixture. In 

contrast, mix No 15 provided the lowest flow of 9%. Figure 3-b and 3-c show that the 

ternary cementitious system of fly ash and silica fume reduces the flow of fresh mortar. This 

is due to fly ash and silica fume need high amount of water more than OPC. This is due to 

very high surface area of silica fume.  

 

 
Figure 3-a:  Flow of mortar of Group I 

  
Figure 3-b:  Flow of mortar of Group II 

 
Figure 3-c:  Flow of mortar of Group III 
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5. Properties of Hardened Mortar 

 

Figures 4, 5 and 6 show the compressive strength of tested mortar up to age of 180 days, the 

test carried out according to ASTM C109-16. For group I mortar mixtures with fly ash show 

lower compressive strength values at ages 3 and 7 days while the results at ages 28, 90 and 

180 days of fly ash (10% to 30%) are greater or equivalent compressive strength than those 

of the corresponding mortar mix made with OPC. At 90 days, mortar with 10 %, 20 % and 

30% fly ash replacement showed improvement in the compressive strength of 17%, 1% and 

1 % over the control mortar, respectively, while their 180 days, compressive strength is 

30%, 25% and 25 % over the control mortar, respectively.  The obtained results are 

complied with previous studies [18].  

For mortar mixes of groups II, the results of mortar mixtures of silica fume (5%) in 

combination with fly ash (10% to 30%) are equivalent or lower than compressive strength 

values at early ages until 28 days after that are greater than compressive strength of the 

corresponding mixtures made with OPC. The mortar mixtures with 5 % SF in combination 

with 10 %, 20 and 30% fly ash replacement have 180 days’ compressive strength values 

that are 25%, 20% and 10 % higher than that of the control mortar, respectively.  For mortar 

mixes of groups III, the results of mortar mixtures of silica fume (10%) in combination with 

fly ash (10% to 30%) are equivalent or lower than compressive strength values at early ages 

until 28 days after that are greater than compressive strength of the corresponding mixtures 

made with OPC. At 180 days, mortar with 10 % SF in combination with 10 %, 20 and 30% 

fly ash replacement showed improvement in the compressive strength of 38%, 20% and 10 

% over the control mortar.    

The mortar mixtures with 5 % SF and 10% SF have 7 days’ compressive strength values 

that are 12% and 17 % higher than that of the control mortar, respectively. While their 180 

days, compressive strength is 25% and 30 % over the control mortar, respectively. The 

obtained data show that the increase content of silica fume in the binary cementitious 

system of OPC and silica fume increases the mortar compressive strength at its all age. The 

most reason for this is the content of amorphous of silica and large surface area of SF leads 

to good pozzolanic reaction [19]. Moreover, the pore spaces in the cement paste filled by 

silica fume particles act as fillers thus making the matrix denser [20, 21]. 

The combination of silica fume, fly Ash and ordinary Portland cement in a ternary cement 

system should result in several synergistic effects, Silica fume compensates for low early 

strength of mortar with fly ash. While Fly ash increases long-term strength development of 

silica fume mortar as shown in Figure 6. Moreover, the relatively low cost of fly ash offsets 

the high cost of silica fume. 
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Figure 4-a:  Compressive strength of Group I 

 
Figure 4-b:  Compressive strength of Group II 

 
Figure 4-c:  Compressive strength of Group III 
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Figure 5:  Compressive strength of All Groups 

 

 
Figure 6:  Compressive strength of Selected Mixes 

 

Figure 7 shows the measured flexural strength of mortar at 28 days, the test carried out 

according to ASTM C 348-20. The results of the fly ash mortar of group I showed flexural 

strength lower than those of OPC. Moreover, the results of the flexural strength decreased 

with increasing the replacement ratio of fly ash. The result of group II mortar mixes with 

10% fly ash in combination with 5% silica fume showed flexural strength more than those 

of OPC (control mix) and binary mix of OPC with 5 % silica fume. The percentage of 

increase in flexural strength of mortar mixes with 10% fly ash in combination with 5 % 

silica fume was 11.0% over the control mortar. The result of group III mortar mixes with fly 

ash (10% to 20%) in combination with 10 % silica fume showed flexural strength more than 

those of OPC and binary of OPC with 10 % silica fume.  The flexural strength of mortar 

mixes with 10% and 20% fly ash in combination with 10 % silica fume were higher than the 

control mortar by 25 % and 22 % respectively, while the mortar mixture with 30% fly ash in 

combination with 10 % silica fume is lower than that the control mortar by 6 %.  
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Figure 7-a:  Flexural Strength of Mortar of Group I 

 

 
Figure 7-b:  Flexural Strength of Mortar of Group II 

 

 
Figure 7-c:  Flexural Strength of Mortar of Group III 
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6. Conclusions 

 

1. Silica fume in combination with fly ash as a replacement ratio of cement is a retarder 

additive that increases initial and final setting time.  

2. Mortar flow of silica fume with fly ash decreasing with increasing the percent of used 

cementitious materials.  

3. Combination of fly ash (10% to 30%) with silica fume (5% to 10%) show compressive 

strength more than in those of OPC after 28 days.  

4. Flexural strength of silica fume (10%) mortar with fly ash (10% to 30%) are greater than 

OPC mortar at 28 days. 

5.  Combinations of silica fume (5% to 10%) with fly ash (10% to 30%) show satisfactory 

performance in hardened mortar. Such combinations produce mortar with generally 

excellent properties and offset the problems associated with using the increased amounts 

of fly ash or silica fume required when these materials are used individually. 

6. The CO2 emissions from the cement industry will be lower due to reduce the content of 

cement by 60% resulted in improved the cement mortars compressive strength.  
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 معًا على خواص المونة الرماد المتطايرثير استخدام السيليكافيوم و تأ
 

 العربى  الملخص
 
الشك   زمني  على  معًا  المتطاير  والرماد  السيليكافيوم  استخدام  تأثير  دراسة  البحث  هذا  يتناول 

جموعات ث ماالبتدائي والنهائي لعجينة االسمنت والخواص الميكانيكية للمونة. حيث تم دراسة ثال
خلطا بإجمالي  من  المونة  تم   16ت  وقد  االختبار.  يوم  حتى  بالمياه  العينات  معالجة  مع  خلطة 

يوم بينما تم   180اجراء اختبار الضغط لعينات المونة عند االعمار المختلفة للعينات حتى عمر  
عمر   عند  اإلنحناء  اختبار  السيليكا  28اجراء  استخدام  أن  النتائج  أظهرت  وقد  د والرما  يومفيوم. 

 كمادة اسمنتية ثالثية مع االسمنت البورتالندي العادي يزيد من زمني الشك االبتدائي اً اير معالمتط
من  تبين  كما  المونة.  لعينات  المقاسة  الميكانيكية  الخواص  وتحسن  االسمنتية  للعجينة  والنهائي 

مع المتطاير  والرماد  السيليكافيوم  استخدام  ان  اسمنتيةاً النتائج  كمادة  اال    مع  سمنت ثالثية 
وزيادة  منفردًا  منهما  كل  باستخدام  المرتبطة  السلبيات  تقليل  الي  يؤدي  العادي  البورتالندي 

كما ان زيادة استخدام  .  الخواص المختلفة للمونة التي تم تناولها في هذه الدراسة  على االيجابيات  
ال يؤدي  الخرسانة  صناعة  في  االسمنتية  المواد  اال هذه  كمية  تقليل  لصناعة ي  المطلوبة  سمنت 

المستوي العالمي وبالتالي انخفاض كمية ثاني أكسيد الكربون المنبعثة من صناعة   علىالخرسانة  
 االسمنت. 

 


