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The book is based on scientific and technological advances in various Structural Engineering 
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CHAPTER 18 
 
 
 

INFLUENCE OF SILICA BASED WASTE MATERIALS ON 
THE MECHANICAL AND PHYSICAL PROPERTIES OF 
MORTAR 
 
S.I. Balang1, N. Mohamed Sutan1*, I.Yakub1, M.S. Jaafar2 and K.A. Matori2 
 
 

ABSTRACT 
 
This is an investigation on the influence of silica based waste materials namely silica fume (SF) and 
recycled vase (RV) on the physical and mechanical properties of mortar. Results showed that 
15%SF modified mortar achieved the highest strength and lowest water absorption capability 
compared to Control mortar and other mixtures. The result was confirmed by water absorption 
capability test for the same mixtures where 15% SF modified mortar was found to absorb the least. 
Furthermore, combination of 15% SF and 10% RV achieved the lowest water absorption compared 
to other combinations samples but higher than Control and 15% SF modified mortar. The results of 
this study indicated that SF is highly pozzolanic material that can be an excellent cement 
replacement material to produce high- performance concrete. Study on pozzolanc behavior of SF 
samples subjected to longer hydration time is needed. Further microstructural investigation is 
needed to confirm the hypothesis on retardation of hydration due to unreactive RV. 
 
Keyword: Silica Fume, Recycle Vase, Mortar, Compressive Strength, Water Absorption 

 

INTRODUCTION 
 
The increased in the utilization of waste materials in construction product came from greater 
awareness of current and potential potential uses of alternative and recycled materials and wider 
realization of the environmental benefits accrued. The practice of partially replacing cement in 
concrete and mortar with waste and other less energy intensive processed materials will contribute 
environmental protection and sustainable construction in the future. To be qualified as a candidate 
for cement replacement for concrete or mortar, the waste material must be silica based and very 
fine. The specific chemical property is the classification of a material to be pozzolanic. Pozzolan is 
defined as a siliceous material which, in itself, possesses little or no cementing property but which 
will, in finely divided form and in the presence of moisture, react chemically with calcium hydroxide at 
ordinary temperatures to form compounds possessing cementitious properties that can improve 
concrete and mortar properties [1]. 
 
 
 
1*Faculty of Engineering, Universiti Malaysia Sarawak, Kota Samarahan, Sarawak, Malaysia 
   Email: msnorsuzailina@unimas.my 
2 Faculty of Engineering, Universiti Putra Malaysia, Serdang, Selangor,Malaysia. 
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Silica Fume (SF), a byproduct or waste from silicon metal or ferrosilicon alloys production, is a very 
reactive pozzolan due to its chemical and physical properties which are high in silica and fine 
particle size, therefore it can be used as partial cement replacement for concrete and mortar 
production [2-6]. 
 
One possible source of pozzolanic waste material is calcined clay [7-9]. Waste calcined clay used in 
this study, which is derived from recycled vase (RV) in the form of vase powder. Therefore, this study 
is designed to investigate the combination of waste calcined clay and silica fume as partial cement 
replacement or only silica fume as partial cement replacement on the improvement of durability 
properties of concrete modified mortar. The purpose of this research is to investigate the pozzolanic 
activity of binary binder system of by-product silica fume (SF) as partial cement replacement, and 
ternary binder of SF and waste calcined clay (RV). The objective of this research is to investigate the 
mechanical and physical properties of SF, RV modified mortar and their combination on namely their 
compressive strength and water absorption capability. These properties can be used as an indirect 
indication of extent of hydration and pozzolanic reactivity of modified mortar. 
 

MATERIALS 
 
MATERIALS AND METHODS 

 
Silica based materials chosen as cement replacement were Silica Fume (SF) according to ASTM C 
1240 obtained from Grace Construction and Recycle Vase (RV) or waste vase collected from Naga 
Emas Ceramic Ind. Sdn. Bhd. The waste vase was cleansed with water to remove dirt and washable 
contaminants. It was then crushed into smaller pieces and finely grounded to particle size finer than 
75 µm. Table 1 shows the chemical composition of OPC and RV obtained from X-ray fluorescence 
(XRF) analysis. Cement used was Ordinary Portland Cement (OPC) (ASTM Type 1 recognized by 
ASTM C150) manufactured by Cahaya Mata Sarawak Cement Sdn. Bhd. (CMS). The physical 
properties and chemical compositions of the OPC and RV are shown in Table 1. SF contains up to 
97% SiO2. Water and fine aggregate used in this study were regular tap water and natural river sand, 
respectively. Glenium was used as superplasticizer (SP). 

Table 1. Physical properties and chemical composition of OPC and RV 
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SAMPLE PREPARATION FOR COMPRESSIVE STRENGTH (CS) AND WATER 
ABSORPTION TESTS. 
 
The mix proportion for mortar was set at 0.6 binder to sand ratio (b/s) and 0.5 water to binder ratio 
(w/b) for all specimens that were casted into 150 mm cubes for compressive strength (CS) and water 
absorption tests. Cement was replaced by SF (10%, 15% and 20%) by weight as binary binder and 
combination of SF (15%, 20%) and RV (10%, 20% and 30%) by weight as ternary binder. All 
samples were prepared using the mix proportion as shown in Table 2 and were wet cured in the 
concrete laboratory at Universiti Malaysia Sarawak for 3, 7, 14, 21, and 28 days. All mixes except 
Control has an SP dosage of 1 litre per 100kg of binders. 
 

Table 2. Mix proportions for all specimens 
 

 

COMPRESSIVE STRENGTH (CS) AND WATER ABSORPTION TESTS. 
 
CS and water absorption tests were performed on day 3, 7, 14, 21, and 28 according to BS 1881-
116 (1983) [10] and BS 1881 Part-5 (1983) Part 122, respectively [11]. CS test was used to 
determine the maximum compressive load that a sample can carry per unit area. Meanwhile water 
absorption test was used to evaluate water absorption capability of a sample. Both tests give the 
overall picture of the quality of mortar as it hydrates. Each strength and water absorption values were 
the average of value of three specimens. Compressive strength for each sample was calculated by 
using Equation (1)[10]. Meanwhile, water absorption capability for each sample was determined by 
using Equation 2[11]. 
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RESULTS AND DISCUSSION 
 
COMPRESSIVE STRENGTH (CS) TEST 
 
Figures 1 and 2 show the compressive strength of SF and SFVC samples compared to Control 
samples. The increasing compressive strength as cement hydration proceeded from day 3 to 28 in 
both figures is an expected and established trend [12]. Figure 1 shows 15%SF sample has the 
highest 28 day comprehensive strength compared to other samples. This is caused by pozzolanic 
reaction of silica in SF with Calcium Hydroxide ( CH ) from cement hydration that produced more 
Calcium Silicate Hydrate (C-S-H) that refines the pores and densifies the cement matrix[1-9][12]. 
 

Figure 1. Comparison of Compressive Strength between Control and SF modified mortars  
 
Figure 2 shows that the combination of 15% SF and 10% RV produced higher strength than other 
combinations of SF and RV but there was no significant reduction in the compressive strength of 
these mixtures when compared to the control mortar and 15% SF sample.  

Figure 2. Comparison of Compressive Strength between Control, SF and SFRV modified mortars 
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RV may not have reactive silica that can produce pozzolanic behaviour. Besides, the presence ofRV 
may retard the reactivity of SF and cement hydration. Further microstructural investigation need to 
be done to confirm this hypothesis. 
 
WATER ABSORPTION TEST 
 
Figure 3 and 4 show the water absorption of SF and SFVC compared to Control samples. From 
Figure 3,15% SF sample has the lowest water absorption at day 28 which indicated that there are 
less interconnected capillary voids in the sample [4][5].Figure 4 shows that the combination of 15% 
SF and 10% RV achieved the lowest water absorption compared to the other combinations samples. 
However, the absorption is still higher than 15% SF and Control. This is an indication that the 
unreactive RV may retard hydration [8][9]. The water absorption trend for all samples is the 
opposites of compressive strength trend and this fact has already been an established trend [12]. 

 
Figure 3. Comparison of 24-hr water absorption capability between Control and SF modified 

mortars 

CONCLUSIONS 
 
The results of this study confirmed that SF is highly pozzolanic material that can be an excellent 
cement replacement material to produce high-performance concrete. In terms of compressive 
strength, 15% SF modified mortar achieved the highest strength and lowest water absorption 
capability compared to Control mortar and other mixtures. The result was confirmed by water 
absorption capability results for the same mixtures where 15% SF modified mortar absorbed the 
least. Furthermore, combination of 15% SF and 10% RV achieved the lowest water absorption 
compared to other combinations samples but higher than Control and 15% SF modified mortar. The 
results of this study indicated that SF is highly pozzolanic material that can be an excellent cement 
replacement material to produce high-performance concrete. Study on pozzolanc behavior of SF 
samples subjected to longer hydration time is needed. Further microstructural investigation is 
needed to confirm the hypothesis on retardation of hydration due to unreactive RV. 
 

ACKNOWLEDGMENT 
 
The authors wish to acknowledge Ministry of Education and Universiti Malaysia Sarawak for 
supporting this work under ERGS/TK04(02)/1011/2013 (08) and RACE/c(1)/1108/2013(16) grants. 
 

REFERENCES 
 
[1] P. K . Mehta, “ Natural Pozzolans: Supplementary Cementing Materials in Concrete,” CANMET 

Special Publication 86, pp.1-33 ,1987 
[2] M.J. Shannag, “High strength concrete containing natural pozzolan and silica fume,” Cement and 



 
 

125 

 

Concrete Research, vol 22,no. 6, pp. 399–406,Dec.2000 doi:10.1016/S0958-9465(00)00037-8 
[3] Houssam A. Toutanji, “The influence of silica fume on the compressive strength of cement paste 

and mortar,” Cement and Concrete Research, vol 25,no. 7, pp. 1591–1602, Oct.1995 
doi:10.1016/0008-8846(95)00152-3 

[4] G.Appa Rao, “Investigations on the performance of silica fume-incorporated cement pastes and 
mortars,” Cement and Concrete Research, vol 33,no. 11, pp. 1765–1770, Nov.2003 
doi:10.1016/S0008-8846(03)00171-6 

[5] S. Bhanja, B. Sengupta, “Influence of silica fume on the tensile strength of concrete,” Cement 
and Concrete Research, vol 35,no. 4, pp. 743–747,Apr.2005 
doi:10.1016/j.cemconres.2004.05.024 

[6] J. Zelić, D. Rušić, D. Ve za & R. Krstulović, “The role of silica fume in the kinetics and 

mechanisms during the early stage of cement hydration,”Cement and Concrete Research, vol 
30,no. 9, pp. 1655–1662, Oct.2000 doi:10.1016/S0008-8846(00)00374-4 

[7] B.B. Sabir, S. Wild & J. Bai, “Metakaolin and calcined clays as pozzolans for concrete : a review,” 
Cement and Concrete Research, vol 23,no. 6, pp. 441–454, Dec.2001 doi:10.1016/S0958-
9465(00)00092-5 

[8] K. Scrivener, J. F. Martirena & M. Antoni, “Tackling social housing through the commercial use 
low clinker cementitious systems: Innovation on the use of calcined clay as Supplementary 
Cementitious material,” in Conference Proceedings 2012 nternational Conference of Tackling 
Technologies for sustainable development: A way to reduce poverty? pp.1-15 

[9] R. D. Toledo Filho, J.P. Gonçalves, B.B. Americano, E.M.R. Fairbairna, “Potential for use of 
crushed waste calcined-clay brick as a supplementary cementitious material in Brazil,” Cement 
and Concrete Research, vol 37,no. 9, pp.1357–1365, Sept.2007. 
doi:10.1016/j.cemconres.2007.06.005 

[10] BS 1881-116(1983) Testing concrete Method for determination of compressive strength of 
concrete cubes 

[11] BS 1881 Part-5 (1983) Part 122. Method for determination of water absorption. 
[12] A.M. Neville, Properties of Concrete England: Pearson Education Limited (2002) 



 


