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ABSTRACT 
 

A great amount of fibrous textile waste is discarded into landfills each year all over the world. 

One promising reuse of these wastes lies in concrete reinforcement and construction 

applications. Although synthetic fibers have advantageous characteristics, the weak bond with 

cement matrix as a result of their smooth surface and chemical inertness remains a large 

limitation. It seems that nano-SiO2 due to extremely fine size and high pozzolanic activity has 

a potential to provide better fiber/matrix bond. The objective of present work is to investigate 

the effect of integrating nano-SiO2 with ordinary and RHA mortars containing different 

contents of waste polypropylene fibers on various properties of the products. Three fiber 

volume fractions, 0.1%, 0.3% and 0.5% were considered.  The measured properties included 

compressive and flexural strength. Results showed that the presence of nano-SiO2 in mortar 

enhanced the polypropylene fiber’s effectiveness in the strengthening of mechanical 

properties. 

  

INTRODUCTION 
 

In less than one century, concrete has become the most widely used construction material in 

the world and is used in all sorts of civil structures and infrastructures [Aitcin 2000]. Besides 

its prominent structural importance, concrete can be precious from environmental aspect.  For 

the last decades concrete producers have made wide use of waste or by-product materials in 

concrete [Wu et al. 1996]. Incorporating these materials in concrete would have two major 

significances: improving fresh and hardened properties of concrete and minimizing the 

environmental pollutions due to solid waste disposal. A great amount of fibrous textile waste 

is discarded into landfills each year all over the world. More than half of this waste is from 

carpets, which decays at a very slow rate and which is difficult to handle in landfills. One 

promising reuse of these wastes lies in concrete reinforcement and construction applications. 

Waste carpet fibers have been used in cement-based composites since the past decades [Wang 

et al. 1994]. Polypropylene (PP) and other synthetic fibers are added to cement composites as 

secondary reinforcement to control plastic shrinkage and increase the energy absorption 

capability of matrix [sun et al. 2001]. PP fibers are hydrophobic therefore they don’t influence 

the water demand of fresh concrete significantly. They have excellent durability in alkaline 

cement matrix and do not intervene in the hydration of cement. The fibers can be simply 

added and mixed randomly with concrete without any additional precautions [Tang et al. 

2007]. Although effectiveness of PP fibers in shrinkage cracking, impact resistance and 

ductility of cement matrices has been proved by many researchers, effect of PP fibers on 
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compressive and flexural strength is not quite clear. Most studies have shown that PP fibers 

had little contribution to compressive and flexural strength [Toutanji 1999].  It has been found 

that fiber/matrix bond strongly affects the performance of fiber in improving mechanical 

properties [Singh et al. 2004]. Studies have shown that there can be little or no chemical 

adhesion between the fiber and matrix as a result of their chemical inertness [Linfa et al. 1998; 

Hamou et al. 2005]. It seems that smooth surface of PP fibers intensifies this effect.  Moreover 

it has been suggested that the presence of PP fibers in cement paste results in formation of a 

water film at the interface of fiber and matrix called wall effect. Due to the greater mobility of 

calcium ions in a water environment, portlandite (calcium hydroxide) macro crystals can 

easily grow and make the transition zone more pores [Hulmer et al. 1999]. This phenomenon 

has a negative impact on bond between fiber and matrix. It is clear that in order to utilize the 

maximum strength of the fiber and improve the composite properties, it is essential to enhance 

the interfacial bond of pp fibers. 

 

Recently with the help of advanced nano technology developments, nano-SiO2 with 

superlative pozzolanic activity and extremely fine particles size has been introduced. Studies 

have shown that incorporation of nano-SiO2 into cement based materials improved their 

physical and mechanical properties significantly [Li  2004; Jo et al. 2007]. Filling the voids of 

CSH gel structure and generating homogeneous distribution of hydrated products beside 

reduction the quantity of big and porous portlandite macro crystals are mainly responsible for 

mechanical strength improvement caused by nano-SiO2 [Dotto et al. 2006; Li et al. 2006]. The 

physical and chemical effects of nano particles may be useful in reduction of wall effect 

between fiber and matrix. Accordingly present study intended to investigate the usage 

possibility of nano-SiO2 in improving the performance of waste polypropylene fibers in 

cement mortars.  

 

EXPERIMENTAL PROCEDURE 
 

Materials and mix proportions 

 

The cement used in all mortar mixes was ordinary Portland cement which corresponds to 

ASTM type I. Rice husk ash (RHA) with a silicate (SiO2) content of 92.1% and an average 

particle size of 15.83µm was used. The chemical analysis of Portland cement and RHA is 

shown in Table 1. Nano-SiO2 in liquid form was used in this study. The basic material 

properties of nano-SiO2 are given in Table 2. In order to achieve desire fluidity and better 

dispersion of nano particles, a polycarboxylate ether based superplastisizer was utilized. The  

 

Table 1. Chemical compositions of cement and rice husk ash 
 

 

Table 2. Basic Material Properties of Nano-SiO2 (in liquid form) 

 
Item Diameter (nm) PH value Composition (mass%) 

Target 50 10 SiO2(30%) + H2O(70%) 

Item 
Chemical Compositions (%) 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 L.O.I 

Cement 21 4.6 3.2 64.5 2 2.9 1.5 

RHA 92.1 0.41 0.21 0.41 0.45 - - 



 
content of superplastisizer was adjusted for each mixture to keep constant the fluidity of 

mortars. Standard sand confirming to ASTM C778 was used for mortar preparation. Table 3 

reveals the physical characteristics of polypropylene fibers. All specimens were fabricated 

with the water/binder and sand/binder ratios of 0.5 and 2.75 respectively. The weight of 

cementitious materials was considered equal to the sum of the weight of cement, RHA and 

nano-SiO2. In mortars containing RHA, 20% of cement was replaced by RHA that is an 

acceptable range and is most often used [Sadrmomtazi et al, 2008]. In the initial stage of the 

present study a total of 10 batches of mortars were prepared to find out the optimum amount 

of nano-SiO2 in ordinary and RHA mortars (Table 4).  
 

Table 3. Properties of Polypropylene Fibers 

 
Property Polypropylene 

Unit weight (gr/cm
3
) 0.9-0.91 

Reaction with water Hydrophobic 

Tensile strength (MPa) 300-400 

Elongation at break (%) 100-600 

Thermal conductivity (W/m/K) 0.12 

Length (mm)                            6 

 

Table 4. Mix Proportion of the Specimens (initial stage) 

 

 

According to the initial stage results, in second stage 0.1%, 0.3%, and 0.5% PP fibers 

(compared with the total mortar volume) were added to the ordinary and RHA cement mortars 

and the optimum mixtures selected in the initial stage (Table 5). 

 

Test method 

 

The procedures for mixing the fiber-reinforced mortar involved the following. First, the nano-

SiO2 particles were stirred with the 90% of mixing water at high speed and about 1 min. Then, 

the specified amount of fiber was distributed and mixed for 2 min at medium speed. Next, dry 

mixed cement and RHA was added to mixture. Then the mixer allowed running for  

Batch No Sand / binder Water/Binder % Content (by weight) 

O.C. R.H.A. N.S. 

NS0 

 

2.75 0.5 100 - 0 

NS1 2.75 0.5 99 - 1 

NS3 2.75 0.5 97 - 3 

NS5 2.75 0.5 95 - 5 

NS7 2.75 0.5 93 - 7 

NS9 2.75 0.5 91 - 9 

RHN0 2.75 0.5 80 20 0 

RHN1 2.75 0.5 79 20 1 

RHN3 2.75 0.5 77 20 3 

RHN5 2.75 0.5 75 20 5 



Table 5. Mix Proportion of the Specimens (second stage) 
 

S:  Sand,    B: Binder (Cement +RHA +Nano-SiO2),   C: Water 

 

1 min at medium speed. After that, sand was gradually added at 30s while the mixer was 

running at medium speed. Finally, the superplastisizer and remaining water were added and 

stirred at high speed for 30s.The mixture was allowed to rest for 90s, Then mixing was 

continued for 1 min at high speed.  Fresh mortar was cast into 50×50×50 mm cubes for 

compressive test and 50×50×200 steel molds for flexural test. The specimens were tamped 

using a hard mallet to decrease the amount of the air bulbs. After the feeding operation, each 

of the specimens was allowed to stand for 24 h. Then the specimens were demolded and kept 

in water at 23±3 
°C

 until they were tested.  

 

The compressive strength test was conducted in accordance with ASTM C109 using a 

hydraulic testing machine under load control at 1350N/s. The three-point (i.e. center-point) 

loading flexural test was carried out with the span of 180mm and at a loading rate of 44N/s. 

The flexural and compressive strengths were determined at 7, 28, 60 and 90 days of curing.  

 

EXPERIMENTAL INVESTIGATION AND RESULTS 

 
Compressive strength 

 

Figure 2 and Figure 3 display the compressive strength of ordinary and RHA cement mortars 

with different dosages of nano-SiO2 at four ages. It is clear that the compressive strength of 

ordinary cement mortar increases with an increase in the amount of nano-SiO2. It can be seen 

that increasing the nano-SiO2 content from 7% to 9% didn’t improved compressive strength 

significantly. It seems that large amount of nano-SiO2 even decreases the strength. According 

to Hui Li [2004] homogeneous hydrated microstructure which is essential for strength of 

cement matrix can not be formed because nano particles can not be well dispersed. Strength 

enhancement of nano-SiO2 can be attributed to reduction in the content of Ca(OH)2  which has 

not any cementing property and production of hydrated calcium silicate (CSH) that plays a 

vital role in mechanical characteristics of cement paste [Rao  2003]. Nano-SiO2 particles also 

generate a large number of nucleation sites for the cement hydration products making the paste 

microstructure more homogenous and improve its strength and permeability [Ji  2005].  It has 

been also observed that compressive strength of RHA mortars improved with the 

incorporation of nano-SiO2. The reason may be due to increase in packing density of binder. 

Kaufmann et al [2004] announced that packing density of a powder can be improved by 

adding a fine powder to a coarse one. Integrating nano-SiO2 particles 
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S 1 2.75 0.5 100 - - 0 9 2.75 0.5 100 - - 0.3 

2 2.75 0.5 80 20 - 0 10 2.75 0.5 80 20 - 0.3 

3 2.75 0.5 77 20 3 0 11 2.75 0.5 77 20 3 0.3 

4 2.75 0.5 93 - 7 0 12 2.75 0.5 93 - 7 0.3 

5 2.75 0.5 100 - - 0.1 13 2.75 0.5 100 - - 0.5 

6 2.75 0.5 80 20 - 0.1 14 2.75 0.5 80 20 - 0.5 

7 2.75 0.5 77 20 3 0.1 15 2.75 0.5 77 20 3 0.5 

8 2.75 0.5 93 - 7 0.1 16 2.75 0.5 93 - 7 0.5 
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Fig.1. Compressive Strength of Plain Mortars at Different Contents of Nano-SiO2 
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Fig.2. Compressive Strength of RHA Mortars at Different Contents of Nano-SiO2 

 
with RHA in cement composite mortar improved the packing density and reduced the porosity 

of cement matrix which plays a vital role in mechanical strength. According to the results 

above, mixtures NS7 (cement mortar with substitution of cement by 7% nano-SiO2) and 

RHN3 (RHA cement mortar containing 3% nano-SiO2) were selected as the optimum mixtures 

in order to investigate the effect of PP fiber on their strength.  

 

Figure 3 shows the compressive strength of fiber-reinforced mortars. Results appearing in this 

Figure indicate that PP fibers inducing a slight modification in the compressive strength. The 

compressive strength of mortar increased gradually at first with the increase of fiber content 

but then decreased with the further increasing of fiber content. Almost all the specimens 

containing 0.1% pp fiber by volume exhibited an increase in compressive strength compared 

to the target specimens. A possible reason for this may be that PP fibers act as crack arresters. 

The uniformly distributed PP fibers reinforce the mortar against disintegration by resisting 

further opening of initial cracks and disallowing the microcracks from growing into macro 

cracks [Song et al. 2005]. The strength development at 0.1% pp fiber addition varied 

depending upon the nature of mixtures. The greatest average enhancement was found for the 

mixture containing 7% nano-SiO2 by 4.35%.  At 0.3% fiber addition compressive strength of  
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Mortar containing 7% nano-SiO2

20

30

40

50

60

70

7 14 21 28 35 42 49 56 63 70 77 84 91 98

Age (day)

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
 (

M
P

a
) 

0%PP

0.1%PP

0.3%PP

0.5%PP

RHA mortar with 3% nano-SiO2

20

30

40

50

60

70

7 14 21 28 35 42 49 56 63 70 77 84 91 98
Age (day)

C
o

m
p

re
s
s
iv

e
 S

tr
e

n
g

th
 (

M
P

a
)

0%PP

0.1%PP

0.3%PP

0.5%PP

 
 

Fig. 3. Compressive Strength of Different Mortars According to the PP Content 

 
the specimens decreased except in mixture containing 7% nano-SiO2 that still increased. It is 

obvious that increase in pp dosage beyond 0.3% decreases the compressive strength 

considerably. This is understandable because large contents of pp fibers are more difficult to 

disperse uniformly. Therefore fibers form clusters and create more micro-defects in cement 

matrix which inevitably reduce the compressive strength of mortar [Li et al.  2004]. 

 

Flexural strength 

 

Figure 4 shows the flexural strength of mortar specimens. The flexural strength of 

unreinforced specimens revealed that nano-SiO2 was more valuable in developing flexural 

strength than that of RHA. In comparison with nano-SiO2 the contribution of RHA in early 

strength of mortar was low. Incorporating nano- SiO2 in to RHA mortars compensated for this 

effect and improved the flexural strength. Results of fiber reinforced specimens showed that 

the flexural strength of fiber reinforced mortars was slightly higher than those of mortars 

without fibers. The values of flexural strength of ordinary and RHA cement composites 

increased with increasing the fiber content until it reached an optimal amount of 0.3% and 

then dropped to some lower value at 0.5%, however for mortar containing nano-SiO2 a slight 

increase of flexural strength was observed with increasing of PP content beyond 0.3%. It 

should be noticed that the presence of nano-SiO2 in cement matrix improved the effectiveness 

of fibers in reinforcement of cement mortar. Similar behavior was observed in the case of 

RHA mortar upon adding nano-SiO2. The microstructure of cement paste at the interfacial 

between fiber and matrix is the most important region influences fibers effectiveness. Addition 

of nano-SiO2 strengthens this weak region through reduction of the internal porosity especially 

in transition layer by consumption of porous portlandite crystals which array in the interfacial 

between fiber and matrix. Therefore fiber/matrix contact area increases and transforming load 

from matrix to fiber can be increased. Hence effect of pp fibers on flexural strength was more 

obvious for mortars containing nano-SiO2. 
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Fig. 4. Flexural Strength of Different Mortars According to the PP Content 

 

 

CONCLUSION 

 
A preliminary study was carried out to evaluate the influence of nano-SiO2 on properties of 

fiber reinforced cement composite mortars. Based on the test and analysis results it can be 

concluded that application of waste polypropylene fibers in cement matrix caused a slight 

enhancement in compressive and flexural strength. The contribution of further increase of the 

fiber content to mechanical strength was not positive. A possible reason for this observation 

could be the poor dispersion of PP fibers in mortar that increases pore volume and creates 

more micro defects in cement matrix. The effectiveness of the fiber reinforcement on 

mechanical strength somewhat improved with the incorporation of nano-SiO2 particles. This 

can be due to reduction of internal porosity especially in fiber/matrix transition zone that 

provides higher contact surface and hence friction between the two. 
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