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ABSTRACT 

 
This paper assesses the effect of polypropylene fibres (PPF) on the durability of high strength concrete exposed to 

marine environment. The polypropylene fibres were obtained from northern bag manufacturing co. Ltd, Kano, Nigeria 

and were characterized. The compressive strength of PPF high strength concrete was investigated on grade 50 and 60 
concrete of mix ratio of 1: 1.13: 2.39 and 1: 0.82: 1.75 with water cement ratio of 0.38 and 0.34, respectively.  

Chopped polypropylene fibres of 35 mm long were added to the concrete mix at 0, 0.1, 0.2 and 0.3 %, respectively by 
volume of concrete. A total of thirty six 150 x 150 x 150 mm cubes of each grade of PPF high strength concrete were 

tested for compressive strength at 7, 28 and 56 days of curing in clean water. Also twelve 150 x 150 x 150 mm cubes of 

each grade of concrete were tested for water absorption after curing for 28 days, and a further twelve cubes of each 
grade of concrete were initially cured in clean water for 28 days before exposure to Sea water for 28 days and tested in 

compression. The results of the investigations showed that addition of up to 0.2 % PPF increased the compressive 
strength and resistance of high strength concrete exposed to marine environment. The water absorption of high 

strength concrete decreased with increase in PPF addition. 

 
Keywords: Durability; High Strength Concrete; Marine environment; Polypropylene Fibre.   

 

  

1. INTRODUCTION 

 

 Durability of concrete is a measure of the ability of 

concrete material to withstand the environmental 

conditions to which it is exposed. According to Yuksel 

et al. (2007), durability of concrete is its ability to 

resist chemical and physical attacks that lead to 

deterioration of concrete during its service life. It is an 

important property which significantly determines the 

service life of concrete structures (Turkel et al., 2007).  

Concrete develops micro cracks with curing and these 

cracks propagate rapidly under applied stress resulting 

in low tensile strength of concrete and may cause 

problems of deterioration to the concrete. Madhavi et 

al. (2014) reported that addition of fibres improves the 

strength of concrete and bridges the propagation of 

cracks with a consequence of reduced water 

permeability and increased flexural strength. The 

addition of the fibres generally improves the concrete 

ductility, tensile strength, fracture strength, toughness, 

impact resistance, flexural strength, fatigue 

performance, durability, etc (Madhavi et al, 2014). An 

effective way to improve the toughness of concrete is 

by adding a small fraction (usually 0.5–2% by volume 

of concrete) of short fibres to the concrete mix during 

mixing (Wang et al., 2000). In the fracture process of 
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fibre reinforced concrete (FRC), fibres bridging the 

cracks in the matrix can provide resistance to crack 

propagation and crack opening before being pulled out 

or stressed to rupture (Wang et al., 2000). 

Polypropylene fibres are a new generation chemical 

fibres. They are manufactured in large scale, about 4 

million tones of polypropylene fibres are produced in 

the world per annum (Madhavi et al., 2014). 

Polypropylene twine is cheap, abundantly available 

and is of consistent quality. The fibres are also 

considered to be chemically inert and hence will not 

react with the concrete constituents and in a more 

aggressive environment will deteriorate after the 

concrete has deteriorated. The fibres are also 

considered to be hydrophobic, not being wet by cement 

paste, and this helps to prevent balling effect of the 

chopped fibres and no water demand for fibres when 

used in concrete. 

According to ACI 211.4R (1993), high strength 

concrete offers many advantages in its utilization, due 

to its improved mechanical characteristics and low 

permeability as well as due to higher resistance against 

chemically or mechanically penetrating attacks into the 

structure of concrete. By such outstanding 

characteristics, one use of this material is particularly 

for constructions which are extremely influenced by 

the environmental conditions such as offshore 

constructions and large bridges or essentially to 

increase the structural load – carrying capacity, while a 

sufficient durability is ensured to the structures. This 

research therefore sets out to investigate the use of 

polypropylene fibres on the durability of high strength 

concrete in marine environment. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

Ordinary Portland cement manufactured in Nigeria as 

Ashaka brand with a specific gravity of 3.14 was used 

in the research. Sharp sand from river Challawa, Kano, 

Nigeria, with a specific gravity of 2.60 was used. The 

particle size distribution of the sand shown in Figure 1, 

indicate that the sand used was classified as zone -2 

based on BS 882 (1992) grading limits for fine 

aggregates. 
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Figure 1: Grading Curve for Fine and coarse aggregates 

The coarse aggregate is crushed granite of nominal size 

of 20 mm with a specific gravity of 2.70. The particle 

size distribution is also shown in Figure 1. 

Polypropylene fibres (PPF) produced by northern bag 

manufacturing co. Ltd, Kano, Nigeria were obtained 

for this research. The fibres were of specific gravity of 

0.9, tensile strength of 30 N/mm
2
, flexural modulus of 

1.3 kg/mm
2
, elongation at break of 200 % and strain at 

yield of 10 %. The fibres were fibrillated and chopped 

into average length of 35mm for use in the research. 

2.2 Methods 

2.2.1 Mix Design of High Strength Concrete (HSC) 

containing Polypropylene fibres (PPF): Concrete of 

grade 50 was designed in accordance with BS 5328, 

part 2 (1991) to have target mean strength of 63 

N/mm
2
, slump of 10 - 30 mm, water cement ratio of 

0.38 for mix proportion of HSC of cement: fine 

aggregate: coarse aggregate of 1: 1.13: 2.39 by weight 

of cement. Similarly, grade 60 was designed to have 

target mean strength of 73 N/mm
2
, slump of 30 - 60 

mm, water cement ratio of 0.34, with a mix proportion 

of 1: 0.82: 1.75. The polypropylene fibres were added 

in the mix at 0, 0.1, 0.2 and 0.3 %, respectively of 

concrete volume and no super plasticizer was used. 

Four mixes were used for each grade of concrete, HSC-

50-0 to HSC-50-3 and HSC-60-0 to HSC-60-3. HSC-

50-0 being the control containing 0% PPF, while HSC-

50-1 to HSC-50-3 are mixes containing PPF of 0.1, 0.2 

and 0.3 %, respectively of grade 50 concrete volume. 

Similarly,  HSC-60-0 is the control containing 0% PPF, 

while HSC-60-1 to HSC-60-3 are mixes containing 

PPF of 0.1, 0.2 and 0.3 %, respectively of grade 60 

concrete volume.  

2.2.2 Compressive Strength Test on PPF High 

Strength Concrete: The compressive strength of PPF 

High Strength Concrete was carried out for the various 

mixes of grade 50 and 60 in accordance with BS EN 

12390-3 (2009). Samples were cast in steel moulds of 

150 x 150 x 150 mm cubes and cured in clean water for  

7, 28 and 56 days, respectively. A total of seventy two 

(72) samples were tested. At the end of every curing 

regime, three samples were crushed using the Avery 

Denison Compression Machine of 2000 kN load 

capacity and at constant rate of loading of 15 kN/s to 

obtain an average. The compressive strength behavior 

is shown in Figures 2 and 3, respectively.  

Water Absorption test of PPF High Strength Concrete 
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This test was done in accordance with BS 812, Part 2 

(1995) using PPF high strength concrete cubes of the 

four mixes of each grade of concrete of grade 50 and 

60. A total of twelve (12) samples for each grade of 

concrete were cast and after 28 days curing in clean 

water, tested in triplicate for each percentage addition 

of PPF to obtain an average. The behaviour is shown in 

Figure 4. 

 2.2.4 Test of PPF High Strength Concrete in Sea 

Water: The four mixes of each grade of concrete of 

grade 50 and 60 were used to determine the effect of 

Sea water (usually salty) on PPF high strength 

concrete. A total of twelve (12) cubes of 150 mm x 150 

mm x 150 mm of each grade of concrete were cast and 

cured in clean water for 28 days. At the end of every 

curing regime, three samples were air dried, then 

weighed before immersing in Sea Water medium 

collected in 20 litres plastic containers at Bar Beach, 

Victoria Island, Lagos, Nigeria. The concrete cubes 

were weighed after immersion in the Sea water 

medium for 28 days and tested in compression to 

determine the compressive strength of the samples. The 

compressive strength behaviour of PPF high strength 

precast concrete exposed to the Sea water is shown in 

Figure 5. 

3. ANALYSIS AND DISCUSSION OF RESULTS 

 

3.1  Results  

3.1.1 Compressive Strength of PPF High Strength 

Concrete: The compressive strength development of 

PPF High strength concrete cured in clean water is 

shown in Figures 2 and 3. 

3.1.2 Water Absorption of PPF High Strength 

Concrete: The water absorption of PPF high strength 

concrete is shown in Figure 4.  

3.1.3 Test of PPF High Strength Concrete in Sea 

Water: The comparison of compressive strength of PFF 

high strength concrete cured in clean water and sea 

water is shown in Figure 5. 

 

  

C-S-H C-S-H C-S-H C-S-H 
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Figure 2: Compressive Strength Development of PPF High Strength Concrete Grade 50 

 

 

 

Figure 3: Compressive Strength Development of PPF High Strength Concrete Grade 60 
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Figure 4: Water Absorption of PPF High Strength Concrete 

 

 

 

 

Figure 5: Comparison of Compressive Strength of PPF High Strength Concrete Exposed to Sea Water and clean water 

 

3.2 Discussion of Results 

3.2.1 Compressive Strength of PPF High Strength 

Concrete: The compressive strength of PPF High 

Strength Concrete increased with increase in curing 

and also increased slightly with increase in dosage of 

polypropylene fibre up to 0.2 % fibre content and 

decreased with further increase in fibre content for the 

two grades of concrete, as shown in Fig. 2 and 3. The 
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increase in the compressive strength was about 1.5 % 

at 0.1% fibre dosage by volume of concrete and 6.6 % 

at 0.2 % fibre content by volume of concrete when 

compared with the control (0% fibre content) at 28 

days of curing for grade 50 concrete, while that for 

grade 60 concrete was about 5.6 % at 0.1 % fibre 

content and 5.9 % at 0.2 % fibre dosage when 

compared with control sample strength. 0.2 % fibre 

content was the optimum dosage for the polypropylene 

fibre at all ages of curing. The increase in compressive 

strength of polypropylene high strength concrete could 

be attributed to the capability of polypropylene to delay 

the unstable development of micro cracks, as well as 

limiting the propagation of these micro cracks and the 

composite effect for concrete and polypropylene fibres 

under load, consistent with Salih et al. (2005). The 

decrease in the compressive strength of PPF High 

strength concrete for fibre content above 0.2 % may be 

attributed to the balling effect of the fibres. As the 

dosage increases, the fibres tend to clump together 

requiring more effort in mixing before they separate; 

any clumped fibres that do not separate constitute a 

localized spot within the concrete that the cement paste 

will not properly reach thereby creating weak spots that 

cause a reduction in the concrete’s compressive 

strength (Deshmukh et al., 2008; Rossli and Ibrahim, 

2011). It was observed that all the mixes attained the 

characteristic design strength at 28 days of 50 N/mm
2
 

and 60 N/mm
2
, respectively.  

3.2.2 Water Absorption of PPF High Strength 

Concrete: The water absorption of high strength 

concrete decreased with increase in PPF addition as 

shown in Fig. 4. This may be attributed to bridging of 

cracks and minimization of inter connecting voids in 

the concrete with the addition of polypropylene fibres 

in the concrete matrix (Ardeshana and Desai, 2012; 

Madhavi et al., 2014). The water absorption of both 

grades of the high strength concrete was negligible 

with maximum of 0.19 % water absorption experienced 

for plain grade 50 concrete. 

3.2.3 Effect of Sea Water on Compressive Strength 

of PPF High Strength Concrete: The effect of Sea 

water on the compressive strength of PPF high strength 

concrete shown in Fig. 5 and compressive strength loss 

in Fig. 6 shows that PPF high strength concrete offered 

more resistance to the Sea water than plain high 

strength concrete. There was a reduction in the 

compressive strength of all the concrete samples 

exposed to Sea water when compared with the 

compressive strength of concrete cured in clean water 

for both grades of concrete. Concrete with 0.2 % PPF 

also exhibited the highest compressive strength when 

exposed to Sea water. It was also observed that the 

compressive strength loss of PPF high strength 

concrete samples was lower than that of plain high 

strength concrete (Figure 6). The improvement in the 

resistance of PPF high strength concrete to sea water 

could be attributed to a better pore structure of the PPF 

high strength concrete where the PPF bridge the cracks 

and minimize inter connecting voids in the concrete, 

thus reducing the permeability than that of plain high 

strength concrete, consistent with work of Ardeshana 

and Desai (2012). The reduced permeability in PPF 

high strength concrete leads to reduced penetration of 

chemicals from the ocean water that may adversely 

affect the concrete. 
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Figure 6: Compressive Strength Loss of PPF High Strength Concrete Exposed to Ocean Water 

 

4. CONCLUSIONS 

 

i) The addition of up to 0.2 % PPF 

increased the compressive 

strength of high strength concrete.  

ii) The water absorption of high strength 

concrete decreased with increase 

in PPF addition 

iii) The addition of up to 0.3 % PPF 

increased the resistance of high 

strength concrete exposed to 

Ocean water. 
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