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Abstract-An investigation has been carried out into synthetic fibers (glass, nylon, and polypropylene fibers) effects on the mechanical 
properties of mortars (cement: sand composition (1:1.5)).  Addition of fibers in to the mortars increases the compressive strength of mortar 
composites except glass fiber. On the other hand, tensile and flexural strength have little influence with the addition of fibers. Increasing the 

size of the fibers also increases the strength of the mortars but a little extent. Among the fibers, nylon containing mortar composite shows 
promising mechanical strength that could be easily used as low cost partitioning wall, false ceiling, and other household purpose in the 
developing countries. We have presented a plausible explanation in accordance with fiber reinforced composite polymer. Other physical 

properties of the fibers containing mortars were also studied and discussed. 
 
Index Terms-A, Glass, Nylon, Polypropylene, Fiber content, fiber reinforced mortars, synthetic fiber, cement  
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1  INTRODUCTION 

    It is known that cementatious materials in the form of 

mortars or concretes are attractive for using as construction 

materials. Due to their low price, durability, heavy 

compressive strength, and stiffness, these materials are 

using from long time ago as a building materials. Although 

their tremendous use, some drawbacks (brittleness, poor 

tensile strength, and moisture movements) were observed 

from few decades. As a result, scientist and engineers are 

constantly working to find the solution and to improve the 

performance of the mortars or concretes. There are some 

alternatives that can be applied on concrete/mortars to 

solve the problems however; addition of synthetic fiber is 

very common because of low cost and to improve the 

mechanical properties of the mortars (1-3). 

    Fiber-reinforced mortars (FRM) and concretes (FRC) are a 

major interesting subject to engineering construction 

because the addition of fibers to mortars significantly 

modifies their mechanical properties, such as tensile 

strength, compressive strength, and toughness 1. It is 

important to keep in mind that fibers can reinforce the 

mortars, if: fibers well dispersed in the mixture, fibers have 

good mechanical properties and durable in the alkaline 

cement matrix 1. There are several reports on the fiber 

reinforced mortars and cement 2-6. However, most of the 

articles were mainly focused on PET fibers (7-15), whereas 

elastomeric fibers were poorly reported in the literature 

[16]. Due to lake of studies on elastomeric fiber containing 

mortars, we have carried out this research and we believe 

this types of composite will develop building materials and 

also suitable for developing countries. 
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    We mainly used polymeric and glass fibers and observed 

some anomalous behavior that is also interesting point in 

this article. We have also tried to explain the role of 

polymeric fibers to increase the mechanical properties of 

mortar composites and addressed the anomalous behavior 

with glass fiber. The main role of the present article is to 

figure out a high-quality mortar composite that can be 

beneficial for low income or developing countries as 

building materials. Additionally effects of the fiber length 

on the mechanical properties of composites were also 

discussed.  

 

2 EXPERIMENTAL SECTIONS 

2.1 Materials 

    Fibers: Three types of fibers were used such as, (1) A. 

glass, (2) nylon, and (3) polypropylene. All fibers were 

collected from local market except polypropylene. 

Polypropylene fibers collected from Fiber Mesh Company, 

USA. All fibers were cut at different sizes such as 0.5, 1.00, 

and 1.5 inch. Fiber content in mortars was 0.25% - 2.00% by 

weight of cement + fiber. Typical properties of fibers are 

presented in Table 1. 

Table -1: Typical properties of fibers 

Name of fiber Tensile 

strength 

(psi) 

Young's 

modulus 

( 103  

psi) 

Ultimate 

elongation 

(%) 

Specific 

gravity 

Polypropylene 80-110 0.5 25 0.9 

Nylon  110-120 0.6 16.20 1.1 

A. glass 150-550 10.0 1.5-3.5 2.5 

 

Cement: Ordinary Portland cement (Shah cement brand and 

conforming to BDS: 232-1993 ASTM: type-1) was used. A 

single batch was stored and used throughout the 

experiment. The general composition of cement is 

presented in supporting material (Table-X). 

Sand: Sand was collected from Local River and was used as 

fine aggregates.  
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2.2 Methods 

    In the present investigation the mechanical properties of 

fiber reinforced mortars were studied with standard 

methods such as, tensile strength (ASTM C-190), 

compressive strength (ASTM C-109), flexural strength 

(ASTM C-221), and water absorption (ASTM C-20). 

2.2.1 Preparation of the specimen  

    The composition of cement and sand was always 

constant (1:1.5) in mortars. The mortars mixture was 

prepared manually. After mixing cement and sand, water 

was added gradually (water cement ratio keeps 0.50). When 

the mixture becomes uniform, fibers were added slowly to 

prevent bounding of the fibers. The resulting mixture was 

then cast into moulds. The specimens were allowed to set 

during the following 24h and then the moulds were 

stripped and the specimens were stored under water at 

room temperature for curing until the test day. Mortars 

specimens have been cast in brass mould of 2" cube for 

compressive strength, briquette for tensile strength and 

12"×12"×0.5" for flexural strength. All specimens were tested 

at 28 days using the universal testing machine. Minimum 

three specimens were tested for accuracy of the data.  

 

3 Results and discussion 

3.1 Effect of fiber content and fiber length on the compressive 

strength of fiber containing mortars composites 

    Compressive strength is the capacity of a material or 

structure to withstand axially directed applied forces. 

When the limit of compressive strength is reached, 

materials are crushed. Compressive strength is very 

important for building materials because it indicates the 

strength of the pillar to resist from fracture.  The specimen 

for compressive strength was prepared according to the 

experimental section and the data is presented in Table 2.  

 

Table 2 Compressive strength of different fibers containing 

mortars 

 

Fiber 

length 

inch 

Fiber 

content 

% 

Compressive strength (psi) 

polypropylene Nylon 
A 

glass 

- 0 4480 

0.5 

0.5        3920 5600 1792 

1 4592 5712 2240 

2 6720 7056 2352 

1 

0.5 5600 6384 2688 

1 7056 6272 3163 

2 7280 7056 3248 

1.5 

0.5 4144 6272 4032 

1 6384 7056 4144 

2 7846 7840 4928 

 

    In the present article, we change our fiber length from 0.5 

to 1.5 inch and the amount was up to 2 wt% of the total 

amount (fiber + mortars). In Table 2, we have presented the 

mechanical strength of different fibers containing mortars 

composite. Just for a clear comparison with fiber containing 

mortars, compressive strength of mortars (without fibers) is 

shown in the Table and the value is 4480. One can easily 

find that increasing the length and amount of fiber increase 

the compressive strength of mortars except glass fiber. 

Closer view can give clear indication that polypropylene 

(PP) and nylon tremendously increase the compressive 

strength of mortar composites. On the other hand, addition 

of glass fiber, decrease the compressive strength a little. It is 

not straight forward to explain this behavior; however, 

probable explanation could be similar to the fiber 

reinforced composite polymer 8-14. Reinforcement is 

possible when polymeric fibers in the mortars are well 

distributed and contributed to bear the applied stress, as a 

result mortars and fibers together bear the load, similar to 

stress-transfer mechanism at fiber-matrix interface 14. 

Another possibility is that elastomeric fiber increases the 

plasticity of the composites, and thus composites flow 

under stress without breaking. Surprisingly, increasing the 

fiber length also gives good impact on the compressive 

strength of the composites that is completely opposite 

behavior compared to fiber reinforced polymer composite 

17, 18. Since glass fiber is more rigid than polymeric fiber, 

and thus glass fibers could not distribute properly in the 

composite, as a result composite mortars cannot resist the 

cracking when stress is applied, as polymeric fiber does.  

 

3.2 Effect of fiber content and fiber length on the tensile strength 

fiber containing mortars composites 

    Tensile strength (TS) is the maximum stress that a 

material can withstand while being stretched or pulled 

before necking, which is when the specimen's cross-section 

starts to significantly contract. Tensile strength is the 

opposite of compressive strength and the values can be 

http://en.wikipedia.org/wiki/Material
http://en.wikipedia.org/wiki/Stress_%28mechanics%29
http://en.wikipedia.org/wiki/Necking_%28engineering%29
http://en.wikipedia.org/wiki/Cross-section
http://en.wikipedia.org/wiki/Compressive_strength
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quite different. As presented in Table 3, the tensile strength 

of the mortars without fibers (510 psi) is less than 

compressive strength (4480 psi). 

Table 3 

Tensile strength of different fibers containing mortar 

composites 

Fiber 

length 

inch 

Fiber 

content 

% 

Tensile strength (psi) 

polypropylene nylon A glass 

- 0 510 

 

0.5 

0.5 500 580 400 

1 560 590 420 

2 620 620 430 

 

1 

0.5 610 560 400 

1 630 600 410 

2 650 620 440 

 

1.5 

0.5 495 570 480 

1 600 600 490 

2 620 620 500 

 

From the Table 3, one can easily comply that glass fibers 

has no or very little contribution for tensile strength of 

mortars composites. On the other hand; generally an 

increasing trends of tensile strength could see with the 

addition of polymeric fibers. Contrary with the 

compressive strength, increasing the length of fibers has 

little impact to the tensile strength of mortars composites. 

Closer view could explain that small amount of fibers does 

not change the tensile strength; however, increasing fiber 

content has good impact on tensile strength of mortar 

composites. As we already mentioned that addition of 

fibers increase the plasticity of the composite mortars and 

hence, tensile strength increases a little extent and beyond 

this force composite mortars crack. Contrary to the 

polymeric fiber, glass fiber has no effect on tensile 

properties of mortar composites because it has no role for 

increasing plasticity (because glass fiber is rigid). 

 

3.3 Effect of fiber content and fiber length on the flexural strength 

of fiber containing mortars composites 

    Flexural strength of a mechanical parameter for brittle 

material is defined as a material's ability to resist 

deformation under load. This is also another important for 

building material to resist from fracture. A clear 

comparison between the fibers containing mortar 

composites is presented in Table 4. It is really interesting 

that addition of fiber with mortars strongly influences the 

flexural strength. In all the cases an increasing trends have 

seen. Nonetheless, increasing the size of the fibers also 

increases the flexural strength, another indication of 

bearing load simultaneously with fibers and mortars. As 

we already mentioned that addition of fibers increase the 

plasticity of the mortars composite and hence an increase 

trend of flexural strength is observed. Moreover, glass 

fibers also participate to bear the load and resist from 

bending of the mortars composite under applied load. 

Similar behavior was already observed in fiber reinforced 

synthetic polymer composite 8, 17, 18. 

Table 4 

Flexural strength of different fibers containing mortars 

composites 

 

Fiber 

length 

inch 

Fiber 

content 

% 

Flexural strength 

polypropylene nylon A glass 

- 0  760 

 

0.5 

0.5 999 1190 853 

1 1490 1610 1610 

2 1580 1672 1425 

 

           1 

0.5 1140 1420 736 

1 1210 1480 1240 

2 1870 1890 1572 

 

1.5 

0.5 1150 1370 864 

1 1440 1790 1580 

2 1890 1904 1611 

 

In Fig.1, we present a comparison between different fibers 

containing mortars so that readers can get easy 

understanding.  

 

 
Fig 1: Mechanical properties of different fiber containing 

mortars; (O) indicates polypropylene fiber, (Δ) indicates 

nylon fiber, (   ) indicates glass fiber. Red color shows 

compressive strength, where blue and green color indicates 

tensile and flexural strength. Fiber length is fixed (1 inch). 

Readers are requested to use color version for this figures. 

 

Fig 1, clearly indicating that addition of fibers have severe 

effects on the compressive strength of the mortars 

composites; however a little effect also could see on tensile 
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and flexural strength. In the previous section, we have 

already explained that fiber could bear the load with 

mortars and hence reinforcement happens. Otherwise, 

fibers will just make some empty space inside the 

composites and fails to reinforcement 8. It is clear from 

the present study that all kinds of fibers are not suitable to 

increase mechanical strength of the composites.  

 

4 CONCLUSIONS 

    In the present article, we tried to show a comparative 

study on the mechanical properties of different fibers 

containing mortar composites. We also put emphasize on 

the fibers content and fibers length, because these are also 

important to contribute the mechanical strength of mortars 

similarly as type of fibers.  In general, the picture could be 

seen from the present article is that the addition of fiber to 

the mortars increases the mechanical strength; however 

dependent on types of fibers; namely elastomeric fibers 

have good impact on mortar composites, whereas glass 

fiber does opposite. Increasing fiber content also increases 

the mechanical strength but fiber length has moderate 

contribution to the composites. A clear comparison on the 

mechanical strength of mortar composites among different 

types of fibers is also presented. This study could be a 

guide line for the selection of fibers to make high strength 

mortars composite that could help to the developing 

countries for building materials. 
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Supporting material 

 

Table-X: Composition of cement 

Name Percentage (%) 

SiO2 21.36 

CaO 60.82 

MgO 3.42 

Al2O3 3-8 

Fe2O3 0.5-6 

SO3 1.35 

Loss on ignition 2.50 

Specific gravity 3.11 

Initial Setting time 1hr – 57 min 

Final Setting time 2hr 41 min 

 

 

 

 

 


