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Abstract - In recent years, the use of natural fibers in civil 

engineering fields became increasingly common. Addition of 

sheep wool in concrete mix is not very new. Several researches 

demonstrated good properties of sheep wool fibers and 

recommended their use in insulation purposes or in obtaining 

composite reinforced concrete. In this research the effect of 

adding natural sheep’s wool fiber (SWF) to concrete are 

investigated. Parameters considered in this study are: 

Workability, Compressive strength, Tensile strength, Flexural 

strength and Modulus of elasticity. Workability of fresh 

concrete is measured using slump test for both cases: concrete 

mix with and without fibers. For hardened concrete tests, three 

different types of specimens (Cubes, Cylinders and Prisms) are 

used; cube specimens are tested for compressive strength, 

cylinders for indirect splitting tensile test and prisms for 

flexural strength test. Specimens are cured and tested at 

different times (3, 7, 28 and 90 days) from mixing of concrete. 

Specimens are grouped according to mix batches, specimen 

type and time of tests.   

The proportion of the basic mix material is 1:2:3. For each 

specimen type and time of test, there are control specimens, 

which are molded from mixes without fibers. Results of these 

control specimens are used as references to compare them with 

other specimens. The sheep wool fiber reduced the workability 

(low slump) and failed to improve the mechanical properties 

(compressive, tensile & flexural strength and modulus of 

elasticity) of concrete. On the other hand, it changed the failure 

mode of concrete specimens from brittle to ductile. Also the 

crack bridging effect of SWF caused a great reduction in the 

width of cracks. Meanwhile the workability and compressive 

strength reduction due to addition of sheep wool in concrete 

can be minimized by proper treatment, which need to be 

investigated correspondingly. 

Keywords - Natural fiber, sheep wool, workability, 

compressive strength, tensile strength, flexural strength, modulus 

of elasticity. 

 

I. INTRODUCTION 

Concrete is a mixture of cement, fine aggregates, coarse 
aggregates and water; it can be with or without admixtures. 
Production of concrete is still going through various 

researches to improve its sustainability and make it more 
environment friendly. 

To enhance the ductility, energy absorption capacity and 
strain control capacity different types of fibers are being used 
in concrete. There are many types of fibers can be used in 
cementitious matrix to improve the tensile strength, ductility, 
impact resistance, toughness, control drying shrinkage and 
cracking resistance of it; such as steel fibers, glass fibers; 
synthetic carbon, basalt fibers, aramid, polyester, 
polypropylene, polypropylene, nylon fibers and natural fibers 
as like bamboo, hemp, banana, human hair, animal wool 
fiber [16]. 

Today the main purpose  of construction industries are to 
make concrete economically sustainable and eco-friendly 
with certain amount of desired strength. Therefore, natural 
fiber reinforced concrete is the good alternative. In average, 
sheep generally produces 2.3-3.6 kg of raw wool annually, 
which needed to trim off for their health care [16]. Although 
a considerable amount of these wool are used in different 
beneficial way, still huge amount of wool are left as waste, 
which can be utilized as building material in concrete if 
properly recycled. 

It is expected that the addition of SWF (Natural Fiber) in 
concrete will make improvement in performance of concrete 
by crack bridging and also it will help to protect environment 
by reducing a huge amount of waste. Thus in this study, it is 
aimed to use sheep’s wool fiber in concrete to investigate the 
influence of SWF on the properties of fresh and hardened 
concrete. 

II. OBJECTIVE 

The objective of this research is to study the effect of 
adding sheep’s wool on the properties of fresh and hardened 
concrete in order to: 

➢ Declare the importance of using fibers on the 
concrete properties 

➢ Produce experimental results for the sheep’s wool 
fibers on fresh and hardened concrete using local 
materials 
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➢ Compare between concrete properties with and 
without addition of fibers 

➢ Declare the improvements of properties in fiber 
reinforced concrete and give recommendation 

III. METHODOLOGY 

A. Work Methodology 

Several batches of concrete mixes are prepared using 
same material and with the same proportional constituents. 
Different amount of fiber is added to each batch. Control 
batches (Concrete without fibers) are used to compare the 
properties of concrete with and without fibers. Workability 
of fresh concrete batches and mechanical properties of 
hardened concrete are estimated.  

Concrete are cast in three different specimen forms: 
Cubes (for compression tests), Cylinders (for split indirect 
tensile tests and modulus of elasticity) and Prisms (for 
flexural strength tests). Hardened concrete tests are 
performed at different times (3, 7, 28 & 90 days). All results 
are then presented, compared and finally conclusion & 
recommendations are produced. 

B. Material Selection and Specimen Preparation 

In the current work, local materials from Libya is used to 
determine the effects of adding natural fibers (sheep’s wool) 
on the concrete properties. All tests are done in the 
laboratory of Civil Engineering Department of Sirte 
University. 

1) Cement 
The concrete specimens were prepared using ordinary 

Portland cement which produced by Zileten factory and 
manufactured according to Libyan Standards, specification 
no. 97/340. Cement has the following properties: Fineness of 
hydraulic cement = 19%, Cement’s specific gravity = 3.15 

2) Coarse Aggregate 
Coarse aggregates were obtained from Henao quarry; two 

batches of different maximum aggregate size (20mm and 
10mm) are mixed together in equal amounts (50% of each). 
The shape of coarse aggregate used was varied between 
rounds to angular. Their properties are measured in the 
laboratory as following: Bulk specific gravity = 2.51, 
Apparent specific gravity = 2.74, Absorption = 3.46%, 
Moisture content of coarse aggregate = 0.73% 

3) Fine Aggregate 
Sirte sand was used, which contains a mix of coarse and 

fine varieties. The properties are as follows: Fineness 
modulus = 2.4, Bulk Specific Gravity = 2.5, Apparent 
specific gravity = 2.7, Absorption = 3.37%, Moisture content 
of coarse aggregate = 1.19% 

4) Water 
Drinking water from municipality water supply was used. 

It is obtained directly from laboratory taps. 

5) Fibers 
Natural fibers (sheep’s wool) are added by different 

amount to concrete mixes to study their effect on concrete 
properties. Local un-processed natural sheep’s wool fibers 
are used. Due to unavailability of necessary laboratory 
facilities, no test has been conducted to find the mechanical 

and physical properties of the sheep wool fiber. The fibers 
were collected directly from local farmers and brought to the 
laboratory. First these fibers were washed by water and 
detergent cleaner and then leaved to dry for three days. 
Natural fibers (sheep’s wool) are added to concrete in three 
different percentage ratios (0.09%, 0.12% and 0.14%) by 
volume. 

6) Mix Proportions 
Table I shows the concrete mix proportions by weight 

that is used in this study. 

TABLE I.  MIX PROPORTIONS FOR 1 M
3
 CONCRETE 

Constituent Cement Sand Gravel Water 

Weight for 1 

m3
 

350 kg 700 kg 1050 kg 219.8 Lit 

 

7) Mixing Procedure 
Concrete was mixed according to the following steps: 

➢ Dry coarse and fine aggregates with half of water 
required were blended in concrete mixer for 90 
seconds   

➢ Cement and fibers (for control batches no fibers were 
added) were added to the mixture then blended for 3 
minutes. 

➢ The remaining required water was added gradually 
during mixing. 

C. Experimental Tests 

Workability of all concrete mixes are examined by 
conducting slump test according to the standard of ASTM 
C143 [6]. Compressive strength test is conducted at 7, 14, 28 
& 90 days following the standards of BS 1881-108:1983 [12] 
and using cube specimens of 150 mm x 150 mm x 150 mm. 
For all types of concrete, prism beam specimens of 150 mm 
x 150 mm x 700 mm is used to conduct flexural strength test 
according to ASTM C78 [2]. Split tensile strength and 
modulus of elasticity is determined using cylindrical 
specimens of 150 mm diameter & 300 mm height and 
following the test procedures according to ASTM C496 [10] 
and ASTM C469-87a [9]. Fig 1, 2 & 3 shows Splitting 
Tensile strength test, Testing of Modulus of Elasticity and 
Flexural strength test respectively. 

 

Fig. 1. Splitting tensile strength test of cylindrical concrete specimens 
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Fig. 2. Testing of static modulus of elasticity of concrete in compression 

 

Fig. 3. Flexural strength test of concrete specimens 

D. Specifications 

Table II shows the specifications used in this study for 
different tests. 

TABLE II.  SPECIFICATION FOR TEST 

Type of Test Specification 

Cement  

Fineness of Hydraulic Cement by No. 200 ASTM  C 184-94 [7] 

Density and Specific Gravity of cement ASTM  C 188-95 [8] 

Fine & Coarse Aggregates  

Bulk Specific Gravity ASTM C 127- 88 [3, 4] 

Apparent Specific Gravity ASTM C 127- 88 [3, 4] 

Absorption % ASTM C 127 – 88 [3, 4] 

Moisture content of concrete Aggregate ASTM C 566 – 84 [11] 

Sieve analysis of fine and coarse aggregates ASTM C 136 – 84 [5] 

Fresh and Hardened Concrete  

Slump test ASTM C143-89 a [6] 

Compressive Strength Test BS 1881-108:1983 [12] 

Tensile Splitting Strength Test  ASTM C 496 – 96 [10] 

Type of Test Specification 

Flexural Strength Test ASTM C78-97 

Modulus of Elasticity ASTM C 469-87a 

IV. RESULT AND DISCUSSION 

A. Workability 

After conducting slump test for all concrete mixes, the 
slump values are represented in Fig. 4. It can be seen that the 
slump value of the sheep’s wool concrete is too small 
compared to the normal concrete, which means addition of 
sheep wool decreased the workability of concrete. 
Scientifically the explanation for this is that, addition of 
sheep’s wool causes a huge demand of water which makes 
the concrete mixture less workable. It generally happens due 
to the high specific surface area and fineness of sheep’s 
wool, where the wool absorbs more amount of water from 
the normal concrete paste. Therefore, the workability of 
concrete is decreases. It can be also seen from the figure that 
the workability in sheep’s wool concrete decreases with the 
increase of amount of sheep’s wool fiber in the mix. 

B. Compressive Strength 

The results found from compressive strength tests for 
different cube specimens are shown in Fig. 5. It is observed 
that for sheep's wool fibers, the relation between the 
compressive strength of concrete and the addition of sheep's 
wool is inversely proportional (increase of fibers percentages 
decreases the gained strength) and for all specimens the 
strength are lower than those of control ones.  For addition of 
sheep's wool fibers of 0.09% by volume, there is a loss in 
compressive strength of 12.17% after 3 days, 10.14% after 7 
days and 9.52% after 28 days. Even after 90 days, the loss in 
strength is about 3.28%. For addition of sheep's wool fibers 
of 0.14% by volume, the loss in compressive strength is 
about 20.95% after 3 days, 20.25% after 7 days, 18.95 % 
after 28 days and then it is about 14.16% after 90 days. Thus 
from the results, it is clear that the addition of sheep's wool 
fibers lower the concrete compressive strength when 
compare to control specimens. As it has been seen in Slump 
test results that the addition of sheep wool reduces the 
workability due to increased water demand, it can be said 
that the available water content in the mix was not sufficient 
to complete the full strength gaining reaction. 

 

Fig. 4. Histogram of slump experiment results for different batches 
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Fig. 5. Histogram of compressive strength of cube specimens 

C. Tensile Strength 

In general, split tensile strength is greatly dependent on 
compressive strength of concrete. Thus the results of split 
tensile strength tests shown in Fig 6. have the similar trend of 
compressive strength test. It can be seen that the addition of 
SWF in concrete causes a decreasing trend in tensile strength 
of concrete; the cause of reduction is the poor adhesion and 
low bond strength between the fibers and cement paste. It 
can also be observed that the concrete tensile strength is 
reduced as the percentage of sheep's wool fibers increase. 
For 0.09% fibers content, the loss in tensile strength is about 
7.98% after 3 days and about 3.66% after 90 days. On the 
other hand, for 0.14% fiber content, the loss in concrete 
tensile strength is 12.88% after 3 days and 8.64% after 90 
days. So, it can be said that in general, sheep's wool fibers 
failed to improve the tensile strength of concrete. 

 

Fig. 6. Histogram of tensile strength of cylinder specimens 

D. Flexural Strength 

Flexural strength of different concrete specimens are 
shown in Fig. 7. It can be noticed that these fibers caused 
reduction in concrete flexural strength. For addition of 0.09% 
sheep wool, the loss in concrete flexural strength is 6.16% , 
3.74% , 3.57% & 3.45% for  3, 7, 28 and 90 days , while for 
addition of  0.14% sheep wool, the loss in concrete flexural 

strength is 14.69%, 13.95%, 12.62% & 8.92% for  3, 7, 28 
and 90 days. 

 

Fig. 7. Histogram of flexural strength of prism specimens 

 

E. Modulus of Elasticity 

The effect of adding sheep wool fibers on modulus of 
elasticity of concrete is determined using 3 cylinder 
specimen for each type. Two specimens are loaded up to 
failure, while the third specimens are loaded upto ultimate 
load. Modulus of elasticity for different fiber content are 
calculated and illustrated in Fig 8. 

Concrete with sheep’s wool fibers show lower modulus 
of elasticity and the relation is inversely proportional. For 
0.09%, 0.12% and 0.14% fibers contents the corresponding 
losses in modulus of elasticity are 7.7%, 10.1% and 11.6%. 
Thus it can be said that the use of sheep’s wool fibers does 
not improve the modulus of elasticity. 

 

Fig. 8. Modulus of elasticity for concrete with different fibers content 

 

F. Discussion of Failure Characteristics 

The failure modes of the specimens under bending test 
shows that the addition of SWF in the concrete change the 
failure mode from brittle to ductile. The increase of SWF 
proportion causes more ductility in specimens due to crack 
bridging effect and high tensile strength of SWF. It can 
transfer the concrete stress into a long path, which enables 
the beam specimens to deflect more without significant 
cracking. The crack bridging effect of SWF also caused a 
great reduction in the width of cracks, which in return 
assisted in easy transmission of tensile stresses along the axis 
of specimens up to a certain limit. Thus, the ductility of the 
concrete is improved by the addition of SWF. 
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V. CONCLUSION 

The results of this study led to the following conclusions: 

1) SWF decreases the workability of the concrete. 

2) SWF failed to improve the concrete properties either 

in compression, tension or in flexure when compared 

to control specimens. 

3) Modulus of elasticity of concrete decreases with the 

increase of SWF addition. 

4) SWF improves the ductility of concrete and reduce 

the width of cracks.  

5) The shape of failure of SWF added concrete under 

compressive strength, splite tensile strength and 

flexural strength is different from normal concrete. In 

case of SWF added concrete the samples stayed 

bonded and kept their shape even after reaching to the 

failure loads. 

 

VI. RECOMMENDATION 

1) Workability problems due to addition of SWF can be 

treated by addition of admixtures. 

2) Optimum level of SWF addition can be checked to 

improve the compressive strength. 

3) Different kind of wastes like silica fume, tire waste 

powder, limestone powder etc. can be used with SWF 

to improve the negative effect in mechanical 

properties. 

4) SWF can be used in construction materials to 

improve the thermal insulation. 

5) More research are required to study the beneficial 

effect of SWF. 
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