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ABSTRACT Bio-based agriculture products had been used in many humans daily used 
products due to their lightweight, thermal insulation, and positive environmental impact 
(i.e. carbon-negative). Hence, more attention is given to bio-based products and ways to 
implement in different applications to achieve sustainability. Among these applications, 
construction applications represent a promising domain that is eager to such materials to 
add new functionalities and increase sustainability for various products. This study 
investigates the potential of using fiber-like agriculture biomass to improve shrinkage 
cracking resistance and flexural strength for cementitious materials. Fiber-like biomass 
was added at rates 1%, 3%, and 6% as a partial replacement of natural aggregate by 
volume. Agriculture fibers bridge cracks and restrain their propagation, hence, increased 
the tensile strength for cementitious materials. This highlights the potential of using such 
sustainable fiber instead of regular types in non-structural building materials. 
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INTRODUCTION With more than 10 billion tons produced annually, concrete is the most 
important construction material [1]. It has been predicted that the world’s population will 
increase to 11 billion by the end of the century, which considerably increases the demand 
for concrete. It is expected that concrete production will grow to approximately 18 billion 
tons by 2050 [2]. Concrete is been used in wide range of constructional applications 
including bridge, roads, tunnels, and various buildings. For farm and livestock buildings, 
concrete is strong competitor to other building materials due to its strength and durability 
in such harsh environment. The high resistance of concrete to different aggressive 
materials generated in pigs, cattle and poultry aggressions make it the basic materials for 
such structure. Also, the texture of the concrete makes smooth surfaces easy to clean. 
Concrete walls have a high resistance for fire which will increase safety of various farm 
buildings. There are many advantages that are associated with the use of concrete in farm 
buildings. 
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However, concrete industry is facing major challenges with respect to it ecological and 
environmental impact. Concrete industry consumes a significant amount of energy, 
water, aggregate, fillers and other natural resources to produce cement and concrete. 
Moreover, at the end of its life cycle, construction waste from the demolition of concrete 
structures is another environmental impact [5,7]. Hence, there is a need to make this 
important construction material compatible with environmental requirements of the 
modern sustainable construction industry. 

One viable way to increase concrete industry sustainability is to utilize industrial and 
agricultural wastes. Industrial waste materials, such as fly ash, silica fume, ground 
granulated blast furnace slag and others have been successfully used in concrete for a 
long time [1,8]. Recently, agricultural solid wastes (i.e. agro-waste), such as oil palm shell, 
coconut shell, corn cob, pistachio shell have attracted researchers as a replacement for 
natural aggregate in structural and non-structural concrete [9-12]. The use of these agro-
wastes as total or partial replacement of natural aggregates, which makes up about 60–
80% of the volume of concrete [13], represents substantial energy saving, conservation 
of natural resources, and a reduction in the cost of construction materials. In addition, it 
solves the disposal problem of agro-wastes helping in environmental protection [14,15]. 

Therefore, this study represents the keystone for shaping a sustainable pathway for 
agriculture wastes/residuals. It will proofing the feasibility of incorporating agro-wastes 
in construction materials, and reaching the utilization of these bio-based construction 
materials to develop innovative products with a commercial value. The study investigates 
the potential of using agro-waste to mitigate shrinkage cracks. 

EXPERIMENTAL WORK  

The experimental plan was designed to investigate the effect of incorporating fibrous 
agro-wastes on the shrinkage performance. A series of mixtures were prepared to identify 
the optimum content of the fibrous agro-waste to minimize cracking due to shrinkage. 

Materials 

GU hydraulic cement according to the CSA-3001-03 was used as the binding material. The 
used fine aggregate was a natural riverside sand with a fineness modulus was 2.70 
according to ASTM C136 (2014), specific gravity and water absorption of 2.51 and 2.73% 
determined by ASTM C 128 (2015), respectively. The coarse aggregate was 
siliceous/calcareous aggregates with a maximum size of 20 mm (3/4 inch), specific gravity 
of 2.697 kg/m3 and water absorption of 0.6%. Fibrous agro-waste (Fig. 1) was added to 
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the mixtures at rates 3%, 5% and 7% as a replacement of sand. For all mixtures, water to 
binder ratio of 0.45 was used.  

 

  Fig. 1: fibrous agro waste (known as Miscanthus). 

Samples preparation and testing 

Concrete cylinders of Ø100mm×200mm were prepared to measure mechanical 
properties. All specimens were made and cured according to ASTM C192 “Standard 
Practice for Making and Curing Concrete Test Specimens in the Laboratory”. Indirect 
tensile strength were measure for replicate of each mixture at different ages according to 
ASTM C496 “Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete 
Specimens”.  For shrinkage, an instrumented ring test was performed similar to previous 
work [16] to quantify the restrained shrinkage behaviour, cracking age and width, for 
mixtures with and without fibrous agro-waste. Figure 2 shows the dimensions of the used 
concrete ring specimen. The specimens were allowed to dry from sides only. Four strain 
gages were installed at the mid-height on the inner circumference of the steel ring to 
measure the strain until the concrete ring cracked. After that, measurements of the 
cracking widths were taken for a continuous 6 hours. 

 
Figure 2. Ring test to evaluate cracking time and increase in crack width 

Results and discussion 

Figure 3 shows the tensile strength results for mixtures with and without fibrous agro-
waste. It was clear that increasing the fibrous agro-waste content resulted in a higher 
tensile strength. The higher the added fibrous agro-waste content, the higher the 
achieved tensile strength. For instance, adding fibrous agro-waste at rates 3% and 7% 

https://www.astm.org/Standards/C496.htm
https://www.astm.org/Standards/C496.htm
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increased the tensile strength for the mixtures with about 12% and 66% compared to the 
control plan mixture. This could be attributed to the ability of the fibrous agro-waste to 
bridge cracks and resist crack propagation in the matrix. Moreover, the variations in 
fibrous agro-waste lengths and sizes provided resistance for cracks propagation at various 
levels. 

 
Figure 3. Tensile strength results for mixtures with different fibrous-agro-waste contents 

On the other hand, exposing the specimens to a drying condition (Temperature 23℃ and 
relative humidity = 45%) will lead to moisture loss. This will lead to drying shrinkage and 
development of internal tensile stresses. Once, these stresses exceeded the tensile 
strength of the concrete, cracks will be formed. The longer the drying period, the higher 
the shrinkage and consequently the crack’s width will increase. Figure 4 shows the 
changes in the initial crack formation time for various mixtures.  

 

Figure 4. Changes in cracking time at various fibrous agro-waste contents 
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As expected, the higher the fibrous agro-waste content, the longer the needed initial time 
for cracks formation. This is expected as adding fibrous agro-waste resist crack 
propagation at various levels as explained earlier. This increased the concrete resistance 
for crack formation. This was confirmed by the good correlation between tensile strength 
and cracking age for various mixtures (R2> 0.9) illustrated in Fig. 5.    

 

Figure 5. Correlation between changes in cracking time and tensile strength for mixtures 
with various fibrous agro-waste contents 

Figure 6 illustrated the change in the crack width rates for mixtures with various fibrous 
agro-waste contents. It was clear that the increase rate in the crack width was high at the 
initial period, then it started to decrease with time. For instance, mixture with 3% fibrous 
agro-waste exhibited an increasing rate in crack width increase up to 7 hours after the 
initial crack, then the rate started to decrease. On the other hand, mixtures with higher 
fibrous agro-waste contents achieved a decreasing rate earlier. For instance, mixtures 
with 7% fibrous ago-wastes achieved the decreasing rate after   5 hours only.  
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Figure 6. Changes of crack opening rate for mixtures with various fibrous agro-waste 
contents 

 
CONCLUSION  

Recycling and reusing agro-waste in construction materials has a high potential. A key 
point to achieved adequate performance is select the appropriate type of agro-waste and 
optimizing the mixtures. This optimization will maximize the benefits for all features of 
the used agro-waste. This paper showed that fibrous agro-waste had a high potential to 
be recycled in concrete mixtures. It will provide a kind of reinforcement leading to high 
resistance for cracks induced due to shrinkage.   
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