


THE USE OF STRAW GRASS AS A SUSTAINABLE APPROACH IN REINFORCEMENT OF RING CULVERT
 

ABSTRACT 
The feasibility of using straw grass as a natural reinforcement material in concrete is investigated in this study, with a focus on the effects on the concrete's slump, compressive, and tensile strengths. In order to ascertain whether straw grass, a biodegradable and renewable material, may function as a sustainable substitute for traditional reinforcement materials like steel and synthetic fibres, tests were conducted. This was accomplished by creating three concrete mixes with varying percentages of straw grass (0.0% (control), 0.5%, and 1.0%). Following 7, 14, 21, and 28 days of curing, these mixtures were examined. The results of the slump test indicated that the concrete became less workable when straw grass was added. The slump of the 0.5% and 1.0% straw grass mixtures was 75 mm and 65 mm, respectively, whereas the control mix, which was devoid of straw grass, measured 85 mm. According to this decline in slump, the concrete's fluidity and placing ease decrease with the percentage of straw grass. Straw grass-reinforced concrete's strength was lower than the control, according to the compressive strength results. The control concrete's compressive strength was 38.00 MPa after 28 days, while the samples supplemented with 0.5% and 1.0% straw grass had respective compressive values of 28.00 MPa and 30.50 MPa. This implies that adding straw grass reduces the concrete's resistance to compressive loads. Likewise, the addition of straw grass had a detrimental effect on the concrete's tensile strength. The 0.5% and 1.0% straw grass mixtures showed tensile strengths of 2.75 MPa and 2.95 MPa, respectively, at 28 days, whereas the control mix reached a tensile value of 3.35 MPa. These numbers show how much less tensile force resistance the straw grass-reinforced concrete can withstand. In summary, although straw grass is a renewable and biodegradable material with considerable environmental benefits, its usage in concrete significantly reduces its compressive and tensile strengths. Therefore, non-structural applications where strength is not the main concern, including partition walls and landscape features, are better suited for straw grass-reinforced concrete. In order to increase performance, more research is advised to examine methods of strengthening the link between straw grass and the cement matrix as well as the possibilities of hybrid reinforcement systems, which mix straw grass with traditional reinforcement materials.
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1. INTRODUCTION
The building sector, which has historically relied on commodities like steel to reinforce concrete structures, has been greatly impacted by the global movement for sustainable development. Although these traditional materials offer the required durability and structural strength, their energy-intensive manufacturing processes result in significant carbon emissions (Smith & Jones, 2018). Researchers and experts in the building industry are looking to eco-friendly, renewable alternatives that provide both sustainability and financial advantages as a result of growing material costs and environmental concerns. Natural fibre reinforcement is a viable substitute; one prominent example is straw grass (Johnson et al., 2020).
Straw grass is a common agricultural waste product that has various benefits for building because it is inexpensive, lightweight, and biodegradable. Straw grass can be procured locally, reducing transportation expenses and emissions, in contrast to synthetic fibres (Ahmed & Nasser, 2021). Additionally, straw grass has advantageous mechanical qualities, including flexibility and tensile strength, that improve the durability and crack resistance of concrete. According to studies, natural fibres like straw grass can stop concrete cracks from spreading, increasing the longevity of buildings subjected to environmental stress (Lee & Kim, 2019).
The construction of ring culverts is a crucial area where the use of sustainable materials could have a revolutionary impact. These crucial water flow control structures beneath roads, railroads, and walkways need strong, load-bearing materials. Steel-reinforced concrete has historically been used for ring culverts because it provides the strength required to endure soil and water pressures. Steel reinforcement, however, is expensive and has an adverse effect on the environment, especially in places with limited access to such materials or tight financial constraints. According to Patel and Shah (2022), straw grass, as an alternative reinforcing agent, has the potential to offer ring culvert construction a sustainable and economical solution without compromising structural integrity.
There are several advantages of using straw grass as reinforcement for concrete. First of all, because of its lower density than steel, reinforced concrete weighs less overall, making handling and shipment easier, especially in remote locations where logistics of construction can be difficult. Construction projects may experience cost savings and improved logistics as a result of this weight decrease (Badr & Fathy, 2019). Furthermore, straw grass supports a circular economy and is an organic and biodegradable material that fits in well with global sustainability goals. At the end of its lifecycle, it can be recycled or naturally decompose (Jackson et al., 2020).
Beyond its positive effects on the environment, straw grass reinforcement has shown its potential in enhancing concrete's mechanical qualities, especially its toughness and ductility. For constructions like ring culverts, which are subject to cyclic loads from soil pressure and water flow, these characteristics are crucial. Increased resilience to these pressures can be achieved using natural fibre-reinforced concrete, which may save maintenance costs and prolong the life of vital water management system infrastructure (Ogunbiyi et al., 2021). In rural or flood-prone areas, where infrastructure must endure high usage while adhering to financial limits, this resilience is extremely beneficial.
Despite these possible advantages, there is still a lack of study on the long-term performance of straw grass reinforcement under different conditions, which limits its use in structural applications. More thorough research is needed to assess straw grass's behaviour in practical applications, especially in the water-saturated settings typical of ring culvert installations, even if initial laboratory studies have produced encouraging findings in small-scale tests. For straw grass-reinforced concrete to be widely accepted and standardised in the field of civil engineering, it will be crucial to comprehend how it functions in these kinds of circumstances (Chen & Li, 2018).
2. MATERIALS AND METHODOLOGY 
2.1 Methodology 
This chapter outlines the methodology employed to investigate the use of straw grass as a reinforcing material in ring culverts. Materials are gathered, initial tests are conducted, and the qualities of both fresh and hardened concrete are assessed as part of the approach. This comprehensive approach ensured a thorough assessment of the effectiveness of straw grass as reinforcement. 
2.2 Constituent Materials of Concrete
The components of the concrete mixture in this study included high-grade cement to serve as the primary binding agent, well-graded fine aggregate (sand) to enhance workability, crushed coarse aggregate (stone) to provide bulk and compressive strength, portable water sourced from a clean supply to ensure proper hydration of the cement, and straw grass as a natural reinforcement material to assess its impact on the concrete’s mechanical properties.
2.2.1 Sample Collection 
The samples utilised in this investigation were collected from Eke Market in Ogurute, Enugu Ezike, Igbo Eze North Local Government Area, Enugu State, Nigeria. The main reinforcement component for the concrete mix was natural straw grass, which was abundant in this area and the reason it was chosen. The area is renowned for its agricultural landscape, which offers a reliable and sustainable supply of straw grass in significant amounts.

In order to protect the integrity of the study, care was taken during the collection phase to make sure the straw grass samples were free of contaminants such as dirt, stones, or other foreign elements. To guarantee that only the best and most intact straw grass was chosen, the samples were gathered by hand. After being gathered, the straw grass samples were brought to the lab for processing in order to avoid any detrimental effects on the concrete's performance during mixing and curing. This included cleaning to remove impurities, sorting to ensure quality, cutting into uniform lengths for consistency, and air-drying to remove excess moisture.
2.2.1.1 Cement (Dangote)
Dangote Cement was selected for its exceptional strength and durability, making it the ideal material for the concrete mix in this investigation. The cement was sourced from a reliable supplier in Uli, Anambra State, to ensure its quality and dependability. To preserve its performance during mixing and curing, the cement was handled with care to prevent contamination. It was stored in sealed bags in a dry and well-ventilated environment to avoid moisture absorption, which could negatively affect its performance.
2.2.1.2 Fine Aggregate (Atamili Sand)
Atamili sand was selected for its appropriate texture and grading qualities, making it suitable for concrete production. The sand was locally sourced in Uli, Anambra State, ensuring convenience and compliance with local building standards. To maintain quality, the sand was carefully cleaned to remove organic matter, clay, and other impurities. It was then air-dried and screened to meet the required grading specifications, ensuring compatibility with the concrete mix and consistency in the final product.
2.2.1.3 Coarse Aggregate (Chippings)
The coarse aggregate, sometimes known as chippings, was purchased from a nearby supplier in Uli, Anambra State. These chippings were chosen because they are appropriate for use in the construction of concrete and give the mixture the strength and stability it needs. The chips were treated to eliminate tiny particles and attain a consistent particle size distribution in order to guarantee quality, which is essential for preserving the concrete's structural integrity. To avoid contamination from dirt, moisture, or other extraneous components, the coarse aggregate was meticulously stored in a dry, clean environment.
2.2.1.4 Straw Grass
The straw grass used in this study was sourced from local farms in Enugu State, selected for its proximity to Uli and the consistent quality of straw grass available in the region. This ensured the availability of mature and well-processed straw grass suitable for use as a natural reinforcement material in concrete.
The preparation process involved harvesting mature straw grass, cutting it into uniform lengths, and thoroughly drying it to eliminate excess moisture, which could affect its performance in the concrete mix. The straw grass was then stored in a clean, dry environment, free from contaminants or factors that could compromise its structural properties, ensuring its suitability for use as reinforcement in the concrete.
2.2.1.5 Portable Water
 The portable water used in this study was obtained from the Civil Engineering Laboratory at Uli Campus.This water was clean, free from impurities, and compliant with the required standards for concrete production. It was specifically chosen to ensure proper hydration of the cement, which is essential for achieving a uniform mix, adequate curing, and optimal performance of the concrete.
2.3 Preliminary Test
Preliminary tests were conducted to evaluate the suitability and quality of materials used in concrete production. These tests ensured that the materials adhered to the required standards for producing durable and consistent concrete.
2.3.1 Sieve Analysis Test
By passing the fine aggregate through a number of conventional sieves, sieve analysis was carried out to ascertain the particle size distribution of the material.
The aim of this test was to ensure that the aggregate met the grading specifications necessary for concrete production. Proper grading ensured uniformity in the concrete mix, significantly influencing its workability, durability, and strength.
The apparatus used for the test included a sieve set, a balance, a tray, and a mechanical shaker. A sample of approximately 1.8 kg of sand was first weighed using a calibrated balance. The sand was then poured onto the coarsest sieve in the set and passed progressively through finer sieves. In order to evaluate the particle size distribution, the percentages of sand maintained on and passing through each sieve were computed after the material retained on each sieve was weighed and noted.
2.4 Test for Fresh Concrete
Tests for fresh concrete were conducted to evaluate its properties immediately after mixing, before it began to set. These tests ensured that the concrete mix met the desired consistency and workability requirements for construction applications.
2.4.1 Slump Test
To determine the fresh concrete mix's consistency or workability, the slump test was conducted.
The aim of the test was to assess the fluidity and ease of placement of the concrete mix. This test was significant as it ensured the mix was workable and could be easily placed and finished without segregation or excessive stiffness.
A slump cone, a base plate, a tamping rod, and a measuring scale were among the tools used for the slump test. After setting the slump cone on a level platform, three layers of concrete were poured into it. To assure compaction and remove voids, the tamping rod was used 25 times for each layer. To give the concrete time to slump, the filled cone was gently raised vertically. The workability of the mix was indicated by the slump value, which was calculated by measuring the distance between the top of the cone and the highest point of the slumped concrete.
2.5	Test on Hardened Concrete
Tests on hardened concrete were conducted to evaluate its strength and durability after it had fully set and cured, ensuring the concrete met the structural requirements of the project.
2.5.1 Compressive Strength Test
As a measure of the concrete's strength, the compressive strength test was used to find the highest load the material could support before failing. The test's objective was to assess the concrete's load-bearing capability in order to make sure it satisfied the project's structural requirements. Because compressive strength is a crucial characteristic that affects the concrete's quality, longevity, and performance in structural applications, this test was important.
The test equipment consisted of standardised concrete cubes or cylinders and a compression testing machine. The concrete samples were made in standard-sized moulds and allowed to cure for a set amount of time, usually 7, 14, or 28 days. Once the samples had cured, they were put into the compression testing apparatus, where a weight was gradually increased until the sample failed. By recording the maximum load that the sample could withstand and dividing that maximum load by the sample's cross-sectional area, the compressive strength was determined.
2.6 Tensile Strength of Concrete
The purpose of the tensile strength test was to assess the concrete's resistance to tension, which is a crucial characteristic for comprehending how it will behave under stretching pressures. In applications like beams and slabs, where tensile stresses are commonly encountered, this test was essential for evaluating the structural performance of concrete.
The purpose of the test was to ascertain the concrete's tensile force resistance, which is essential for guaranteeing its performance under varied loading circumstances. Despite concrete's intrinsic strength in compression, this test is crucial to a thorough structural analysis because of its much lower tensile strength.
A tensile testing machine and standardised concrete prisms or cylinders were among the test's equipment. Concrete samples were formed into standardised moulds and cured under carefully monitored circumstances as part of the process. The samples' surfaces were treated to eliminate any imperfections and guarantee smoothness. After that, the samples were firmly grasped and put inside the tensile testing apparatus. Using normal testing protocols, the rate of load delivery was regulated to apply a progressively rising tensile force until the sample failed. The tensile strength was determined by dividing the maximum tensile load by the sample's cross-sectional area after the maximum tensile load at failure was noted.
3. RESULTS AND DISCUSSION
The results of the sieve analysis, slump test, compressive strength test, and tensile strength test are shown in this section. The data from each test is arranged in tables, and for easier visualisation and explanation, the data is then graphically represented in figures.
Table 1: Sieve Analysis test result 
	Sieve
Number
	Weight of Sieve + Sand (kg)
	Weight of Sieve (kg)
	Weight of Sand (kg)
	Percentage Retained (%)
	Cumulative
Percentage
Retained (%)
	Cumulative
Percentage
Passing (%)

	8
	0,40
	0,30
	0.10
	5.56
	5.56
	94.44

	10
	0,35
	0,30
	0.05
	2,50
	8.38
	91.62

	12
	0-35
	0.30
	0.05
	2-80
	11,16
	88.84

	20
	0.70
	0.30
	0.40
	22.22
	33.38
	66.62

	30
	0.55
	0.30
	0.25
	13.89
	47.27
	52.73

	40
	0.60
	0.30
	0.30
	16.67
	63.94
	36.06

	80
	0,70
	0,30
	0.40
	22.22
	86,16
	13.84

	Pan
	0,30
	0,30
	0.00
	5.00
	86,16
	13.84



Table 2: Slump test result 
	Percentage of Additive (%)
	Trial
	Slump Value
(mm)
	Height of Cone
(mm)
	Water-Cement
Ratio

	0.0
	1
	90
	300
	0.6

	0.5
	1
	85
	300
	0,6

	10
	1
	70
	300
	0.6


Table 3: Compressive strength test result 
	Percentage of Straw Grass as Reinforcement (%)
	7 Days Strength
(MPa)
	14 Days
Strength (MPa)
	21 Days
Strength (MPa)
	28 Days
Strength (MPa)

	0.0
	29.35
	32.50
	35.10
	38.00

	0.5
	18.35
	22.00
	25.50
	28.00

	1.0
	22.80
	26.00
	28.20
	30.50



Table 4: Tensile strength test result
	Percentage of Straw Grass as Reinforcement (%)
	7 Days
Strength (MPa)
	14 Days
Strength (MPa)
	21 Days
Strength (MPa)
	28 Days
Strength (MPa)

	0.0
	2.65
	2.90
	3.10
	3.35

	0.5
	1.95
	2.25
	2.50
	2.75

	1.0
	2.10
	2.40
	2.65
	2.95
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   Figure 1: Sieve Analysis of Fine Aggregate
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    Figure 2: Slump Test Results.
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   Figure 3:  Compressive Strength of Concrete with Straw Grass as Reinforcement.
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   Figure 4: Tensile Strength of Concrete with Straw Grass as Reinforcement 
3.1 Sieve Analysis 
The sieve analysis results in Table 1 and Figure 1 demonstrate that the fine aggregate used in this study is well-graded, making it suitable for concrete production. The cumulative percentage passing through the No. 8 sieve was 94.44%, indicating that most of the particles are fine, with a controlled proportion of coarser particles. This balanced gradation ensures proper particle packing, minimizing voids in the concrete mix and enhancing its workability and strength.
The cumulative percentage passing values progressively decreased through finer sieves, with the fines retained in the pan sieve accounting for 5% of the total sample. This distribution reflects a controlled proportion of fines, It enhances the concrete mix's cohesiveness and longevity. The fineness modulus, calculated from the cumulative retained percentages, was within the acceptable range for fine aggregates, confirming that the sand is neither too coarse nor too fine.
These results indicate that the fine aggregate complies with the grading requirements of relevant standards, ensuring optimal concrete performance. A well-graded aggregate contributes to reduced water demand, improved compaction, and enhanced durability, making it ideal for the production of strong and workable concrete.
3.2 Slump test 
The slump test results in Table 2 and Figure 2  show that workability decreased with increasing straw grass content. The control sample (0.0% straw grass) recorded the highest slump value of 90 mm, indicating high fluidity typical of conventional concrete. Adding 0.5% straw grass reduced the slump to 85 mm, while 1.0% straw grass further decreased it to 70 mm, reflecting increased stiffness due to fiber interference with the cement paste. These results demonstrate that higher straw grass content reduces workability, necessitating adjustments in mix design for practical applications.
3.3 Compressive Strength Test 
Concrete with straw grass reinforcement is less strong than the control sample, according to the compressive strength values in Table 3 and Figure 3. The control mix, which contained 0.0% straw grass, exhibited the best matrix densification during curing, achieving the greatest strength of 38.00 MPa after 28 days. The strength of the 0.5% straw grass mix decreased by 26% to 28.00 MPa, while the 1.0% mix improved slightly to 30.50 MPa, but was still 20% less than the control. These results show that straw grass has limitations when it comes to increasing compressive strength and that its use needs to be optimised.
3.4 Tensile Test 
The tensile strength results in Table 4 and Figure 4 show that straw grass reinforcement reduces tensile strength compared to the control sample. The control mix achieved 3.35 MPa at 28 days, while the 0.5% and 1.0% straw grass mixes recorded 2.75 MPa and 2.95 MPa, respectively. These reductions, attributed to weak fiber-matrix bonding and the organic nature of straw grass, indicate its limitations in enhancing tensile strength, making it more suitable for non-structural applications.
4. CONCLUSION  AND RECOMMENDATIONS
4.1 Conclusion 
This study focused on the compressive and tensile strengths of concrete to investigate the impacts of employing straw grass as a natural reinforcement material. Over the course of 7, 14, 21, and 28 days, concrete mixes containing 0.0% (control), 0.5%, and 1.0% straw grass were evaluated. Based on the findings, the following conclusions were made:
	1.	Compressive Strength
All curing times showed a discernible decrease in compressive strength following the addition of straw grass. The 0.5% and 1.0% straw grass mixtures had lower compressive strengths of 28.00 MPa and 30.50 MPa, respectively, but the control mix had the maximum strength, reaching 38.00 MPa at 28 days. The decrease is explained by the poorer mechanical qualities of straw grass in comparison to traditional reinforcement materials, as well as the inadequate bonding between the fibres of the grass and the cement matrix.
	2.	Tensile Strength
The tensile strength of straw grass-reinforced concrete was lower than the control, much like the compressive strength. Tensile strength at 28 days was 3.35 MPa for the control mix and 2.75 MPa and 2.95 MPa for the 0.5% and 1.0% straw grass mixtures, respectively. Although it is not as good as normal concrete, the 1.0% mix's modestly superior performance indicates that a higher fibre content enhances tensile strength.
	3.	Suitability of Straw Grass as Reinforcement
It was discovered that adding straw grass to concrete did not considerably increase its tensile or compressive strength. Straw grass's employment in load-bearing structural applications is limited by its inherent limits as well as the low adherence of its organic fibres to the cement matrix.
	4.	Environmental Benefits
Despite its mechanical limitations, straw grass offers notable environmental advantages. As a renewable and biodegradable material, it provides a sustainable alternative to synthetic or non-renewable reinforcements. Its use in non-structural or low-load applications can promote sustainability without compromising safety or performance in less demanding contexts.
4. 2 Recommendations
On the basis of this study's findings, the following suggestions are made:
1. Non-Structural Applications: Straw grass-reinforced concrete is best suited for non-structural elements like partition walls, walkways, and landscaping features, where sustainability is prioritized over high strength.
2. Enhancing Bonding: For improved mechanical performance, future studies should investigate methods to strengthen the link between the fibres of straw grass and the cement matrix.
3. Hybrid Systems: Combining straw grass with traditional reinforcements can balance environmental benefits with improved strength.
4. Optimizing Fiber Content: Investigate a broader range of straw grass percentages to find the ideal balance between sustainability and strength.
5. Durability Studies: Long-term studies on straw grass-reinforced concrete should address resistance to biodegradation and environmental impacts.
6. Cost-Benefit Analysis: A detailed analysis should assess the economic viability of straw grass-reinforced concrete for construction.
7. Standards Development: Establish guidelines for the preparation, mix design, and application of straw grass in concrete.
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