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Evaluation and Optimization of the Engineering Properties of LDPE Fiber-Reinforced Sandcrete Blocks Using Taguchi Method

Abstract 
Sandcrete blocks are construction materials that are predominantly used in buildings in West Africa. Their constituents are similar to concrete with the exception of the coarse aggregates. Therefore, similar to the positive effect of fiber reinforcement in concrete, low-density polyethylene (LDPE) fibers are to be added to sandcrete blocks to improve their mechanical and water absorption properties. This study investigates the performance of sandcrete blocks reinforced with low-density polyethylene (LDPE) fibers obtained from wastewater sachets. While the reuse of LDPE in concrete has been explored, its application in sandcrete block production remains limited. This research addresses that gap by optimizing the effects of LDPE fiber content (0.33%, 0.67%, and 1%), fiber length (20 mm, 30 mm, and 40 mm), and water-cement ratio (w/c) (0.5,0.6, and 0.7) on key properties including density, compressive strength, flexural tensile strength, and water absorption. A Taguchi orthogonal array (L9) design was utilized to identify optimal mix combinations. Results showed that the mix with a 0.7 w/c ratio, 40 mm LDPE fiber length, and 0.33% fiber content achieved the optimum density. The highest compressive (4.02MPa) and flexural tensile (2.06MPa) strengths were obtained from a mix containing 0.67% LDPE fibers of 20 mm length and a w/c ratio of 0.6. The mix with the least water absorption also featured 0.67% fiber content, 20 mm fiber length, and a w/c ratio of 0.6. ANOVA results indicated that the w/c ratio was the most significant, contributing over 45 % to all measured properties. The findings support the development of sustainable, cost-effective sandcrete blocks suitable for non-load bearing applications. This study demonstrates the dual benefit of enhancing sandcrete block performance while addressing plastic waste management challenges, offering a sustainable pathway for future construction practices
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1.0 Introduction 
Concrete structures are used extensively in West African construction more than steel and wood (Choplin, 2023). Concrete materials are fundamentally composed of cement, fine aggregates, coarse aggregates and water. These components characterize the various construction materials. Sandcrete blocks constructed from cement, fine aggregates, and water are used as walls in construction, mainly in West Africa (Ghana and Nigeria) (Ikeagwuani et al., 2020). In addition to the simplicity of shaping and sizing sandcrete blocks, they have low shrinkage, minimal thermal conductivity, and high compressive strength (B. Mohammed & Cheeseman, 2011). 
To develop sustainable, mechanically enhanced, and cost-effective construction materials such as mortar, concrete, and sandcrete blocks, various approaches have been explored. These include the incorporation of supplementary cementitious materials, pozzolanic additives, fiber reinforcement, chemical admixtures, and improved curing methods (Lallas et al., 2023; Muralidharan et al., 2021; Qureshi et al., 2020; Toghroli et al., 2020). For instance, Awolusi et al. (2021) replaced cement with calcined clay in sandcrete block production, resulting in increased compressive strength. Furthermore, fiber addition, a sustainable method of improving the engineering properties of construction materials such as concrete, has been utilized in sandcrete blocks, as reported by Ijalana, Afoloayan and Adeleke (2015). 
Fiber is important in concrete technology and cement-based materials such as sandcrete. Fibers’ excellent tensile properties significantly delay crack propagation (Plagué et al., 2017). Many research reports indicate the enhanced mechanical properties of concrete, particularly improvements in tensile and compressive strength (Altalabani et al., 2020; Ashkezari et al., 2020; T. Zhang et al., 2019). It is important to note that fibers are more effective in enhancing tensile strength due to their inherently high tensile characteristics (Hassan & Saeed, 2024).. Generally, fibers are classified as natural or artificial depending on their sources. The most commonly used natural fibers in concrete and cement based materials are bamboo, coconut, flax, hemp, jute, and palm fibers (Bheel et al., 2021; Katman et al., 2022; Mukhopadhyay & Khatana, 2015; Sridhar et al., 2022; Widiarto, 2023). Artificial fibers used for the same purpose include glass, nylon, polypropylene, polyvinyl, polyethylene, basalt, carbon and steel fibers (Gao et al., 2017; Hanif et al., 2017; Micelli et al., 2020; Pelisser et al., 2012; Sohaib et al., 2018; Yusuf et al., 2023). Research efforts have focused on improving cement-based materials, particularly sandcrete blocks. These include the addition of steel fibers in the production of hollow blocks (Musa & Abubakar, 2018), and polythene fibers to solid blocks (Ijalana et al., 2015). These studies indicate that adding various fiber types enhances compressive and flexural tensile strength to a certain extent. It is important to also note that artificial and natural fibers differ in material properties, which influence their performance when used as fiber reinforcements. Artificial fibers generally exhibit higher Young’s modulus, making them stiffer and stronger than natural fibers (Mastura et al., 2022). 
Using fibers that are waste materials or by- products from industrial activities for producing construction materials also promotes environmental sustainability by reducing pollution from their disposal (Duraiswamy et al., 2024; Singh, 2024).  Low density polyethylene (LDPE) from waste water sachet has been reused in concrete production (A M Ghadafi & Kankam, 2022; Abdullai M Ghadafi & Kankam, 2021; Kumi-Larbi et al., 2018; Tsala-Mbala et al., 2022) . However, research on the use of LDPE fibers in sandcrete block production remains limited. Low-density sandcrete blocks offer several advantages in construction, particularly for non-load bearing applications. These include reduced dead load on the structure, improved thermal insulation, and ease of handling and transportation, all contributing to lower construction costs and enhanced energy efficiency (Adegun & Adedeji, 2017; Falade & Ikponmwosa, 2011). Additionally, controlling water absorption in concrete materials is crucial. While excessive absorption can lead to durability issues, a moderate water absorption capacity can help regulate internal moisture , potentially reducing cracking due to shrinkage and improving the internal curing effect, which contributes to long –term strength development (Zhutovsky & Kovler, 2012). 
This research uniquely addresses that gap by exploring, for the first time, the incorporation of LDPE fibers into sandcrete blocks. The novelty of this study lies in its use of waste-derived LDPE fibers to improve both the mechanical and durability performance of sandcrete, offering a dual benefit of material innovation and environmental sustainability. This research employs the Taguchi orthogonal design to determine the optimal sandcrete mix, aiming for maximum compressive and flexural tensile strength, the minimal density, and the highest moisture resistance. The sandcrete blocks' key features, such as changing percentages of fiber addition, LDPE fiber length, and water cement ratios, are addressed. Results from this research will contribute to the construction industry by providing a novel, sustainable, cost-effective, and durable materials that are well suited for non-load bearing walls, while helping to reduce environmental waste.
2.0 Materials and Experiment
2.1 Materials 
A commercial supplier provided ordinary Portland cement (OPC) of grade 42.5R for use as a binder in the sandcrete mix. The composition of the OPC is shown in Table 1. Pit sand, which makes up the fine aggregates in the mix, came from Bechem in Ghana's Ahafo Region. Figure 1 depicts the particle size distribution plot for pit sand after sieving. Furthermore, Table 2 displays the physical parameters of the fine aggregates.
Low-density polyethylene (LDPE) was obtained from segregated waste, specifically disposed water sachets collected at the Faculty of Engineering waste collection point at Sunyani Technical University in the Bono Region. The physical properties of the LDPE fibers are presented in Table 3. Additionally, potable water from the Ghana Water Company was used for mixing the sandcrete blocks in this study. 
Table 1: Chemical Composition of OPC
	Materials
	SiO2
	Al2O3
	Fe2O3
	CaO
	K2O
	MnO
	MgO
	SO3
	TiO2
	LOI

	OPC
	33.58
	7.16
	3.16
	46.41
	1.19
	0.07
	2.6
	2.19
	0.32
	3.29
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Figure 1. Particle size distribution curve for fine aggregates 
Table 2: Physical Properties of Fine Aggregates
	Properties 
	Specific Gravity 
	Fineness Modulus 
	Water Absorption (%) 

	Value 
	2.6
	2.41
	1.65



Table 3: Physical Properties of LDPE Fibers
	Properties 
	Elastic Modulus
	Melt flow Index
	Density

	Value 
	5 GPa
	7g/10 min
	0.91g/cm3



2.2 Fiber preparation 
The disposed water sachets were cleaned and sun-dried for 24 hours to produce LDPE fibers. After drying, the LDPE fibers were cut into the required strips with a constant width of 5 mm and lengths of 20 mm, 30 mm and 40 mm. Figure 2 shows the fibers used in this study.
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Figure 2. LDPE Fiber 
2.3 Taguchi Design and Analysis of Variance (ANOVA)
The Taguchi orthogonal array (L9) was employed to optimize the sandcrete block mix design. This design approach was chosen because it provides an efficient and statistically balanced method of evaluating the effects of multiple parameters while minimizing the total number of experimental runs required. In this study, three primary factors were considered: LDPE fiber content, LDPE fiber length, and the water–cement ratio (w/c). Each factor was varied at three levels, which were carefully selected based on preliminary studies and established findings in the literature on fiber-reinforced concrete and sandcrete blocks.The choice of the w/c ratio was critical since it is known to significantly influence the workability, density, and compressive strength of cementitious composites. A lower w/c ratio typically enhances compressive strength but may reduce workability, whereas higher values improve workability but at the expense of strength and durability. The inclusion of LDPE fibers was aimed at enhancing toughness, crack resistance, and flexural performance of the blocks. Fiber content was varied across three levels to establish its optimum dosage, as excessive fiber addition may lead to poor compaction and reduced density, while insufficient amounts may provide negligible reinforcement benefits. Similarly, fiber length was considered as a factor because it directly affects stress transfer and crack-bridging ability in the cementitious matrix. Short fibers generally disperse more easily but may not be effective in bridging larger cracks, whereas longer fibers improve crack control but can pose challenges for uniform mixing and distribution. By integrating these factors into the Taguchi L9 orthogonal array, a total of nine unique mix combinations were generated, each representing a different balance of the three parameters. This enabled the systematic study of both main effects and interaction effects on the mechanical and durability-related properties of sandcrete blocks, ensuring an efficient pathway toward selecting the optimum mix design. The specific factor levels used in the experimental design are presented in Table 4.

[bookmark: _Ref120101463]Table 4a: Factors and values at corresponding levels
	FACTORS 
	LEVELS

	 
	1
	2
	3

	A. LDPE fiber content
	0.33%
	0.67%
	1%

	B. LDPE fiber length
	20mm
	30mm
	40 mm

	C. Water-Cement Ratio (w/c) 
	0.5
	0.6
	0.7 



[bookmark: _Ref120101546]Table 4b: The Taguchi orthogonal array L9 
	Trial 
	A
	B
	C
	A (3 levels)
	B (3 levels)
	C (3 levels)

	No. 
	
	
	
	LDPE Fiber Content
	LDPE Fiber Length
	Water/Cement

	T1
	1
	1
	1
	0.33
	20
	0.5

	T2
	1
	2
	2
	0.33
	30
	0.6

	T3
	1
	3
	3
	0.33
	40
	0.7

	T4
	2
	1
	2
	0.67
	20
	0.6

	T5
	2
	2
	3
	0.67
	30
	0.7

	T6
	2
	3
	1
	0.67
	40
	0.5

	T7
	3
	1
	3
	1
	20
	0.7

	T8
	3
	2
	1
	1
	30
	0.5

	T9
	3
	3
	2
	1
	40
	0.6
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The signal-to-noise (S/N) ratio in the Taguchi method optimizes response characteristics based on the objective. Higher-the- better is used when maximizing performance. Nominal-the-best, is applied when achieving a target value. Lower-the-better is for minimizing undesirable effects. In the current study, the higher-the-better S/N ratio equation (Equation 1) and lower-the- better S/N ratio equation (Equation 2) are used for optimization. The S/N ratio equations are given as follows:
						           	(1)
						 (2)
Where,
       yi represents the response values
       n represents the number of trials
Since the objective is to maximize the compressive strength and flexural tensile strength of the sandcrete blocks, the Higher-the-better S/N ratio equation is applied to these response characteristics.  Conversely, the lower-the-better S/N ratio equation is used to optimize density and water absorption, as lower values are preferred for these properties. 



In the current study, Analysis of Variance (ANOVA) was used alongside Taguchi optimization to evaluate how process factors influence response variables. By analyzing variability and computing metrics such as sum of squares, F-ratio, and p-values;   ANOVA identified statistically significant factors and their contributions supporting effective process optimization
20


2.4 Block Production
The cement-to-sand ratio used was constant at 1:6. The sandcrete blocks were prepared by dry mixing the cement, sand and the fibers according to the required proportions. Afterwards the potable mixing water was added to the dry mix and the blocks were compressed in a block making machine. 
2.5 Experimental Testing 
The sandcrete blocks produced measured 150 * 150 * 150 mm3. The blocks were cured for 7, and 28 days. For each sandcrete mix three specimens were produced. A total of 162 sandcrete blocks were produced based on the experimental design. The density of each specimen was completed in accordance with  BS EN 12390-7 (British Standards Institute, 2000). The compressive strength and the flexural tensile strength were determined using the BS EN 12390-3 (British Standards Institution, 2001) and BS EN 12390-5 (British Standards Institution, 2019) standards, respectively. The experimental setup is presented in Figure 3. The water absorption which was conducted after 28 days was conducted in accordance to the BS EN 12390-8:2019.
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Figure 3. Experimental Setup 
3 Results and Discussion
3.1 Experimental Results 
The density, compressive strength, flexural tensile strength and water absorption of the sandcrete blocks after 7 and 28 days of curing is presented in Figure 4. The increase in density of the sandcrete blocks with curing time as shown in Figure 4a shows that addition of LDPE fibers positively influence the density development of the sandcrete blocks as curing progresses. This is consistent with findings in previous studies. For example, Odeyemi et al. (2024) found that adding polythene fibers to sandcrete blocks improved their density overtime, attributed to  the fibers’ role in enhancing the microstructure and compaction during curing. Similarly, Ahsan et al. (2023) observed that incorporating fibers in concrete resulted in higher density, which contributed to better mechanical properties and durability. Additionally, the progressive densification resulted from the ongoing hydration process, during which cement hydration leads to the formation of calcium-silicate-hydrate (C-S-H) gel that fills the pores of the sandcrete block matrix (Akanbi et al., 2024). The maximum and minimum density values were 2000.83 kg/m3 for T1 and 1900.41 kg/m3 for T3, respectively.
With the increase in the density of the sandcrete blocks over the curing period, it can be observed from Figures 5b and 5c that both the compressive strength and flexural tensile strengths similarly increase with curing time. A denser sandcrete material offers greater resistance to loading, which explains the observed trend (Auyo et al., 2023; Ogbeide et al., 2024). Among the nine sandcrete block mixes, sandcrete mix T4 exhibited the highest compressive strength and flexural tensile strength across all curing days. Between 7 and 28 days of curing, the compressive strength increased by 48.3%, while the flexural tensile strength increased by 25.45%. 
The water absorption results, as shown in Figure 4d, indicate that water absorption decreased by approximately 9.94% as the curing period increased from 7 to 28 days. This aligns with expectations as the incorporation of plastic fibers into the sandcrete matrix enhances its water resistance. Fibers contribute to this improvement by bridging microcracks, refining the pore structure, and reducing the connectivity of capillary pores, thereby limiting water ingress.  As observed in  similar studies , for example, Awoyera et al. (2021) demonstrated that adding plastic fibers to interlocking concrete blocks reduced water absorption and improved mechanical properties.  
(a)

          (c)

	
Figure 4. Properties of Sandcrete blocks after 7 and 28 days of curing; (a) Density ; (b) Compressive strength ; (c) Flexural Tensile strength ; (d)  Water Absorption

3.2 Taguchi Results  
The results were analyzed using the Minitab 20.1 software tool. According to the experimental results, the optimum curing period for all evaluated properties was determined to be 28 days. The S/N ratio for each evaluated property was calculated using Equations 1 and 2 for the 28- day curing period, as presented in Table 5. The use of S/N ratios was crucial in identifying the optimum sandcrete block mix because it accounts for both performance levels and variability, thereby ensuring robust and consistent results. The lower-the-better S/N ratio was applied to density and water absorption since lower values improve durability and economy, while the higher-the-better S/N ratio was used for compressive and flexural tensile strengths, where higher values indicate superior structural performance. This approach not only balanced desirable and undesirable properties but also minimized the influence of noise factors such as material inconsistencies, making the selected mix more reliable under practical conditions.
Table 5 The Experimental results after 28 days of curing and related SNR.
	Trial 
	A
	B
	C
	Density 
	SNR
	Compressive 
	SNR 
	Flexural Tensile 
	SNR 
	Water 
	SNR

	No. 
	 
	 
	 
	(Kg/m3)
	 
	Strength (MPa)
	 
	Strength (MPa)
	 
	Absorption (%)
	 

	T1
	1
	1
	1
	2000.83
	-66.02
	3.26
	10.26
	1.2
	1.58
	18.50
	-25.34

	T2
	1
	2
	2
	1950
	-65.80
	3.11
	9.86
	1.5
	3.52
	17.20
	-24.71

	T3
	1
	3
	3
	1900.41
	-65.58
	2.96
	9.43
	1.02
	0.17
	19.80
	-25.93

	T4
	2
	1
	2
	1980
	-65.93
	4.02
	12.08
	2.04
	6.19
	14.47
	-23.21

	T5
	2
	2
	3
	1925.5
	-65.69
	2.81
	8.97
	1.3
	2.28
	16.30
	-24.24

	T6
	2
	3
	1
	1960
	-65.85
	3.42
	10.68
	1.1
	0.83
	18.90
	-25.53

	T7
	3
	1
	3
	1955
	-65.82
	3.11
	9.86
	1.4
	2.92
	15.60
	-23.86

	T8
	3
	2
	1
	1975
	-65.91
	2.96
	9.43
	1.25
	1.94
	20.13
	-26.08

	T9
	3
	3
	2
	1930
	-65.71
	3.87
	11.75
	1.6
	4.08
	16.80
	-24.51











Table 6 Response Index Tables for  SNRs.
	DENSITY 

	LEVEL 
	LDPE 
	LDPE 
	w/c

	
	Fiber Content (%)
	Fiber Length (mm)
	

	
	SNR(dB)
	SNR(dB)
	SNR(dB)

	1
	-65.8
	-65.93
	-65.93

	2
	-65.82
	-65.8
	-65.82

	3
	-65.82
	-65.71
	-65.7

	Delta
	0.02
	0.22
	0.23

	Rank
	3
	2
	1

	
	
	
	

	COMPRESSIVE STRENGTH

	LEVEL 
	LDPE 
	LDPE 
	w/c

	
	Fiber Content (%)
	Fiber Length (mm)
	

	
	SNR(dB)
	SNR(dB)
	SNR(dB)

	1
	9.848
	10.735
	10.124

	2
	10.58
	9.418
	11.231

	3
	10.345
	10.62
	9.418

	Delta
	0.731
	1.316
	1.813

	Rank
	3
	2
	1

	
	
	
	

	FLEXURAL TENSILE STRENGTH

	LEVEL 
	LDPE 
	LDPE 
	w/c

	
	Fiber Content (%)
	Fiber Length (mm)
	

	
	SNR(dB)
	SNR(dB)
	SNR(dB)

	1
	1.759
	3.566
	1.45

	2
	3.1
	2.58
	4.599

	3
	2.981
	1.694
	1.791

	Delta
	1.341
	1.872
	3.149

	Rank
	3
	2
	1

	
	
	
	

	WATER ABSORPTION

	LEVEL 
	LDPE 
	LDPE 
	w/c

	
	Fiber Content (%)
	Fiber Length (mm)
	

	
	SNR(dB)
	SNR(dB)
	SNR(dB)

	1
	-25.33
	-24.14
	-25.65

	2
	-24.33
	-25.01
	-24.14

	3
	-24.82
	-25.32
	-24.68

	Delta
	1
	1.18
	1.51

	Rank
	3
	2
	1



	
3.2.1 Density 
Figure 4a identifies mix T3, which comprised 0.33% LDPE fiber content, a 40 mm fiber length and a w/c ratio of 0.7, as yielding the lowest block density identified as the optimum in this study. Both the response index analysis (Table 6) and the factor effects on the mean SNR for density plot (Figure 5) demonstrate that the w/c ratio is the dominant factor controlling density, followed in descending order by LDPE fiber length and LDPE fiber content. From Figure 5, the optimum settings for minimum density were therefore a w/c ratio of 0.7 (Level 3), LDPE fiber length of 40 mm (Level 3) and fiber content of 0.33% (Level 1). Low-density blocks are advantageous for high rise construction, where reduced dead loads are critical, and for applications requiring improved thermal insulation, since increased void volume enhances insulating performance (Briga-Sá et al., 2022; Mohamed et al., 2024; Sousa et al., 2014). The factor effects on the mean SNR for density trends show that higher w/c ratios promote capillary pore formation and thereby lower bulk density, while increased fiber length further reduces workability and introduces additional voids (Chen & Wu, 2013; Mboungou Londe et al., 2024). Analysis of variance (Table 7) confirms these findings thus, the w/c ratio accounts for 52.55% of the total variation in density (p = 0.005) and that the LDPE fiber length is also statistically significant (p = 0.005), whereas fiber content exerts a minimal effect.
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Figure 5. Factor Effect on the mean SNR for the Density 
3.2.2 Compressive Strength 
The average compressive strength and corresponding SNR values are presented in Table 5, while the effects of factor levels on compressive strength are detailed in Figure 6 and Table 6. Response index analysis indicated that the optimum levels for achieving the maximum compressive strength were obtained at level 2 (0.6) for w/c ratio, level 1 (20 mm) for LDPE fiber length, and level 2 (0.67%) for LDPE fiber content. The w/c ratio emerged as the most influential factor, followed by LDPE fiber length, with LDPE fiber content exhibiting the least impact. Notably, the optimal mix (T4) aligned with the response index analysis results that is w/c ratio, LDPE fiber length and LDPE fiber content.
The maximum compressive strength achieved in this study was compared with values reported in the literature. Generally, conventional sandcrete blocks exhibit moderate strengths, with values ranging between 3–4 N/mm² at 28 days (Adeleke et al., 2015; Adewale et al., 2022). Studies that introduced supplementary materials or optimized fine aggregate sources have reported higher values. For example, palm frond fibre–reinforced blocks recorded 5.23 N/mm² (Oyekan & Oyelade, 2022), while blocks produced with steel chips as partial aggregate replacement achieved 5.44 N/mm² (Oyenuga et al., 2013). Similarly, the use of fine aggregates from Emure, Nigeria, yielded the highest reported value of 5.48 N/mm² (Adesanya et al., 2014). In contrast, cement replacement with metakaolin resulted in lower compressive strengths of about 3.65 N/mm² (Olawuyi & Olusola, 2010). The results of this study therefore fall within the established range for sandcrete blocks and provide evidence of the potential of LDPE fiber inclusion as a viable modification technique.
ANOVA results shown in Table 7 confirmed the statistical significance of the w/c ratio (p=0.025. 54.96% contribution) on the compressive strength. This is consistent with previous studies (Onyia et al., 2022; Tafraoui, 2024), which emphasize that the w/c ratio is a critical factor in sandcrete blocks and concrete materials production. It governs hydration process, workability, and the development of density and porosity, microstructural characteristics that influence the resulting compressive strength. 
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Figure 6. Factor Effect on the mean SNR for the Compressive Strength  
3.2.3 Flexural tensile strength 
Analysis of the SNRs as illustrated in Figure 7 highlights the relative influence of each factor on the flexural tensile strength response of the sandcrete blocks. Based on the trends in Figure 7 and the response index of the SNRs summarized in Table 6, the w/c ratio of 0.6 had the most significant impact on the flexural tensile strength, followed by the 20 mm LDPE fiber length, while the LDPE fiber content at 0.67% had the least effect. Consistent with the previously discussed compressive strength results, the Ww/c ratio was identified as the most significant factor influencing compressive strength, with fiber length ranking second. Regarding flexural tensile strength, the LDPE fiber length of 20 mm, representing the shortest length investigated produced the highest value. This observation corroborates findings from prior studies, which reported that shorter fibers are more effective in bridging micro cracks, delaying their propagation, and dispersing uniformly, thereby enhancing the flexural tensile strength of the sandcrete blocks (A. A. Mohammed & Mohammed, 2021; G. Q. Zhang et al., 2013).
The ANOVA results (see Table 7) indicate that the w/c ratio is the most significant factor affecting the flexural tensile strength of sandcrete blocks, accounting for 61.27% of the total variation. The associated p-value of 0.032 is below the commonly accepted significance level of 0.05, suggesting that the influence of the w/c ratio on flexural tensile strength is statistically significant and not attributable to random variation. In contrast, LDPE fiber length and LDPE fiber content contributed 28.27% and 9.54%, respectively to the variation in flexural tensile strength. However, their corresponding p-values, as presented in Table 7, exceed 0.05 threshold, indicating that their effects are not statistically significant within the tested range of values. Although statistically insignificant in this context, the contributions of LDPE fiber length and content may still be practically relevant in optimizing the performance of sandcrete block mixes.
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Figure 7. Factor Effect on the mean SNR for the Flexural tensile Strength  
3.2.1 Water Absorption 
The Figure 8 along with the data in Table 6, were used to identify the optimal process factors for minimizing water absorption. Based on the highest S/N ratio observed in Figure 8, the optimal mix was found LDPE fiber content of 0.67%, a w/c ratio of 0.6, and a LDPE fiber length of 20 mm. Among the factors investigated, the w/c ratio was the most significant. This particular combination produced the lowest water absorption values, indicating enhanced resistance to moisture penetration. 
The results from ANOVA  shown in Table 6 indicate that the contribution of the LDPE fiber content to the water absorption is relatively low, accounting for only 18.90%. Furthermore, the p-values for all process factors as indicated in Table 6, exceed the 0.05 limit, suggesting that none of the process factors had a statistically significant effect on the water absorption of the sandcrete blocks.
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Figure 8. Factor Effect on the mean SNR for the Water Absorption  










Table 7 ANOVA tables for Response Characteristics SNRs.
	ANOVA for Density  SNR
	
	
	
	

	Factors 
	Degree of 
	Sum of Squares 
	Mean Squares
	F-Value
	P-Value
	% Contribution 

	 
	Freedom
	 
	 
	 
	 
	 

	A
	2
	34.48
	17.24
	1.85
	0.351
	0.45

	B
	2
	3559.89
	1779.94
	190.73
	0.005
	46.76

	C
	2
	4000.62
	2000.31
	214.34
	0.005
	52.55

	Error
	2
	18.66
	9.33
	 
	 
	0.25

	Total
	8
	7613.66
	 
	 
	 
	100.00

	
	
	
	
	
	
	

	ANOVA for Compressive Strength SNR
	
	
	

	Factors 
	Degree of 
	Sum of Squares 
	Mean Squares
	F-Value
	P-Value
	% Contribution 

	 
	Freedom
	 
	 
	 
	 
	 

	A
	2
	0.14607
	0.07303
	7.3
	0.12
	10.44

	B
	2
	0.46407
	0.23203
	23.2
	0.041
	33.17

	C
	2
	0.76907
	0.38453
	38.45
	0.025
	54.96

	Error
	2
	0.02
	0.01
	 
	 
	1.43

	Total
	8
	1.3992
	 
	 
	 
	100.00

	
	
	
	
	
	
	

	ANOVA for Flexural Tensile Strength SNR
	
	

	Factors 
	Degree of 
	Sum of Squares 
	Mean Squares
	F-Value
	P-Value
	% Contribution 

	 
	Freedom
	 
	 
	 
	 
	 

	A
	2
	0.09282
	0.046411
	5.56
	0.152
	28.2718

	B
	2
	0.14482
	0.072411
	8.68
	0.103
	9.539461

	C
	2
	0.50816
	0.254078
	30.45
	0.032
	61.28555

	Error
	2
	0.01669
	0.008344
	 
	 
	0.903183

	Total
	8
	0.76249
	 
	 
	 
	100

	
	
	
	
	
	
	

	ANOVA for Water Absorption SNR
	
	
	

	Factors 
	Degree of 
	Sum of Squares 
	Mean Squares
	F-Value
	P-Value
	% Contribution 

	 
	Freedom
	 
	 
	 
	 
	 

	A
	2
	5.665
	2.8327
	3.37
	0.229
	18.90

	B
	2
	8.569
	4.2847
	5.09
	0.164
	28.59

	C
	2
	14.056
	7.0281
	8.36
	0.107
	46.90

	Error
	2
	1.682
	0.8411
	 
	 
	5.61

	Total
	8
	29.973
	 
	 
	 
	100.00




4 Conclusion

This study assessed the performance of LDPE fiber – reinforced sandcrete blocks by examining the effects of LDPE fiber content, fiber length, and water-cement ratio (w/c) on key properties including density, compressive strength, flexural tensile strength, and water absorption. Using Taguchi optimization and ANOVA analysis, the following conclusions can be drawn:
1. All measured properties improved with longer curing periods, with notable enhancements observed between 7 and 28 days of curing.
2. The lowest and most desirable density was obtained from mix T3 that contained a w/c ratio of 0.7, LDPE fiber length of 40 mm, and LDPE fiber content of 0.33%.
3. The optimal compressive strength (4.02MPa) and flexural tensile strength (2.04MPa) were achieved by mix T4, composed of a w/c ratio of 0.6, LDPE fiber length of 20 mm, LDPE fiber content of 0.67%.
4. The mix with the least water absorption was T4, which included 0.67% LDPE fibers of 20 mm length and a w/c ratio of 0.6. 
5. ANOVA results indicated that the w/c ratio was the most significant factor influencing all properties, contributing 52.55% to density, 54.96% to compressive strength, 61.29% to flexural tensile strength, and 46.96% to water absorption.
6. All measured properties, except water absorption, showed statistically significant p-values, confirming the effectiveness of the selected factors in influencing performance outcomes. 
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