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Abstract 
The utilization of natural fiber waste as a concrete additive has become 

an alternative approach to improve concrete performance while 

supporting sustainable construction. Water hyacinth (Eichhornia 

crassipes) is an abundant aquatic plant that poses environmental 

problems but contains cellulose fibers with the potential to enhance the 

mechanical properties of concrete. This study aimed to analyze the effect 

of water hyacinth fiber composition on the compressive strength and 

splitting tensile strength of concrete with a design strength of 27 MPa 

and to determine the optimum fiber content. An experimental method 

was employed using three concrete mixtures: normal concrete (0%), 

concrete with 0.025% water hyacinth fiber, and concrete with 0.050% 

water hyacinth fiber by cement weight. Twenty-seven cylindrical 

specimens (100 mm × 200 mm) were prepared for compressive strength 

tests at the ages of 7, 14, and 28 days, while nine cylindrical specimens 

(150 mm × 300 mm) were tested for splitting tensile strength at the age 

of 28 days. The results showed that the average 28-day compressive 

strengths were 26.8 MPa, 26.5 MPa, and 27.0 MPa for the 0%, 0.025%, 

and 0.050% mixtures, respectively. The average splitting tensile 

strengths were 3.16 MPa, 3.28 MPa, and 3.59 MPa. The addition of 

0.050% water hyacinth fiber produced the best overall performance by 

maintaining the target compressive strength while increasing the 

splitting tensile strength. These findings indicate that water hyacinth 

fiber has considerable potential as an environmentally friendly natural 

additive for improving the mechanical performance of normal concrete. 

 
©The author(s). Published by BEJTS 

This is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0) 

 

Introduction  

Concrete is the most widely used construction material in civil engineering because of its high 

compressive strength, durability, and adaptability to various structural applications (Indonesia, 2002; 

Mulyati et al., 2025; Nawy, 1985). However, concrete exhibits relatively low tensile strength and limited 

resistance to crack propagation, making it vulnerable to microcracking that may adversely affect structural 

durability and long-term service performance (Lumingkewas, 2023; Mulyati & Anggriani, 2022). To 

mailto:ely.mazpar@gmail.com
https://doi.org/10.35334/be.v10i2.981
https://jurnal.ubt.ac.id/index.php/bejts/index
https://creativecommons.org/licenses/by-sa/4.0/


Borneo Engineering: Jurnal Teknik Sipil 

 

                                                Mulyati et al. | 173  

 

address these shortcomings, numerous researchers have investigated the incorporation of fibers into 

cementitious composites to improve crack resistance, ductility, toughness, and post-cracking behavior 

(Hasan et al., 2025; Indumathi et al., 2025; Jaberizadeh et al., 2023). In recent years, natural fibers and 

agricultural waste materials have attracted increasing attention as sustainable alternatives to synthetic 

fibers because they contribute to waste reduction and support environmentally friendly construction 

practices (Ahmed et al., 2023; Daisy Angel Priya et al., 2023). 

One of the environmental concerns in Indonesia is the rapid proliferation of water hyacinth 

(Eichhornia crassipes), an invasive aquatic plant capable of covering large portions of rivers, lakes, and 

reservoirs (Ayyadurai et al., 2024; Dewi, 2012; Sugilar et al., n.d.). In the Musi River, Palembang, South 

Sumatra, excessive growth of water hyacinth has become a significant environmental concern. According 

to the Palembang Environmental Agency (2023), more than 40% of the river surface in several locations 

is covered by water hyacinth, resulting in obstruction of water flow, degradation of water quality, 

disruption of inland transportation, and reduced fisheries productivity. Although routine harvesting is 

conducted to control its spread, the collected biomass is generally discarded as organic waste without 

further utilization. This condition creates an opportunity to convert abundant local biomass into value-

added materials for civil engineering applications. 

The incorporation of natural fibers into concrete has become an important research topic because 

fibers can act as micro-reinforcement within the cementitious matrix. Natural fibers have been reported 

to enhance energy absorption capacity, delay crack propagation, and improve post-cracking behavior 

through a crack-bridging mechanism (Zaid et al., 2025). Similar approaches involving agricultural and 

natural fibers have also been investigated in the development of sustainable concrete. Nevertheless, the 

performance of natural fibers depends strongly on fiber geometry, dosage, surface condition, dispersion, 

and compatibility with the cementitious matrix. Therefore, the incorporation of natural fibers does not 

necessarily produce a proportional improvement in all mechanical properties of concrete. 

Previous investigations have evaluated water hyacinth in different forms, including fibers, powder, 

and ash, and have produced considerably different mechanical responses. (Priyatno et al., 2017) reported 

reductions in compressive and tensile strengths when water hyacinth stem fibers were incorporated at 

dosages of 0.25–0.75%. (Zuraidah et al., 2022) similarly reported that increasing fiber content from 

0.050% to 0.35% progressively reduced both compressive and splitting tensile strengths. Studies by 

(Abana et al., 2021; Affandy et al., 2018; Cahyono & Dhana, 2019; Hermawan et al., 2024) also indicated 

that incorporating water hyacinth fibers or powder could reduce compressive strength, particularly as the 

incorporated material increased. These findings suggest that excessive incorporation of water hyacinth-

derived materials may adversely affect the integrity of the concrete matrix. 

However, other studies have demonstrated different responses, indicating that the effect of water 

hyacinth on concrete cannot be generalized solely on the basis of its presence in the mixture. (Saluria, 

2019) found that although water hyacinth fibers reduced compressive strength, their incorporation 

improved splitting tensile strength, indicating the potential contribution of fibers to crack resistance. 

(Nevometa et al., 2019) also reported improved flexural strength despite reductions in compressive and 

splitting tensile strengths. Meanwhile, (Junaidi et al., 2022) demonstrated that water hyacinth ash could 

increase compressive strength up to an optimum dosage before the strength subsequently declined. These 

contrasting results indicate that the mechanical performance of water hyacinth-based concrete is strongly 

influenced by the physical form of the material, fiber dimensions, dosage, mixture proportions, and the 

mechanical property being evaluated. 

Despite these investigations, an important research gap remains regarding the use of water hyacinth 

as low-volume discrete fiber reinforcement in normal-strength concrete. Previous studies have commonly 

investigated water hyacinth-derived materials at contents ranging from approximately 0.10% to several 

percent, where reductions in compressive strength were frequently observed (Affandy et al., 2018; 

Cahyono & Dhana, 2019; Hermawan et al., 2024; Priyatno et al., 2017). Although (Zuraidah et al., 2022) 

evaluated a relatively low fiber dosage of 0.050%, the study still reported reductions in both compressive 

and splitting tensile strengths. This evidence demonstrates that simply reducing the fiber dosage does not 

automatically improve concrete performance and that the behavior of water hyacinth fibers at very low 

dosages requires further investigation under different mixture designs and fiber configurations. In 

particular, experimental evidence concerning fiber contents below 0.050%, such as 0.025% by cement 

weight, remains limited. 

Another important gap concerns the simultaneous achievement of adequate compressive strength 

and improved tensile performance. Several previous studies have demonstrated that improvements in 
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tensile or flexural behavior may be accompanied by reductions in compressive strength (Nevometa et al., 

2019; Saluria, 2019). Consequently, the critical issue is not merely whether water hyacinth fiber can 

modify the mechanical properties of concrete, but whether an appropriately controlled low dosage can 

provide sufficient crack-bridging action without adversely affecting the integrity of the concrete matrix. 

Furthermore, limited experimental evidence is available regarding the behavior of locally sourced water 

hyacinth fibers in 27 MPa normal-strength concrete, particularly when compressive strength development 

and splitting tensile strength are evaluated within the same experimental program. Therefore, the fiber 

dosage capable of providing a balanced compressive–tensile response remains insufficiently established. 

Based on these research gaps, this study aims to evaluate the influence of very low water hyacinth 

fiber contents on the compressive and splitting tensile strengths of concrete with a target compressive 

strength of 27 MPa and to identify the optimum fiber composition within the investigated range. Three 

concrete mixtures were prepared: normal concrete without fibers (0%), concrete containing 0.025% water 

hyacinth fibers, and concrete containing 0.050% fibers by cement weight. Compressive strength was 

evaluated at curing ages of 7, 14, and 28 days to examine strength development, while splitting tensile 

strength was evaluated at 28 days. The experimental procedures were conducted in accordance with the 

relevant Indonesian National Standards, including SNI 03-1972-1990, SNI 2491:2014, and SNI 03-2847-

2002, to maintain consistency throughout the experimental program. 

The novelty of this study lies not merely in the utilization of water hyacinth in concrete, but in the 

systematic evaluation of very low fiber dosages of 0.025% and 0.050% by cement weight to achieve a 

balanced compressive–tensile performance in 27 MPa concrete. The study specifically investigates 

whether a fiber content below or equal to 0.050% can maintain the target compressive strength while 

simultaneously improving splitting tensile resistance. In addition, locally sourced water hyacinth waste is 

processed into a controlled combination of 1.0 cm and 1.5 cm fibers, distinguishing the experimental 

configuration from studies using water hyacinth powder, ash, or higher fiber contents. By identifying the 

most effective fiber dosage within the investigated range, this study provides experimental evidence for 

the development of low-volume natural fiber-reinforced concrete while simultaneously offering a value-

added utilization pathway for invasive water hyacinth biomass in sustainable civil engineering materials. 

 

Research Method 

Research Design and Study Area 
This study employed an experimental laboratory method to investigate the effect of water hyacinth 

(Eichhornia crassipes) waste fiber composition on the compressive and splitting tensile strength of 

concrete with a design compressive strength of 27 MPa. The experimental program consisted of material 

characterization (Nasarudin et al., 2024), concrete mix design, specimen preparation, curing, and 

mechanical testing. 

 

  

(a) (b) 

Figure 1. (a) Location of Water Hyacinth (Eichhornia crassipes) Waste Collection, and (b) Civil 

Engineering Laboratory Testing Location (Source: Google Earth, adapted by the authors, 2025) 

 

Water hyacinth was collected from the Musi River, Palembang, South Sumatra, which represents 

one of the largest sources of invasive aquatic biomass in the region. Laboratory processing of the fibers, 
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concrete casting, curing, and mechanical testing were conducted at the Civil Engineering Laboratory, 

Universitas Bina Darma, Palembang. 

 

Materials 
The materials used in this research consisted of Ordinary Portland Cement (Type I), natural river sand as 

fine aggregate, crushed stone as coarse aggregate, clean mixing water, water hyacinth fibers, and a 

superplasticizer admixture. The water hyacinth stems were cleaned, sun-dried, and cut into two fiber 

lengths, namely 1.0 cm (40%) and 1.5 cm (60%), before being incorporated into the concrete mixture. 

 

 

Figure 2. Water Hyacinth Fiber Segments (Source: Authors’ documentation, 2025) 

 

Prior to concrete production, the physical properties of the aggregates were evaluated, including 

particle size distribution, bulk density, specific gravity, water absorption, and mud content. In addition, 

the water hyacinth fibers were characterized through moisture content determination and dimensional 

uniformity to ensure consistency throughout the experimental program. All material characterization 

followed the relevant Indonesian National Standards (SNI). 

 

Experimental Variables and Mix Proportions 
The independent variable in this study was the percentage of water hyacinth fiber (WHF) incorporated 

into the concrete mixture, while the dependent variables were compressive strength and splitting tensile 

strength. Three fiber contents were investigated: 0% (normal concrete), 0.025%, and 0.050% by cement 

weight. For the compressive strength test, nine specimens were prepared for each mixture, resulting in a 

total of 27 cylindrical specimens. The percentage compositions of the constituent materials and the 

number of specimens used for compressive strength testing are presented in Table 1. 

 

Table 1. Percentage Composition of Concrete Materials for Compressive Strength Testing 

Mix Code 

Concrete Constituent Materials (%) 
Number 

of 

Specimens 

Coarse 

Aggregate 

Fine 

Aggregate 

Portland 

Cement 
Water 

Water 

Hyacinth 

Fiber 

Super 

Plasticizer 

NC 43,35 29,06 18,97 8,62 0 0 9 

WHF Concrete 0.025% 43,35 29,06 18,94 8,60 0,025 0,025 9 

WHF Concrete 0.050% 43,35 29,06 18,92 8,57 0,050 0,050 9 

Total number of specimens 27 

 

For the splitting tensile strength test, three specimens were prepared for each mixture at the same 

fiber-content levels, resulting in a total of nine cylindrical specimens. The percentage compositions of the 

constituent materials and the number of specimens used for splitting tensile strength testing are 

summarized in Table 2. 
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Table 2. Percentage Composition of Concrete Materials for Splitting Tensile Strength Testing 

Mix Code 

Concrete Constituent Materials (%) 
Number 

of 

Specimens 

Coarse 

Aggregate 

Fine 

Aggregate 

Portland 

Cement 
Water 

Water 

Hyacinth 

Fiber 

Super 

Plasticizer 

NC 43,35 29,06 18,97 8,62 0 0 3 

WHF Concrete 0.025% 43,35 29,06 18,94 8,60 0,025 0,025 3 

WHF Concrete 0.050% 43,35 29,06 18,92 8,57 0,050 0,050 3 

Total number of specimens 9 

 

The concrete mix design was developed using the Indonesian concrete mix design method with a 

water–cement ratio of 0.46. As shown in Tables 1 and 2, the proportions of coarse and fine aggregates 

were maintained at 43.35% and 29.06%, respectively, whereas minor adjustments were made to the 

proportions of Portland cement and water to accommodate the addition of water hyacinth fiber and 

superplasticizer. The WHF and superplasticizer contents were increased according to the designated 

experimental variations. This mixture design enabled the mechanical performance of the three concrete 

mixtures to be compared under controlled experimental conditions. 

 

Specimen Preparation 
Concrete mixing was carried out using a laboratory concrete mixer following the sequence specified in 

SNI 2493:2011. Coarse aggregate, part of the mixing water, and superplasticizer were first introduced 

into the mixer, followed by fine aggregate, cement, and the remaining water. Water hyacinth fibers were 

subsequently added according to the designated fiber dosage. Mixing continued until a homogeneous 

mixture without segregation was obtained. 

The workability of each mixture was evaluated using the slump test in accordance with SNI 03-

1972-1990 before casting. Fresh concrete was then placed into cylindrical molds and compacted in three 

equal layers with 25 roddings per layer. Two specimen sizes were prepared : 

1. 100 mm × 200 mm cylinders for compressive strength testing. 

2. 150 mm × 300 mm cylinders for splitting tensile strength testing. 

After casting, all specimens remained in their molds for 24 hours before demolding and subsequent 

curing. 
 

Curing and Mechanical Testing 
Following demolding, all specimens were cured by complete water immersion at room temperature until 

the scheduled testing ages. A total of 27 cylindrical specimens were prepared for compressive strength 

testing, consisting of three mixtures with nine specimens each. Compression tests were conducted at 7, 

14, and 28 days using a Compression Testing Machine (CTM) following SNI 1974:2011. 

In addition, nine cylindrical specimens were prepared for splitting tensile strength testing. The tests 

were performed at the age of 28 days according to SNI 03-2491-2002 using the indirect tensile loading 

method. The maximum applied load was recorded for each specimen and used to calculate the 

corresponding compressive and splitting tensile strengths. 
 

Data Analysis 
The experimental results were analyzed using a descriptive-comparative approach by comparing the 

mechanical properties of fiber-reinforced concrete with those of normal concrete. Average values of 

slump, compressive strength, and splitting tensile strength were calculated for each mixture. 

The influence of fiber dosage on concrete performance was evaluated by examining the strength 

development at different curing ages, identifying the optimum fiber composition, and comparing the 

results with findings reported in previous studies. The analysis emphasized the effectiveness of low water 

hyacinth fiber contents in maintaining the target compressive strength while improving the splitting 

tensile strength of 27 MPa concrete. 

 

Results and Discussion 

Material Characteristics 
The characteristics of the constituent materials were evaluated before concrete production to determine 

their suitability for the designed 27 MPa concrete. The results of the material characterization, including 



Borneo Engineering: Jurnal Teknik Sipil 

 

                                                Mulyati et al. | 177  

 

the fineness modulus, bulk density, water absorption, mud content, and moisture content of the water 

hyacinth fiber, are summarized in Table 3. 

 

Table 3. Summary of Material Characteristics 

Material parameter Test result 

Coarse aggregate fineness modulus 3.38 

Coarse aggregate loose bulk density 1.348 g/cm³ 

Coarse aggregate compacted bulk density 1.571 g/cm³ 

Coarse aggregate water absorption 2.24% 

Fine aggregate fineness modulus 2.35 

Fine aggregate loose bulk density 1.258 g/cm³ 

Fine aggregate compacted bulk density 1.375 g/cm³ 

Fine aggregate water absorption 3.355% 

Fine aggregate mud content 0.672% 

Water hyacinth fiber moisture content 25.25% 

 

As presented in Table 3, the coarse aggregate had a fineness modulus of 3.38, with loose and 

compacted bulk densities of 1.348 g/cm³ and 1.571 g/cm³, respectively. The water absorption of the coarse 

aggregate was 2.24%. The coarse aggregate had a maximum particle size of 20 mm, and the sieve analysis 

indicated that its particle-size distribution generally remained within the grading limits adopted in the mix 

design. These characteristics indicate that the coarse aggregate was suitable for use in the experimental 

concrete mixtures. 

The fine aggregate had a fineness modulus of 2.35, with loose and compacted bulk densities of 

1.258 g/cm³ and 1.375 g/cm³, respectively, as also summarized in Table 3. Its water absorption was 

3.355%, while the measured mud content was 0.672%. The relatively low mud content indicated that the 

fine aggregate contained only a limited amount of fine impurities that could interfere with the bond 

between the aggregate and cement paste. Together with the coarse aggregate grading, these characteristics 

provided an appropriate aggregate system for the concrete mixtures investigated in this study. 

The water hyacinth fibers were prepared using two fiber lengths, namely 1.0 cm and 1.5 cm, 

representing 40% and 60% of the fiber composition, respectively. As shown in Table 3, the moisture 

content of the prepared fiber was 25.25%. This result indicates that moisture condition was an important 

parameter in fiber preparation because variations in the moisture retained by the fibers could influence 

the amount of free water available in the fresh concrete. Therefore, consistent drying and moisture control 

were applied during fiber preparation to minimize variations among the experimental mixtures. 

Overall, the characterization results presented in Table 3 provided the basis for evaluating the 

suitability and consistency of the constituent materials before concrete production. The aggregate 

characteristics were used in establishing the concrete mixture proportions, while the moisture condition 

and dimensions of the water hyacinth fibers were controlled to improve consistency among the normal 

concrete and fiber-reinforced concrete mixtures. 

 

Fresh Concrete Workability 

The slump values of normal concrete and water hyacinth fiber concrete are presented in Table 4. The 

results indicate a progressive decrease in slump with increasing water hyacinth fiber content. Normal 

concrete exhibited a slump of 10.0 cm, which decreased to 9.2 cm at a fiber content of 0.025% and further 

decreased to 8.6 cm at 0.050%. Compared with normal concrete, these values correspond to reductions 

of approximately 8.0% and 14.0%, respectively. Therefore, the incorporation of water hyacinth fiber 

reduced the workability of fresh concrete in a dosage-dependent manner. 

The reduction in slump can be associated with the fibrous and porous characteristics of water 

hyacinth. The fibers may absorb part of the available mixing water while simultaneously increasing the 

internal friction and mechanical interlocking among the solid constituents. Furthermore, randomly 

distributed fibers can restrict the relative movement of aggregates and cement paste, resulting in a more 

cohesive and less flowable mixture. This effect became more pronounced as the fiber content increased 

from 0.025% to 0.050%. 
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Table 4. Slump Test Results 

Concrete mixture Fiber content Slump value 

Normal concrete 0% 10.0 cm 

WHF concrete 0.025% 9.2 cm 

WHF concrete 0.050% 8.6 cm 

 

Despite the reduction in workability, all mixtures remained within the planned slump range of 7.5–

15.0 cm. Therefore, the incorporation of up to 0.050% water hyacinth fiber did not reduce the workability 

beyond the acceptable range adopted in this study. The mixtures remained sufficiently workable for 

specimen casting and compaction under the laboratory conditions. 

From an engineering perspective, the reduction in workability must be considered when higher 

fiber contents are used. Increasing the mixing water is not recommended because it may increase the 

effective water–cement ratio and reduce concrete strength. Workability should instead be controlled 

through fiber preconditioning, improved mixing procedures, or an appropriate dosage of superplasticizer. 

 

Compressive Strength Development 
The compressive strength development of normal concrete and water hyacinth fiber (WHF) concrete was 

evaluated at curing ages of 7, 14, and 28 days. The average compressive strength values for each mixture 

are summarized in Table 5, while their strength development with curing age is illustrated in Figure 3. 

 

Table 5. Average Compressive Strength of Concrete 

Concrete mixture Fiber content 7 days 14 days 28 days 

Normal concrete 0% 12,5 MPa 15,3 MPa 26,8 MPa 

WHF concrete 0,025% 13,2 MPa 15,5 MPa 26,5 MPa 

WHF concrete 0,050% 11,9 MPa 16,8 MPa 27,0 MPa 

 

 

Figure 3. Comparison of the Compressive Strength Development of Normal Concrete and Water 

Hyacinth Fiber-Reinforced Concrete 

 

All mixtures exhibited an increase in compressive strength with curing age. This development was 

primarily associated with the continued hydration of cement, which increased the density and strength of 

the cementitious matrix. 

At 7 days, the concrete containing 0.025% fiber reached 13.2 MPa, representing an increase of 

approximately 5.6% compared with normal concrete. In contrast, the 0.050% mixture reached 11.9 MPa, 

approximately 4.8% lower than the normal concrete value. The lower early-age strength at the higher 

dosage suggests that the additional fiber temporarily interfered with compaction, hydration, or the 

uniform distribution of paste around the aggregate particles. 

At 14 days, the average strengths of normal concrete, the 0.025% mixture, and the 0.050% mixture 

were 15.3, 15.5, and 16.8 MPa, respectively. The 0.050% mixture exhibited the highest value and was 
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approximately 9.8% stronger than the normal concrete at the same age. This finding indicates that after 

sufficient curing, the interaction between the fiber, cement paste, and aggregate became more effective. 

At 28 days, normal concrete achieved an average compressive strength of 26.8 MPa. The concrete 

containing 0.025% fiber reached 26.5 MPa, representing a slight reduction of approximately 1.12%. By 

contrast, the 0.050% mixture achieved 27.0 MPa, which was approximately 0.75% higher than the normal 

concrete and met the design strength of 27 MPa. 

The differences among the 28-day compressive strengths were relatively small. This indicates that 

low dosages of water hyacinth fiber did not substantially alter the concrete’s ability to resist compressive 

loads. The 0.025% fiber content slightly reduced the final compressive strength, possibly because the 

amount of fiber was insufficient to provide effective crack restraint but was still capable of generating 

small voids or weak interfaces. Conversely, the 0.050% dosage appears to have provided a more effective 

fiber distribution and crack-arresting mechanism without producing excessive agglomeration. 

 

Table 6. Percentage Change in Compressive Strength Compared with Normal Concrete 

WHF 7 Days 14 Days 28 Days 

0.025% +5.60% +1.31% −1.12% 

0.050% −4.80% +9.80% +0.75% 

 

Water hyacinth fiber does not function as a primary load-bearing component under compression. 

Its principal contribution is to limit the initiation and propagation of microcracks. Under increasing 

compressive stress, microcracks develop within the cement paste and at the interfacial transition zone. 

Properly dispersed fibers can bridge these cracks and delay their coalescence into larger cracks. This 

mechanism explains why the 0.050% mixture maintained and slightly improved the 28-day compressive 

strength. 

However, the limited increase in compressive strength also shows that natural fibers should not be 

expected to produce a major compressive-strength enhancement at very low dosages. Their greater benefit 

is generally associated with crack control, post-cracking behavior, and tensile resistance. 

 

Splitting Tensile Strength 

The average splitting tensile strength results at 28 days are shown in Table 7. The normal concrete 

produced an average splitting tensile strength of 3.16 MPa. Adding 0.025% water hyacinth fiber increased 

the value to 3.28 MPa, equivalent to an improvement of approximately 3.80%. The highest result, 3.59 

MPa, was obtained at a fiber content of 0.050%, representing an increase of 0.43 MPa or approximately 

13.61% relative to normal concrete. All measured splitting tensile strengths ranged from 2.43 to 4.05 

MPa, corresponding to approximately 9–15% of the target compressive strength (27 MPa). 

 

Table 7. Average Splitting Tensile Strength at 28 Days 

Concrete mixture Fiber content 
Splitting tensile 

strength 

Change from normal 

concrete 

Normal concrete 0% 3.16 MPa – 

WHF concrete 0.025% 3.28 MPa +3.80% 

WHF concrete 0.050% 3.59 MPa +13.61% 

 

As shown in Figure 4, the splitting tensile strength generally increased with increasing water 

hyacinth fiber content. The average splitting tensile strength increased from 3.16 MPa for normal concrete 

to 3.28 MPa at 0.025% fiber content and reached the highest value of 3.59 MPa at 0.050% fiber content. 

This trend differs from the 28-day compressive-strength results, where the differences among the mixtures 

were relatively small. Therefore, within the investigated range, the addition of water hyacinth fiber had a 

more pronounced effect on splitting tensile strength than on compressive strength. 
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Figure 4. Comparison of the Compressive Strength Development of Normal Concrete and Water 

Hyacinth Fiber-Reinforced Concrete 

 

Table 8. Ratio of Splitting Tensile to Compressive Strength 

Concrete mixture Compressive strength 
Splitting tensile 

strength 

Tensile-to-compressive 

ratio 

Normal concrete 26.8 MPa 3.16 MPa 11.79% 

WHF concrete 0.025% 26.5 MPa 3.28 MPa 12.38% 

WHF concrete 0.050% 27.0 MPa 3.59 MPa 13.30% 

 

As presented in Table 8, the tensile-to-compressive strength ratio increased from 11.79% for 

normal concrete to 12.38% and 13.30% for concrete containing 0.025% and 0.050% water hyacinth fiber, 

respectively. This increase indicates that the addition of water hyacinth fiber had a more pronounced 

effect on splitting tensile strength than on compressive strength within the investigated range. The 

improvement in splitting tensile strength may theoretically be associated with the role of fibers as micro-

reinforcement within the cementitious matrix. Fibers distributed across potential crack planes may 

contribute to stress transfer and restrict crack opening through a crack-bridging mechanism. However, 

crack propagation, post-cracking behavior, and fracture energy were not directly evaluated in this study. 

Therefore, the crack-bridging mechanism is presented as a theoretical interpretation of the observed 

increase in splitting tensile strength rather than as a directly measured mechanism. 

 

Overall Effect of Water Hyacinth Fiber 
The overall findings demonstrate that increasing the water hyacinth fiber content produced two 

contrasting effects. First, it reduced fresh concrete workability because the fiber absorbed water and 

restricted internal movement. Second, it improved splitting tensile strength and maintained the 

compressive strength near the target value. 

At a fiber content of 0.025%, the concrete exhibited better early-age compressive strength but a 

slightly lower 28-day compressive strength than normal concrete. Although the reduction was small, this 

result indicates that the interaction between natural fibers and concrete is not always linear. Fiber 

dispersion, moisture condition, void formation, and interfacial adhesion can all influence the measured 

performance. 

The 0.050% mixture produced the lowest slump but achieved the highest 14-day compressive 

strength, the highest 28-day compressive strength, and the highest splitting tensile strength among the 

investigated mixtures. This indicates that a fiber content of 0.050% provided the most favorable balance 

between workability and mechanical performance within the investigated range. The higher splitting 

tensile strength suggests an improved ability of the concrete to resist indirect tensile stresses. 

Nevertheless, this result should not be interpreted as direct evidence of improved crack resistance or 

crack-bridging behavior, as crack propagation and post-cracking response were not directly measured in 
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this study. Further fracture-based testing is therefore required to verify the mechanisms responsible for 

the observed tensile-strength improvement. 

The findings also show that the main engineering advantage of water hyacinth fiber lies in 

improving resistance to tensile cracking rather than substantially increasing compressive strength. This 

characteristic is relevant for concrete elements subjected to shrinkage, temperature effects, impact, or 

indirect tensile stresses. The use of water hyacinth waste may therefore provide both mechanical and 

environmental benefits by converting invasive aquatic biomass into a supplementary material for 

concrete. 

Nevertheless, the relatively high moisture content and reduction in slump indicate that fiber 

preparation is critical. Inconsistent drying or fiber distribution may modify the effective water–cement 

ratio and generate variability in strength. For practical application, standardized drying, dimensional 

control, uniform mixing, and workability adjustment are required. 

 

Optimum Fiber Composition 
Based on the combined evaluation of compressive strength, splitting tensile strength, and fresh concrete 

workability, the 0.050% water hyacinth fiber content by cement weight provided the most favorable 

overall performance among the mixtures investigated in this study. At this fiber dosage, the concrete 

exhibited a slump value of 8.6 cm, which remained within the planned workability range of 7.5–15.0 cm, 

while achieving a 28-day compressive strength of 27.0 MPa and a splitting tensile strength of 3.59 MPa. 

The corresponding splitting tensile-to-compressive strength ratio was 13.30%. 

The 0.050% fiber content was identified as the best-performing composition because it provided 

the most favorable balance among the three performance criteria evaluated in this study. Compared with 

normal concrete, the 0.050% mixture increased the 28-day compressive strength from 26.8 MPa to 27.0 

MPa and increased the splitting tensile strength from 3.16 MPa to 3.59 MPa, corresponding to 

improvements of approximately 0.75% and 13.61%, respectively. In comparison, the 0.025% mixture 

produced a slightly lower 28-day compressive strength of 26.5 MPa and a splitting tensile strength of 3.28 

MPa. Thus, among the tested mixtures, only the 0.050% mixture simultaneously achieved the target 

compressive strength of 27 MPa and the highest splitting tensile strength. Although its slump decreased 

by approximately 14.0% relative to normal concrete, the measured value of 8.6 cm remained within the 

planned workability range, indicating that the improvement in mechanical performance was achieved 

without reducing workability below the criterion adopted in this study. 

Therefore, the selection of 0.050% as the optimum fiber content was based not solely on its highest 

splitting tensile strength, but on its combined ability to achieve the target 28-day compressive strength, 

provide the highest splitting tensile performance, and maintain acceptable fresh concrete workability. 

Within the investigated fiber-content range of 0–0.050%, this dosage consequently provided the most 

balanced overall performance. However, the designation of 0.050% as the optimum should be interpreted 

as the optimum within the range investigated in this study, rather than as a universal optimum dosage, 

because fiber contents above 0.050% were not evaluated. 

 

Conclusion 

This study demonstrated that variations in water hyacinth waste fiber content influenced the compressive 

and splitting tensile strengths of 27 MPa concrete. Regarding the first research objective, the addition of 

water hyacinth fiber produced different effects on the two mechanical properties. The 28-day compressive 

strength of normal concrete was 26.8 MPa, while the mixtures containing 0.025% and 0.050% fiber 

achieved 26.5 MPa and 27.0 MPa, respectively. These results indicate that the incorporation of water 

hyacinth fiber within the investigated range caused only relatively small changes in the 28-day 

compressive strength. In contrast, the splitting tensile strength increased from 3.16 MPa for normal 

concrete to 3.28 MPa at 0.025% fiber content and 3.59 MPa at 0.050% fiber content. Thus, within the 

investigated range, increasing the water hyacinth fiber content had a more pronounced effect on splitting 

tensile strength than on compressive strength. 

Regarding the second research objective, the 0.050% water hyacinth fiber content by cement 

weight provided the most favorable overall performance among the investigated mixtures. At this dosage, 

the concrete achieved a 28-day compressive strength of 27.0 MPa, corresponding to the target 

compressive strength, and the highest splitting tensile strength of 3.59 MPa, equivalent to approximately 

13.30% of its compressive strength. Although this mixture produced the lowest slump value of 8.6 cm, 
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the value remained within the planned workability range of 7.5–15.0 cm. Therefore, 0.050% can be 

identified as the optimum fiber content within the investigated range of 0–0.050%, as it provided the most 

favorable combined performance in terms of compressive strength, splitting tensile strength, and 

workability. 

The findings indicate that very low dosages of water hyacinth waste fiber have potential as a natural 

additive for 27 MPa concrete, particularly for improving splitting tensile performance while maintaining 

the target compressive strength. Furthermore, the utilization of water hyacinth waste in concrete may 

provide a potential value-added pathway for the utilization of invasive aquatic biomass and may 

contribute to waste-reduction efforts and the development of sustainable construction practices. However, 

the environmental sustainability of water hyacinth fiber-reinforced concrete was not directly evaluated in 

this study. Therefore, no definitive conclusions can be drawn regarding its life-cycle environmental 

performance, carbon emissions, economic feasibility, or overall environmental impact. 

The optimum dosage identified in this study is also limited to the investigated fiber contents, fiber-

length combination, constituent materials, and curing conditions. Further studies should evaluate 

intermediate and higher fiber dosages, different fiber dimensions and treatments, durability 

characteristics, and direct fracture or post-cracking behavior. In addition, life-cycle assessment (LCA), 

carbon-emission analysis, cost analysis, and environmental impact assessment are recommended to 

quantitatively determine whether the utilization of water hyacinth waste fiber in concrete can provide 

measurable environmental and economic benefits and support its broader application in sustainable 

construction. 

 
Acknowledgments  
The authors would like to express their sincere gratitude to the Civil Engineering Study Program, 

Universitas Bina Darma, and the Civil Engineering Laboratory, Universitas Bina Darma, Palembang, for 

providing the facilities and support required for the experimental work. The authors also gratefully 

acknowledge all individuals who contributed technical assistance and support during the preparation of 

materials, specimen casting, curing, and laboratory testing. This research was conducted as part of the 

first author's undergraduate thesis in the Civil Engineering Study Program, Universitas Bina Darma. 

 

Author Contributions  
Conceptualization, E.M and K.; Methodology, E.M.; Software, A.S.; Validation, E.M and K.; Formal 

Analysis, E.M and A.S.; Investigation, A.S.; Resources, E.M and A.S.; Data Curation, A.S.; Writing-

Original Draft Preparation, E.M and K.; Writing–Review & Editing, E.M and K.; Visualization, A.S.; 

Supervision, E.M.; Project Administration, K. 

 

Funding 
No funding support was received 

 

Conflicts of Interest 
The authors declare no conflict of interest. 

 

Data Availability 
The  datasets  generated  during and/  or analyzedduring  the current  study  are available  from  the 

corresponding author on reasonable request. 

 

Use of Generative AI 
No generative AI was used. 

 

References 
Abana, E., Vega, W., Gacias, J., Rañon, P. J., Talattad, J. D., Orata, H., & Perez, J. (2021). Pulverized 

Water Hyacinth as an Admixture for Concrete. International Journal of Integrated Engineering, 

13(4), 298–303. https://doi.org/10.30880/ijie.2021.13.04.028 

Affandy, N., Lubis, Z., Studi, P., Sipil, T., Lamongan, U., Studi, P., Sipil, T., & Lamongan, U. (2018). 

Pengaruh Penambahan Serat Alami Eceng Gondok Terhadap Kuat Tekan Beton Berkualitas 



Borneo Engineering: Jurnal Teknik Sipil 

 

                                                Mulyati et al. | 183  

 

Rendah. UKaRsT, 2(1), 11–19. https://doi.org/https://doi.org/10.30737/ukarst.v2i1.262 

Ahmed, T., Mita, A. F., Ray, S., & Haque, M. (2023). Engineering properties of concrete incorporating 

waste glass as natural sand substitution with tin can fiber: experimental and ANN application. 

Journal of Engineering and Applied Science, 70(1), 1–17. https://doi.org/10.1186/s44147-023-

00224-6 

Ayyadurai, A., Saravanan, M. M., & Devi, M. (2024). Efficient Wastewater Treatment Through 

Integrated Water Hyacinth Systems: Advances and Applications in Concrete. Materiali in 

Tehnologije, 58(2), 173–184. https://doi.org/10.17222/mit.2023.914 

Cahyono, B. T., & Dhana, R. R. (2019). Alternatif Penggunaan Serat Eceng Gondok (Eichhornia 

Crassipes) Sebagai Bahan Tambah Pada Campuran Beton Ditinjau Terhadap Kuat Tekannya. 

UKaRsT, 3(1), 1–8. https://doi.org/https://doi.org/10.30737/ukarst.v3i1.346 

Daisy Angel Priya, I., Akshaya, S., Harsha Neya, S., Vanitha, S., Karthigai Priya, P., & Johnson, J. N. 

(2023). Experimental investigation on replacement of PET aggregate as fine aggregate and water 

hyacinth as bio plasticizer in concrete. International Review of Applied Sciences and Engineering, 

14(3), 358–365. https://doi.org/10.1556/1848.2023.00570 

Dewi, Y. S. (2012). Efektivitas Jumlah Rumpun Tanaman Eceng Gondok (Eichhornia Crassipes (Mart) 

Solm) dalam Pengendalian Limbah Cair Domestik. 13(2), 151–158. 

Hasan, M., Tushar, F. H., Hasan, K., Yahaya, F. M., Jaya, R. P., Hasan, R., Sohan, S. H., & Rabbani, M. 

L. (2025). Performance analysis of sustainable reinforced concrete using chemically treated betel 

nut fiber. Journal of Building Engineering, 105, 112456. 

Hermawan, O. H., Salsabila, N. S., & Santoso, T. H. (2024). Studi Pengolahan Limbah Eceng Gondok 

(Eichhornia Crassipes) Sebagai Bahan Campuran Beton K-175. 4(2), 1–9. 

Indonesia, S. N. (2002). SNI 03-2847- 2002 : Tata Cara Perhitungan Struktur Beton Untuk Bangunan 

Gedung (Beta Version). 

Indumathi, M., Nakkeeran, G., kiran, G. U., Roy, D., & Al-Fakih, A. (2025). Mechanical and 

sustainability performance of concrete incorporated limestone powder, recycled ceramic aggregates, 

and coconut fibers. Innovative Infrastructure Solutions, 10(5). https://doi.org/10.1007/s41062-025-

02018-6 

Jaberizadeh, M. M., Danoglidis, P. A., Shah, S. P., & Konsta-Gdoutos, M. S. (2023). Eco-efficient 

cementitious composites using waste cellulose fibers: Effects on autogenous shrinkage, strength and 

energy absorption capacity. Construction and Building Materials, 408, 133504. 

Junaidi, A., Oemiati, N., Studi, P., Sipil, T., Teknik, F., & Palembang, U. M. (2022). Pemanfaatan Abu 

Eceng Gondok Sebagai Bahan Tambah Untuk Meningkatkan Kuat Tekan Beton. Bearing: Jurnal 

Penelitian Dan Kajian Teknik Sipil, 7(3), 137–145. 

https://doi.org/https://doi.org/10.32502/jbearing.4642202273 

Lumingkewas, R. H. (2023). BETON SERAT: Inovasi dalam Konstruksi Modern. Penerbit NEM. 

Mulyati, E., & Anggriani, M. (2022). Pengaruh Pemanfaatan Abu Ampas Tebu dan Kawat Bendrat 

Terhadap Kuat Tekan dan Kuat Lentur Beton Ringan. Jurnal Teknik Sipil, 29(2), 199–206. 

https://doi.org/https://doi.org/10.5614/jts.2022.29.2.11 

Mulyati, E., Euis, K. K., Israjunna, I., Effy, H., Eris, N. D., Adnan, A., & Ahmad, H. (2025). Buku Struktur 

Beton Gedung. 

Nasarudin, N., Rahayu, M., Asyari, D. P., Sofyan, A., Fadli, M., Hari, K. K., Nehe, B. M., Udaya, L. O. 

M. R. A., Yelfiza, Y., Mulyati, E., & others. (2024). Metode Penelitian Kombinasi (Mixed Method). 

CV. Gita Lentera. 

Nawy, E. G. (1985). Reinforced concrete.pdf. 

Nevometa, F. A., Santosa, A., & Erfan, M. (2019). Pengaruh Pemakaian Serat Eceng Gondok Terhadap 

Kualitas Mutu Beton Normal. SONDIR, 3(1), 28–33. 

https://doi.org/https://doi.org/10.36040/sondir.v3i1.2590 

Priyatno, G., Setyowati, A., Gunarti, S., & Paryati, N. (2017). Penggunaan Batang Eceng Gondok 

terhadap Kuat Tekan dan Kuat Tarik Beton. Bentang: Jurnal Teoritis Dan Terapan Bidang 

Rekayasa Sipil, 5(1), 82–100. https://doi.org/https://doi.org/10.33558/bentang.v5i1.153 

Saluria, R. A. (2019). Studi Karakteristik Beton Serat Eceng Gondok. 

Sugilar, H., Nurfadhilah, S. I., Kamilah, S. N., & Rasidi, V. T. (n.d.). Dampak Eceng Gondok Terhadap 

Penyebaran Penyakit Yang Disebabkan Oleh Nyamuk The Impact of Water Hyacinth on the Spread 

of Diseases Caused by Mosquitoes. 

Zaid, O., Al-Dala’ien, R. N., Arbili, M. M., & Alashker, Y. (2025). Optimizing natural fiber content and 



Borneo Engineering: Jurnal Teknik Sipil 

 

                                              Mulyati et al. | 184  

 

types for enhanced strength and long-term durability in high-performance concrete. Cleaner 

Engineering and Technology, 26(January), 100983. https://doi.org/10.1016/j.clet.2025.100983 

Zuraidah, S., Hastono, K. B., & Trisnawati, E. (2022). Penggunaan Limbah Batang Eceng Gondok untuk 

Beton Fiber Use of Water Hyacinth Rod Waste for Fiber Concrete. Publikasi Riset Orientasi Teknik 

Sipil (Proteksi), 4(2), 96–101. https://doi.org/https://doi.org/10.26740/proteksi.v4n2.p96-101 

 


