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Abstract: A new type of construction material is mainly introduced in this study, exploring the flowability, 

mechanical properties, dry density, and economic feasibility of wheat and corn straw fiber cementitious 

composite (WCSFCC) to produce high-pressure bricks. WCSFCC is developed to utilize wheat and corn straw 

fiber resources to replace the sand in conventional concrete bricks. The findings show that adding straw ashes 

to the straw fiber cement-based mixture improved the compressive strength from 11.48 MPa to 19 MPa at 28 

days of age, while the flexural strength of WCSFCC was raised to 7.0 times at 28 days. Meanwhile, investigating 

the impact of straw ash dosage on trial outcomes revealed that 5 wt% straw ash satisfies the standard criteria 

for non-load-bearing and load-bearing wall structures. The dosing of straw ash changes and optimizes the 

WCSFCC structure, making the samples lighter and lower density. In addition, from the perspective of 

economic feasibility and sustainable development, it is more beneficial to the environment and health. 

Keywords: green building; wheat and corn straw fiber; mechanical properties; dry density; 

economic feasibility 

 

1. Introduction 

As the global population rises and the need for sustainable construction grows, the building 

sector has significantly contributed to energy consumption [1,2]. Cement production generates much 

CO2 [3]. According to the current data, global concrete production is about 24 billion tons per year, 

which leads to a worldwide emission of 7-10% of CO2 into the atmosphere [4,5]. Using natural 

resources such as river sand, gravel, clay, limestone, and cement is a key factor in global warming 

and climate change [6], producing waste and potentially harmful atmosphere [7]. Therefore, finding 

a new raw material to reduce carbon emissions and construction costs and replace existing building 

materials is urgently needed. 

In the 1970s, foreign countries accelerated the research on fiber concrete. Due to the high cost of 

high elastic modulus fiber, the affordable low elastic modulus fiber became the main research object, 

including the resource-rich plant fiber. Yun et al. [8] discussed the impact of different doses of natural 

plant fiber on the compressive strength of plant fiber cement materials. On the other hand, Niu and 

Kim [9] introduced an innovative method for making cement-based composites from corn stalk 

plants. Katman et al. [10] explored the substitution of cement in concrete with 5%, 10%, 15%, and 20% 

wheat straw ash as an environmentally friendly alternative. Saad et al. [11] developed a plaster 

composite of wheat straw and used it as an insulating heat material in buildings. Ren et al. [12] found 

a new type of straw block with wheat straw fiber, sand, and cement applied to the solar greenhouse 

wall.  

As seen from the above, straw fiber composite material has many advantages. Wang et al. [13] 

studies revealed that 46.88 wt% cellulose sugar can be extracted from 15 g corn stalk. Therefore, Xie 

et al. [14] demonstrated that untreated agricultural waste fibers affected Portland cement's hydration 

and plant fibers' use in the cement-based composite and prolonged the hardening time of cement. To 

resolve those issues, Bederina et al. [15] research showed that using hot water to treat barley straw 

can improve the performance of lightweight composite concrete. Maglad, A. M et al. [16] discussed 
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that burning wheat and corn stalks into straw ash improves the engineering performance of cement-

based composite material.  

In addition, as the world's largest agricultural country, China produces more than 900 million 

tons of straw every year, including corn straw, wheat straw, and rice straw [17]. Agricultural waste 

straws are burned or discarded after each harvest, causing severe environmental pollution. Therefore, 

the organic combination of the two can reduce carbon emissions and construction costs.  

However, current research on using agro-waste straw fiber blocks in wall structures to combine 

the composite action of mechanical and physical properties of agro-waste straw fiber blocks, such as 

corn straw fiber blocks and wheat straw fiber blocks, is still limited. Research on this issue has not 

been carried out from the perspective of combining the properties of the different agro-waste fibers, 

such as corn stalk fibers and wheat straw fibers from the perspective of combining the properties of 

the different agro-waste fibers, such as corn stalk fibers and wheat straw fibers, has not been carried 

out. Therefore, it is imperative and urgent to study the performance of composite straw fiber in corn 

and wheat straw fiber. 

A series of standard compressive and flexural strength tests were carried out to investigate the 

mechanical performance of WCSFCC and analyze the impact of the agro-waste straw fibers treated 

method, cement grade, and dosage of straw ashes on it. A detailed discussion of the physical and 

mechanical behaviors of the WCSFCC high-pressure brick was performed. Furthermore, the cost and 

application of the WCSFCC materials to produce high-pressure bricks were discussed. The findings 

may assist the designer of WCSFCC high-pressure bricks in eco-friendly construction. 

2. Material and Experiment 

2.1. Material Used 

(1) Corn and wheat straws were purchased from local farmers. The straws were selected during 

purchase and then cut and crushed by the appropriate machine, as shown in Figure 1. The crushed 

straw fiber size was < 5 mm. After sieving, the straw fibers (particle size > 0.6 mm) were washed with 

an Alkaline solution, dried, and employed for experiments. 

(2) Cement: Purchase P.O42.5 grade cement, P.O52.5 grade cement, and white cement P.W 52.5 

grade (with whiteness > 90%) from a local factory. 

(3) Silica fume is a model HN-016 that contains more than 98% of SiO2 from Henno company. 

(4) Water: The water/cement ratio (W/C) was 0.5. 

(5)NaOH (Sodium hydroxide) bought from Wabcan Company. The NaOH concentration is 

0.2002 mol/L, meeting the Chinese specification GB/T601-2016 [18]. 

2.2. Straw Fiber Pretreatment 

Current literature on corn stalks and wheat shows they contain large amounts of cellulose, 

hemicellulose, and lignin. Cellulose and hemicellulose hydrolyze in water and release 

monosaccharides, such as glucose, xylose, arabinose, and galactose, collectively called cellulosic 

sugar [19,20]. Previous research [14] demonstrated that untreated agricultural waste affects Portland 

cement's hydration and plant fibers used in the cement-based composite, prolonging the hardening 

time of cement. Therefore, it is imperative to pretreat the straw fiber. 

This study mixed 100 g of straw fiber with 5 wt% NaOH and 2.5 L of water. It was stirred 

thoroughly, heated to 85℃, and maintained boiling and mixing for 1 hour. as illustrated in Figure 1. 
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Figure 1. NaOH Solution of pretreatment. 

The agro-waste straw fibers will be rinsed with water several times until they have a neutral pH. 

The fibers will be dried in air at room temperature ( 25℃± 2℃), as shown in Figure 2. 
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Figure 2. Pretreated straw fiber cementitious composite samples. 

2.3. Specimen   

As summarized in Table 2, nine straw fiber cementitious mixtures were designed to analyze the 

effect of the straw powder, cement grade, straw ashes, and straw ashes in the WCSFCC. In the 

variable of straw powder, Ord1-Wheat refers to the composite with mixed wheat straw fiber and 

powder and ordinary Portland PO 42.5 and silica fume. In contrast, Ord1-Corn refers to the composite 

mixed with corn straw fiber, corn straw powder, ordinary Portland PO 42.5, and silica fume. 

Moreover, the mix Ord1-Wheat+Corn denotes the composite mixed with wheat and corn straw fiber, 

wheat and corn straw powder, ordinary Portland PO 42.5, and silica fume. The white cement P.W-

52.5 and ordinary Portland PO 52.5 were used as replacements for the cement ordinary Portland PO 

42.5 in the mixture Ord1-Wheat+Corn to obtain the mixtures W-Wheat+Corn and Ord2-Wheat+Corn, 

respectively. In the variable of straw ash, 3wt% straw ashes (wheat and corn) were used to replace 

the wheat and corn straw powders contained in the mix Ord1-Wheat+Corn. So, the mixtures Ord1-

B-Wheat+Corn, Ord2-B-Wheat+Corn, and W-B-3-Wheat+Corn were referred to as the wheat and corn 

straw fiber cementitious contained 3wt% straw ash mixed with ordinary Portland PO 42.5, ordinary 

Portland PO 52.5, and with cement P.W-52.5, respectively. The straw ash dosage was increased from 

3wt% to 5wt% with an increasing rate of 1wt%. The mixes W-B-4-Wheat+Corn and W-B-5-

Wheat+Corn were the wheat and corn straw fiber cementitious with 4wt% and 5wt% straw ashes, 

respectively. Those samples were compared with each other.  

2.4. Experimental Device and Method  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 December 2024 doi:10.20944/preprints202412.1103.v1

https://doi.org/10.20944/preprints202412.1103.v1


 4 

 

The different straw fiber cementitious composites were mixed with a water/cement ratio of 0.5. 

The fresh WCSFCC's workability was tested according to the standard ASTM C1437 [21]. The fresh 

WCSFCC was filled in the flow test mold in two layers, where each layer was compacted using the 

tamping rod with 20 strokes. The mold was removed, and the flow table was jolted 25 times within 

15 seconds. The diameter of the WCFSCCC mortar was measured in two directions perpendicular to 

each other, and the average flow value and standard deviation were calculated. 

According to Standard GB/T50081–2019 [22], 40 mm × 40 mm × 160 mm samples were used for 

the flexural strength test. After removing the curing box, the specimens were dried in the oven for 96 

h at 70℃. At the curing age, the samples were removed from the oven and soaked in water for 24 

hours. They were again dried at 100℃ for 24h. The samples' sizes and the weight were measured, and 

the dry density was determined. The samples of sizes 40 mm × 40 mm × 40 mm were adopted for the 

compressive strength test. Flexural and compressive strength tests of the straw fiber cementitious 

composite samples were tested at 14d, 21d, and 28d. Pressure machine WAY-300B with a 3000 kN 

load capacity was used to complete the flexural and compressive strength tests with the loading rate 

of 0.05 MPa/s and 0.5 MPa/s for the flexural and compressive strength tests, respectively, as shown 

in Figure 3. The flexural and compressive strengths are the arithmetic average of the measurement 

values of three samples. The standard deviation of each mixture at different curing ages was 

summarized in Table 2.   

(a)

40

40

(b)

160

40

 

Figure 3. Setup of mechanical property tests: (a) flexural strength test, (b) compressive strength test. 

3. Results and Discussions 

3.1. Workability  

Figure 4 presents the behavior of WCSFCC fresh material after removing the flow cone. The 

WCSFCC mix was observed to settle uniformly and maintain its shape. This flowability indicates the 

correct water content in the mixes, which means suitable workability. Table 1 summarises the flow 

test results of each mixture. The results of the straw fiber cementitious mixtures with straw powders 

ranged between 114-120 mm, with the corresponding standard deviation ranging from ± 0.6 mm to ± 

0.77 mm. The flow value of the mixture with wheat was higher than that of the corn. These results 

could be attributed to the increase in the specific surface area of the wheat fibers and powders 

compared to corn. The property of the corn straw particles to absorb water is highlighted in the mix. 

A significant flow value of the mixture Odr1-Wheat+Corn is attributed to the high ratio of the corn 

fibers and powders in the mix. Increasing the cement grade in the mixture decreased the flow value 

of WCSFCC. This phenomenon should be attributed to the higher specific surface area developed by 

the high-grade cement. When the straw powder was replaced with the straw ash, the flow value of 

the mixture decreased with the cement grade. These findings should be attributed to the higher 

specific surface area of the straw ash compared to the straw powder. The increase in the straw ashes 

considerably reduced the workability of WCSFCC.  
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Figure 4. Flow test of WCSFCC: (a) Setup, (b) Measurement lines. 

Table 1. Flow test result of WCSFCC and specific surface area of raw materials. 

Variable Mixture Flow value (mm) Standard deviation (mm) 

Straw fiber 

Ord1-Wheat 120 ± 0.77 

Ord1-Corn 114 ± 0.6 

Ord1-Wheat+Corn 122 ± 0.64 

Cement grade 

W-Wheat+Corn 118 ± 0.003 

Ord1-Wheat+Corn 122 ± 0.64 

Ord2-Wheat+Corn 119 ± 0.33 

Straw ash 

W-B-3-Wheat+Corn 121 ± 0.18 

Ord1-B-Wheat+Corn 124 ± 0.28 

Ord2-B-Wheat+Corn 122 ± 0.64 

Ash dosage 

W-B-3-Wheat+Corn 121 ± 0.18 

W-B-4-Wheat+Corn 116 ± 0.65 

W-B-5-Wheat+Corn 117 ± 0.35 

Raw Materials Specific surface area (m2/g) 

Wheat fiber 0.853 

Wheat powder 0.981 

Wheat ash 3.566 

Corn fiber 0.784 

Corn powder 0.942 

Corn ash 9.088 

White Cement PW-52.5 1.067 

Ordinary Portland PO-42.5 0.942 

Ordinary Portland PO-52.5 2.149 

3.2. Mechanical Properties 

As shown in Table 2, the flexural and compressive strengths of the straw fiber cementitious 

composites are influenced by the straw fibers, cement grade, straw ashes, and dosage of straw ashes. 

In the variable of straw fibers, the strength of the mixing of wheat and corn straw fiber cementitious 
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is lower than the strength of wheat straw and corn stalk mixes. The main reason is that the mixed 

properties and proportion of different straw powders affect the mechanical properties of WCSFCC. 

The cement quantity or cement grade can be changed to solve this problem. First, high-grade cement 

was used to resolve the lower mechanical properties of WCSFCC. The findings showed that adopting 

high-grade cement increased the compressive strength of WCSFCC to 14.33% and 56.62% for white 

cement and P.0 52.5, respectively. However, it could be noted that using high-grade cement could 

increase the price of the mixing. Therefore, the straw powders in the mixes are burned to improve 

the mechanical properties of WCSFCCs [16]. The results proved that replacing the straw powders 

with the straw ashes effectively ameliorated the mechanical properties of WCSFCC, with the 

compressive strength ranging between 11.48 MPa and 19 MPa at 28 days of age, while the flexural 

strength of WCSFCC was raised to 7.0 times at 28 days of age. The impact of straw ash dosage on the 

WCSFCC was analyzed. The findings demonstrated that increasing the straw ash rates decreased the 

mechanical properties of the WCSFCC. Furthermore, for the WCSFCC brick design, adopting 5 wt% 

straw ash is enough for the design requirements.  

3.3. Dry Density  

The dry density values increased with the curing age of each specimen, as illustrated in Table 2. 

It was shown that changing the cement grade increased the dry density of WCSFCC. The reason is 

that using high-grade cement improves the compactness of the mixing due to its higher specific 

surface area. On the other hand, the analysis of the results demonstrated that replacing the portion 

of the cement with the straw ash increased the dry density of WCSFCC. This denoted that the rate of 

porosity was reduced. The results show that increasing the dosage of the straw ash decreases the dry 

density. Those findings required the research conclusions of Khan et al. [23]. The straw ash dosage 

changes and optimizes the WCSFCC structure, making the mixtures lighter and have a lower density. 

Table 2. Mechanical and physical properties of straw fiber cementitious. 

Variable  Specimen 

Flexural 

strength 

Size 

(mm) 

Compression 

strength 

Size (mm) 

Age 
Dry 

density 

Flexural 

strength 

(MPa) 

Compression 

strength 

(MPa) 

Straw 

fiber 

Ord1-Wheat (14D) 40-40-160 40-40-40 

14 

Days 

1055.9 0.38 3.85 

Ord1-Corn (14D) 40-40-160 40-40-40 1068.9 0.41 4.34 

Ord1-Wheat+Corn 

(14D) 
40-40-160 40-40-40 1128.6 0.31 2.69 

Ord1-Wheat (21D) 40-40-160 40-40-40 

21 

Days 

1075.0 0.58 4.15 

Ord1-Corn (21D) 40-40-160 40-40-40 1088.0 0.76 4.71 

Ord1-Wheat+Corn 

(21D) 
40-40-160 40-40-40 1170.2 0.46 2.72 

Ord1-Wheat (28D) 40-40-160 40-40-40 

28 

Days 

1055.9 0.65 4.55 

Ord1-Corn (28D) 40-40-160 40-40-40 1159.2 0.78 4.98 

Ord1-Wheat+Corn 

(28D) 
40-40-160 40-40-40 1171.5 0.68 2.85 

Cement 

grade 

W-Wheat+Corn (14D) 40-40-160 40-40-40 
14 

Days 

1186.9 0.59 2.55 

Ord1-Wheat+Corn 

(14D) 
40-40-160 40-40-40 1128.6 0.31 2.69 
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Ord2-Wheat+Corn 

(14D) 
40-40-160 40-40-40 1211.5 0.71 3.89 

W-Wheat+Corn (21D) 40-40-160 40-40-40 

21 

Days 

1217.5 0.63 3.11 

Ord1-Wheat+Corn 

(21D) 
40-40-160 40-40-40 1170.2 0.46 2.72 

Ord2-Wheat+Corn 

(21D) 
40-40-160 40-40-40 1218.3 0.80 4.26 

W-Wheat+Corn (28D) 40-40-160 40-40-40 

28 

Days 

1210.7 0.53 3.31 

Ord1-Wheat+Corn 

(28D) 
40-40-160 40-40-40 1171.5 0.68 2.85 

Ord2-Wheat+Corn 

(28D) 
40-40-160 40-40-40 1206.8 0.82 3.79 

Straw 

ashes 

W-B-Wheat+Corn 

(14D) 
40-40-160 40-40-40 

14 

Days 

1269.7 1.82 12.25 

Ord1-B-Wheat+Corn 

(14D) 
40-40-160 40-40-40 1208.7 2.88 10.91 

Ord2-B-Wheat+Corn 

(14D) 
40-40-160 40-40-40 1282.8 3.42 11.0 

W-B-Wheat+Corn 

(21D) 
40-40-160 40-40-40 

21 

Days 

1290.9 5.98 16.53 

Ord1-B-Wheat+Corn 

(21D) 
40-40-160 40-40-40 1241.5 3.36 11.20 

Ord2-B-Wheat+Corn 

(21D) 
40-40-160 40-40-40 1329.8 3.95 11.96 

W-B-Wheat+Corn 

(28D) 
40-40-160 40-40-40 

28 

Days 

1330.7 4.91 19.0 

Ord1-B-Wheat+Corn 

(28D) 
40-40-160 40-40-40 1248.6 3.75 11.48 

Ord2-B-Wheat+Corn 

(28D) 
40-40-160 40-40-40 1341.9 3.07 11.87 

Dosage  

W-B-3-Wheat+Corn 

(14D) 
40-40-160 40-40-40 

14 

Days 

1269.7 1.82 12.25 

W-B-4-Wheat+Corn 

(14D) 
40-40-160 40-40-40 1323.2 3.97 13.92 

W-B-5-Wheat+Corn 

(14D) 
40-40-160 40-40-40 1298.8 3.41 13.4 

W-B-3-Wheat+Corn 

(21D) 
40-40-160 40-40-40 

21 

Days 

1290.9 5.98 16.53 

W-B-4-Wheat+Corn 

(21D) 
40-40-160 40-40-40 1337.9 2.2 12.21 
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W-B-5-Wheat+Corn 

(21D) 
40-40-160 40-40-40 1306.1 4.21 13.64 

W-B-3-Wheat+Corn 

(28D) 
40-40-160 40-40-40 

28 

Days 

1330.7 4.91 19.0 

W-B-4-Wheat+Corn 

(28D) 
40-40-160 40-40-40 1323.2 4.31 14.275 

W-B-5-Wheat+Corn 

(28D) 
40-40-160 40-40-40 1308.6 4.6 14.84 

4. Cost of WCSFCC High-Pressure Brick 

The reform of insulation materials and the large-scale application of building energy levels 

elevate the environmental priority of building projects. Straw fiber cementitious application has been 

widely recognized and has broad application prospects. Wheat production in China is ranked first 

globally, with an annual output of over 130.2 million tons [24]. However, most government policies 

in China are to establish a wheat straw for returning to the fields to raise the utilization rate. Given 

the current situation, only about 2% of the straw is applied. Straw fiber utilization is still concentrated 

in power generation and food packaging, causing environmental pollution. Corn's annual production 

output in China is about 288.84 million tons in 2023 [25,26]. Due to its irregular shape and heavy 

volume, direct incineration in the field is liable to lead to soil compaction, which reduces the moisture 

storage, distribution, and adequate water of the field and consequently affects the overall ecosystem 

of the field, leading to increased risk of fires. Therefore, both the utilization rate of these straws and 

government policies are essential subjects of the research. For example, using straw fibers to develop 

straws into masonry materials resolves the disposal problem of straw fiber, which has a high carbon 

and high specific energy accumulation. 

It is advised to take these factors into account when evaluating the cost of straw fiber 

cementitious high-pressure brick masonry: specifically, the costs of wheat straw and corn straw, 

treatment cost, and high-pressure brick masonry and the savings of various components in the 

construction process, rather than just the low cost of the high-pressure brick material.  

This is because after high-pressure molding, the quality of high-pressure brick masonry is good, 

and the quantities of water, steel bars, short fiber, and volume are significantly reduced; these benefits 

are unmatched by traditional brick-and-concrete composite walls. The field-laden handling of brick 

masonry construction is quick and easy, with lower labor costs. In addition, wheat and corn straw 

fiber cementitious high-pressure brick masonry is environmentally friendly and energy-efficient, 

leading to additional long-term health benefits. 

5. Application Field of WCSFCC 

Overall, wheat and corn straw fiber cementitious composite high-pressure bricks comprise a 

potential, sustainable, and economical approach to satisfy the requirement of green buildings. 

WCSFCC possesses sustainable characteristics such as low-embodiment energy and low-carbon 

emission, which is recoverable at a trivial cost. In this study, wheat and corn straws were identified 

as agricultural wastes with great potential and structural advantages and were developed as eco-

friendly raw materials of brick masonry for remarkable performance. WCSFCC high-pressure bricks 

exhibit unique efficiency in terms of sustainability performance, which includes a decrease in 

manufacturing energy absorption, prevention of the emission of carbon dioxide, reduction of the 

dead load, conservation of harmful spectacles, enhancement of the life-cycle efficiency, and the 

advantages of simple and zero-cost kindling. 

This study presented the physical and mechanical properties of WCSFCC, which varied 

regardless of the straw fiber and powder pretreatment method and the cement grade adopted. 

Therefore, straw fiber composite material can be used for load-bearing, non-load-bearing, and mixed 
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wall structures depending on different circumstances, such as load-bearing conditions and wall 

structures. Based on the findings presented in Table 2 and the masonry structure specification 

standard [27,28], WCSFCC with straw powder is suitable for producing high-pressure brick for non-

load-bearing walls. However, straw fiber composite with straw ashes is ideal for producing high-

pressure brick for load-bearing walls. Moreover, the straw fiber cementitious composite with straw 

powder can be used as insulation material. 

6. Conclusions and Outlook 

This experiment mainly studied the mechanical and physical properties of WCSFCC, discussed 

the influence of straw fibers, cement grade, straw ashes, and dosage of straw ashes on the mechanical 

properties and dry density, workability, and analyzed the cost of WCSFCC high-pressure brick, 

summarized as follows: 

- The findings showed that the cement grade and the straw ashes influenced the workability of 

WCSFCC. Excess water influences the condensation and hardening time of the mixture in the 

flowability tests. Therefore, low w/c is recommended to manufacture the WCSFCC high-

pressure brick competently. 

- Adding straw ash to the straw fiber cementitious mixture improved the compressive strength 

from 11.48 MPa to 19 MPa at 28 days of age, while the flexural strength of WCSFCC was raised 

to 7.0 times at 28 days. Meanwhile, exploring the influence of the dosage of straw ashes on the 

experimental results, we found that 3 wt% straw ash meets design requirements.  

- The dry density of the mixtures using straw ash is higher than that of straw powder due to the 

reduction of the porosity rate. However, increasing the straw ash dosage decreased the dry 

density of the mixtures. The dosing of straw ash changes and optimizes the WCSFCC structure, 

making the samples lighter and lower density.  

- Using straw fiber cementitious high-pressure brick masonry is more economical. Specifically, 

the lower costs of wheat straw and corn straw, treatment lower cost, and labor costs. In addition, 

from the perspective of sustainable development, it is more beneficial to the environment and 

health.  

- It is recommended that the WCSFCC high-pressure brick with straw powder be used for non-

load-bearing walls as thermal insulation material, and the WCSFCC high-pressure brick with 

straw ashes should be used for load-bearing walls. 

Although the experiment proved that using straw ashes in the straw fiber cementitious could 

improve the mechanical properties of high-pressure bricks,  many problems remain, such as high-

pressure brick sizes and WCSFCC high-pressure brick masonry structures. Complementary 

experimental tests, such as the thermal and acoustic properties of the WCSFCC high-pressure bricks, 

should be further established. Numerical simulations should be performed based on the existing 

mechanical and physical properties to verify whether the theoretical value coincides with the 

experimental conclusions. At the same time, the application of different types of bricks in the wall 

should be further verified in the industrial production process. 
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