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Mechanical and Thermophysical Properties of Concrete
with Straw Fiber and Straw Ash

Liang Wen,2P* Changhong Yan,® Yehui Shi,Y and Zhenxiang Wang ¢

China has abundant straw resources; however, the utilization of straw
waste resource remains challenging. In this work, corn straw fiber and corn
straw ash were applied to concrete as raw material after pretreatment.
Through mechanical and thermal conductivity tests, it was concluded that
the tensile strength of the corn straw fiber was 160.5 MPa after alkali
treatment. The corn straw fiber and corn straw powder did not enhance
the compressive strength of concrete. Compared with original concrete,
the thermal conductivity of concrete added with 1.5% corn straw powder
decreased by 25.9%, and the thermal conductivity of concrete with 5%
corn straw ash was reduced by only 5.2%. Through thermogravimetric
analysis of the concrete, it was found that the internal weakly bound water
and strongly bound water will be lost in the range 100 °C to 160 °C,
Ca(OH)2 will decompose from 420 °C to 500 °C, and CaCOs will
decompose approximately at 800 °C. It is recommended that corn straw
powder and corn straw ash can be added at 1.5% and 5% concentrations
to ensure that the mechanical properties can meet the engineering
requirements and achieve good insulation performance.
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INTRODUCTION

In recent years, with increasing advancement of agricultural science and
technology, grain production has experienced a significant increase. Consequently, the
volume of agricultural residues has also been on the rise (Thomas et al. 2021; Yurt and
Bekar 2022). The traditional method of directly burning the residues not only leads to a
waste of straw resources, but it also causes environmental pollution, such as the produced
harmful gases and particles that make people sick (Amin et al. 2021; Hamza Hasnain et al.
2021). Given the growing importance placed on environmental protection, it is crucial to
provide an environmentally and resource-efficient approach for the waste (Abbas et al.
2022; Amaral et al. 2022).

Construction under high temperature conditions, such as the heat damage in deep
mines, heat insulation properties, and mechanical properties of concrete materials, are of
great significance for the prevention and control of heat damage (Huang et al. 2019). If full
use is made of crop residue straw resources in concrete construction, this not only will save
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raw materials, but also make resource utilization of straw resources (Aksogan et al. 2016;
Martirena and Monz6 2018). This method broadens the comprehensive utilization of straw,
and it helps to reduce the cost of concrete production. Straw fiber has a lower cost and
significant economy compared with other concrete materials, which not only solves the
problem of straw treatment, but it also realizes the reuse of resources, in line with the
concept of sustainable development. However, because of its poor mechanical properties,
chemical composition, and waxy surface layer characteristics, straw resources face
challenges in achieving good compatibility with other materials, and the limitations
significantly hinder the widespread application of straw in concrete materials.
Additionally, biomass power generation produces substantial amounts of ash, which
possesses certain activity, for example, active SiO2 and active Al20s3 react with other
components in concrete to form calcium silicate hydrate and calcium aluminate hydrate
gel, which promote the performance of concrete to a certain extent. Meanwhile, concrete
is a highly used material in construction, and the cost of raw materials in the production
process accounts for a large proportion. As a low-cost, easy to obtain raw material, straw
ash can partially replace traditional concrete raw material, reduce production costs, and
improve economic benefits, and incorporating the ash into concrete offers an effective
means for recycling straw ash (He et al. 2016; Wang et al. 2019).

The research on straw fiber and straw ash concrete in cement-based materials is
still in its infancy. There is still no uniform standard for both test and application, but
already there are some research results in this respect. Ammari et al. (2020) reported that
the addition of straw to cement mortar can reduce the thermal conductivity and mechanical
properties of mortar. Jian et al. (2014) realized that the optimum amount of rice straw fiber
can enhance the flexural strength and dry shrinkage resistance of cement-based materials
but reduce the compressive strength. Memon et al. (2019) reported that corncob ash instead
of concrete fine aggregate can reduce the compressive strength of concrete and increase
the water absorption rate and acid corrosion degree of concrete. Rosales et al. (2017)
reported on the influence of different pretreatment of straw ash on the mechanical
properties of cement mortar.

This method provides a new way for the utilization of straw resources. However,
the current work considered the engineering application of straw resources in concrete,
including the mechanical properties and durability. The authors studied both the
mechanical and thermal properties of concrete by adding the corn straw fiber and corn
straw ash. Such information will have a great significance to the utilization of straw
resources, environmental protection, and increasing the functional properties of concrete
materials.

EXPERIMENTAL

Materials

The corn straw fiber was obtained from straw core from Bozhou, Anhui Province,
China. The corn straw fiber and the corn straw powder were specially treated, which can
improve their physical properties. The corn straw ash was also specially calcined to
enhance the activity of straw ash, the treatment methods have been introduced in the
literature (Wen et al. 2023, 2024).

The cement was made of Bagongshan P.O 42.5. The setting time and the strength
index are shown in Table 1, and the mineral composition is shown in Fig. 1. Coarse
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aggregate, the river sand, the water reducing agent, and water were the same as materials
used by Wen et al. 2023, 2024.

Table 1. Cement Setting Time and Strength Index

Presetting Time Final setting Time Compressive Strength Flexural Strength
(min) (min) (MPa) (MPa)
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Fig. 1. XRD pattern of cement

Test Methods
Mechanical properties test

The mechanical properties of corn straw fiber after the pretreatment were tested
according to GB/T 1040 (2006), the standard distance was 50 mm, and the loading speed
was 50 mm-min-,

Concrete strength test

Cement, water, stone, and sand were added in accordance with the ratios
1:0.45:1.94:1.94, the added amount of corn straw fiber and corn straw powder was 1.5%,
2.5%, and 4% of the cement, and the replaced cement amount of corn straw ash was 5%,
10%, and 15%, respectively (Wen et al. 2023). The concrete sample of 100 x 100 x 100
mm? was made by adding an appropriate amount of water-reducing agent and stirring
evenly. After resting for 24 h, the sample was demolded and placed in a standard curing
box (humidity > 95%, temperature 20 + 2 °C) for a curing period of 28 days, and then the
compressive strength test is carried out (Wen et al. 2023, 2024).

Thermal conductivity test

The plane heat source method was adopted, and the instrument (Hotdisk TPS 2500S,
Sweden) was used for the tests. Preparation of the test specimen involves reshaping the
sample. The sample was ground under the pressure of 30 MPa by keeping the pressure for
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1 min, and then taking the thermal conductivity test specimen for testing according 1SO
22007 (2015).
Thermogravimetric analysis test

The test adopted the comprehensive thermal analyzer (STA449 F5, NETZSCH,
Germany), the heating rate was set at 10 °C /min, the maximum target temperature is 900
°C, and the atmosphere is No2.

RESULTS

Properties of Corn Straw Fiber and Corn Straw Ash
Tensile strength of corn straw fiber
It can be seen from Fig. 2 that the tensile strength of raw corn straw fiber was 90.6
MPa, and it was 160.5 MPa after alkali treatment. After alkali combined polyvinyl alcohol
treatment, the tensile strength was 162 MPa. It is apparent that the alkali treatment can
improve the tensile strength of corn straw fiber.
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Fig. 2. The tensile strength of the corn straw fiber

Alkali treatment can increase the specific gravity of cellulose and improve the
mechanical properties due to a strong force between the molecular chains of cellulose,
which increases the tensile strength after alkali treatment (He et al. 2016; Ma et al. 2020;
Wang et al. 2019; Wen et al. 2023). It is also known that the polyvinyl alcohol has limited
effect on strength, but it may can improve the corrosion resistance of the corn straw fiber.
The following sections will demonstrate this from the microstructure.

Microstructure of the corn straw fiber

To observe the effect of straw structure by polyvinyl alcohol, the cross-section of
corn straw fiber was selected. It can be seen from Fig. 3 (a) that the internal void of the
original cross-section corn straw fiber was bigger, and the structure was relatively loose,
while in Fig. 3 (b), the internal void size of the corn straw fiber after alkali treatment was
reduced. The cellulose and vascular bundle became tight, indicating that alkali treatment
can improve the strength (He et al. 2015). In Fig. 3 (c), the authors found that the internal
voids of corn straw were permeated, adsorbed, and filled by the polyvinyl alcohol. This
also verified that polyvinyl alcohol treatment of corn straw after alkali treatment can
improve the resistance to degradation (Huang et al. 2019;L.i et al. 2012; Wen et al. 2023).
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Fig. 3. SEM of different straw treatments: (a) Corn straw fiber, (b) Corn straw fiber after alkali
treatment, and (c) Corn straw fiber after alkali combined polyvinyl alcohol treatment

Particle size of corn straw ash

Incomplete combustion of corn straw ash contains a higher amount of unburnt
carbon. This affects the mechanical properties of concrete when added to concrete, while
calcined corn straw ash can enhance the activity of corn straw ash (Santhosh et al. 2022).
It can be seen from Fig. 4 that the surface topography of corn straw ash was uneven and
there were some irregular small size particles. Based on the literature (Wen et al. 2024), it
is apparent that the content of particles smaller than 41 um accounted for 50% of the total
amount.

Fig. 4. SEM of treated corn straw ash
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Concrete Properties
Compressive strength

It can be seen from Fig. 5 that the addition of corn straw fiber and corn straw powder
can reduce the compressive strength of concrete. The compressive strength of concrete was
reduced by 20.2% when adding 1.5% corn straw fiber, and it was reduced 19% with adding
the same dosage as for the corn straw powder. As for the corn straw ash, the compressive
strength of concrete was still remained above 30 MPa when it was added at a 5% dosage
in the literature (Wen et al. 2024), which indicates that the application of straw waste to
concrete is feasible (Zhang et al. 2017; Wen et al. 2024). The strength decrease of the
concrete with corn straw fiber addition can be attributed to poor mechanical properties of
the fiber. In addition, the proportion of cement in the concrete is reduced, which further
contributes to reduced strength of the concrete.
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Fig. 5. Influences of corn straw fiber and COrn straw powder on the concrete

When the straw fiber is processed into straw powder, the straw powder fills the
internal pores of the concrete, and the compatibility with the concrete is better than the
straw fiber, so the strength is greater than the straw fiber concrete. Corn straw ash as the
addition to cement-based materials will also affect its mechanical properties (Khan et al.
2022), as for the corn straw ash in this paper, the result has been explained in the literature
(Wen et al. 2024).

Thermal conductivity

Corn straw powder and corn straw fiber are in different forms, and this paper only
studied the influence of corn straw powder on the thermal conductivity of concrete. It can
be seen from Fig. 6 that corn straw powder and corn straw ash added to concrete had a
great impact on the thermal conductivity of concrete. Compared with original concrete, the
thermal conductivity of concrete added with 1.5% corn straw powder decreased by 25.9%,
and the thermal conductivity of concrete with 5% corn straw ash was reduced by only
5.2%. There are many factors affecting the thermal conductivity of concrete, such as
aggregate, porosity, water-cement ratio, and so on (Wang et al. 2012). The thermal
conductivity of straw material is smaller than that of cement matrix, and corn straw powder
and corn straw ash changed the thermal conductivity path of cement matrix. The low
thermal conductivity of corn straw powder hinders the heat transfer between aggregates
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and mortar inside concrete, resulting in the decline of the thermal conductivity of concrete
(Gao et al. 2022). Corn straw ash in concrete is similar to cement, but the thermal
conductivity of straw ash concrete was also reduced. The solids and voids of concrete play
a major role in the heat conduction of concrete; to enhance the thermal insulation
performance of concrete, one can change the internal structure and composition of concrete
(Gao et al. 2022).
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Fig. 6. Thermal conductivity of concrete with straw powder and straw ash: (a) Corn straw powder,
(b) Corn straw ash

Thermogravimetric analysis

The TG curve represents the weight loss of concrete, whereas the DTG curve
represents the weight loss rate of concrete. As shown in Fig. 7(a), as the temperature rose,
the quality of concrete gradually decreased. When the temperature reached 800 °C, the TG
curves of the concrete became stable. As shown in Fig. 7(b), there were some peaks in the
DTG curve, indicating that the interior of concrete was affected by temperature. When the
temperature was below 100 °C, the evaporation of free water accounted for the weight loss.
In the temperature range of 100 to 160 °C, there were two downward peaks in the DTG
curve, indicating that weakly bound water and strongly bound water were lost. In the range
420 to 500 °C, the concrete also exhibited a weight loss interval; this was attributed to the
internal decomposition of Ca(OH)2. When the temperature was around 800 °C, the
downward peak was relatively clear, indicating that the Ca(CO)zs inside the concrete began
to decompose to CaO; thereafter the DTG curve of the concrete was stable.

Within the temperature range 420 to 500 °C, the chemical reaction of Ca(OH)zin
the concrete occurs; it can be expressed as the follows (Liu et al. 2018):

Ca(OH),(s) = Ca0,(s) + H,0(g) 1)

The chemical reaction of Ca(CO)s occurs inside the concrete at aboat 800 °C; it can
be expressed as the follows (Liu et al. 2018):

Ca(CO); = Ca0,(s) + CO,(g) ¥
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Fig. 7. Thermogravimetric analysis curve of corn straw concrete: (a) TG curve, (b) DTG curve

Microstructure of concrete

As shown in Fig. 8(a), fibrous and needle-like calcium silicate hydrate (C-S-H) in
the original concrete diagram intersected with each other, and there was a certain void
volume in the concrete structure.

c o d

Fig. 8. SEM of the concrete: (a) Raw concrete, (b) Corn straw fiber concrete, (c) Corn straw
powder concrete, and (d) Corn straw ash concrete

As shown in Fig. 8(b), corn straw fiber connected to the deconstructed surface of
concrete, and the connection degree was not tight. There were certain pores in the middle,
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which indicates that corn straw fiber had poor compatibility with cement mortar and
aggregate, and there were certain interfacial pores, which also led to the decline of the
strength of corn straw concrete. In Fig. 8(c), it can be found that the internal pores of the
concrete were filled with corn straw powder, which was in good contact with cement
mortar and aggregate, and the pores were small. As shown in Fig. 8(d), a dense network C-
S-H was present, this may be due to the secondary hydration of cement hydration products
generated by corn straw ash.

DISCUSSION

The thermal conductivity is an important index to characterize concrete. The
smaller the thermal conductivity, the better will be its thermal insulation performance. The
production process of corn straw fiber and corn straw ash concrete in this paper is similar
to that of ordinary concrete, but there are great differences in thermal conductivity, which
can be attributed to the difference in the internal structure of concrete caused by the
difference in the internal composition of concrete. Although the concrete thermal
conductivity test in this paper adopts remolding compaction sample preparation, the results
still can represent the thermal conductivity of concrete, and the effect on the influence of
the corn straw powder and corn straw ash on the thermal conductivity of the concrete.

The heat transfer path inside the concrete passes through continuous and
discontinuous layers of cement mortar and aggregate, accordingly, the thermal
conductivity of concrete can be expressed as shown below (Campbell-Allen 1963; Zhu et
al. 2015):

M=1-3Y1-P 3)

kmkq(1—M)?
PRI (4)

KoM +km (1—M)
where P is the volume fraction of concrete mortar (1); km is the cement mortar thermal
conductivity (W/(m.K)); and ka is the aggregate thermal conductivity (W/(m.K)).

Assume that the thermal conductivity of corn straw powder or corn straw ash mortar
is expressed as,

km = v1/11 + vzlz + U3A3 (5)

Kk =k,,(2M — M?) +

where vy, v,, v5 represents the volume fraction of cement, fine aggregate, and corn straw
powder or corn straw ash, respectively, and A,,4,, 15 represent the thermal conductivity
of cement, fine aggregate, and corn straw powder or corn straw ash respectively.

_ _ 2 (U1/11+172/12+'U3).3) ka(l—Mz)
k= (v +v34, +v345) 2M — M*) + oMt (rAitvadatvids) (1) (6)

The thermal conductivity of concrete is not only related to the thermal conductivity
of cement, corn straw powder, corn straw ash, fine aggregate, and coarse aggregate, but it
is also related to the volume fraction of aggregate. In fact, the thermal conductivity of
concrete is also related to water-cement ratio, sand content, pore distribution number, and
interfacial thermal resistance. For corn straw powder concrete, corn straw powder thermal
conductivity and cement mortar thermal conductivity and coarse aggregate, the thermal
conductivity difference is large, and the temperature difference between the two sides of
the interface is large, which implies that the interfacial thermal resistance is large. If the
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interface is not fully contacted, there are still some gases inside, which will also hinder the
heat conduction inside the concrete. Meanwhile, the low thermal conductivity of the corn
straw powder also reduces the thermal conductivity of the concrete. Corn straw ash will
also reduce the thermal conductivity of concrete, which may be due to the poor thermal
conductivity of corn straw ash, secondary hydration reaction, and particle filling effect after
it is added to concrete, resulting in corn straw ash wrapped around the concrete aggregate.
In addition, the micropores in straw ash concrete increase, which also has a bad effect on
the thermal conductivity of concrete. Therefore, the overall thermal conductivity of corn
straw ash concrete decreases.

CONCLUSIONS

1. Alkali treatment is able to increase the tensile strength of corn straw fiber and also can
make the internal pores of corn straw fiber smaller. Polyvinyl alcohol can improve the
resistance of the straw fiber to degradation by adsorbing on the internal pores of corn
straw fiber.

2. The compressive strength of straw concrete decreased with the increase of the addition
corn straw fiber and corn straw powder dosage. With the increase of corn straw powder
and corn straw ash dosage, the thermal conductivity of concrete decreases gradually,
and the thermal conductivity of concrete added with 1.5% corn straw powder decreased
by 25.9%, the thermal conductivity of concrete with 5% corn straw ash was reduced by
5.2%. The effect of corn straw powder on reducing the thermal conductivity of concrete
was better than that of corn straw ash.

3. According to the thermogravimetric analysis of concrete, free water evaporates when
the temperature is below 100 °C, bound water is lost in 100 to 160 °C, calcium
hydroxide is decomposed by heat in 420 to 500 °C, and calcium carbonate is
decomposed by heat approximately at 800 °C.

4. When straw is used as a heat-insulating concrete material, it is recommended to add
1.5% corn straw powder or 5% corn straw ash under the requirements of the mechanical
properties.

ACKNOWLEDGMENTS

This study was supported by the Scientific Research Foundation for High-level
Talents of Anhui University of Science and Technology (Grant No. 2021yjrc06) and the
Opening Project of Tunnel and Underground Engineering Research Center of Jiangsu
Province (TERC) (2021-SDJJ-08).

Wen et al. (2024). “Concrete with straw & ash,” BioResources 19(4), 8007-80109. 8016



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

REFERENCES CITED

Abbas, A. N., Aziz, F. N. A. A., Abdan, K., Mohd Nasir, N. A., and Norizan, M. N.
(2022). “Kenaf fibre reinforced cementitious composites,” Fibers 10(1), article 3.
DOI: 10.3390/fib10010003

Aksogan, O., Binici, H., and Ortlek, E. (2016). “Durability of concrete made by partial
replacement of fine aggregate by colemanite and barite and cement by ashes of corn
stalk, wheat straw and sunflower stalk ashes,” Constr. Build. Mater. 106, 253-263.
DOI: 10.1016/j.conbuildmat.2015.12.102

Amaral, R. C., Rohden, A. B., Garcez, M. R., and Andrade, J. J. D. O. (2022). “Reuse of
wood ash from biomass combustion in non-structural concrete: Mechanical
properties, durability, and eco-efficiency,” J. Mater. Cycles Waste 24(6), 2439-2454.
DOI: 10.1007/s10163-022-01493-8

Amin, M., Zeyad, A. M., Tayeh, B. A., and Saad Agwa, 1. (2021). “Effects of nano cotton
stalk and palm leaf ashes on ultrahigh-performance concrete properties incorporating
recycled concrete aggregates,” Constr. Build. Mater. 302, article ID 124196. DOI:
10.1016/j.conbuildmat.2021.124196

Ammari, M. S., Belhadj, B., Bederina, M., Ferhat, A., and Quéneudec, M. (2020).
“Contribution of hybrid fibers on the improvement of sand concrete properties:
Barley straws treated with hot water and steel fibers,” Constr. Build. Mater. 233,
article ID 117374. DOI: 10.1016/j.conbuildmat.2019.117374

Campbell-Allen, D. T. C. P. (1963). “The thermal conductivity of concrete,” Mag.
Concrete Res. 43(15), 39-48.

Gao, Z., Chen, B., Chen, J. and Yan, Z. (2022). “Study on pore structure and thermal
conductivity of foam concrete based on X-CT,” Journal of Building Materials 1-13.

GB/T 1040 (2006). “Plastic — Determination of tensile properties,” Standardization
Administration of China, Beijing, China.

Hamza Hasnain, M., Javed, U., Ali, A., and Saeed Zafar, M. (2021). “Eco-friendly
utilization of rice husk ash and bagasse ash blend as partial sand replacement in self-
compacting concrete,” Constr. Build. Mater. 273, article 1D121753. DOI:
10.1016/j.conbuildmat.2020.121753

He, C., Fu, L., Xiong, J., and Diao, H. (2016). “Study on the microstructure and
properties of wheat straw with different treatments,” Journal of Nanjing Agricultural
University 39(02), 325-331.

He, X., and Wang, D. (2015). “Tensile property of corn stalk rind based on analysis of
fiber morphology,” Transactions of the Chinese Society of Agricultural Engineering,
31(10), 92-98.

Huang, J., Pang, J., Liu, G., Mo, Y., Jiang, P., and Su, Q. (2019). “A new heat insulation
shotcrete mixed with basalt and plant fibers,” Adv. Civ. Eng. 2019, 1-12. DOI:
10.1155/2019/6376807

ISO 22007 (2015). “Plastics — Determination of thermal conductivity and thermal
diffusivity,” International Organization For Standardization, Geneva, Switzerland.

Jian, S., Wang, T., Ma, B., Deng, P., Zhi, Z., Cai, L., and L1, Y. (2014). “Study on the
effect of the modified rice straw on the performance of the cement-based materials,”
Materials Reports 28(06), 132-135

Khan, K., Ishfag, M., Amin, M. N., Shahzada, K., Wahab, N., and Faraz, M. 1. (2022).
“Evaluation of mechanical and microstructural properties and global warming

Wen et al. (2024). “Concrete with straw & ash,” BioResources 19(4), 8007-80109. 8017



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

potential of green concrete with wheat straw ash and silica fume,” Materials 15(9),
article 3177. DOI: 10.3390/mal15093177

Li, M., Chai, S.-X., Zhang, H-Y., Du, H.-P., and Wei, L. (2012). “Feasibility of saline
soil reinforced with treated wheat straw and lime,” Soils Found. 52(2), 228-238. DOI:
10.1016/j.sandf.2012.02.003

Liu, X., Niu, D., Li, X., and Lv, Y. (2018). “Effects of Ca(OH)z -CaCOs3 concentration
distribution on the pH and pore structure in natural carbonated cover concrete: A case
study,” Constr. Build. Mater. 186, 1276-1285.

Ma, Y., Shen, Y., and Liu, Y. (2020). “State of the art of straw treatment technology:
Challenges and solutions forward,” Bioresource Technol. 313, 123656-123656. DOI:
10.1016/j.biortech.2020.123656

Martirena, F., and Monzo, J. (2018). “Vegetable ashes as supplementary cementitious
materials,” Cement Concrete Res. 114, 57-64. DOI: 10.1016/j.cemconres.2017.08.015

Memon, S. A., Javed, U., and Khushnood, R. A. (2019). “Eco-friendly utilization of
corncob ash as partial replacement of sand in concrete,” Constr. Build. Mater. 195,
165-177. DOI: 10.1016/j.conbuildmat.2018.11.063

Rosales, J., Cabrera, M., Beltran, M. G., Lopez, M., and Agrela, F. (2017). “Effects of
treatments on biomass bottom ash applied to the manufacture of cement mortars,” J.
Clean. Prod. 154, 424-435. DOI: 10.1016/j.jclepro.2017.04.024

Santhosh, K. G., Subhani, S. M., and Bahurudeen, A. (2022). “Recycling of palm oil fuel
ash and rice husk ash in the cleaner production of concrete,” J. Clean. Prod. 354,
article ID 131736. DOI: 10.1016/j.jclepro.2022.131736

Thomas, B. S., Yang, J., Mo, K. H., Abdalla, J. A., Hawileh, R. A., and Ariyachandra, E.
(2021). “Biomass ashes from agricultural wastes as supplementary cementitious
materials or aggregate replacement in cement/geopolymer concrete: A comprehensive
review,” Journal of Building Engineering 40, article ID 102332. DOI:
10.1016/j.jobe.2021.102332

Wang, K., Wang, F., and Wang, X. (2012). “Influence factor of thermal conductivity of
cement concrete and its prediction model influence factor of thermal conductivity of
cement concrete and its prediction model,” Journal of Building Materials 15(06),
T71-777.

Wang, L., He, C,, Jiang, L., and Li, X. (2019). “A comparative study on physicochemical
properties of nine kinds of plant straw fibers,”” Journal of Nanjing Agricultural
University 42(04), 775-780.

Wen, L., Yan, C., Shi, Y., Wang, Z., Liu, G., and Shi, W. (2023). “Experimental study on
the compressive strength of concrete with different wheat straw treatment
techniques,” J. Renew Mater. 10(11), 3681-3692.

Wen, L., Yan, C,, Shi, Y., Wang, Z., Liu, G., and Shi, W. (2024). “Utilization of straw
ash as a partial substitute for ordinary Portland cement in concrete,” BioResources
19(3), 4250-4263. DOI: 10.15376/biores.19.3.4250-4263

Yurt, U., and Bekar, F. (2022). “Comparative study of hazelnut-shell biomass ash and
metakaolin to improve the performance of alkali-activated concrete: A sustainable
greener alternative,” Constr. Build. Mater. 320, article 1D 126230. DOI:
10.1016/j.conbuildmat.2021.126230.

Zhang, Q., L1, Y., Liu, B., and Xu, Z. (2017). “Mechanical properties and strength
prediction of straw ash concrete mechanical properties and strength prediction of
straw ash concrete,” Transactions of the Chinese Society of Agricultural Engineering
33(02), 259-265.

Wen et al. (2024). “Concrete with straw & ash,” BioResources 19(4), 8007-80109. 8018



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Zhu, L., Dai, J., Bai, G., and Zhang, F. (2015). “Experimental study on thermal
conductivity of recycled concrete experimental study on thermal conductivity of
recycled concrete,” Journal of Building Materials 18(05), 852-856, +904.

Avrticle submitted: May 22, 2024; Peer review completed: July 13, 2024; Revised version
received: July 31, 2024; Published: September 4, 2024,
DOI: 10.15376/biores.19.4.8007-8019

Wen et al. (2024). “Concrete with straw & ash,” BioResources 19(4), 8007-8019. 8019



