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ABSTRACT

Concrete is the primary construction material. World is developing day by day so the consumption of
concrete is increasing. Due to its flaws of brittleness and having weakness in tension phase there is
need to improve the properties of concrete. Agricultural waste produced in developing countries is
burnt for energy purposes. So, the burning of this waste is causing environmental pollution. These
agricultural wastes have good properties like eco-friendly, low cost and low density. Natural fibers
obtained from these agricultural wastes have potential to be used in concrete as construction materials.
To obtain the combined effect of fibers the hybridization is becoming popular among researchers.
Natural fibers of different lengths can be used to bridge the micro as well as macro cracking of
concrete. With the use of natural fibers in concrete, the properties of concrete can be enhanced up to
desired strength. The improved toughness, compressive, tensile and flexural strengths can be obtained
by the addition of natural fibers in concrete. The purpose of this study is to analyze the effects of
utilization of natural fibers in concrete. The specific aim this research is to find out the potential of
agricultural wastes to be used in concrete and to study the hybridization of different lengths of natural
fibers. For this purpose the state of the art review is conducted on the effects of varying lengths
natural fibers in concrete. Remedies of flaws of concrete by the incorporation of these varying lengths
natural fibers are also discussed. The results revealed that the jute and wheat straw have good
mechanical properties and different lengths of natural these fibers can be used for hybridization to get
improved properties of concrete.
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1. INTRODUCTION

By the growing age, countries are changing from under-developed to developed ones. This
phenomenon is enhancing the utilization of construction materials. Concrete is the primary
construction material which is widely used in the world (Tian et al., 2020). The urbanization and
development are the factors that are enhancing the consumption of concrete which has much adverse
ecological effects on environment. On the other hand, agricultural wastes need much land to dump or
dispose. Agro wastes produce about 9% of the total energy production. On the other way, agro wastes
provide around 35% of the total energy consumption in developing countries (International Energy
conference, 2015). Concrete is a brittle material which is stronger in compression phase and weaker in
tension (Aslani and Samali, 2014, Khan and Ali, 2019). These waste fibers can be utilized in concrete
to enhance the properties of concrete. Many researchers used natural fibers in concrete to attain better
properties of concrete than conventional concrete (Faroogi and Ali, 2018, Ali, 2016, Ali, 2014, Tang
et al., 2014, Hussain and Ali, 2019). World produces about 2.9 billion of crop straw annually and 66%
of these straws are burnt as source of energy (Liu et al., 2018, Ahmad et al., 2018, Li et al., 2018).
Open burning of wheat straw is the wastage of natural resources and causing air pollution; severe
threat to highway traffic, impairing human health and safety (Romasanta et al., 2017, Zhang et al.,
2014).
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Due to frequently presence in developing countries, agricultural wastes can provide advantages of low
modulus of elasticity and high tensile strength. Because of these advantages they have potential to be
used in cement-based composites to attain final product with better properties like good thermal
insulation, crack opening control and reduction of composite density (Izquierdo et al., 2017, Ramirez
et al., 2019). Incorporation of agricultural wastes natural fibers by mas of cement can reduced the
cement content required to prepare concrete mix (Campos et al., 2020). By the hybridization of fibers
the combined effect of both fibers may produce better performance in concrete as compared to sole
natural fiber. Numerous studies are being conducted by researchers on the combined effect of hybrid
fibers of different lengths and their effects towards to fresh and hardened properties of concrete (Li et
al., 2021, Balea et al., 2021, Vishaul et al., 2021). Natural fibers were used to improve the out of the
plane resistance of mortarless masonry wall (Qamar et al., 2018).

Concrete is week in tension and strong in compression. There is need to alter the properties of
concrete and to make it eco-friendly. This can be done by choosing a suitable material that has good
physical properties and may have potential to be used in concrete. Agricultural waste natural fibers are
eco-friendly and have potential to be used as construction materials. The purpose of this research is to
find out the potential of agricultural wastes for using in construction. The different lengths of fibers
can bridge the macro and micro cracking so, the effect of different lengths of fiber is considered in
this research along with the hybridization of these natural fibers. Being primary construction material
concrete has many flaws. So, flaws of concrete and their solution by the incorporation of different
lengths of natural fibers is briefly discussed.

2. UTILIZATION OF AGRICULTURAL WASTES AS CONSTRUCTION MATERIALS

Every year, about one thousand million tons of agricultural waste is produced in the world. These
wastes contain about 80% of solid organic waste like wheat straw, rice straw, jute fibers, bagasse
straw, rice husk and cotton stalks etc. (Choi, 2019, Sharma and Singh, 2019). It was investigated that
if these agricultural waste short discrete fibers are incorporated in concrete, these fibers act as crack
resisters. They also change the behaviour of concrete against dynamic and static loadings (Sultana et
al., 2020). When particular length and content of jute fiber is used in concrete, it tends to obtain
enriched results of mechanical properties (Zakaria et al., 2018). Jute fibers mixed in high-fluidity
concrete provide higher improvement of strength as compared to low fluidity concrete (Kim et al.,
2013). A noticeable amount of cement is saved if agricultural waste natural fibers are added by the
mass of cement content (Campos et al., 2020). Appropriate content of jute fibers can delay crack
initiation and propagation and also reduce micro cracks (Tiezhi Zhang, 2020). It was observed that
after the increase of curing age of jute fiber, greater content of jute fiber has positive impact towards
the compressive strength (Mohammad and Ahmed, 2018). Agricultural waste jute fiber was used with
glace fiber reinforced polymer rebars to enhance the impact resistance against impact loading for
concrete wall. It was observed that the toughness and impact load carrying capacity considerably
enhanced (Ahmed and Ali, 2020).

Crop straw can be used to prepare fibers, to be used in cement-based composites to make light weight
and thermal insulated structures (Korjenic et al., 2016). Singh et al. (2021) used bagasse ash and
wheat straw for earth blocks stabilization. It was noticed that the maximum compressive strength
obtained, when 5% of wheat straw was used by mass of cement. Concrete blocks were prepared by
the addition of agricultural wastes like coffee husk and sugarcane bagasse. The use of 5% sugarcane
bagasse showed higher results. It was revealed by research that these agricultural wastes enhanced the
compressive strength and the thermal properties of concrete blocks (Souza et al., 2021). Agricultural
waste and coconut shells were used by (Prakash et al., 2021) for the mechanical characterization of
concrete. It was observed that when only 3% of fiber was added there was increase of 14% in tensile
strength and 11% in flexural strength of concrete. Wheat straw agricultural waste can be used as
insulating material with cement mortar and reduce thermal conductivity, provide good properties
when mixed with mortar (Ismail et al., 2020). Both jute fibers and wheat straw fibers have good
mechanical properties to be used as construction materials. Mechanical properties of wheat straw and
jute fibers are given in Table 1 (Arooj, 2021).
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Table 1: Mechanical properties of jute and wheat straw (Arooj, 2021).

Parameter Wheat straw Jute fiber
Diameter (mm) 5-7 20-200
Density (Kg/m®) 1150-1200 1300-1490

Tensile modulus (MPa) 30-32 320-800
Young’s modulus (MPa) 6.0-6.6 8-78
Max. elongation (%) 1-1.13 1-1.8

3. EFFECT OF VARYING LENGTH NATURAL FIBERS ON CEMENET COMPOSITES
BEHAVIOUR

Varying length natural fibers are used in concrete to create the bridging effect, and short and long
fibers resist the macro as well as micro-cracking (Sadrmomtazi et al., 2018). Many researchers
reported that by the use of optimum lengths and content, it can improve the mechanical properties and
physical properties like flexural strength, splitting tensile strength and impact resistance (Dawood and
Ramli, 2014, Ralegaonkar et al., 2018). Micro and macro cracks are formed during the hydration and
hardening process of concrete. When specimen is subjected to external loading the propagation of
these cracks start which result in failure of structure. The varying length natural fibers can bridge the
micro as well as macro cracks and can resist the propagation of micro cracks towards macro cracks
(khan and Cao, 2021). The crack bridging mechanism of fibers is shown in Figure 1.
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Figure 1: Cracks bridging mechanism of fibers (Khan and Cao, 2021).

Sajin et al. (2021) conducted a study on varying length natural fibers. The results revealed that the
fibers length used for reinforcement is directly proportional to the mechanical strength. Ahmad et al.
(2020) performed experimental research on the effect of coconut fibers content and length in concrete.
Coconut fibers of 25 mm, 50 mm and 75 mm lengths were used in that research. It was observed that
the fibers of 50 mm length enhanced the energy absorption and toughness of concrete. So, the
optimum lengths of natural fibers in concrete play an important role in attaining energy absorption
and toughness. Mugume et al. (2021) carried out a study to find out the influence of fibers length and
content on the crack resistance of fibers. Results showed that the addition of low content like 1% and
longer lengths increased the tensile strength of banana fiber reinforced concrete. For the use of longer
lengths of banana fibers the low content like 0.5% was found effective.

4. HYBRIDIZATION OF NATURAL FIBERS FOR CEMENT COMPOSITES

Hybridization of natural fibers is accomplished to get the combined effect of two or more fibers. For
this purpose, natural fibers are used in concrete to enhance the desired properties of concrete.
Boumaaza et al. (2020) used sisal, flax and jute fibers of 5mm, 10 mm and 20 mm lengths. The results
revealed that the addition of sisal, flax and jute fiber by the hybridization considerably enhanced the
flexural properties of concrete. The maximum flexural strength was obtained by the hybridization of
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20 mm length fibers. A study was carried out by the usage of hybrid fibers with the combination of
hybridization of 0.3%, 0.4% and 0.5%. The hybridization of natural fibers by the optimum content of
0.3% showed maximum strengths. The hybridization of natural fibers of two different length was
carried out. It was found that the hybrid natural fiber after the hybridization provide better flexural
strength as compared to the conversional concrete (Madhavan et al., 2021).

Hybrid natural fiber reinforced concrete is used as a replacement of plain concrete (PC). Macro fibers
helps to tackle macro-cracks and increase toughness of concrete also the flaws and their remedial
measures with varying length natural fibers (Di Maida et al., 2018). In hybrid natural fiber reinforced
concrete, the forces across cracks are combined effect of aggregate and fibers. During the resistance to
crack propagation, fiber experience frictional slippage, pull-out forces, breaking effect and de-bonding
(zhang and Cao, 2014). The presence and surfaces of fibers control the energy dissipation and
deformation phenomenon after post cracking (Signorini et al., 2020). Fiber pull-out from matrix
promotes the ductile behaviour of concrete because of energy dissipation during the process of post-
cracking (Maalej et al., 1995). Fiber reinforced concrete continue to make more loads until the fiber
present in fiber reinforced concrete break.

5. CONCRETE FLAWS AND THEIR REMEDIAL MEASURES WITH VARYING LENGTH
NATURAL FIBERS COMPOSITES

Being widely used material, although concrete has advantages, it also has drawbacks. Concrete is a
brittle material which is stronger in compression phase and weaker in tension (Aslani and Samali,
2014). During the hydration of concrete, cracks appear on the surface of concrete which may cause
the reduction in strength of concrete. When external load is applied these cracks lead to failure of
structure (Khan and Cao, 2021). Natural fibers have good potential to be used in concrete. They act as
the cracks arrestor and try to bridge cracking. The advantage of the usage of different lengths natural
fibers is to bridge micro as well as macro cracking. Conversional concrete has low toughness and
energy absorption as compared to fiber reinforced concrete (Hashmi et al., 2021). During the splitting
tensile loading the conventional concrete splits into parts while the bridging effect of fibers tend to
take more loading until the fiber breakage occur. The energy absorption and toughness of structure is
important factor while making earthquake resistant structures (Ali and Chouw, 2009).

The low tensile strength of concrete always needs to be reinforced. The binding material like cement
has adverse ecological effects which produce environmental concerns. For the sustainable
development and to reduce energy consumption varying lengths natural fibers can be utilized in
concrete. The evaluation of cracking in concrete structure is based on two properties of concrete,
which include tensile strength and the tensile strain capacity. The tensile strain capacity is the measure
of tensile strain that a concrete structure can withhold without forming cracks throughout the
structure. The evaluation of cracking process can do more effectively and easily by considering tensile
strain rather than tensile strength property of concrete, the process express forces in form of
volumetric changes. A concrete structure under particular loading possesses a relation between tensile
load carrying capacity and crack width (Khan et al., 2020). The tensile strain capacity of concrete is
measured through modulus of rupture. Despite of good effect on the properties of concrete, natural
fibers have drawbacks towards the workability of concrete. The workability of concrete is reduced by
the use of natural fibers so plasticizers and increased water to cement ratio can overcome this
drawback (Abrar and Ali 2021).

6. CONCLUSIONS

The agricultural wastes can be used in concrete. Hybridization of natural fiber is studied to obtain the
combined effects of fibers. Concrete flaws and their remedies by the incorporation of varying length
natural fibers is taken into count by the state-of-the-art review. Following conclusions are drawn from
this research.
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e Agricultural wastes instead of burning can be used in concrete to enhance the
compressive strength, splitting tensile strength and flexural strength.
¢ The toughness and energy absorption of concrete is enhanced by natural fibers
¢ Varying lengths natural fibers can bridge micro as well as macro cracking so the cracking
of concrete can be minimised by varying lengths natural fibers
o Hybrid natural fibers are more effective than the sole fiber used in concrete.
¢ Jute and wheat straw have good mechanical properties so by the hybridization of these
fibers better properties can be achieved.
Agricultural wastes have potential to be used in concrete. These fibers when mixed together with
different lengths proportion by hybridization can mitigate the flaws of concrete like cracking and
weakness in tension phase.

ACKNOWLEDGEMENTS

The authors would like to thank every person who have helped throughout this research work. The
careful review and constructive suggestions by the anonymous reviewers are gratefully
acknowledged.

REFERENCES

International Energy Agency, Key World Energy Statistics Organization for economic co-operation
and development, 2015 Paris, France.

Abrar, M. & Ali, M. 2021. Workability of concrete having hybrid natural fibers of different lengths
for easy pouring. International conference on advances in Engineering, Architecture, Science and
Technology, Turkey.

Ahmad, M. R., Chen, B., Oderiji, S. Y. & Mohsan, M. 2018. Development of a new bio-composite for
building insulation and structural purpose using corn stalk and magnesium phosphate cement.
Energy and Buildings, 173, 719-733.

Ahmad, W., Farooq, S. H., Usman, M., Khan, M., Ahmad, A., Aslam, F., Yousef, R. A., Abdul
jabbar, H. A. & Sufian, M. 2020. Effect of coconut fiber length and content on properties of high
strength concrete. Materials, 13, 1075.

Ahmed, S. & Ali, M. 2020. Use of agriculture waste as short discrete fibers and glass-fiber-
reinforced-polymer rebars in concrete walls for enhancing impact resistance. Journal of Cleaner
Production, 268, 122211.

Ali, M., & Chouw, N. (2009, December). Coir fibre and rope reinforced concrete beams under
dynamic loading. In Annual Australian Earthquake Engineering Society Conference, “Newcastle
Earthquake—20 years on.

Ali, M. 2014. Seismic performance of coconut-fibre-reinforced-concrete columns with different
reinforcement configurations of coconut-fibre ropes. Construction and Building Materials, 70,
226-230.

Ali, M. 2016. Use of coconut fibre reinforced concrete and coconut-fibre ropes for seismic-resistant
construction. Materiales de Construccion, 66, e073-e073.

Arooj, K. 2021. Mechanical, Dynamic and Absorption Properties of Hybrid Fiber Reinforced
Concrete for Rigid Pavements Application. Masters in Civil Engineering, Capital University of
Science & technology.

Aslani, F. & Samali, B. 2014. High strength polypropylene fibre reinforcement concrete at high
temperature. Fire Technology, 50, 1229-1247.

Balea, A., Monte, M. C., Blanco, A. & Negro, C. 2021. Recycled Fibers for Sustainable Hybrid Fiber
Cement Based Material: A Review. Materials, 14, 2408.

Boumaaza, M., Belaadi, A. & Bourchak, M. 2020. The effect of alkaline treatment on mechanical
performance of natural fibers-reinforced plaster: Optimization using RSM Journal of Natural
Fibers, 1-21.

ICCESD-2022-01138-5



6™ International Conference on Civil Engineering for Sustainable Development (ICCESD 2022), Bangladesh

Campos, H., Klein, N., Marques Filho, J. & Bianchini, M. 2020. Low-cement high-strength concrete
with partial replacement of Portland cement with stone powder and silica fume designed by
particle packing optimization. Journal of Cleaner Production, 261, 121228.

Choi, H.-J. 2019. Agricultural bio-waste for adsorptive removal of crude oil in aqueous solution.
Journal of Material Cycles and Waste Management, 21, 356-364.

Dawood, E. T. & Ramli, M. 2014. The effect of using high strength flowable system as repair
material. Composites Part B: Engineering, 57, 91-95.

Di Maida, P., Sciancalepore, C., Radi, E. & Bondioli, F. 2018. Effects of nano-silica treatment on the
flexural post cracking behaviour of polypropylene macro-synthetic fibre reinforced concrete.
Mechanics Research Communications, 88, 12-18.

Faroogi, M. U. & Ali, M. 2018. Contribution of plant fibers in improving the behavior and capacity of
reinforced concrete for structural applications. Construction and Building Materials, 182, 94-107.

Hashmi, A. F., Sharig, M. & Bagqi, A. 2021. Experimental and analytical investigation on the age-
dependent tensile strength of low-calcium fly ash-based concrete. Innovative Infrastructure
Solutions, 6, 1-16.

Hussain, T., & Ali, M. (2019). Improving the impact resistance and dynamic properties of jute fiber
reinforced concrete for rebars design by considering tension zone of FRC. Construction and
Building Materials, 213, 592-607.

Ismail, B., Belayachi, N. & Hoxha, D. 2020. Optimizing performance of insulation materials based on
wheat straw, lime and gypsum plaster composites using natural additives. Construction and
Building Materials, 254, 118959.

Izquierdo, 1. S., lzquierdo, O. S., Ramalho, M. A. & Taliercio, A. 2017. Sisal fiber reinforced hollow
concrete blocks for structural applications: Testing and modeling. Construction and Building
Materials, 151, 98-112.

Khan, M. & Ali, M. 2019. Improvement in concrete behavior with fly ash, silica-fume and coconut
fibres. Construction and Building Materials, 203, 174-187.

Khan, M. & Cao, M. 2021. Effect of hybrid basalt fibre length and content on properties of
cementitious composites. Magazine of Concrete Research, 73, 487-498.

Khan, M., Cao, M. & Ali, M. 2020. Cracking behaviour and constitutive modelling of hybrid fibre
reinforced concrete. Journal of Building Engineering, 30, 101272.

Kim, J.-S., Lee, H.-J. & Choi, Y. 2013. Mechanical properties of natural fiber-reinforced normal
strength and high-fluidity concretes. Computers and Concrete, 11, 531-539.

Korjenic, A., Zach, J. & Hroudova, J. 2016. The use of insulating materials based on natural fibers in
combination with plant facades in building constructions. Energy and Buildings, 116, 45-58.

Li, H., Dai, M., Dai, S. & Dong, X. 2018. Current status and environment impact of direct straw
return in China’s cropland—A review. Ecotoxicology and Environmental Safety, 159, 293-300.

Li, K., Yang, C., Huang, W., Zhao, Y., Wang, Y., Pan, Y. & Xu, F. 2021. Effects of hybrid fibers on
workability, mechanical, and time-dependent properties of high strength fiber-reinforced self-
consolidating concrete. Construction and Building Materials, 277, 122325.

Liu, H., Ou, X., Yuan, J. & Yan, X. 2018. Experience of producing natural gas from corn straw in
China. Resources, Conservation and Recycling, 135, 216-224.

Maalej, M., Li, V. C. & Hashida, T. 1995. Effect of fiber rupture on tensile properties of short fiber
composites. Journal of engineering mechanics, 121, 903-913.

Madhavan, M. K., Sathyan, D. & Jayanarayanan, K. 2021. Hybrid natural fiber composites in civil
engineering applications. Hybrid Natural Fiber Composites. Elsevier.

Mohammad, S. I. & Ahmed, S. J. U. 2018. Influence of jute fiber on concrete properties. Construction
and Building Materials, 189, 768-776.

Mugume, R. B., Karubanga, A. & Kyakula, M. 2021. Impact of Addition of Banana Fibres at Varying
Fibre Length and Content on Mechanical and Microstructural Properties of Concrete. Advances in
Civil Engineering, 2021.

Prakash, R., Thenmozhi, R., Raman, S., Subramanian, C. & Divyah, N. 2021. Mechanical
characterisation of sustainable fibre-reinforced lightweight concrete incorporating waste coconut
shell as coarse aggregate and sisal fibre. International Journal of Environmental Science and
Technology, 18, 1579-1590.

ICCESD-2022-01138-6



6™ International Conference on Civil Engineering for Sustainable Development (ICCESD 2022), Bangladesh

Qamar, F., Thomas, T., & Ali, M. (2018). Use of natural fibrous plaster for improving the out of plane
lateral resistance of mortarless interlocked masonry walling. Construction and Building Materials,
174, 320-329.

Ralegaonkar, R., Gavali, H., Aswath, P. & Abolmaali, S. 2018. Application of chopped basalt fibers
in reinforced mortar: A review. Construction and Building Materials, 164, 589-602.

Ramirez, C. P., Del Rio Merino, M., Arrebola, C. V., Barriguete, A. V. & Kosior-Kazberuk, M. 2019.
Analysis of the mechanical behaviour of the cement mortars with additives of mineral wool fibres
from recycling of CDW. Construction and Building Materials, 210, 56-62.

Romasanta, R. R., Sander, B. O., Gaihre, Y. K., Alberto, M. C., Gummert, M., Quilty, J., Castalone,
A. G., Balingbing, C., Sandro, J. & Correa Jr, T. 2017. How does burning of rice straw affect CH4
and N20 emissions? A comparative experiment of different on-field straw management practices.
Agriculture, ecosystems & environment, 239, 143-153.

Sadrmomtazi, A., Tahmouresi, B. & Saradar, A. 2018. Effects of silica fume on mechanical strength
and microstructure of basalt fiber reinforced cementitious composites (BFRCC). Construction and
Building Materials, 162, 321-333.

Sajin, J., Aurtherson, P. B., Binoj, J.,, Manikandan, N., Saravanan, M. S. & Haarison, T. 2021.
Influence of fiber length on mechanical properties and microstructural analysis of jute fiber
reinforced polymer composites. Materials Today: Proceedings, 39, 398-402.

Sharma, G. & Singh, K. 2019. Recycling and utilization of agro-food waste ashes: syntheses of the
glasses for wide-band gap semiconductor applications. Journal of Material Cycles and Waste
Management, 21, 801-809.

Signorini, C., Sola, A., Malchiodi, B., Nobili, A. & Gatto, A. 2020. Failure mechanism of silica
coated polypropylene fibres for Fibre Reinforced Concrete (FRC). Construction and Building
Materials, 236, 117549.

Singh, S., Chohan, J. S., Kumar, R. & Gupta, P. K. 2021. Stability of compressed earth blocks using
sugarcane bagasse ash and wheat straw. Materials Today: Proceedings.

Souza, A. B., Ferreira, H. S., Vilela, A. P, Viana, Q. S., Mendes, J. F. & Mendes, R. F. 2021. Study
on the feasibility of using agricultural waste in the production of concrete blocks. Journal of
Building Engineering, 42, 102491.

Sultana, N., Hossain, S. Z., Alam, M. S., Hashish, M. & Islam, M. 2020. An experimental
investigation and modeling approach of response surface methodology coupled with crow search
algorithm for optimizing the properties of jute fiber reinforced concrete. Construction and
Building Materials, 243, 118216.

Tang, Z., Ali, M. & Chouw, N. 2014. Residual compressive and shear strengths of novel coconut-
fibre-reinforced-concrete interlocking blocks. Construction and Building Materials, 66, 533-540.
Tian, H., Zhou, Z., Zhang, Y. & Wei, Y. 2020. Axial behavior of reinforced concrete column with
ultra-high performance concrete stay-in-place formwork. Engineering Structures, 210, 110403.
Tiezhi Zhang, Y. Y., Yaqgi Gong, Lijiu Wang 2020. Mechanical properties of jute fiber-reinforced

high-strength concrete. Structural Concrete, 2, 703-712.

Vishaul, K., Manikandaprabhu, S. & Radhakrishnan, R. 2021. Structural behavior of hybrid fiber
reinforced concrete—An experimental study. Materials Today: Proceedings, 39, 818-822.

Zakaria, M., Ahmed, M., Hoque, M. & Shaid, A. 2018. A comparative study of the mechanical
properties of jute fiber and yarn reinforced concrete composites. Journal of Natural Fibers.

Zhang, C. & Cao, M. 2014. Fiber synergy in multi-scale fiber-reinforced cementitious composites.
Journal of Reinforced Plastics and Composites, 33, 862-874.

Zhang, Y., Zang, G.-Q., Tang, Z.-H., Chen, X.-H. & Yu, Y.-S. 2014. Burning straw, air pollution, and
respiratory infections in China. American Journal of Infection Control, 42, 815.

ICCESD-2022-01138-7



