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In this investigation, the impact response of composite materials constructed with 
plain weave E-Glass has been analysed numerically. The numerical analysis has been 
appropriately validated through the utilisation of the experimental work. Energy 
conservation and the current condition of affairs have both been the subject of 
extensive research. Following its conclusion, the impact test was assessed to have 
lasted a total of 6 e-5 seconds. A significant transformation has taken place in the 
energy that is emanating from the hourglass. The value decreased progressively from 
3.5 e-7 J at 0 seconds to 1 e-5 seconds prior to reaching a stable state. A novel maximal 
strain of 0.0003 mm/mm has been identified as being achievable through the 
application of elastic strain. It is feasible to obtain this novel maximal strain. An 
empirical investigation revealed the application of a cumulative force measuring 
7868.7 N. The structure has experienced a complete deformation of 0.0014 mm in the 
midsection as a direct result of the simulation implementation. The present value of 
tension is an unprecedented maximum of 0.0013 mm, which is the highest value 
conceivably achievable. 
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1. Introduction 
 

Due to their multi-directional load bending and impact resistance, 3D woven composites have 
become an important component in construction as a result of recent advances in the science of 
composite materials. Researchers in the aerospace, marine, civil, medical, armour, and smart 
structure sectors frequently choose them because of their superior out-of-plane mechanical 
properties, resistance to damage and delamination, and impact resistance[1].  This is in comparison 
to the behaviour of regular 2D laminated and woven composites [2]. The through-thickness direction 
of a woven fabric, its impact damage tolerance, and its resistance to delamination are all areas in 
which the fabric may be modified to fulfil the requirements of a specific structural application [3,4].   
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Moreover, woven constructions are more resistant to damage brought on by collisions than other 
types of structures. There is a chance that the combination of a high number of different types of 
fibers into a single preform may result in improvements to the mechanical characteristics, particularly 
the resistance to impact [5]. Researchers are able to tailor a broad variety of composite properties to 
specific applications by utilizing hybridization of reinforcing components [6]. This allows for greater 
flexibility in the design of composite compounds. It is possible to think of this as the process of 
combining a number of different kinds of fiber components in a composite preform in order to get 
properties that are ideal for a certain purpose [7]. A variety of distinct types of reinforcing component 
elements are brought together in the process, which may be seen as a mixture of these components. 
There is the potential to achieve increases in impact resistance, notch sensitivity, and fracture 
toughness by the hybridization of carbon-fiber composites [8,9]. Material science, on the other hand, 
is confronted with a number of inherent obstacles, one of which is the attempt to foresee how novel 
materials would operate mechanically in a range of different conditions. Researchers from a wide 
range of educational institutions collaborated in order to test novel material formulations under a 
variety of loading conditions. This was done with the goal of bridging the knowledge gap [10,11]. As 
part of an attempt to develop three-dimensional water-based composites (WCs) that are more 
resistant to damage, researchers from a range of universities are now investigating a number of 
hybrid formulations [12]. These formulations include carbon/aramid, glass/aramid [13], and 
carbon/glass[14]. 

In contrast, tests that were conducted under static conditions tended to favor tensile and 
compressive failure modes [15]. This was the case in the majority of the cases. These failure modes 
not only halted the progression of the delamination, but they also caused the through-thickness 
reinforcement to become debonded and fractured—this was documented in reference [16].  

As an alternative, researchers have turned to predictive analytical and numerical modelling as a 
cost-effective substitute for experimental approaches. This is because the former is extremely 
expensive, while the latter is more expensive than the former [17]. A complete assessment of the 
approaches that are used to predict the mechanical and impact behaviour of three-dimensional 
water-cooled concretes is presented by the author in [18]. In recent years, predictive numerical 
modelling has been an increasingly effective method for impact response characterization [19,20]. 
This has proven a strong tool. Using a finite element model that was based on three-dimensional 
solid components, the damage processes of a three-dimensional woven composite were analysed 
and compared under circumstances of quasi-static indentation and impact loading, as indicated by 
[21,22]. Following the creation of the composite plate from the unit-cell model, the homogenised 
elastic-plastic characteristics were applied to the whole composite plate over the course of the 
investigation. Through the use of the model, the features were identified [23]. It was necessary to 
develop user-defined subroutines known as UMAT and VUMAT in order to include the constitutive 
behaviour and failure reaction of the material [24]. The intricacy of the numerical model made it 
extremely challenging to adapt to a variety of architectural forms, despite the fact that it provided 
good forecasts of failure modes and energy absorption capacity [25].  

In this study, a numerical investigation of the impact response of the plain weave e-glass 
composite structure was carried out in accordance with the EN ISO 178 standard's requirements. For 
the simulation procedure, the primary tool that was utilised was an explicit dynamic tool. 
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2. Methodology  
2.1 Primary Boundary Conditions  

 
An impact test was carried out with the assistance of a Universal Testing Machine for the 

purposes of experimental research. The European Standard EN ISO 178, titled "Plastics e 
Determination of flexural characteristics," is the one that is followed when determining the 
mechanical properties of composites. At a temperature of 140 degrees Celsius, the load that was 
exerted was a pressure of 20 kilograms per square centimeter. 

During the testing phase, the specimens were loaded while being subjected to tension-
compression stress [26,27]. The methodology for the fatigue tests that were used in this inquiry was 
based on EN ISO 178, and the tests were conducted according to that standard. An experiment was 
conducted by employing a sinusoidal wave in conjunction with a. We utilized a drop-weight impactor 
that had a spherical hardened spike with a diameter of 10 millimeters. 
 
2.2 Modeling and Meshing  
 

The geometry of the present model has been modelled and executed in the DesignModuler 
programme that is part of the ANSYS software. When it comes to the geometry, there are two 
primary components, and these components are the rod for punching and the plate. in which all of 
its dimensions were measured in millimetres in all directions.  In accordance with the need, mesh has 
been created using expect dynamic. Two different types of components have been used to create a 
mesh between the two portions. As a result of the fact that explicit dynamic has been utilised in order 
to mimic the impact process, the method of the plate mesh has been selected as a sweeping kind. In 
addition, the mesh of the plate portion has been seen as having a soft behaviour, whereas the mesh 
of the impacted area has been regarded as having a hard behaviour. An equilateral triangle has been 
used to represent the form of the primary components. In the geometry, there are 13203 elements 
that have been calculated altogether as shown in Figure 1. 
 

 
Fig. 1.  Meshed model of plain weave E-Glass with impactor 
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2.3 Material properties of Plain Weave E-Glass 
 

There have been earlier studies that have described the mechanical practice of plain weave e-
glass composite constructions that are based on the EN ISO 178 standard. modulus of elasticity, 
passion ratio, and density are the prerequisites for the simulation that is now being performed. These 
values have been recognized and compiled in accordance with the situation [28]. For the purpose of 
determining the impact response of the materials, it is necessary to include these values into the 
engineering data of the ANSYS programme in the same manner as indicated in Table 1.  
 

Table 1 
Mechanical properties  
Material Maximum tensile stress 

(MPA) 
Passion ratio  Density (g/cm3) 

3 wt.% Kenaf/PLA 22.9 0.31 1.932 
 
2.4 Convergence Method 

 
This study has shown that the convergence to the mesh, the type of elements, and the techniques 

of elements have all converged appropriately. A strain deformation caused by the impactor was 
incorporated into the explicitly dynamic approach that was used to accomplish the convergence [29]. 
In light of the fact that the plate exhibits a soft behavior, the convergence has only been carried out 
for the plate, while the impactor has been deemed to be a hard component. In the advanced 
configuration of the convergence analysis, extensive deflection has been enabled in accordance with 
the requirements. 

 
3. Results and discussion  
3.1 Energy Conservation 
 

For the purpose of determining the energy conservation of the plain weave e-glass composite 
structure, a numerical analysis was carried out in line with the EN ISO 178 standard. For the purpose 
of these evaluations, four distinct types of energy were taken into consideration. begins with the 
energy that is housed inside with reference to the passage of time.  At the beginning of the impact, 
these values reached 8e-5 J, which is the highest value that it holds. This values achieved their highest 
point. Subsequently, the strength of the sin wave will decrease. The behaviour of the Kinetic energy 
is completely different from that of the internal energy, which functions in a somewhat similar 
fashion. This begins at 9.8e-5 and continues beyond that point as sin waves continue to occur. While 
this is going on, the energy of the hourglass continues to remain constant with the average of 5e-5 j, 
as seen in Figure 2.   
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Fig. 2. Simulation results of energy conservation 

 
This is illustrated in Figure 3, which depicts the reference energy as well as the work that is 

simultaneously done by the impactor prior to it making contact with the plate. According to the data, 
the reference energy was at its highest level, which coincided with the point at which the amount of 
work completed reached its lowest level, which was very near to zero j. In contrast, the data revealed 
that the total energy reached 9.5e-5j. This was the conclusion that was obtained.  
 

 
Fig. 3. Numerical results of the reference energy 

 
3.2 Momentum Investigation 
 

Research of momentum in every direction has been carried out using different statistical 
methods. To ensure that the composite plate is struck in a Z-direction, the impactor has been 
constructed to revolve in that particular direction. If you look at Figure 4, you will see that there are 
no results when you look in other directions (X, Y). This is because there are no results when you look 
in those directions. It was a remarkable coincidence that the propensity coincided with the same 
conduct that was taking place at the moment.  The behavior of the momentum that was created by 
the impactor has been fashioned as waves that are chaotic and unorganized, with peaks at the top 
and bottom of the wave. This behavior has been fashioned according to the impactor's conduct. 
Considering that the lowest value is 2.5e-5 N.s., the maximum value of the 5e-5 N.s. over a period of 
6e-5 is the highest value.  
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Fig. 4.  Simulation results of momentum in all directions 

 
3.3 Equivalent Elastic Strain  
 

The effect that the impact loading had on the plain weave E-Glass composites is graphically 
represented here in Figure 5, which can be found below. A graphical representation of this effect can 
be seen in the figure. The process of simulation discovered that the section of the composite 
structure that was located in the middle had the highest amount of stress as a direct result of the 
simulation. This was found to be the case after the simulation was carried out. It has been determined 
that 0.0003 mm/mm is the new maximum strain that can be achieved. It was determined that there 
was a total force of 7868.7 N that was applied. In order to conduct research on them, the results of 
the normal stress were gathered for examination along the X-axis of the global coordinate system. 
 

 
Fig. 5. Numerical results of equivalent elastic strain 

 
The impact of the comparable elastic strain is seen in Figure 6, which depicts an isoline. Modeling 

and simulation have been used to reveal the amount of elastic strain in the main plate and impactor. 
It demonstrates that the maximum strain has been reached to an accuracy of 0.00023 millimetres. 
Explicit dynamic has been utilised throughout the entirety of this process. 
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Fig. 6. Simulation results based on a graphical representation of the 
equivalent elastic strain 

 
3.4 Investigation of Deformation  
 

The total deformation has been mathematically anticipated, as can be seen in Figure 7, which 
depicts the graphical effect that the applied static load has on the structural Plate profile of the 
composite beam. This effect can be seen graphically as a shape being formed on the beam. This can 
be seen by the fact that preparations have been made for the complete deformation of the object. 
The findings of the simulation procedure indicate that the middle of the composite structure contains 
the largest overall resultant deformation. This deformation, which measures 0.0014 millimeters and 
has taken place in the middle of the structure, has occurred as a result of the simulation procedure. 
The amount of stress has reached 0.0013 mm, which is the highest value that is even remotely 
possible. The amount of force that was used was equivalent to one thousand Newtons (N). The 
results of the normal stress were compiled and analyzed, and they were placed along the X-axis of 
the global coordinate system. When taking into account the composite structure as a whole, the 
smallest amount of deformation that is possible is 0.00014 millimeters. 
 

 
Fig. 7. Numerical results of total deformation 
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An illustration of the effect that the total deformation has can be seen in Figure 8, which presents 
a graphical representation. The amount of overall deformation that was caused by the impactor in 
the primary plate has been revealed through the use of modelling and simulation. To an accuracy of 
7e-6 millimetres, it confirms that the maximum strain has been attained. During the entirety of this 
process, explicit dynamic has been utilised in various capacities. 
 

 
Fig. 8. Graphical representation of total deformation of the pate only  

 
4. Conclusion  
 

A numerical analysis of the impact response of composite materials manufactured utilising plain 
weave E-Glass has been carried out as part of this investigation. The numerical analysis has been 
validated in an appropriate manner by using the experimental work as a basis for the validation. 
There has been a lot of research done on both the subject of the conservation of energy and the state 
of the present. After the impact test was finished, a timer was used to determine that the total time 
for the test was 6 e-5 seconds. The energy that is being emitted by the hourglass has undergone a 
significant transformation in recent moments. At 0 seconds, the value was 3.5 e-7 J, and it steadily 
decreased until it reached 1 e-5 sec before attaining a steady condition. Before the steady condition 
was attained, it did not reach a stable state. It has been determined that the new maximum strain 
that can be achieved utilising elastic strain is 0.0003 mm/mm. This new maximum strain can be 
achieved. This increased maximum strain is something that is attainable. It was found that the 
combined force exerted had a magnitude of 7868.7 N, and this was the total force that was applied. 
A whole deformation of the structure to the tune of 0.0014 mm has taken place in the middle of the 
structure as a direct consequence of the act of carrying out the simulation technique. This 
deformation took place in the centre of the structure. The amount of tension has reached 0.0013 
mm, which is the highest figure that is even remotely possibly attainable at this moment in time due 
to the fact that the level of tension has reached its maximum. 

 
References 
[1] Andrew, J. Jefferson, Sivakumar M. Srinivasan, A. Arockiarajan, and Hom Nath Dhakal. "Parameters influencing the 

impact response of fiber-reinforced polymer matrix composite materials: A critical review." Composite 
Structures 224 (2019): 111007. https://doi.org/10.1016/j.compstruct.2019.111007 

https://doi.org/10.1016/j.compstruct.2019.111007


Journal of Advanced Research in Applied Mechanics 
Volume 117, Issue 1 (2024) 118-127 

 

126 
 

[2] Liu, Haibao, Brian G. Falzon, and Wei Tan. "Experimental and numerical studies on the impact response of damage-
tolerant hybrid unidirectional/woven carbon-fibre reinforced composite laminates." Composites Part B: 
Engineering 136 (2018): 101-118. https://doi.org/10.1016/j.compositesb.2017.10.016 

[3] Jalil, Nawal Aswan Abdul, Hussein Kadhim Sharaf, and Sadeq Salman. "A simulation on the effect of ultrasonic 
vibration on ultrasonic assisted soldering of Cu/SAC305/Cu joint." Journal of Advanced Research in Applied 
Mechanics 36, no. 1 (2017): 1-9. 

[4] Salman, Sadeq, Hussein Kadhim Sharaf, Ahmed Faeq Hussein, Najlaa Jasim Khalaf, Mohammed Khudhair Abbas, 
Ashham Mohammed Aned, Alaa Abdulazeez Turki Al-Taie, and Mustafa Musa Jaber. "Optimization of raw material 
properties of natural starch by food glue based on dry heat method." Food Science and Technology 42 (2022): 
e78121. https://doi.org/10.1590/fst.78121 

[5] Sharaf, Hussein Kadhim, Shahad Alyousif, Najlaa Jasim Khalaf, Ahmed Faeq Hussein, and Mohammed Khudhair 
Abbas. "Development of bracket for cross arm structure in transmission tower: Experimental and numerical 
analysis." New Materials, Compounds and Applications 6, no. 3 (2022): 257-275. 

[6] Bachi Al-Fahad, Imad O., Hussein Kadhim Sharaf, Lina Nasseer Bachache, and Nasseer Kassim Bachache. 
"IDENTIFYING THE MECHANISM OF THE FATIGUE BEHAVIOR OF THE COMPOSITE SHAFT SUBJECTED TO VARIABLE 
LOAD." Eastern-European Journal of Enterprise Technologies 123, no. 7 (2023). https://doi.org/10.15587/1729-
4061.2023.283078 

[7] Bachi Al-Fahad, I. O., Hassan, A. D., Faisal, B. M., & Sharaf, H. K. (2023). IDENTIFICATION OF REGULARITIES IN THE 
BEHAVIOR OF A GLASS FIBER-REINFORCED POLYESTER COMPOSITE OF THE IMPACT TEST BASED ON ASTM D256 
STANDARD. Eastern-European Journal of Enterprise Technologies, 124(7). https://doi.org/10.15587/1729-
4061.2023.286541 

[8] Raheemah, Saddam Hussein, Kareem Idan Fadheel, Qais Hussein Hassan, Ashham Mohammed Aned, Alaa 
Abdulazeez Turki Al-Taie, and Hussein Kadhim. "Numerical analysis of the crack inspections using hybrid approach 
for the application the circular cantilever rods." Pertanika Journal of Science & Technology 29, no. 2 (2021): 1109-
1117. https://doi.org/10.47836/pjst.29.2.22 

[9] Abdullah, Yussra Malallah, Ghadeer Salim Aziz, and Hussein Kadhim Sharaf. "Simulate the Rheological Behaviour of 
the Solar Collector by Using Computational Fluid Dynamic Approach." CFD Letters 15, no. 9 (2023): 175-182. 
https://doi.org/10.37934/cfdl.15.9.175182 

[10] Subhi, Kussay Ahmed, Emad Kamil Hussein, Haider Rahman Dawood Al-Hamadani, and Hussein Kadhim Sharaf. 
"INVESTIGATION OF THE MECHANICAL PERFORMANCE OF THE COMPOSITE PROSTHETIC KEEL BASED ON THE 
STATIC LOAD: A COMPUTATIONAL ANALYSIS." Eastern-European Journal of Enterprise Technologies 117, no. 7 
(2022). https://doi.org/10.15587/1729-4061.2022.256943 

[11] Abtew, Mulat Alubel, François Boussu, Pascal Bruniaux, Carmen Loghin, and Irina Cristian. "Ballistic impact 
mechanisms–A review on textiles and fibre-reinforced composites impact responses." Composite structures 223 
(2019): 110966. https://doi.org/10.1016/j.compstruct.2019.110966 

[12] Tabacu, Stefan, and Cătălin Ducu. "Experimental testing and numerical analysis of FDM multi-cell inserts and hybrid 
structures." Thin-Walled Structures 129 (2018): 197-212. https://doi.org/10.1016/j.tws.2018.04.009 

[13] Zhao, Shaoyu, Zhan Zhao, Zhicheng Yang, LiaoLiang Ke, Sritawat Kitipornchai, and Jie Yang. "Functionally graded 
graphene reinforced composite structures: A review." Engineering Structures 210 (2020): 110339. 
https://doi.org/10.1016/j.engstruct.2020.110339 

[14] Wang, Zhonggang. "Recent advances in novel metallic honeycomb structure." Composites Part B: Engineering 166 
(2019): 731-741. https://doi.org/10.1016/j.compositesb.2019.02.011 

[15] Xu, Changwei, Wen Nie, Zhiqiang Liu, Huitian Peng, Shibo Yang, and Qiang Liu. "Multi-factor numerical simulation 
study on spray dust suppression device in coal mining process." Energy 182 (2019): 544-558. 
https://doi.org/10.1016/j.energy.2019.05.201 

[16] Liu, Qing-feng, Gan-lin Feng, Jin Xia, Jian Yang, and Long-yuan Li. "Ionic transport features in concrete composites 
containing various shaped aggregates: a numerical study." Composite Structures 183 (2018): 371-380. 
https://doi.org/10.1016/j.compstruct.2017.03.088 

[17] Awual, Md Rabiul, Md Munjur Hasan, Abdullah M. Asiri, and Mohammed M. Rahman. "Cleaning the arsenic (V) 
contaminated water for safe-guarding the public health using novel composite material." Composites Part B: 
Engineering 171 (2019): 294-301. https://doi.org/10.1016/j.compositesb.2019.05.078 

[18] Xu, Fengxiang, Xiong Zhang, and Hui Zhang. "A review on functionally graded structures and materials for energy 
absorption." Engineering Structures 171 (2018): 309-325. https://doi.org/10.1016/j.engstruct.2018.05.094 

[19] Sun, HongGuang, Yong Zhang, Dumitru Baleanu, Wen Chen, and YangQuan Chen. "A new collection of real world 
applications of fractional calculus in science and engineering." Communications in Nonlinear Science and Numerical 
Simulation 64 (2018): 213-231. https://doi.org/10.1016/j.cnsns.2018.04.019 

https://doi.org/10.1016/j.compositesb.2017.10.016
https://doi.org/10.1590/fst.78121
https://doi.org/10.15587/1729-4061.2023.283078
https://doi.org/10.15587/1729-4061.2023.283078
https://doi.org/10.15587/1729-4061.2023.286541
https://doi.org/10.15587/1729-4061.2023.286541
https://doi.org/10.47836/pjst.29.2.22
https://doi.org/10.37934/cfdl.15.9.175182
https://doi.org/10.15587/1729-4061.2022.256943
https://doi.org/10.1016/j.compstruct.2019.110966
https://doi.org/10.1016/j.tws.2018.04.009
https://doi.org/10.1016/j.engstruct.2020.110339
https://doi.org/10.1016/j.compositesb.2019.02.011
https://doi.org/10.1016/j.energy.2019.05.201
https://doi.org/10.1016/j.compstruct.2017.03.088
https://doi.org/10.1016/j.compositesb.2019.05.078
https://doi.org/10.1016/j.engstruct.2018.05.094
https://doi.org/10.1016/j.cnsns.2018.04.019


Journal of Advanced Research in Applied Mechanics 
Volume 117, Issue 1 (2024) 118-127 

 

127 
 

[20] Lecampion, Brice, Andrew Bunger, and Xi Zhang. "Numerical methods for hydraulic fracture propagation: A review 
of recent trends." Journal of natural gas science and engineering 49 (2018): 66-83. 
https://doi.org/10.1016/j.jngse.2017.10.012 

[21] Yang, Charles, Youngsoo Kim, Seunghwa Ryu, and Grace X. Gu. "Prediction of composite microstructure stress-
strain curves using convolutional neural networks." Materials & Design 189 (2020): 108509. 
https://doi.org/10.1016/j.matdes.2020.108509 

[22] Owaid, Bashar, Basim Ajel Sadkhan, and Nabaa Alaa Aldeen. "HAND BONE ORTHOSIS MANUFACTURING USING 3D 
PRINTING TECHNOLOGY."  Journal of Engineering and Sustainable Development (JEASD) 24 (2020). 
https://doi.org/10.31272/jeasd.conf.1.50 

[23] Hussein, Aiya Naseer, and Basim Ajel Sadkhan. "A Comparison between Tip Speed Ratios (2, 4, 5) to Obtain the 
Fatigue Life of Horizontal Axis Wind Turbine Blades." Journal of Global Scientific Research (ISSN: 2523-9376) 6, no. 
6 (2021): 1482-1499. 

[24] Sadkhan, Basim Ajel. "Effect of the vibration on the fatigue life of wind mill turbine blade manufactured from Fiber 
glass." Solid State Technology 64, no. 1 (2021): 874-887. 

[25] Mehdikhani, Mahoor, Larissa Gorbatikh, Ignaas Verpoest, and Stepan V. Lomov. "Voids in fiber-reinforced polymer 
composites: A review on their formation, characteristics, and effects on mechanical performance." Journal of 
Composite Materials 53, no. 12 (2019): 1579-1669. https://doi.org/10.1177/0021998318772152 

[26] Mehdikhani, Mahoor, Larissa Gorbatikh, Ignaas Verpoest, and Stepan V. Lomov. "Voids in fiber-reinforced polymer 
composites: A review on their formation, characteristics, and effects on mechanical performance." Journal of 
Composite Materials 53, no. 12 (2019): 1579-1669. https://doi.org/10.1177/0021998318772152 

[27] Santos, Thiago F., Caroliny M. Santos, Mariana Dias, Lucas Zilio, Katia M. Melo, Maria Eduarda Cavalcante, Luiz 
Filipe Castro, Emad Kamil Hussein, and Marcos Aquino. "Mechanical behavior of natural/synthetic weft-knitted 
structures commonly used as reinforcement of hybrid composites via full factorial design: yarn compositions and 
float stitches." In Green Hybrid Composite in Engineering and Non-Engineering Applications, pp. 261-283. 
Singapore: Springer Nature Singapore, 2023. https://doi.org/10.1007/978-981-99-1583-5_15 

[28] Santos, Thiago F., Caroliny M. Santos, Mariana Dias, Lucas Zilio, Katia M. Melo, Maria Eduarda Cavalcante, Luiz 
Filipe Castro, Emad Kamil Hussein, and Marcos Aquino. "Mechanical behavior of natural/synthetic weft-knitted 
structures commonly used as reinforcement of hybrid composites via full factorial design: yarn compositions and 
float stitches." In Green Hybrid Composite in Engineering and Non-Engineering Applications, pp. 261-283. 
Singapore: Springer Nature Singapore, 2023. https://doi.org/10.1007/978-981-99-1583-5_15 

[29] Rafidah, M., M. R. M. Asyraf, N. M. Nurazzi, Shukur Abu Hassan, R. A. Ilyas, T. Khan, Wan Alif Abdul Saad, A. Rashedi, 
S. Sharma, and Emad Kamil Hussein. "Unlocking the potential of lignocellulosic biomass in road construction: A brief 
review of OPF." Materials Today: Proceedings (2023). https://doi.org/10.1016/j.matpr.2023.01.103 

https://doi.org/10.1016/j.jngse.2017.10.012
https://doi.org/10.1016/j.matdes.2020.108509
https://doi.org/10.31272/jeasd.conf.1.50
https://doi.org/10.1177/0021998318772152
https://doi.org/10.1177/0021998318772152
https://doi.org/10.1007/978-981-99-1583-5_15
https://doi.org/10.1007/978-981-99-1583-5_15
https://doi.org/10.1016/j.matpr.2023.01.103

