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Abstract: The subject of this article around two studies, including experimental and numerical, aiming to know 

the efficiency of the repair of a composite plate notched (V-shape) and cracked by composite patches of different 

(types and shapes) . The experimental study to find out which composite materials and shapes are resistant to 

fracture and notch, We used the finite element method (ABAQUS) for the numerical study to follow the 

variation of the damaged area ratio DR, the stress intensity factor SIF and the stress distribution as a function of 

the crack size for located the most effective shape and type patch in repairing cracks and notch. From the results 

found we can deduce that the best type of patch used is Boron / epoxy and the full shape is the most efficient and 

resists structural failure, this is confirmed by the experimental test. 

KEYWORDS: Finite element method (FEM), repair composite, Stress intensity factor (SIF), the damaged area 

ratio (DR), Von Mises Stress, laminate. 

 

1 Introduction 

The Industrial Revolution involved abandoning the use of traditional materials for their 

inefficiency, where they developed their composition to what they are today under the 

heading of composite materials with important multifunctional advantages: lightness, 

mechanical and chemical resistance, reduced maintenance. They make it possible to increase 

the life of certain equipment through to their mechanical and chemical properties. They can be 

subjected to shocks and impacts at low speeds, the damage caused can then propagate until it 

failure. But in many applications, the high cost of complex laminate structures does not allow 

systematic exchange of damaged elements. We can then consider repair as a good economic 

and mechanical alternative. From this point of view, Mr. Berrahou [1-5] worked on studying 

the performance of the reform and deducing which engineering forms are the most efficient 

and quality in the repair. 

Several papers [6-12] show that the determination of the stress intensity factor at the crack 

tip is one of the possible ways to analyze the performance of bonded composite repairs. We 

know that the finite element method gives with great precision the stress intensity factors at 

the crack tip. 

Recently, several works on damage area theory have been published. Bouanani [13] 

estimated adhesive damage and failure in bonded composite repair using the modified damage 

zone theory. And there is some evidence that the adhesive damage is mostly located on the 

free edges of the patch and above the crack region. Ramji [14] tested several patch shapes and 
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concluded that the extended octagonal patch shape works best at reducing the stress intensity 

factor. 

In the literature, the stress distribution around a circular and elliptical hole in composite 

plates has been studied by several researchers [15-18], who show that there is no exact 

analytical solution for this case, and all solutions are approximate or empirical solutions. The 

performance of a repair of notched and damaged laminate structures depends not only on the 

geometry, property or shape of the chosen patch but also on the stacking sequence. The 

orientation of the composite fibers has influences on the efficiency of the repair or it increases 

the patch stiffness and strengthens the structure, so can be considered as an optimization 

parameter. Cheng [19] and Wang [20] have researched this subject. Ait Said Ahcene et al 

studied of the mechanical fatigue behaviour under 3-point bending stress, of 

aramid/aluminium composite panel with honeycomb core [21]. 

Several studies have also discussed the effect of fiber orientations on the performance of 

the composite material in terms of repair efficiency [22-31], These and many other studies 

have also shown that fibers oriented in the same direction of tensile stress (longitudinal 

direction) are more efficient and more resistant to fibers oriented vertically (transverse 

direction) with tensile strength, the risk of damage is greater compared to the first direction. 

There are also some works focused on the natural materials used in composite materials [32-

33] 

Our work is based on two phases in which studied composite structure of boron / epoxy 

type laminated notched V shape and damaged by emanating crack and repaired by single 

composite (patch) of different types (Boron / epoxy and Graphite / epoxy), and different 

shapes (full, normal, V-shape). The first part includes a numerical study in order to analyze 

the efficiency of a repair of notched and cracked Boron / epoxy plates by patch of different 

geometric shapes and different types of composites, to conclude that the full shape is the most 

resistant to failure than the others, the Boron / epoxy is the best type used for a successful 

repair. The second part is an experimental study with a plate chosen from the similar step to 

confirm the results obtained from the simulation study. 

2 Geometrical and materials models 

We consider a cracked rectangular plate of composite materials (Boron / epoxy) with the 

following dimensions: (height HPL = 204mm, width WPL = 152mm and thickness ePL = 

3.2mm) containing a V-shaped notch having the following dimensions: (r = 15.2mm, b = 

23.8mm). 

The plate was repaired with different shapes of simple patches made of composite 

materials (Boron / epoxy and Graphite / epoxy) of the constant thickness ePAT = 1.6mm. In 

order to analyze the effect of the patch shape, three patch geometries were chosen in this 

study: full shape, normal shape and V- shape of the following dimensions: (h = 75mm, W = 

152mm) for full shape and (B = 95.2mm, R = 60.8mm) for normal and V shape (Fig.1). 

The patch is glued with 0.127 mm thick adhesive. The plies in our geometric model have 

unidirectional stacking where the fibers are oriented to follow (0 °) longitudinal direction a 

1/3 mm thick plate and patch. The structure made up of the plate is stressed by uniaxial 

tension σ = 120 MPa. 

https://sciendo.com/article/10.2478/scjme-2020-0015
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Fig. 1 the geometric model and patch dimensions: (a) full, (b) normal, (c) in V- shape. 

The mechanical properties of the different types of materials are given in Table 1 below: 

 Table 1 Mechanical properties of the different materials. 

3 Finite element model 

The analysis involves a three-dimensional finite element method using the finite element 

code ABAQUS [34]. The finite element model is composed of three subsections for a cracked 

composite plate with a V-shaped notch, the adhesive, and the composite patch. The plate has 

two layers of elements in the thickness direction, the patch and adhesive had a single layer of 

elements through the thickness. The mesh model contains 12148 quadratic hexahedral 

elements of type C3D20R, Total number of nodes 68829. This cracked specimen mesh 

repaired with different shapes of the patches used for digital three-dimensional analysis is 

shown in Figure 2. 

Propriétés Boron/ép

oxy 

Graphite/ép

oxy 

Adhésif(FM

73) 

Longitudinal Young's modulus 

E1 (GPa) 

200 134 2.550 

Transverse Young's modulus 

E2 (GPa) 

19.6 10.3  

Transverse Young's modulus 

E3 (GPa) 

19.6 10.3  

Longitudinal Poisson's ratio 

υ12 

0.3 0.33 0.32 

Transverse Poisson's ratio υ13 0.28 0.33  

Transverse Poisson's ratio υ13 0.28 0.53  

Longitudinal shear modulus 

G12 (GPa) 

7.2 5.5  

Transverse shear modulus   

G13 (GPa) 

5.5 5.5  

Transverse shear modulus G23 

(GPa) 

5.5 3.2  
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Fig.2 Used mesh of the cracked and repaired plate with V-notch and near crack. 

4 Results and discussion 

We have established two parts in this work: experimental and numerical. The experimental 

step constitutes a study on the effects of the different shapes of the boron/ epoxy composite 

patch in the repair of a V-notched and cracked plate of Boron/epoxy, with fiber orientation 

angles θ=0° (longitudinal direction). The second step around a numerical analysis on the 

effect of the crack propagation on the variation of stress intensity factor SIF for a composite 

plate (Boron / epoxy), notched in V-shape, cracked and repaired by different patch shapes 

(full, normal, V-shaped) repaired by two patch types (Boron / epoxy, Graphite / epoxy), 

Variation of the adhesive damaged area for different types and shapes of patch and the stress 

distribution for a crack length equal to 15mm for plate repaired with different patch shapes 

and unrepaired. 

I- Simulation part 

In this section we used a simple four ply repair patch, each ply is oriented successively 

[0,+45,-45,90], as indicated in figure 3 below. This stacking sequence gives better repair 

performance according to the Hautier study [35], which is why we have chosen this series. 

 
Fig. 3 Fibers orientation in the composite face (patch), and virtual lines 

Effect of crack length on stress intensity KIC factor variation 

Concerning figures 4 and 5, its represents the variation of stress intensity factor SIF of a 

composite plate with V-shaped notch as a function of the crack size for a patch of deferent 

composite materials (Boron / epoxy and Graphite / epoxy) having different geometric shapes 
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(full, normal and V-shaped). From the results obtained it was observed that there is a direct 

relationship between the stress intensity factor and the crack length, so that the more the crack 

size is increased the values of the SIF are also increased regardless of the type of patch and 

their shape difference. Comparing the efficiency of the composite materials used, we see that 

Boron / epoxy is the optimum than Graphite / epoxy because its KIC values are the lowest 

compared to the SIF values of the other composite material (Graphite / epoxy), it also turns 

out that the full shape is the best performing because it gives lower SIF values than the other 

two shapes (normal and V-shaped). 

 
Fig. 4 stress intensity factor vs crack length for the different patch shapes (type of patch 

boron / epoxy). 

 
Fig. 5 stress intensity factor vs crack length for the different patch shapes (type of patch 

Graphite / epoxy). 

Stress distribution according to patch types 

Figure 6,7 represents the Von Mises stresses distribution for different patch shapes (full, 

normal, V-shaped) of a composite plate (Boron / epoxy ) notched and damaged by a crack of 

length a = 15mm repaired by two composite materials (Boron / epoxy see figure 6 and 
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Graphite / epoxy see figure 7). In general, after the analysis of the stress distribution curves, 

we notice whatever the shape of the patch or its type, the maximum stress values are 

concentrated at the crack tip, this is shown on the intervals [10mm <X <20mm] following the 

axis- xx (path 1) and [30mm <Y <45mm] following the axis-yy (path 2) see figure 3 which 

shows the virtual lines. We also note that the further we move away from the crack tip; the 

stress distribution becomes less concentrated or else becomes zero, regardless of the shape 

and type of patch used. We also notice that the composite material (Boron / epoxy) for the 

repair (patch) is given good behavior compared to the type (Graphite / epoxy) because it 

having low concentrations of Von Mises placed either longitudinally(σXX) or vertically (τ). 

The full patch shape is more efficient because it has the lowest values of σ and τ than the 

other patch shapes.    

 
 

(a) (b) 

Fig. 6 Variation of Von Mises stress according to (a) 𝜎xx and (b) τ of boron/epoxy patch. 

 

  

(a) (b) 

 

Fig. 7 Variation of Von Mises stress according to (a) 𝜎xx and (b) τ of graphite/epoxy patch. 

Variation of the adhesive damaged zone for different types patch 

The failure criterion is determined for each stress exerted when it reaches the maximum 

stress allowed in the material, the damage zone will be determined, as being the zone where 

the stress of the FM-73 adhesive exceeds 7.87 % of the damage area. Shang Bang after 
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carrying out studies on FM-73 that the latter no longer performs adequate function of binder 

when the value of the DR ratio exceeds 0.24 which considers it to be critical [36]. The value of 

the damaged area ratio is calculated according to the following relationship: 

 

1- for total shape of patch 

Figure 8 represents the results obtained which make it possible to follow the evolution of 

the adhesive damaged zone for a cracked plate  of Boron / epoxy with crack length (5, 15, 40) 

mm repaired by different types of patch (Boron / epoxy , Graphite / epoxy) for total patch 

shape. You can see by following the damaged area that it increases with the crack size. For 

the boron / epoxy patch type we note that from a = 5 mm to a = 15 mm the damaged area 

appears very little which can say it is negligible, but for a= 40 mm it generates damage around 

the crack, but for the photos related to the type Graphite / epoxy, we notice that from = 5 mm 

to = 40 mm appears to increase the damaged area, especially around the crack and on the 

edges. 

a=5mm a=15mm a=40mm 

Boron/epoxy 

   

Graphite/epoxy 

   
Fig. 8 Damaged area for total shape of patch (a) =5mm, (b) =15mm and (c) =40 mm. 

2- for normal shape of patch 

Fig 9 shows the variation of the adhesive damaged area for a V-shaped notched plate and 

cracked of length a = (5, 15, 40) mm of Boron / epoxy and patched with normal shape of 

(Boron / epoxy and Graphite / epoxy). Note that the appearance of damaged area is increased 

depending on the crack size, either for the Boron / epoxy or Graphite / epoxy patch type, this 

increase appears especially near the crack. 

 

 

 

 

DR = sum of damaged areas / total adhesive area  
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a=5mm a=15mm a=40mm 

Boron/epoxy 

   
Graphite/epoxy 

   
Fig. 9 Damaged area for normal shape of patch (a) =5mm, (b) =15mm and (c) =40 mm. 

2- for V- Shape of patch 

According to the following figure is shown the evolution of the damaged area of FM73 

adhesive for a notched V-shaped plate, cracked of length a = (5, 15, 40) mm of Boron / epoxy 

and repaired by two types of V shape patch (Boron / epoxy, Graphite / epoxy). It is noticed 

that the damaged zone increases with the increase in the crack size until it reaches its 

maximum for a = 40mm at the levels of the crack and the edges of the patch, it is observed 

that the damage is very apparent for the type Graphite / epoxy patch. 

 

a=5mm a=15mm a=40mm 

Boron/epoxy 

   
Graphite/epoxy 

   
Fig. 10 Damaged area for V-shape of patch (a) =5mm, (b) =15mm and (c) =40 mm. 
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Effect of crack length on the damaged area ratio 

Figure 7 shows the damaged area ratio as a function of the crack length for the different 

shapes patch (total, normal and V-shaped) for the following composite materials: Boron / 

epoxy and Graphite / epoxy, for the same adhesive FM73. The results show that the DR values 

are all lower than that of the critical DR value. The crack propagation leads to the increase in 

DR ratio, so through comparing the materials used we saw that Boron / epoxy has lower DR 

values than the other material (Graphite / epoxy), according to this comparison concluded that 

Boron / epoxy is the best composite material. We have seen the V-shaped patch the DR value 

is greater compared to that of a total patch so it turns out that the total patch is the best 

because the DR ratio values obtained by using this form are weaker than other shapes. 

 
Fig. 10 Damaged area ratio vs crack length for different shapes of patch (boron/epoxy 

patch). 

 

 

Fig. 11 Damaged area ratio vs crack length for different shapes of patch (graphite/epoxy 

patch). 



10  Volume 72, No. 1, (2022) 

 

II- Expérimental Part 

Comparison of ultimate strength of different shapes of patch 

This step includes an experimental test supporting the results obtained in the numerical 

step and specifying which shapes of the patches have a high performance and most resistant to 

damage for the same model that we used in the simulation part. We have carried three models 

of a Boron / epoxy plate is damaged by crack of length a = 15mm repaired by different shapes 

of the patch (total, normal, V shape) of boron/epoxy type, the fibers are oriented on the 

direction following (θ =0°) in the longitudinal direction that is to say parallel to the tensile 

force, we choose angle 0 ° because it is the most effective for the applied tensile strength, 

through this test we obtain results of the different forms of the patch which are indicated in 

Table 2 which expresses the experimental results of the different forms of the patch and 

Figure 12 is shown and compared the results obtained by a diagram represents the percentage 

increase of different forms of patch by compared to the ultimate strength, so we meant for 

comparison that the total shape having the great value of tensile strength stress and this is 

what makes it the most suitable and optimal shape for our repair. 

        Table 2 Experimental results of the different shapes of the patch 

 Fiber orientaion 

(°) 

Ultimate strength 

(MPa) 

Full shape Patch 0 360 

Normal shape patch 0 305 

V-shape patch 

Without patch 

0 

0 

250 

175 

 

 
Fig. 12 Comparison of ultimate strength of different shapes of patch. 

Repair with single and double boron / epoxy 

The boron / epoxy laminate composite specimen [45 / -45 / 0/90] has a V-shaped notch see 

figure1, repaired by simple is a symmetrical double patch in boron / epoxy of 4 plies [0] 4. 

The plies of the repair composite are oriented along the length of the specimen and in a 

direction parallel to the loading, the patch being glued to the plate by the adhesive FM73. 
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The results in Figure 13 clearly show that the double patch has a beneficial effect 

compared to the single patch. Indeed, the increase in rigidity and tensile strength by the use of 

the double patch can be estimated at 5% compared to the single patch. The comparison with 

the unrepaired structure shows the two repair techniques estimated to increase stiffness to 

23% and tensile strength to 51%. 

 
Fig. 13 Repair with single and double boron / epoxy patches. 

CONCLUSION 

In the current work, we investigated which shapes are most effective in repairing nicked 

and cracked composite structures, and this study included the experimental and the modeling 

sides, and it was concluded that: 

 - the total shape of a  fiber orientation of 0° is the best for repairing cracks, as it gives the 

highest values of ultimate length compared to other types of patches 

-the stress intensity factor (KIC), and the damaged area ratio (DR) increases as the crack 

length increases relatively. 

- the boron / epoxy type patch gives good crack repair results either in relation to the 

reduction in stress intensity factor or else reduction in the adhesive damaged area ratio. 

And as a general conclusion of the experimental and modeling study, was reached that the 

total patch shape is the optimal shape because it gives us all the lowest values for the stress 

intensity factor KIC and stress distribution and also gives us in the experimental study the 

greatest value to support the tensile strength. Hence we consider that the total shape and type 

Boron / Epoxy is the best choice in the field of repair. 

REFERENCES 

[1]  Berrahou, M., Bachir Bouiadjra, B. “Analysis of the adhesive damage for different 

patch shapes in bonded composite repair of corroded aluminum plate”, Structural 

Engineering and Mechanics 59 (1), pp. 123 – 132, 2016. DOI: 

10.12989/sem.2016.59.1.123 

[2]  Berrahou, M., Salem, M., Mechab, B., Bouiadjrab, B. B. “Effect of the corrosion of 

plate with double cracks in bonded composite repair”, Structural Engineering and 

Mechanics 64 (3), pp. 323 – 328, 2017. DOI: 10.12989/sem.2017.64.3.323 

http://dx.doi.org/10.12989/sem.2016.59.1.123
https://doi.org/10.12989/sem.2017.64.3.323


12  Volume 72, No. 1, (2022) 

 

[3]  Berrahou, M., Salem, M., Mechab, B. “Analyse de la défaillance d’une plaque réparée 

par patch en composite et renforcée par raidisseurs“, 1ère Conférences Sur Les Energies 

Renouvelables & Les Matériaux Avancés ERMA’19 Relizane, Algérie, pp. 276 – 280, 

2019. 

[4]  Berrahou, M., Salem, M., Mechab Belaïd. “Effet de la corrosion sur la zone 

endommagée de l’adhésif d’une plaque réparée par patch en composite“, 4ème 

Séminaire International sur les Technologies Mécaniques Avancées STEMA, 2017. 

[5]  Salem, M., Berrahou, M., Mechab, B., Bouiadjra, B. B. “Effect of the angles of the 

cracks of corroded plate in bonded composite repair“, Frattura ed Integrità Strutturale 

46, pp. 113 – 123, 2018. DOI: 10.3221/IGF-ESIS.46.12. 

[6]  Bouiadjra, B. B., Belhouari, M., Serier, B. “Computation of the stress intensity factors 

for repaired cracks with bonded composite patch in mode I and mixed mode“, Compos. 

Struct 56, pp. 401 – 406, 2002. 

[7]  Bouiadjra, B. B., Bouanani, M. Fari., Albedah, A., Benyahia, F., Es-Saheb, M. 

“Comparison between rectangular and trapezoidal bonded composite repairs in aircraft 

structures“, Mater. Des 32, pp. 3161 – 3166, 2011. 

[8]   Jones, R., Chiu, W. K. “Composite repairs to crack in metallic components“, Composite 

Structures 44, pp. 17 – 29, 1999. 

[9]  Baker, A. A. “Bonded composite repair for fatigue-cracked primary aircraft structure“, 

Composite Structures 74, pp. 431 – 443, 1999. 

[10]  Cetisli, F., Kaman, M. O. “Numerical analysis of interface crack problem in composite 

plates jointed with composite patch“, Steel Compos. Struct 16 (2). pp. 203 – 220, 2014. 

[11]  Mhamdia, R., Serier, B., Bachir Bouiadjra, B. B.,  Belhouari, M. “Numerical analysis of 

the patch shape effects on the performances of bonded composite repair in aircraft 

structures“, Compos Part B 43, pp. 391 – 397, 2012. 

[12]  Mhamdia, R., Bachir Bouiadjra, B., Serier, B., Ouddad, W., Feaugas, X., Touzain, S. 

“Stress intensity factor for repaired crack with bonded composite patch under thermo-

mechanical loading“, Journal of Reinforced Plastics and Composites 0(00), pp. 1 – 9, 

2011. 

[13]  Bouanani, M. F., Benyahia, F., Albedah, A., Aid, A., Bouiadjra, B. B., Belhouari, M., 

Achour, T. “Analysis of the adhesive failure in bonded composite repair of aircraft 

structures using modified damage zone theory“, Mater. Des 50. pp. 433 – 439, 2013. 

[14]  Ramji, M., Srilakshmi, R., Bhanu Prakash, M. “Towards optimization of patch shape on 

the performance of bonded composite repair using FEM“, Compos. B Eng 45. pp. 710 – 

720, 2013. 

[15]  Gay, D. “Matériaux composites“. Hermès, 5ème édition, 1997. 

[16]  Berthelot, J. M. “Mécanique des matériaux et structures composites“. Lavoisier, 4ème 

édition édition, 2010. 

[17]  Carreira, R. P. “Les matériaux composites dans l’industrie des sports et loisirs“, In 2nd 

congrès du Réseau Français d’Ingénierie du Sport, 2005. 

[18] C.A.R.M.A “Glossaire des Matériaux Composites Renforcés des Fibres d'origine 

Renouvelable“, 2006. 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3221%2FIGF-ESIS.46.12


Volume 72, No. 1, (2022)  13 

 

[19]  Cheng, P. C. “Etude et optimisation de la réparation des composites stratifies par 

collage des patchs externes“. Thèse de doctorat, Université de Bourgogne, 2010. 

[20] Wang, J., Rider, A. N., Heller, M., Kaye, R. “Theoretical and experimental research into 

optimal edge taper of bonded repair patches subject to fatigue loadings“. International 

Journal of Adhesion and Adhesives 25, pp. 410 – 426, 2006. 

[21] Ait Said, A., Bey, K., Mzad, H. “Mechanical fatigue test of aluminium composite panel 

(acp) with aramid nida-core under cyclic bending“, Strojnícky časopis – Journal of 

Mechanical Engineering 70 (2), pp. 1 – 10, 2020. DOI: 10.2478/scjme-2020-0015 

[22]  Chavali, P. J., Ganga, B. T. “Effect of fiber orientation on mechanical and tribological 

properties of banana-reinforced composites“, Journal of failure analysis and prevention 

21, pp.  1 – 8, 2021.  

[23] Wang, H. W., Zhou, H. W., Gui, L. L., Ji, H. W., Zhang, X. C. “Analysis of effect of 

fiber orientation on Young’s modulus for unidirectional fiber reinforced composites“. 

Compos. B Eng 56, pp. 733 – 739, 2014.  

[24] Sathish, P., Kesavan, R., Ramnath, B. V., Vishal, C. “Effect of fiber orientation and 

stacking sequence on mechanical and thermal characteristics of banana-kenaf hybrid 

epoxy composite“, Silicon 9 (4), pp. 577 – 585, 2017.  

[25] Lasikun, D., Ariawan, E., Surojo, J., Triyono “Effect of fiber orientation on tensile and 

impact properties of Zalacca Midrib fiber-HDPE composites by compression molding“, 

in AIP Conference Proceedings, AIP Publishing 1931 (1), pp. 030060, 2018.  

[26]  Chavali, P. J., Taru, G. B. “Effect of Fiber Orientation on Mechanical and Tribological 

Properties of Banana-Reinforced Composites“, J Fail. Anal. and Preven 21. pp. 1 – 8, 

2021. DOI: 10.1007/s11668-020-01048-9 

[27] Wang, X., Khameneian, A., Dice, P., Chen, B., Shahbakhti, M., Naber, J. D., Archer, 

C., Qu, Q., Glugla, C., Huberts G. “Control-oriented model-based burn duration and 

ignition timing prediction with recursive-least-square adaptation for closed-loop 

combustion phasing control of a spark ignition engine“, in Dynamic Systems and 

Control Conference 59155, pp. V002T12A004. American Society of Mechanical 

Engineers, 2019. 

[28]  Doo, Y.Y., Nemkumar, B. “Numerical simulation on structural behavior of UHPFRC 

beams with steel and GFRP bars“, Computers and Concrete 16 (5), pp. 759 – 774, 2015. 

DOI: 10.12989/cac.2015.16.5.759 

[29] Hemanth Kumar, C., Swamy, R. P. “Experimental Investigation on the Fatigue 

Behavior of Glass Fiber-Reinforced Epoxy Composites Under Rotating Bending 

Loads“, J Fail. Anal. and Preven 21,  pp. 582 – 587, 2021. DOI: 10.1007/s11668-020-

01105-3 

[30] Achache, H., Boutabout, B., Benzerdjeb, A., Ouinas, D. “Evaluation of energy release 

rate of composites laminated with finite element method“, Structural Engineering and 

Mechanics 55 (1), pp. 191 – 204, 2015. DOI: 10.12989/sem.2015.55.1.191 

[31] Arnab, Choudhury., Samar, Chandra Mondal., Susenjit Sarkar. "Effect of lamination 

angle and thickness on analysis of composite plate under thermo mechanical loading", 

Strojnícky časopis - Journal of Mechanical Engineering 67 (1), pp. 5 – 22, 2017. DOI: 

10.1515/scjme-2017-0001 

https://sciendo.com/article/10.2478/scjme-2020-0015
https://sciendo.com/article/10.2478/scjme-2020-0015
https://sciendo.com/article/10.2478/scjme-2020-0015
https://doi.org/10.2478/scjme-2020-0015
https://link.springer.com/article/10.1007/s11668-020-01048-9#auth-Paul_Joel-Chavali
https://link.springer.com/article/10.1007/s11668-020-01048-9#auth-Ganga_Bhavani-Taru
https://link.springer.com/journal/11668
https://doi.org/10.12989/cac.2015.16.5.759
https://doi.org/10.1007/s11668-020-01105-3
https://doi.org/10.1007/s11668-020-01105-3
https://doi.org/10.12989/sem.2015.55.1.191
https://sciendo.com/article/10.1515/scjme-2017-0001
https://sciendo.com/article/10.1515/scjme-2017-0001
https://sciendo.com/article/10.1515/scjme-2017-0001
https://doi.org/10.1515/scjme-2017-0001


14  Volume 72, No. 1, (2022) 

 

[32] Lalit, R., Mayank, P., Ankur, K. “Natural fibers and biopolymers characterization: a 

future potential composite material“, Strojnícky časopis – Journal of Mechanical 

Engineering 68 (1), pp. 33 – 50, 2018. DOI: 10.2478/scjme-2018-0004 

[33] Vennapusa, V. B., Kolla, S., Devireddy, S. B. R. “Investigation on physical and 

mechanical properties of banana and palmyra fiber reinforced epoxy composites”, 

Strojnícky časopis – Journal of Mechanical Engineering 70 (2), pp. 167 – 180, 2020. 

DOI: 10.2478/scjme-2020-0029 

[34]  “ABAQUS/CAE Ver 6.9 User’s Manual”, Hibbitt, Karlsson & Sorensen, Inc; 2007. 

[35]  Hautier, M. “Analyse des réparations des matériaux composites : mise en œuvre d'un 

procédé par infiltration et étude du comportement mécanique“. Thèse de Doctorat de 

l'Université Toulouse III, 2010. 

[36]  Ban, C.S., Lee, Y.H., Choi, J.H. and Kweon, J.H. “Strength prediction of adhesive 

joints using the modified damage zone theory“, Compos. Struct 86 (1), pp. 96 – 100, 

2008. DOI: 10.1016/j.compstruct..03.016 

 

https://sciendo.com/article/10.2478/scjme-2018-0004
https://sciendo.com/article/10.2478/scjme-2018-0004
https://sciendo.com/article/10.2478/scjme-2018-0004
https://doi.org/10.2478/scjme-2018-0004
https://sciendo.com/article/10.2478/scjme-2020-0029
https://sciendo.com/article/10.2478/scjme-2020-0029
https://sciendo.com/article/10.2478/scjme-2020-0029
https://doi.org/10.2478/scjme-2020-0029
https://doi.org/10.1016/j.compstruct..03.016

