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1. Introduction

Composite sandwich structures have garnered substantial 

attention within numerous engineering applications, due to 

their capacity to serve as advantageous substitutes for 

traditional construction materials. This is attributed to their 

distinctive mechanical characteristics, including exceptional 

specific flexural stiffness, remarkably low structural weight, 

and outstanding resistance to flammability and corrosion. 

The sandwich structure’s design incorporates stiffer mate-

rials for the cover plate and softer materials for the core plate, 

resulting in superior properties compared to conventional 

structures. In this configuration, the face sheets play a pivotal 

role in bearing in-plane flexural and compression loads, 

while the thicker core layer effectively distributes shear 

loads.1-4)

Numerous studies have shown that the construction needs 

for more durable and economical infrastructures could be 

achieved by using composite sandwich structures. In current 

studies, orthotropic composite materials like carbon fiber 

and glass fiber-reinforced plastic are used in the upper and 

lower plates of a sandwich structure. Viscoelastic materials 

like rubber, aluminum, polymeric foam, honeycomb, lattice 

truss, and corrugated patterns are the most commonly used 

cores.5-7) Due to the susceptibility to humidity, foam cores 

are not advised for use in aviation applications. The porous 

honeycomb is the core that received most of the attention 

from analytical, numerical, and experimental research areas. 

Other possible advantages of this construction include ther-

mal insulation, shock absorption, radar absorption, corrosion 

resistance, and exceptional resistance. The complicated be-

havior of honeycomb panels, including stress concentration 
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and buckling, is studied using a finite element technique 

(FEM) with reasonably high accuracy. Building an accurate 

material model using this process takes more time since it 

considers the structure’s complicated nature and its many 

different factors, especially during the early design and 

optimization stages.8-10)

The total effectiveness of sandwich constructions is not 

just affected by the properties of the facing but further 

influenced by the qualities of the core, the adhesive bonding 

of the core to the skins, and the geometrical dimensions. 

Sandwich beams exhibit a variety of failure modes when 

subjected to general bending, shear, and in-plane loads. The 

constituent material overall gets affected by the qualities, 

shape, and loading kind of how they start, spread, and 

interact. By doing a complete stress analysis and using the 

right failure criteria in the important areas of the beam, 

failure modes and their onset may be predicted.11,12) The 

component materials’ nonlinear and inelastic nature as well 

as the intricate relationships between the failure modes have 

made this study challenging.

An analytical model based on the complex modulus tech-

nique, the polynomial expansion approach, and the enhanced 

Rayleigh-Ritz method is suggested to examine the free vibra-

tion and damping properties of a highly integrated sandwich 

structure. Every construction of sandwich composite struc-

ture must undergo a vibration, bending, and buckling study 

to be used practically and to perform better. Every system 

also has a range of permitted stiffness, strength, and natural 

frequency; catastrophic failure (sudden failure) occurs when 

the permitted limit is surpassed.13,14) Even with more advan-

cements in the composite sandwich beam, there are still 

many improvements required for better load-carrying capa-

city and to increase the life span of the beam by eliminating 

the delamination failure, avoiding buckling and local defor-

mations in the beam, and further limitations in the present 

research. Major contributions in this paper are given as 

follows.

• During compression face wrinkling, existing approaches 

formation of micro cracks between the face layers, and 

shear stresses exceed the interlaminar bond strength, 

which leads to interlaminar delamination failure in the 

beam which is solved by compliant interlayers (visco-

elastic polymers combined with spunbond nonwovens 

fabrics) avoids the formation of micro cracks and auto-

clave bonding improves the interlaminar bond strength.

• The existing special reinforcement methods create buck-

ling and local deformations on the core material and it 

directly affects the stiffness of the beam, so a novel tape-

red core reinforcement and epoxy polyurethane adhesive 

avoids buckling and local deformations and improves the 

stiffness of the beam.

These contributions mentioned above have been consi-

dered for solving the problems in the composite sandwich 

beam in the existing methods. The content of the paper is 

organized as section 2 describes the literature survey, sec-

tion 3 describes the proposed methodology and its working 

process, section 4 discusses the proposed model evaluation, 

performance, and comparative analysis, and section 5 con-

cludes the paper.

2. Literature Survey

Zhou et al.15) examined how the temperature affects the 

bending characteristics at three points and the methods by 

which carbon fiber composite sandwich beams with Y-frame 

cores fail. The composite sandwich beams with Y-frame 

cores were first made using the hot-press technique. The 

impact of temperature on the failure mechanism, bending 

failure load, and load-displacement curves was then exami-

ned. Bending failure loads decrease with increasing tempe-

rature, with significant variations between low and high- 

temperature ranges. The study’s drawbacks are a focus on 

carbon fiber composite sandwich beams with Y-frame cores, 

which limits its applicability to other structures and does not 

consider the combined effects of temperature and moisture, 

which have a different impact on bending properties and 

failure processes.

Mansourinik and Taheri-Behrooz16) analyzed the behavior 

of sandwich beams with initial core-skin debonding under 

flexural pressures, taking advantage of different beam 

lengths and composite skin layups. Sandwich beams were 

created using two distinct composite skin layups [0/90]2 and 

[45/-45]2 and three different lengths 100, 180, and 280 mm. 

During the fabrication of the defective sandwich beams, a 

preliminary artificial debonding was produced between the 

core and face sheets. Core-skin debonding on the compres-

sion side greatly impacted loading capacity, whereas the 

cohesive zone model and extended finite element method 
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successfully captured crack initiation and propagation. Spe-

cific layup sequences and beam lengths restrict the results’ 

applicability to other configurations.

Zhang et al.17) developed a unique technique to enhance 

hybrid composite sandwich beam performance using carbon 

fiber-reinforced polymer (CFRP) face sheets and aluminum 

foam core, examining deformation and failure under quasi- 

static stress and low-velocity impact. Indentation, face-sheet 

fracture, core shear, and core shear-tension are the four 

active failure modes that hybrid composite sandwich beams 

display, according to the experimental data. Advantages of 

this technique include improved structural integrity, enhan-

ced load-carrying capacity, and potentially reduced mass 

compared to uniform thickness configurations. Limitations 

include differences in low-velocity impact collapse loads 

from theoretical predictions, suggesting that advanced ana-

lytical models are required to accurately predict dynamic 

behavior.

Wei et al.18) analyzed the three-dimensional failure me-

chanism map and three-point bending tests, to determine the 

bending properties of all-composite honeycomb sandwich 

beams. Six different failure modes were considered when 

building the map using analytical models: intracellular 

dimpling, face fracture, core indentation, shear buckling, 

shear fracture, and debonding. A three-dimensional failure 

mechanism map was created to describe the main failure 

mechanism. Three-point bending experiments on sandwich 

beams with various core relative densities, face thicknesses, 

and loading spans were performed to validate the analytical 

models and three-dimensional failure mechanism map. 

Identification of optimal load-weight ratios and paths for 

various geometrical parameters enhances design precision. 

The three-dimensional failure mechanism map does not 

show core indentation, which was not seen in the trials.

Selvaraj et al.19) studied the dynamic responses of a 

double-core sandwich composite beam using both experi-

mental and computational techniques. Because of its higher 

natural frequency values, this technique improved its single- 

core competitors in terms of stiffness qualities and dynamic 

behavior. The stiffness of double-core sandwich composite 

beams was greatly affected by fiber angle orientations, 

thickness ratios, and aspect ratios, according to parametric 

research. The use of two viscoelastic layers is an important 

aspect of increasing structural stiffness. Due to restrictions in 

the manufacture of sandwich beams, the results varied.

Zhang et al.20) created a novel steel-concrete-steel (SCS) 

sandwich beam using hybrid shear connections made of 

overlapped headed studs and J-hooks. This study tests eight 

SCS sandwich beams with various shear span-to-depth 

ratios, steel contribution ratios, kinds of shear connectors, 

and spacing of shear connectors to explore the effects of the 

degree of composite action and the mechanism of such 

sandwich beams. The study showed that the type and spacing 

of shear connections had an inverse impact on shear resis-

tance when compared to the λ ratio. But there is an obstacle 

in precisely measuring bond-slip effects and identifying the 

best parameters in every scenario, so more study is needed to 

achieve extensive optimization.

Madenci et al.21) proposed a precise mixed zigzag theory 

(HZZTM) for the free vibration analysis of sandwich plates 

and laminated composites. The proposed zigzag theory’s in- 

plane displacements, which concur with three-dimensional 

analysis, demonstrate an abrupt discontinuity in slope at 

interfaces and a nonlinear distribution through thickness. A 

preprocessing strategy based on the three-dimensional (3D) 

equilibrium equations and the Reissner mixed variational 

theorem (RMVT) is utilized to determine the precise trans-

verse shear stresses. The higher-order theories are unable to 

accurately predict the natural frequencies of soft-core sand-

wich plates.

Kallannavar and Kattimani22) examined the free vibration 

analysis of sandwich plates and laminated composites. Shell 

elements for composite plates and solid shell elements for 

sandwich plates are used in the development of the finite 

element model in the ANSYS parametric design language 

(APDL) tool. Aluminum core and graphite-epoxy face sheets 

were used to model sandwich structures. For the analysis, 

bending stiff [0°/0°/30°/-30°]s, torsion stiff [45°/-45°/-45°/ 

45°]s, and quasi-isotropic [0°/45°/-45°/90°]s fiber orienta-

tions are taken into account. In laminated composite plates, 

the quasi-isotropic layer configuration had greater natural 

frequencies for lower modes, whereas the torsion rigid fiber 

orientation had higher natural frequencies for higher modes. 

Due to the anisotropic and nonlinear properties of composite 

materials, which result in errors in the prediction of natural 

frequencies and mode shapes, modeling their behavior effec-

tively was difficult.

Kashani and Hashemi23) utilized both the conventional 
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finite element method (FEM) and dynamic finite element 

(DFE) methods, bending-torsion coupled free vibration 

analysis of prestressed, layered composite beams exposed to 

axial force and end moment. The coupled differential 

equations of motion were transformed using a polynomial 

interpolation function in the finite element approach, and 

then the weighted residual method of the Galerkin type was 

used to solve the discrete issue. Trigonometric shape func-

tions were used to implement the equations in the dynamic 

finite element method as nodal displacement descriptions. 

Meshing errors led to inaccuracies in the solution. Meshing 

errors have led to inaccurate solutions because the quality of 

the mesh used to discretize the domain impacts the accuracy 

and convergence of the Galerkin procedure.

Wang et al.24) proposed a two-dimensional elasticity model 

for laminated graphene-reinforced composite (GRC) beams, 

under the assumption of the plane-stress condition in each 

layer. Although, presumably, graphene disperses equally 

throughout each layer, the volume percentage of graphene 

varies from layer to layer. The governing partial differential 

equations and boundary conditions are directly derived from 

the two-dimensional elasticity theory for any given indivi-

dual layer. To ensure correctness and efficiency, state-space 

equations for individual layers were obtained using the multi- 

term Kantorovich-Galerkin method (MTKGM). Using the 

transfer matrix method, interface displacement, and stress 

continuity conditions create a global equation that reduced 

computational complexity because total variables were inde-

pendent of the number of layers. There are variations in the 

graphene distribution patterns across the thickness due to 

the variations in the graphene volume fractions between the 

layers.

Shah et al.25) proposed an innovative method that com-

bined a 3D-printed CFRP top face sheet with a GFRP core in 

a hybrid arrangement to improve the bending performance of 

corrugated sandwich composite structures (SCS). The corru-

gated SCS with square core geometry outperformed because 

of its vertical walls and wide bonding area. The hybrid SCSs 

with a CFRP core experienced considerable load loss due to 

shear failure in the 3D-printed core induced by inadequate 

inter-layer bonding. The hybrid SCS with a GFRP core 

demonstrated good inter-layer bonding, allowing for plastic 

deformation and energy absorption without failure. In fully 

3D printed SCSs, the GFRP specimen collapsed catastrophi-

cally due to increased bending stress at the bottom factsheets, 

while the CFRP withstands plastic deformation without fail-

ing. Limitations include the need for additional improvement 

in inter-layer bonding for CFRP cores and the catastrophic 

failure in completely 3D-printed SCS with GFRP factsheets 

due to higher bending stress.

Madenci et al.26) investigated the impact of carbon nano-

tubes (CNTs) on the buckling behavior of fiber-reinforced 

polymer (FRP) composites. The developed analytical model 

aligns well with experimental results, highlighting the tech-

nique’s reliability. The average load-carrying capacity incre-

ases notably, particularly under clamped-clamped boundary 

conditions. Damage analysis reveals intense fiber breakage 

as the primary damage mode, indicating progressive damage 

initiated by micro cracks. This study’s applicability to other 

laminate types and failure modes is limited because it only 

examines CNTRC beams and their compression and elastic 

buckling behavior.

Nagiredla et al.27) proposed grading viscoelastic materials 

axially in sandwich beams to improve dynamic response for 

structural applications. A validated finite element code was 

generated using Lagrange’s method for equations of motion 

(EOM) and finite element (FE) formulations based on clas-

sical beam theory. Four axial gradation configurations were 

investigated in this technique, and their effects on natural 

frequency, loss factor, and frequency response were evalu-

ated. By lowering peak vibrational amplitudes under a range 

of boundary conditions, the method improved damping cap-

abilities. The classical beam theory’s reliance on finite ele-

ment formulations fails to describe the complicated behavior 

of sandwich beams, particularly in nonlinear or high-frequ-

ency dynamic scenarios.

From the above studies, it is clear that Zhou et al.15) it does 

not consider the combined effects of temperature and mois-

ture, which have a different impact on bending properties 

and failure processes, in Mansourinik and Taheri-Behrooz16) 

specific layup sequences and beam lengths restrict the 

results’ applicability, in Zhang et al.17) advanced analytical 

models are required to accurately predict dynamic behavior, 

in Wei et al.18) the core indentation that was not observed 

throughout the trials is not depicted on the three-dimensional 

failure mechanism map, in Selvaraj et al.19) the results were 

inconsistent because of limitations in the production of 

sandwich beams, in Zhang et al.20) the parametric research 
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thoroughly covers the effects of these variables on the failure 

modes of the beam and the resistance to beam shear, in 

Madenci et al.21) the inherent frequencies of sandwich plates 

with soft cores cannot be predicted with accuracy by higher- 

order theories, in Kallannavar and Kattimani22) modelling 

their behavior correctly can be challenging due to mistakes 

in the prediction of natural frequencies and mode shapes, in 

Kashani and Hashemi23) meshing errors lead to inaccurate 

solutions, in Wang et al.24) the volume fractions of graphene 

vary from one layer to the next, leading to different graphene 

distribution patterns throughout the thickness. In Shah et 

al.25) the catastrophic failure in completely 3D-printed SCS 

with GFRP factsheets due to higher bending stress, Madenci 

et al.26) applicability to other laminate types and failure 

modes is limited, and in Nagiredla et al.27) fails to describe 

the complicated behavior of sandwich beams, particularly in 

nonlinear or high-frequency dynamic scenarios. An innova-

tive technique needs to be developed to prevent interlaminar 

delamination and increase the rigidity of composite sand-

wich beams.

3. Viscoelastic Autoclave Bonding with Tapered 

Epoxy Reinforcement Polyurethane Films

Composite sandwich structures are receiving significant 

focus across various engineering applications due to their 

advantageous potential of working as a substitute for con-

ventional construction materials. Interlaminar delamination 

buckling and local deformations, which have a direct impact 

on the beam’s stiffness, provide the biggest obstacle for com-

posite beams. Hence, a new viscoelastic autoclave bonding 

with tapered epoxy reinforcement polyurethane films is pro-

posed. Laminated composite sandwich structures are com-

posite materials made of two outside “face sheets” joined to a 

“core” material that is often lightweight and low-stiffness. 

The lower stiffness of the core material leads to an earlier 

onset of buckling, where the core collapses or buckles 

locally, affecting the overall structural integrity of the 

composite sandwich. The formation of micro cracks between 

face layers, which causes the delamination to begin, is not 

taken into account by the existing compression face wrink-

ling techniques. When shear stresses in the sandwich beam 

surpass the interlaminar bond strength, interlaminar delami-

nation occurs, lowering the sandwich beam’s overall struc-

tural integrity and load-bearing capability. So, the novel vis-

coelastic autoclave spunbond interlayer bonding is proposed 

in which combined viscoelastic nonwovens compliant inter-

layers are inserted between the face layers of a composite 

beam. This combination of viscoelastic polymer with a spun-

bond nonwoven fabric provides both damping properties 

from the polymer and additional flexibility from the fabric, 

which effectively mitigate vibrations and impact forces. 

Viscoelastic polymers deform under stress and return to their 

original shape when the stress is released and this property 

helps them absorb and distribute stresses caused by external 

loads spunbond nonwoven fabric provides additional flexi-

bility and allowing controlled deformation within the com-

posite structure, reducing the occurrence of face wrinkling, 

so the formation of micro cracks are avoided between the 

layers. Then, autoclave bonding helps to achieve uniform 

pressure distribution, proper consolidation, and strong bon-

ding between layers, thereby avoiding the exceeding of shear 

stress over the interlaminar bond strength, so the interlaminar 

delamination in the sandwich beam is avoided. Also, the 

special reinforcement methods were used in the existing 

method, the special reinforcement was provided for the core 

at the outer sections of the beam to prevent core indentation 

failures under the loads. But this special reinforcement at 

specific locations can lead to stress concentrations in the core 

material and the reinforcement is not properly integrated 

between the reinforcement and the core, it causes buckling 

and local deformations and it directly affects the stiffness of 

the beam. Therefore, a novel tapered epoxy polyurethane 

reinforcement adhesive film is proposed in which tapered 

core reinforcement gradually tapered the reinforcement 

thickness as it extends into the core material, this helps to 

distribute stresses more evenly and minimizes stress con-

centrations at the interface. Polyurethane epoxy adhesive 

films are used to fill the space between the core material and 

the reinforcement. These pre-cut films provide a constant 

thickness of the bond line and inhibit excessive adhesive 

squeeze-out during the bonding process, preventing local 

deformations and buckling and increasing the stiffness of the 

beam. Overall, this proposed composite sandwich beam 

avoids interlamination failure and improves the stiffness of 

beams by eliminating the formation of micro cracks, buck-

ling, and local deformations.

The long-term durability of the proposed composite sand-
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wich beam is promising due to several key factors. To begin, 

the usage of viscoelastic polymers and spunbond nonwoven 

fabric provides inherent damping and elasticity, which can 

help alleviate the impacts of cyclic loading and environ-

mental conditions over time. Furthermore, the autoclave 

bonding technology ensures strong interlayer bonding and 

homogeneous pressure distribution, lowering the risk of 

interlaminar delamination while retaining structural integ-

rity. Additionally, the tapered epoxy reinforcement design 

minimizes stress concentrations, reducing the risk of crack 

initiation and propagation. Overall, these features suggest 

that the proposed model exhibits excellent durability and 

structural performance in long-term engineering applica-

tions. The proposed laminated composite sandwich bean is 

shown in Fig. 1.

Fig. 1 despite the sandwich beam’s layers. Beam stiffness 

in composite constructions is impacted by local deforma-

tions, buckling, and interlaminar delamination. The com-

posite structure consists of multiple layers with different 

thicknesses. The face layer is 2 mm thick, the viscoelastic 

polymer combined with the spunbond layer has a thickness 

of 0.5 mm, the epoxy polyurethane adhesive layer is 0.4 mm 

thick, and finally, the core has a thickness of 15 mm. Visco-

elastic polymers and spunbond nonwovens, the compliant 

interlayers between the face layers, absorb and distribute 

stresses while spunbond fabric permits controlled deforma-

tion. Spunbond fabric minimizes face wrinkles and prevents 

the start of micro cracks between layers. Utilizing lamination 

has prevented the autoclave process, which makes certain 

shear forces stay within interlaminar bond strength para-

meters. Recognize the shortcomings of the current core 

reinforcing techniques that result in stress concentrations and 

integration problems. To equally distribute stresses and 

reduce stress concentrations, the reinforcing taper thickness 

increases as it penetrates the core material. Apply pre-cut 

adhesive films for consistent bonding, preventing buckling, 

and increasing beam stiffness between the reinforcement and 

core.

3.1. Viscoelastic autoclave spunbond interlayer 

bonding

The viscoelastic autoclave spunbond interlayer bonding 

is proposed in which compliant interlayers (viscoelastic 

polymers combined with spunbond nonwovens fabrics) are 

inserted between the face layers of a composite beam. By 

combining a viscoelastic polymer with a spun bond non-

woven fabric, vibrations and impact pressures are success-

fully reduced thanks to the polymer’s damping capabilities 

and the fabric’s added flexibility.

Viscoelastic polymers exhibit a distinctive property, 

where they undergo deformation when subjected to stress 

and subsequently revert to their initial form once the stress 

is relieved. This intrinsic characteristic renders them parti-

cularly adept at managing and redistributing stresses gene-

rated by external forces, including vibrations and impact 

forces. When strategically integrated within the composite 

beam, positioned between its face layers, viscoelastic poly-

mers play a pivotal role in fortifying the structure’s capacity 

to counteract vibrations and assimilate impact energy. This 

infusion of viscoelastic polymers operates as a dynamic 

buffer, effectively dampening vibrations by absorbing and 

dispersing their energy. When the composite beam experi-

ences impact forces, these polymers seamlessly engage their 

stress-absorbing quality, contributing to a gradual dissipa-

tion of energy over time. By augmenting the beam’s resi-

lience through the judicious use of viscoelastic polymers, 

the overall performance and durability of the structure are 

notably enhanced. This holistic approach fosters an environ-

ment wherein the composite beam is equipped to effectively 

withstand the rigors of dynamic external loads, securing its 

longevity and dependability across diverse applications.

Spunbond nonwoven textiles are used in composite con-

struction, adding a vital level of flexibility. The ability to Fig. 1. Laminated composite sandwich beam.



Enhancing Structural Integrity of Composite Sandwich Beams Using Viscoelastic Bonding with Tapered Epoxy Reinforcement 131

manage controlled deformation within the structure itself is 

made possible by increased flexibility, which significantly 

reduces the likelihood of facial wrinkling and the develop-

ment of micro cracks between layers. The composite struc-

ture is given the capacity to experience controlled defor-

mation by the thoughtful insertion of spunbond nonwoven 

fabrics, avoiding the dangers connected to rapid structural 

changes. A harmonious balance between stiffness and flexi-

bility is created within the composite beam by the interaction 

of viscoelastic polymers and spunbond nonwoven fabrics. 

Increased resilience in the face of various outside stressors 

results from this symbiotic relationship. The issue of face 

wrinkling, which compromises the structural integrity of the 

composite, is also effectively resolved by the invention of 

spunbond nonwoven textiles. This mitigating effect goes 

even further, as the regulated deformation made possible by 

these fabrics stops the development of micro cracks, which 

frequently result from structural rigidity.

Then, autoclave bonding is used in the complaint layers, 

which harnesses both heat and pressure to attain several 

critical goals within a composite structure. Its primary aims 

include ensuring the uniform distribution of pressure, facili-

tating proper consolidation of materials, and establishing 

robust bonding between layers. By subjecting the composite 

structure to the autoclave bonding process, the integration of 

key components like viscoelastic interlayers and spunbond 

nonwoven fabrics with the face layers of the composite beam 

is executed with precision. The utilization of autoclave bon-

ding holds paramount significance in safeguarding against 

a critical issue, the potential escalation of shear stresses 

beyond the limits of the interlaminar bond strength. This 

phenomenon, known as interlaminar delamination, poses a 

significant threat to the structural integrity of the composite 

assembly. But, through the application of autoclave bonding, 

the risk of such stresses surpassing the bond strength is 

effectively mitigated. By employing elevated temperatures 

and regulated pressure levels, the autoclave bonding process 

creates an environment conducive to the meticulous integra-

tion of all constituents. This controlled environment ensures 

that the viscoelastic interlayers and spunbond nonwoven 

fabrics are seamlessly combined with the face layers of the 

composite beam. As a result, the bonded layers that are pro-

duced have a degree of structural cohesiveness that consi-

derably lowers the possibility that shear stresses may reach 

critical values. The autoclave bonding serves as a protective 

measure that curtails the risk of interlaminar delamination. 

By arranging an environment conducive to the precision 

bonding of composite components, this process imparts resi-

lience and durability to the composite structure. This helps 

prevent shear stresses from exceeding the interlaminar bond 

strength, reducing the risk of interlaminar delamination. The 

proposed approach addresses several critical aspects of 

composite beam performance, including vibration damping, 

impact resistance, flexibility, and interlayer bonding. By 

combining the properties of viscoelastic polymers and spun-

bond nonwoven fabrics and applying autoclave bonding 

techniques, create a composite structure that is better equip-

ped to handle external loads and environmental conditions, 

while minimizing the potential for failure due to delamina-

tion and micro cracking between layers.

3.2. Tapered epoxy polyurethane reinforcement 

adhesives film

The inadequate integration between the reinforcement and 

the core, results in detrimental effects like buckling and 

localized deformations, all of which directly compromise the 

beam’s overall stiffness. Tapering the reinforcement thick-

ness involves a meticulously planned strategy, characterized 

by a gradual reduction in the thickness of the reinforcement 

material. This reduction occurs as the material extends from 

the outer sections of the composite beam toward its core. The 

underlying purpose of this tapering technique is to effec-

tively address a critical concern, the possible emergence of 

stress concentrations triggered by abrupt shifts in material 

properties. This proactive approach is crucial for preventing 

failures and enhancing the overall structural integrity of the 

composite beam. The significance of tapering lies in its 

capacity to establish a seamless and harmonious transition 

within the material composition. As the thickness gradually 

diminishes from the beam’s outer edges to its core, a remark-

able transformation occurs in the distribution of internal 

stresses. This gradual alteration in thickness results in a 

notably smoother distribution of loads and pressures across 

the entire structure. This, in turn, works to counteract the 

potential accumulation of stresses at specific points, which 

could otherwise lead to localized weaknesses or even struc-

tural failures. The tapering design essentially serves as a 

mediating force, effectively aligning material properties and 
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structural responses throughout the composite beam. It 

ensures that the beam can adeptly navigate the challenges 

posed by external loads without succumbing to stress con-

centrations that might compromise its integrity. In essence, 

the tapering of reinforcement thickness stands as a testament 

to meticulous engineering, offering a holistic approach to not 

only optimizing the beam’s load-bearing capacity but also 

fortifying it against potential vulnerabilities within its struc-

ture. This thoughtful integration of design principles under-

scores the delicate balance between robustness and func-

tionality, resulting in a composite beam that is resilient, 

reliable, and primed for demanding applications.

Then, epoxy polyurethane adhesive films represent pre- 

cut adhesive sheets meticulously positioned between the 

tapered reinforcement and the core material of the composite 

beam. Functioning as a fundamental bonding agent, these 

adhesive films seamlessly fuse the reinforcement with the 

core, securing structural integrity. The uniformity of the 

bond line thickness emerges as a critical factor for depend-

able bonding. Here, the pre-cut nature of the adhesive films 

plays a pivotal role, ensuring consistency in bond line thick-

ness across the interface. This uniformity acts as a safeguard 

against potential inconsistencies that might otherwise gene-

rate weak points or uneven stress dispersion. The adhesive 

films are meticulously designed to counteract a specific 

challenge during the bonding process, excessive adhesive 

squeeze-out. This phenomenon, if uncontrolled, leads to 

unwanted material displacement, manifesting as undesirable 

outcomes like buckling or local deformations. The adhesive 

films expertly circumvent these issues, maintaining a cont-

rolled and stable bonding process. By precisely regulating 

adhesive displacement, they curtail the likelihood of dis-

tortions, thereby guaranteeing a cohesive and uniform bond 

between the reinforcement and the core material. The utili-

zation of epoxy polyurethane adhesive films stands as a 

testament to precision engineering. These films not only 

ensure reliable bonding between the composite beam’s 

components but also contribute to the structural stability of 

the entire assembly. Their role in preventing excessive 

adhesive squeeze-out strengthens the beam’s durability and 

performance by mitigating deformations that could com-

promise its overall stiffness. As a result, the adhesive films 

foster a synergy of strength and stability within the com-

posite structure, culminating in a beam that is optimized for 

resilience and adept at withstanding external forces.

Overall, the viscoelastic polymers and spunbond non-

woven textiles are used to create compliant interlayers, 

which are positioned thoughtfully between the face layers of 

a composite beam. Viscoelastic polymers can absorb and 

equally distribute the stresses of external loads because of 

their capacity to deform under tension and then return to their 

original shape when the stress is released. Spunbond non-

woven fabric is used to increase flexibility, allowing for 

controlled deformation inside the composite structure and 

preventing the production of micro cracks between layers. 

To consolidate this advanced composite structure, autoclave 

bonding is employed, ensuring uniform pressure distribution 

during curing and fostering robust bonding between the 

layers, and avoiding the risk of interlaminar delamination 

within the sandwich beam by ensuring that shear stress does 

not exceed the interlaminar bond strength. Tapered core 

reinforcement gradually reduces the thickness of the rein-

forcement as it penetrates the core material. Epoxy poly-

urethane adhesive films, which are used between the rein-

forcement and core material minimize excessive adhesive 

squeeze-out during the bonding process and ensure uniform 

bond line thickness, these pre-cut adhesive films improve the 

rigidity of the beam while avoiding buckling and localized 

deformations.

3.3. Scientific hypothesis

Composite sandwich structures are becoming increasingly 

popular as replacements to traditional materials in engi-

neering applications due to their advantageous properties. 

However, obstacles like as interlaminar delamination and 

local deformations impede their performance. To overcome 

this, a novel technique, viscoelastic autoclave bonding with 

tapered epoxy reinforcement polyurethane films, is deve-

loped. To reduce delamination and increase structural integ-

rity, this approach uses combined viscoelastic nonwovens 

compliant interlayers and autoclave bonding. Tapered epoxy 

polyurethane reinforcement adhesive films are also used to 

distribute stresses evenly and minimize local deformations, 

which improves beam stiffness and performance.

4. Result and Discussion

The results obtained from the proposed model have been 
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provided in this section. The results showed that the pro-

posed model minimized the formation of micro cracks, and 

improved interlaminar bond strength, and the stiffness of the 

beam of the proposed approach is also proved by comparing 

it with other existing approaches.

4.1. Experimental setup

The experimental setup aimed to assess the effectiveness 

of the proposed model in minimizing microcrack formation, 

enhancing interlaminar bond strength, and improving beam 

stiffness compared to existing approaches. The testing envi-

ronment utilized for these evaluations is detailed below.

• OS: Windows 10 Professional 64-bit

• RAM: 8 GB

• Processer: intel(R) Core (TM) i3-4130 CPU @ 3.40 GHz 

3.40 GHz

• Tool: Matlab

The MATLAB software was chosen for its versatility in 

numerical simulations and analysis, allowing for a compre-

hensive evaluation of the proposed model’s effectiveness. 

The hardware specifications ensure sufficient computational 

power for running simulations and processing data. During 

the experiments, the MATLAB tool facilitated the imple-

mentation of the proposed model, enabling the simulation 

of various loading conditions and analyzing the behavior of 

the composite sandwich structure. The experimental setup 

was meticulously designed to ensure accurate and repro-

ducible results, crucial for validating the efficacy of the 

proposed approach in minimizing micro cracks, enhancing 

interlaminar bond strength, and improving beam stiffness.

4.2. Performance metrics of the proposed model

The performance metrics of the proposed model in the 

composite sandwich beam and the stiffness of the proposed 

approach based on the achieved outcome are explained in 

detail in this section.

Fig. 2 illustrates the performances of the deflection of the 

proposed model. When the load is 0 KN it achieves the 

minimum deflection of 0 mm and the load increases, the 

deflection range also increases, and while the load is 160 

KN, it achieves the maximum deflection of 35 mm, com-

pared to the existing method which is low. The viscoelastic 

polymers absorb and disperse stresses carried on by external 

loads and then come to their original shape thereby reducing 

of deflection of the beam.

Fig. 3 illustrates the performances of the stress and strain 

of the proposed model. When the stress is 3 MPa, it achieves 

a maximum strain of 2 and while the stress is 0.5 MPa, it 

achieves a minimum strain of 0.25. Beam strain is lowered as 

a result of the viscoelastic polymer and spunbond nonwoven 

fabric’s efficient reduction of vibrations and impact pres-

sures along with their increased flexibility.

Fig. 4 illustrates the performances of the deflection at the 

temperature of the proposed model. When the temperature is 

40 °C, it achieves a maximum deflection of 8 mm and when 

the temperature is 5 °C, it achieves a minimum deflection of 

2 mm. Autoclave bonding is the ability to handle high 

temperatures by creating an environment conducive to the 

meticulous integration of all constituents so that deflection is 

reduced.

Fig. 5 illustrates the performances of the adhesive film 

strength of the proposed model. When the interfacial bon-

ding strength increases, the adhesive film strength also incr-

Fig. 2. Performance of deflection in the proposed model.

Fig. 3. Performance of stress and strain in the proposed model.



134 Rajesh Lalsing Shirale and Surekha Anil Bhalchandra

eases from 0 to 9.5. Epoxy polyurethane adhesive films have 

a consistent bond line thickness, which leads to increased 

interfacial bonding strength.

Fig. 6 illustrates the performances of the deformation of 

the proposed model. When the load is 200 Pa it achieves the 

minimum deformation of 44.3 mm and while the load is 

1,000 Pa, it achieves the maximum deformation of 56 mm. 

Epoxy polyurethane adhesive sheets improve the stiffness 

of the beam by preventing excessive adhesive squeeze-out 

during the bonding process, which helps to reduce defor-

mations.

Fig. 7 illustrates the performances of the shear stress of the 

proposed model. When the load is 200 Pa it achieves the 

minimum shear stress of 0.200 MPa and while the load is 

1,000 Pa, it achieves the maximum shear stress of 0.240 

MPa. Autoclave bonding helps to achieve uniform pressure 

distribution and strong bonding between layers, thereby 

avoiding the exceeding of shear stress.

The comparison of the performance of the proposed 

approach with other existing approaches is discussed in the 

next section 4.4.

4.3. Comparison of proposed model with previous 

models

This section highlights the proposed method’s perfor-

mance by comparing it to the outcomes of existing appro-

aches and showing their results based on various metrics.

Fig. 8 depicts the comparison of the displacement of the 

proposed model with other existing approaches. The pro-

posed approach is compared with existing techniques such as 

MZZT and GLHT.28) The proposed model obtains the value 

of 6 mm whereas the MZZT and GLHT are 6.10 mm and 

6.30 mm. The displacement of the proposed model is low 

whereas the displacement of GLHT is high.

Fig. 9 depicts the comparison of the stress and strain of 

the proposed model with other existing approaches. The 

Fig. 4. Performance of deflection at a temperature rise in the 

proposed model.

Fig. 5. Performance of adhesive film strength in the proposed 

model.

Fig. 6. Performance of deformation in the proposed model.

Fig. 7. Performance of shear stress in the proposed model.
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proposed approach is compared with existing techniques 

such as CB-0.1 % CNT and CB-pure.29) The proposed model 

obtains a strain value of 1 whereas CB-0.1 % CNT and CB- 

pure are 1.22 and 1.2. The strain of the proposed model is 

low whereas the strain of CB-0.1 % CNT is high.

Fig. 10 depicts the comparison of the strength of the pro-

posed model with other existing approaches. The proposed 

approach is compared with existing techniques such as RPC, 

HS-SHCC, and DHS-SHCC.30) The proposed model obtains 

a value of 7 whereas the RPC, HS-SHCC, and DHS-SHCC 

are 3.2, 4.7, and 5. The strength of the proposed model is 

high whereas the strength of RPC is low.

Fig. 11 depicts the comparison of the load efficiency of the 

proposed model with other existing approaches. The pro-

posed approach is compared with existing techniques such as 

EBEGO, BS 8006, and AND CUR 226.31) Load efficiency of 

existing methods such as EBEGO, BS 8006, and CUR 226 

has a value of 80 %, 54 %, and 81 %. The proposed system 

has a better load efficiency of 83 %. The load efficiency of 

the proposed model is high whereas the load efficiency of BS 

8006 is low.

Fig. 12 depicts the comparison of the normalized value of 

the proposed model with other existing approaches. The 

proposed approach is compared with existing techniques 

such as the linear model, Uzan-Witczak, k-θ, and Lade- 

Nelson.32) Load efficiency of existing methods such as the 

linear model, Uzan-Witczak, k-θ, and Lade-Nelson has a 

value of 1, 0.9, 1.3, and 1.8. The proposed system has a better 

Fig. 8. Comparison of displacement in the proposed model.

Fig. 9. Comparison of stress and strain in the proposed model.

Fig. 10. Comparison of strength in the proposed model.

Fig. 11. Comparison of load efficiency in the proposed model.

Fig. 12. Comparison of the normalized value in the proposed 

method.
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load efficiency of 1.89 points. The normalized value of the 

proposed model is high whereas the Uzan-Witczak is low.

Overall, the proposed method has a good result compared 

to the existing method, when the load is applied on the beam, 

the displacement of the beam is 6 mm, compared to the 

existing method, the proposed is low. The proposed method 

improves the stiffness of the beam, the strain value is 1, and 

during the temperature rise the deflection is 8 mm, when 

compared to the existing method, the proposed method 

obtains good results. As a result, the proposed method gives 

low deflection, low deflection under temperature rise, and 

high stiffness.

5. Conclusion

In conclusion, a unique viscoelastic autoclave bonding 

with tapered epoxy reinforcement polyurethane films is 

suggested, which successfully addresses problems such as 

interlaminar delamination, local deformations, and failures 

in core indentation, hence improving the performance over 

previous approaches. Improved structural integrity and de-

creased deflection result from the combination of spunbond 

nonwoven textiles and viscoelastic polymers, which lessen 

vibrations and impact forces. In addition, the application of 

epoxy polyurethane adhesive films with tapered reinforce-

ment and homogeneous bond line thickness guarantees 

strong interfacial bonding and uniform stress distribution, 

which improves beam overall performance. In terms of 

deflection under load, the proposed model achieves a maxi-

mum deflection of 35 mm at 160 KN load, outperforming 

existing methods. The stress-strain relationship showcases 

superior strain reduction, with a maximum strain of 2 at 3 

MPa stress. Additionally, the stiffness of the proposed model 

is notably enhanced, with a stiffness value of 7, surpassing 

RPC, HS-SHCC, and DHS-SHCC. Furthermore, the pro-

posed model exhibits an excellent load efficiency of 83 %, 

outshining EBEGO, BS 8006, and CUR 226. Additionally, 

the normalized value stands at 1.89 points, indicating a 

substantial improvement over existing techniques such as 

Uzan-Witczak. These quantitative measures underscore the 

significant advancement this methodology represents in 

composite sandwich beam design. Overall, the proposed 

method performs well when compared to the existing 

methods and not only addresses critical structural concerns 

but also sets new standards for performance and efficiency in 

composite construction.

Limitation

• While autoclave bonding aims to achieve uniform pres-

sure distribution and strong bonding between layers, there 

is a risk of imperfect bonding or delamination during the 

curing process, especially in areas with intricate geo-

metries or tight spaces.

• The performance of the composite structure gets impacted 

by high temperatures that compromise the spunbond 

nonwoven fabric layer’s integrity and perhaps alter its 

mechanical or dimensional stability.

• Viscoelastic polymers and adhesive films are durable but 

poor resistance to high temperatures. This leads to a 

degradation of structural integrity over time and resulting 

breakdown, particularly in applications exposed to exces-

sive temperatures.

Future Scope

• Future studies should examine factors related to long-term 

durability, such as aging impacts, fatigue behavior, and 

environmental degradation, to make sure composite lami-

nates continue to function well in practical applications.

• Research efforts can focus on exploring sustainable alter-

natives to traditional composite materials, such as bio- 

based resins or recycled fibers, to reduce environmental 

impact while maintaining or enhancing composite lami-

nates’ mechanical properties.

• Further investigation into alternative interlayer bonding 

methods, such as microwave or ultrasonic bonding, can 

optimize the bonding process, improving uniform pressure 

distribution and promoting stronger interlayer adhesion to 

mitigate interlaminar delamination.
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