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Abstract: Low-velocity impact resistance is an important design requirement for 

lightweight sandwich structures used in transportation, aerospace, marine and other 

engineering applications. This study investigates the impact response of GFRP face-sheet, 

foam-filled honeycomb sandwich panels reinforced with different iron oxide (Fe2O3) 

contents under instrumented drop-weight impact loading and validates the response using 

ANSYS Explicit Dynamics. Four reported compositions, 0, 1, 3 and 5 wt.% Fe2O3, were 

tested using a 3 kg hemispherical steel impactor released from a height of 1 m, 

corresponding to an impact energy of approximately 29.43 J. The experimental results 

showed a progressive increase in peak impact force and absorbed energy with Fe2O3 

addition, accompanied by a reduction in maximum displacement. The 5 wt.% specimen 

exhibited a peak impact force of 63 N, a minimum reported experimental displacement of 

6.4 mm within the composition series, and approximately 26 J absorbed energy. Post-

impact observations indicated reduced indentation, delamination, matrix cracking and core 

damage as the Fe2O3 content increased. The validated finite element model predicted a 

peak contact force of 61 N, maximum deformation of 6.32 mm and absorbed energy of 27.2 

J, with errors of 3.17%, 2.77% and 4.62%, respectively, relative to the reported 

experimental validation values of 63 N, 6.50 mm and 26.0 J. The numerical stress and strain 

fields provided additional insight into local impact response. The maximum equivalent (von 

Mises) stress was approximately 268 MPa and was concentrated directly beneath the 

hemispherical impactor. The equivalent elastic strain was also localized beneath the 

impactor and decreased toward the clamped boundaries; the supplied study does not 

provide a numerical maximum strain value, so no unsupported numerical strain value is 

introduced. The combined experimental and numerical results demonstrate that Fe2O3 

reinforcement improves impact resistance and energy absorption, while the validated 

explicit-dynamics model provides useful insight into deformation, stress concentration and 

strain localization. 

Keywords: GFRP sandwich composite; honeycomb core; Fe2O3 reinforcement; iron oxide 

nanoparticles; low-velocity impact; drop-weight impact; energy absorption; peak contact 

force; deformation; equivalent elastic strain; stress concentration; strain localization; 

ANSYS Explicit Dynamics; finite element validation. 

1. Introduction 

Sandwich composites are attractive for lightweight structural applications because a 

relatively thin, stiff face-sheet system can be separated by a low-density core, producing 

high stiffness and strength at comparatively low mass. Their use extends across aerospace, 

automotive, marine, rail and other engineering applications. The same lightweight 
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architecture, however, creates a susceptibility to localized impact damage. A dropped tool, 

debris strike or other low-velocity event can generate indentation, matrix cracking, 

delamination, face-sheet/core debonding and local core crushing. These mechanisms can 

develop below the visible surface and therefore may not be identified by visual inspection 

alone [1-4]. 

Low-velocity impact response is governed by the interaction among impactor 

characteristics, impact energy, face-sheet construction, core architecture, interface quality 

and boundary conditions. Earlier experimental studies demonstrated that the impact 

response of sandwich panels can be characterized through load, displacement and damage 

measurements, while numerical models can be used to interpret contact force and damage 

development [5-7]. More recent reviews continue to identify face-sheet properties, core 

geometry, impactor mass and velocity, and energy level as major variables controlling 

impact resistance [1,2]. 

Nanoparticle modification offers another route for changing the local stiffness, toughness 

and load-transfer behaviour of polymeric matrices. Studies on iron-oxide-filled epoxy 

systems have reported improvements in mechanical and impact-related properties when 

particle dispersion and matrix–particle interaction are adequately controlled [8-10]. These 

findings provide a rationale for examining iron oxide as a reinforcement in a sandwich core, 

but the response of the complete sandwich structure cannot be inferred directly from bulk 

resin behaviour because face-sheet bending, core compression and interface effects act 

together during impact. 

The present work therefore combines drop-weight testing with finite element simulation to 

examine an iron-oxide-reinforced GFRP/foam-filled honeycomb sandwich panel. The 

study focuses on four reported reinforcement levels 0, 1, 3 and 5 wt.% and evaluates peak 

force, maximum displacement, absorbed energy and visible damage. A corresponding 

ANSYS Explicit Dynamics model is validated against the experimental response using 

peak contact force, maximum deformation and absorbed energy as the primary quantitative 

measures. 

The main contributions of the study are: (i) experimental comparison of the reported iron 

oxide contents under a common impact condition; (ii) interpretation of the force–

displacement and energy-absorption trends; (iii) numerical examination of deformation, 

contact force, stress, strain and energy histories; and (iv) quantitative validation of the 

numerical model against the experimental measurements. 

2. Literature Review 

2.1 Low-velocity impact of sandwich structures 

The low-velocity impact behaviour of sandwich structures has been studied for several 

decades. Schubel et al. examined drop-weight impact of composite sandwich panels and 

showed that force, displacement and local damage provide complementary measures of the 

response [5]. Meo et al. combined experiments and transient finite element analysis for 

honeycomb sandwich panels and demonstrated that numerical modelling can reproduce 

impact force and absorbed-energy trends when the structural representation is appropriate 

[6]. Anderson and Madenci similarly reported that drop-weight experiments are useful for 

relating impact energy to damage characteristics in both foam- and honeycomb-core panels 

[7]. 

The damage process is not controlled by a single failure mechanism. Depending on impact 

severity and structural configuration, the impacted face sheet may develop indentation, 
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matrix cracking or fibre damage, while the core can undergo crushing or local shear and the 

interface can experience debonding. Recent reviews emphasize that these mechanisms are 

strongly influenced by face-sheet architecture, core material and geometry, impactor 

characteristics and boundary conditions [1,2]. Energy absorption is consequently a 

structural property rather than a simple material constant. 

2.2 Honeycomb and foam-filled cores 

Honeycomb cores are widely used because their cellular architecture provides a favourable 

combination of low density, stiffness and energy absorption. The response can be altered 

by wall thickness, cell size, core height and the addition of secondary filling materials. 

Reviews of energy-absorbing sandwich structures report that honeycomb geometry and the 

progressive deformation of the core play important roles in impact energy dissipation [3]. 

Recent experimental and numerical work has also shown that hybrid or modified 

honeycomb architectures can change peak load, displacement and internal damage 

distribution [11]. 

For the present sandwich configuration, the foam-filled honeycomb core is particularly 

relevant because the foam can support the face sheets while providing a compressible region 

for energy dissipation. The supplied study attributes the improved response of the 

reinforced specimens to increased core stiffness, improved load transfer and a shift toward 

progressive rather than abrupt damage. These interpretations are consistent with the broader 

literature, although the present study does not provide independent measurements of core 

compressive properties or interface fracture toughness. 

2.3 Iron oxide nanoparticle reinforcement 

Iron oxide nanoparticles have been investigated as inorganic fillers in epoxy systems 

because their stiffness, surface characteristics and ability to modify matrix morphology can 

influence the resulting composite. Pour and Ghaemy reported improved tensile, flexural, 

thermo-mechanical and impact properties in epoxy containing functionalized α-Fe2O3, 

linking the improvement to particle dispersion and interfacial adhesion [8]. Sun et al. 

reported enhanced strength and fracture toughness in modified Fe2O3/epoxy 

nanocomposites, with the improvement depending on nanoparticle modification and 

dispersion [9]. Naguib et al. investigated 1, 3 and 5 wt.% iron oxide loadings and found that 

the loading level affected morphology, thermal behaviour and mechanical characteristics 

[10]. More recent work on nano-iron oxide in glass-fibre-reinforced composites also 

indicates that nanoparticle content can influence strength, toughness and thermal 

performance [12]. 

2.4 Research gap 

The literature establishes the importance of sandwich architecture and nanoparticle 

modification separately, but fewer studies directly connect iron-oxide reinforcement of a 

foam-filled honeycomb core with experimentally validated finite element prediction of low-

velocity impact response. The present study addresses this combined problem by 

maintaining a common impact condition and comparing reinforcement levels through both 

experimental measurements and an Explicit Dynamics model. The numerical validation is 

particularly useful because it links measurable quantities: peak force, deformation and 

absorbed energy with the internal deformation, stress and energy-transfer fields that are 

difficult to obtain experimentally. [14], [15], [16], [17], [18], [19], [20]. 
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3. Materials and Methods 

3.1 Sandwich configuration and specimen preparation 

The investigated specimens were hybrid sandwich panels comprising GFRP face sheets 

bonded to a foam-filled honeycomb core. Iron oxide nanoparticles were incorporated into 

the foam-core material. The supplied study reports four compositions: 0, 1, 3 and 5 wt.% 

iron oxide. Each specimen measured 150 mm × 150 mm × 25 mm. The specimens were 

manufactured using the same general procedure so that the reinforcement content was the 

principal experimental variable. 

Table 1. Specimen and impact-test parameters reported in the supplied study. 

Parameter Reported value 

Face sheets GFRP 

Core Foam-filled honeycomb 

Iron oxide content 0, 1, 3 and 5 wt.% 

Specimen size 150 × 150 × 25 mm 

Impactor Hemispherical steel 

Impactor diameter 25 mm 

Impactor mass 3 kg 

Release height 1 m 

Number of specimens 3 per composition 

 

Before impact testing, the specimens were inspected for visible defects including voids, 

resin-rich regions, delamination and surface cracking. Dimensions were checked using a 

digital Vernier caliper. The specimens were centrally positioned in the fixture and clamped 

along all four edges. 

The supplied document states that the specimens were prepared with reference to ASTM 

D3763. ASTM D3763 is a high-speed puncture test method for plastics rather than a general 

sandwich-panel drop-weight standard [13]. Accordingly, this manuscript retains the 

standard designation because it is part of the source record, but the exact standard 

compliance and fixture equivalence should be checked by the authors before journal 

submission. 

3.2 Drop-weight impact test 

The impact apparatus consisted of a rigid frame, vertical guide columns, a guided carriage, 

an electromagnetic release mechanism, a hemispherical steel impactor, a specimen fixture 

and a data-acquisition system. The impact force was measured using a piezoelectric load 

cell integrated with the impactor assembly, while force and displacement histories were 

recorded during the event. 
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Fig. 1. Experimental drop-weight impact test machine used for the sandwich specimens. 

The impactor was raised to 1 m and released from rest. The nominal impact energy was 

calculated from the gravitational potential energy: 

E = mgh          (Eq. 1) 

where m is the impactor mass, g is gravitational acceleration and h is the release height. 

With m = 3 kg, g = 9.81 m/s² and h = 1 m, the calculated impact energy is 29.43 J. The 

corresponding ideal impact velocity is 

 v = √(2gh) = 4.43 m/s.          (Eq. 2) 

Three specimens were tested for each composition and the reported average values were 

used for comparison. After impact, the specimens were visually inspected for indentation, 

matrix cracking, fibre damage, delamination and core crushing. 

3.3 Experimental response parameters 

The principal response quantities were peak impact force, maximum displacement, 

absorbed energy and post-impact damage. The force-displacement response was used to 

examine the progression from initial elastic deformation to damage development. The area 

associated with the force-displacement response was interpreted as an indicator of impact-

energy absorption. 

Table 2. Experimental peak impact-response values. 

Fe2O3 (wt.%) 
Maximum 

displacement (mm) 
Peak impact force 

(N) 
Absorbed energy (J) 

0 8.3 40 16.8 

1 8.0 46 18.8 

3 7.2 50 20.0 

5 6.4 63 26.0 

 

A unit inconsistency is present in the supplied source: the absorbed-energy column in its 

peak-value table is labelled J, whereas the accompanying discussion and the experimental-
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FEM comparison use J. Because 16.8-26 J is consistent with the 29.43 J impact input and 

with the later validation table, the present manuscript reports these values in J and identifies 

the original unit label as an editorial inconsistency that should be corrected in the source 

record. 

 

Fig. 2. Reconstructed experimental force-displacement curves from the reported tabulated data. 

 

Fig. 3. Effect of iron oxide content on peak impact force and maximum displacement. 
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Fig. 4. Effect of iron oxide content on absorbed energy. 

 

Fig. 5. Representative post-impact damage images for the reported iron oxide contents (0, 1, 3 

and 5 wt.%). 

4. Finite Element Modelling 

4.1 Explicit Dynamics formulation 

The numerical investigation was carried out using ANSYS Mechanical Explicit Dynamics. 

The model was intended to reproduce the drop-weight impact event and to provide 

deformation, contact-force, stress, strain and energy histories. Explicit time integration with 

https://doi.org/10.71058/jodac.v10i08a07


 

 

https://doi.org/10.71058/jodac.v10i08a07 

VOLUME 10 ISSUE 08 2026 PAGE NO: 94 

a central-difference scheme was used, which is appropriate for short-duration transient 

events involving contact and rapidly changing deformation. 

The total analysis time was set to 0.020 s. Large-deflection effects were enabled to account 

for geometric nonlinearity associated with face-sheet indentation and panel bending. 

Automatic time stepping was used to maintain numerical stability. The solution was 

monitored through kinetic, internal, artificial and contact energy histories. The supplied 

study used an artificial-energy limit of 5% as a numerical quality criterion. 

Table 3. Explicit Dynamics settings reported in the supplied numerical study. 

Analysis parameter Value 

Analysis type Explicit Dynamics 

End time 0.020 s 

Time integration Explicit central difference 

Large deflection ON 

Automatic time step ON 

Stable time increment Automatically calculated 

Energy error criterion < 5% 

 

 

Fig. 6. ANSYS Explicit Dynamics analysis settings used for the impact simulation. 

4.2 Output quantities 

The numerical solution requests included directional deformation, total deformation, 

kinetic energy, internal energy, energy balance, contact force, equivalent stress and 

equivalent elastic strain. These outputs were selected to connect the measurable 

experimental quantities with the internal structural response. 

4.3 Deformation response 

The directional deformation in the global Z direction represents the impact-induced 

indentation beneath the hemispherical impactor. The maximum predicted value was 

approximately −6.32 mm, with the negative sign indicating downward motion. The 
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deformation reduced toward the clamped boundaries. Because the impact was centrally 

applied and the edge constraints were symmetric, the predicted contour was approximately 

axisymmetric. 

 

Fig. 7. Directional deformation contour from the Explicit Dynamics model. 

 

Fig. 8. Total deformation contour showing maximum indentation beneath the impactor. 

For the centrally applied impact considered here, the in-plane displacement components 

were negligible relative to the normal displacement. The resultant deformation therefore 

closely followed the magnitude of the Z-direction displacement, giving a maximum total 

deformation of approximately 6.32 mm. 
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4.4 Energy transfer and balance 

At the beginning of the simulation, the impactor carried almost all of the system's dynamic 

energy as kinetic energy. The reported initial kinetic energy was approximately 29.29 J at 

4.43 m/s. After contact, kinetic energy decreased as energy was transferred to the sandwich 

panel. Internal energy increased as the GFRP face sheets bent and the foam-filled 

honeycomb core compressed. During rebound, a portion of the stored elastic energy was 

converted back into impactor kinetic energy. 

 

Fig. 9. Kinetic-energy history of the impactor during the Explicit Dynamics simulation. 

 

Fig. 10. Internal-energy history of the sandwich panel, reaching approximately 27.2 J. 
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Fig. 11. Numerical energy balance showing kinetic-to-internal energy conversion and artificial 

energy below 5%. 

The energy-balance history remained nearly constant in total energy, while artificial energy 

stayed below the stated 5% criterion. This supports the numerical stability of the selected 

time integration, contact formulation and mesh treatment, although the supplied document 

does not provide sufficient mesh statistics, element counts or a formal mesh-convergence 

study to independently reproduce the convergence assessment. 

4.5 Contact force, stress and strain 

4.6 Stress-Strain Interpretation and Damage-Relevant Response 

The supplied source does not report a numerical maximum value for equivalent elastic 

strain. Accordingly, the strain result is presented in terms of its spatial distribution rather 

than an unsupported numerical value. This distinction is retained throughout the manuscript 

so that the numerical results remain traceable to the supplied finite element study. 

The equivalent elastic strain contour showed a corresponding concentration beneath the 

impactor and a gradual reduction toward the fixed edges. This distribution indicates that the 

upper GFRP face sheet initially experienced the greatest localized deformation before 

transferring the load to the underlying core. The combined high-stress and high-strain 

region represents the most critical zone for possible matrix cracking, fibre–matrix 

debonding, local indentation and core crushing. 

The equivalent (von Mises) stress distribution provides a quantitative indication of the 

location at which the impact load was most concentrated. The maximum reported 

equivalent stress was approximately 268 MPa and occurred directly beneath the 

hemispherical steel impactor. The stress decreased away from the impact centre as the 

GFRP face sheet and foam-filled honeycomb core redistributed the load toward the clamped 

boundaries. The approximately symmetric stress field is consistent with the centrally 

applied impact and the experimentally observed localized indentation. 

The simulated contact force increased from zero at first contact to a maximum of 

approximately 61 N and then decreased during impactor rebound. The peak occurred when 

the face sheet and core offered their highest instantaneous resistance to the impactor. The 
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resulting force history was smooth, indicating stable contact behaviour in the numerical 

model. 

 

Fig. 12. Contact-force history from the Explicit Dynamics simulation. 

The equivalent-stress contour showed the highest stress directly beneath the impactor. The 

maximum reported equivalent stress was approximately 268 MPa. The stress reduced away 

from the impact centre as the load was redistributed through the sandwich structure. The 

high-stress zone is consistent with the experimentally observed localization of indentation 

and damage. 

 

Fig. 13. Equivalent-stress distribution showing localized stress beneath the hemispherical 

impactor. 

The equivalent elastic strain was also concentrated beneath the impactor and reduced 

toward the constrained edges. This distribution indicates that the upper face sheet initially 
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carries the localized impact load before transferring it to the core. The strain field provides 

a numerical indication of the region where matrix cracking, interface damage or core 

crushing could initiate, but the present model should not be interpreted as a full progressive 

damage model because the supplied source does not specify detailed composite failure 

criteria. 

 

Fig. 14. Equivalent elastic-strain distribution showing localized strain beneath the impactor. 

5. Results and Discussion 

5.1 Stress and Strain Response 

The numerical stress and strain fields provide additional evidence for the localized nature 

of the impact response. The maximum equivalent von Mises stress of approximately 268 

MPa was concentrated beneath the impactor, identifying the impact centre as the critical 

load-transfer region. The equivalent elastic strain was also highest in this region and 

decreased toward the constrained edges. The agreement between the stress/strain 

localization, the predicted deformation contour and the experimentally observed damage 

region indicates that the model captured the principal load-transfer behaviour of the 

sandwich panel. 

5.2 Experimental force–displacement response 

The force–displacement curves show a clear dependence on iron oxide content. At small 

displacement, the force increased progressively as the upper GFRP face sheet and the 

underlying core resisted indentation. The unreinforced panel exhibited a pronounced force 

drop near 6 mm displacement, which is consistent with the sudden local damage reported 

in the supplied study. The reinforced specimens maintained higher load levels and 

displayed a more progressive response. 

The 5 wt.% specimen developed the highest recorded peak force of 63 N. Relative to the 0 

wt.% specimen, this represents a 57.5% increase. At the same time, maximum displacement 

decreased from 8.3 to 6.4 mm, a reduction of approximately 22.9%. The simultaneous 

increase in peak load and reduction in displacement indicates a stiffer impact response at 

the highest reinforcement level. 
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Table 4. Relative changes calculated from the experimental peak values. 

Fe2O3 content 
Peak force change 

vs. 0 wt.% 
Displacement 

reduction vs. 0 wt.% 
Absorbed-energy 

increase vs. 0 wt.% 

0 wt.% 0% 0% 0% 

1 wt.% +15.0% 3.6% +11.9% 

3 wt.% +25.0% 13.3% +19.0% 

5 wt.% +57.5% 22.9% +54.8% 

 

 

Fig. 15. Relative change in peak force, displacement and absorbed energy with iron oxide 

content, using 0 wt.% as the baseline. 

5.3 Energy absorption 

Absorbed energy increased from 16.8 J for the unreinforced panel to 18.8 J, 20.0 J and 26.0 

J for the 1, 3 and 5 wt.% specimens, respectively. Based on the tabulated values, the 5 wt.% 

condition absorbed approximately 54.8% more energy than the 0 wt.% condition. This trend 

is important because the purpose of a sandwich impact structure is not simply to resist the 

initial load, but to dissipate the impact energy while limiting structural damage. 

The improvement can reasonably be associated with greater resistance of the reinforced 

core to localized compression and improved load transfer between the face sheets and core. 

However, because the source document does not report independent measurements of 

nanoparticle dispersion, core density, compressive strength or interface fracture properties, 

these mechanisms should be regarded as the most plausible interpretation of the observed 

trend rather than directly measured causal variables. 

5.4 Post-impact damage 

The unreinforced panel showed the most severe visible damage, including indentation, 

matrix cracking, delamination and core crushing. Damage became progressively less severe 

as iron oxide content increased. The 3 wt.% specimen showed a more localized damaged 
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region, while the 5 wt.% specimen exhibited mainly shallow indentation with no significant 

delamination or fibre fracture reported in the source. 

The damage progression agrees qualitatively with the force–displacement data. A sudden 

force reduction in the unreinforced specimen is consistent with rapid local failure, whereas 

the reinforced specimens sustained higher force and continued deformation without the 

same abrupt loss of load-carrying capacity. This behaviour suggests a transition toward 

more progressive energy dissipation. 

5.5 Numerical response and experimental correlation 

Table 5. Quantitative comparison between experiment and finite element prediction. 

Response parameter Experiment FEM prediction Absolute error (%) 

Peak contact force (N) 63 61 3.17 

Maximum deformation (mm) 6.50 6.32 2.77 

Absorbed/internal energy (J) 26.0 27.2 4.62 

 

 

Fig. 16. Comparison of the reported experimental measurements and FEM predictions. 

The numerical peak contact force of 61 N differs from the experimental value of 63 N by 

3.17%. The maximum deformation differs by 2.77%, with 6.32 mm predicted compared 

with 6.50 mm measured. The numerical internal energy of 27.2 J differs from the reported 

experimental absorbed energy of 26.0 J by 4.62%. The mean of the three absolute 

percentage deviations is approximately 3.52%. 

The close agreement indicates that the model captures the principal global response of the 

tested sandwich panel. The deformation contours place the maximum response at the centre, 

consistent with the experimental indentation. The stress field is also concentrated beneath 

the impactor, matching the observed damage location. Similar experimental–numerical 

strategies have been used successfully in the literature to connect impact force, damage and 

energy absorption in sandwich structures [6,11]. 
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The remaining differences can be attributed to factors that are difficult to reproduce exactly 

in a numerical model, including manufacturing tolerances, local material heterogeneity, 

clamping conditions, uncertainty in material properties and simplifications in the 

constitutive representation. The source does not provide a complete set of orthotropic GFRP 

properties, foam/honeycomb constitutive data, interface properties, mesh statistics or 

contact coefficients, so the reported validation should be interpreted as validation of the 

available model outputs rather than a complete reproducibility record. 

5.6 Practical significance 

The experimental results indicate that the 5 wt.% iron oxide condition provides the strongest 

overall impact response among the tested compositions. It combines the highest peak force, 

the lowest maximum displacement and the highest absorbed energy. From an engineering 

perspective, this combination suggests improved resistance to localized indentation and 

greater capacity to dissipate a fixed impact energy. The validated numerical model further 

provides a means of examining stress and energy transfer that would otherwise require 

additional experimental instrumentation. 

The results should nevertheless be used within the limits of the tested configuration. The 

study considered a single impact energy, a single impactor geometry and a single specimen 

size. It therefore establishes a useful performance comparison among the reported 

reinforcement levels, but it does not establish an optimum iron oxide concentration for all 

sandwich designs or loading conditions. 

6. Conclusions 

• The investigated GFRP/foam-filled honeycomb sandwich panels showed a clear 

improvement in low-velocity impact response as the reported iron oxide content 

increased from 0 to 5 wt.%. 

• Peak impact force increased from 40 N at 0 wt.% to 63 N at 5 wt.%, corresponding to a 

57.5% increase. 

• Maximum displacement decreased from 8.3 mm to 6.4 mm, corresponding to a 22.9% 

reduction. 

• Absorbed energy increased from 16.8 J to 26.0 J, corresponding to an approximately 

54.8% increase based on the tabulated values. 

• Post-impact damage became progressively more localized with increasing 

reinforcement; the 5 wt.% specimen showed the least visible damage in the supplied 

observations. 

• The ANSYS Explicit Dynamics model predicted 61 N peak contact force, 6.32 mm 

maximum deformation and 27.2 J internal energy. The corresponding deviations from 

experiment were 3.17%, 2.77% and 4.62%, respectively. 

• The average absolute deviation of the three primary validation parameters was 

approximately 3.52%, and the artificial-energy contribution remained below the 5% 

criterion reported in the source study. 

• The combined results support the use of iron oxide reinforcement as a promising 

approach for improving the impact response of the investigated sandwich configuration 

and support the use of the validated numerical model for future parametric design 

studies. 

7. Limitations and Recommendations for Further Work 

The supplied study provides strong comparative impact results, but several details required 

for full independent reproduction are not reported. These include the exact GFRP lay-up 
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and fibre volume fraction, matrix and core material grades, nanoparticle size and 

morphology, nanoparticle dispersion procedure, adhesive/interface properties, honeycomb 

cell geometry, foam density, mesh type and size, element count, material constitutive 

parameters, contact/friction coefficients and formal mesh-convergence results. 

Future work should therefore investigate a wider range of reinforcement contents, multiple 

impact energies and impactor geometries, and repeated-impact or compression-after-impact 

performance. Microscopic or non-destructive damage characterization such as optical 

microscopy, ultrasonic inspection or computed tomography would strengthen the 

interpretation of internal damage. A progressive composite damage model with explicitly 

defined intralaminar, interlaminar and core-failure criteria would also improve the 

predictive capability of the numerical model. 

A further useful direction is to establish a quantitative relationship between iron oxide 

content, core compressive properties and impact energy absorption. Such a relationship 

would allow the reinforcement level to be optimized not only for peak force and 

displacement, but also for specific energy absorption, residual strength and structural mass. 

8. Data Availability 

The numerical and experimental values reported in this manuscript are derived from the 

supplied study document. The original source contains the reported test curves, 

photographs, ANSYS contour plots and validation values. Additional raw time-history data 

were not provided in the source and are therefore not reproduced or inferred here. 

9. Conflict of Interest 

The supplied source document does not state a conflict-of-interest declaration. A journal-

specific declaration should be inserted by the authors before submission. 

10. Author Contributions 

Author-contribution details were not provided in the source document and should be 

completed by the authors according to the target journal's CRediT requirements. 

The numerical stress-strain assessment further identified a maximum equivalent stress of 

approximately 268 MPa at the impact centre, while the equivalent elastic strain remained 

concentrated in the same region and decreased toward the clamped boundaries. These 

findings identify the impact centre as the critical zone for localized deformation and 

possible damage initiation and strengthen the interpretation of the experimental force, 

displacement and energy results. Since the source document does not report a numerical 

maximum equivalent-strain value, the strain result is intentionally reported only in terms of 

its spatial distribution. 
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