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HIGHLIGHTS

GRAPHICAL ABSTRACT

e Polyurethane foam core is not
suitable for sandwich panels under
blast loading, whereas the square
lattice core is effective.

e Increasing the standoff distance
reduces the deflection of the back
face sheet.

e Increasing the explosive mass
increases the deflection of the
back face sheet.
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In this paper, the experimental and numerical analysis of sandwich panels
under blast loading is investigated. In this study, the effect of blast loading on
sandwich panels with two different structures in the core has been investigated.
The face sheets of the sandwich panel are made of steel with a thickness of 1
mm. One of the cores is made of polyurethane foam, and the other is a square
lattice structure fabricated from the same material as the face sheets, with a
thickness of 0.5 mm. The core height is 40 mm. In the experimental blast tests,
a standoff distance of 10 cm is considered, and C4 explosive with a constant
mass of 30 grams is used in the blast processes. Numerical analysis is
performed using Abaqus software and the CONWEP technique. Furthermore,
the dynamic behavior of the sandwich structure is analyzed under various
conditions using simulation software. A comparison of the numerical and
experimental results shows a good agreement. The analysis results indicate
that polyurethane foam is not a suitable core material for sandwich panels
under blast loading. However, the square lattice core proves to be effective, as
the displacement of the back face sheet is smaller than that of the front face

sheet, and the core undergoes plastic deformation.

Cite this article: Kochakinejad A, Babaei H, Mousavi Tarsi SA. Investigation of the Effect of Blast Loading on
Sandwich Structures with Foam and Square Lattice Cores. Aerospace Mechanics. 2025; 21(3):67-82.

DOTI:https://doi.org/10.47176/MAJ.2025.1501

© Author(s) retain the copyright and full publishing rights

Publisher: Imam Hossein University.

[@Noleh

OPEN ACCESS


https://doi.org/10.47176/MAJ.2025.1501
https://portal.issn.org/resource/ISSN/2980-8103
https://orcid.org/0000-0002-2049-5704
https://orcid.org/0000-0002-4001-1279

Investigation of the Effect of Blast Loading on Sandwich Structures with Foam and Square Lattice Cores 68

1. Introduction

Sandwich panels are extensively utilized in military and protective industries to shield personnel and equipment from blast and

impact loads. Their high bending stiffness-to-weight ratio, achieved by separating two structural face sheets with a lightweight

core, makes them superior to monolithic plates. A key performance metric is energy absorption, where cores like foam and

lattice structures act as impact dampers. This study investigates and compares the dynamic response of two types of sandwich

panels—one with a polyurethane foam core and the other with a square lattice steel core—under close-range blast loading. The

primary objective is to evaluate their effectiveness in blast mitigation by analyzing deformation patterns, energy absorption

capabilities, and failure mechanisms through integrated experimental and numerical approaches.

2. Methodology

The research employed a combined experimental and numerical methodology.

Specimen Configuration: Both sandwich panels consisted of ST12 steel face sheets with a thickness of 1 mm and a
core height of 40 mm. The two core types were: 1) Polyurethane foam with a density of 45 kg/m?®, and 2) A square

lattice structure fabricated from 0.5 mm thick ST12 steel sheets.

Experimental Blast Testing: Free-air blast tests were conducted in a controlled explosion chamber. A spherical
charge of 30 grams of C4 explosive was detonated at a constant standoff distance of 10 cm from the front face of the

clamped sandwich panel. The deformation of both front and back face sheets was captured and measured.

Numerical Simulation: Finite Element Analysis (FEA) was performed using Abaqus/Explicit. The CONWEP
(Conventional Weapons Effects) empirical blast model was implemented to simulate the pressure load from the
explosive airblast. Material models were critical for accuracy: The Johnson-Cook plasticity model was used for the
steel (face sheets and lattice), accounting for strain rate and thermal effects. The foam core was modeled using a
crushable foam material model (Low-density foam). Symmetry conditions were applied to reduce computational cost.
A comprehensive mesh convergence study was performed to ensure result independence from element size. The
numerical model was rigorously validated by comparing its predictions (deformation profiles) with the experimental

results, showing excellent agreement.

3.Results and Discussion

The comparative analysis revealed significant differences in the performance of the two core types.

Deformation Response:

o Foam Core Panel: The back face sheet experienced larger deflection (2.03 cm) than the front face sheet
(1.39 cm). This indicates that the polyurethane foam core did not undergo significant plastic deformation

(crushing) and instead transmitted most of the impulse to the back face.

o Square Lattice Core Panel: The back face sheet deflection (0.904 cm) was significantly lower than the
front face deflection (1.39 cm). The lattice core itself underwent substantial plastic deformation (2.52 cm),

demonstrating effective energy dissipation through structural yielding.

Energy Absorption:
o  Total energy absorption was higher for the lattice core panel (320 J)compared to the foam core panel (209 J).

o  Critically, the lattice core absorbed 127 J, while the foam core absorbed only 6 J. This stark contrast
(approximately 21 times more energy absorbed by the lattice) underscores the inefficiency of the specific

foam used as a standalone energy-absorbing core under this blast condition.
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e Parametric Studies (Numerical): Extensive parametric studies were conducted using the validated numerical model:

o

o

4.Conclusion

Explosive Mass: Increasing charge mass led to increased back-face deflection for both panels.

Standoff Distance: Increasing the distance between the charge and the panel dramatically reduced back-

face deflection, proving to be a more effective mitigation strategy than reducing charge mass.

Material Grade: Changing face sheet steel from STI2 to higher-strength ST37 reduced back-face

deflection. Changing to aluminum (AL1050) drastically increased deflection, degrading performance.
Foam Density: Increasing foam density slightly increased back-face deflection, offering no improvement.

Lattice Core Thickness: Increasing the thickness of the lattice members from 0.3 mm to 1.0 mm
progressively reduced both front and back face deflections. An optimal balance was suggested for a

thickness of 0.3 mm, providing good performance with minimal added weight.

This study conclusively demonstrates that, under the specified close-range blast loading, a square lattice steel core is far more

effective than a polyurethane foam core for sandwich panel protection. The lattice core's superiority is attributed to its ability to

undergo controlled plastic deformation, thereby absorbing a substantial portion of the blast energy and shielding the back face.

In contrast, the tested polyurethane foam core acted essentially as a compliant spacer, transmitting the load with minimal

absorption and causing greater back-face deformation. Key design insights include: 1) The critical importance of core plastic

energy dissipation, 2) The significant benefit of increasing standoff distance, and 3) The superior performance of steel over

aluminum for the face sheets in this context. The findings provide valuable guidance for designing blast-resistant sandwich

structures, recommending lattice-type cores over low-density foams for applications where impulsive loading is a primary

concern.
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