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INVESTIGATING THE EFFECT OF HONEYCOMB GRID CELL SIZE  

ON STRUCTURAL PERFORMANCE OF STIFFENED SYNTACTIC  

FOAM CORE SANDWICH COMPOSITE 

Syntactic foam core composite sandwich structures are potential structural panels because of their high specific proper-

ties. The chief ingredient of a syntactic foam is dry fly ash cenospheres, which play a vital role in the mechanical properties of 

syntactic foam in relation to its volume fraction. In the present investigation, the concept of confining foam in the cells of  

a honeycomb grid structure was adopted to improve the mechanical properties of composite sandwich structural panels.  

Experimental investigations were carried out to evaluate the thermal stability and mechanical properties of a honeycomb grid 

stiffened syntactic foam core composite sandwich as per ASTM standards. The results of the investigations reveal that the syn-

tactic foam confined in the hexagonal cells of the honeycomb grid structure considerably improves the mechanical properties 

by 20% to 180% than compared with syntactic foam core sandwich composites without a honeycomb grid structure. The cell 

walls of the honeycomb grid structure hinder the propagation of cracks under loading conditions. The damage tolerance ca-

pacity is attributed to the cell size of the honeycomb structure. Interfacial bonding of the constituent materials leads to  

improved mechanical properties. 
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INTRODUCTION 

Composite materials are widely being used in 

household, automobile, aerospace and marine structural 

applications. Composite materials offer high specific 

properties with good energy absorption capabilities.  

It will be possible to improve the physical, mechanical, 

thermal and acoustical properties, if the technique of 

sandwich construction is properly designed and imple-

mented for the development of composite sandwich 

panels. Sandwich composites basically consist of two 

face skins on either side sides of a thicker core. The two 

thin face skins and the core occupy about 20% and 80% 

of the overall volume of composite sandwich panels, 

respectively. The core of composite sandwich panels 

prevents the face skins against buckling and improves 

the compressive properties. On the other hand, the face 

skins of the composite sandwich panels significantly 

improve the flexural properties. Under out-of-plane 

(flatwise) loading conditions, a composite sandwich can 

be used as structural panels, roofs, decks, among others, 

in which flexural loads will be carried by the face skins 

and shear loads will be carried by the core. However, 

under in-plane (edgewise) loading conditions, sandwich 

composites can be used as bulkheads. The low density 

characteristic of sandwich composites has potential  

advantages in weight critical structural applications. 

Researchers have attempted to develop composite 

sandwich panels with new materials for the face skins 

and the core. The face skins of composite sandwich 

panels may be made from a fiber-reinforced composite 

or metallic sheets. Nonetheless, the core of composite 

sandwich panels may be a honeycomb grid, balsa wood 

or foam.  The foam core may be a metallic foam core or 

polymer foam one. There are two types of polymer 

foam cores (open-cell, closed-cell) that can be used as  

a potential core material for sandwich constructions.  

A closed-cell polymer foam called syntactic foam ex-

hibits good physical and mechanical properties when 

compared to open-cell polymer foam. Syntactic foam is 

a composite prepared by reinforcing desired proportions 

of hollow micro-spherical particles (cenospheres) in 

polymer matrix. The potential advantages of syntactic 

foams make them suitable for the development of  

composite sandwich panels as the core material [1].  

The literature reveals that the volume fraction of hollow 

micro-spherical particles does have a significant influ-

ence on the mechanical properties of syntactic foam  

[2-10]. The mechanical properties of syntactic foam 

deteriorate with a higher volume fraction of the hollow 

micro-spherical particles in the resin matrix. This may 

be due to a reduction in the interfacial thickness of the 
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matrix material between the micro-spherical particles of 

syntactic foam. To overcome this problem, researchers 

have attempted to switch from two-phase compositions 

of syntactic foam to three-phase ones by incorporating 

nanoclay, carbon nanotubes and chopped fibers [11-13] 

to improve its mechanical performance. Furthermore, 

He et al. [14] observed an increase in the fracture  

energy of a syntactic foam core by using carboxyl-

terminated butadiene-acrylonitrile rubber constituents. 

The experimental results of Jin et al. [15] revealed  

that an increase in the compressive strength and the  

energy absorption capability of syntactic foam could be  

obtained by doping it with GFRP tubes. Brandtner- 

-Hafner [16] observed that the structural failure behavior 

of polymer foams is in the fracture zone and in its  

interfaces. The results of their investigations show  

that it is not the materials with the highest tensile 

strength that are most promising, but those with  

the most extraordinary fracture energy and damage  

tolerance.  

Manu [17] found that the shape memory functional-

ity of a shape memory polymer based syntactic foam 

can be utilized for the purpose of sealing damage along 

with shape recovery. In relation to the third phase con-

stituent of syntactic foam, the present investigation  

focuses on integrating the hexagonal cells of a honey-

comb grid structure as a third phase constituent in syn-

tactic foam during manufacturing to overcome  

the problems associated with the foam.  

METHOD OF MANUFACTURING 

In the present work, the concept of confining foam 

in the cells of a honeycomb grid structure [18-23] is 

adopted to improve the mechanical properties of syntac-

tic foam core composite sandwich panels. Syntactic 

foam is a composite prepared by reinforcing the desired 

proportions (50:50) of dry fly ash cenospheres in 

a phenol formaldehyde thermoset polymer resin  

matrix. Next, the blended mixture of syntactic foam 

was then packed in the hexagonal cells of a honeycomb 

grid structure to form a core. Afterwards, resin-

impregnated glass fabrics were vacuum bonded to the 

core to form stiffened syntactic foam core composite 

sandwich panels (Fig. 1).  

TESTING OF PROPERTIES 

Characterization of the thermal stability and me-

chanical properties of composite sandwich panels in the 

possible loading directions is performed by means of 

testing. The consequence of confining the syntactic 

foam in the cells of a honeycomb structure on the me-

chanical properties of composite sandwich panels is 

investigated experimentally under flatwise (out-of- 

-plane) and edgewise (in-plane) loading configurations. 

As per ASTM standards, tests were executed to assess 

the physical and mechanical characteristics of the com-

posite sandwich panels. With the intention of studying 

the effect of the cell size of the honeycomb grid struc-

ture, parametric analysis was carried out to evaluate the 

mechanical performance of the honeycomb grid stiff-

ened syntactic foam core composite sandwich panels. 

The cell sizes of the honeycomb grid structure consid-

ered for the parametric study were 5, 10, 15 and 20 mm. 

The prepared composite sandwich panels were the syn-

tactic foam core sandwich composite (SF), honeycomb 

grid stiffened syntactic foam core sandwich composite 

(SFK20) with a hexagonal cell size of 20 mm, honey-

comb grid stiffened syntactic foam core sandwich com-

posite (SFK15) with a hexagonal cell size of 15 mm, 

honeycomb grid stiffened syntactic foam core sandwich 

composite (SFK10) with a hexagonal cell size of  

10 mm and honeycomb grid stiffened syntactic foam 

core sandwich composite (SFK5) with a hexagonal cell 

size of 5 mm.  

 

a)

  

b)

  

c)

  

d)

  

Fig. 1. Sandwich composites with syntactic foam core with and without honeycomb grid structure: a) syntactic foam core, b) syntactic foam core/ 

glass/epoxy face skin sandwich, c) honeycomb grid stiffened syntactic foam core, d) honeycomb grid stiffened syntactic foam core /glass/epoxy 
face skin sandwich 
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Resin burnout test 

The resin burnout test was conducted to verify the 

constituents of the reinforcement mass fraction in  

the composite sandwich specimens by burning it in 

a muffle furnace at 565°C as per ASTM D2584. Then 

after cleaning and drying the residues, the reinforce-

ment constituents were weighed. Next, the actual vol-

ume fractions of the reinforcement and the matrix were 

evaluated. 

Characterization of mechanical behavior 

The mechanical behavior of the composite sandwich 

panel and its constituents, i.e. the face skins and core 

materials were evaluated under different loading and 

boundary conditions at a constant displacement rate of 

0.5 mm/min using a universal testing machine, Instron 

5982, with a capacity of 300 kN. Investigations were 

carried out in accordance with ASTM C365 and ASTM 

C364, to determine the flatwise (out-of-plane) and 

edgewise (in-plane) structural behavior of the compos-

ite sandwich panels under compression loading condi-

tions, respectively.  

ASTM C297 [24] and ASTM D638 [25] were fol-

lowed to examine the flatwise and edgewise structural 

response of the composite sandwich specimens under 

tensile loading conditions, respectively. The composite 

sandwich panels were subjected to the flexural test  

as per ASTM C393 [24], in which the composite sand-

wich specimens were subjected to transverse load under 

flatwise and edgewise conditions. The composite sand-

wich panels were subjected to three-rail shear tests  

as per ASTM D4255M, in which the composite  

sandwich panels were subjected to transverse loading 

conditions under out-of-plane and in-plane configu- 

rations. 

RESULTS AND DISCUSSION 

Resin burnout results 

The mechanical bonding of the phenolic resin matrix 

with the dry fly ash cenospheres in the syntactic foam 

composite and epoxy resin matrix with glass fiber in the 

glass/epoxy face skin composite was stable up to the 

temperature of 450°C and 350°C, respectively. By pro-

ceeding further with a rise in temperature, both the 

thermoset polymer resin matrices (the phenolic resin in 

the syntactic foam and the epoxy in the face skin) 

gradually decompose [26] till the temperature of 565°C. 

Then, after cleaning and drying the residues, the rein-

forcement constituents were weighed. Next, the actual 

volume fractions of the reinforcement and the matrix 

were evaluated. Table 1 summarizes the results of the 

resin burnout test. The results reveal that the composite 

sandwich structure is stable with the core of stiffened 

syntactic foam up to 450°C [26]. 
 

TABLE 1. Results of resin burnout test 

Composite 

specimen 

Mass of 

composite 

[g] 

Mass of rein-

forcement 

after resin 

burnout test 

[g] 

Volume fraction 

Rein-

forcement 
Matrix 

Syntactic 
foam 

5 2.36 0.70 0.30 

E-
glass/epoxy 

5 2.37 0.30 0.70 

Tensile behavior 

The tensile stress-strain behavior of the composite 

sandwich specimens under flatwise and edgewise load-

ing conditions is shown in Figure 2. Under flatwise ten-

sile loading conditions (Fig. 2a) there is a linear rise in 

the stress with respect to strain till failure of the com-

posite sandwich specimen. Under edgewise tensile 

loading conditions (Fig. 2b), the stress-strain plot exhib-

its linear response up to the point of yield stress.  

Beyond the point of yield stress, cracks initiate in the 

core, leading to non-linear behavior till failure.  
 

a)   

 
b)  

 
Fig. 2. Tensile stress-strain behavior of sandwich composites: a) flatwise 

tension, b) edgewise tension 

It was observed that the honeycomb grid stiffened 

syntactic foam core composite sandwich panels demon-

strated significant improvement in the tensile strength 

and modulus in correlation with the hexagonal cell size 

of the honeycomb grid structure. This may be due to the 

hinderance of micro-cracks generated in the syntactic 

foam by the cell walls of the honeycomb grid structure. 

This is in correlation with similar observations revealed 
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in the investigations conducted by Kumar et al.  

[29, 30]. The spread of cracks in the core was halted by 

the hexagonal cell walls of the honeycomb grid struc-

ture and led improvement of the tensile strength and 

tensile modulus of composite sandwich specimens.  

The tensile strength and tensile modulus of the compos-

ite sandwich specimens under flatwise and edgewise 

tensile loading conditions are listed in Table 2.  

 
TABLE 2. Tensile properties of sandwich composites under 

flatwise and edgewise loading conditions 

Property 
Configura-

tion 
SF SFK20 SFK15 SFK10 SFK5 

Tensile 

strength 
[MPa] 

Flatwise 6.23 7.83 8.19 8.82 9.01 

Edgewise 33.21 34.25 36 37.82 37.93 

Tensile 
modulus 

[GPa] 

Flatwise 1.87 2.34 2.69 2.74 3.38 

Edgewise 4.38 4.87 4.99 5.18 5.42 

Compression behavior 

The structural behavior of the composite sandwich 

specimens loaded under flatwise and edgewise com-

pression loading conditions is shown in Figure 3. Under 

flatwise compression (Fig. 3a), the core of the compos-

ite sandwich panel is the major load bearing member. 

All the composite sandwich specimens exhibited a simi-

lar flatwise compressive stress-strain response with  

a linear rise up to the point of yield stress, followed by 

densification. Nevertheless, under edgewise compres-

sion (Fig. 3b), the sandwich composites exhibit a linear 

response up to the point of yield stress. Beyond the 

point of yield stress, cracks initiate in the core, leading 

to a sudden drop in the stress-strain curve. Similar ob-

servations were made by Kumar et al. [29]. It can be 

seen that (Fig. 1c and d) syntactic foam confined in the 

hexagonal cells of the honeycomb grid structure leads 

to considerable improvement in the compression prop-

erties of the stiffened syntactic foam core sandwich 

composite. Furthermore, the significant improvement in 

the compressive properties of the composite sandwich 

specimens with the core of honeycomb grid stiffened 

syntactic foam are attributed to the cell size of the  

honeycomb grid structure [28-30]. The compression 

strength and compression modulus of the composite 

sandwich specimens under flatwise and edgewise com-

pression loading conditions are presented in Table 3. 

 
TABLE 3. Compressive properties of sandwich composites  

under flatwise and edgewise loading conditions 

Property Configuration SF SFK20 SFK15 SFK10 SFK5 

Compression 
strength 
[MPa] 

Flatwise 7.09 12.42 14.98 15.72 16.79 

Edgewise 19.67 23.45 23.83 24.07 24.85 

Compression 
modulus 

[GPa] 

Flatwise 1.32 2.46 3.24 3.28 3.87 

Edgewise 1.77 1.96 2 2.04 2.28 

a)

     

b)

     

c)

            

d)

            
Fig. 3. Compression stress-strain behavior of sandwich composites:  

a) flatwise compression, b) edgewise compression, c) crushed 

sandwich with continuous cracks, d) crushed sandwich with in-

termittent cracks 

Flexural behavior 

Figure 4 shows the flexural behavior of long and 

short span composite sandwich beam specimens,  

respectively, under out-of-plane loading configuration. 

The flexural behavior of the composite sandwich 

specimens is linear at the beginning and then exhibits 

non-linear behavior. The flexural strength of the com-

posite sandwich specimens is governed by the compos-

ite face skins as the glass/epoxy face skins exhibit good 

resistance to the initiation of crack at the tensile side of 

the sandwich composite specimens under the out-of-

plane flexure loading configuration. Once the crack is 

initiated on the tensile side of the composite sandwich 



Amith Kumar S.J., Ajith Kumar S.J. 

Composites Theory and Practice  23: 4 (2023)  All rights reserved 

206

specimen, it will propagate corresponding to the in-

crease in load. This leads to shear failure of the core 

material [30]. The significant influence of the syntactic 

foam confined in the cells of the honeycomb grid  

structure on the flexural performance of the composite 

sandwich specimens is given in Table 4. It is worth  

highlighting the fact that the integration of syntactic- 

foam in the honeycomb grid structure to form a core 

leads to significant improvement in the flexural 

properties of composite sandwich beams. Moreover, the 

long beam composite sandwich specimen exhibits high 

bending strength, while the short beam composite 

sandwich specimen exhibits high shear strength. 

 
TABLE 4. Flexural properties of long beam composite sand-

wich beams 

Property 
Configura-

tion 
SF SFK20 SFK15 SFK10 SFK5 

Flexural-
strength 
[MPa] 

Flatwise 54 70.02 91.7 103.36 103.89 

Edgewise 27.33 34.37 36.62 37.34 38.26 

Flexural 
modulus 

[GPa] 

Flatwise 5.16 6.7 7.79 8.69 11.49 

Edgewise 2.4 3.18 3.23 4.63 6.48 

 

a)

    

b)

       
Fig. 4. Flatwise flexural behavior of composite sandwich beams:  

a) long-beam, b) short-beam 

Thein-plane flexural response (Fig. 5) of the com-

posite sandwich specimen exhibits linear behavior at 

the beginning and then non-linear behavior. Under the 

in-plane loading configuration, both face skins as well 

as the core constituents of the composite sandwich 

specimens simultaneously resist the crack initiation. 

Once the crack initiates, it propagates due to the further 

increase in load and leads to the failure of the composite 

sandwich specimens. The flexural properties of the long 

beam composite sandwich specimens under out-of-

plane and in-plane loading conditions are listed in Table 

4. The flexural strength and modulus of the short beam 

composite sandwich specimens under out-of-plane and 

in-plane loading conditions are presented in Table 5. 
 

a)

     
b)

  
Fig. 5. Edgewise flexural behavior of composite sandwich beams:  

a) long-beam, b) short-beam 

TABLE 5. Flexural properties of short beam composite sand-

wich beams 

Property 
Configura-

tion 
SF SFK20 SFK15 SFK10 SFK5 

Flexural 

strength 
[MPa] 

Flatwise 42.02 54.63 66.95 72.46 73.05 

Edgewise 33.2 40.5 41.25 41.76 42.28 

Flexural 
modulus 

[GPa] 

Flatwise 1.97 2.63 2.92 3.24 3.47 

Edgewise 1.03 1.24 1.29 1.31 1.39 

In-plane shear behavior 

The flatwise and edgewise shear stress-strain behav-

ior of the composite sandwich specimens are shown in 

Figure 6. Under the flatwise shear loading configura-

tion, it can be observed that there is a linear rise in the 

stress with respect to low-strain and then followed by 

non-linear behavior till failure of the composite sand-

wich specimen. Under the in-plane shear loading condi-

tion, the stress-strain plot shows linear response up to 

the point of yield stress. Beyond the point of yield 

SF

SFK20

SFK15

SFK10

SFK5
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stress, cracks initiate in the core, leading to non-linear 

behavior till failure. A similar observation was made by 

Manalo et al. [31]. The out-of-plane and in-plane shear 

strength of composite sandwich specimens are given in 

Table 6. 
 

a)

     

b)

     
Fig. 6. Shear stress-shear strain behavior of sandwich composite speci-

mens: a) flatwise shear, b) edgewise shear 

TABLE 6. Shear properties of sandwich composites  

Property 
Configura-

tion 
SF SFK20 SFK15 SFK10 SFK5 

Shear 
strength 

[MPa] 

Flatwise 18.74 22.75 24.7 25.43 26.34 

Edgewise 23.95 26.72 27.91 28.38 28.78 

Shear 
modulus 
[GPa] 

Flatwise 0.96 1.15 1.21 1.28 1.36 

Edgewise 1.04 1.17 1.31 1.33 1.48 

CONCLUSIONS 

An attempt was made to develop and characterize 

the thermal stability and mechanical properties of com-

posite sandwich panels with a core of syntactic foam in 

which the major reinforcing constituent is dry fly ash 

cenospheres. The authors further proceeded to stiffen 

the syntactic foam by integrating it with hexagonal cells 

of a honeycomb grid structure. Following conclusions 

were drawn based on the observations made in the in-

vestigations: 

1. The mechanical bonding of the phenolic resin matrix 

with the dry fly ash cenospheres in the syntactic 

foam composite and epoxy resin matrix with glass 

fiber in the glass/epoxy face skin composite was 

stable up to the temperature of 450°C and 350°C,  

respectively, and is attributed to the phenolic resin 

and epoxy resin matrix. 

2. Under the out-of-plane (flatwise) loading conditions, 
the mechanical properties of the composite sand-

wich are significantly influenced by the integration 

of the honeycomb grid structure in the syntactic 

foam core composites from 20% to 180%. 

3. Under the in-plane (edgewise) loading conditions, 
the strength and stiffness of the composite sandwich 

are significantly influenced by the glass/epoxy face 

skins from 5% to 80%. 

4. The integration of the syntactic foam into the hon-

eycomb grid structure led to noteworthy enhance-

ment of the specific strength and specific stiffness.  

5. The mechanical properties of the composite sand-

wich panels are considerably increased with the 

smaller cell size of honeycomb grid structure.  
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