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sectors in the value chain of wood products, faces challenges such as increasing
functional quality, reducing structural weight, increasing durability and reducing
environmental impacts. The use of advanced materials and engineered structures
can provide an effective solution to respond to these challenges. Glass fiber
reinforced Polymer (GFRP) sandwich panels are considered a promising option
for furniture applications due to their high strength-to-weight ratio and ability to
improve mechanical performance. The aim of this research is to investigate the
manufacturing process and evaluate the technical performance of glass fiber
reinforced sandwich panels and to assess the feasibility of their application in
the panel furniture industry.

Methodology: For this purpose, the effect of parameters including the type of
glass fibers, dosage fiber, type of resin used (two-component polyester and
epoxy), and the arrangement of reinforcing layers (symmetrical and asymmetric)
on the mechanical properties of the panels was investigated. The panels were
produced with a honeycomb paper core and the reinforcing layers were attached
to the surfaces using a lamination process.

The samples were subjected to standard ASTM mechanical tests including bulk
density, modulus of rupture, modulus of elasticity, edge pressure resistance,
surface pressure resistance and shear strength.

Results: The results showed that reinforcing sandwich panels with glass fibers
significantly improved mechanical properties, especially flexural strength,
modulus of elasticity and compressive and shear strengths. Also, the
symmetrical arrangement of the reinforcing layers showed better structural
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performance than the asymmetrical arrangement due to a more uniform
distribution of stresses.

Conclusion: In summary, glass fiber reinforced sandwich panels using epoxy
resin, especially in symmetrical arrangements are a suitable option for
application in lightweight and durable panel furniture structures. In addition to
improving mechanical performance, this approach can be effective in achieving
sustainable development goals and optimizing resource consumption in the
furniture industry by reducing raw material consumption and structural weight.
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Figure 1. View of honeycomb paper used in the manufacture of sandwich panels
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Table 1- Technical specifications of the epoxy resin used

quantity unit characteristic
Epoxy group content Mmol/kg 4900
Epoxy equivalent g/eq 183
Viscosity CPS/25°C 833
Color (gardener) - 0.2
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Table 2- Technical specifications of the polyester resin used

Quantity Unit Characteristic
Solid content 68+3
Viscosity cps 100-150
Acid number Mgr KOH/gr 305
Gel time min 10-13
Time to reaching final temperature min 18-20
Final temperature 125%5
Pot life moon 6
appearance Colorless
density gr/cm? 1.05-1.1
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Table 3. Variable factors and their levels

Variables Levels
Type of glass fibers Needled glass fiber mat
Woven glass fibers mat

Glass fiber grammage 200 gr

300 gr

Resin

Location of glass fiber coating on sandwich panel

Two component polyesters
Epoxy resin
One top layer and one bottom layer (symmetrical)
One layer bottom (asymmetrical)
One layer top (asymmetrical)
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Table 4 - Results of analysis of variance for Modulus of Rupture

variables Degrees of sum of squares Mean square F sig
freedom

A-fiber type 1 0.0498 0.0498 3.08 0.0856
B-Grammage 1 0.0656 0.0656 4.06 0.0494
C-resin 1 0.0519 0.0519 3.21 0.0794
D- Covering area 2 0.7061 0.3531 21.86 0.0001
AB 1 0.1290 0.1290 7.99 0.0068
AC 1 0.5582 0.5582 34.57 0.0001
AD 2 0.2631 0.1315 8.15 0.0009
BC 1 0.4308 0.4308 26.68 0.0001
BD 2 0.1167 0.0583 3.61 0.0346
CD 2 0.2131 0.1065 6.60 0.0029
ABC 1 0.5047 0.5047 31.26 0.0001
ABD 2 0.0882 0.0441 2.73 0.0754
ACD 2 0.3593 0.1797 11.13 0.0001
BCD 2 0.2681 0.1341 8.30 0.0008
ABCD 2 0.2332 0.1166 7.22 0.0018




e B ALy g8 ﬁj.\s\aw Y B ajﬂa.c @\i})‘ P @\iw ol YYA

20 e g e A b e

0.9 1.2
- 088 @ a
£ 0.86 g ! b
< 0.84 b = b
2 0.82 g
g 08 0.6
° 0.78 3
-2 0.76 204
g 0.74 3
s o]
0.72 =02
0.7
Chopped glass fiber Woven glass fiber mat 0
mat Top layer symmetrical ~ bottom layer
0.9 0.9 a
0.88 a 0.88
E 0.86 ;«? 0.86
2 0.84 S 084 b
£ 0.82 ; £ 082
& S 0.8
2 08 g
o o 0.78
©0.78 °
E 2 0.76
3 076 Z 0.74
S 0.74 <
= = 0.72
0.72 0.7
0.7 0.68
Polyester Epoxy 200 300

W/"'“ /JJ.\AJZLAJ::‘JA Lw" J;E—Aﬁ

Figure 8. Independent effect of variables on modulus of rupture
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Table 5 - Results of analysis of variance for Modulus of Elasticity

Variables Degrees of Sum of squares Mean square F sig
freedom

A-fiber type 1 0.0036 0.0036 0.2640 0.6098
B-Grammage 1 0.0092 0.0092 0.6802 0.4136
C-resin 1 0.0439 0.0439 3.26 0.0771
D- Covering area 2 0.3301 0.1650 12.26 0.0001
AB 1 0.1027 0.1027 7.63 0.0081
AC 1 0.2928 0.2928 21.76 0.0001
AD 2 0.2409 0.1205 8.95 0.0005
BC 1 0.7100 0.7100 52.76 0.0001
BD 2 0.0876 0.0438 3.26 0.0472
CD 2 0.3971 0.1986 14.75 0.0001
ABC 1 0.4716 0.4713 35.05 0.0001
ABD 2 0.0140 0.0070 0.5192 0.5983
ACD 2 0.2185 0.1093 8.12 0.0009
BCD 2 0.1372 0.0686 5.10 0.0098
ABCD 2 0.1676 0.0838 6.23 0.0039
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Figure 9 - Independent effect of variables on the modulus of elasticity
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Table 6 - Results of analysis of variance for core shear strength
Variables Degrees of Sum of squares Mean F sig
freedom square
A-fiber type 1 0.0003 0.0003 6.66 0. 130
B-Grammage 1 5.443E-06 5.443E-06 0.1144 0.7367

C-resin 1 0.0001 0.0001 1.18 0.02831
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Variables Degrees of Sum of squares Mean F sig
freedom square
D- Covering area 2 0.0015 0.0008 16.22 0.0001
AB 1 0.0003 0.0003 5.27 0.261
AC 1 0.0000 0.0000 0.4336 0.5134
AD 2 0.0005 0.0002 4.75 0.131
BC 1 1.823E-06 1.823E-06 0.0383 0.8456
BD 2 0.0000 0.0000 0.1144 0.8921
CD 2 0.0002 0.0001 2.01 0.01457
ABC 1 6.645E-06 6.645E-06 0.1397 0.7102
ABD 2 0.0009 0.0004 9.25 0.4215
ACD 2 0.0001 0.0001 1.07 0.3522
BCD 2 0.0001 0.0001 0.8422 0.4370
ABCD 2 0.0002 0.0000 1.72 0.1894
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Figure 10. Independent effect of variables on the shear stress of the middle layer
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Table 7 - Results of analysis of variance for Flatwise compressive strength

Variables Degrees Sum of Mean F sig
of squares square
freedom

A-fiber type 1 0.1980 0.1980 6.66 0.0130
B-Grammage 1 0.0034 0.0034 0.1144 0.7367
C-resin 1 0.0350 0.0350 1.18 0.0283
D- Covering area 2 0.9648 0.4824 16.22 0.062
AB 1 0.567 0.567 5.27 0.261

AC 1 0.0129 0.0129 0.4336 0.0413

AD 2 0.2826 0.1413 4.75 0.0131
BC 1 0.0011 0.0011 0.0383 0.8456
BD 2 0.0068 0.0034 0.1144 0.8922
CD 2 0.1193 0.0596 2.01 0.1457
ABC 1 0.0042 0.0042 0.1397 0.7102
ABD 2 0.5504 0.2752 9.25 0.0541
ACD 2 0.0634 0.0317 1.07 0.0352
BCD 2 0.0501 0.0250 0.8423 0.4370
ABCD 2 0.1025 0.0512 1.72 0.1894
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Figure 11 - Independent effect of variables on surface compressive stress
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Table 8 - Results of analysis of variance for Edgewise compressive strength

Variables Degrees Sum of Mean F sig
of squares square
freedom
A-fiber type 1 0.0744 0.0744 3.31 0.0481
B-Grammage 1 0.1352 0.1352 6.02 0. 1981
C-resin 1 0.0108 0.0108 0.4788 0.0440
D- Covering area 2 0.0043 0.0021 0.1902 0.0365
AB 1 0.2294 0.2294 10.21 0.3123
AC 1 0.0928 0.0928 4.13 0.0405
AD 2 0.0013 0.00065 0.0593 0. 0492
BC 1 0.0145 0.0145 0.6432 0.4285
BD 2 0.0463 0.0231 2.06 0.1610
CD 2 0.0176 0.0088 0.7824 0.0383
ABC 1 0.0056 0.0056 0.2494 0.6209
ABD 2 0.1595 0.07975 7.10 0.5120
ACD 2 0.1942 0.0971 8.64 0.0061
BCD 2 0.0423 0.02115 1.88 0.1798
ABCD 2 0.3374 0.1687 15.02 0.0481
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Figure 12. Independent effect of variables on edge pressure resistance
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Table 9 - Results of analysis of variance for Density

Variables Degrees of Sum of Mean F sig
freedom squares square

A-fiber type 1 119.2 119.2 17.38 0.0001
B-Grammage 1 506.15 506.15 73.84 0.0001
C-resin 1 9.88 9.88 1.44 0.2359
D- Covering area 2 4.15E+05 2.075E+05 30268.41 0.0001
AB 1 130.94 130.94 19.10 0.0001
AC 1 15.12 15.12 2.21 0.1441
AD 2 81.45 40.73 5.94 0.0050
BC 1 4.89 4.89 0.7127 0.4027
BD 2 253.53 126.76 18.49 0.0001
CD 2 69.72 34.86 5.09 0.0099
ABC 1 3.26 3.26 0.4760 0.4936
ABD 2 113.07 56.53 8.25 0.0008
ACD 2 8.70 4.35 0.6347 0.5345
BCD 2 8.02 4.01 0.5852 0.5609
ABCD 2 198.94 99.47 14.51 0.0001
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Figure 13 - Independent effect of variables on density
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