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ABSTRACT
Fiber-reinforced polymer corrugated core sandwich panels were tested for three point bending using UTM. Three

types of epoxy based corrugation i.e sinusoidal, square and triangle of different core thickness were tested. The paper
focused to compare experimental results with finite element method. Bending load v/s deflection curves were plotted
and analyzed, the experimental results are in good agreement with the result of finite element analysis done using
Ansys.

INTRODUCTION
Sandwich structures have recently been investigated for their lightweight and multifunctional characteristics, as well

as their resistance to blast [1-5]. Various cores have been described, including tetrahedral and pyramidal truss
configurations, square honeycombs, corrugated and diamond prismatic configurations and textiles. Methods for
manufacturing panels with these cores have been invented and described [6-7].

In some cases, tests have been performed to characterize the core properties and, in others, sandwich panels with these
cores have been tested in various shear and bending modes[8-9]. In most cases, analytical formulae characterizing the
elastic properties of the cores and of the loads at which they yield and buckle have been derived [10-12]. These
formulae have been used to plot failure mechanism maps and to identify minimum flexural strength of the
corresponding panels. A relatively complete characterization of the performance of both the cores and the panels,
involving both calculations and measurements, has been presented in only one case: pyramidal truss cores [13]. Even
then, the results have been restricted to yield strain, ey, and strain hardening levels representative of annealed stainless
steel. None of the articles have attempted an explicit comparison among all available core topologies for materials
with a range of ey. This article addresses one basic aspect of this comparison with FEM, by establishing deflection
for each, subject to generalized bending.

EXPERIMENTAL PROCEDURE
Sandwich preparation
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The corrugated core sandwiches of various thicknesses (0.5mm, 0.75mm, 1mm) and shape (sinusoidal, square, and
triangular) were fabricated using epoxy and glass fiber by hand layup technique. The materials used for the preparation
of composite laminates are Epoxy resin LY556 (10% amine based hardener), E-Glass Fiber- Plain woven - 0/90 = 200
gsm and Standard Epoxy Adhesive.

Three point bending

Three point bending test is done according to the ASTM standard C 393 as shown in below figure. Specimens of three
types of core geometry and thickness were tested. The dimensions of the specimens are shown in Table 1 three
specimens of each type were tested. The test is done using a UTM of 10 ton capacity

Three point bending test of a specimen using UTM

Table 1 Dimensions details of specimens three point bending test.

Profile Sinusoidal Square Triangle

Thickness of core in mm 0.5 0.75 1.00 0.5 0.75 1.00 0.5 0.75 1.00
Total length I in mm 1524 | 1524 152.4 152.4 152.4 152.4 152.4 152.4 152.4
Span Length L in mm 102 102 102 102 102 102 102 102 102
Width b in mm 254 254 254 254 254 254 254 254 254
Height d in mm 15.2 15.45 15.7 15.2 15.45 15.7 15.2 15.45 15.7

RESULTS AND DISCUSSION

Response of corrugated sandwich structures to three point bending

Static three-point bending tests were performed on sinusoidal, square and triangle corrugated sandwich specimens of
corrugation thickness of 0.5 mm, 0.75 mm and 1.0 mm with a support span of 102 mm. The load-deflection curves
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for each kind of corrugated sandwich composites for three point bending tests are shown in Figs 1 to 3. Some of the
general observations from these curves and the observations of the samples during deformation are listed below.
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In case of the sandwich specimen, different key features can be clearly identified. The initial linear-elastic behavior
is followed by an elasto-plastic phase until a peak value is reached, after which the load decreases, initially markedly
and then more smoothly. During this phase energy is mainly dissipated by indentation with the formation of hinges
within the upper face adjacent to the indenter, and by compressive yielding of the underlying core. Fig 1, 2 and 3
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show the average bending load of three specimens v/s deflection for sinusoidal, square and triangular specimens of

0.5, 0.75 and 1 mm thickness respectively.

It can be observed that peak load which is, the load that the specimen can withstand before failure, is high when the
thickness of the corrugation is 1.0 mm and least when the thickness of the corrugation is 0.5 mm. It is also observed
that as the thickness of the corrugation is increased the load that can be taken by the specimen before failure also
increased. In case of sinusoidal profile, the mean peak load for 1 mm thickness is 1253 N, whereas in case of square
corrugation of 1 mm thickness the mean peak load is 910 N and for triangle corrugation of 1 mm thickness it is 1053

N.

Fig 6. Three point bending analysis of triangle specimens (a) 0.5mm thick (h)
0.7t thick (¢) 1.0mm thick

Fig5. Three paint bending analysis of square specimens {2} 05mm thick (5)
0.75mm thick {c) 1.0mm thick

Fig 4. Three point bending analysis of sinusoidal specimens (a) 0.5mm thick (b)
0.75mm thick (c) 1.0mm thick
Table 2. Comparison of three point bending results.

Sl Corrugation Corrugation Deflection in mm
No. profile thickness Experimental Analysis
1 Sinusoidal 0.5 10.24 10.281
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2 Sinusoidal 0.75 5.73 2.255
3 Sinusoidal 1.0 4.04 6.123
4 Square 0.5 11.66 6.699
5 Square 0.75 5.86 5.633
6 Square 1.0 2.82 5.013
7 Triangle 0.5 11.97 11.87
8 Triangle 0.75 4.92 4.598
9 Triangle 1.0 2.17 2.923

It can be seen from the table 2 that the experimental results are in good agreement with the result of finite element
analysis done using Ansys. Only slight variation in the results is seen this is caused due to the different types of failures
involved in the specimens. The maximum difference in result is seen for square corrugated specimen with 0.5mm
thickness, where the experimental result is 11.66mm where as that of the analysis is seen to be 6.699mm. The
deflection obtained in the experiment for sinusoidal and triangle specimen with corrugation thickness 0.5 mm and
0.75mm thick square and triangle corrugated specimen are in good agreement with the analysis result.

Fig 4 shows the bending pattern of the sinusoidal specimens. The analysis was done using Ansys, as it can be seen
that the specimen deforms at the centre where the load is applied. The maximum deformation occurs at the center and
reduces towards the supports and the upper face sheet is seen to deform more as compared to the lower face sheet. For
the 0.5mm thick sinusoidal specimen, shown in 4(a) the deflection is 10.281mm when the applied load is equal to
564.56 N, the 0.75mm thick specimen shown in 4(b) shows a deflection of 2.255mm when the applied load is 540.53
N and the 1.0mm thick specimen shown in 4(c) shows a deflection of 6.123mm for the applied load of 1442.36 N.

Fig 5 shows the bending pattern of the square specimens. It can be seen that the specimen deforms at the centre where
the load is applied, similar to that of sinusoidal specimen. The maximum deformation occurs at the center and reduces
towards the supports and the upper face sheet is seen to deform more as compared to the lower face sheet. For the
0.5mm thick square specimen, shown in 5(a) the deflection is 6.699mm when the applied load is equal to 515.221 N,
the 0.75mm thick specimen shown in 5(b) shows a deflection of 5.633mm when the applied load is 707.49 N and the
1.0mm thick specimen shown in 5(c) shows a deflection of 5.013mm for the applied load of 1018.572 N.

Fig 6 shows the bending pattern of the triangle specimens. It can be seen that the specimen deforms at the centre
where the load is applied. The maximum deformation occurs at the center and reduces towards the supports and the
upper face sheet is seen to deform more as compared to the lower face sheet.
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For the 0.5mm thick triangle specimen shown in 6(a) the deflection is 11.87mm when the applied load is equal to
551.224N, the 0.75mm thick specimen shown in 6(b) shows a deflection of 4.598mm when the applied load is 855.53
N and the 1.0mm thick specimen shown in 6(c) shows a deflection of 2.923mm for the applied load of 1327.293 N.

CONCLUSION
In the load—deflection curves of three point bending of polymer sandwich corrugated core, there is a peak value,

followed by a decrement of the load that remains almost constant until the complete failure. The load decreases sharply
after the end of the elastic region due to failure initiation in the sandwich composites. Some of the samples show
complete fracture, whereas others show a plateau region after this sharp decrease in the load. It is observed from the
results that Sinusoidal & triangular core sandwich gives minimum deflection. It is also noticed that experimental
results are in good agreement with the finite element analysis.
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