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Numerical and experimental investigation of skin/core debonding in composite
sandwich structures with corrugated core under bending loading
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ARTICLE INFORMATION ABSTRACT

Sandwich structures consist of two thin skins with high mechanical properties and a thick core with
lower mechanical properties and weight. Due to high strength/stiffness to weight ratio, these structures
are used extensively in engineering structures such as aerospace structures, ship hulls, turbines blades,
etc. Skin/core debonding is one of the major failure modes in these structures. In this paper, debonding
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resistance of sandwich panels with composite skins and a core consisting of PVC foam and a corrugated
composite laminate is investigated both experimentally and numerically. Square geometry is considered
for corrugated composite laminate and obtained results are compared with reference specimen with
simple core made of PVC foam. The three point bend test with attached ENS fixture is used to perform
the standard experimental test. The results have shown that in square specimen with 3 and 6 layer skin
before the separation between skin/core, the specimens fail from the middle of the upper skin, but for 8
layer skin, the skin/core debonding occurs before other modes of failure. The maximum skin/core
debonding resistance for square specimen is increased 269.26 percent. Specimens are modeled in
Abaqus and results show a reasonable agreement between experimental and numerical result.
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Fig. 1 A schematic cross section of two specimen; simple and square
corrugated core.
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Fig. 7 tensile test specimen
09931 5 ot sisad 5 IS (g3 (slaaisas T YK

56


www.sid.ir

OblSed 9 53l 3133 SShe s

Hred )by S S I IIZ 90 Al by (S )9ael L9 35l 5o Jlw 1S Al Jl d39) HinlAD 52T 9 S dnllas

S ples 4 Bds bl (gawais ol 0als 8)ly (slabads e
4 goae Jud=i j0 a5 Sglas ol b sl ool 5321 psy j0 a5 Cl
Y g sliwly 50 99250 ) 4 4z g b g Sliwlre oz (285 jslate
bhug o soled icwl oals oolaiul sgame lizl jo ol ol
liwly ;o wges 5l ot il g 0als 00ls by digad dawg 31 ZX (gaman
iy Olxae glule )& byl Jlesl jelate a4 ool sl Jow Y
Ll 00 bsWﬁZjX)sm 9o JP Uwo)st ‘5L‘d)l) B 00)5.5

sheslaiwl b ais 2036005 Jlozge gVaiz 5 ays, b Jgoe
5 by, Sl (olss plo Cusl oad (g 38 uke (125 (3051 b
J17] e2lpe o 435 ©j50 alin slogiags 5l (Giemels saY aiz
argi bpsd ilodae sl oad aid S IS el ool 2 Jgar b gillae
e Sl 6,8, ped (gl oad snalie S8 sla K8 s
E = B477GPa[7] g2 yo 4 4255 b pgd SVl olys 095 o 423 5
] 00 M)f ).Ia.a ) v=0.1

Py Sl esliial 5 aled clpyai b a9 VL Sy, G JLa]
5o 438 alsl la agh plo b Gilhe (ol onls Jow odiuz ol
Yl g, 5l gond ol o3V i g ) G G (o A
30 Jutend ol ol e 10985 ol w4 gl olas lgie cod
S aibe (Swilely slosge ple a1 5l s cialaz eduy ol &
6>9Jaw "g Ji.ia" 5 el [STRSN RV C) w9 W)"LA OQ)P *5)-’ LQL..”
“Ciond b g ol o0l astive Conl ol odilnz g, 4 45 Alus
30 a5 Canl S5 @ a3 el adgl Gulas cimolis s mhw sl
e Wloads 4z )3 jlai o LSy ciloads osilinz o2 4 45 45, ¢ Al
Lol oS L cubdiges gins Oglie ood 05 LS jal ol
o> Dglie 10 gliwds ;U gy g alid uled e g5 BBl
aalys dyg; 9w G iz Il osle JB8) » 4 y0 g dge
—C0jelS zolaw (gl oud (e paw S sl b icils
ol 009y Dyl baawain 51 G0 587C0 JaelS=ped g o jeuelS

el 5 (o5 W (Gl g (VL slady) (oledsd e sl
oo eoliul o)F e o> slagladl 5l atim g3l ujemelS Jlozge
38 Cawl sas Lazine "0 o aS jsbilen bl ojlasl Lol

laaiges ool po 48, 0y (Sl aled Y Sy ol 2 oo
Table 2 Material property for each lamina in the cross-ply laminate

E,(GPa) E,(GPa) Goy(GPR) O, ¥,
13.7 13.7 1.49 03 021

Adhered surface

Fig. 9 adhered surface and initial debonding
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Table 3 The result of 3 point bending test for 6 layer skin and simple
core specimen
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) PR
o o (an) ) ™
(Nxm2)
0.31 43.06 138.5 380 SL16
0.32 43.22 132.7 354 SL26
0.315 43.51 135.6 367 Average
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Fig. 14 force-displacement plots for AL53,AL63
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Fig. 15 force-displacement plots for AL16,AL26
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Table 4 The result of 3 point bending test for 8 layer skin simple core
specimen

Fig. 16 failure of upper skin from the middle of specimen
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0.566 89.75 158.5 578.48 SL78
0.571 84.97 148.6 547.6 SL88
0.568 87.36 153.55 563.08 Average
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Table 6 The result of 3 point bending test for 8 layer skin with square
corrugated core specimen
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Table 5 The result of 3 point bending test for 3,6 layer skin with square
corrugated core specimen
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0.792 155.15 195.8 2062.4 AL38 0.775 99.48 128.3 1514.8 AL63
0.783 154.95 197.7 2022.4 Average 0.781 99.27 127.05 1479.7 Average
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Table 7 numerical — experimental correlation of the sandwich
specimens
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Fig. 20 damage scalar parameters 1) simple core, 2) 8 layer skin and
square core, 3) 6 layer skin and square core
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Fig. 19 comparison of numerical and experimental result for square
corrugated core
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