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Abstract — It has made a special study of bending behavior of F.R.P. sandwich beams with bonded 2nd-reinforced
plies. Specimen’s faces were made of chopped mat 300-450, roving clothes 570, core is urethane foam, resin is
713bp unsaturated polyester for ship construction and the mixture weight ratio of resin versus fiber was 55:45 for
bending analysis. The purpose of this paper is to study the exact bending behavior of bonded area’s deflection and
stiffness depends upon various bonded F.R.P. (2nd reinforced ply) length and thickness on which covered joints
and to find the optimum design for the sandwich structures. All results and suggestions are based on experiment
and using thick face calculation.

Keywords: Sandwich Structure(A1 = %] %] %), Thin Face(8F= W A), Thick Face(‘F7% = A), Weight
Fraction(Z% H|), Butt Strap Joint(+%] G 12), 2" Reinforced Ply(22}F 27 5 2h)
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A2 el digk T/ AaF-9= 3o = AV ofE] w8 A 5485 2AK] AdllA Al <] WA= chopped mat
7 e} 1S S 1o 1ol st oA Hell= 24 & 300-450, roving clothes 5703 4JAR= urethane foam core, resin
= ol 2 AMEShs A T $F Wvto] Ak # AMeloflA] B33} polyester 713-bp -5 ARSI AL resind} fiber?] S-S
Y] HE BESH AE H2shs o] HEe #olnt. o]ggt 55 0 45% 3fo] Sl ARl of2l HAE A XSk L AfolE urethane
Feje] A2 EE Single Butt Strap Joint, Foi= S B A2 form core® A A 2|55t 22F BAF A ARE S8t
3h= FEE Double Butt Strap JointZ} 3}al A3 A 9] A1FL) o T2 A, FAR WA 2 ok Al FEE Alflslar AlHH e
&8 5909 FElolA T2 AR EE F2 Y & o shueltt. e ¥ WRkoR Ak 3§ 2% WAF ZolE 50 mmelA] 150 mm
AAFL AAE FlaliMe 724 5 = &9 9 7384 714 Double Butt Strap Joint®] BPHOE FRP. Bk 3 % w3 A
o ZAS et 72 Asg detdlof st Fall T2 gEolv S 5 SISk o714 2aF B7F FRPE] FAE 1 plyE 1 mm 7]
Zk] Al = HRE A2 o7]A] Begt A H 2% RIS FO= 2 plyollA] 6 plyZFA] 258Kt (Liyong and Grant[1999]).
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Fig. 1. Simply supported thin face sandwich beam. (a) Simply sup-
ported beam with central point load, (b) Effective shear stress in
core, (c) Shear deformation of beam.
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2 7pgaba £7e WAl A AL 2 vkt LrkErdongan
and Ratwani [1971]).
wL’ WL( D)Z
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v =% ap, D)5 )
S = tabulated coefficient,
Q = primary shear force
D = Bending Stiffness of primary displacement
D, = Shear Stiffness of secondary displacement
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Table 1. Thin and Thick face beam specimens
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Fig. 3. Three point bending of sandwich beam with indenter and
supports. *Red & Blue line : epoxy bonded area, ¥*R1=R2 = 11 mm.

Table 2. Material properties of FRP, EPOXY and Foam core

FRP EPOXY
Young’s Modulus (E) [N/m?] 9.807E6 3.236E6
Density (p) [g/cm’] 1.67 1.52
Poissons ratio (v) 0.17 0.2

URETHANE FOAM CORE

Shear Modulus (G) [N/m?] 9.79E4
Density (p) [g/cm’] 0.98
Poissons ratio (v) 0.34

3.3 Weight Fraction

Sandwich 729 A& A4sk= 7P 238 84 9| sht
7} AAE TAShe 4 5 Fibere} 5772 AF82]Q1 nlgolt}, o]
AEA HE&S AAtske W ol Volume FractionZk Weight
Fraction -+ 71| ®WHlo] 9lou} Azl WS A7 & H&
3t VolumeS 751717} 33114 Volume Fraction® th= 2kt
A 1 4= 3= W Weight Fractions AR8-5131tH(Shenoi
and Wellicome[2011]).
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Dimensions

Type 1 (P40) Type 2 (P50)

Face ply’s number (t)
Core thickness (tc)
Width (w)
Span length (L)
Total length (LT)
2'nd reinforced ply’s number (Thickness, tR)
2'nd reinforced ply’s length (LR)
Dimensions
Face ply’s number (t)
Core thickness( tc )
Width (w)
Span length (L)
Total length (LT)
2'nd reinforced ply’s number (Thickness, tR)
2'nd reinforced ply’s length(LR)

3 4
30 mm 40mm
70mm 90mm
280mm 380mm
400mm 500mm
2,4, 6 plies (2, 4, 6 mm) 2,4, 6 plies (2, 4, 6 mm)
50,80,110 mm 70, 110, 150 mm
Type 3 (TP40) Type 4 (TP40)
8 10
30 mm 40mm
70mm 90mm
280mm 380mm
400mm 500mm
2,4, 6 plies (2,4, 6 mm) 2,4, 6 plies (2, 4, 6 mm)
50,80,110 mm 70,110,150 mm

*TP: TP means specimen has thick faces.



50 2oy

Table 3. Weight Ratio [g]
Casel Case2 Case3 Case4 Case5
Before Combustion 169.814 73.258 61.291 84.603 83.211
After Combustion 78.646 38.536 31.920 38.295 42.577

Average weight ratio
Before Combustion 80.725 0.489
After Combustion 39.4624 ’
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(b) Fracture shape for thick face

Fig. 5. Yielding and Fracture shape for sandwich beams.
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Deflections with changing 2nd reinforced ply's length
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(a)Deflection curves with changing 2nd reinforced ply’s length

Deflections with changing 2nd reinforced ply's thickness

deflection{mm)
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(b) Deflection curves with changing 2nd reinforced ply’s thickness

*(P40-80) : 40 means specimens length is 40

: P means specimen has thin faces
: 80 means 2nd reinforced plys length is 80 mm

Fig. 6. Comparison of the experimental result for the 2nd reinforce-
ments.
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