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Abstract: Composite sandwich beams with a carbon fiber reinforced polymer (CFRP) square honeycomb core were designed
and fabricated by using the interlocking method. The dynamic response and failure mechanism of fully-clamped and simply-

supported sandwich beams subjected to low-velocity impact were investigated experimentally and the corresponding failure
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modes of the sandwich beams were obtained. Meanwhile, the damage evolvement process and the failure mechanism were
analyzed in detail. Influences of the impact velocity, boundary conditions, the mass distributions of face sheets and the direction
of the slots on the failure modes and load-carrying capacity of the sandwich beams were explored. The low-velocity impact
experiments of composites specimens with two kinds of boundary conditions were carried out by using the drop-hammer impact
test system. Three kinds of initial impact velocity were considered for the simply-supported and the fully- clamped sandwich
beams sandwich beams, respectively. In the experiments, the time history curves of the impact load and the midspan deflection
of the specimens were recorded by a load cell and a laser displacement sensor. Meanwhile, the deformation processes of the
sandwich beams were captured by a high-speed camera. The experimental results show that the directions for the slots of the
long ribs have significant influence on the failure modes of the sandwich beams. The sandwich core with the upward slots at
the midspan has compression deformation whilst the cracking failure along the direction of the downward slots at the midspan
is observed due to the tension, which results in the face-sheet debonding and rib fracture successively. It is found that for the
same mass, the design of the thicker upper face sheet can enhance the impact resistance of the sandwich beams. The peak load
and load-carrying capacity of the sandwich beams increase with increasing the impact velocity. The fully-clamped boundary
conditions make the sandwich beams exhibit hardening post-failure behaviors obviously. After the initial failure at the
midspan, the fully-clamped ends of the cores and the face-sheets of the sandwich beams experience the fracture failure.

Keywords: carbon fiber reinforced polymer composites; square honeycomb; interlocking method; low-velocity impact
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Fig. 1 Fabrication process and images of CFRP sandwich beams with a square honeycomb core based on the interlocking method
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Fig.2 Designs of CFRP sandwich beams with a square honeycomb subjected to low-velocity impact
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Fig. 3 Experimental setup of simply supported and fully clamped CFRP sandwich beams subjected to low-velocity impact
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Table 1 Experimental design of simply-supported CFRP sandwich beams subjected to low-velocity impact

TRE EAUREEE/mm EMEE/mMm FEAREE/mm bl (ms™) AR DT
S-0.017x107-[1.2/16/1.2]™" 12 16 12 0.017x1072 -7
$-0.99-[0.8/16/1.6] 0.8 16 1.6 0.99 ~Z
S-0.99-[1.2/16/1.2] 12 16 12 0.99 +Z
S-0.99-[1.6/16/0.8] 1.6 16 0.8 0.99 ~Z
S-1.98-[0.8/16/1.6] 0.8 16 1.6 1.98 -Z
S-1.98-[1.2/16/1.2] 12 16 12 1.98 -z
S-1.98-[1.6/16/0.8] 1.6 16 0.8 1.98 -Z
S-2.80-[0.8/16/1.6] 0.8 16 1.6 2.80 +Z
S-2.80-[1.2/16/1.2] 12 16 12 2.80 -Z
S-2.80-[1.6/16/0.8] 1.6 16 0.8 2.80 +Z

&2 CFRP FHAERE RSB EH IR
Table 2 Experimental design of fully-clamped CFRP sandwich beams subjected to low-velocity impact

iR EREE/mm SRR /mm FEAEE/mm b (mes ) KA 1 77 1)
C-2.80-[0.8/16/1.6] 0.8 16 L6 2.80 +Z
C-2.80-[1.2/16/1.2] 1.2 16 1.2 2.80 +Z
C-2.80-[1.6/16/0.8] L6 16 0.8 2.80 -z
C-3.43-[0.8/16/1.6] 0.8 16 1.6 3.43 ~Z
C-3.43-[1.2/16/1.2] 1.2 16 1.2 343 -z
C-3.43-[1.6/16/0.8] 1.6 16 0.8 3.43 ~Z
C-3.96-[0.8/16/1.6] 0.8 16 1.6 3.96 -z
C-3.96-[1.2/16/1.2] 1.2 16 1.2 3.96 ~Z
C-3.96-[1.6/16/0.8] L6 16 0.8 3.96 -z
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Fig. 4 Impact load-time curves and corresponding failure processes of simply-supported CFRP
sandwich beams subjected to low-velocity impact

Fracture and delamination

Crack

— O i

Debonding
Fiber tear

K5 Rk S-1.98-[1.6/16/0.8] MRS B
Fig. 5 The final failure modes of specimen S-1.98-[1.6/16/0.8]
& 5 Ak AE S-1.98-[1.6/16/0.8] 7E 21 1.98 m/s AR wh i J5 52 PR AY e A8

KA ARAS . KL 5 ol L
23 (1)CFRP J5 38 53 e 5 2 b i b 2 1T S AR T 45077 [w) (4 T SRR I3 21 2 W 585 (2) It % S 45 i

STLIWT H AL BLRA A Sr IE AN AE T2 (3) SRR AR B9 SR IR B IR s (4) TR SRS LA
PLEARL TR

073102-7



o542 % EAEMS, 4 BN CFRP S T] e Je b Bt it i 1o B AL %74

[l 4(d) AikAE S-2.80-[1.2/16/1.2] B9 g B 2 i e A ud 473 v fb i A%, o s i Ak i 72 5 1 4(a)~(c)
3 FRFEAY S, (HJE SRR 2R A B R IX . XF EL &L 4(b) A (d) BT & B A [0 e A0 R, 7 ok i
7 2.80 m/s B}, Sk X CFRP J5 T8 86 5 J& 0 B2 i i R0 G I 0 L oo S B2 o 1,98 /s Bof B 7™ 6, S A4 A 11
R I 10 2 2 D 54, ol 11 190 S5 LA R T Al e TR B R R B ok . IR, S-2.80-[1.2/16/1.2] 1Y 1 i it 4 7
IR B ks ) JE AT G R R, Jeits Rk KRB T .

& 6(a) Fl (b) 4351 A3t EE S-2.80-[0.8/16/1.6] FI S-2.80-[1.6/16/0.8] 15 Mrili 34 i >y 2.80 m/s I Ay 7 if 72
ity 28 1 e A AR SR IR SR RS A S B s i A i A . 2 PR A B ASORE 11 D7 1) 5 L, Y 3R B R
TR SRTET EE AT 45°FF LR AR AT A W 2L R AR 1 S DT 2 T A 4 R RS A B e
ST ) itk A 43 e b R

6 6
S g
24 [L g4
2 2
5 30k 530,
< B <
a2 a2
o Jb’\f =1 E

A A
0 4 8 12 16 20 0 4 8 12 16 20
Time/ms Time/ms

Point 4 :0 ms
TR

Point B 7=1.5 ms
R T T L

Point A 7=0 ms

AN

Point B T=1.5 ms

Point C 7=3.5 ms Face wrinkling

: o Point C 7=3.5 ms
RiR gy, , rnll'l“““““f

Fracture

Point D 7=5.5 ms _ Rib fracture Debonding

e
|

Point £ 7=12ms  Debonding

-

. Compressional Debonding
deformation

(a) $-2.80-[0.8/16/1.6]

Point D 7=6 ms_Fracture
Tian L o §
el L
“IRilb firaciitize
Point £ 7=8 ms D_ebondmg

Compressional Shear fracture
deformation

(b) S-2.80-[1.6/16/0.8]

I8 6 CFRP J5 %853 il S AR AR il sfr /A T By AR I A e AL 7
Fig. 6 Impact load-time curves and corresponding failure processes of simply-supported
CFRP sandwich beams subjected to low-velocity impact

DL S-2.80-[0.8/16/1.6] R il, W&l 6(a) FT7R, fl SC IE.th 2 MW AR (4 550 48 10 8 i 2 s vk By
BUa, Bt & AR B I 5 TR B S, Jth B b TR Y 2 T DR 4 7 AR A SR A 4500 1) Y T 24
/D £ 2 (1 W7 28 (N BT 7(a) T ), L2 DA 108 B R T S S0 2 (R (1% 580 B 5 i 55 /N, B A b o IR R 2,
AT BRI S R R C A, RS R 7 B CFRP J7 T8 86 55 0 b4 K T M Al 11 7 1) ) S 22, 234
SO A O ) AL 2 LA SR i A Ak, S 3 b T AR R A i (AN BT 6(a) TR ) o AT D
M %) 27 A e 224 01 T AR P 48 ot (5 I S R B AR B RR T e, g R a2 U BT R R AR O S AN R
BEW BB 5 (D a5, SOk I R B R B % AR TR (B ), T 1) e 0 % 1% T A 1 O RS 1 R %8 i
BN E A A RS, R R R R, S5k 2R ke

& 7 M FE S-2.80-[0.8/16/1.6] 76 1 & Ky 2.80 m/s () il T R BLAY S & AR RS . WAL 7 ] Wi g%
. (1)CFRP J7 T 3 55 Je U 32 b 1A A4 3 T SRV 45007 18] A JF 4 FIH0 40 27 2 W7 245 (2) T AR AN LA &%
AR L (3) e R T AR 0 S 2T BRI HT 45007 ] B R TF 2L 27 4E W 245 (4) et gt vl o
HH B 08 AR 53 2 AT e 24

073102-8



o542 % EAEMS, 4 BN CFRP S T] e Je b Bt it i 1o B AL %74

Debonding

Fiber tear

Crack

Delamination

7 REE $-2.80-[0.8/16/1.6] F & e Rihsiat,
Fig. 7 Final failure modes of specimen S-2.80-[0.8/16/1.6]

3.2 TEARBYE 537Xt 8] 3 R TR T M R A 52 A
Pl 8 g 4% 411 32 CFRP J5 1 e 3 e st A A il A5 A9 BT BEBE 2k o 141 8(a) Dy b sl 2
0.99 m/s fif 2 Fof it A J5 Al XoF AR 2 A3 I 5 R I ARORE 11 17 b ) By 2y e JEE st 2k, 7 3 32 5 A1 oo ol 28 oy

5
(@) ARG — S-1.98-[0.8/16/1.6]
— $-0.99-[0.8/16/1.6] o o —— $-1.98-[1.2/16/1.2]
4T ——8-0.99-[1.6/16/0.8] WaiZ4 N —— $-1.98-[1.6/16/0.8]
7 3

.

il

Impact load/kN

Impact load/kN
—_ )

6 0 5 10 15 20 25
Deflection/mm Deflection/mm
6
(0) — S-2.80-[0.8/16/1.6] 41 @ — 8-0.017x107°-[1.2/16/1.2]
5t —— 8-2.80-[1.6/16/0.8] ) == S-1.98-[1.2/16/1.2]
f‘v\ —— 8-1.98-[1.2/16/1.2]
o el
g g
= 3r =
g 27
E 2y £
1 L
1
0 10 20 30 40 50 0 10 20 30 40 50 60
Deflection/mm Deflection/mm
P8 RIS CFRP Jr TR s et A e I i e /T A 3y B B T ¢
Fig. 8

Impact load-deflection curves of simply-supported CFRP sandwich beams subjected to low-velocity impact
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Fig. 11 Impact load-time curves and corresponding failure processes of fully-clamped
CFRP sandwich beams subjected to low-velocity impact
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Fig. 13 Impact load-deflection curves of fully clamped CFRP sandwich beams subjected to low-velocity impact
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