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Experimental investigation of the flexural behavior of sandwich structures with
carbon nanotube-reinforced composite faces and polymeric hybrid core
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The application of composite structures has rapidly expanded in aerospace, automotive, and construction
industries, accelerating the development of advanced sandwich panels with diverse applications. In this
study, a lightweight sandwich panel was designed and fabricated, consisting of glass fiber—reinforced
composite faces reinforced with 0.3 wt% carbon nanotubes and a hybrid polymeric core based on XPS and
PU foams. To enhance load transfer and core shear stability, internal GFRP rods were employed as
reinforcements. The fabrication process included CNT dispersion in resin, hand lay-up, and cold pressing.
The cores were assembled in different sequences and bonded to the facesheets using PVA adhesive. Three-
point bending tests were performed in accordance with ASTM C393, and parameters such as peak load,
initial stiffness, failure displacement, total absorbed energy, and specific energy absorption (SEA) were
evaluated. Results demonstrated that CNT incorporation significantly improved interfacial adhesion and
effective modulus, leading to increased stiffness, peak load, and energy contribution. In CNT-containing
configurations, peak load reached 700-1000 N, absorbed energy exceeded 20 J, and failure displacement
was approximately 50 mm. Comparison of uniform cores revealed that XPS provided higher stiffness, while
PU offered greater ductility and final displacement. In hybrid cores, the XPX arrangement (XPS in outer
layers) achieved higher stiffness and SEA, whereas the PXP configuration (PU in outer layers) resulted in
greater total energy absorption and failure displacement. Overall, optimizing core architecture combined
with CNT-reinforced facesheets can simultaneously enhance flexural strength, energy absorption, and
ductility, providing a simple and scalable pathway for producing lightweight panels.
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Fig. 8 Simultaneous effect of carbon nanotubes and hybrid core
configuration on the flexural behavior

awe pledz 5 )5 delsl plejen I olrale-g s Jloges 8 IS
e 58 6%

9 o ONTgladys, oS5 a5 el ()] Sl @l ol (IS b &

b a ) menle gbaosle 3 Sles Wi o G slaaten
i g pdydlhnl JJs @ PXP ()T lee cnl o 00 )] g pfaiir
cilin (54 ¥ « ONT dansgs 4zl 15| canglive IS o 5Yb (65,50 i
SrNJSE 9 Vb Cuwglie Sy 95 y2 wiejls oS el olad )5 sy

Bl ot s b5 St b ol e o (slaplSe
] o]

3 S 5 e gy )0 ONT o gdi g XPS s 3l Lo jar oolal
58 el 03,8 3ol 1) S 51 Ik g dintion b gl (S L
lgion 9 401> 63V (6 R SS ¢ faS Caaglie 9925 LPU s a5 I
ofas il 5l 0y90 sl olralz g 5y Qi a5 aleo S o
boad Cogl (pladyg, 45 0933 plgion (oS (o 50 000 Gl (rnli
o) PU s 45 5 0 aieiog Jb gl 4 0, ely XPS aten ,o ONT
Al Cad plp 2 g al,

Ve G s Gl ladiges plmle—gy )18, T JSS 0
S5 ge oanlive a5 eblan ol on asls Ligles il sla ial)] b
et 5 dnien )b eyl (s s B 3 aen slaaY iy
3,2 ;0 XPX (XPS-PU-XPS) aiwd b sladiges. ol zgl 51 i 55luk
e it Gl 5 Vb 0 XPS sloaY (6,518 Jdo @ Z5 Y g
PXP (PU-XPS—(sladigai 4y s (2o 15-10 3505 ,0) (5 5YL adyl
GRS g i ol 0 XPS iy e 5 5l el ol ilesls LasPU)
2k 4z SIPXP sladiges chlio )0 .Cosl (amgaile 23 Gy ghaw 5o
S slaY 0 PU joao s & Ll wis)S Joo (6505 iy
B (S e S p 5D g ool plas gt ) e ol el
S 45 a5 o0 LS Wed iz 0 G0 Z g Y g dmlie (e
S9y05 polie Z g 53 Sawl 039y S (S g i )b polie  dwiin
Ol 53 S 4z S w00y i 00yd 10 3505 Y (G &y S didy
coalies 33l a5 cool ] Sl £sd5e ol ol o0l &) 55 S 5y
e Ll ogdioe oled Caeglie (Al 4 e (qwaie b 5o L
ol 0ads oaaline (5 udy JSS [0 (55 2u W Sels

————— XPX-E-Y-0
U e XPX-E-Z-0
N PXP-E-Y-0
B PXP-E-Z-0
250 |-
I -
- K4 \'
200 - ’ =
L !
z r [ -~
= - ; 4
g 10 [/,
s Foft ), !
= I
L 1/, !
o)y 1 .
100 k) i \
- 1 I
I N
[ 1 T
50 1 -.
[ | 1
1 I
[0y SRS ERESREN NI NI SRTE S SVAVEEEN R S |
0 5 10 15 20 25 30

Deflection (mm)
Fig. 7 Flexural behavior of hybrid XPX and PXP core specimens
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Fig. 11 Deflection diagram with hybrid core without CNT and GFRP
reinforcement

GFRP 5 ONT 00iS Co s (90 9 (5 puod it b oloula jlages 11 JSC&

XPX (5050 Slodigel (lmle—(s5 5l gl soee 10 59 o JSs

A3 e HLES | 0aiiS Cu gl a0 g 0o Caugli b > g0 5o |, PXPy

W& ,1 ;5 GFRP g ONT ouiuS yumsd 2us ,S0ko log05 diwd 90 cpl duslde
ol (mgnile sl 55 i cud)l

———— XPX-EC-Z-1
—————— XPX-EC-Y-1
[ ———— PXP-EC-Z-1
: ———— PXP-EC-Y-1
20000 [
_ 15000 |-
£ -
g L
z |
2 10000 |-
5000 |-
oL I N AN RN RN S
0 10 20 30 40 50

Deflection (mm)

Fig. 9 Energy absorption diagram with hybrid core reinforced by
CNTs and GFRP
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Fig. 10 Energy absorption diagram with hybrid core without CNT
and GFRP reinforcement
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Fig. 12 Comparison of energy absorbed by different specimens
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