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Role of Through-Thickness Fiber Distribution in the Mechanical Response
and Damage Propagation of Glass/Polyester Hybrid Composites under
Quasi-Static Impact
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Abstract:

Fiber-reinforced polymer composites are widely used in lightweight engineering structures due to their high specific strength and stiffness.
However, their performance under concentrated out-of-plane loading is strongly dependent on the distribution and arrangement of fibers through
the thickness. In this study, the quasi-static impact behavior of glass/polyester hybrid composites was investigated, with particular emphasis on
the effect of fiber distribution across the thickness. For this purpose, pure glass, inter-ply, intra-ply, and three functionally graded material
(FGM) configurations with different patterns of arrangement in the volume fractions of glass and polyester fibers were fabricated and
experimentally tested. The resulting force-displacement curves were analyzed to evaluate the mechanical parameters, and the surface damage
of the specimens was examined after testing. The results demonstrated that altering the fiber arrangement not only changes the stiffness and
load-bearing capacity but also significantly affects the overall load-carrying mechanism and the manner in which structural capacity deteriorates
after damage initiation. Among the investigated configurations, FGM1 and FGM2 absorbed 109 and 116 J of energy, respectively, while
maintaining a maximum load at or above that of the pure glass, which absorbed 63 J. FGM2 exhibited the most balanced overall response,
simultaneously achieving an initial stiffness of 852 N/mm, a peak load of 8538 N, a displacement of 11.63 mm, and the highest energy absorption.
These findings demonstrate that controlling the gradual distribution of fibers through the thickness can enhance the deformation capacity and
energy absorption of composite materials without a significant reduction in load-bearing capacity, while also mitigating the rapid loss of load-
carrying capacity following damage propagation.

Keywords: Quasi-static impact, Inter-ply, Intra-ply, FGM, Glass fibers, Polyester fibers.
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3. Functionally Gradient Material (FGM)
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1. Inter-ply
2 . Intra-ply
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6. Wang
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Properties Glass PE

Density (kg/m?) 2700 1120
Tensile modulus (GPa) 85 4.05
Tensile strength (MPa) 1800 284
Strain at break (%) 2 6.9

- Glass
[ ] Polyester
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8. Vacuum Infusion Process

101 amio VF-F oy £ oy oot ) oyl VA 0,50~ Sl 5 s 5,518 5 pole — (ol alaf]




o) Kos g 00l yguaio (G40 wolus gliwly jo BLII &o 38 i

FGM3 4.18 58 1954 1928888 2228888
=0 BLSUA/RA8.2
i o } ) 1006 -4 100G
Soilbiwland 4108 g0 -Y-Y 100G 100G
. . e e . I 100G 100G
Gl bl ghiets Ssliudad 4yl el it fi6p
S El Srie GISL plr 50 (Rl slaaises 1006 TooE
100G —— 100P
ASTM sJailtial IS gl 528,5,15,0 b o amio A -
_ Glass Interply
Soie e el geyT ol [NV ws plxID6264M-23
) o O 2
iy (59,08 ale oloyiell zhiinl s Lol g 2 8 8 8 S 332883
4
, . el Ll 100G 100G
~.\..5‘5‘o M‘)ﬁ‘) oMJLo.C‘ ‘5))J|5)-bl—a—h—ﬂ (5'L>4)L‘> 75G 50G
Universal Testing ol%ws 51 eoliwl b (yge)] 50G 50G
_ 50G 50G
9 o)yl 5345 SANTAM Design&Manufacturinng Co = i N Al
JMM‘wwM\Ou&kbq)bJ%ﬂ FGM2 FGM3
i el gl aly 5 AL Aol slaarYaiz 5 e Gl Y S
O el Ve 5o Ve olal b ladiged o905l (s U g 9 ¥ 59,0 (glay i w2y

C8,5 )18 olBiws 1oenSld (g9, gl y» o1 . wsas ools

K g SUI o> Ceols Y
5 55 5L s e g A 5l ooliiul LY USS @llas 57 9 Sl o> S o

cubaislun g Yus

eS8 3l Al 0gd xSel> o (Sl plral> L Voum Experimen
999 Yo koo Fo % yin o Feoslal 4y on e ilas (gl ls tecode s (mm) e fraction  tal density
. e - s L (%) (kg.m™®)

b AL b Blyen jeepd some b diges S0 Glass 4.20 68 2017

b o shos V7 b 5 05,5 S'si b 00¥sd 03y 5 Interp:y 3.95 68 1916

. e o Intraply ~ 4.20 59 1968

Slbe Ogejl b pladl 488> Slaclee ¥ ol e e FGMI 435 52 1968
2l adlsl s el 395 £53s Y S FGM2  4.28 55 1985

S bl 4 o u,.o)i &l 0uds ooliiw! yorwsSld g oliws I (lod Y Sl

50 sleduz oyl Iy eads aisls &85 Culb 09,5 C).l‘ ’ B
il 58 51 o] SelSa enly yy il ce Cealis & gl S SN (ol gy slaaises o
Slatiges ples 5 (655 L gz o ploxil atons LI 5|

9. Load cell
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Parameter (Unit) Glass Interply Intraply FGM1 FGM2 FGM3
Maximum load, Fmax (N) 8428 7129 5422 8578 8538 7567
Deflection at maximum load, Dmax (mm) 8.85 10.82 8.29 11.06 11.63 13.90
Total absorbed energy, Ea (J) 63 75 51 109 116 84
Initial stiffness, Ki (N/mm) 960 523 467 709 852 589
Effective stiffness, Keff (N/mm) 973 597 611 734 871 646
Damage initiation load, Fd (N) 2722 2825 2935 2957 2854 2740
Deflection at damage initiation, Dd (mm) 3.22 5.74 5.50 3.69 3.68 4.65
Energy absorbed up to damage initiation, Ed (J) 3.94 6.45 6.32 5.50 4.70 5.42
Mean sustained load, Favg (N) 2102 2537 1721 3656 3891 2890
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