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Comparison of mechanical properties and low velocity impact behavior of
basalt/epoxy and basalt/vinyl ester composites
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Nowadays, composite structures are widely used in various industries due to their unique properties.
Considering the applications of composites, it is essential to carefully evaluate their mechanical properties
and impact behavior. In this study, the behavior of basalt/vinyl ester and basalt/epoxy composites was tested
under impact, tensile, and flexural tests. The samples were fabricated using the hand lay-up method with a
hot press technique, and standard mechanical tests were conducted on them. The results showed that the
epoxy matrix composite, due to its better compatibility with basalt fibers, performed better in tensile and
flexural tests compared to the vinyl ester matrix composite. In the impact test, the basalt/epoxy sample
absorbed more energy; however, all the absorbed energy was utilized in the propagation of complex internal
damages such as matrix cracking, delamination, and fiber breakage. In contrast, the basalt/vinyl ester
sample, with lower energy absorption and a longer impact time at higher energy levels, experienced
different damages. Additionally, at lower energy levels, elastic energy was observed in the basalt/vinyl
ester sample, indicating its limited ability to return to its original state. This study highlights the importance
of selecting an appropriate matrix to enhance the impact and mechanical performance of basalt-reinforced
composites.
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Fig. 1 Specimen prepared for tensile testing.
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Table 2 Mechanical characteristics of EPL1012 and MFE711 resins
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Fig. 2 Three-point bending test setup.
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Fig. 3 Steel fixture for low-velocity impact testing with the specimen,
designed according to ASTM D7136 [23].
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Fig. 4 Tensile properties of basalt/epoxy and basalt/vinyl ester
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Table 4 Flexural test data frequency of basalt/epoxy and basalt/vinyl
ester composites
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Table 3 Tensile test data frequency of basalt/epoxy and basalt/vinyl
ester composites
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Fig.5 Flexural properties of basalt/epoxy and basalt/vinyl ester
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Force vs Time

Fig. 7 Force-time diagram for basalt/vinyl ester and basalt/epoxy
composites under impact energy of 33.84 Joules.
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Fig. 8 Force-time diagram for basalt/vinyl ester and basalt/epoxy
composites under impact energy of 45.12 Joules.
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Fig. 6 Force-time diagram for basalt/vinyl ester and basalt/epoxy
composites under impact energy of 22.56 Joules.

SRl Il g il Jend Sl Glace ;5008 sl Hlajmg e ylo905 6 S5
J5522.56 551 b 4pp0 25

5 SRl lacyjomals plojmg LS, sammaplas 7 S
iy 5550 e 538 b ol 9353384 6550 L sl Jeug/dlil
il Ggad 39 nl 5 ol GBS 5 Jloga 5551 s BB b
9505 IS5 Bllas el (3505 5k 3.2 Sy 908 Sl ol
Aol 8 aS oo s ) (Fhp G S8 S 4 e 5 o
Ol el 3ai oy lel g0 S yal Y Y (L culSs snms oy lis
Ol e )3, (izmes ool oud o0l L3 18 S8 15 59 41 909
loces] Bad Kby (Spllcdlil aged 4 bae Jlogei )3 SIS 5
Buns 5505 St g 532 Sl ol o ooy i 5 SI51o
b Sy ool wimose &y Riseels sloay o ol GixS o 4
ol Wbl 9,05 Ll 6550 s () 3o ) 958 & 2ol T 51 S
S o el g Sl 5o 0Bl e Sl CeaSS (5955 b oo
4 doeds eald 5l g g8 S8l g Aigad (nl Jloges KBl (g 5k 2,75
il 68 Sllog b 5y Sy a5 gl ol b el S a3l wiged
SyeS 5 wised ol Sl iyl ssimoplis (B8, ol WS e
3929 pae iwl e gl diges ;o el dogw! Siilaris 9 ool
oale ol yo ool a5 amo o Glid 5,8 Sy 5l G 4z WB llogs
525 oo )18 el ot a8 LIy ol ol e I eV b iy
ools olal ) ules e ¢ Jo5 33.84 &y Jg522.56 ;| a5 (5550 iul3dl
ad Bt CajerelS g0 1o 40 owl Gal sas e i gabge (ol 4
s & g5 SLSL il g S1555 k8, (S sgledlsl 45 o ol b s
Jegf Sl (Jlie p3 el digas cnl SVL (Sl (olss 9 Seaal (i
S oo 4,25 500 (IS8 @ 1) Lol )T m5le g5 S @ 2l

5 eSnladll locajsels lp | Glojrond s 8 S
5 Jogas ol amsgn tales 55 45.12 55,51 e b sl Jaiag I
T3o9t sl 185 5 sl G 51y ouii 4,0 550 YL el
Obes s Al 5555 05 4512 4 a0 655 mhaw GRIBIL w0 oo LS
B (g9, (S lcdlil yo cwl adly ol CueelS 90 oy led
25 g0 03mliie 5,5 Al Iy g0l Slogi Jl) 5 Cel (35 kS 3.4
S5 518, ol sl g o] by saims i cllugs ol
o Wbl (69505 @ ald (59,00 45 o o Lt 9,05 SLSU slacdl
el 00y Cad S (59,0 b ones

2590

23)940L5 (5 )9Ud 9 pole &yl



0930l (5 )9Ud 9 pole &y puiss

0359 2 boy 5 e S5 3l

il dm)/hd|)b)dufy|/hd|)b 6&;»._:_)3{_.5[5 ol e d.g).:a')b'.é))uf._v_.iKeud}'; Aunlio

a.aes o lis 1) adel s 4y cltT 5l jo aigel Sgame bl iged o)
Ol b ool ags digai a5 0gd o el Sl 0 5 Con (LS use wiile
adgl o 4 S5l 0 g WS @S ) it oS laeal (g,
W) e 2l @belr el Jengf il dse (hlie ;o ailey L
0479 poe el diged (pal 30 i o] LSilo a5 3l (e o 25 e
aiile il g/l 4 ans oo LS diged (al Jloged yo sl | iS5k
31l Gl 0 5l ey sl S 4 caS L @ B9 IS
090 PV (aw S 5165l ke (B adlbioe (555w (092 L
O Elige L g 398 0y 5 a0 sl (502 Oy digai o 50
2 Sl 86 BN (ns,y iz Sl nl o 5 wibloe 3BT aiges o
5l SVl sl 090

5 eSaladil sbcsesls obulr-gns L8, 11 s
(35 e Cnl 3 e oo a5 J95 45,12 (6351 L 1) el gl I3
S Sl 5 wims s ol )| STl Wakigas 3] oS
el gl Sl 4y Kiged 50 ,n iS5l Sl malS s sdes slaca]
[ EX EP PRV R SN CRVPSPUSRPS ¢ X gRVSNUSNR RN CE SN
ot S Sy ad 458, o 25 ) sl Sl 5 0
wigai (nl )0 odee ool Kilo a5 WS oo 4,20 1) e e 28.6 ol
digas 45 el ol samslis el cutS il i s ol b ol
e 50 conl g0 4 g 03,5 Ll | 4,8 (65 i (WS elledlil
B o0 G950 Sg>

Force vs Displacement

——Basalt/Epoxy
Basalt/Vinil ester

F(kN)

5(mm)
Fig. 10 Force-displacement diagram for basalt/vinyl ester and
basalt/epoxy composites under impact energy of 33.84 Joules.
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Fig. 11 Force-displacement diagram for basalt/vinyl ester and

basalt/epoxy composites under impact energy of 45.12 Joules.
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Fig. 9 Force-displacement diagram for basalt/vinyl ester and

basalt/epoxy composites under impact energy of 22.56 Joules.
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Fig. 13 Energy-time curves for basalt/vinyl ester and basalt/epoxy
composites under a load of 33.84 joules.
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Fig. 12 Energy-time curves for basalt/vinyl ester and basalt/epoxy
composites under a load of 22.56 joules.
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Fig. 16 Surface damage of the basalt/epoxy sample with an energy of
22.56 J: a) Front view. b) Close-up front view. c) Cross-sectional side
view.
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Fig. 17 Surface damage of the basalt/vinyl ester sample with an
energy of 33.84 J: a) Front view. b) Close-up front view. c) Cross-
sectional side view.
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Fig. 14 Energy-time cuves for basalt/vinyl ester and basalt/epoxy
composites under a load of 45.12 joules.
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Fig. 15 Surface damage of the basalt/vinyl ester sample with an
energy of 22.56 J: a) Front view. b) Close-up front view. c) Cross-
sectional side view.
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Fig. 20 Surface damage of the basalt/epoxy sample with an energy of
45.12 J: a) Front view. b) Close-up front view. c) Cross-sectional side
view.
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Fig. 18 Surface damage of the basalt/epoxy with an energy of 33.84
J: a) Front view. b) Close-up front view. c) Cross-sectional side view.
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Fig. 19 Surface damage of the basalt/vinyl ester sample with an energy
of 45.12 J: a) Front view. b) Close-up front view. c) Cross-sectional side
view.
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