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Effects of stacking sequence of fibers and thermal environments on the flexural
properties of the basalt fibers/thin-ply unidirectional carbon fibers/epoxy hybrid
composites

Seyed Mohammad Saleh Mousavi-Bafrouyi!, Reza Eslami-Farsani?*, Abdolreza Geranmayeh?

1- Department of Mechanical Engineering, South Tehran Branch, Islamic Azad University, Tehran, Iran
2- Faculty of Materials Science and Engineering, K. N. Toosi University of Technology, Tehran, Iran
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Keywords Abstract

In this study, the effects of different environmental temperatures and stacking sequences of fibers on the
flexural properties of the hybrid composites including epoxy resin, basalt fibers, and thin-ply unidirectional
(UD) carbon fibers were investigated. The hybrid composites were prepared by hand lay-up method with 2
layers of carbon thin-ply and 6 layers of basalt fibers. The samples were fabricated with three different
stacking sequences of fibers in which the position of thin-ply UD carbon fibers changed from the center to
the outermost layers. Also, the temperature effects on the flexural properties of samples were investigated
by applying different temperatures of 25, 60, and 95 °C. All samples were fractured gradually and showed
pseudo-ductility phenomenon due to thin-ply UD carbon fibers. Results showed that by placing the thin-
ply UD carbon fibers at the outermost layers, the flexural strength and modulus of samples increased
significantly. For example, at the temperature of 25 °C, the flexural modulus of the samples was about 42%
higher than that of the sample with thin-ply UD carbon fibers at the center of samples. However, the strain
values of samples increased by nearing the thin-ply UD carbon fibers to the center layers. Also, results
indicated that increasing the temperature caused the reduction of flexural strength and modulus of samples
while the strain values increased.

Hybrid composite, Carbon fibers thin-
ply, Flexural properties, Pseudo-
ductility,  Different  environmental
temperatures

Please cite this article using: S oolitwl i3 @)l 5l allis 4 gl ) sl

Mousavi-Bafrouyi, S. M. S., Eslami-Farsani, R., Geranmayeh, A., “Effects of stacking sequence of fibers and thermal environments on the flexural
properties of the basalt fibers/thin-ply unidirectional carbon fibers/epoxy hybrid composites”, In Persian, Journal of Science and Technology of
Composites, Vol. 8, No. 2, pp. 1514-1521, 2021. https://doi.org/ 10.22068/JSTC.2021.530377.1725



399405 (5 )9Ud 9 pgle &y puis

At BLINL oadg 485 (slocy j5olS (g ym Ceono 98 50 (S BUI yols
L oS 5ok 4 eopiide Sgne Db 4 |y (phed Joe 5 plSoiil (g0
(e pLoul dadised (S ym o ;0 (05 SLIT Y G L (ol 13
@S orgren (8L 33l 00,542 520 o 5 4 bdiged (e Jde
05 Wy 5alS S35y o 53 S B olas ol 8 L a5 ol s
5B S e @ Gl Wl (G Sy (e 5o

039 0dlallgss plomial shls Ygmns (pedy Jslote slacyjonels
3 osliiul (sblze 51 K0 (o aiins SLSL locuss adl 5 ol
oy Sl 95 ki 9 o0 j5aalS” ol (50 YU (60 oo (sl j92alS
PR UTUUPP PSSO T S JCIIIE S CH PRI I PR
3 Sldllas 112 5 11) 59 oo oamel ¥ s iy llaslacs oayay bdlasl
23 93 & Ol s Ygona |y 5 rack SloCuj9alS (63 Sllasilacs 4
ooliiwl pizman [13-15] calies sz asY (sbily; b LI 5loslaul falis
2,5 Gl [16-19] calises Sl Loles b (gt (slacs 55,0l
S35 B L slacyjopals niS sy oy p 4 1141 Glen 57 s
Sl ax 0 15-45 _ma¥ dalie gbls; b (e e 0.03) o S
RS e S 4 Ol e GRS sesl e 50 4 ol Gl el s
—Glaslas oauay ols &, a5 wis S le ol cdl cuss ez e 15 S
bisl) oo 4 SN saze S iz Jodo 4 balujonelS (nl )3 sy
JONPERT SURRCN!

slacejseals i dlhail (I sla)lSal) 5l Koo (S ol
S YL 5,5 b BLl S5 a5 wlesls olis e plos] Slollas s yarks
A oty ) yxie Wl oo 0ud J U8 slacslis b ol 5,5 L SUI
el o9l o pn SlaCojenlS o (s CeSS g s pdy Sl
iy omelS g piyiillanilacs 5, 0j50 0 aBF Eyge lalllas
[16-18] el o, ag> S S50 BLIL 51 solatwl 4 bgype (s ,umn
Syg0 50 Wilg co CunSd 25l 4 aS Wileols lis jeSde lados
Sl g o8 G855 b S oo Sl ol g0 slacajonalS
it 53 150 Jold p5ile ez cpliama &) 0k (58

CapelS Cuolies J5 )0 bl (58 05 cess S -1

SR &5 S G 9 ol GRS b sleaY 50 I S 2
by 455 5 S o85S L SUl e

oS oiyS b S s 0> -3

ol 0 5 &5 (gndge 55 olpen o8 (15,5 L SL a5 5 -4
T e ey iy llanilacd i) &S ol Sl

Caled b S5l ()5 4o S5 S 1201 o))Sen 50 S5
oolaiwl i BLIN L calcgsi ujemelS gloasY pu )0 ey Sow 29
S Sl el BLIN S ol 51 G wols oyl Lo T asdllas ol .o S
Syge ek by po 5k aaiz wlsi oo eolinul 550 (2,5 S ogl
b LI 0,5 e b a8 wlools i LS Slalllae 05,5 )3 St
2 piydllanlas )13, @ plges by WS L SU g oS S
Bl S 5 )Lt g S glags ISl

4 Fuller
5 Czel

1515

doddlo -1
ol aile 955 058 pazis pls Jodo & 5 peeh SlocajselS 0594l
S > Nled S Iy litie slas )5 0 1) (polB az g Vb oy (i s
5 Vb slobles wile il Ll ) ol (S0 S juels das )15 ol
Gcajsels a5 coul @Y alpln axil anils 18 onje3 slalame
il 095 gladarzs 3 Vb lales jo (o (semlie s> SIS 5ol
b oadlugl lacejsels «sroely slocusomsls Elsl on it 51 (S
Slos i jsbo 4 395 Shlie Jodo & lacajoals jl 53 Cal s SLJI
o5k & gl oo ooliiul 9,095 ainy 5 Lalsm diny wiile cage sloo )5 )0
S Jolss 5oy slocajonals o oslial 0y90 S (n Sinae (SIS
11-4] sz I3 g aal, e, dtinds

Ygane LI L oadu s (6 pacdy o jonals (sblze oaled 325 L
@ ke Ko (pl &5 st (ol (Sayiz sl oy ol 5l gsi o)
wigyel gl oo iz slag Al ki o SLSL clss obx
Sroeh Sloluisels Gnl Koy dp Cuz o Bl sla)Sal,
Slacussls (Sejiz dge )l G ieee el oad (Bee
Sh3gL 0933 (mizmen g p 5l S sloyecdy Sl oslitul 4 lgioe 5ok
oI 3sse 53 S5e slagty, 5l K0 (Su 08 o)l (s ey slaais; 4
olpie 4 Sl aiz b g0 5l Glajen eolial ( LI locy jorals (Sayiz
oo o5 ysb a el (G0 e SlacajopelS Sl jslaie @y oS Lo sl
Sldl 55 50 hlye a4 (litws g ymd Slaapels 5l oolinul )5 Lol
Sy S35l Elgl it 3l (S blos LT calee (a5
SLIL 5l oy 350lS 58 ol o el s GLIL g 08 SLIT 5 JSie
ol plsosial Jodo 4 nyS SUII 59 Vb Jobo sbojl s yo Judo 4 aied
157 2] 55 oo ooliciul

2 SR sle st o yms Glacujssls GlolE shle Sex b
lopite (e 5l sl S by jealS Sl atws (pl (SSlKe ol
SV olss coanS Co sl SUI (comm> /(559 Sl 4 Glgi o0 )05
5 2 28 o)l gl rzay g5 by SUII S8 <l g LI
P dpo s ohes L8, n zal gg )*’L or 4 8l ol Ken
bl gl s ls p il SUITs (8 SUI ol sy slocajgals
3 oS SUIL calcy 85 slacy jemelS ouiiod oy (65,0 a5 ol las
S35 w00 80 560 40 20 1og58l b il sgue <yl LI y3g531 il
140 58 i 5 4 o yp Sale jealS oudioda o9 (6551 il SUI
ol a2l 2yl 0,5 212 4159

2z aY b ) 4 191 ) San 5 ez lbige Koo aalllas S5
il S SUNEIL SUl - S gl slacejoalS’ (i (lo>
G55 s & Dot & baiges Solke s> 45 ol olis bl mbs
oS I s by T gl sl aly Wadigos 45 0,5 BLII 5 il LI
SrdSlhasl e (n YL Wlad S 15 Serm slaaY s il SUI
(Soym Y o S BLI pls 1B L as Jb s sl sl Jol>
4 [10] oS 5" ulyy oo lanllae o il sguy shos ols>
ot jonels ;o Sl 515,13 £5 rized 5 iy doyd pil p
3L ol olas by T gl sl ates SIS GLI - oSl

1 Subagia
2 Prusty
3 Pseudo-ductility



Ve 9 SS9 8 Sowso (S 9l /A SE S AV -y 8 B/ DL Bl (635 puud Sl ) 91els Sied olen julos 9 Ul SinanY il

Slid lcuemels jo lge slacls Bis jolaie 4y (6,15 AY 3l amy

Ladi g ey Azl b a5 psliie d Cgles o b esliti] JIKul5. 0.05
oSl (g0 y (Sloa jopalS a8 S )18 55, T D 4y 31 oo o
JeSzs el BLIT Y 6 g 0,8 ag> S5 S50 BLI Y 2 5 Gubios ol jo
—QLQ.@ Oy )...cu’i.ac 13x7x1.5 lJ ﬁ‘,} L:ncu}u .)L:U' ‘u,:.f.‘l.ya )510 EORRERWY
Condgo oo jemelS 5l g9 cpl ;o awl ool ools las 1 IS jo a5 j5b
308 S dised (Sgym gobie @ S e 5l (S A S5 SL SUI
>SS S0 B adlb BL Sls w55 4 C 9B was &)l slaas

it LAY olass oo lid By > 5l o dlael g )5

[B2CB2CB2| [B3C2B3)
e ]
00| |
_— "
=
= """

e

] = |

] ]
[CB6C]

Basalt fibers |

I

[ —— |

“Thin-ply UD carbon fibers ]

]

]

Fig. 1 The schematic image of hybrid composites with different stacking
sequences.
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Fig. 2 The flexural stress-strain curves of the hybrid composites with
different stacking sequences subjected different environmental
temperatures of, (a) 25 °C, (b) 60 °C, and (c) 95 °C.
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Fig. 5 The strain at break values of hybrid composites with different
stacking sequences subjected different temperatures.
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Fig. 3 The flexural strength values of hybrid composites with different
stacking sequences subjected different temperatures.
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Fig. 9 The fracture surfaces of composite samples subjected to
temperatures of 60 and 95 °C, (a and b) [B3C2B3] samples, (c and d)
[B2CB2CB2] samples, (e and f) [CB6C].
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