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There are numerous researches which indicate that the mechanical properties of the composite laminates vary
under bending load in comparison to these parameters measured under the tensile load. In this paper, the
performance of some glass/vinylester composite laminates was examined. Using 3D FE models for the specimens
and progressive failure analysis of the models, an accurate simulation of the contact between the composite beam
and the supports was implemented. Also the influence of material and geometric non-linearity on the flexural load
carrying behavior of the beams was investigated. At the first, the tension experiments were conducted for
observation of the progressive failure behavior in the composite laminates and verification of the failure model. In
the following, by implementing the three-point-bending tests and then simulation of the composite beam
specimens, varaition of the flexural modulus was investigated by the aid of comparing the load-deflection curves
obtained by the experiments and the FE models. For prediction of the failure, the strain-based failure criteria were
used rather than the stress-based failure criteria. Since the failure strains were identical for tensile and bending
specimens, variation of the flexural modulus led in variation of the flexural strength. As variation of the flexural
modulus was considered dependent on the performance of the polymeric phase of the composite laminates, this
variation was attributed to the performance of the 90° layers. The outcome of the results was a graph which
showed variation of the flexural modulus of 90° layers for various layups of the laminates.
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Fig. 1 Geometrical parameters of the specimens for (a) tensile tests, (b)
3PB tests
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Table 1 The parameters shown in Figure 1 to determine the geometrical
properties of the specimens

oo Lln%(;l Lﬁ;’l w ng:_rn(;.l D r(r:_rrg.)oz )i &Y
ST-1 100 151 20 4x0.75 (0)s
ST-2 100 153 195 4x0.75 (90).
ST-3 100 153 19.6 4x0.75 (90,05)
ST-4 100 152 203 4x0.75 (0,905)
ST-5 100 149.5 195 4x0.75 (0,90,0,90)
ST-6 100 148 203 4x0.75 (90,0,90,0)
SF-1 100 150.5 195 4x0.75 (0)s
SF-2 100 151 195 4x0.75 (90).
SF-3 100 151 20.7 4x0.75 (90,05)
SF-4 100 152 196 4x0.75 (0,905)
SF-5 100 150.5 203 4x0.75 (0,90,0,90)
SF-6 100 150.3 203 4x0.75 (90,0,90,0)

Fig. 2 SF-1 beam specimen under 3PB test
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Table 2 Mechanical properties of the glass/vinylester lamina examined in this study

G23 (MPa) Glg (MPa) G12 (MPB) V23 Vi3

V12 = (M Pa) E, (MPa) = (M Pa) ub.ow

770 770 1070 0.35 0.2
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ol Jeingfait

A Joe il (oo 4o 5l ) Cuz g msle Sux Sl e L
aSSI b 9)lo 00,5 samgs slo oLl 3590 )0 38l a5 Lawss (oleninny
sanle bawgi 5 0o ools axwgi b Jow Gl gam s sl el ol
25l o 5 Sygar el S50 ez gy cnl 0 05d S Al o
g 433,50 o ledl 590

AT cow B s o)y -

S cod BUL (59,95 g 9 (SFenS -

G g 2y S Sdn o jle (S99 S5 -

Py eos LS Lo G ile ceS -

Olell 5o (e alS Wiy, (ol sloge 51 e p0 ol 9,5 L
53 55 Joe ol cnlpls WS oo b 1y oSS e 5 055 o0 KT L

WNgd 0 00ld mbgi dalsl jo aS 0gd o Il Al g6

s 950 1-3

w595 5 orie 5 [19] s b & (5 )lxe bl ol LT (o)
G5 gl 0 ol e e 5 950 (o plodl Sl st iy a5 [20]
Sl las a5 s o lid oo Oladod 0gh oy Sige lo
Gl 2 sl 4 Cond 65 G @S il s GRS Al el
polie olol 5 eid 6,955 4> o, onl 51 21] wias o sy
21y Blsy ol Geods cnl 53 S g0 gy |y el 55 Ol o i
2 Oedp b ez oS oo gl Oledl jo (S plie el
Vi 50 oad 53 050 Hlaz 50 ol quyp gl A5 slo adlge sl
OF s AR o5 Wgd (o iyl n S g
120 (oo plid 1) abogy e
> 0) ipadS Lo SLI -
€)

390 50 el £550 o

(on

T12 + 1'13

O,
=(— 11)
O (T|)
(o, <0) Hlad cou Sl -
f, =(C1)2 <1 @
oy

(02 +0gy > 0) 1S o8 G yile -
£ = (Uzz +O_33)2 7122 +7123 72 T 02033 <1 o)
3
o (#)* (#)*
(0 + 035 <0) 1,led i ke -
f, = (0'22 +50'33)2 Opt0sy ( Om )2
27, o
2
o+ 213 T ™ 62220'33 <1 ®)
(@) (@)

(sop O b adge Tij (Jboy iS5 sla addse oij YU lailg, o
56‘.“5;»&5&4;“)44)61%5(5&

4 Omt 9 Ome ‘dl...” S 3 LS)

ts"")" MsLﬂATtSsT'S ‘uM.:).:Lc [V ST (_g)

ot alisMo L assSle i P o oles L5 ke OF Q) alal, o
Glls o ol ol 5 5 35,0 48 35 ,lie D OF (i sl b ~LAM
o 1y Lalg, oyl 5l eolaul b -kl olastinl asl oo (1) alal,
W~W@Qﬁ#5&°o?b}‘5ﬁw°wd°‘w%%
S35 g9y 2oLy G855 B Gl &S ey 950,01 Bails, Gl il
ol o &S s Sl aily e olen s (glade b oasil oo o8
o3l auo 0 10 ol ol oo ,S3 YL Lusly, o9 ire sl o lailesl
> Beiod cpl j0 ead Gubesl sla diged 4SSl Jl> all o diges aslas
ode] Csdy glis CBs 040 o e cdlae ol 45 wis 8wy | (g i
ol Yz Gl wsed (Sl Slasine pun ln | Ly, ol
SF-1 5500lS 55 2 S0 30 000 o plis allie ol jo oads ala>dle
B9l oo abaixMe  sies aladi aw (5,105 )L oKiws 55

Sgazo ladl giludo -3
oosSLl I s g alRaslel sle aisad sgaze Glall gilude
Sl wges ly oad asle glo Jow )35 L el a3 5 sl [17]
g b b e 3y & (Goga OS5 el Clo sla 3y b (oaiS
Sy aged 4 2V o Gys lp S oo el b ey b
s 853 b a5 2cb w3 by o sl 59 el et
ez O o BLIl S5 a8 g ol )0 ol Jate wiged 4 aBL (o
sl oLl 3 o sla 35 sl 995 (oo iy aly e 5 Pl
A b atly ol bk O 4 bl 4 oS > g oud colizal SAR
G305 53l A (sl el 485 200 Al (e 3l i Jae (5,5,
(it Sl Aiged gjldie (sl el 0ud sslitul 52T slo el 5l s
5 il Cqz 90 b 5o swles abuly G Ly 5 g o 4SS o bl
0.3 Sl oy b ules ool o 88l cux
bl led gildoe lp (SBhasl cu b e Sl ol a5
Gt e 2, Ken adllae 18] ol sns pll M3 o8 4SS § 15 oy

)QASMJ.:):.:W.:L%

56 Solds @ azgi b a5 C3F D90 e Sl e ol Sl (ol
0955 il aslllas (ol Cds (g9, p dged mhaw § Cwls [0 e ojlull
Sl oo e G 0 At g 00l plonl alope wiz 53 Gan e
Jozs [B3, 5 olF 55U adas e (6l ol bl sgase Lol sl Joe
2 Sealiss ST Lags oIS oIS rle (o &5 Wb iy pes (el
w,;,SL,—‘ J58l ey g oads sl ] Joe 0 oS el e Jow s,
ol g0 058 oo g5l and o Ll B galS aliwg eole jo ]
Slabee g S lawgi wogyg )] (Salfe Olaswin L 4Y ;0 Jow

Bllas lo Cqz opl cudp @ a5 09d 0 (I3 92 91 Ojgar (e

 Abaqus
2Tie

3 Master
“Slave

9US 9 pole dy s

¢s00L8 5)

o1 j

n
N



J 93018 5 )9Ud 9 pole s yuis

(/' ¥

W
D

OISt 5 (5 k5 U yule eyl a5/ i yin 1 i) 5408 (5L AVin Sl o giai )3 Sgug b
d' =1-(1-d')(1—d°)(l—d! )i-d) A5 b oS ool g8 slaons 1 asiios e 5 Job a0
) ey peleS 05 darls ) 4y Al

t ty2 €2
d=1-(-d!)2a-d?) 16)
G 0)90 GFRP 0¥ 5 &y bgyje g0 slo (155 polie 3 Jguar
Table 3 Ultimate strains for examined glass/vinylester laminas (+0.001
tolerance)
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Fig. 3 Schematic of equivalent stress versus equivalent displacement
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Fig. 6 FE model of SF-1 specimen, (a) Longitudinal stress in the
beam prior to cracking, (b) Fibers failure index after collapse of
the load-deflection curve
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Fig. 7 Load-deflection curves obtained by experiments and FE
models for (a) SF-3, (b) SF-4, (c) SF-5 and SF-6
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