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Influence of indenter nose in quasi-static punch shear penetration of the
nanostructured laminated plates
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the effects of adding carbon nanotubes on quasi-static punch shear behavior of
Received 14 January 2016 glass/epoxy laminated composites under penetration of three different indenters has been investigated
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Available Online 16 April 2016 experimentally. The hybrid laminate nanocomposites have 12 layers manufactured by Hand lay-up

method. Fibers have a plain-weave configuration with density of 200 g/m2, while the epoxy resin
system is made of diglycidyl ether of bisphenol A resin (DGEBA), Epon 828, with Epikure F-205 as the

K ds: . . Lo N .

NZynﬁsgnfposite curing agent. The multi-walled carbon nanotubes (MWCNTSs) modified with hydroxide (-COOH) are
punch shear dispersed into the epoxy system in a 0% and 1% weight ratio with respect to the matrix. In order to
carbon nanotubes study influence of the nose shape, three different indenters, flat, conical and ogival, were used.

indenter geometry and absorbed energy Moreover, the tensile test was performed on the nanomatrix and the hybrid laminate nanocomposite

samples. The tensile test indicated that the addition of nanotubes on the tensile properties of resin saw
significant increase, but no significant changes were observed in the tensile properties of the hybrid
laminate nanocomposites. Results of the quasi-static punch shear test show that the highest contact force
is exhibited by flat indenter, while the highest absorbed energy is shown by conical indenter. Totally,
the addition of carbon nanotubes reduces the contact force and absorbed energy.
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® COOH-MWCNTSs

* penetration limit

® interlaminar shear strength (ILSS)
® microdroplet test
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4 o )ploits 16 0,95 1395 5 (o rowe Suilfe wise



d.au.uu; M’u.iﬂun@l.ﬁyl.\.gc.\._n_m

SV i igselSgil o gily b o Sl Aud 3945 »3 038 39 Adles JSbs il

ol L8 Jols rizren ail oo D356 Shs do s O (40938l 4y bogy e
el G Sl
ol sojlgps wix o5 slaalglyilb o938l b ol Gaiss o
Al slauieals 01 50 iy oo, by anSlyyons b oads
Qs-) Bb Gy Sl as Golejl b S pladies gam g0 (oo
eoar 25 b g 5 (s e (256 s (s00uiS 355 4w L (PST
Al e byl ol 50 O3l 3l cw)m Gimgh ol el Ban 00 )T oo
A s sty ol el e 5SS (slakilas b Sl
3 il 250 5 G188 GtalesT b (SlSe (olss 50 oS sladlglsil

Moo ol g 4 9y -2
adgl Slgo angi -1-2
oud JSa5 Ay 93 Jald (Sl 03 €95 3 omle Ao nl
a5 828 sl 6yl oU LT g5 Jstan 5l JrondSs (Gl ol
3 SIS Yl ISl b oSl 4 e & J5 05,5 b aad
P20531 (5l oL b o ol el SiliddTglSns (0 5 Y )55k
St @b oaS S @ () bl Cond ouisS S (lpreay
Gl 102 0055l &5 1

90 8l gl a5 E goi st BLI 51 205000l (so0le sangs sl
b LI ol sl o0 o0lizil codg Gy byt 5 Jsb (ol b gams
omizen il e 2400 Kg/M3 x> JB> 5200 /M2 oxans JIKo
ol Ty yn L oS ofys sz oS sladlylh Sl i (o) s
b JolS” Slaseie 1 Jgaz w0u0,5 oolaul 1 5 0 S35 sloas,o b oads
am3 s Lt o @) el S 5 Lansgs &S |, 20, alg)

oo 93l (g 3Llw oolel -2-2
S ay ooy b (05 ladlyd b oS 5 o ol sl il 5l (S
o 3979 ol G ile JS 50 badlglals c iy 5 cenlin (25 0351
izl glaans ol 00,5 e ) lagl Liso 7wl uily
S nSslr 5 yacly yo Dldsil (Sam (idy (0 )5] Cessy Sz S
Bl oSSt cpl ool 038 i anwgt 5l slaasols LSis
ol wilie 039S 5 e « Syl bl Al (Sigs ]
5 Sute Og OBl s & ) S sbaldpl iy (o3l oS
Ot Nsm Geired O3S e S5 (ouly)uily g boablie o e

5 Ay 5l JolS clasiel Jguz
Tablel. Details of carbon nanotubes
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% amino (NH,)

® three-roll mill process

* Ogival
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Table2. mechanical properties of nanomatrix
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Fig8. The stress-strain curve of nanocomposites
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Table3. The mechanical properties of hybrid nanocomposites
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Table 4. The energy absorbed at different stages of shear punch test

o
ET Ets Ecs2 Eost AN
O V) ) O () o5
10.97+0.32 1.48+0.68 1.374£0.36 8.54+0.54 0
11.39+1.62 2.25+1.26 1.11+1.05 8.30+1.32 1
b
ET EP Ets Ec€s2 Eest Q\)éy‘lj
O V) () ) O (%) 2,5
13.47£0.50 9.79+0.50 - 2.24+0.51 1.27+0.51 0
9.91+0.35 7.20+0.25 - 0.74+0.34 1.97+0.12 1
ozl
T ts cs2 cs1 Ol ydesl
o o 0 s
(%5
12.22+0.52 5.04+0.91 - 5.53+0.72 1.65+0.72 0
9.34+0.36 3.70+0.71 - 4.36+£0.67 1.28+0.05 1
03 r
0.17
—~ 025 F
Z 0.16
< 02}
=
<
L2 015 F I
2 o1}
o2
= 005 }
0

Flat Conical Ogival
indenter geometry
Fig15. Friction force values

SWlas! 55 polie 15 s

203

Ec.’
Ec:]
el
8 EP Ets
—
Ee
E
do 9; 02 03 04 05

Displacement

Figl4. Different areas of energy absorption at force-displacement curve
lulem g, e )0 (65, L alise g 14 S

s 0y 9 S JLail ogo (2ujeslS 4 (08 sladlslsil (09381 L
IS (8 S S jalS 50 CenSh 03l 5 (SlSe olyS 5 00,8

4 ooz o il Ssline S0 @5 @iz Ol e
ol 0ol )] it slaao,o b 5L (g )0 5 i Ol
5 Sadlglgil o938l (3 atles ;5 oS W Gl &5 Hobplen
wedioe (20,04 e ) 3545 S (6550 Saldl el

Sl g9, -5-2-4

Sore M @B Fujgels Wges 3l 0ariSagis (atles) yu Sl 5l am
S0 SBhaol 95t s oS 398 28 > hlie (595 o SIasl
g Lyl oS Gy - 28 4ol o oS cl 655 Qi Julss
G908 3 odle 550 (nlosdise pbled bl =L loges slesdl o a8l
355 oled s Eolus 5 (358 (o0 0l oy Lawsi 45) gl (s050e
S5 adled i b o)lo (S i 99 (nl iz 4 oCujorelS g ouiS
Sl o))y (sop wimen 5 CojenelS b oS ek (pled gl oaiS
el g 008 s (oled gl (555) ALSE5E & Lol o
Slacajondls iz ;503 oo Jolo S pois Slasl (59,5 o5 35500
i SWaol (558 oo 225 slaly) 5 ks LS L oS gy
(1552) w5 e

(S 5 4w -5
Gort 2153 595 2 (MWENTS) 5 sladlglib ol ol amgsy 5o
Slodls) il S 5alaid) S0y Slayj5elS (SlSe ol 5 @l
ard anl 8 il eoliel b o ile 6l (SilSe plss (izmen 5 (S
S5l Geios cnl 8 S eyp S Gleil 5 (QS) St
L (MWCNTs-COOH) oSty o L ooas ool 0, sladly)
b goaiSdg dus 3l cpizman Wl oas oolazul 1 9 0 J359 sloas,s
e b Jluz! g az,0 37 Jog e 10MM jlad o co6 o sloacles
5105 e ek ol gl wal s, eolizal 2.5 IS
Aol a5 aas o Glis e ile gl o s ialesl s —
Dgdes fdan (2)
ap3e L st slacyselTsl hiS Ghlejl @b —
CaiseelS 3 s oline st Sl ()5 sladlglgil (og33l as

4 o ploits 16 0,95 1395 ju5 (o oe Suilfe wise



d*u*m M’u.iﬂun@l.ﬁyl.\.gc.\._n_m

SV i igselSgil o gily b o Sl Aud 3945 »3 038 39 Adles JSbs il

[71 A. F. Manzella, B. A. Gama, J. W. Gillespie Jr, Effect of punch and
specimen dimensions on the confined compression behavior of S-2
glass/epoxy composites, Composite Structures, Vol. 93, No. 7, pp. 1726-
1737, 2011.

[8] M. Rahmana, M. Hosur, Sh. Zainuddin, U. Vaidya, A. Tauhid, A. Kumar, J.
Trovillion, Sh. Jeelani, Effects of amino-functionalized MWCNTs on
ballistic impact performance of E-glass/epoxy composites using a spherical
projectile, International Journal of Impact Engineering, Vol. 57, No. 1, pp.
108-118, 2013.

[9] R. Ghajar, A. Rassaf, Effect of impactor shape and temperature on the
behavior of Eglass/epoxy composite laminates, Modares Mechanical
Engineering, Vol. 14, No. 10, pp. 1-8, 2014. (in Persian ...,l8)

[10] E. Mehrabani Yeganeh, Gh. H. Liaghat, M, H. Pol, Experimental
investigation of quasi-static perforation on laminated glass epoxy composites
by indenters with different geometries, Modares Mechanical Engineering,
Vol. 15, No. 1, pp. 185-193, 2015. (in Persian .. l3)

[11]J. A. Nemes, H. Eskandari, L. Rakitch, Effect of laminate parameters on the
penetration of graphite/epoxy composites, International Journal of Impact
Engineering, Vol. 21, No. 1, pp. 97-112, 1998.

[12] M. Sadeghi, M.H. Pol, Experimental investigation of the effect of the
addition of carbon nanotubes on the quasi-static punch shear penetration of
the laminated glass/epoxy composite, Modares Mechanical Engineering Vol.
15 .No. 12, pp. 416-424, 2015. (in Persian .. l$)

[13] M. H. Pol, G. H. Liaghat, M. Sedighi, Analytical modeling of perforation of
projectiles into glass epoxy composites, Modares Mechanical Engineering ,
Vol. 12, No. 2, pp.11-19, 2012. (in Persian __.,ls)

[141M. H. Pol, Gh. H. Liaghat, E. Mehrabani Yeganeh, A. Afrouzian,
Experimental investigation of nanoclay and nanosilica particle effects on
mechanical properties of glass epoxy composites, Modare Mechanical
Engineering, Vol. 14, No. 16, pp. 76-82 ,2015. (in Persian .. ,ls)

4 o jlosis 16 095 1395 L5 urde Suilke wiiie

S5 g a6
ol Pl ai3e (eli Cgz gl aoly godlad ol3T olStils 5l aliwginay

s;lo)Aé g S ‘..\.;;‘,lgsc Ql C;Lu )'| B yol> dlas a5 ‘t_,’_';Ln...n:u"x" 5
D05

&&=

[1] B. A. Gama, J. W. Gillespie Jr, Punch shear based penetration model of
ballistic impact of thick-section composites, Composite Structures, Vol. 86,
No. 4, pp. 356-369, 2008.

[2] J. R. Xiao, B. A. Gama, J. W. Gillespie Jr, Progressive damage and
delamination in plain weave S-2glass/SC-15 composites under quasi-static
punch-shear loading, Composite Structures, Vol. 78, No. 2, pp. 182-196,
2007.

[3] M. Tehrani, A. Y. Boroujeni, T. B. Hartman, T. P. Haugh, S. W. Case, M. S.
Al-Haik, Mechanical characterization and impact damage assessment of a
woven carbon fiber reinforced carbon nanotube—epoxy composite,
Composites Science and Technology, Vol. 75,No. 1, pp. 42-48, 2013.

[4] E. M. Soliman, M. P. Sheyka, M. R. Taha, Low-velocity impact of thin
woven carbon fabric composites incorporating multi-walled carbon
nanotubes, International Journal of Impact Engineering, Vol. 47, No. 1, pp.
39-47, 2012.

[5] J. Muthu, C. Dendere, Functionalized multiwall carbon nanotubes
strengthened GRP hybrid composites: Improved properties with optimum
fiber content, Composites: Part B, Vol. 67, No. 1, pp. 84-94, 2014.

[6] V. C. S. Chandrasekaran, S. G. Advani, M. H. Santare, Influence of resin
properties on interlaminar shear strength of glass/epoxy/MWNT hybrid
composites. Composites: Part A, Vol. 42, No. 1, pp. 1007-1016, 2011.

204



