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Keywords Abstract

Today, polymer-based smart windows have been considered for their thermal capabilities to reduce energy
consumption in the buildings. The important issue about these smart products is their optimal design and
construction which is the main focus of this study. The proposed window operates the way that the percentage of
the light passing through the window depends on the degree of conformity of the refractive index of the nanofluid
inside the window and the polymeric plates. Nanocomposite film has also been used to provide self-cleaning and
photocatalytic behavior on the external surfaces. The materials used include polymethyl methacrylate (plates),
methyl salicylate (fluid), and zinc oxide nanoparticles, which have been used to fabricate the nanocomposite, and
nanofluid. After accomplishing the design and fabrication steps, characterization tests have been performed to
determine mechanical (tensile strength, toughness, flexural strength), physical (contact angle), structural (size and
shape of nanoparticles), optical (light transmission rate), and thermal (temperature ranges, heat transfer coefficient)
properties. In addition, the performance of the window has been analyzed and compared with the other smart
windows in terms of energy consumption and light transmission, in a quantitative analysis by two dimensionless
parameters of light transmission ratio and temperature difference. According to the results, the range of variation
in the transparency has been more than the maximum for other smart windows by 2 times while its energy
consumption and temperature adjustment performance index has been higher than the other smart windows by 2.1
times.

Smart window, Nano-composite, Light
transmission, Self-cleaning, Refractive
index
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Fig. 4 3D printed polymeric prototype of panel.
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Fig. 5 Resin mold preparation; (a) Before curing; (b) After curing.

Slazil 5 ax (@) olazdl 51 L8 () ¢ 3, SJB 55[.@&&] 5 Js<s

Trust L Pro) somaw olx ig, aws 4 lal 5o (g peudy sladiges
Wb sl 'Ll iz bs (Ol )98 psm war Gl Saneg 2855
O U5 b g ek digel SIS @ gy A G (4 JS2)
Ry B IS )3 el B35 b OO St St (b Sloxio caled)s

Zn0O nano-particles
Methyl salicylate

fI Panels

Sample Nano- Solution and
fabrication Composite] vaporization

'-INa no-quIdH Ultrasonic mixing I

rl Tensile test

Impact test

Physical Contact angle

haracterization| XRD
tests Structural SEM

Material
selection

Injections

Experimental
phases

Machanical

]
DLS
DSC
Conductivity
-| Optical H Spectrophotometry
Fig. 1 Experimental steps
e Jole 1 s

Nano-composite

Nano-composite
film -

film

Polymeric panel —ug——rF

4———» Polymeric panel

0 j9aelS gl plod — o

a>g b ool oo &l 4 Joam o O34k Ll 5,50 doys polie

s BB cbale o i [22] sasplosl wlidzs ], a5 il
@ a5 ol (10 WE%) (539 0,0 10 0905 0 (6 pous s ile yo 3530

2olie cnlply ol D390 ol sy Mol 5 YU (ordaw (5551 o

ol oals 48,8 a3 0 CuemelSeil pl ol gl 10 W% 5l jlS

ab asie sadplonl [23] Glalllas g 4l slo w4 465 b uiznen
Cdlid n sllasl bins 136 @39l slp B 51 YL )9 S s S

3,188 oo el Bl ol a3 590

N TUP L% FRCH S PE WA’ g P
Table 4 Nano-particle percentage in nano-composite
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Nano-fluid

Fig. 2 Schematics of assembled sample Schematics of assembled
sample
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Fig. 3 Window panel with rotated cubes pattern; (a) Two-dimensional
view; (b) Three-dimensional view.
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Fig. 7 The PMMA plates; (a) external view; (b) Internal view
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Fig. 8 PMMA samples for contact angle test.
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Fig. 9 PMMA sample for tensile test.
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Fig. 10 Specimen dimensions for tensile test based on ASTM D638
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Table 6 Important results of tensile test on polymeric samples
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Fig. 13 Polymeric sample tensile test results.
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5B 55 9emST S350 (sl el 5ol anl 555 55901 16 Jss
gy oSl iy ogeil @
17 U5 55 CaoalSsil ($9iS (omisiny 0903 @l 5l 4l S
SNdgl cagas od slls oaimo L pgual (pl el odd sols Liules
R FUNE VO L S PSSR W
515 5 59, aST S5 slal 16 UKo 45 sualoewsy mls b
el 00g Sl 500 Jlawsil 5 CojeelSel 4 bgy e o lulinl oogaze
ol Gy rbans el 00 o0ls Lai 17 JSi 10 4 jsboylan «puizea
2 b awslis jo jal cplojls 18 ceslie bl o0 2 500lS 5l ol 5
' sl Lilugs ons plowl anlllas 4 4z g5 b el SLST LG 55 aslie Slilllaa
IS0 b alice Sl andl 585 5550 55, auT S05 56 (55, 5 [19]

1487

Extension (mm)

-4.4 -4.2 -4 -3.8 -3.6

Force (N)

-40
-45
-50
Fig. 14 Polymeric sample flexural test results.
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Fig. 19 DSC test result on PMMA.
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Table 9 DSC test results on nano-composite (ZnO percentages
refereed in Table 4)
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Fig. 17 SEM photo obtained from nano-composite film.
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Table 11 Light transmission test results
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Table 12 Brief comparison of materials and mechanisms of current
smart windows and proposed type
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Table 10 Thermal conductivity coefficient test results (ZnO
percentages refereed in Table 4)
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Fig. 20 UV-Vis transmission curve, obtained for simple polymeric
panels
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Table 14 Experimental and predicted value of R, during 12:00 to
13:00 for proposed smart window.
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Table 15 Predicted value of R, during 12:00 to 13:00 for different
smart windows.

p sly2
(o8 )

Sy Slgp

(Gl el o

0.08 0.09
0.14 0.18
0.13 0.19
0.11 0.21
0.05 0.26

Wh) ases

(Wy) Koy S35
(W3) Seg,S5 55l
Ws) S5 S35
Ws) (goloitan 0 2y

- Warm weather (Loy
Cool weather (High

ronc
" 0.26
0.25
0.21
0.2 0.19
0.18
015 0.14 o1
0.1
0.1 0.09
0.08
0.05
0.05
0
w2 w3 w4 w5

wi

Smart window
Fig. 22 Comparison of predicted R, for different smart windows in
warm (low transparency) and cool (high transparency) weather
conditions
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Keywords Abstract

In recent years, polymer-based nanocomposites have been widely used in various industries such as
shipping, aircraft, automotive, and medical industries due to their good mechanical, chemical, and thermal
properties. The aim of this study was to investigate the effect of halloysite nanotube nanoparticles (HNTs)
and the nitrile butadiene rubber (NBR) content on the mechanical properties and microstructure of
; polyvinyl chloride / acrylonitrile-butadiene rubber (PVC/NBR) thermoplastic elastomer nanocomposites.
Elongation at break Response surface methodology (RSM) and central composite design (CCD) were used to study the tensile
strength and elongation at break. The morphology of PVC/NBR/HNT nanocomposites were investigated
by scanning electron microscopy (SEM). The results showed that the maximum tensile strength was
obtained at the HNT amount of 4.7 wt. %, while at high HNT levels the tensile strength will be decreased.
Increase in NBR content from 20 wt. % to 40 wt. % causes an appreciable decrease in tensile strength. The
elongation at break increased with increasing the NBR content, while the elongation at break decreased
when the HNT content increased. The results of SEM show that the fractured surface of the samples gets
rougher, the tensile strength increases.
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Please cite this article using: S eoliiul pj ol 5l allie 4 gl )l (gl

Peyravi, S., Nakhaei, M. R., Safarpour, P., Naderi, G., “Experimental study the effects of halloysite nanoparticles and acrylonitrile butadiene rubber
elastomer on mechanical properties of PVC/NBR/HNT nanocomposites”, In Persian, Journal of Science and Technology of Composites, Vol. 8, No.
2, pp. 1494-1502, 2021. https://doi.org/ 10.22068/JSTC.2021.530671.1727



0359405 (5 9US 9 pgle &y pubs

RULS-TITI

PVCINBRIHNT (sl o 590l5 66 (SuilSo o195 (53 2 e U g siuily 55T pogiu¥l 3 Colusglle dlglgili 5l 265 aslllao

Pl Gleag @lp clabsl Shb o Glagis, I eslicl
O Qb&n—&b 9 LS"""“’G el 00l ool )L.Mu ool axs-Lu L.gLebw)jmlS}:L
PP2/LLDPE3TiO2 S5 0 arpo plSioxinl g (oiiS Jgdo (owyp
sels anie g Golesl olowd mhaw gl (g, 5l oliiul b oS axsls
PVCINBR oS 5 (So30s8, )13, (omyz 0 0lSen 5 (55 - [14] il
5alUT Jgaz 5l oolanul b o,z (glaosls a5 auxsloyy wy S 0,340 L
&y Ubyy 5o [15] e 5 )15 Jdos 5 4525 5,50 (ANOVAY) (il g

ol (L) dolae & j90 5 odal Cawsy (S Joo b

R:Bo+ 25(1 Bixi +Z§1 Biixizi + E Ei(ﬂ Binin+8 (1)

iy 4 Bij s Bi¢ Bij «2ob o 30 By sy R iy 4 1 dlolae o
£ 5 Jiis (glo i Xp) aibl o bl I 5 pgo s ol wglyd
el 3 foilil (gllas
SHe Pl ileaingy aey 50 SRS Sl a8 el
e 5o el et plosl HNT 356 L PVOINBR (sl jpsels
Pl S35 2 99 Gl GRS g NBR S s HINT 59l 31 0l
gl ool ) 5l et Bl )3 Jsb bl 5 (oiaS plSovinl (Sl
Sl 05 oo )8 (o2 3590 (CCD) (635 50 oS o b sl oolizal b
sy 59550 Semg Sae 5 solizsl L PVCINBRHNT o j5melS il
058 0 )8 (o 090 (Sl (SEM)

ey -2
adgl ->|9.o Slasuine -1-2

s 85 Jobuo K Jlaia b (S-PVC) sl Jtis b 5l Ginge ool 58
b als al » oSl jon (OlR) Goed plol joi (g iy 250
St g ol 25,5 Sl e il oy 118 JSx
DSAIML s (5,9,5 oo i s 51 008 B4 L ), (sl s uishy ST
55 Jyame S jio oy 05 22 ISz 5 o5 5o 42, 100
ol 5 255 JISz b culuglle slaalglslh 5 (s 05) 55
gl Slasin .ol ond oolittal (0393) (s poul O 3 Jpames o
585 1 ooz 50 et & 38 9 sSs Se sl 5 Coluslle
el 00 03,91 1

clu by g bolKiws-2-2

Baigos b -1-2-2
3,5 slo 4,5 80 slas ;o culuglls sbalgdyil lul daaiges Lo !y
LYusl 0 )5 )18 S eash, cam oyl olfws J3hs el 8 wae 4
4 g aiBs p 550 50 Jljeo ey g 0l 5 Ol az 10 160 gles o aaigas
ogii plil (Brabender) Sulke Jsls oS bgle olKiws galiwg
s LPVC L &l el b onS sl ol a5 canl & g0 ol 40 LML

ol 2lsm 5o Yo s PVC (i3s3l 6,85l 2oz S a1 g5 aoy0
g oo AiSy oKl (9,0 5 0dd oS

Coluglle dgleil ol 5 (So5d Slasin 1 Jgas
Table 1 Physical and chemical properties of halloysite nanotubes
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Table 2 Process control parameters and their limits in surface response method

Properties Value
PH 35-45
Specific Gravity 2.55
Surface area, m?/gm 20
Moisture content, % 3
Sio, content% 49.5
AL,O; content% 35.5

o Sl |
) 3>y poesoy
2 1 o 1 2 o
50 40 30 20 10 N Wt % NBR
8 6 4 2 0 H Wt % HNT
L= L =59 mm
A=25mm -
H A _
C=115mm MG H=2s mi
¢ G=14mm

(b)

Fig. 2 (a) Schematic of tensile specimen and (b) tensile specimen after
tensile test
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Fig. 3 Diagram of actual and predicted result of tensile strength
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Fig. 4 Diagram of actual and predicted result of elongation at break

S ol 0 Joo 23l e i 5 528l slagely Jloges 4 S

s slisl gzl mls 6 Jguar
Table 6 Validation of test results

2 Lack of Fit
1497

Table 3 Design matrix and values of responses
Eb TS HNT NBR PVC

%)  (MPa) (ww) (ww) (ww Ok
48 209 4 30 66 1
47 177 6 40 54 2
105 103 4 50 46 3
49 207 4 30 66 4
38 282 2 20 78 5
46 205 4 30 66 6
24 263 4 10 86 7
80 134 2 40 58 8
27 238 6 20 74 9
21 179 8 30 62 10
56 164 0 30 70 11
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Table 4 Analysis of variance for tensile strength
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Fig. 5 Effect of all factor on tensile strength
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Fig. 6 Effect of all factor on elongation at break
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Fig. 8 Plot of a) 2D and b) 3D of effect of interaction between NBR
and HNT on elongation at break
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Experimental and Numerical Study of Residual Strength of Composite Grid
Stiffened Cylindrical Shells Under Sequential Compressive Axial Load
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Keywords Abstract

Residual strength, Composite grid In this research, the behavior of the initial strength of a composite lattice cylinder structure under axial
stiffened cylindrical shells, Sequential compressive force in the first loading and its residual strength in the second loading stages have been
compressive axial load, Finite element studied. For this purpose, in the experimental method, first, the composite cylindrical structure, with a
method, Experimental method. hexagonal lattice pattern, is made using a silicone mold and filament winding process. In the first

experimental loading test, the structure is subjected to axial compressive force and its initial strength at the
beginning of collapse (first damage) is obtained. Then, in order to study the residual strength, the damaged
structure is subjected to the second loading stage after complete unloading and recovers its initial length.
Validation of force-displacement results obtained from ABAQUS finite element software has been
performed in comparison with the results of experimental loading tests. Next, the numerical analysis of the
effect of various rhombic and triangular lattice patterns on the initial strength and residual strength of the
structure is performed. The results show that the highest ratio of bearing force to weight on the collapse
threshold of the structure in first loading stage is related to the triangular, hexagonal and rhombic, lattice
patterns and hexagonal, triangular and rhombic lattice patterns, respectively in the second loading stage.
After the second loading stage, hexagonal, triangular and rhombic lattice patterns retained 80.5%, 69.11%
and 54.01% of their original strength, respectively. Also, hexagonal, triangular and rhombic lattice patterns
have the highest specific absorbed energy up to the collapse threshold, respectively.
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Fig. 1 Geometric parameters of composite lattice structures
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Fig. 2 Plexiglass and silicon mold
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Fig. 12 Numerical simulation diagram (S4R element) and
experimental testing of structures with hexagonal lattice pattern under
first and second stages of compressive axial loading
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Fig. 13 Numerical simulation diagram (SC8R element) and
experimental testing of structures with hexagonal lattice pattern under
first and second stages of compressive axial loading
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compressive axial load
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Fig. 16 Numerical simulation diagram of a structure with a rhombic
lattice pattern under compressive axial load (S4R element)
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Fig. 17 Numerical simulation diagram of a structure with a triangular
lattice pattern under compressive axial load (S4R)
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Fig. 18 Numerical simulation of a structure with a rhombic lattice
pattern under compressive axial load (S4R element)
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Fig. 19 Numerical simulation of a structure with a triangular lattice
pattern under compressive axial load (S4R element)

6L (g pme sk b (e aSd oI L ol g0 (g3luans 19 JSCD
(4R LN

oS b cllin ol 4 &25,5 & g0 gl jlodends 45 ol 1S3 UL
o 5l Slasuie b aill) olfiws o (59, 2 osSLT 580
Oley e el a3y plol CoLKS 8 il> alabl> g slawn 7 535 0
oozl b ¢ xbo i a5 b 0 5gmalS’ Seadicn gl i 5,3 lne J>

1511

@bl S Gy ekl U (655 Qi u i (i s
ojl (hlie Byb p3 5 Jol ape (IS yo 1) (b 59,8 alamdd 3 (g350e
b (5550 @i S (G398 el 0 1eS (559l a5t (5551
1) g abisd )3 gogee alomle nitn g (hjgsd adali
S92 9 B A B 3529 (&ly 0 aitlnoe Ll ol 4o 6,105 1
4 lonys ) F ojlw shw jo w2y BB Gl comw (e slaca,
23530 slo el 2alS 5 b8l 53 ot s 5l cope cnl 4 55k
a8 oS ojl—w (pgd 45 yo) duze G L o o wlar _aliE
Gogb 4 el aSil oSl v 4 Coid (g e o Shos (b i
A slagSl jo ((so0e (gilwand zli) o3l oaile Bb plloxinl v o
e NS5l 5 biyed dbisd o bl aSul Ko S5 LB aSs
iy 0858 g (Silie o ko ind aSiid (sl gSl jo (sl (6,138 ,L 4 cs

B2 o i Gil38l s )5 26 427 29 s4u

05w 0329 plloiwl ol )ly duny Lo -1-2-5

slo el 51 Ss 03 Sl (2lor sboosle Logasu (ouwarge (b
Joo 9 S Cond D90 4 g plSotial bl oSl e moe
oS L o5l o539 plSoinl 20 S o el ool (i ya5 439 4 oo
SIS L ;0 e oo snnlin aS jshilen .l oads ools i ccalises 4SS
hessd s oo cilie aSh oSl b ojle i 4 (Jsl e
P9 aye GNSHL )0 izren Wbl 0,95 VL ohg LSl
Ablin a5 5 L 035 Pl Sl el i S (5590 o
32958 ST Al 6 0309 (65 e i 3l dumslin2-2-5

Sl as aslioe 65l @iz daojle 435Sl o e sl el )y 51 s (S
S5 @iz Ll ylse Cossy lmlr conm 5503 )l0503 5l dpslone
S loe oo )5 (B p )3 (it (b 50 5 S S (e
Saonl 145 Sl ohag (6551 i cnl sl s iy Pl g (S
wibe oz aroad il (655l e s I Ll e 65V
A lp oad iz ohys 651 21 S g0 e Cessy ohug 555 i
695 gl oo odmlie aF jshailas .ol oud osly Hlad WSl (6l an
53 hi9,8 4l B oy (6550 @i sl o 6 0 hes 5l (Ao 2t
tlon 510595 5 pgd 5 Jol J2 e 65155k 90 52



Ve o u"’l)f Swal

Sloie )L (590 IS )L s SR 9elS Ko ailgiuml oile 5L lnlxzh.ul G33e 5 ()R Jid=s

® Test 1- loading

6000
g Test 2- Reloading
o 5000
8
=
]
L 4000
S
=
3] :
5 3000
B
£
o
5 2000
]
i
g 1000 -
-3
17
0
Rhombic Triangular Hexagonal Hexagonal Hexagonal
(S4R) (S4R) (SC8R) (S4R) (Experimental)

Lattice geometry

Fig. 20 Specific strength diagram of the structure for different grid
patterns

(039 4 oo Joodi (59, fiSTa ) o3l 05 plSoial jlagas 20 S
aliseo S LSL“’?i” 6')‘.’

8 Test 1-loading

120
# Test 2- Reloading
=
é‘] 100
=
T 80
2
P
5]
2
= 60 3 0
g
2 a0+
)
=
g 20 - :
=3
72
0
Rhombic  Triangular  Hexagonal Hexagonal  Hexagonal
(S4R) (S4R) (SCSR) (S4R) (Experimental)

Lattice geometry

Fig. 21 Specific energy absorption diagram of the structure up to the
collapse point for different grid patterns

logSIl gl o3l (o3 59,8 Al b oads i o305 (6531 Jloges 21 S

&7

[1] Vasiliev, V., Barynin, V. and Rasin, A., “Anisogrid Lattice

Structures—Survey of Development and Application” Composite
structures, Vol. 54, No. 2-3, pp. 361-370, 2001.

[2] Vasiliev, V. and Razin, A., “Anisogrid Composite Lattice Structures
for Spacecraft and Aircraft Applications” Composite structures, Vol.
76, No. 1-2, pp. 182-189, 2006.

[3] Vasiliev, V. V., Barynin, V. A. and Razin, A. F., “Anisogrid
Composite Lattice  Structures—Development and Aerospace
Applications” Composite structures, VVol. 94, No. 3, pp. 1117-1127,
2012.

[4] Totaro, G. and Giirdal, Z., “Optimal Design of Composite Lattice
Shell Structures for Aerospace Applications” Aerospace Science
and Technology, Vol. 13, No. 4-5, pp. 157-164, 2009.

[5] Morozov, E., Lopatin, A. and Nesterov, V., “Finite-Element
Modelling and Buckling Analysis of Anisogrid Composite Lattice
Cylindrical Shells” Composite Structures, Vol. 93, No. 2, pp. 308-
323, 2011.

[6] Yazdani, M. and Rahimi, G., “The Behavior of Gfrp-Stiffened and-
Unstiffened Shells under Cyclic Axial Loading and Unloading”
Journal of Reinforced Plastics and Composites, Vol. 30, No. 5, pp.
440-445, 2011.

[7] Yazdani, S. and Rahimi, G., “Experimental and Numerical Stress
Analysis of Glass Fiber-Reinforced Polymer (Gfrp)-Stiffened Shells
with Cutout under Axial Loading” Scientific Research and Essays,
Vol. 8, No. 21, pp. 902-916, 2013.

G L g i slal b allae 5 o el ply ol 009 4B 248 Sooe
“o I, (snn sileanet Sl Ban STIM S0 ey e Jslote
35 55 shyls L5>l9.> O ORS S sloadlse Judo 4 il (5,90 LS'l;Db
S, golazdl a8 o ¢ Jolase diwgs Hlall 5l oolazwl o 25

& 325 4zt -6

A sl L 0 5elS S ailgian] colSowianl L3, ¢ g5y ol 4o
e 28,5 158 adlllas 550 (s394 erlo D 5 (S s
ool sl ij]..ou.m 4 6651 L ol (goue Jowe (ST Slael sl
sl g’5‘—*“ 285 5 sy Lt (55108 5k lalejl 8550 Jlste L g0
P peg—a da Y o (b g $O9es LA FES Jlos
Ol 9 Yl slaj e Suo5 g b @bl e asile (25 55 503 slaJame
> é sl gy peas 4 peiilS aiwg ledl 5l eolal ol
il @ Jo g Sy sildae sl ST Cl S emiin 5 3L
5o oolal 050 Jlilis b aliee glo sl b (o0 5elS S (glaslginl
Oledl 5l eslaiwl cglats ay b, glas )1 colses cond Hla 5l callde oyl
O Jl=asl )18 caz 0,5 ol ol i (g5l o Jgene Al gy L]l
IKPRGRPEN

57 68 L 5o ol o Slas A doojl ol as wisls olas mlbs
oyl wilw sl g sl s cunle bl 4 Lk g w5 )ls g Lzd
T oo (Jgl 4o 6,108,040 o8y S

PELREITI R RSP RES
SISk o 1053 sl cools 5l s BB it (lizes (S e
S 1 093 (Wb )l I (S eS idu lei g 00,8 Lad> g 4 e
4S5 eb 4w

(ilie 4 slasSI L o5l ol 4 je (5 Lid (55970 (6,185,040 -1
il 9,8 Al b oot i 5505l i 5 4 59 5 (a2t
o3l o358 4l U gog9ae bl jl gy oy plSiotinsl o plSoiu
Bliee )093 2 (6L (1) (5

St oAl it 45 SlogSI L o5 s a5 pn (5 IS o -2
adsl plSoiasl jl 0o ,554.01 §69.11 B80.5 y3lie i 5 & w5l 5 s2lio
Dlo 1y dazme g )Lid (5590 ,b Joodd Chld 13 5 00,8 Lai> 1) 045
sl e

i syl 5 (Mo as (a4 sl L o5l -3
P90 9 Jol 4o T HL 98 2 50 (st oy (5551 i cbl
Bl s 10,95

Wazme (6,15 50 (o058 alaxd jo lml -4

S L

29 5905 i p 4 559 5 slie o oxlo i 4l slaeSl o (gl 4 e
a2 o s il as )s 26 4 27

Soion gl pgd ad o 65051 5 L3 g JolS (g5l0 55k 5l am B

3h o> asdsl Jsb sl aipe (6B L 5l eags ol (gl

1512

33)940l5 (5 )9US 9 pode &y puini



0359408 (5 9US 9 pgle &y jubs

Ve o u.abf Swal

Sloie )L (590 IS )L s SR 9elS Ko ailgiuml oile 5L lplxziml G33e 5 ()R Jid=s

1513

[8] Lai, C., Wang, J. and Liu, C., “Parameterized Finite Element
Modeling and Buckling Analysis of Six Typical Composite Grid
Cylindrical Shells” Applied Composite Materials, Vol. 21, No. 5,
pp. 739-758, 2014.

[9] Ren, M., Li, T., Huang, Q. and Wang, B., “Numerical Investigation
into the Buckling Behavior of Advanced Grid Stiffened Composite
Cylindrical Shell” Journal of Reinforced Plastics and Composites,
Vol. 33, No. 16, pp. 1508-1519, 2014.

[10] Talezadehlari, A. and Rahimi, G. H., “The Effect of Geometrical
Imperfection on the Axial Buckling of Unstiffened and Stiffened
Composite Cylinders with and without Cutout” Modares
Mechanical Engineering, Vol. 17, No. 7, pp. 245-256, 2017.

[11]Fadavian, A., Davar, A., Jam, J. E. and Taghavian, H., “Buckling
Strength Optimization of Fabrication Factors of Composite Lattice
Cylinders Using Experimental-Statistical Method (Taguchi)”
Polymer Composites, Vol. 40, No. 5, pp. 1850-1861, 2019.

[12]Davarl, A., Azarafza2, R. and Bagheri, V., “Experimental and
Numerical Analysis of Composite Lattice Truncated Conical
Structures with and without Carbon Nanotube Reinforcements under
Axial Compressive Force” Journal of Science and Technology of
Composites, Vol. 4, No. 4, pp. 418-425, 2018.

[13]Khalili, S. M. R., Sedigh, Y. and Mir Mohammad Hossein Ahari, S.
M., “Experimental and Numerical Study of the Buckling of Semi-
Cylindrical Composite Lattice” Journal of Science and Technology
of Composites, Vol. 3, No. 3, pp. 269-276, 2016.

[14]shahgholian ghahfarokhi, d. and Rahimi, G. H., “Prediction of the
Critical Buckling Load of Stiffened Composite Cylindrical Shells
with Lozenge Grid Based on the Nonlinear Vibration Analysis”
Modares Mechanical Engineering, Vol. 18, No. 4, pp. 135-143,
2018.

[15]Rostami, B. and Shahrjerdi, A., “Buckling Analysis of Composite
Lattice Cylinder Whit Inner and Outer Shell under External
Pressure” Journal of Mechanical Engineering, Vol. 49, No. 3, pp.
147-156, 2019.

[16]“Standard Test Method for Apparent Hoop Tensile Strength of
Plastic or Reinforced Plastic Pipe” ASTM-D2290, 2017.

[17]Charan, V. S., Vardhan, A. V., Raj, S., Rao, G. R., Rao, G. and
Hussaini, S., “Experimental Characterization of CFRP by Nol Ring
Test” Materials Today: Proceedings, Vol. 18, pp. 2868-2874, 2019.

[18]Gibson, R. F., “Principles of Composite Material Mechanics”, CRC
Press, pp. 82-93, 2011.

[19]1“ABAQUS 6.14 Analysis User's Manual”, Section 29.6.1, 2014.



1514-1521 oy 2 o lass 8 ada 1400 liausls aolibind

———

i SR 3y sele & s

H}”U sosls 5 f}l‘:

http://jstc.iust.ac.ir

/6 %‘ cS"\'.’.J".'..'“ ‘Slbge,}wls sﬂ:ﬁﬁ’. ‘.’0‘95 ).3 e’)|)’ ‘SLDJG.‘Q."LD 9 JL‘?” gs-;-ﬂ%dﬂ-?’y )-’A‘jls
aig G S 3aY (p,5 SN edlzL SU

Salodl 5 Lo e 7 il )6 ool Ly o g s (s gmg0 gl dazxo donms

Ol o9z ol oy codll ol oKzl (Sl cwiiges o 35S (g9mzils -1
O 1ol pllai azlss (Saio oS30 wolse csiigs colinl -2

Ol cogiz ol axly cadlol ol;T o8l (SLilSe pusiges ¢ bolinl -3
eslami@kntu.ac.ir 19919-43344 ., o5 s #

IRV e WleMb|
SISl 05y 5l JStie (60 yud (slocin j5ualS Lias Jl, 5 S oz ey g s calisee glales &l,56 aslllas ol )0 1400/03/07 :cdl ,»
S ¥ 2 (s o NTAY (g, 5l oslinal b o yed (sl joralS (285 18 (o) 3590 ()5 Ak S5 S5 S 2L 1400/08/15 : s 3
g S5 S5l B Caxbge a5 (5 5 4 stz ary il 5 duw b oaigas 5 425l 3l G 4y 6 5 ) dig S5 S5 S faals

95 560 25 sloles 5l ooliiul b boaigas siud ,) 5 Lad ,dli oimman i oolel 10,5 oo ouid Wadiged zolaw & 350 5 S Sha¥ 08 Gl syt Cujpndls
B8y S eSS SB S jpam S a g didg ()8 S8l s Laaigad aled (285 8 cy 050 oS il az s slales wgpdladand (oS Sl
i Jgde 5 ol daas 5 g 50 S 4SS 3B GLI fols 3 L as wisls oles gl aisls ol pdycilaslacs (s il
30 05 4SS S BN aS pladiged i Jode ol 5 il 450 25 sles )8 diged (leie a8l aali8l Cold 4 edigas
o3 3550 9 1S S5 S S slasigad (o pto 51 5l aoys 42 o500 iiSls 5 alaasY (5o
ol lad zuls oopizmen Bl (ial38l badiges 35 10 4y (0,8 Alga ST S5B BL 0,5 Suo 3 b badiges cunsls 35S piolie ez g

el il il 255 olie oS o s oo badigas cdias Jsos g alSvial polie 2alS 4 e Les ialiil a8

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
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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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2 @bz glo iz a¥ b o ,md oy jsnls cosls 15,8 polie 5 S5
alisee Lg'.ml.m)

sz BB 5l LI (650515 £55 5 Loo e o0l s oS 5o lon
)l anllas opl o eadaisle oy e GalyjslS des ol
S osline 5l 5o hls Lo Lialal a5 wleols olid saplol Slallas
Lo Ligl3dl 45 55 o A1iS ol (6 yorly (Sl jppels SolSo Loly>
ORIl Bk 5l 6 ek (SlacjonalS (Sl (o193 Sgae 4 e Wl o
blail g 22 503 B 511[22] 05 B jady Stz 5 oy 2
o] sy B JA) el Siglaie K0S b oy 500l sl o 5l
odudy ol Fy ar yomie Wilg go Lo I3l 31 o Cu5eaelS sliat blucdl jo
S Gl e onlplo 124 523] 058 SlSe Lolys cdl 4 10 g L9
S sslS Sl ol p Lo e 5 et S G (6,
Cewl ol 5138 55 (6,500 Oladllas jo 6ilS 9o 50 cpl o)l 0925 (6 pouds
wles sl S 156 [25] "o geST 5 ¥ lsins (Jlie olgie 4 125 5221
Sl g il SLII I ISt g oo ot j5alS (Sl s> 2 )
Sae &y o5 Gl 4z 0 +120 sloo B 1 ladiges o] 068 ,5 asy pr aicds
ai85 10 Boe 4y o 5 il 4z )0 -40 sles jo 5 wisls &)l> ad8s 10
S byl sl S slaws al33l a5 ol Lis o] b wis,S Sis
JB oo b badiged (piad g (825 Joe (Rl 4 yamie s patin Slas
W eler cdl el Sl sla S slass ins alidlas

3 Akbulut

@25°C @E60°C mISC

[B3C2B3] [2CB2CR2] [CB6C]

Fig. 3 The flexural strength values of hybrid composites with different
stacking sequences subjected different temperatures.

50 @B sl ez aY b g0 e oy jeelS cies plSouiul polae 3 JSCb
il slales

30 Gh et GbcujelS Lies Jode polis saiaslis 4 Ko
il LI (6,551 )3 £55 0ad o0 00ys A jsbjlen .l alize slales
Glhs )l ladiges cied Joke p haz s BBl 3l cn)S S
Sorm Seo 9350 ()5 WSS S5 SU ol L 4 52 gl Ss L
bos RPN (pied Jgoe slazgs LB b 4 s ren lalajenlS
[CB6C] wgai sivas Jgdo ool 5 sl 42,025 glos jo (Jlie ylgie @
Jsse 3l 5YL as )0 42 sga lade ol a5 ol JKLLIKS 37.12 L il
i (pizmad el [B2CB2CB2] 5 [B3C2B3] (sl jsumels oias
b 4 Ced [CBOCT slacujouels (i oo g SV o5 el
(onlply 0gd oo baa> 55 ol T ile 42095 60 slales o sladises
Jose g plSouinl polie (VL @ (pliws lp &5 235 4 Bl oo
Slo s > 0t S S S Sl oY (e
S 8 G Gl jeeelS

40
025°C @men"C mIys°C _:[_

w
o

1%
=]
T

0

-

[*]
=]
T

Flexural modulus (GPa)

,_
(=}
T

[B3C2B3] [B2CB2CB2] [CB6C]

Fig. 4 The flexural modulus values of hybrid composites with different
stacking sequences subjected different temperatures.

2 il sl ura¥ b gn e loujomslS cied Jode polie 4 JS&
wilize slales

1 Delamination
2 Shishevan

1518

09408 (5)9Ud 9 pole &y puiss



2940l (S )9US 9 egle Ay jui

O 5 SS9 i Sowee o sl /ARASS S A (2,8 S Dl Ul Sy Sl S 9els e olen i Lod 5 Bl una il

(b) (@ (a) (N

(© @

Fig. 6 The fracture surface of [B3C2B3] sample at different temperatures
of, (a) 25 °C, (b) 60 °C, and (c) 95 °C.
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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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4> ;5 25 (@) walisee sboles 15 [CBBC] (sl jguals cunsls oo 8 JS&

BS gle 4> 3095 () ¢ o1 5 sl 4> 1560 (o) 0l 5 il

29685 5l ey laej5ralS CunSlh olaw Sl (o) polaie 4
).3.9L43 oMé&L’b‘ 9 JS...: A eslaul LS""V‘J@) tﬁ"jf‘SJ‘ u}i-.g)s.u:
95 560 (sles 9 )3 (sujseals slaaiged 5| (shugy (S9Nl oS Se
oS de sles 90 ;2 )0 el e 0 &S jsblen el ol 5 ile ax o
Ldiges plo 4 cod YL 3,8 oauay o [B2CB2CB2] (sledises
OMQQL..J LS'P 4 g ooy ‘5151.45)5& )_.51..4; l; OJUG-I B Cata u.)l diloads
oS SLI Il BUN iy slacS i fad olows 849 45 cunl ]
2eh Gy ey Gl 4 e Wl oo
S5 A -4
et B8, Al glales 5 (¥ Sl ouyn @ GRagh nl 50
g S5 S5 Y 05 Il B oS5y 5y b 3alS
Y Gl sl Gglate gy yed CojeelS £o5 A (Bubos (ul jo .l aBle
oy 5 eslazwl b [CBBC] 4 [B2CB2CB2] ([B3C2B3] sleas' L o
AU Sl s 4 C 9B oaS pl jo wud aisle dwws 6,138y
slawi sasoylis By 51w dlasl 5 0 )5 a5 S3L BL g il
el 5 70 A Gados )l 5l Jels ol s o ayy

Caos 99 53 (2,5 Aig> S5 S50 BLIL yols J1 3L as ol las mbs -1
1 B Gl 8 o 5 o s pke 5 Sl dnizal (s
Lol s adiged (oolod i Jgdo g plSominl Cdl 4y Les il
Aol M5 5 g ples il flie 1 5aS 5l)ls [CBEC] (sladsges
oS lade o YL ()5 [B3C2B3] slac j5elS cadiges sies Jsoo g
Jose 5 plloial soue jshate 4 a8 85wz (5o (nlnle op
&5l by 5 ey 50 (S A S SHE L cels 18 el
RUU - JNENREC SRR P e ST

1520

0940l 59U 9 pole &y puiss



33)940l5 (5 )9US 9 pode &y puini

[19]

[20]

[21]

[22]

[23]

Part A: Applied Science and Manufacturing, 72, 75-
84 Composites: Part A, Vol. 72, pp. 75-84, 2015.

Jalalvand, M., Cz¢l, G. and Wisnom, M. R., “Damage Analysis of
Pseudo-Ductile Thin-Ply Ud Hybrid Composites—a New Analytical
Method* Composites Part A: Applied Science and Manufacturing,
Vol. 69, pp. 83-93, 2015.

Cz¢l, G. and Wisnom, M., “Demonstration of Pseudo-Ductility in
High Performance Glass/Epoxy Composites by Hybridisation with
Thin-Ply Carbon Prepreg® Composites Part A: Applied Science
and Manufacturing, Vol. 52, pp. 23-30, 2013.

ASTM, 1., “Standard Test Methods for Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical Insulating
Materials* ASTM D790-07, 2007.

Azimpour-Shishevan ,F., Akbulut, H. and Mohtadi-Bonab, M.,
“Effect of Thermal Cycling on Mechanical and Thermal Properties
of Basalt Fibre-Reinforced Epoxy Composites* Bulletin of
Materials Science, Vol. 43, No. 1, pp. 1-10, 2020.

Dasari, S., Saurabh, S., Mahato, K. K ,.Prusty, R. K. and Ray, B.
C., “Mechanical Properties of Glass/Carbon Inter-Ply Hybrid
Polymer Composites at Different in-Situ Temperatures* Materials
Today: Proceedings, Vol. 39, pp. 1192-1197, 2021.

[24] Rathore, D. K., Prusty, R. K., Mohanty, S. C,.Singh, B. P. and Ray,

[25]

[26]

[27]

B. C., “In-Situ Elevated Temperature Flexural and Creep Response
of Inter-Ply Glass/Carbon Hybrid Frp Composites* Mechanics of
Materials, Vol. 105, pp. 99-111, 2017.

Shishevan, F. A. and Akbulut, H., “Effects of Thermal Shock

Cycling on Mechanical and Thermal Properties of Carbon/Basalt
Fiber-Reinforced Intraply Hybrid Composites* Iranian Journal of
Science and Technology, Transactions of Mechanical Engineering,
Vol. 43, No. 1, pp. 441-449, 2019.

Khalili, S. M. R., Najafi, M. and Eslami-Farsani, R., “Effect of
Thermal Cycling on the Tensile Behavior of Polymer Composites
Reinforced by Basalt and Carbon Fibers* Mechanics of Composite
Materials, Vol. 52, No. 6, pp. 807-816, 2017.

Sun, J., “Pseudo-Ductility in Cfrp Laminates through the Ply
Weakening Method*, 2019.

1521

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

Halvorsen, A., Salehi-Khojn, A., Mahinfalah, M. and Nakhaei-
Jazar, R., “Temperature Effects on the Impact Behavior of
Fiberglass and Fiberglass/Kevlar Sandwich Composites* Applied
Composite Materials, Vol. 13, No. 6, pp. 369-383, 2006.

Aghamohammadi, H., Abbandanak, S., Eslami-Farsani, R. and
Siadati, S., “Effect of Various Surface Treatment Methods on the
Flexural Properties of Fiber Metal Laminates* Journal of Science
and Technology of Composites, Vol. 6, No. 4, pp. 495-502, 2020.

Fazlollah-Poor, M., Eslami-Farsani ,R. and Aghamohammadi, H.,
“Experimental Investigation of the Effect of Shape Memory Alloy
Wire Embedding on the Low-Velocity Impact Behavior of Fiber
Metal Laminates Composites at Different Temperatures* Journal
of Science and Technology of Composites ,Vol. 7, No. 3, pp. 1057-
1063, 2020.

Cz¢l, G., Jalalvand, M. and Wisnom, M. R., “Design and
Characterisation of Advanced Pseudo-Ductile Unidirectional Thin-
Ply Carbon/Epoxy—Glass/Epoxy Hybrid Composites” Composite
Structures, Vol. 143, pp. 362-370, 2016.

Eslami Farsani, R., Ebrahim Nejad Khaljiri, H., Khorsand, H. and
Abbas Banaee, K., “Hybridization Effect of Fibers Reinforcement
on Tensile Properties of Epoxy Composites* Journal of Science
and Technology of Composites, Vol. 1, No. 2, pp. 21-28 ,2015.
Swolfs, Y., Geboes, Y., Gorbatikh, L. and Pinho, S. T., “The
Importance of Translaminar Fracture Toughness for the
Penetration Impact Behaviour of Woven Carbon/Glass Hybrid

Composites Composites Part A: Applied Science and
Manufacturing, Vol .103 ,pp. 1-8, 2017.
Najafi, M., Khalili, S. M. R. and Eslami-Farsani, R.,

“Hybridization Effect of Basalt and Carbon Fibers on Impact and
Flexural Properties of Phenolic Composites” Iranian Polymer
Journal, Vol. 23, No. 10, pp. 767-773, 2014.

Subagia, I. A., Kim, Y., Tijing, L. D., Kim, C. S. and Shon, H. K.,
“Effect of Stacking Sequence on the Flexural Properties of Hybrid
Composites  Reinforced ~ with  Carbon  and  Basalt
Fibers* Composites Part B: Engineering, Vol. 58, pp. 251-258,
2014.

Prusty, R. K., Rathore, D. K., Singh, B. P., Mohanty, S. C., Mahato,
K. K. and Ray, B. C., “Experimental Optimization of Flexural
Behaviour through Inter-Ply Fibre Hybridization in Frp
Composite” Construction and Building Materials, Vol. 118, pp.
327-336, 2016.

Bunsell, A. and Harris, B., “Hybrid Carbon and Glass Fibre
Composites“ Composites, Vol. 5, No. 4, pp. 157-164, 1974.

[12] Manders, P. W. and Bader, M., “The Strength of Hybrid

[13]

[14]

[15]

[16]

Glass/Carbon Fibre Composites Journal of materials science, Vol.
16 ,No. 8, pp. 2246-2256, 1981.

Fuller, J. and Wisnom, M., “Exploration of the Potential for
Pseudo-Ductility in Thin Ply Cfrp Angle-Ply Laminates Via an
Analytical Method*“ Composites Science and Technology, Vol. 112,
pp. 8-15, 2015.

Fuller, J. and Wisnom, M., “Pseudo-Ductility and Damage
Suppression in Thin Ply Cfrp Angle-Ply Laminates* Composites
Part A: Applied Science and Manufacturing, Vol. 69, pp. 64-71,
2015.

Fuller, J., Jalalvand, M. and Wisnom, M. R., “Combining Fibre
Rotation and Fragmentation to Achieve Pseudo-Ductile Cfrp
Laminates* Composite Structures, Vol. 142, pp. 155-166, 2016.

Czél, G., Jalalvand, M., Wisnom, M. R. and Czigany, T., “Design
and Characterisation of High Performance, Pseudo-Ductile All-
Carbon/Epoxy Unidirectional Hybrid Composites® Composites
Part B: Engineering, Vol. 111, pp. 348-356, 2017.

[17] CZél, G., Jalalvand, M. and Wisnom, M. R., “Demonstration of

(18]

Pseudo-Ductility in Unidirectional Hybrid Composites Made of
Discontinuous Carbon/Epoxy and Continuous Glass/Epoxy
Plies* Composites Part A: Applied Science and Manufacturing,
Vol. 72, pp. 75-84, 2015.

Cz¢l, G., Jalalvand, M. and Wisnom, M., “Ductility in
Unidirectional Hybrid Composites Made of Discontinuous
Carbon/Epoxy and Continuous Glass/Epoxy Plies. Composites



1522-1531 o 2 o plaib 10 sla 1400 sl aslilins

. Cuisgals 3

GBIy el b
H»)”w so9ls 5 Io}l.c
http://jstc.iust.ac.ir u‘{.’;’,}’y‘, KA

20 Olgo iz 3 I g5 (59 pts b3 (b il 8 5 Jlow (ygiw jLAS 3G

3 goguaiio Jole P s golesel pl s & 6 pann ol e 1 Gy Al i (s yuol

Ol eliizes g pgle oy oDl ol 5T olitils (SilSo i (5 250 (ggzeiils -1
Ol ook il pai axles olKails (Sl pwiigeo coliwl -2

Ol eliiog g pole axly oDl of;T ol8ails «Silse  pusigeo o boliwl -4 43
setemadi@srbiau.ac.ir 14515-775 i Ggaro )l

oS sallio coleMb!
5 4525 el 00D gy 1B Slge iz 3 I3 o pls gllad as Slalss)l g9, p Jlw (Seolins jlad b (gaios ol o 1400/03/19 :.él 5o
SYalee ol 0ud plawl (o5 Slog s 9 (93 oyl S 85 a0 by ol Ao (oBp S e a5 el 2 359 el 1400/08/15 - 2.3
)ly JLid cmizman Senl oyd 5 gl il gilees Jool loslinul g Jouilty 5 2z slacsisl (235 Jiy0 b 3)9 <5 oSl
$09ee (lralr canzp plld 5 Jlw oled gl 10 Sae s 62l 5 Yl S Jeily @6 S jloolial b 355 40 Jlow Sloas Blgls
Bl o2 Sl (6K bl oad axd 5 115 0 39 5550 Julpd Lol alul 2 028 slass JSb el ok e pllaS (JEg gonl gl (s L)
51 ool b .ol oal Gy Gy omads uilS )3 5 00 Jhos daseiie lolis 4 oSl dsles (S JE g, 5l ooliinl § Sigeyla b g JLiad (ol Slge

B39 sl oue mls cslol jo . aiil go gy BB 55 Ll i Glacdls olad Gimgh cnl jo eolatuwl o)5e (Ldoannd by,
Szt ol 5bl 3 sl 00 gy Jlow £li5)1 5 Jlws JE 5550 Ll cgllad a5 wiile ola ol p5b 5 ond a8l)| wiges

col 00y i jLtel Gl Sgama yledl 15800 5 b Jlow b oled Cdl 0 5 e o idss b Jlow (58,5 a3 48 (500 ol

The effect of fluid column pressure on the natural frequencies of an annular
sector plate made of functionally graded material
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In this study, the effect of fluid dynamic pressure on the linear vibrations of annular sector plate made of
Functionally Graded Material (FGM) is investigated. Analysis of the plate is based on First-order Shear
Deformation Plate Theory (FSDT) with consideration of rotational inertial effects and transverse shear
stresses. The governing equations of motion of the plate are derived by considering the kinetic and potential
energies and using the Hamilton’s principle. Also, the pressure applied from the fluid to the plate is
determined by solving the velocity potential function of the fluid and the velocity equality at the contact
surface of the fluid and the sector in terms of vertical displacement of the sector. The shape of the studied
plate modes is based on satisfying the boundary conditions of the plate. By placing hypothetical modes,
harmonic responses and using the Galerkin method, the governing equation have become the characteristic
equation and the natural frequency is obtained. Furthermore, the numerical results are presented for a
sample plate and the effect of different parameters such as sector angle, boundary conditions, fluid density,
and fluid height is investigated. Finally, the obtained results are validated without considering the fluid with
previous researches, and in case of contact with the fluid with finite element model (ANSY'S software).
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Fig. 1 Schematic of annular sector plate in contact with fluid with
coordinate convection.
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Study of microstructure and investigation of mechanical properties of pure
aluminum-graphene nanocomposite using ball mill method in casting
process with mechanical and electromagnetic stirring
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In recent scientific studies, the use of graphene has been considered due to its positive effect on the
properties of composites, including mechanical, electrical and thermal properties. In this research, the
microstructural and mechanical properties of pure aluminum nanocomposite cast reinforced with 0.5 wt%
graphene with mechanical-electromagnetic stirrer and then hot extrusion and finally annealing, in two
methods of using ball milling and without using ball milling process, was investigated. By applying both
mechanical and electromagnetic stirring techniques, combining both shear and body forces can cause
more turbulence in the molten metal that lead to as well as distribute reinforcing particles, decreasing the
dendritic structures and refining the grains during solidification. The microstructural studies showed that
in the ball mill method, the distribution of graphene nanoparticles and reduce grain size in the matrix
phase is significantly better than the non-ball mill method. Also, in the method of ball mill, hardness,
tensile strength and compressive strength increased by 19.7, 142.8 and 11.7%, respectively, and in the
method without mill, 9, 85.2 and 13.5%, respectively, compared to pure aluminum. The elongation
decreased by 6.8% in the ball mill method and 35.4% in the non-ball mill method.
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SEM HV: 15.0 kV WD: 9.37 mm
SEM MAG: 75.0 kx Det: SE
View fleld: 2.77 ym  Date{mdly): 05117721

Fig. 2 Microscopy image of the graphene nanoplates.
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Fig. 3 Microscopy image of aluminum powder.
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Fig. 6 Compression test sample dimensions
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Fig. 7 Tensile test sample dimensions.
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Fig.8 A number of broken samples in the a) Compression test b)
Tensile test.
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Fig. 9 Image of Al-0.5 wt% graphene composite powder after 2 hours
of ball milling process a,b) low magnification, ¢) high magnification
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SEM HV: 15.0 kV WD: 10.70 mm MIRA3 TESCAN|

SEM MAG: 5.00 kx Det: BSE 10 pm
View field: 41.5 ym Date(m/dly): 05/17/21 RMRC FESEM

Graphene

SEM HV: 15.0 kV WD: 13.88 mm | MIRA3 TESCAN

SEM MAG: 5.00 kx Det: BSE 10 ym
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Fig. 10 FESEM images of pure Al — 0.5 wt% GNPs nanocomposite a) Surface area of graphene in nanocomposite without ball mill b) Low
magnification of nanocomposite without ball mill ¢) High magnification of nanocomposite without ball mill (d) EDX image of nanocomposite
without ball mill ) Low magnification of nanocomposite with ball mill f) High magnification of nanocomposite with ball mill.
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Statistical-experimental analysis of the effect of fabrication parameters on
the strength of composite grid-stiffened cylinders under compressive axial
load
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Keywords Abstract

The aim of this study is to attain the maximum carried-load under compressive axial loading for a composite
lattice cylindrical structure with a specified geometry by an experimental-statistical method. For this
purpose, after studying the research in the field of fabrication factors of structures manufactured by filament
winding process and also available facilities, the influence of four fabrication factors including fiber
(roving) tension, winding speed, cure cycle and fiber type on the product quality and strength of the
composite lattice cylinders has been investigated. For this purpose, design of experiment (DOE) with
Taguchi method has been applied to investigate the effect of fabrication factors on the the response variables
in three levels without considering their interactions. According to Taguchi method, nine structures have
been manufactured and tested and the results of the test have been analyzed using analysis of variance to
determine the influence of the fabrication factors on the response variables. Two response variables
including specific maximum carried-load and compressive efficiency have been considered. The results
have shown that fiber type with 88.23% and fiber tension with 9.98% have greater influence, respectively,
on the specific maximum carried-load while the effect of winding speed with 0.7% and cure cycle with
0.3% are negligible. In addition, the results illustrated that fiber type with 54.20%, fiber tension with
23.54% and winding speed with 14.86% have greater influence, respectively, on the compressive efficiency
while the effect of cure cycle with 1.85% is negligilble.

Statistical analysis, experimental analysis,
composite lattice cylinder, compressive
axial load
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Fig. 10 Comparison of load - displacement diagrams of three aramid-
epoxy structures
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Fig. 11 Comparison of load - displacement diagrams of three glass-
epoxy structures
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Fig. 13 Comparison diagram of the percentage reduction of relative
length at maximum bearing load
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Fig. 12 Comparison of load - displacement diagrams of three carbon-
epoxy structures
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A correction factor to improve Poisson’s ratio prediction of 2D auxetic
structure using finite element analysis and experiment
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Auxetic structures as a part of lattice structures are designed with a negative Poisson’s ratio. The use of
these structures is increasing due to their customized behavior in the aerospace and automotive industries.
Several theoretical relations have been proposed to predict Poisson’s ratio of 2D auxetic structures. Most
simple relations could not predict the Poisson’s ratio with a reasonable accuracy due to the absence of
structure thickness. In this work, a numerical model based on finite element method is first validated by
experimental results. In order to verify the numerical model accuracy, the constructed model is validated
by experiment. Samples are printed, and the Poisson’s ratio is measured using the DIC method during the
compression test. A correction factor based on the geometrical parameters of the structure, especially the
structure thickness, is then introduced. This dimensionless correction factor not only consists of the
minimum number of parameters but also significantly improves the theatrical model accuracy. The results
showed that the theoretical relation error is cumulated by increasing the structural angle and thickness. The
present correction factor is successfully reduced the error of theoretical relation from 800% to less than 2%.
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Experimental study on mechanical and physical properties of bio-
degradable fiber reinforced composites
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Abstract

Composite, biodegradable resin, poly
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(CMC), cotton fabric

In this paper physical and biodegradable properties of green composite made of cotton fabric and
biodegradable resins (starch, poly vinyl alcohol (PVA) & carboxy methyl cellulose (CMC)) prepared by a
solution casting method have been studied. The obtained results show that the best tensile strength
(equivalent to 27.8 MPa = 2.1 MPa) as well as the highest amount of Young’s modulus (8.3 GPa + 0.8 GPa),
is observed in the composites made of cotton fabric content (60 vol.%), 5 wt% starch, 7 wt% PVA & 1.5
wt% CMC by weight), which is comparable to conventional composites. This property is more than just
cotton fabric and the film made from biodegradable resin. Morphological examination by scanning electron
microscopy shows that the composite is reinforced by cotton fibers. This is due to the strong interaction
between the cotton fabric and biodegradable resin. By increasing the percentage of CMC, the resistance of
composites to moisture penetration is improved. The biodegradability test shows that the addition of CMC
reduces the biodegradability of the composites and the addition of starch and polyvinyl alcohol increases
it. These composites can be a good candidate for high performance biodegradable polymer composites.
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Fig. 2 Effect of starch content on the stress fracture point of
composite (a) contains 5% polyvinyl alcohol, (b) contains 7%
polyvinyl alcohol, (c) contains 9% polyvinyl alcohol
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Fig. 1 Effect of carboxymethylcellulose on the stress-strain at
fracture point of composites (a) containing 5% starch, (b) containing
7% starch, (c) containing 9% starch
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Fig. 3 The effect of carboxymethylcellulose on the Young’s modulus

of composites, (a) containing 5% starch, (b) containing 7% starch, (c)

containing 9% of starch
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Fig. 8 Effect of starch content on the moisture absorption of
composites (a) containing 5% polyvinyl alcohol, (b) containing 7%
polyvinyl alcohol, (c) containing 9% polyvinyl alcohol
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Fig. 7 The effect of carboxymethylcellulose on the water absorption
curve of composites (a) containing 5% starch, (b) containing 7%
starch, (c) containing 9% starch
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Fig. 10 Effect of starch content on biodegradability of composites (a)
containing 5% polyvinyl alcohol, (b) containing 7% polyvinyl
alcohol, (c) containing 9% polyvinyl alcohol

(W Ao 59alS (6 pdga 328 Sy 59y 2 sl e 58l -10 S
Jeg sl 9% shls (@ JSl gl 7% shls (o (sl Jeog b 5% sl
JsJ!



)M}ub}izaub.alf

Sl o 22585 323y 43555 o) S 51elS Sl 5 2548 Lolss aslllae

[17]. Hadano, S., Maehara, S., Onimura, K., Yamasaki, H., Tsutsumi, H.,
and Oishi, T., “Syntheses and biodegradability of benzylated waste pulps
and graft compolymers rom PBzs and |-lactic acid,” Journal of Applied
Polymer Science, Vol. 92, pp. 26582664, 2004.

[18]. Ramaraj, B., “Crosslinked poly (vinyl alcohol) and starch
composite films. Il. Physicomechanical, thermal properties and swelling
studies,” Journal of Applied Polymer Science, Vol. 103, pp. 909-916,
2007.

[19]. Haseena, A.P., Dasan, K.P., Namitha, R., Unnikrishnan, G., and
Thomas, S., “Mechanical properties of sisal/coir hybrid fibre reinforced
natural rubber,” Progress in Rubbers, Plastics and Recycling Technology,
Vol. 21, pp. 155-181, 2005.

Pl Sonte a4y oz 10% b cauS GLJI 55 5 555 40% b l, LI
[4-5,7] el 05,5 <SS 3500l SilSo

fo e

[1] Canigueral, N., Vilaseca, F. Méndez, JA. Lépez L., Barbera, J.P.,
Puig, J., Pelach, M.A. and Mutje, P., “Behavior of biocomposite
materials from flax strands and starch-based,” Chemical Engineering
Science, Vol. 64, pp. 2651-2658, 2009.

[2] Kestur, G., Saryanarayana, Gregorio, G.C. and Arizaga Fernando W.,
“Biodegradable composites based on limocellulosic fibers-An overview,”
Progress in Polymer Science, Vol. 34, pp. 982-1021, 2009.

[3] Tongdee, W.T., Mauer, L.J., Wongnuong, S., Snburi, P., and
Rachtanapun, P., “Effect of carboxymethyl cellulose concentration on
physical properties of biodegradable cassava starch-based films,”
Chemistry Central Joumal, Vol. 5, No. 6., 2011, doi:10.1186/1752-
153X-5-6.2011

[4] F. Vilaseca, J.A. Mendez, A. Pe'lach, M. Llop, N. Can”igueral, J.
Girone's, X. Turon, P. Mutje, “Composite materials derived from
biodegradable starch polymer and jute strands”, Process Biochemistry,
Vol. 42, No. 3, pp. 329-334, 2007

[5] Lu. Y, Weng.L, Cao.X.” Morphological, thermal and mechanical
properties of ramie crystallites—reinforced plasticized starch
biocomposites”, Carbohydrate Polymers, Vol. 63, pp.198-204, 2006

[6] Mohammad ZR Khan1, Sunil K Srivastaval and MK Gupta “Tensile
and flexural properties of natural fiber reinforced polymer composites:
A review “Journal of Reinforced Plastics and

Composites Vol. 37, No. 24, pp. 1435-1455,2018

[7] Takashi Nishinoa, Koichi Hiraoa, Masaru Koteraa, Katsuhiko
Nakamaea, Hiroshi Inagakib “Kenaf reinforced biodegradable composite”
Composites Science and Technology, Vol. 63, pp. 1281-1286, 2003

[8] Hosseinkhani, M., Haghighi Yazdi, M., Mousavi Mashadi, M.,
Safarabadi, M., “Finite element modeling and experimental investigation
of the effect of fiber orientation on viscoelastic behavior of composite
laminates reinforced with long fibers”, In Persian, Journal of Science and
Technology of Composites, Vol. 6, No. 2, pp. 248-254, 2019.

[9] Ahmadi, M. S. Gholami, M. Tavanaie, M. A. and Khajeh Mehrizi,
M., “Tensile and flexural properties of epoxy-date palm fiber
composites”, In Persian, Journal of Science and Technology of
Composites, Vol. 5, No. 1, pp. 69-78, 2018.

[10] Moradi, E. Zeinedini, A. and Heidari-Shahmaleki, E., “Mechanical
properties of laminated composites reinforced by natural fibers of cotton,
wool and kenaf under tensile, flexural and shear loadings”, In Persian,
Journal of Science and Technology of Composites, Vol. 6, No. 1, pp. 99-
108, 2019.

[11] Rui-Hua Hu ab, Min-yo'ing Sun C, Jae-Kyoo Lim a.” Moisture
absorption, tensile strength and microstructure evolution of short jute
fiber/polylactide composite in hygrothermal environment,” Materials
and Design, Vo. 31, No. 7, pp. 3167-3173, 2010. doi:10. 1016j.muides

[12] Thakore, M., Desai, S., Sarawade, BD., and Devi, S., “Studies on
biodegradability. Morphology and thermomechanical properties, of
LDPE modified starch blends,” European Polymer journal, Vol. 37. pp.
151-60. 2001

[13] Sreedhar., B., Sairam, M., Chattopadhyay, DK, Syamala Rathnam,
PA, and Mohan Rao D.V., “Thermal, mechanical and surface
characterization of starch poly (vinyl alcohol) blends and borax cross-
linked films,” Journal of Applied Polymer Science, Vol. 96, pp. 1313,
2005.

[14] Dai, S., Cunningham, P.R., Marshall, S., and Silva, C., “Influence
of fibre architecture on the tensile, compressive and flexural behaviour
of 3D woven composites,” Composites Part A: Applied Science and
Manufacturing, Vol. 69, pp. 195-207, 2015.

[15] Ma, X., Chang, P.R., and Yu, J., “Properties of biodegradable
thermoplastic  pea  starch/carboxymethyl cellulose and pea
starch/microcrystalline cellulose composites,” Journal of Carbohydrate
Polymers, Vol. 72, pp. 369-375, 2008.

[16]. Alvarez, V.A., Ruseckaite, R.A., and Va'zquez, A., “Degradation
of sisal fibre/Mater Bi-Y bio composites buried in soil,” Polymer
Degradation and Stability, Vol. 91, pp. 3156- 3162, 2006.

1572

33)940l5 (5 )9US 9 podc &y puini



1573-1582 oo 2 o laib 8 ala 1400 (il asliliod

o

GBIy el b
H}”w so9ls 5 Io}l.c
http://jstc.iust.ac.ir u‘{"_';}’v#‘, KA

0¥y PU 9 Bk ¢l Ol yd b ouds o oty (20 guilw Wlxiio 4y 3o 43 Cwoglio (o yxd (owy p

3 gaun 95 Lo yawat 3 g ke oo 2 Scwgidoo )b (goten bl Ld yues

Ol o olas s Sl ol ozl «Silseo g oSS gemmiils -1
Ol cogi oles asly eodbl olT olSails (SlSe cstige jbliwl -2

Olys sz ol axly (oDl al5T ol « Sl edige ¢ylazils - 3
m_yarmohammad@azad.ac.ir 11365-4435 ., ssamo ¢ ol *

oS allio el
SlrouisS o 5l osliinl (I3l ki Jolats Slge slp a5 o (23Rl Dlgie @ oy el plSoinl Cusl sl g, 5l e 1400/06/01 :dt
Jekiie 4 andllan ol 0,5 bl Gl slacs 35 L s alSoinl 5 croslin Cusi B b Wlgiice 05 3953 il e 5l 1400/09/17 s 53y
dilon b S e 408 (a3l )3 (mgaile Dldo s 4 Caeglie Sk Glie 50 )y 9 Bk D35 933 ST (o 2 Blgls
Al oo (fws (5,08 AY & jse 4 cbe sl Bl oad aisle oy 9 dew 3 Lol jan nSal 3, 9 aded BLI 5l laays, Sl
g a0 Lo yses] il 00 ool Sigul plgl olfiiws 5l (ugaile Glrbo drg, e ple 0 SLdsl i ase jshite 4 <ldg
o0ss a] (blie ot plonil Jg330 515 (655 o 2 45 (b S pm 4135 geg wansl 0id plouil bl 4539 olfiws Lawgs by L

Shoolaiul 5l as (zusails Glxbo 4, 4 Caglie Gl a5 Wlools lis 0,28 s .85 18wy 5,50 SEM langs Silan

Ol Sy 4y

o 96 %1 5 Kl gL %3 (sl clo o amguile amio ay,0 4y Cwglie e a0 ek I8l Sguge g 05,5 s (D346
il o g6 gy b 5l i %06.6 ey 5l %3 g Sl 936 %1 Sl 5 5l 90 S 51 YL %13.65

An experimental investigation of impact resistance of sandwich panels
reinforced by nano-silica and nano-clay

H.R. Emamieh!, M. Yarmohammad Tooskil*, M. Jabbari!, A.R. Khorshidvand!

1- Department of Mechanical Engineering, Islamic Azad university South Tehran Branch, Tehran, Iran.
* P.0.B. 11365-4435, Tehran, Iran, m_yarmohammad@azad.ac.ir
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Nano-reinforcers are identified as one of the ways of strengthening composites as an optimal and light
alternative for common materials like metals. Adding nano-particles is done in different loadings so as to
strengthen the resistance and stability. The aim of the present study was to scrutinize the simultaneous
effect of nano- particles of silica and clay in the amount of resistance changes onto the impacts of sandwich
panels in the low velocity impact test. The face sheets of the panels were made by glass fibers and resin
epoxy with nanoparticles of silica and clay. The type of making process was manual layering. The ultra-
sonic device was applied to perfectly distribute nano-particles through the face sheet matrix of the sandwich
panels. The low velocity impact tests were done by the drop weight equipment. The low velocity impact
test was done in two levels of energy including 15J and 30J. The damaged parts of the panels were inspected
by SEM. The experimental results indicated that the amount of resistance to the impact of sandwich panels
were changed and improved after using nano-particles. Thus, the amount of resistance to the impact holding
cases of 3% of nano-silica and 1% of nano-clay was 13.65% higher than the case without nano and the case
of 1% of nano-silica and 3% of nano-clay was actually 6.6% more than the case without nano.
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Table 4 Percentage of nanoparticles added to the composite sandwich
panel in the present study
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Fig. 5 The case of 1% nano silica and 3% nano clay (a) curve of
contact force-displacement and (b) the curve of contact force-time
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Fig. 4 The case of 1% nano silica and 1% nano clay (a) curve of
contact force-displacement and (b) the curve of contact force-time
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Fig. 6 The case of 3% nano silica and 1% nano clay (a) curve of
contact force-displacement and (b) the curve of contact force-time
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Experimental mixed-mode fracture study in the interface of vertebrae
bone tissue-hydroxyapatite cement using the bi-material Brazilian disc

specimen
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The use of resin-based cement is a common method for strengthening and retaliation the damaged bones
material. However due to lack of sufficient adhesion in the interface of two materials (i.e., bone and
injected cement) a crack can be initiated in the interface and consequently it can be fractured due to
application of external loads to the repaired bone part. In order to investigate the load carrying capacity
and reliability of bi-material joint of bone's soft tissue-hydroxyl apatite cement, a number of bi-material
bone-cement specimens in the shape of circular disc containing a center crack in the interface of disc and
subjected to diametral compression were tested. The bi-material specimens were load under different
inclination angles of crack related to the loading direction. This results in application of different mixed
mode I+l (i.e., tensile-shear deformation) in the interface of center crack. The results showed that the
fracture load and fracture energy become more by increasing the crack inclination angle (i.e., increasing
the contribution of shear mode deformation relative to mode | component). In addition, the overall
strength of bi-material bone-cement system was higher than the neat one material bone material. The
fracture of all tested bi-material samples was extended along the interface line of Brazilian disc specimen
with no kinking into any of two bone or cement materials.
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Fig. 2 Geometry and loading condition of Brazilian disc specimen
subjected to diametral compression load.
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Fig. 3 Preparation of disc shape specimen from the soft tissue of a
bovine vertebrae bone
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Investigating the effect of Nano-additives orientations on buckling
strength of polymeric Nanocomposite plates reinforced by CNT and
Nanoclay
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Keywords Abstract

Nanocomposites, Finite Element analysis, In this article, the effect of adding nanoparticles into the matrix on improving the buckling strength of
Nanoparticles distribution, Representative  polymeric nanocomposite plates was investigated through finite element analysis. Two types of
volume element, Linear buckling nanoparticles, including Carbon nanotubes (CNTs) and Nanoclays with different volume fractions (VF),

were added randomly into the Epoxy matrix and mechanical properties of the reinforced matrix were
estimated using simulation of a representative volume element (RVE). Moreover, a python script was
generated to distribute CNT nanoparticles in aligned orientations and calculate the equivalent Young's
modulus in horizontal and vertical directions. Afterwards, the critical buckling load of nanocomposite
plates made of unidirectional glass fibers and nanoparticle reinforced Epoxy matrix were studied, using
Eigenvalue analysis. Results were validated by previous studies and a very good agreement was obtained.
In general, adding nanoparticles into the matrix led to increasing the critical buckling load with an
increase of nano-additive’s VFs. When nanoparticles were dispersed aligned with fiber directions, which
is the same as loading direction, a higher increase of critical buckling load was observed. For the case of
reinforcing pure polymeric plates without fibers, when nanoparticles were aligned in the longitudinal
direction, axial critical buckling load rose to 55.3%, whereas for the random distribution, it was increased
by 14.2%. Finally, a parametric study was conducted to evaluate the effect of nanoparticle orientations,
the aspect ratio of plates, transverse loading, type, and volume fraction of nano-additives on the critical
buckling load of polymeric plates.
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Fig. 3 Geometry and loading of the classical plate buckling problem
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Fig. 4 Effective elastic modulus of Epoxy matrix reinforced with
randomly oriented CNTs
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Fig. 6 Effective elastic modulus of Epoxy matrix reinforced with
randomly oriented CNTs and Nanoclays
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Fig. 9 First buckling mode shape of (a) Simply supported and (b)
Clamped composite plate
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g8 (Sl ple iz S| (F0elS gl Dlrbo (20LeST Sl L 13 SIS
aded g5 5l Ll g e bl 5 (oS Salgdel oud Liwlyen @ je5 L osd
)lo); Fass (o) 9 oolw oFaSS () 33 Ja;l,..; &5']5

n

Fig. 11 Mesh convergence study
e 2K (o) 11 S

5 5 S o g (i 390al5 5 oloekes SlaS (s 1 54
4 Ol3gl b oosds Cosli S gl Gyl S elgm idls LSl o b
Sl ols (slaim el 5 ' ST (g (SilagSon Ll SaS
g ol Cewd @ oo Cugh oyl 5l ool LSis GFRP a¥ S Joles
el ooy S b ol jsliie @ s LS ol
Cusl (Sjseelipl Slio leS Slau L 12 JSO 55 s )5 plsl
Lyl cog o uygl g CNT &ly3gl Solas ayje8 5 aiends SLIN L o0l
L 12 S5 mls Gub cusl oad ooy lis o085 ools o5aSS (55
ol gl b polie iw) oole (9,0 Olydgl cezx> aoys il
BIRESt EAKV- PR S SRR KURPP-R Ve USUO v St | ] ECE S SRV Py
&S wib oo oS sldggl 74 sem> oo 4 by kS Slu
Ao & Comd 13.2 9735 (i a4 i 4 10,5 5 ool o5 aSS Cl>
sl RLS Gl s Rl peizer e e (las (2l 0,350 (g
3 sl a8 el iy wysil Bolad muje8 4 Cand CNT Solas o395
bl go (il 4 Camd CNT 5YL 55kt s 9 (Sl olgs

e Jols pailes Slzn b polie 12 S gllae iz ep
Sl 00l S5 (5l bl poline 5l yiias plp 4 bogas s 5 eSS
3yl SlyFan Sl (6,65 ol b o ol &S

&5 b Feeligl Slrio LBLS Jlou b gl awlie 5| o
b S Sl ot Lwlyed @395 5l (owjp 0 Dl)35L (Solai
sols ol 13 USs 45 aF jsbolen i asley olrio kS Sl
aie) oole (9,0 4> 0 90 b jao pu blsy ;0 CNT &l)dgil cnl ous
b Oless 005 oo aasde Sl (uileS b Ol s 5 wiloads Liwlyeo
iload @3 73 L ply OI3gil Coll goz> wuoys 28,5 i

* Rule of mixture

1598

3)940L5 (5 )9Ud 9 pole &yl



33)940l5 (5 9US 9 podc &y puini

O 9 (i S 3u0

wn&JgJgili s 0.3 iagiis (5 ey SR I9pel 9L ilxiio | nileS lSminal yg al) 3936 5 puS i a3l s e

b Jlesl Sz plon &5 (Job Cuzr 50 oad Cugl e le plSoul
AL e el LiileS
S Gy 4l 2 Ao (5 ki oy il (g 0l axlllao T4
b et sl by Saly on S dslaie 5l (S diged Sl g dwaia o 0
AR) (s e i o b cand () 5 [23] adlge LS il
Sl b Bl wdlgo 0T (B0 4 Jsb o lad 4 (g ey azio
2151 gbie Cod Yoz 315 S8 B tnl 0000 I (o LeS
555 b ONT Sl b s cughs clonke (oS e b 3
Jlosl sbuly b s3ls0) azyo jao gl jo ool Lilyen a8 5 (Sola
35 e Jlosl amio Jsb sliwl, ;5 505 Jael Ll Calosol Cass @ (L
S b AR ilil b 55,5 o alisde il ool g3 51 5SS
b olie 3 (gylate s o Jle ek 4 b oo (RIS Ao LS
Looads Cusli 91 (5 laie ol b aao 4y i 7891 e 4 Jliou
et Lol (6 Sadir s o5 al o Gl Ll yon g b D350
wmio glag e i ples ;o LS Gl b polie 15 S Gl
&sF slp bl plie i Sl3gl eud Lo mjy S o
G g a5 s WG 5 (6,555 e ) s il ge ok
Ol 55 LS plod sl 655 Bl anio (2 4 Jsb Cunnd
[24] 555 oo (25leS jlz0 amio (5505 5l polie b g 0gd o oS Ll
Glhe axio (o0 Cuz )3 L8 L Jlesl bl joas b aalsl o
ool 54T § e sl 5 (6 pouly dmio (eSSl b 16 UK
2,5 0 drlee iz slas ate oo (gl

—e— Aligned
— B — Random

Fig. 15 Effect of aspect ratio on critical buckling load of reinforced
polymeric plates with aligned and random distribution of nanoparticles

L odd Caoi (6 penh Olio (2LS Slimu )b 6 ke s 3G 15 S
3okt g oads Liwlyen x0565 L CNT &l 3530

Fig. 16 Buckling mode shape of polymeric plate under transverse
loading

o5 bl 5 6 NF L o (6 york amio LS 3ge IS5 16 S

1599

50 sgu- 5 o aallils 5,51,3 ausly Sl b+ 13 U5 sl
G angly a8l b e il oo (oS asan (1leS Jlon polie a0
az ) yho aygly o GRS b ke (i b e Gl (oS 4z ;0 90
111 g 744 o 4 oS 4 ool o5ASS b axio gl aS w0 e Fy
OBl Bolai w95 b Dl ydsil b amio 5 ldgk (g0 ambo 4 S
Ol polie a5 035 oo ali>Me iz S Jol> 4 | LS Sl L
5 S haslsl oad bulen g5 ol 5o ambo GilS Sl
olai mi cdl 5o Sl b polie 1z ;0 40 (655,18 4l ogu
el 0l asein 13 IS5 )0 ez las Ojgo 4 dS e G0 les b
25 hol Jole 5 anso ol Gasiy @l 5 jsb 4 b i
oo b sl sbily s byl (SlKe olys dadigas oiileS plSocl
ol BL 4y Lo e 055 gl azan LiileS Cuglie yiicg 1) il
lly 5o osle ploeial (aal38l @y e g yile AoVl Jgoe S50
bialy jo oanScugh Sldel @i 00,5 (Botuz by dpdise (20
e Cows 4 2l plSoeial 2153 Jaud BB ok 4 oa Job
OlHdgl b o o gl (g pouly Wloxho (RileS (u) 2 -6-4
o Liwlyen o Bolad gujer <l 0 Slydgil (0938 b Caand 5o
Sl ol b ol 3 3l o 4L (g pmcly lonio S Sl
100 ahe Job 5 smpe S8 & Sl 2855 18 (o) 3550 oS 0L
2 S (858 esle (2SS Ll 5 sk sl s )l L 5 mm
Al Sl s, 5l ead asle Slis kS S b 14 S
2 5 ONT (i 51 039l (ol e b oad Sushl (oSl (3,
CNT o35l ol balyed m2595 b mSsal (23 omiz 5l dmiio iz
Wlodd w5 3905 SG 0 4> )3 45 b o oy sbls) 50 ol g0

50
—#— aligned
— 4— random
45 ——®—- neat matrix
40
Z 35
A kmm i m A= m i m k==
30
25 @========= @======—aa ———————— -
20

0 5 10 15 20 25 30 35 40 45
4 (deg)
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with aligned distribution of nanoparticles at different angles inside
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loading at different aspect ratios
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Inspection of Multilayer Pipes Using Torsional Guided Waves
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The use of multilayer pipes has increased recently thanks to their superior mechanical and chemical
properties as a replacement of homogeneous single-layer pipes. Therefore, applicable inspections and non-
destructive tests for multilayer pipes should be investigated. In this study, the governing equations of
torsional wave propagation in the multilayer pipe were initially developed, and the relations between the
displacement fields and dynamic stresses in the multilayer pipe were calculated. Then, the dispersion curves
and group velocity for the multilayer pipe are plotted according to the boundary conditions. The torsional
wave propagation in the multilayer pipe was also simulated using the finite element method via ABAQUS
software. By comparing the analytical results and the numerical simulations, a complete agreement was
observed between the results. Finally, the influence of effective parameters on torsional wave propagation
in two- and three-layer pipes was investigated. The obtained results showed how the thickness, lay-up, and
mechanical properties of the layers could affect the velocity of torsional wave propagation in the multilayer
pipes.
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Fig. 1 A two-layer hollow cylinder consisting of two homogeneous
materials
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Fig. 3 Boundary conditions of the model for torsional wave T(0,1)
mode propagation in the two-layer pipe
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in the simulation model
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the two-layer pipe with the properties listed in Table 1
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In this research, the impact behavior of trapezoidal corrugated core sandwich panel reinforced with SMA
wires, has been investigated experimentally and numerically. Composite specimens were made to perform
tensile, compression and shear tests, and the requisite properties were acquired from the tests. Then,
sandwich structures with aluminum corrugated core and 4-layer glass/epoxy composites face-sheets were
made using the hand-layup technique. In order to reinforce the composite face-sheets, SMA wires were
used in two models: 3 SMA wires without pre strain, 3 SMA wires with 3% pre-strain and 3 SMA wires
with 6% pre-strain. The test was performed using a gas gun. To validate and compare the results, the
numerical models of the specimens were prepared in LS-Dyna, considering the experimental testing
conditions. The results, including ballistic limited velocity and the absorbed energy of the structure were
compared and validated by the experimental solutions. The aim of this study was to investigate the effect
of adding shape memory alloy wire to reinforce the face-sheets and the effect of pre strain on the ballistic
behavior of the sandwich structure. The results shows that the presence of the SMA wires and applying pre-
strain, leads to increasing the energy absorption. Comparing to the wireless sample, the absorbed energy
increased about 10%, 22% and 30% in the 3-wires sample without pre-strain, 3-wires sample with 3% pre-
strain and 3-wires sample with 6% pre-strain, respectively.
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Table 1 Properties of aluminum grade 3000 series [28]
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Fig. 15 Damage area of composite face-sheet in SGE-3WO0 specimen
by experiment and by numerical analysis a) front view b) back view.
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Fig. 14 Damage area of composite face-sheet in GE-OWO0 specimen
by experiment and by numerical analysis a) front view b) back view.
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specimen by experiment and by numerical analysis numerically a)
front view b) back view.
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Fig. 18 Comparison of limited velocities by experiment and
numerical analysis
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Fig. 21 Contact force-Time diagram for GE-OW0 and SGE-3W3
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Fig. 22 Contact force-Time diagram for SGE-3WO0 and SGE-3W6
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