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The fiber-reinforced polymer (FRP) composites under different dynamic loads experienced various strain
rates. Since mechanical behaviors of fiber-reinforced polymer composites vary with the strain rate, the
transient response of most of the composite structures will be dependent on the strain rate. In the present
research, a comprehensive review of the previously published studies on the topic of strain-rate dependent
properties of glass fiber and its fiber-reinforced composites, as the most common FRP composite, under
dynamic loading was presented. At first, studies that presented the mechanical properties of the long glass
fibers at various strain rates were extensively investigated. Furthermore, experimental studies on the
effects of strain rate on different types of glass fiber reinforced polymer composites were categorized and
presented. Also, the strain-rate dependent behavior of the thermoset polymers was investigated. The
various analytical and numerical models of macro-mechanics and micromechanics presented for this type
of composites were reviewed comprehensively.
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Fig. 2 Stress-strain curves at the medium strain rates up to high
strain rates [26]
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Fig. 7 Schematic of one-dimensional Mulliken-Boyce model a) Low
and medium strain rate (the Standard Linear Solid model) b) High
strain rate [52]
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Numerical Investigation of the Material Gradient Using Different Stiffness
Functions by Consideration of the Graded Stiffness of the Dragonfly Wing

Membrane
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Most natural materials are composites that can exhibit a wide range of material properties, such as the
elastic modulus. Insect cuticle is one of these natural materials. The material gradient of the cuticle
drastically varies in different insect body parts. Considering the small size of cuticular samples, conducting
experimental tests is very challenging, expensive, and time-consuming. Understanding how cuticular
structures work and their graded properties can help to design and develop engineering materials with
enhanced properties. In this paper, the finite element (FE) method was used to investigate the function of
the cuticle in the membrane of dragonfly wings. In this regard, first, the distribution of materials on the
wing membrane was investigated using images obtained by confocal laser scanning microscope (CLSM).
Then, in order to estimate the stress and strain values subjected to displacement, multiple stiffness functions
were applied for a geometric model of a cantilever beam, which represents the membrane. The results
showed that the presence of a graded stiffness had a significant effect on the mechanical behavior of the
cantilever beam. A comparison of the results obtained from the analysis of different stiffness functions
showed that the quadratic function was introduced as a more suitable distribution for stiffness, in terms of
having the least stress and strain in this structure, compared to other stiffness functions. This study can
provide a proper and applied platform for further interdisciplinary research in this area.
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Fig.1 (a) shows stepwise graded structure and (b) shows continuous
graded structure.
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Fig.9 Comparison amount of Young's modulus in the membrane on dragonfly wing using CLSM image [16, 17] with

stiffness distribution using a Quadratic function.
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Evaluation of Mechanical Properties and Fracture Toughness of Aluminum-
Magnesium-Aluminum Composite Produced by Cold Roll Bonding process
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In the last few years, researchers have been interested in the fabrication of laminated composite sheets. In
this research, mechanical properties and fracture toughness of three-layer aluminum-magnesium-aluminum
composite sheet produced by cold-rolling bonding method were investigated. Mechanical properties and
fracture cross-sections of the specimens were studied by uniaxial tensile test, hardness test and scanning
electron microscopy, respectively. It was observed that the tensile strength of composite specimens was
higher than that of aluminum and the microhardness and fracture toughness values were increased
compared to the initial specimens. High applied cold work can be the main reason for the increase in
hardness and fracture toughness, and the reason for the decrease in composite strength over magnesium is
the creation of plastic instability in the magnesium reinforcer due to the high strain.The results of scanning
electron microscopy also show that the fracture mechanism is for the soft aluminum layer and for the crisp
magnesium and the surface of the fracture cross section in the aluminum layer has a shallower and smaller
micropores, indicating shear ductile fracture.
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Uncertainty quantification of natural frequencies of flax/epoxy composite
laminates based on a polynomial chaos expansion method

Mohammad Noorian, Mohammad Ravandi*

Department of Mechanical Engineering, K. N. Toosi University of Technology, Tehran, Iran.
* P.0.Box. 19919-43344, Tehran, Iran, ravandi@kntu.ac.ir
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Non-homogeneous mixture and unintentional flaws during the production stage have always given rise to
uncertainties in the structural response of composite materials. This is intensified in the composites
reinforced with natural fibers due to the natural origin of the fibers. In this study, an uncertainty analysis of
the frequency response of a unidirectional flax/epoxy composite, as one of the common natural fiber
composites, were carried out. The variability of the fiber elastic properties, fiber density, fiber volume
fraction, and the misalignment of ply orientations were considered as the uncertainty sources. The uncertain
input variables were divided into normal and uniform variables through the Anderson-Darling test, based
on the various experimental data acquired from the literature. Due to the high number of uncertain input
variables, a computationally efficient response surface approach based on the polynomial chaos expansion
was adopted and modified accordingly to take the multi-type stochasticity of the input parameters into
account. Moreover, the uncertainty analysis results obtained from the response surface method were
validated by the direct Monte Carlo simulation, and the accuracy and efficiency of the surrogate model
were demonstrated.
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Table.1. Probabilistic model of mechanical properties of flax/epoxy composite

T Mean Standard Lower Upper

Parameteres Distribution Value Deviation bound bound Ref.
E; (GPa) 52.02 1712 e, [24-34]
Gy (GPa) 25 02 [20,21]

ke Normal
) 1.47 024 e e [35,36]
v 0.40 011 e [24-28,31-35.3744]
vy Uniform ... L 0.27 0.31 [32]
En, (GPa) 37 e,
G, (GPa) 137 s e [24,30-32]
U Deterministic 035 e e

kg
Pm(ﬁ) 115 e e [35,36]

2 Observation significance level
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Fig.1. The flowchart of uncertainty analysis of composite structures based on the polynomial chaos expansion method
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Mode Parameter ~ MCS (Hz) PCE (Hz) Error (%)
1 Mean response 52.46 52.38 0.14
Standard deviation 9.72 9.87 151

) Mean response 122.42 122.4 0.02
Standard deviation 9.36 9.34 0.15

Mean response 325.75 326.13 0.12

3 Standard deviation 60.45 60.54 0.14
Mean response 455.39 454.68 0.15

) Standard deviation 50.31 50.86 1.09
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Keywords Abstract

AAT7075 alloy The improvement level of mechanical properties of aluminum matrix composites reinforced to
Carbonaceous hybrid reinforcement carbonaceous materials is lower than expected. The intrinsic characteristics and production methods are
Extrusion effective parameters on microstructure and efficiency of these composites. In this study,
MiCTOSU_UCtUre ) AAT7075/CNTs+GNPs hybrid composites were fabricated by flake powder metallurgy process combined
Mechanical properties to solution method, semi-solid casting and high temperature extrusion. After determination of optimum

Vene/Vent ratio in hybrid carbonaceous reinforcement (= 0.167), its effect on microstructure and
mechanical properties of AA7075 alloy was investigated. The semi-solid casting process led to destroy the
network structure of carbonaceous reinforcements and to entrap them mechanically into the aluminum
matrix and to segregate alloy elements on their surface. In optimum temperature of extrusion process (=
400 °C), the uniform distribution of carbonaceous reinforcement and the decrease in the average grain size
(~39%) were obtained. Hardness, tensile and compressive strengths of the hybrid composite were improved
by 17%, 51% and 28% compared to AA7075 matrix alloy. The extraordinary efficiency of tensile strength
(~3952%) was obtained in the hybrid composite as a result of effective load transfer due to effect of the
pulling out and the bridging of carbonaceous reinforcements.
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Fig. 2 FESEM micrographs of the (a) Al powder and (b) GNPs+CNTSs.
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Fig. 3 FSEM micrographs of GNP-CNT powders with various
Voenp/VenT (a) 0.1, (b) 0.5 and (c) 0.167.
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Fig. 7 (a) FESEM micrographs and (b) corresponding carbon map, (c)
fracture surfaces, (d) and (e) corresponding carbon maps and (f) high
magnification of fracture surfaces of extruded CNTs+GNPs/AA7075
composite (at 400 °C), (g) FESEM micrograph and (h) corresponding
carbon map of extruded CNTs+GNPs/AA7075 composite (at 500 °C).
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Fig. 6 Grains morphologies of as-casted (a) AA7075 alloy and (b)
CNTs+GNPs/AA7075 composite.
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Fig. 8 FESEM and OM micrographs of (a-d) AA7075 alloy and extruded
CNTs+GNPs/AAT7075 composite at (e-h) 400°C and (i-I) 500°C.
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Table 1 Tensile and compressive properties of AA7075 alloy and GNP-
CNT/AA7075 composites extruded at 400°C and 500°C.

olye TYS UTS TFE CYS UCS CFE
(MPa) = (MPa) (%) (MPa) = (MPa) (%)

AAT075 181#6 = 345x4 = 6.1%7 | 1737  590#5 = 36.91
(400°C)
AATO75/GNP- | 274+8 | 4034  42+12  222+#8 | 636%7  33.8%1
CNT (400°C)
AATO75/GNP- | 256+0 | 360+6 = 2.4+12 210#8 & 579+7  28.9+1
CNT (500°C)
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Fig. 10 Improvement percent of mechanical properties of GNP-
CNT/AAT7075 composites extruded at 400°C and 500°C compared to
extruded AA7075 alloy.
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Fig. 9 The typical engineering stress-strain curves of AA7075 alloy and
extruded GNP-CNT/AA7075 composites; (a) tensile and (b)
compressive loading.
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Fig. 11 Comparison of yield stress vs. fracture strain of GNP-
CNT/AAT7075 composite with published results in literature review; (a)
tensile loading, (b) compression loading.
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compressive loading) of (f, g) AA7075 alloy, and (h, i),
CNTs+GNPs/AA7075 composite, (j) presence of agglomerated
reinforcements on surface crack and (k) brittle fracture near the
agglomerated reinforcements.
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Experimental Study of the Impact Properties of Foam Based Composites
Reinforced with Warp-Knitted Spacer Fabric
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1-Textile Engineering Department, Amirkabir University of Technology (Tehran Polytechnic), Tehran, Iran.
* P.0.B. 15875-4413, Tehran, Iran, dabiryan@aut.ac.ir

Keywords Abstract

Warp knitted spacer fabric Using fabrics as reinforcement of composites considerably leads to improve some of mechanical properties
Composites include resistance to the impact loads. In this paper, the impact behavior of polyurethane foam-based
Low velocity impact composites reinforced with warp-knitted spacer fabric is investigated, experimentally. For this purpose,
Foam warp-knitted spacer fabric with different structures such as two different thickness, small and large mesh
Geometrical parameter sizes and position of the meshes facing each other and not facing each other were produced. Then composite

samples were fabricated using warp-knitted spacer fabrics as reinforcement, and polyurethane foam as
matrix. The physical properties of samples like weight per unit area and fiber volume fraction of composite
were measured. The failure energy of prepared samples was measured during quasi-static impact test, and
finally low velocity impact with an initial energy of 5 J was carried out on composite samples. The results
showed that the impact energy of samples is increased at least tripled by using the reinforcement. The
maximum energy absorption is 2.858 J which is related to the samples reinforced with fabric with large
mesh, high thickness and not facing of the meshes relative to each other. Generally, the energy absorption
on average has been increased 21.2% by increasing the thickness, 9.5% by increasing the size of the meshes
from small to big, and 47.3% by changing the position of the meshes from facing to non-facing.
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Table 3 Technical characteristics of manufactured fabrics
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(mm)
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406.75 5¢ 7 832 329  BLF
619.42 3c 7 8.09 438 SLN
641.97 5¢c 14 8.27 3.3 BHF
791.29 5¢ 14 77 477  BHN
828.11 3c 14 782 469  SHN
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WPC(Wale per centimeter) (;o olw) Jsb axly 1o <oy, slass

S8 o yimles 1) o e alo id awais 51 Sleds (g ygeas 2SS

- e
21.cos@
Fig. 2 Schematic of the hexagonal geometry of the meshes
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Table 5 specification of prepared composite samples

(DS o 8 @®/Mm)glas s>l o3 gl
15.05 1660.34 BLN
14.09 1541.25 BLF
14.64 1630.32 SLN
11.12 1840.32 BHF
14.61 2407.80 BHN
14.54 2400.11 SHN

b (Sl anls (y9031-2-2

bt b g Blo & Mol anies jleoliil b s (Silisl 4 (905
5] (503990 (et Sz 0d b Lo 5 )T S b g e e 13
Sloaiszel slaal slacadgaze drazsi g S92z g slodiges auy 5 9 Soi
5 rarken T Coalid L 00l Cuslly (90 po® aigad 59, » S Gale]
14 47 glo col o 0 o5y wBHN g BLF lo aiges cpizeon
Cash 4zl )l (i 4 azg b olaalel el 51 L3 o5 el
abal) o plogl axdl bl 1) 3985 (551 (0 7%eS Semy (o0 S 4 00
Lol Glp s oled Jore )0 0asj s plnlr e p gy (028
03031 A oy (oS Bk Laz) S e pd (oS (50,5 (5550
3 ol gl ach plxil ooty 51 digal d (59, p b (SSliwlas
@b sodd 03> @55l (G bl —g s (e ) gl S ol
Ot BLF wigai 5 jtarlee 7 sl b oaiiS sl (190 pob diged sl
S g pod diged plp 3 5l i BLF aiges )3 4,5 (6550 a5 a0
sorkes T Calio b pgd aigead plmlr—g e logei 5 JS b sl oniss
223 0 i |) BLF diges 5 00iiS Cogils gy

"‘ RN, 57
S . Pl N
9 Mesh size [LRRE I S
i - — w > b [
= ;& # T, 3 2
& iy \

1

A

Sy,
Position of the meshes ¥
relative to each of] | i

,! - 4‘: 3 », M ? L i
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Table 4 physical properties of PU foam
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Fig. 5 Impactor displacement-force diagram from quasi-static
penetration test of a)foam without reinforcement b)BLF
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Numerical and Experimental Buckling Strength Analysis of Composite Grid
Stiffened Cylindrical Shells Before and After Applying Low-Velocity
Transverse Impact

Ahmad Gerami, Ali Davar®, Mohsen Heydari Beni, Jafar Eskandari Jam
Faculty of Materials and Manufacturing Technologies, Malek Ashtar University of Technologies, Iran
* P.0.B. 15875-1774, Tehran, Iran, a_davar@mut.ac.ir

Keywords Abstract

Buckling strength Composite materials became a great interest of researchers on light weight structures during the last decades
Composite grid stiffened cylindrical shells ~ due to their high specific strength and high specific stiffness. Lattice and grid stiffened structures are one

Transverse impact of these efficient composite structures especially for axial compressive loads. In this research, the following
Finite element method main objectives are followed: (1) The buckling strength analysis of the lattice cylinders subjected to axial
Experimental method. compressive force, (2) The impact response and damage analysis of the lattice cylinders subjected to the

transverse impact of a falling object, (3) The buckling strength analysis of the lattice cylinders subjected to
axial compressive force after applying transverse impact to the structure. In order to achieve the above
purposes, the finite element and the experimental methods are used. In the finite element method, ABAQUS
software is used to find maximum axial strength of the structure and the impact results of the structure due
to its energy absorption and damage properties. In the experimental method, first, two samples of the lattice
composite cylinders are made of Kevlar/Epoxy material and then they are subjected to impact test and also
buckling strength tests before and after applying transverse impact when damage occurs in the lattice
structure. Finally, the results of these two methods, including impact force, impact time and damage area
have been compared. Results show that the damage of the structure due to the impact test, do not causes
the maximum buckling strength of the structure to be reduced significantly.

o,lgen ‘LguLasl}db sleosls 5lab o 65.@@& o s oa gy =S doddo -1
Ll pldblon aid s o5lw S (b slo ity (e 5l 25 pLablen Cato 0 a4« Sie loojle 3,55 g Coenl o9l
Please cite this article using: 2o lod oolasw! p 3 wylee jldllin ol @ gloyl 6l

Gerami. A, Davar. A, Heydari beni. M, and Eskandari jam. J., “Numerical and Experimental Buckling Strength Analysis of Composite Grid Stiffened Cylindrical Shells
Before and After Applying Low-Velocity Transverse Impact ”, In Persian, Journal of Science and Technology of Composites, Vol. 8, No. 1, pp. 1363-1372, 2021.



Wb 5 u.obf KV

i) 930l Suiie slasl gl 0l (SisleS flg.‘ximl SIS 9 63 Jul=s

[T]alosls las o loges ©y90 41 5 oy 3 |y Olo 555 S Mpan
[Ea8S 092 jlout atlw Cojonels (Zmgailow Glagyy Gl 5 w5
Syge Sl b Cou ) (Sag izl 6505 AY sladan 5 (S
g dy b cod ) pp il Y ol las IS 5 ojlusl g ool 1,3 aslllae
masles slagys b 5 Slgs J [8luleages g pFoslal (25 50
Ly sl ()9 «@izme 59 (nl ogel adlllae 4,5 )b codi 1) o jgalS
A ;o a5 Wilodges (5,3 g 0050 Joe wlflaz duaie 5y 90 g
5 sy o)l Joe cnl sl aiBls 3925 o (B 5 (sd5e Shp
Ol ) S5 cnl aeal ams oo LA 1) 55 jeie b S0 azg 98 (o JSO
Slaglole Ko azg 5l wolaie g L8, @y, o )b Cod azg a5 Cl g,
odel Cwd 4y lis g oogei colaiwl 4y, 5 Ldod (5ly sgaoe OLQJ! 0¥y
B9 83y 2 Ay Sltalejl @B b 1) Oloj oy (2555 Jdo sl
03,5 anglio o i 5 S gl [0ud]F 092y 5l oot 4l _omsaile
B9 Seelnd L8, wlgs oo a8y JLS 4y Jae 45 aledged (A1 4
oy cglhe 558 4 05 Sy b o 4 S 1) CoenalS (ugailie
o 1) 00} b e 2 g S Pl e G Ktmghy ol e
b oo (slao S 0y J o CojapalS slasyg 5 g 59 9] wlosgas
Sl )98 3,50 53 eled oy Wlodged (SIS g (yp 1) 05 e
ol Y o CaSs ol Jdo 4y pl g il oo Dgliie S5 9 S oS
S 0 Sl S SB (B9 50 45 (Sloj (S )9 )8 adgl al> o
Stlion (585958 9 95 alal) (595 2 Gz STl deaY pum Sy
adyg apliojhadl 5 g bl so GBS B adlsl (S28)9)8 al> e 5l
S—Slbioe NS sladSemw slass 5 Jlosl b b culite daas¥ (o
(leS Pl (2l gy iz 4 el 5 Sl [10]
@S WSy (228 5§30 gy A (R jeeelS S sloallg
2 oanline g ols lid S b (s Gl egove 5 shalesl slogs)
tilaS Al (gl 5 aaagy b oo (slalyin] gy diged oS
oasadlal 3 sl (Quo )y B0) ) Aoy a0y diged 516 SYL Hls
939 b @St slalgiul aingy (5 (59 b amlio )3 ()1 diwgy
oyt —aleS alSoxiul  (sloslall 3od Cuie ,5b (> )15 aigy
@ o % OLlSes 9 08 (e [1T] il (2u5alS St
b g 0diiS Za gl (gl (S590elS Ay (moled (59500 9 00d Dd> (55
ol Gagh ol mlis caB e, il Lid cov glaSh saiiS Cy el
(ol SIS pl s eu s s sl glaaz g oS ol
5 230 [12] conl sariS o si G5 Mgl sladiog 5l 5eSotns
Sbalgl 1, 5 Cuglio 53, 2 S ez 3l oy 4 S
Sz a8 aish ol dalllas mls amisly, a5 ply 0 ujeslS
S5l @i 0 sz M 5k a giomie da lacugeslS )0 Szray
5 oS SIS, sy a8 5 geme [18] el 38,50
G095 (275 () % b S e 0 S8 (D jaalS Allginl 5 VS
5 AYL olad (59,5 Sl ()T ddged a5 sl lui s Sl
Gges ol podle aBbioe (jeralS sladiges (oalod (oS lml>
[14] 0loe olmle Gyt 5 el 950 sl (05268 SIS VS
slalpnl sladiwg (Sealus Jolod 4 (—aagh 53 (il 5 153131
954 $9)5 o) 4y S lanug b e blo pd S8 (S
Ao dlugy mwaid gloytal )l 31 LT slaisls y soue § (Lo i,
@2 slayall Sl Grizmen g elad 4 Culbid S glad 4 Job Cos

o Boslow ol )3 ooliiul 8)50 (59al8 Slge (el (e
Vgomo wlaSy (il a3 1) o hb sl (Soe 5 43S oo Jlsss |, Ll L3,
Jlosl (2 yme )3 Sl (e IS 9 gy e (SRj9eelS slaojln
S Jom sl (Sos 1 lipd nl 5l (£36 ol S 13 SleSE 2l
Sl ol (e y duloe (B)b jlasS axlpe JSto b1 o5l
)55 g shmnl ] bl slaele (b o uiles

xS (gals S ol g ilwaie (3,55 5 Uy
thie mhw (20 2l 635 slayll Gloe p )lad )90 IS0
2 soae slagiy) slie 2|y locg, Al ol g e 5 g le sloce,
cslie >yl Ll 5 wiols plosl ol slal b sl 25 (s00aSess (5,
9y 2|y Sloo a8 (o 1)K 5 B0 (1] ainsas s |,
o g e 5 lailyinl (5eelS Sitio sloojlw tileS L3,
9 e 65,k g )lid (5 970 Sk 5l pel it slas, 8L
Sgaze lell slaae jlosliiul b g 30e & )90 & (o (5,151
G aly 5 95,5 Jue beam slacll L Lo, Lo T aisls ol
lio >0 35 1530 ovgame jo |, Ko 05w sy oy, gu,le
aagly 9 bea, oload @i wg Job Ol piomen o] aisly ok &5
120508 (s ool ol (tileS S5, (55, 2 ) o) 505
CaS 5 (59,555 5 B (1leS) ol (slodge 050 5 J5lS
S eoasiScasli Gilae doasy (lia (o—dp cu)BS slooge i)
aS wsls Hlsd g wsls Y13 oy 9 50 1) (393 DY 3l oS 5 g Ay
a5 Jo s wes o 5y Sl slaay o adsl co il (S sladiges jo
Sy oo bgye oYl loanY 4y adgl co Wl e S sledisas (o
gl a4 (S90Sl gosiledl (L2iS g (o)Lad slacuslia
(oS 5 el [3] 2SS )*’L* Sz 0,95 p p 550 5 ]
sl g 9 b (Rjeeels Somie (a8l bog e slaojlw (g lid )3,
B eir 550 5 6398 9 (275 By AreodlS Cagl (lye S
2 =Sl o) 4 S Al (5972 gl oS ol Gl s sl
L8lsas oo aalidl 744 sgam 1,y aiey Joos BB (9, ol oo
b el (i i )8 85 (500 g anmegt 4 (L 5 sl
Wl |y (S lln)S (Rjeeels Slaal (g9, Vb Sy b Ay 8,95
gl 5 5795 e 1 JolS 3585 Y o (gilmand Gl o aiSl
5 Jlo [5] us e el o5 sbosls b gl 5 dulone cnS
SLososl 1o 1) (eIl (28 ST Slacsjseals b Cunglie (08
0l 555 sl s 53 apsasl Wis)S (om0l B oS (23,5 Cs s
Gy 3l 09 5T 03500 )3 « Lt £5 gty alie by, 5l ool b
20 1, 6747 bl agh s ol oo alel 200057 i 5,8
P JB s &5 Jlo ool plis (cdse Sz 0 o5 el
(oo oyl Ho el sanid sdaline 1,5 S s ]38 L KL Jguw jo
Sl L S 25,5 e s (g G55 S s 033050 5
5 e Ayt iy 0 ol g i [B] el sa 51555 £0.37)
o 0 o)lyen &S (e ISl ablee S = lr e )
Sl doles cpl Jo 50 bl alosges oolail cyl co 99290 o Blo
5 05,5 e g8 GLAL & 1, o5 cCensl 5,8 siomie 00 pepsd 45
& b s Sila8 S L5 0 oS D50 ) 50 i AL o o
Sty 90 ol IS 4zt ailesges Jo |y (IS Aslae (o585 (5950
Sl (izmed ailige 5 59y 2 b Al Gl 58 (G s
1364

0359405 (5 9US 9 pgle &y juis



035940l (509US 9 pole Ay s

obles 5 u.a|)§ Swal

i) 9208 Suiie slasl gl 0l ilisleS ral&z'ml SIS 9 63 Jul=s

155 L Comdse yo LI sy g ol ools JSLs Sl -
b, e cuiS 5 (Sle olss opmels azs
Sl o ) @80 slohy, S0 ar Ca—d Jombanm -
(ol a1 3
B 5l e axkad a5 o) Sl giluloz Gl -
29 Sl B 5 B o b asad o adg WL -
4 aze] BUI 3o pols JSi glp (S95ehn B S5 by ol 5o
B e s, olfind S8 4 5 5055 w2l 3 5l G g Sl LS 055

095° 3 o3k winyy JolS S 5l gt oo Calua b )Lt cnl SIS 4
Dyl ge 0425 (455 4 B

B30 B SG a5 ez e 5 S @B Gk B S el ol
Frodia b Calie o4 (D Sy 5y SOl Gl gl o Ble
oss e )l5 (YL 8o g fgubge Sl 4 az g bl 0 oolazl
(1) el sais soliul LIB cslo g o sl 55

Fig. 1 Plexiglass mold
oW S BT S
385 99 b3S Sl o iz o B 4 (psSekons B 3L Sl
B (9,5 31 055k 53,91, & pll wagh JolS oy oS lej o JulS
(2J55) sl 00y (IS oSy

Fig. 2 Baked Plexiglass mold

o oy (isSelon B2 S

Jrite sl ol sl 150 & ,55ie sSel s B 5 il |
5l eemmmanis, Oldee bl gly .l ool e ad, Slles oolel Lol
0lBsd ol el 0 ooliiwl Slegsl pled (sol3T a0 i olfitws SO
sl syl 305 1y o5, & anadl Vss LI GVl cae o 5 s b
5 sl sloca, oles (3JS_..J) AiS oo Calan Jjoade (59, pooa—d
BLI Y 00 iomy 3l aS andl oo (5 50 doe Yl Cuoles gl (e
95 ok oz Goe 4 sla)ld S5 )0 15 4 eah arnél slan,
loas ) 1 wlas aislu J 006 55, p oads Joato oSl B
1365

on 2y Gl $9) p 1) 00 o 3,55 asly g Cas s el 00
Syl A gy e a4y b o Gial53l b wiols (LS b s,
A poe S ogam 2)55 5 ey Saa iy U 99 5 siopelS
OB 2 e 3Sle g 95 preu3STle cosid) 40 Sy IR L 09D o0
90 oo @y 4z 0 ol onidy 4,0 05 asgly GBI Lol e
ol plej D (Jg 4l palS o3 e SLa g 950 oSl az o
5 7S by 90 4 il Kan 5 ols [15] cul onile (3L coli Loy
Sedo i b (mgaile Fb 69) 2 omb S 40 adlllas @ g30e
> 5 om as slaglell gl 5l goas (gilwand sl QT asls
sS85 50 058 by b (siaalin g SaS & oty o
ablis Jore aisle bolas g9, 43,0 510 aS ols lis ol s )5 eolazl
S )93 6yt (S 5 dace) (m SLAE 4 e S bae,

[16] siloo G2l olos 5958 ST g (2lS 3,55 0 o
2 o5l 40 5| (26 o b s g ol Pl 5] Lol Ban
Ga57e S o (SReld Se—ioe ailgil ojl (o 23leS S
ey 9 dgame Glall by 5l 398 Slaal 4 L sl el 0sg (5523
&lp oSl H38le s sl esams Hladl gy jo cwl oo solaul o yo0
ez g ojlw bsgs (55Lid (g 9mme b Jood LB lade SSlas (s
ouds ooliisl 4,5 3l (86 ol 5 03l (6551 iz (il iy sl
3 558l Sin wlginnl diged g0 Clas 4y il (25 Ghgy 5o el
Glalgiwl o3l digas 90 ¢ upmuns ol 00l &S0y (S gyl ,YeS iz
Jelos sgame Gledl g (2025 (b9, 99 @ (Sl V5SS eeelS
Soe oo i (il a5 Jleel g o5l (Jol diges )5 ilaxs S8
(Bl s Jlesl 5l ey ipgs diged o Znl i8S 18 (gLt (5 50
Jol wigei b mls anlie L el a8 57 1,8 6 )L28 (5970 (55505 <
TS 09y 99 4 wojles (g)LES (g yemme )b Jeodi Sl il 4y S

255 518 Sl 9590 dguze plall g

G (o9 -2
A (1) il oo ool miu g0 Jolds iaghy cpl jo Gudos S,
Se—iie glaslgiwl o5y bl 4,5 5 (5,970 (LS (s00e (3L
Pl (555 2 (ol 4 5l (B sl Sl izpen 5 (SajseelS
Sdiges il anTd @) (wsSLT sgame oldl 3800 5 b sl  ileS
Lol sy 2 olil b a0 5 (1S slaggesl plnl 5 (altales]
ojlw 4 y20-1-2
oy S Cata jlas adl oo Setine slaslginl o5l SO a5 850 05l
sl o0 S tgla.o.'x.n (0SS Lo gll) cuy b g c...t)Lo (CRVSLYUNPY:))
oolatul paseie slo malily 5l daojls cpl dwdin (B yee jslaie 4y .0,.5 oo
GO PRV | BV Sk VS WP SO -G ON [N PR s B PRESIP LSRG P W3

P lojT aiges el wiyl s -2-2
CllE S 9,0 (At by by, 5l ciged Calw 6l (gt ol )0
) a5 e gy ol sl jo o 0 oolial ol S


https://www.etsy.com/market/plexiglass_mold
https://www.etsy.com/market/plexiglass_mold
https://www.etsy.com/market/plexiglass_mold

Wb 5 DA|).T KV

i) 930l Suiie slasl gl 0l (SisleS (alizruul SIS 9 63 Jul=s

GRalS g aes (i 093l Caaglieo Wilgi oo j9 ) 395l el 4
o Jlaz 50 Al Bt ()35 O550 4 sl €955 5l dm i Pl
2 Jgor @llas wlge Sz 5 ol sy (Swilely 4 oole Y 45 oas S5

ol 0als 00ls Cons e g b sloce, 4l 4

g Sloogas 2 Jgdo
Table 2 The material properties

e i Sl Sl Sl gas
S (MPa)
(N/mm)
Gr=T70 X:=900 E;1=40 GPa
55 Sl Jgo)
(U sl
Gf=95 X=310 E,=4.6 GPa
2 ogee Siw¥l Jgas)
(W]
Gm:=0.25 Y.=30 Js..\.n) G12=G13=2.5 GPa
(s
Gme=1 Y.=100 (é_..,).‘ Js..\.n) G3=2 GPa
Z:=50 (09"“"‘5" u.l)..a) v1,=0.38
Z:=50 (J&>) p=1.48 kg/m?

b 8 o Sl b S G Sl Ko 2 Sy o
Zt b ye )i Qo plioil Yoo cbpe (2iS glyd plSoil Ve
CnSh Koz Gft e (Hhp plSoal Ze (Job (b p plSocil
olid b s OBl S Sajiz Greo i sS el o S
Ay CanSl (Kojydz Gme g (iS Sl 0 die ) Sl (Ko i Gme
O RO M

a5 55k .l ouds solai \a)_,a S VO TRV ER I WE S U N
ayd Jlosl 5o il (595 2 63970 L2255k (s5lmant sl n
a5 5y9b dr el sa ool Jl5le 5 S5l s Jlgie TelS 50 5 (o pe
SHLa2 S epgs )5 (s 5 99800 Jlos! (o0 400 (ol o5 50
2 NS g 50 bl Jlesl sl 05 o0 Jlosl o3l (59, 2 (597
9 Vb Comnd o o axio g0 5l lid (6 50 IS il
oo &y SlS ol amio gol3T 4z a5 el oud sxliil o3l by
Al e b ojl jemme gz 40 das ( Vb amio sol3] az 0 5 ol
amio S )20 ayb Silotnnd dlas 15 (5500 Lulpd lp miman
Sl 0jls ot Sl poled 40lS . Censl 00 oolizasl JS (glo g8 o
0.5 SElasl b b axio 4 axio g4 5l 0ai 4,0 dglf g Lo
SLE I 5 sm Ll s 5 IS 3 18] s ot iy
sl 00 0l ol SAR slagyledl 51 o5les (o s gl sl 00y o0l
Sloaiwg g5 95 2 slp g 2iBbioo sloS oz Gy dapll (ol
S jobite 4 5 Sl 55 UL iy e ool it S
oS ou plowl agliie (glagyloll slaws b gounte sl > callis slals>
Jow 5l sl ccasl oo Ol sae 12408 o ylodl asgy olass wolys 5o
el o ooly isles 4 S 10 o5l (g0 e

2 Step

(& o) Sz ) Fosokw la i S5l (omm @i, J.;.ﬂ)é)a Ul
agly coa i o)Ll LIl gl 4 o2 1 Jouz j0 a5 jghilen .ailazs 3 13
3 Jysie jemme liwly b2 51 la JSii jo W56 sl Lol oy

ol 4>, 28.2 3 s

Fig. 3 Twisting machine

(ST AD oK 3 JSJ:J

00 oolai Wl MEL0L (gl b 4y Syl (3, 5l dodiged el 5o
S5 i ol <5 58 oSl Gillas ¢y, ol JolS Sy sl e
w55 b plej S ol Gl Sl o el oY dazs slos 50 s

el a7l Sl CIB B Ns 5l diges ¢ 0

ojlw 5 Sl pwais Slasie 1 Jgus
Table 1 Geometric characteristics of grids and structures

300 (L) (mm) ojLs glis)|
ojlw wlasis
81.9 (R) (Mm) o3l gla
56.73 (@) (MM) gyl sloey, alols
60 (ac) (Mm) Jaes slacy ;) alold
5 (br) (MM) g be soen, 55 ladiin
5 (be) (MM) agmes slocy, Lo Aod (purin
4 (H) (mm) S Y calses
28.2 (@) (MM) zo b o, al;

Sguzxe lodl Judxi' g (6 5lwdie -3-2
dazl 5o canl ool ool glawg laglell 5l sl ol (g5leJas 5o
Lol oads sl e Lol ol glass g Jsb 4 slaslginl aing G anain
el g olanl cand o blas ()] 4 5 05l dwiin Slasuie 4 ax g
A8 g aslin ool ulul bl ) sloass slol (glaslginl aingy ol
S (S35 ) LT Gt (S e 05 S ooliial b oy
wjle Blal glacnd sl o (@4 JSo) wloads Jate [S0Ss 4 S5 o
5 ] £y slome 51 aS ol oads iy ya5 ol o3l (gl Ldilons B
S5l e o] il 0 solitwl pile cul Cd i
GiS o BLIILad B 225 e I ez 4 by oSS
wole a5 Sloj a5 Cawline (ol & ol b pin ol aia) Lid g aie;

1Explicit
1366

03940l (5)9Ud 9 pole Ay yuis



29805 (59US 9 ogle dg s

obles 5 u.obf Swal

i) 9208 Suiine (slasl gl 0l lisLleS fl.{ziuﬂ SIS 9 63 Jul=s

Fig. 6 Failure of the structural under axial compressive load before
applying lateral impact
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Fig. 7 Diagram of internal energy-time and kinetic energy-time of
the structure
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Fig. 4 Geometrial model and elements mesh of the structure
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Fig. 5 Boundery conditions and loading on the structure
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Fig. 10 Low-velocity impact test boundary conditions
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Fig. 8 (a) Simulation of structures in ABAQUS
software. (b) Experimental testing of structures
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Fig. 14 Force-time diagram of the striking object, m = 2.27 kg and v
=1.5m/s

V=1.5mM/s g M=2.27 KY 0aisjds po meaz loj g yl0ges 14 ST

25 - - - . -
S
~
N\
2.0F
5151
>
e
@
2
Yoy g
e ——
0.5 ——  ALLIE Whole Model-without damage
——  ALLKE Whole Model- without damage
—— ALLIE Whole Model- with damage
N ALLIE Whole Model- with damage
0.0 " - —
0.000 0.005 0.010 0.015 0.020 0.025 G030

Time (sec)
Fig. 15 Internal / kinetic energy time diagram of-structure, m=2.27
kg and v=1.5 m/s

V=1.5m/s s M=2.27 Kg w;jle Hloj- izl J51s (55,0 jlog0i 15 JS&

1369

S13T bgliuw 4336 (55145 )l 50 03l Sg9azro ol (63 lunid 5 -3-3
lailgil il (g3l oy (i yliel 4 bl o (il o
ods Aoy A8 e Oladss b by 4,8 )b Cod i jeeelS
Ly sy pole Baiod ojle dgaome oladl (g3luacd uls alsl jo .ol

Ailoads anlie o 0,28 Cond gl

dlgiwl 59y 5 2oy wpo 0 Gildaw b, (o luiel-1-3-3
ALbdS iz b (& jguelS

@il ol B ileand w5l plebl Jga cge
3 $RielS wlginsl 595 ol S (S0 48 oS gl alie
12.7 b5 4 0,5 S0 5l el &jle w0t o e ol o ol
55 Jolee) a5l y0 194 cop b aS 0,55L55.34 52 5 2 Lo
(G 3,50 05l (izman IS (e )55 0l ar (55 10 555
§ yio suo 6.5 Cualss g yio do 55 (Ll b 4y 2 5eelS slalgiul
lyt tba [£55]10 3o 4 LI DT U s e e 110 b
2 sl 00 03l Wl SAR - (gl gy slagylell 5l cojl (s st
S j9eelS lgil a6 5lwand Jae w5 4 13 512 sl S
awslio )8 o5l lojmg i Hloged g oald ol ol> B (8 Lo e 4,0
iloas sols Gioles [17] gz o ()28 S i b

Impactor: body Rigid
Mass: 1.6 Kg

.aminate: [£55];9

‘otal Thickness: 6.5 mm

i g5,
nternal Diameter: 50 Damcter: S mm

Fig. 12 Finite element simulation of a composite cylindrical
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Fig. 18 Structural damage modes (m=10kgandv=2.4m/s) (a)
Fiber damage in tension, (b) Fiber damage in compression, (c) Resin
damage in tension, (d) Resin damage in compression
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Fig. 16 Structure force-time diagram, m=10 kg and v=2.4 m/s
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Study of Cyclic Behavior, Displacement-Controlled Low-Cycle Fatigue
Lifetime and Failure in Open-Hole Polymer-Matrix Composite Reinforced by
Carbon Fibers Under Various Loading Rates and Amplitudes

Mohammad Azadi*, Mohammad Dorfaki

Faculty of Mechanical Engineering, Semnan University, Semnan, Iran.
* P.0.B. 35131-19111, Semnan, Iran, m_azadi@semnan.ac.ir

Keywords Abstract

Polymer matrix composite In this article, effects of the loading rate on low-cycle fatigue behaviors in carbon fiber reinforced
Carbon fibers composites have been investigated. Firstly, open-hole composite specimens were exposed to two different
Low-cycle fatigue tensile loading rates to achieve displacements in low-cycle fatigue tests. Then, samples were subjected to
Displacement rate cyclic loading, in three displacements and five loading frequencies. Fracture surfaces and scanning electron
Displacement amplitude microscopy images were also shown. Obtained results indicated that increasing the rate enhanced the

maximum stress due to the material tend to the brittle behavior. The maximum stress in different
frequencies had a small enhancement; however, it enhanced at various displacements. The lifetime had a
decreasing trend in a constant displacement, with increasing the frequency and increased in a constant
frequency, with increasing the displacement. By analyzing the sensitivity, the change in the loading
frequency (at constant displacements) and the displacement (frequencies: 1-5 Hz) were not effective on the
maximum stress. However, under 10-20 Hz, it was effective on the maximum stress. The material cyclic
behavior demonstrated that the maximum stress decreased during loading cycles due to the damage
accumulation and the composite stiffness reduced. The failure mechanisms changed by changing the
frequency and the percentage of the fiber breakage increased by increasing the loading frequency.
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Figure 4 The fatigue lifetime objective function
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Figure 7 The loading frequency-fatigue lifetime diagram at 1.5 mm
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Figure 8 The loading frequency-fatigue lifetime diagram at 2 mm
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Figure 11 The displacement-fatigue lifetime under 10 Hz
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Figure 12 The displacement-fatigue lifetime under 15 Hz
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Figure 13 The displacement-fatigue lifetime under 20 Hz
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Figure 9 The displacement-fatigue lifetime diagram under 1 Hz
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Figure 10 The displacement-fatigue lifetime diagram under 5 Hz
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Figure 14 The diagram of maximum and minimum force-fatigue
lifetime at 1 mm and under 1 Hz
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Figure 15 The diagram of maximum and minimum force-fatigue
lifetime at 1 mm and under 5 Hz
ol g e Ll b (Sius joe —aneS 5 diiiiy (59,05 )lgas 16 S0
F25
220000
* Max farce

+ Min force
170000

120000

70000

Force (N)

20000

-30000

-80000
0 5000 10000 15000 20000
Fatigue lifetime (cycie)

Figure 16 The diagram of maximum and minimum force-fatigue
lifetime at 1 mm and under 10 Hz
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Table 6 Results of the sensitivity analysis related to the fatigue lifetime
at constant frequencies and different displacement

Frequency (Hz) 1 5 10 15 20
F-Value 5.46 3.96 17130 3578 26.21
P-Value 0.257  0.296 0.049 0.105  0.123
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Figure 21 The diagram of maximum and minimum force-fatigue
lifetime at 1.5 mm and under 10 Hz
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Figure 22 The diagram of maximum and minimum force-fatigue
lifetime at 1.5 mm and under 15 Hz
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Figure 23 The diagram of maximum and minimum force-fatigue
lifetime at 1.5 mm and under 20 Hz
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Figure 24 The diagram of maximum and minimum force-fatigue
lifetime at 2 mm and under 1 Hz
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Figure 17 The diagram of maximum and minimum force-fatigue

lifetime at 1 mm and under 15 Hz
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Figure 18 The diagram of maximum and minimum force-fatigue
lifetime at 1 mm and under 20 Hz
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Figure 19 The diagram of maximum and minimum force-fatigue
lifetime at 1.5 mm and under 1 Hz
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Figure 20 The diagram of maximum and minimum force-fatigue
lifetime at 1.5 mm and under 5 Hz
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Figure 29 The diagram of stress amplitude and mean stress-lifetime
under 1 Hz of the loading frequency for displacement changes

lS 350 aiels Ol s gl jes — 2 aSiles g Aty jlogai 29 S

Pl
450 ¢ ~——mean stress & frequency 1HZ
stress amplitude & frequency 1HZ
M0 | mean stress & frequecy SHZ
= 150 stress amplitude & frequency SHZ
‘;,“ - —mean stress & frequency 10HZ
£ 300 —stress amplitude & frequency 10
= —mean stress & frequency 15HZ
S 250 —stress amplitude & frequency 15HZ
E —mean stress & frequency 20HZ
= 200 —stress amplitude & frequency 20HZ
@
T 150
=
S 100
g 50
a0
=50
0 0,2 0,4 0,6 0,8 1

Normalized fatigue lifetime (N/Nf)

Figure 30 The diagram of stress mplitude and mean stress-lifetime at 2
mm of the displacemnet amplitude for frequency changes
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Figure 25 The diagram of maximum and minimum force-fatigue
lifetime at 2 mm and under 5 Hz
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Figure 26 The diagram of maximum and minimum force-fatigue
lifetime at 2 mm and under 10 Hz
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Figure 27 The diagram of maximum and minimum force-fatigue
lifetime at 2 mm and under 15 Hz
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Figure 28 The diagram of maximum and minimum force-fatigue
lifetime at 2 mm and under 20 Hz
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Figure 34 The failure surface of samples at 1.5 mm and under 1, 5, 10,
15 and 20 Hz
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Figure 35 The failure surface of samples at 2 mm and under 1, 5, 10,
15 and 20 Hz
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Figure 31 Broken specimens of tensile and fatigue after testing
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Figure 32 The failure image of tesnile samples after testing
09951 5l o etS (sladiges LSt g 32 S

] =]

2084 L} 209 @ 2107 211 212
Figure 33 The failure suface of samples at 1 mm and under 1, 5, 10, 15
and 20 Hz
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Figure 39 The scanning electron microscopy image under 15 Hz of
loading frequency
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Figure 40 The scanning electron microscopy iage under 20 Hz of
loading frequency
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Nonlinear Bending Analysis of Multi-Layer Hyperelastic Silicon-Rubber
Plates Using Meshless Based on Radial Basis Functions

Shahram Hosseini, Gholamhossein Rahimi*
Department of mechanical engineering, Tarbiat Modares University, Tehran, Iran.
* P.0.B. 14115-111, Tehran, Iran, rahimi_gh@maodares.ac.ir
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In this paper, bending analysis of a hyperelastic multi-layer square plate with clamped, simply supported,
and free boundary conditions are studied. The right Cauchy-Green tensor and neo-Hookean strain energy
function utilized to define the plate's physical nonlinear behaviour. The nonlinear strains formulated using
first-order shear deformation plate theory, and the Euler-Lagrange equations employed to derive the strong
form of the governing equations. The meshless collocation method based on radial point interpolation
method used to solve the nonlinear governing equations. The nonlinear boundary conditions imposed
directly on the plate in meshless collocation method. The logarithm basis function utilized for defining
shape functions, and the nonlinear system of equations solved using the arc-length algorithm. The results
of the meshless method compared to those of ABAQUS finite element software. The results show that the
meshless collocation method based on radial basis functions are efficient in nonlinear bending analysis of
the multi-layer hyperelastic plate with various boundary conditions such that the less difference between
meshless method and finite element method is 0.93% for clamped and the most difference is 8.72% with
free boundary conditions.
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Fig. 5 Diagram of loading on non-dimensional maximum
deflection for a three-layer plate (Sillicon/Rubber/Sillicon) under
unifomly destributed loading and simply supported boundary
condition using MCM and FEM
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Fig. 6 Diagram of loading on non-dimensional maximum
deflection for a three-layer plate (Sillicon/Rubber/Sillicon) under
unifomly destributed loading and clamped and free boundary
condition using MCM and FEM
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plate (Sillicon/Rubber/Sillicon) with clamped, simply supported,
and free boundary conditions
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Fig. 4 Diagram of loading on non-dimensional maximum
deflection for a three-layer plate (Sillicon/Rubber/Sillicon) under
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using MCM and FEM
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Fig. 9 Contour of stress along x-direction for a three-layer
hyperelastic plate (Sillicon/Rubber/Sillicon) with simply supported
boundary condition under q=4000Pa using MCM (top) and FEM
(bottom)
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Table 1 results of a two-layer hyperelastic plate under g=6000Pa with

clamped and simply supported boundary conditions and h;=h,=0.005m
using MCM and FEM

&

Nt s Smar Eoxma MTE ;V b
Pa Pa (m) N 3
oyS

2.07 1.27 2.02 5.34 12.66 FEM 9
2.16 1.24 1.95 5.66 1258 MCM vy
2.06 2.37 1.40 4.74 12.85 FEM do
2.24 2.49 1.59 4.63 1274 MCM .y
236 271 178 488 1265 FEM |-
2.18 2.43 1.69 471 1251 MCM oY
2.03 1.57 1.28 4.32 12.78 FEM o=
2.22 1.43 1.19 4.21 1263 MCM .y
ool

1.05 0.69 1.75 6.7 13.26 FEM 9
1.18 0.71 1.66 7.09 1339 MCM .y
0.96 0.96 1.64 7.5 13.55 FEM do
0.94 0.94 1.53 7.73 13.62 MCM .y
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Reliability analysis of the delamination onset and growth due to the matrix

cracking in general composite laminates

Ali Delbariani-Nejad*, Amin Farrokhabadi*, Mohammad Fotouhi?

1- Department of Mechanical Engineering, Tarbiat Modares University, Tehran
2- School of Engineering, University of Glasgow, Glasgow, UK
* P.0.B. 14115-111, Tehran, Iran, amin-farrokh@modares.ac.ir

Keywords Abstract

Reliability
Probability of failure
Delamination

Limit state function

Unlike other materials, composite laminates have more uncertainty sources, such as uncertainty in the
material properties; hence it is very essential to predict the probability of the occurrence of various types
of damage modes in composite laminates due to random behaviors of composite structures. Matrix cracking

Failure criterion induced delamination (MCID) is one of the catastrophic modes that can occur in composite laminates. In
this paper, a new algorithm for probabilistic prediction of MCID based on the concept of energy release
rate and its critical value was developed and by applying this proposed framework, the reliability analysis
of MCID damage was performed. The limit state function was formulated using a general failure criterion
which was developed by the authors of this article, previously. To represent the performance of the
proposed algorithm, the probability of the occurrence and growth of MCID in a quasi-isotropic laminate
including 45°, 90, -45° and 0° plies under different loading conditions and various stacking sequences was
extracted by using first and second order reliability methods (FORM and SORM),. The verification of the
obtained probabilities was performed using Monte Carlo simulation (MCS). In addition, some significant
results were validated using several experimental data, qualitatively. The effect of variables such as the ply
thickness, the level of longitudinal uniaxial stress and the presence of general in-plane stresses on the

probability of occurrence and growth of MCID was investigated.
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Fig. 1 Schematic of composite laminate containing matric cracking induced delamination and unit cell under general in-plane loadings
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Table 1 Statistical characteristic of material properties of Carbon/Epoxy
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Fig. 3 The effects of number of ply clustering, n and the
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different types of matrix cracking formation
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on Fibers Glass-Epoxy Composite
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Keywords Abstract

Composite Drilling process of Fibers Glass-epoxy composites is always associated with defects such as interlayer
Delamination delamination phenomenon. This phenomenon reduces the strength of composite panels. In this study, to
Drilling minimize this defect, the effective parameters including feed rate, tool diameter, thickness, edge tool angle,
Optimization rotational speed, orientation fibers and coolant were studied. The number of experiments was specified
Strength based on Taguchi's design of experiments method and Experimental study was performed on the drilling

process of the composite to evaluate the amount of delamination. Then holes were scanned by a Video
Measuring machine(VMM) and amount delamination in them has been calculated by considering hole
diameter. The collected data were used to statistically analyze and optimize the drilling parameters using
variance analysis (ANOVA). The results showed that feed rate with a 29.6% and rotational speed with 24%
had greatest influence on the delamination, so that with increasing the feed rate delamination was increased
and with increase in rotational speed, delamination is first increased and then decreased. Also to
investigation of the effect of delamination on the tensile strength of composite and stress concentration
coefficient, specimens were subjected to tensile test. The results showed that with increasing delamination,
the average tensile strength and stress concentration coefficient of perforated parts compared to healthy
specimen( without hole), 34% decreased and 51.66% increased respectively. Also with 1.22 times the
delamination compared to the delamination of initial sample, tensile strength 6.5% decreased and stress

concentration coefficient 6.9 increased.
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Fig.-2' Drilling with coolant
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Fig. 3 Measurement of diameter with three points around the hole

by VMM
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Fig. 4 Perforated piece under tensile load
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Table 1 Values provided for each of the parameters
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150 800 5 10 140 [0/90],5 without 1z
300 1600 10 15 120 [(0/90),/45]s With 2zl
450 2400 20 —_— 3 sl
ey g gl -3
— 8o 5melS (6 g 50 e T Sl (3,95 cads o)L 3 4 ghailen
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Fig. 7 D, is largest diameter and D,, drill diameter [13]
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Fig. 5 Delamination at the entrance of the drill[3]
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Fig. 6 Delamination at the exit of the drill [3]
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Table 2 Seventeen pattern for Experiment

Fy f(mm/min) V(rpm) d(mm) t(mm) a(deg) Orientation Coolant Experiment

&5 Ol Gorim Sy Sligd e s o kb Cwls ol sl G Y B Gabjleles
1.120 300 1600 15 5 120 [0/90],, without 1
1.166 450 2400 10 5 140 [0/90],, without 2
1.032 150 800 20 5 140 [0/90];, without 3
1.150 150 1600 15 10 140 [0/90],5 without 4
1.153 300 800 20 10 120 [0/90],5 without 5
1.153 150 1600 10 5 140 [(0/90),/45]5 without 6
1.150 450 800 15 5 140 [(0/90),/45]s without 7
1.068 300 2400 20 5 140 [(0/90),/45]s without 8
1.120 450 800 15 10 140 [0/90],5 without 9
1.013 150 2400 20 10 140 [0/90],5 with 10
1.085 300 1600 10 5 140 [0/90];, with 11
1.240 450 1600 20 10 120 [0/90],5 With 12
1.087 150 2400 15 5 120 [(0/90),/45]5 With 13
1.165 450 1600 20 5 120 [(0/90),/45]5 With 14
1.085 150 800 10 10 120 [0/90],5 With 15
1.125 450 800 10 5 120 [(0/90),/45]s With 16
1.057 300 2400 15 5 120 [(0/90),/45]s With 17
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Fig. 13 Effect of coolant on the delamination
3)55):"’“-55-‘5 @Ln,u\l?) ‘S—MA

&3¢ Oliort oz ¥ F1-1-3

1 oas e oo Lis |y c035melS amin 5,95 Sz Y J114 o
2 [0/90]25 (o 4aY (510 2 dae g [(0/90)2/45]5 oz Y sl
=z Y 5l s [0/90]5 sum Y 95 wws so loid gl il
4 azgi b [(0/90),/45]5 oz aaY 1pj 0l se [(0/90);/45]5
Sz 3 =2 5 Jsb SO0 a9 p ol 4z 0 45 gy sl
[0/90]55 sz axY drCod 525 (42,590 g ;oo o Lo ) 4z 545
A 0 5 odnd eSS el g g ools Glid g5 5l (g ity Cueglie
el ALl (6 568 5,98

1.1157 T T T T T T

1.1156 [

1.1155

1.1154

1.1153

1.1152

Mean Delamination

11151

1115

1.1149 L L L L L L
1 1.2 1.4 1.6 1.8

Orientation
Fig. 14 Effect of orientation on the delamination

BoF p sz Y 514 S

[N

L Al S gz ¥ g e Hhad a5 apo o (i 8 slo sy @l
AT 0 ey K00 4 o (5 a8 o 9 il 2l 3558 (e

0 3,85 Gl p ()5S

1.13 T T T T T T
1125
c
2
g
£ 112
5
[]
a}
c
§ 115}
=
111
4 5 6 7 8 9 10 11
Thickness(mm)

Fig. 11 Effect of thickness work piece on the delamination
Gy I8 axhad culks S111 Ko

G355 e 3 b 1-5-3
@l ailioe (el axkad §)55 (liee p lpl k8 SIS 12 IS
Sl 95 097 wlies 2ol Gy (d) LIl a8 Gl b wes e s
oRIF o 5o aze jlad Al L LS asdad 5l eled g
S woign S (L) e s 4 5505 S o0 (5351 Ll i
30 990,50 I8 aslad 4y 00)ly ol i S Cely jlid ralS ol
oud y1aS 1 b3 il S8 Gl b eizmen b e (alS 5,55 Az

Hlge SR 5,55 s )0 s

1.125

1121

1115

Mean Delamination

1.105 : L L L L !
10 12 14 16 18 20
Drill diameter(mm)

Fig. 12 Effect of drill diameter on the delamination

G55 3 45a b 112 Y8

By Ol p oS OS5 2oyl -6-3
a3 e G |y (S emalS o (3,55 oaiiS i3 wle 3113 JSs
clle gl 2 sac g oS S mle b g Wghs o clle (ol 1 sac
oolail a5 aas co lid bl ol o 0isS S e (9 (5 ) 5E e
ey a5 Slilejl s cwloas 5,55 Sials cel |15 S5 slge )
50l e sloo Galdl 4y e Cossl 0L Ll o dakad e 5 (59t

1416

0359408 (5 9US 9 pgle &y juis



0940l 59U 9 pole &y puiss

O 5w plad dlgasoxo

wslabod (SIS FD gus 3T )8 )3 Hige Sl Jielily Sl diag 5 (2075 () 22

o alngr byl @l b Jguar

Table.3 Results of optimization parameters
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345<f<450 150<f<345 f(mm/min) 1
[0,90,0,90] [0,90,0,45] Layer 2
120 140 A 3
800<V<900 &
900< V <1986 1986< \V/ <2400 s(rpm) 4
10 5 t(mm) 5
d<14 14<d<20 d(mm) 6
Without coolant With coolant Coolant 7

Fa=1.12357- 0.0322 coolant_with

+0.0322 coolant_without + 0.0116 layer_[0,90,0,45]

-0.0116 layer_[0,90,0,90] + 0.0258 a_120 - 0.0258 «_140
-0.0234 t(mm)_5 + 0.0234 t(mm)_10

+0.0206 d(mm)_10- 0.0125 d(mm)_15- 0.0081 d(mm)_20- )
0.0320 s(rpm)_800 + 0.0403 s(rpm)_1600

-0.0083 s(rpm)_2400- 0.0244 f(mm/min)_150- 0.0247 f(
mm/min)_300 + 0.0492 f(mm/min)_450
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Table.6 Comparison of experimental and predicted results
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b f B @ by ol
3 1.14967 112 1
1 1.15647 1.166 2
0.2 1.03047 1.032 3
0.4 1.14517 1.15 4
2.1 1.12857 1.1525 5
0.1 1.15467 1.153 6
6.4 1.12287 1.15 7
0.8 1.07707 1.0675 8
2.3 1.14647 1.12 9
2.3 1.036557 1.0125 10
1.7 1.06677 1.085 11
2.4 1.21037 124 12
25 1.06017 1.08733 13
1.8 1.18677 1.165 14
0.7 1.09317 1.085 15
1.6 1.14317 1.125 16
0.3 1.05987 1.05666 17
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Table 3 Analysis of Variance and determine of P-value

bl Ghlazys Ol gseme Sluye Kl Jloz|
(DF) (SS) (MS) (P-Value)
Coolant 1 0.008884 0.008884 0.029
Orientation 1 0.001079 0.001079 0.365
a(deg) 1 0.00611 0.00611 0.055
t(mm) 1 0.003765 0.003765 0.112
d(mm) 2 0.002595 0.001298 0.357
V(rpm) 2 0.015096 0.007548 0.027
f(mm/min) 2 0.018793 0.009397 0.017
Error 6 0.006509 0.001085
Total 16 0.062832

amio 358 byl 51 o e oIS U lies (4) Jge 8 5l ol L
&l oo oals yLis (4) Jgoz 50 g ool sy

%P = ((SS; — DF,) X MS/SS;) x 100 4

& 2 Cigals S g slo el (IS 56 e 490
Table 4 The effect of composite drilling parameters on the

delamination
SIS R e sl )
14% Coolant 1
1.7% Orientation 2
10% a(deg) 3
5.9% t(mm) 4
4.1% d(mm) 5
24% V(rpm) 6
29.6% f(mm/min) 7
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Cewloals C‘J‘z'“"" Lm,..al)b o>

* -Analysis of Variance(ANOVA)
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Fig. 16 :Effect of delamination on tensile strength
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Table.7 Result of tensile test in perforated specimens

Lol .
Kt (N) 555 S (L;;y) Lged oS @,
(MPa) 4
14578  9324.4 249.0 1.030  TH10-1 1
1.4744 9235 246.2 1.050  TH10-2 2
15407  8837.2 235.6 1.250  TH10-3 3
1.5512 8778 234.0 1.258  TH10-4 4
15592  8733.0 2328 1.260  TH10-5 5
15166 89815 23952 . oeSles
1.56

-
i Jd
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Stress Concentration Factor(Kt)
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Fig. 15 Effect of delamination on stress concentration factor
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Abstract

Polyamide 6

Acrylonitrile butadiene rubber
Perlite

Nanocomposite

Response surface methodology

In this paper, nanocomposites based on polyamide 6 (PA6)/acrylonitrile-butadiene rubber (NBR)/Perlite
were prepared by melt mixing technique in an internal mixer. Response surface methodology (RSM) and
central composite design (CCD) were used to study the influence of two material variables including perlite
content and NBR content on tensile strength and impact strength of PA6/NBR/Perlite nanocomposites. The
microstructure of nanocomposites samples was also examined to confirm the result obtained by scanning
electron microscopy images. Based on the results obtained from the response surface methodology, when
NBR phase content is 20%wt., with increasing perlite nanoparticles from 3% to 7% wt., the value of tensile
strength increased by 12.9% and on the other hand, the value of impact strength decreased by 47.7%. Under
optimal conditions of perlite content of 4.37 wt. and NBR content of 34.83 wt., the simultaneous
maximization of the tensile strength (58.4 MPa) and impact strength (66.3 J/m) could be obtained.
Observations of scanning electron microscopy images showed that the difference in mechanical results was
due to the different sizes of the elastomeric phase in different compounds.
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Table 2 Material variables and their performance range based on five-
level CCD design
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Table 4 Analysis of variance for tensile strength
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Table 5 Analysis of variance for impact strength
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Table 3 Design matrix and values of responses

IS@m)  TS(MPa) NBR oM s e

(wt.) (wt.) Sles|
491403 624112 30 5  PN30P5 1
485407 622409 30 5  PN30P5 2
193403 751405 10 5  PNLOPS 3
248406 527408 30 9 PN30P9 4
1245411 433109 50 5  PN5SOPS 5
221408 722403 20 7 PN20P7 6
584409  488+L1 30 1 PN30OPL 7
732404 514406 40 7 PN4OP7 8
503+1.0 619407 30 5  PN3OP5 9
871412 529404 40 3 PN4OP3 10
386402 626410 20 3 PN20P3 11

1278 @l plly 2l 2L, by, (I

Tensile strength (MPa) = 40.32 + 0.186 XN + 12.02xP — 0.138XNxP —
0.719xP? (@)

Impact strength (MPa) = 35.87 — 0.934xN — 0.082xP + 0.495xXN? —
0.495%P? )

Tensile strength (MPa) = 62.57 — 8.18xXN + 1.33xP — 2.78XNxP —
2.088xP? (©)

Impact strength (MPa) = 50.24 + 25.83xN — 8.13xP + 559xN? —
1.98xP? @

! Residual
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Fig. 2 Plot of a) 2D and b) 3D of effect of interaction between material
variables on tensile strength
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Fig. 1 Plot of actual values versus predicted values for a) tensile
strength b) impact strength
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Fig. 4 Effect of material variables on a) tensile strength b) impact
strength
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Fig. 3 Plot of a) 2D and b) 3D of effect of interaction between material
variables on impact strength
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Investigation on the Energy Absorption of Elastomeric Auxetic Structures in
Quasi-static and Impact Loading
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In this paper, a new category of lattice structures called auxetic structures has been studied, which due to
low weight, high stiffness and shear strength, have various applications including energy absorption. The
unique features of these lattice structures can be related to their special geometry and the Negative Poisson's
ratio. In this study, three elastomeric auxetic structures made of TPU with geometries of Anti-tetra chiral,
Arrowhead and Reentrant were investigated experimentally at quasi-static and impact loading and
compared with a non-auxetic Honeycomb structure. The specimens were fabricated by additive
manufacturing method and evaluated using the parameters such as the absorbed energy and the energy per
unit length of compaction. Impact loading was performed at two level to investigate the energy absorption
capability and deformation mechanisms of the structures in different level of loading. The results show that
the auxetic structures absorb much more energy than non-auxetic conventional ones in quasi-static loading
and absorb more energy per unit length compaction in impact loading.
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Fig. 1 Cell unit of the structures: a- reentrant, b- arrowhead, c- anti-tetra
chiral, d- honeycomb
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Fig. 6 Load-displacement diagrams of specimens under quasi-static
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Fig. 9 Absorbed energy of specimens
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Fig. 13 Maximum deflection of specimens at 20J impact loading
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Fig. 14 Absorbed energy per unit length of deflection at 20J impact
loading
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Fig. 12 Absorbed energy of specimens at 20J impact loading
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Fig. 17 Absorbed energy of specimens at 60J impact loading
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Fig. 18 Maximum deflection of specimens at 60J impact loading
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Fig. 15 Peak force during 20 J impact
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Fig. 19 Absorbed energy per unit length of deflection at 60J impact
loading
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Development of the Virtual Crack Closure Technique using Layer Wise
theory for Delamination Propagation of a Composite Beam in Mode I
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* P.0.B. 39715-194, Damavand, Iran, afshin@damavandiau.ac.ir

Keywords

Abstract

Composite Beam
Delamination
Layer Wise
VCCT

Due to the sensitivity of the results in the delamination area of composite laminates, it is necessary to use
accurate theories that include all components of stress to study this area. For this purpose, in the present
study, the virtual crack closure technique based on layer wise theory has been developed to analyze the
propagation of delamination in a composite beam. The strain energy release rate in mode | is determined
based on the properties of the material and an algorithm is proposed to implement the method. The
present method has been implemented numerically in MATLAB software on a 2D and 3D Double
Cantilever Beam (DCB). In order to validate the method, it has been compared with the results of
previous works based on Finite Element method. An analytical solution to the problem is also presented
and compared with the results of the present work. The force-displacement behavior of a DCB composite
beam is analyzed, which indicates the suitable capability of this method in the analysis of propagation of
delamination, and the computations are reduced relative to the three-dimensional Finite Element.
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Fig. 6 Dimensions of the studied composite beam, boundary
conditions and pre-crack area in the structure [35]
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Fig. 5 Flowchart of Numerical implementation of the developed
method
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Fig. 7 Comparison of the force-displacement curve obtained from the
developed method (VCCT-Layer wise) and Abaqus software (VCCT-
FE) for composite DCB in 2D

Ohsy) edd ooy drwgs g, 5l Jeols abulmg s s awlie T S
il iy i) s S ey (A5 e (b
Sngs Sl 50 (D jeelS 15 diged (sl (Sgue Lol S

1450

<0940l (5 )9Ud 9 pole Ay s



2940l 59U 9 pgle &y puiss

O8] s 9 Sw)lb Sowse She

w2 Gl 095 AV (5055 S HEIIG b I )5 5 )lme O3 Al Hbs) s g

W3S S )3 5 esle Sugye)l ele (el o eizmen g 005 e
23,5 50 9)ls Slwlos 1o By aie¥l Jooe 1add 5 595 ol

60
50 1

40 ’ ";

Force (N)

30 ==

——

-

-
-

20

10

a 05 1 15 2 25 3
Displacement (mm)

Fig. 10 Comparison of the force-displacement curve obtained from
the developed method (VCCT-Layer wise) and the results of
analytical solution in composite DCB

O99y) oo 00ld drwgs g, 3l Jeols plul g0 ciie duslie 10 JSCh
239008 55 50 helos Jo @l 5 (S Y-S 5 (g5lre (o di

G5 A -6
Oz g S S mibn @l govs Gy Syl B o
boolyen i o¥oles Jo glp (S Y (6,585 00 )5 )| (jaalS 15 50
Sl S e oM ST g ead oolitel il
Ol pslaie 4r o ools axwgi (sS4 (5,55 ) el ey gl bl
2z sleys slp oas Jle iz oad ools anwgi by YL Sl ol
A oo olis mls dwslie b vy Gialas boolies Cojenls 4
OMS Ay 00 00ls Anwgd ) Glee o3 silwesly o (g9 Bl
J> 9 ogamme QLS 5 (s5lme b i (B, b oS Y-S 5 il
3 odd ool dswg g, (el @l s 0 dezg Ldod
Coll oad eols @) g, W amose oli oy26 mlS b awlis
30 Gwmdw g (o e 9o jo Sl a6l ol o i

J& oo o g o)l 1) Gulaa boles (o055l Cuied 55 5 sloys

ol e dgamme Gladl (g, 4 Cond 38 ) 0 Clawlre o

é.?‘,n -7

[1] Orifici, A. C., Herszberg, I., and Thomson, R. S., “Review of
methodologies for composite material modelling incorporating
failure,” Composite Structures, Vol. 86, No. 1-3, pp. 194-210,
2008.

[2] Carraro, P. A., Novello, E., Quaresimin, M., and Zappalorto, M.,
“Delamination onset in symmetric cross-ply laminates under static
loads: Theory, numerics and experiments,” Composite Structures,
Vol. 176, pp. 420-432, 2017.

[3] Turon, A., Camanho, P. P., Costa, J., and Renart, J., “Accurate
simulation of delamination growth under mixed-mode loading
using cohesive elements: Definition of interlaminar strengths and
elastic stiffness,” Composite Structures, Vol. 92, No. 8, pp. 1857—
1864, 2010.

1451

140
120 \

4
100 A X

N

4 SesSTo

Force (N)
[0}
o
<
)

D
o
<
I

----- Exprimental
VCCT-Layer wise

IS
o

N
o

0 2 4 6
Displacement (mm)

Fig. 9 Comparison of the force-displacement curve obtained from
the developed method (VCCT-Layer wise) and experimental result
in Ref.[36]

99y) o 03ld anwgi gy 5l ol almlr —gy Sovie anlie 9 JSCB
[36]c o 225 @l 5 (LT RY-S 5 (sl (s Aty

o o 15
@ @B b e chille Gl ggdse 0 Ll o 5l ol @l
Sip sblul Ol 28,5 caol b e Llos ol e oo olas
Ll [38,37] el oo o,lil )] Sl jz 0 golio j0 45 8,5 0 & jg0
e 4 SzeS sleabuly -85 slagan o b 5 slaxio 25
Jo oS e B eolital 9)90 (Ll 5 6,55 Jo Sl B L cilae
9 JPr 5 G bl poplae adge oS e SO LS s
b U Billae G 090 (5,108 L a0 ¢ as SV casls Sl

40,39] 04 0 428 5 a5 10 Oy

R 3E;l
lastic = 53 °
elastic = 5 ag
(33)
2 (bG E{1)3/2
Raetaminattion = gT
(34)

Rl 3 LS abmlr -y Jloges (a> 5 Relastic 45
oS e )0 olmlrmg s gl ot é Cwend Ryeraminattion s
PRl leal gl 58 G albmlr 6 ke b
2 oadyl gulas asb Jsb Qg o ppe b G gl h s okl
55l il Sl 25 Lliee Geizmen wilioo 6 IS (550 Ll ol
Dy
— gy e o S Lo e el ool Lz 10 IS o a5 jghailes
J> b alie o (S a¥-S 5 (gilre adatey Ghg) gy 50 bl
Jo 0 a5 el ol (S i s Bl Foml Sl s
Al (pope By S e (Jen 5 S el p (el



O8] S 9 Sw)lb Sowgo Sle S

w022 Bhe Y AN (595 S SN b S5 (5 ke yub Al b A s

[23]Watwood, V. B., “The finite element method for prediction of
crack behavior,” Nuclear Engineering and Design., Vol. 11, No. 2,
pp. 323-332, 1970.

[24]Krueger, R., “Virtual crack closure technique: History, approach,
and applications,” Applied Mechanics Reviews, Vol. 57, No. 1-6,
pp. 109-143, 2004.

[25]Standard Test Method for Mixed Mode I-Mode Il Interlaminar
Fracture Toughness of Unidirectional Fiber Reinforced Polymer
Matrix Composites, Annual Book of ASTM Standard, ASTM
D6671-01, 2000.

[26]Liu, P. F., Hou, S. J, Chu, J. K, Hu, X. Y., Zhou, C. L., and Yan, L,
“Finite element analysis of postbuckling and delamination of
composite laminates using virtual crack closure technique,”
Composite Structures, Vol. 93, No. 6, pp. 1549-1560, 2011.

[27]Whitcomb, J. D., “Analysis of Instability-Related Growth of a
Through- Width Delamination,” National Aeronautics and Space
Administration, Langley Research Center, Hampton,VA, Report
No. NASA TM-86301, 1984..

[28] Camanho, P. P., Davila, C. G. and Pinho, S. T., “Fracture analysis
of composite co-cured structural joints using decohesion elements,”
Fatigue and Fracture of Engineering Materials and Structures, Vol.
27, No. 9, pp. 745-757, 2004.

[29]Benzeggagh, M. L. and Kenane, M., “Measurement of mixed-
mode delamination fracture toughness of unidirectional
glass/epoxy composites with mixed-mode bending apparatus,”
Composites Science and Technology, Vol. 56, No. 4, pp. 439-449,
1996.

[30]Camanho, P. P., Da'vila, C. G. and De Moura, M.F, “Numerical
Simulation of Mixed-mode Progressive Delamination in
Composite Materials,” Journal of Composite Materials, Vol. 37,
No. 16, pp. 1415-1439, 2007.

[31]Camanho, P. P. and Davila, C.G., “Mixed-Mode Decohesion Finite
Elements for the Simulation of Delamination in Composite
Materials,” National Aeronautics and Space Administration,
Langley Research Center, Hampton, VA, Report No. NASA/TM-
2002-211737, 2002.

[32]Reddy, J. N., “Mechanics of Laminated Composite Plates and
Shells: Theory and Analysis,” Second ed., CRC Press, 2004.

[33]Tahani, M. and Nosier, A., “Edge effects of uniformly loaded
cross-ply composite laminates,” Materials and Design, Vol. 24, No.
8, pp. 647-658, 2003.

[34]Afshin, M. and Taheri-Behrooz, F., “Interlaminar stresses of
laminated composite beams resting on elastic foundation subjected
to transverse loading,” Computational Materials Science, Vol. 96,
pp. 439-447, 2015.

[35]Marjanovi¢, M., Meschke, G. and Vuksanovi¢, D., “A finite
element model for propagating delamination in laminated
composite plates based on the Virtual Crack Closure method,”
Composite Structures, Vol. 150, pp. 8-19, 2016.

[36]G. R. Babu and B. Santhosh, “Experimental and Analytical
Investigation on Delamination of Composites,” vol. 4, no. 12, pp.
41-45, 2015.

[37]Orifici, A. C., Thomson, R. S., Degenhardt, R., Bisagni, C. and
Bayando, J., “Development of a finite-element analysis
methodology for the propagation of delamination in composite
structures,” Mechanics ofComposite Materials, Vol. 43, No. 1, pp.
9-28, 2007.

[38]Balzani, C. and Wagner, W., “An interface element for the
simulation of delamination in unidirectional fiber-reinforced
composite laminates,” Engineering Fracture Mechanics, Vol. 75,
No. 9, pp. 2597-2615, 2008.

[39]Chen, J, Crisfield, M., Kinloch, A. J., Busso, E. P., Matthews, F. L.
and Qiu, Y., “Mechanics of Composite Materials and Structures
Predicting Progressive Delamination of Composite Material
Specimens via Interface Elements,” Mechanics of Composite
Materials, No. 11, pp. 37-41, 2010.

[40]Tenchev, R. T. and Falzon, B. G., “A pseudo-transient solution
strategy for the analysis of delamination by means of interface
elements,” Finite Elements in Analysis and Design, Vol. 42, No. 9,
pp. 698-708, 2006.

[4] Feng, D. and Aymerich, F., “Finite element modelling of damage
induced by low-velocity impact on composite laminates,”
Composite Structures, Vol. 108, No. 1, pp. 161-171, 2014.

[5] Bak, L. V., Turon, A, Lindgaard, E., and Lund, E., “A simulation
method for high-cycle fatigue-driven delamination using a
cohesive zone model,” International Journal for numerical methods
in engineerin, VVol. 106, No. February, pp. 1102-1119, 2012.

[6] Fan, X. L., Sun, Q. and Kikuchi, M., “Review of Damage Tolerant
Analysis of Laminated Composites,” Journal of Solid Mechanics,
Vol. 2, No. 3, pp. 275-289, 2010.

[7] Heidari-Rarani, M. and Sayedain, M., “Finite element modeling
strategies for 2D and 3D delamination propagation in composite
DCB specimens using VCCT, CZM and XFEM approaches,”
Theoretical and Applied Fracture Mechanics, Vol. 103, No.
January, pp. 1-10, 2019.

[8] Soroush, M., MalekzadehFard, k. and Sharavi M., “Experimental
Measurement of Parameters for High Velocity Impact Simulation
on Composite Plate Based On PDM and CZM,” In Persian,
Modares Mechanical Engineering, Vol. 19, No. 9, pp. 2215-2226,
2019.

[9] Krueger, R., “An approach to assess delamination propagation
simulation capabilities in commercial finite element codes,”
National Aeronautics and Space Administration, Hampton, VA,
Report No. NASA TM/2008-215123, 2008.

[10]Barbero, E. J. and Reddy, J. N., “Modeling of delamination in
composite laminates using a layer-wise plate theory,” International
Journal of Solids and Structures, Vol. 28, No. 3, pp. 373-388, 1991.

[11]Reddy, J. N., “An evaluation of equivalent-single-layer and
layerwise theories of composite laminates,” Composite Structures,
Vol. 25, No. 4, pp. 21-35, 1993

[12] Tabiei, A. and Zhang, W., “Composite laminate delamination
simulation and experiment: A review of recent development,”
Applied Mechanics Reviews, Vol. 70, No. 3, 2018.

[13]Xie, D., Sherrill, B. and Biggers, J., “Strain energy release rate
calculation for a moving delamination front of arbitrary shape
based on the virtual crack closure technique. Part I: Formulation
and validation,” Engineering Fracture Mechanics, Vol. 73, No. 6,
pp. 771-785, 2006.

[14]Reeder, J.R., “3D Mixed-Mode Delamination Fracture Criteria—An
Experimentalist’s Perspective James R. Reeder,” 21st Anual
Technical Conference, pp. 1-19, 2006.

[15] Shokrieh, M. M, and Zeinedini, A., “Modeling of delamination
fracture toughness of | and Il mixed mode of a laminated
composite asymmetric double cantilever beam,” In Persian, Journal
of Modeling in Engineering, Vol. 13, No. 41, pp. 1-11, 2015.

[16]Ahmadi-Najafabadi, M., Sedighi, M., Salehi, M. and Hossini-
Toudeshky, H, “Investigation and monitoring of delamination in
FMLs under mode I and II loading with FEM and AE,” In Persian,
Modares Mechanical Engineering, Vol. 15, No. 9, pp. 78-86, 2015.

[17]R. Mohammadi, M. Saeedifar, M. A. Najafabadi, and H. H.
Toudeshky, “Acoustic Emission Based Methodology to Evaluate
the Fracture Toughness in Carbon / Epoxy Composites,” Amirkabir
J. Mech. Eng., vol. 49, no. 2, pp. 137-138, 2017, doi:
10.22060/mej.2016.668.

[18]ASTM Standard D5528, “Test Method for Mode I Interlaminar
Fracture Toughness of Unidirectional Fiber-Reinforced Polymer
Matrix Composites,” Annu. B. ASTM Stand., vol. 15.03, no.
American Society for Testing and Materials, 2000.

[19] Azimi, M., Mirjavadi, S. S., Asli, S. A. and Hamouda, A. M. S,
“Fracture Analysis of a Special Cracked Lap Shear (CLS)
Specimen with Utilization of Virtual Crack Closure Technique
(VCCT) by Finite Element Methods,” Journal of Failure Analysis
and Prevention, Vol. 17, No. 2, pp. 304-314, 2017.

[20] Aymerich, F., Lecca, G. and Priolo, P., “Modelling of delamination
growth in composite laminates by the virtual internal bond method,”
Composites Part A: Applied Science and Manufacturing, Vol. 39,
No. 2, pp. 145-153, 2007.

[21]Rybicki, E. F. and Kanninen, M. F., “A finite element calculation
of stress intensity factors by a modified crack closure integral,”
Engineering Fracture Mechanics, Vol. 9, No. 4, pp. 931-938, 1977.

[22]Shivakumar, K. N., Tan, P. W. and Newman, J. C., “A virtual
crack-closure technique for calculating stress intensity factors for
cracked three dimensional bodies,” International Journal of
Fracture, Vol. 36, No. 3, pp. 43-50, 1988.

1452

<0940l (5 )9Ud 9 pole Ay s



1460-1453 o 0 1400 sl L ojlass 8 ala

s G953 ele ay i
H}”w so9Ls 5 [o}Lc
‘ http://jstc.iust.ac.ir u‘{"_';}’v#‘, KA

sLalglgil | EPDM [ 6umel oly aily 1 oy jonelSgil (Sl (plgs (o1ymi Julxi
e
ooy 2ly al Jod gomes olws

OIS ey dnted o o5 oKl (SilSo camiiigee bl (sl IS (gomeiils -1
O el e s a5 oKl (SlSe wiigee ¢ bl -2
v.panahizadeh@sru.ac.ir J16785-136 iy Gsoo «ylye5

oS Wlio eS|
EPDM) yagige &)l (53 crbagn bl 5 60ual s s yonls 55 93 5 (o yile Al Slocu;0malSsil (SlSe Loly> allin cnl o 1400/02/18 :=sL 5
EPDM- 55 710 575 555 5 0,5 lslsili 39 73 9720 1 70 Jolis Sl 5 sl 00 omiy st soalslsil by ouns oy s 1400/05/02 :_js 53,
lagysasl plonil (sl raigas aind angs 51 oS bslie Ky Lawgs 45 Wit EPDM 535720 5710 g 0S5 5Ls lsicay G-MA s
3Ll g ¥l Joe A5 5 41,0 SlaplSotinl a1 (SilSe slapygel il angd 1 o olSss Sy Lag (Sl - )slsiu
Jse 5725 1, 222 alSioial 12 1) a0 plSoial (oS dslsil 55 11 (05330 45 0d sanlive ind plonil cankds 4o Jsbo é:;ia;
4,5 plSociul <EPDM 555 110 jea> b cuizren ans g0 (ialS 713 1) cauSls (o Job obojl (Jg dwo o 201381743 1, SCayl seel
st 6l ln 2l 719 1T SVl Jgoa 5 75 apel oy oS plSioial g asdly (241531 734 conSs o Jsbo sbisjl g 727 EPDM
S 3 Job ool 5720 SVl Jade « U5 it plSovial ¢ 714 405 oSl EPDM-G-MA 75 1543381 b oo ;3 5150 S sladglsil

Boel b 5o 5558 (SilSe (plys den EPDM-G-MA 3 EPDM S5 3 o,5 slaalgdgil oq580 L L..;LQ.» 2,5 oy (33l 713

A 00l Sgups

Experimental Analysis of Mechanical Properties of Nanocomposites Based
on Poly amide 6/ EPDM /Carbon Nanotubes
Ehsan Hamidi, Valiolah Panahizadeh”

Department of Mechanical Engineering, Shahid Rajaee Teacher Training University, Tehran, Iran
* P.0.B. 16785-136, Tehran, Iran v.panahizadeh@sru.ac.ir

Keywords Abstract

Nanocomposites In this paper, the mechanical properties of nanocomposites based on a matrix of two phases of polyamide
Mechanical properties 6 polymer and ethylene propylene diene monomer (EPDM) reinforced with carbon nanotubes are
Polyamide investigated. The compounds include 0%, 1%, 2% and 3% by weight of carbon nanotubes as well as 5 and
EPDM 10% by weight of EPDM-G-MA as compatible and 10 and 20% by weight of EPDM prepared by an internal
Carbon Nanotubes mixer. Samples were prepared for mechanical tests by a hot press machine. Mechanical tests were

performed to determine the impact and tensile strengths, modulus of elasticity and elongation at failure. It
was observed that adding 1% by weight of carbon nanotubes increases the impact strength by 12%, tensile
strength by 25% and elastic modulus by 43%, but decreases the failure length by 13%. Also, with the
presence of 10% EPDM, impact strength increased by 27% and elongation at fracture by 34%, but the
tensile strength of polyamide decreased by 5% and its elastic modulus by 19%. To improve the mentioned
cases, by adding 5% EPDM-G-MA, the impact strength increased by 14%, the tensile strength by 5%, the
elastic modulus by 20% and the elongation at break by 13%. Finally, by adding carbon nanotubes and
combining EPDM and EPDM-G-MA, all the mechanical properties mentioned in polyamide 6 were
improved.
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Fig. 4 The effect of MWCNT on tensile strength, (a) with EPDM content
10%, (b) with EPDM content 20%
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Fig. 3 The effect of MWCNT on impact strength, (a) with EPDM content
10%, (b) with EPDM content 20%
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Fig. 6 The effect of MWCNT on elongation at break, (a) with EPDM
content 10%, (b) with EPDM content 20%
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Fig. 5 The effect of MWCNT on elastic modulus, (a) with EPDM
content10%, (b) with EPDM content 20%
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Numerical and Experimental Study of Carbon / Epoxy Composite Laminate
Response to Low Velocity Impact

Kian Amirashjaee-Asalemi', Sajjad Fakhreddini-Najafabadi!, Fathollah Taheri-Behrooz

1- School of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran
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Low-velocity impact (LV1)
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Carbon-fiber-reinforced polymer (CFRP)
Continuum damage mechanics (CDM)

Nowadays, low-velocity impact resistance and damage tolerance have become very important in the design
of composite structures, especially in the aerospace industry, and have led researchers to evaluate the low
velocity impact response in the design of composites. In this research, a numerical model for low velocity
impact (LVI) of carbon /epoxy composite laminate is proposed. This 3D damage model is based on
continuum damage mechanics with subroutine development (UMAT) in Abaqus/Explicit. In this model,
the interlaminar and intralaminar damage is considered and the nonlinear shear behavior is applied to
consider the plasticity in the matrix. To evaluate the results obtained from the numerical model, impact
testing was performed at three levels of impact energy (10 J, 15 J and 20 J). In addition, in order to verify
the failure mechanisms and the amount of damage caused by the impact, delamination area was measured
using radiology technique. By comparing the response of the impact behavior, a good correlation was
obtained between the experimental test results and the simulation, which shows that the failure model used
is well able to predict the behavior of the composite in this process.
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Fig. 12 Contour of the matrix damage obtained from modeling in different composite layers under 20 J impact.
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Fig. 13 Contour of the fiber damage obtained from modeling in different composite layers under 20 J impact.

(1]

[2]

(3]
(4]

[5]

(6]

[7]
(8]

[°]

J35 20 a0 Co o jgaalS calisee sla Y [0 (g3ledow 5l odal s a4y BLIN ol [ gls 13 Sl

o aall

Rahmani MKH, Khosravi H. "An experimental and numerical study
on the low-velocity impact behavior of polymer matrix Kevlar-Basalt
hybrid composites". Iran J Manuf Eng 2020;7:44-55.

Ebrahimi F, Habibi S. "Nonlinear low-velocity impact response of
CFRP enhanced with CNT in hygrothermal environments". Sci J
Aerosp Mech 2017;14:65-80.

Abrate S. "Impact on composite structures”. Cambridge University
Press; 2005.

Shishevan FA, Abazadeh B. "An experimental study on the low
velocity impact behavior of hybrid epoxy composites”. J Sci Technol
Compos 2019;6:571-80. https://doi.org/10.37358/MP.20.2.5364.

Dehkordi MT, Nosraty H, Shokriech MM. "Low velocity impact
simulation of intraply hybrid composites reinforced with brittle and
ductile fibers". Comput Methods Eng 2013;32:115-24.

Pachenari MH, Mozaffari A, Shariyat M. "Non-Linear finite element
low-velocity impact response analysis of a viscoelastic composite
plate, employing a layerwise theory". J Solid Fluid Mech 2016;6:97—
108.

L.Kachanov. “Introduction to Continuum Damage Mechanics"
1986;10.

Donadon M V., lannucci L, Falzon BG, Hodgkinson JM, de Almeida
SFM. "A progressive failure model for composite laminates subjected
to low velocity impact damage”. Comput Struct 2008;86:1232-52.
https://doi.org/10.1016/j.compstruc.2007.11.004.

Falzon BG, Apruzzese P. "Numerical analysis of intralaminar failure
mechanisms in composite structures. Part I: FE implementation”.
Compos Struct 2011;93:1039-46.
https://doi.org/10.1016/j.compstruct.2010.06.028.

[10]Falzon BG, Apruzzese P. "Numerical analysis of intralaminar failure

mechanisms in composite structures. Part Il: Applications”. Compos
Struct 2011;93:1047-53.
https://doi.org/10.1016/j.compstruct.2010.06.022.

[11]Faggiani A, Falzon BG. "Predicting low-velocity impact damage on a

stiffened composite panel’. Compos Part A Appl Sci Manuf
2010;41:737-49. https://doi.org/10.1016/j.compositesa.2010.02.005.

[12]Tita V, de Carvalho J, Vandepitte D. "Failure analysis of low velocity

impact on thin composite laminates: Experimental and numerical
approaches". Compos Struct 2008;83:413-28.
https://doi.org/10.1016/j.compstruct.2007.06.003.

=lms

5DV22
{Avg: 75%)

+8,900e-01
+9.075e-01
+8.250e-01
\ +7.4258-01
=Jms +6.600e-01
+5.775e-01
+4,950e-01
e +4,125e-01
+2.475e-01
+1.650e-01
+8.250e-02

1-3ms +0.000e+00

1=Tms

Fig. 14 Trough-the-thickness matrix damage of the composite laminate
at different time steps under the 20 J impact.

oy J>lre 50 sujselS Yz cwls sliuly jo Hw il ] 14 Sl
3520 45 o i

Num e Num oo
Fxp mmm Exp mmmm
Tixp area—272.2 mm?® Cxp arca—d466 27 mm®
Num area=261.3 mm?* Num area=420.0 mm*
(a} (b)
Num e
Exp

LCxp area—§85.6 mm?
Num area=803.7 mm?

(c)

Fig. 15 Comparison of the delamination area obtained from modeling
and radiography at the impact energies of (a) 10 J, (b) 15 J and (c) 20 J.

38 SF50l) 5 iladas 5l onsl oo 4y 3,55 Al Corlins anslia 15 JSCi
.Js3520 (€) 515 (b) 10 @) slows o (55,

0359408 (5 )9Ud 9 pgle &y jubs

1470



2)940l (5 )9US 9 pgle 4y puin

ODISets 9 allusl szl puel S

[31]ASTM International. "D7137/D7137M-17 standard test method for
compressive residual strength properties of damaged polymer matrix
composite plates”. Am Stand Test Methods 2012;i:1-17.
https://doi.org/10.1520/D7137.

[32]SIMULIA. Systems D. "ABAQUS documentation™. 2020 n.d.

[33]Ridha M, Wang CH, Chen BY, Tay TE. "Modelling complex
progressive failure in notched composite laminates with varying sizes
and stacking sequences". Compos Part A Appl Sci Manuf 2014;58:16—
23. https://doi.org/10.1016/j.compositesa.2013.11.012.

[34] Turon A, Déavila CG, Camanho PP, Costa J. "An engineering solution
for mesh size effects in the simulation of delamination using cohesive
zone models". Eng Fract Mech 2007;74:1665-82.
https://doi.org/10.1016/j.engfracmech.2006.08.025.

[35]ASTM International. "D3039/D3039M Standard Test Method for
Tensile Properties of Polymer Matrix Composite Materials". Am Stand
Test Methods 2014:1-13. https://doi.org/10.1520/D3039.

[36] ASTM International. "D6641/D664 1M — 14 Standard Test Method for
Compressive Properties of Polymer Matrix Composite Materials
Using a Combined Loading Compression ( CLC )". ASTM Int
2012;i:1-11. https://doi.org/10.1520/D6641.

[37]ASTM International. "D3518 Standard Test Method for In-Plane Shear
Response of Polymer Matrix Composite Materials by Tensile Test of
a 45° Laminate". Adv Mater Res 2013;641-642:583-90.
https://doi.org/10.4028/www.scientific.net/ AMR.641-642.583.

[38] Tuo H, Lu Z, Ma X, Xing J, Zhang C. "Damage and failure mechanism
of thin composite laminates under low-velocity impact and
compression-after-impact loading conditions”. Compos Part B Eng
2019;163:642-54. https://doi.org/10.1016/j.compositesb.2019.01.006.

[39] Shokrieh MM, Omidi MJ. "The Impact Resistance of Fiber-Reinforced
Polymer Composites: A Review". Iran J Polym Sci Technol
2011;24:255-77.

[40]Catalanotti G, Camanho PP, Xavier J, Davila CG, Marques AT.
"Measurement of resistance curves in the longitudinal failure of
composites using digital image correlation”. Compos Sci Technol
2010;70:1986-93. https://doi.org/10.1016/j.compscitech.2010.07.022.

[41]zhang J, Zhang X. "Simulating low-velocity impact induced
delamination in composites by a quasi-static load model with surface-
based  cohesive  contact”. @ Compos  Struct  2015;125.
https://doi.org/10.1016/j.compstruct.2015.01.050.

[42] Tan W, Falzon BG. "Modelling the crush behaviour of thermoplastic
composites”. Compos Sci Technol 2016;134:57-71.
https://doi.org/10.1016/j.compscitech.2016.07.015.

1471

[13]Feng D, Aymerich F. "Finite element modelling of damage induced by
low-velocity impact on composite laminates”. Compos Struct
2014;108:161-71. https://doi.org/10.1016/j.compstruct.2013.09.004.

[14]Liu H, Falzon BG, Tan W. "Predicting the Compression-After-lmpact
(CAl) strength of damage-tolerant hybrid unidirectional/woven
carbon-fibre reinforced composite laminates”. Compos Part A Appl
Sci Manuf 2018;105:189-202.
https://doi.org/10.1016/j.compositesa.2017.11.021.

[15]Gonzélez E V., Maimi P, Camanho PP, Turon A, Mayugo JA.
"Simulation of drop-weight impact and compression after impact tests
on composite laminates". Compos Struct 2012;94:3364-78.
https://doi.org/10.1016/j.compstruct.2012.05.015.

[16]Lopes CS, Camanho PP, Girdal Z, Maimi P, Gonzalez E V. "Low-
velocity impact damage on dispersed stacking sequence laminates.
Part II: Numerical simulations". Compos Sci Technol 2009;69:937-47.
https://doi.org/10.1016/j.compscitech.2009.02.015.

[17]Mendes PAAE, Donadon M V. "Numerical prediction of compression
after impact behavior of woven composite laminates”. Compos Struct
2014;113:476-91. https://doi.org/10.1016/j.compstruct.2014.03.051.

[18]Tan W, Falzon BG, Chiu LNS, Price M. "Predicting low velocity
impact damage and Compression-After-Impact (CAl) behaviour of
composite laminates". Compos Part A Appl Sci Manuf 2015;71:212—
26. https://doi.org/10.1016/j.compositesa.2015.01.025.

[19]Abir MR, Tay TE, Ridha M, Lee HP. "Modelling damage growth in
composites subjected to impact and compression after impact".
Compos Struct 2017;168:13-25.
https://doi.org/10.1016/j.compstruct.2017.02.018.

[20]Liu H, Falzon BG, Tan W. "Experimental and numerical studies on the
impact response of damage-tolerant hybrid unidirectional/woven
carbon-fibre reinforced composite laminates". Compos Part B Eng
2018;136:101-18. https://doi.org/10.1016/j.compositesh.2017.10.016.

[21]Soto A, Gonzélez E V., Maimi P, Mayugo JA, Pasquali PR, Camanho
PP. "A methodology to simulate low velocity impact and compression
after impact in large composite stiffened panels”. Compos Struct
2018;204:223-38. https://doi.org/10.1016/j.compstruct.2018.07.081.

[22]Tuo H, Lu Z, Ma X, Xing J, Zhang C. "Damage and failure mechanism
of thin composite laminates under low-velocity impact and
compression-after-impact loading conditions”. Compos Part B Eng
2019;163:642-54. https://doi.org/10.1016/j.compositesh.2019.01.006.

[23]Tuo H, Lu Z, Ma X, Zhang C, Chen S. "An experimental and numerical
investigation on low-velocity impact damage and compression-after-
impact behavior of composite laminates". Compos Part B Eng
2019;167:329-41. https://doi.org/10.1016/j.compositesh.2018.12.043.

[24]Liu H, Liu J, Ding Y, Hall ZE, Kong X, Zhou J, et al. "A three-
dimensional elastic-plastic damage model for predicting the impact
behaviour of fibre-reinforced polymer-matrix composites”. Compos
Part B Eng 2020;201:108389.
https://doi.org/10.1016/j.compositesbh.2020.108389.

[25] Daniel IM, Luo JJ, Schubel PM. "Three-dimensional characterization
of textile composites”. Compos Part B Eng 2008;39:13-9.
https://doi.org/10.1016/j.compositesb.2007.02.002.

[26] Daniel IM, Luo JJ, Schubel PM, Werner BT. “Interfiber/interlaminar
failure of composites under multi-axial states of stress". Compos Sci
Technol 2009;69:764-71.
https://doi.org/10.1016/j.compscitech.2008.04.016.

[27]Puck A, Schirmann H. “Failure analysis of FRP laminates by means
of physically based phenomenological models”. Compos Sci Technol
2002;62:1633-62. https://doi.org/10.1016/S0266-3538(01)00208-1.

[28]Brewer JC, Lagace PA. "Quadratic Stress Criterion for Initiation of
Delamination”. J Compos Mater 1988;22:1141-55.
https://doi.org/10.1177/002199838802201205.

[29]1Benzeggagh ML, Kenane M. "Measurement of mixed-mode
delamination fracture toughness of unidirectional glass/epoxy
composites with mixed-mode bending apparatus”. Compos Sci
Technol 1996;56:439-49. https://doi.org/10.1016/0266-
3538(96)00005-X.

[30]ASTM International. "D7136/D7136M — 15 standard test method for
measuring the damage resistance of a fiber-reinforced polymer matrix
composite to a drop-weight impact event". Am Stand Test Methods
2011;i:4-6. https://doi.org/10.1520/D7136.



Ve 5 sellwl =il yuol LS \;m)auﬁfda);a)aba)éuwfyUU.\)fd'a)gulfmy.\a;eulguv.mjks.\.\.cc\sd&n

S2)930l5 (59U 9 pgle Ay puis

1472



1474-1473 o 1400 sl L o jlass 8.a0a

SRSy ele g i
- H”)”w 6o9Ls 5 [o}Lc
‘ http://jstc.iust.ac.ir u‘{";’,}"uﬁ, KA

14 du>dlol
WEY-AYOD 1o — o « A (L) Foyloud ¢« ¥ uls acbiliad 4o ouds il dllio
Syoady oo b (LS8 loakidls slajlIT w5 SLII Fasuuns jLd, dguxo Lol axdlia

P ORI PP PR PRTP Iy [ P SUC POVS U WY

adlye o codlusl 3T oKzl cadlyo 9y ¢yl yoe pwdigs 09,5 (5SS (gyzmaily -1
4l o o oMol ol31 oSl cadl po azly ¢yl yae casdige 09,5 )b Sl -2
35 e ool l5T oSS 5 15 Al ol pas cwkige 09,5 ¢ Loliwl -3

A Maleki@iau-maragheh.ac.ir <65197-00634 ., Ggoro @il *
4.:5;6 “ ")Lr.':'.;b" 4.;,: )‘ r_g.: °-'\-"'~é.j-" ‘-;Q-LF 4.:3,0 J.:.;u' C....»b:'-)b coals 'C) dﬁu e\.'.:..i‘ )‘ 2wl )L#‘ L3 glf.\.:.ﬂws
‘j:j‘,:mﬁ &= CoeelS (5,08 (a_,lﬁ 4 il Cwl SYw rjy Sl 0dd Jlesl 4ol pl s a5 Llaxdls |, "bstal”
Cod s 5 sl 0k ploil DLyl O iy 5 (oS el B )3 4 Ly ol il 5 231 4Nl ol (g CIlge DU s
el Ol 395 odgs i Jlaiml CWSis 4565

Corrigendum to:

The paper published in: Vol.7, No.4, Winter 1399, Pages: 1255-1262

Finite Element Analysis of the Adhesive behavior of Shape Memory Alloy
Fiber and Polymer Concrete

Amir Ebrahim Akbari Baghall, Ahmad Maleki!*, Ramin Vafaeipour Sorkhabi 2

1- Department of Civil Engineering, Maragheh Branch, Islamic Azad University, Maragheh, Iran.
2- Department of Civil Engineering, Tabriz Branch, Islamic Azad University, Tabriz, Iran.
* P.0.B. 55197-00634, Maragheh, A.Maleki@iau-maragheh.ac.ir

The authors regretted the typographical error and requested a change in the second author's academic
rank from "Associate Professor” to "Assistant Professor", which was applied in this amendment. It
should be noted that the Journal of Science and Technology of Composites has no responsibility for
the subsequent consequences of this amendment, and this has been done based on the written request
of the authors, and they are responsible for any subsequent problems.

Please cite this article using: 20 Lo eolisiwl 3 @ yle sl i cpl @ glo )l (6l
Akbari Baghal, A.E., Maleki. A., Vafaeipour Sorkhabi, R., “Finite Element Analysis of the Adhesive behavior of Shape Memory Alloy Fiber and Polymer Concrete”, In
Persian, Journal of Science and Technology of Composites, Vol 8, No. 1, pp. 1473-1474, 2021



ety 376 € 6CS no¥rem

1474



o jgeolS (559U g pole ay pid Yo L i i SIB

1478-1475 o 1400 sl L o jlais 8 ala

cujpals § SR 3y ele A s
* *
H»)”w so9Ls 5 [o}Lc
‘ http://jstc.iust.ac.ir u‘{.’;’,}’y‘, KA

Jlowl GUBLl (650 b Cujamls (5)9Ld 9 pole @ pid ol dlio g pey SIB
(Olge Jaliawl) 355 513810 55 5o (Soww)

(OB s g5 Jll) oo Epguw 003 )15 ... g o g0 005,85  Folgils ol g b L Jgl 005,55 Folgils ol g o

(B s Slasein bliwl) b ol (lojle ol paass dll; w5 sole a0 -1

O i 5 ol RS (S pmiiiges ¢)lpils 2

OIS e yde Sy olKitils (Sl cusdige o 25 (ggzmaiils -3

(OB Mg Slaseie Jiliwl) Sl Jlsonge ot gs (Suig Sl oy (16846-13114 ey 55000 s

(005 (ylgie o) sus e WleMb!
gy ale dlzme sln 35y I3l 5 (o) bl SISl 31 ool b allie [lidlo g 50 (5405 S0905 (Soaksad) B (il 5o 38l
3 Bl ssbar ol osluil g lagls elsil (o] iz sla sy @lin Gl Bg) ool oud ools 50 CujoalS gpgld g sl ity
bl Sl 5 calbia oo 5o Gl (Cay) (il g allie (0 05 (5 b Qa8 Sl S g Cenloads angi lahlial s glgie olbiwl) (S3lguls
ats B ol 5l s a5 Ve i pdy 5l alre il anils azg b SYlie pyims F i s anles a1 s allie gy (o535ls
39 dzg5 .S eolil (Styles) €la bliwh Il Jlg 5l 18,5 S g Ll on 5l allie (g5luoslel (gly ol j5dme il ous oauSlaz b wjly 5 iSTas 3 o
Sl g g 59l ceaass o8 s i Gyl o piY sla Sialen b o9 eolitwl cVlie (3,5 (gl 2010 8,5 ases 5l 45 (O5l9ads” Jsbewl) Lls

Epbye Blid 5 o Hsbay Wb oaSy adl oo 40lS 250 Juld 2STax 5180 Jlao JolS' oiagsy allie 1y 0asSz 00,5 )18
sk s ezl dadsed dadsaz o Ss G5 Sl 53 5lenSe 0w ik 1) o @l 5 el slagis, (g Sas
B9l ol jguS ol Limgh- sele S 3l asl Allie (o ook eolaiwl axlie jlas,0 15 JBlas aS ol SS 4y a3 095 jum

16 e s i IS i
ale “J Gzl olos g el B3y 05

4 Sl @l e b i
i jogl Laid allie pusli yuo 55 4,

ol (309

A template for preparing papers in journal of science and technology of
composites using styles in microsoft word (Style: English Title)

Name Surname!?, Fathollah Taheri-Behrooz?",Davoud Shahgholian3, ... (Style: Authors)

1- Name of the Department, University Name, City, Country.

2- School of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran
3- Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran

*P.0.B. 16846-13114, Tehran, Iran, email@address.ac.ir (Style: Authors’ Affiliation)

Keywords (Style: Keywords Title) Abstract (Style: Abstract Title)

The abstract should briefly summarize the main contents of your contribution. It must be limited between
180 to 250 words for full research paper. The abstract should include a definition of the problem,
assumptions, method of solution, summary of results. It should clearly state the objective, results and the
conclusion of the work. Please do not insert any picture, diagram, table, references and other media material
in your abstract. (Style: Abstract)

Between 3 and 5 words, with separator
comma (Style: Keywords), As:
Composites, Foam, Shear, Deflection

by TS ol ol o 055 e (Catiln s 5 5 (1 gl lghe Sms) dooiio -1
O 595 Samy 3l o dllie 5l CenS 8 00 (pizmes aples S (1 g olgie s bww!) doniio -1

nle 3 Jlosl 1) bopye S meiins j5b ) s jlolBon g sl solital (cukee) B en ) 055 dlie (5luoslel (sl

Paste option = match with Destination format g5l Sl 00 i B ) 5 Bl 51 ol g i

Lol 5l o disled 038 @bl 5 ctend j0 1, BB cpl 5l (o5 S op oo

3Style 1 Template
2 Paste



Ca jg0lS (5593 g pole 4y i WY lio o o iy JB

0335 J.)l}jl';[olj 9 [olj

(Olsie o) 355 ke 5 23 (o) Jabisl ol (5 450 b xppaols’ (5568 5 psle &y pis (512 llio yuagiising B

Oalsl 3l o (gt 0 5l b g Vb 0 amio o 0 byjlogel g o S @
3 USS 55y SlS 5l ey gl cnl (6l Wigd pleilr o 4 gl
rrlel (aseiie oo 53 laglSe ;5 1) () e o5 sems
Picture Tools -> Format -> Arrange -> Position
Ngl so hog ol b ladd Slaise glojyme @
Sl f Bl dm g Djpa ST aSL soges g (Bl (aglie @
S5 azganlss Sl jpar boially ©jpanlind s wul o
SIluled O ppar allie i g b jloges da S0 S )0 0)l500 laaxls
(5] e
£ 5 Sl IL o3Il b Tirng) 525 ol S j5me ol ojlal g £55 @
sl BPL 03l L pogy 95 3ouls Lo IS J51s (50 od8 o5lul
SB g 5 (Wl (S, b5 6T ane)) Sk aiej L oS @
Ssige iy (Y0 ,5) 3908 5 (bl bghs g 5 (Sigm S
5 LSS izl alply wsdoe Sl b 5 olow D jgon alme @
S8 BB seds g ol Gl jo oS widl glaigSa Wl e jloges
oolazn] ) auds )l (K HeulS aST Gla ISl 8 pgasayanil
Aol S8 BB b g ol Sl jo b oa
adS 5 wsbies Jsd BB LUSs o owyl olds j eslid e
)l 5 LS 5l sslil b sl 0y 5 lagle ) ols)) il
5 LS bl b sl a5 SLS ] 5,8 &g oS
a5 &l Wi sl S JS 55 el
a8k 3 4, bl (sanaz ;o Wb b Ss lajsme sals )0 @
@l loges 9 S8 52 b 035 0 Cunly o oy (Baimg 5l
S5 (Koo )on 451 B aled 9)ly allie )3 wxly acgeme o )90
g ol ol Slosg
oo Ol | alzme 9l 3590 5SS L SO diges 1 IS0
b 3,50 B)loged 9 LSS agd 0y90 50 5 eSS Clmdg ol
DS anzlie o lagal § Lo S 4 slosal, LG 4y cale

1200
L = — — Experiment
1000 | |
L ail —‘
[ P )
- ”,
800 [ LY |
L 4
N P4
~~ [ rd
€600 [ s
~ [ ’
N ’
N ’
400 Ry
[ ’
L 7/
o /
200 | ’
r 4
: 7,
[ £
O (I T T T [N TN TR TN T [N TN Y TN TR N TN TR TR TN [N TN TR S S |
0 5 10 5 20 25
D(mmf

Fig. 1 Results of three- point bending test for composite plate

550l 559 alais dus ied g0l bl 1 S8
(3 92 o ylgie Jilawl) b Jgus -2-2
5 el & jle o €8s T 4 o gz iy b oS IS SIS

3 Gridlines

Foshen O sojlail 4 (Sy9 8 L plgre o 0 am 4 pgo sladl ST
el SLSLL 5 b g alols g0 5 s £95

oS il anals bl 4 opd gt e b oo 5l ooliiul gBge

LS*’%‘-é)>jlWu&bj&d)’jlwudﬁ%’ﬁkwldw

g oo Al
el (lad B ole, L) amio 15 allie Ly gi iy Slrio jiSTas
(Lol e sl

3 92 ghaw plsie Jbowl) g2l po & o,Lol -1-1
@ 5 gl pe A 5 0gd e £9,0 Alie e jo [1] codle b gl yo 4y oL
Wgd 650 el e )3 gl )l a5 4 b @2l il oo aslol oS
4 0ylal )5 0,5 0)Lal B ojled ar e 5l 395 4 o)led gz e @ Olgiood s
555 o)l Sy ol o0 bap ] SEST S8 gl 4y oy Sy e iz
oansSTas 5l STy J5ls 5o Jlgie mé aie iz b 9 4 0,1 1, 5 [6-3]
17531 59 oo oslizul LS
G (Sl Qe E550 (nl " 1Dy50 4 pzlie 4 glr)
ok 4wl glo )l cimgn sbeallie o 058 s logs "[15-2] wleages
03,5] dediis )0 a4 ezl 00,5 & g0 alis Lol sla ity 0 edas
il Sl gl sl 5 s (tagh ez e @fly 5o wiloas
3 32 g ylgie Jyliw!) (omnd Sl SlalS g sloeh2-1
Jobee b L 5 s jlone | oSl SLadS 5l soliial w8 sallia o
SLalS” Sl Jeol g3l 50 30 0 S i (e yo ) lag] (o b
258 o)Ll g ) &gk
ol golinl ime slaoll o alzme ol ales slinl) o
e 09 )5 4 5lg Wisd ol (S 50 4 allie Slasl poled (Sl
il oo Lale VY g ems VY Jlio jobs 4y 055 (50555 (o )6
4y b oghge £9,0 1 sae b allie jlamin 1o 10 g 4 0,Lil
lis (0 ) alS o1 JLidsl o5 95 o oolinnl (285 s 5l a5 08
s 3225 ST & 3L s Slads 53 g 355 e oslitl
(1 s sl Jalia) (o Jgr 3 a,15g0 oSS 2
0 Sgdin g3 Alie )3 (Syiwgd B b 5 aloge g lague daJSt
Ol ogtlae S 5 503 sy (gt Sy o3l 0 |y LTl 4 (50
el e 5l a5 asmio (0l L YL 5o S JBSl ) e SO (o
kol e Joliwl) igs oo )0
(3 92 g oylgie Jsbowl) byl god g b S -1-2
S el & Le w0 285 )T ay b USS mens 5,0 b a5 LS SIS
e ol golinl jume ool [0 aloes ol asles sbiwly o @
Bl (eSS (o) Dlge g5 52 hls Wb b jlogel 5 LS
el &0 ar S5 lgie) 35S oo 58 IS 5 50 L S lee
(S 0 )3 S lgae 25 50 ()8 Olae G 5 S8 225 50
S8 ST lgie 5 ety Djgo a4 sl S5 o) plore @
Sl e Djpe 4 (Gl
oSt a4y 0,Lal .o, o,Lal b i 4o b logas o o IS5 (cann & @
el Jl g g Al e ple las g JSB 0 jled S L e 5o
Ded o o,lal 3l 2l jo el jo aS des LL s Ko

1English (Style: Sub Title)
2 Times New Roman

0359408 (5 )9US 9 pgle &y jubs

1476



Ca jg0lS (5593 g pole 4y i WY lio o o iy JB

0335 J.)l}jl';[olj 9 [olj

(Olsie o) 355 ko 5 23 (<o) Jabisl ol (5 50 b xppaols (5568 5 pole 4y pis (5122 allio yuagicsing B

S g a3, ) b dgesd g Laly) (dg sln 2 AGm Heba S bymslS
N adgert ol el gpaiall i S s alobes il o o o3l
s solitul Teubicas 5le 5

el (Al 5 SIS ole) la g B g )

Sy ilor SIS g0 4 b yiie 5 byl mgidsesd o -1
il Sl e Sge @ baasly 5 (atie mlg (lalS el

WS 39l sl Sl ol sk g ail (Y5l Jge b oS 90 50 -2
5 958 08,50 (gam Hlaw ;0 Jge,d dalol g oad alnSd calio gl 0 Wb
055 e ol 5355 09,28 5

P99 s 5l sl w0 sa 00,51 (samr sl )3 Jgayd aslol (B9 -3
bl axsls (K855 o Ceen sloan &

@° Jsot s (AT Sy G 435S 0 5o 8 e ojled -4
25 bl b U8 0)lad (i sl BT Sl 10 45 (50 50 5 0900
D5 sn Ahgi dn jlaw Cewly Caons aligS

alai slr a4 @.D) alez (L abii Gl b e abai 5l 058 <85 -5
B9 oolaiwl @D) oy

QF, = Qf cos*0* + 2(Q%, + Q&;)sin?0¥ cos?9¥

0940l (5 )9Ud 9 pole &y puiss

+QX,sin*g* @
t No
n=f Z T, - U; + W dt
. L (T; i ) )
i=1
o _ dv Ju
Gy =zt ey @-3)

(1 g g Jsbowl) g yLidrgd e lgs -4
Oy 3 g 09 oolaiwl olisS g LgS dlwy ez 3l Alie e jo gl (WM
oby A o alear S ilitie Sl silulaz 058 55,995 SOlex
sl (63578 (o3l 0l el sy g (s 20 T ol o 50
S5 65510l Jalae oLl 55150 5l By iSu ol o

G 52 5l € o aS 39l B0 Wb (gl pein] AT 5 Jl> bl o
g (gl oS solaiwl € Juate (galold» 5l jglaie cpl (gl ailed las J28
Oizad 0S oolatwl €= o dS» ol jen 4 «CHrl o dS» 5l Laie salold
g a2 LSy Djgod 1) Jad Gam cj2 g € sy a5 a5 2B
ol €39 P ] G yo g oliid] €ogied g ogd o ol plis

laz oo Ay gz GdelS 5l a5 S GBS 5 pex KO 590 0
IS Sle .0 oolisiul Jate salold 5| 55 cmngiloz (sl 058 aiiys
26158 i b gy SIS (e o gty JS9 5y |, ln
Cowyd g olail «asluly 5 «olslpragy? oplply cwl olidl e ol
ol €lolwb g €laolgiio? Loy
(3 92 g ylgie Jsbiwl) pl6) 9 LAl caadle -1-4
slaailis 5 @dle 5l izmen 5 (o)l (b 50 Syl slaailis 5 wdle
oo 5 o0lainl 0 ged oolainl g oo Sl pwaige (yeie o a8y S
Sre azg g a0 o] 5leoliiul g o)l 1) slael Sty poay s o)l
oo Cancd 50 g e J3I 10 g Jge,d U3 o edle ol 4 ojlail s
Al LS Eds Wl

3 Math Type

1477

WYL o a8 il oSl g )8 lgie 90y glyls WL e Jeu @
Olgse 51 YL pu)B Sjso 4 Jgaz plsie) 0ipS e 518 Ja
(3, 1,8 S

S Glpie g pezrenly Syge @ (Gl Joar (o)l Glge
Wb e Soge 4 Sl oo

Go3es bglas oy g Lol bl bas aw b daid SV o> b Jgus
g oo pedais

L ooyio yo b gaz o)Ll 0,5 o lal wl dllin o b Jou> caon ay @
3 S el 35l ey g Wlie e e ples g Jgoz ojleds SO
Sedse o,Lal 3l U3 o s ol s 45 alex UL

& gl s 31 o Gt 52 b b5 Yy amko a0 lasun B

Al es Jse BB b Jgaz ;5 oyl slasl jloolinal

&0 oyleds 53 wgh oolatul mle plo o gz 5l a5 Sjse )0 @
Sl (0 (53958 S50z (eSSl 5 (o)l Glsie 93 5 00

9Pt o3l o eislie pB L g (o )8 Ol & il o su J51s ge
eeass Jolaz 0 ead s gl el )b 5l colaiwl el angs
PRI < R PCO TP AR PSRV IR [ U0 AR PR
il (a3, 35 5oeb ol8 55 L DU Y

95 ) a5l amlel 4 b diey Djge @ | e
Sezled 5oy B Jgaz 4 )0 g S

3 oo (L | alzme 9l 3590 Joor o digei 1 Joor

b 3y90 lagaz ats 9,90 50 S keSS Sloedgs sl

S anl e b Joges g Lo S0 args slozal, ils 4y el

(Jsoz olsie : hliwh) bedss ojlal 1 Jgas
Table 1 Fonts sizes (Style: Table Title)

o=y b o b

oo 98 3l il ol g5

9 10 1 gl slaidu cpslic ol o3l
8 9 2 gl sla i csbis
9 10 Wi Lol e
8 9 bJgaz 5 b JSo (lpae
8 s Jobs oy
7 8 SO 5 Bk
8 9 b Jgaz 10 e
9 9 ) la Jga,8
9 Lulg, o les
8 &=l

A3l 8 e b yualS il oo (Y o8 Zigd®
() g lgae Jliwl) (oob) W Jg0,8 9 Luls, -3
ool Jl38le 5 50 05250 "l SRl heslinul b ook, sladse 8 5 Ll
S5 51 6,880, Lo b g Wigd o cali wr Ceon 3 g IPE Ve L yuelS (B L
oolaiul ).ul).: J>‘.> 5o JQA)S a)Lo...i'; )| Lmu'I Q o)L.i')‘ (_gl).g 9 0dd astin
Cigd st l58le 5 am 4 2007 sladsens j0 ogi e 9ol 098 o

! Insert -> Symbols -> Equation
2Cambria Math



Cu joaolS (559U g pale ay i Yo s o5 sy B

0335 uf.)l}jl';[olj 9 [olj

(Olsie o) 355 ke 5 23 (o) Jabisl ol (5 450 b xppaols’ (5568 5 psle &y pis (512 llio yuagiising B

e S rol-.‘)' Ceomd 50 Sl (I I58l0 5 opl j0 (o) B xxl e sl
544z, (In Persian )

1Wgd o0 0359 pj i 4 gl S 3 Y lie
5 el 5 ] Sl sy o)led e ol lsie ol Solsls ol
el o

(Wl Sy aed alpe Giou SYe (glie ;o Jgl By > 06 axg)
s

[1] Switzky, H. and Cary, J. W., “Minimum Weight Design of
Cylindrical Structures,” AIAA Journal, Vol. 1, No. 10, pp. 2330-
2337, 1963.

Soles 3l g 0ud @0 ol (celSl Jolao S50 & il 05 ) ez
:a5le 090 ool IN Persian

[2] Safarabadi, M., “More Accurate Evaluation of Curing Residual
Stress Field Considering Interphase Characteristics,” In Persian,
Journal of Science and Technology of Composites, Vol. 1, No. 1, pp.
3-12, 2014.

1Wgd (ga 0355 pj e 4 el S o oS

ol Cugiptd oo T 530 5 OLS lsie oy ol 5 (Solsils gl
el Jlo g amio ol

b

[3] Timoshenko, S., “Strength of Materials, Part II, Advanced Theory
and Problems,” Third ed., Krieger Publishing Company, Florida, pp.
121-132, 1976.

b aolb L0
[4] Carlson, W. R., “Dialectic and Rhetoric in Pierre Bayle,” MSc
Thesis, Yale University, USA, 1977.
(el sl eud
[5] Chin D.A. and Irvin D.J., “Actuator Device Utilizing a Conductive
Polymer Gel,” US Pat. 6, 685, 442, 2004.

{Sg Il sl oS L

[6] Mauritz K., “Sol-gel Chemistry,”
http://www.psrc.usm.edu/mauritz/solgel.htm,
February 2005.

available in 13,

HEXY R Cow)]

[7] Standard Test Method for Solidification Point of BPA, Annual Book
of ASTM Standard, 06.04, D 4493-94, 2000.

3 Language

&zl 5l G g Wl sl jo daailis 5 @dle cd Gl g0 o
ool meba bl s 5 (Setwgs Jez O jgods Caed (nl 09l o0 750
il sl T olasl ) 255 5 oled Jols i 4y Sl 52
(1 b gyl b b)) @idhe Cow yo -5
Nm?2) &b Jgoe E
(Nm?),,.5 p
K)o T
SUg mdle
(Nm?) 25 o
S €
L gVl
oY oo k
Lmgin)
Sl cr
bugs jlaie Ave
(O g plgie JlwDbungn g S g o -6

9 Ao Sletl 10 a4 Wl )3 Cumgny 9 ;SAT 5 Al 3929 D90 50
allio (yio p0 gy 4wl 0sd o 00,5] laailis § pdle ] 51 o
b ool &b)l 5 0,Lol

() e olgice Joliahgayo 7
S gz e ojled Nigd e aig B ey 523 jeuli @B b gzlye (ales
Pgdios 4Lbgi exz e o pgs b3 5l e e B (F350055m sl b g 4ty S
nled Sole) gzl sl ooliiul g (mgigz o 0 1) 25 OIS
alie ;0 00l ool glye 5l 0o )0 15 JBlas aS ol S oy v
B9 QL ,oiS S (g cele e 5wk
oot bl gz o 5o lacish opos ooles Lol walols b v
D5l Coley wwl o o)Lil 1 4 bdiged jo a5 B
ol " e 4 azlie a4 (29, bl 5l agd e ST oae
D9 (6 lsogs "[10-2] Silodges Gudizs (6 s liione Eodg
@y ooliid BB 5 oyis BB sl alie ) oud solind gzlye V0
Aol B asles
e g dlie Lol Glaal b bL3 )| o (owdd Syl gyl 5l v
el lonigen (sl Ll 5 IS8T (ilsd 5 Slovpdgi &5 4 oS
Cool 25 g i pe0 09l (Sl plyie 4 anled (s laass
llas 550 40 oasilys 4y (SaS g Cansl S ol gl 55 0! ".[B]
by algs
aled 0055 (ol 5 slaasbioll & glx )l 5l v
29 00yl Jlaisl gar g oS j5bar ol s g leals ol v
9 pole 5 ogate bl b 5l adly oo g2le (Ri95 (slp 15
—o Gub sl BB cnl oS eslan Yw*" M3l 5o " Cujemels 558
e hbiwl aligy s ol B T 5l oslaiw! (gl g sl o s jo dlme Cole
OO Fd 33 5 s > Ygemo aligy ol sl JWSH li8le 5 ceal Joro yo

o

Program Files > EndNote X# - Styles

1 JSTC.ens (EndNote Style)
2 EndNote

0359408 (5 )9US 9 pgle &y jubs

1478


http://www.psrc.usm.edu/mauritz/solgel.htm%D9%88

