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It has been created for several years and in particular, the materials that make up the composition and the
expected properties are followed by experts. Meanwhile, microstructures are considered for the optimal
mode and accuracy of calculations. Microstructures are heterogeneous materials whose structure is
optimized by an optimization process. In this thesis, topology optimization design for multiphase elastic
microstructure is implemented using compensation factor and numerical homogenization method. During
this study, numerical optimization is performed by applying calculations on design changes consisting of
volume percentage of each phase in each element. The technique of solving the topology optimization
problem is divided into several series of two-phase subproblems, which performs its task with a
conventional two-phase operator as an operator in the optimization space. In this research, values equal to
0.7264, 0.4447 and 0.3008 were obtained. In general, the calculation rate of a view depends on the number
of phases involved in the structure design process. Until this study, this question has been answered for
symmetric, symmetrical and two-phase microstructures.
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Fig. 7 The designed microstructure with a volume fraction of 0.20 and
0.45 respectively from phase 1 (red) and phase 2 (blue and 0.35 green for
void) of solid phases and shear modulus equal to 0.0111 in two
dimensions
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Fig. 8 The designed microstructure with a volume fraction of 0.15 (red)
and 0.50 (blue and 0.35 for the void phase) of phase 1 and phase 2 of
solid phases and shear modulus equal to 0.0197 in two dimensions,
respectively
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Fig. 4 The designed microstructure with a volume fraction of 0.2 and
0.55 respectively of phase 1 (red) and phase 2 (blue, and 0.25 green
representative of the void phase) of solid phases and a shear modulus
equal to 0.0222
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Fig. 5 the designed microstructure with volume percentage of 0.15 and

0.60, respectively, of phase 1 (red) and phase 2 (blue and green

representing the void phase) of solid phases and shear modulus equal to

0.0330 in two dimensions
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Fig. 6 The designed microstructure with a volume fraction of 0.325 of
phase 1 (red) and phase 2 (green and 0.35 blue for the void phase) of
solid phases and a shear modulus equal to 0.0209 in two dimensions.
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Fig. 9 The designed microstructure with a volume fraction of 0.375 of
phase 1 (red) and phase 2 (blue and 0.25 green for the void phase) of the
solid phases and the volume modulus (bulk) is equal to 0.2553 in two
dimensions and 0.1910 in three dimensions
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Fig. 10 The designed microstructure with a volume fraction of 0.35 (red)

and 0.40 (blue and 0.25 for the void phase) of phase 1 and phase 2 of the

solid phases and volume modulus equal to 0.2798 in two dimensions and

0.1965 in three dimensions, respectively
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Fig. 11 The designed microstructure with a volume fraction of 0.425 of

phase 1 (blue) and phase 2 (red and 0.15 green for the void phase) of

solid phases and a volume modulus equal to 0.3679 in two dimensions

and 0.2915 in three dimensions
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Fig. 14 The designed microstructure with a volume fraction of 0.35 (red)
and 0.40 (blue and 0.25 for the void phase) of phase 1 and phase 2 of
solid phases and axial stiffness equal to 0.2966 in two dimensions
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Fig. 15 The designed microstructure with a volume fraction of 0.425 of
phase 1 (red) and phase 2 (blue and 0.15 green for the void phase) of
solid phases and axial stiffness equal to 0.2767 in two dimensions and
0.3359 in three dimensions
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Fig. 16 The designed microstructure with a volume percentage of 0.40
of phase 1 (red) and 0.45 (blue and 0.15 green for the void phase) of
phase 2 of solid phases and axial stiffness equal to 0.2944 in two
dimensions
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Fig. 12 The designed microstructure with a volume fraction of 0.40 (red)
and 0.45 (blue and 0.15 void for green) of phase 1 and phase 2 of solid
phases and volume modulus equal to 0.5083 in two dimensions and
0.3008 in three dimensions
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Fig. 13 The designed microstructure with a volume fraction of 0.375 of
phase 1 (red) and phase 2 (blue and 0.25 green for the void phase) of
solid phases and axial stiffness equal to 0.2889 in two dimensions and
0.3062 in three dimensions
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Fig. 17 The designed microstructure with volume percentage of 30 of
phase 2 and 20 of phase 1 of solid phases and volume modulus equal to
0.7264 (Hashin-Shtrikman criterion: 0.7869)
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Table 1 Microstructural optimization results
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Experimental performance assessment of scaled-down FRP-retrofitted reinforced
concrete beams under consecutive low-velocity impact loading using near surface
mounted method

Amirali Hosseinnial, Mohammad Zaman Kabir'*

1- Department of Civil and Environmental Engineering, Amirkabir University of Technology, Tehran, Iran
* P.0.B. 15875-4413, Tehran, Iran, mzkabir@aut.ac.ir

Keywords Abstract

In this research, experimental and numerical studies have been conducted to investigate the performance
of concrete beams reinforced with FRP materials using the Near Surface Mounted (NSM) reinforcement
method. In this method, the separation of FRP is delayed, and these materials are less exposed to adverse
environmental conditions. In this study, after achieving a suitable mix design for concrete and performing
dimensional analysis for scaling laboratory samples, six concrete beam samples were constructed. These
six samples were divided into two groups, one subjected to low-velocity impact loading and the other to
static bending loading. In each group, a control sample without reinforcement was considered. Additionally,
two of the beams were reinforced using GFRP rebars, and the other two were reinforced with CFRP
composite plates. According to the results, the beams reinforced with CFRP plates and GFRP rebars
experienced an increase in flexural strength by 15.3% and 24.7%, respectively, compared to the control
sample under static bending loading. Furthermore, the maximum displacement of these samples at the mid-
span under impact loading decreased by 23.36% and 40%, respectively. Also, due to the increased stiffness
of the FRP-reinforced samples, the acceleration at the center of the span in these beams significantly
increased compared to the control sample. Based on this, it can be concluded that concrete beams reinforced
with FRP materials using the NSM method show satisfactory performance under static and dynamic loading.

Reinforced concrete beam,
FRP composites,

Near Surface Mounted method,
Low-velocity impact loading
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! Fiber Reinforced Polymers

2 Externally Bonded Reinforcement

2402

0359405 (5 9US 9 pgle &y pubs



0359405 (5 9US 9 pgle &y jubs

28 ol s Jlgie (5l a6 ()15 )L s FRP (slasy j910l8 b o <S5 55 )8 uds g9 () & o b o 9 (ywlitie iy Sl o5 3 pSlec )55 (w) 2

oads oolaiwl pllas 4l 4 4z g8 b cpuizmen Sl 0uls wlide ogels
Caro o oolatul dyse plae bosad wlibs ikl slaJoe ,o
Joles gllas ubidie o o a5 0l (pl 5 (28 I il Solas ylasle
G ST A2] cpls aabipml wlal 5 o )b 5l 0l a3 s ol
Ol 50 e Cosll Al 4 azgi b og walys Lhed S CwSS
9 Edse (nl 4 axg b S glaased W bl B ae Gdes
ooy oliie diges I JS& 0 .0 asales b alBislel slacysgase

Liloals eolo wl—o-l GLA Agos g

300 mm 1912 600 mm 4925

210 @ 150mm —> ¢10@ 75mm

200 mm 400 mm
1500 mm 3000mm
b-u a—all

Fig. 1 Cross section of: (a) Prototype; (b) Scaled-down model
o plide diges (@ g shol dgas (W cwain Glasie 1 o

Slas wlasin -2-3
b Sloialeil 5 e 3Bl 55 e e i ol 3
2 Beiod ol jo eolatul 8,90 iy o diles g i mllas Jld, Slulis
25 Gan 5, Cuglie 5 055 [13] ol o2 bsbsie e o ol
S5 o3l hlug 85 4 a4z b wsrg al bad b5 ) s JSlise
slalginl o lailiwl dges (5 Lid Coglie oslojlu slotole;] plmil 59, 5o
o595 oyl 4o & pan Lglm»&'b;ﬂ (Cmirad A (6 S oIl JK.ublio 38.93
oS tolej] 5l das Sla opl oles (95 Cuoglina § puled Ceaglis
onl 50 el oo solaiwl [14] 1SO 6935-2 o jlasliw! wlul 51 pudiens
oBiglesT 4o 3100 b, b b b g olKiws lawgs o Koo ¢ sialos]
Oy90 yS yeal oRils ljes pwdige ouSiils gleizle Hlas § o0
IRCCEIR S W N

a p3Y el sads e 15 mM/MIN iolosT ol jo (5,135 )L ce s
by cdF 13 aiS Salesl 590 diges 93 gl Jhad o 5l s canl S5
Gl 9o Waisad 1 (So S 5 foge S @l (o Sasp 4 g
el 00l 5158 o

Birb 55,5 52 51y 100 Sl ol algd sl 5 ks Cunslio fzen

0 oo S o903l s 1 Jguar
Table 1 Rebars’ tensile test results
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10 344.74 533.03 22.59
12 532.58 656.83 12.37
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Fig. 4 Cross-sectional shape of test specimens
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Theoretical and experimental investigation of nanocomposite filament strength
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In this article, the strength of the filament produced by the extrusion method has been investigated. For this
purpose, testing samples were produced using ABS and carbon nanotubes as printable nanocomposite
filaments in 3D printer. Carbon nanotubes were incorporated into ABS, and nanocomposite filaments were
produced and their strengths were measured. In order to predict the strength of a nanocomposite filament,
a suitable multi-scale model was developed. This model started from the microscale and after passing the
in-between scale of meso, ended at the macroscale. For each scale, a suitable and separate representative
volume element was defined, and its strength was predicted. Two parameters, CNT length and orientation,
were captured at the microscale, and CNT agglomeration was taken into account at the mesoscale. Finally,
at the macroscale, the strength of the nanocomposite filament was estimated using a genetic algorithm. In
this study, the strength of the nanocomposite was calculated with two weight fractions of 0.1% and 0.5%,
and it was observed that the final strength of the nanocomposite with weight fractions of 0.1% and 0.5%
increased by 14% and 20%, respectively. The outputs of the modeling procedure were in very good
agreement with experimental observations.
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nanocomposite. a) weight fraction 0.1% and b) weight fraction 0.5%
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Fig. 11 Relative error diagram of observed and predicted strength values.
a) weight fraction 0.1% and b) weight fraction 0.5%
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High temperature cyanate ester/carbon fiber composite with high ILSS based on

synthesized 2,2'-bis (4-cyanatophenyl) propane resin
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Cyanate esters are one the most suitable matrixes for production of high temperature composites with carbon
fibers due to their excellent thermo-mechanical properties. Since the curing of this resin has a high heat release,
applying a suitable curing cycle has the ability to control the heat release during the curing. Cyanate ester provides
high adhesion to carbon fibers even in less resin content, so cyanate ester can be used as a matrix for preparing
advanced composites. 2,2'-bis(4-cyanatophenyl)propane resin was synthesized by the reaction of cyanogen

bromide and bisphenol A. The synthesized resin was characterized by FT-IR, *H-NMR and “C-NMR
spectroscopies. The curing behavior of cyanate ester resin was determined by DSC and a suitable curing cycle
was defined and it’s efficiency was monitored by FT-IR. Cyanate ester/carbon fiber composite with 30% and
44% resin contents was prepared and their ILSS was determined and thermal and mechanical properties were
investigated by DMTA and TGA. The defined curing cycle for 2,2'-bis(4-cyanatophenyl)propane had the ability
to control the high heat release of cuing reaction with the curing ability of the resin up to 95.6%. Cyanate ester
has a high adhesion to carbon fibers in the composite even in the relatively low resin content 30%. Hence, the
amount of ILSS was increased about 9% compared to the ILSS for composite with 44% resin content. At
temperatures as high as 250 °C, composite had only 16% decrease in flexural modulus. The cyanate ester/carbon

fiber composite had a char yield of 82.6%.

Please cite this article using: 9S oolitul 3 @be e 4y gl (sl
Ahmadi, M., Fattahi, H., Mortezaei, M., Mirbagheri, S. M. J., “High temperature cyanate ester/carbon fiber composite with high ILSS based on
synthesized 2,2'-bis (4-cyanatophenyl) propane resin,” In Persian, Journal of Science and Technology of Composites, Vol. 11, No. 1, pp. 2419-2428,
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propane monomer.
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Fig. 4 **C-NMR spectrum of synthesized 2,2'-bis(4-cyanatophenyl)
propane monomer.
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Fig. 7 Applied curing cycle for curing of cyanate ester and cyanate
ester/carbon fiber composite.
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Table 1 The surface area of peaks at each stage of the curing cycle to calculate the degree of curing of cyanate ester resin.
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Table 2 Interlminar shear strength for CE44/CF and CE30/CF
composites.
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Effect of negative Poisson’s ratio on mechanical response and damage behavior of

carbon/epoxy composite laminates under low-velocity impact

Reza Saremian!, Majid Jamal-Omidi*?, Jamasb Pirkandi®, Seyed Mehdi Nabavi*, Mehdi Jahromi®

1,2,3,4,5-Faculty of Aerospace Engineering, Malek-Ashtar University of Technology, Tehran, Iran.
* P.0.B. 19395- 6835, Tehran, Iran, j_omidi@mut.ac.ir, m.jamalomidi@gmail.com

Keywords Abstract

AUXGtFC COmDOSite laminates In this paper, the effect of negative Poisson's ratio on the mechanical response and improving the damage
Negative Poisson’s ratio behavior of carbon/epoxy composite laminates under low-velocity impact is studied. For this purpose, a
Finite element analysis MATLAB code is developed to determine the range of sequence angles to achieve both negative Poisson's
Low-velocity impact ratio in-plane and through-thickness based on CLT. Also, the progressive damage model is written and

implemented using the user-material subroutine-VUMAT consisting of Hashin and Puck failure criteria
and the damage evolution model based on the equivalent strain method to predict the initiation and
evolution of damage for matrix and fiber. In the research process, the impact resistance performance of
auxetic laminates is evaluated in comparison with composite laminates with positive Poisson's ratio with
cross-ply and angle-ply sequences. The results showed that in some damage modes, auxetic behavior can
lead to the improvement of composite laminate damage. Based on the analysis of the results, the highest
damage amount of delamination, matrix tension, matrix compression, and fiber tension damage is observed
in angle-ply, through-thickness auxetic, cross-ply, and through-thickness auxetic laminates, respectively.
Meanwhile, cross-ply, angle-ply, and through-thickness auxetic laminates with characteristics such as high
impact force, low impact time, low maximum displacement, and less dissipated energy than in-plane
auxetic laminate are suitable for use in structures with hardwall design approach. Also, the in-plane auxetic
laminate with features such as low impact force, high impact time, high displacement, and more dissipated
energy than other composite laminates, is practical and operational for use in sacrificial structure.
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behavior of carbon/epoxy composite laminates under low-velocity impact,” In Persian, Journal of Science and Technology of Composites, Vol. 11,
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Property Values
Density p = 1600 kg/m?®
Ey, =130 GPg,PEyy =E,, =17
a,
Modulus G,y =G,, =4.8 GPa, G,, =38
GPa
Composite  p;ocon’s ratio Vey =Vy, =0.33, v, =035
lamina
Xr =2080 MPa, X, = 1250 MPa,
Strength Y =60 MPa, Y, =140 MPa
Syy =Sx; = Sy, =110 MPa
Fracture ener Gy =133 N/mm, G =40 N/mm,
9 G = 0.6 N/mm, G, =2.1 N/mm
Modulus E =5 GPa
Interface Strength td =t0 =t =30 MPa

Fracture energy  G¢ =0.6 N/mm, G§ =2.1 N/mm
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Table 2 Layups and effective properties of CFRP composite laminates
with non-auxetic and auxetic behavior

8% off T B ES'T EST
21 31 (MPa) (MPa) (MPa) (MPa)
Cross-ply laminate: [0,/90,/0,/90,]
0.0366 0.3888 69.22 69.22 8.55 4.80
Angle-ply laminate: [60,/—60,/60,/—60,]
0.3050 0.2513 9.78 44.99 8.25 26.24
In-plane auxetic laminate: [15,/65,/15,/65,]

-0.3137  0.4914 40.95 24.30 8.10 5.84
Through-thickness auxetic laminate: [25,/—25,/25,/—25,]
1.4898 —0.1260 63.31 8.92 8.10 21.57

Rigid impactor
Composite

laminate

Rigid frame
(Clamped)

Fig. 2 Numerical simulations of laminated composite plate under
low-velocity impact
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In-Plane Poisson’s ratio, v,;

04 vy
0 15 30 45 60 75 90

0 in [0,/65,/0,/65,]; laminate
@-al)
04

Through-thickness Poisson’s ratio, v;;

o vy
0 15 30 45 60 75 90

0in [0,/-60,/0,/-0,], laminate
(b-o)

Fig. 1 Calculated layups to produce effective negative Poisson's ratio
for CFRP composite laminates: (a) in-plane, and (b) through-
thickness
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Effect of mixing time on rheological behavior and homogeneity of highly filled

composites
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Highly filled composites consist of two components of polymer matrix and different fillers with a weight
fraction of more than 30%. There are different methods for studying the slurry flow behavior. In this article,
the effect of pre-shear on the viscosity and homogeneity of the composite slurry and the final product has
been investigated. The Viscosity of highly filled composite slurry with different shear rates in the

temperature range of 40°C after mixing in composites binder / aluminum / ammonium perchlorate and
(binder / aluminum / ammonium perchlorate with Cross-linking agent) with the use of a Brookfield rotary
viscometer was measured. It was observed that the viscosity and its dependence on the shear rate correspond
to the behavior of the pseudoplastic fluid. Using the equation of power law, determining and analyzing the
parameters of viscosity index (k) and pseudoplastic index (n), it was shown that the rheological behavior
of highly filled composite depends significantly on the physical interactions between the filler and the
matrix. it was observed that after adding the curing agent, the viscosity of the highly filled composite
increases rapidly, and this increase in viscosity is due to smaller solid particles, an increase in molecular
weight, and the formation of crosslinks in the prepolymer structure. Investigating the effect of mixing time
on product homogeneity showed that the most homogeneous product was obtained during the entire mixing

process of 135 minutes.
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Fig. 4 Changes in torque relative to shear rate composites; (a)
(HTPB/AI/AP) composite, (b) (HTPB/AI/AP) + TDI composite
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Fig. 3 Rheological behavior of composites; (a) (HTPB/AI/AP)
composite, (b) (HTPB/AI/AP) + TDI composite
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Table 2 Power law fluid equation parameters in (HTPB/AI/AP) and
(HTPB/AI/AP) + TDI composites with total mixing time of 75, 95, 115
and 135 minutes

R? k n=m+1 m miny Aiged
0.986  5.790 0.638 -0.362 75 Al/Binder/AP
0.984  7.019 0.629 -0.371 75 Al/Binder/AP/TDI
0.990 5.156 0.643 -0.357 95 Al/Binder/AP
0989 6.325 0.637 -0.363 95 Al/Binder/AP/TDI
0.997 4.253 0.655 -0.345 115 Al/Binder/AP
0.995 5.405 0.650 -0.350 115 Al/Binder/AP/TDI
0.999 3.107 0.674 -0.326 135 Al/Binder/AP
0.999 4,272 0.662 -0.338 135 Al/Binder/AP/TDI
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Fig. 6 Effect of total time of mixing process on pseudoplastic index of
composites; (a) (HTPB/AI/AP) composite, (b) (HTPB/AI/AP) + TDI
composite
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Table 3 Composite slurry density results (HTPB/AI/AP)
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Fig. 5 Effect of total time of mixing process on viscosity of composites;
(a) (HTPB/AI/AP) composite, (b) (HTPB/AI/AP) + TDI composite
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T SD e SB SA B (min)
1.8609 1.8517 1.8744 1.8526 1.8985 1.8898 75
1.8616 1.8580 1.8535 1.8673 1.8867 1.8722 95
1.8868 1.8881 1.8740 1.8837 1.8994 18746 115
1.8895 1.8852 1.8907 1.8818 1.8902 1.8924 135
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Table 4 Density results of composite slurry (HTPB/AI/AP) + TDI
before composite cross-linking

@Ml asein Gl ylSe )5 Cojamls Dlégs JE= oles

T SD SC SB SA B (min)
1.8356 1.8342 1.8694 1.8461 1.8608 1.8745 75
1.8788 1.8507 1.8650 1.8449 1.84112 1.8631 95
18710 1.8644 1.8602 1.8515 1.8592 1.8528 115
1.8605 1.8630 1.8591 1.8646 1.8583 1.8657 135
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Table 10 Homogeneity (cv value) density of composite slurry
(HTPB/AI/AP) + TDI before composite cross-linking

135 115 95 75 miny ol
0.159 0.391 0.765 0.932 cv (%)
99.84 99.61 99.23 99.06 (%) Kop 4z yo

TDI + (HTPB/AI/AP) Cojels S (e, lais) e 4z, 11 Joue
IXSELOM

Table 11 Degree of homogeneity (cv value) of composite density
(HTPB/AI/AP) + TDI cross-linked

135 115 95 75 miny ol
0.081 0.292 0.614 0.890 cv (%)
99.92 99.70 99.38 99.11 (%) Kon 4z o

Iy losls 31655 cauS g0 puend |) ooy £425 CV e oS j5bo Lo
Ol (Kep 4230 plgieds plFio ) nl 055 G s 200 b Bl
Al oo solS sRen Jlade £V Jlade al38l L as ol plas mlbs o8
Slade o YL aids 135 aT s IS LSl loj 50 eddbdamle CV lade
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Fig. 7 Effect of the total time of the mixing process on the density of the
composites slurry; (a) (HTPB/AI/AP) composite, (b) (HTPB/AI/AP) +
TDI composite before cross-linking
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Table 5 Composite density results (HTPB/AI/AP) + TDI Cross-linked

@M et Glog Ko )3 dalr Cyjopals lége JBx obes

T SD SC SB SA B (min)
1.8235 18283 1.8118 1.7906 1.8032 1.8326 75
1.8251 18329 18084 18077 1.8325 1.8203 95
18270 1.8232 1.8245 1.8229 18201 1.8354 115
1.8292 18287 1.8300 1.8321 1.8279 1.8285 135
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Table 6 Average, variance and standard deviation of the density of
composite slurry (HTPB/AI/AP)

135 115 95 75 miny ob;
1.88830 1.88443 1.87155 1.87132 X
0.00002 0.00009 0.00023 0.00039 52
0.00399 0.00948 0.01524 0.01967 s

Cojaels Slege JBz JLae SBlawl 5 byl o She T Jgu

S asaSs 5 LS TDI+(HTPB/AI/AP)

Table 7 Average, variance and standard deviation of composite slurry
density (HTPB/AI/AP) + TDI before cross-linking

135 115 95 75 min) b,
186037  1.85985  1.85728 185344 X
000001  0.00005  0.00020  0.00030 s?
000297  0.00728  0.01426  0.01729 s

TDI + (HTPB/AI/AP) o j9eelS I L Blyasil g il jlg 0 Sils 8 Joua
IXRFLOW)

Table 8 Average, variance and standard deviation of composite density
(HTPB/AI/AP) + TDI cross-linked

135 115 95 75 miny Lo
1.82941 1.82552 1.82116 1.81500 X
0.000002 0.00003 0.00013 0.00026 s?
0.0015 0.00534 0.01120 0.01615 s

38 o il K 5 Ken e p LY ey 48 ol ol gl

Wnools £95 Hla (sl il aal3dl baas JK> e LS oleg 2alil L
5 skexe Blyzil ke lgicds OV 098 o oolaiwl (CV) uilyjly o ps 5l
ol Jlaie 5wl oo LS anlp S o)l lp Sl lade K

(HTPB/AI/AP) 5505 Clegs > (CVlaie) Kon 4,09 Jaus

Table 9 Degree of homogeneity (cv value) density of composite slurry
(HTPB/AI/AP)

135 115 95 75 min) l;
0.211 0.503 0.814 1.051 cv (%)
99.78 99.49 99.18 98.95 (%) Ko a0
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Fig. 9 Effect of the total time of the mixing process on the degree of
homogeneity (cv value) and density of the composite (HTPB/AI/AP) +
TDI cross-linked; (a) density, (b) degree of homogeneity (cv value)
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Fig. 10 Composite agglomeration at 25 °C
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Fig. 8 Effect of the total time of the mixing process on the degree of
homogeneity (cv value) of the composites slurry; (a) (HTPB/AI/AP)
composite, (b) (HTPB/AI/AP) + TDI composite before cross-linking
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1 JSTC.ens (EndNote Style)
2 EndNote
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