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CDB: Job-1.0db Abaqus/Standard £,14-2  Tue Dec 29 02:09:59 Iran Standard Time 2020

Step: Step-1
Mode 1: EigenV¥alue = 92,9392
z Prirmary War: U, Magnitude

¥ Ceformed War: U Deformation Scale Factor: +3.600e+01
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\ Critical load buckling
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Step: Step-BUCKING
Mode 1: EigenValue = 14,8933

X Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +3,000e+01
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5, Mises

SHEG, {fraction = -1.0), Layer =1

[hvg: 75%)
+74%e-02
+6.872e-02
+6.248e-02
+5.623e-02
+4,899-02
+4,375e-02
+3.750e-02
+3.126e-02
+2.502e-02
+1.877e-02
+1.253e-02
+h.288e-03
+4,524e-05

Y 0DB: 090312y i Merd 6.14-1 Mo Nov 02 22:21:55 Iran Standard Time 2020

Deformed var: U Defarmation Scale Factor: +3.000e+01
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3, Mises

SHEG, (fraction = -1.0), Layer =1

(Avg: 75%)
+7404e-02
+6.758e-02
+6.171e-02
+5.555e-02
+4.938e-02
+4 322e-02
+3.706e-02
+3.06%-02
+2473e-02
+1.826e-02
+1.240e-02
+6.236e-03
+7.206e-05

Deformed var: U Deformation Scale Factor: +3.000e+01
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5, Mises

SNEG, [fraction = -1.0), Layer=1

(Avg: 75%)
+7483e-02
+6.8460e-02
+6,237e-02
+5.614g-02
+4,930g-02
+4.367e-02
+3.744g-02
+3121e-02
+2.497e-02
+1.8748-02
+1.251e-02
+6.277e-03
+4 438e-03

(DB FRPAL-rgq nbaqus/standard 6,14-2  Tue Sep 29 17:21:15 Iran Standard Time 2020
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5, Mises

SMEG, (fraction = -1.0), Layer =1

(vg: 75%)
+6.812e-02
+§.170e-02
+742ie-02
+6.686e-02
+5.944e-02
+5.202e-02
+4460e-02
+3.716e-02
+2.976e-02
+2.234e-02
+1.492e-02
+7.502e-03
+6.175e-03

Y ODB: Odegd Paqus/standard 6.14-1  Mon Now 02 15:26:43 Iran Standard Time 2020

‘l. 2 Benvalus = 15.799

Deformed var: U Deformation Scale Factor: +3,000e+01
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3, Mises

SNEG, (fraction = -1.0), Layer = 1

(Avg: 75%)
+7.223e-02
+6.621e-02
+6.020e-02
+5.415e-02
+4.817e-02
+4.215e-02
+3.613e-02
+3.012e-02
+2.410e-02
+1.509e-02
+1.207e-02
+6.0558-03
+4.223e-05
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Eenvalue = 16,944
, Mises
ar: U Deformnation Scale Factor: +3.000e+01
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S, Mises

SMEG, (fraction = -1.0), Layer = 1

(Avg: 75%)
+8.182e-02
+7.501e-02
+6.820&-02
+6.138e-02
+5.457e-02
+4.775e-02
+4.094e-02
+3412e-02
+2.731e-02
+2.049e-02
+1.368e-02
+6.863e-03
+4.861e-05

ODB: 0904l5 Rus/Standard 6.14-1  Mon Nov 02 22:40:41 Iran Standard Time 2020

Qenvalue = 16,710

e5
Deformation Scale Factor: +3.000e+01
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Defarmevar: U

5, Mises

SMEG, (fraction = -1.0), Layer = 1

(AvD: 75%)
+7.342e-02
+6.730e-02
+6.119e-02
+5.508e-02
+4.097e-02
+4.285e-02
+3.674e-02
+3.063e-02
+2.452e-02
+1.840e-02
+1.229e-02
+6.179-03
+6.604e-03

Fagus/Standard 6.14-1  Mon Mow 02 23:03:07 Iran Standard Time 2020

Benvalue = 16,663

art U Deformation Scale Factor: +3.000e401
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Abstract

In this thesis, experimental study on the critical buckling load of aluminum
columns reinforced with glass/epoxy composite belts containing carbon
nanotubes (CNTs) are presented. The columns with solid circular cross
section are subjected to axially pressure load. Aluminum column specimens
reinforced with glass/epoxy and CNT/glass/epoxy are fabricated. CNTs with
0.25, 0.5 and 1 weight percent (wt.%) are dispersed into the epoxy resin.
Three layers composite belts are wrapped around the column. Glass fibers
are placed along the column axes in each layer. The columns are tested under
fix ended boundary conditions utilizing Instron hydraulic universal testing
machine. Pressure load with respect to the end shortening are plotted for each
specimen. To achieve the average value of critical buckling load, four
specimens are examined for each composite belt material. Results show that
when 0.5%CNT/glass/epoxy composite belt is used to reinforce the column,
the critical buckling load of the column increases by 50% with respect to the
column with glass/epoxy composite belt. The proper dispersion of CNTs into
the matrix material along with appropriate adhesion between the
nanocomposite belt and the aluminum column lead to the increase of
buckling load. Furthermore, to validate the results, buckling analysis of
aluminum column reinforced with glass/epoxy composite belt was done in
Abaqus finite element software. Finite element simulation confirms the
experimental results obtained.

Keywords
Buckling, Aluminum column, Composite belt, Carbon nanotube

\of



Shahrood University of Technology
Department of Mechanic and Mechatronic Engineering

Experimental Buckling Investigation of Reinforced
Metal Column by Composite Belt Containing
Nanoparticles

By:
Mohammad Raeisi

Supervisors:

Dr. Alireza Shaterzadeh
Dr. Seyyed Mahdi Hosseini Farrash

November 2020

ARIA



