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Experimental and numerical investigation of buckling and post-buckling
behavior of filament wound composite cylinders under lateral compression
loading by parallel rigid plates

Amin Dadashi, Gholam Hossein Rahimi*
Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran.
*P.0.B. 14115-111 Tehran, Iran, rahimi_gh@modares.ac.ir

Keywords Abstract

Composite cylinder Nowadays, reinforced polymers using by means of glass fibers are extensively used in industry. One of the used
Buckling and post-buckling loads that composite cylinders undergo during use are lateral compression loading. To investigate the buckling and
Hashin’s 3D damage model post-buckling behavior of filament wound composite cylinder, some prototypes were prepared with winding angle

equal to +75 degree. The samples were pressurized by means of two parallel rigid plates according to ASTM standard.
The force-displacement diagrams resulting from normal loading on the rigid plates were plotted experimentally. In
addition to experimental tests, numerical simulations were carried out by means of Abaqus commercial software.
Since the composite cylinder experiences damage, the Hashin’s three dimensional damage model was utilized to
consider the damage effects occurring during loading. To apply Hashin’s three dimensional damage model, a UMAT
subroutine coding procedure was conducted using program Fortran 77. The mechanical properties and composite
cylinder fracture strengths were obtained by measuring fiber and resin properties based on the relative standard and
then separately by micro mechanical relations concerning the layers. The cylinder undergoes buckling because of
the existence of pressure between the parallel rigid plates. However since the cylinder undergoes a stability condition
after buckling. This phenomena does not have significant effected on the overall behavior of the cylinders.
Appropriate agreement is observed between the experimental results and the numerical simulations.
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Fig. 3 Resin pressure test sample after placement in the universal
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Fig. 9 Load-displacement diagram for composite cylinder sample
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Fig. 8 Position of rigid plates after assembly
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Fig. 10 Load-displacement diagram of cylinder samples
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Fig. 13 Images of the position of the fibers in the sample cylinders (a)
Sample No. 1 (b) Sample No. 3
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Table 8 The amount of displacement and buckling force of sample
cylinders No. 1 and 2
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Fig. 14 Comparison of sample cylinders buckling force
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Fig. 11 Comparison bar graph of cylinders Pipe Stiffness
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Fig. 12 Comparison of sample cylinders failure force
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Fig. 16 Load-displacement diagram of solving a number of different
elements

Gilise slaplll slaws b o 5l ol slalom b Jloges 16 S5

GO9S 9 (22 gl dmy Lo -3-4

2 @ls 5l orizen 5 053 (yre 078 @l aly )8, Sy 4SSl sl
5o balgiul disel slojloges (goae (1Sl 00,5 Ll aaiges 5l plas
ol olrale- b glajloges 17 JSs 1o 0l walss colatul awslie sl
oges ol 5o el 0 03] (0y28 el (1Sils 5 (g00e (5 jloans
I dele sazmet L oojled e b diged o 028 @l eSike
L3 52 boojleds gl (nlee 5 2 o)leds gzmin b go0e (gjluard
Ll 00 oo)BT 3 O)Lo..i': R

(o]

Force (kN)
S

0 50 100 150 200
Displacement (mm)

Fig. 17 Load-displacement diagram of numerical simulation and
average experimental results of cylinder
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Table 10 Error percent of failure force and error rate of
displacement resulting from numerical method with experimental
results
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