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1  Glass Reinforced Polyester (GRP)
2 Mode
3 Failure Envelope
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4 Taguchi’s Design of Experiments
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ASTM D1599-99
Carbon Nano Tubes (CNTs)
Boron Nitride Nano Plates (BNNPs)

1 Uncertainties

2 Discontinuous Filament Winding Process
3 Long-Term Hydrostatic Test
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Table 1: Acid and cobalt profile and percentages used
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Fig. 1: Cylindrical sample
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1 Methyl Ethyl Ketone Peroxide (MEKP)
2 Direct Roving
3 Barcol
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Table 2: Geometric features of the cylindrical sample

(mm) ol Job ol (1o yhad ol Ceolnd Lasy sloxs (degree) oemaiiy a9l;
(mm) (mm)
Voo Yoo Y +YH

iligm GhalosT 4 s o gloaiges :F Y2
Fig.4: Samples of the burning test
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Fig. 3: Specimen of the resin pressure test after
placement on the device
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Fig. 2: Geometry and dimensions of the stretch test
sample
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Table 3: Mechanical properties of glass fiber and resin
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2 Reduced Fiber Volume Fraction
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Table 4: Elastic properties and cylindrical strength
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Fig. 7: Different layers of composite cylinders and the

definition of the local coordinate system for each layer
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Fig. 9: Flowchart algorithm of the process of calculating
damage parameters and how they are applied in
numerical solutions
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Fig. 13: Load-displacement variation diagram for
composite cylinder number 3
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Fig. 12: Tensile and compression states on the inner and
outer surfaces of the cylinder after deformation
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Fig. 14: Initial cracks formed on the inner surface of the
cylinder
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Fig. 15: (a) Geometric location of the separations that occurred on the outer cylindrical surface (b) Separations
occurred at the outer surface of the cylinder during loading
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Fig. 17: Separation image between layers along the
thickness
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Fig. 16: The triangular surface forms the separation
between the layers at the outer surface of the cylindrical
sample after completion of the test
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Fig. 18: Geometric state of sample cylinder number 3 at 133 mm displacement
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Fig. 19: Geometric state of sample cylinder number 3 at 148 mm
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Fig. 20: Load-displacement diagram of cylindrical sample
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Fig. 21: The bar graph of the fracture force comparison
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Fig. 22: Images of the position of the fibers in the sample cylinders (a) Sample No. 1 (b) Sample No. 3
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Fig. 23: Modeling the cylindrical sample (a) 3360 elements (b) 7840 elements (c) 31500 elements
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Fig. 24: The load-displacement diagram resulting from the solution with the number of different elements
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Fig. 25: Load-displacement diagram resulting from numerical simulation and average experimental results of
cylindrical samples
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Table 5: The values of the breaking force and
corresponding displacement for each of the three graphs
derived from numerical and experimental results
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Table 6: Error percent of fracture force and
displacement resulting from numerical method with
experimental results

YY/OY J5 nSleo b Sl (59,0 Uas w0
ARIRY Y oY o)lads diged uSlos b CuSll (59,05 o> o jo
WYY J5 eSilon b oS el s 0oy
VE/FE ¥ o o )leds dige (pSibe b canS plrale a3 aojs

Soged jlaadl oo sl Gl ye clSs oS k> 0590 o
S w5l gous 4l clS gloals a5 cul aseie
& O 5o CuSs &S slals a4 am a4 ol ) ol S SgS
A 0 azil @z b (0gd e aiS CuSl slal> was
Wil casiine Hlaie CanSs (595w a5 Sloy sl cgas el LS
O,l0 29 (2,2 5 g0 s ol (S WS AT s je
0y slae (pl s Tag s (Al ALEIS (65555 o 45 (50503
ol clls waler caxsg ol 0 6y olals axss o g
@ﬁ)o@TJbe‘ebcp Olg o0 s i |,y s
;Loc (sl o Gulas sl sy ) wilg oo oS olaoasyy
b 4 cad ol s Gl cpl jo a0 Wgd o i
M‘P ].»—QS kS'M ‘09...4(54 M; )Lu 9O s uju\; aS JTOJJ‘
Bged Sologed (uSle & b ye S350 0,5 dles oy (6 5tien
GO 9 Gb)?u C.al...u u.uLo d)LJ‘ B el ool ob)ij 9 Y o)l.o..f.»
g duslie V ojled diges 8,5 Jlai o pac g 185 lai ol
e ol LBl plrale § casls 6550 polie O Joaz 4o

el 00 00)3] ‘5|).’>u 9 (G0 ("})L».v )| J..aL?' )loyoj dw
SIS - ESPN E RV ESPRUINK VPP PR RE:) E= IEWIRY Jpg RESR

ARRRY

sgledl slaws 5 gauledl pas g4 5l eolatuwl b omy Jlocus
Jsl &5 )l srSoste b (G 216y ©)j90 4 TN+ g VFO-
lons abxil cgazy Lol
b Jelos 51 Jols gl a5 ol jasein YF S5 0 285 b
an g asl oles s e 6,sb ol Gl slagledl slows
3 ol o yloges a5 iy bl les oo ladl BF e« slass
Wgde Febite SouSe 59 p e Glaplal slass b flos
ol 1) e onl Jo sl cemlin onpledl 5T amcs o)
o sl o oles (sl oael Cuvs 4 4 axg boes
ssliiul Jlocuz sonaldl g9 by YA oLl slaws o515 5
b Jelos _Sloslons loj 5 poe (20l5 Easly bl o walss

g 0

ojlw ld, Slo a5 aileul Slale— b loged Cand ol o
Slp 85 walss 13 cw)p 3y wllioe (SRjealS ailgal
@l 3 rizeen 5 058 (Byme 028 @l jlasly )k, S, aS
Bgad o logei (goue (1Kilo 00,5 bl raiges I plas 2
Gl loges YO S5 j0 0l wales solawl awslae o ladslgia!
7 @l Sk 5 go0e gilwand jl Jol> olal- L
5 Y 9 Y GLQO)LM» Gl:u ﬁt& )135.0.3 U”‘ L Sl 00 °‘>)5"
] 00 0\3)51

3 Jeols loges Jlid, wanl Lles YO S 5 a8 lises
e ol o)l oy @l b lie Billal (o0 (giluand
0375 3 | slexe GBI g (g3ludind g, o5 ol Gl 5l (S
Sgis oo 0ddlice YO JSi Jloges ;0 B0 b el camlin ] iy yas
S oae Jo lawgi 0ol (G SeaSh (69508 e o
g $EELe gae (pwiid Cge aile Cge (5855 L3 o oS
gy 5o sluY o Glae wib gleas, bl poe uen
o3 ko e ;0 o3l St 45 84d o0 o] 4 e (g5l Joe
@ 0gd i wdd oo lid 395 3l ojle Jee 0 axsl 4 cus
Joo Slgi oo pain plrals ;o ojle &S g9y Cux (men
bl walg> 6585 ke 0,0 bl )l goae bl o S



NYE B 1Y) Glorio AYAA o 0)lads DY 053 «ppsS psel SlSo singo d i

30

33
1

Force (kN)
*
~

Average-Experiment
--------- Average(2,3)-Experiment
w— + == Numerical-Elastic 3D

== === Numerical-Hashin 3D

, —-—
/ —
50 100

Displacement (mm)

150 200

12 S il 5 ol U B (g 5 ol 15T B b 5008 3lwansd | Jfolo il sl yloges Y5 S
Fig. 26: The load-displacement diagram resulting from numerical simulation with regard to the effect of damage
without regard to the effect of damage and the average experimental results
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Fig. 27: Load-displacement diagram resulting from numerical simulation with regard to the effect of damage and
without regard to the effect of damage
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Fig. 28: Distribution of damage parameters in the cylinder (a) Strength of the fibers in the stretch (b) Strength of the
fibers in the pressure (c) Damage of the stretch matrix (d) Damage of the matrix at the pressure
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Fig. 29: Comparison of the distribution and size of damage parameters in elasticity and pressure in the fibers in a
displacement of 80 mm (a) Stiffness damage of the fibers (b) Fiber damage at pressure
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Fig. 30: Geometric position of the selected path for extraction of stress components
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Fig. 31: Distribution diagram of stress components at the outer edge at a displacement of 50 mm
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Fig. 32: Separation between filaments in the bundle of
fibers on the outer cylindrical surface
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