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Longitudinal Young’s modulus Ey = vfEfry + vinE, 5
The fiber aspect ratio describes the relation of fiber diameter and length, equation (1). " " . Lk mem )
aspect ratio = 5 (1)
Transverse Young's modulus e 11— v -1 (6)
The fibre volume fraction vy or mass fraction wy is the portion of the total composite that E; = (_f+ —f)
consists of fibres, equation (2) and (3). Epz Em
v whereEy; = fveEf + (1 — /¢ )E,
vp = ?f @ b2 Ferz ( rlem
PIYVE
=7 3
Wr pfvitom(1-vy) &) B . -1
Longitudinal Shear modulus JVF , 1-JvF (7)
Where Ve and V, are the total fiber-/composite volume, p. and p,,, are fiber/matrix densities. G12 = (Gblz Gm )

whereGp12 = (VeGriz + (1 = Vr)om

Transverse Shear modulus -1 8
fvy  1—Jvr (8)
G2z = +—
Gpa3 Gm

whereGpaz = vrGraz + (1 — JVr)om

Longitudinal Poisson ratio V12 = Ur12VF + UmVm (9)
Transverse Poisson ratio E; (9
Ugg = —— —
23 2 623

V¢ m is the fibre/matrix volume fraction,.

Ef1/2 is Young's modulus for the fibres in longitudinal and transverse direction.
Ep is Young's modulus of the matrix.

Gfi1z and Gy, are the shear moduli for fibre and matrix.

Uryz and vy, are the poisons ratios for fibres and matrix.
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Max. 0.3

Status Bar

Theoretical Formula

Experimental Formula

ol
The number of lamina - Scale factor of ! The number of lamina - Elastic range E Menu View 9
0 | Apply compliance matrix 2| Apply Min, 0.1 Log View

Hew e Calculate. B Calculate Version

WMain Menu Lamina #1 Experimental Formula Result x
& Theoretical Formula
=r{g! Experimental Formula Name Width(mm) Thickness(mm) Load Max(N) Strength(h/mm2) Strain(%) Moduius(GPa)
b 5 Experimental Lamina #1 et T Lamina #1 25 25 56466.7 737.75 104897 66.745
5l Experimental Lamina 42 Loadl) Stan(%) Stess(Vm3) . Lamina 2 2 25 55247.2 72403 104367 65.885
8 Theory 7.56 0.00002 01
95.78 0.002357 125
19,62 0.0033% 185
2477 0.00513 3.2
2454 0.00705 424
45,16 0.003073 582
5318 0.01053 595 Stress.Strain Curve
637.11 0.013202 8.32
7Le7 0015088 o5 Hlamna#z1  Elamina#2
80472 0.016753 10.51
a09.83 0.018485 1188
29153 0.020458 12.85 £
1064.13 0.021858 3.8 700
1162 0.023857 15.18 00
12383 0.025472 15.18 "
1335.31 0.027245 17.45 g 50
142917 0.0291 1867 & 40
1527.08 0.03126 1,95 200
164697 0.033555 2152 =
.2 0.036268 221 o
110,61 0.03863 245
198848 0040635 28 00 02 04 05 08 10 12
2081 0.042167 27.18 stam
ol & /i
Ol 2 View
Log View
Modulus=68 748
i 2
Width=25
Thickness=25
Load Max, =55247.2
Strength:724,03
Strain:1, 04367 -
Modulus =65 835 E l VleW
P
parre T T pane
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*  Microsoft Excel 5

ome  E 4% Holx ook
ﬁ«] Lzawn | o og
24~
EO‘?IE;M%& R L
Ctrl +C
A | B = D
1 Lamina #1
2 Load Strain Stress
3 N % Nfmm®
4 7.56 0.00 0.10
5 9578 0.00 125
6 149,62 0.00 195
7 24477 001 320
8 32454 001 424
9 445,16 0.01 5.82
10 531.80 0.01 6.95
11 637.11 001 832
12 73197 002 9.56
13 80472 002 10.51
14 90993 002 11.89
15 991.58 002 12.96
16 1064.13 0.02 13.90
17 1162.00 002 15.18
18 123830 003 16.18
19 133531 003 17.45
20 142917 003 18.67
21 1527.08 003 19.95
22 1646.97 0.03 21.52
23 1776.22 0.04 2321
24 191061 0.04 2496
25 198848 004 2598
26 2081.00 004 27.19
27 218335 004 2853
_o8| 226515 005 2959

Sheet! | Sheet2 | Sheet3

JEEE-E
HY7|E 5

waw [ |

Thickness

Load(M) Strain(%) Stress(N/fmm2) ~
95.78 0.002357 125
149.62 o a
294.77
324.54
445,16
5318 0.010953 6.95
637.11 0.013202 8.32
73197 0.015088 9.56
B804.72 0.016753 10.51
909.93 0.018495 11.89
991.58 0.020458 12,56
1064.13 0.021359 13.9
1162 0.023657 15.18
1238.3 0.025472 16.18
133531 0.027245 17.45
1429.17 0.0291 18.67
1527.08 0.03126 19.95
16546.97 0.033555 21.52
1776.22 0.036268 23.21
15910.61 0.03368 24.96
1988.48 0.040648 25.98
2081 0.042167 27.19
2183.35 0.044283 28.53
2265.15 0.046139 29.59
2403.86 0.048732 3141
2520.26 0.051096 3293
2607.78 0.052864 34.07
2715.85 0.054871 35.48
2308.53 0.057049 36.69
2918.03 0.059041 38.12 &
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T M2 2E - windows HEF
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95

14

24
324.54
445.16
531.80
637.11
731.97
804.72
909.93
991.58
1064.13
1162.00
1238.30
133531
142917
1527.08
1646.97
1776.22
1910.61
1988.48
2081.00
2183.35
2265.15
2402 AR
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Ctrl+ C

0.01

0.01

0.01

0.01

0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.03
0.03
0.04
0.04
0.04
0.04
0.04
0.05
nng

A4(0)
0.10

4.24
5.82
6.95
8.32
9.56
10.51
11.89
12.96
13.90
15.18
16.18
17.45
18.67
19.95
21.52
23.21
24.96
25.98
27.19
28.53
29.59
141
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@ 3
The numizeryf lami 3 tacorof !
2 pepyl %mmmm -'i
> Calculate

LA : | 0.01 1

1 B %) s Compbsites Properties Evaluation Program T rnbanibutiailand

L -y ——
The numbewihmlm Scale factor of

€ number of lamina - Elasticrange Menu View
I L“' Appiy\ compliance matrix - ! | Apply. ~ Min. 0.1 = A (V] Log View
I 001 : Calculate . : Caleutate e Version
| Experimental Formula I
[=-4& Theoretical Formula
8 Theoretical Lamina #1
B Eriramis
@ ey 1. Lamina 7= & &
2. Apply H| & 2§
3. Scale factor of compliance matrix ¢} &
Log View 2 x
Pane 1 Pane2
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7 Theoretical Lamina £1 Xﬁ

Main Menu
9 #wwwlh —— aterial Properties
; |ETheorehmILamlﬂa#l I - rrTrTrTrTYTYTTYTTTLTT—T—TTSFSTSSFTTT—STSTSTTSTFTLFTTTTTTTT
: i TRedrefEaTamng =2 2 MName Density(mag/m3) Youngs Maodulus{GPa) Possion's Ratio |
& Experment Formua | I e ¥ Y S [ S
i Theory IMat’lx Epoxy 1.29 3.60 0.30
_______________________________'
— e
1 FAW(%:) Thickness{mm) Angle(degree) i |
1 0.3 1.0 45.0 1.0 :
e .
——
3 ess Matrix Stiffness Matrix with Angle |
|
: S Matrix Scale Factor 0,01 S Matrix Scale Factor 0,01 |
|
| ¢ Matrix Scale Factor C Matrix Scale Factor 1
I I

1. Main Menu®| Lamina #1 2 &l A | 8 | ¢ | b | & |
1 |A. Input data for material properties
2. Material Properties OI:I E'__:'I 2 : Material Densitj: ing's modupssion’s ratio
3 Unit _|___-___] —mg/m__| __GPa__l____-___
=] — = L= |_ 4 Fiber i Glass 145 130.00 035
- Excellf @ MEEZ|M SA/EOET 7t [ o T e | s | o
" L A

3. Matrix scale factor &

4. Lamina #20] CHSH A = S 2UASHA| Rl
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Information for laminate
Mo. Fiber Matrix FAW Thickness Angle

1 Glass Epoxy 0.3 1 45
2 Glass Epoxy 0.3 1 45

The number of lamina : Scale factor of

2 Apply

compliance matrnt
- |0.01

Caltulaie

Theoretical Formula

Material properties for laminate{(Homogenization) -( 4 | Translat for ABAQUS 1
| Properties Unit Value r Properties Unit Value |
I Ex GPa 7.05123 Iy EL MPa 7051.23 |
1. 2|2 0| 72| Calculate E =l : ' I
1= 02l = : Ey GFa 7.05122 :l E2 MPa 7051,22 I
2. Laminate Ic;lE '-é—-!-ol_l 1| Gxy GPa 5.149 |: MNU12 0.999997 |
1| Muxy 0999997 Iy G12 MPa 5149 :
. " I
3. A|AH=l laminate 20l | Moy 0,730225 :: G13 MPa 5149 1
I ETAxyx -0.4561397 Il G23 MPa 5149 |
4 Abaqus EA-l §||-O|_| 1| ETaxyy 0.461394 I e ——— |
T —
5. Abaqus 8|4 2 2|t card =0l

Material properties card

Material, name =Composite
*Elastic, type=LAMIMA
7051.231306, 7051.222673, 0.999997, 5148.996949, 5148.996949, 5148.996949

[e—————
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\) D5 da) s comp 1 ation Program
[“rome.|

Then -l a
2 |App|u]r|| |.I'I|n 0.1 -

}Jal : [Calculate
> 03 1

Experimencal romula

= o X
stle ~ @

The number of lamina smﬂa&/gl
= Apply. compliance matrix

{& Theoretical Formula

The number of lamina - Elastic range.

2| Apply |

1Ivm u Vi 9
IE)u:gm:wM
Version

Dsmsa

! Experimental Formula
4 Experimental Lamina 1
i Experimental Lamina 2

@ Theory

Log View

1. Lamina 7%=

JE_E

2. Apply HE 2 &l

—_ =

3. Elastic range x| A&

ax

Pane2 .

SEHEE
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1 )dain Menu

X

-l Thearetical Formula

SRR e T ——
. -}&H Experimental Lamina #1
. Expenmental Lamina 22

‘g_' Theary

1. Main Menu®| Lamina #1 = 2l
2. Laminal| Z1} =74 & =

3. A0 &

pLﬂdm Thickness [2.5

is5z G B 9 -

-
LI ]

| I Tnitiize |
1

Load

S

0.000602

95.78
148.62
244,77
324.54
445,156
531.80
637.11
73197
a304.72
909.93
991.58
1064.13
1162.00
1233.30
1335.31
142917
1527.08
1646.97
1776.22
1910.61
1983.43
2081.00
2183.35
2265.15

0.002357
0.003396
0.005130
0.007050
0.009073
0.010953
0.013202
0.015088
0.016733
0.018495
0.020453
0.021959
0.023657
0.025472
0.027245
0.029100
0.031260
0.033555
0.035263
0.033630
0.040643
0.042167
0.044233
0.045139

CEEE

o Sfressimm2)
0.10
1.25
1.95
3.20
4,24
5.82
5.95
8.32
g.58
10.51
11.89
12.96
13.90
15,18
16,18
17.45
158.67
19.95
21.52
23.21
24.96
25.98
27.19
28.53
29.59

Py

W

o o o o e o

“Excel T} EMHE TN 2AY/E0{E 7] 0|2

o/ x| dolope

Eﬁ & FHW | 5o og
2027 ILEs I N
- |FMu s =

sSgec =
A - %
A L. ‘.

1 7.56  0.000602 0.10
2 9578 0002357 1.25
3 14962  0.003396 1.95
4 24477 0.005130 3.20
5 32454  0.007050 424
6 44516 0.009073 5.82
7 531.80 0.010953 6.95
8 63711 | 0013202 832
B 73197 0015088 956
10 80472 0.016753 10.51
1 90993 0.018495 11.89
12 99158 0.020458 12.96
13 106413 0021959 13.90
14 116200 0023657 15.18
15 123830 0025472 16.18
16y 133531 0027245 17.45
17! 142917 0.029100 18.67
18] 1527.08 0031260 19.95
19 1646.97 0033555 21.52
20 1776.22  0.036268 23.21
21 191061  0.038680 2496
22 193848 0040643 25.98
23 2081.00 0.042167 27.19
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The number of lamina - Elastic range | —_— | : Mame Width{mm}) Thickness({mm) Load Max(MN) Strength(Nfmm2) Strain( ) Modulus(GFPa) :
2 Apply C Min. 0.1 : : j| Lamina #1 25 2.5 56466, 7 737.75 104397 66,745 I
: | Caleulate | Lamina #2 25 2.5 55247.2 724.03 104367 £5.335 |
© Max, 0.3 r 1
1 ] 1

Experimental Formula | I
e e S p pp— |

N ey ey |

3 ) : Stress-Strain Curve :

| |

B Lamina # 1 O Lamina # 2
[ = |

1. El% D'"-rrgl Calculate = é! 1 T :

. 1 I

2. A4 Z1f =0l : 500 | !

|

olgds S s | 800

3. Q2{8h Al E 0| B 2= gl & :

I 7 4001 I

1 I

| 200 |

| |

I 0 T T T T T I

| 0o (i o 04 08 ] 10 12 ]

1 Strain |

| |
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