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PREDICTION OF FIBER COMPOSITE MECHANICAL BEHAVIOR MADE SIMPLE
C. C. Chamis*

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio

ABSTRACT

A convenient procedure is described for the determination of the mechanical
behavior (elastic properties and failure stresses) of angleplied fiber composite
laminates using a pocket calculator. The procedure uses simple equations and ap-
propriate graphs of elastic properties versus ply angles. The procedure can handle
all types of fiber composites including hybrids. The versatility and generality of
the procedure is illustrated using several step-by-step numerical examples.,

INTRODUCTION

The determination of mechanical properties (elastic properties and failure
stresses (strengths)) of angleplied laminates are required for the initial sizeing of
structural cecmponents from fiber composites. These properties and strengths are
determined using composite mechanicc and laminate theory usually in a computer
code (ref. 1). It is generally recognized that the use of a computer code is expe-
dient and quite general. However, it does not provide the user with insight and in-
stant feedback of the laminate behavior and capability as he proceeds with the
design/analysis of the comporient.

A convenient procedure (method) is desscribed in this paper which can be used
to determine the elastic properties and strengths of angleplied laminates, The pro-
cedure is suitable for hand calculations using a pocket calculator. It consists of
simple equations and appropriate graphs of (+6) ply combinations from the most
frequently used composites. The procedure makes use of the well known transfor-
mation equations, the ply stress influence coefficients, and the ply uniaxial
strengths. It can handle all types of compusites including interply and intraply hy-
Yrids. The procedure is illustrated using several step-by-step numerical exam-
ples. The discussion in this paper is limited to mechanical loads and structures
at normal atmospheric conditions, The procedure can readily be extended to handle
hygrothermal environments following the methods described in reference 2,

£ . . . -
Structure and Composites Research Engineer, Materials and Structures
Division.
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ELASTIC PROPERTIES

The laminate (composite) elastic properties for angleplind laminates with gen~
eric laminate configurations [( )/ ] [0 / (£9) mJ [(:i:G) / (:i:o)m]

[(—J:G )/0/ (w )/90/.. ] including 1nterp1y and intraply hybrids are determmed as

described below, The nota'uon to be used is as follows: E, G, and v denote nor-
mal modulus, shear modulus, and Poisson's ratio, respectively; subscripts 2
and ¢ denote ply and laminate (composite) property, respectively; subscripts 1,
2, and 3 denote ply coordin.:e axes directions (fig. 1); subscripts x, y, and z
denote laminate coordinate axcs directions (fig. 2); and 6 denotes ply orientation
angle measured from the x-axis to the 1-axis (fig. 2). The reduced ply stiffness
properties QJZ are given by

O+ S Epo9
11 1= VpyoVpor 122 =4 _ VpioV
L= vp19¥01 212%021
@.1)
VyqoE VporE
T T R E s L
Q1= = = Qs

1-vyio¥o1 1= ¥19¥p21

7

Gﬂ 19 = Gﬂ 12 (Identity given for completeness)

The reduced stiffness elastic properties for a pair « f plies (:te)Qo are given by

Q. 01l o Egas
0117 Qa2 ST o
0127021 612”021
@.2)
Q.. - o222 _ Yeai®ou _
612 = Qa1

1-vgia¥g21 1~ Yg12%021

G012 = Gel2 (Identity given for completeness)

Elastic properties for plies and for (+0) combined plies are shown graphically in
figures 3 to 7 for boron/epoxy (B/E), high modulus graphite/epoxy (HMG/E), AS
graphite /epoxy (AS/E), S-glass/epoxy (S-G/E), and kevlar-49/epoxy (K/E), re-
spectively. Similar properties for three typical intraply hybrids 80 HMG/E//20
S-G/E, 80 AS/E//2¢ S-G/E, and 80 AS/E//20 K/E, where the number denotes per-
cent fiber) are shown in figures 8, 9, and 10, respectively. Unidirectional compo-
site (ply) properties are obtained from these figures at 8 =0, Corresponding
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curves for other composites may be generated using laminate theory. For intraply
hybrids they may be generated using the procedures described in references 3 and 4
together with laminate theory.

The reduced stiffnesses (@) for angleplied laminates [(:f:@)n/om]s are given by

. Qsx = VepRu11 * VroR11

Qayy = VP22 + VpoRU22
@.3)
Qoxy = VpoQ12 ¥ VeoRp12 = [exy

G VonG

exy = VpoSe12 t VeoCr12

where Vo equals the volume ratio of the +0 combined plies and Vpo equals
the volume ratio of the O plies. Equations (2.3) can be readily generalized for
other laminate configurations., Either the O orthe +f combined plies can be
from different composites or from the intraply hybrids.

The angleplied laminate elastic constants are given by

Q2 Q2
Eopx = Qoxx - e Equy = Quuy = CX

Q yy cyy Q

cyy cxXx
2.4)
y _ chz‘ b= chx
Xy Q. X q

cyy CcXX

chy is given by the last equation (2. 3).

Equations (2.1), (2,2), and (2. 3) are relatively simple and can be easily pro-
grammed for programmable pocket calculators. Their use will now be illustrated
as described in the following examples.

Example 2.1. - Determine the elastic constants of the angleplied laminate

. . . - 0. _ _ .
AS/E [(:k45}/02]s. For this laminate: 6 = 45"; VPL =0.5= VPO‘ From figure 5
. the O ply elastic constants are (at 6 = ()

Eﬂ.ll = 18.2><106 psi; E*q'22 = 2,0><1()6 psi; G;212 = ()‘60><]_06 psi

Vo12 = 0.255 vyoq = vy 19F)00/Eyyq = 0.027
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Substituting these values in equations (2.1) yields the reduced ply stiffness Qﬁ as

follows:

- 6 .. _ 6 .

Qqqp = Qpgp =0.50x10% psi; Gy = 0.60x10% psi

Also from figure 5 the +45 combined plies elastic constants (0 = +45) are

- T - 6 i, _ 6 i
E011 = 13922 = 2,1X10" psi; G012 =4,9X10" psi

Substituting these values in equations (2.2) yields the 45 plies reduced stiffness

QB as follows:

= 6.11x10% psi

Qg1 = ag
Qo =Q,,. = 4.,90x10% psi
p12 = Qa1 = 4
G,.. = 4.9x10% psi
12 = 4

Using the Qﬁ and Q@ values in equations (2. 3) yields the angleplied laminate re-
duced stiffness Qc as follows:

— 6 .. _ 6 _.:
chx—lz.zleo psi; Qcyy—4.06><10 psi

chy = 2.72x108 psi; Grny = 2.75x108 psi

The angleplied laminate elastic constants are now obtained by substituting the Q c
values in equations (2.4):

— 6 .. _ 6 ;. _ 6 .
Ecxx = 10.4X10" psi; Ecyy = 3.4X10" psi; chy =2.8%10" psi

=0,67; chx= 0.22

Vexy
The accuracy of the calculations can be checked using the following well known re-

lationship




z}CXZ = vCXY (2.5)

Eoxx Ecyy

Substituting numerical values in equation (2.5)

0.064x10% = 0.065%1076

which is accurate to three significant figures.
Example 2.2. ~ Determine the elastic constants of the angleplied interply hy-
brid laminate [(5:4:5) /O 4:/90 2] where the +45 combined plies are from HMG/E, the
5

O plies are from S~-G/E and 90 plies are from (K/E). The ply ratios for this lam-
inate are:

VPO =0,26; V.

PO=O.5; and VP90 =0.25

The elastic constants for the +45 HMG/E plies from figure 4 are:
E, . =E,., =2.9x10°% psi; G,.. =7.7x10% psi; v,., =v,.. =0.83
011 622 ‘ ' U612 : ' Pe12 T Y621 )
The corresponding Qes'; using these values in equations (2.2), are:

— — 6 . - 6 ..
Q911 = Q@zz =9, 32X10" psi; G612 =7.,7X10" psi

- = 6
Qg9 = Qggy =8-23x10°  psi

The elastic constants for the O S-G/E plies from figure 6 (9 = 0) are:

6

- 6 i = 6 qi. = ;
EQ11—8.8><10 psi; E!222_ 3.6X10" psi; G!le = 1,7X10" psi

=0.23; vy

Vo1 91 = Yp19Rp 00/ Egqy = 0.094

The corresponding Qﬂs, using these values in equations (2.2), are:

_ 6 ... _ 6 .. _ 6 .
Q,ﬂ_ll =8.99%X10" psi; QQZZ = 3,68X10" psi; G!llz = 1,74X10" psi

= = 6 si
Q!le = Q,QZl = (.85X10" psi

The elastic constants for the 90 K/E plies from figure 7 (¢ = 90) are




_ 6 .. _ 6 i, - 6 ..
Eul—o."lxlo psi; E£22—9.9x10 psi; Gr!212 0,4X10" psi

Vyor = 0405 vy1 = VyoyBpy1/Epgg =0.028

The corresponding QBS, using these values in equations (2.2) are:

. . . 6 .
Qpqq = 0.71x10% psi; Qoo = 10.01x10% psi; Gjqg =0.4%10" psi

= = 6 si
Qﬂ 12 < Q.QZ]. = (,28%X10" psi

The interply hybrid angleplied laminate Q oS are obtained from equations (2. 3)
expanded to account for the 90 plies, In expanded form the first equation is

Qexx = Vpe11 t VPoU11 T Vroowo11

and the corresponding equations for Qcyy’ chy’
values for the Qps, QOS’ and Q90s the Q. Qcyy’ chy
spectively:

and G exy* Using the numerical

, and G are, re-~

Xy

Q. =0.25%9,32x10% + 0.50x8.99x108 + 0. 25%0.71x108 = 7.00%10°

CXX psi

6 6 6

Qc =0,25%X9,32X10" + 0.50%3.68%X10" + 0,25X10.01X10" = 6.67><106 psi

yy

6 6

6 = 2.58x10% psi

Q... =0.25%8.32x10 6 1 0.25%0.28x10

cxy + 0.50%0,85X10

G.. =0.25x7.7x10° 6 6 6

exy +0.50X1. 74X10

+0,25%0,40x10° = 2,90x10° psi

The intraply angleplied laminate elastic constants are obtained by using these nu-
merical values in equations (2.4). The results are:
6

= 5,7x10% psi; G___ = 2,9x10% psi

- 6 i,
E___ = 6.0x10° psi; E oxy

CXX cyy

=0.39 v =0.37

Vexy cyx

v v
Check: ~EL = S¥X —X 0 065x107% = 0.065x107% 0.K.
CXX Ecyy
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Example 2.3, - Determine the elastic constants of the angleplied interply~-
intraply hybrid laminate [(:b30)/03:l where the +30 combined plies are from B/E
S

and the 0 plies are from 80 AS/E//20 S-G intraply hybrid. The ply ratios for this
laminate are:

Vpg = 0.40; VPO =0.60
The elastic constants for the +30 B/E plies from figure 3 are:

6 o 6 . 6
Egyq =9.8%10° psi; Egg, = 2.8%10° psi; Gpyo = 6.1%107 pai

Voo = 1.825 Vpo1 = Vg 9Epaa/Eyyy =0.31

Substituting these values in equations (2.2) yields

_ w1n0 i _ 6 .. - 6 ...
QGll =16,59%x10" psi; Q622— 3.89x10" psi; Ge12 = 6,1X10" psi

Qg = 5.14x10° psi; Qg,; = 5. 14x10% psi; @15 = Qo)
The elastic constants for the 0 intraply hybrid plies from figure 9 (9 = 0) are:

6

_ 6 . _ 6 . _ .
Eﬁll = 16.0x10" psi; EJQ?J2 = 2,2X10" psi; Gﬁ12 =0,72X10" psi

Vgpg = 0-253 Vyoy = vy By 9p/Fygy =0.034
The corresponding Qﬁs, using equations (2,1), are

- 6 . _ 6 i _ 6
Q211—16,14><10 psi; Q£22—2.22><10 psi; G£12—0.72x10 psi

Qs = Qo1 = 0.56x10% psi '
The laminate Q oS are:

Q = 0.40X16. 59><106 + 0.6><16.14:><106 = 16. 32><106 psi

CXX

Q... =0.40x3,89x10% + 0.6x2,22x108 = 2,89x108 psi

cyy

i
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Qyy = 0.40x5.14x10% + 0.6x0.56x10% = 2. 39x10 psi

_ 6 6 _ 6 .
chy =0,40%6,1x10" + 0,6X0,72X10" = 2,87X10" psi

The angleplied interply-intraply hybrid laminate elastic constants are determined
by using these @, values in equations (2.4). The results are:

6 6

= 2.5%10% psi; G__ = 2.8x10

E sx = 14.3%10 Cxy

c psi; E

eyy ps1

v =0,83; v 0.15

Cxy cyx

1% vV
Check: ¥ = C¥X—>0 958 1074 =0.06 107% 0.K.

Eoxx Ecyy

The three examples described above illustrate the versatility and generality of
the procedure using the simple equations in conjunction with the accompanying
figures.

PLY STRESS INFLUENCE COEFFICIENTS

The ply stress coefficients (PSICs) are defined as the ply stresses (cr“l, 0p 999
and ) 12) due to a unit laminate stress (O'CXX, chy’ or 0, ). Using the notation
S L/X to denote ply longitudinal stress influence coefficient (oﬂll/ Toyyx)? When
Toxx #0 and o = (, the governing equations are given, approximately

70 cyy = Jexy
(to within 1 percent), by

E ,
~_ {11 2 . 2
jL/X =T [cos 6 - Voxy Sin 6]
cxx '
S = E;zzz ( -V cosze +(1-v si 20] 3
T/X ™ E Y12 cxy) ( exy” 2 12) sin (3.1)
CcXx h
G
- __412 i :
"‘S/’X il 1+ Voxy) SiD 26
CXX
The PSICs due to Toyy stress only (chy #0 and Toxx = Oexy ~ 0) are given by

R . A

. .

"‘__
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E
‘[L/Y = Eﬂ 11 [sinze - Voxy cosze]
cyy
S = E9_22 ~ Vo) cos20 + (v -V ) sinzfﬂ (3. 2)
/Y5 | Yexy¥en2 012 ™ Vexy) S0 3.
cyy
G
__f12 .
‘/S/Y == 1+ chy) sin 20
cyy
The PSICs due to Toxy stress only (chy #0 and Teyy = chy = () are given by
E
_1 7211 .
"L/s“‘ S (1 - vyqq) sin 20
* Texy
E
-1 7L22 . .
JT/S =3 G (1 - vy o) sin 20 (3.3)
cxy
G
2 2
S = cos“0
S/S
chy

It can be seen in equations (3.1), (3.2), and (3. 3) that the PSICs depend on:

1. Laminate properties (Ec, Gc’ and vc)

2. Ply properties (E), Gﬂ, and v,)

3. Ply orientation angle (9)
The graphical representation of the trigonometric functions used in the PSICs is
shown in figure 11. The use of the PSICs for determining laminate fracture

stresses to satisfy ply specified strengths are determined using the procedure de-
scribed in the next section,

LAMINATE FAILURE STRESSES (STRENGTHS)

When the PSICs and the laminate stresses are known, the ply stresses are de-
termined from equations (3.1), (3.2), and (3. 3) as follows:
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10
911 7 ‘/L/Xacxx‘ Opoo = JT/X‘Tcxx‘ %1z = /X %xx’
%11 = L/v%yy %22 = 1/¥%yy %12 ™ 8/ %yy! *.1)

%11 = Y 1/8%xy* %022 = L 1/¥%xyt %12 = 8/8%xy}

Laminate failur« stresses may be determined approximately from equations (4.1)
by using the ""maximum stress first ply failure criterion,'' According to this cri-
terion, the laminate failure stress is that stress which causes any of the ply
stresses to be equal to the corresponding ply uniaxial strengths, Letting Sﬂ with
proper subscripts denote ply uniaxial strength and SC denote laminate failure
stress, the governing equations for laminate failure stresses are:

E s Sp10q]

cxxT, ’ ’
| FLx YLx fux]

Snie Si22s Spaos @.2)
| Yiy Yy YL

Scny’ G MINIMUM

S S Sy

% S o = MINIMUM | 2110 = L2268  _£129
CXysS 5 5 5

Yr/s Yris Pu/s

where the subscripts o and B=T (tension) or C (compression) and S denotes ‘
shear. Equations (4.2) need to be checked for each ply. Laminate failure stresses ‘
are usually determined by the following procedure:

—~—a .

.

1. Assume one ply fails in one stress, say S!Z 11T N
i 2. Calculate laminate failure stress (e.g., S,, = S}leT/‘fL/X);
E 3. Use this S and the PSICs to calculate; the other ply stresses in this
|

‘ cxxT
j ply and in each of the other plies;

; 4. Check with corresponding ply uniaxial strengths: if 0y < S2 O.K,: if

“ 0y > S,, then reduce S by (Sﬂ/oﬂ) and repeat the procedure.

This procedure is illustrated in the following example.

Example 3.1. - Determine the tensile failure stress S oxxT at which the
angleplied laminate [:!:45/02] AS/E in Example 2.1 will fail. This failure stress
is determined by using the PSICs ¢quations (3.1), the ply and laminate elastic prop-
erties from Example 2.1, and the uniaxial ply fracture stresses. The elastic

exxT
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properties required in equations {3.1) and the corresponding values from Example

2.1 are:

E,,, =18.2x100 psi; B/, = 9.0x10% psi; Gypg = 0.60x10% psi

211 2

=0.25; Ecxx=1o.4x106 psi; v =0.67

Y912 CXy

Typical uniaxial ply strengths for AS/E composites are:

Longitudinal tension Sﬂ.llT = 220 ksi
Longitudinal compression S!leC = 180 ksi
Transverse tension S!ZZZT =8 ksi
Transverse compression szC = 36 ksi
Interlaminar shear Sﬂ 198 = 10 ksi

The PSICs for the 0 plies from equation (3.1) are:

Ejoo

Eo11 P
. I/ =l =0
TR T T W = V)i © T/X
Ecxx 212 cxy

JL/X=

4
DCXX

Substituting the corresponding numerical values for the elastic constants yields

6 6
_is.ax10® _ _ 2.0x10 N
10.4x10 10.4X10

Assume that the 0 plies fail by longitudinal tension (cr!211 = SﬂllT> . From equations )
(4.1) this condition is givenby

-~ .

S

11T .3 ;
S L/X

Scch =

Substituting the numerical values for Sﬂ.llT = 220 ksi and . L/X" 1.75

S = 220/1.75 = 126 ksi

cexT
The ply transverse stress due to a laminate stress of 126 ksi is
0911 = 7 /xSoxxT = ~0-081x126 = -10.2 ksi :

which is about 30 percent of the ply transverse compression strength (36 ksi),
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The ply stresses in the #45 plies due to 126 ksi laminate stress are determined
from equations (3.1) by letting 6 = +45. The results are:

) 18.2
o =28:2 0 50 - 0.67 X 0.50) = 0,289
/X 10.4(0

S o =222 [0.25 - 0.67) x 0.50 + (1 - 0.67 X 0.25) X 0.50] =0.040

10.4

I e =-28 0 40.67) x 1.0 =-0.096 for the (+45 plies)
S/X" "10.4

Fore=-228 (1 40.67) % (-1.0) =0.096 for the (-45 plies)
S/X" "10.4

The ply stresses are now determined from

%11 = L1/xScexT = 0+ 289 X 126 = 36.4 ksi

019 = JS/XSoch =-0,096 X 126 = ~12.1 ksi for the (+45 plies)
0.096 X 126 = 12,1 ksi for the (-45 plies)

Comparing these stresses to the corresponding ply uniaxial strengths it is seen that
the intralaminar shear stress of 12,1 ksi is greater than 10.0 ksi and therefore a
laminate stress of 126 ksi will cause failure in the +45 plies. To avoid this failure
stress the laminate stress of 126 ksi must be reduced by the ratio (10.0/12.1) which
yields 104 ksi, Therefore, the maximum laminate stresses which will cause initial
failure in any of the plies is 104 ksi. The reacer can obtain inuight and practice by

using the procedure to determine laminate failure stresses due to 0, first and,
then, due to Toxy (The answer for Scny is 16.3 ksi and for Scxys is 46.7 ksi,)

Typical properties for some other unidirectional composites are given in Table I,

. CONCLUSIONS

A convenient procedure suitable for hand calculations is described for deter-
mining the elastic properties and failure strengths of angleplied laminates. The
procedure consists of simple equations and appropriate graphs of elastic properties
versus ply angles., The procedure can handle all types of symmetric laminates

—~a
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made from different composites including interply hybrids, intraply hybrids, and
interply-intraply hybrids, Several examples are desctibed in detail to illustrate
the versatility and generality of the procedure,
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Figure 1, ~ Schematic of single ply.
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Figure 2, - Schematic of angleplied laminate,
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Figure 3, - Elastic properties of boron/epoxy (B/D) 48 laminates.
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Figure 7. - Elastic properties of keviar-fiberfepoxy {K/E) 18 laminates,
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Figure 8. - Elastic propertles of Intraply hybrid (80% HMG//20% S-G/E) 48 laminates.
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Figure 9. - Elastic properties of Intraply hybrid (80% AS/E/2(F% S-G/E) 48 laminates.

L4




il

“Sqeuwe] §F (Y %O SY %08) pLGY Kideau) po sapdedosd Jpseld - DT aInb

bag ‘8 "TIONV Ald _
06F 0F 0F 09F 0F oF 0F 0F OFF 0 .
_ ] W -,
-0
[ I [
SO R = G
w w w m
= = = [t
3] 3] 3] by
nE—p Z—¢ ZP13
5 | 3 5 2
= = =2 3
Sl — 0 —e @ —s1 3
2R "B | &
D 2 2 2 B
B 2 2
2 F-a T —p * —oz
e g g —gu

LT T e ERa

P S

ETEIREITET T e



: 15915 d) SWapR02 aauenjju} ssaxs Aid o sueliouny aswouodil) - 1T einby

Bsp ‘g ‘TIONV Ald

06 sl 09 sy 0t st 0
V . _ 00T~

* R -
82-) uts~

o
NOWLINMS AULIWONOSIHL

I'In.!\\u\.aiv

1

- R
F.&J.‘I bl - o o - S ek N - s e o . )




NASA TM-81404

1. Report No. 2, Government Accession No, 3. Recipient's Catafog No.

4. Title and Subtitie

MADE SIMPLE

PREDICTION OF FIBER COMPOSITE MECHANICAL BEHAVIOR

5. Report Dote

6. Performing Organization Code

~

. Author(s)

C. C. Chamis

8, Performing Organization Report No.
E-331

10, Work Unit No.

9, Performing Organization Name and Address
National Aeronautics and Space Administration

Lewis Research Center
Cleveland, Ohio 44135

11, Contract or Grant No.

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address
National Aeronautics and Space Administration

Washington, D.C. 20546

Technical Memorandum

14, Sponsoring Agency Code

'F 15. Supplementary Notes

16, Abstract

ical examples,

A convenient procedure is described for the determination of the mechanical behavior (elastic
properties and failure stresses) of .angleplied fiber composite laminates using a pocket calcu-
lator. The procedure uses simple equations and apx;:ropria_te graphs of elastic properties
versus ply angles. The procedure can handle all types of fiber composites including hybrids.
The versatility and generality of the procedure is illustrated using several step-by-step numer-

17. Key Words (Suggested by Author(s})

s Fiber composites; Mechanical behavior; Elas-
tic properties; Failure stresses; Stress analy-
sis; Boron/epoxy; Graphite-fibers/epoxy;
S-glass/epoxy; Kevlar/epoxy; Hybrid com-
posites; Interply hybrids; Intraply hybrids

18, Distribution Statement
Unclassified - unlimited

STAR Category 24

19, Security Classif, {of this report) 20. Security Classif, (of this page) 21, No. of Pages 22, Price”
Unclassified Unclassified

* For sale by the National Technical Information Service, Springfield, Virginia 22161




	1980007847.pdf
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.tif
	0001B02.tif
	0001B03.tif
	0001B04.tif
	0001B05.tif
	0001B06.tif
	0001B07.tif
	0001B08.tif
	0001B09.tif
	0001B10.tif
	0001B11.tif
	0001B12.tif
	0001B13.tif

	notice_poor quality MF.pdf
	0001A04.JPG
	0001A04.TIF
	0001A05.JPG
	0001A05.TIF
	0001A06.JPG
	0001A06.TIF
	0001A07.TIF
	0001A08.TIF
	0001A09.TIF
	0001A10.TIF
	0001A11.TIF
	0001A12.TIF
	0001A12a.JPG
	0001A12a.TIF
	0001B02.JPG
	0001B03.TIF
	0001B04.JPG
	0001B04.TIF
	0001B05.JPG
	0001B06.JPG
	0001B07.JPG
	0001B08.JPG
	0001B09.JPG
	0001B10.JPG
	0001B11.JPG
	0001B12.JPG
	0001B12a.JPG
	0001C02.JPG
	0001C03.JPG
	0001C04.JPG
	0001C05.JPG
	0001C06.JPG
	0001C07.JPG
	0001C08.JPG
	0001C09.JPG
	0001C10.JPG
	0001C11.JPG
	0001C12.JPG
	0001C12a.JPG
	0001E02.JPG
	0001E03.JPG
	0001E04.JPG
	0001E05.JPG
	0001E06.JPG




