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SUMMARY

This report contains charts of elastic properties and
buckling coefficients of a simply supported compression
panel, based on theory of multi layer plates of orthotropic
material, for a typical carbon fibre composite. In
addition the optimum orientation of plies, of a three ply
system, is considered for a corrugated compression panel
together with the modifications necessary for other panel
shapes. The computer programmes used are contained in the
Appendix.

Work carried out as part fulfilment of MinTech contract
no. PD/28/040 'Application of Carbon Fibre Composite
to an Airbus'.
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NOTATION

Dy .2 flexural rigidity (eq.la)
E elastic modulus
g efficiency factor (egq.5n)
G shear modulus
K buckling coefficient
K! buckling coefficient of composite plate (eq.ld)
L strut length
M panel geometry parameter (eq.51)
D 1/4
N a/b("2/Dp)
R angle ply thickness/total thickness
S measured shear strength of single ply.
Ve filament volume fraction
X measured longitudinal strength of single ply
Y | measured transverse strength of single ply
Z material parameter (eq.5l)
817800 flexibility coefficients of single layer (eq.2c)
by7s050 stiffness coefficients of single layer (eg.2b)
a plate length
b plate width
r11:T00 flexibility coefficients of total composite (eq.3Db)
t plate thickness

effective thickness (eq.5d)

end load/in.

direct strain

shear strain

ply angle (fig.2)
corrugation angle (fig.9)
Poisson's ratio

direct stress

shear stress

AQEBO=M = i




Notation ctd.

Subscripts

A applied

G compression

iy tension

CR buckling

LI local instability
LW long wave

ft flank

o} crest

Ke¥s2 applied stress axes
s o ¢ filamentary axes

o) longitudinal axis of single ply.




14 Introduction

_ The increasing availability of high strength and
stiffness, lightweight filaments and in particular carbon
fibre has led to a study of the potential structural weight
saving with this new material. 1In the course of this work
the need for methods of selecting the most suitable
orientation of multi-layer composites, for various types

of loading, became apparent. Techniques similar to those
used for predicting the behaviour of plywood and glass
reinforced plastics have been used.,

The results are presented as follows,

i) graphs of elastic and strength properties together with
a computer programme with which it is possible to
select layups suitable for combined loading conditions

ii) a chart of buckling coefficients for a simply supported
panel, together with the modification necessary for
other edge conditions

iii) a design chart for a corrugated compression panel,
The material chosen for the study was a high modulus

carbon fibre composite with a 60 per cent filament volume.
However the results can be modified for other materials.
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Pow Elagtic Propertigs

Methods of predicting the elastic properties of a single
un’. directional laminate from the properties of 1its
constituents, are available, but all rely on a knowledge of
the void content, straightness of filaments, etc. Data
regarding these properties is practically non-existent for
carbon composites hence the measured elastic properties of
a single sheet of composite have been used. The fibre content
chosen was 60 per cent by volume as this appears to be
approaching a working maximum, further increases resulting in
a marked reduction in transverse strength and stiffness.

The properties used were as followss -

Material - Fibre: Type I High Modulus, treated
Resins Epoxy
Vf = 0,60
E, = 30 x 10° 1b/in®
E. = 1.1 x 10° 1b/in°
a = S /in
B 6 e
Maﬁ = 0.3

Methods of determining the elastic properties of
multi-directional laminates are well established (ref.l)
and have been used with success for plywoods and glass
laminates.

2ol General relationship for orthotropic laminates

Each layer has three moduli of elasticity in the
direction of the three axes (see fig.l) one of which is
parallel to the filaments, three moduli of rigidity
Gaﬁ’ GBa’ GM& and six Poisson's ratios, two associated with

each axis, paB’ etc. The latter are not independent but are

associated as follows

bap  _ Hga
E E
a B
B M
2L = g . sue: 28)
o P
bay _ P
Ba v

It thus requires nine independent properties to completely
define the elastic behaviour of an anisotropic material. For
sheet materials it is normal to assume (ref.l) that




Ey = Egs Ggy = Guy = Gups Pay = Byp = Hgy
this reduces the redquired number of elastic constants to
E , Eny G s B n-
a’ "BY “ab® “ap

252 Stress-strain relationship

Consider now the effect of rotating the filamentary
axes, a-Pp through an angle © with respect to the axes of
applied-stress, x, y (see fig.2).

It can be shown that (ref.l)

% €x
oy = E)ij] € wspn BN
T Y
X
i Y] 'XY

_air I oy B 2
where bll = leacos e + E651n © + sin“6cos O(2Eapﬁa + hKGaBﬂ

=k b 4 2 2
by = 7\[?ﬁcos © + E_sin’e + sin“6cos Q(EEa“ﬁa + ukGaBﬂ
P gy 2 2 e B
_b33 = 5|sin“ecos G(EOE + Eg - QEGpBa)+KGaa(cos @ - sin“0) ]
B o Pl = 3 sinegcoseg(E + Ep - UNG o)+ E p (coan + sinugﬂ
21 12 ~ A a B aB a'Pa
s - 5 : " _ _ ad .
byy = D13 = 3 sin QcosG(EB E e, QRGaﬁ) sindcos” 9
(Eq - Eatea ~ QM}aﬁ)]
B = B = + sin@coSBQ(E -E_u - NG n) - sin~6cos0
92 23 A B o' Ba af
(E, - Eq¥aq - 27\%&)]
where A= 1 - uBauaﬂ
and also by inversion
€y T Oy | . Oy
- = [aij] oy = E}iJ] | | 9 ... (2¢)
Y. T T
N XN; i Xy B xy‘




; 12 572,
where = e == = - ===
a “xy aiq 3 “yx 25p
1 ik 1
E = — 4 E = s = o,
% 211 L Yy ass 2 ny a35

2 Laminated composites

Only "malanced' laminates are considered, that is plates
that have a symmetrical distribution of plies about the median
plane. The plates do not therefore twist when subjected to in
plane forces or bending moments. (See fig.?)

a) Plate Stretching

i=n
g .
b L ) bt ... (24)
11 COMP T e
etc,
b) Plate Bending
P11 comp ~ %’ by I eoe (2¢)
Jrae] i

ete.,

Inversion of the b, . matrix for the composite will yield
the composite elastic moddli.

For this study the number of layers has been assumed to
be large, as thin prepregs (.001") are available and the effect
of asymmetry could be minimised. Consequently eq.(2d) has
peen used to calculate the laminate properties. This was
achieved with the use of an ICL 1905 computer together with
a simple program in JEAN language. The results are tabulated
for various values of cross ply angle (8) and proportion of
cross plies (R), (App.l). The results are also plotted in
figs. 3, 4 and 5. It will be nofted that with R = 1.0
(i.e. all cross plies) at small angles (say 109) pgi > 1.0,
This is verified by Cox (ref.2) and although it 1is Y hot
calculated would be accompanied by an appropriate Poisson's
ratio u., through thickness of the laminate in order that

the volume of the plate does not change. This is also borne
out by Rothwell (ref.3) for a similar layup.
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3.0 Strength of Multi Layer Composites

Methods of predicting the strength of uni-directional
sheets based on the constituent properties have been suggested
(ref.4 ). However for practical purposes the values obtained
are dubious in that they rely on a knowledge of the void
content, arrangement of fibres, etc. Consequently measured
unidirectional sheet strength properties have been used in
this analysis. Very little experimental data is available
on the behaviour of carbon composites loaded at axes other
fhan the filamentary axes.

The data used is based on the same material as that
used in Appendix 1 and the measured strength values used
were as follows

Xy = 150,000 1b/in® tension

X, = 120,000 1b/in° compression

¥ = 5,000 1b/in2 tension and compression
S = 8,000 1b/in°.

o & Theoretical analysis

Failure criteria are discussed in detail by TSAI (ref.h )
and by Chamis (ref.5 ). The most effective method appears
to be that proposed by Hill (ref.6 ) for an anisotropic
material.,

The criterion used is

X
K = W—W LRI (ja)
2 X o . X 2

where X, ¥, and S are the measured longitudinal ftransverse
and shear strengths respectively.

Consider now the stresses applied to a multi layer
composite.

“x | ) E)ii;(];MP x| T l:ai:-;lCOMP ’x
y %y %
"3t coup “xy txy
- A 4l
Iy (3b)
.?XYL




Then using the strains calculated above stresses in a layer
of the composite can be calculated

- - = =
" o] = B l:r. ] g
* [ lJLAYER] . %
Oy oy i L0
T &
XY | LAYER L x| comp

In order that these may be applied to the failure
criterion then these stresses must be transferred to the
filamentary axes of the layer, hences

O, | = [@ﬂ] [FijLAYER] [%iq] Oy
°B oy (3d)
T & | T
aP ‘LAvER | | come
where [mn] = cosee, singg, -28inGcose )

sinQO, 00529, 2sinGcoso
2

L?inecose, -sin6cose, (cos @ - singg)

These stresses can then be substituted into the chosen
strength criterion and the strength factor K determined.
Failure will obviocusly occur in one of the layers and if
required further analysis could be carried out to determine
final strength of the laminate without the failed layer.
This latter exercise has not been attempted as it was felt
that for components subjected to a complex stress system
almost invariably the remaining layers would be incapable
of supporting the stresses imposed and total failure would
oceur, For simple tension however it might be possible to
use the initial failure as a proof load but it is very
unlikely to be of practical value.

The analysis has been carried out for various ratios
of applied stresses and the results are shown in figs., 6 and
7 for simple tension and compression.

The analysis was achieved by use of an ICL 1905 and
a Fortran IV computer program. This is listed in App.Z2.
As the data and programs are on cards, substitution of new
data and deletion of WRITE statements where not required is
simple, Using this program and by substitution of appropriate

values of o, Ty and Ty (i.e. applied stress system) it

is possible to determine the best layup, based on maximum
strength, for a 3-fibre system. The program is being modified
to include other types of layup (e.g. a 4-fibre system) and

to allow for possible assymetry.




400 Buckling of Plates

The theoretical analysis of the buckling of anisotropic
plates in compression and shear is well established (ref.T )
and in the case of plywood and G.R.P. plates has been verified
experimentally (ref. 8,9 ). Experimental testing has been
carried out at the College as part of student theses (ref.10,
11) and results indicate the theory is applicable to C.F.
composites. :

il Buckling in compression of simply supported orthotropic
plates

An expression for the buckling stress of an orthotropic
plate is derived in ref.l2 as shown below.

2

Oep = E%E-[%DlDe);Q + D%] oe. (ha)

flexural rigidity corresponding to bending
moment Mx

= (EI)x/x

D = flexural rigidity corresponding to bending
moment M

¥y
= (EI)y/X
i
Dj = §(uxy.D2 + “yx'Dl) + 2(GI)Xy

where D

where (GI)xy is the average torsional rigidity of the plate.

7\ - l = p-xy.ou-yx

For a thin plate, thickness t, these stiffnesses may be
expressed as (ref.12)

_ 2

D; = E,.t /12\
_ 5

D, = Ey.t /12A , ee. (U4Db)
~ D : :

Dy = jrigd (1) .Ey + uyx.Ex)/Quk + ¢ ny/6

Then substituting (4b) into (4a) gives

T 92
= = 2N
9eR ox (EK.Ey) + pxy.E /2 + Byx Ex/2 + ny

x]t%g ... (uc)

£, 2
or Sor = Exo (K") () ... (ud)




where E = longitudinal modulus of a single
X0 = >
unidirectional sheet.

oy
t - 1 m ]72
K' = &7 . &% [(Ex.Ey) + Byy Ey_/2 + pyX.E /2 + 2AG ]

X0

The expression K' has been evaluated in the JEAN
programme used in App.l for plates with a balanced layup and
the results are plotted in fig.8 . It can be seen that the
optimum layup for glate buckling occurs when R = 1.0 (all
angle ply), © = 45Y., However the permissible compressive stress
for this layup is only 15,000 psi. compared with a maximum
possible of 120,000 psi for unidirectional material.,

It can be shown that the optimum stress level,

? v [ E 73
Ogpy = E oK' = coo (Le)

where P = applied compressive load
22 = structural index.
b

As the structural index is increased it will be necessary
to introduce an increasing number of axial plies or angle plies
at a small angle, 6, in order to increase the optimum stress
level. By superimposing lines of constant stress from fig.9
on the chart for buckling coefficient, K' (fig. 9 ) a 'path to
follow' from the optimum layup (i.e. R = 1.0, © = 15°) may be
determined. This is shown as a dotted line on fig. 8 .

Fig.l0 shows optimum stress level vs. structural index
for carbon fibre composite compared with steel and aluminium
alloy.

The buckling chart, fig.8 °‘may also be used to determine
the buckling coefficient for plates with different edge
conditions and aspect ratios., Wittrick (ref.13) has suggested
that the buckling curves in ref.l} which give buckling
coefficient K versus a/b (panel aspect ratio) for various edge
conditions may be used by substituting a value

U ’
N = %‘(f) for aspect ratio a/b
i
Then buckling stress,
K 2
_ PR Ke.8. gl
oo = bz - K(p) coe (BE)




5.0 Design of Wide Compression Panels

Optimum design procedures for wide panels subjected
to compressive loading almost invariably establish a design
criteria that all modes of buckling occur simultaneously.
The procedure adopted in this section is similar in that
local and long wave instability modes are assumed to be
coincident. The types of panels considered do not buckle
in the torsional mode and in fact types of construction
prone to this mode of buckling appear to be unattractive in
filamentary composites for most purposes.

~

el Corrugated compression panels

Consider the buckling of a corrugated compression panel
(see fig.11), the modes of buckling to be anticipated are

i) 1local buckling of plate elements
ii) long wave buckling of whole panel.

For i) the plate is assumed to be simply supported and
infinitely long, although if necessary the interaction effect
with the adjacent plates could be included arnd for ii) ends
of the panel are assumed to be simply supported.

In this initial analysis the column is assumed to be
made from a constant thickness sheet where

B, = Ep= 61 B, Bby=D ee. (52a)

Then local buckling stress of plate,
"o ;
o = EXO(K')(B—) —

where E, _ and (K') are defined in 4.1,

Long wave buckling stress of panel,

WCEX.I (50}
o] | m— saw kDG
L L%
where t = Eo (54d)
= (T + cosg) ERE

H
I

B2 | ot W i
[th(g) T Sing ° 'l—é']' 2b(1 + cosg) °°° (5e)

for 0 < g <120°

h = Db sing sss §5F)
Substituting (5f) into(5e) we obtain

P e 4 betsin2 (58)
- 3 (TT% éocy) b




s Yy e

and by substituging (5g) and (5d) into (5e) we obtain
T .Ex.sin2¢ b2

a = e T e e 0 h
W 5 = (5n)

now applied stress,

_ ® _ wlh cos .
iy = & S oo (51)

As all buckling modes occur simultaneously

Gy = O eee (5J3)

and by examining equations (5b),(5c) and (5h) we can show

2 g 2
n_ 5 T .E_sin [ 2 )2

y £
oL+ %% = 5 . 75 - Bgo(KN (g

o

)

2
X g3-—-2(1 + cos,eﬁ)2
nt

Rearranging this becomes

ot = %;—[Ex.EXO(K'ﬂ [sin2¢(l+cosﬁ)2][%]2 sy k)

ox
2 2
Yoo e W
U s -_-H-.EXO oZaM- [E L. (51)

EX.EXO.K "

where Z = —--—-—2—-—'—'
E
Xo

M sineﬁ(l + cos,é)2

i

By examining eq.(5l) it can be seen that the parameters
for material properties, Z and cross sectional geometry, M
are independent and for a given loading index, w/L may be
maximised separately in order to achieve the maximum stress,
g and hence the 1i§htest panel. The maximum value of M
occurs when g = 60° and substituting this value into eq.(51)
yields -
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s = 0.01y YEZ? ., 3z Jo ... (5m)
X0

The material property parameter, Z has been evaluated
in the JEAN programme in App.l and the results are shown in
fig.2. It can be seen that the maximum value of Z occurs
when R = 0.33, © = 55, This 'optimum' orientation will only
apply up to the stress level that can be achieved by this
particular configuration. In order to increase the stress
level (i.e. at a higher loading index, ®/L) then the layu
must be altered and the 'path to follow' from the optimum
is obtained as in 4.0 by superposition of lines of constant
allowable stress and the path is shown on fig.l2. By following
fhis path a graph of optimum stress level, oopT vVersus loading
index, w/L may be constructed and is shown in fig.l3 in
comparison with aluminium alloy.

When the material considered is isoftropic i.e. E_ = E =
s X0
E etc. eq.(5m) becomes

s = FJE Jo/m ... (5n)

where F = Efficiency Factor (= 1.26 for corrugated panel)
?nd thi? agrees with the expression obtained by Emero and Spunt
Ref,15

For other cross sectional shapes it is suggested that
eq.(5m) can be modified as follows

0.914 ”’/Exg . z/%’- . %—56 cee (5P)

where F' = Efficiency Factor of panel (see table 1 )
However this will onhly apply to panels prone to similar modes
of failure (i.e. no torsional instability)

g
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&l O Coneclusions

Before attempting to use these highly anisoftropic
materials careful consideration must be given not only to
the type, magnitude and variations in the applied loadings
but also to the design specifications. Merely attempting
to substitute carbon fibre for metal and expecting exactly
similar performance will not realise fthe full potential of
the material.,

The methods presented should be useful as a guide for
designers faced with selecting fibre orientations for the
chosen material. They will also serve as a guideline for
similar highly anisotropic materials as the buckling charts
are presented in terms of the longitudinal elastic modulus
of a single ply.

It is proposed to extend the work and %o present a
family of charts to include materials with less marked
anisotropy eg. glass fibre, If required the methods and
computer programme are also suitable with little
modification for use with composites composed of layers of
different materials.
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APPENDIX 1 -~ Evaluation of Elastic Propefties and Buckling Coefficients

THIS I5 A AN PRDGAMME Fllk EVALUATING THE 81 MATTX

1 0 TyYPsE "1

Pel SET 7=teCils (A tAsN+STINCAY T 4

] o2 HET Ys(Z+5INMAII12%CTS (A 12 (2 «M¥j+465%)1/75
1«3 TYPE Y

2.0 1YPRE "2 -

I S5F1 A=sNCiS5 (A1 4eMEeTN(AY T 4
2 OoET =X+ INAYI2 XSS (AN 12 % (2 «Me g+ 4kS k) 1/S

e 3 TYPE W

N TYPE'™333"

Jel SET v=3INCAY 12405 (== (A) 12X (M+N=2 k¥ )

Sl (ki r_J:{'v'+,)k.-{*(L,'l'_|S(ﬁ)1/4-9*51\J(f\)|?¥|_:”:)({\)“)."‘SI'\‘(A)fl’l)]/S
3.3 [YPE J

Al YRR Y

4ol SET C=S5INMNII2HCNS (A 12« (MEN=4%%5 %)

4.2 SET D=(C+Me ) (OHS(AYTA+STINCAY 1 4)) /5

4.3 1YPKE 1)

Sefl TYPE ""B1 3" :

el SEL E=STNCA) T3 «CIIS (AY L (N=NM% =2 %35 ¥ii)

5

S5e2 SHEN FelE-3INCAY*CISA)I 1 3% (M=MEY=2%5%3)I /S
943 TWE F

60 TYPE "33

6ol HET G=s5INAYRCISA) T 3% (NaMe(jaDd5:¢)

6 e? Hitl H=(G=5IN(A) T 3%CIS(AY & (M=Meg=2 25%13)]1/5
63 TYPE H
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JEAN Programme 2 - Buckling Coefficients

2.00 SET M=A+(E-A)*R

2.01 SET N=B+(F-B)*R g = géé

2.02 SET 0=C+(G-C)*R = o°P1

2.03 SET P=D+(H-D)*R C =B3 i

2.04 SET Q=MkN+0-Pt2%0 D = Bl2

2.05 SET S=Nx[0/Q E = Bll

2.06 SET T=Mx0/Q F = Bop

2.07 SET U=(M*N-P123/Q ¢ = B35 Cross Ply
2.08 SET V=P*0/0 H = B12

2.09 TYPE R IN FORM 1

2410 SET W=1/S R = Cross Ply Ratio

2411 SET X=1/T
2.12 SET Y=1/U

2.13 SET I=V/S

2.14 SET J=V/T

2.15 TYPE WsXsYs1,J IN FORM 2

216 SET K=[W10 eS*kX 10 5+I1%X/2+J%kW/2+2%Y%(1-1%J) ]
2.17 SET K:K*106499/(1”I*JH

2.19 SET @=K/30 Q = K

2.20 TYPE @ IN FORM 3

2.21 SET Z=W%K/900

2.22 TYPE Z IN FORM 4
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Set of Typical Results for Jean Programme 2

~SET E=28.414
~SET F=1.1667
~SET G=1.5113 e = 10
~SET H=1.1424
«D0 PART 2 FOR R=0¢0.1)1.0
000
30.000 1.100 .7000 .3000 0110
$4122
e 4122
«100 _
29,7717 1.104 »I811 23714 .0138
. 4256
200 _
29.544 1.108 8623 e 4420 .0166
«4390
+4323
«300 .
29.299 {11 «9434 «5118 <0194
+4523
. 4418
. 400
29.044 1114 1.0245 .5808 .0223
« 4657
.4509
«500
28.778 {117 1+1057 «6490 .0252
4791 "
«600
28.502 1.118 1.1868 «7165 .0281
« 492 4
4678
.700 _
28.215 1.120 1.2679 . 7833 .0311
.5058
«4757
<800
27.919 ' 1121 13490 «8493 .0341
5191
<4831
09{]0
27.612 1121 1.4302 <9146 s0371
«4900
1.000 _
27,295 1«181 11,5113 <9792 02402
«5457

4965

o




APPEIDIX 2 - FORTRAN Programme for Compositelstrength

MASTER CusPosSTTE STRERGIH
Wrlib ()
1 FORGATCZB8E ¢ TEILOW CUMPUSTTE SERENGTH)
,R&Ai-‘('lfd)tA'I-'rh(uPB:ﬁLai';‘l’lU.HdZUaE—.‘iSU:B'I&U
C A 1S Ealeta B IS rBLEA G IS SHEAR MOD PR IS MUBA BL. IS LAMBDA
C SUFITX U Ih 8 T¢RMS REFEkY [0 ANGLE THETA
2 FUKAAT(YTO,0)
READCT, 3)SX . S TXY
S FORGAT(SEO.'D)
DIMLNSTON R OT0)
C R IS CROSS PLY :ATIU
DIMLNSTURN T210)
C 1 1s ANGLE IHET. IN RADILANS
HLf\l-‘(‘I P YK
L FOURGATCIVED. W)
RLP-!J{"!S)]
S5 FURAATCTIORO.O)
WEL (2o /)S5aaS5Y s TXY
C SXeSYeTl .Y ArF A-PLIED SiRESSES USE 1000 AS MAX
¢/ FURDATC(3Fr.0)
be o1 1=1.19
DO o N=1:1
B111=EA*COS T (1)) %2 +EB*SINCTCI)) **4
811|=(h%1]+iZ.*EA*Pu+4.*BL*G)*SIN(I(I})**Z*COS(T(I))**Z)/BL
BZ2I=Eb*CUStT(I))**q+tA*51N(I(I))**&
B(Zﬁ=(6£2i+xz.*LA*PH*&.*BL*G)*SIN(T(I))**Z*LHS{T(I))**Z)IBL
3331=(tA+£B~2*EA*PB)*Slu(T(1))**&*L0$(1(I))**z
3555=(555I+5Lab«(couil(i))**Z-SIN(T(I))**Z)**Z)fBL
6125=(£n+r8~a.*ﬁL*G)*blN(1(l))**B*CUS(I(I))**é
812r=(u12i+;nwpu*(CUS(T(I))**A+SIN(T(1))**4))IBL
uiS|=Ltn-Fﬂ‘PB-Z.*BL*G)*SIN(T(IJ)**S*COS(T(]))
U1$f=(b15}'ktﬂ‘kA*PH'Z.’ﬂL*G)*SlN(T([))*CUS(T(l))**S)fUL
B&S.=(FH-tA-PB-Z.*BL*G)*S]N(](l))*CUS(T(I))**ﬁ
BéSi=(u(6|-.FA~tA*Pb-2.*BL*G)*S]N(T(!))**S*LUS(I(l)))/BL
C SUFFIX » REVERS Tu 1UTAL COMPOSITE
B115=(1.=-RCO)I*BTTU+FRINI*BIT
32d5=(1."H(JJ)*adéUiR(N)*H£ZT
B$5b=t1.-H(a))*835U+R(N)*BSDI
R125,=C1.=RUDDI*B1204RIN) *B1ZT
§=B11SA G225 RB335=B12S*#*Z*xB33S
R11=id20%B3,5/75
R2Z2=B115*0355/8 .
R335=(B11S*B/2S=03128%#2) /S
K12:(=8B125%%:338) /S
EXZaTT*9X+RIZRSY
EY=ul12s 85X, 2*SY
FXxY =P 354TrY ;
C SKUSYO,TAVU ARE STRESSES 1d THE U LAYER
' Gru=nTlurt X B120*%EY
SYU=DTU*EXK Be2urEY
TaYo=BsshxE - Y
WRITECZ 69) AU sY01XYU
LY FORGATCAFTU )
T SV B PUPSE R I RV
C ol 1S ikt nuin FACIOK HOC 1T fC1 SIMILAK




o K

S50 FUul=To0, /50T ISk & =SXUASY Ut , *SYUra 24352, «TAY(OraZ)
Welib(deH5101 01

51 FURLATCOHN Ful=,5PF1u.U)
GO 10 5S¢

5¢ FUC=T2U0. /50T (SXUER =3 hU*SYUH+L0U , *SYURR24+225, % TaY0wrx2)
WHIITECEs53)r0cC

53 FORGAT(OH Ful=,3PF1u. 1))

56 SAIT=BT1Ti*LXA B12I*LYiBT31*EXY
SYL-BAAZI*EX BLZZE*EY+RB231+EXY
TAY =150 e o vB23T2Ev 48351 %LXY

C SXT.SY1 IXYI ARk: STRESSES IN CKUSS PLY LAYER - @ Positive,

WhEiECZe ) 2T enYTo i XY

GO FURIATCSEAIU . 0) .
SASLOSCICL) ) «» 22 SRTASINCTCI) ) *xZxSYT=2% #SINCTCI)I*COSCTCL) )« TXNT
SBELINCICE) )3 s2aSATHCOSCTCI) ) wa 285 T42, «SINCICI))2COSCTICL) ) =T XY
TAB=SINCTUE ) *#CuSCTCID ) «SKXTI=SINCTCID)*COSCTCL) ) =SYT
TAB=TAB+CLO (T ) * 2 2=SINCTC(L))x*x2)«TXYT

C SASBT Al AFE SIRESSES UN CrOUSS PLY REFERED TO FILAMENT AXES

WET i ECZsbb) A:SBeTAD

&8 FURIATCSETU. W)
IF +5AY9¢ 55455

55 FIT=150./500 1 (SA*#2=-SARSB+OLD, . *S5B**2+3572 «TABx=%/2)
WHITECZ2e5%6)0 1T

56 FORAATIOH Fil=,35PF10.0)
GO U 59 :

57 FIC=12U0./500 T (SA**2-SA*5B+4U0, *Shxx2+47255 *TAR*«x2)
WRITF(Z:58):11C

58 FORGAT(OHH FaU=,3PF10G.0)

59 WR1IIF(Z.OU) {(N),TCIL)

o0 FUurtiATLIFE,. 501 FB.4)

67 CONIINUE

61 CUNITINUL
STuP
END

END OF SEGMENT. LrNGTH V89, NAME COUMPOSTITESTRENGTH




K oTCTLow conrostic STRENGIH
1000, J. u.
1007 . ~5. 0Ly
FOT= 148. )
Y40, 2. =158
Y6Hh, mih i =
Fl1i1= 152, '
U.100  0.ir45
1014. s u.
FuTl= 146.
945, el i =-156.
970, -4, Y.
FiT= 12,
0.200 0.1745
1ult. -5, .
“FUuT= 144,
950, % ~-156.
Yrh, = p
FiT= 4.
0. 300 0.1745
1u30. =4 U.
FOT= 140.
955, To. =4S
981. -9 . 13.
FiT= 144,
0.400 0.1745
1038, -13. 0.
FuT= %
96¢. 15 =158,
987, =kl ; 14.
FiT= 140,
0.500 0.1745 .
1048, =Ty, 0.
FOT= 155.
9648. T % =159,
Y94, =15 14,
FIri1= 156 <
V.600 0.1745 _ )
1058. i - 0.
FOT= 129.
9rh. & =160.
1001, =1 & 15
FiT1= 132.
0.700 0.1745
1068. =l .
FOT= 124,
983, 55 =161.
1009, -2, 16.
FiT= 125. :
0,800 V.1/745
1079. =2y 0.
FUl= 1240
991, i. =] il
ez, =25 i
Fii= 1ds.
0.900 U.1745
1291 27 {.
Foi=— 115 i
ERVAVAVIN W =163,
1U20. -(_)O. 1(.
Fili= 119.
1,000 0Li745

Typical Set of Results

Fo? ax=1000.

cy= Oé
.Txy_ &
G & 0h
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| FIG. . SINGLE UNIDIRECTIONAL PLY
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FIG. 7. STRENGTH nI)ﬂﬂ
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FIG. 8. SIMPLY SUPPORTED COMPRESSION PANEL, BUCKLING COEFFICIENTS
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FIG. 10. OPTIMUM STRESS LEVEL FOR SS PLATE IN COMPRESSION

' :%%L

» .
5 o3/ = CAPBON RIERE COMPOSITE

/ ;’ | AL. ALLOY. L 73




il
I

FIG.1l. CORRUGATED COMPRESSION PANEL
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