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NOMENCLATURE

Elements of the laminate extensiomal stiffness matrix
Modulus of elasticity

Force

External force, i.e. joint load
Pinepsiozless force

Modulus of elasticity in shear
Laninate curvature

Thickness

Displacement

Width

Coordinates

Dimensionless coordinate

Scarf angle

Strain

Poisson’s ratio
Normal stress

Maximum normal stress

Shear stress

Maximum shear stress
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Subscripts, which are used singly and in combinations:

sdher Adherend

adhes Adhesive

avg Average over the laminate thickness
extens Extensional strain or stress

1 Lower adherend

] Upper adherend

X,¥,2 Coordinate directions

1,2 Cocrdirate ¢irsctions
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ABSTRACT

The experimental and anslytical investigation of scarf joints
described in this paper indicates that
o slight bluntness of adherend tips induces adhesive stress con-
centrations which significantly reduce joint strength, and
¢ the stress distrivv.iorn through the adhesive thickness is noa-
uniform and has significant stress concentrations at the ends
of the joint.
Also, the laminate stacking sequence can Lave important effects on the
adhesive stress distribution. Thres other results azre worth mentioning.
First, a significant improvement in joint strength is possible by
increasing overlap at the expense of raising the repair slightly above
the original surface. Second, although a surface grinder was used to
make most experimental specimens, & haad held rotary bur can make &
surprisingly good scarf. And third, scarf j.oinfs with doublers on omne
side, such as might be nsed for repzir, bend under temnsile loads and may

actually be weaker than joints without doublers.

Bluntness results from breakage Jduriny fabrication where the
adherends are orly a few microns thick. Tbe ctress comcentrations occcur
for all scarf joints but are much more proncunced for small scarf
angles, i.e. around 20 milliradians (one degree). Experimental data

suggest that there is an uvoper limit to scarf joint strength,
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Tre scarf joint adhesive stress comprises two componments. One

is due to gross extension of the entire joint and is predominantly a

. tensile stress. It is simple to calculate. The other component is due

to load transfer between the adherend:s and is predominantly a shear

stress. The governing equation for the load transfer stress is a second

‘order ordinary differential equation with two singular points. The

solution to this equation exhibits boundary layer structure. VKB
expansions and Frobenius series expansions provide very efficieat and

straight forward methods for sclvimp it.

Stress concentrations are also induced through the adhesive
thickness by the sudden change in shear loading at the ends of the
adherends. Two dimemsional equilibrium requires a large normal stress
gradient to balance the shear stress gradient. This results in high
normal stresses under the adherend tip. 7This phenomenon is analysed by
a stress function solution for a rectangular region with Fourier series

boundary conditions.
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INTRODUCTION AND BACEGROUND

Tiis paper describes experiments und analyses of scarf joints
with and without doublers. The majority of the work involved joints
without doublers. The first part describes a number of ideas and models
of joint behavior found in the literature. TLe second part describes
making and tensile testing scarf jcints of an 18-ply carborn/epoxy
laminate with scarf angles between 20 milliradians and 160 milliradians
(one degree and nine degrees). This part includes grinding scorfs with
a hand-held bur, trying a suggestion from the literature to reduce
adhesive singularities, and increasing ‘oint overlap by letting the
repair extend slightly above the surface. Next is a discussion of the
two analyses: the effect of slight bluntness of the adherend tips and
the stresses induced by the sudden change in adhesive shear loading at
the ends of the adherends. Finally, aryperiments and a bending model of

scarf joints with doublers are described.

The couble scurf joint shown in Figure 1 is the joint geometry
selected for this study. It was chosen as a typical repair for damaged
laminates on commercial aircraft. The repair is made vy first cutting
out the damaged part of the laminate, Figure 2. Next the cut edges are
beveled to form scarfs and adhesively bonded to a matching replucement
piece. An optional doubler may be bonded over the scarf joint. The

scarf joint repair is potentially very strong and has a smooth surface

w
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Figure 1. Scarf joint geometry.

L = £ ] (2)

1 ] L ! (b)

. —_— ] (c)

r T e | (d)

Figure 2. The step in repairing a damaged plate with a scarf joint:
(a) damaged plate, (b) plate with damage removed, (c) beveled edges,

(d) replacement piece bonded to original laminate, (e) repair with an
optional doubler.
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which is good for aercdynamics.

Several important models of joint mechanics have been developed
in earlier studies. Perhaps the most important is a mechanism of load
transfer between adherends by adhesive shear. In this model the
adhesive shear stress is determined by the relative displacement of the
adherends on either side of the adhesive. At the same time the adher—
end displacements depend on the load transferred to them by the

adhesive. The mechanism is demonstrated in Figure 3.

When the lap joint in Figure 3 is loaded, different parts of the
joint stretch different amounts. At location A, for example, the bottom
adherend is stretched a lot because it carries nearly all of the load.
In contrast, the top adherend at location A is stretched very little
becauss it carries very little load. The result, as the figure shows,
is that the adhesive is strained a lot in shear at the ends of the bond
but very little ip the middle. So the bond breaks at the ends before
the middle is fully loaded. This model of load rransfer was first
published by Volkerson (Ref. 1) in 1938 and used in a well known paper

by Goland and Reissner (Ref. 2) in 1943,

The adhesive strain can be made more uniform along the bor .f
the adherends are tapered, or scarfed, as shown in Figure 4. When the
scarf joint is loaded the adherends stretch the same amoant all along
the bond. At location B, for example, the top adherend carries little
of the load. However, it stretches the same as the bottom adherend,

which carries more load but is proportionally thicker.
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Unloaded

-

Loaded

Figure 3. Unloaued 2nd loaded lap joint.

[ B A

Unloaded
fa
Loaded

Figure 4. Unlosded and loaded scarf joint.
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This uniform shear distribution depenis on proper joint design

and several pheromena must be considered. Any jcint design in which
strains of the two adherends are not identical along the adhesive will
have shear stress concentrations. Adherend section stiffness (thickness
times elastic modulus), thermal expansion and moisture absorption can
all be important. The effect of adherend section stiffness is
demonstrated by Figures 3 and 4. In addition, if the adherends in
Figure 4 have non-identical thicknesses or moduli the shear strain will
be higher at the ends than in the middle. And it will be highest at one
end. This shear stress distribution can be improved, although not
necessarily made uniform, by using adherends with specially changing
thickness along the adhesive. This approach has been studied by
Ramamurtbky and Rao (Refs. 3,4), Sainsbury-Carter (Ref. 5), Cherry and
Harrison (Ref.6) and by Thamm (Ref. 7). Lubkia in a study of scarf
joints (Ref. 8) calculated the scarf angle for which no stress
concentration would occur between two dissimilar adherends. The angles

are large enough that it is not a practical way to design joints.

Adherends with different thermal or moisture expansion
coefficients can have shear concentrations even when the joint is
unloaded. In this case one adherend expands more than the other causing
shear concentrations of opposite sign at the adhesive ends. Thermal
expansion stresses are tsually present in the unloaded joint because the
adhesive sets at an elevated temperature. Also, temperature and
especially moisture expansion can vary with both time and position in

the ~"" . crend. These problems have been studied by Hart-Smith
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(Re 5. 9,10,11), Wetherhold and Vinson (Ref. 12), Sinha and Reddy

(Ref. 13), Chen and Nelson (Ref. 14), and Vinson and Zumsteg (Ref. 15).

A limitation of this load transfer model is that it does not
satisfy the zero shear stress boundary condition at the adhesive end.
Since the adhesive end is a free surface, no shear stresses or normal
stresses perpendicular to the adhesive end surface are possible. The
s1hesive end can not be strained in shear, as shown in Figures 3 and 4.
The load transfer model still holds eveiywhere but near the end of the
adhesive, however. So it is a useful model cf joint mechanics,

especially for thin adhesives.

Ccmposite adherends are frequently orthotropic and this alco
effects their behavior in joints. The edge conditions, e.g. plane
stress, and adhererd physical properties determine the effective load-
direction modulus of elasticity. Erdogan and Ratwani (Ref. 16), Reddy
and Sinha (Ref. 17), and Rentcn and Vinson (Refs. 18,19) have develo;;cd
models for such orthotropic materials. The model developed by Renton
and Vinson also accounts for through-the-thickness shear of the

adherends.

Adhesive thickness also influences the adhesive shear distri-
bution (Ref. 20). A small displacement across a thin adhesive results
in a higher shear strain than the same displacement across a thick
adhesive. For this reason thick adhesive at the ends of the joint can

reduce stress concentrations (Ref. 21).
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Width-wise contraction of the adhkerends can cause a somewhat
different type of shear stress concentration. The fully loaded (bottom)
adherend at location A in Figure 3 will contract in width and thickness
in proportion to the load and its Poisson’'s ratio. The adjacent
unloaded adherend will not contract at all. This causes adhesive shear
strains across the specimen, perpendicular to the strains shown in
Figure 3. Thesec strains are most pronounced at the adherend corners as

discussed by Adams and Peppiatt (Ref. 22).

Another way of maintaining uniform shear stress is by using
very thick adherends. The idea is to make them thick emough that their
strains are small at loads up to the failure stress of the adhesive.
This is not an efficient way to design structures because the strength
of the adherend is not uced. However, the idea hLas been applied to

making specimens for testing adhesive properties (Refs. 23,24,25).

Another important idea about joints is that they sometimes bend
when loaded only in tension. This happens because part of the joint is
unsymmetrical about the plane of the applied load. For example, the lap
joint of Figure 5 will bend when loaded in temsion. A free body diagram
of the adhesive and adjacent adherends shows that the force F must be
held by parts that are away from the over—all plane of loading. Because
of this offset, mom2nts are created in the joint and it bends as shown
in the figure. As the joint bends the offset is reduced. At
equilibrium the moment of the offset applied force equals the moment

required to bend the adherends.
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Figure 5. Bending of a lap joint loaded only in temsion: (a) free body diagram
of the adhesive and adjacent adherends, (b) exaggerated sha

pe of the loaded joint
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This bending is nonlinear with applied load. With application
of a small load the joint will move rapidly tov}rd the position shown in
Figure 5. But once the joint approaches that position very large

increases in load cause very little additional bending deflection.

Bending under tension is most pronounced in single lap joints,
although even scarf joints bend some. Bending under tension, because it
is so important to lap joints, has been studied by many authors

(Refs. 9,18,19,20).

Bending onder tension is important to joint strength because it
induces forces perpendicular to the load-planme at the ends of the
adhesive. For example, at point A of the loaded lap joint in Figure
5(b) the bottom adherend is bent a lot. And the nearby end of the top
adherend is nearly straight. The adhesive must stretch in the vertical
direction to remain bonded to both adherends. The resulting tensile, or
peel, stresses can cause breaking in either the adhesive, the bottom
adherend, or at the interface, as shown in Figure 6 (Ref. 9). Sawyer and
Cooper have published a way of reducing bending effects by preforming

(prebending) the adherends (Ref. 26).

Bending also increases tensile stresses at the outside of the
specimen, just as a beam loaded in bending has higher stresses at the
outer surfaces. This is important for scarf joints with doublers on
only one side. Where the joint ends on the side away from the doubler

the adhesive must accomodate the extra bending strain.
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Figure 6. Peel stress induced failure: (a) cohesive failure,
(b) adherend delamination, (c) adhesive failure.

There is another more subtle source of peel stresses. Adhesive
shear forces can cause bending at the end of a bonded adherend. This
bending happens even in joints which are symmetric about the load plane,
such as double lap joiits. A free body diagram of the upper adherend
end of a double lap joint is shown in Figure 7. The horizontal shear
forces on the bottom must be balanced. In the horizontal direction, the
shear force can be balanced only by a force on the left hand side.
However, this results in a couple which bends the adherend tip upward.
The upward bending is resisted by bending stresses on the left hand side
and normal stresses on the bottom. Note that both tensile and
compressive adhesive stresses are required to maintain vertical

equilibrium. This bending has been modeled by Hart-Smith (Ref. 10).
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Figure 7. Peel stresses in the adhesive of a double lap joinmt.

Adherend bending, such as in Figure 7, also changes the adhesive
shear strain at the end of the joint. This shear strain adds to the
adhesive shear strain induced by load transfer discassed earlier. It is
shown without the load transfer shear strain in Figure 8. The slope of
the curved adherend tip strains the adhesive in shear, as shown by the
upper small adhesive element. Ojalvo and Eidinoff (Ref. 20) discuss
this effect and conclude that the shear strain must be different on the

upper and lower surfaces of the adhesive.

A third important idea about joint mechanics is that stress
concentrations sometimes happen at the adhesive-adherend interface.

Few studies have been dome on this effect for actual joint geometries.
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Figure 8. Adhesive shear strain caused by bending of the adherend end.

Most analyses have dealt with stress fields at the interface of bonded
wedges. Rao (Ref. 27), for exampic, has shown that elastic stress
singularities occur and their intensity and order are functions of
wedge angle. Hein and Erdogan (Ref. 28), and Bogy (Ref. 29) have also

considered this problem.

Non—-elastic adhesive behavior can also be very important to the
adhesive stress distribution. This includes such effects as non-
linear stress-strain behavior and viscuelasticity. Hart-Smith (Refs.
9,10,11) has approximated non-linear behavior with elastic-plastic and
bilinea:r models. These models predict a mnearly constant adhesive stress
zone near the adherend ends with significantly higher predicted joint
strength. Ranamurthy and Rao (Ref. 30) have used elastic-plastic,
bilinear and trilinear approximations. Several finite element and
finite difference analyses have also accounted for adhesive non-

linearity (Refs. 31,32,33).

The complexity of viscoelastic analysis genmerally requires
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numerical solutions. Nagaraja and Alwar (Ref. 34) have used the finite
element method. Sen and Jones (Refs. 35,36) and Delale and Erdogan

(Ref. . /) have used Laplace transform methods with numerical inversion.

Several of the papers mentioned deal specifically with scarf
joints. Hart-Smith (Ref. 11) accounted for non-linear adhesive and
adherends with different stiffnesses and thermal expansion
coefficients. He also concluded that bond shear strength increases
indefinitely as the scarf overlaps are made bigger. Erdogan and Ratwani
(Ref. 16) developed a model for an orthotropic adkerend bonded to an
isotropic adherend. Reddy and Sinha extended that model to account for
two orthotropic adherends (Ref. 17) and also for thermal expamsion (Ref.
13). 1In addition, Thamm calculated the shear stress distribution in a

lap joint with partially thinned (scarfed) adherends (Ref. 7).

Wah calculated the two dimensional stress distribution in a
scarf joint adhesive using stress functions (Ref. 38). However, he
considered scarf angles only between sixty degrces and ninety degrees
(butt joint). Wrigkt (Ref. 39) and Adams and Peppiatt (Ref. 32) using
the finite element method found that there are stress concentrations in
scarf joints between identical adherends. Also, in the same paper,
Adams and Peppiatt calculate the stress distribution of a scarf joint

with slightly blunted tips.

There are several surveys of the literature in adhesively bonded
joints. The most recent and thorough are by Vinson (Ref. 40) and

Mathews, Kilty and Godwin (Ref. 41).
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EXPERIMENTS ON SCARF JOINTS WITHOUT DOUBLERS

All of the experimental specimens were made from laminates of
Hercules AS1/3501-6 carbon/epoxy. Since the primary puRpose of this
study was to eviluate the selected geometry, rather than the repair
procedure itself, all experimental specimens were made directly from
Z]S'

Ten specimens of this laminate were tested in tension to measure its

undamaged laminates. Tae stackirg sequence was [0,/+45/90/+45/0
-~

strength. The data are tabulated in Appendix iii. The averzge ultimate
force resultant was 2.21+0.84 GN/m (12,600+480 1b/in) at 95%
confidence level. Since the joint should be as strcng as the adherends

the goal strength is 2.21 GN/m.

The dimensions of the experimental specimens zre shown in Figure
9. The eighteen ply laminate is 2.5mm thick. The width was celected as
about ten times the thickness so that edge effects would be small.
Specimen length was determined by worst case bending behavior. When a
specimen with a doubler is loaded in tension it bends as explained on
page 9. This bending induces moments at the test machine grips which
might change the load at which the specimen breaks. Although th.
moments cannot be eliminated the specimens can be made long enough that

the moments at the grips are insignificant.

Bending can be easily calculated for a specimen with a thick

16



Figure 9.
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Scarf angle

Specimen
length, L
(milliradians) (millimeters)
19 500
33 380
52 300
110 220
160 200

Dimensions of the experimental scari joint specimens
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section in the middle, Appendix i. This is a good approximation to the
scarf joint with a doubler, which is the worst bending case. Based on
this analysis, the specimen length was chosen so that the slope at the

grips would be zero to three significant figures.

The specimens were made by grinding =carfs on the cured
laminates. The laminates were held onto a wedge—-shaped block mounted
on the table of a surface grinder. This method gave very smooth,
accurate scarfs. The scarfed panels were then bonded together with film
adhesive. The adhesive was autoclave cured with the joint pieces pinned
onto a laminate of cthe same moterial and stacking sequence. This
minimized loading the adhesive by thermal expazsion of the scarfed
adherends. The final panels were cut into teusile test specimens with a
diamond saw. Panels and specimens were ultrasonically scanned at each
stage to detect any defects. Details of the cuLtire process are in

Appendix ii.

This procedure worked very well for all but the 160 milliradian
(9.2 degree) scarf joints. These joints were difficult to bond despite
their short overlap. It turns out that these joints are very unfor-
giving of misfit. The short overlap (15 mm) and high bending stiffness
restrain deflection perpendicular to the specimen plane. So they don't
easily deflect to compensate for machining or alignment errors.

Surprisingly, the long joints are the easiest to fit.

Strength Data

Average strength data for five groups of joint specimens are
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listed in Table I. The strangths are given as stress resultants because
the laminates are thin (platelike) and inhomogenecus. The efficiency is
the joint strength divided by the laminate strength from page 16.

Detailed data for the thirty—three spvcimens tested are in Appendix iii.

Table I. SCARF JOINT STRENGTH

(Strsngth ranges are for 95% confidsnce level)

Scarf Angle Number Average Ultimete Force Efficiency
of Resultant

(m rad) (deg) Specimens (GN/m) (1bf/in)

19 11 6 1.35 +0.086 7710+490 0.61

33 1.9 4 1.40 +0.092 8000+520 0.64

52 3.0 5 0.990+0.062 5650+350 0.45
110 6.2 13 0.648+0.032 3700+180 0.29
160 9.2 4 0.510+0.048 2900+270 0.23

A striking feature of these data is that they don't fit
conventional models of joint behavior. The joint stremgth would be
expected to increase without limit as the scarf angle is made smaller.
In principle. the load is born by a larger adhesive area which should be
subject to lower stress. To the contrary, the 19 milliradian scarf
joints supported only 1.35 GN/m compared to 1.40 GN/m for 33 milliradian
scarf joints. Since the 19 milliradian joints were expected to be about
1.4 to 1.6 times as strcmg as the 33 milliradian joints two sets of 19
milliradian joints were made 2nd tested. Both sets had the same

strength.
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Figure 10. Experimental and predicted scarf joint stremgth. The
predicted values are based on maximum s/ ear stress.

The scarf joint strength data are plotted in Figures 1C and 11
along with some calculated strength curves. The maximum shear stress
failure criterion is used for the curves in Figure 10 and maximum normal
stress for Figure 11. Tuae calculeted sicengths account for the
stiffness of the zero dsgree plies st the adhcrend tips and for load-
direction strain of the whole joint. These calculations are described

in detail in the section on adhesive stresses in the scarf joint.

The strengths predicted for sharp tipped adherends are much
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Scarf Angle (milliradians)

Figure 11, Experimental end predicted scarf joint stremgth. The
predicted values are based on maximum normal stress.

higher than the experimental data for small scarf angles. However, as
shown in the figures, the exparimental data can be explained by
adherends with tips broken off a short distance from the end. The Jower
curves represent the strength predicted for adherends with the tips
broken where the adherend is only 40 microns (0.0016 in.) thick. This
is che thickness of five carbon re.nforcing fibers. As the curve shows,
making the scarf angle even smaller for such adherends still may not

attain the strength of the undamaged laminate.



22

ORIGINAL PACE [T
Failure Modes OF POOR QUALITY

The failures range from a relatively simple break through the
adhesive ror the 160 milliradian (9.2 degree) scarf joints to a
complicated break with considerable adherend damage for the 19
milliradian (1.1 degree) joints. Both 110 milliradian (6.2 degree) and
160 milliradian (9.2 degree) joints broke mainly in the adhesive
(Figures 12 and 13). The fracture surface had adhesive separated from

itself with regions where the separeztion was in the adherend. All had

Figure 12. Fracture surface of a 160 milliradian scarf joint, specimen
number 3-136-4.
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Figure 13. Fracture surface of 2 110 milliradian scarf joint, specimen
number 4-96-2.

pull-out of 45 degree and 90 degree adherend reinforcing fibers,
although pullout was more pronmounced in the 110 milliradian (6.2 degree)

scarf joints.

Scanning electron micrographs of one of these regions (Figures
14 and 15) confirm that the failure is actually ic the adherend. A thin
layer of matrix resin and fibers has pulled off of the composite
adherend aad can be seen on a micrograph of the mating piece in Figure

1§

Micrographs also show two otker interesting aspects of the
adhesive. Figure 16 shows filaments in the rdhesive from the knit
tricqt mat that is manufactured into it. Thic mat is used to control
bond line thickness. The second feature is the small holex visible in

Figure 17. They are caused by the small rubber particles used to
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Figure 14. Scanning electron micrograph at 10x of the fracture surface
of 110 milliredian scarf joint specimen number 4-96-3. Reinforcing

fibers have broken from the adherend in the siriated region in the upper
left quadrant.

FIGURE 15. Scanning electron micrograph of the mating fracture surface

to the one in Figure 14, The reinforcing fibers pulled from that
adherend can be seen in the lower left quadrant.
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Figurs 16. Scanning electron micrograph at 100x showing the knit tricot
mat used to control adhesive thickness.

Figure 17. Scanning electron micrograph at 1000x showing small holes in
the fractured adhesive surface caused by small particles used to toughen
the adhesive.
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Stacking Sequence (Not Shown) Is The Some As The Other End

Figure 18. Failure mode of 19, 33 and 52 milliradian scarf joints.

toughen the adhesive.

The 19, 33 and 52 milliradian (1.1, 1.9 and 3.0 degree) scazf
joints failed in a different mode. The failure surface, Figure 18,
begins at one of the adherend tips and goes through the adhesive at
point A. Inside the joint at B many 45 degree and 90 degree adherend
fibers are pulled out. Between the insids zero degree plies, which are
too strong to pull out, the adhesive breaks. The surface is similar to
the .egions of adhesive separation in the 110 and 160 milliradian
joints. The failure surface then goes through the adherernd with

considerable delamination and 'brooming’ of the remaining plies, Figures

19, 20, and 21.



Figure 19. Fracture surface of a 52 milliradian scarf joint, specimen
number 3-13-2.

Figure 20. Fracture surface of a 33 milliradian scarf joint, specimen
number 3-34-4.

Figure 21, Fracture surface of a 19 milliradian scarf joint, specimen
number 3-121-4,
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Where the failure begins is important for analysis. Modeling
joint strength requires a failure mechanism which depends on calculated
conditions at a particular site. In this paper failure is assumed to
begin at the end of the bondline in the adhesive. Unfortunately this is
difficult to verify because the joints break so quickly. The specimens
can be inspected after testing, however, for evidence supporting or

contradicting the 2ssumed site cf failure initiation.

Supporting the idea that failure begins at the end of the
bondline is the observation that every break has one adherend tip
intact. This is a reasonable thing to expect for end failure because
after the adhercad tip separates it would be very unlikely to suffer

mcre damage.

Evidence supporting failure initiation in the adkesive is
somewhat less conclusive. Every broken joint has a region where the
adherend matrix has broken like in Figure 14. It cannot be determined
if failure began in the .dhesive at point A in Figure 18 or in the

adjacent adherend matrix.

Other Experiments

Three other experiments were made on plain scarf joints. One
was grinding s-arf< with a hand held rotary bur to demonstrate making
the joints with small portable equipment. Another ome was reducing

stress concentrations by rounding the adherend tips. And the last was
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making joints with slightly more overlap.

Because aircraft repairs must often be made directly on the
airplane without sophisticated oqulp-ont; a simple way of machining the
repair is desirable. To evaluate cutting the scarfs withcut a surface
grinder one set of joints was made by cutting them with a hand held
pneumatic rotary bur. This simple, easily portable device worked very

well.

Fifty two milliradian (3.0 degree) scaris were wet-cut with a
carbtide bur. Water removed the dust and also made the individual plies
visible. Visibility of the plies helped cut the scarfs uniformly
because their interfaces were like the contour lines on a topographical
map. The contour of the cut surface was easy to determine by studying
the pattern of ths ply interfaces. Figure 22 shows the scarfed plies of
a machine ground laminate and a hand ground laminate. With care (and
some practice) a surprisingly uniform scarf can be cut by hand.
It is helpful that a one millimeter deviation in the position of a ply
interface (a contour line) corresponds to only 50 microns deviation in
thickness for a 50 milliradian (3 degree) scarf. For example the
deviation of the contour lines on the right hand side of the unfinished
hand ground specimen in Figure 22 are due to the specimen being only 0.3

mm too thick.

The hand ground scarf joint strength averaged 0.80+0.039 GN/m
(4570+220 1nw/in), ALppenarx iii. This is significantly lower than

the 0.99 GN/m of the machine ground joints. Interestingly, the failure
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modes were also very different. The hand ground specimens broke directly
through the adhesive with very little adherend damage. In addition, the
specimens consistently broke where one of the adherend tips did not have

a sharp tip.

This suggests that the shape of the adherend tips is very
important, even on a relatively small scale. The tips of these
adherends were tapered out to a thickmess of about 0.2 millimeters.
Analysis also supports the idea, showing that tips tapersd to a mere ten

maicrons thick induce significant shear stress sonceatration,

In a 1971 paper (Ref. 27) A. K. Rao svggested that high stresses
predicted at interface corners by wedge stress functions might be
alleviated by rounding oae wedge tip. The idea is that the nature of
the stress conceatration depends ou the angle between the interface and
the free surface. If the irterface angle is changed by appropriately

curving the interface, stress sirgularities might be avoided.

A set of scarf joints were made to tes. this hypothesis. The
adherend tips were shaped as shown in Figure 23 by cutting the under
surface with a diamond saw and lightly abrading the resulting edge with
emory paper. The angle labeled B in Figure 23 was cut at n/6 radians
(30 degrees) to avoid stress singularities according to Rao's
calculations. Adhesive film was inserted the entire length of the scarf

to make sure the region of the removed tip filled with adhesive.
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Figure 23. Scarf joint with rounded adherend tips.

The strength of the round-tipped joints, 0.43+0.045 GN/m
(2460+280 1b/in), Appendix iii, was only about 70% that of the
sharp-tipped joints. The fracture surfaces were also different. The
round-tipped scarf joints had a two millimeter wide band at onc end of
each break where part of the adherend pulled off. The separation
occurred directly across the adhesive from the rounded tip. This
separation was similar to the regions on the sharp-tipped joints where a
thkin layer of wmatrix and fibers pulled off. The bands did not extend
all the way across most of the joints. But the joints were consistently

weaker the longer the band.

Clearly anv increase in strength froz elimiuating large tip

stresses is ovtweighed by the detrimental cffects of the rounded tips.



R R R R R RS

ORIGINAL PAGE I8
33 OF POOR QUALITY

The rounded tips reduce joint strength two ways. First, the adhesive
area is reduced. Second, the tips cause shear stress concentrations at
the ends of the adhesive by the same mechanism as the lap joint
described on page 5. That such a small change in tip geometry changes
both failure mode «nd significantly reduces joint stremgth emphasizes

its importance.

} Y (a)

\ } (b)

—T

Figure 24, Scarf joint with slightly increased overlap.

Slightly more overlap of the adherends increases joint strength.
A set of scarf joints was made as shown in Figure 24(b). This geometry
increases adhesive area and reduces the effect of replacing zero degree
plies with adhesive as at section A. However, it also protrudes beyound
the mold line of the original laminate, which may be a disadvantage for
saerodynamic surfaces. These joints averaged 1.63+0.28 GN/m
(9300+1600 1b/in) and 1.22+40.10 GN/m (69704570 1b/in) respectively for
i9 and 33 milliradian (1.1 and 3.0 degree) scarf joints, Appendix iii.

This is about 20% stronger than the corresponding joints with less
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overlap. These 19 milliradian (1.1 degree) icarf joints were the
strongest made in this study and attained 74% of the strength of the

undamaged laminate.
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ANALYSIS OF SCARF JOINTS WITHOUT DOUBLERS

Several experimental rosults suggest that the small scale
geometry of scarf adherends is important to joint stremgth. These
rezrlts include lower than expectsd stremgths for small scarf angle
joints and lower strength and different failure modes for scarf joints
with roundoed tips. Tt turns out that a scart adherend which broaks off,
bofore bonding, where it is only a few microus thick causes significant
shear stress concentrations in the adhesive. This corresponds to a
laminate breaking where it is only as thick as a fow reinforcing fibers,
Such breakage is nout surprising ccnsidering the brittleness of typical

reinforcing fibors such as carbon and glass.

The mechunism of this stross concentration is the sameo as for
the lap joint described on page 3. The surprising part is that the
offact is so pronounced for such a slight deviation from perfect

geometry.

To calculate the cffeoct of a broken adherend tip on the adhesive
shear stress distribution the mechanism of loud transfer between the
adherends must be modeled. The analysis used here is similar to those
developed by Erdogan and Ratwani (Ref. 16) and by Reddy and Sinha (Ref.
17). The adhesive is deformed, mostly in shear, while transferring the

load, Figure 25(a). At the same time the adherends are strained

5
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Figure 25.

(a)

[ |
AF =—
—» AF
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F, <-—— —= F, - AF

Load transier between adherends by the adhesive.
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horizontally by their loads. The correct combination of adhesive and
adherend deformation is defined by the interface condition that stresses
and displacements be equal. Since the joint is symmetric only one half

of it need be analysed.

Stating these relationships mathematically requires some
simplifying assumpticns. To model the adhesive deformation assume that
its behavior in shear and in tension are independent. Assume also that
stresses are constant through the adhesive thickness. It turns out that
these assumptions are reascnable away from the ends of the jcint. As
discussed later, in the section on two dimensional stress distribution,
significant variation of stresses occurs through the thickness at the
ends of the joint. However, thesc assumptions allow modeling the most
important characteristics of scarf joint behavior. And through tke
thickness stress variations at the adhesive ends can be dealt with

separately.

Assuming the adhesive behaves linearly its strains and stresses

are proportional, so the relative displacements are, Figures 26 and 27:

t
Auv, = _adhes t,, and

Gadhes

” tadhes

Oy
Eadhcs

Au,
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Figure 26. Joint (global) and adhesive coordinate systems.

Figure 27. Adhesive displacement (exaggerated) in joint and adhesive
coordinate systems.
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In terms of displacements in the x-y coordinate system

G G
Ty = _tdhes Au, = —2dBes (\y cosa - Au_sina) (1)
t y
adhes adhes
E E
o = 2dhes Au = 2dhes (Au sina + Au cosa). (2)
a3 t 3 t x y
adhes adhes

To model the strain of the adherends assume that they are
subject to only normal stresses in the x-direction and that normal
stresses in the y-direction, oyy' are zero. The first assumption re—
quires that loads introduced by the adhesive be distributed very quickly
across the adherend by shear. Tkis happens in thin specimeas because
the load does not have very far to be distributed. But it must be
remembered that stresses do not become uniform as quickly in materials
which have low shear wndulus compared to their extensional modulus (Ref.
42). Fortunately, the composite adherernds considered here are thin and
the scarf geometry makes them even thiuner. The thinness of the
adherends also justifies the assumption that normal stresses, ayy'

are zero perpendicular to the loading plane.
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Figure 28. Adherend tip free body diagram.

> X

— F, (x)

The adherend strain is a function of the load at the particular

cross-section. The load depends on the tractions at the adherend-

adhesive interface. Equilibrium of the adherends in the x and

y—directions, Figure 28, requires

. dt
F (x) =w !x {z3;(t)cosa + o,,(t)sinal ==
and
Ix {z,,(t)sina - o,,(t)cosal dt =0
3 13 32 cosa
with Fn + Fl f Fext' Figure 25.

Since (4) holds for all x it can also be stated as
T,,(t)sina = o,,(t)cosa
an] substituting in (3) gives
Fn(x) = w(1+tan3u)Ixtlz(t)dt.
)

Differentiating gives,

(3)

(4)

(5)
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E;! = w(l+tan?a)t,,(x). (6)

The sdherend strain can be calculated once the load is known.

The upper adherend will be analysed first. From Hooke’s Law,

o s o
X0 u zz0
®2zu  E " E uyxu E vzxn' b
yu zu

Since Uyy=0 by assumption, the middle term is zero. Z-direction normal
stress, %’ depends on the Poisson contraction of the specimen.
Poisson's ratio varies alcng the upper acherend because of the changing
stacking sequence. At each point the npper adherend will tend to
contract an amount usually different from the lower adherend. However,
since they are attached by the adhesive they must contract the same

amount, at least away frcm the specimen edges=. Therefore,

-~

e =g I v
zz zzu E xzlam °
xlam
Now, since
%zu  %xxu s
. - xxn,  _ _yyu,
zzu E E xzu E yzu
zu n yu
and the last term is zero, as before,
%rxu % rav
%220 Ezu E xzu Ezu E y;Zle'
I xlam
Substituting inco (7)
%rxu vzxu %xxu % rav
e = - E v -E -———3V
xxu E E zu E xzu zu E xzlam
u zu xu xlam
- (I-L;zuuzxu) " pleamvzxu
E xxu E xavg’

xu xlam
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Since S su = Fu/(tu') and cxav;- Fext/(tlan')'
(l-uxznuzxu) Fu szluvzxu Fext
'3 T c— — | o——— — (8)
xxu E t w E t w
Iu o xlam lam
Similarly, for the lower adherend,
(l-v;zlv;xl) F1 vlellyle Fext
e = + s (9)
xx1 E t.w E t w
: xl 1 xlam lam

To combine these equations substitute (5) into (1) and (2) and

solve for T,, .n terms of de

cosa(1+tan'a)G‘dh.‘E'dhe‘
Ty Au

(Eldhes+ Gndhest‘n’a)tadhes

Substituting into (6) gives

2 2
an wcosa(l+tanza) GadhesE-dhes

— Au = wKAu .
2 p
¢ (Eadhes+ Gndhest'n u)‘ndhes ¥

Noting from Figure 27 that Aux= Ua” By and differentiating to express
An! in terms of adherend strains gives

d3F

dx3

L wK(e -8 )
xxu xxl
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Figure 29. Scarf joint cross—-section dimensions.

And finally substituting for the strains from equations (8) and (9),
recalling that
,» Bives

Fu+ Fls Fext

szu ]-vxznvuu 1"vlevle
-— =K + F“

3
dx Exntu Exltl
=K Vzzlam v -y .)- 1.vlevle = (10)
Exllntlln zxu "zxl letl ext’

Now, the adherend thicknesses, Figure 29, are
t = xtana and
u

1 tndher-tldhes/°°’“ - xtana = (d-x)tana

where d = ( /cosa)/tana is the length of the joint.

tadher-tadhes
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Substituting into (10) gives

¥y -K 1.vxzuvzxu l-vlevle
dx3 E xtana E ,(d-x)tana| u
xu x1
- K Vxz1am v -p .)- 1-vlevle F (11)
E t zxu zx1° E _(d-x)tana| ext’
xlam lam x1

This equation may be written in terms of dimensionless variables by

defining F = Fn/Foxt apd ¥ = x/d. The equation them becomes

d:F _ Rd [l-vxzuvzxc & 1.".:7.11)1:11.]=

di’  tana E 3 E (1-;)]‘“
xu xl

Kd [dvleu(vzxu-vle)t“a _ 1-x)leule} (12)

tana Exlutln Exl (1-%)

The boundary conditions for (11) are that Fn- 0 at x = 0 and
Fu- Fext at x = d. That is, the upper adherend carries no load at the
tip because no load hac been transferred to it. And at the other end of
the joint, x = d, all of the load is carried by the upper adherend.
Equivalent boundary conditions for (12) are F=0at3=0andF =1 at

=1,
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SOLUTION OF THE GOVERNING DIFFERENTIAL EQUATION

Equation (12) is a second crder inhomogeneous ordirary
differential equation with variable ;oefficionts. It has regular
singular points at x=0 and x=1 becausc of the denominators of the F
coefficient. Two techniques will be used to solve it approximately:
perturbation methods and series solutioas?. Parturbation methods give a
global solution which is patched with the local series solution where

the perturbation solution does rot work.

Equation (12) can be written as

e2F" - Q(I)F + R(3) =0 (13)
where ¢ =V tana/Kd ,
1-v 14 1-y Vv
a(g) = xzu zxu xzl zxl ,
E x E_, (1-%)
xu xl
and R(3) = l-ylevle . dulean(uzxn-vle)t'nn
Exl(l—x) E!llltlnl

The complementary equation is e3F"=Q(%)F. Approximate solutions
to this type equation are easy to find by the WIB perturbation method

when ¢ is small.

1. Both of these techniqaes are described in Bender and Orszag,

Advanced Mathematical Methods for Scientists and Engineers, McGraw Hill

Book Company, 1978. The notation used in that text is adcrted here.
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The idea of the WKB method (Ref. 43), named after Wentzel,
Kramers and Brillouin, is to approximate the solution by

F~ A(!)OS(’)“, 5 -0 (14)
where 8 is the boundary layer thickness. A(E) is a slowly vurying
amplitude function. S(%) is called the phase and can be imagircary.

This allows for a solution which is expomential or oscillatory.

It is best to represeat this approximation in a differeat form
for deriving asymptotic relations. A(¥) and S(X) depend explicitliy om
8. Expanding them in power series in 8 and combining the two series in

a single exponential power series gives

s‘snm]. 5 —0%, (15)

o

F(z) ~ oxp[l

T
o

Substituting (15) into the complementary equation gives a
sequence of equations from which to determime the Sn's. Af ter
supstituting, the coefficients of terms of equal powers of e are set
equal. It turns cut that & is proportional to & so they may be set

equal. The final result for the first two terms is

s, (1) = + [X /(o) at (16)

$,(2) = - 4 12Q(D).
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This gives for F(2)

F(z) ~ B‘oxp[%n-s‘] - B,oxp[- %us‘] :

The integral for S, (%) cannot be solved in closed form.

However, if Q(X) is written in the form

l‘U vV 1-” y .
xzu "n(l-i) * ;zl zx2 2
- Iu xl
@) f(1-3)

the numerator of the integrand can very adaquately be represented by a
Taylor series. This gives
C+C,
vya(z) =
Vi(1-3)

which can be integrated in closcd fora.

$4C,23+C, T

The solution of the particular equation is very straight
forward. Since R(X) and Q(X) are both smooth and there are no tnrning

points, i.e. Q(X)#0 for all X, we may simply take the limit ¢ — 0"

(x
(2

~

F(x) ~ e —=0".

’

=
~

This asymptotic relaction is valid for all 0¢(x<1. Finally, the

approximate solution of (12) is

F(3) o~ 2 L g ogp l;us‘] + B,exp [— ::‘.!+s,]. (17)

Two conditicns must be satisfied fcr the WEB approximatioa to
hold on an interval (Ref. 44, First, the series I&“’lsn<§)

must be 2z asymptotic series in 8 as 50 uniformly for all X on the
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interval. This is ¢quivalent to the guotieats Snﬂ(i)/sn(i} being
bounded functions of X on the interval. If the series Z&n-lsn(i) ls
uniformly asymptotic in X as 8-0, ¢runcating the series before the
smallest term, 6N3N+1(i). should give an approximation with uniformly

small error throughout the X interval.

The second condition is necessary because the WKB series apprars
in the expoment of (14). For the WEB aproximation t. hold, the first

truncated torm BNS,q*l(i) must be small compared to unity.

It turns out that these two conditicns are satisfied for the
scarf joint equation with small ¢ if the series is truncated after two
terms. However, for larger values of e, corresponding to scarf angles
of 0.1 radian (six degrees) and more. the WKB approximation does not
hold near the scarf tip. In theses cases a Frobenius series solution,

valid locally, can s¢ used at the scarf tip.

A local solutiom of (12) can be expanded ahout the regular
singular point x=0 by the Zrobemius method (Ref. 45). irst, write the

complemertary equsation coriesponding to (12) in the form

Fr+ 30F - 0 (18)
where
(3) = - Kd I 1=V 20”2 xu & V21 %y
" tana E_2 Exl(l-ﬁ— '
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Note that, although the coefficient of F in (12) is singular, q(%) is

analytic. Expanding q(X) in a Taylor series gives

n=(0
with Qo=0
1-v._ v
Kd IZ0 zXU .
and Q, rr e | n=1,2,3,.

xu

Next, assume a sclution in the form of a Frobenius

se¢ries.
a ¢ n
Fa =10 ) a2 (19)
n
n=0
Substituting intc (18) and equating coefficients of !"‘“‘2 gives
(a%-a)u, = 0
n-1 (20)
PO We— =X
and ((a=n)2-a nla_ 2 4oy
k=0

Since 1,40 by e¢ssumption a musc be a root of *he indicial polynomial,
P(a)= a?-a. Lat a,~1 and a,~0 denote the roots of the irdicial
polynomial. For a=a, the recursion relativn (20) can be solved for .

in termv of a, for all n:

n-1

.-_1_2 .
*a n+n?l U-x"x" (21
k=0

This gives one solution to (18) with one arbitrary coefficient, a,,
Since a,-a, is an integer, there is, in general (Ref. 53),
only one solution in Frobenius form. The solution obtained by using the

recursion relation with a*a, {s identical to (21). The second linearly

independent solution involves the function In X. [t can be found by
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differentiating (19) with respect to the indicial exponeat, a.

Ignoring the first equation of (20) for a moment to leave a

arbitrary, we solve for a as a function of a. Tae resulting
Frobenius series is
F(z,a) = £° S a_(a)i®. (22)
n .
n=0

It is helpful tov define the operator

a4 (%)
Legw *

Any solution of (18) satisfies LF(%)=0G. However, F(%,a) satisfies
Lf(z.a) = 2,5% 2P(a).

If we differentiate both sides with respect to a and set a=a, we get

. oo yo(@g=2)
L[;;?(x.a)'c-ul = a,P'(a)z 7Y (23)

If the right hand side were zero, then (3/3a)F(T,a) _— would
b §

be a second solution to (18).

To get around this we can comstruct another particular solution
to the inhomogeneous equation (23) and subtract the particular solution
(3/3a)F (%, a) — from it. This will be a solution to the homogeneous

1

part of (23) which is what we really want.

It turns out that the second particular solution has an ordinary

Frobenius expansion,
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Substituting into (23) and equating coefficients of i'n'z gives
P(0)c, = 0
n-1
P(n)e + 2 Qe =0 n#0,1
k=0

P(1)e,+ q,c, = 8,P'(0).
Since P(1)=P(a,)=0 the last equation relates a, to the coefficient ¢,,
a, = ;7%67q1c. = QyCq- (24)
And the middle equation gives

p-1 n-1

i 1
R S— T ‘ . )
‘a P(n) 2 -1k aln=1) 2 @ Sy B £ 0,1 (25
k=0 k=0

So the second linearly independent solution to (18) is the
difference betweer the two particular solutions:

¢ z°- 3—?(2.0)1
a

F(x) = . Ta

Differentiating (22) with respect to a gives

@
9 z.0) =% Yl (@ £ + F(5,0,) 108
da a=a, da n a=qa 1
n=0 1
= )b 04 1z ) 2 3
n=0 n=0
d
where b = —a (n”
n da n a=a,
n-1 n-1
2n+l 1 -
(n2+n)3 } 99-x*x oi+n 2 qn-kbk' (26)
k=0 k=0

and b, = 0.
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So the second linearly independent solution of (18) is

@®
F(z) = } ¢ 1" - 3 bni‘” - 1n% 5 Y (27)
n=0 n=0 n=0 .

The last step in finding a local solution to (12) is finding a

particular solution. The particular equation may be written

Fr o+ 35308 = x2) (28)
where r(X) = Kd dD"I'L(v"“—vul)“na . l-vlevle.]
tane t E (1-3) !~
L xlam lam x1 ]

Expanding r(x) in a Taylor series about x=0,
@
03 = )3
n=0

Kd [-dvlel (vzxu-ule)t“m _ l_vlevle]

gives Ly = —_—
t"m[ Exl am“lam Exl
1-y_ v
and r = - kd x31 zxl a=1,2,
n tana E

xl

Assuming a solution of the foir
@
ipt = 3% } .ptin
n
n=0

and substituting into (28) gives a = 1,0 and

n
- pt
¢ rn—l gZ1qk.°-k
lﬁ = ;Y (0 T (29)
n(n+1)

The coefficient -E‘ is arbitrary, so make it zero.
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The general solution to (12) is then

F(z) = 2 a B8, 5 ¢ I - 1a% } . 371
n=0 o n=0 ® a=0 B

} b 3" 4 3 WPty (30)
=0 " =0 "
where ¢, and ¢, are the two arbitrary constants,
the an's are determined as in (21) and (24),
the bn's are determined as in (26),
the cn’s are determined as in (25}, znd

the lﬁt's are determined as in (29).

The expansions in (30) can be shown to converge (Ref. 46) in a
complex disk whose radius is at least as large as the distance to the
nearest siagularity of q(X) or r(3x), i.e. at X = 1.

A series solution is also useful for parts cf the joiant away
from the tip. In these cases the solution is expanded about an ordinary
point and Taylor series can be used. The procedure is simple. First,

assume a solution of the form

(31)

where ii is the point about which the solution is expanded. For tlLe
complementary solution, substitute a Taylor series expansion of the F
coefficient (this is a different q(X) than used in the Frobenius

series),
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into the complementary equation F” - q(%)F = 0. Note that adherend
properties that are functions of position can be accounted for in the
expansion of q(X). The solution coefficients are determined by the
recursion relation,

n-2
1
.n = -n(n—l) } qk.n—k-z n=2,3,4,... (32)
k=0

For the particular solution assume a solution of the form

Expand r(x) in a Taylor series about X = ii and substitute into the

particular equation F” + q(3)F = r(3). Equating coefficients of equal

powers of (i-ii) gives a recursion relation for l:t.

n-2
pt
T 5 ~ q.,a_ .
ptanz kzoknkb
: ;

a n=2,3,... (33)

n(n-1)
Although l?t and nft are arbitrary they are not needed for a
particular solution. They may be set to zero. The general series

solution to (30) expanded about an ordinary point X = ii is

F= 5 (a_+ oP%)(3-3 )" (34)
n n i
n=0
This expansion converges (Ref. 47) within a disk whose radius is the
distance to the nearest singularity of q(X) or r(X), i.e. T = 0 or

=1,
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ADHESIVE STRESSES IN THE SCARF JOINT

In this section the methods developed for solving the scarf
joint ;overnh‘u equation (12) are applied to the experimental scarf
joints described earlier. Once the load transfer stresses are
calculated they are combined with strcsses caused by gross extemsion of
the entire jcint. This gives actual joint stresses which cam bte unsec to

predict joint strength.

In calculating the load transfer stresses two practical
considerations must be satisfied. First, the mechanical properties of
the adherends vary along the joirnt. And second, the appropriate method
of solution, WKB or series, must be used for certain regions of the
joint. This requires dividing the joint into five regions, each with
its own solution. The boundary conditions of the individual solutions

are determined to provide a smooth solution for the entire joint.

As mentioned in the introduction, page 7, the stiffness of the
adherends influences the adhesive shear stress. For composites large
differences in modulus between adherends are possible. Also, load-
direction modulus can vary with position in a scarfed composite
adherend. For example, near the adherend tip in Figure 30 the modulus
E is the modulus of zero degree plies only. Further into the

xu

joint, at point A, for example, the average modulus is lower because of
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Figure 30. Changing modulus at the adherend tip caused by the stacking
sequence.

the 45 degree plies. The properties of the lower adherend also change
for the same reason. Figure 31 shows the variation in average modulus,
Ex' and Poisson’'s ratios, ;;z and I;!, as a function of x for both upper
and lover adherends. Properties are shown for only half the joint

because the shear stress distribution is symmetrical about the center.

The properties shown in Figure 31 were calculated from laminate
theory (Refs. 47,48). For example, the modulus of section A in Figure
30 is that of a [02/:45] laminate. The adherends are constrained from
bending or shearing by being bonded to each other. So it is assumed in
these calculations that ¢ =k =k =k =0, (Ref. 47). In some joint

Xz x "z “xz
problems the bending and shearing forces are important, but in this case
they are small because the adherends are so long and thin. For these

conditions

31337

1
E i iy kg k)

Vey ™ A,,/A,, and

0. * WY .
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Figure 31, Adherend mechanical properties versus position.
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Figure 32. Regions of the scarf joint for solvimng the governing
equation.

For calculating the shear stress distribuotion adherend
preperties may be approximated by the dashed limes in Figure 31. This
gives an exact representation at the end of the adherend, which is the
most important part. Since the lower adherend properties change
little they are assumed constant at Ex- 78.0 GPa, L;z- 0.4 and

P;x- 0.2. Properties assumed for the adhesive are E = 3.45 GPa and

V=0.3.

To calculate the shear stress distribution it is easiest to
divide the scarf joint intc five regions. This division is based on the
edherend mechanical properties and the best solution method for each
region. Figure 32 shows the five regions. Region one is the sharp tip
of the adherend. In the case of an adherend with a broken tip this
region has the mechanicel properties of the adhesive. For scarf angles
of 35 milliradians (two degrees) and less, the adherend load, F, is
calculated in the form of a WEB expansion, equatiom (17). For larger

scarf angles a Frobenius series, equation (30), is used.

Region two is the end of the blunt adherend. Region four is
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where the upper adherend mechanical properties change linearly from
those at the tip to those in the middle, Figure 31. Taylor series
expansions, equation (34), are used in both these regions. The series
in region two is expanded about the blont adherend tip to provide a good
solution at the most important part of the joint. Because it is so
close to the singular point at X = 0, region two mnst be relatively
small for reasonably quick convergence. Region three simply connects
regions two and four with another Taylor series solution. The solutions
for regions three and fcour are expanded about their midpoints and their

convergence is rapid.

Region five covers the largest part of the scarf joint, from the
end of region four, about X = 0.25 to the middle of the joint, X = 0.5.

The adberend load is modeled by a WKB approximation in region five.

Adhesive load transfer stresses are calculated in the FORTRAN
programs SCARF3 and SCARF4, Appendix iv. SCARF3 uses a Frobenius
soluticn for region one and SCARF4 uses a WKB expansion. Otherwise they
are the same. The adhesive stress data are presented as an adhesive
stress factor. It is a stress concentration factor which accounts for
adherend stiffness and broken adherend tips. The adhesive stress factor
equals the adhesive stress in the 1-2 cocrdinate system divided by the
average stress for the entire joint. It is the same for normal and
shear stress. The average stress is the stress expected for the ideal
scarf joint of Figure 4. Deviation of adhesive stresses from the ideal

are apparent by the deviation of the acdhesive stress factor from unity.
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Figure 33. Adhesive stress factor for several scarf joints with sharp
tipped adherends.

The adhesive stress factors for sharp tipped adherends of
different scarf angles are plotted in Figure 33. All of the deviation
from the optimal distribution in Figure 33 is caused by adherend
stacking sequences. Because of its modulus the tip region strains less
‘than the adherend to which it is bonded. This tends to induce shear
stresses of opposite sign at each end of the high modulus region. At
the free end, the tip of the adherend, the adhesive is straimed more.
On the other end, toward the interior of the joint, the adhesive is
strained less. This causes the dip ia thc curv:. The effect is much
more pronounced for smaller scarf angl!es. Ip fact thte interior adhesive

stress can even change sign.
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Figure 34. Adhesive stress factors for 20 milliradian scarf joints.

In mauy cases it may be possible to design adherends to improve
or even eliminate such stress concentrations as in Figure 33. However,
for repair of laminates the stacking sequence of one adherend is
predetermined. The remaining options may not be adequate to allow an

optimal joint design.

The stress factors for scarf edherends with broken tips
are plotted in Figures 34 through 36. The effect of the broken tips is
limited to a small region, a boundary layer, near the end of the

adherend, so only that part is shown. The stress for a 20 milliradian
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Fignre 35. Adhesive stress factors for 70 milliradian scarf joints.
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Figure 36. Adhesive stress factors for 110 milliradian scarf joints.
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Figuie 37. Scarf joint cross-section.

(1.1 degree) composite joint with the tip brokem at X = 0.016 is
nearly five times the optimum value, Figure 34. As pointed out earlier,
thi; is equivrlent to breakiog the tip off where the adberecd is only 49
microns (0.0016 inches) thick. Comparison of Figures 34, 35 and 36,
which are drawvn to the same scale, shows that the effect of broken tips
is much more pronmounced for joints with smaller scarf angles. Ia fact,
broken tips have practically no effect at all for 110 milliradian
joints, as Figure 36 shows. So smaller angle joints are more semsitive

to both adherend stiffness and tip breaks.

The adhesive stress factors of Figures 33 through 36 acccunt
only for the adhesive stresses required to transfer load between
adherends. In addition to those stresses an extensional stross will be
induced in the adhesive by extemsional strain of the entire joint. The
wvhole joint will strain an amount depending on the load and the section
stiffness. The average stiffness of the joint at any section, say A in
Figure 317, is approximately that of the laminate away from the joint.
This is true becanse the stacking sequence at A is identical to that of
the laminate away from the joint except for a small part where the

adhesive is.
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Disregardicg the load carried by the soft adhesive the entire

joint will strain in the load direction by an amount

“2zlam - Faxt
Exlu _ ‘adhes

tldhor cosa ) » xlam

where the term in parentheses is the load carrying thickness. The
stress in the adhesive due to this strain is

Fext Eadhes

o b 4 En’he sx T w t
b4 " v !
> adhes

ktldhor_ cosa ) xlam

I
_—
L)
W

-

To superpose the load transfer stresses and the stress due to
extension, they must be expressed in the same coordinate system. In the

1-2 coordinate system the stresses due to ‘ension are

1
TP {1+cos( 2a)}uxx

)
tIZoxtens isxn( Za)uxx

1
%)naztens 2[1+cos(n 2::)}4:arxx

Adding these stressas to the load transfer stresses gives the total

adhesive stresses

"1[1+r\s(~2¢)}a .
. xx

®11tot
F cosa sina

T = --lsin(-Za)a + K L3

12tot 2 xx str wt '

adher
1 Fextcosa sina tana
= - /e
%52 ¢t0t 2(1+cos‘n ..a)]au + Kstr ,

vt dher
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where ‘str is the stress conceutration factor for a particular

location in the joint.

Substituting from (35) and setting Foxt/" the applied force

resultant, equal to unity gives

E 1
1 adhes
Ostsor ™ 2{1+cos(-2¢)) T - s
xlam __adhes
adher cosa
(36)
1 E'\Ches . cosc sirna
- = - <sin(-2a) = <R e
12tot “ xlam (t _tldhes sttt
! adher cosa
E 1 >
%92¢0t " %[1+cos(n-2¢)] Eadhos +K SRR,

str t

xlam

_tadhes\ adher

badher cosa}

These are the adhesive stresses for a unit applied force resultant.

The maximum stresses per tanit load are

and

. /2 . [C11tot®22¢0t)?
max ‘\/ “11tcc 2

(37)

. %1tot’ %22tot

amax 2

+ R.
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Figure 38. Maximum shear stress di.tribution for several scarf joints.

They can be calculated for a particular joint once xstr is known.
The maximum normal and shear stress distributions for unit load are
plotted for several scarf joints in Figures 38 and 39. The load is one
Newton/meter applied to the laminate and itip = 0.012. Only half of
the 20 milliradian scarf joint stress distribution is shown because the
joint is so long. These plnts show the effects of adherend stacking
sequence and broken adherend tips in terms of actual joint stresses and

dimensions.

These stress distributions demonstrate the lower than expected
scarf joint strengths for small scarf angles. In these plots the ideal

stress is very nearly the value shown at the middle of each joint. In
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Figure 39. Maximum normal stress distribution for several scarf joints.

Figure 39, for example, the end stress is 50 percent higher than the
ideal for the 110 milliradian joint, 70 percent higher for the 70
milliradian joint and 100 pe.cent Ligher for the 20 milliradian joint.
The strength of the joints is therefore decreased much more for the

small scarf angle joint,

To translate these calculated stress values into predicted
strengths ultimate stresses are needed. They can be calculated from the
experimental strength data for the 110 milliradian scarf joints. These
data are the most significant because there are many more data values.

Also, the effect of broken adherend tips is small for scarf angles
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Figure 40. Predicted scarf joint strength based on maximum shear
stress.

this large, Figure 36. Accurate knowledge of the amount of tip breakage
is therefore much less less important. The maximum normal stress is
54.6 to 59.6 GPa, depending on which value of !t‘p is assumed. And

the maximum shear stress is 45.9 to 50.7 GPs.

Predicted strengths are plotted as functions of scarf angle for

several values of X in Figures 40 and 41. The curves in Figure

tip

40 are based on maximum shesr stress and those in Figure 41 are based on

maximum normal stress.
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Figure 41, Predicted scarf joint strenmgth based on maximum normal
stress.

As the curves show, broken adherend tips can explain the
lower than expected experimental scarf joint stremgths. For example,
the strength predicted for the scarf joint with relatively small
breakage of itip- 0.016 agrees with the actual strength of the 19

milliradian (1.1 degree) scarf joints.

An article published by Thamm in 1976 (Ref. 7) supports the
reduction in strength for adherends which are not perfectly sharp.
He studied the effect of partially thinning the adherends of lap joints

to reduce the shear stress concentrations. This is the same as scarfing
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the adherends. He concludes that the adherends must be completely
sharpened to obtain a substautial increase in joint stremgt:. Thamm
also points out that even slight damage to the edge of a sharpened
adherend can cause a significant decrease in joint stremgth. His
calculations, however, are limited to very short scarf joints,
equivalent to about 0.5 radian scarf angle for the joints studied in
thkis paper. Also, for Thamm’s joints a relatively sharp adherend has an
equivalent itip' 0.1. Under these limitations the semsitivity of

small angle scarf joints to extremely small bluntness and to adherend

tip stiffness is not apparent.

Another paper which supports the results of this ome is by Adams
and Peppiatt (Ref. 32). They apply the finite element method to a 36
milliradian (2.1 degree) scarf joint with a blunt tip, itip’ 0.1.

This analysis shows a stress boundary layer similar to Thamm’s. Again,

however, the tip bluntness is much larger than those considered here.

An impoitant question is just how much, if any, are the tips
actually broken or left blunt. Since each expcrimental repair specimen
actually bad two scarf joints, the unbroken scarfs can be examined for
bluntness. Microscopic examination of several joints revealed adkerend
tips from 10 to 100 microns thick at the end, with most around 30

microns. This is equivalent to X of 0.012. A micrograph of a

tip
typical adherend tip is in Figure 42.
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Figure 42. Cross-section photomicrograph of specimen number 1-21-3.
The scarf angle is 110 milliradians and the tip is 50 microns thick.

The predicted strengths in Figures 40 and 41 suggest that a 10
milliradian scarf joint with itip: 0.004 might reach the goal strength.
It will clearly be very difficult to actually construct such a joint for
a practical application. Also, it mzsy be impractical simply because of
the size of the joint. A repa:r of this scarf angle bonding 2.5mm thick
laminates would be 460mm (18 in.) wide just for the scarfs. Many repair
situaticns may not permit such larze repairs. Certainly the strength

gained by letting the scar{ repair extend above the original moldline,

page 33, must also be considered.
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As mentioned before, it is possible to build stronger joints
when the adherend stacking sequence can be controlled. a simple example
is bonding unidirectional laminates. Such adherends would not have
stress concentrations caused by the modulus changing along their length,
as in Figure 33. Tkey would, however, still be sensitive to broken tips
and the goal strength would be higher. The best laminate for bonding
would have the stiff plies near the middle with the softer plies on the

outside. This, unfortunately, is the worst design if laminate bending

stiffness is aeeded.
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TWO DIMENSIONAL STRESS DISTRIBUTION AT THE ADHESIVE ENDS

The adhesive stresses near the ends of the joint vary through
its thickness for two reasons. First, the stress distribution is
different on the upper and lower interfaces because one adherend is
continuous and the other is not. Second, the sudden change in applied
load at the end of the adkerend induces significant normal stresses ia

the adhesive, especially for joints of smaller scarf angles.

The rcason that normal stresses are induced inside the adhesive
is to satisfy two dimensional equilibrium reguirements. The equilibrium
equation (Ref. 49,

8%, da,,
=0

ax,  ox,

requires that a normal stress gradient in the 2-direction balance the
shear stress gradient in the l-direction. Such a gradient is apparent
in Figure 34, for example, where the adhesive stress factor rises
rapidly from near zero to a large value where the broken adherend tip
is. This argument suggests that there may be significant normal

stresses in the adhesive but doesn’t indicate their values.

13
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Figure 43. The rectangular region for two dimensional analysis.

The tvo dimensional stress distribution can be approximated by
using stress function solutions for a rectangular region with Fourier
series boundary conditions (Ref. 51). The appropriate rectangular
region is shown in Figure 43. It extends across the adhesive and far
enough to either side of the adherend tip that the stressss are constant

through the adhesive thickness.

Approximate boundary conditions can be easily determined from
the results of the preceeding snalysis and from equilibrium requirements

for tr. entire rectangle. On tke upper boundery, x,= +¢t /2,

adhes
of the rectangular region the shear and normal stresses calculated in
the previous section apply. That is, shear stress rises quickly from
zero on the left to a large value at the adherend tip and then drops

more gradually, see Figures 34 through 36. Normal stress is propor-

tional to the shear stress, equation (5). Stresses at the ends of the
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Figure 44. Boundary strecses for the two-dimensional analysis.

rectangular region are assumed comstant and equal the stresses at the
upper boundary. This is appropriate if the upper boundary and low=:

boandary stresses are changing slowly.

On the lower boundery, x, = - /2, stresses are assumed

tndhes
to change mcre smoothly than on the upper boundary because there is no
discontinuity in the adherend. The stresses must equal the upper
boundary stresses at the ends of the rectangular region. In addition,

lower boundary stresses must balance the forces on other surfaces to

maintain equilibrium of the rectangular region.

Boundary conditions which satisfy these criteria on the upper
and lower boundaries for a scarf joint with a scarf angle of 20
milliradians (1.1 degrees) and itip- 0.012 are plotted in Figure 44.

The boundary conditions are for a region 3 millimeters long. The normal
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stress on the lower boundary, o,,, comprises two components. Cne
maintains vertical equilibrium, including the slowly changing shear
stress on the right hand side for all x greater tham two millimeters.
The other component has zerc vertical resultant and balances the romext
of all oth»sr stresses. It is centered directly under the end of the

adherend tip on the upper boundary.

Two stress functions are required to represent these boundary
conditions for the rectangular region. Onec is in terms of sine
fenctions and tke othker is in terms of cosine fuanctions. The first
stress function is (Ref. 50)

é = sinPx, (C,coshPx,+ C sinhfx,+ C x coshfx,+ C,x sinhfx,),
where B = nn/L. The corresponding stresses are

G, = %i% = sinpx (C,P2coshPx,+ C,f?sinhfx,

+ C,B(2sinhPx,+ Px,coshfx,)

+ C,B(2coshpx,+ Px,sinhfx,)],

Gy ™ %;% = —p3sinpx, (C coshps,+ C,sinhfx,
1 (38)
+ C,x,coshfx,+ C x, sinkpx, ),
934
Teg = = 3;:3;; = -feosPx, (C,Bsinhpx,+ C,PfcoshPx,

+ C,(coshpx,+ Bx,sinhfx,)

+ C,(sinhPx,+ fx coshfx,)}.
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And the second stress function is
¢ = cosPx,(C,coshpx,+ C,sinhfx,+ C,x coshfx,+ C,x,sinhfx,)

with the corresponding stresses

Oy = tg = cosBx’(C‘ﬂ’co'hﬁxii' C‘p3sinhﬂx,

ox3
+ C,p(2sinhfx,+ Bx,coshfx,)
+ C,B(2coshpx,+ Px,sinhpx,)} ,
214 (39)
Gy ™ 3;3 = -B3cosPx,(C,coshfx + C,sinbfx,
+ C,x,coshfix.+ C,x,sinhfx,),
34
t =

13 - ax,ax’= Bsiupx, {C,Bsinhfx, + C,BcoshPx,
+ C,{coshpx,+ Px,sinhjx,)

+ C,(sinhfx,+ Bx,coshfx,)} .

The stresses are 211 in terms of sinfix, or cosfx, multiplied by
functions of x, only. Any boundary conditions on the upper and lower
boundaries which can be represented in the form of Fourier series can be
nsed by superposing stress function solutious of this form. The
functions of 4, must squal the Fourier coefficients of the

sine or cosine terms st the boundaries.

s e

PV —————

Y
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The boundary conditions of Figure 44 may be represented as

a
o _tnor0 " anx,

“11top 2 n§1‘tnorn°°' L '

% = *tshr0 > - cos™E1
12top 2 o1 tshran L
(40)
%bnor0 5 nnx
B c— b §
o11bot 2 * 'bnorncos L aad
n=1
% bshr0 £ nnx
B — b 8
t12bot 2 * nzl'bshrnco‘ L

Using the cosine series has the advantage that the stresses don’'t change
suddenly at the ends of the reciangle.

Once the Fourier coefficients are known they are used to
determine the coefficients C, through C, in equations (38) and
(39). For example, for each value of n the coefficients in (38) must be
determined so that

0,, = 0 and

T cosfx,

13 7 %chren

for x,= +t /2, and so that

adhes

6,, =0 and

T1a ‘bshrncosﬁx‘

for x;™ _tadbeslz' This gives four equations for the unknowns
C, through C, for each value of n in (38). The reason o,,= 0 for this

case is because it is a function of sinfx, in (38), the Fourier
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Figure 45. Stress function boundary conditions to impose shear stress
on only one end of the rectangular region.
coefficient of which is zero, equation (40). The boundary condition for

0,, is represented by the second stress function, eguation (39!}.

Two additions to this solution are reguired. The rectangular
region has a constant shear stress on the right hand 2ond and no shear
stress on the left hand end. Equilibrium can be maintained only by
normal stresses applied to the upper and lower boundaries. For
equilibrium the coefficients a

and LI o tTe unequal. The

taor0 nor

application of such a boundary condition requires superposing stress

functions v ith bourdary conditions as shown in Figure 45. The resulting
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é = ;ngx, + ;-lxg
(41)

a =
. b, = tnor0 'bnorO >

2"adhu

%tnor0d b’tadhes
2

and a, =

This stress function is a combination of second and third order
polynomia! stress functions (Ref. 51). The corresponding stresses are

Cas T 0,

Oy3 = byx, *+ 3,

T,y = “b,x,.

This undesired linear shear stress is eliminated by including a

compensating linear term in the boundary condition for =T, ,.

The second addition to the solution corrects the l-direction
normal stress, o,,. The procedure so far gives a linearly increasing
0,y with a parabolic shear stress distribution across the adhesive.
Since neither of these stresses has been specified in the boundary
conditions their values are not surprising. A linsarly increasing
0,, through the entire joint is unreasonable, however, and it can be
eliminated by superposing one more stress function solution. It has the
form

i = b,x,x, *+ glxg + gix,xg % (42)

This stress fainction is a combination of second, third and fourth order

polynomial stress functions (Ref. 52). The coefficients are determined
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from the slope of o,, and the values of v,, at the ends of
the rectangular region. The corresponding stresses are

Gy, =d,x;x, +d;x,

d
Ty =~ Fix} -0,

G,y = 0.

The stress distributions for a cross section of adhesive
calculated by this method are shown in Figure 46. The boundary
conditions used are for a 20 miliiradian (1.1 degree) scarf joint with
the adherend tip broken at ¥ = 0.012. The adhesive cross sectiom is 3
millimeters long and 0.2 millimete-s wide. Note that these dimensions
are not to scale in Figure 46 so Lkat through—-the-thickness variations
can te seen. These stresses ars salculated by the FORTRAN program SF3
in Appeadix v. Note that the normal and shear stress boundary

conditions shown in Figure 44 are satisfied.

The most interesting feature of this stress distribution is the
O,, induced by gradients in the other stresses. Although only about
40% as large as the shear stress it is certainly significant. The
magnitude of this stress depends on the steepuness of the shear stress
curve a3 shown in Figure 34, _.ince these siress gradients are larger
for joints with smaller scarf angles the induced o,, stresses will also

be more important for small scarf angles.

An interesting possibility is that such a ncrmal stress might
ac*uallv cause fai.ure to begin in the adherend rather than the

adhesive. Composites are notorious - weak in the transverse direction
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Figure 46.

joint schesive.
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and experimental evidence of such failure was observed in Figures 14 and
15. Such normal stresses may also be importan: in the failure process
itself where the shear stress changes suddenly at the tip of a shearing

mode crack.

The induced strass may explain why strength values in Figures 47

and 41 fall on curves corresponding to different values of itip"

The induced normal stress would be expected to lower the joint strength
for smaller scarf argles. This is exactly how the prediction curves zare
off, Joints with scarf angles cf 55 and 52 milliradians £all on

prediction curves for X » between zero and 0.004 in Figure 41. The

ti

strength of the 19 milliradian joint corresponds to itip around

0.01. 7The data of Figure 40 are similar.
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SCARF JOINTS WITH DOUBLERS

Bonding a doubler over a completed joint is a common way to
reinforce it. However, careful design is important because addition of
a doubler doesn’t necessarily increase joint strength and may actually
lower it. Doubler design is complicated by the addition of ancther
adhesive bond which is a potential.site of failvre inictiation. Also,
bending induced by the doubler influences the [oad at which failure will

occur in the scarf adhesive.

This section presents experimental data for scarf joints with
doublers. Both full-length and multiple short doublers are evaliated.
Also, a bending model is suggested with limited experimental verifica-

tion.
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AL Scarf Adhesive

Replacement Piece

Figure 47. Scarf joint with a full length doubler.

Several 110 milliradian (6.2 degree) scarf joints, as shown ia
Figure 47, were tested with doublers of Hercul’es carbon/epoxy and
Ti-6A1-4V titanium to measure their temsile strength. The specimen
dimensions .exe d = 25mm, 1 = 25 mm and they wer~ nominally 25 mm wide.
The stacking sequence of the carbon/epoxy doublers was [90/0/0/90]. The

titaniur doublers were 0.64 mm (0.025 inches) thick.
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Table II

Strength of 110 Milliradian Scarf Joints with Full-Length Doublers

Doubler Geometry

Untapered Carbon/Epoxy
Untapered Carbon/Epoxy
Untapered Carbon/Epoxy

Tapered
Tapered

Tapered
Tapered
Tapered
Tapered

(0.10 rad.)
(0.10 rad.)

(0.05 rad.)
(0.05 rad.)
(0.05 rad.)
(0.05 rad.)

Untapered Titanium
Untapered Titaniun

Tapered Titenium
Tapered Titanium

Plain Scarf Joint
(No Doubler)

C/E
C/E

C/E
C/E
C/E
C/E

Width Ultimate

(mm) Load
(kN)
25.0 15.0
25.0 15.4
24 .4 13 §
25.0 22.4
24.383 21.8
25.4 21.6
23.5 20.38
25.4 21.6
25.2 21.8
24.9 10.2
25.5 15.2
24.9 18.5
25.1 18.2

The strength data are in Table II.

specimen types except for those with untapered titanium doublers.

Ultimate In-Plane
Force Resultant

(kN/m) (

508
616
553

893
878

850
816
850
865

409
594

742
728

648

1bf/in)

3430
3520
3160

5120
5020

4860
4660
4860
4940

2340
3400

4240
4140

2700

They are consistent

for all

This

variation may be caused by sensitivity to flaws at the end of the

doubler adhesive aggravated by tbhe very stiff doubler.

untapered doublers

increasing the repair strength.

than tke plain scarf joint.

The data for

indicate the importance of proper design for

All of these joints have lcwer strength

The data are limited,

however.
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Figure 48, Strain at the ends of several doublers.

The section stiffness of the end of tke doublrr is important to
joint strength. The strength of specimens with tapered doublers is
greater by about half than those with urtspered doublers. Strains
measured at the doubler ends also show the effect of doubler stiffneus.
Microstrain versus load for each of the four doubler types is shown in
Figure 48. For all cases the stiffer the doubler ~-d, the lcwer the

strength of the joint.
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C-D Adhesive failure
D-E Conesive failure
E-F Adhesive failure
F-G Cohesive failure in laminate maurix

Figure 49. Mixed mode failure.

The spe: imens with untapered doublers and those with tapered
titanium doublers failed im the same wode. In 2ach case the adhesive
separated from the 'original laminate’ under the doubler and part way
alonz the scarf joint, as shown in Figure 49. At that point there was a
3 mm to 5 mm wide band of cohesively failed adhesive. Here the adhesive
failure changed to the ’‘replacement piece’ side of the joint. Also, the
failed adhesive surfaces under the doubler were dark, indicating that
failure occurred in the matrix. For the tapered titanium doubler
specimens the adhesive separated from the doubler near the end, rather
than from tke laminate. This region exteanded along roughly half the
taper length. In addition, all the carbon/epoxy doublers had
interlaminar separation between the zero degree plies and the bottom 90
degree plv. Also the exposed ends of all scarf joints had s strip of
adhesive corresponding to ABC in Figure 49. All the scarf joints had
pulled-out 45 degree plies, unsually two sets near the doubler and one
set near an exposed end. Interestingly, the strongest specimems, -hose

with tnpered carbon/epuxy doublers, failed in a different mode.
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C-D Cohaesive failure
D-E Failure through doubler
D-F Cahesive failure in laminate matrix

Figure 50. Cohesive failure

The plain Jcarf joints and those with the tapered carbon/epoxy
doublers failed predominantly inm cohesion. That is, the adbesive
separated from itself, rather than from the adherends. Cohesive failure
occurred over the scarf joint surfaces as shown in Figure 50. Omn ome of
the carbon/epoxy doubler specimens the doubler adhesive separated from
the 'original laminate,’' D-F in Figure 50. The separated adhesive
sucface vls‘dnrk. like tbhe lamicate metrix, indicating that failure
actoally cccurzed in a very thin out r lsyer of the matrix. The other

doubler broke in two as shown at E-D iz #igure 50.

The two failure modes correspond :v the locations where failure
began. The cohesive failures, in the plain scarf joints and the joints
with tapered carbon/epoxy doublers, began az the end of the scarf
adhesive. The other failures began at L s ead of the doubler. That i
why the section stiffness of the doubler ends is so ‘mportant to joint

strength. Tapering the carbon/epuxy Avubler relieved the doubler
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E__A

Figure 51. Scarf joint with small capered doublers.

adhesive stress concentraticn enough that the scarf adhesive failed

first.

The stress concentration in the scarf adhesive may be the cause
of fracture through the adhesive at A-C. This path corresponds with the

highly stressed region shown by analysis in preceeding sections.

It may be possible to lower the stresses acsociated with
bending, and strengthen the joint, by bonding siaall doublers over ths
adherend tips. Small doublers are desirable because they may be used in
repairs where one side of the laminate is accessible only throngk the
hole being repaired. Also, they induce less bending of the joint than

larger doublers.

A series of 52 milliredian (3.0 degree) scarf joint specimens
with small tapered doublers, ss shown in Figure 51 were tested to
evaluate this idea. These doublers were also of carbon/epoxy with
[90/0/0/90] stacking sequence, tapered at a 100 milliradian angle by end
milling. The two sets of finished dounblers were 15 mm and 30 mm from

t'p to tip. The strength datc sre in Table IIT.
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Table III

Strength c¢f Scarf Joints with Short Doublers

Specimen Doubler VWidth Ultimate Ulcimate In-Plane

Number Length (mm) Load Force Resultant
(mm) (kN) (kN/m) (1bf/in)
3--43-1 15 23.1 26.8 1160 6510
3-43-2 15 24 .4 27.5 © 1130 6440
3-43-3 15 24.0 24.0 1000 5710
3-43-4 15 24.6 23.0 939 5340
3-103-1 30 25.5 26.5 1040 5930
3-103-2 30 25.6 24.0 839 5350
3-103-3 30 25.6 28.9 1130 6450
3-103-4 30 25.5 26.0 1020 5820
Plain
Scarf Joint 990 5650

The strength of the specimens with small doublers average omnly
slightly higher than the plaig scarf joints. Although the feilure mode
is unchanged the failure locations are different. Specimens without
doublers failed in the 'replacement piece’ of the joint. Specimens with
15 mm doublers failed in the 'original lsminate’ part of the joint. And
spec.aens with 30 mm doublers failed in the 'replacement piece’ of the
joint. An exception is the weakest specimen with 30 mm doublers which
failed through the ‘original laminate.’ In general, the doublers were
too small to redistribute the joint load adequately. The change of
location of the failure is probably due to bending induced by the

doublers.
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Since bending is important to joint strength an analytical model
is necessary to predi~zc¢ joint strength. It is best to separate the
geometrically non-linear bending problem from the linear load transfer
problem of the preceeding coctions. The bending stresses might then be
calculated for a series of joint loads and then combined with the

corresponding load transfer stresses.

This section proposes a bending model and limited experimental
data to verify it. When the repair is loaded its deflection moves the
neutral surface, changing the moment distribution of the ecceantric load
force. The moment at most sections decreases considerably with initial

deflection. This is the source of the gecmetric non-linearity.

The moment distribution and strains for a specimen with joint
adhesive layers can be calculated from beam theory, regarding the
laminate as an elastic layered beam at each section. All parts of the
specimen must satisfy the beam deflection equation:

dly _ F(yte)

e e 5 ) (43)

The effective bending rigidity at any location of ar N-layered
specimen is calculatad from the relation

N

(EI) = 2 EI. (44)
n
n=1
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i

Region Region Region Region Region Region
] 2 3 4 ] [

Figure 52. Regions of a scarf joint with a doubler.

This equation accounts for the lower stiffness of the adhesive layer and
the sssociated change in the location of the neutral surface. Figure 52
illustrates the layered beam. For example, in region 3, by to
hl is the stiff lower layer of the original laminate, hl to
h2 is the less stiff adhesive layer, hz to h3 is the replacement piece
layer, h3 to h4 is the doubler adhesive layer and, finally,
b4 to hs is the doubler. This model may be adapted for laminated
adherends by treating each lamina as a separate layer as in the FORTRAN
program DEFLCOMP in Appencix vi. Linear distribution of bending strain
through the section is assumed in all cases.

Equation (43) may be solved by numerical integration, iterating
the boundary condition (i.e. the midspan deflection) until the end
deflection is zero. When the deflection at a sectiom is known the
moment distribution and surface strains can be calculated.

A plot of the surface strains predicted by this model for an

saluminum specim.u is shown in Figure 53. Inspection of the specimens

showed that the adhesive layers of some were tapered, rather than
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Figure 53. Predicted and experimental surface strains for an aluminam
scarf joint with an aluminum doubler.
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uniform, and this was accounted for 'n the deflection model. The
experimental strain data in Figure 53 correspond very well with the
predicted strains.

The theoretical and experimental surface strains for scarf joint
repairs of two carbon/epoxy laminate specimens with carbon/epoxy
doublers are shown in Figures 54 and 55. For the specimen represented
in Figure 55 strain gages were placed as close as possible to the
adhesive on the lower surface. Predicted strains and experimental
strains agree very well except for the strain near the adhesive on the
bottom surface. Tiis strainr is considerably lower than the average
predicted strain for the region the strain gage covers. However, this
region is a stiff part of an adherend (zero degree plies only) adjacent
to the soft adhesive. This is a likely place for the beam theory
assumption that plane sections remain plane to not hold. The measured
strain would, therefore, be lower than expected. Fortunately, it is

precisely this effect that the load transfer model accounts for.
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Figure 54. Predicted and experimental surface strains for a carbon/
epoxy scarf joint with a carbon/epoxy doubler.
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Figure 55. Predicted and experimental surface strains for a carbon/
epoxy scarf joint with a carbon/epoxy doubler.
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Appendix i. BENDING OF A SPECIMEN WITH A THICK SECTION IN THE MIDDLE

—— G

Half of a specimen with a thick section ir the middle.

This specimen bends along its entize length because the
eccentricity of the thicker section and the bending deflection it causes
both make the neutral axis sccentric to the lcad. Ouly half the

vpecimen requires analysis because it is symmetric.

All sections of the specimen must satisfy the beam deflection

equation
8%y . N
dx?* EI

where M is the moment
E is the x-direction elastic modulus and

I is the moment of imertia.
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Lctting o = (t1 - tz)/2. the eccentricity of tho thicker

'ooctlon wvhen undeflected, the moment along the bar is

( Flet+y) for 0 { x £ dl
M= (
( Fy for d, < x ¢ dz

For 0 { x ¢ dl then

oy, L
1 % (e +y)

where El and Xl are the elastic modulus and

monment of inertia of

the thicker part of the bar. The solution of this differential equation

is

/_F [_F
y = C, sinh E,T x + C, cosh JET X~ o

1 i1

Introducing the boundary conditions y = y, and

solution is

. / F
y = (e +y,) cosh ﬁ:i: x - e.

Yo must be calculated last because it depends

the thinner part of the bar.

For dl {=x £ d2 the differential equation
Lo S
ax " E,1, Y

where E, and 12 are the elastic modulus and

the thinne, part of the bar. Its solation is

/! F F
F.ll’ X (“LOIhVé-;—- X

y = C,sinh J

dy/dx = 0 at x = 0 the

on the deflection of

is

moment of inertia of
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The boundary conditions require that the slope and deflection of

both parts of the bar be identical where they meet. Therefore at x = d1

y= (e + y,)cosh ‘/B—;% d, - e and

4y | LE B
= (e + y,) E.1 sinh E.T, d,

The two remaining constants of integration are then

ACe - B2(E-1)e + (AC - 2F)y,
C, = BD? and
BG -
BD BDE
¢ (Do D [AC - &~ (E-D)]e e -‘Ev(AC =)
. G G BD? G G BD: |Je°°
BG - = BG -
G G
where
F F
A | Elll ’ B EIIS'

- F - F - F
C = sinh /511‘ d,, D 'inh‘/E—,I, d,, E = cosh /E,_Il
[ F
G = cosh E,I

d

‘D

d

F
d,, H = sinh \/B,I, d,, I = cosh -

E,I,

Using the condition that y = 0 at x = d,.

_ ACeGH - BD(E-1)eH _ (E-1)el _ DACeGI - BD?(E-1)eI
BG® - BD? G BG® - BD3G
HACG - BDEH _ EI _ DACGI -BDEI
BG* - BD* G DG® - BD3G

Yo =
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The end slopes of composite specimens are calculated from these

relations. At x = d, the slope is

dy _ _F [E_ [E [E_
iz C, ET, cosh E,T, d, + C, E’I’ainh E,I, d,
= C,BI + C_BH

However, section moduli (Eili") which give bending stiffnesses equivalent
to those of the inhomogeneous composite and the composite—doubler must
be used. For the thicker section, the section moduius may be calculated
by treating the specimen as a layered beam. Note that the difference
between bending stiffness and extensional stiffness must be accounted

for. The effective properties are
E,I, = 6.37 Nm?® and

E,I, = 4.64 Nm? .

The end slopes are calculated with tke FORTRAN program SLOPE.
The program and sample output follow. In SLOPE the coordinates are

y, z and 1 in place of x, y and d.



FRINT SLOFE

1000 SRESET FREE
1010 C CALCULATE THE DEFLECTION AND END SLOFE OF A BEAM WITH STEF

1020 C CHANGE IN THICAKNESS

1030 C SI UNITS

1040 DOUBLE FRECISION FORCE(E1I1+E2I20/ArBoCoDvErFeGoHrIr»JoKoL
10590 1 ZOsCSyCérDZDYsL1»L2VECC» DENOM
10460 FORCE=7000

1070 C FOR T IE COMFGSITE LAYER WITH A DOUBLEK:
1080 E1I11=6.3740Dé

1090 E212=4,.46340D6

1100 ECC=0.25

1110 A=DSQRT(FORCE/E1I1)

1120 B=DSOQRT(FORCE/E2I2)

1130 DO 1 M1=25,75,25

1140 L1=M1

1150 WKITE (4»200) L1

1150 200 FORMAT (/1X/*® L1 IS °*FA4.1/5X°L2"8X*"Z0*11X*D2Z0OY*)
1170 C=DSINH(AXL1)

1180 D=DSINH(BXL1)

1190 E=DCOSH(AXL1)

1200 F=DCOSH(BxL1)

1210 DO 2 M2=100,200,10

1220 L2=M2

1230 G=DSINH(B2L2)

1240 H=DCOSH(EK*L2)

1250 DENOM=BSF-BX0xD/F

1260 I=(ASCHECC-E2D¥(E-1.0)%ECC/F)/DENDH
1270 J=(ASC-BxD3E/F ) /LENOM

1280 K=(E-1,0)%ECC/F-D&1/F

1290 L=(E-D¥J)/F

1300 Z0=-(I¥G+NEH) / (JEG+LEH)

1310 CS=1+4+J220

1320 Cé6=K+L%20

1330 DZDY=BCSsH+B¥C63G

1340 WRITE (46,201) L2»20»DZDY

1350 201 FORMAT(AXF4.0,2X1IFEL12.5,2XE12.5)
13460 2 CONTINUE

1370 1 CONTINUE

1380 END

2090

L1 IS 25.0
L2 Z0
100. -1.334659€E-01
110, =1,33794€-01
120, -1.33856E-01
130. -1.33885E-01
140, -1.33898E-01
150. -1.33904E-01
160, =-1.33907E-01
170. -1.33908E-01
180. =-1.33909E-01
190. =-1.33909E-01
200, =-1.33909E-01
L1 IS S50.0
L2 Z0
100. -1.97752E-01
110. -1.982354E-01
120, =-1.98485E-01
136. -1.98591E-01
140, ~-1.,98640E-01
150. =-1.98663E-01
160, -1.98473E-01
170. -1.9867BE-01
180, =-1.,984B0E-01
190. -1.984B1E-01
200. -1.98482E-01
L1 IS 75.0
L2 Z0
100. -2.,24631E-01
110, -2.,26192E-01
120, =2,24917E-01
130. -2,27251E-01
140, =-2,27405E-01
150, =2.27474E-01
160. -2.27509E-01
170, =2,27324E-01
180, -2,27531E-01
190, =-2.27534E-01

-2,27535E-01

DZDY
3.84394E-04
2.62094E-04
1.77740E-04
1.20522E-04
8.17198E-05
5.54087E-05
3,756B4E-05
2,.54724E-05
1.,72709€E-05
1.17100E-05
7.93963E-06

DIDY
1.22834E-03
8.33907E-04
S5.65739E-04
3.83487E-04
2.60180E-04
1.74417E-04
1.1961B8E-04
8.11044E-05
5.,4990BE-05
3.72850E-05
2.,52800E-05

bpZDY
3.31881E-03
2.2651BE-03
1.54054E-03
1.04599E-03
7.09645E-04
4.81312E-04
3.26384E-04
2.21309E-04
1.50057E-04
1.01743E-04
6.89842E-05

Lot
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Appendix ii. METHOD OF MAKING SCARF JOINT SPECIMENS

The experimental specimens were made. by bonding beveled laminate

panels and cutting them into temsile coupons. The carbon/epoxy panels

were of Hercules AS1/3501-6 with a [0,/445/90/+45/0,]g stacking sequence.
They were vacuum bag cured at 590 kPa (85 psi) and 175° ¢ (350°F)

for two hours.

The panels were beveled on a surface grinder while taped to a
wedge—shaped block (Figures iil-ii5)., The wedge—-shaped block, Figure
iil, holls the panel at the desired scarf angle. Two blocks, with
angles of 33 milliradians and 52 milliradians were used. The blocks
were made by surface grinding a steel plate about 200 mm x 125 mm x 20
mm (8 in x 5 in x 3/4 in) on one side to provide a flat surface.
Milling the plate on the unground side formed the required angle. When
beveling the panels the magnetic chuék of the surface grinder holds the
plate with the milled side down and the panel taped to the top, Figures
ii2 through ii4. A 110 milliradian jig was made for the larger angle
scarf joints. The jig and wedges can also be used taped ome om top of

another for other scarf angles.

The laminate panels were held to the wedge—shaped blocks with
double-faced cloth tape made by Permacel. The panel is first aligned
with the edge of the plate and ther pressed down against the tape by
hand, with extra pressure along the edges of the panel. Careful
pressure and acetone on the tape are necessary to remove the scarfed

panels. The pieces required for five tensile specimens with 52

108
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milliradian scarf angle can be ground in less them one hour.

For bonding, the scarfed pieces were pinned to a 36-ply laminate
made of two layers of the same stacking sequence as the p;nols being
bonded. This held them in position while permitting thermal expansion
without loading the adhesive. “irst, ome of the 'original laminate’
pieces was fastened on the fixture with two 1/8 inch pins. Then,
measuring a 0.20 mm (0.008 in) gap between the 'replacement piece’ and
the pinned panel with a feeler gauge, the 'replacement piece’ was
drilied and pinned in place. Tac remcining 'original laminate' was
similarly positioned and pinned. The careful spacing between panels
controls squeeze-out of the adhesive. The spacing must balance between
too little squeeze-out causing a weak joint and too much squeeze-out

lifting the replacement piece off the fixture and misaligning it.

After the panels were pinned in place they were taken apart and
put together again with American Cyanamid 0.08 psf FM-300M film adhesive
in place. For the thermal cure they were vacuum bagged and autoclave
cur:d. The cure cycle was 60 minutes heatup to 175° C, 60 minutes

at temperature and 280 kPa (40 psi).

The pre-cured doublers were held in place for bonding with
TEMP-ER-TAPE. The panel was bagged without a caul plate so that the bag
covered both sides and doublers on both sides could be bonded at once.
The doublers were tapered by end milling them while the specimen was

held to the 110 milliradian scarf joint jig.

The bonded scarf joint panels were cut into 25 mm wide tensile



110

specimens with a diamond saw. End tabs were unnecessary. Finally, the
specimens were instrumented with strain gages. Micro-Measurements
EA-06-125AC-350 strain gages were applied following the manufacturer's

recommended procedure.

The specimens were staticaily loaded to failure iz an Instrom
load frame. Strain gage data were recorded with a Datran II Model 321

strain indicator coupled to a Franklin Electronics data printer.



Figure

iil.

Wedge-shaped steel blocks.
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Figure ii2.
grinder.

Wedge-shaped block mounted on the magnetic chuck of a surface
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Figure ii3.

Double faced adhesive tape applied to the wedge—shaped block.
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Figure ii4.

Laminate stuck squarely to the adhesive tape ready for grimnding.
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Figure iiS5.

Ground scarf adherend.
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Appendix iii. EXPERIMENTAL DATA

This appendix compiles five sets of scarf joint experimental

strength data. These data are for:

o

the 18 ply laminate from which all scarf joints in this study
were made,

plain (without doublers) scarf joints with five scarf angles,
scarf joints which were ground with a hand-held rotary bur,
joints with round-tipped adherends and

joints with slightly raised replacement pieces.

One datum for the plain scarf joints (3-121-3) was discarded in

calcalating average values because it falls outside expected bounds

based on the other data values. Discarding this datum is supported by

Chauvenet's criterion, a statistica2l basis for testing outlying dats

points (Ref. J. P. Holman, Experimental Methods for Engipecrs,

Third Edition, McGraw-Hill Book Company,1$72).

The only data not included in this Appendix are in the section

on scarf joints with doublers.

116
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STRENGTH OF ADHEREND LAMINATE

Specimen Width Ultimate Ultimate In-Plane
Nusber (mm) Load Force Resultant
(kN) (kN/m)
1304-3-1 19.9 40.9 2060
1304-3-2 24.7 49.0° -—
1304-3-3 20.3 44.3 2180
1304-3-4 21-5 49.3 22990
1304-3-5 22.8 45.0" -
1204-3 -6 18.9 44.8 2370
1304-3-7 21.0 46.7 2220
1304-3-8 19.7 43.7 2220
1304-3-9 18.6 41.3 2220
1304-3-10 20.0 42.0 2100
MEAN 2210
STANDARD DEVIATION 98.4

* Exceeded testing machine capacity because the specimen
was cut too wide.
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STRENGTH OF SCARF JOINTS WITH DIFFERENT SCARF ANGLES

Specimen Scarf Width Ultimate Ultimate In-Plane
Number Angle (mm) Load Force Resultant
(milli- (kN) (EN/m) (1bf/in)
radians)
3-121-1 19 25.4 33.6 1320 7530
3-121-2 19 25.4 34.3 1350 7700
3-121-3 19 25.5 25.5 1000 5710
3-121-4 19 25.5 31.9 1250 7130
5-11-1 19 25.4 34.4 1350 77C0
5-11-2 19 25.4 34.1 1340 7640
$-11-3 19 25.§ 38.2 1500 8560
3-34-1 33 4.2 31.9 . 1320 7530
3-34-2 33 24.2 35.3 1460 8330
3-34-3 33 24.2 34.1 1410 8040
3-34-4 33 24.1 33.6 1400 7990
3-14-2 52 26.0 26.3 1010 5760
3-14-3 52 25.95 25.3 1000 5710
3-14-4 52 25.7 27.2 1060 6050
3-14-5 32 25.8 24.8 961 5480
3-14-6 52 25.8 24.0 930 5310
Js-1 110 25.2 15.4 611 3490
Js-2 110 25.0 15.5 622 3550
JS-3 110 25.1 15.6 622 3550
JS-4 110 235.2 15.7 623 3550
1-21-1 110 25.6 17.2 672 3830
1-21-2 110 25.1 16.9 673 3840
1-21-3 110 25.5 19.0 745 4250
1-21-4 110 25.6 18.1 707 4030
1-21-5 110 25.3 18.3 723 4130
4-96-1 110 26.6 14.7 553 3160
4-96-2 110 25.5 16.3 639 3650
4-96-3 110 27.0 16.9 626 3570
4-96-4 110 26.2 16.1 614 3500
3-136-1 160 25.3 11.8 466 2660
3-136-2 160 25.4 13.3 524 2990
3-136-3 160 25.4 13.4 528 3010
3-136-4 160 25.6 13.3 520 2970
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STRENGTH OF HAND GROUND 52 MILLIRADIAN SCARF JOINTS

Specimen Width Ultimate Ultimate In-Plane

Number (mm) Load Force Resultant
(kN) (kN/m) (1bf/in)
5-35-1 25.4 21.3 837 4780
5-35-2 25.4 20.4 803 4580
5-35-3 25.4 19.4 764 4360
5-35-4 25.4 19.9 784 4470
5-35-5 25.8 21.1 818 4670

STRENGTH OF 11C MILLIRADIAN SCARF JOINTS
WITH ROUND-TIPPED ADHERENDS

Specimen Width Ultimate Ultimate In-Plane

Number (mm) Load Force Resultant
(kN) (kN/m) (1bf/in)
1-21-6 25.0 12.0 480 2740
1-21-7 25.1 11.6 463 2640
1-21-8 25.6 10.7 418 2390
1-21-9 25.4 10.8 425 2430
1-21-10 24.9 9.5 381 2180

STRENGTH OF SCARF JOINTS WITH RAISED REPLACEMENT PIECES

Specimen  Scarf Width Ultimate Ultimate In-Plane

Number Angle (mm) Load Force Resultant
(milli- (kN) (kN/m) (1bf/in)
radians)

5-24-1 19 25.4 43.1 1700 9680

5-24-2 19 25.3 46.4 1830 1050¢C

5-24-3 19 25.4 38.5 1520 8650

5-24-4 19 25.5 37.0 1450 8280

5-35-11 52 25.4 28.9 1140 6490

5-35-12 52 25.4 31.9 1260 7170

5-35-13 52 25.4 31.9 1260 7170

5-35-14 52 25.4 30.7 1210 6900

5-35-15 52 26.2 30.7 1170 6690



GE IS
RIGINAL PA

Appendiz iv. FORTRAN PROGRAMS SCARF3 AND SCARF4

These computer programs calculate the adhesive shear stress
distributions. Output data for scarf angles from 10 milliradians to 160
milliradians and tip blcntness values from zero to xtip = 0.16 are

alsc included.
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AU(2,M)==SU%0/ (MO (N=]1))
T T RGN ) E=STRLZ(RA (W) T T o T T T T T T
21 _CUNTIMLE
T — =
C CALCLLATE 1nk CUEF:ICIENIS CF ThE FAFTICLLAF SCLL1ICK:
— TKFITIZ,T):UCUT I
AP1(Z2,1)20,0
pr o2& S22 8MT2 - —— — — 0 - ¥
Suv=y,C
£C 25 K= ,Ne2 -~ T T 7777
ertb -.g(n)'li?(? *-;-.)

5 TTTTWTINGE T - ==
;'T...-)=(rl"‘l“.‘.v'.: (V8(r=l))
23 CluTinlE :
C o _ :
T i s sy 8 e s .
C CALCLLAIE TI%e 14:LCe SLF]E‘ CCEFFICIENTE FOF WECICM TRREE.
Y 3
C FIrs CAI.C\.Llil 1"[ C" I\C ‘l'i. 3
B NT3=20 PR T R AR S R —— e ——

AcAR1(3)=(XFARIF(I)4aRAFIF(2))/2.0 3
TIS(=FAYSC/TALFI®(1.CohLAZL(I)PRLZXL(3))/ZEXL(3)/XEARLI(3) i
12= (=t AYSL/TALF)I®(1.CoNUXZLONGZAL)/EXL/(1,0=2EARI(3))

T OTTIURET RT3 T
LINIBITI#IZ)
Tiz=T1/XEARTIC]) ’ -
12212/7(1.0=2P20](3))

3 TrWilnik
RUOYR(RAYOL/TALE )OO LLATS(NUZAL(3)oNLZXIL)STALF/Z(EXLAPSTLRY;
1 =(1.0=" LXZLONLLXL)ZEQLZ (1. (=XERRTI(3)))

FlL)S(=r AYST/TALE)® (1 ConUAZLONUZXL)Z7E2L/ LD, Ce=xearl1(3))es2
cC 33 n=2,'1)
PIN)Zh(w=1)7(1,0=xE2r1(3))

.33 a — i e SRS

cCrilnut

’t""“—tllt“tl'E“T'I‘11711!1‘I’tftf71t1sn'<’371r F{TY AML ATT) FACTOFEL CLT.
AC(3,0)=1.C L S S S —

o AUL3,1)=0.C L S C
AL(3,0)=0.0
Ri1C3,1)=1.0
UC 31 mn33,8T3

- 1L T
Sum120,0
LU 32 K=20,M=2
SUPUZSUMCeC(K) 4RO, NoRe2)

TTSUmIESUR LG (N)PAL(3, NeRey)

32 CUNTINLUE

AU(3,5)==STPU7TR¥IN=TT)

AL(3,N)zaSUn1/(NO(R=1))

& e CONTIMNUE

C

C

CALCLLATE Trmi CLEFFICIENTS OF THE FAFI1ICLLAR SCLLIION:
AFT(J,u)2u,0
AFIT3,DE0.T
DO J4 N=Z,NT3
Surzy,0
LG 35 K=(,N=2
SUPESUNeL(M )RAFT (3, hobeZ)
1S CCNTINUE
e T AFTTI AIE(F(N=2)=Sub J/(ns(h=1))
CONTIMLE

Y-
>
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T UFTTULATE TRE TAYLUK SERIER ¥CLUTICN CCEFFICIERTS FCk FEGICM FOUR,

c

e - “CALCULATE THE C'S.
ABAF1(4)S(XBARIF(I)oXEAFIF(4))/2,0

T T EXL(AIS(EXU(IEXUL(S) )N /Z. 0
EMUFS(EXU(S)=EXU(I))/(XEARIF(4)=XEAFIF(]))

— GITC)ST O-RURZCTAINATZAL
01(1)--uuxzu(4)-huzxt;-»uxzut'uuzx L(4)

T TN ()32, 000 UAZURORL2ZALE T T )
DC 40 N=3,20

T T T Wlin)EoLu

40 CONTINVE
GZil)=1,U/7EXVUTY)
CI(N)=),0/xEANL(4)

T TTTRACU) =T S TSRUXZLONTZNT Y ZEXL/TI LGS XEARITA))
DC 41 N=1,20

T T TGN = =N SEXUR/EXTIRTIINCZ(N]) T
W3 ) (*N/XFAR](4))P 3 (N=1)

T T UATR IS Z (T USXFRF IR T TR CATR=T)

41 CONTIMLE
T TALCULZTE TES TEFIVITIVES TF THE FRULLCT TERPE,
CALL FASC2L (GlZ2.el,62

CAUL FASTALIE1Z3,C1%,53)

<

< TROLATETREMILeET SR L T
PACIZ1,0

el CTOI=(=FAYST/TALFIN(CIZ3(NI+C4(0))Y e
LC 45 a=1,2C
FACTSFACT/N ~—— ——
GINIZ(=nAYST/TALF)®FACTO(CIZ23(N)+Ca(M))
CORTINVE

w

e —————-

T CFECFK ThE FOURTEF CTCEFFICIENTS
LtLTAI(A-AFIF(Q)OIFIFIF(J))/lo v
UC 4é w3y, v - ’
YEANSXEAWIF(J)en2CELTIA
T T RAFFUXaLITT T &=
LC 47 ne=1,20
GAFFCASUAPRCASC(NC) P (Xchr=XBAKI(4))%0N0
COLTINUE
LUSEAU(S) *EALFO (XBAF=XEARI(4))
GhULIZNUAZU(A)*NUAZLF S (2 FAF=XBAF]I(4))
T T GRUZENUTRULA) oNUTXUFSTOERARXEARYI(4)) T
GEXACTIZ(=hAYSL/1ALF)®((1,.U=GNLISGALZ)/XEAR/EL
1 *(10U=NUZALONLIZL)ZLAL/(1,C=XEAF))
WFI1E (6,%) ° KEGICA 4 C CPECK: *,XEAF,CEXACT,GAFRCX
a6 CONTIMUE

-
~

dnnnnnr{nr‘onno

|

Nndodco

¢ TRLTULATE TFE F°S.
u(O)-(nAx-leALr)-(ttaLLA-o(huzxu(0)-anxL)'11Lf/(thA-'TLA-)
1 *(1.0=0ilYZLohe2XL)ZEXL/ (1. U=XEAKI(4)))
FOI)S(NAYSC/TALF)®(CONULAMSNUZXURSTALEZ/ (EXLAPOTILAP)
-1 ) =(1.U=NUXZLONLZXL)ZEXL/(1.0=XEARL(4))"82)
R(2)S(=AAYSC/TALF)® (1.0 onUALLONUZXL)/ZEXL/ (1, 0=REARL(4))08]

WU 88 REJ LU
RIN)EF(N=1)/(1.0=XEARI(4))
L1 CCATIKUE S
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5 CALCGLATE THE EXPANSICM CCEFFICIENTIE WITH ATO) AMND A()1) FACIOREL CUT.
AO(4,0)=1,0
LIS PR e L1y ]
Al(4,0)=0,.0

TR, 1810
CC 49 w=2,20

T 7T T TT8UMC=0,.T i e s
SUris0,0
PCTI0 ¥aT N7
SUNOESUNCOC(R)PA0(4,A=F=2)

T T TSUR1aSUNMISCTRIPARI(4,NSF-2) T T T

S0 CUnIINUE .

T T O TTADCA, N ) meSLY0/ (N (R-1)) T
Al(4,L)==5uml/ (N8 (N=]))

9y TURTINCE

L~ CALCULATE TFE COEFFICIENTS CF THE FAFTICLLAR SCLU1ICA:
AP1(4,0)=0C,v
AFT(4,1)=0,0  —
LD S1 w»22,20

T TUTsuwst,t T
Ui %2 amy ,N=]

SIVEEIMe (FIRAFTIE,N=ka?)

s2 COnTINLY B
AFT(4, )2 (FIN=2)=5UF)/ (N0 (R=1)) ) -
S1 CUNTINVE
A9
C
T CTAMLCULATE TRE CCEFFICTETTS FCF WFb SOLUTICRE FCP REGICK TIVE, T T T
C
T CALCULATE THE FCLYNCPIAL CCEFFICIEMIE (C”S) FRCP ThE TAYLOR®S SERIES
¢ EXPANSIUN CF THE NUFERATCF OF The S=2ERC INTEGRALS,

TTS
XEARLOLI)S(XEORIF(T2eccbb)s(1=1))72.C
LIRS SN ING VIS S LING S DS DR LIS P I T PO N4 S DA 2 1N E 2 )
1 L AL XZESACZAL) Y YRR (S3/7E AL
CHUVFae [l TN {TU(EYONLIAL{8))/FXL(S) ol LontnZl ONTXL)/EXL
FEo. rI (LA, =
LR O AL DT DL IR NS 12
PEEE=0.25/(unbPoSLrT(CinLw))BLtLvERS] o
TEERFEIL 0/ (0. CRCALPII2OELET(LALP))OCELPERD)
ACwresF
Alstesfy
A2wre2FPF/2.0
T K3«teEFPTF/E.0
CURME(T)SAUmRE=ALohE O XEART(I)@A20RES B r] (1)902«Rdnp o XBARPI(]I)0e)
Clane(l)SRlarc=2.0%8Zenr®achkl(1)ed COR3nREOXEARTI(L)SS2
C2erB(1)BR4oRie3 080 JarEOREARI(])
Clwrc(l)=Rdane

CHECK VALICITY CF FCUFIEr Ser1ES APERCAI®ATICA TC THE MLMEFATOR CF SCRI(C),
SELECYT vALiLeS CF aeAP AND CALCLLATE EXACT ANC APFRCXIPATED VALUVES,
=5
T TTUC de h=l,d0
X“ARZRERRIF(I=1) @0, 19NO (AFARLIF(1)=XEAFIF(I~1))
a RFFFCT=CUReTTISTIWFE(T ) oncarel2nre (1) AEARTO2STIONE(I)OXEAKSS )
ERACTESuUPT((1.0=ALAZL(S)®ALZXU(S))O(1,0=XBAP)/ZEAL(E)
1 (1 0-NLAZLOWULZXL)ZEALOXEAR)
WEITE (o,%) ° wrE:”, [, XEAR,EXULI),EAL,EXACT,AFFRLX
ChLINLE

A

rooecdor A

~
-
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€ _NC» CALCULATE ThE SCLLTICM CCEFFICIENTS FRCP IME BCUNCARY CONDITIONS: _

T T T T FEARSO AT XBARSO
(4 P3ARCLEFT WAND SICE)sFeAR(KWS) ANC
€ T FeARF(LHS)SFRARF(RKSE) A1 LACK RECGICN INIERFACE
c PEARSO,S AT XDARSO,S
T
C
b Ye hsl B
B(N)B0.0
T T TTTB6 Y0 minT,d
ACN,N1)=0,0

70T TONITRUE
DC 71 a=0,NIERPS
UMM D) TR NABARIF (1) AN
ACL,8)BACL,2)=A0(2,h )0 (XEARIF(L)=XEARL(2))0ON
T T TR 0)AM1, ) A (2 NN (XEARIF (L) =REARL(2))00N
b(1)SF(1)=AFT(LI, N)OXEARTIR(1)O0(Ae1)elFTL2,M)O(XEAFIF(I)=XRARI(2))O0N
T ATIIRMIZTTIARTITRMRAFIFTITONNT)
A(?.2)GA(2.2)-1-"0(2.&)'("”"(l)-ltlnﬂ))"(b-l)_
T T T AR, )IRAT ) NOAL (G M) (ABARIF (L) akARI(2))0%(Ne])
B(2)28(2)=(Ne1)SAFT(1,0)OREArLF(1)00M
T TN T T N APT(2,h )N (APRALE (1) =XEARL(2))00 (A1)
AC3,2)2A(3,2)+A0(2,M)%(XEARIF(2)=XEARLI(2))00N
T T AR IRIT R IXFERLF () SREARITZY 0N
ACY,w)=A(3,4)=A0(3,N)O(XeakIE(2)oXbARTI(]) ) 08N
A(3,5)2A(03,5)«21(3,0) % (XBarlf(2)=akiFl(3) 0 .
()8 (3)=ArT(Z,N)8(RehFlr(Z)eacARl(2))o0y
i | CAFT(I, NI (AFRARIF(2)=RbArI(3) )00
ACS,2)3A(4,2)en0A0(2,h)9(ABEFIF(Z)=2ERRL(2))0 (P o))
T AR IARIRI T R S IXEARTFTZ) <X EARI T2V (=T
AL4,4)BA(4,4)=NOA0CI ,NIO(XEARIF(2)=ALARL(3) )00 (N=])
T T T ATE,SIsA(4,S)SREAITI,R)P(XRARIF(2)=XEMRI(I))VO(N-T)
BlO)Bn(4)=hOAFT(2,N)*(XPARLF(2)=XEsh1(2))00(A=})
T T T T eRSART I NN (XEARIF(2)-aEAR] (D) )00 (M) T T
ALS,4)82(S,4)eA0 (N, M) (XEARLIF(D)=XERFL1(]))00N
T AT I AATS AT RV (XPARTF (J)SYEAFI(INIVOK
ACS,0)82(5,0)=aC(4,M)0(XeabIb())oxcAb](4))00N
T T T U TTACS ISR TS T SRITA NIV ITERRIF(I) o RBLFI (4D T
E(S)BE(S5)=AFT(I,A)P(XEARTFLI)=AbARI (D)) 00N
T T T T T eARTIALIOTREARIF(3) e aBART(4) ) 00N
ACE,6)BA(L,4)eN0A0CI, )8 (XEARLIF(A)=XEAF]I(3))®9 (Ae])
Alt,5)3a(0,5)eneb) (3,0 )0 (XEhh]F(3)erErR1(3))o0(Ne])
A(E,L)BA(0,L)=NO0A0(4,")0(XnirIF(I)=XE2R]1(4))00(Ne])
ATE, TI)male, 7)=noat (4, A)0(XB2r1E(D)=AEAFLI(4) )00 (Ne))
o) =e (F)=ASART(I,N)O(ALAFLE(I)=XEArI(D))0¥(Ne])
T T T T N AR T4, W) Y I RFARLF (D) =RFARL(4) )08 (NeY)
AC7,0)34(7,6)¢A0(4,M)8(XeARIF(4)=xbabI(4))oo
T RCI TSR T TTRRI TR RIS TXEFFIF TAV=YEAFITR) ISR
B(7)8e(7)=API(4,N)S(AFLFIF (&) =XbAFL(4)) 00N .
T TR ) BB, 0T NOA0 (A, NS (XBARIF (M) =2Esb](4) )OO (N=])
ACE,7)BA(B,T)*NOAL(4,N)P(XEARIF(4)=REAFL1(4))00(N=1)
TB(BISE(B)SNOAPT (4, M) (XFAFLIF(A)oXEAPI(4))90(Ne])
71 CCNInbe
TFLL ESSTS, XEXRIF TRV )-
A(7,0)8=kYF(¢SC/RFSILeSE)
AT, S)sCEXR(=SU/RPBILYSY) T
BLT)SE(T7)*RE/CE
T T TR 8) s (2 50F/EFSILAETR)VEXR (o SL/EFETLED)
Alw,9)8=(=SOF/EFSILALIF)PEXP(=50/LFSILe5))
T B MY I¢(CSTRFSNSVCFI/CEYEY
CALL ESS(S,aBARIF(S))
T T M9, B)SEXF(¢BO0/EFSILE)
A(Y,9)8ExF (=S0/EPSILeS))
TThlY)sC,5-kS/CS T

C

LAY

C

T STLVE ThE SYSTEr CF ALCRERAIC ECUATICAE — — —— — -
rs]
$1]
1A=9
“ILCTES
CALL LEVI2F(A,¥,N,1A,B,ICCT,nnAREA,IEF)

e IF(TEF .EC. 129) e”11E(e,®) * TKE PATFIX IS ALGCFITHMICALLY SINGLLAF®
1F(1kk .EC. 34) wi1TE(®,%) * ThE MCCLRACY TEST FAILED®

T 7 7 TF(IEF LEC. 131) «RITE(6,®) * ITERALIVE IPPRCVEPEANT NC1 EFFECTIVE®

c wFITF (0,%)° likz *,1EF

-1r-——-—1m171-11 J¥T" TITGTs < ILTY L
wrlTt (0,%)° E=wATFIX: °, P

S——
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C SELECT POSITICAS ALCiG TRE JCIMT ANC CALCLLATE STPESSES, ETC,
T — e e — s

WALTE (6,102) ALPHA9100G,0,0,EPSIL  IWFITE ThE CATA HEADING
KT T T"77775; "TRE FFCGFAR 18 SCARFI", 7
13,°8CARF ANGLE IS “,18.1,° PILLIRACIANS,*/ L
ey 781 °0CINT TANGIN 18 ofii,” SILLINETLRSS/ '

2 18, CPSILCN 18°,F0.4// . mm en
J — 334, "ACHERENE PCOULLS”,T42°ACKESIVE 7T
4 T9,°%°,T18,°XPAR" , 140, °5TPESE°,19),° CHK ", TO4 FRAR’, T4 °FRARE’,
L] RA X MLALL 4 A
S T7,°RILLLI",T26,°UPPER’,TDD, "LCRER",T4], FACTOR®/
B TT.“AETENS®,T27,°CFA", T34, °CPA", /1) "~ == =~ T

(4

“CTSITITT X VALUES RERARN TWC TRC CF TRE JOINT. - ’ :
DC 72 NXx=0,16
XFAFYRXTO, 00T
ASKQARSD

TUTT T CRALL FURCECXRARY e -
STHRFACSTAUIZ®TLARN/(LOCCSALFOSINALF)
T 7 7T TWRITE (6,101 X, XEARLEULEL,STRFAC,CRE FRAU,FRARP FBARPP ~——— — = = 77
112} FORVAT (OX,FS.1,2X,F€.0,5%,F6,1,2X,F€.1,3X,F0.4,2X,1PE0,.1,0P,3F1C.9)
“TTTTTTCOURTIRUE

C  SELECT akAn VALLES FCW 1TNME lut cr Ing .aun
—T T CO 73 NXS1N,30,7 T e
XBAFmNxe(0,0C1
XSXERFOL = RS SEAN e e o = s et =L
CALL FCRCE(AgAN)
Sirr ACBTALLI®ILAm/ (COCLSALFSSINALF)
oPITE (8,101) X, ARAF,bU,EL,STFFAC,CHP FEAR, FRARF FRARPP e e
TI T CONMIINLE T
DG 74 wnx=4,%0,2 —
T T XBAPERNRC Ty
AsXRAPOL
CALT FCRCETXGRARY
lrllbclflbll'illll(t'CtllLl'IIAALD)

SLERPCUTINE FASCAL (GIuT,Linl,uing) T e s
TCIeeNSIuh Wl (uiaC),GUNItUZUl,LINStC2C), FAS(20),FETSR (200
CC 1 we,20
TPAS(NIEL v
1 CubllvLe
T WCUT(UTECTRITTIOGTRZ(CT
CCLI(I )G INI(C)®uinZ () ouINICL)oLING(C)
Ll 2 ves2,20
Lo 3 mnmy,2y
PSICF(N)BFAS(N)
3 CrNTINLVE
VO 3 NsT,NT
FAS(N)SFSICR(N)*FSTCF (N=1)

4 T CustIne T T T = - T
co 2 rE0, %N - -
T GCUT (NG BULUT (NG ePAS (AL ) SCINL(N)SLINZCRQ=Y)
2 CONTINLE
WETURA
EANC _ ~ _ I
- —= R —,
C

FUNCTILN ESZERC(1,XFAF) e T T

€ TRIS BUKCIILH CALCULATES ThE vALUE CP TFE SZERO INIEGKAL FOR A GIVew PEGICH
T KR FCETITICN S = =
COMPFCN ABARIF(UES),EAU(S),EXL,ArARL(S),

i MUXZU(S)  NLZXL(S) NUXTL  AUZXL ,ALLAW EALAN,TLAN, NUXZUP,MUZXLF,
2 Cl,AFT,Au, AL, ,MErrs, _ I R
- T it Curne(9),Clmrk(5),CinFp(S),CInnE(S),
4 US.CP,wk? rS,FF, wPF, EFSL1L,5C,80F ,SOFP,51,81P,51FF,
T T S T T T EULEL,FEAR,FEMFF,FRAFFF,LA,1ALF,KAY L, =
® Ch¥ , TALLe,1ALZL

FFAL NUXTU, NUZXULUX2L, 0 UZXL,NULaP , LLXZUF NUZXLP ,FAY, INTO, INTL,INTZ,INT)
CUVELE FPRECISICN CI(G22M), APT(S,0220),00(85,02206),01(5,0220),

1 C(C:20),#(U220),A(9,5),E(9),oKAFLA(120)
INTUSASING2,.0%xcAF=],0)

T T TITTIS-SURT(REARSKEAR OO S0 SOASIN(T CORRARSI DY
INT2S(=XeAR/2.u=0,7% )9S IPT(XEAP=REAFr®07)e0,3780ASIN(2,0%XBAR=1,0)
IRTIS(=(EARGIT/3, 3-8, C00Edi/12,0°0,028)08 nT(XEAR=XRANOR])

1 PULILISOASTIN( L COXZAR=],0)
ESZFFCaCOmre(T) 00! TCoClar b (JISINTI0CIahk(L)OINT2¢Cane(I)oINT)
FET!UmN

~——grp - ——— -
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SUBRCUTING FSB(I,XRAR)
C~ TPIS SUBFARCGRAY CALCULATES THE VALUES CF S-2ERC, T<CNE, 08, M3 AND TNEIR
C CERLIVITIVES FPCR A GIvim FCSITICH,
‘‘‘‘‘‘ CTWNFCN XEARTIY OIS EXCTY T, EXL  XWAPITST,

1 NUXZU(S),MZAL(S), MURZL,AUTEL (MULAR, EXLAN,TLAR, NUXZUP,NUZRUP,
e cr.nrr.unrtmnr. - -
) COerB(S),CLIuKE(S),C2aKB(S),CO0R0(Y),
T T T UEL GV LGV NS FF L RPF L EFSTIL S0, 50F  E0FF BT, BT ITPY,
s EU,EL,FRAR, FRARE 'llh"ol.!ltl RAY,C, .
° ChK,TAUL2,TAL22

REAL NUXZU,NUZAU,NUXZL,MUZALSULAP  MLAZUF, NUZXUP, KAY,INTO,INTY,INT2,1KT)
o "’DCU‘L[ PIICYIKCW’Cl(ﬁl?ﬂ)."1(’.0!7C’.l°('.0l30).ll('.ﬂllﬂ)o
9(0120),R(0320) ,A(9,9),0(9),0KAREA(L2V)

C CALCLLATE 50, SOF, SOPP, 81, S1P AND 8.iFP

TTTTTTSUSTSTINCCL, XERRYSESTCNC LT XA I I Y Y . =
Tis(i. O-tLAZU(l)‘hhllu(l))lllull)

T T T Y28 (1. 0=RUAZLOMGZAL)Y ZEXL T T
USEBTLI/X2ARCTI/ (1.0 XRAN)

TTTTTT OGPeell/72gAFe020T2/(1.NexkAR)002

GPFB2,00T1/2uAR®9)+2,0°12/(1.0=2pAK)"e)

—STYEYIUYTICE T
SUPFELP/(2,098CRT(QE))

T gTReg  TYOLCACA8) T — T T/~
SIPse b/ (4,00,.58)
SIFFRICrPOO LS BRI/ (4,780,800

C (Al waallk P anl 18 LerlvlllvES
T T TR T I/ T U B AR T LY LAY Y (NI T( T N CZXL) Y TALF 7 CEXCRROTLANY T T T
FFRTE/ (1 U=aphn)oey
> FFFeg . CY¥TS/(1.C=XFAR) 0] N AT R ST -
RETURN

I~ T i — SRS

C
-

SUBRCLUTINE FCRCE(RRAR)

C" TFIF SUBACUTINT CELCUTATES FRAF, ITS CEFIVITIVES, ACAESIVE ~ i
C NCPrAL anl SHeAR STHFSSES, AN. CnkCKS THE ECLATICN,
COPCR XRARTIF(G:S), FRU(S),EAL,XeARY(Y),

) NUAZUCS) g uuZXL(8)  MUAZL oisw2NL o0 LLAP , ERLANM, TLAN,NUXZUP ,NUZXLE,
"“'7_—“__TT_1TT'1V'IT’ITIF'? il
COard(S),Clure(9),C2rKE(S),CINPE(E),

s GS,C7,%¢F RS, hF FFF,EFSIL,SC,8CF,87°FF,81,81F,31PP,
L] EL EL FEAR,PEACE FEARFF,F,TALY P AN L,
6 ChF,TAG12,TAL32 )

PEAL NUAZU NLLAL MU TL ,“UZAL NULA»  ALXZLE MUZALP, RAY, INTO,INTL,INTZ,INT)
T T T TT TCUNLE PRECTSICNS CI(C:277,AFT(S,0:2C),AC(5,02C),41(5,0:20),
1 ClUSZ0),RI022V),A(%,5),0(5),nnkkEA(L120)

(al

CETERPILE «4ICh REGICW, ; i
1 (AgAk Ghk, XEamlF(C) ANC, XBAR ,LE, XBARPIF(1)) GC TO 1

TTTTTTTIV(XEAR LCE. YEARTF(1) LANT. XEAR LLE, XEARIF()Y GOIC2? T CT——— T~

IF(aeAn  GE. XeAWIF(Z) .AML, XBAR .LE. XEARIF())) GC TC 3

IF(ABAR ,GE. XBARIF(3) ,ANC, XEAF .LE, XPAHIF(4)) GU IC 4

IF(MeAw L LE. ARARIP(4) .AWb. XBaP .LE, XEARIF(S)) GO T0 S

wFITE (0,%) “ ERRCH It WwECGICH SELECTIICH,’

WE1URN

CCMTIRUE

FCh FEGILH UNE,
1=}
ChLIBhUAZU(L)

c
C
1
[

TUTTTTTTTRUTCIENGTYUTL T
ELsbaU(l)
ElsFxL
FRAPBe(1)0(CL(0)eCI(1)OXBARCCL(2)ONrAROLEAR)
1 rARPTCL,C)ONBARPCART (1, 1)OKBAPOXEsbe2b1(1,3) XRAROXpAROXBAR
FEARFRE(D)®(C1%1)2,C0%C1(2)%RkAS)

T T T SAFTULL, 00T OAFT(L, 1) N bAReICOAFTCL D) AEREIXPAR - T T T T T T

FrARFFar(1)®%,00C1(7)2,00APT(1,1)ec COAFT(1,2)%KEAP
aF(2eAR ,Lle, 1.CE=V€) GC 1C 101
LC 11 nad, TERPS
FRAFSFRAR R (1)0CL(N)OXBAROOLeAPTI(1,%) % REARSO N el)
FOAFFSFoArree (L)®P OCI(N)OXEAROO(N=])o(Ae]l)OART (1, M) BARTYEN
'bl*i:llrl-iiotll)'l.l(N-l)OCH.")'I!H-O'U )
1 SUO(NG LSRRI, ) RFAPOO(Na])

11 CunTInGE )
GO 1¢ 100

e e ———————————
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C
K 187
GNUISALX2ZU(2)
T YT ST R §)
ELsARU(2) -
(-8 {4
) i8)
— (117011 $4'18 })
CRU2BNUZAVLD)
B buseiu(d)
G0 1C 21
) 18§

thll&UIIU(O)OUUIlUl'(l!A’-IIIII(C))
Y EAPSIDRTTON)
RUSERU(D ) (XRAK=XAARTF (D)) (RAUCS)I=EIL(D) EARLIE (Q)=RPARIF(D))_ =t
- COM1nuE
C  hCh REGICH 2 CF ) Ch 4, .
““““"rsnt-(t(101-23-AI(x:f)oixzofiaionn(x.o;.nr:«x )
1 *(E(2%122)%A004,))er(2%]=1)9A1(],1)eAPTL], lg(xcnr-xﬁnvxg%%l__s________
S TETTS IS IO (T2 T 50 orT"T-I‘Tuf"l"‘ﬂ'o'n‘t(l"ﬂ') S(ashbeabAnl(1))en
FHARFE(B(2912)91,0030(1,1)ek(29)21)03,C003(],1)1,0%APT(1,1))
T e e (2902092, UL, 200k (2910002, 00A1(1,2)92.0%APT(1,2))
: C(xebrerirlil))
IEHHR‘( Ol )n Cob (], )R 20 ) )0 COALIT, 2092, 00APT(1,2)
LU 2V N3, 20
——-rnm.n*(r:w*.m Via, l JPE(a03=1 )T 1 ,h)*ArT(I,N))
S(ARAP=XFAFI(]1))00N _
‘TtAst-rlluro(:‘JOI “2)OhOA0(T,N)eB(200=1)OnSALTY, M) en®APT(1,N))
C(AbAT=xEARI(L1))0O0(Na]) e Y SN SR
“"“‘““ioAI!!-vlnbfso(r(z-l-ar--cch-xxonu(x.h)ol(?tl-:)lb~(to|)0nx(x.h)
SRO(Ne L )OAFT(1,M) )0 (XEAP=XEALI(1))O9 (A 2)
i tcuvncul
G0 1C 100

S T - e s e e e S R

c
< Tk -LGllh S.
)

1=
'—"..m...w*nr' T - .

Chu2anLiaiill &

Uskauily) T

Call ESS(I,7BAF)

bebrabS/C5er(200°2)%ab (oSC/ZEPSILOS1)oB(290=1)0EXF(=50/LPELL +81)

FEARFB(CSobiarSOLF)/0S08,08(201=2) % (¢SCF/ERSILOSIE)OEXP( 0850/ evETILesl)
T Y T T T T T T T T T T T T T Ak a0 e ) (=0 /EFSIL B IR ) OEXE (=50 /R BELL: 1)
PEAPRFR (LSO (CSOPFFeFEOLFF)=2,00LP0 (CE0bFpapinch))/L800)

! SE(201=2)0 (o CF/LPSILOSIF)ORZ0kRE(080/FFSILOSY)
2 SB(290=2)%(oEChr/ERSILOSIPF)ORRF(+SU/EFSILORY)
B 3 SR(I01=1)0(=5CF/RFSILOISIF) OO, VENF(=50/FFSILeSY)
‘ SE(291=1)9(=SCHP /RFSILeSIFP)EXF(=8C/EFSILeSY) L
A
3
100 TONTIRLE - ‘ T

C CALCULLRTE IwE EMFOF Ik TPE 200 CkLER CCEH
T CALCLLATE VALUES CF EACr TER» CF 1me EGLATICA:
TERrISFRAKPF
———*-*mm-r-rnvr TIALFIVTT1 D=CRUISCRUZ) /ET/ WA
(1 0MUXZLONLLLIAL)ZEXL/ (S, 0=RRAR)OFRAN
m')-(n"cnun'(:uunn(chu-uznnnuunun.un
(1. 0=hURZLONLZAL) 7RRL/ (). O-IIMl))
P!Cl'"(lllﬁtl'l).IINTII-'Z).lll("”l)) - i
CHnshba (TEwPIeTERYZeTLbr))/bIC

¢ : 3 . ‘ .
GC T1C 102 . e

101 TCCNIINF T T T T T T T T
Chhm0,0 e

AV RO T e T T T e e

C

T

_C CALCULATE THE ALWMESIVE SHEAF ANC NORMAL SIFESEES FCF LMY LCAD ANC UNIT wICTH
C TAULISEBAME/ (). 0eTALFRe?)
TAUZZSTALI2OT ALY
FETULRA SN - - o
Ene

————
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1FIS PuOGPA® CALCULATES TME SHEAN STIMFSSES IN THE ADHESIVE CF A
“ECAFF JCINT., 17 USES WKF PETRCCS, FRleb' L8 SFRYES,” AAC TAYLON SERIAS
1C SCLVE BCW AChRRENL LLACS AMNC ACHESIVE S1REESES,

THE FRCGNAP ALLC@E PCH VARIATICOM IM T0E LCAC-CINECTION WODULUS CF
ELASTICITY Ih THE ACPEREACS TC mUCRL CCPHCEITE LAPINATES. 1T ALSO
ACCCULNTS #CS ALNEREAC TIF BLUMNTMRSS.

1 1§ 1HE REGICn LLWEER STARTING A1 IrE LEFI
XEARIF(1) IS The CIMENSICALESS CUCKCINATE CF INE INTFRFACE BETWEEN REGICNS

1 AnC (1e1). IN TH1S CCCRLINATE SYSTEN TWE JCINT 18 ONE UNIY LCAG.
BTN ) - ’
B3(1,N) ) ARE Tht h Th EXFANSICA CCEFFICIENIS CP INRE 1 Th REGION
AFITIL ST ) — i
AeAhI(1) IS TrE COCRLIMATE CF Trk EXPANSILM FOINT IN EACHW RFGION.
EXLCD) 1S THE PCCULLS CF BLASTICITY CH Thh UPREP ACPERRNL 1IN GIGA FASCALS
Eal 1S 1he PLEULLS CF ELASTIICINY CH THE Limtk ACHERENC

.
nnrn

ﬁnnnnnAnnnﬂnAndn

COM™CY XBARIFIOTS) ERU(S),LXL, ABAFILY),

RURZUES)  AUIXU () g huXEL  NUZRL NLL W B ALAM,ILAM NUXZUP,NLZALE,

Cl,ArT, AU AL ATEFYS,

CoadZ(S),CImP B(SY,CaarE(Y), s)“'l!)o

Wl ot s b ol BT ,PFBR,oFEIL, oSLE,8URF ,81,88F,858PP,

ELU,EL,FEAR,FPIFF, PY-»rF:I.’-.',‘II.r. i

Chrn,TALLIL, TALSZ

RFEAL KUXZD,KUTXU,PUXZL W LTIAL,MULAM ALXZUF ALZXUF,MAY , INTO,INTL,00T5,INT3

LOLeLE PReC)SIUN CICC2Q0) AR, 0200 ),A0(9,0220),212(5,0220),

1 CLC32C), P (Ca2u),A0NC,00),E00C0) . nnAKEA(1IS0)
CIwenSlON C2LC220), LJ(L!:O!,&J((l.t).C‘(Cl?O).614(0!?0),0!1)(0!20)

TALL ASSTISRTS,SYITIR,T!T™) — e

CALL ASSlumte, "SYICLY.LRT®)

O AL

PEAD (S,%) ALFHD XEEFIF,EXU, NUXZL,KLTXL, MUNZLE ,AL2XUP,EXL,NUXZL,ML2XL

wrllk (0,%) ° ALEMA 1S°, AlLKma
TWEITE (e,) T ONEARIFLIC, XFAVIFCC) L XFARTFUTY XEAFIF U, XBARIFTYY,  —
1 \Ebr LS (4. A AR ()

WEITL (€,95 “EM", !.l(l‘.c'.t.) EYCLI)LEXU(4),EaL(S)
wRiak (5,0 ‘EX1°, Bl

WEITE (%,9) “LL2Xx": °,hulal

mhlie (0,0 *Auadle '.uan

WFITE (B,¥) ""SUXTL,NTUXL ", NOX2L,, KT

ﬂ:\dv-nr-nr14t1 nn

FIm), 14159254
TAT-ES®D,? TATFESIVE ThICKMESS TN PILLIPETERS
LACmESE ), 48 SACFESIVE YCUMNG®S PLCLLLE 1IN CFA
T T TCILNES® LYY T T TRUFESTY O SWEXNR WCLLILY IR GFA L T e oo
TLav=2.s IACPERENG TRICANRSE IM PILLI=PRTERS
EXLAFRTY . ILAP]IRATE ROTULLS It TFa
NULAPEL )9 ILamJAATE FOLISSOM®T RATIC

“CRTTTLATY SFEXR TTFESSES FS ¥ FURCTITR UF FUSTITICUN T TFFT JUTRT!

AAAAAA A AN AN N R AR R NN

nr\df\dl\ﬂ

ALFrABALFNAZIVOC,C
TALFSIAL(ALFNA)

: COSALFRCLS(ALFAA)

; SINALFaSIn(ALPRA)

: DE(TLAPSTACMES/CCSALF)/ZTALS
RAYSCLSALFO () UeTALF®® )00 0CALRES ALK S
1 ZCTALRES® (EALMESGAL NESSTALF®e3))

T T T EFSTLESORYUTALF7TUFRAYYM Y
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C  CALCULATE TME CCEFFICIENTS FCh RRGICM CAE, TIM1S REGICN IS TME TIF WhERE_ _
TC APE LEFER ALKERELL TAFLRS IC Z2ErC THICMAESE, 1RE ALMEGEAD LOAD 1S

C  CALCULATEL bY A wKE APFFCXIPATION. ThE PCCULUS CAM BE CHGSEN TU PCCEL
T YRR FERPECTLY SHANE, STIFF ACPERENE TIF Ch 1hE AChESIVE enICH FILLS IM

C __ECh TNE BNCRARN ACHEREFD 11F,
¢
c
=<

T EYFAASICA CF 1ML NUPEKRAICP OF TME $<=2ERC INTEGRALS,
=1
T XEARITIIS(XBARIF (I« XERFTF(I=1))72.0
UhUKe(1, 0=NUXZUCL)®ALZXL(1))%(1.0=XEAK1(1))ZEXU(T)
- 1 T (1. 0eNUX2ISMUZXL)*XEPRIC(L)/EXL
CLUPFE=(1,0=NUXZUC1)®LUZAUCT))/ZEXU(T)+(1,0=NURZLOALZRL)ZERL
FESURTLONUN)
PP20,5/5¢k1 (CAUP)OCNLPE
T FFFESG IS/ TCRGF VSGRT(CRUR)ISCNUFFe#7
FPPE2], 0/7(B.VUSCAUYSOZOSCHT (UMUP))OCLNLIFOR]
T AQmbEsF
AlhRESFP _
AdnresFPF/72.V
AJwhE=FPFF/06,.0
T T AU FUIYERUaR = AT RESNEERT T eAZerERREAFI(1)992=AJnt EVNEARI(T) 00
CintE(l)EA)RRE=2, OOAZ-IP'XElfl(l)0!.C'llllt'lkhbl(l).‘z
Conre(X)=A anc=d o2 ah®XEAR]I(])
C3mr=(1)2A3ake

!

[
c — —— —
B —— S e
C ChECP va IUITY CF FLURIEF SeRIES AFFRZXI®ATICMN IC 1hRE MU=ERATOR CF SCRT(GQ).
T SELECT VALUEE CF XBah AML TALCULATe EXACT ANL AFFRCXIPATED VALUES,
i1=)
T T TLC 10 Ko 00 T T T T T -
[ XEARZXEAPLIF(1=1)90C 10N (XEANIF(1V=XPAFIF(]=1))
T T AFFFCXsTOSRFII)SCTeFETT) S XERR+CanRETIYORRARCTZSCINKETTIOXEAR )
L EXACTSSurT((1.0=MUAZLCI)ORUZXL(I)) O (1. CoXEAF)/EALIT) = o
i - 1 T (1. 0enlXZLONLZXL)ZEXLOXEAF)
L WEITE (6,°%) ° wKB1:®, I, XFAP,EXUL(I),EXL,EXACI,APFPCX
217 Cuniltue T T T T - B
C
TTTTOMITULAYE TAE TCEFFICTERIS FUF FECICR 1ol ThIE PEGITN BECINS AT YThE EnC
C  CF . ACnErbnl wlin A £FCPEN TIP ANC EX1EALS A SHCFY LISTANCE 13 1hE F1GE1,
T 1rE  kirene LCAL IS CALCULATEL IN Imé FCRM CF A TAYLCh SEFIES EXEANSICA
C  MBCLY .FE ELLMT 11k Ck IME RCPEFEMNC.
3 : ot -
C PIRET CALCLLATE 1mé o°S ANL R°S,
T T TRT2f13
PRAFL(L)B(XeARLE(1)4XEAFIF(2))/72,0
TI1S(=FAYST/TALFI®(1.0=NUXTUCIONUIXL(2))I/ERL(2)/DARARICR)) —
TZE(=naYPL/TALF)®(1.C=NLXZLONLZAL)ZEXL/ (). CoXEAF1(2))
LT 20 N2Q,AT2 —~ — I
C(N)Z(T1eT2)
T TTTMIeSTITXRRRITIT
12272/(1.0=XEMARI(2))
20 T CCNTIFTE - - -
FCU)E(NZYOL/TALF)O(DCONULAY S (NUZRL(Z)=PLZXL)®TALF/EXLAMSILAN)
B | T T T T T T T (1 UeNLXZLAMUZXL) ZRXL/ (1L 0=XEAFLI())) T T T T
RO1)R(=FAYSC/TALF)®(1,G=MUXZLONLZXL)/EXL/(1,0=XBAFI(2)) 082 -
LC 23 N=2,M12
RON)ZF(N=1)/(1.0-XEART(2))
23 T TONTIdE T i e T s
C SO
6 ——— —
C FrECh THF KRGICN 2 C°S AMNL P°S:
T TPELIASTXBRFIF(ZJ-XEARIF(IJJ7I0.U
] Du 2¢ Nx=0,10
T TTTRARRLAZG(U) - T - i SRS
g FARRCXZF(0)
L XBAnEXEARIE (TYerXOCELYA T - T -
c CC 27 wm=),M12
T T CAFFCXRCKFFCXICTR IS TXEAFXEARTITZ) I V¥
2 FAFSCXZRAFFCX#R(N)®(XEAR=YEARI(2))%%0
T2 CCNTIMLE T - i =
c GEXACTZ=(KAYSC/TALF)®((1,0=uUXZU(2)OMLZXL(2))/EXL(2)/XBAP
T 1 *(1.0=MUXZLOMLZXL)/ZEXL/ (L. 0=XBAK))
C PEXACTZ(NAYSL/TALF)O(CONULAMO(NLZXL (Z2)=NLZXL)®TALE/ (EXLANSTLAY)
B e oo T T T AT1.USNUXZLYRTZYLTIZEXL/(1.C3XEAR)) —~ T T T
L »rITE (6,%) “FZ CGF Chr:’, XbAK,CEXACT,CAFRCX,FEXACT,RAPRCX

26 CCLTIME

TV ——
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T CALCULATE THE EXPAMNSICM CCEFFICIEMIS nl1h A(C) AMD A(1) FACTOREC CLIT.
A0(2,0)=1.0

X2, TIS0TT
A1(2,0)=0,0

e 1 1 L O

DO 21 hs2,MI2

T 7T sUvwosgL,0 T — T — - T T TTTT/T/om "

Sumisy,0

U 2K, K7
SUPUSSUNGECIRI®AQ(Z,A"A=2)

= SUMIESUMI«CTIR)PAL(2,M=K=2) ~— =~ — "7 T T - -

22 COMIILLE

T T RO(2,M)==S0N0/ (N0 LNe])) s

Al(2,h)3=8UF1/(N%(n=1))

re CUNTINGE

T " TALCULATE TWE COEFFICTIENIS OF THE FAFTILULAP BCLUIION:
AF1(2,0)20,0 o o
AF1(2,1)80,0 ~—— ~ T o oo T T
DL 24 N22,AT2

=TT T SUF=:Ce,T -

CL 25 M3U,n=2
SL¥ISUMSC(A)ORFT(2 Vehal)

as ConTlncE
AFT(2,%)2(Rh=2)=SLM)/(AO(N=1))
4 COnT1nle
S bl -
C
C  TMLCULATE TKE TAYLCF SEFIES CCEFFICIEMIE FCF REGICM TRREE. T
c
- FIRST CALCULATE Th& C"S AKC R°S, -~ —~ "~~~ =7 == = T
MT3320

T XBAFIUYIRTXERFIF(IVIXEAFIF(Z)I77.7
T12(=FATSL/TALF)®(2.0=NuX2L(3)ONLZXL(I))I/ZEXU(I)/XEARTI(I)

- TZ2(~FATPC/TALF % (1. 0-RUXZLONUZXL)ZEXL /(1. U=XEAFI(3)) - S
CC 3¢ b=l ,nT3
GINI=(T1T2)
T1s=31/XbAFL(3?

R TAA T 248 13224 14 2 § %0 2 AN . e -

30 CONTINUE
¥ T ORI URAYST /TALF)C(CONTLARPS (NUZXCII)INLZXL)OTALF/IEXLANSTILAY)
1 =(1.0«P LAZLONUZXL)/ZEXL/(1.CoXEAKI(3)))

ROII2(=KAYST/TALFI® (1. CoMUXZLONLZIXTIZEXL /(1 CoREAFTI(I)) 002 — — ~° ~
CC 33 a=2,01)
K(NIZR(N=1)/(1.0=XEAR]I(]))

33 CCAaTInUE
- >
€ CALCULATE TRE EAFANSICA CCEI"!_CI!&IS w11k ACC) AML AC1) FACTCRELC CUT.
B 1+ X G 1P 3 F 3 S
AO(3,1)3C,0

ATT3,UJEL,T
Al(3,1)=21,0

Surusu,.0

TTTBCTIU N2, M) -

T Tsumiz0 .0
DO 32 m=0,N=2

SURUBSURT+CTIRIW®AUTS, h=k=T)
SUr1aSUNML*G(R)PAL(3,h=K=2)

T37 T CONTIMLE
AUCI,N)B=SUKO/ (NS(N=]1))

T T T AL, M) EESUN 7 (e (A=) ) - -

3 CONTINUE
-
C CALCULATE THE CCEFFICIENTS GOF THE FARTICLLAF SCLUTIGCN:
TTRR103,)E0.0 T ST - —'
APT(3,1)20.0 =
"' TDL 34 wm2,NTY T T T =
SUN20.,0

LU 35 K30, ne7
SUMZSLEeC(P)SAFT(3,Ner=2)

35 T CnMTINuE N T TR e e e =
AFT(3, )2 (R(N=2)=SUbd)/ (N0 (h=]))

34T CONTINGE - ) R T R

C
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C CALCLLATE ThE TAYLLR SENIES SCLUIIGN CCEFFICIENTS FCR REGION FCUR
£ CALCLLATE The BANLLE_SROIES GLULIGH CCL

C CALCLLATE THE C°S.
T REARI(A) s (YPARIFTIVXFARIF(A))/72.0
TAL(A)S(EAL(I)*LXU(S)) /2.0 )
T T T ERUES(RAUC(S) =B XUCI) )/ (XEARIF(4)=XPAFIF(]))
GI1(0'21,0=AUXZL(4)ONLZRL(Y) i .
L1401 BehUXZU(A)ONUZXLEF=AUNZUFONLZXL(4)
Wil2 ==2 ,00LLAZ.POALIXLE
e e T )
wi(:)=C,0
A0 T T T CuntInuE
W2.7)31,0/EXL(4) _
C3L0)S1, U/ EARL(AY
UA(1)E (1,0 KUXZLONLZAL)ZEXL/(1.0"26AR1(4))
T T L0 1 k2T TT T
Wil! ) (=NOSEAUF/PXU(4))8C2(N=1)
WI(r)=lan/XBARL(4))%(3(N=1)
a-u )s(nu:.o-unlu\n-uu-x:
4§ i 5 L0
{ Lﬁl(..u-‘l' Ire CénlelilVes Ck TE FRILULCT 2EFSE,
TALL FRSECEL (717,011,027 —— 7 -
CALI. FASCAL(€123,81%,0))

c CALCULATE THE VALURS CF o
FAC1=1.0
ClU)S(=RAYSC/TALF)®(C123(U)+Ca(0))

TTTTT TR AS we1,20

PaLTREACT/N

? TCIMIB(erAYOL/IALFISRACTIO(C12I(M)eCaN)) — T T Tt T T T

45 CLLTIME

: b o T e

C  CPECPr Tmk FOUL=IER CCRFFICIESTS, G

£ CELTEA=(XEANIF (4)=xEArlE(3))/10.C

c {( 4 A3u,10

L AbArEaEARIF(3)enoLEL1A . - T

C CAFRCREC (L)

L LC &7 mys1,20 0 T ) T T T

L CAEFLABCAPFCXL(NC) O (XRPARXEAKI(4)) 0000
T CCRTIRTE

4 ELSEAL(4)*EXUFS(XEAR=XEANL(4)) e
g T WAUIENUAZL(4)oNUXZUE S (AcA==XEAKI(4))

t GPU2BP LZXL(4)ONLZXLFS(XERF=3EARI(4)) o I N

[ ”‘uu-ctu-uxunur)'((l 0=GMUISGMLZ)/XBAK/EL

L *(1.0=NLZXLOMLAZL)/ZEXL/ (1.C=XBAR))
—r——wm-rm-'-rrmrt—rtmr—"xn.mnrrnncx

D4e CULTILUE
e m—- oot e

g CALCLLATE 1mE F°S,

‘h(O)n(nLlOthAlr)t(t‘uuxl-'(uuzxutc'=krzxui-ltlc7(zxtiioiuii)
*(1.0=AUXZLO®LU2XL)/EXL/ (1. 0-1115114)))

—-———"—‘“1TTT'TI11't711171‘ (TYSUL RS SHUZXTE O TXIF 7 TEXIFPOTL
(1. O-hulZL'hule)Illl/(l.O-lllll(‘))"?)

R ‘1{2)!t-!17'tl?llf7‘(l O=NLXZLOWUL2XL)/EXL/7 () OoXEARTI(4))093 T

LL 46 wn=23,20
THIN)SR(NeTIZ(1.0=REARI(4)) T
Y] CUNTINLE
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CALCULATE THE EXFANSILN CCEFFICIENIS w11k A(Q) AMC AC1) FACTOREL CUI

TTAD(4,0)81,07

AU(4,1)=0,0
Al(4,1)=1,0

= U0 ¥V Ne7,70

TS0 T TUONTIRGE T T T T

surus0.v
SUX120,0
DO %0 K=0,N=2

SUMOESUS0eC (K)OAD(d,0=h=2) — T 7

SUP185URI*C(K)®AL(QA, AP =2)

AO(4,k)m=5Uv0/ (NS (A=]))
AlUs,L)==5LP1/(h%(N=1)) g

CONMIINGE

CALCULATE 1nE CUEFRICIENTE OF ThE FARTICLLAP SCLLTIOM:

T AFTILUITD T

AFT(e,1)20,0
(o 81 22,20
stes{ .0

LT 82 Ns3(,p=g

a.-léuvos(l)leT(l \-r-:)
TCOUTINUVE i -

AFIL4, M) (r(N=2)eSLY)/(NO(Mh=1))

CONTIMUE

C CALCULATE IH! CCIFFlCllhIS Puh ®KE SCLLIICA: FCF REGICMN FIVE.
—_— - e
CALCULATE IWE PULYNCPIAL CCEFFICIFMTE (C°S) FRCP TNk TAYLOR®S SERILS
EXFANSION CF THE XUPERATCUR UF ThE E<2ERC IMNTECAALS,

C
T

T CIeRETIIRAZeRc =3, UPATRF XEARITT)

@

c -> e o = -
“C CWECK VALITITY CF FCURIER SES1ES AVFRCXIPATICM 10 THE AUPERATUR OF SGRI(G).

I=>

XEARI(I)S(IRATTIF(T) @222 F(1=1))/2.¢C

Chuvs(l,0=n0

1

CLIDIORLLXL () O L, 0=2 2F1 (1) )/ENL(Y)

el 1, TenUXTLOWLTALYORERRTI(T)ZEDL

CATLIE LIS IS PAUE BLLISS IR SR AT T 0P XS I LANWIIRL NS 15 P 3 §8

FeSlrTiunin)

Prel  S/50rT(LALR)OZ L vy
FRE2=l 28/ (CAUPOSLRT(GNLP))OCALPESS
FrPIZ3 .0/ (0a(PunuveszosSLTUNUM))ICALPERS)

AUmrEs
AlwhgsF i

A2encEFrb/2.0°

Adanb=bPEF/s0,U

CIPR(1)RALmAL=( USuynrbOXEARI(1)ed COPIRAESACARL (])R0

CInrE(L)BAdnE

TCUSAE(L)BACAPFoRlanFOXEARI (1) eA2arBONRARI(1)902-RnbbBOXEAKI(T)00]

C SELECT VALues CF XbAn AND CALCLLATE EXACT ANC AFFFCXIPATEC VALUES,
T DT YE RalID
ABLhEXEAFIP (1= 1)00 ISNS (RPARIF(1)=2edRIF(1=1))

tlltlllunT((l O=AL2TL(T)ONLIXL(L))® (1. L=2BAF)/LAL(])
() 0=MLILLONCZXL)ZEXLOXEAR)
h‘lll (6,%) ° wrbS:®, I1,2PAR,LXUC]),EXL,ENACT,APERCX

“CUNTINGE

AP D S . 8 Bt -0



OR aNAL PAGE IS
OF POOR QUALITY
137

€ TNCe TALZULATE TRE SCLUTICA CCEFFICIEATS FFCP INE BCUNCARY CONDITIONS:

C FrAF=0 AT XuAREOD
T FERRULEFY RANL SITEJSFEAR(RRE) ANL
C FEAKF(LWS)=FEARP(PNS) AT EACN RECICN INTERFACE
T FRARS0,S AT ABARSTS
[
=
DG 70 b=}, A0
BIRIE0,0
DG 70 N1m1,10
1YY 9 L)
70 COMNTINUE e
T T DO 71 hel,20

AC2,3)80(2,3)=A0(2,F)O(XEARIF(L)=XEARTI(Z) )00
T A RIS RTT2 R TV (XRERTE T xR IT2TYWeN
B(2)8F(2)+AF1(2,NM)8(XEARIF(1)=REAR]I(Z))00N
T T RTIINIEA(I ) A0 NI O (XEARTIF (1) =aBAFL(2)) 00 N-T)
AC3,4)8L(3,4)=N0AL(2,M)0(XEARIF(1)=XEAFI(2))99(N=])
T T T TR (I)NSAFT(2,N) O (APARLF (1) =XEARI(2))B%(A=])
AC4,3)8A(4,3)0A0(2,M)*(2AEARTF(2)=XELRTI(2))%0N
TR, 180T D)FAITT, R IV (XERRIF{) =hEARL(2))OOR =
AC4,5)34(4,5)=A0(3,N)®(XERKIF(2)=XEAFI(3))00N
A4, E)=A(4,6)=AL (I, M)O(XEARLIF(2)=XEAFLI(3))00N ) e
BIA)EB(4)=AF1(Z,N)9(AEARIF(2)=XEARTI(Z))OON
1 SAFT(I,N)S(xeaRIF(2)=ncARI(3))oon

£,3)=8(8,3) 4N A0(T,N)8(DEaRTIF(2)IeXE2RT(2))90 (Na])

T T RS, 33=E05,3) L A (2, K)S(XERFIF(2)=aESR1(2))80(N=)) T T T T
A(S,9)ZA(5,5)=NsA0(3, V)3 (XEARIF\2)=ALARI(3))89(N=1)
ACS,E)Zu(S5,8)=NOAL(I,N)R(REARIF(2)=XEARI(3))®O(N=)) ~ — —° ~— 7 —°
E(S)ZP(S)=KPAFT(2,N 39 (REAR1E (2)=XEAF1(2))%%(Ne])

1 SMNSAFTII,M)O(XeASTIF(2)=aPARI(I))00(N=)) ~ = —°
ACO,8)ZA(0,5)4A0(3,0)S(XEARIF(I)=XEAFI(3))00N

T T RUE IR E AT IICT IR (TEARTIF U =YEARTI(IITVON
ACB,7)BACE,7)=AU(a, M) (XEARTIF(3)eXBERI(4))00N
ATE,8)5AL0,2)=AT1(4,R)P(XEAFIF(3)=XEAFTI(4))0ON — ————— ~—— - — -
B(o)EB(0)=AFT(3,N)2(XEAKIF(3)=XEARL(3))0o0N

1

*APL(4,N)S(2R2RIF(J)=XEAKI(4) )00y
S —lﬁ'S‘l‘llt"’.nml'mTT’W!IFH’(J)'!‘IIF!(T)?"W'U
ACT,e)BA(T7,E)eMsA (I M) (XEAPIF(I)=2ERRI(3))O0(N=])
AT, TISALY, T)=NWAD( 4, N)O (XEAFIF(3I)=XEAFI(4))PO(Ne]) ~—~ —
AC7,8)3A(7,0)=N0A1(4," )8 (JE:RTF(3)oreARL1(4))%9(N=])
BUY)IRE(7)=h®AFTII N)V(AEAFIF(3)=XEAFI(3))O%(Ne]) ik S
1 ShOAFT(A,N)O(XFARIF(I)=XEAFLI(4) )OS (A=])
ACB,7)SA(R,7)A0(4,N)O(XEAFIF(4)=XEAFI(4))00N
AlB,6)3A(0,8)*A3(4,N)O(XEAFTIF(4)=XEArI(4))00N
- BUGISF(R)=APT(4 ,N)S(XEAFIF(4)=XEARL(d) ooN S it
A9, 7)BA(9,T)OhBAC(4, 1) (XEARIF(4)=2EAI]I(4))00(N=])
TRAT9LE) RS, E)NSAI (A NIV (AEARTIF(4)=AEAI J(@))¥(Ney) — =
BIS)ISE(9)=NOAPT(4,N)*(XEAPIF(4)=XEAFL(A))OO (Do)
CUNTIRUE
CALL ESS(1,1.GE~0B)
TTROLLI)SEXF(SU/EFSILeSY)Y - T —— T T TS & T Tt T T
l(l.l)lllF(-SOItFSlLoSI)
T T EBWI=O0LL 0 T S i S B

CALL ESS(1,XEARIF(1))

3

.

A(Z,2)3EXF(=SU/EFS1L+8Y)

T TB(2)ST(2)=RS7GS CRE e
A{3,1)8(+SUF/EFSILeSIP)®EXF(*SO0/EFS1LeS))

T T TATI )2 (=SUF/EFSILeFYP)SEXF (=S0/EFETL 2 Y7
B(3)ZE(I)=(CLEONP=REPCF)/(S%92
SELLTESOTIVATRYNIT (Y
A(S,9)8=EXF(+SC/EFSILeEY)

T TRTE,10)R=EXPISSOZEFEILIST) -
B()3n(E)ekS/LS

T RS, ) 2= (3SOF/EPSTLASIF)YEXFP(4SC/EFETIAST) ST il
AL9,10)me(eSCF/EFSIL*SIF)SEXF(=S0/EFSILe81)
L AR RAA-ARL AALVT hid 4d .t RAN B KA hdd §
CALL ESS(5,XEARIF(S))

T AR ISENE VSR TEPEILART ) T e e S

A(1C,20)SEXF(=SO/EFSILeE])

R 2 o i e e e e e o
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c
€ SCLVE THE SYSTEN UF KLGEERAIC ECUATICRS T
(13
= TTTRRIU
12210
—JIUCTEY
CALL LECI2F(A,»,h,1A,E,1LCY, 0KAKEA QLK)
e ———ZF1TEP SEC. T29) WRITF(E,%) ~ THE PITRIX IS ALGURITHMICALLY BINGULAR™ — |
IPCIRR LEC. 34) ekITE(6,%) ° ThE ACCLRACY 1EST FAILED®
“TFITEF JEC."131) WRITE(E,®) ™ TTEFATIVE IRPRCVEPENT NOT EFFECTIVE™

L wFlle (0,%)° 1Ek= °,1ER

T WRITE S, YT TITGIY L ITCT

L oFITE (..‘)' lﬂnllhlll ‘e b

e e LD PR i " s
C SELECT PCSIilCNS ALChG !hi JCIMT ANL CALCLLATE STREESES, ETC.

g 3 ; by 4 g i T e S

whIZk (»,102) ALPHA®100U,.0,L,EFSIL IPRITE TME CATA WEACING
TIVZ FCFYAT U T 77775, IFE FRCTRAY 1S SCRFF4°,7 -
15,°SCAFE ANGLE 1S5 “,F5.1,° PILLIKACIANS,.®/
15,°JCINT LENGIF IS °,FP,.)," FILLIMETERS®/
1%, “EFSILCN IS°,FE.47/
T24, FCFEFENL PCCULUS®,T42°ATHESIVE®/
19,°%°,715,°2eAn*,74),"STRESE®,183,° CFh °,To4°FBAR",
TITFFRFF,T8IFELFFF™/ i 3 " = ; e
I7,°%0ell”, Tae, "Lk P 7,133, L0MER",T43, "RACICR Y

0uJbuN-“r—

5 T7,°METERS®,127,°GFA°,T34,°CFA°//)
C
C SELECT X VALUES NEAR TPFE ENC CF The JOIM.
DO 72 Ax=0,10
D 1L L. S 4 “ e e B i
IF (Mx EG, O) XEAFR=C.C004
e X=XEARYD i =R L SR SRS -

CALL FCPCE(XEAR)
STRFACSTAUL2%TLAN/(COCCSALFASINALF) . ’
siklTe (6.101) Xo KPRk EL.FL,STHFAC,CH0 ,FEAR ,FEAFF,FEARPP
1C1 FOr=AT (oa,%%,1,22,F€,3,590,Fe.1,20,0¢,1,3X,F6,4,2X,1PLV.1,0P,3F1C.5)
2: CONTINLE
T~ FELEZICI XERF VALUES FTF InE FELT CF The JUIN]
LS 73 vsie, 30,2
TREARINRSC 0P T T o ’ RS SS R ES T
ASXEAFEL
T TTURLLTFLRCECAERF) o, T
STRFACETALI2%ILAR/(COCCSALFOSINALF) - e
®P1TE (8,101) X, XeAR,EV,EL,STFEAC,CP? REMR ,FEARE ,FRAKRPP |
73 CCNTINUE . ) B
T 777 e 74 mx=a,5¢,2 0 T T T T T B
XbAFEAX®(,C)
TEXEAFYL
CALL FCHRCE(XEAR)
T STREACSTAULZOTLAP /(COCCEALFSSINALE)
oRITE (6,1C1) &, XbAh EL.EL.SIHFAC CHK ,FEAR,FEDRF FEARPP
7T T RINIINE eSS RRSRAL pe
ENL

S A

o

WS

.

.

ey

T T SUERCUTINE PASCALTTECUT,GIMLOINZY T T T T Tt T -
CIMENSICN GCUT(0320),CIN1(C22C),GINZ(G22C),PAS(2C),PSTOR(20)
L0 1 N=y, 207
PAS(N)=1,0
i 7 CUMIARUE
WOUT(C)SCINI(G)OCINZ(0)
UCLT(1)SCINI(0)SCINZ(1)«CINICL)®CIN2IC)
LU 2 AGE2,20
- 7 e — Sk B
FSTUR(N)ZEAS(N)
IACE
DC 4 wN=2,nC
T PASTRYEPSTCRINISFSICR(N=YY — — — T T T T T T
4 CONTINUE
T b0 7 MmO NG
GDUT(NG)ILCUI(hv.'Fl‘(N'l)'(lhl(l)'Clh?(ho =-h)
i CUYTIHDE
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FUNCTICN ESZERC(I,XEBMP)
T YRIT FUNCTICR CALCULATES TRE VALUK GF TFE SZERD INTEGRAL YOR A GIVEWN REGICK
_C _ANC POSITICAM
TOMKCN XEARTFTO:ST,EXUTST,EXL, XeAFI(S)

1 NLXZUL(S) ,NUZXL(S) MUXZL,NUZXL S NULAM, EXLAS, TLAN,NURZUP,NUZXUF,
R CTLAFT,AD,AT,MIERNS,
3 COnKB(S),C1nKR(S), cz-no(s).61-ul(s).
’ ’ . 'm " . ’ .
S EU,LL,FRAR,FEAKE,FRARKP,B, 1ALI MAYLE,

L} TRK,TAUIZ,TALIT
REAL MUXZU,NUZXU,NUXZL ,NUZXL,NULAP ,MLXZUF ,NLZXUP,RAY,INTO,INT],INT2, .IN13
DOLGLE" Ph!CIS!C'“CTTI&?Ol.API(S 6:20).&0(! o::o!.lr(l.bsao).
1 0(0!20).0(0!20).A(IC.10).l(lOJ.llAlIAlISO) -
INTURKS TR (. UYXERAR=T.T]
INTIReSURT(XPARSXUAR®®2)90.50ASIN(2,C0XPAR=]1.0)
T T T IRT I8 (= XBAR/ 7 00 . TT)VSCRT(XEARXRARO9Z)e0 . JTSOASTINCZ.OOXBAR=120T i
INTIZ(=ABAR®92/),0-5,.09XBAR/12, o-o.tis)tlﬂli(lllb-l!nl"?)
T T T o0 J125SASINCZLCONRAP=1,0)
ESZERCSCOarB(1)PINTOSCInKE(L)SINTI¢CInKE(I)OINT2+CInKB(I)®INT]
RETURR
ENC

-
C

SUBRCUTINE ESS(T,XEAF) —
C 1R1S SUSPRUGRAM CALCULATES THE VALUES CF E<2EPC, S=CNE, CS, RS AND THEIF
C CEPIVITIWES FCP A GIVEN ECSITICA.

ClweClh 2eAPlFLU2S), taL\S), Ll . 220pk](8),

{ -LAL-(‘)1'~‘JL\‘I.‘KA LoNulXL ML An EXLAM, TLAM NUXZUF,NUIXLF,
ClL,APT A, ,al N1ERwsS
CO-IE\S).CI-IE(SJ.Ci-*b(S).CJIIE(S)-
IS 4WF CPP NS, FF,FFF,EFSLL,SC,S0F,80rFF,51,81F,51PP,
TU,EC,FEAR,FEAPF,FEARFP,E,1ALF 0 aY,T;
ChK,TAV12,1AL22
REAL NUXZU, LZXu,MLXZL ,hUZAL,NULAM P LXZUF ,PLZALP ,RAY ,INTO, INTL,IMNI2,1INT)
LULELE PRECISIC™ CL(w220),AP1(5,0:2C),AC(5,032G),A1(5,0220),

LT I N

1 © QUC:20),KIC320V),AC1C,10),E(10),arAREA(1S50)
C
“C CATCILFTE SU, SOF, SUFF, SI, SIF ANT “S1FF~

SOSeSLEFC(I, X@An)=ESIFRC(I, XEARIF(1=1))
T OTIs(1.0=MNUXZUCT)ONGZALCI)IZEALLY)
T23(1.CenuXZL*nuZXL)/EXL
U3sT1/AcAreT2/(1,0=2cAR)
CPEeT1/AcAR®®24T2/ (1. lieXEAN)"2
UFF2Z . 0UFTI/XEAR®®3+47,00T2/(1.0=XBAR) 943
SUFESLPT(CS)
- SOFFa0P/(2.098GFT(uE))
S1==0,258LCG(%3)
77 SIF3eLF/(4.5%8)
SIPres(CFe®e2=-CSY PF)/(4.00(59%2)
“CTCFTUTTCXTE F YRC ITS TFRIVITIVES S
RSET2/(1.0°ABRR)=COMLLAPO(NUZXUCL)=NLZAL)STALF/ (EXLARSTLAN)
T 7 RF2TZ/(1.0=AEAR)*82 )
RPF22.0812/(1,0e4BAK)"%3

~ RETURN
kr'C
LAY
c -
77 77 SCBFCUITKE FCrCE(XEAR) T T T o/ T

C TrIS SUESCUTIVE CALCULATES FPAM, ITS DERIVITIVES, ACHESIVE
C” PCRPAL ANC Srikhi STReSSe&, ANC CnECAS The EGUATICH.
COMNGN XaAFIF(02S5) ,EXL(S), XL, XEARI(Y),
ST RUZXCTS T AUAZL  hUZXL ONLLARTEXDAW, TLAR, NUXZUP ,NUZXLF,

2 Cl1,AFT,AQ,AL NTErPS, R
T T T T T CURAB(S) ,ClakE(S),C2-Kn(S),C3nnR(S), T T
4 CS,GF,GFP,RS,RF,MFF,EFSIL,50,50F ,S0FP,S1,51F,51PP, o .
T TS T T T EULEL,FEAR,FEARF FFARFP,F,1ALF ,MAY,C,
6 CHK,TAULZ,TAL22
T WEAL RUXZU,NUCTXU, S UXZL, CZXL,RULTW, ¥ TXZUF,NUZXUF, KKY,INTU, INTI, IN1Z, INTS
DULBLE FRECISICh C1(C:20),APT(S, o:ZC).Ao(s.OxZO).AI(s 0:20), R
Sl | i T(C:20),R(0220),A(1C,1C),B(10),oKAREACL150)

C CETERYINE wnlCm wEGICN,

N

TFUXEAR . TE. XEARIFICT (ANT, XFAW LE, AEARIFUIVY GC YO I
IF(XEAR .GE. XBARIF(1) .AsL, XsAR LE. XEARIF(2)) GO TG 2
IF(XEAR ,GE. XBARIF(Z) .Aul. XEAR .LE. XEARLIF(J)) GG TU )
IF(xeAw ,GE. XPARIF(3) .AN[. XBAF LE, XEARIF(4)) GC TC 4
IF(ABrF .GE. YEARTF(4) ,ANC, XPAR .LE, XPARIF(%)) GC TO §
wRlle (6,%) ° ERRCm li. *eGIC~ SELECIICMN,”

T T REITURR T T

NP -

- .
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2 123
T T GRULsNUXTIUCIT K
GNUZaNU2RL(2)
TUaEXUTT)

T TGRULSACXZTTIY i
GNU2BNLZXUC))
Eusfxu(l)
ELEEXL
“‘“‘"“‘“co Twears
Is4
"‘""‘"’CFUfiubi!UTTT3‘UXth‘1illf-lllll(0))
GNU2SNUZXUCA) oNUZXUFS (XRAR=XRARI(4))
ARIFOI) S TEXU(S) R XU )/ (REARTIF Q) =XBARIF(3))
__ _ELstaL e R
Tar CONTINLE
C FCh REGICNM 2 Cn ) CR 4, - ) ~ .
- FRANS(B(291=1)%A0(1,0)+8(2°1)8A1(1,C)*ART(L,0))
1} e(B(201=1)%A0(L,1)eB (4 I)OAL(I,1)*AFTI(1, 1)) (XEARXEARI(])) .
T STV A0 (T, TR (20 L) A (T, 2)9AFT (1, 2) )0 (ARAR=REARI(T))®0T
FEANFR(r(290=1)01,0%A0(1,1)ee(2%1)%1,0%1(1,1)e1.CoAPT(L,1))
1 '(b\l'l-l)'z.h'lc(l.2)0I(2'l)'i.0'll(l.3)02.C‘Art(l.i))
2 S(AEAR=XZARI(1))
FRar@ras(del=l)®2,u0an (1 200k (20004 Co01(1,2)202.C00F1(, )
LS sv n83,39
r= L EETEET I P EIDET IS ER RN TPLI SEFS IS NS EVV S SO T SR I
S(XgakeaAbAr]l(]))s0y
'EArb-f.A»so(¢(i0x-|)-h0&0(:.u)ontacl)-h-At(x.uxoaonst(x.u:)
1 S(XcAneX@ARI(I))O8(Ne])
FOAKEPRFEARFF*(2(201=1)ONO(N=1)%AC(I,A) 2R (2SI)ONO(N=1)BAL(L,N)

1 SNO(N=L)SAPI(LI,N) i LARAR=REARI(T))®%(N=2)
20 “CONTINCE
GC 1C 1060 s m A e m
(&
< . " R T T W A o
C FCh ®EGILW 1 CR REGIUM S,
i 1a} N . oy .
B 1 - {4 Y]
5 1=% _
10 CCMTI'LF
GhulsaLxZucl) : o . )
GhLZan AU
EUSEXL(]) I
R 112
CALL ESS(1,YEAK) )
FRARBRS/CSob(201=i)OEXF(+SU/EPSIL*S1)oB(291)%FAF(=S0/EPSILeSY)
FOARFE(USOHRFoNSOLP)/CS®3 240 (201~ )0 (*SCF/EFSIL*SIF)®EXF *S0/EFSILeS1)
1 ) ’ *e(2%])%(~SCF/7EPSILeSIF)CEXP(=SO/LFSILS))
FRARPPE(CSO(CSOFFP=FSOCFF)=2,00CFO(CSORF=RS%CF))/LSew)
T T T SECINIST TS TF /R ILeSIF) VA 20 N F(+80/kFS1Lest)
2 CE(2%1=))O(oECPrP/EFSILSIFRF)YEXF(*50/7EFSILeST) .
3 CF (2000 (=SCF/eFSIL*SIF)®0206AF(=SO/EFSILeSL)
. PE(201)O(~SUFF/eFSILOSIFE)®EXF(=SC/EFSILeSL) B
c L
C

ATT T CTRTISSE
C CALCLLATe THE ERwCk IN THE 2NC GWCEF LCE o
C CALCULATE VALUES CF EACH TERWM CF THE ELUATICK: - /"
TER! |3FRAFFF
11iﬂ2l(-lli‘!/TAlV)'((l 0=GRULSGLLZ)/ET7380R ~ ~ — — 7
*(1,0°eURZLONLZAL) ZEXAL/Z7(1.0=X22R) )SFRAR

’—‘_-"_—TII'T'rrIT‘t7TTITT'Tr'K"t"'(UTU75KUTXI)‘TIITIIE!IIA‘TEIIJ
*(1.0=NUAZLONLZAL)ZRAL/(1.0=XEAK))
? thllll(l!‘(Tt?'ll. AES(TEFP2) AES(TFRMY)) ~ )
CHREARS (TeFuleTEnmI=TER J)/P1G

c sl e . e -
G0 TL 102 o
TIOT T T TUNTINUE
Chrzy,.0
192 CONTINE ~— a i -
C
=3

C CALCLLATE TRE ACKRESIve SkeAr ANC NCR®AL STFESSES FCF LAIT LOAD AND UNIT eICTH
TAULZEPEARE/ (1, ,CoTALS®0) )

TAVL2STAULIvTALF

RETURN

END

——

- et g
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TRE PROGRAP 18 ECAPFA
== WCARF AWGLE T3 IV, U WTLLIRACIARS. - e

JCIMNT LEMGIM IS 230.0 PILLIPETERS
T T TRRSILON 18 0,002

ST T T TTADNEREME PCEULLS  ACAEEIVE

2 XAR SIRLSS Chi FOAR  FRARF FOARPE

e — === -UPFER " LCHIF TCILR - T Sl s

PETRAS - GhA GP) o

TTUET 040000 T 14L.C 7840 1.9310  1.)E-0)  0,00071 "1.776%2 =32.30017
0.2 0.001 140.0 7.0 1,926  1.38=03  0.00170  1.77496¢ <2.3933)
sme—— —PS TV.002 T T140.C T8.C 1.5265  1.36=C) TD.00385 " 1.772)6 =2.5983)
0.7 0,00} 140.C 70,0 1.92)7  1.36=C3  0.00532 1.76976 <2.608)
TTTULY T 0,004 T 146,06 7040 1.6260  1.3E=C) 0,00709 T1.70718 =2.61919
1.1 0,008 140, 70,0 1.5180  1.JE=C)  0.00888 1.76452 <2.63732
1.3 70,008 16,0 Te.C 1.5181  1.0E=C3  0,01062 1.76107 =2,663%9
1.6 0,007 160, 76.C 1.9122  1.360)  0.01236  1.78919 <2.69657
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ORIGINAL PAGE [g
OF POOR QUALITY

TrE FROGHAP 18 SCARFA

JCINT LE

SulN 1S

TTEESILCN 15 D.00S1

XBAk

—Ly e o

PRTERS

deoo

CE NP WN~-O

® 8 % 8 ® o 8 s s s s 4 s s e e e e e

i

T el W NRI AR - e b e e et e IO OO0 D

T BN ORBT W= T NPV

0,000
0.0¢1
0.002
C.003
V.00s
0.00%
0.000
v.00?
c.00%
0.uG6
t.C3°
O.ull
0,012
0.013
0,014
0.015
C.U1¢
O.uls
0,020
0.022
0.02¢
C.020
v.02¢
V.03
C.040
C.ve.

0.08"
c.1C¢C
C.12L
C.1d0
0.1¢0
0.100
0,201
O.22v
0.240
Ge200
c.2%0
V.00

—t.320 —

0.340
0.J3e0
G.380
V.400
0.420

—o. et

C.e00
0.480
v.500

FCIRF ANGLT TS 70,0 WILTIRATIARS.™
115.0 WILLINETERS

146

“"ADWEREND™WDCULUS ADMEEIVE

= ~ "UPFEW TLOVER
(1] ___ GPA
140,.0 78.0
140.0 70.0
140,0 7%.0
1406,0 8.0
140.C 70.0
14C,.C Te.0
140.C 76.0
14v.C 76.C
—180,C 8.0
1du,.L 78.C
140.C 78,0
14v.C 78.0
130.C 78.0
140.C Teo.l
140,.0 70.0
140,.C 7.0
140.C 79.0
140.C 78.0
140,C 76.0
140.C 79.0
40,0 78.C
14¢.0 76.C
140,.C 7v.C
lev.C 76.0
140.0C 7e.0
140.C 70.9
tec,.C Tu.C
140.C 76.C
135,.C 78.0
123.6 76.0
112.7 78.C
101.8 T6.0
T 90,4 70.C
79.2 78.C
7%.0 7.0
T78.0 76.0
7.0 7.0
76.0 7.0
- Tt —1e.C
78.0 78.0
79.0 76.0
78.C 78.0
70.C 79.0
78.0 78.0
-= =M.t 7.0
78.0 76.0
.C Tv.0
76.C Tu.0

S1RESE
FACICF

1.5282
1.5278
1.5244
1.5212
1.516¢C
1.5147
1.5112
1.5C7¢
1.5C43
1.5CLe
1.66¢6
1.883¢
1.6852
1.86%2
1.k01)
1.E7¢F
1.6724
1.6¢64¢
1.6840
1.659)
1.0544
1 %452
1.644)
1.836¢8
1.8312
1.74%¢
i.6458
1.44%52
1.0544
C.7eCE
0.293)
0,445
C.J149
C.J0Ce
c.771%
c.57C0
1.Ca2¢
1.C€695
21.0004
1.C048
1.C0¢1
1.Cee?
1.C009
1.00¢87
1scee)
1.0083%2
1.C028
1.1

CHK _

3.36-0)
4.6E=0)
3.0E=0]
S5.0€=0]
$.1E=C3
S.1E=C)
S.1E-C)
S.1E-C2
S.1E=.)
$.1E=C)
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1.7431)  =s.t810)
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2.0E=C4
1.1E-C4
b.0k~0Ct
"4 3E=CY
2.90=C5
2.1T=09%
1.6E~LS
~1.3Te0¢
1.1E-08
9.3T-08
0.1E-0¢
“T.11-C¢
S.0L=Ce

_FRARE

FOAPPF

T0.00000 T O,TESI?7 I8.35331)

0.00011
0.00039
0.00107
0.00257
0.00400
0.0066%
0.UURER
2.01303
C.01454
0.01442
0.0182°
0.01m1%
0.6199°
0.02182
0,02363
0.02%4)
0.03699
0.032%)
0.03600
0.039%46
0.04268
C.04628
0.uvd9%0
0,08816
0.09704
0.1267¢
0.15294
0,17%02
0.19262
0.270736
0.21949
0,23009
0.,24026
0.2928%2
0.2076%
Rlrailrd)
0.30323
0.3221)
0.J4144
2.30099
0.3007
U002
0.42039
V.%4029
0.46020
V.¥§E011
0.%0000

0.16924 164,0e127
0.43180 J84,207¢5
1.00070 793.7%1C2
2.122791818%.571%)
3.08638 «57.477¢2
T 2.0C54F =44,.92974
1.5e50F =30,377E2
183167 =30,25C¢l
1.904C¢ =25,8%35¢e7
1.8655% «20,54215%
1.08017 =104,674¢0
TFA646 =16,7685¢
1.632%4 =15,15%50
1.008068 =13,70953
1.0C465 =12,63710
1.75277 =11,6332?
1.77117 «10.046C1
1.7%232 =8,0604k
1.735%4 <=7.9¢2¢y
1.73033 =7,27%74
1.70633 =6,7457%
1.65327 «6.)345%4
1.660%3 <=6,C10ia%
1.62%47 =5,270%%
1.5185% e=5,p0dld
1.36987 «7,3%677
1.2164) =10,219¢3
0.988€67 ~10,.636EC
0.07003 =8,133¢cC
"D.6%98) «6,0C2C4
9.500%1 ~=3,.6Ede)
V.3C033  =1,17650C
0.522%) 2.973713
0.7c200 7.54042
0.0197% 4,.4430
“T.YUV22 TT2.EE2Sh
0.93113 1.60104e
0,.9%674 0.998¢C2
0.9728% 0.01050
0.982)7 0,.303E%
0.99847 0.2)%4¢
B Arth! V.143C0
0.9%440 0.078Ce
TO.VYSES 0.03151
0.,99572 «0,008(9
VI99S16 =0,04075
0.99)71 «0.097¢7
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) ABAR A SIRLSEE CHK FOAR FRARP FOARPH
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PEILFS (17] GPA

.9 - 0,000 - 3.8 10.0 0.C491 "0,0f-C1 " "D.00000 —U,0¥I17 $5.57772

Go1 v,0ul 3.5 76.0 0.CeC2 6.1E=CH 0.00008 0.0553¢ 16.11747

0.1 0,002 3.9 0.0 c.co80 0.0E=C1} 0.00012 0.00090 37.466130

Cad 0.u03 J.5 Tu.0 0.146) 4.9€=C? 0.00022 0.12641 177.30623

0.2 0,004 J.S 70.0 C.267C J.0E=CH 0.00041 0.24506 147,.532%2

Cod 0,0C8 3.5 Je.C Codied 6.7E-07 0.00074 0.447%0 266.10958

b % ) o.CLe > 3.3 70.¢C C.E7%¢ 9.7€-C7 -0,00135 ~"D.90274 459.€77:6

Cod Vell? S T8.¢ o22th b.0E=(7 0.00243 1.4C0460 7¢7.060324

o Lolte 3.8 78,0 d.tL14 S.CE-C? 0.0042% 2.363141244.02343¢C

Led Ves%® 14v.l Te.0 +S 17 S.4k=Co 0.00064 2.315¢0 =70.925¢2

C.t c.n12 14C.C Te.0 2.44¢1 J.EE-CY 0.,00892 2.2%5021 =£0.20572

Cer 0.01:¢ 140.C 79,0 4.30%2 6.2E~08 0.0111% 2.1942¢ =51.933%)

c.? 0.017¢ 140.C v.C 2.332¢ 0.CE=C1 0.01332 2.14579 =45.2%072

e 0.C13 140.C 76.0 deiktd 0.,0E=C1 0.01544 2.1033% =39.¥17%8

{ P Venld 140.C 7.0 2.54%6 0.CE~C1 0.01782 2.06564 =35,.34033

Coy Oeuld 140.4 79.C 2.i083  6.2E-C8  0.,01957 2.03242 =31.607%2

C.Y  UL.N1e 140.C Te.U d.17¢7 6.2E-CH 0.02159 2.0024) <=28.464:0C

1.0 0.U1E 140.0 76.0 2.12C% 1.2E=07 0.02554 1,95071 =23,%07¢7

1.1 o,v4v - 1au,C .0 2.C74% 4,9€-04 0.02940 1.90830 =19.750%6

1.3 veC22 140,.0C Te.0 2.034¢ 1.9€=C4 0.03316 1.87174 =16.995%C0

1.4 0,024 1eu.C 78.0 2.cccC1 7.28-08% 0.0J089 1.03999% =14.54121

1.% C.0z¢c 145.C 76.0 1.5656 2.6E-05 0.04054 1.81206 =13.1427

1.6 Lalad 140.C 70, 1.5427 9.1E=C¢ c.04414 1.78719 =11,789¢3

1.7 veC3y 14v.C Te.u 1.5163 3. 0k=Ce 0.04769 1.76474 =10.7C213¢

2.3 o,v4u 140.¢ 7¢.0 1.621) 1.2e=.7 0.00480 1.67547 =7.6¢316

3.4 Velby 140.0 Te.L 1.e736 1.26=07 0.09696 1.53965 <=6.50317

4, C.Cbuy 14C.C 76.0 1.8224 2.3E=LY 0.12043 1.40051 ~=7.857¢7

37 Veluv 14v0,.C Te.u 1.326¢ 1.1£-07 0.15%5274 1.22227 ~10.3741¢9

€.9 V.2 135.¢C 78.0 1.C7%% 0.0E=C1 0.17491 0.99154 =10,91743

[ ¢ veldu 123.5 76.0 C.6721 1.1E=C? 0.1927% 0.0023C <=£.1677)

9.2 C.10C 112, v.C c.716) 0.0E-C1 0.20732 ~0.;66083 <=6.027%%2

10.3 V.16V 101.8 768.0 C.t100 1.1E=C? 0.2194¢ 0.5€112 =3.85%7)
11.% v,2u¢ 9.4 7e0.0 C.2530 0.0E~C} 0.23007 0,.50069 ~=1.16%56
12.5 0.220 719.2 76.0 C.5087 0.CE=C) 0,24025 0.52315 2.96620
13.8 v.240 5.0 - M,0 0.7¢41 J.5€E=04 0.29251 0.70294 7.537¢C)
14,95 0,200 76.0 76.0 C.6512 2.0€=0C4 0.20784 0.81964 4,44102
1t.1 0,200 - - 9,6 —M.0 0.9¢¢7 1,1E=04 0.20499 ©,00927 —2.00179
17.2 0.,30C 6.0 76.0 1.0122 6.0E~CS 0.30323 0.9311¢ 1.61773
1,4 0,320 Te.0 7.0 1.0400 4,305 0.32213 0,.9%67¢ 0.994%7
15.% ["P 1L 1" 798.C 78.0 1.C572 2.9E-05 0.34144 0.9725¢6 0.616€2
«C.7 0,32 Te.C 76.0 1.C€79 2.1E=CS 0.30099 0.98023% 0.38366
“1.b 0,360 78.0 76,0 1.,074% 1.6E=CS 0.38071 0.90046 0.23737
23.¢C 0,400 - Ye.0 7¢.0 1,708  1.32=05 O.900%2 ©0.99222 0.1426)
4,1 v.420 Te.i 78.C 1.08C9 1.1E=CS 0.42039 0.99440 0.07%C1
2%.) c.equ Ts.0C .0 1.0021 9.4E=06 0.44029 0.99%49 0.031k0
0.4 O.d60 79.0 78.0 1.0024 0.1E=06 0.46020 0.99572 =0,0C810C
27.» V. 480 7s.C 7%.0 1.c018 7.1E-06 0.49011 0.99%:6 =0.0487¢

«b.? 0.50¢ Te.0 78,0 1.08C2 S.0E=0¢ 0.50000 0.95371 -2.35/e/

b e
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0.0 0.00C 3.5 70.0
0,1 0,001 T 3,977 M0
(7% 0.002 3.8 76.0

T 702 T 0,003 T )% 74,0
Cod 0,004 J.8 70.0
T.3 0.008 3.8 7e.0C
.3 0.0Ch 3.3 76.0
) G.o07 3.8 Te.0
.8 V.lCe 3.8 74.¢C
c.* T.0C% 3.t 78.C
C.t C.uly o3 7e.0
.6 0.011 3.8 76.0
0,7 0.012 140.C 76.0
c.7 0.913 140,.C 78.C
G.p 0.Cle 14C.C 7.0
7.y T0.018% 140.C 76.0
c,® v.ule 140,C Te.U
1.0 0.010 14v,.C 7.0
1.1 C.020 140,.C Te.9
1.3 t.0322 140,.C 7é.0
1,4 0.024 140,C e.0
1,9 ©.,02% " T14C,0 n.e
1.6 veUdn 14v,. ¢ Te.l
1,7 0.232 j14C.U 76.C
é.) C.040 1¢C,¢C Te.v
3.4 c.0t0 14C.C v8.C
4.5 [T 1a0.C 7e.C
4,7 v,10U ‘140.C 7v.C
€,9 c.12C 135.C 78.0
8,0 0.140 123.% 70.0
9.2 Coley 112.7 76.0
10,3 0.180 101, 78.0
11,5 0.200 90.4 7e.0
—T2.t Vo200 — 9.2 7.0
13.m 0.24C 70.C 70.0
T4.9  0,2e0 78.¢C 7.0
16,1 Ca200 76.0 70.C
—17.: .00 8.0 78,0
18,4 0.33cC 78.0 6.0

< =199 T340 T80
ic.? 0.360 70.0 70.0
1. 0,30 9.0 9.0
i3.C 0.400 76.C 76.0
~24.1 0,120 “T,.C 7.0
i%.3 0.440 Tu.0 76.0
ce— 26,9 —OT¢e0 — “MM.¢C 7.0
¢l.0 0.400 Te.C 78.0
—19,7 —0.9%00 7e.C 7.0

SIRESE
'QE?CI

0.C4M
0.C480
0.C53%
T T0L.T6D)
0.C024
0.117
C.1785%
C.2645
C.4%74
€.733%
1.1€¢%7
1.8254
2.6215
2.741¢
3.6026
4.992¢
2.82C2
.4111
2.33¢!
d.3636
2.20C8
2.14¢7
2.0856
2.C58¢
1.5C5¢C
1.70%%
1.2356
1.317
1.C830
0.87%)
0.72¢C1
0.€110
0.55)3¢
0.%5¢e%1
0.7644
0.091)3
0.56¢8
1.€12)
1.04C1
1,972
1.C679
“1:CYe8
1.C706
1.C109
1.0031
T.C924
1.C016
1.09C2

TENR T T WBAR T TEARP T T PEARPF

—r —

0.0E-01
0.06-01
6.7E=00
§.3E-07
4.6L-0)
6.5€-C?
J.2E=C¢
1.9€=Cé¢
4.3E~C¢€
1.5E=CS
S.8E~-CS
1.6E~C4
7.26-08
1.6E-0%
J.0E=0¢
4.48-07
6.28-C8
6.2€-CH
6.28=Cé
1.28=07
6.2E=Ct
6.2E=CH
1.36=C¢
1.8E=CS
6.1E=L6E
6.0E-CE
1.2€=C7
2.2E-C?
0.0E=C1
1.1E=C7
0.0E=C)
g.0r=C}
1.1€=C?
1.,0E=C?
3.5E=C4
2.0t-04
1.1E=C4
$.3E=CS
4.36=-08
D]
2.1€-05
10t-08
1.JE=CS
1712-0%
9.4E-06
9.12=0¢
T.1E=CéE
“S.9L-08

0.,00000 0.04338
0.00004 " 0.045¢C8
0.00009 0.0492¢
“0.00017F " D.USI2Y
0.00021 0.07562
0,00030 " T.10029
0.00043 0.16536
0.00064 0.2020¢
0.00098 0.4206C
0.00152 ~ D.E7481
0.00236 1.0724C
0.00373 1.6025%
0.00585 2.60404
0.00841 2.5221)
0.010809 2.4494)
T 0,01331 T 2.3W504
0.01%¢7 2.327¢2
0,02022 2.32962
0.02460 2.14908
0.02002 2.00161
0.0329) 2.02420
V.03 T1YUEY
0.04053 1.53174
0.04466 1.0937%
CaCb%63 1.75247
0.09597 1.572¢1
0.12560 1.4165¢C
0.13243 " T1.23082
0.17472 0.99629
0.19265 ©0.90%06
0.20725 0.66246
0.,21942 D0.%6211
0.2300% 0.50930
0.2%024 — V. ¥7392
0.2925¢ 0.70)1¢
0.78704 0.91997
0.,20499 0.8293%
0,.30323 ©0.9312%
0.3221) 0.95679
TTOTINISS UL
0.36099 0.982)%
0:39071 —0TINNee
0.40052 0.99222
0.42039 ~0;99440
0,44029 0.99549
0000 ININ2
0.40011 0.99516
“0;30000 T U.99372

0.96720
2.65931
6.06610
“12.40130
2).7%330
42.76616
73.085852
123.1536%
199.7%1¢ky
316.224CC
450.356(C
T46.924%6
=00.40742
=77.364%2
=60.261¢0C
=60.70456€
=54.31115
=44.2187%
=36.704C3
=30.979¢0
=20.531¢5
=23.01958
-20.210z6
=17.91533
=11.3506¢C
*7.76547
=6.2303¢
=10.62456
“11.047¢%
=0.240¢1
=6.069¢2
=3.924¢9
=1.,20068
2.959C4
7.53141
4.430%)
2,659¢6C
1.616%52
0.99383
Bzl
0.30))9
—0.23719
0.14201
0.074%4
0.03164
“0.0C0113
=0,04077
=0.087¢7
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al X T TXRAR

PILLL UPPER LONER

sETTTYIITERYTT T T
0.0 0.000 3.9 70.0
V.1 0,001 "~ ° I8 T 7.0
0.1 0.004 3.9 70.0
—— 0l T0.0C) T <<%, 8 7.0
0.2 0,004 J.8 M.
~“t.3 ©0,0C% 3.8 70.0
0.3 O.uie 3.8 76.0
0.4 0,007 3.9 78.0
Ce8 (7 3.8 7.0
=€.d -T,CC9 3.0 “9.C
0.0 0.01cC 3.8 Te.0
i T 0.8 0.011 3.8 76.C
0.7 c.012 2.9 Te.0
0.7 0,013 J.8 7.0
0.0 0.014 .9 7.0
ST TS 0,018 3.3 76.C
0.9 0.01e 3.8 .0
1.0 0.C18 140.C 70.0
1.1 0. 020 1ev,.t Te.0
1.3 0.02% 140.C 76.0
leo 0,044 1e0,.C Te.0
"==1.% - °,02¢ 140,.C 9.0
1.0 Gev2e 140,.C 8.0
1.7 .20 140, 0.0
2.3 Vel 140,00 76.C
3.4 0.00°C 1400 76.0
4,0 "1 1Y 140,¢C Te.C
-——9.7 9.10¢C 1%0,.¢C 76.0
6.9 G.12¢ 139,.0 Te.0
*1.0 0.1aL 123.9 76.0
9.4 0.100 112.7 78.0
10.3  7v.,18C 101,82 70.C
1.9 0.200 Sv.e 0.0
- TT20% - 0,220 9.2 7.0
1).v 0.2eu 70,0 7.0
—1e.% V. 200 7.0 78.0
18.) G.260 7%.0 7.0
—T7.2 0,300 et ——18,.¢C
18,4 0,320 70.0 76.0
A 2 3 I P 4 ) Jeaieie 4 1 sy 2 M
0.7 0.300 70.0 7%.C
T80 - e .0
3.0 0,400 Te.C 7.0
I, 0,020 “78.¢C 7.0
i%.) 0. 440 76.C 79.0
ST O, w0 — 7. ¢ 0.0
27.¢ 0,a00 76.C 76.0
8.7 03300 — 710 ™0

T

0.Cats8
0.047)
0.Ca0)
0.05¢C8
0.C54¢
c.C622
0.C784
0.0877
C.ll44
C.183¢C
C.iba?
C.42%4
C.6277
C.5%29
1.414)
2.C79%4
J.C200
2.64%¢
2.703¢
2.2058
d.401¢
2.39%1
2.3%Cq
2.i5%4
4.023%
1.7%%4
1.5¢q1
1.35%¢C9
1.09¢C)
0.8794
€.7237
C.t13¢
C.5540
0.2¢97
C.7e?
0.0918
0.56e5
1.012)
1.C4C1
1.t57)
1.Ce7%
1.0748
1.C76e
1.¢010
1.C621
“1.t9024
1.061¢0
1.09¢2

- e ——— . ———

(4.1

—— . b . —————————

0.C1=01
0.0E-C1
0.08=01
§.11=07
6.76=Co
0.0E=C1
J.dk=Ct
1.1E=Cé¢
6.8E=Ce
J.6E-Ct
1.6E=C4
S.1E8-C4
1.3€=C)
3.0E=C)
6.36-0)
1.2E=02
d.1k=Cs
C.0E=C1
0.6E=C)
6.26=C0
s.2e-C8
$.20-0%
6.1ECH
J.Ck=CS
0.CE=C1
1.2€=07
0.0E=C)
1.1E=C?
1.1E=C7
1.1E=C?
0.CE~C)
2.2E=-07
1.1€=C?
1.0E=C7
J.5E-04
2.0E-04
1.1E-04
$.0E-CS
A.JE=CS
2.9C0-C
2.1E=0%
1.80C2
1.3E=Ct
1.12-09
9.4E-Co
9,TE-0¢
7.0E=C¢
$.0E-08

TBAR™™ "~ "TRARP TPOARPF
0,00000 0.04307 0.272¢5
0.00004 ~ 0.04380 0.6218%2
0.00009 0.04446 1.2801%
0., 00017 ° "V, 04GAY - 2,714C8
0.00010 0.0%023 5,107
0.00023 D0.CS710 9.13000
0.00030 0.06938 15,72%77
C.00039 0.0099% 26.105C2
0,0004€ 0.12304 42.4141)
0.00T8) "~ T.177%% @7.100%2
0,00088 0.2¢165 104.00056
0.00117  0.39123) 150,29265
0.00165 0.5006C 237,014¢¢
0.00237 0.07659 249.5214%
0.00345 1.30092 $07.979)7
0., 00U304 ~ 1.91290 727.9923%
0,007  2.702921026.%074%
0.0127¢ 988 73,2995
0.01706 8¢ =60.36070
0.02272 2.376C% =50.55486
0.02737  2.20209 =42.906¢7
0.03186 ~ ~2.2033% =36.00024
0.03619  2.1346% «32,0097
0,04040 2,074084 =20,0817)
0,0599¢0 1.00054 =10.5%2762
0.0945% 1.610850 =9.5475¢C
0.12511 1.43007 <«6.979%40
0.19199  1.282727 -10.979¢5
0.17446 1.00304 =11.23279
0.19249  0.009C) <=0.3447%4¢
0.20715  0.6e404 <=6.1295)
0.21937 0.%63%3 «),96021
0.23001 0.5101¢ =1.222))
0.28022 “U.3240C% 2.9460)
0.25249 0,70347 1.%234
0.20783 0.9201¢ 4.43301
0.20450 0.009%7 2.65056
0.3032) 0.93120 1.81400
0.3221) 0.9566) 0.99277
034183 0T9TINI TOLEINEC
0.36099 0.98241 0.382%7
0.30071 0,998 0,23643
0.40052 9.9922) 0.142€¢5
0.420)9 ©,.99441 0.07844
0.44029 0.9954% 0.03177
V.¥020 * ~U.99973 ~0,00816
0.40011 0.9951¢ =0.0¢679
V.S0000 ~"D.Y9372 =0.09787
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STIMESS ShK FRAR FOARD FRARPE
e T TUmNEE LovEw TacICH -

L S . . . . .
T 0.0 TT0.0007 7 TTA0LC n.o 1.7¢10 0.08=C1 0.00000 “"T.81902 <=),5C%4%
0,0 0,001 140,0 .0 1.7972  0.CE=01 0.00162 1.01600 ). 5107
TTTTTTTYAT Te ot T IN.L O 78.0 U794 0,001 T 0.00323 T X H127TY «),.8)6CY
0.1 ¢.0C) 140.¢ 70.0 1.749% 1.90=07 0.00404¢ 1.0092) ~).884¢7
V.1 T0.004 140.C 6.0 1.7487  9.65-06 0.0064% 1.6C30€ <).57149
0.2 0.0u% 140C.C 6.0 1.4 d.00=CH 0.0080% 1.600200 =).%64%)
0.2 0.00¢ 140.C 6.0 1.727% 0.0E=01 0.00900 1.9904% <), 0(%7
C.? Cotl? 140, C 7%.0 1.702s Yetl=Ct 0.0112¢ 1.96407  <3,02230C
*“T.3 " T.POF 140, 78.° 1.73¢C0 9.6E=CF 0L01244 1.5512¢ =), ed(t”
Lol Levrd 1eu,0 Te.l 1.745¢0 1.58=00 v.01443 1.80788 =), 887t
0.3 .10 140.¢C 7.0 1.%53cC 2.9E=C7 C.01002 1.90392 =),el¢eke
.4 Covil 140,.C Te.C 1.718C 9.0E=CH 0.017e0 1.5002¢ =3,e9%:C
t.3 “o.012 140.C T6.0 1.7140 $.5e=06 0.01518 1.5768) =).713%%
C.4 0.1} 140.C 7.0 1,759 9,.5i-00 0.0207¢ 1.87201  =3.733%e
V.IT0.04 140.C 78.0 1.7089 0.CE=C1 0.0220) 1.36907 «),781%¢
(7% ve013 140.C Te.C 1.7018 0.Ck=C1 0.02309 1.90%30 =).770k(
c.% 0.016 140.C 8.0 1.8877 0.0E=01 0.02%54¢ 1.56182 =),7%03%
C.¢ 0.0180 14C.C Te.tl 1.6064 9.50=L6 0.02087 1.9808C =).829%7
€7 b.02C 140.C 76.C 1.601C $.56=C6 0.0)167 1.9462C <=3.870e:
0.7 €.022 140.0C Te.0 1.8726 9.%1=Ct 0.0347% 1.900423 <).5123%
T T ¢ 140,.¢ 76.0 1.0640 9,.4E-C0 0.03783  "1.8)08% <),.9%4k6
.9 C.0%0 14v. 0 Te.0 1.6%84 9.4k=Ce 0.04000 1.922¢0 =3.966°%
2.9 0,028 140.C Te.0 1.648¢ 9.4L-CH 0.04392 1.5148¢ =4,0435¢
1.0 UN @ 1y 140, Te.0 1.7 0. E=C 0,0409¢ 1.5004) =4,004C1
1.3 0,060 140.¢C 8.0 1.6621 0.CE=C! 0.0e179 1.40436F  =4,.2362:
2.0 C.leL l4v. 0 76.0C 1.491¢ 0.CLk=C1 0.09C1¢ 1.372168  =4,91:0%7
—2.t v.o8t 140.C 8.8 1.37174 1.88=CY 0.116%9 1.28651 ~S.6417¢
3.3 Gal00 140,.¢C 7.0 1.24382 S.bkeCt 0,1407% 1.1453) e=e,.848C0C
' 1.5 0.12¢0 135.¢ 7.0 1.08¢€¢ s.6k=CP 0.16229 1.0006% =6.%C74¢
4 0.14¢ 123.9% . C.5697 0.5L=Ck 0.10125  0.0915% =3%,161¢¢
8.2 C.16C 114.7 78.0 0.6711 S.4E=CH 0.19814 0.8C3122 =3.06c1¢
3.0 Valb( 101,¢ 70,0 C.0C1e 8.3i=008 0.21340 0.73716 =2.4097)
—t.,8 TT,7Tr %°€.4 78,0 C.l¢eae 8.20-C8  D,227783 TDV.703)) <0.6)654
7.2 0.22¢ 79.2 78,0 C.7008 2.4E=C? 0.2410¢ 0.700064 1.2911¢
“1.9 10,24 .0 78.¢C C.0448 1.41=C) 0.25680 ©,7771¢ J.24724
0.5 0.2¢C 7.0 76.0 c.95c83  9.%i-04¢ 0.2720, 0.0327%¢ 2.38900
$.2 "T.290 n.e “78.C C.94%4 S.6E=C4 0,20989 0,8732% 1.73ace
$.0 C.due 76.C 7.0 C.5019 d.bk=04 0.30767 0.90219% 1.2034¢
T LI T TR0 “1.T0¢0  J.JT=C4 O, ITIVE " V. VIIE V. VINLS
11.2 C.d40 M. 78.0 1.0241 2.4E=C4 0.34404 0.941%¢ 0.71441
11,9 0.3 m.e .0 “1.€378 1.7¢=04 ©0,36381 0.9343) 0.83)¢4
12.%  C.00 To.C 0.4 1.04% 1.30=C4 0,30200 C.9¢)%7 0.38¢5e
13,1 o, .t 7.0 1.,€3%80 9,.01-09 0.80214 U,.970)% 0.209¢%
13,0 C.e20 7.0 7e.0 1.0eC) T.4k=C8 0.42100 0.978)¢C 0.2C47%
TG oMW . .0 1.T04C S,.91=C3 0.34118 T.YI008 0.134%2
1%5.1 0,400 M.c 76.C 1.Cee) 4.10-08 0,40074 0,.960M 0.0747%
1.7 o, 00 .t 78.0 3.TE7)  2.97-C% D,.IV0I? V,9817) 0.02011
1¢.4 0.500 7.¢ 7%.0 1.0072 1.00=CS 0.50000 0.96186 <=0.012%1
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JCINT LENGTH 38 32.0 PILLINETLRS
* "EFSILON I3 0,017 S
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1 RBAR sTRisS ({1} FoAR FRARe FRARDS
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PEIERS Gra (1 1)

————0i0 U000 — - —3,8 79.0 0.27090 ~0.0Ff=01 V.00700 V.24908 170.0238¢
0.0 0,001 3.8 76.0 0.4974  0.08=00 00,0003 ©0.45792 230.40140
9.1 ©,002 3.9 7.0 C.0209  6.86=00 0,0009% 0.78787 294.8500¢:
0.1 0,00) 2.9 76.¢ 3.4700 0.6E=Ch  0.,00190 1,17624 487.4)6%
.1 0.008 3.9 70.0 1.09604  G.1E=CE  0.00338  %.744)0 635,012%7
C.2- 0.008 140.C 70.0 1.076¢C  0.,0€=C1  0.008500 1.725%4 =10,.911)4
- - =2,2 0,000 —=140,C 79.0 1.089]  ©C.0f=C1 0.0068C 1.71002 =14,20782
.2 C.0C? 140.C T6.% 1.6440 0.0F=C) 0.,0vedC 1.6907C =12,.4%2)7
0.3  U.N0b 140.C 74,0 1.6319  0.CE=C!  0.01019  1,6849% 31,1047
.3 0.0 140.C 7.0 1,620 S.6E=CE  0.01187  1,67436 =106,077%:
.} 9.010 140.¢ 78.0 1.0112  6.7E=C)  0,01354 1.6€591 <9.00747
0.4 0.011 140.C 7.0 1.8C17 4,2E=C)  0.01%20  1.65736 <=9.4t25¢
°.¢ 0,012 140.¢ 70.0 1.7927  2.8€-0) 0,01689 1,9499% <=7,999%)
0.4 €.01) 140.¢C 70,0 1.7642 1.6EC)  0,0169C 1.6411¢ <=7.00)4k
0.8 0,014 140.C 75.0 1.77%2  1.08=0) 0.02014 1.63373 <7,26)¢%
0.9 0,038 140,C 0.4 1.7604 0.26=04 0,02177  1.02661 <=6.971C2
0.5 ¢.01¢ 140,¢ 74.0 1.7¢10  J.0E=C4 0,02339 1.61977 ep.716CL
G.o 0,010 140.C 76.0 1.7469  1.4E-04 0,02002 1.00677 <4.30731
—$.7 -0,020 ‘— 140.¢ 7.0 1.733%  $.11-08 0,02982 -1.99440 <3,9943)
0.7 0.,L32 140.C 7.4 1.72€7  1.06-05  0,00299 1.50274 5,78)Ce
0.0 0,02¢ 140.C 7v.0 1.7004  S.9E-C¢ 0.03018 1,.5714) =§,.3e38)

0.9 0,020 140.0 7e.C 1.69€% 1.9E=Ce 0.0)%26 1.96048 =5,.43021
0.y 0,020 140.C .0 1.604¢8 ) -C? 0.04239 1.94973  =8,3064:2
1.0 0,050 140.¢ 74.C 1.6734 2.00C 0.04%40 1.93921 =5.21912
—1.) 0,ve? 160.0 Tv.C 1.e100 1.90=C7  0,00002 1.49824 +3,029C7
4.0 0.000 140,0 7.0 1.2072 9.16=Ch 0.08937 1.3663€  =5,.2445%
2.0 0,08y 140.0 Yu.0 1.3674 0.0E=C) 0.11001 1.27011 =5.0820)%
3. 0.100 L40.C .0 1.3%50 $.7k=0¢ " 0.140)% 1.1818)  =6.0815)
J.¢ 0,120 13%.¢C .0 1.1¢17 0.02=C) 0.160197  1.01336 ~=6.30177
4.0 0,140 12).% 76.0 0,579 1.76=C? 0.16101 0.095)9 =5.2))%
—9.2 v.1%0 112.7 7.0 0.8730 9.41-C0 0.1979¢ 70.9037¢ ~3.92)3¢8
.y velno 101.5 7.0 c.602% 0.0£-01 0.213)¢ 0.7)906 =2.51719
t.8 0,200 0.4 7.0 0.76¢2 0.2E-00 0.22772 0,7047% <«0,.0%74C
7.? 0.220 79.2 7.0 0.76%0¢ 7.9€-00 0.24170 0.70791 1.275¢¢
7.9 0,26 7.0 79.0 0.045%50 1.41-0) 0.25662 0.777%¢ 3.238%4
0.4 0.260 0.0 70.0 €C.50%89 9.50-04 0.2727 0.03329 2.380%7
TTT9.? 0.0 T Mt L0 V. 9999 9.91°Ce -0.2999% - 0.07371 —1.72900
9.6 0.300 70.0 70.0 0.902) 4,600 0.,30764¢ 0.9038¢ 1.2
10,9 0,320 70.0 Ye.0 1.90e3 3.3E=04 0.9299¢ 0.92%¢) 0.982¢2
11.2 0.340 76.0 7e.9 1.0240) 2.41-04 0.)440) 0.711¢4
11.0 0.300 .0 7.0 1.00M 1.7C=04 0.36)60 0.53171
12.% 6. 300 76.0 7s.0 1.04Mm 1.3E=04 0.30279 0.384r1)
1.1 o, 000 .90 7.0 “1.,0991  9.71-08 0,023 0.200%7
1.6 0.42v 76.0 7.0 1.€604 T.40-0% 0.4219%9 0.204CC
14.4¢ 0,440 4.0 78.0 1.0041 3.52-0% 0.40114 0.134)7
15.) G.000 70,0 70.0 1.C6¢) 4.16=03 0.46074 0.0744%
19.7 0.400 7.0 78.0 1.067% 2.9€-03 0.4303¢ 0.01964

16,4 0.5v0 7.¢ 70.0 1.0672 1.00=C8 0.5%50000 0.90164 =0.032%1
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[ 7% ) c.o1c0 14C.C Te.C
0.4 vl 14v.C Te.C
-~ T, T¢T,012°  TW0,0 7.0
C.4 v.ul) 140.0C 78.0
a1 ] 0.014 1460.0 7.0
0. V.01% 140,C 0.0
0.* T.N16 140.C 70.¢C
0.0 V.02 140.0 7.0
- 0.7 0. 720 “<340.0 70.0
0.7 wv.022 140,.C 7.0
o,.¥ 0,02 140.C 78.0
c.° L.u28 140,.C 76.0
v.* n.n2e 14C.¢C 7.0
1,0 Levd? 140.C Te.C
1.} v,08 140.¢C Te.3
2.0 0.000 14v.0 .0
) 0.080 140,.¢C 78.C
)] Veluv 140,.¢C 70.0
3.9 v.120 13%.0 7.0
4. G.lev 12).% 74.0
e — e Vi 7.0
5.9 G 100 1vl.% 0.0
9.9 0,200 ~90.¢ M.
7.2 0.23v 9.2 0.0
7.9 —0.100 s £ Bammse s M)
0.5 Q.2e0 70,0 7.0
——— TN T .0
.0 0,300 70.0 7.C
T 10,8 9,320 — ——1,0 —90.,0
11.2 0.J40 76.C 70.0
1.4 0,300 - —Nn. 7.0
12.% 0,080 70.0 70.0
1 .00 %t 90,0
1).6 0.420 ".c 0.0
T, N0 M0 0.0
1%5.1 0.400 7Mm.c 70,0
==l el v.480 - =99.0 7.0
18,4 ¢.500 0.0

S1R1S8
TaCICH

" W.I108

0.179¢
0.369%0
C.29%
C.5789
0.01C4
1.7
1.9144
4.030)
1.55%)
1.§7130
1.98)0
1.9348
1.510
1.9037
1.008)
1.0748
1.48801
1.0279
1.0074
1.708¢
1.77¢C8
1.793¢
1,727
1.6647
1.9)%)
1.008¢
1.a64¢
1.11C¢
0.%0C0
t. 07
c.0071
0.709
0.77117
0.0¢7)
0.5¢7)
~v.9c7
0.5029
1.00¢0
1.0200
1.€300
1.C400
=1:099)
1.C6Ce

T 9042

1.C66%
1.0098
1.¢673 !

on

0.0T<T1
7.18=00
0.40-Ch
2.21-00
‘.2(-67
{.J0=07
2.10=CH
2.08-07
6.1E=CE
2.9i=C¢
9.6E=CH

9.50=08
9.5L-C0
9.5k=ue
2.81=C4
S.10=04
4.1E-08
1.51-08
9.0F=Cé
1.00=0¢
9.30-Ck
0.0L=C1
1.91=-C0
0.0k=06
1.70=C7
1.78=C7
0.08=C1
0.08=01
0.0t=C1
7.98=00
1.40=0)
9.40-04
“9.91*04
e, 0E=04

32 =04

2.40~C4
1.72=0¢
1.36=04

“9.70w08

7.3E=0%
9. 908
4. 10-08
2.9¢09
1.00-0%

roAR reamp
~9,00000— "U:TV192
0.00013  0.16184
0.00033 0.24742
0.6 & 0.3470
0. .08  0.82907
0.40171  0.74828
©.00259 ~~ 1.0200¢
0.00300 1.38292
0.0054) 1.05601
0.00720  1.838328
0.00560  1.01461
0.01009 1.7964)
0.01268 "~ 1.77968
0.01448 1.76412
0.01621  1.78011
0.01798  1.72687
0.01968  1.72447
0.02)11  1.7017M

V.02849 71,0120

0.0294) 1.6624¢
0.03314  1.64498
0.0)641 1.62082
0.03965 1.612%7
0.04206 1.59014
0.0%51%2 M. NN
0.08792 1.41198
0.11490 1.2928)
0.139%¢ 1.16322
0.10141 1.02180
0.,10089 0.9014)
TOIYTEN C0,.9002)
0.21310 0.74241
0.2727%4 “90.7072¢
0.24164 0.7097%
0.29082 0.779)8
0.27260 0.034)¢
TNV ULITNSe
0.307%9 0.90411
0. 32991 9. 9201C
0.34400 0.942%)
0.90338 0.9%4M
0.30277 0.3949)
RO Lo D e )
0.421%9 0.978%4
T eYTIENM
0.46073  0.980%
o.4%03% ooIMIM?

0.50000 0.90174¢

Th.6300
71.62000
101.36580
139,226
107.2047%
240,.901C8
320,.9%574¢
411.799%):
$23.5%56411
21,0455
«1$.35177
=17.9092%
=16.0C10)
*14.7497%
*1).606)5
«15.00029
«12.02118
«10.70408
=9.00911
«9.00239
=0.40496
«7.9797%4
-7,.50271
*7.25%48
*§.28)%°
=5.0)700
-6.155Ce
“$.06046
“6.7121%
=%,32%42
«3.909)9
“2.%65)0
-0,09321
1.24007
3.2190
2.30%M
—T:Nm
1.26%
094001
0.7071)
0.92812
0.39237
0.200¢9
0.202¢4
0.13342
0.0736%
0,019¢%
=0,032%1
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e L4 2114 ® = - i
€.0 0,000 .0 70.0 0.C7€4  0.08<C) 0.0%000 0.0647¢ 17.%008)
0.0 0.001 3.9 8.0 0.C944 0.0E-01 0.00000 C.00679 26.45079
0.1 L.002 .9 7.9 0.1200 S.20-00 0,00010 0.11049 )J7.41)%?
fESTSSSPSITTTO003 T T 3.9 T 1.0 0.1760 “4.4E=00 "9,00037 “V.,IF302 91.404%9
C.1 C,00¢ 3.9 70.0 0.3419 1.10=07 0,000%1 0.32303 69.0804%
€2 19,008 3.9 6.0 C.2288 1.50=C7 0,00077 0.3C210 91.001%0
0.2 0,0ve 3.8 8.0 0.4419 Z.08-0? 0,00132 0.40642 )
0.2 G,007 3.8 76.0 C.208) 1.06=07 0.00159 0.5409%
.2 0,000 d.9 Te.0 C. ' T4e 1.5:+07 0.00221 0.712%2 192.65710
==%3 =9, 3,8 7. 1.01%2 1.9 €° 2,0010) V.92914 292.14374
Cod 0.01C ).t Te.C 1.JC4 1.78=C? 9.00409 1.2002¢ J01.70010
0.4 0,C)! J.¢ Te.v 1.67¢7 2.5E-0 0.0C9%4% 1.53667 273.3C360
0.0  C,0l¢ 140.¢C 6.0 1.121e ).82-08 0.00719 1.95143 =36.)085"
V.0 0.01) 710.€ 70.0 a.0942 7.00=0¢ 0.0091) 1.92624 =24.0444)
0.% 0.014 140,¢C 76.0 a.Ce9) 1.40=Co 0.0110¢ 1.90320 «22,0u86%
= 0,9 "9.091% T —1e0.C .0 2.C4¢1 9.91-00 0,01294 “T1.90197 «20.4174¢C
0.9 0.01e 140,.C 76.6 3.0247  9,.31=00 0.0140) 1.0022% =10.982)1
t.t 0,01 140.C .0 1.50¢0 1.9€=07 0,01080 1.0207¢ =16.6503¢
0.7 0.040 140,0 .0 1.9819  9.5k-C8 0.02212 1.79834 =14.040%¢
%.7 0,022 140.C 7.0 1.9212 1.9€=C) 0.02560 1.76712 =13.42%)9
ot 0.0a4 140,0 7.0 1.6%)) 9.46-00 0.02v19 1.74148 =12,20110
= Ty 9020 — - 140.¢ 70.¢ 1.807%¢ 1.92=C7  0.0320% “~1.71788 ~11.34767
Ce® 0,020 140.0 70.9 1.0400 8,000 0.03606 1.6999% «10.97747
1,0 v.0)0 140.C T.v 1.021¢ V.30 0.0)% ) 1.67%47 =9,.92¢%)
1.) Q. 0e0 140.C Te.C 1.73%9 0.0k 0.08%7) 1.9078C =7.9307)
2.C  0,0ef 140,.C 7s.0 1.871%  t.1.- a 0.00602 1.4495C <6.016889
2.6 0,000 140.¢ . 1.42%) . deoeny 0.11)62 1.31471 =6,%:720
930 — 9,107 1e0,.0 7e.C 1.4011 Al 0,3J897 1.1793) +<7,.122%9
). 0.2v 138.¢C 74.0C 1.1230 20F € 0.10067 1.03242 <=6.06411
e, 0.140 123.9 .0 C.56ke 0.JK=01) 0.10004 0.909)¢ ~=5,.445%8
$.2 C.le0 112.7 Te.C c.06¢1 0.08=C1 0.1972) C.01413 =4.0%641)
9, v.ine 101,82 7.0 C.0119 0.3E=00 0.21379 0.74602 +<2,.679CO0
.6 0,200 9.4 7s.0 €.7728 0.0E=01 0.227314 0.7108¢ <=0.94072
1.2 05220 7.2 7.0 0.774 7.9E=C0 0,24346 V.71227 1.212%7
7.8 0.240 7v.C ”.0 C.045) 1.40=C) 0. :5538 ¢.7813¢C J.150%)
.9 0.200 7.0 7.0 0.900¢ 9.3L=04¢ 0.27°30 0.83%7) 2.31834
9.2  0.260 76.0 0.0 C.9519  6.4E-04 0.2097) 0.8798¢% 1.700¢8
9.7 0,300 .9 - M.0 0.%3% 4,52-04 0,3073) 0.904%51) 1.2991¢
10,8  0.320 7. 79.0 1.078 J.20=04 0.)250¢ 0.22671 0.9)8¢6
e 5 i B Py L, Bemniatn 4 A summa 1 23 1.€292 1.32-0¢ -osT011
11,0 0,360 79.0 7.0 1.C)00 1.70-04 0.952308
12.9° 0.300 0.0 .0 1.640) 1.8=04 9..0092
13.1 0,400 7.6 76.0 1.C506 9.3L-08 0.20430
13.9  0.82v 7. 7.0 1.60C0  7,.30-09 0.42137 0.9737¢ 0.2008)
” 14,4 0,440 70.¢ 7.0 1.0644 §,.5L-0% 0.44112 0.97008  v.1)21?7
- =191 0. Wt — —N,. 7.0 - 1.0 d.12-C% 2.99073 999109 0.073¢Ce
15.7 0.400 .C 7.0 1.C6% 2.9E-08 0.40036 0.90200 0.0193"
10.4 0,500 78.¢C 7.0 1.0078 1.00-0% 0.90000 0.%.47 <0,03281
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0.72¢C
C.240
0.2¢e¢
ve.260C
0,3¢6C
v.320
., e
0,360
<. 300
v.400
0,420
0,440
U.40C
C.a00
c.%00
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ORIGINAL PAGE IS
OF POOR QUALITY

__ACHEKEAC ROCULUS ACHEZIVE

UPPER LOWZIR
T TR G
3.9 78.0
T 3.9 TN
3.5 7.0

9.9 “78.0

3.8 Tv.C
3.9 76.0C

.8 Te.

3.5 76.¢

3.% Te.l

& 3.8 78.¢
3.8 Te.t

3.8 76.C
.8 .0

3.3 76.C

3.8 78.0

3.9 78.0

3.5 76.C
140.C 8.0
140,30 Te.0
14C.C 76.0
40,0 76.¢C

I £ {4 4 7¢8.¢C
1400 Te.o
157.¢ Te.C

140 .0 78.C
140.C Te.0
14y.C 8.0

T 140.C 78,0
135.C Te.C
123.5 76.0
112.7 78.C
101,% 76.C
SL.4 Te.0

- 79.% 8.0
Te.l Te.0
79.0 7.0
76.C 76.0
7.0 7. C
7%.0 76.0
—_—t . ¢
7s.0 78.C
78, —18.0
7e.C 78.C
6.0 Tv.0
76.C Te.0
s L 9.0
6.0 76.C
79.¢ Tv.0

S1PESS

FACICF

0.C5¢e
0.C670
0.c01?

TR LTl

C.129¢
C.16€6
c.3147
C.27¢¢
G.258%9
C.e5%¢
C.SE6Cy
C.73¢1
€.53273
1.101¢€
1.44€6
1.7922
4.3CES
2.15%8
2.1041
2.CelC
2.0222
1.5E7¢C
1.9547
1.5245
1.0(1¢
1.€1¢83
1.45e%
1.3012
1.123¢5
€.5553
C.EeSIC
0.E178
C.77e9
€. 7777
C.ES16
T.9104
0.§533
C.5645
1.C062
“T.t2%y
1.€306
1.¢407
1.05%5
1.C811
1.0646
1.Ceee
1.Ce78
1.T8%

0.0E-01
0.0E=01
0.0E=C1

1.3E=C7 -

S.9E-06
1.5E=C?
2.2€=-07
2.7E=CY
2.36-C7
0.CE=C)
2.€E=C?
1.4E=C7
4.0E-C7
1.4E-CH
1.3£-07
3. 1E=C7
T.5E=CH
0.CE=C1
9.5E=Ck
9.5E=~CE
9.42-00
0.CE=C1
1.9€=C7
1.5e=C%
0.GE=C}
0.CE=C1
G.0k=C1
0.CE<C1
0.EE=CH
0.5E=C5
B.4E=CE
0.0E=C1
§.2E~Ch
7.9E-00
1.4E-C3
9.3E-C8
6.4E~Ce
§,.9E-C4
3. 2E=C4

“2.3E°04

1.76=04

“1.32=Ca

9.6E-CS
7.38=-6%
S.SE-0%
1.0t-09
2.8E=05
1.9E-0%

0.00000

0.00006
0.00012
0,00021
0.00031
V.00045
0.00062
0.00088
0.0G114
0.00181
¢.0019%
0,00255
0,00338
0.00431
0.00550
0.00699
0.00882
0,01283
0.0167%
0.02058
0.0243)
V.02002
0.0l104
0.03521
0.05232
C.08308
0,11195%
0.13734
0.1597¢
0.1793%
0.19072
0.21240C
0.22702

0.2812¢ -

0.25021
0.27245
0.26961
0.3074¢
0.32580
—oTsees2
0.3635%:
0.30272
0.402080
0V.8§21%
0.44111
“U. %0072
0.4803¢
V.3000¢

0.05227
0.06166
0.07518
—0.U93%2
0.119)?
€.1532¢
0.19746
0.254%¢
0.12737
" T.4192¢
C.5342%
0.€77¢3
0.052%7
1.0e642
1.3307%
TT.64046
2.03138
1.90014
1.93538
1.065¢7
1.06000
1.92761
1.78751
1.77048
1.6507)
1.4867
1.341%7
719066
1.045%¢
0.91514
0.80213¢
0.75224
0.714613
0.713%32
0.76347
0.93743
0.87664
0.90%88
n.92747

TOTYEINS

0.95%2
0 90499
0.9Mmn
0.973998
0.9792%
—oynaT
2.98217
" D.98203

T.67462
11.2¢7C)3
15.916357
21.94973
29.3331)
JN.67621
$0.2387)
64.43727
B1.7%2€4
102,73837
126,0327¢C
156.3¢€152
194.56021
237.57766
206,45716
346.5%4742
419.1233)
«23.05e0¢
=31.01941
-10,.772¢0
«16.901%0
=15.475C2
=14.25C45
=13.2137¢
*9.85%12
=7.57482
=7.11652
=7.44501
=7.05614
*5.56457
=4.163C2
=2.7C72%
=0.955CS
1.1€639
3.1%%44
2.257:1
1.6025%
1.246C7
0,.928:2%
“oTEYING
0.51813¢
0.38479
0.20114
0.3198¢1
0.130¢2
0.072CH
0.016€0C
-0.032%1

B



161

ORIGINAL PAGE 1S
OF POOR QUALITY

ThE PROGRAM 15 SCARF)
——-SCI¥F XWCLT TS TI0:U WILLIRATTMNS. -~ — ~—~ = e
JCINT LENGIN 1S 20,8 BILLIPETERS e

EFSTICR TS O.U201 — -~ " -

- " ADREREND RCDULUS ADHEEIVE ’ -

X XBAK SIRESS CHA FOAR FBAG" FRARPF

T RITLIT T T T T UPPIN LUWER FACICF USSR eSS L R SR
PETERS (17 GPA

0.0 0.000 140.0 76.0 1.5740 0.0E=C! 0.00000 1.44007 =2,973¢3
0.0 ¢.001 140.0 0.0 1.5716 9.0k=C1 0.00145 1.44509 <=2.9802¢
""" TTO0 T e.U027 © 140.0 78.0 1.2€02 0.0E=C1 ~0,00289 T.44211 <~2.90N15
0.1 0,002 140.C 76.0 1.5¢8%) 1.26=C7 0.00433 1.43912 =2.9935%%
0.1 c.004 146.C 78.0 1.5618 0D.0E=C1 0.00577 1.43512 <3.00087
0.1 0.0C5 140.¢ T8.8 <2586 1.26=07 0.00720 1.43312 ~=3.0C762
C.1 0.0C06 14c.C 78.C $.58% 1.28=07 0.00863 1.4301C =3.01481
.1 Latl? 140, 8 7e.0 1.8%G¢ 0.CE=C) 0.01C0¢ 1.42705 =3,021¢¢
T2 hfpadel ] 16c.C T73.3 1.2487 C.CE=C! 0,91135 “71.324C€ =3,C785¢
Vel G lvs 140.0 Teev 5455 1.28=07 0.01291 1.45103 <3.52e13%
C.2 0,010 140.C 76.0 1.%421 C.CE=C1 0.01433 1,41785 =3.04322
C.2 e.C11 14C0.C TE.0 1.%52¢e8 C.CE=C1 0.0157% 1.41454 -3,050%9
0.2 0,012 14u.C 78.0 1.8355 1.26=0? 0.01716 1.411085 =3,0%5781
C.J 0.r13 14v.C Te.0C 5301 0.0E-C1 0.01857 1.4088) =3.065%¢
0.5 t.014 —T%0.C 7.0 1.%2¢8 1.26=C7 0.91999 T1.4057¢ <=3,07271
C.3 0,015 140.0C Je.l 1.522% C.Ce=C} 0.02138 1.402€¢8 =3,08020
t.3 0.01¢ 1490.C 76.0 1.2221 1,2E-C? 0.02278 1.399¢C =3.00774
c.4 t.018 140.C Te.0 1.21%4 1.28=C7 0.02558 1.39341  =3,1C2%5
0.¢ t.cac 14C.C 76.0 1.5C86 1.2E=07 0.02836 1.36718  =3,11647
Cod 0.022 140.C "5.0 1.5019 C.0E=C1 0.03113 1.38083 =3.13419
€.8 V.02¢ — 1eC.C .0 1.49%0 1.28-07 0.03388  1.374e% ~3,1%5013
0.5 C.c28 140.C .0 1.46€1 1.2e=C7 0.03662 1.3603) =3.166232
o.t c.02¢ 14C,.C . 1.4812 0.CE=C1 0.0393% 1.36158 =3,.1827%
C.t C.u3i 14u.C 2.0 1.4743 1.2E=-C7 v.04207 1.3556C =3.1565¢
0.t C.ca 140.C 8.0 1.435¢L 1.1E=-C7 0,05547 1.3232C =3.284C3
1.2 V.ot 14v.C 1s.¢C 1.3e35 1.1E=C7 0.0¥12¢ 1.285¢3 =3.4781C
—1.? - t.o80 - 14¢.C Te.t 1.207¢ 1.1E=07 0.10%80 ~1.18388 =).7C1E7
.l Calu( 14C.C 78.C 1.2043 0.0e=C1 0.12856 1.10733  =3.9%93¢
2.8 0,120 132.¢ *Je.0 1.11M 1.1£-C7 0.,14993 1.62722 =3.81144
2.9 G140 123.5 76.0C 1.C017 0.0E=C) 0.10975 0,9576¢ =3.12334
3.3 0.1¢C 112.7 Tu.0 C.SE:S 1.0E=C? 0.10833 0.9024¢ =2.40913%
3.7 0.1 101.5 76.C €.5374 0.0E-C} 0.2059% 0.86151 ~-1.631C4
4.2 e.2u? 90.4 78.C €. 9113 0.0E-C1 0.22292 10.83797 <0.7363%
4.0 v.220 79.3 76.C C.50¢¢ 9.6E-CE 0.23960 0.833e} 0.34111
S.0 0.24v 78.C 9.0 c.5347 J.4E=C) 0.2%652 C.05944 1.2¢34)
S.4 0.2e0 70.0 78.C 0.9853 2.5e=8) C.27394 C.00208 1.01217
S.s 0,280 9.0 —7198.0 t.9791 1.9E-C2 0.29177 0.9002$ 0.815¢5
€.z 0.30u 70.0 8.0 C.5551 1.4E-C3 0,30993 0.9149% 0.655¢5
= e 030 - M. 0 “1.,0080 - 1.1E=C) 0.3283% - 0.92¢8C —0,934.7
7.1 0,340 78.0 7.0 1.010% 0.5E-C4 0.34699 0.93631 0.4317C
7.5 ¢.300 “76.0 79.0 1.C2¢9 6.5E=04 0.36%860 0.94427 V34661
T.9 0.36C 70.0 7.0 1.€337 S.0E-04 0.36475 0.95047 0.27924
e.) 0,400 78.¢ 78.C 1.€3%0 3.9€-04 0.40381 0.93538 0.214CH
8.7 0.420 76.0 6.0 1.C43¢C 2.9E=-04¢ 0.42296 0.959CE 0.16049
TT92 -T0.%%0 -~ 7e.¢C 7.0 “1.C4eC  2,22-C4 " 0.94217 - U.9810C 0.1125C
9.0 C.460 76.0 78.0 1.0400 1.5€-04 0.46142 0.96361 0.08636
10,2 T.48C 78.0 78.0 “1.C49%0 9.4E-CS 0.88071 T.9685¢ 0.026€1
1..4 0.5C0 76.C 70.0 1.0491 4.3E-C2 0.50000 0.964¢66 =0.01417
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ORIGINAL PAGE IS
OF POOR QUALITY

1hE FRCGFAM 18 SCARF3 L L
SCAFF ANGLE 1S5 110.0 WILLIRADIANS, ~ — ~~ "~~~ ==~ -

JCINT LEMGTR IS 20.8 WILLIPETERS
EFS1LOM 15 0.0201 -

TTTTT TTTT T T AUFEREWD WUDULUS  ADKESIVE 0 T i T

X ABAF SIRESE CHA FBAR FRARF FRARPE

PILlLY T © TUPPER T LUMER FACICH i )

PETERS GPA CPA

—1 - —— -

7030 “"U.000 - " T),.8 78.0 V.5536 D.0E=C1" " 0.00000 ~U.S4SEZ 160.46077
0.2 0.uil 3.5 76.C 0.7928 9.CE=Ch 0.00063 0.7289% 198.32019
0.0 6.002 3.5 76.0 1.02€2 S.0E=CH 0.00147 '0.94361 231.5667C
(719} 0.003 3.9 78,0 1.497% J.4E=05 0.00253 1.16337 268.570S¢
(% | 0.0vd 3.5 76.C 1.€116 6.2E~C6 0.00367 1.46211 3u¥y,6C31)
G.1 C.uCS 14G.¢C Te.C 1.€044 C.0E~-C) J.0053% 1.47%2% <=6.30652

" 0.1 T.CCE 14C,.C 78.8 +597¢ 2.4E-C? 0,008082 ~ 1.46€923 ~5.77372
SP ) Celn? 1sv.C Te.< 1.%¢61¢ SJCE=CI 0.0082¢% 1.4€385 *5,.34133
el Cewi® 147.¢C 78,8 1.%6€2 O.lk=C2 c.c0978 1.45881 =%.0213¢
Ced Coluy HE T Te.v 1.86C% C.UE~-C] ¢.0112¢C 1.4%382 =4.775¢k2
C.2 L.ua? 140.C 75.0 <2781 J.ek=(3 0.01265 1.44522 =4.515C0
C.2 0.011 1406.¢C 78.¢ 1.5N112 2.4E-C3 0.0:410 1.44477 =4,38640
Ced c.mz2 130.¢C Te.0 J56¢5 1.5E=013 G.C1554 1.44044 <4.27316
c.3 va.013 14C.C Te.0 1.%016 9.1E-C4 C.016% 1.43621 =4.17614
c.3 0.C14 140.C 79.0 1.%574 S.6E-C4 0.,015842 1.43208 =4.092¢5
0.3 c.01% 140.C 78.0 2520 3.5€=C4 0.0198% 1.420C3 ~=4.020%%
0.3 U.018 14C.C 7e.C 2407 2.1E=04 0.02127 1.42404 =3.5%807
C.4 0.01E 140,.C 76.0 «54L2 7.9E-CS 0.02411 1.410233 =3,08%¢&3¢
9.4 ° 0,020 " 14C.C 78.0C 1.2219 2.9€-CS V.02694 "~ 1,408%5 =3,.778&2
Ced v.02% 140.C Je.C 1.8217 1.CE=CS 0.0297% 1.4C11C =3.71870C
C.> L.024 14C.C Te.l «21%7 3.1E=CE 3.032%54 1.35371 ~=3.672:¢
C.5 Vetite 140.,.¢ Te.v 1.5¢7 9.3E~C? 0.03532 1.36640C =3.030131
C.t v,02¢ 1s0.C Je.0 1.495% 4.JE-CY 0.03809 1.3751€ <=3.6Ce%?
C.t C,u8L 13C.C 7§.¢C 1.452) C.0E=-C1 0.,04084 1.3719¢ =3,58743
C.» c.04v 140.°7 78.¢ 1.4513 D.CE=C) V.0543°% 1.33637 ~3.5864c
el t. 08l 140.C 7e.0 1.37%6 1.1E=C7 0.08039 1.26451 ~3.6223%
17 C.NnecC 140.C 7.0 1.25%1 1.1E=C7 0.1049¢ 1.1906c =3.753C7
2.3 L.lul 1+4¢.C To.0 1.51C2 3.2E~-C¢ 0.12800 1.1120C =4.02174
4.8 c.12¢ 135.¢C 78.C 1.123C 1.1E=C? J.14944 1.03166 +=3.6%720
2,9 C.140 123.9 75.0C 1.04%7 v.CE=C1 0.1693% 0.961%1 <=3,1%9Ck
e I | t.100 112.7 78.C C.5847 1.06-C7 0D;18800 0,.S0547 ~2.43754
3.7 Ualot 101.5 78.v C.540C1 1.CE=CT 0.20507 0.60441 =].6542¢
4.2 c.2¢0 0.4 T8.C c.S136 0.CE=C1 0.22268 0.8400% «C.757%4
4.0 G.220 79.2 76.C 0.508% 9.0E=CH 0.23940 €.83533 0.325C0
¢.0 0,240 79.0 - 8.0 C.93€2 3.4E-03 0,.25063% 0.86087 1.250%C
$.4 C.200 76.0 70.C 0.56eC6 2.5E=C3 0.27380 0.86325 1.00182
2.0 - 0,290 T80 €,98€2 ~1.9€E-C3 0., 2919%S 0.,90131 ~U.8C73C
6.2 0,30y 70.0 7s.8C G.586C 1.46-C3 0.30983 0.5156% 0.65252
t.?7  t.320 - 18.C 70.2 1.0C00 1.18=C3 0.32827 0,92762 0.328¢¢
1.1 U.34C 78.C 7%.0 1.€1582 8.4E~Ca 0.34692 0.93711% 0.42732%
Ve 0.%¢0 78,0 79.C 1.€27% 6,.%5E=-04 0.36574 0.94462 0.34321
) 0.3e0 Te.0 78.0 1.0342 S.CE=Ce 0.3847C 0.9%097 0.27247
4.3 - v;e00 - —79.¢ 78.C 1 C39s 3.%2=04 DO _¥O3IT? -~ T.9NSEC 0.2118E2
8.7 0.420 Te.C 7T ¢ 1.0438 2.9E=C4 0.42293 0.95945 0.1%877
9.2 U, 840 “Te.C .C 1.04{4 2.1E-04 0,.38215% 0.5621¢ C.1112¢
S.0 L.doU 78.C .0 1.C40)3 1.5E-74 0.46141 0.98357 0.,007%7
10,.C c.s00 7e.cC 78.0 1.C8% v.4E-0% 0,48070 V.9645C 0.C2622
10.4 0,500 75.0 76.0 1.0455 4.JE~CS 0.50000 0.965C2 =0.01417
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ORIGINAL PAGE 19
OF POOR QUALITY

ECAFF AMGLE IS5 110.0 WILLIRATIANS.

JCIM LENGTIN 1S
TFEILCN I§ 0.0291°

20.8 PILLIRETERS

T T TT T T ST AUNERENT RODULUS ACKNESIVE

X XEAR
PILLY UPPER "LONER
PETLRS GPA GPA
—TW.,0 V000 — -3.% 7.0
0.2 0.001 3.9 76.C
0.t v.002 3.8 70.0
C.1 0,003 3.5 76.0
0.1 0.004 3.8 76.0
G.1 0.00% 3.9 Te.0
0.1 0.tue 3.8 78,0
€l v.607 38 Te.L
G e.00x 3.9 76,2
Qa2 VLGLS 130.¢ To.u
c.2 c.012 145.¢C 76.C
Ooc 0.011 14C.C Te.C
Q.2 T.012 140.C Tv.0
0.3 v.01) 140.¢C 78.0
0.3 0.014 14v.C T7e.0C
0.3 0,015 140.C T9.0
0.3 0.01¢e 14C.C 78.0
0.4 0.010 140.0 76.0
.0 0,020 -190,.¢C 8.0
c.% 6.022 140,0 78.C
0.9 0.u24 '40.C 78.0
G.$® 0./ 2~ 140.¢C 76.C
C.t 0.026 1490.C Te.C
0.0 0.030 140.C Te.C
.5 0.vel 140,.C 7¢.C
.2 0.%0c% 14,0 Te.l
1.7 C.CHC 140C.C 6.0
2.1 6.100 140.C Je.C
2.5 0,120 135.¢C 76,0
2.9 0,140 123.6 Te.0
3.3 [ 3 10 112.7 Te.C
3.7 Ualbo 101.5 70.0
4,2 0.2v0 90.4 8.0
4.6 v.220 79.2 76.C
S.0 0.24¢C 8.0 7.0
5.4 0.260 76.0 76.C
Ll 0200 - — 990 —N0.0
6.2 0.3C¢ T8.C 76.0
t.? 0.320 79.¢C 76.0
7.1 0.3e0 7.0 70.0
V% 0.3eC 78.C 7%.0
7.9 C.Ie0 76.C 7.0
4.3 oO,40C 7s.C 78.C
k.7 G.420 Te.L 76.0
9.2 V.440 7s.C 76.0
S.0 0,400 70.0 76.C
10,v v.a8U Tv.C 8.0
10.4

€.500 T8.0

STRESE
FACICR

‘T.3100
C.4C70
€.2197
C.05C9
C.eC25
C.57¢h
1.17¢1
1.6031
1.€6e0
1.e%12
1.€427
1.€347
1.8272
1.620)
1.133
1.€0¢E
1.80CS
2.3065

<2773
1.%6¢8
1.%4¢)
1.%4¢1
2363
«22¢7
1.4€11
1.3683
1.3C59
1.2218
1.1314
1.0534
0.9911
C.54%)
0.9179
C.5121
C.93y2
0.5631
t.902)
C.587¢
1.€104
1.02¢%
1.02¢7
1.03%3
1.CaCa
1.044)
1.¢472
1.0491

0,0F-01
3.5k=Co
7.6E=0¢
9.9E-06
1.2€=-C?
3.1€=06
2.1E=C?
C.CE=C1
F.5E=C¢
1.7E=CE€
1.2E=C7
1.28=C7
«2E=C?
0.CE=01
0.0€E=C1
0.0E-C1
0.0E-C1
0.CE=01
1.7€=0¢
6.5€-0¢
2.56-0%
8,7E=Cé
3.0e=Cé¢
1.0E=Ce
0.0k=C1
1.1E=C7
C.0E-C1
0.CE=-C1
0.0k=01
0.CE~C1
0.0E=C1
0.0E~=¢!
0.0k=C:
9.6k=0¢
3.3E-03
2.5E=C3
1.88-C)
1.4€-C3
1.1E=C3
0,2E-C4
6.4E~Co
4.9E~-04
3.8E=04
2.9E~C4
2.12-04
1.5€-04
9.3E-CS
4.3E=0%

0.00000
0.00033
0.0007%
0,00129
0.00196
0.00277
0,00376
0.0C494
0.0C83%
€.00787
0.009139
0.01089
0,91239
0.01309
0.01%37
0.01685
0.01833
0.0212¢
0.02417
0.02700
0.0299)
0.03279
0.03%62
0.03¢844
0,05226
0.07871
0.103%9
0.12087
0.14851
0.10857
0.18734
0.20512
0.22223
0,239%902
0.2500)
0.273%3
€.29142
0.30904
0.32011
0.34879
0,3056)
0.308401
0,4037C
0.,422¥7
0.44211
0.46130
0.48009
0.500G0

FBARF

T 029802

0.3%42¢
0.477%2
0.59082
0.73793
0.85019
T1.00149
1.2901¢
1.57¢66%
1.51833
1.51047
1.50313
199623
1.469¢6
1.48343
1.47744
1.47107
1.4606€9
~1.7%033
1.44041
1.43067
1.421€2
1.412¢1
1.4C364
1.3¢t203
1.283C1
1.20451
1.12353
1.04021
0.56658
0.9113C
0.60924
0.0440¢
0.838¢7
0.80365
0.86562
—0:;90327
0.917%3
0.9290¢
G.9384C
0.94%92
0.951653
V. 9%06¢
0.96u26
0.9¢292
0.96486
C.90%%7
Ce.58509%

FRARPF

01.3608C6
95.7715¢C
111.829%4
129.60430
149.466324
171.3963¢e
195.586130C
222.23%C:
2%1.5494%
=8.1653.
«7.58037
=7.106%¢0
=€, 715E5S
~6.366EY
=6.11178
=5.074138
=5.6€6913
=5.33339
=3.088C4e
-4.0%972
-4.69221
=4.585C1
o4 . 444
=4.34672
*4,050¢c9
=3.9C2¢¢
=3,970C3
=4.1423¢
=3.94576
*3.24825
=2.49219
=1.65920
=0.794¢7

0.293€3

1.225¢3

0.96175
—0 79114

0.63963

0.951808

0.416¢3

0.3363¢

0.,20651

0.20745%

0.15544

0.10885

0.0E6C!

0.C2%4%
“0.01417
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X T XDAR

PILLY UPPER LOWER
TS PETERS T 0 T GRR T GPA

0.0 0,000 3.9 78.0
0.0 0,0C1 3.3 78.0
0.0 0,002 3.5 76.0
T o1 0003 R [ 7.0
0.1 L.uué 3.8 Te.0
0.1 0.0C¢ 3.8 Te.0
0.1 0.0Ce 3.9 78.0
c.1 0,007 3.9 T8.0¢
Laod Gel e 3:5 Te.0
<T.2 .29 3.¢ Te.C
0.2 Ceuly 3.8 Te.0
C.2 ¢.011 3.8 78.C
C.2 0.v12 14C.C Je.C
0.3 0,013 140.C Te.0
0.3 0.C14 140.C 76.0
0.3 ~tU1s 140.C T%s.C
V. v.01e 140,C Tv.C
0.4 v.01¢ 140,€C 78.0
0.4 0.020 lav.C 7.0
.9 0.022 14C.C 76.0
0.5 0,024 140,.0C Te.C
=094 €0 ~ 1¢0.C 78,0
DL C.026 140,C 718.0
C.6 C.udn 1dv. ¢ 76.C
Oer L.usl 1s0.0C To.¢
1.2 v.oew 14C.C Te.¢C
1.7 V.0BC 140.0 78.0
= =0 O.1vv 145.C 7¢.0
2.% 0,129 13%.¢C Te.C
2. 0.14¢ 123.5 78.C
3.3 G.180 112.7 T8.0
3:7 C.1by 101.% 78.0
4.2 0,200 90.4 76.C
e, - 0,22v 9.2 78.C
S.¢ [Tl 78.C Te.0
S.4 f.200 .t 7.C
S.b v.280 78.0 78.0
6.2 0.300 70.0 0.0
6.7 0.320 78.0 768.0
1O 20—
2.9 0,360 78.0 76.0
7.9 V.30 8.0 78.0
8,3 0.4u0 78.0 8.0
£.? 0.82v 70.0 78.0
.5 0.440 78.C 78.0
=9, TUsEed —— Te.¢ 78,0
10.¢C 0,460 79.0 78.0
1c,.4 €.%00 70.0 Te.0

BIRESE
FaCICE

0.1522
0.24%2
0.3072
C.3794
0.4e29
0.25E9
C.ttke
c.7835
€.%3%3

«.£5%13
1.875%
1.4778
1.7042
1.€53%
1.€042
1.¢7%1
1.6¢¢)
1.65C0
1.€348
1..2C8
1.6C74
1.9947
1.%5025
1.87C7

o567
1.42C3
1.32¢8
1.23¢7
1.1433
1.Ced3
C.5951
C.9%20
0.52135%
t.91¢7
G.5401
0,9¢c¢€4
C.56%)
1.00€2
1.0134
1.¢22)
1.03¢C2
1.C3¢e
1.C418
1.04%4
1.0482
1.t%01
1.C0510
1.081

Chx

0.0£-01
1.1E=07
8.0E=C0
7.%t-010
4.9E=06
1.0E=06
1.6E=06
S.6E=08
J.iE=CE
§.5E-CE
1.1e=C7
€.PE-CE
2.0E~-CS
4.5E=~CE
8.26=C7
1.2E=C)
1.28=C?
1.26=C7
0.0E=C1
1.2€=C?
0.CE=0C1
1.28~C?
4.6E-CY
S.42=C¢
c.CE=C1
0.CE=-C1
1.1E=C7
1.1t=C?
1.1E=C7
0.0E=-C1
0.0E=C1
0.CE=C1
1.0E=C?
9.0e-0C8
3.2E=013
2.4£-0)
1.6E-03
1.4E-C)
1.0E-02
9.0E=C4
6.2E-04
4.9E-04
3.T7E=C4
2.0E-04
2.1E-04

1.3C=C4

9.2E~CS
4.3E-C%

FOAR ~~ 7 FRARF
0.00000 0.17673
0.00020 0.22542
0.00045 0.28025C
0.00077 0.3499¢C
0.00115 0.42565
0.00162 0.513086
0.00219 0.61479
0.00286 C.7296¢€
C.003e5 C.08552
0.004%8 “1.0C7iC
0,00567 1.172€2
0.,00694 1.35864
0.00840 1.5¢7Ce
0.00996 1.55756
0.01151 1.5486¢
0.01306 —1.3402%
0.01459 1.53223
0.01764 1.51722
0.02000 1.50333
0.02366 1.45232
0.02062 1.47802
V,02957 1.96632
0.03249 1.4551¢C
0.03539 1.44529
0.04555 1.35455
2.07657 1.30598
0.10186% 1.22182
0.12544 1.13N12
0.14732 1.0512¢
0.167%8 0.97756
0.18652 0.91871
0.20443 0.8753¢
0.,22165 0.04917
0.,2385) 0.%8291
0.25562 0.0671E
0.27318 0.088%¢
0.29113 0.90577
0.30939 0.919¢e
0.32790 0.93089
O ieeel  0.9599¢
0.36549 0.94721
0.38450 0.9%116
0.401361 0.95777
0.42280 0.96129
0.4420% 0.9630%
V.4013% ~ U, 98554
0.46007 0.98643
0.50000 0.96651

FOARPF

44.01250
$2.738¢1
61.57452
71.399862
82.25615
94,352¢7
107.603¢
122,3%9¢3
136,458
156.1€327
175.5€042
196.75677
“9.782€S
«9.17572
-0.6595§
-8.21720
-7.03347
«7.20313
-6.709C¢
=6.313137
«5.99051
*5,.7244)
=5.5C1%¢
*$,31039
-4.7C422
-4.2%8%)
~4.1547¢
-3.29%¢7
-4,0%029
=3.31614
=2.5%€340
=1.7%830
«0.841k0
0.2%4322
1.1537%
0.95624
0.770¢€C
0.62319
0.504%4
—CIu07¢E
0.32742
0,299¢84
0.2G150
0,1%120
0.10579
0.064C2
0.02447
-0,01417

e
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X XbAR T
PILLI UPPRA  LOWER
PEIERS "~ 7T T T TTTRPAT BPR
C.0 0.000 3.9 78.¢
0.0 0.001 3.8 ° 7e.0
0.0 0.002 3.9 70.0
"0, C 0,0C) - 3.9 79.0
0.1 0.004 3.8 78.0
0.l 0.00% 3.2 6.0
0.1 C.CLo 3. 7e.0
c.1 0.0C7 3.8 Te.C
C.2 ColiL b 3.8 76.0
T.2? c.crs 3.8 Te.l
C.2 0,010 st 9.0
C.2 0.011 3.8 76.0
G.2 0.012 3.¢ 78.0
0.3 0.01) 3.8 70,0
¢.) 0,014 3.8 Te.0
0.3 0.01% " 3.8 8.0
0.3 V.01e 3.8 8.0
0.4 0,018 140.C 78.0C
0.4 0,030 140,.C 76.0
0.9% 0.022 140.C Te.C
0.8 G.024 140.C 7e.0
0,9 0,020 — —190.0 7.0
Uou v.Ugtk 140.C 78,0
0.e c,030 140.C Te.v
0.8 L.04u 140,C Te.C
e 0.080 14¢,.C T8.0
1.7 CL.ubl 14v.C Te.C
2.1 0.10C 140.C 78.0
2.% 6,129 13%.¢ Te.0
2.9 v,140 123,.9 Tv.0
3.3 v.ltg 112.7 Te.t
3,7 0.1¥0 303.8 7.0
4.2 v.200 9C.4q 76,0
4.¢ “0.220 .2 7.0
.0 Co24u 76.C 79.0
S.4 0.200 7.¢ 7.0
S.e 0,280 7.0 76.0
8.2 0.3¢0 78.0 - 79,0
6.7 0.320 78.0 78.0
410N - — T80
7.% 0,360 0.0 70,0
7.9 0.300 4.0 .0
6. 0.400 Te.C 0.0
v 0,420 70.¢ 76,0
9.2 0.440 7.0 76.0
Y. O et —— — Y. ¢ ‘70,0
10,0 V.80 Te.C 8.0
10.4 v.%00 ™.0 7.0

SIRESE
FACICF

3.133)
0.1649
0.2018
v.3440
0.2949%
0.3516
C.41¢8
C.4512
C.27%8
C.&7CE
C.7780
C.H9E3
1.0301
1.1834
1.35%¢CS
1.93%
1.740)
1.7219
1.7023
1.¢84)
1.¢e74
1.091¢
1.€63e8
1.6223
1,858
1.448%
1.35Ce
1.2%39
1.157)
1.074e
1.CCke
c.9958
0.53C0
c.9221
C.547%
e.97¢C1
0.5002
1.€029
1.0147
—1t)
1.€320
1.C302
.C430
1.%4¢7
1.14%
1.¢%12
1.0%31
1.0%22

Thr

0.0E=01
0.3E=-08
1.96=06
S.0E=-C8
1.50=C8
8.1E=08
2.4E=CH
0.7E=CE
4.9e=Ce
Te1E=CE
2.48=C0
S.1E=C8
1.0E=C?
0.3E=CE
1.0€=C?
2.0E-CP
1.3E=C?
0.0E~C1
0.CE=C1
0.08=C1
1.2€8=C?
1.22-07
0.CE-C1
0.2E=C¢
1.1E=C?
0.CE=C1
1.1E=C7
1.1€=C?
1.1E-C7
1.06=C7
1.08=C?
0.0E=C1
1.06=07
0.0£-C1
J.26=C)
2.3E-03
1.7€=03
1.36-02
1.0€=0)
“1.02=00¢
6.06-04
4.7€=04
J.0E~04
2.7-04
2,0€-04
1.08=04
9.0E=CS
4.3£-0%

TUTERAR T

0.00000
0.0001¢
0.00030
9.00081
0.00076
0.0010%
0.00141
0,001082
€.0023:
0.00285§
C.0035%
0,00432
0.00521
0.00622
0.00739
0,00871
0.01022
0.01341
0.0165%
0.01967
0.02275
0.02980
0.02683
0.03102
0.04044
0.07407
0.09981
0.1237¢
0.14592
0.10642
0.10555%
0.20362
0.22097
0.2)796
0.25%514
0,272
0.29079
0.30911
v.22766
—0.3¢041
0.36532
0.3043¢
0.4035%0
0.42272
0.,44199
o.v01 1
0.408065
0.50000

TRARP

€.12201
0.15161
0.1655%
0.22912
0.27060
0.3230
0.380238
0.451M
c.529%1
C.E1ETS
0.71537
0.836C3
0.94951
1.00019
1.24216

“71.91330

1.60302
1.580330
1.90521
1.54070
1.5332¢
1.9180
1.50460C
1.491¢3
1.432¢5
1.33208
1.24207
1.193¢2
1.0041)
0.90807
0.9273¢
0.902%7
0.055%14
0.94787
0.80713¢C
0.09204
0.9007¢C
0.922:5%
0.93)03
~0.99104
0.94063
0.95460
0.95906
0.9624¢
0.96494
V. 90080
0.90742
0.967%1

" T VBARPE

26.60¢10
31.399%
36.68%00
42.49012
49.9764%
$6.140¢%
64.06459
72.78734
82,3793
$2.9088 )
104,44855
117.0743¢e
15J.00079
145.91034
162.3147%
100.13618
199.54%%¢
-9.391%4
*b.625%1
-0.01022
«7.5071%
=7.0697%¢
*6.73921
=t .43018
=5.46240
“4.875Ce
~4.4%57¢04
-4.47%1¢
~4,190C4
=3.419C4
*2.645¢0
=1.03318
*0.05711

0.207¢5

1.1%0¢)

0.920%4¢

0.746%¢

0.60371

0.40671
—0:y94eS

0.317C?

0.291%¢

0.19%40C

0.140625%

0.1C221

0,0¢17¢C

0.03322
=0.01417
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2 ARAN
VILLT - 'L
___mrees _gra__cm

TTT0L0TTL000 T T A0 YN
0.0 0.0u1} 140.0 76.0
I U000 T TINOL.T T TN
0.0 0.00) 140,.C 70.0
0.1 T.004 140.C .0
0.1 0.0u% 140,C 76.0
0.1 U.00€ 14C.¢C .0
Sai 0.CV? 140.,¢ Te .t
1 ¢ TL.UVES = 140,.% 7.0
Cel Qatnt 1400 Te. 0
0.3 C.C1C 140.¢C 7e.C
0.2 0.011 140.C 78.C
.2 0,013 140.C 78.C
0.2 v.013 140.¢C Te.C
- =TT N.Tld T 140.C 76.0
c,.2 Calld 160.C 7.0
0.2 c.C018 140.C 75.0
0.3 0.018 140.¢C Te.l
0.3 o.t2c 140..¢ 76.C
0.3 0.u22 140,00 Te.0
TTTTOVE UL 08 T IACLC T8.C
C.4 C.d20 NI Y 8.0
T.4 0.02e 40,0 78.0
0.2 ("< [ 14u.. 78,0
T.b 0.040 140.¢C 78.C
0. Valol 14v,.C Te.0
=TTi1ieT vL.eeet 140,.C 70.0
1.9 C.rov 140.¢C Te.C
1.0 0.020 135.¢C 78,0
i.1 0.14C 123.9 6.0
2.8 0.160 112.7 mn.e
2.7 0.160 101.8% 70,0
R0 7o — 9.4 9.0
3] 0,220 71%.: 79.0
e 15 B P £ 1] T8¢ - M0
4.0 0.36v 7.0 7.C

4.9 o0,

4.0 [P ¢
03319
$.2 0.3
———39 0,30
S.e 0.300

81 0,000

6.4 0.420

— e

7.0 0.400
~9.9 0. .¢80
7.0 0.500

79, MDD

70.0 7.0

B 4 s 1 ]
78.0 78.0

- a5 9.0
Te.C 0.0

,.¢ 70.0

78.¢ M.
-0t —M.90
.0 6.0

.¢ 7.0

Te.C 78,0

(3L 11]

= PACICR

1.0
1.43¢2
.00
1.4314
1.4380
1.42e8
1.0
1.4217
1.41§87
1.4)¢e
1.4140
1.4119
1.4089%
1.407¢
1.4048
1.4041)
1.39%¢
1.3%807
1.3887
1.364e
1.17%8
1.3%6
1.3¢55
1.3¢4r
1,260
1.3i8%
1.3)J0
1.176¢
1.133¢C
1.C72e
1.C334
1.0C2)
T.%1028
C.57¢)
c.9%01
0.99%2
1.0084
1.0162
T.027
1.0201
1.€32¢
1.03¢8)
1.€)92
1.0418
-1t
1.Ce44
1.0190
1.C491

__ PUAR _ FRARE _ PRARPE
0.0E=01  0,00000 1.)2236 =2.21084
1.10207  0,00132  1.32004 =2.321¢3
1.105C7° " D.00264 “T1IITHL =2.22447
0.0€=C1  0,0039¢  1.)1888 <2.221)2
2.20-07  0.00827  1.)10)¢ =2.2)C10
0.06=01  0.00888  1.31113 =2.2))c¢
2.36=C7  0.00789  1.3088S =2.2)%%e
1.1E=C7  0,00920  1.3Ce6¢ =2.73887
1.0F=CT  0.01051  1.JT44T  «2.%41es
11887 0.01181 1430317 =2.2447%
C.OE=Cl  0.01311  1.2998) <2.2477:
11607 0,01641  1.29706 =2,280)1
0.0E=C1  0.01371  1.29%43 =2.28301
1.16=C7  0,G1700  1.29317 =2.2%e74
D.TE=CI  0.D1829 1.29081 =2.2¢57¢
1.10=C7  0,01988  1.2004°  .2e3k4
1.00=07  0.02007  1.20e28 -l.20385
1,607 0.02)44  1.20188  =2.2721)
0.0k=C1  0,02600  1.27%3C ~2.27%43
0.0b=C1  0,0208%  1,2127) =2.2047¢
0.CE=C1 U.OIIOY I26ML =2.2513)
0.7L=€1  0.0)38F  1.20)87 =2.2877%
0.CE=C1  0.G3€1d  1.28857 =2.)C4Md
0.CE-C1  C.0JWee  1.254)% =2,300%¢
11607 0,08108  1.23106 =2.3441)
1.06=C7  0,0752)  1.1634¢  ~2.41ved
1.0F=C7  C.O9881 ~1.13434 =2.5044}
0.CE=C1  0.12089  1.003i3 =2.5554)
9.9E-08  D.14173  1.03130 =2,476%%
0.0E=C1  0.18109  0.98574 =2.0ed17
0.CE=C1  0,18122  D0.9486) =1,62678
1.98=C7  0.19990  0.92085 =1.149§)
9.4T-C0  TD.ITIIT V.90I2T  =0.609CH
1.00-C7  0.23611  0.98737  0,031(%
3.5T-C)  0.7341%  U.9001E  0.38832
€.20-03  0.27242  0.91032  0.4e4C
3.3T-CY  0.29080  0.9368)  D,JBGES
2.66=0)  0.30949  0.923%%  0.33eC)

“2TOLeTY  OLITETY TVIVIVEY UMM
1.66-03  0.34700  0.94492  0.2265¢
“TIIE-0)  D.39E02 V9490 “0.1971¢
9.9E-04  0.3050)  0.9324)  0.182(¢
7.70-C4  0.¥US11 VLIS 0.12048
S.9E=04  0.42J24  0.95737  0.0§1)7%
“J3TYC TLEEINOUIIIONG  D.0BNCS
).00=04  0.48139  0.93985  0.0)95C
“1.9LeC4  V.UEOTY  T.IE0A4  0.018¢1
0.1805  9,80000° 0.96081 =0,0CHi¢
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X XBAK
PILLY
PETLRS

9,000
0,001
v.002
0.003
G.004
v,u0s
0.0
C.vC?
€C.20¢
G006
0.210
G011
v.C12
0.013
c.014
v.01%
v.ule
G.01¢

0.022
V.24
v.uvae
C."2¢
€¢.C30
0.va0
Lolel
O,unl
0,100
t.12¢C
veldy
t.180
[P Y 1¢
v.200
£.220
0,240
0.2060
0. 280
v.300
0.32v
0.340
0,380
O.30C
0,.,v00
Venl0
0.640
0.40v
0.4%0
0,500

P AR TPV OTPTVL B WWWRRNUNUNR s meC 3C D

NNNO OO PR NEadowwwNNNEEROdNOOE0CCO00O0O30NCc NnaCcO"00d

P EEEEE E R EE E R EEEE R R I I e e N ™

P A PO TWwO W

0020 -

UPPER LOWER
GPA GPA
3.9 70.0
3.8 76.0
3.5 v.0
3.8 8.0
3.8 7.0
140,C Te.0
140,¢C Tv.0
140,0 Te.0
1ac.¢ 78,0
1du,.¢ Te.C
14C,¢ 76.0
140C,.C 76.0
1%0,.C Te.C
140,.0 76.C
140,.0 78.0
140.0 76.0
140,.C Te.C
140.¢ 76,0
“1e0.¢ 7%.C
140,0 8.0
140,¢ Te.C
14C.¢C Te.0
140.C T8.0
140,.0 7¢.¢C
140.C Te.l
1400 Te.C
140,.C 78.0
14u,0 7.0
13s.¢C Te.0
123.5 Te.0
112.7 78.C
101.% Je.0
90.4 70.0
79.2 768.0
8.0 — T,
7.0 78.C
SR & 1) mmmmny ¢ P
70.C 76.C
7%.C 78.0
70.C 76.0
7%.0 8.0
78.0 78.0
> w==%0 70.9
Té.C 8.0
8.0 78.0
78.0 78.0
7.0 79.0
78,0 7.0

SInkSE
FACICR

0.7907
C.5410
1.09¢4
1.3897
1.4456
1.44%0
1.0422
1.4
1,438
1.4324
1.42%4
1.42¢4
1.423%
1.42C%
1.4177
1.414¢
1.4120
1.40¢4
1.40C9
1.35%4
1.39%¢C0
1.3e4¢
1.371%2
1.273¢
1.34M
1.453%
1.2388
1.1825
1.12%4
1.C7¢%
1.034y
1.0043
0.9v47
0.577%
0.905¢
1.00CS
1.009%¢
1.0172
1.€236
1.0290
1.€33¢
1.€3%

—1.tacC0"

1.0422
1.C439
1.C45%0
1.C48%¢
©1.0497

CHK

FBAR

0.0€=C1 "~ "0,00000

6.5E=C6
1.4E=C7
2.2e=C?
1.1€=C7
0.CE=C!
1.1E=C?
1.,1E=C7
0.Ce=Cl
1.1E=C7
2.3E=C3
1.4E=C)
9.0E=C4
S.0E=-04
3.95E=04
2.1E-0C4
1.3E=Cq
4.9€=CS
1.8€=0%
6.0E=-0¢
2.2E=C¢
C.4E=C)
1.1E=07
1.1k=C7
1.18=C?
1.CE=07
0.CE=C1
1.9E-C¢
2.06=C7
9.7E-C6
9.02=C0
9.5E=0F
9.4E-08
9.2E=CE
S.4£~-C)
4.26~C3
3.2E-C)
2.5E=L)
2.08-0)
1.6k=C)
1.28-0)
9.7E=04
—7.0L=04
S.0E-04
4,.3E-Co
J.0E=04
1.0€=C4
0.1E-CS

-

0.00080
0.00173
0.,00202
0.00406
0.00540
0.00872
0.00890%
0.00937
0.01063
0.01200
0.01331
0.01462
0.,0159)
0,01723
0.019083
0.01983
0.,02242
0,02%00
0.027%7
0.03013
0.03268
0.03%22
C.C377%
0,0302¢
0.07453
0.09790
0.12000
0.14127
0.1614¢
0.1000
0,1995%9
0.2178%
0.23567
0.2539%
0.27224
0CT2
0.3093%
0.32011
0.34697
0.36%93
0,30496
V. %0908
0.42319
0.48236
0.4615¢
0.49070
0.50000

‘0.73807
0.00406
1.00771
1.16327
1.32238
1.32001

M1.372%%)
1.32238
1.3194¢C
1.31645
1.31375
1.3110¢C

T1,30829
1.30%¢1
1.362%7
1.30034
1.25778
1.25261

“1.2079)
1.20250
1.277%0
1.272%3
1.26758
1.202¢%

—1.3301C
1.10683
1.138%)
1.0606€64
1.03401
0.9004¢

—0.99116
0.92301
0.9080)
0.0900:
0.9C952
0.919%4

" 0.92791
0.934%4
0.94002
0.94573
v.9490C
0.95313

“ToTYsIN
0.9579¢
0.959%44
0.96047
0.961C1
0.96100

FOARPF

129.04313
136.69954
149.071¢)
162.150¢4
176.05117
=3.4010)3
=3,156€7
=3,C8Z48
7.9454¢
=2.6t31¢c
*2.7704¢
«2.731¢0
=2.653€0
*2.6605%
=2.632¢0
=2.6C040
-2.56742
=2.55314
*2.%526%7
=2.5C647
*2.49113¢
=2.479%42
=2.4700
=2.4c34t
“2.45%1¢C
=2.4627c
=2.%406¢7
=2.629€¢
*2.500C4
-2,08243
-1.0642%1
=1.,1637¢
=0.62087
0.020¢2
0.54651
0.45714
—0.30)3CS
0.32110
0.266¢1
0,223t
0.18421
0.145¢7
0.118¢}
0.08C2Y
0.064C3
0,0392¢
0.01827
“0.006zF

e —
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TrFE PROGRAR IS SCARF)

= ==" SCAFF ANGLE T8 130.U WILLIRATIANS, -
JCINT LENGIN 1§ 19.2 PILLIRETERS
T UFSITUON TS 0,082 T — T 77 -

—XONENEND WCDULUS ACAEEIVE

XBAP SIRRSS CHK FRAR
A 2117 S TT T UTYER TLUMWER FACICF
PETERS GPA GPA
e Tog 3.9 7.0 <.%117  0,0f=01 ~ V.00000 ~ U.¥TTO4
0.0 0,001 A.5 %6.0 G.5990  S.7E-08 0.00081 0.5512)
09,0 0,002 3.8 70.0 J.69%5 T.2E=CS 0,00110 V.83988%
0,0 C.0v)d . Ye.0 0.80CS S.TE=ut 0,0017% 0.73574
-~ T0.1 ~“D0,004 3.5 76.0 0.5143 1.1E=C7 0.00256 D.84020
0.1 0.00% 3.5 T6.C 1.037%¢ 2.3E-07 0,00346 0.95307
e em——al V000 = 3.9 78.0 1.1712 S.JE=-CE V.00449 1.07611
Gl 0.0L7 ).S 78.C «3188 7.9E-CE 0.005¢3 1.,209¢Ce
C.1 v.008 3.t Te.C 1.471% 9.5E-C¢ 0.00691 1.3521¢
C.1 () 140.C To.l 1.4e05 9.0E-C? 0.00620 1.34782
v.2 0,010 140.0 6.0 1.4630 1.18=C7 0.00561 1.34375
0.2 0.u11 140,C 8.0 1.45%7% 1.1E=CT 00,0098 1.3396%
=02 “9.M2T q40,.C 78,0 1.4527 0.0E~C1 0.01229 1.33611
0.2 0,013 140,0 Te.l 1.445s 1.1E=C? 6.01302 1.332%0
0.2 0,014 140.0C 78.0 1.446€0 0.0E=01 0.01495 1.329%00
0.2 c.01% 140.¢C 76.0 1.243) 0.0E=CI 0.01629 1.32%60
.2 0.016 14C,.C 70.0 1.4367 1.1E=C? 0.01760 1.32227
0.3 0.018 140,0 76.0 1.4217 1.1€=C? 0.02024 1.2150)
= eNed ey 1400 .0 1.4245 1.1E=C4 0.,022%7 ~T1770961
.3 0.022 14(,0 Te.b 1.418) 4,3E-0% 0.02548 1.3035¢
0.4 0,024 140.C 76.C 1.4118 1.6E=07 0.02608 1.257¢€¢
C.¢ 0.u20 14v.0C Te.0 1.405¢ S.5E-C¢ 0.03067 +25168
T.4 0.0%76 14C,.C 78.¢ 1.3554 2.0E=-C€ 0,0332% 1.26618
c.® 0.03° 140,28 Je.l 1.3533 7.5e=L7 0,03%61 1.260%3
~0.% “MMe0 ~1140,C 7¥.C 1.3e2% 1.1E=C7 0.C404F 11,2332
0.9 0,080 140.C Te.0 1.3c¢1 2.1E~07 0.07302 1.20042
1.2 T,08C 140.C 78.0 1.2490 0.0E=C1 0.09650 1.14754
1.5 6.100 14L.C 6.0 1.1510 0.0E=C) 0.1169) 1.09466
=18 0,120 13%.C 76.0 1.132¢ 2.0E=-C7 0.14028 1.04096
2.1 0,140 123.9 Te.0 1.0e17 9.7E=C¢ 0.10002 0.95422
- =250 O TN T 112,10 78.0 1.C4C) 9.CE=C1 D.IP011 "T,9581%
2.7 0.160 101,.8 78.0 1.C008¢C 9.5E~CH 0.19093 0.9273¢
—3.,0 - 0.200 90.4 T9.0 C.9080 0.0E~C1 0.21727 0.90084
3. 0.220 79.2 76.0 0.581¢ 9.2€~C¢ 0.2353¢ 0.90215%
T8t 0,240 It 1.0 €.9920 5.3:-0) 0.253%0 0,.9124¢
4,0 0,200 74.0 78.0 1.6033  4,0E=02 0.27185 0.92215
_ T TTTIN TerTML C “1.0121 3,12+C?! 079037 “0LYIOYS
4.6 0,300 76.0 6.0 1.0188 2.4E-0) 0.3u905 0.93704
4.9 0,320 — "¢ .0 1.02%7 1.92-0) 0.52795 0.,9827)
9.2 0,340 Te.u 6.0 1.03C9 1.5€=C) 0.3467% 0.9474¢
* $ed 0.0 "M, C 7.0 1.€3%2 1.2€-C) 0.38%74 v.95142
$.8 0,200 76.0 76.0 1.0367 9.4E~04 0.38400 0.95404
TTTETTTTOCE00 L. 7L 1.€315  7.4E-Ca 0,%0392 ~TU,YST2)
€.4 0.420 Th.t 76.0 1.C407 S.6E~Ce 0.42309 0.95924
——-87 0.0 - 7MM.C 78.0 1.C4%3 3,2T-04 0.48229 7TV.96073
7.0 G.400 7%.0C T8.0 1.C404 2.9E~04 0.46151 0.96172
53 v.aC 3.0 7.0 1,489 1."-0. V.4807% 0.96224
7.6 0.500 76,0 76.9 1.C470 8.10-08% 0.50000 0.9623¢C

77.325¢1
¥4.531C4
92.1762¢
160.,267%¢
106.67951
117.977¢01
127.601138
137.77¢7
146,.52612
“4.15%¢4
=3.98447
=3.61280C
«3.670k6
=3.55173
=3.4504¢
*3).ledt2
=3.20014
=3.1¢43)
«3.0€6476
-2.9875%
*2.92%27
-2.673¢
-2.82072
=3.7547¢
~2.6E251
=2.016%7
-2.637%¢
=2.65523
=2.550%2
*2.12382
=1.677%¢
*1.1532%
=0.646%C
=0.0C170
0.529C7
0.4423¢C
—U.37081
0.310%¢
“0.2997%¢
0.2161%
0.1783¢
0.144e5
D.114%56
c.08717
C.06174
0.€377¢
0.014%53
-0.0C828 't

.
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ADNEREND POCULUS ACRESIVE

T X T O TXBART T

PILLI UPPER LONER
TTPETERS T 14 CFA -

0.0 ¢.000 .5 78.0
o.m 0.001 3.5 77 7.0
0.0 6.uC2 Tel 76.0
"7 0.0 T0,T03 3% 8.0
0.1 v,004 3.t 78,0
C.1 c.0cs 3,8 75.0
Cel 0.00¢ 3.5 7.0
el f.0C7 3,3 78.¢
Lol Ueule 3.8 78.C
“Cel T.C0LS 3.8 78.C
o2 Goli1r st To.t
G.2 0,011 3.8 7.0
0.2 0.014 140.C Te.l
C.2 ¢.01) 140.C 76.C
(%] V.0l 160.C 76.0
0.2 0,018 140.C 78.0
[ W] V,ule 140,.¢ 7.0
0.3 0,01¥ 140.C T6.0
.3 G.vil 140.0 76.C
c.) O.vz2 140.C Je.0
C.¢ vevid 14C.0 Te.b
t.1  0.C26 —140.C 78.0
C.d G.Catk 14C,. 0 76.C
C.* ¢.030 14C.C Te.C
C.t 0,%4¢ 14v.( Te.t
0.9 0.0eC 140.C 78.0
1.2 V.veu 14C.C Te.0
1.9 0,100 - 140.C Te.C
1.0 velztl 135.¢C 76.0
2.1 c.14C “123.5 Te.C
.4 C.lel 112.7 Te.0
2.7 0.180 101.8 7%.0
Jov G.200 9u.4 6.0
=33 0.2 -~ 79.2 8.0
3.k U,.240 Te.C Te.0
s,.C C,.2e0 7.0 7.0
4,3 C.2bv 76.0 76.C
1.6 0.30"7 T8, TINLC
4.9 0.340 70.C 76.C
= e N e M e < r o )
9.9 0,300 78.C 78.0
8N TO,IC - — 9,0 —79.0
o,l 0.400 7e.0 7e.0
*.t 0,820 T, 1.0
.7 0.440 6.0 7.0
— A0SR0 =90 .0
7.3 0,400 76.0 T6.0
2.8 0,%00 - 78.0 Te.0

S1RASE
_FACICHE

0.3%61
0.01147
0.4756
TT0.%403
C.e239
0.70é0
C.7945
C.ESCS
C.5944
1.108%
1,22¢0
1.354%
1.49)32
1.406C
1.483C
1.4761
1.4738
1.464¢
1.4%¢2
1.4462
1.4405%
1.432¢C
1.42%7
1.416c
1.365%¢
1.323%
1.4832)
1.4071
1.145)
1.0656
1.0474
3.0182
0.5542
C.58¢3
C.5570L
1.2C7%C
1.0188
1.022%
1.02¢64
e ntil]
1.03)%
—31.,04Ce
1.0428
1.t4%¢
1.CaM
ToT1.Tee2
1.0467
1.T487

ChE "7 TEBAR T “TRARF PORRPE ~

0.08=01 0.00000
9.7E-06 0,00038
4.0E=0C8 0.,00076

0.32733
0.30116
0.43992

‘T.9E=008 ~0,00123 " 0.5UTIVS

2.0£-07 0.,00177
1.56=C7 ©0,00239
T.7€=C6 £.00307
1.1E=07 0.0038%
2.1E=0) G.0047¢
i.1E=CE T.00568
1.0E=C7 0,00675
2.7E=C? 0.00793
1.4E=CS 0.00924
2.06=0¢ 0.01061
4.3E-07 0.0119¢
1.1E=07 0.01334
1.1€=07 0.01469
1.1k=07 0.01740
0.0E=C) 0.02009
1.1E=C? 0.0227%
0,0e=C1 0.02540
1.1E-C7 0.02904
2.16=C7 0.03007
J.eE-CE 0.03329
C.CE=C1 0.04017
0.0E=D! 0.07:08
1.CE=C? 0.09480
0.0E=C1 V.1174%
0.0E=-C) 0.13099
1.5€=-C7 0.15949
0.0E=C1 0.17912
0.0E=~C] 0.19806
9.4E~CE 0,21651
1.9E=C7 V73469
S.0E=C) 0.25291
3.9E-C) T©,.27133
3.0E=C) 0,20992
2.3E=C) 0.3006¢
1.8€=0) 0.3275)

0.37347
0.64050
0.7308%
0.6167§
0.5135¢€
TT1.01852
1.12662
1.2452%
1.3723%
1.367%7
1.36297
“1.95954
1.3%427
1.34613
1.33041
1.3310)
1.32392
1.317C4
1.3103¢
1.30362
1.27291
1.215%51
1.16014
1.1048¢8
1.049¢7
1.00172
6.962¢7
0.933C8
C.51301
“0.Y0ESC
0.91629
0.9255¢
0.9333¢
0.9397§
0.9452)

179E=C) -~ VIYEESE O VAV

1.26-C) 0.36549
“9.12%04 “0,.39%00
7T.1E=0Cq 0.4037%
S.42=C4 0.422%
4.0E-04 0.44219
2.7 O,AETES
1.0E=Cq 0.468072
3.TE=08 TTS0000

0.953%)
—C.9986C
0.959¢C7
“U.98099
0.96241
TNt
0.961304
T.9E3%C

$1.45139
$6.24300
61,330¢%)
$6.721)1
72.43512
70.46455
04,.668530
61.6%177
$6.,8C04¢€
106,346C3
114.31171
122.70932
~4.9325%
=4.7C446
=4,51040
=4.34325
-4.196C4
*3.95640
=3,7€9¢2
=3.617%3
*3,45251
=3.3893)
=3.30224
=), 226%¢
=2.9644)
=2.75%¢1
=2.7%6Ce
«2.76045
=2.61€33
=-2.1777%
-1.7227¢
=1.2317¢
=0.679€1
-0,031C0

0.505€&0C

0.42272

0.3541¢

0.29682

0.248353

0.17016
—0.13810

0,1093)

0.0031¢C

0.05677
0.03%7%

0.013%¢
=0.0008%6
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~YWT FNOGFAR T3 NCARPY e
BCARF ANGLE 15 150.0 WILLIRACIAMS,

— T PILLINETORE - = e
EFS1LOM 13 0.0302

_ ADNEREND BOCULUS ADPESIVE s

TR T T XmAR T STIRESE Chk “FRAR T TFBDARF  FRARPP
PlLL] UPPER LOWER FACACK
TTTTWITIRS T T T T e RAT —en b i &
0.0 0.000 3.8 78.0 0.3026 0.0E=01 0.00900 0.24138 )35.90040C
9.0 9,001 3.9 79.0 6.Jc38 S.1E-00 0,0702¢ 0.27094 39.24143
c.0 V.002 3.9 Tv.0 C.lasy 9.41~09 -« 20050 0.3199¢ 42.707)0
=0,0 - “0.uv) 3.9 .¢ 8,39¢?7 1.1€=C7  0,00090° ~0,.36439 46.%4742
6.1 0.0Le 3.5 76.0 C.4459% 2.2E-C7 0.00129 0.4131C 50.%31%¢
0.1 0.00% 3.8 Tv.0 5067 1.,56=C? 0.00173 0.4657) 84.745¢2
0.1 0.0ut ).t Te.c fER7 1.¢E=C) 0.00222 0.522¢5 $9.212%%
T.1 0.0€C7 3.8 6.0 C.€)87 1.06=CY 0.00270 C.56424 )3,.930C17
* (T 0.0ub 3.t Te.C €078 6.28=C9 0.00339 O.05ued ew.914%!
"ol OSSN 3.8 Te.? c.7887 J.00=C? V.T0400 T.7221¢ 74,177¢C2
Voo [N &g 3.3 To.u Cotrsd S.de=Ce C.00404 Co75%CF  79.729¢8
.2 0.011 3.2 78.0 C.988) S.1E=CE 0.0086» 0.0817%3 RS, SH4ES
€.2 0.012 3.2 Te.C 1.05¢%¢8 1.50=07 0.00000 0.97036 $1.7954¢
0.2 0.013 3.8 Te.v 1.1%%1 1.7 7 0.00762 1.00534 98.254¢1
0.2 0.c14 3.9 . 1.3687 1.0, ¢ 0.00974 l1.10090 105,068e71
0.2 —0.,01% - " 3.9 7%.¢ 1.3879 1.30~) 0.0099¢ —1.,27%8¢ 112,298%)9
0.2 0.010 3.t 0.0 1.%142 1.36=C) 0.01129 1.3917C 11y,.668¢C
0.3 0,016 140.C .0 1.%9022 0.CE~C) 0.01400 1.3018¢  =a. 60007
0.3 0.020 140,C Te.C 1,495 0.0e=C) 2.01082 1.37209 =4.9591¢¢
0.3 0.022 140.C e.0 1.46)3 1.1e=C7 0,019%8 1.30316 =4,38232
C.4 vel2d 140.C 7%.C 1.473% 1.1E=C7 0.02227 1.3546¢ =4,15%524
R B s 4 140.¢ et 1.48%) c.Ct=C1 0.02897  "1.346%2 <3,951C¢
0.4 vl.lyr 160,°7 7.0 J.e5e 1.1E=07 0.02706 1.330¢¢ =1.p%2)4
.5 Condu 1e0,C Te. 1.446) S.0E=0¢ 0.030)33 1.331C65 =3,73207
(ot U040 1a..0 Te .0 1.410 C.CE~CL 0.04345 1.26587 =2.01717
c.* v.ue0 14C.C Te.o 1.241°7 C.0t-C1 0,00874 1.22317 =3,.0C2¢ke
1.2 0,08¢ 140.C Te.( 1.377¢ 1.CE=0? 0.092v1 1.17441  =2,06%475
1.5 v, 140 ¢ Te.C 1.41%1 0.0E=(1) 0.11872 1.11677 =2,860)%
1.¢ 0.14v 135.0 76.C 1.1832 9.6E=C6 0.1374¢ 1.0990¢6 =2.0%33¢
2.1 0,140 123.9 Te.0C 1.099% 0.CE=C) 0.,15017 1.01091 =2,24087
2.4 0.100 112.7 Te.u 1.0587 0.)k~C) 0.,1779¢ 0.9703( =1.77%)¢C
2.7 0.180L 101,2 Te.L 1.0224 9.5€=08 0.19708 ©.9397C ~1,2768%
3,0 C.2v0 90.4 0.0 1.00Ce 0.0E=C} 0.21562 C.51563 =U.71¢EFC
—3.3 —0.220 9.2 78.¢C C.9910  9.2¢=Ck 0.23391 0.91188 <«0,06%:0C
J.» C.240 Te.C Te.0 1.CC1e 4.0c=C) 0.252%) 0.9207¢ 0.476%0
.0 0,200 Yu.0 78.C 1.0114 J.7e=C) 0.27073 0.929%4 0.399%)
4.) V.20 70.0 78.0 1.018) 2.06=C) 0.20540 0.9)e€? 0.33%C1
4.0 v.ic0 7.0 78.¢ 1.C2¢ecC 2.28=C) 0.3082¢C 0.943¢u1 0.20072
4.9 0.320 78.0 8.v 1.031e 1.0e-0) 0.32711 0.54818 0.23472
T N0 Mt — L0 “1.00e) 1.46°C) 0.30012 0.9%24¢ —0.19522
$.% 0.3e0 76.0 T8.0 1.C4C) 1.1E=C) 0.3e52) 0.95596 0.1€6062
S.¢ e300 7%.0 79.0 1.043) 0.7E=C4 C.3043e 0.9%0890 0.13040
t.) v.400 Te.C 78.¢ 1.C4%% 6.0E=Ce 0.4035%¢ 0.9612) 0.1C0019
e, v.e20 8.0 78.0 1.0478 $.28-04 0.42280 C.9€3C4 0.07034
6.7 V.440 76.C Te.0 1.048) 3. 9E-C4 0.44206 C.%438 0.09%:6
.0 -0, e0v —  M.0 8.0 1.08¢2 2.7¢~04 0.48127 0.9e32¢ 0.03)47
7.3 V.d00 Te.c 75.0 1.080Y 1.7€6=C4 0.40008 0.96572 0.0134)
T.e v.800 70.¢ 70.0 1.38Ce 9.1€~0% 0.%0000 0.98%7¢ <«0,00836
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Appendix v. FORTRAN PROGRAM SF3

This computer program calculates the two-dimensional stress
distribution at the end of the adhesive. The boundary stresses are
represented by polynomial approximations to facilitate calculating their

Fourier series coefficients.
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"C TWIS PROGRAM CALCULATES Twg STRESS PISTAIAUTION IN & RECTANGULAR REGICN,
C TME BNUNDARY CONDITIONS On THE UPPER aND LCOwER SUKFACES ARE STRESSES
C MEPRESENTED AS TOURIER SERIES,

IMENSTIIN ATNOR(01300),ATSHR(0130N),ARNCR(02300),A084%(02300),

1 C1C8F(300),C2C8F(300),C3CEF (300),CaCHF(300),

.2 CIS8F(300),C298F (300),CI88F (300),Ca80F(300) S AR,

REAL L

CALL ABBIGNLOL Y SOPS.OAT ) e

P13, 101592450
JTEAVES300

Ly,
ALPHARE S URY . e e e T oo S et Fevnlori o e o
TALFsTAN(ALPHA)

DR o s | it S Y R o B e ST -
1780,.1

LLITA]

C OEFINE THE POLYNOMTIAL COEFFICIENTS FOR TWE SwEAR STRESS DISTRIQUTION
C " ON THE UPPER (TOP) SURFACE OF TME RECTANGULAR REGIUNS

c Fom

THE LEFT SI0E, 0.0¢xe}, 30
PTLORTE, 7128
PTL18=326,008"
PTL22506,9%03
PTL32=350,0967
PTLaRe] 2500
TME RIGWHT SINE, 1.3%9¢2e3, 0
PTROZ19,9%2
PTR1z=23,862%
PTR2212,%4n _
PTRIz=}, 22%
PTRaz(, Y1478

C POLYNC~IaL COESFICIENTS FNR SwEsR STRESS ON THE 4OTTOM:

c FOk

c  Fom

RLIUITLT

TWE LEFT S1DE, O0,Bcxe?
PuSLOE3] v0200)
PRSLIZ=1004,750300
PREL28122,291273

PAS, 3287 004037
PRSLeRY 293192

TWE RIGWT SIDE, 2enel
PuSRQ3PTRO

Pass2abTR2
PaSkYZPYRY
Pas~asPlaa

C POLYNO™IAL COEFFICIENTS FOR NOAmaL 3TRESS Ch ThE TOP:

PTINk2ETALFePTR

PINLOBTALEePT O
PTINLISTALEePT |
PINL2ETALFePTL2
PINLISTALFePTLY
PTNLESTALFePT &
PTINROETALFePTRD
PINRIZTALFeP TR

PINRISTALFePTHY
PTINRASTALFeP TR

C POLYNOMIAL COEFFICIENTS FOF TWF NORMAL STRESSES On TrE BOTTOM:
4 FNR TwE LEFY SI0E, 0,8<Xe

4 FOR TWg AIGWTY SIDE, 2<r«)

_PoNL13=00,19]19508

PENLOB21,94343

PONL2®)0Q 40%a70
PONL 38=53,0)7008%
PANLEZ0,623233

(CLTLIEY S F11]1
PenRiza, 029048
PONR2E-1,008029

<POENISOINYIAN o e SYRRESS

PONNAE0,00M30

L POLYNOMIALS FOR NORMAL STRESSES REQUINED FOR MOMENT EQUILISRIUw:
FOR TwE LE®T SIDE, O0,8<xc), 0
_Pupw: 02285 00846

PuQOwr 13-80,372)
PMONL 228%,2200 . = e s el
Punv 33=27,9070
DHONLARD D v o i e S

C FOR TWf RIGwT SIDE, 1.8¢rxe2,0
PPOMANRISS 5888 —

PUOvA 3200, 0000

PMOMR22180,000 ST = =
PuNvE Y27, 7778

PuumRaszg, 0
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C CALCULATE TWE JERQTW FOURIEW COEFFICIENTS FOP TwE nOOMaL STRESSES

— ATNOR(QIBTALFA . . esin
1 ((2.0/L)0(FIRGeY. 00ePTR 0Y, 0002/2, . 0eP TR

s e e, 5 | M S, & b oPTR3e) , Deed/a,00PTRA], .
2 «l(2.0/L)0(PTROe1, t0eP TR 01, 30002/2,06PTR221,30003/3,0

e cee - 9PTRIN]  30008/8,0°PTRA0]  38005/9,0)
a o(l OIL)O(P!LOOI.lloDYLItl.lo--tll.oobruttl.!icclll (]
i | PPILICL 3000/ a DoPTLACL 30005/5%5,0)
. @(@,0/L)0iDTLACO, 80P TLI®0,A00eR/2,00PT L 2°0,00e3/3,0
? PTLI0,00008/0,00PTL000,00005/5,0))
ADNOR(0)8(2.0/L) o (PONLO*PuONL0) o) 0

= *(PONLI*PHONML 1)), 00~2/3,0

e(SONL2PPONLD) *],800)/8,0
P _l-...____._- CLPONLIPPON )y 0000/0,0 . o e o
o (PANLE*PMONLA) 0] ,8009/5,0)
“(2.07L)2((PANLOePNONL0) 20,0
e (PO L oPNONL )"0, 0000/28,0
e (ONL2PPONL2) 00, R00)/3,0
*(PAN_LSePnOrL3)00,A00as0a,0

*(2,0/L) 0 ((PANLNP¥OVRD) 22,0
S(PANL)ePNOMR]) 2D 0002/2,0
o(PAr 2ePw(ONikd)e 000}/, 0
e(PE. JePvnaY)e2 Mevasa,o
e(PAl L LePVInEa)02 00e5/5,0;

®(2,0/L) e ((PANLQePrOMED) @] &
e(PanL1ePVirn])e] de02/2.0
o(PONL2ePMCNEQ) 0,
e(PONLIePNONRY )0y,
e(PENLI-PPONAY) 0] ,000%/98,0)

e(2,0/L) e (PANKOeY 0ePPAR 0] J002/2, 00PN k2e] 0003/, (
PANESe) 0eea/a,00PB RE0),000e5/%,0)

LV Y Y W PR R Y I
.

CPANE 302 (eea/a 0P NREe2 00e%8/5,0)
C CALCULATF Twg STRESS FUNCTION COEFFICIENTS FOR Twg wNRMAL STRESSESS
C (TeIS 13 Twg STRESS FUNCTION SULUTION wwiCw ACCOUNTS FOR THE DIFFEPENCE
c IN THE UPPER AND LOAEP AVERAGE wOAwAL STARESSES)
O3B (APNOR(0)=aTHOR(0))/72,07(YRerT)
A2BATAOM(0)/2,0=83erT

c
C CALCULATE TwE Z2EROTw FOURTITR CCEFFICIFNTS FOR TWF SWEAR STRESSFES:
lYlul(OEO(I.OIL)o(nv!o.),oo.lvlllo!))o],Oc-} 2.00PTwu2e3 00ee2/3,0
P30, 0008/4,00PThaeY 00e%/%,0)
-(I.OIL)O("'OOl.!00("~lol!)tl.!0"118.0007'101.‘ODOII!.O
ePTh3e] . JPecd/a 0ePThae) 280e%/%5,0)
e(2,0/L)0(PTL00) Jee(PT Jop3)e) 3Are2/2 NelPT 201 38008 7,0
ePT Y0 JRovd/a 00l 00 YRee$/%,0)
@(2.0/L)e(PTLO000,800(PTL1e83) 0 A0e02/2,0ePT 200, ,08003/3,0
ePTL300,0000d/78 0ePT 000, ,0000%/79,0)
*(2,0/L)e(n3en 800¢/2,.0)
AZmR(0)S(2,0/L)0(PRSRQeY 00 (POSRIONT )0l Need/2,00Pu8A203 0003/, 0
ePBSNYeY, 00ed/a, 00PPSRue]} Coes8/5,0)
“(2.0/L)e(PASKQeD 0 (PRSHIoAY) 02, 00ud/2,002983202,0003/3,¢0
*PPSRYe2, Neea/a 00PASRAeR, 00e5/9,0)
e(2,0/L)0(PYSLAC2 00 (PEBL1083)02,00e2/2,00P68L202,0003/3,0
RSL302,0008/8,00PP5 802, ,000%/%,0) e
“(2.07L)(PBILOC0, 0o (PASL1IOAT) 00, Pea?/2,00P88 200, 0008/, 0
ePRS L300, 000078 00PR 000, ,0005/5,0)
*(2,0/L)2(0300,0002/,2,0)

CALCULATE Tmg FOUNTES COEPFICIENTS FOR Twg TOP STRESS DISTRIBUTIONT
0o 1 \ll:l'(lﬂi
AFTasneP |/ ]
ATSHR(N)S2 0eaN(L,BETE,PTRO,PTR A}, PTHR,PTRY,PTRA,S,0)

BSOS W~ PO YT AE N
'

4
4
4

1 ®2,000N(L,AFTA,PTRO,PTR 83, PTH2,PTRY, PTia,]1,38)
SR, 00ANIL RETA,PTLO,PTLI8,PTL2,PTLY,PTLE, ,.30)
oL ,_.-,__’--,-_,".oﬂﬂl(kt.'“o"}.o"t|'.'-"L'l"k""k.g._n_" . I
. ®2.Mean(L,0ET4,0,0,02,0,0,0,0,0,0,0,8!
L] - 0ean(L,B0ET4,0,0,80%,0,0,0,0,0,0,0,9)
ATNOR(N) 2,0:0N(L,AETA,PYNRD ,PTANRYL, PTARD PTARS,PTNAA,S,0)
1 . @2, CeAN(L,BETA,PTINRD,PTHi]| ,PTAR2,PTNRS,PTNARE,|,30)
e 2, 000N(L,RFTA, PINLO,PTMLY,PTALZ,PTNLS,PTNG,1,.30)

— — Y LLLT (W] AT PI AL PLAL TS PLAL T FLALTS Pl AL T T P
1 CUNTINUE
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C CALCULATE TNE FOURIER COEFFICIENTS OF TWE QOTTOM STRESS CISTRIBUTION:
00 2 N=],ITERMS

_BFTasNeP]/L o ) . e e .
ABSHE(N)Z2, 00AN(L,8ETA,PBSRO,PBSR 83, PASRY, POSRE,PESRG,3,0)
_ 1 =2,0%aAN(LRETA,PESRO,FESR1+83,PRIR2,PYSI,PASRA,2,0)
B ? @2 . 0eAN(L,BETA,PESLO,PASL1e0Y,PBSL2,PNSL3,P08.4,2,0)
. | - ".O.‘.(LD.('.0'.3L”.’.3Ll"!""L‘o...L'.’.'L.'..., _
L} ©2,00AN(L,MFT2,0,0,8%,0,0,0,0,0.0,0.0)

S *2,00AN(L,PETA,0,0,A%,0,0,0,0,0,0,0.0)
ARNOR(N)=2,00ANCL,BETA,PBARD,PARR],POARY,PANRS,PONRA,3,.0)
«2,09AN(L,AETA,PONRO,PONRY ,PANRY,PYNRS, PONRA, 2,0) _
02,00AN(L,BETA,PINLOPuOY PANL L oPMORR] ,PENL2ePNUNRY,
B ~ PBNLSePMOVAY,PANLACPROMRSE,2,0)
«2,000N(L,RETA,PONLOePNOBR(), PANL LePMOMR] ,PENL24PNOMNRY,
PRANL YePMOUR S, PUNLE+PFONRE,1,8)
02,00aN(L,0ETA,PUNLOPRONL O, PRNL L oPu0i| |, PENL2oPNONL2,
- PANL JoPuOK| 3,PBNL aePFONFLE,].4) -
“2 . 00ANCL,BETA,PRNLOPMONL 0, PANL 1 0Pu0IML |, PENL2oPHOM 2,
PUNL S+PMOML S, PENLA*PNOPLE,0,8)

NS RPN -

1
..l

2 CONTINUE

C C™ECX FOURIER COEFFICIENTS:

0 aRITE(S.111)

o111 _'Oi'lf(fsp'N',Yll.'A!ib".'l!.‘l?&nl'.lso,'IINOI',YOO.'AOSNO{) .

0 DO 10 k=0,ITFRuS

g MRITE(B,100) N,ATNOR (%), ATSE(N) L ABNCR(N) ,ARSHA(N)

14 U] SONTINUE

o} wRITE (&,110)

S110 FORMAT(TY,"x", 720, " TAUTN',T32, TAUTS ", Taa, 'TauBnN',TSe, "TAUSS")

D0 @& NXx3=30,30
XENKel,!
TAUTNRATNDOR(O) 2.0
TAUTS=ATSHR(0) /2.0
TAUBNSABNOR(0) 72,0
TAURS2183MR(0) /2,0
09 3 Ny, ITERMY
BETARENeS TeX /L
C2COS(REYAX)
TAUTASTAUTNSC oA TNOR (N)
TAUTS2TAUTSeCoaTSHR (N)
TAURNZTAURNCC=ARNOR (N)
TaucSzTaysS«CeaR3=R(N)
CONTINUE
MKITE(6,101) XoTAUTN,TAUTS,TAUBN, TAUBS
CONTINJE .

Bl

OCDDOCOMNODLOO0ODOOOOoC
L]

e PR
C CALCLLATE SOLUTION COSFFICIENTS:
SR [ T T WS ) Lo i N
AETasneP] /L
SESINm(BETARYT)
CECOSn(9ETaeYT)
A1122,0e8ETARe2:S - A
A1232.0e8ETAe(SeRETARYTeC)
e A2132.0°8ETAC 20 F— _

42232 . 0eB8ETACe2eYTe§
_DETEAl10A22-412042) _ —— C—— s )
B12ABSHR (M) «ATSHR(N)
.- Bas0,y . iaoe s e S,
CISSF(N)=(810822-RaeA12)/DET
e _LASSFINIm(BQeAl1=f1eA21)/DEY S—

8120.0

Baz«(ATNOR(N) *ABNOR(N)) s s s . a
CICSF(N)=(B10022-3a0A12) /08T

LACSF(N)z(BarAll=Biea2))/0ET - - . -
A1132,.008ETAee2eC

e A12%2 Ne(AFTASCeAFTawsleyTeS)
A2132,008ETAve2es
A2222 ,009ETAe2eYYaC s i
DETzAl1ea2R=0127a2)
B2x=(AT3IMRIN) eABSHR(N)Y
83=0

e _L2SSFIN)®(A2eA22-R%eAL2) /DEY . .
CISSH(N)=(BYeal1=B20a2])/70ET
B2=0.0
BYISABAOR (NY=ATNOR(N)
C2CSF (N =z (B2et2>-330a12)/0E7
CICSF(N)=(BSe. *32e421)/0ET

&  CONTIMUE
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CALCULATE THE STRESS FUNCTION COEFFICIENTE FOR THE NNRMAL STRESSES:
_(TMIS IS TWE STRESS FUNCTION SOLUTION wMICK ACCOUNTS FOR THE DIFFERENCE
IN THE UPPER AND LOWER AVERAGE NOkMAL STRESSES)
SFB3s(ABNOR(0)=ATAOR(0))/2,0/(V8=YT) =

(sl aNaXal

OF POOR QUALITY

SFA23ATADR(0) /72.0-3F83eYT

CALCULATE TWE STRESS FUNCTION CQEFFICIENTS TO CORRECY TME LINEARLY
INCREASING NORMAL STRESSES IN THE X«DIRECTIOM:
(THIS STRESS FUNCTION ALSO MAKES THE X<DIRECTION NORmMAL STRESSES 2ERO
AT THE ENDS AND MAKES THME SHEAR STRESSES COASTANT AT THE ENDS)
SFO3=1A2,3%91
SFDaz-187,.5550
SFE22-8FDA/2.0eTRee?

[aXaNaNaXaXs

CALCULATE STRESSES:

wRITE(6,112)
12 FORMAT(TS, "FONE',T20,"XTR0",T32, ' TAUL",TAG, "TAUR',T36, "TRHL2')

DO 7 NYZe10,10,2

YENYe 01

D0 7 nx=0,%0

X=Xxel,1

SIZISSF  YeveSFNGaYeY

SIGYSSFBIwYeSFA2

TAUXYSATSHR(D) /2, v=SFR3eXaSFER=5FDa/2, CaTnn?

DO A N=1,1TERMS

B=NePI/L

822800

S=SIANM(ReY)

C=COSH(BeY)

Sicx=SIsx

t *SIN(ARX) s [, SF(N)2B2eCeC2SSF(N)eB22SeC3ISSF{N)epa(2,005e0eve()

*CASSF (N)eB8e(2,00CeBeveS))

-OoOnNMNO

3 *COS(Rex)e(CIC ?(i)' 82eC*C2CSF(N)eB2wSeC3CSF (N)eBe(2,00503ey0C) ~

—- *CACSF(N)eBe(2,00CeBrvey))
S!GV:S!u.
1 «B2eSIN(QeR)e(CISSF(N)eCoC2SSF(N)*2SeCASSF (N)aYeCoCaSSF(N)eYeS)
2 =82+COS(RvX) 2 (CICSF (N)eC*C2CSF(N) eS+CICSF(N)oYeCeCACSF(N)nTYeS)
TauxysTauxy
l “ReC0S 80X) e (C18SF (V) 2B aSeC2SSF (N) a0 aCeC3SSF(N)e(CoBaYes)
SCUSSF(n)e(SeReveC))
3 *ReSIN(Pax) o (CICSF(N)obeSeC2CSF (N)eBeCeC3CSF (N)e (Copeve§)
*CACSF (M) a(SeBeave())
8 CO&Y!“UE
____ WRITE(&,101) X,Y,SIGX,SIGY,TalXY
4 CONTINUE
1000 CONTINUE
100 FORm»AT (ax,13,5E18.0)
101 FOPWAT(ax,5F12,6)
END
. FUNCTION AN(L,BETA,PC,P1,P2,P3,P4,X)
REAL L
ANS(1,0/L)0(PO/RETAeP 1 aX/RETAGP2e (RETAR 020X e02=2,0) /BETA®eS
1 *P3s(BETAne2eXnelep 001) /BETARE]
2 n *Pue (BETAndeXende12 0eBETARR20X 00228, 0)/RETAReS)
3 eSIN(RETACX)
l *(1.0/L)*(P1/BETAse2+2, NeP2eX/BETARR?

*P3s(3.008ETAen2eXne2=6,0)/BETAnea

o _ *Pur(8.098ETAve2eKe03=28,00X)/BETAR®a)eCOS(BETARX) .
RETURN
END - i A L _
FUNCTION BN(L,BETA,PO,P|,P2,P3,Pa,X)
o REaL L __
BNE(1,0/L)e(P1/BETAse2e2,00P28X/B8ETARS2
1 _ ePTe (3 . CoRFTARe20k902°6,0)/BFTAcea
2 eP8e ' a 0eRETAReReXea3=24,00X)/BETA®na) eSIN(BETARYX) -

! *(1,0/L)0(=P0/BETA=P - (/BETA=P2e (BETARe2eX0a2<2,0)/8ETAuel
eP3e(RETARe .oelep, 00X)/RETARES

S Pav(3ETAweasiesdei3.00BETAesZaNes2e20,0)/9ETARSS)

s *COS(BETA#X)

RETURA

END
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Appendix vi. FORTRAN PROGRAN DEFLCOMP

This program calculates the deflection, location of the neutral
vxis, bending rigidity (EI), moment and top and bottom strains of an
adhesive'y bonded scarf joint with a doubler. It treats the specimen as

a1 lavered beam a2t each cross section.
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1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1140
110
1180
1190
1200
1210
1220
 fosgiy
12490
1200
12469
1270
1290
12v0
13090
1210
135.20
1350
1230
13%0
1340
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1519
1320
1530
S40
1550
1560
157
1580
1590
1600
18610
1620
1430
1640
1650
14660
1470
1480
1650
1700
1710

SRESET FREE
$SET AUTOBIND
THIS PROGRAM CALCULATES THE DEFLECTION» LOCATION OF THE NEUTRAL

c

c
c
C
c
c
c

OoOO0ONoOODNHDNOnNOOO0N0

C
c

AX1S»

LOGICAL RKPSTA

RENDING STIFFNESS (EI)»
AN AUMESIVELY PRONDED SCARF JOINT WITH A DOURLER.
SPELIMEN AS A LAYERET PEAM AT EACH CROSS SECTION.
VARIABLE ALHMESIVE THICKNESS IN ALL ADHESIVE LAYERS AND FOR THE
UNFLAT LOWER SURFACE CAUSED BY VARIABLE THICKNESS IN THE SCARF
JOINT ITSELF.

ORIGINAL PACE IS

OF POOR QUALITY

MOMENT AND TOP AND BOTTOM STRAINS OF

IT TREATS THE
IT ACCOUNTS FOR

COMMON /RKRCOM/ SPsHMINsHMAXsNC+AR»SG»0(1609)

REAL I1972013014»ISeLJ1sLJ2,LJTeLJ4sL1+L2,M:NoNODINULIZ,
1 NUMC » NUMR » NUM» NUM1 » NUM2
DIKENSION H(20) s HR(20)+E(20)9ER(20) s THETAR(20) » THETAC(20)
C--SEY SPECIMEN GEOMETRY» PHYSICAL PROFERTIES AND LOAD

DAT IS DOURLER ADPNESIVE TMICKNESS»
SAT IS SCARF ADHESIVE TMICKNESS
DOURT IS DOUBLER THICKNESS

HCOM- IS THE THICKNESS OF THE ORIGINAL DAMAGED MATERIAL
DOL IS THE DOUBLER OVERLAF

EC+EE2ED ARE YOUNG’S MODULI GF THE COMFOSITE.

ADHESIVE AND DOUBLER

GAMMA 1S THE ANGLE OF THE SURFACES OF THE SCARF ADIHESIVE NUE TO
VARYING THICKNESS,

LJ3 IS

DAMAGE HaALF LENGTH
TFLYC AND TFLYR ARE THE FLY THICANESSES

AND' THE REFLACEMENT PIECE,»
H(I) AND HR(1) ARE THE COORDNINATES OF THE ROTTOMS OF THE I-TH

FLIES IN THE ORIGINAL LAMINATE ANDI' THE REFLACEMENT FIECE.
WFLYC AND NFLYR ARE THE NUNFER OF FLIES IN THE ORIGINAL LAMINATE

AND' THE REFLACEMENT FICCE.

TPLYC=0.138
TFLYR=0.138
NFLYC=18
NFLYR=18
ALPHA=4 .0
OCURT=0.462
DAY1=0.30
DATLJY=C. 30
DATLIZ=0,30
DATLI3=2.34
DATLJA=C. 3¢
DATL1=0.14
SATLJ2=0.32
SATLJ3=0,22
LJ1=12.5
DOL=2%.0
L2=120.0
#=25.0
EE=3450.0
El'=63500.0

OF THE ORIGINAL LAMINATE

CALCULATE PLY MODULI- (ASSUMING SIGMAX IS NCN-ZERO AND
SIGMAY=EPSILONXY=0)

E11=117000.0
E2229300.0
NU12=0,3
G12=4500.0
THETAC(1)= 00.0i
THETAC(2)= 0.0}
THETAC(3)= 45,04
THETAC(4)=-45.0)
THETAC(S)= 90.04
THCTAC(&)= 45,04
THETAC(7)=-45,04
THETAC(8)= 0.0}
THETAC(9)=s 0.0}
THETAC(10)= 0.0}
THETAC(11)~ 0.04
THETAC(12)=-45,04
THETAC(13)= 45,04
THETAC(14)= 90,0}
THETAC(15)=~45,014
THETAC(14)= 45,04

THETAR(1)= 00,0
THETAR(2)= 0.0
THETAR(3)= 45.0
THETAR 1 4)2-45,0
THETAR(S)= 90.0
THETAR(&)= 45.0
THETAR(7)=~45,0
THETAR(B8)= 0.0
THETAR(9)= 0.0
THETAR(10)= 0.0
THETAR(11)= 0.0
THETAR(12)=-4%,0
THETAR(13)= 45.0
THETAR(14)= 90.0
THETAR(15)==-45,0
THETAR(16)= 45.0



1720
17230
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1680
1690
1900
1910
1920
1930
1542
19u50
1960
19270
1v60
1990
<000
2010
2020
2939
2040
2050
2040
2070
2082
2090
2180
2110
2120
2130
2140
2150
214G
2170
2180
2190
2200
2210

2220

<230
2240

~ne
-

2260
2270
2280
2290
2300
2319
2320
2330
2340
2350
2360
2370
2380
2390
24C0
2410
2420
2430
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THETAC(17)= 0.0} THETAR(17)= 0.0
THETAC(18)= 0.04 THETAR(18)= 0.0
DO 302 I=1,NPLYC
E(I)=EPLY(THETAC(I)»E11,E22,NU12,612)

302 CONTINUE

PO 303 I=1,NPLYR
ER(I)=EPLY(THETAR(I),»E11,E22,NU12,012)

303 CONTINUE
C CALCULATE SUMS FOR THE COMPOSITES:
FOR THE ORIGINAL LAMINATE,

c

300

H(1)=0.0

NUMC=0.0

DENONC=0.0

DO 300 I=1sNPLYC

R=FLOAT(I)

H(I+1)=ReTPLYC
NUMC=E(I)S(H(I+1)+H(I)IB(H(I+1)~H(I))+NUNC
DENOMC=E(I)R(HC(I+1)-H(I))+DENOMC
CONTINUE

HCOM=H(NFLYC#+1)

FOR THE REPLACEMENT PIECE.,
NUMR=0.0

UENR=Q0.0 -

MR(1:=0.0

00 301 I=1.NFLYR

R=FLOAT(1)

RR(l71)=RETPLYR
WUMR="R(I)E(HK(I+1)+HR(I) )X (HR(I+1)~HR(I))+NUMR
DENR=EF (I)®(HR(I+1)-HR(I))+DENR
CONTINLE

KTOPR=+HI(NPLYR+1)

WRITE (060205)

U FORiar (° ENTER LOAD FORCE IN NEWTONS AND INITIAL DEFLECTION®
1

"IN MML*)
READ (S¢/) Fe20
WRITE (6+202) LJ1+ALFHA»DOLF

29, FORMAT(/1X/1X/3X*DEFLECTION OF A SCARF JOINT WITH DOURLER®*/1X/

pon

LTS Wi,

2X*DAMAGE HALF LENGTH IS *FS.2° MM*/
2X*SCARF ANGLE IS *F4.1°" DEGREES*/
2X*DOURLER OVERLAF 1S °*Fa.1* mm*/
2X°*LOAD FORCE IS °*FB.2° NEWTONS */iX/
3X* PUSITION DEFLECTION NEUT AXIS EI MOMENT*
7X*MICRO STRAIN®/S8X*TOF*4X*ENTTOM*/
Ix* L} 1] MM /)
ALFH=ALPHA23.141592454/180.0
TA=TANCALPH)
LJ2=LJ14SATLJZ/SIN(ALPH)
LJ3=LJ1+HCOM/TA
LJA=L J2+HCOM/TA
L1=LJ3+D0OL
GAMMA=ATAN( (SATLJ3=SATLJI2)SCOS(ALPH) /(LJ3I+SATLJISSIN(ALFH)=LJ2))
SGAM=SIN(GAMMA)
TGAM=TAN (GAMMA)

809 CONTINUE
C-=-SET INITIAL VALUES

iLL RKBRST
SG=1.0E-09
Y=0.0
SP=0.0
Z=20
DZDY=0.0

C--CALCULATE SECTION PROPERTIES: EI AND ECCENTRICITY.» ECC.

1000

IF (Y .GE. 0.0 +AND., Y .LT. LJ1) GO TO SO1
IF (Y .GE. LJ1 +AND. Y LT, LJ2) GO TO SO2
TF (Y +GE. LJ2 .AND. Y .LT. LJ3) OG0 TO S03
“F (Y LGE. LJ3 .AND. Y .LT. LJ4) GO TO S04
IF (Y .GE. LJ4 .AND., Y .LT., L1} G50 TO S5¢5
IF (Y .LE, L1} GO TO S0é

! H3=HTOFK

Ha4=H3+DATI+YR(DATLJI-DATI)/LJL
HS=HA+[IOURT
IZERO=(L2-LJ2)%SGAM
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2440 C UALCULATE THE NEUTRAL AXIS COORDINATE, T

2450 N=(EDS(HS-HA) ¥ (HA+HS) +EER (HA-HI) X (H3+H4) +NUMR)
2440 D=(2,08CED¥ (HS~H4)+EER (H4-H3) +DENR))

24720 TaN/D

2480 C CALCULATE EI FOR THE COMFOSITE REPLACENMINT PIECE
2490 EIC=0.0

2500 0O 311 I=1,NPLYR

2510 HD=M(I+1)=-M(1)

2520 RaT=(M(I)+ND/2.0)

2330 FPMOI=RPSMDIHDSND/12.0+FXHDERER

2540 EIC=ER(I)SFPMOIEIC

2550 311 CONTINUE

2560 HD=HA4-H3

2570 R=T=(H3+HD/2.0)

23580 I2=F¥HDEXHDEHD/12,0+BEHDERER

2590 HD=NS-H4

2690 R=T=(H44HD/2.0)

2610 I13=B¥HDEHDBHD/ 12,0+ BSHDERSR

2420 EI=EIC+EESI2+ED®I3

2830 ECC=T-HCOM/2.0+4ZZERO

2640 £=0.5sD

2650 TT=T-HS

2650 GO TO 600

Zad SUL HI=WTOFA

2480 H2=({Y=-LJ1)8TA

2650 HA=H3+LATLILIH(Y=-LJI1) R(DATLI2=DATLIL) /(LJI2=LJ1)
2760 C=H4+LOUBT

2710 ZZERO=(L2-LJ2) *SGAM

2720 € Civ CULATE THE NEUTRAL AXS CCORDINATE: T.

27230 IL=INT(H2/TFLYR)

2740 DNENOM=0.0

2750 NUM=0.0

2740 IF (IL.EQ. O) GO TO é21

arro 00 321 I=1,IL

2780 NUM=ER(I)®(HR(I+1)4HR(I))R(HR(I+1)~HR{I))+NUM
2790 DENOM=ER(I)S(HR(I+1)=HR(I))+DENOM

2800 321 CONTINUE
2810 é21 CONTINUE

2620 NUMSERCIL42)MOHIHHR (IL42) "R (HD=HE(IL #1) ) $NUM
2832 DENOM=ER(IL+1) R (H2-HR(IL+1) ) +IENDH

2540 NUM=NUMK=NUM

2850 LENOM=DENR-DENOM,

2860 N=(EDX(HS-H4) X (HS+H4)+EES (HA-H3) X (H3+H4) +NUM
2870 1 +EESRH2THD)

2880 D=(2,08(EDNS(HS-HA)+EER(HA-H3) +DIENOM+EEXHD))
2890 TanN/D

2900 C CALCULATE EI FOR THE REVELED COMFOSITE REPLACEMENT FIECE
2910 EIC=0.0

2920 IF=IL+2

2930 IF (IP .GT. NPLYR) GO TO 422

2940 DO 322 I=IF.NFLYR

2950 HN=HR(I+1)=-HR(I)

260 R=T=(HR(I)+HD/2.0)

2970 FMOI=RSHDIHDEHD/ 12,0+ ERHDERER

2980 EIC=ER(I)SFMOI+EIC

2990 22 CONTINUE
300¢ 422 CONTINUE

Jo10 HDsHR(IL$2)-H2

3020 R=T=(H2+HD/2.0)

3030 PMOI=KSHISHDSHD/12.0+FeHDI*RER
3040 EIC=ER(IL+1)SFMOI+EIC

3050 HD= 42 =

3060 R (=HD/2.0

3070 L1=REHDAHDEHD/1 2. 04+PEANDSRER
3082 HD=H4=-H2

3090 ReT=(H3+HD/2.0)

3100 13=ReHDSHDEKD /12, O+ HENDI*R2R
3110 HD=HS-H4

3120 R=T~(HaA+HD/2.0)

3135 I4=ReHNEXHIENL /12,04 KPHDRRIR
3140 EI=EERTI+EIC+EERIS+EDR] A

3159 ECCuT=-HCOM/2.0+42ZEFD
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S=0.52D

TTaT=HS

G0 TD 400

SEAM=(Y-LJ2)2TOAM

Hi=(Y=LJ2)8TA

H2=H148ATLJ2

H3I=NTOPR+SEANM
HASHI4DATLI4(Y-LJ2) B (DATLJI3=DATLI2) 7 (LJI3=-LJ2)
HS=H4+DOUBT

ZZERO=(L2-Y)3SCAN
LCULATE THE NEUTRAL AXIS COORDINATE,T:
ILT=INT(M2/TPLYR)

ILB=INT(H1/TPLYC)

C FOR THE ORIGINAL LAMINATE:

33
621

c f

33
63!

NUM1=0.0

DENOM1=0.0

IF CILR .EQ. O0) GO TO 631

DO 331 Is=1rILR
NUMI=E(I)R(HC(I+1)4H(I) IS (H(I+1)=H(I))+NUML
DENOMI=E(I)R(H(I+1)=-H(I))+DENOM]

CONTINUE

CONTINUE

NUMI=C(ILE+1)R(HI+H(ILR+1) )R (HI=-HC(ILE+1) ) $+NUML
DENCOHMI=E(ILB+1) R (HI=-H(ILE+1))+IENONL
Ul THE REFLACEMENT FIECE»

NUM2=9.0

LVENOM2=0.0

ILTR=ILT+2

IF (ILTR .GT. NFLYR) GO TO 432

DO 332 I=ILTR.NFLYR
NUM2=ER(I)S(HR(I+1)4HR(I)+2,08SEAMIB(HR(I+1)=HR(I))+NUN2
DENOMI=ER(I)R(HR(I+1)=-HR(I))+DENOM2

CONTINUE

CONTINUVE
NUMZERCILT+1)B(HR(ILT+2)+H242.0uSEAM) B (HRC(ILT+2)~H2) $NUN2
DENOM2=ER(ILT+1)B(HR(ILT+2)=H2)+DENOM2
N=(EDB(HS=H4)B(HA+HS ) +EES (HA-H3) B (H3+H4) +NUM2
1 +EER(H24SEAM=H1)BR(H1+H2+SEAM) +NUN1)

De(2. 08 (ENB(HS-MA)+EEX(HA-NI) +DENOMI+EE 2 (H2+SEAM=-H1 ) +DENDM1))
TasN/D

c CALCULATE EI FOR THE NRIGINAL LAMINATE

323
633

c C

334
6l

EIC1=0.0

IF (ILR.EQ. 0) GO TO 633

PO 333 I=1,ILR

HD=H(I+1)=H(I)
RaT=(H(I)#HD/2.0)
FMOI=REHDEHDEHD/12.04BENDERER
EIC1=E(I)3PMOI+EIC)H

CONTINUE

CONTINUE

HD=M1-H(ILEF+1)
RaT=(H(ILR+1)+MHD/2.0)
PHOI=REHDENISHD/12,0+M2NHDERER
EIC1=E(ILR+1)8PNGI+EIC]
HD=H2+SEAM=-H1

R=T=(H14HD/2.0)
12=RENDSHDEHD/12,0+FEHDSRER
ALCULATE EI FOR THE REPLACEMENT PIECE
EIC2=0.0

ILTRe LT42

IF (ILTR .GT. NPLYR) GO TO 634
DO 334 I=ILTRNFLYR
HDheHR(I+1)=HR(I)
RaT=(HE{I)+HD/2,04SEAN)
PHOI=FEHDOMDSHD/12,.0+P8HDERER
EIC2=ER(T)SFAOI+EIC2

CONTINUE

CONTINUE

HDSHR(ILT42)~H2

ReT~ H2+SEANIHD,2.0)
FMOl=FeHDEHDEHD /12,04 R2HDERER
EICO=ERCILT+1 )SFMOI+EICD
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HD=H4~-H3
ReT=(HI+HD/2.04SEAN)
IA=BRHDEHDEND/12, 0+ RSHDERER
HD=HS~-H4
ReT=(HA+HD/2,0)
IS=ReHDEHDEHD/12.04PRHDERER
EI=EICI4EERIQ4EICO+EERIA+EDRIS
ECC=T-HCOM/2.04ZZERO
S=0.52D
TT=T=HS
G0 TO 600

S04 H3I=(Y=-LJ2)STA
HA=(LJ3-LJ2)STA+SATLJII4DATL I3+

1 (Y=LJ3)S((DATLJA+HCON) = ((LI3=-LJ2)STA+SATLII+DATLII) ) /(LJ4A-LID)

HS=M44+DOUBRT
ZZERO=(L2-Y)2SGAM
C CoLCULATE THE NEUTRAL AXIS COORDINATE, T
IL=INT(H3/TPLYC)
NUMN=0,0
DNENOM=0.0
ILR=IL+42
IF (ILR.GT. NFLYC) GO TO 641
1'0 341 I=ILRWNFLYC
NUMSE (IR (H(IFL)SRIIIIRIHCT4L)=H(T) ) $NUN
LENOM=E(I)®(H(I+1)=H(I))+DENON
331 CONTINUE
641 CONTINUE
NUM=E (IL+1)X(H(ILR)+H3) R(HCILR) =H3) +NUM
DENOM=E(IL+1)8(H(ILR)=+.3)+DENOM
NUM=NUNC-NUM
DENOM=DENOMC~DENON
N2 (EDB(HS-HA) X (HA+HS) $EES (HA-HI ) S (HI+Ha ) $+NUN)
D=(2,08(ENR(HS~H4)+EEX (H4~-H3) +DENOM) )
T=N/D
c CuLCULATE EY FOR THE BEVELED ORISGINAL LAMINATE:
EIC=C.0
IF (JL .EG. 0) GO TC 542
PO 342 I=1,1IL
HD=H([+1)~H(I)
R=T=(H(I)#HD/2.0)
PMOI=EXHDSHDEHD /12, 0¢BRHDRRER
EIC=E(I)*FMOI+EIC
342 CONTINUE
647 CONTINUE
HD=H3-A(IL+1)
RaT=(H3-HD/2.0)
PMOl=B2HDSHIZHL./12.04ESHDERER
EIC=E(IL+1)8FMOI+EIC
HIi=N4-H3
RaT=(H3 AD/2.0)
I2=REHDSHDEHD/12.0¢BSHDURR &R
HD=HS~H4
R=T=(H44HD/2.0)
I3=REHNEHDRHD/12,0+REHDERER
EI=EIC+EERI24EDRI3
ECC=T-HCOM/2,0+42ZERD
§=0,52I
TTaT=-NS
GO TO 400
505 H3I=sHCOM
HA=HI4DATLIAH(Y=LJA) S (DATLI-DATLIA) /{L1~LJ4)
HS=HA+DOUBT
ZZERO=(L2-Y)®SCAM
c CALCULATE THE NEUTRAL AXIS COORDINATE, T!
N=(EDS(HS-H4) S (HA+HS) +EEX (HA-HI) R (H3I+H4) +NUNC
[=(2,08(EDR(HS=HA)+EER(HA-H3) +LENONC))
TaN/D
CALCULATE EI FOR THE COMPOSITE:
EIC=0.0
DO 3E1 I=1,»FLYC
HO=H(I+1)=H 1)
K=T=(H(I)+H[/2.0)
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PMOI=B2HDEHDEND/12. 0+ PENDERER
FIC=E(I)*PMOI+EIC

CONTINUE

HOHA=H3

RuT=(H3+dD/2.0)
12=RSHDEHDEHD/12.04BSHDERSR
HD=HS=H4

ReT=(M24HD/2.0)
13=REHDEHDIND/12.04BSHDERER
EI=EIC+EESI2+EDSI3
ECC=T-HCOM/2.042ZERO
$=0,58D

TTaT=HS

GO0 TO 400

CONTINUVE

"  CALCULATE THE NEUTRAL AXIS COORDINATE, T:

T=NUMC/ (DENONC22.0)

C  CALCULATE EI

EIC=0.0

NO 361 I=1,NPLYC
HUsA(I41)=H(])
RaT=(H(I)+H[/2.0)
FMOI=RINDRNDONL/ 12, 0+ HEHDRRYF
EIC=EC(I)sFMOIEIC

! CONTINUE

EI=EIC
<2ERU=(L2-Y)2SGAM
ECC=27ERD
S=LENOMC
TT=T=-HCOM

C-=INIFGRATE EQUATIONS

é0u

200

700

(=RKRI(Y:1.0)

M=F8(Z+ECC)

U22DY2=M/ET

DZDY=RRELC(DZDY»D2ZDYD)

ZaRKERN(Z.DZDY)

IF (RKRSTA (.FALSE.)) GO0 TO 1000
FEM=FS(T-HCOM/2.0)

FECaM-FEM

EROT=TaM/E]

ETOP=TT¥M/E]

EFORCE:F/S/B

KSTRN=(EBOT+EFORCE) 21,0E06
TSTRN=(ETOF+EFORCE) %1,0E06

WRITE (6+¢200) YeZeT+EIoMsTSTRN,ESTRN
FORMAT (3XsFé.1+s3X9F10.6+F10.5+1X01P2EL0.3,0P2F9.1)
SP=SF+0.2

IF (v .GE. L2) GO TO 700

GO TO 1000

CONTINUE

END

EFLY IS THE MODULUS OF A GIVEN FLY
FUNCTION EPLY(THETA»E11,E22/NU12,0612)
REAL MeNosM2IND» M4 N4AINUZL s NULD s NUNUPEPLY
FPI=3,1415926%54

THETAR=THETASPI/180.0

M=COS(THETAR)

N=SIN(THETAR)

M2=MEM

Ha=M2EMD

N2=NSN

N4=N2BN2

NU21=NU122EQ2/E1L

NUNU=1,0-NU128NU2}

Q11=E11/NUNU

Q12=NU12SEQ2/NUNU

G22=E22/NUNU

Qéé6=G12
Q11F=MAS01142.08MIBNDR(01242.0%044) +N4AXQA22
QI2P=NARO1142,08M2ENIS(012+42.02065) +M48022
QI2P=MOENDR(011+022-4.03084)+(MA+N4)SQ12
EFLY=(Q11F®Q22F-(G12FRQA12F) /022F

RETURN

END
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