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I. INTRODUCTION

- An increasing demand for new materials has prompted the use of
composites for such applications as rocket motor cases and launch tubes. U~

Filament—wrapped composite structures have merit because of the high
• U - strength to weight ratio, low cost of manufacturing, and the feasibility

of high rate of production automation. With the increasing use of coin— 
U
I

posites for structural applications there exists a need for composite
material elasticity constants such as the modulus of elasticity and
Poisson’s ratio. These constants are of paramount importance in the area
of engineering design and structural analysis. Because of the nonhomo—
geneity of composite structures, different techniques of analyzation must
be used. One objective of this task was to devise a valid and efficient
technique to determine elasticity constants for hollow composite cylin-
drical pressure vessels. U

U 

A need also exists for the detection and evaluation of flaws m ad— . . U

vertently introduced into composite structures through automated menu—
facturing processes. In a high speed operation, the flaws likely to
occur in a fiberglass roving composite system are debonds because of the

U introduction of grease, oil, water, air bubbles, and other contaminants.
Another likely flaw would be an absence of resin causing debond because
of a lack of adhesion. Such conditions of unbonded areas in composite

U structures are likely to occur occasionally in a mass production type
operation. -

Another objective of this work was to determine the magnitude of
surface displacements and strains of hollow cylindrical pressuz.~ vessels - t

in the area of flaw simulations. In a manufacturing operation the pro—
cess could be used to detect flaws, assess their significance and decide
whether the composite structure should be accepted or rejected. -

The twofold objective of determining elasticity constants and flaw
detection was investigated using the optical process of speckle inter—
ferometry to measure surface displacements. Some conventional methods
of measuring surface strain and displacement utilize strain gauges, d’il
gauges and various other mechanical and electrical sensing devices. Such
methods are highly accurate and sensitive; however, information is given U

over limited regions only, as discussed in Leendertz [1]. Therefore a
full field view of the 8train or displacement distribution requires a
large number of measurements at different locations and is very time
consuming. Speckle interferometry is a technique which provides a sensi-
tive, no~kcontact method of measuring the in—plane components of displace—

U ment from the full field point of view in an efficient manner.

U 4 In the analytical considerations portion of this report a mathe—
7 statical and geometrical formulation is presented to calculate a composite

modulus of elasticity and Poisson’s ratio based on the displacement data
obtained through speckle interferometry. Also included is a statistical U

look at the results of the elasticity constants.

.
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Section III discusses the type of composite materials used as well
as the experimental testing arrangement while Section IV discusses
speckle interferometric analysis using Young’s fringes and the data
collection system. Appendix A contains a record of input data used for
the determination of elasticity constants and Appendix B contains a

U description of the computer codes used in analyzing the data.

II. ANALYTICAL CONSIDERATIONS

A. Elasticity Constants

The stress—strain relationships as derived in Shaw and Smith
[2) were used as a basis to develop the equations to calculate the corn— -

posite modulus of elasticity and Poisson’s ratio. The composite test
• specimens were treated as free end, thin wall, cylindrical pressure

-
U vessels with a geometry as shown in Figure 1. The test cylinders were

U treated as free end because the ends were closed and allowed to float -

freely on rubber 0—rings which did not restrict the deformation in -~
any way. - 

-

FREE OUTER SURFACE -

~

H 
U :4

U 

~ - :~

z .-

- t~U$

A

Figure 1. Geometry for stress—strain relationships.
•I
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‘1 The stress component in the circumferential direction is calculated
uEing

-
U- 

U 
0

9 
= (1)

U where P is the internal pressure, t is the wall thickness, and R is the
mean radius measured from the center of the cylinder to the middle of

- the wall thickness. The stress component in the radial direction on the
- internal wall is

a —P -r U

and on the external wall is

a = 0  .
r

The force caused by the internal pressure in the axial direction is -

exerted on the end caps and not the pressure vessel so that

r a = 0
1 z

The strain components in the circumferential and axial directions,
respectively, are

- I l \Co = 

~j)09 
(2) 

U

£ — (~~
) a

~ 
(3)

U where E is the modulus of elasticity and v is Poisson’s ratio.

The modulus of elasticity can be obtained from Equation (2) yielding

(4)
F U E0
1/

Solving Equation (3) for v and substituting Equation (4) yields Poisson’s
ratio U 

- 
-

£
V — — —

~~~ . (5)
£9 

•
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A least ~.qua~es polynomial approximation for discrete data was
used to calculate c , the strain in the axial direction. Given a

U r

polynomial, in this case a straight line equation
U 

Y — a1X + a
2 

= Y(X)

and solve for a1 = Cr~ 
Applying the difference function fields

U 

~~. 
= Y . — Y(X1) = — (a1Xi + a2)

Then taking the square of the difference function yields

= — a1Xi 
— a

2
)

2 
.

Setting the partial derivatives of the difference function to zero

aE~~
2

U 

3a1 
= 2E — X1Y~ + a1X1

2 + a2X1 = 0 (6)

2

= 2Z — Y~ + a1X~ 
+ a2 = 0 . (7)

Reducing Equations (6) and (7) and applying Cramer’s Rule one can solve
for a = c1 r

£ = 

~~~~N E ~~~~~ - (8)

The input datum X1 is the number of vertical scan points of the 40° scan

where input datum Y~ is the corresponding displacement in the axial
U 

- direction. Figure 2 shows how the 00 , 400 , and 800 scans were oriented
• on the cylinder.

Determination of ~~~ the strain in the circumferential direction, U

was obtained using displacement data from the 00 and 800 scan lines.
Figure 3 shows the geometry used to obtain c~ . When viewed along the

line of vision, Ul displacement data from the 00 and 80° scan lines are U

obtained by a computer aided laser scanning technique described in the
data analysis portion of this report [-3]. The circumferential strain

71 for the deformed cylinder shown in Figure 3 is - 

U

:~ 6 —
U U-
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• 
where Cf inal is the circumference of the deformed cylinder and Ciflitial
is the circumference of the cylinder in its unloaded state. The above
equation reduces to - U -

~

- -

U : R (9)

U where R is the outside radius of the undeformed cylinder and oR is the
- displacement of the outer surface in the radial direction that occurs - 

U

when the cylinder is pressurized. Solving for OR gives

- I OR — SINE 400

7
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. Figure 3. Geometry used to determine circumferential strain. U

U 

which is required to solve Equation (9) . A computer program was written
- to perform the least squares fit and calculate the composite modulus

U of elasticity and Poisson’s ratio requiring only the speckle displace-
ments as inputs. The program appears in Appendix B.

The mean standard deviation was used to measure variation of the

4 composite modulus of elasticity and Poisson’s ratio for the composite
cylinders at different wrap angles:

Standard Deviation (SD) — /

‘

~~
°
~ N~~~l 

~)2 

(10)

~~~~~~~ , ._ ~~~~~~~~~~ . - - -

. 
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where X~ — Individual values of X inputs 
U

X — Arithmetic mean of inputs -

N = Total number of inputs in sample.

The computer program written to calculate the standard deviation appears
in Appendix B.

B. Displacement Determination

A computer aided laser scanning technique [3] as described
in the data analysis section of this report was utilized to analyze the
interferograms as shown in Figure 2. The interferogram was housed in an
X—Y translation table equipped with stepping motors and controlled by . 

- 
-

a computer program. Figure 4 shows the basic scanning setup of the
translation table used to project interference fringes onto a diffusion
screen. The interferogram was scanned in the X direction at 0°, 40°,
and 80° scan lines. The fringe spacing and angle of orientation were
entered into the computer which calculated the displacement component
from

mAfS
-~~~~ U D (11)

where U = in—plane displacement at a point between loaded and unloaded
model

m Fringe order 
-

D — Spacing between fringes

A — Wavelength of laser light used in data analysis

4 f — Distance from interferogram to analyzer screen
- 

- S — Film Scale factor

and resolved the component into the X andY directions which correspond
to circumferential and axial displacements. The complete development of

U 

- Equation (11) is presented in MuUinix 14]. The wavelength of the HeNe
laser light is 6328 A. The film scale factor, S, is found by dividing U

• the true length of the illuminated cylinder by the image length on the
intërferogram. U 

U

______ U ~~~~~~~~~ 
U U* 4 ~~ U 

________________________
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U

STEPPING MOTORS U

U ’

U , .

U LASER BEAM

X—Y TRANSLATION -

I STAGE
TRANSLATION •

- - DIRECTIONS

U 

Figure 4. Translation table and laser beam path. - - -

III. EXPERIMENTAL CONSIDERATIONS U

- A. Composite Material Selection and Manufacture

Thirty thin wall fiberglass reinforced composite cylinders
were manufactured to be used in developing nondestructive experimental U

U techniques for determining elasticity constants for composite tubes.
I The composite cylinders were fabricated by a filament winding process

where a continuous bundle of fibers is wetted with epoxy and wound onto 
- i~•~

U a cylindrical mandrel. Three groups of ten structures per group were U

- 
prepared. Each group had a different helical wrap angle, either ±30°, -

10
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±45° or ±60°. Each group of ten structures consisted of six unflawed
cylinders and four flawed cylinders. The simulated flaws in the cylinders
were created by placing a 0.20—in, diameter x 0.003—in, thick disc of
Teflon tape between two helical wraps of filaments located in the center
of the wall of the hollow cylinder. The Teflon discs were inserted to
inhibit bonding of the helical layers with the resin, thus allowing

U movement of the layers relative to each other. Different wrap angles
were used to compare the effects that each wrap angle configuration has

U 
- on displacements under various loads. Figure 5 shows the simulated spot

flaws, wrap angle, and basic dimensions of the composite cylinders. -
U

L The composite structures were manufactured from E glass, type 801 AB,
C filament, 12 end roving. The resin system consisted of Epon 828
completed with NMA hardener and EDNA accelerator. Oven cure time was
7 hr at 200°F and 16 hr at 400°F.

3.00 DIAMETER

EMBEDDED
TEFLON DISC —

SECTION A—A

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ETER

~~~~~~~~~~~~~~~~~~~~NOTE DIMENSIONS IN INCHES

Figure 5. Composite cylinder with simulated spot flaw.

11
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B. Test Specimen Preparation

The fiberglass composite cylinders were received in approx—
imately 35—in, lengths. Two 12—in, long test specimens were cut from
each cylinder. The extreme ends of the 35—in, long tubes were avoided —

- 

- - I becasue of the nonuniformity of cylinder wall thickness. A 9—in, region
- - on each test specimen was painted with flat white paint to provide a good

illuminable surface required for speckle interferometry. Each specimen
U 

received 3 rotation markers 120° apart located at the bottom of the test
U 

cylinders and a nomenclature aode located at the top. Figure 6 shows a -
~

- typical test specimen prepared for loading and photographing. When U

placing the 120° rotation markers, care was taken to axially align one
of the markers with the test flaw to know the orientation of the flaw

U - when making the interferograms. The alignment was done using a light U

table to locate the embedded Teflon disc. The test nomenclature code
- was set up as shown in the following diagram using test cylinder Number 1

-~ 
- as an example: -

-

~~ i — 60° — F — A — 0 °

U 
_ _ _ _ _ _  ANGLE OF SCAN (00,400,800)

- - 

- 
I 

- INTERFEROGRAM (A ,B,C)

FLAW (F ) OR WITHOUT FLAW (WF) - 

- 
-

- WRAP ANGLE (30° ,45°.60°) U
-

- CYLINDER NO. (1,2,3 . . . 30)

The first three designations of the code were placed on each test speci—
- men whereas all five designations were required to identify the inter—

U ferogram scans. The letter A, B, or C designates at which 120° rotation - ‘

the interferogram was made and the angle ‘of scan designation refers to
the scan lines analyzed as shown in Figure 2.

F C. Test Setup and Procedure

- - - Three interferograms were made of each composite test cylinder
- using the experimental test arrangement shown in Figure 7. Interferograms

U 
- 

were made at locations A, B, and C as shown in Figure 8. Also shown in
• - . Figure 8 are the 0°— , 40°— , and 80°—scan line axes which allow 9 scans

~~
- per tube located at 40° apart.

1+
U 
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Figure 6. Typical composite test cylinder .
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- Figure 8. Orientation of composite cylinder for photography.

- The loading fixture to hold the test cylinders consisted of two
endeaps equipped with rubber 0—rings as shown in Figure 9 to allow the
cylinder to deform unrestricted. The endcaps were held together with a
threaded center rod as shown in Figure 10. To reassure that no restric—

U - tion occurred, a thin coat of lubricant was applied to the 0—rings and
to the interior region of the test cylinder that came in contact with
the 0—rings. Each cylinder was loaded very slowly with nitrogen gas by
using a regulator valve system.

U A double exposure photography technique was used to make the
interferogram. A 4—in. x 5—in, glass film plate was double exposed:

U One exposure was made with the test cylinder loaded and one with the
-. cylinder unloaded. After the cylinders were loaded, they were allowed

r U 

- 
to stabilize for a minimum of 30 sec before the first exposure was

- made. A remote shutter control and timer were used to allow the test
specimen to be illuminated by an ReNe laser. The laser power was

r —  adj usted at 70 mW. The film plate was exposed for 2 mm in both the
loaded and unloaded conditions thus producing the interferogram. The

• 
- ex posed film plates were then developed using conventional techniques.

I

14 U
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Figure 9. Loading fixtur e endcap with 0—rings.
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IV. DATA ANALYSIS
- • A. Speckle Interferometric Analysis Using Young’s Fringes

When a diffuse surface is illuminated by the coherent radia— U

tion from a laser , a grainy speckle effect may be seen on the surface.
- 

- This effect is because of multiple scattering points on the surface whose
random phase distribution produces interference in a viewing plane. A
film record is made of the speckle of a loaded and unloaded test cylinder
by a double exposure photography configuration shown in Figure 11. When 

U

coherent light is passed through a small region of the film record, a U;

diffraction pattern may be observed as shown in Figure 12. These fringes
are the result of light diffraction as the beam of coherent light passes U U
through the recorded speckle pattern.

As seen in Figure 12 the displacement of the region illuminated by
the laser beam is inversely proportional to the fringe spacing as given
by Equation (11). The direction of displacement for the region is along
an axis perpendicular to the fringe orientation.

B. Data Collection System

The data were collected by an electromechanical single beam
speckle interferometric analyzer system as shown in Figure 13. The 

U -;

computer aided data reduction system was developed primarily for appli—
cations in speckle interferometric data analysis (3]. The basic system

U consists of two parts which include an optical display of interference ~- -

data and the computer hardware used in the numerical analysis. The inter—
ferogram was placed in a viewing window of the X—Y translation table and
illuminated by a laser beam which produced an interference fringe pattern —

as shown in Figure 14. The diffraction halo was centered and viewed on
U a diffuser screen which included a 10—in., 360° protractor. The pro—

tractor was used to measure the displacement angle of the interference - U:

fringes . Interference fringes are a measure of the surface deformation I
, ,.

of the test cylinder. Since a small area is illuminated , the information
yields the displacement at a point . So to obtain a complete discription -‘

of the surface, many points on the inter~erogram were observed. The U
-

many points of observation were obtained by the X—Y translation table as
U shown in Figure 4. The laser beam passes through a point on the inter— U

ferogram and the film plate is then translated relative to the stationary
U 

laser beam. The X—Y stage has the capacity to translate 6 in. in each
direction in 0.001—in, increments with a 0.0001—in, repositioning accu—
racy [3]. Location of a point on the interferogram is controlled by the

U 
-~ translation stage stepping motors which are in turn controlled by the

I ~~~~ computer. 
- -

U ~ - The data obtained for a typical composite teat cylinder involved
the point by point scanning of interferograms in the X—direction for the
three different scan line s shown in Figure 2. The scan points were
ob tained by the translation table moving a distance of 0.15—in, in the
X direction . When multiplied by the film scale factor , S , the true

16
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Figure 14. Typical speckle photography fringe pattern.

distance scanned on the cylinder was equal to 0.379 in. For each scan
U point the fringe spacing and angle of the fringe was entered into the U 

U

- U computer. The computer then calculated the surface displacement and U

resolved the displacement into the axial and transverse directions using
Equation (11) . I

V. RESULTS AND DISCUSSION

Table 1. shows the test nomenclature and the corresponding load
pressures used to deform the composite cylinders. The interferograms
were made by double exposing a film plate using the pressures listed in

U - Table 1 for the first exposure and zero cylinder pressure for the second -
~

- 
- exposure. The pressures listed in Table 1 are well below those pressures

- that produce crazing of the composite cylinders. -

Figures 15 through 32 are representative plots of the displacement
data received from the different scans of the composite cylinders. The

U 
graphs show both the Ul transverse and U2 axial displacements along the
scan line of the cylinder . Note the linearity of the axial displacements
as presented in Figures 18, 19, 30,and 31 which represent . the 40° scan - 

-
-

lines. The results of a least—squares polynomial curve fit [Equation (8) ]
I 

were used on these data to calculate the axial strain. Some representa—
U tive circumf erential displacement data used for calculation of the cir-

cumferential strain appear in Figures 20, 26, and 32 which represent
either 0° or 80° scan lines.

19
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A complete listing of the displacements used as input data -in the
- calculations of the elasticity constants appears in Appendix A.

Appendix A contains 90 sets of data presented on a point by point basis. 
U

The data se t s specif y whether the displar~~ ents are circumferential or
axial and the respective data scan lines Lrom which the data were taken. —

The circumferential stress , circumferential strain, and axial strain are U

listed in Table 2. These values were used to compute the modulus of
elasticity and Poisson’s ratio for different wrap angles. The results
are listed in Tables 3, 4,and 5. The computer program used to calculate

- 

I 
the elasticity constants appears in Appendix B. The means and standard

U deviations of the elasticity constants were also calculated with the aid
- 

U

• of a compute r program as listed in Appendix B. The results are shown in
Table 6. Poisson’s ratio was less for the flawed region of a flawed
cylinder than for the unflawed- region of a flawed cylinder for all three
wrap angles. The largest value of the modulus of elasticity occurs for - 

~ U I

- the ±60°—wrap angle cylinders.

The cylinders with the simulated spot flaws did not show a change
U in the displacements as expected. Figure 15 shows the displacements in

the f lawed region of a flawed cylinder and Figure 16 shows the displace—
- ments in the unflawed region of a flawed cylinder . There is no appre—

- ciable difference between the two plots , indicating the flaw did not
• show up through surface displacements . The flaw was too small to be

detected; however , a f law constructed in same manner but 2.5 times as
U large in diameter was detected by Mullinix [4] using speckle interfer— -

ometry.

VI. SUMMARY AND CONCLUSIONS

Speckle interferometry was used to measure surface displacements
of 30 fiberglass reinforced composite cylinders from a full field point

U of view. Small simulated spot flaws consisting of a thin disc of Teflon
tape were introduced into 12 of the cylinders while 18 were produced
containing no f laws. Three interferograms were made of each cylinder
in the loaded and unloaded state . The surface displacements were

- obtained by analyzing Young’s fringes with a computer aided data
reduction system. The circumferential and axial displacements versus

- scan point were plotted to determine if the ~~~~~~~~~~~~~~~~~~~~~~~~detected. The flaws could not be detected on the plots .

U - A nondestructive technique was devised to determine the composite
modulus of elasticity and Poisson’s ratio for the composite cylinders
using the displacement data obtained through speckle interferometry.

• - The technique was mathematically and geometrically formulated, treating
the composite structures as free end, thin wall, cylindrical pressure
vessels. The technique described to measure surface displacements- is

U

’
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efficient and allows a large number of data points to be analyzed which
eliminates data scatter. The foremost advantage of the technique over

- such conventional methods as strain gauges and dial gauges is that
• speckle interferometry allows the investigator to obtain full field

information rather than data from small regions.

-
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TABLE 1. TEST CYLINDER LOAD PRESSURE

U Load Load
Pressure Pressure

- Test (psig) Test (psig)
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  U- _ _ _ _ _ _ _

1—60°—F—A 150 10—60°—WF—C 150

1—60°—F—B 150 11—45°—F—A 150

1—60°—F— C 150 11—45°—F—B 100

2—60°—F—A 150 11—45°—F—C 100

2—60°—F—B 150 12—45°—F—A 100 
U

U 2—60° —F— C 150 12—45° —F—B 100 
U 

U

U 

3—60°—F—A 150 12—45° —F—C 100
U 

3—60°—F— B 150 13—45°—F—A 80
U 

3—60°—F— C 150 13—45°—F—B 80

U 
4—60°—F—A 150 13—45°—F—C 80

4—60°—F—B 150 14—45°—F—A 80

4—60°—F—C 150 14—45°—F—B 80

5—60° —W P—A 150 14—45° —F—C 80
5—60° —WF— B 150 15—45°—WF—A 80

5—60°—WF—C 150 15—45°—WF—B 80 - U

6—60°—WP—A 150 15—45°—WF—C 80

6—60° —WP—B 148 16—45° —WF—A 80
6—60°—WP—C 150 l6—45° —WF—B 80 

U.

-

7—60°—WP--A 150 16—45°—WF—C 80

7—60° —WF—B 150 l7—45° —WF—A - 80

7—60° —WP—C 150 l7—45° —WF—B 80

8—60° —WP—A 150 l7—45°—WF—C 80

8—60°—WP—B 150 18—45°—WF—A 80

8—60°—WF—C 150 18—45°—WF—B 80

9—60°—WF—A 150 18—45° —WY—C 80
4 U 

I 
~
-
••

~ 
9—60° —WY— B 150 19—45° —WY—A 80

U i~. 9—60°—WF— C 150 l9—45°—WF—B 80
10—60°—WY—A 150 19—45° —WY— C 80 U

10—60°—WY—B 150 

22 

20—45° —WF—A 80
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TABLE 1. (CONCLUDED)

Load Load
Pressure Pressure

Test (psig) Test (psig)

20—45° —WF— E 80 25—30° —WY— C 80

20—45 °--WF— C 80 26—30 °—WY—A 80
21—30°—F—A 60 26—30°—WY—B 80

21—30°—F—B 60 26—30 °—WY—C 80 - -

21—30°-P—C 60 27—30 °—WF—A 80
22—30°—F—A 60 27—30°—WY—B 80

22—30°—F—B 60 27—30°—WY—C 80

22—30 °—F—C 70 28—30 °—WY—A 80 
- •

23—30°—F—A 60 28—30°—WY—B 80

23—30°—F—B 60 28—3O°—WY—~ 80

23— 30°—F— C 70 29—30° —WY—A 80
24—30°—F—A 80 29—30°—WY—B 80

24—30°—F—B 80 29—30°—WY—C 80

24—30 °—F—C 80 30—30°—WY—A 80
25—30°—WY—A 80 30—30°—WY—B 80

25—30°—WY—B 80 30—30°—WY—C 80

U -v

r 
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- TABLE 2. STRESS-STRAINS FOR COMPOSITE TEST CYLINDERS

-~ Cylinder Circumferential Circumferential 
- 

Axial —

- 

U Tested Stress (lb/in.2) Strain (~~i in./in.) Strain (i in./in.)

1—60° —P—A 5606 731 368
—B 5606 829 390

560& 883 416
U 

2—60°—F—A 5606 537 369
—B 5606 571 369
—C 5606 548 

- 

391
3—60°—F—A 5606 762 276

—B 5606 757 429
—C 5606 720 402

• 4—60°—F—A 5606 825 .397
- . —B 5606 626 395

—C 5606 667 374

5—60° —WY—A 5606 594 152
—B 5606 643 321 U

- -  —C 5606 618 347

j 
- 

6—60° —WY—A 5606 677 429
- —B 5606 791 391

- 
—C 5606 696 317

U 7—60°—WY—A 5606 903 356 
U

U 

—B 5606 816 388
—C 5606 842 347 U

1 8—60° —WY—A 5606 818 358
—B 5606 877 383

- 
—C 5606 684 402

9—60° —WY—A 5606 915 355.
—B 5606 951 - U 339
—C 5606 

- 994 - 362
— U 10—60°—WY—A 5606 - 700 276 - -

I 

- —B 5606 728 289
— 

- —C 5606 730 336

j 11—45°—F—A 5606 1000 706 U

U —B 3737 599 388 -• I- - - —C 3737 709 414
i 12—45°—F—A 3737 792 250

—B 3737 692 326 .

U —C 3737 736 323

24
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TABLE 2. (CONTINUED)

- Cylinder 
Circumferen tial 

Circumferen tial Axial
Tested Stress (lb/in. ) Strain (p in./in.) Strain (p in./in.)

13 45° F A  2990 523 ill
2990 633 294

- —C 2990 741 333

U 14—45°—F—A 2990 535 324
—B 2990 542 - 313
—C 2990 541 289

4 

— 

15—45°—F—A 2990 587 298
- —B 2990 523 286

—C 2990 530 281
16—45°—WY—A 2990 517 - 297

—B 2990 516 322
—C 2990 550 322

F 17—45°—WY—A 2990 591 345

F 
—B 2990 567 299
—C 2990 597 292

18—45°—WY—A 2990 716 295
—B 2990 581 320
—C 2990 638 301

19—45°—WY—A 2990 723 204
—B 2990 700 257
—C 2990 619 281

20-45°—WY—A 2990 
- 

734 294
—B 2990 514 286
—C 2990 346 323

21—30°—P—A 2242 490 - 118
—B 2242 479 

- 
- 128

-
~ —C 2242 466 128

~~~~~~~~~~

• — - 22—30° —F—A 2242 432 93
-

_ 

—B 2242 406 105
- 

- 
—C 2616 543 145

• 
- 23—30° —F—A 2242 399 100

- —B 2242 425 102
- ‘

U 
- —C 2616 481 121

-- 24—30°—F—A 2990 552 154
—B 2990 544 142
—C 2990 

- 
568 158
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TABLE 2. (CONCLUDED)

Cylinder Circumferential Circumferential Axial
I Tested Stress (lb/in. ) Strain (~~1 in./in.) Strain (p in./in.)

U U 

25—30°—WY—A 2990 539 131 
- -

U —B 2990 539 141

- 
—C 2990 565 141

26—30°—WY—A 2990 567 148
-

- —B 2990 627 - 140 U

—C 2990 604 154
- 

27—30° —WY—A 2990 598 136
—B 2990 547 158
—C 2990 553 152

-~ U .1 28—30°—WY—A 2990 517 -139
- - - —B 2990 599 161
• —C 2990 587 136

I I 29—30° —WY—A 2990 608 146
- 

- —B 2990 565 135
- 

- 

—C 2990 529 141

30—30°—WY—A - 2990 493 141
- —B 2990 587 138 - ,

- 

-
~ - —C 2990 553 142 -

_i vj
- -~

j t i

It.- U I .
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TABLE 3. ELASTICITY CONSTANTS FOR 60° WRAP ANGLE

Cylinder Poisson’s Composite Modulus
Tested Ratio Of Elasticity (Mpsi)

- - 

- 

1—60°—F—A 0.503 7.67
—B 0.470 6.77
—C 0.471 6.35

- 2— 60°—F— A 0.687 10.44
- —B 0.647 9.82
- —C 0.713 10.23

3—60°—F—A 0.362 7.35
—B 0.566 7.41
—C 0.558 7.80

- 4—60°—F—A 0.481 6.80
—B 0.631 8.96

U 
—C 0.560 8.40

- 5 60° W Y A  0.256 9 4 4
U —B 0.500 8.72

—C 0.561 9.07

6—60°—WY—A 0.634 8.28
—B 0.494 7.00 U

I 

- —C 0.455 8.05
I 

7—60°—WF—A 0 394 6 21
—8 0.476 6.87
—C 0.413 6.66

8—60°—WY—A 0.438 6.85 
U~~~~~•~

—B 0.436 6.39
- 

- —C 0.588 8.20

9—60° —WY—A 0.388 6.13
— 1 —B 0.356 5.90 - U  -

- - —C 0.365 5.64
-
- . 10—60°—WY—A 0.394 - 8.01
- - —B 0.397 7.70

- —C 0.460 7.68

27
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TABLE 4. ELASTICITY CONSTANTS FOR 45° WRAP ANGLE

Cylinder Poisson’s Composite Modulus.
Tested Ratio Of Elasticity (Mpsi)

11—45°—F—A 0.706 5.61
—B 0.647 6.24
—C 0.584 5.27

12—45°—F—A 0.316 4.72
- 

- 

—B 0.472 5.40
—C 0.439 5.08

13—45°—F—A 0.211 5.71
—B 0.465 4.73
—C 0.450 4.03

14—45 °—F—A 0.606 5.59
—B 0.578 5.52

U 

-C 0.534 5.53 —

15 45°WYA 0.508 5.10
—B 0.547 5.72
—C 0.531 5.64

16—45°—WY—A 0.574 5.78 
- 3

~1—B 0.624 5.80
—C 0.586 5.44

17—45°—WY—A 0.584 5.06
U .

~~ —B 0.528 5.28
—C 0.488 5.01

18—45°—WY—A 0.412 4.18
—B 0.552 5.15
—C 0.472 4.69

19—45°—WY—A 0. 282 4.14
—B 0.367 4.27
—C 0.454 - 4.83

20—45°—WY—A 0.400 
- 

4.07
—B 0.556 5.82 U

—C 0.934 8.65

. 1.;.. -

I

28

_ _ _ _ _  
_ _ _ _ _ _ _ _  

_______k
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

- - : -
~~~~

--



_______ 
-—— -

~~
--

~~
— - 

~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~

--  

-~ -: -

U TABLE 5. ELASTICITY CONSTANTS FOR 30° WRAP ANGLE I 
- 

—

Cylinder Poisson ’ s Composi te Modulus
Tested Ratio Of Elasticity (Mpsi)

21—30°—F—A 0.242 4.58 U

—B 0.267 4.68
- 

U 
—C 0.274 4.81

U 22—30°—F—A 0.216 5.19
U —B 0.258 5.52

- —C 0.267 4.82 
U

23—30°—F—A 0.250 5.62 
-

—B 0.24O 5.28
—C 0.252 5.44

U 24-30°—F—A 0.280 5.41 -

—B 0.262 5.50
—C 0.279 5.27

I 25—30 °—WY—A 0.243 5.54
—B 0.261 5.55
—C 0.250 5.29

26—30 °—WY—A 0.260 5.27
I —B 0.223 4.77
U —C 0.254 4.95 U

U 27— 30°—WY—A 0.227 5.00 U -

—B 0.289 5.47
—C 0.276 5.40

28— 30°—WY—A 0.270 5.79 
-

—B 0.268 4.99
—C 0.232 5.09 - 

-
~

- - 
- 

U 

29—30°—WY—A 0.241 4.92
1 —B 0.238 5.29

Is ~ —C 0.267 -5.65 
U

30—30°—WY—A 0 . 2 8 5  
- 6.07

—B - 0.236 5.10
—C 0.258 5.41

ri -i
U 

-

--iii - U
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TABLE 6. MEANS AND STANDARD DEVIATIONS OF ELASTICITY CONSTANTS

Modulus of Elasticity Poisson’s Ratio

Standard
U Cylinder Mean Deviation Standard
U 

Nomenclature (Mpsi) (Mpsi) Mean Deviation U

- 

- All W F—60° 7.38 1.13 0.445 0.090

All WF—45 ° 5.26 1.04 0.522 0.135

U 
All WY—30° 5.31 0.34 0.254 0.019 

U

-
~ Y—A—60° 8 .06 1.63 0.508 - 0.134

F—A—45° 5.41 0.46 0.460 0.234

F—A—30° 5.20 0.45 0.247 0.026

U 
P4—60° 8.24 - 1.40 0.579 0.080

- 
U F—B—45° 5.47 0.62 0.541 0.088

F—B—30° 5.24 0.39 0.257 0.012

F—C—60° 8.19 1.61 0.576 0.101
-

U 
F—C—45° 4.98 0.66 0.502 0.070 

- —

F—C—30° . 5.08 0.32 0.268 0.012

F—B and C—60° 8.22 1.39 0.577 0.084

P—B and C—45° 5.22 0.65 0.521 0.076 
-

F—B and C—30° 5.16 0.34 0.262 0.012 U - - U

‘ l ’  30
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Test Cylinder No. 1, Flawed , +600 Wrap Angle, Position A
Displacements: Ui at 00 , Ul at 80°, U2 at 400 (in.)

£It~TA NO. U10(I) U180(I) U2 (I)
U 1 0.000314 0.001277 0.000275

- 2 0.002006 0+001475 0.000344• 3 0.001414 0.001415 0,000544
4 0.001610 0.001406 0.000756 - U

-
- 5 0.001367 0,001~~l0 0.000920 H

6 0.00137o 0+001651 0.001105
7 0.001296 0.001481 0.001259
8 0.001224 0.001582 0.001438
9 0.001400 0.001447 0.v01559 U

10 0.001390 O.0Ui~ 32 0.001844
11 0.001273 0.001531 0.001928 -~~

12 0.001288 0.001562 0.001955
13 0.001280 0.001635 0.002147 - -

14 - 0.001217 0+001432 0.002420
15 0.~~01178 0.001390 0.002424 - —

16 0.001414 ‘ 0.001321 0.002640
1, 0.001234 Q,QØj~L9Q 0.O02~~ t~
.18 0.001067 0;001360 0.002913 -

- 19 0.001537 0.001’Ili 0,003220
20 - 0.001947 0.001b32 0.003069
21 0.001829 0.001.472 0.00~240 

-

- - U,-

- -

.

U .  
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Test Cylinder No. 1, Flawed, +60° Wrap Angle, Position B
Displacements: Ui at 00, Ui at 80°, U2 at 40° (in.)

r 

1IAT~ ~o. ULO (I) U180(I) U2C 1)
U 1 0.002439 0,001321 0.000000

2 0.002192 Q.00li00 0.000000
3 0.002182 0.001067 0.000693

~ 0.001862 0.001264 0+000665
5 0.002267 0-~00i24 1 - 0.000805

- 6 0.002036 0.001i24 0.001062
7 0.001981 0,001240 0.001165
8 0.002130 u.00i.~i5 0.001312

1 9 0.001993 0.001125. 0.001489
- I 10 0.002191 0.001166 0.001665 -

11 0.002099 0.001089 0.001853

~2 0.002225 0.0011o2 0.(>02009
13 0.001932 0;001i05 0,002112 U U

14 0.00201’ 0.0ui0~~ 0.00~ 238
15 0.002655 0.0008~-t3 0.002420
16 0.002017 0.000974 0.002525
17 0 .004247 0. OuOb,�3 0.004710
18 0.002343 o.0o11~~ O.002~-i38
19 0.002177 0. 000 185 0.002918

U 20 - 0.00~ 177 o.000883 0.003312
21 0.002177 0.003422

~~~~~~~~~
/ 1
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Test Cylinder No. 1, Flawed, +60° Wrap Angle, Position C
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

- DATA NO. IJ10(I) U180(I) U~~(I) 
U

-

1 0.002189 0.001534 0.000363
• 2 0.00224o 0.001~•5b 0.0o0363

0.002246 0.001552 0.000363 U

4 0.002038 0.Oui/2? 0.000543
-~ 5 0.001936 0.001 ’92 0.000614

6 0.001854 0.001548 0.000887 }-
7 0.001792 0.001703 0.000955 -~

L 8 0.001840 0.001660 0.001282 U

9 0.001689 0.001754 - 0.001509 -

10 0.001632 0.001715 0.001616
11 0.001623 0.001708 0.001775
12 0.001737 0.001788 0.001923 U

13 0.001562 0.001788 0.002103 - -

14 0.001492 0,001757 0.002273 U

15 0.001451 0.001675 0.002570
- 16 0.001416 0.001719 0.002747 

U

17 0.001820 - 0.001622 0.002833
18 0.001671 0.001665 0.002966 U

U 19 0.001592 0.001770 0.003139
20 0.001188 0.002014 0.003614 

U

U 21 0.001426 0.001707 0.003605 -

U 
- 

-

U 

U 
U

I.---
f
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Test Cylinder No. 2, Flawed , +60° Wrap Angle, Position A
Displacements: Ui at 0° , Ui at 80° , U2 at 40° (in.)

U DATA NO. U10(I) U180(I) 
- 

U 2 ( I )
1 0.000970 0.000913 0.000326

• 
U 

2 0.000980 0.001024 0.000575
3 - 0.000945 0.001065 0.000590
4 0.00105 3 0.000516 0.00 H~,
5 0.001065 0.001195 &~~~- o00806
6 0.001181 0.0010; - 0.000933

- 7 0.000933 ‘~~~. ‘.i01068 0.001041
8 0.000938 0.001294 0.001374
9 o.o’:~o’~i5 0.00:1309 0.001155
10 0.000896 0.001240 0.001371
1~ 0.000982 0.001218 0.001883
12 0.000997 0,001223 0.001796
13 0,000931 0.001263 0.00194, U

14 .0.00095-1 0.001474 0.- .- .s~~3~~2
15 0.000792 0.001.424 ,i .002333
16 0.000605 0.’OOl’ - . : -~ 

- 0.002245
17 0.000767 ~. 01326 0.002648
18 0.0006:. —~ 

- 0.001320 0.002913
19 0.c-.c607 0.001426 0.003066
20 - o.000428 0.001440 0.003242
2:’ 0.000520 0.001~,84 0.003505

U 
-

- I.4

• -
~i
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Test Cylinder No. 2, Flawed, +600 Wrap Angle, Position B
Displacements: Ui at 00 , Ui at 80°, U2 at 40° (In.) U

- DATA NO. U10(I) U180(I) U2 (J)
U 

1 0.001152 0.0- .41963 0.000326
2 0.001269 o.o00964 0.000469

-3 0.001i1~ 0.001009 0.000751
4- 0.o01270 0,001121 0.001085
5 0.001244 0.001055 0.000827

U 6 0.000943 0.001043 0.001142
7 0.000942 0.001104 0.001298

U 8 0.000963 0.001290 0.001428
- 9 0.000847 0.001361 - 0,001489

U 10 0.000998 0.001190 0.001760
11 0.000803 0.00:1367 0,001904
12 0.000761 0,001308 0.002273
13 0.000~~ -5 0.001414 0.002301

U 

- 14 0.000671 0.001460 0.002256
15 0.000715 0.001490 0.002347

- 16 0.000657 0.001523 0.002710
17 0.000691 - 0.001714 0.002787
18 0.000785 0.001714 0.003044
19 0.000602 0.001884 0.003109
20 0.000654 0.001828 0.003296
21 0.000542 0.00i ?66 0.003595

• — 
S

4

I’
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Test Cylinder No. 2, Flawed, ±60° Wrap Angle, Position C
• Displacements: ill at 00 , Ui at 80° , U2 at 40° (in.)

IIATA NO. U 10 ( I )  1J 180(I)  U 2 ( I )
1 0.000337 0.000745 0.000404
2 0.001180 0.000765 0.000530 U

3 0.001251 0.001009 0,00~ /234 0.00 :1176 - 0.000.904 0.000867
5 0.001276 0.000~ ,-9 0.000905
6 0.001276 0.000981 - 0.001062

U 7 0.001332 0.000947 0.001407
8 0.00:L321 0.000885 0.001598
9 0.001152 0.000929 0,001713
10 0.00106? 0.000914 0.001975
11 0.001116 0.001056 0.001946
12 0.000895 0.001037 0.002285
13 0.000930 0.001131 0.002336
14 0,001033 0.001218 0.002290 U U

15 0.000930 0.001266 0.002335
16 0.000820 0 00:I.395 - 0.002595
17 0.000820 0.001320 0.002556
18 0.000945 0.001485 0.003213
19 0.000821 0.001472 0.003416
20 0.000743 0.001707 0.003731
21 0.000699 0.001645 0.003834

U 

-

57
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Test Cylinder No. 3, Flawed, +600 Wrap Angle, Position A
Displacements: Ui at 0° , Ui at 80° , U2 at 40° (in.)

DATA NO. U l O C I )  U180(I) U 2 ( I )
1 0.000325 0.00v995 0.000751
2 0.001883 0.001039 0.000579
3 0.001610 0.000963 - 0.000285
4 0.0 0 1 973  - 0.001221 0.000278
5 0.001951 0.000997 0.000278
6 0.001885 0.0O1~ 64 0.000278
7 0.002020 0.000971 0.000360

S 8 0.001993 0.001004 0.000511
9 0.001702 0.001120 0.000528

- 
- 10 0.001671 0.001137 0.000634 - 

-
.

11 0.001892 0.000987 0.000788
- - 12 0.001960 0.001005 0. - - .00922

U 13 0.001990 0.001129 0.001072
14 0.002084 0.001183 0.001165 U 

- 

- 
-

15 0.002035 0.000826 0.001440 - 
-

16 0,002280 0.000799 0.001538
17 0.002218 0.001067 0.001750
18 0.002452 0.000859 0.001819
19 0.002571 0.000823 0.001978
20 0.002333 0.000860 0.002096
21 - 0.002450 0.000926 0.002253
22 0.002355 0.000719 0.002566 

U

I 1-j
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Test Cylinder NO. 3, Flawed, +60° Wrap Angle, Position B
- - Displacements: Ui at 0° , Ui at 800 , U2 at 40° (in.)

- DATA NO. U10(I) U150~~i) (J2 (I) -

U 1 0.000390 0.001364 0.000000 
-

2 0.002020 0.001459 0.000306 U

- . 3 0.001271 0.001351 0.000408 -
~~~

U 4 0.001536 0.001364 0.000584
5 0.001700 0.001066 0.000665

H 6 0.001820 0.001042 0.000816 -
U 7 0,001759 0.001075 0.001046 

U 
- 

-~~

8 0.001865 0.000983 0.001-161 - -

U 9 0.001961 0.000936 0.001318 U

10 0.002446 0.001000 0,001410
- 11 0.002030 0.04,’0/42 - 0.001656

12 0.002249 0.000716 0.0o1729 U

13 0.002022 0.000649 0.001889
14 0.002196 0.QOoo3l 0.001942 -

15 0,002409 0.000607 0.002149 -

16 0.002401 0.000552 0.002383 - : -

~~17 0.002374 0.000488 0.002928 U 
-

18 0.002165 0.000926 0.0o2858 -

19 0.002530 (‘.000642 0.002603
20 0.002987 0.000539 0.002914
21 - 0.003072 0.000279 0.003172

- 22 0.002770 0.000472 0.004039 -

U 
-U UI
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Test Cylinder No. 3, Flawed, +60° Wrap Angie, Position C
Displacements: Ui at 00, Ui at 80°, U2 at 400 (in.)

DA t A NO. U10(I) 1.1180(1) • U2(I)
1 0.000449 0.000469 0.000406 U

2 0.001128 0.001682 0.000531
U 3 0.001072 0.001944 0,000694

4 0.001089 - 0.001709 0.000825 U

5 0.001023 0.001743 0.001003
6 0.000?8i 0.001.947 0.001146 U

7 0.001131 0,001556 0.001387 — -
8 0.000946 0.001849 0.001486
9 0.000932 0.002134 0.001625
10 0.000892 0.001963 

- 
0.001710 U

11 0.000971 0.002078 0.001867
12 0.000826 0.001963 0.002225
13 0.000954 0,001910 0,002324
14 0.001063 0.001996 0.002273 U U

15 0.000860 0.001996 0.002382
16 0.000955 0.002299 0.002681
17 0.000926 0.001954 0.002758
18 0.000781 0.001737 0.002917
19 0.000965 - 0.002014 0.003083
20 0.000882 0.002014 0.003268 

-

21 - 0.000766 0.001956 0.003743
22 0.000665 0.002501 0.003494

: 1 ii
- I -

1$.
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Test Cylinder No. 4, Flawed, +60° Wrap Angle, Position A
Displacements: Ui at 0°, Ui at 800 , U2 at 40° (in.)

LIATA NO. U10 (Ii 0180(I) U’ (I)
1 0.001676 0.001737 0.000408
2 0,001571 0,001956 0.000452 -~~~

3 0.001585 0.002304 0.000584
4 0.001595 0~ 00I739 0.000660
5 0.00i.595 0.001748 0.000838
6 0.001514 u.001829 0.000987
7 0.001520 0.001966 0.001371
8 0.00148~ 0.o(’:i652 0.001408
9 0.001524 0.001654 0.001446
10 0.001386 0.001721 0.001600
11 0.001443 0.001688 0.001821
12 0.001236 0.00.1594 0.001953
13 0.001477 0.001625 0.002155
14 0,001435 0.001586 0.002031
15 0.001514 0.00173? 0.002400 :
16 0.001463 0.001826 0.002400
17 0.001498 0.001599 0.002777 U

- 18 0.001251 0.001502 0.002640
19 0.001498 O~001~ 00 

- 0.002177
20 0.001543 0.001707 0.003299
21 0.001481 

- 
0.001180 0.003909

22 0.001386 0.001844 0.0032.98-
23 0.001587 0.001370 0.003515

1~
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Test Cylinder No. 4, Flawed, ±60° Wrap Angle, Position B
Displacements: Ui at 0°, Vi at 800, U2 at 40° (in.)

DATA NO. U10(I) U180(I) 1.12(I)
1 0,000424 0.001891 0.000422
2 -0.00152:i 0.001862 0.000391
3 0.001386 0.001681 0.000378
4 0.001195 

- 

0.001609 -0.000368
5 0,001255 0.001600 0.000402
6 0.001260 0.001404 0.000663
7 0.001117 0.001-413 0.000770
8 0.000960 0.001509 0.000963
9 0.000933 0.001371 0.001165 U

10 0.001019 0,001265 0.001463
11 0,-000921 0.001411 0.001445
12 0.000926 0.001303 0.001596
13 0.000989 0,001321 0.001881 U U

14 0.001067 0.001278 - 0.001917
15 0.000992 0.001278 0.002290
16 0.091014 0.00134, 0.002508
17 0,000860 0.001332 0.002442
18 0.000901 0.001502 0.002620
19 0.0008t 0 0.001286 0.002772
20 0.000905 0.001227 0.002833
21 0.000970 0.001319 0.003001 

U

22 0.000672 0.001591 0.003282
23 0.000646 0.001474 0.003282

•
1
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Test Cylinder No. 4, Flawed , ±600 Wrap Angie, Position C
Displacements: Ui at 00 , Ui at 800, U2 at 40° (in.) 

U

DATA NO. U i 0 ( .t ) U:f bSi)~~I) 
- 1J2 (I) U

I 0.00031~ 0,0j J .392 0.000381
2 0.001753 ~‘.o014 76 0. o039i

- 
3 0,00188J u .0 ’~. 10t3 %-
4 0 • 00224~, o • o  ‘-~22 o • ~~~~~~ 

-
S

5 0.0~. 1394 U.001~~5i. o.00v414
6 0,001::j57 0.001:1- 75 0.000438
7 0.001195 0~ 001. :~40 0. 000 710
6 0,00 1~j 1’~ (;.0<) :t 2 :L~3 0, o01085
9 0.(>01302 u.00i t40 0,000915

- 10 0.001207 0.001..~02 0.001103
11 0.001266 0.001334 0.001~~72

- 
12 0.001055 0.001385 0.001:-~67

9 
S 13 0.001257 0.00:1250 0.00166?

14 0,001241 0.0~
)1:i~5d 0.001127

15 0.001181 0.0013i2 0.001985
16 01001200 0.001332 0.001842
17 0.001 102 0 .00.L~39 0.002235
18 0.001090 0.00:L~41? 0.002382
19 0.00i~~o.~ u.uulb99 u.0O.~442 S

20 0,00121~ 0,001651 u.002826
~ 21 0.0009lo 0.001.~62 0.003063

22 0.000?1~ 0.001’-.v3 0.003083

U 
23 0. 00 1. 051 0.00 0. 003215

-4

11 •
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Test Cylinder No. 5, Unflawed, +60° Wrap Angie, Position A
Displacements: Ui at 0°, Ui at 80°, U2 at 400 (in.)

.1:’Ari-i NO. 010 (I) t.~~~0 (Ii
1 0.00139~ 0 j0’)362 0.001088
2 0 • 00134!.. C’ • ~ j 121~ 0~ OOlc ) . > ’
3 0.00 12c .1 0.00i’~40 o.0’’0951
4 0•0~Ji1~~ ooJ~ ’~.0 0 . u ( j v o 9 l

00i~~~ . o -  •‘oi 110 0. (,~~~~~~i~~~9

-a 0. 0’-i1’+ .~ ?. o. uvv ’~8.i 0. (J~~ ”’~~
7 o.00:L4u1 . u . 0.’ i’I-+ 0.u0v150
8 0 .0014~ i 0. ‘.•‘;OY,h .000111
9 0,0Q16~ c~ 0,~.~~09 i,’ C.000073

10 0.0018’.’! ‘.. -• , e. -~~
, ,-94  v.000062

U 11 0.001699 0 ,0’)07?9 C’ .000 316 U

12 0,0015-4 5 0.c’0074a 0,000453
.13 - 0 • 001406 ‘1) • t ..’.)c. 62~ 0 •
14 0 • 001493 0 • ~~~~~~~ 0, 000~>59 -

15 0.00i5i~ 0 .0005~Th ‘~
‘ ,000d38 U

16 O. ’. ’.) 1460 ‘- j  • ..-vO:507  0.000927
• 17 0.001?5~- 0.00’ 48~ 0.001091

18 0 • 0’1578 0 • 000-~4, 04001188
0.00:171:1 0,0 005-:3 .~ 0.001351 

-

U

20 0.0019.6o. - 0.00~~~29 0.001384
21 0.0o1899 

U-
~iT00~~ PL . —0--. 0O.1~ 1,3

22 
- 

0 • 001~~8~ 0. 0t:.o- - - -
~64 0 • 00 18:13 ~~~~~~~~~~~

- -  -

23 -).0020i.~:$ 0.0003 42 0,001913
24 0 .00 205 3  0-. 000446 0.002:1.13

-
~~~~~~~~~ 

U
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Test Cylinder No. 5, Unflawed, ±60° Wrap Angle, Position B

Displacements: Ui at 00 , Ui at 80° , U2 at 40° (in.)

L 
I:IATA NO. 010(I) UJ.80( I) u2 (I)

1 0.00035a ~.: ,v01481 0,000357 
- -

2 0,00.14 26 (‘ .001341 0.000357
3 0.00 :1594 ~‘~~0012.42 ‘i.000357
4 0,001’~~ .. 0 . 0  ‘81

• 5- 0 , 00 i5 :~~~~ 0.~~u.l.139 0.0O038 i~

U 

- 6 0.001-464 0.Ou12o4 0.000 4 68  
U

7 0. 0Ot ~ 0. 00.1.24- -.’ 0+ 0006~.3
- , 8 0. o01o~si. 0. 0012~~5 0. 0008~ 8

- - 
- 9 o.00i28 ;- 0,(i .’110~— - 0 ,0009b71 10 0,001364 0.00:1172 0~ 0o:L 088

U 11 0.001310 0,00 t.150 v .001214
12 U 0.001129 0.00i1.-’b 0.001~~76
13 0.00i:LC4 0.00:1.063 0.00.i5?6
14 0.000903 0.00Ll i . -/ 0.001644 U

15 0,001359 0.001-1 23 o.ooi ;---es
16 0.001342 0.0009$.~ 0.001953

~~ 

1? 0.001478 0.001251 u.0~.’23 ~ ’3

19 0,00113! 0,-00.11/9 0.u02~ 01

J 

18 0.001826 0.00092u 0.002020

20 0. oo-i27:~ 0 • 000536 0.002139
21 - 0.001514 0, ’L’00.—~~~ 0.002334
22 0.001754 0 ,Ovv/5 i  0,002/52
2.3 O,00i~~O(:’ 0.000/,4 0.002496

- - 24 0.001 -0(~ 0. Ø()~ ’~-93 • - v- ~094

1$ H.
‘5

_
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Test Cylinder No. 5, Unflawed, ±600 Wrap Angle, Position C
U Displacements: Ui at 0°, UI. at 80°, U2 at 40° (in.)

D A T A  NO. 1.110(I) 0180t1): 02(I) U

1 0.001252 0.v0v000 0.00o371
2 0.00126~ v.0015:12 0.000414
3 0.001255 0.001744 0.000420

U 
4 0.001184 - 

0 001654 0.000672
- 5 0.001148 v,0o~ 692 v.o00593
- - - 6 0.OOillv 0.001565 0.000902

7 0.001300 0.001324 0.001135
8 0.001358 0.00f309 0.001187
9 0.00118/ 0.00i200 0.001403

10 0.001146 0.001234 0.001465 U

U 11 0.001135 0.001329 0.001674
12 0.001065 0.001123 0,001992
13 0.001174 0.000985 0,001982
14 0,001435 0,000960 0.002199 U

15 0.001078 0.000840 0,002199 - U

16 0.001123 0.001147 0.002246
1~7 0,00134/ 0.000882 0.002400 

f 
U

18 0.001173 0.000936 0.002-400 U

19 0,001506 0.000720 0.002854
20 0.001549 0.001020 v.0025/4
21 0.001447 0;001129 0.002777
22 0. 0 0 14 9 3  0.0 00/ 92  0. 0 0 3 0 17  —

23 0.001599 0.000757 0.003519

U 
24 0.001528 0~~000784 0.003015

-

~ :~

:
‘
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Test Cylinder No. 6, Unflawed, +600 Wrap Angle, Position A
U 

Displacements: Ui at 0° , Ui at 80°, U2 at 40° (in.) U

DATA NO. 1J10 1) U180(I) 
- U2( I)

- 1 0.001023 0.001619 0,000327 U 
-

U - 2 0~~ 001045 0.00:1758 0 U (>00327
3 0.000944 -..‘ .00 :1487 0,00034?
4 0.001049 0.00:I. e~o0 0.000431 U

5 0.00105-4 (‘.001586 0.000589
U 6 0.001095 0.001325 0.000794

0.001092 (- .001-4~~0 0.000980
- .: 8 0.0009/0 0+001.539 - 0,000982

9 0.001121 (- .‘JvIU73 0.00120~’
10 0.001182 0.001407 0+001351

— .~ 11 0.00113o U 0.001471 0.001596
12 0.001056 0.0(i~~583 . 04 00 1753
13 0.001142 0.001354 0.001839
t 4  0.0 012 4 4  ( ‘ .00 1 2 1 1  0.002t’ I l  

U

15 0.001153 0,001384 0.002100
16 0.001257 0.001288 0.002394 U

17 0.001271 0.001.~5J v .002/01
18 0.001157 0.001600 0.002929
19 0.001323 0.001551 . 0 . 0 0292 9  U

20 0,001214 0.001432 0.003015
21 0.001302 0.001528 0.003299
22 0.001:129 0.001~591 0.003641 -

~~

- 23 0.00142.~ v.(,01%8, Q.0v364-t -

C

U 
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Test Cylinder No. 6, Unflawed, ±60° Wrap Angle, Position B
Displacements: 131 at Q0 , Ui at 800 , 132 at 40° (in.)

DATA NO. 010(I) U180(I) 02( I)
1 0.001664 0.001781 0.000363
2 0.001279 0.001824 0.000457
3 0.001314 0.001767 0.000567

- 4 - 0.001365 0.001931 0.000682 
-

5 0.001347 0.001834 0.000879
6 0.001172 0.001920 0.001130
7 0.001075 0.001793 0.001146
8 0.001129 0.001794 0.001263
9 0.001178 0.001562 0.001564 U

10 0.001215 0.001697 0.001547 U

11 0.001414 0.001706 0.001818
12 0.000943 0.002247 0.001842
13 0.000948 0.001767 0.002016 U

14 0.001180 0.001776 0.002147 U

U - 15 0.001191 0.001955 0.002244
16 0.001180 0.002121 0.002391

/ 17 0.001129 0.001643 0.0027)7
18 0.001187 0.001968 0.002850 U

19 0.001251 0,001:154 0.002852
U 20 0.001352 0.002130 0.002854

21 0.001364 0.001813 0.003104
22 0,001204 0.001765 0.003641
23 0.001113 0.001956 0.o03?7~

I

‘68
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Test Cylinder No. 6, Unflawed, ±60° Wrap Angle, Position C
Displacements: Ui at 00, Ui at 80°, U2 at 40° (in.)

IIATA NO. U10(I) Ui80(1 02(I)
1 0.000735 0.001847 0.000440
2 0.000746 0.001896 0.000281
3 o.oooas ; 0.002045 0.000260
4 0.000692 0.002154 0.000264
5 0.000700 0.001820 0.0002/6
6 0.000701 0.002086 0.000330
7 0.000640 0.002287 0.000325
8 0.000535 0.001980 0.000520
9 0.0005i.4 0.002040 0.000644

10 0.000591 0.002260 0.0008.02
11 0.000533 0.002274 0.000936
12 0.000639 0.002060 0.001072
13 0.000403 0.002184 0.001~~14
14 0.000462 0.002110 0.~00i348 

U

15 0.000535 0.002104 0.001507
16 0.000314 0.001962 0.001720
17 0.00037, 0.002180 0.001889 U

18 0.000457 0.002736 0.001979
19 0.000406 0.002096 0.002025
20 0.000448 0.002620 0.002253 - j
21 0.000470 0.002341 0.002277
22 0.000375 0.002215 0.002~ 07
23 0.000446 0.002715 0.002745

U.”

5.,
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Test Cylinder No. 7, Unflawed, +60 Wrap Angie, Position A
Displacements: Ui at 0°, il l at 80° , U2 at 40° (in.)

DATA NO. U10(I) 1J-180i~I) 02(I)
1 0.000391 0.000398 0.000325

- 
2 0.001045 0.002025 0.000268

- 3 0.001103 0.002560 0.000360
4 0.000940 - 0.002600 0.000486 - -

5 0.000862 0.002757 0.000730

U 6 0.000718 0.002869 0.000851 -

7 0.000754 0.003~98 0.000999
8 0.000883 0.002543 0.001115
9 0.000900 0.002587 0.001196
10 0.000846 0.002771 0.001321 U

11 0.000955 0.002858 - 0.001417
• 12 0.000881 0.002952 0.001672

13 0.000811 0.002918 0.001821
- 14 0.000985 0.003089 0.001905

15 0.000992 0.002768 0.002066
16 0.000890 0.002889 0.002023
17 0.000880 0.002489 0.002245
18 0.000842 0.002713 0.002591
19 0.000735 0.002575 0.002667
20 0.000772 

- 

0.002828 0.002980
- 21 0.001032 0.002501 0.002681

22 0.000816 0.002617 0.002889

L U 23 0.000901 0.002951 0,0Q3161

U
.’

:

F I
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Test Cylinder No. 7, Unfiawed, ±60° Wrap Angle, Position B
Displacements: Ui at 0°, Ui at 80°, 132 at 40° (in.)

: riATA NO. U10 (I) IJ18OU)- U2 (I)
1 0.000413 0.00039:1 0.000405
2 0.001029 0.001697 0.000560 ~ •

3 0.0012 •3 3 0.002i~.I7 0.000697
4 0.001109 0.002081 0.000877
S 0.00112-4 0.002109 0.000942

6 0.001139 0.002045 0.001045 
U

—

7 0.001226 0.00231~:; 0.001173 U

‘ 8 0.001032 (‘.001796 0.001354
9 0.001113 0,00207-4 0.001320
10 0.001102 0.001776 0.()01676

11 0.001414 0.001757 0.001731
12 0.001661 0.002018 0.0’~~i73 1
13 0.001297 0.00:it:.6� 0.001886
14 0.001236 - v.001835 0.002031

15 0.001440 0.00205? 0.002247 
U

16 0.001399 0.001939 0.002576
17 0.001438 0,001893 0.002854

18 0.001435 0.001646 0.002708
19 0.001473 o;oo1~s2i 0.002854
20 0.001551 0.002140 0.002708
21 0.001651 0,00238/ 0.003300
22 0.001458 0.0C’:L928 0.003406
23 0.001600 0.002’-1~4 0.004224

7’
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- Test Cylinder No. 7, Unflawed, +60° Wrap Angle, Poaition C

~ 
Displacements: Ui at 0°, Ui at 800, 132 at 40° (in.).

~ : DATA NO. 010(I) U18OU) U 02(I)

~- 1 0.000371 0.000431 0.000390
~i 2 - 0,000994 0.000431 0.000473 ~

3 0.000975 0.002488 0.000495
U 

- 4 0,000993 0.002429 0.000774
- 

5 0.001108 0.002450 0,000884
6 0.001172 0.002817 0.000872
7 0.001023 0.002.954 Q.001119
8 0,001187 0.002472 0.001158 - 

U

9 0.001212 0.002338 0.001370 U U

10 0,001095 0.002279 0.001487 —

-
- 11 0.001182 0.002154 0.001553 . 

U 

U

U 12 0,001478 0.002378 0.001731 I
13 0.001271 0.002058 0.001955 

- U

14 0.001046 0.001872 0.001920
15 0.001078 0.001812 0.001820 4

16 0.001554 0.002050 - 0.002575
17 OU.-001354 0.002121 0.002246
18 0.001389 0.002215 0.002779
19 0.001463 0.001942 0.002514
20 

- 
0 . 0 0 1 2 4 9  - 0.002089 0.002706

21 0.001422 0.002073 0.003094 .

22 0.001599 0.002176 0.002922 -‘

23 0.001493 0.001710 0.003393
S

~ 1-;
1— -- - . 

-

72 U 
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~~ U ~ Test Cylinder No. 8, Unfl.awed, ±60° Wrap Angle, Position A

U Displacements: Ui at 0° , Ui at 80°, U2 at 40° (in.)

~

- 
U 

DAJA NO. 010(I) 01 80(I) U2 (I)
~ 1 0.000422 0.002456 0.000239 U

2 0.0010:16 0,0o2-45o 0.000361 ~ 
U

- 3 0 .000915 0. 0(i2o30 0.000630 I • ;~

~ 4 0.00~)90 0.002~ 04 0.000721 ‘

U 

5 0.000938 0.00 591 0.000886

6 0.000993 0.002511 0.001045
~~ 7 0.001041 0.002646 0.001200 

-

U

.- 8 0.000923 0.002231 0.001467 -

p 9 0.001001 0.002083 0.001303

U 10 0.000993 0.00:1981 0.001446

~ 11 0.001077 0.002057 0.001697
- ~ 12 0.001001 0.001965 0.001694

13- 0.000910 0.001789 0.002016
14 0.000964 0.001847 0.002096 U 

-

- - 15 0.001191 0.001910 0.002188 
~~ 

-

- 16 0.001089 0.001796 0.002391
17 0.001052 0.001757 0.002693 • 

U

18 0.001199 0,001i~81 0.002556
19 0.001180 0.002013 0.002626

- 20 0.001498 0.002167 0.002843 5
21 0.001094 0.002330 0.002847

- 22 0.001165 0.002112 0.003406

U 

~~~~ . _ . _
~~~~~~~~~
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- I Test Cylinder No. 8, Unflawed, ±60° Wrap Angle, Position B U

— ~ ~ 
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

-: liA rA NO. U10(I) 0180(I) ~ 1i2(I)
U.~ - - - U _ ~_ ~U - - - —
-

- 1 0.001112 v.0u2501 0.000335 U

U~ : — 2 0.001i2~ 0.002532 0.000335 -:
~: 3 0.000942 0~ 002329 0.000335 

U

-
~~- ~ 

4 0.000896 - ().002 620 0.000385 U ~? ~ ~ 5 0,000963 0,002745 0.00(,605
~ 

6 0.000870 0.002~328 0.000/18
r ~ 7 0.000878 0.002283 0.000803 ~ 

U

~ 8 0.000872 0.002241 0.001035 ;
U 

9 0.000834 0.002454 0.001187 ‘

U 10 0.000963 0.002245 0.0013~34 -

~~~ ~ 11 0.000844 0.002276 0.001503 -
12 0.001174 0.002304 0.001528
13 0.001373 0.002311 0.001727 —

14 0.001280 0.002571 - 0.0 0 1 88 5  U - :
15 0.001078 0.002378 0.002068 - U

16 0.001065 0.002450 0.002245
- 17 0.001o23 0.00235b 04002704 ~~U -~

18 0.000992 0.002235 0.002707
19 0.000914 0.002373 0.002347
20 0.000982 0~ 002373 0.002854 -

21 0.000926 0.002263 0,002708
- 22 0.000976 0.002633 0.00301?

23 0.001221 0.002238 0.003641
U 

-

- 

U 

- 

-

-

~

-

~~~

U 

~
U 

*!~.
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Test Cylinder No. 8, Unflawed, +60° Wrap Angle, Position C ~ -

~: Displacements: Ui at 0°, Ui at 80°, 132 at 40° (in.) ~

DATA NO. 010(I) U180(I) 02(I) I

~ 1 0.i ’01228 0.00192() .0.000328

~: ~ 
2 0.001182 0.001776 0.000328

U ~ 3 0.001043 0.001846 0.000321 
U

; 4 0.001015 0.001920 0.000512
-I ~ 5 0.000995 0,001946 0.000676

6 . 0.001042 0.001718 0.000824 
U

-

~ 7 0.00v963 0+0ui~~ 3 0.000~ 5i ~ -
U

-; U 8 0.001037 0,001o54 - 0.001088
:: I 9 0.000872 0.001622 0.001281 - :
-- : 10 0.001013 0.00.i.664 0.001370

11 0.000970 0.001353 0.001552
~ 12 0.001025 0.001.472 0.001676U 

13 0.001094 0.00176? 0.001820
t 14 0.001009 0.001413 0.001956 U

~::~ k 15 0.001078 0.001428 0.002640 ~ U

~ 
- 16 0.001239 0.001312 0.002400 :

~ 17 0.001115 0.001278 0.002400 ~ U

- 
18 0.001169 0.001365 0.002854 ~
19 0.001101 0.001646 0.002640 

U 

~
20 0.001302 0.001692 0.003106
21 0.001395 0.00.1099 0.003017 -:

-_ 
U U 22 0.001113 0,001488 0.003406 -

-

U 23 0.001129 0.001245 0.003406

1 
U U

:~~

L 
—.- -

~ 
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Test Cylinder No. 9, Unfiawed, ±60° Wrap Angle, Position A
U ~ Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

- U 
t~I~~iA NO. U10(I) 0180 (I) - tJ2~~I)

~ ~ 
1 0.001519 0.0O.17o0 0.000332

‘
U . ~ 2 0.001600 0.001.618 0.000332 U

~U 3 0.001332 0.001857 0.o00391
-U

- 

U 4 0.001313 0.0()1790 0.000754
- - : 5 0.001393 ~ 0.001946 0.000754
- ~ 6 0.001399 0.001304 0.000~373
k~~ 

7 0.001240 ).001’994 0.001187

~ - ~ 8 0.001348 0.002067 0.001200
U ~ 9 0.001223 0.001829 0.001304 ~

- ~ ~ 10 0.001498 0.001660 0.001408 U

U ~ ~ 11 0.001440 0.001798 0.002030

~ 
12 0.00141’. 0.002096 0.001702 U

- ~ 13 0.001o82 0.002145 0.001818
14 0.001915 0.002207 

U 
0.002111 U ~

: 15 0.001872 0.001946 0.002200
U 16 0.001732 0.0022~~1 0.002200

17 0.001582 0,001767 0.002347
18 0.001678 0.002235 0.002456
19 0.001806 0.001930 0.002708
20 0.001826 0.002023 0.003017
21 0.001661 0.002715 0.003200 U

U — 22 0.001687 0.002658 0.003300 -
23 0.001643 0.0020i.~ 0.002/08

U I~

S
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Test Cylinder No. 9, Unfiawed , ±60° Wrap Angle, Position B

- Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

-
~~

U tt4~ iA NO. t .J 1O( I) U:180(I) - tJ2 1)
U 

1 0.000406 0.~:0 2-.- ’96 0.000320
.: 

• 
2 0.00106/ o.u02o~ 4 v.0’.J(JJál
3 0. 001351 0 ~ :.‘02402 0 . u00334

U. 4 0.000989 0.002429 0.000436
~ 5 0.001 

- -  
~~~~~ 0.002336 0.000563

6 0.0013 9 0.002124 0.000856

U; 

~ 
:7 o . 0010,4 0 . 00:.~-34~ .) , 000923

~ ~ 8 0.001207 0.00240/ 0.000974 U

~

- 

~ 
9 0.001222 0.002239 0.001111

-
U 

~ 10 0.001104 0.002559 0.001435
U 11 0.001161 0.002480 0.001576

12 0.001135 0.002575 0.0014o5
13 0.001227 0.00 2858 0.001561
14 0.001324 0~ ’~O2133 0~ 00i830
15 0.00:1409 0.002696 0.001948
16 0.001181 O,0’J2~ 09 0.002245

- 17 0.001119 - 0,002~:,75 0.002069

18 0.001263 0.0025/5 0,0v2345
19 0.001509 0.002409 0.002574

-
U - 

20 0.001416 0.002620 0.002638
:~ 21 0.001206 0~.002524 0.002706

22 0.001416 0.002115 0.002854
— 23 u.001594 0.uv~.o4b 0.0v2933

~
ii

U
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- Test Cylinder No. 9, Unflawed, ±60° Wrap Angle, Position C
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

U- tIArA wo. 010(I) U- 80~ I) 02(I)
U 1 0.O0162-~ 0.002023 0.000325 U

2 0,O0128:~ ().0o2o93 O.0 ()0315
~ 

- :~ o • 001529 0 • 002450 0 • 000352
4 0.001081 0.002391 0.000413

r- ~ 
_5 0.o01196 0.002481 0.000559

U 

6 0.0012.03 0.002481 0.000857
7 0.000935 0.002’858 0.000836 - -

8 0.001172 0 ,002742 0.001054
9 0.001095 0.002.472 0.001223
10 0.001243 0 ,002858 0.001300
11 0.001170 0.002634 - 0.001476
12 0.001141 0.002703 0.001598

13 0.001222 0.003048 0.00191?
14 0.001:119 0.002208 0.001909
15 0.000948 0.003:139 0.002023
16 0.00:1349 0.002528 0.002200
17 0.001346 0.002208 0.002112
18 0.001352 0.002409 0.002514
19 0.001389 . 0.00266/ 0.002/0/

U 20 0.001703 0.002566 0.0 0 2 6 4 0  
U

21 0.001163 0.0026-28 0.00285-4
22 0.001221 0.00~~l4~ 0,00~~//923 0.001186 0.002828 0.003406

~I U  
U
—

I-
U -
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Test Cylinder No. 10, Unflawed, ±60° Wrap Angie, Position A
Displacements: Ui at 0° , Ui at 80° , U2 at 40° (in.)

- D ATA NO. U10(I) . (J180(I) U2 (I)
I
~4 ~ 

1 0.000799 0.001829 0.000667
I 2 0.~)O0933 0.002225 0.000671 ~ -

4- - 

. I 3 0.000967 0.002v() 9 0.000465r 4 ().000980 0.001845 0.000326
5 0,000977 0.002152 0.000266

-- 6 0.00083 8 0.001920 0.000144

1 7 0.000918 0.002031 0.000318
8 0.000981 0.001926 0.000383
9 0.000814 0.001822 0.000586

‘I 10 0.000770 0.001711 0.000417

~ 
U 11 0.000722 0.001544 0,000638

~ 12 0.000934 0.001703 0.000918

13 0.000689 0.001622 0.001067 
-

,- I 14 0.000848 0.001618 0.001228
t 7 15 0.001131 0.001-539 0.00125?

U 16 0.000903 0.001o59 0.001650
17 0.001017 0.001556 0.001509
18 0.000989 0.001385 - 

0.0 0 1553

19 0.001056 - 0.001858 0.002031
20 0.000926 0.001411 0.002246
21 0.001063 0,002038 0.002343

U 22 0.001157 0.001731 0.002513
23 0.001069 0.00:1865 0.002400

-1
U

~1

U~~

i•

3

- 
U
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Test Cylinder No. 10, Unflaved, ±60° Wrap Angle, Position B 

U

U

-
- 

~ ~ Displacements: ui. at o~, Ui at 80°, U2 at 40° (in.)

U ~ 
L IA 1A  NO. U l O C I )  U 180 (I) 02( i)

- : 1 0.000852 0.002040 0.000521
- ~ 2 0.000841 0.o02122 0.000’;42

U-

~~~ 
3 0.000794 v.-Ou:1867 0,000215

U ~ 4 0.00081’~- 0.001~i55 0.000~’45 - U

-

U I 5 0.0001/6 0.002028 0.000158 U

~=- ~ 6 0.000666 0.002091 0.000280 ~

~

- 
U 

7 0+00182E 0.001793 0.000321 ~

U ~ 8 0.000632 0.()02429 0.000547 : .
- ~ 9 0.000682 0.002025 0.000o?0 -
-
~ ~ 

I 10 0.000569 0.002209 0.000765
: ~ 

: 11 0.000556 0.002036 0.000902
.

- 
U 12 0.000365 0.001942 0.001030

- 
U 

13 0.0 ()0359 0.001891 0.001236
14 0.000373 0.002/99 0,0014/1 ~
15 0.000244 0.002403 0.001471 

U

16 - 0.000287 0.00~.2:L8 0.001575
. 

17 0,000316 0.002280 0.001654
18 0.000290 0,002522 0.001741
19 0.000247 0.003236 0.002009
20 0.000280 0~ 002803 0.002049
21 0.000263 0.002617 0.002066 U

-

22 0.000367 0.002401 0.002511
23 0.000357 0.002/18 

-- 
0.002544

- 

U

:1.
80 

-

~ U -

d~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~.-~~~~~~~~
;--~- . ~~~~~ - . - - ~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~. — - ~~~~~--~ -‘--—‘-~



Test Cylinder No. 10, Unflawed, ±60° Wrap Angle, Position C
Displacments: Ui at 0°, Ui at 80°, 112 at 40° (in.)

:~ 

- [‘AlA NO. 1J1O (I) 1i180 (I) 1J2 (I)
: 1 0.0006$~ 0.002025 0.000313
~ - 

- 2 0,000966 0,002009 0.000313
U • 

U 3 0.000844 y.0O i$19 0.000313 - U

~
- - 4 0.0008i~ 0.001931 0.000286 U

~ 
U 5 0.000811 0.002607 0.0-00331 

U

~ 6 • 0.000653 C- .0()21 79 0.000331 ~

7 0.000633 0.002207 . 0,00~ 536
~U ~ 8 0.000649 0.001920 0.000682

U ~ ~ 9 0.000722 0.001944 0.000894
~ U 10 0.000660 0.001953 0.0009-94 I

_f 11 0.00059() 0.002163- 0,0011~i6 ~I ~ 
12 0.000583 0.002110 0.001253 ~U 13 0.000686 0.002109 0.001420 I

~ 

S 

~ 
14 0.00055/ 0.0021u4 0.001524 

U 

~
-‘ 

g, 
15 0.000638 0 0020/4 0.001614 ~ -~

. -
- 16 0.00~~~83 ‘:~.oo2373 0.001633 ~

-~ 17 0.000653 0.00199a 0.001851 ~
.• N 18 0.000630 0.002144 0.0~ -~080 ~

- 19 0.00066 2 0.0022/9 0.002125
- U 

20 0.000448 0.002389 0.002338
- U 

21 0.000728 0.002524 0.002582
22 0.000609 0.0027/o 0.003059
23 0. 00054~ • 002243 0.002811

I
- I  S

- 1  U

-

i~~~ U

U 
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k~ Test Cylinder No. 11, Flawed, ±60~ Wrap Angle, Position A

: ~ ~ 
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

: ~ ~ DATA NO. UlOCI ) U.18v(I) - U2(I) U

:: : 1 0.001190 0.000302 0.001038

~ ~ 2 0.001114 0.003188 0.001210
:. ~ ~ 3 0.0009// 0.002914 0.00:1437 U

-

-
~: ~ 

4 0.001101 - 0.002848 0.001803
U 

~ 5 0.001056 0.00286’3 0.001952
6 0.000616 0.003163 0.002255
7 0.000619 0.003373 0.002209
8 0.000693 0.003985 0.002496

-
~ : 9 0.000796 0,003798 0.002550

- 10 0.000719 0.002766 0,003332 
- 

- 
U

-~~ I 11 0.000798 0.002987 0.003118
12 0.000646 o.002881 0.0037 )8
13 0.000990 0.002828 0.003689
14 0,000775 0.003394 0.004160 U

15 0.000612 0.003028 0.004132
-~ 16 0.000668 0.002884 0.005504

17 0.000612 0.003232 0.005229

18 0.000700 0.003085 0.005456 U

19 0.000919 0,002423 0.006117
20 0.001292 0.003719 0,006188

- 
21 - 0.001156 0.003106 0.007001 U

22 0.001708 0.003028 - 0 ,006203
23 0.001292 u.00.~i.i~ 0,005859

1

;

~~~~~
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Test Cylinder No. 11, Flawed , +45° Wrap Angie, Position B
F Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

tI~ TA NO. 010(I) 0180(I) U2(I)
1 0.00093.~. 0.001389 0.0u0491
2 0.001046 0.00.1276 0.000651
3 0.000857 0.001306 0.000892
4 0.000900 0.001.300 0.001063
5 0.000867 0.00:1.371 0.00121.~
6 0,00094<) U.00138.~ 0.001389

1: 7 0.000866 0.001329 0.001522

8 0.001007 0,00:1570 0.001758
9 0.000992 0.001382 0.001920

10 0.000911 0.001442 - 0.002030
11 0.000752 0.001399 0.002247 -j
12 0.000946 0.001427 0~ 002296
13 0.000860 0.001512 0.002346
14 0.000816 0.001696 0.002391 

U

• 15 0.00071-0 0.001590 0.002933

16 0.000908 0.001502 0.002575
17 0.000882 0.001653 0.002852

U 18 0.000796 0.001389 0.003104
19 0.000781 0.001642 0.003402
20 0.000976 0.001255 0,003406
21 0.000742 0.001571 0.003518
22 0.000844 0.00:1642 0.003636

- 

U 
-1

- 

: -  83
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Teat Cylinder No. 11, Flawed, +45° Wrap Angle, Position C
Displacements: Ui at 0°, Ui at 80°, U2 at 400 (in.)

i~ D~~TA NO. U10 I) IJ-i80 (I) U2 (I)
1 0.00339-4 0.002000 0.000496 

U

~ ~ 2 0.000822 0.001860 0.000 ~2 ~9
3 0.000822 0.001760 0.000903 

U

U 4 0.000766 . 0.001/93 O,0010v3
~ -U 5 0.000834 0.001866 0.001 240

- 
! 

_
o 0.000787 0.001828 0.001401

U 7 0.000648 0.001914 0.001405 
U

U 
I 8 0.000799 0.001899 0.001630 -

I 9 0.000733 0.001915 0.001682 I
- 10 0,000795 0.001899 0.001982 ~ 

U

U ~ 11 0.000695 0,001812 - 0.001948 -
.

U 

~ 12 0.000680 0.001786 0.002066
13 0,00060o 0.001886 0.002338 

-

U

- - 14 0.000566 0.002032 0.002737 U 
-

-

- U 15 0.000787 0.001940 0.002811
- U 

16 0.000594 0.c-01970 0.002768 -;
17 0.000759 0.001999 0.003001
18 0.000545 0.001594 0.003010

19 0.000545 0.001653 0.003275 -

20 0.000630 
- 

0.0023~ 2 0.003373 U.

- 21 - 0.000848 0.002301 0.003614 - -

22 0.000650 0.002200 0.004031
23 0.000844 0.002112 0.004183

- 

‘ 1 -  -

84

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~ _ .~~ S _~~~

___ •_ - - U- U__S ~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

~~~~~~~~~~~~~~~~~ U — U -



r—U 
4’~~ 

—I- ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ r~~_5 
~~~~~~~~~~~~~~~~ 

U - U -
~S~VS ~~~~~~~~~~~~~~ J•

U-f~~~
_ UU__

~~ U~~ ~~U__ _ _ U _

- 
~~~ ~L_.~r • - - ---- - - ~~~ U—— ~~ ~~~~~~~~~~~ - 

U U 

U - -  
~~~

~ 
-

S ~ ~

~ ‘

4

Test Cylinder No. 12, Flawed, ±45° Wrap Angle, Position A
Displacements: Ui at 0°, Ul at 80° , U2 at 40° (in.)

--- DATA NO. 1110(1) U 16<~~~ l. 02(I)
~ 1 0.001029 ().001772 0.000748 

U;: 2 0.001110 0.001665 0.000591

~ 3 0.001332 v.()02()82 0.000455
I, 4 0.00128<) - 0.002134 0.000365
~- 

5 0.001152 0.0~’2096 0.000345

k 6 0.001020 0.002247 0.000345
I 7 0.001119 0.001941 0,000344

~ 

8 0.001037 0.002011 0.000344
-S 9 0.001133 0.0022~ 0 0.000467
Al 10 0.001157 0.001895 0.000584

~1 11 0,001172 0.001942 0.000684
S 12 - 0.000977 0.0018-47 0.000897

L 13 0.000923 0.00226o 0.001043

~ 14 0,001082 0 001984 0.001187 U

~ 15 0.001283 0.001988 0.001316
16 0.001215 0.001/22 0.001324
17 0.001217 0.001935 0.001580
18 0.001065 ()..002018 - 0.0o1714
19 0.001119 0.001899 0.001926
20 0.001006 0.001939 0.002147
21 0.001115 0.002235 0.002213

- 22 0.000695 0.00i 800 0.002039
23 0.000926 0.001939 0.002317

4

U 

U

I 
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Test Cylinder No. 12, Flawed, +45° Wrap Angie, Position B

~ 
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

- ~ DA~EA NO. 010(I) U180 1) U2(i)

~ ~ 
1 0.001253 0.001484 0.000475

-H 2 0.001227 0.001581 0.000424
~ 

- 

3 0.001398 0.-()01579 0.000380
U~~ ~ 4 0.001301 0.001268 0.000315

~— 1  - -

~ 
5 0.001147 0.00.1200 0.000325

-
-

- - 

~ ~ 
6 0.001209 0.001288 0.000373

.U ~ 7 0.001215 0.001405 0.000373
: ~ ~ 8 0.001188 0.001202 0.000373
U : ~ 

9 0.001110 0.001072 0.000433 U

- 
U 

10 0.00i244 0.001167 0.000617

~ 
11 0.001317 0.001580 0.000774

~~ - 
12 0.001205 0.001364 0.000967

~ 13 0.001189 0.001435 0.001043

~ 
14 0.001178 0.001445 0.001301 

U U

, I 
- 15 0,001234 0.001461 0.001384

~ 16 - 
. 0.001121 0.001440 0.001527

- U - ~ 17 0.001017 0.001667 0.001985

~~~ 

U 
- 18 0.001076 0.001589 0.002107

U 19 0.001373 0.001859 0.002155

~ 
20 ~ 0.001250 0.001599 0.002346 -

~~~

- ~ 21 0.001148 0.001743 0.0021(>8
- ~ 22 0.001180 0.002130 0.002.64-0
) ~ 23 0.001141 0.00173? 0.002779

~ i~~~~~

~:ja~:
~
5U

; 
~~~~~~~~

~~~ 
U

’I~~~’/-- l ~j --~1 1 _ _~~
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~ ~ Test Cylinder No. 12, Flawed, +45° Wrap Angle, Position C 
U

~ ~ Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.) 
U

~ 
[‘AlA NO. tJiO (I) U180(I) U2(I)

1 0.001062 0.001841 .0.000392 U 
. U

: , 2 0.001122 0.001926 0.000341
3 0.001341 0.002400 0.000245

~ 4 0.001030 0.002134 0.000223 U

U 5 0.001111 0.002011 0.000317
U 6 . 0.()00948 0.002134 0.000362
: 7 0.000775 0.002000 0.000460

- 
8 0.000733 0.001895 0.000569

U 9 0.00086:1 0.002009 0.000722
U ~ 10 0.000894 0.001 9 31 0.000871
~ U 

11 0,000789 0.001710 0.001009
- - U 12 0.000815 0.001664 0.001305 U: 13 0.000800 0.00:1818 0.001323 U

~U 
-5~4 0.000741 0.002345 0.001408 U

- 
- 15 0.000555 0.00194? 0.001504

16 0.000544 0.001.721 0.00 1.637
- 

17 0.000719 0.002074 0.002072 
-

U 18 0.000826 0.002018 0.002073
S 19 0.000772 0.002074 0.002213
U 20 0.000677 0.002096 0.002311
I- - 21 0.000860 0.001996 0.002476
U 22 0.000854 0.002190 0.002490
- 23 0.000798 0.0023/ 3 0.002764

U 
- :-

~

U 
U U U
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Test Cylinder No. 13, Flawed, +45° Wrap Angle, Position A
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

;_ DATA NO. U10(I) U180(I) 1J2 (I)
- - 1 0.0012-44 0.001139 0.000701

U ~ 2 0.001211 0.000912 0.000640
- 

- 

U 3 0.001339 0.()00?01 0.000501

~ ~ 
4 0,001329 - 0.000825 0.000429 U

U 

~ 
5 0,001072 0.000885 0.000360

~ ~6 0.001064 0.000936 0.000334
:~ ~ 7 0.000944 0.000896 0.000335
U~ ~ ! 8 0.001042 0.000800 0.000335
-
~ : ~ 9 0.001287 0.000668 0.000146
~ 

U 

10 0.001288 0.000685 - 0.000246 U

11 0,001092 0.000684 0.0v0294
~~~ 0.001264 0.000822 0.000324

13 0.001215 0.000811 0.000394
14 0.001215 0.000740 0.000534 U 

~ 

U

15 0.001340 0.000693 0.000644
16 0.001460 U 0.000707 

U 

0.000826
17 0.001378 0.000642 0.000854
18 0.001181 0.000647 0.000936
19 0.001412 0.000514 0,001104
20 0.001863 

U 

0.000541 0.001172
21 0.0014~5 0.000549 0.001230 U

22 0.001685 0.000b49 0.0Q1.~2/
23 0,001626 0.000494 o.0013/8 U

-

- I
U ,

~-

k 

U

. 
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Test Cylinder No. 13, Flawed, ±45° Wrap Angle, Position B ~

~ Displacements: Ui at 0°, Ui at 80° , U2 at 40° (in.) ~

~ 
DATA NO. U10(I) U180(I) U U2 (I)

I 0.001215 0.001473 0.000285
: 2 0.0011o2 “,001.~8, 0.0o0295
U • 

3 0.00113~ 0.001-310 0.000285

‘
5
, 4 0.001135 0,001394 0.000285

5 0.001165 0.001522 0,000285
U ~ 6 0.001092 0.001468 0.000381

7 0.001091 0.00:1.530 0.000491 ~
8 0.0()1025 0,001507 0.000587 ~U 9 0.001055 ()~001276 0.0v0714

~ ; 10 0.000987 0.001060 0.000850

~
- 

~ 
11 0.001079 0.001050 0.000956

; 12 0.001156 0.001225 0.001073. 
13 0.00106 7 0.()014$8 0.001167 5

U 14 0.001039 0.001i98 0.001389 U U 
~

~ 15 0.001055 0.001305 0.001507 U

~~~f 16 0.001286 0.001293 (.~.o~ 1594 ~
- 17 0.001409 0.001119 0.001756

- 

: 18 0,001332 0.-001102 - 0.001945U 
19 0.001784 0.000930 -0,001875
20 0.001651 - 0,001023 0.002096 5

21 0,001512 0.00099o 0.002311 U

22 0.001514 0.0(,0905 0.002411
23 0.001554 0.0()0607 0.002476

U i :  
- 

- 

I
~-

_ 3
~

U
-

~~~~~~~~~

U

~~~~~~~~

I -

I
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U Test Cylinder No. 13, Flawed, ±45° Wrap Angle, Position C
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

-

U~ 
BA~iA NO. U 1 0 CI )  0180(I) U2 (I)

1 0.001579 0.001807 0.00 ()332

~ . 2 ~ 0.001538 0.O01772 0.000408

~ 
3 0.001288 - 0.-001610 0.000521- ‘ ~ 4 0.001259 0,001632 0.00u656 

U

- ~ 5 0.001312 0.001569 0.000765

:~ ~ 
6 0.001254 0.001412 0.000873

U 7 0.001335 0.001466 0.000974
~ 8 ~ 0.001264 0.001404 0.001200

r 9 0.001266 ~ 0.001539 0.001286
10 0.001309 0,001485 0.001389 

U

~: 
11 0.001449 0.001500 0.001551
12 0.001385 0.001262 0.001551
13 0.001267 - 0.00:1412 0.001811

U 14 0.001119 0.001332 0.001915 U

15 0.001512 0.00:1514 0.002011
16 . 0.001704 0.001317 0.002283 

S

17 0.001924 0.000823 0.002179
18 ~ 0.001633 0.000837 0.002311
19 0.001737 0.000969 0.002476
20 0.001760 0.-001342 0.00260/
21 0.001598 0.001498 -0.002536
22 0.002322 0.000965 0,003141
23 0,002217 0.000882 0.003259

~ I

!~

‘

~ 
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U Test Cylinder No. 14, Flawed, ±45° Wrap Angle, Position A

U 

DIsplacements: Ui at 0°, U]. at 80°, U2 at 40° (in.) U

-
~~ 

tI(~;~i~A Nu . 0:10(1) u18:,<1 02(I) U

~ ~ 
1 0.u01174 0,000962 -0.()00285

U

~~~~ - 

U 2 0.00150! o,000940 0,000285

- 
3 0.001435 0.000784 0.000378

;4_ ~ 4 0.001. i7 8 0.000777 0.000477
U ~ 5 0.001248 0.000817 0.000601

U 

6 - 0.001341. 0.000678 0.000684
U ~ 7 0 . 00123<) 0 , 000737 0 • 000767

, 8 0.001.256 0.000818 ~ 0.000868
~ ~ 

9 0.001305 0.000810 0.001006

.: - 

~ 
10 0.001484 0.000680 0.001130

U 

j 11 0.001368 0.000638. 0.001.348

U 1~ 
12 0.001409 0.000582 0.00149?

~ 13 0.001438 0.000670 0.001524

*4 0.001200 0.00057~ 0.001742 U

U 15 - 0.001595 0~ 000583 0.001896
S 16 0.001442 0.000475 0.001949

17 0.001697 0.000448 0.002000-
~; 

S ~ 18 0,00:1385 0.000426 0.002129
U. 

~ 19 0.0016’2 0,()00426 0,002324
~ 20 0 .0014/6  0.000283 C.<)02295

U ~~ 21 - 0.00:1924 0.0’~i0456 0.002737

~
,

U 
22 0.00i.94() 0.000413 0.()02911

I 23 0,001648 0,000-4<) 8 0.002737

_pU - 
~ -~-

~~
UU

-~~~ ~U 

4 
U.

~~~~~ ~ 

U

H~ 
-

~~~~~~~~~~~~ 
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Test Cylinder No. 14, Flawed , ±450 Wrap Angle, Position B
Displacements: ill at 0° , Ui at 800 , U2 at 40° (in.)

DATA NO. U10(I) U180(I) U2 (I)
1 0.001159 0.001215 0.000293
2 0.00121/ 0.001329 0.000433
3 0,001167 0.001006 0.000577

• 4 0.001336 0.000783 0.000690
5 0.001006 0.000878 0,000859

• 6 0.000941 0.000997 0.000959 I -
~

7 0.000862 0.000~62 0.000921
8 0.000929 0.000830 0.000951 j ~9 0.001085 0.000733 0.001056
10 0.001471 0.000751 0.001389
11 0.001356 0.000720 0.0Ô1272
12 0.001556 0.000/97 0.001618
13 0.001438 0.000714 0.001909

fr 14 0.001187 0.000695 0.001909
15 0.001188 0.000606 0.002020
16 0.001385 0.000547 0.002080
17 0.-001478 0.000569 0,002324
18 0.001438 0.000407 0.002167
19 0.0015Z4 0.000563 0.002483
20 0.001475 0.000578 0.002591
21 • 

0,001797 0.000459 0.002671

~~ 22 0.002109 0.000325 0.002708
23 0.002658 0,000307 0.002879

H
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Test Cylinder No. 14, Flawed, +45 0 Wrap Angle, Position C
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. U10(I) •U180 1) • U2 (I)
1 0.001237 0.001079 0.000295
2 • 

0,001403 0.000792 0.000295
3 0.001301 0.000721 0.000448
4 0.001323 0.0007i5 0.000642
5 0.001340 0.000734 0,000700
6 0.001220 0.000721 0.000820
7 0.001201 0.000730 0.000932
8 0.00110/ 0.000682 0.000926
9 • 0.001264 0.000/01 Q.001o59

• 10 0.001406 0.0u0617 0.0012~3• 11 0.001287 0.000466 0.001312
12 0.001356 0.000412 0.OOlbOO
13 0.001500 0.000433 0.001763
14 0.001606 0.’.00551 0.001634
15 0.001579 0.000625 0.001811
16 0.0015~2 0.000506 0.001816
17 0.001616 0.000568 0.001956
18 0.001823 0.000458 0.002039
19 0.001711 0.000437 0.002080

• 20 0.001438 0.000549 0.002324
• 21 0.001749 0.000563 0.002626

• 22 0.00~760 0.000483 0.002607
23 0.002719 0.000387 0.002600

93
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Test Cylinder No. 15, Unflawed, +45° Wrap Angle, Position A
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

• IIATA NO. U10(I) U180(I) • U2(I)
1 0,001088 0.000921 0.000384

• 2 • 
0.000914 0,000992 0.000471

3 0.000920 0.001069 0.000559
4 0.000863 • 0.001147 0.000645
5 0.000879 0.001106 0.0o0738
6 0.000892 0.001067 0,000819
7 0.000965 0.001085 0.000955
8 0,001019 0.001146 0.001129
9 0.001072 0.001140 0.001286
10 0.000963 0.001242 0.001294
11 0.000928 ~.00i332 • 0.001353

• 12 0.000933 0.0012/8 0,001591
• 13 0.000890 0.001385 0.001646

14 0.001102 0.001445 0,001780
• 15 0.001077 0.001382 

• 
0.001722

16 0.001077 0.001369 0.001973
• 17 0.~~01115 0.001219 0.002104

18 0.000946 0.001360 0.002438
19 0.001130 

- 
0.001431 0.00244o

20 0.000905 0.001506 0.002b14
21 • 0.000905 0.001549 0.002513

• 22 0.001364 0.001/00 0.002?04
• 23 0.001364 0.001447 0.002708

• 
• F
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Test Cylinder No. 15, Unfiawed, +450 Wrap Angle, Position B
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. U10(I) U1 90(I) tJ2tI)
1 0.001260 0.001056 0.000361
2 0.001004 ).00v~s80 0.000416

• 3 0.00109~ 0.001006 0.000567
4 0.001104 0.000972 0.000666

• 
• 5 0.001080 .001042 0.000/88
6 0.000925 0.001108 0.0009b3
7 0.001030 0.000918 0.00i021
8 0.000955 v.000970 0.001142
9 0.001091 0.001038 0.001230
10 0.001044 0.000848 0.001444
11 0.001049 0.001070 0.001413
12 0.001165 0.001027 0.001500
13 0.001166 0.000926 0.001561
14 0.001110 0 001065 0.001697
15 0.000879 0.000908 0.002192
16 0.000879 0.001038 0.001990
17 0.000693 0.000926 0.002; 24
18 0.000753 0.000992 • 0.002108
19 0,000837 0.000965 0.0~2091
20 0.001275 0.001130 0.002513
21 0.001163 0.000965 0.002400
22 0.000960 0.000950 0.002/07
23 0,001481 0.001023 0.002106

4

4

95
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Teat Cylinder No. 15, Unflawed, +45° Wrap Angle, Position C

• Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. U10(I) U180(I) • 

112(I)
1 0,000894 0.~~01002 0.000343
2 0.000839 0.001255 0.000405
3 0.000686 0~001180 0.000515

* 
4 0.000659 0.001049 0.)00642
5 0.000638 0.001261 0.000807
6 0.000770 0.001169 0.000872

• 7 0.000825 0.001119 0.000954 • 
•

8 0.000796 0.001 108 0.001174
9 0.000767 . 0.00:1164 0.001214 

•

10 0.000698 0.001309 0.001354
11 0.000775 0.001334 0.001435

• 12 0.000747 0.001236 0.001415
13 0.000773 0.001056 0.001512

• 14 0.000890 0.001241 0.001552 $

15 0.000826 0.001342 0.001937
• 16 • 0.000695 0.001478 0.002167

• 17 0.000795 0.001389 0.002329 •

18 0.000842 0.001180 0.002000
19 0.000718 0.001435 0.002324 ••
20 0.000718 0.001~,53 0.002213 •

• 21 0.000926 0.001954 0.002446
22 0.000834 0.001539 0.002511
23 0.000777 0.001236 0.002704 

—

• •
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Test Cyiinder No. 16, Unf jawed, +45° Wrap Angie, Position A
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. U:i0(I) 
• U180(1) • 112(I)

1 0.0009~37 0.0014.22 0.000373
2 0.000941 0.001234 0.000421
3 0.001026 0.0o1040 0.000406
4 0.001063 0.001060 O.0u0668
5 0.000943 0.001081 0.000825
6 0.000993 0.001105 0.000838

• 7 0.000945 0.001041 0.001067
8 0.001004 0.001023 • 0.001148
9 0.001114 0.000956 0.001214
10 0.001075 0.000740 0.001570
11 0.001084 • 0.000o28 0.001625
12 0.001070 0.000183 0.001616
13 0.001065 0.000935 0,001621
14 0.000992 0.000dSS 0.001’913 •

15 0.001191 0.000930 0.002023
16 0.001012 0.000945 0.001883
17 0.001280 (,.000172 0,002329.
18 0.001342 0.001038 0.002096
19 0.001327 0.OOoBbO 0,004442
20 0.001127 0.000860 0,v02556
21 0.001296 0.000903 0.002501
22 0.001370 0.00018/ 0.002838
23 0.001187 0.0o04?0 0.002911
24 0.001144 0.00028~ 0.002638
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Test Cylinder No. 16, Unf].aved, +45° Wrap Angle, Position B

- 

Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.) •

~lAiA NO . 1110(1) U180(I) U2 (I)
1 0.001272 0.o01238 0.000.~47

* 
2 0.001039 0.00:1298 0.000431
3 0.001095 . 0.00:1100 0.000569
4 0,000938 0.001054 0.000629
5 0,001009 0.001033 0.000771

I 6 0.000957 0.001046 0.000910
7 0.000930 0.Oo:’ • 032 0.000969

* 
8 0.000970 0.001087 0.001187
9 0.001025 0.001016 0.001257 • f

• 10 0.000932 0.000932 0.001509
11 0.000965 0.000928 0.001509
12 0.001174 0.000965 0.001600
13 0.000953 0.001078 o4001630 • •

I 
* 14 0.000756 0.001046 0.001760

15 0.000945 0.001153 0.001886
• 16 0.001209 0.001228 0.002031

17 0.~~01141 0.000752 0.002247
• 18 0.001065 0.000816 0.002296

19 0.001169 0.000739 0.002706
20 0.001032 0.000642 0.002640
21 0.001115 0.000882 0.002o40
22 0.000901 0.000908 • 0.002933
23 0.v00840 0.000787 0.003017

r~
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Test Cylinder No. 16, Unflawed, +450 Wrap Angle, Position C
Displacements: Ui at 00, Ui at 80°, U2 at 40° (in.)

DATA NL~. 1110(I) 11180(I) U2( I)
1 0.00tY~19 u.0020~~1 0,000357

• 2 0.00094:~ 0.~~Oiô00. ~.0004413 0.000864 v .001435 0.000o40
4 0.000&2~. 0.0u1627 0.000/03
5 0.000839 0.001643 0,000818
6 0.000752 0.00:i~ o8 0.000929
7 0.00073% 0.00143~ 0,001o~ 7

• • 8 0.000836 0.001286 0.001200
9 0.000963 a.001266 0+001288 • 

-

10 0.000926 0.0o1215 0.001187
• 11 0.000943 0.000948 ~ 0.001366

12 0.000776 0.001150 0.001821
13 0.000910 0.001332 0.001919
14 0.001076 0.~~01020 0.001992
15 0.001102 0.001102 0.002104
16 0.001065 0,00 v920 0.002241
17 0,001077 0.000899 - 0.002634
18 0.001063 0.001041 0.002394
19 0.000916 0.000903 0.002391
20 0.000882 0.000982 0.002850
21 0.000950 0.000~ 38 0.002691
22 0.000903 0.000856 0.002697
23 0.000882 0.000996 0.002995

4

‘
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Test Cylinder No. 17, Unflawed, +45° Wrap Angle, Position A
• 

• Displace.ents: Dl at 0 , Ui at 80°, U2 at 40° (in.)

• DATA NO. U10(I) 11180(I) • U2 (1)
1 0.000771 0.00i992 0.000326
2 0.000714 0.O01793 0.000442
3 0.000718 0.001872 0.000642
4 0.000686 • 0.001895 0.000708

I 5 0.000597 0.001826 0.000818
1 6 0.000554 0.001654 0.000981

7 0.000525 0.001809 0.00116b •

8 0.000590 0.002045 0.001202
9 0.000648 0.001905 0.001288 1. :

* 10 0.000675 0.001364 0.001337 •
11 0.000723 0.001548 0.001427

• 12 0.000625 0.001771 0.001676 f ,
~~-• H 13 0.000733 0.001757 0.002031

14 0.000681 0.001575 0,002~ 71 •

15 0.000532 0.001301 0.002155
16 • 0.000737 0.001301 0.002112

•~J 17 0.000728 0.001512 0.002247
18 0.000540 0.001458 0.002708
19 0.000477 0.001431 0.002708
20 0.000627 0~001646 0.002933 1
21 0.000627 0.001467 0.003300

• 22 0.000672 0.001754 0.002708
23 0.000578 0.001498 0.003106

L I 100
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Test Cylinder No. 17, Unfiawed, +45° Wrap Angie, Position B
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

I ~ A~ A NO, 1110(I) 11180(1) 1 1 2( I )
- I 1 ‘J,00LL~L~ 0.00i403 0.’) 00325

2 0.000962 ‘• ‘ ~ •• • • • ~. :‘• 54 0.000428
• 3 0. 000943 v. 00.t 259 0. 000550

4 0.000923 0.00:i580 0.000718
* 5 0.000808 0,001604 0.000819

6 0.00v683 0.001444 0.000951
• 7 0,00061 0.0015t8 . 0.00 1067
• 8 0.000834 0.00.L ’sb4 0.00 1214

9 0.000721 ‘~.~.;vi 509 0.001320
• 

• 
• 10 0.000o38 . 0.001.140 0.001427

11 0.000591 O.00i~~8~
j . • 0~ 0015~ 3

* 12 0.000711 0.00io~~9 0.001o24 • 7
13 0.000485 0.001~~43 0.00.t~~22
14 0.000628 0.001747 0.00 .1127
15 0.000424 0 001723 0.001883
16 0.000399 0.0c i~~00 0.002069
17 0.000403 0.00 :L ?31 0.002069 .
18 0.000337 0.OvJ.553 0.002154
19 0.000667 0.001939 0.002345
20 0.000579 0.001596 0.00..~443
21 • 0.000399 0.001554 0.002712
22 0.0o0342 u.00:L835 0.002775
23 0.oou5.~:4 ~~~~~~~~~~ 0.uv.~00o

• 

•

I 
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Test Cylinder No. 17, Unflawed, +45° Wrap Angle, Position C
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

:~ IIATA NO. U10(I) U180 (I) 112(I)
1 0.000302 0.001437 0.000422

• 2 0.001110 0.001209 0.000422
3 • • 0.001123 0.001153 “.000652
4 0.001122 • 0.00:1.201 0.000782

• 
• 5 0.001081 0.0011~i0 0,000880

6 0.001124 0.001124 0.000969
7 0.001109 0.001226 0.001067
8 0.001117 0.001187 0,001187
9 0.001077 0.00 :1095 0,001288

10 0.001089 0.001141 0.001427
11 0.001237 0.001177 0.001530
12 0.001155 0,001305 0.001650

• 13 0.001046 0.00 :1027 0.001625
14 0.001148 0,001241 0.002071 •

15 0.001045 0.001508 0.002112
16 0.001113 0.001327 0.002071
17 0.000978 0,00 :1102 0.002155

• 18 0.000945 0.001229 0.002400
19 0.001078 0.001179 0.002514
20 0.001187 0.001599 0.002296
21 • 0.000860 0.001703 0.002576
22 0.000976 0.001599 • 0.002854
23 0.000905 0.001653 0.002708

1 ~+
‘
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• Test Cylinder No. 18, Unfiawed, +45° Wrap Angle, Position A
• Displacements: Dl at 0°, Ui at 80°, U2 at 40° (in.)

ric~rA NO. 1110(I) U180 1) U2(fl
• 1 0.001214 (‘ .002031 0.0Q0324

• 2 0.001272 0,002031 0.000374
• 3 0.001167 0.002528 0.000543
(H 4 0.001137 0.002139 0.000634

5 0.001148 0.002061 0.000759
6 0.001140 0.001828 0.000843

• 
• 

7 0.001189 0.002012 0.001038
8 0.001087 0.00:1743 0.001087
9 0.001027 0.00:1o52 0.001193
10 0.001151 0.001o~~1 0.001386
11 0.000970 0.001594 0.001551I j 12 • 0.000812 0.0017o5 0.001785

1 
• 13 0.000827 0.001583 0.•00i701

0.000953 O,~~0:t778 0.001982
15 0.000918 0.001884 0.002111
16 0.001024 0.001737 0.002446

• 17 0.000970 0.001767 0.001948
18 0.000805 0.001509 0.002016
19 0.000757 0.001435 0.002446
20 0.001063 0.00:1244 0.002505
21 

• 

0.000881 0.00:1553 0.002450• 22 0.000970 0.001718 0.002701
23 0.000903 0.001514 0.002569

4 •

.
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• Test Cylinder No. i8, Unfiawed, +45° Wrap Angie, Position B
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in).

A NO • (ii 0 ( I ) Ui 80 ( I ) 
• 

• U2 ( I)
1 0.001141 0,00:1.318 0.000329
2 0.001260 o.Oui?03 0.000335
3 0.001196 0.001406 0.000401 -:

• 4 0,000911 0.001029 0.000424
• • 5 0.000879 0.001409 0,000580

6 0.000783 0.00:1480 0.000754
7 0.000926 o.00r407 0.000895
8 0.000956 0.001001 0.001025
9 0.001150 0.00:t023 0,001187

• 10 0,001307 0.000992 0.001467
• ii 0.000921 0.001077 • 0.001447

12 0.000922 0.00 1241 0.001530
13 0.001142 0.001356 0.001676

• 14 0.001026 0.001289 0.001821 •

• 15 0.001142 0.001267 0.001992
16 0.000978 0.001100 

• 

0.001992
17 0.000911 0.001138 0.001992

H 18 0.000880 0.001038 0.002456.
19 0.000788 0.0012>1 0.002200
20 0.000882 

• 

0.00:1.194 0.002514
21 0.000839 • 0.000989 0.002708
22 0.000653 0.001835 0.0025/6
23 0.000653 0.001181 0.002933
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- • Test Cylinder No. 18, Unfiawed, +450 Wrap Angle, Position C
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. U10(I) U180(I) 112(I)
• 1 0.001196 0.001427 0.000375 

*2 0.001139 0.001522 0,000446
• 3 0.001119 0.001646 0.000551

4 0.001093 0.001933 0.000667
5 0.001015 0.001908 0.000754

• 
• 6 0.000993 0.001518 0,000918

• 7 0.001073 0.001664 0.000969
I 8 0.000949 0.001828 • 0.001035

9 0.000891 0.001570 0.001371
10 0.001025 0.001309 • 0.001406 

I

• 11 0.001001 0.001204 0.001461
12 0.001088 0.001327 0.001525
13 0.000885 0.001413 0.001820
14 0.0u0676 0.001414 0.001820 -

15 0.000746 0,0~i:L667 0.001990
• 16 • 0.000895 0.001630 0. •0~.i069

17 0.000982 0.001616 0.002154
18 0.000982 0~0015i4 

• 0.002199
19 0.000805 0.001643 0.002513

• 20 0,0 00..4o 0.001637 0.002505
• 

• 21 • 0.000792 0.0.. 3~3:I 0.002697 4

22 0.000625 0.001549 0.vj.~?0j 3
23 0.000728 0.001352 0.002697

105 
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* Test Cylinder No. 19, Unflawed, +45° Wrap Angle, Position A
Displacements: Ui at 00, Ui at 80°, U2 at 40° (in.)

i’ATA ~~~~. U10(I) U180(I> 112(I)
1 0.001295 0.002012 0.000488
2 0.001371 0.O01820 0.0003csO •

• 3 • 0.001180 0~002459 0. ;.i0~32
• 4 0.001159 0.001772 0.000349

• 5 0.001045 0.O~. ... •)9 0.000349 H
6 0.001241 0.001452 0.000349
7 0,0011~~•.• 0.001272 0.000349

• 8 ‘~.;G1268 0.001503 0.000353
9 0.001046 0.001645 • 0 .0 0 0 3 7 4

• 0 0.001083 
• 

0.001895 0.000440
11 0.001167 0.001650 0.000502 *

12 0.001276 0.001507
H • 13 0.001329 0.001544 ~;-000793

14 0.001051 0.00134~ 0.000933 •

15 0.001246 0.t .. ..~~5 0.000977
16 • 0.001246 .‘.001600 0.001066
17 0.0l~t :. 30 0.001570 0.001283 .
18 ... )01413 0.001331 0.001439

• 
•~ 19 0.001171 0.001236 0,001522

0.001354 0.001174 0.001596
• 21 • 0.001442 0.001327 0.001702

22 0.001406 0.001513 0,00i i0 •

23 0.001284 0 001301 ~.001803

L
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Test Cylinder No. 19, Unflawed, +45° Wrap Angle, Position B
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. U10(I) 11180(I) 112(1)
1 0.001097 0.001676 ~).000363
2 0.001120 0.00168..’ 0,000419
3 0.001151 u.~)0).759 0.000505
4 0.0011’~~ 0.001931 0.000577
5 0.001219 0.001847 C.000737
6 0.001092 0.001688 0.000869
1 0.001090 0.001421 0.001023
8 0.001266 0.001556 0.001040

• 9 0.001170 0.001498 0.001184
10 0.001548 0.001556 0.001283
11 0.001242 0.001687. 0.00130/
12 0.001359 0.00i..~85 0.001b2~
13 0.001250 t...001222 0.001909
£4 0.00131i 0.001142 0.001747
15 t’.001553 0.001262 0.001811
16 0.001512 0.001616 0.001985
17 0.001369 0.001548 0.002028
18 0.001327 0.00:1320 0.002107
19 0.001130 • 0.001320 0.002143

• 20 0.001370 0.001174 0.002188
21 

• 

0.001389 0.000970 0.002179
22 0.001416 0.000970 0.002184
23 0.001389 v.000950 0.002490

I..
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Test Cylinder No. 19, Unfiawed, +45° Wrap Angle, Position C
I I Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. V10(1) 11180(I) 112(I)
1 0.000770 0.001733 0.000342

I 2 0.000856 0.001672 0.000420
• 3 0.000896 0.001ô66 0.000523

4 0.001079 
• 0,001554 0.000584

• 5 0.000927 0.00:1.648 0.000662
6 0,000930 0.001444 0.000838

* 
7 0.000834 0.001245 0.000969
8 0.001082 • 0.001395 0.001067

• 9 0.000990 0,001345 0.001187 •

• 10 0.000956 0.001395 0.001288 
- •

11 0.000913 0.001509 0.001354
22 0,001106 0.001485 0.001553
13 0.001165 0.001333 0,001625
14 0,001036 0.001240 0.001703
15 0,001158 0.001035 0.001731
16 0.001094 0.001338 0.001992

• • 17 0.001024 0.001.301 0.002031
18 0.001239 0.001389 0.002155
19 0.001141 0.001514 0.002200
20 

• 0.001077 0.001354 0.002200
21 0,001102 0.001251 0.002400

• 22 0.001023 0.001081 0.002640
23 

• 
0,000970 0.001147 

• 

0,002640

-1:
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• Test Cylinder No. 20, Unflawed, +45° Wrap Angle, Position A
Displacements: Ui at 00, Ui at 80°, U2 at 40° (In.)

H DATA NO. U10(I) 11180(I) 112(I)
1 0.000888 0.002104 0.000410
2 0.001194 0.002318 0.000515

• 3 0.000893 0,001962 0,000648
4 0.000957 

• 

0.001895 0.000681
5 0.001006 0,001534 0.000838
6 0.001082 0.000974 0.000951
7 0.001576 0.001060 0.001121
8 0.001140 0.001609 0.001285
9 0.001254 0.00200~ 0.001368
10 0.001329 0.001550 0.0014/3
11 0.001250 0.00149/ • 0.001529
12 0.001324 0.001442 0.001677
13 0.001327 0.001512 0,001747

0.001513 0.,01478 0.001793
15 0.001478 0.001399 0.002122
16 0.001267 0,001399 0.002356
17 0.001399 0.001354 0.002108

• 18 0.001473 0.001549 0.002116
19 0.001893 0,001262 0.002459
20 . 

• 
0.001600 0.001395 0.u02490

21 0.001703 0.001114 0.002681
22 0,001653 0.001221 0.002681
23 0.001653 0~001221 0.002911

I’ 
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Test Cylinder No. 20, Unflawed , +45° Wrap Angle , Position B
Displacements: Ul at 0°, Ui at 80°, U2 at 40° (in.)

DATA No. .1110 (1.) u2u
1 0.v00~~~l 0.~~0130, 0.000300
2 • 0.00 3~~ 0.00:I .’.4c’ • 

• 0.000383
3 0.()0O~~ ? • o.’)01238 0.000483

I 4 0.000b~
.’~ ().00124~ 0. 000630

• 0.0001/7 0.001162 0.000689
6 0.000~ i~’ 0.OO lOJo 0.OOu/82
7 0,0010bu 0.000923
8 0.000949 0.001245 0.001033
9 0.00093~ 0.001103 0.001180
10 0.00097’? 0.001022 0.001245
11 0.000935 0.001178 0.001346
12 0.00i06~.. 0 . 0 0 L 04 2  0.001452
13 . 0,001009 0.o007~8 0.001638
14 0~.00:t :L 0~ 0.000/1i2 0.001705 . . F

• 15 0.00091Th 0.0007o4 0.0’J1~~i2
16 0.0010,o 0.000976 0.0018~ ,17 o.oo1i1~; o.ooio:c~18 0,00093 . O.00O9 :~? 0,002~./9
19 0.001020 0.000~~ 0 0.002377
20 0.001228 0.o0o5o~3 0,002377
21 • 0.001141 0.O0063’~ 0.002370
22 0.001i29 0.000930 0,0iY2.~01
23 0.001i~~1 0.001042 0.002556

i 
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Test Cylinder No. 20, Unflawed, +45° Wrap Angle, Position C

Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. U10CI) U1’80(I) 112 (1)
• 1 0.000020 0.002125 0.000169

2 0.00000? o.OOibt8 0.000~20
3 0.000032 • 0.001~~~2 0.000625 :~
4 0.000021 0.001d38 0.0007~9
5 0.000000 0.0016~ 2 0.000703
6 • 

0.000000 0.001434 0.000756
7 0.000000 0.001526 0.000852
8 0.00000() Q.0014d7 0.000923
9 0.000024 0.001445 0.001048
10 0.000024 0.001309 0.001360
11 0.000023 0.001333 0.00131.8
12 0,000050 0.001227 u.0U13~ 1
.13 • 0,000051 0.00086~ 0.oOlo/5
14 0.000051 0.000~40 0.001757
15 0.000062 0.001:U30 0.001990
16 0.000104 0.001191 0.001987
.17 ‘ 0.Q00102 0.00i0.’~8 0.002304
18 0.0Q0251 0.001041 0.002454
19 0.000180 0.001089 . 0.002~’19
20 • 0.000192 0.00090~ - 0.002240 •

21 0.00026.3 0.o00/i.9 0.00~,1’~
22 0.000306 0.0005~ 6 0.00~~?91
24 0.0~j0.c,3 0.-00~’o’yY . ,. 11

• 1  
•
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Teat Cylinder No. 21, Flawed, ±30° Wrap Angle, Position A

= 
Displacements: Ul at 0°, Ui at 80°, U2 at 40 (in.)

DA~A i~11. UIv(I) U.Lo0~~I) ,. 02(I)
1 0.0012o4 0.0008~ c~ 0.000260

• • 2 0.u01ie~4 0 .kJ ~
) 0’i~~ . 0.00~j260

3 0.001141 3.0009~~ 0.’i00359
• 4 0.001151 0.000896 

• 

0.000394
5 0.001223 0.0o0817 v.000426
6 0.001092 0.000843 0.000484

I - 

7 0.000808 0.~~00904 0.000503
8 0.000971. 0.0008~9 0~000542
9 0.000858 0.000826 - 0.000577
10 0.000888 0,000835 0.000621

• 11 0.000983 0.000864 0.000690
12 0.001122 0,000848

H 13 0.001055 0.000733 0.’)007/6
14 0.001028 0.00vTh3 0.000165

• 15 ‘ 0,000979 0.O00791 0.000600
• 

• 16 . 0.000938 0,000003 0.00o893
• . - 17 0.001155 - 

0.000874 0.000942
1 0.00114o 0.000$ .~6 0.001003
19 0.0009Th 0.00094:3 0.001033
20 • 

• 0,000987 0.001044 - 0.001061
21 0.000~62 0.001121 0.001184

* 
22 0.000891 0.000929 0.001242
23 0.000885 P.001022 0.001242

S
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• Test Cylinder No. 21, Flawed, ±30° Wrap Angle, Position B
Displacements: Ui at 0°, Ui at 80°, U2 at 40’ (In.)

DATA NO. U10(1) 11180(1) 
• 

112(I)
1 0.001103 0.000)6? 0.000358
2 . 0.001232 0.000752 0.000369 

. 
-

• 3 0.000979 0.000136 
- 
0.000369

4 0.000840 - 0.000752 0.000357
5 0.000904 0.000476 0.000429 I 

H

6 0.00090~i 0.001072 0.000469

• 7 0.000824 0.001020 0.000502
• 8 - 0.000791 0.001034 0.000568

9 0.000760 0.000924 0.000610
- 

• 

• 

10 0.000797 0.000895 6.000664
11 0.000948 0.000853 0.000704 

•

12 
•

• 0.000968 0.0008~9 0.000/54 -

• 13 0.001052 0.000945 0.000799
14 0.001093 0.001022 • 0.000893 - • 

• .

• 15 0.001026 0.000990 - 0.000933
16 0.000895 0.000953 0.000894
17 0.000978 O.00101b9 0.001006
18 0.000912 0.001059 0.001077
19 0.000886 0.000990 0.001111
20 0.000998 0.001095 0.001227
21 • 0.0010/7 0.001042 - 0.001272
22 0.00097? 0.001025 0.001288
23 •_p~~~ 0~38 • 

0.000906 0.001354

4_
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Teat Cylinder No. 21, Flawed, ±30 Wrap Angle, Position C
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. U10(I) U1b0(I) 
- 112(I)

1 0.001157 0.000919 0.000354
2 • 0.000906 0.00i0~3 0.000354
3 0.001004 0.001080 0.000354
4 0.000911 - 0.001029 0 000354
5 0.00091.1 0.001027 0.000424
6 0.000905 0.001038 0.000478
7 0.000840 0.001050 • 0.000511
8 0.000834 0.001115 0.000556
9 0.000849 0.001097 0.000612
10 0.000625 0.001053 0.000682
11 0.000780 - 0.001054 ..0.000708 ‘1
12 0.000754 0.001042 0.000760 -

13 0.000744 0.001027 0.000842 •

14 0.000755 0.000863 0.000848
15 0.000870 - 0.000889 0.000949

-
• 16 0.000930 0.000960 0.000992 

-
17 0.000996 0.000787. 0.001075
18 0.000968 0.000808 

- 
0.001064

19 0.000794 0.000859 0.001115 t
20 0.000739 0.001087 0.001182 a

1• 21 0.000595 
• 

0.000990 0.001242 •

22 - 0.000452 0.001044 0.001260
23 0.000383 0.001025 0.001349

7. 11.

‘4 - 

-

_

•
1 
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• Teat Cylinder No. 22, Flawed, ±30° Wrap Angie. Position A
• Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. 1110(I) 111i30(I) • 112(I)
1 0.00077 0.001176 0.0C0320
2 0.000>~~ 0.001134 0.000~773 0.000109 0.o0i~ ó2 0.000391
4 0.000804 0.001139 0.000406 •
5 0.000845 0.001031 0.000440
6 0.000804 0.00096~ 0.000480
7 0.000779 0,0008:_.%1 0.000528
8 0.000756 0.000924 0.000556
9 0.000809 0.000747 0.000541
10 0.000702 0.000707 

• 0.000617
11 0.000772 0t000700 0.000678 H

12 0.000800 0.000826 0.00070?
• 13 0.000734 0.000)91 0.000756

14 0. 000185 0. 00o800 0. 000778 - -

15 0.000/.t 5 0.00oi~41 0.0003i3
- 16 0.o0v715 0.000746 0.0008/3

• 
• 

17 0.000739 0.000646 0.0008/1
18 0.000815 0,0006-;.8 0.000881

- 19 0.00091~ 0.0008~ 8 0.000959
20 - 0.00Q9~~ 0.0v0776 0.001046
21 - 0.001039 0.000167 0.000996• 22 0.001o3~, 0.000.,’~~ 0.001046
23 0.0010ø~ 0.)o0800 

- 
0.001~~/jO

1* -
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Test Cylinder No. 22, Flawed, ±30 Wrap Angle, Position B
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. U10(I) 11180(I) 112(I)
1 0.001072 0.000808 0.000352
2 0.0o118~ 0.000 68? . 0,000~+06 -

3 0.000919 0.000h:i~ 0.000406 -

4 0,000742 - 
0 . 0 0 0 6- .L 0.000406

5 0.000/46 0.0001.~~ 0.(,00h!6
6 0.0007~ / 0.000968 

- 
0.000431

7 0,000Bho 0.ooJ’~,~~ 0.0004’9
8 0.000861 0.000942 - 0.000540 ~~~~~

- H

9 0.000767 0.00088? 0.000584 
• 

-
~

• 10 0.000832 0.000877 0.000614
11 0,000825 0.000747 0.000655
12 0.000797 0.000719 

- 

0.000708
• 13 • 

0.000/93 0.000121 0.000758
14 0.0006/9 • 0.0006.~i 0.000796 - _ 

•
• 

-
•

• 15 0.000671 0.000691 0.000042 _ *

I 

• 16 0.000693 -0 .000649 0.000885
17 0.000739 0.000605 0,G00~39 ~• 18 0.000782 • 0.000589 0.,001002
19 0.0008:13 0.0~)0574 0.001042
20 0.0U0~365 0.0005~i6 0.00:Io52 f ;

21 - 0.00095~ 0.000509 0.0010/3 -

• 22 • 0.000990 0.000440 0.001107- [HI
23 0,00lu/9 0.0004 3 0.001184

-H

~~ll6 
-
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• Test Cylinder No. 22, Flawed, ±30° Wrap Angle, Position C
Displacements: Ul at 0°, Ui at 80°, U2 at 40° (in.)

p JIATA NO. U10’~i) U180 (I) 112(I)
1 0.000690 0.001146 0.000352

• 2 0.000797 0.001118 0,0003:/7
3 0.001006 0.001113 0.000391
4 0.000982 - 0.00 1045 0.000478
5 0.001038 0.001004 • Q.000526
6 0.001176 0.000915 0.000583
7 0.001286 0.0008’~3 0.000635
8 0,001186 0.000809 0.000694

- 
. 

9 0 001283 0.00082o 0.000/94
10 0.001407 .0.000849 0.000800
11 0.001279 0.001040 0.000837 •

• 12 0.001216 0.001063 0.000888 -

• 13 0.001188 0,001122 0.000911
14 0.001156 0.001009 0,000998

• 15 0.001136 0.000903 0.001059
16 0.001149 0.000832 O.00i139
17 0.001200 0.0007,1 •

• 
0.001178

18 0.001334 0.000725 0.001294
19 0.001334 0.000620 0.001310
20 0.001!83 0.000622 0.001344
21 - 0.001539 0.0006,’l 0.001439
22 0,001626 0.000747 0.001461
23 0.00i&~, 0.000~.li 0.001 I~~~~3
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Test Cylinder No. 23, Flawed, ±30° Wrap Angle, Position A
Displacements: Ui at 00 , U]. at 80°, 112 at 40° (in.)

DATA NO. U1v~~i; 11180(I) U2(I)
3 0.000918 0.0007:1.6 • o.000311

• 2 0 , 001035 0. ~0072/ 0.000320
• 3 o.000927 c’ .0007~ u 0,000311

4 0 . o 0 : L0 i 4  0+000 704 0,000311
5 (. .00 0$~~ o.000o/6 v.000311

* 6 0.000v8. 0~ 0004~~ 0.000320
7 0.0u1~~00 0.000761 0.000325
8 0.0008-16 0,000i~~? 0,000330
9 0.000742 0.000777 -- 0.000431

J O 0.000669 0.0001~~2. 0.000449 . -

• 11 0.000678 0.0Q(;?83 0.000460
12 0.000761 0.000~ 72 0.000533

• 13 0.000793 0.000803 0.000511 •

14 0.000836 0.000992 0.000621
15 - 0.000861 0.000826 0.000653
16 0.0009 19 0.0C~08~~ 0.000693

• 17 0.000829 0,000669 0.000712
- 18 0.000862 0.000675 0,00079?
19 0.000824 0.000666 O.000b59

- 20 - 0,000669 0.000671 - 0.000~?36
21 0.000618 0.000/77 0.~~~~~o1
22 0 • u0Qb~~9 0. ~o- ’i s, 0. ~~~~~~
23 0~ 000483 0.. & ‘08c~8 0,001 061

- I

I —
4 .
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Test Cylinder No. 23, Flawed, ±30° Wrap Angle, Position B
Displacements: 111 at 0 , Ui at 80°, U2 at 40° (in.)

DATA NO. U10(I) 0180(I) 112(1) 
-

1 0.001291 0.0009:14 0.000306
2 • 0.001272 0.000876 0.000350

I- 3 0.001260 0.0O086~ 
- 0.000358

4 0.001265 - 0.0c)0768
5 0.001025 0.000770 0.000364
6 0.000956 0.000809 0.000384

- 7 0.000989 0.000771 0.000414 -
. 

-

8 0.000873 0.000778 0.000444p 
9 O.00O9E~9 O.0008i5 0.000469
10 0.001031 0.000767 0.000525
11 0.000803 0.000772 0.000571
12 0.000769 0.000794 0.000640 -

• 13 0.000765 0.000848 0.000680 
- 

-

14 • 
0.000711 0.000899 - 0.000/28 -

15 0,000735 0.000882 0.00o713
16 0.000744 0.000/~8 0.000759
17 0.000671 0.000700 0.u00844
18 •0.00068~ 0.000/07 0.000871
19. 0.000587 0.000663 0.000916
20 0.000489 0.000748 - 0.001030
21 • 0.000489 O.oo081:~ 0.00~050
22 0.0004~ 9 0.000942 0.00i354
23 

- 
0.000489 0.0’)1024 0.001J7/

I. 
-

I

-
•

- 
-
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Test Cylinder No. 23, Flawed, ±30° Wrap Angle, Position C
Displacements: UI at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. 010(I) 11180(1) 112(1) 
. 

-

1 0.000352 0.000~ i.3 0.000320
2 0.000352 0.001103 0.000406

- 
3 

• 

0.001023 O.0O0~~ 0 0.000409
- 4 0.001122 - 0.0009/6 0.000436

- 5 0.000967 0.001194 0.000442
6 0.000814 0.001233 0.000461
7 0.000733 - 0.001055 0.000506
8 0.000727 0.001115 - 0.000558
9 0.000825 0.000984 0.000587
10 0.000829 0,000949 0.000640

* 11 0.000864 0.00091/ 0.000654
12 0.000797 0.000870 0.000712

• 13 0.000806 Q.00o8’rb 0.000765 —

14 0.000845 0.O004~o9 0.000829 -

15 0.000799 0.000962 • 0.00u871
16 0,000637 0.001013 0.000898
17 0.000657 0.001287 0.000971
18 0.000663 0.001333 0.001043
19 0.000603 0.001334 0.001087 - 

-
~~

20 O,00Q7OJ. 0.001411 0.001161 - 
- •

21 • 
- 0.000/01 0.001497 - 0.001260

22 0.000701 0.00146/ 0.001307
23 0,000701 0.001528 0,001307

I I .  -

—

~~~ 
I -
~- ‘1

I -

j’~. 
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P Test Cylinder No. 24, Fl~wed , ±300 Wrap Angle, Position A
Displacements: U]. at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. U1OCI) U180(I) - 112(I) -

1 0.001272 0.001188 0.000352
2 0.00133i 0,0012i0 0.000422

• 3 0.001323 0,001113 0.000459
4 0.001314 - 0.001180 0.000525
5 0.001157 O.OOlOlo 0.000587 -•
6 • 0.001115 0.001018 0.000695
7 0.001146 0.001061 0.000704
8 0.001152 0.001037 0.000800
9 0.001139 0.000922 0.000810 •

10 0.001251 .0.000878 O.O00~40
11 0.001207 0.001013 0.000877
12 0.001139 O.O009~6 0,000939

- 13 0.001121 0.000995 0.001030
14 0.001019 0.000970 0.001105 . 

•

15 0.001095 0.001022 0.001173
16 0.000935 0,0010:42 . 0.001226 - -

-

17 - 0.001001 0.001049 0.001281
18 0.001035 0.000924 0.001473
19 

• 
0.001182 O,0O1022 • 0.001479

20 0.001385 0.OooYA2 • -  0.001479
21 - 0.001414 0.000o09 0.00154?
22 0.001385 O.00O~26 0.001~ 0O
23 0.001354 

- 
0.000420 O,001:t96

• 121 
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• 
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Test Cylinder No. 24, Flawed, ±300 Wrap Angle, Position B
Displacements: Ui at 0°, Ui at 800, U2 at 400 (in.)

DATA NO. U10(I) 0180(I) U2 (I) 
-

1 0.001223 0.001175 0.000377
2 0.001180 0.001211 0.000406
3 0.001248 0.001291 0.000453
4 0.0011~~ - 0.000999 0.000526
5 0.00120~ 0.001115 0.0u0536
6 0.001126 0.00~Q91b 0.000598
7 0.001295 0.000o79 - 0.000669
8 0,001293 0.000594 0.000712
9 0.001279 0.000636 0,000768
10 0.001331 0.000589 0.000851

• 11 0.001220 0.000600 0.000935
12 0.00126~ 0.0006~8 0.000954 -

-13 0,001245 0.000785 0.000993
H 14 

- 

0.001172 0.000867 0.001033 - -

15 0.001037 0.000942 0.001033
16 0.000998 - 

0.000968 0.001101
17 0.001208 0.000846 0.001175 -
lB 0.001187 0.000861 0.0012/8
19 0.001309 0.000763 0.001291

• 20 0.001~550 0.000800 0.001391
21 0.001685 0.000703 0.001469
22 0.001626 0.000/16 0.001512

:~
• 

I

122 .
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- Test Cylinder No. 24, Flawed, ±30° Wrap Angie, Position C

Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

• DATA NO, U10(I) U180(I) U2(I)
1 0.001109 0,001236 0.000302

• 2 
• 

0.001215 0 ,001151 0.000377
3 0.001280 0.00129J. 0.000.~84

• 4 0.00.1306 0.Oui(I’2 0.000449
5 0.001106 0.O010c.~ 0.000’~53
6 0.00126-5 0,000814 0,000575
7 • 0.001348 0.00064-2 0.000626
8 0.001212 0.00063, 0.000666

• 9 0.001269 ().000~44 0.000127
10 0.001280 0.000684 0.000783
11 0.001287 0.000o28 0.000829
12 0.001475 0.00’)642 0.000901
13 0.001401 0.000o84 • 0.00v963 *

14 0.001280 0.000719 0.001050
- 

• 15 0.001305 0.000747 0.001130
16 0.001266 0.000820 0.001168

• 17 - 0.001310 0.000866 ~.00I156• 18 0.001330 0.000M2 0.001268
19 0.001570 0.000749 0.001416
20 -0.001602 0.000720 0.001444

- 21 0.001744 0,00069:, 0.001~~s4
22 0.0o1~’.~1 0.00v84J 0.003~,29

0,~~O20.I. 2 0.0009~~9_ 0,00t~~tit

• J I

• 

-
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Test Cylinder No. 25, Unfiawed , ±30° Wrap Angle, Position A
Displacements: Ui at 0°, U]. at 80°, U2 at 400 (in.)

DATA NO. U10(I) 11180(1) 1 1 2 ( I )  
-

• 1 0.001028 0.0012~3 0.000352
2 - 0.00 1023 0.001270 0.000391
3 0.000992 0.001291 

- 

0.000480
4 0,00093 i • 

- 0.001275 0.000523
5 0.001160 0.000990 0.000556
6 0.00120/ 0.000973 0.000559

• 7 0,001i•9i 0.00086-4 0.000603
B 0.001:’ 10 0.000754 - • 0.000ooO

• 9 0,001.1.40 0.000700 0.0006/9 • -

10 0.001090 0.000700 0.000223
11 - 0.001137 0.0007~ 9 0.000800
12 0,001101 0.0007~~i 0.000855
13 0.001039 0.000905 0.000867

• 14 - 0.000976 0.000886 0.000945 -
15 0.0012o4 

- 
0.000~~ 3 0.001023

- 16 0.00 1207 0.000943 0.001033
- 17 0.001225 0,0009~ 6 0.00:~046

18 0.001245 0.000913 v.~ v1101 
‘
~

- 19 0~00i218 o.0Oo8 •~1 • 0.001191
20 0.001467 0.000812 0.001273 1 •

21 - 0.0014i~ 0.000//S 0.001344
22 0.001493 0.00u738 0.001~ 98
23 0.001472. 0.000772 o.00149~24 0.001508 0.000Y ’l Y o.001548

-‘ I j
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• . Test Cylinder No . 25, Unflawed, ±30° Wrap Angie, Position B
Dispiacements: Ui at 00, Ul at 80°, U2 at 400 (in.)

DATA NO. U10(I) U180(I) - 02( ) -

1 0.001324 0.0012)0 0.00o352
2 0.001264 0.ooiii~ 0.00v~ //

* 3 0.001232 0.001019 0.00o406 -
-

4 0.001218 . 0.00103) 0.000463
5 0.001240 0.00092-n 0.000514
6 - 0.001 19 1 0,000u18 0,000569 . 1

7 - 0.001221 0.000841 0.000648
8 0.001384 0.00o8~,7 0.000685
9 0.001399 0.000~362 0.000103
10 0.001407 - 0.000813 0.00~~06
11 0.001452 ~ .~~001) 2 0.000852
12 0,00129~s u.000~ ó~ 0.000929 .

13 0.001261 0.000690 0.000963
• 14 • 0.0013~ 6 0.000~95 - 0.001030 - • -

~

15 0.001243 0.000693 o.001095
* 16 0.001228 0.000o99 0.001130

17 0.001185 0.00~668 u.00J168
-18 •0.001178 0.000692 0.001268

* 
19. 0.001i;~0 0.000~ 5) 0.001300 

- ‘

• 20 0.001~ 5. 0.0Uu4~~. 
- 0.001416

21 0.00160o 0,000 +~~,
22 0.001//a, 0.0~’~~~r - ~‘23 0.00 .’ ~-~% 3 0.  0’’0_ /c’ 0. ( ( ~~ 4cU

24 0.001 ‘10 0.0-s~~~’•~ 
-

1
- 
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Test Cylinder No. 25, Unflawed, ±30’ Wrap Angle, Position C

— 

Displacements: Ui at 00 , Ui at 80’, U2 at 400 (In.)

DATA NO. U10(I) 11180(I) 112( 1)
1 0.001037 t 0.0012-~0 0.000377 - 

-

- 2 • 
0.000904 0.001232 0.00u384

• • 3 0.000945 0.001123 0.000409
4 0.000967 - 0.00:1016 0.000455
5 0.001092 ‘).000911 0.000491
6 • 0.001185 0.00091;’ 0.000743

• 7 0.001341 0.00o~3? 0.000612
- 

• 8 0.001429 - 0.000946 
- 
0.000657

9 0.001398 0.0009/9 0.000/2/
- 10 0.001318 0.000954 0.000811

11 0.001191 0.000~ 92 0.000844
- * - 12 0,001124 0.000926 0.000894

• 13 0.001189 0.001055 0.000917
14 0.001189 0.000996 0.001003 - -

15 0.001207 0.0O09~ 2 0.001033
16 0.001246 0.00094~ 0.001137

- 

• 17 0.001246 0.000949 0.001107
18 0.001.305 0.001000 0.001198
19 - 0.001245 0.000963 0,001287 •.
20 0.001266 0.000932 0.001336

- 21 0.001385 0.000885 0.001407
-• 

22 0.001386 - 0.000763 - 0.001465
•
~~ 23 0.001413 0.000855 0.001507

- 
24 0.001500 ~.000B72 0.001622

H 

-

~ ~~~

-

126
• ii



— 
•~~

—
~~ ---— --.- ••_ •

~
——— -—•— •———-— —— -—-— - --—-—- •~ •— •—~ —•— 

- ‘-

Test Cylinder No. 26, Unfiawed, ±30° Wrap Angie, Position A
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (In.)

1.

DATA NO. 1110(I) U180(I) 1J2(I 
- • 

-

• 1 0.001444 0.001223 0.000376
2 0.001264 0.001218 0.000414
3 

- 

0.001353 0,001160 - 0.000426
4 0,001297 - 0.001167 0.000469
5 0.001227 0.001129 0,000542
6 • 0 .001276 0.001094 0.000614
7 0.001203 0.001081 0,000652
8 0.001201 0.001110 0.000714

• 9 0.001170 0.001109 0.000782
10 0.001189 0.0011/1 0.000866
11 0.001172 0.001019 0.000687
12 0.000998 0.000981 0.000918

- 13 0.001112 0.000728 0.000943
14 0.Q01190 0.000844 0.001035 - -

15 0.001188 0.000799 0.001067
16 0.001151 0.000834 • 0.001112
17 

- 

0.001087 0,0008o1 0.001187
18 0.001066 0.0Q092t~ 0.001257

~ 19 0.000998 ‘).000984 0.001320
20 0.001122 0.000975 - 0.001408 , -

21 - 0.001095 0.0’)i.046 0.001’167
22 0.001089 0.001065 0.001540
23 0.001278 0.00:iOj.5 0.c’01625

. 1 ~

I 
•
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Test Cylinder No. 26, Unfiawed, ±30° Wrap Angle, Position B /
• 

~- Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

* DATA NO. U10(I) 11180(I) - U2(I-)

• 1 0.001236 0.001098 0.000391
2 0.001314 0.0010/9 0.0oo406

* 3 0.00141.0 0.001148 
- 

0.000449
4 0.001426 - 0.001264 0,000480

I 
- 5 0.001426 0.004323 0.000~42 - -

6 0.001387 0.001296 - 0.000640 ~~ •

7 0,0014~8 0.001~~’o 0.000652 *

8 0.001288 0.001203 
-- 
0.000714

• 
- 9 0.001293 0.001167 0.000779

10 0.001110 0.001201 0.000142 
-

11 0.000912 0.001222 - 0.000842 1 -~
- 

•
~ 12 0.000943 0.001280 - 0.000884

13 - 0.001101 0.001303 0.000939 - 
-

14 0~001154 0.001226 0.001002 - -

-• 
15 0.001122 . 0.001151 0.001042
16 0.001119 0.0011-29 0.001109
17 0.001129 0.001162 0.001184

- 18 0.001164 0.001i58 0.001239

* 
19 0.001044 0.001155 0.001285
20 0.001049 0.0u1146 0,001405

• - 21 - 0.001059 0.~,01556 0.001463
- 22 - 0.001001 0.001675 0.001463 -

— 23 
- 

0.00101_ B 0.001849 0.0o1484

V
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Test Cylinder No. 26, Unfiawed, ±30 Wrap Angle, Position C
Displacements: Ui at 0°, Ui at 80°, U2 at 400 (In.)

DATA NO. U10(]) 111.80(I) - U2-(I) -

1 0.001230 0.000845 0.000352
2 0.00:1260 0.000e23 0.000.371
3 -0,00130:1 0.0v08 10 0.000414
4 0.001225 - O.0U0~’?2 0.000453
5 0.001100 0.001023 - 0.000525
6 0.000825 0.00 1144 0.000580
7 - 0.00087C 0.001369 0.000614 *

1.

• 8 0.001042 0.001389 0.000681
9 0.0011.08 0.001325 0.000713
10 0.001171 0.001295 0.000744
11 0.001110 0.001181 0.000~00
12 0.001139 0.001347 0.000845

• 13 0.001261 0.001395 0.000918 
-

14 0.001285 0.001245 0.000~60 . -

15 0.001286 0.001285 0.001056
16 0.001189 0.001188 0.001112
17 - 0.001153 0.001246 0.001200 • 

-

18 0.001169 0.001225 0.001354
19 0.001149 0.001243 0.001408
20 0.001007 0.001.~34 0.00142/
21 • 0.001032 0.00:1411 0.001467
22 0.001o42 0.0014,0 0.0~)i:’09
23 o.ooio~ s 0.0014,. *).0oi~~3

I

• 1
~~ 

-
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Teat Cylinder No. 27, Unflawed, ±300 Wrap Angle, Position A
Displacements: Ui at 00, Ui at 800 U2 at 4o0 (in.)

DATA NO. 1110(I) 11180(I) • U2(I)
1 0.001070 0.001691 0.000352
2 0.001016 0.001609 0.000364
3 • 0.000945 0 . 0 0 1 672  

- 0.000428
H 4 0.000962. 0.001627 0.000484
H • - - 5 0.000960 0.001517 0.000532

6 0.001147 0.001243 0.000590
7 0.001154 0.001109 0.000613

• 8 0.001106 0.000979 - 0.000646 &

* 
9 0.000992 0.001231 0.000697
10 0.001013 0.001339 0.000763
11 0.000963 0.001407 0.000817

-
• 12 0.000913 0.001347 0.000865

13 0.00091.9 0.00:1390 0.000918
• 14 0.000926 0.001314 0.001005 . . 

ç •
~

- 15 0.000906 0.001260 - 0.001045
• • 

16 0.000894 0.001284 0.001067
17 0.000962 0.001225 0.001111
18 0.001207 0.001129 0.001186
19 0.001149 0.001185 0.001257
20 0.00114~ 0.001245 0.001288
21 • 0.001131 0.001218 - 0.00133? •

22 0.001300 • 0.001066 0.001427
23 0,001129 0.000913 0.00144? *

24 0.0012:11 0.000787 0.001530

I;’ .

4’: •
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Test Cylinder No 27, Unflaved, ±300 Wrap Angle, Position B
Displacements : Ui at 00 , Ui at 80°, U2 at 400 (In.)

- 

DATA NO. U10(I) U180(I) U2 (l) -

1 0.001105 0.001299 0.000352
-~~~ 2 0.001091 0.00120o 0.000~24• 3 0.0010~5 0.v0l2~~3 0.00v465

• 4 0.001064 • 0.001148 0.000521 •

* 5 0.001105 0.001244 0.000564
6 0,001120 0.00i.~ 5, 0.000615

* 
• 7 0.000994 0.001345 0.000676

8 0,001.006 0.001452 0.000/24
9 0.001068 0.001156 0.000778

~~~~ 
( 

10 0.001081 0.001044 0.000844
* 11 0.001053 0.001024 0.000879

12 0.001156 0.000998 0.000918
; 13 0.001189 0.000963 0.001056

14 0,001298 0.000998 0.001067 -

~~ 
15 0.001280 0.001109 0.001148

~~! ~ 16 - 0.001226 (i.00:I.uSb 0.001200
17 0.0009Th 0.001001 0.0012/2
18 0.000885 0.000923 0.001320
19 0.000984 0.000763 - 0.001408
20 0.001949 0.000135 • 0.00J467

• • 21 - 0,001104 0.000116 0.001509
22 0.0O118~, 0,000399 0.003625• ) 23 0.001245 0.000493 0.00ii0S

I - 

•• - -

~:

- H:-
-

-
1$

•
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Test Cylinder No. 27 , Unilawed, ±30° Wrap Angle, Position C
Displacements: Ui at 00 , Ui at 800 , U2 at 400 (in.)

DATA NO. U1O I) U180(I) 112(I)
1 0.00105~.

; 0.0 .1~4 -~ 0.000376
2 0.00i092 0.OOiliS - 0.000405
3 0,001090 0.001126 0.000441
4 0.-0009-Y 0 0.00112o 0,000498
5 0.000871 O.O QJ19.L 0,000549
6 0.000~338 0.~’0l2’.3 

• 0.000594
7 0.00070~ 0,00 12:10 0.Oc,0635
8 0.0O0~ i4 0.001068 0.000715

• - 9 0.000995 0.001024 0.000773
10 0.001006 0.000972 0.000326
11 0 .000974 0.000969 0.000875
12 0.00095./ 0.00 1046 • 0.000926
13 - 0.001009 0,00 1075 0.000984
14 0,00095o 0.001052 0,0010.~3
15 0.000956 0.001079 0,001o95
16 0.001025 • 0,0011o2. 0.001182
17 0.001178 0.001100 0.001278
18 0.001182 0.0.00978 0~00i~ 99
19 0.001.146 0.001001. 0.001403
20 0.001250 0.001101 0.0u1443
21 - 0.00127:1 0.0O1~ 02 0.001463
22 0.0012o7 0.001332 0.00th28
23 0,001205 0.001:131 0.001624

• 
- 

-

~

. 1 :

I
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- Test Cylinder No. 28, Unflawed, ±300 Wrap Angle, Position A

I Displacements: Ui at 0°, Ui at 800, U2 at 400 (In.)

DATA NO. U10(I) 11180(1) 112(1)
:1 0.001272 0.00110) 0.000351

- 
t 2 0.00 1194 0.O0 .~0o7 o.0003c%o

3 0.00108~3 (‘ .00l~-~:S.~ 0.000421 • *4

4 0.OoliIo - 
O . v 0 1 0 2~i 0.000468 * -

•

I 5 0.001266 0~00iCv6 • 0.000~~,2 - 
- .1

- 6 0.001227 0.001062 0.000 ,o9
I 7 0.0012:19 0,00:!.018 0.000650

8 0.001207 0,000~~ :- :..s 0.000o80
9 0~001095 0.000906 0.000142

I 10 0.~ 01064 0.000~ /8 0.000356
$ 

11 0 • 000948 0. 001030 0. 000843
• 3 -12 0.000996 O.v0i0.~9

• 13 0.00vj, 8 0 . u ~..’ ’,5 0.o0v~56
14 0.000817 0.0010o9 0.001002 

. - 

- •

15 0.00O70~ 0.00 100-1 -

. 
0.001040

16 0.000900 0.0010’~-4 0.001103 .

• 
• 17 • 0.000353 0.000921 0.001.~39• 

. 18 0.000891 0.001025 0.001~ 3319 0,00035~3 0.00090R 0,001278
20 0 • 000U9i 0. 09 0. 00130/

/ 21 0.00095 0.000~’2~ 0.001376
22 0. 000%$~ 0. ~ 0~)-~.o6 o • o’:,~ 452-

1 

23 0.001 ~~~ ~~ • ~~;~~~~~~~~~~
-
• ‘~~~ ~~~~~‘i

I 

•
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Test Cylinder No. - 28, Unfiawed, ±300 Wrap Angle, Position B

Displacements: Ui at 0°, Ui at 800, U2 at 40 (in.) • 
-

DATA NO. U10(I) U180(I’, - 
• 112(I) -

• I 1 0.001020 0.0O12~,8 0.000351
2 0.0010~0 0.001174 

- 
0,00u390

• 3 0.000971 • 0.0v1~ 02 0.0o0405 —

• : 0.001109 • 
0,001064 0.000439

0.001167 0.000~24 0,000514
- j  - 

-- 

6 0.001209 0.000563 0.000569
7 0.001296 0.000923 0.000612

• • 8 0.001286 0.000917 — 0.000638
9 0.001295 0.000909 0.000727
10 0.0012/9 0.0011:L0 0.0007~5
11 0,00118? 0.001261 0.000823

W J  
• * 12 0,001263 0.001073 0.000971

• 
- - 

, 13 0.001139 0.001085 0.000941
- - 14 0.001222 0.001169 0.000975 • •

* 
3 ~~~• 

- 
15 0.001189 - 0.001111 0.001133
16 • 0.001226 0.001100 0.001170

- - 17 0.0012o6 0.001072 0,001239 •

H 18 0.001245 0.0012~ 1 0.001317
- 19 &.001221 0.001359 0.001333

• 2O 0.001285 0.001212 u,001463
21 • 0.001386 0.001102 0.001463
22 0.001356 0.0011/1 0.001596
23 0 001445 0.001j~~6 0.o016/~

I -

~

:8 S
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Test Cylinder No. 28, Unfiawed, ±30° Wrap Angle, Position C
Displacements: Ui at 0°, Ui at 800, U2 at 400 (In.)

DATA NO. 1110 (I) U180(I) - 112(I) 
-

1 0.001238 0.001300 0.000352
• 2 0.001229 0.001220 0.000377

3 0,001210 0.0u12/5 
• 

0.000~22 
-:

• 4 0.001i~ 0 
- 0.001346 0.000446

* .1 5 0.001182 0.001240 0.000501
1 6 • 0.001201 0.00132~ 0.000569
1 7 

• 

0.001165 0.001314 0.000602
S 8 0.001068 0.001022 0,000651

- 9 0.001:172 0.000961• 0.000680
- 10 0.001172 0.000889 0.000/64

11 0,001156 0,000923 0.000800
( - 12 0.00099 6 0.000962 0.000845

13 - 
0.001048 0.001005 0.000880

14 0.001000 0.0010 3? 
• 0.000960 - -

15 0.000976 0.001052 0.001035
• 

• I, 16 0.000886 0.001156 0.001025
17 0.000929 0.00i:~-24 0.001111

1 18 •0.000963 0.001266 0.001160
19- 0.001OO-~. 0.001266 0.001186
20 0.001009 0.001226 0.001258

- ( 21 • 0.001129 0.001200 0.00~ --h,8
22 0.00135-i o,o~ 1~~—~

)
I 

- 23 0~ 0’,i~-~45 
- 

0.0~~t.~~i •

- 

1-

-
~~~~~

•

- •  -
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• Test Cylinder No. 29 , Unfiawed , ±300 Wrap Angie, Position A
Displacements: Ul at 0°, Ui at 80°, U2 at 400 (In.)

DATA NO. U10(I) 11180(I) 
•

- 112(I) •

1 0,000663 0.001486 0.000435
2 0.000703 0.001o~ 8 0.000455
3 • 0.000626 0.001885 • 0 .000474
4 0.000622 - 

0.001772 0.000561 ~ -~~

5 0.000726 0.001531 0.000636
• 6 • 0.000679 0.001530 0.000679

7 0.000658 0.001620 0.000728
8 0.000636 - 0.001754 0,000773
9 0.000669 G.001709 

- 0,000851
10 0.000715 0.001711 0.000897
11 0.000705 0.001245 0.000953
12 0.000677 0.001321 0.001043
13 0,000660 0.001493 0,001280
14 0.000636 0.001741 0.001130 -

15 0.000683 0.001829 0.001156

16 0,000661 0.001905 0.001182

17 0,000643 0.001988 0.001223
18 0,000620 0.002057 0.001268
19 - 0,000629 0.001990 0.001333

• 20 0.000573 0.001757 0.001469
21 • 0.000~20 0.001798 0.001456
22 0.000687 - 0.001635 • 0.0015~ 1 

•

23 0.000773 0.001550 0.001694
24 0.000799 0..001726 0.001725 k :

‘4 ,
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Teat Cylinder No. 29, Unflawed, ±300 Wrap Angle, Position B
Displacements: Ui at 0°, Ui at 80°, U2 at 40° (in.)

DATA NO. 1110(I) 11180 (I) • 112(I) -

1 0.001118 0,001143 0.000421

2 0.001331 0.001025 0.0004~~9

3 
- 
0.001249 0.001023 0.000495 • - 

-

‘~~ -
~ 4 0.001184 • 0.001076 0.000453 :~~ ~

5 0.001121 0.001106 0.000624

‘ 
6 0.001181 0.001109 0.000699 - 

-

7 0.001153 0.001064 0.000738 
I • 

-

8 0.001185 0.001108 0.000776
9 0.001171 0.001090 0.000839 - - 

-

10 0.001207 0.001088 0.000936
• 11 0.001190 0.001136 0.000953 

•

12 0.001297 0.001187 0.001028 
• 

• -

13 0.000903 0.001108 0.001048
14 0.000929 0.001140 0.001103 -

15 0.000887 0.001113 0.001139
16 0.000932 0.001182 0.001178 - -

17 0.000848 0.001121 0.0012/8 -

18 0.001017 0.001155 0.001294

19 0.001150 0.001129 0.001310

20 0.001150 0.001436 
- 

0.001329

21 • 0.001017 0.001035 - 0.001400
22 0.001119 0.000933 0.0)1461
23 0.O0116# 0.000826 0,001503
24 0.0011o~~ 0,00(H27 0.001o18

- 
- 

.

— ,
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Test Cylinder No. 29, Unflawed, ±300 Wrap Angle, Position C
• Displacements: Ui at 0°, Ui at 80°, U2 at 400 (In.)

DA1A NO. 1110(I) 11180(I) 
- 

- 
- U2(I) 

-

• 1 0.001233 0.001083 0.000349
2 0.001444 0.001220 

- 
0.000373 7

- 3 0.000778 - 
0.001134 0.0003/7

• 4 0.000784 - 0.001053 0.00~391
1 5 0.0008~5 0.000972 0.000431
6 0.000896 0.001023 0,000490
7 0.0009~51 0,000915 0.000430 1

’
• I 8 0.000963 0.000824 - 0.000468

I 

9 - 0.001018 0.000917 0.000650 1
• 10 0.000899 0.000919 0.000723

- 11 0.000917 0.000957 0.000776
- 

12 0.000925 0.001030 0.000829
13 0.000889 0.001207 0.000904
14 0.000849 0.0~ 1226 0.000987 -

* 15- 0.00089-4 - 0.001225 0.000997
- 16 0.001013 0.001203 0.001047 • 

-

-
~ 

• • 17 0.000983 0.001158 0.001106 -

- 1 18 0.001037 0.001158 0.001156
- 19 0.001044 0.001113 - 0.001223

20 0.0009.85 0.001170 0.001253
- 21 - 0.000993 0.001208 0.001268

22 0.001009 0.001182 0.001307
~~~ ~~~~~ 23 0.001074 0.001046 0.001452

-

~~ 
24 0.001181 • 0~~000931 0.001538 —

-~~ 
;~

~ i ~
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Test CylInder No. 30, Unfiaved, ±300 Wrap Angle, Position A
Displacements: Ui at 0 , Ui at 80, U2 at 400 (In.)

/ DATA NO. 1110 (I) 11180(I) - 112(I)
1 0.001174 0.001278 0.000352
2 0.001420 0.001275 0.000316) 3 0.001167 0.00116/ 0.000439

• - 4 0.001138 - 0.001180 0.000468

5 0.001126 0,001209 0,000527

S 6 0.001102 0.001097 0.000601
I - 7 • 0.001004 0.000952 0,00o638

8 0.001106 0.000902 0.000688

t~ ~ 9 0.001081 0.000923 0.000763

~~

- ! ~ 10 0.001080 0.000965 0.000800
11 0,001124 0.0o0845 0.000938

12 0,001156 
- 0.000888 0.000918 -

• 13 0.001105 0.000893 0.001006
-- 14 

• 0.001103 0.000991 - 0.001035 - -

15 0.000862 0.000874 0.001148

16 0.000777 0.000844 0.001160

• 17 0.000800 0.00083-4 0.001288 -

-18 .0.00086 ~ 0.000733 0.001242

19. 0.000852 0.000812 0.001288
J 20 0.000.933 0.000811 • 0.00133/

21 - 0.000989 0.000708 0.00141)8
22 0.000989 0.000661 0.001427 *J 23 0.o0094:~ 0.00039o 0 001509

f 24 0.000910 - •:).000338 - 0.001-166

I I
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Test Cylinder No. 30, Unflawed, ±30° Wrap Angle, Position B

Displacements: Ui at 0°, Ui at 800, U2 at 40° (in.)

DATA NO. U10(I) 11180(1) 
- 

112(I)
I - 

1 0.001000 0.001398 0.000377 t2 0.000763 0.001387 0.000391
3 0.000760 0.0014~ 0 0.000422 -

4 - 0.000742 - 0.001415 0.000449
5 0.000751 0.001426 0.000497 I

,

6 0.000893 0.001286 0.000581
k 7 0.001065 - 0.0012h9 0.000608 : -

8 0.001131 0.001126 
- 

0.000656
II 

- 
9 0.001194 0.001106 0.000726 -
10 0.001122 0.001181 0.000763
11 0.001081- 0.001183 0.000797 -
12 0.001040 0.001171 0.000842
13 0.001094 0.001172 0.000892 

- 

-

14 0.001073 0.001284 0.001002 
-

15 0.001117 0.001285 • 0.001043
16 0.001167 0.001266 0.0011v7
17 0.001164 0,001246 0.001143
18 • 0.001266 0.001225 0.001195 ~
19 0.001245 0.001162 0.001286 I’

20 0.001245 0.001140 0.001319
21 • 0.001178 0.001136 - 0.001408 -

22 0.001131 0.001025 0.001427
23 0.001234 0.000948 0.001467
24 0.001208 -• 0.001015 0.001487

I
- 

-

/ ‘

- ~~~~~~~ ~~, ~ ~~ ~~~~~~~~~ 

_
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- Test Cylinder No. 30, Unflawed, ±300 Wrap Angle, Position C
Dispiacements: Ui at 0°, Ui at 80°, U2 at 40° (In.)

I 
- 

-

- 1

• 
-• DATA NO. U10(I) U180(I) - U2(I)

- 1 0.001096 0.001452 0.000352
2 0.0010~2 0.001481 0,000377
3 • - 

0.001103 0.001415 0.000406
4 0.001100 - 0.001385 0.000490

- I 0.001049 0.001450 0.000540 :~

~~~~~ 5 
6 0.001097 0.001323 0.000379 •

-

4 7 0.000995 0.0012’i6 0.000630
8 0.001006 0.001054 0.000686
9 0.001042 0.000948 0.000713
10 0.001095 0.000707 0.000798

11 0.001110 0.000/30 0.000843
- 12 0.001124 0,000763 0.000890

f • 13 0.001104 0.000912 0.000934
• 

- 14 0.001090 0.000983 0.001025 - -

4
’ 15 0.001105 0.000886 0.001056

• .( 16 0.001149 0.000883 0.00105o
- , 

i~
::• -

~~~~ 
17 0.001164 0.000874 . 0.001137 -

~~

18 0.001122 0.000837 0.001188

19 0.001095 0.000800 0.001245
• 20 0.001218 0.000800 • 0.001316

21 - 0.001440 0.000772 - 0.001507

22 0.001440 0.000732 0.001465
- 23 0.001440 0.000781 0.00150/

24 0,001440 - • O~000750 0.001600
* 

- - I

I—i 
~~~~~

~4
-
~ ~-i
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Appendix B. COMPUTER CODES

I _ I ’

• *The computer codes were written in Fortran IV language to be used -

• with a PDP 11/40 computer.

I 
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PROGRAM 1

- . Program Name: SPEC.FOR (written by J. A. Schaeffel, Jr.)

Purpose: Analyze interferograms on a point by point basis computing
circumferential and axial displacements and advancing X—Y trans— 

-

lation table.

Input:

1) Stage to be advanced — either X—direction or Y—direction.

2) Stage Increment — distance translation- table moves.

3) Film scale factor — ratio of real object to image on interferogram.
• 

4) Displacement — distance between fringes.

I 
- -- 

5) Angle — angle of orientation of fringes. *

- 
Output: Data are printed on a decwriter.

- 
l

•~~
’•- ’~ •

V - -r
~ 

! - - •,
-

I - 

. 
•
~~

H-: - 

- -

~~- ~

• -

~~~~~~

- -F •  ~
~r- ’ ~

4
. 

~~~~ 
.~
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F~~ M4 ’ — 
~~~~~~ t~~~ JIIL. *(L~LI~ft  ~~~~~~~~~~~~~~~~~~ ~rEI~LYZE.~~) -

1 Ft)~~~.~Tt 
-• ~ I’~’i~. TO i~ ‘~~~~~~i~ 0~ ~0~ A • ~~~~~~~~ -!

R i C ’~ 5.3, I~• 3 F M A r (11

~iR !TE(5 ,4 )
4 F0RM~ T~~’ 3T4L-iE C~~~~-i~ V~ 

— 
• 

• 
-

READ (5,5, LC
5 FORMAT (14) • 

• 
-

• WRITE (5,6) - •

6 FORMAT (’ FILM SCALE F~~ T0RV )
READ (5,7) SF

j  7 FQRIIAT(F10.0)
!~~~ I ICC=0 -

8 I~ C=ICC+1

~~! 1 ICP=ICC—1c WRITE (5,9)

- • 1 9 F0RMA r~~’ DISPLACEMENT? )
• READ (5,7) El

WRITE (5~ 1O)10 • FORMAT (’ ANGLE?’)
READ(5,7) A -
A=A*3.14 159/18Q . -

I IF(D.EQ.0) GOTO 13 
• 

•

- IF(D.LT.0) 0010 15 • -

• U=SF/D
• U1 U*COS (A)

U2=U*SIN (A)
- •~~~• H=FLOAT ((ICC-1)*IC)*.001

WRITE (5,i1) H,U,U1,U2
• 11 FORMA TC3N H=~F1O.3~ 5X~2HU=,F12.. j

• 13HU1=,F12.6,5Xp3HU2= ,F12,6) •
* 12 t’O (l,ICC)=Ul •

DD(2~ ICC)=U2
(30T0 14

• 

- 13 DD(1,ICC)=0.
DD(2~ ICC)=0.14 IF(IA.EQ.i) CALL YAtIV (IC,5)
IF(IA.E0.0) CALL XAEIV (IC,5) I 

-

001 0 8
H L 5  • ICC= (1—ICC)*IC

~~ 

-
~~~ I F ( I A . E Q . 1)  CALL YADV (ICC,5)

t~ ~ - i IF (IA.EQ.0 CALL XADV ’~ICC,5)
~~~ I CALL PL0F(ICP~~1)

I~ALL PLOT’ 16F,2) •
• 

—- 

W ,~ITE(5 ,io .;
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•

16~~~~~~ORM~T( ANALYS1~ E ED ’ -
• STOP
-~ • END

• SUBROUTINE PLQT (ICP~~t~~ - 
) 

-

• COMMO N L t U (2 ,2 0 0 )
S1=DE’(K,l)

- 
- 

DO i I=2,ICP.i.
1 IF (DEI(K,I).GT .S1) S1~~t~D (,s,I)

IF(S1.EQ.0) S1=1.
- 2 CALL IP0KE(’170410~ ’1) 

- 

- 
-

-

i i  CALL IPOKE (’170410.’0)
H DC 3 I 1~ ICP,1

J~ INT(DD(K,I)*i000./S1) • 
- - 

-

• CALL IFOKE (’170412,J)
• 3 CALL IF0XE (’170412~~

m0) •

• 
~ ITEST=IPEEK(177570Y

• IF (ITEST.EQ.0)-GOT0 2 -

4 I’TEST=!PEEK(~~17757O)IF(ITEST.NE.0) 0010 4 _ 1~
RETURN -

ç END • •

SUBROUTINE YADV (IS ,IR)

C IS=N0. STEP2 (+ FWD,~~~REV)
C IR=ADVANCE RATE OF STAGE - *

x=0. •

1F(IS.GT.0) 0010 3
• IP=IABS (IS) -

• DO 2 I=1,IP,1 - - - -

CALL IPOKEC 1167772, p 020000)
DO 7 K 1,IR,1 -

7 Y SIN X )
CALL IPOkE (1167772~~’0O0000)

• DO 1 J=1,IR,1
1 Y=SIN (X)

- 

- 2 CONTINUE
6010 6 - 

• -
• 3 CONTINUE - •

LID S II=1,IS,1 ~~~~~~~
-

•
- -

CALL IPOKE(167772,’OiOOOO)
I I - DO 8 K~~ 1’IR,1

8 Y=SIN (X) -

• CAL.L IPOKE (1 167772~~’000000)
DO 4 Jj=1,IR,1 7

4 Y-~SIN (X) • 
*

5 CONTINUE
- 1

• 

-

146 -
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6 CONTINUE 
--

RErJRr~
- END

- SUBRO0TIi~~ XA~) v~~IS... [ R :
C —  I~~~NO. STEF 8 ( +=FWt ’ ,—=REV ;
C —  1R=A DVANC E :~A TE OF STAG E

• * • x=0.
• - £FUS.0r,0.~ t~0FO 3

IP=IAilS~ IS,
- DO 2 I=1,~ P.1

CALL IPOi~E(~~167772,~~~O000v:’
• DC 7 K-~1~~IR,1

- - 7  ‘Y SIN (X) - 
- 

-

CALL IPOKEY167772~~’000000)DO 1 J-zl,IR,1 - 
I •

- 

• 1 Y SZ N(X )  -

2 CONTINUE
G~~T O 6  - -

3 CONTINUE
DO 5 iI=1 ,IS ,1

• CALL IPOkE (-’167272~~1040000)

• DO 8 KK~ 1~~IR,1
a Y=SIN (X)

- CALL IPOKE (”167772,’000000)
DO4 JJ=1~~IR,1• 

• 
4 Y=S-IN(X)

• - 
S - CONTINUE
6 CONTINUE - -

• 
- RETURN

END
* •--

• ~~~~~~~ 147

_ _ _  

—-r

~~~~~~~
• • - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ~~~~= 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



,
~ 

~~~~~~~~~~~~lF 
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

PROGRAM 2

Program Name : I4ODULE.FOR (written by Terry L. Vandiver)

Purpose: To calculate the circumferential stress, circumferential strain,
axial strain, composite modulus of elasticity, Poisson’s ratio.

• Input :
• 

- 
1) Number data points — total number of data points to be entered.

2) Film scale factor — ratio of real object to object image on
interferogram. -

• 3) Pressure, mean radius, outside radius, thickness — parameters
- 

• - of the test cylinders.
• 4) Ui at 0° — Circumferential displacement from the 0°—scan line.

* 1 5) Ui at 80° — Circumferential displacement for the 80°—scan line.
* 1 6) U2 at 40° — Axial displacement for the 40°—scan line.

• Output : Data are written on a decwriter.

• -

~~~~~~~~~~~

1 — I

* - ~- 
•

I- -
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TT-~~DX 1 ;MOi ) LLE. FO~ 
- -

REAi. :1C~.*L,..S
• DIiiENSIQ*~1 1)10, ~~ -J ) , Ij ~~~ 3~~~ t 3 O , ,U2~ 50~ ,X(50;

* WRITE (5~~~i) -

H 
10 FORMATV NUMBER OF LI~ TA IN~~~? I

- 
REAz)(5,20 i N

20 FORMAT (13 ’
WRITE (S,25)

* 25 FORNAT ’ ~~IL~ SCALE FMCTOR?’)
REALI(5 ’30 FILMS

30 FQRMAT (F10.0) • 
-

* WRITE(5,40)
140 FORMAN’ INPUT PRESSURE, MEAN RADIUS~ OUTSIDE RADIUS -

I 1 AND THICKNESS~ 4F6.C’) - •

RE~ D(5,50) PRESSPRADUSM,OR.~rSUS.THlC1(
~50 FQRMAT 4Fo.O,

~4RITE(5,60~ -
• 

- -

60 FORIIAf(’ INPUT UlO—AT 0 DEGR~E8’)
DO 65 1 1,N

* REAL’ (5,30) U10 (I) -

-
• .65 CONTINUE

W RIT E( 3 p70 )
70 FORMAT~~’ INPUT U180—A T SO DEGREES’)

* DO 75 I=1,W
RE~ D(5,30) U180 1) -

75 CONT iNUE
WRITE(5,80) -

ISO FORMAT (’ INPUT U2—A 1 40 DEGREES~ )
t~O 85 I 1 ~ NREAD (5,30) U2t1)
CON T ~NUE 

--
H SUMU1O=0. -

SUMU18=0.
• SLHIXU2=0. •

~UMX~0.
SL’MU2 0.
SUMXS (~=0. 

- 
- *

W R I T E ( 3 , 9 0 )  -

F0RMAr (4x,’EIATA NO.’,5X,’’i10U)’,7X ,’L1 (i)’.*~A ,~~J2<I)DO 110 I= 1,N - -

X ( I ) ~~FiLi1SF *FLOAT (I— - 1 ) 
-

SW4U10~ 8W,U~t0+U10(L)
SUMU18=SUMU:L8+U180(I)
SUMXU2 SUtiXU2+X (I)*U2 (I~

•~ 

- 

SUMX~SUMX+X ’I) - 
•

5UMU2=Sthiu
~

+U2
~
I) •

1-:- - 8 XSC=SU~iX i 3 i 1 + X ( I ) * ( ( 1)
W~ iTE(5 , jQO , I,Ui 0<j),t*i30 ,~.t),,j2 I)

-
~~ 

-
~~~ > :~~p~4~~:~~~x , , 3 ~~~~~~~~~~~~~~~~~~~~~~~~~~ - --

149

~~
iI

_____ ___________________ • • ~~~~~• • ~~~~~ • • - _  •~~~~,_ 4~~~•• - • • - * ~~ ~~ *~~! • w 0’ -
~~~ ~~~~~~~ ~ -~ ~



- j~~~~ - r ~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
• ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~ ~~~~~~~~~~~ • • - —‘--- • -- -
~~~ ~~~~~~ --—r•.--~~--

.-I

t1~ CONT~~~N1it 
--

- 
-

~~R I T ~~~~~ 5,1 2 O .i ~~~~~~~~~~~~~~~~L - L20 F0~~~~1 - - c tJr F~ R~ iII s I-I .. 31~~~~~~~~~ ~~~~~~~~~~~~~~

r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• ~-~J 1/ .6427876 -

CSTRAN=R/ORADUS -

MODULS CSTRES ,CSTRi~r1 
- -•

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t~~~~~~~~~~~F~~~~~~~.’a-

1(SLiilX)*(SLJMX)) • —

P0 ISON ASTR~N/CSTRAN
WR1TE(5~130) i~STRAN -

WRITE (5.140) CSTF~AN 
• - 

•

WRITE(5,150) POISON
WRITE (5~ x6O, MC)DULS

.30 FORMAT (’ AXIAL STRAIN~ ‘~~~F t1 .~~~
)

.40 FOR4IAT(’ CIRCUMFERENT1I~L STRALN ‘,F1I.l~.i
50 FORMAT (’ POISSONS RATIO: ‘pFIO.4)
.60 FORMAT(’ COMPOSITE MODULUS OF ELA~ TICITYz ‘,E1i.’e~

- STOP
END

r 
:4 .  -

- 
150
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PROGRAM 3

Program Name: STAT.FOR (written by Terry L. Vandiver)

Purpose: To calculate means and standard deviations for elasticity
* 

• constants.

Input :

• 
- 1) Data Points — total number of data points to be entered.

-

• 2) Modulus of Elasticity and Poisson’s ratio — selected values
obtained from Program 2. - -

• Output: Data are written on a decwriter.

~~~~~~~~~~~~~~

~E~~4

• 
-
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r

sTT :—Dxi:8TAT .F0R

DIMENSION E(l0O)~ U(100)W RITE(5,10)
10 FORNAT (’ NUMBER OF DATA POINTS?’)

READ (5,20)N
20 FORMAT (13) -

WRITE(5,30)

* - 30 FORMAT (’ INPUT MODULUS OF ELASTICITY AND POISSONS RATID 2F10.0’
DO 45
READ(5,40) E(I),U(I)

40 FORMAT (2F10.O)
45 CONTINUE •

SUME—0.O
- 

SUMU—O.0 •

SLIPfAE O.O - -

SUMBU—0.0
WRITE(5,5O)

50 FORMAT (4X,’DATA NO.’,5X,’MODULU8 (I)’,6X~’P0ISSONS RATIO(I)’)• DO 70 I 1~NSUNE—SUME+E (I)
• SUMU SUMU+U (I) •

W RI T E ( 5 , 6 0) I , E ( I ) , U (I )  
*

60 FORMAT(6X,I3,9X.E1l.4,5X~F10.4)
70 CONTINUE -

EM—SUME/FLOAT(N) .

UM SIJMU /FLOAT (N) 
• 

-

DO 75 1 1,N •

SUMAE=SUMAE+(E(I)—E PI)*(E(I)— EM)
SUMBU—SLJMBU+(U(I)—Ull)*(U(I)—UIi) 

-

75 CONTINUE -

WRITE(5,8O )EM

80 FORMAT(’  MODULUS . OF ELASTICITY MEAN ‘,E11.4)

• 
- W RIT E( 5~~~90)UM

• 
- 90 F O RM AT (’  POISSONS RAT IO  MEAN ‘ ,F10 4)  

•

• EMSD—SORT( (S UMA E)/ F L OAT(N— 1 ))

UMSD—SQRT ( (SUMBU)/FLQAT(N— 1))

WR ITE(5,100)EMSD
100 F O R M A T(’  MODULUS OF ELASTICITY STANDARD DEVIATION ‘

~~~~E12 .4 )

URITE(5,110)UMSD

110 FORMIC ’ POISBONS RATIO STANDARD DEVIATION— ‘ ,F10.4 )

STOP
END

*

- -

~~~~1
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