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THEORETICAL AND EXPERIMENTAL STRESS ANALYSES OF ORWL
THIN-SHELL CYLINDER-TO~CYLINDER MODEL .4

R. C. Gwaltney 8. E. Bolt
J. W. Bryson

ABSTRACT

The last in a series of four thin-shell cylinder-to-cylin-
der models was tested, and the experimentally determined elasg-
tic stress distributions were compared with theoretical predic-
tions obtained from a thin-shell finite-element analysis. The
models in the series are idealized thin-shell structures consise-
ting of two circular cylindrical shells that intersect at right
angles. There are no transitions, reinforcements, or fillets in
the junction region. This series of model tests serves two basic
purposes: (1) the experimental data provide design information
directly applicable to nozzles in cylindrical vessels, and (2)
the idealized models provide test results for use in developing
and evaluating theoretical analyses applicable to nozzles in
cylindrical vessels and to thin piping tees.

The cylinder of model 4 had an outside diameter of 10 in.,
and the nozzle had an outside diameter of 1.29 in., giving a
do/DO ratio of 0.129. The OD/thickness ratios were 50 and 20.2
for the cylinder and nozzle respectively. Thirteen separate
loading cases were analyzed. For each loading condition one end
of the ecylinder was rigidly held. In addition to an internal
pressure loading, three mutually perpendicular force components
and three mutually perpendicular moment components were individ-
ually applied at the free end of the cylinder and at the end of
the nozzle. The experimental stress distributions for each of
the 13 loadings were obtalned using 157 three-gage strain ro-
settes located on the inner and outer surfaces.

Bach of the 13 leoading cases was also analyzed theoretically
using a Tinite-element shell analysis developed at the University
of California, Berkeley. The analysis used flat-plate elements
and considered five degrees of freedom per node in the final
assembled equations. The comparisons between theory and experi-
ment show reasonably good agreement for this model.

1. INTRODUCTICHN

Intersecting cylindrical shells are common configurations in strue-
tural components for nuclear reactor systems. Piping tees and nozzles in

cylindrical vessels are specific examples. However, despite their common



occurrence, proven elastic stress analysis methods for such configurations
have not been generally available, and only recently have potential analy-
ses been developed. This is true even for the case of an idealized con-
figuration consisting of two thin-sghell normally intersecting cylinders
with no transitions, reinforcements, or fillets in the Jjunction region.

To meet the need for experimental data obtained from carefully ma-
chined models, Oak Ridge National Iaboratory (ORNL) has tested a series
of four thin-shell cylinder~to-cylinder models., In addition to providing
tegt results for use in developing and evaluating potential analytical
techniques, the models will provide design information directly applicable
to nozzles in cylindrical vessels and to a class of thin piping tees as
well. The test results will be particularly applicable to liquid-metal-
cooled fast breeder reactor components in which relatively low internal
pressures and high thermal transients dictate the use of thin-walled struc-
tures.

The four models have been tested, and the experimentally determined
stress distributions have been compared with the predictions of a thin-
shell finite~element analysis. This report describes the tests and anal-
yses of model L and presents comparisons of theory and experiment. The
tests and analyses for models 1 and 3 are described in Refs. 1 to 3.

Model 4 is shown in Fig. 1 along with a listing of the significant
dimensions of all four models in the series. As indicated by the figure,
these models are truly idealized shell structures. There are no transi-
tions, fillets, or reinforcing in the junction region. The outside diame~
ter Dy of the cylinder of the fourth model was 10 in., and the outside
diameter d, of the nozzle was 1.29 in., giving a dO/Do ratio of 0,129,

The cylinder thickness T was 0.2 in., and the nozzle thickness t was 0.064
in. Thus the OD/thickness ratios of the cylinder and nozzle were 50 and
20.2 respectively. The fourth model was obtained from the third by boring
out the nozzle to provide a thinner wall thickness.

Model 4 is shown schematically in Fig., 2, together with the applied
forces and moments to which it was subjected and the major dimensions.

One end of the model was rigidly fixed, or "built-in," as shown, while
external loads were applied to the free end of the cylinder and to the

end of the nozzle. Three mutually perpendicular force components and three
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Fig. 1. Thin-shell cylinder-to-cylinder model 4 and table of dimen-
sions for all four models in test series.

mutually perpendicular moment components were applied individually at each

location. Thus, including internal pressure, there was a total of 13 load-
ing cases. These loading cases were examined both experimentally and ana-

lytically, and the results were compared for each loading case.

Chapter 2 of this report deseribes the testing aspects of the experi-
mental analysis and also the strain-gage data-~acquisition and reduction
techniques used. Representative experimental results, in the form of max-
imum measured stress distributions around the nozzle-cylinder junction, are
presented for each loading. The finite-element analysis, discussed in
Chap. 3, includes a brief description of the formulation used and the spe-
cific element layout for the model. Complete comparisons of theory and
experiment for all 13 loading cases are presented and discussed in Chap.

4, and Chap. 5 contains a concise summary of the conclusions drawn from the
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Fig. 2. Schematic of model 4 showing applied external loadings.

study of model 4. TFor the benefit of the reader who wishes to use the ex-
perimental data for comparisons with his own analyses, an appendix is in-
cluded that gives a complete set of experimental data for each of the 13

loading cases.,

2. EXPERIMENTAL ANALYSIS

In experimental investigations of thin-shell cylinder-to-cylinder
pressure vessel configurations, both strain-gage metal models and photo-
elastic models have been used. Strain-gage studies for internal pressure
and for external nozzle loadings have been carried out by Hardenbergh,
Zamrik, and Edmondson;4 by Hardenbergh and Zamrik;5 and by Riley.® Con-
toured and reinforced outlets were used in the first two studies; in the
third, the model was fabricated from hot rolled sheet steel by welding.

In photoelastic studies carried out by Taylor and Lind” and by Leven,®

re-
inforced openings were examined. Thus, of the previous studies, only that
of Riley® used a thin-shell idealized cylinder-to-cylinder metal model, and

it was of welded construction rather than being carefully machined.



2.1 Medel Congtruction

One of the primary objectives of the experimental analysis described
in this report was to obtain experimental date on a carefully machined
cylinder-to-cylinder model so that the effects of geometrical imperfections
would bhe minimized.

The basgic configuration was obtained by forging. A carbon steel bil-
let was formed into the shape of a tee and then annealed. The forging was
then bored out to the rough inside dimensions, and the outside was rough
machined. The shtructure was anncaled a second time. To malnbain the cor-
rech dimensions during annealing, a tight-fitting grapnite mandrel was ma-
chined and ingerted in both the nozzle and cylinder. The inside surfaces
were then machined to the final dimensions by bhoring. The firal machining
on the outside surface was done on a bracing-type milling machine using a
carefully constructed mahogany wood pattern. The above description de-~
serives the manufacture of model 3; model M was obtained by boring oubt the

nozzle of model 3,

2.2 Shrain-Gage Layount

The model was insbrumented with electric resistance strain gages on
both the outside and inside surfaces. Acbually only the inside surface of
the nozzle had to ve strain gaged, since model 4 was made from model 3
boring out the nowzle. A sufficlent number of gages was used on thig model
to provide a good degeripbion of the stress distribubions for comparisons
with predictions and for identifying the high~stress regions,

The rain~gage layoubs for the outer and inner surfaces are shown in
Figs., 3 and 4 respectively. A tobtal of 157 three-gage strain-gage rosettes
was used, a tokal of L71 individual strain gages. There were 0L rosettes
on the ouber surface and 73 on the inner surface. These were, in most
cases, located "back to back” at the locations shown in Figs. 3 and b,

The gages were arranged in two opposite quadrants along lines running
from the junction of the nogzzle and cylinder. In one gquadrant there are
three lines of gages at 45° intervals, while in the other quadrant there
are two lines of gages at 90° intervals with only six rosettes in a line

on each surface.
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There were two principal reasons for gaging two opposite quadrants.
First, for the majority of the 13 loadings the behavior in the two guad-
rants was expected to be different. Second, for loadings such as inter-
nal pressure, where the behavior should be identical, experimental data
from two supposedly identical quadrants allow a check of the deta and pro-
vide some indication of the effects of geometrical imperfections in the
model.

The three-gage rosebtes used were Micro-Measurements type EA-06-030YB-
120, option BE, which is a very compact three~gage foil rosette. The three
individual gages are arranged in a "Y' pattern and have an individual gage
length of 0.030 in. As can be seen in the inset in the upper right-hand
corner of Fig. 3, five complete rosettes were located along each gage line
within the first 5/8 in. from the junction. These first five rosettes were
supplied mounted on a comnon backing by the gage manufacturer, These assem-
blies have the same designation as the single rosettes except that the op-
tion becomes B2Y, One of the five-rosette assemblies is shown in Fig. 5.

The rosettes were applied with an epoxy adhesive, BR-610, which is
aveilable from W, T. Bean, Inc. Curing times and temperatures ranged from
10 hr at 250°F to 24 hr at 200°F. Uninsulated L-mil-diam wire was used to
connect the gages to terminal tabs to which larger lead wires were con-
nected, The strain~-gage data were recorded by a Datum Computer-Controlled
Data-Acquisition System (Sect. 2.4).

The model is shown in Fig. 6 with the strain gages applied but not
completely wired. The three lines of gages in the fourth quadrant can be
clearly seen., They are in the longitudinal plane at 0°, 45° from the lon-
gitudinal plane, and in the transverse plane at 90° from the longitudinal
plane. A closeup of the rosettes in the junction region is shown in Fig.

7.

2.3 Test Descripbion

Figure 8 shows the inshrumented model in a loading frame being sub-
Jjected to an in-plane moment loading on the nozzle. The right end of the

cylinder was rigidly clamped to the heavy flat plate using a split ring
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arrangement acting over the flange on the end of the cylinder, The load-
ing fixtures on the other end of the cylinder and on the end of the nozzle
were attached in a similar manner. These heavy fixtures in effect con-
strained the end circles of the shell to remain plane circles. The end
fixtures were counterbalanced by weights attached to the cables (Fig. 8).

The external loads were applied by hydraulic rams acting through load
cells, and the loads were controlled by the load cell indications. The
pressure loading was applied using a hydraulic fluid. To avoid undue
straining of the model, weights were used to counterbalance the weight of
the pressurizing fluid in the model,

For all 13 loading cases, data were taken in eight steps. In most
cases the data were taken at 0, 25, 50, 75, 100, 100, 50, 0% of full load.
The procedure was then repeated, so that two complete sets of data were

taken for each gage every loading.

2.4 Data Acquisition and Reduction

The strain-gage data were recorded by a Datum Computer-~Controlled
Data~Acquisition System. The system consigts of a data-acquisition unit
composed of a data-acquisition control module controlled by a PDP-8/I com-
puter with the following capabilities: (1) magnetic tape input/output
system, (2) in-core calculation ability, and (3) teletypewriter input and
output.

The system records the strain data in millivolt readings on magnetic
tape. The PDP-8/I computer converts the millivolt reading on the tape into
engineering units (strains in this case) and stores them on a second tape
which is compatible with the ORNL IBM 360-91 computér. This second tape
is sent to the ORNL 360~91 computer, and stresses are calculated for each
rosette by stripping the strains off the second tape.

The experimental results presented later in this report and tabulated
in the appendix are generally based on the strain-gage readings at maximum
load and on the first of the two sets of data taken from each gage and
loading. If the first set of data was questionable for some reason, the
second set was used, The strain-gage readings at fractional values of the

maximum load were used to check linsarity and drift of the gages. In cases



1k

where nonlinearity or drift was excessive or where an individual gage or
circuit was otherwise obviously malfunctioning, the rosette of which the
gage was a part was not used in the final results for the specific loading
case under consideration. In some instances, a gage that behaved errati-
cally during one loading behaved normally during others. Thus, in the fi-
nal plots showing the experimental stresses, results from a given rosette
may be included for some loadings but not for others.

Stresses were calculated from the experimental strains by using a

modulus of elasticity value of 30 X 10° psi and a Poisson ratio of 0.3.

2.5 Variations of Maximum Measured Stresses
Around Nozzle-Cylinder Junction

In all cases, the maximum meagured stresses occurred at the nozzle-
to-cylinder junction. Consequently, in this section representative experi-
mental results, in the form of maximum measured stress distributions around
the nozzle-cylinder junction, are presented and discussed for each loading.
Plots of all the experimental points along each gage line are presented in
Chap. 4 for each loading and compared with theoretical predictions.

To examine the maximum stresses, stress ratios were considered. These
ratios were determined by dividing the maximum absolute principal stress
value at a point by a nominal membrane stress value. The membrane hoop
stress in the cylinder and in the nozzle was used as the nominal stress
level for the pressure loading. For the moment loadings on the nozzle or
cylinder, the maximum membrane bending stresses (computed by Mc/I) or the
membrane shear stress (computed by Tc/J and equal to the maximum normal
stress) in the nozzle or cylinder were used as the nominal stresses. For
the axial forces on the nozzle and cylinder, the axial membrane stress (cal~
culated by P/A) was used. For the in-plane and out-of-plane forces on the
nozzle, the nominal stress was somewhat arbitrarily chosen as the maximum
bending stress in the nozzle (calculated by Mc/I) at the level of the top
of the cylinder. For the in-plane and out-of-plane forces on the cylinder,
the nominal stress was arbitrarily chosen as the maximum bending stress in

the cylinder at its midlength (at the center line of the nozzle).
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The applied loads used in the experimental analyses are given in

Table 1, together with the nominal membrane stress levels calculated by

the above procedures.

Table 1, Applied loads and nominal stress levels

Nominal
Loading case Load level membrane stress

(psi)

Internal pressure 300 psi 7,350
Out-of-plane moment, M, 400 in.~1b 5,300
Torsional moment, MY‘N 1600 in.-1b 10,590
In-plane moment, M . 40O in.-1b 5,300
In-plane foree, Fyo 80 1b 10,060
Axial force, F. . 400 1p 1,620
Out-of-plane force, F, . 60 1b 7,540
Torsional moment, MXC 30,000 in.~1b 990
Out~of-plane moment, MYC 80,000 in,~-1b 5,300
In-plane moment, MZC 80,000 in.-1b 5,300
Axial force, Fy. 10,000 1b 1,620
In-plane force, Fy ., 3000 1b 3,880
Out-of-plane force, T, , 3000 1b 3,880

The variations in the experimentally determined maximum stresses

around the nozzle-cylinder junction are shown in Figs. 9 through 21 for

each of the 13 individual loading cases. In each case, the stresses shown

were determined from the strain-gage rosettes immediately adjacent to the

Jjunction, and of the four possible maximum stress distributions — cylinder

inside and outside and nozzle inside and outside — those shown produced

the largest stresses in each case,

The points labeled "extrapolated maximum' in the figures are estimated

maximum stress ratios at the junction obtained by extrapolating the ex~

perimentally determined principal stress distributions along each gage line
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to the peak stresses at the junction. It should be emphasized that the
maximum stress estimates are based on a consideration of the stresses along
gage lines only; this does not preclude the existence of slightly higher
stresses at locations between gage lines. The maximum stress ratios and
the locations of the maximum stresses based on both the experimental and
the finite-element analyses are tabulated and compared in Chap. 5.

Figures 9 through 21 indicate that, in general, the maximum measured
stresses varied in a reasonably smooth and consistent manner around the
nozzle-cylinder junction. It is particularly significant to note that the
maximum stress occurred in the longitudinal plane of symmetry only for the
internal pressure case, in-plane force and moment, and torsional moment on
the nozzle. For all other loadings, the maximum occurred in the transverse
plane of symmetry or at an intermediate position between the two planes of

symnetry.
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3. PINITE-ELEMENT ANALYSTS

3.1 Background

Thin-shell cjlinder~to—cylinder intersection problems have, in recent
years, been a favorite with the stress analyst. Their populzrity stems
not only from the common occurrence of such configurations in practical de-
sign, but also from the challenge that they present as complex shell analy-
sis problems. In addition to their use in piping and pressure vessel con-
figurations, thin-shell cylinder-to-cylinder intersections occur in the
petroleum industry, which uses tubular structural members extensively in
off-shore o0il-drilling towers. Much of the cylinder-to-cylinder intersec-
tion research, both experimental and theoretical, that has been done was
motivated by the off-shore oil-drilling tower application,®

Both analytical and numerical analyses have been developed and applied
to thin-shell cylinder-to-cylinder intersection problems. Tn 1961, Reidel-
bach® developed the first analytical solution for two perpendicularly in-
tersecting cylindrical shells subjected to internal pressure, Eringenll'l4
and his co~workers corrected some ervrors and approximations in Reidelbach's
solutions and formulated a solution in which the intersection curve was
approximated by a circle. These solutions consisted of products of Krylov
functions and Hankel functions of the first kind. A colloecation method was
used whereby the boundary conditions were satisfied in a least-squares
sense at selected boundary points.

In 1969, Hansberry and Jones'® used the method developed by Reidel-
bach and Eringen et al, to develop a solution for an in-plane bending mo-
ment applied to the nozzle of a nozzle-to-cylinder configuration. In 1970,
Maye and Eringen16 developed a solution using Fourier series involving
Bessel functions in place of the Krylov functions. In 1973, Hansberry and
Jones'” expanded their solution to include the case of an axial force ap-
plied to the nozzle. As in the case of earlier solutions, however, the
nozzle dismeter was limited relative to the cylinder diameter.

In 1967, Bijlaard, Dohrmann, and Wangls formulated the problem to in-
clude the case where the nozzle and cylinder are of equal diameter. They

indicated a solution in the form given by Flugge for closed cylindrical
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shells. In 1969, Pan®® developed a numerical solution to the differential
equations of Flugge and Donnell that is applicable to the equal-diameter
case, He compared his predictions with the experimental results obtained
by Riley® for a nozzle—diameter/cylinder-diameter ratio of 1/2. By careful
choice of same of the factors used in the solution, he obtained predictions
that agreed reasonably well with experiment.

In 1968, Herrmann and Campbellgo presented a finite-element shell
analysis formulation using flat-plate elements, and as a sample problem
they used the 1/2 diameter ratio model tested by Riley.6 The limited com-
parisons shown were for internal pressure and indicated reasonably good
agreement between theory and experiment. In 1969, Prince and Rashid®! also
presented a flat-plate finite-element shell analysis and used the cylinder-
to-cylinder intersection as a sample problem., Their shell analysis program
was developed under subcontract to ORNL as a part of the ORNL Prestressed

Concrete Reactor Vessel Program.

3.2 Finite-Element Method

The finite-element program used for the analysis of this model was
chosen as being reasonably representative of currently available and widely
used finite-element shell formulations. The program was developed at the
University of California, Berkeley, under the direction of Professor R. W.
Clough., The original program was written for general shell analysis by

Johnson®®,23 and was later modified and adopted by Greste® #%

for treating
the "K" joints of cylindrical shells found in off-shore oil-drilling tow-

ers.

The basgic elements used in the program, shown in Fig. 22, are non-
planar gquadrilaterals that are built up of an assemblage of four component
triangles as shown. Within each component triangle, the in-plane displace-
ments u and v are assumed to vary quadratically over the plane of the tri-
angle, except that they are constrained to vary linearly along the one ex-~
terior edge. The resulting membrane element, referred to as a constrained
linear strain triangle (CLST), has two degrees of freedom (u and v) at

each of the five nodes.
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The plate bending portion of the component triangle elements has three
degrees of freedom at each of the three corner nodes — two rotations about
axes in the plane of the element and the transverse, or normal, displace-
ment w. The displacement expansion for this element is due to Hsileh,
Clough, and Tocher,25 and the element is referred to as the HCT triangle.
FPull compatibility of displacements and slopes between triangular clement
boundaries is achieved by dividing the element into three subtriangles and
assuming an independent cubic variation for w within each subtriangle. One
of the ten terms of the general cubic is neglected in each subtriangle, so
that in the final assembled component triangle the normal slope varies
linearly along each exterior edge. It ig this feature that ensures slope
compatibility in the resulting element system for plate bending problems.
The 27 constants in the three cubic expressions for w within the triangu-
lar element are reduced to 9 (and related to the 9 nodal degrees of free-
dom) by internal compatibility considerations. With w varying as a cubic
polynomial within each subtriangle, the three components of curvature, and
hence the bending and twisting moments, vary linearly.

The total stiffness (membrane plus bending) of the triangular elements
that form the components of the quadrilateral is obtained by superposition
of the plate bending element and the mewbrane element. The membrane plus
bending stresses vary piecewise linearly over the surface of the resulting
triangular element.

The quadrilateral element stiffness is obtained from that of the four
component triangles. In general, due to the curvature of the shell that
is teing discretized, an arbitrary quadrilateral will be nonplanar, This
introduces a complication in the transformation of the triangular element
stiffness, because on the element level only two bending rotations per node
are defined. When transformed from the element coordinates to some other
coordinate system, a third bending rotation gquantity is introduced, and
in the transformed system three rotational degrees of freedom should be
considered at each node. This consideration regarding the third rotational
degree of freedom also arises in the subsequent assembly of the quadrilat-
eral elements into the total structural stiffness, since adjacent elements
are generally not coplanar. In his formulation, Johnson®? chose to retain

only two rotations per node in the total element assemblage. He argued
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that since the element plane in a sufficiently fine wmesh lies close to the
shell tangent plane at each node, the rotations could be transformed from
the element coordinates (in the plane of the element) to coordinates in
the shell tangent plane and the smell transformed component of bending ro-
tation about the normal to the shell could be neglected. This is perhaps
a ressonable assumption everywhere except at the junction of intersecting
shells.

The stiffness formulation for the gquadrilateral element, as well as
for the CLST membrane element and the IHCT plate bvending element, is sum-
marized by Greste.® The quadrilateral element has five degrees of freedom
at each node: wu, v, w, and the two rotations. In the Tinal assemvled
structure, the five degrees of freedom per node are u, v, w, and the two
rotations aboul the shell tangent coordinates at each node.

The task of the finite-element method is to determine the unknown
coefficients of the assumed element displacement functions for u, v, and
w. This is done by connecting the quadrilateral elements at discrete
points, the corner nodes, and requiring compatibility of displacements and
rotations and eguilibrium of forces and moments at these nodes., Unfortu-
nately, when the elements are assembled into a curved-shell structure, com-
patibility and equilibrium are not completely achieved along the element
interfaces. Thus there are inherent small errors involved, However,
studies by Johnson®® have shown that these errors are not too significant
provided a sufficiently fine element mesh is used,

There is an error in intersecting shell problems which is not dimin-
ished by mesh refinement, This error arises from the aforementioned ne-
glect of the rotation abouit the shell normal. At The junction nodes in the
cylinder-to-cylinder intersection problem, there are three nonzero rota-
tional components, but only two of these can be retained as nodal degrees
of freedom. Greste® chose to define the tangent plane, and hence the two
rotational degrees of freedom, at the junction nodes as the cylinder tan-
gent plane, The manner in which he treated the junction nodes thus con-
strained the normal rotation about the cylindrical shell normal to be zero
at the junction. This rotational constraint unrealistically constrains

the bending defomation of the adjacent nozzle elements.
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This constraint did not greatly affect the analysis of model 1, but
its effect was significant in the analysis of model 4. A problem arose in
the analysis of model 4, with its small slender nozzle, that was not en-
countered in the analysis of model 1 or in similar models with relatively
large nozzles. In the cases of the in-plane and out-of-plane forces and
moments applied to the end of the nozzle, it was found that the membrane-
type axial vending stresses, which should have been constant along the noz-
zle, were dissipated with distance from the end of the nozzle. This dis~
sipation was traced to the neglect of the rotational degree of freedom
about normals to the nozzle surface and occurred in model 4 because of the
relatively large deformations of the small slender nozzle. This problem
was overcome by redefining the neglected sixth degree of freedom for these
loading cases.

The difficulty is illustrated by the example problem shown in Fig.
23, in which the nozzle of model 3 was analyzed by fixing a row of nodes
near the junction.® The mesh shown in Fig. 24 for the nozzle was used,
and the nozzle was subjected to a bending moment at the free end. The
distribution of normalized bending stress in the outer wall of the nozzle
is shown for three different analyses. Also shown is the predicted stress
based on simple beam theory with I = 7a®n and ¢ = a, where a is the radius
of the midsurface and h is the nozzle thickness.

The middle curve in Fig. 23 was obtained with the component of bend-
ing rotation about normals to the nozzle surface neglected, These ne-
glected rotations are small and are in effect set to zero in the assembled
set of equations. Overall equilibrium implicitly requires that small mo-
ments be imposed at each node to maintain zero bending rotation. These
small constraints combine to counteract a portion of the applied moment
and result in the decrease in membrane bending stress depicted in Fig. 23.

To illustrate that these nodal constraints depend on the deflection
of the nozzle, the problem was reexamined using a reduced elastic modulus
for a section near the fixed end, The nozzle deflection produced by the
applied moment was thus increased, and the bending moment was dissipated
more rapidly as shown by the left~hand curve in Fig. 23.

The problem was overcome by redefining the neglected degree of free-

dom in the nozzle.® Rather than setting the rotations about normals equal
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Fig. 23. Example problem demonstrating effects of neglecting the
component of bending rotation about normals to the surface of a small
slender nozzle.

to zero, the rotations about lines parallel to the nozzle axis were set
equal to zero in the final assembled set of eguations. The assumption of
zero bending rotation about lines parallel to the nozzle axis is a reason-
- able one and is equivalent to the assumption, often made in analyzing the
local bending in cylindrical shells, that changes in curvature in the hoop
direction are negligible compared with those in the axial direction.

Bailey and Hicks,26 for example, made the latter assumption in exemining
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the effects of a bending moment applied to the nozzle of a nozzle-to-spher~
ical-shell atbachment. With this modification, the membrane bending moment
remained constant, asg shown by the right-hand curve in Fig. 23. This mod-

ification was used in the analysis of the in-plane and out-of-plane forces

and maments on the nozzle.

In conclusgion, two significant points should be made. First, even
though a computer program may be checked for some geometries and condi-
tions, there can be other cases for which it does not function properly.
Thus, structural analysis programs must be thoroughly validated for the
range of parameters over which they are expected to apply. Second, the
problems introduced by considering only five degrees of freedom per node
could be eliminated by retaining six degrees of freedom in the final assem-
bled equations. However, for large systems, the five degrees of freedom
per node has a distinct advantage from the standpoint of economy of com-

puter time.

3.3 Finite-Element Idealization of Model

The finite~element representation chosen for model L is depicted in
Fig. 24, which shows developed views of one-half of the nozzle, cylinder,
and end plates. It was necessary to consider only one~half of the struc-
ture becaugse of symmetry considerations. This mesh layout was developed
manually and was arranged so that lines of nodes corresponded to the lines
of strain gages in the experimental model. There were 993 nodes, result-
ing in approximately 4500 linear algebraic simultaneous equations to be
solved for the unknown displacement parameters. There were 25 nodes along
the (half) junction line between the nozzle and cylinder. All 13 loading
cases considered experimentally were analyzed using this mesh, and the theo~
retical predictions were compared with the experimentally determined
stresses (Chap. 4).

Seven of the 13 loadings — pressure, axial forces on cylinder and noz-
zle, and in-plane moments and forces on cylinder and nozzle — produce be-
havior that is theoretically symmetric about the longitudinal plane of sym~
metry of the model. For these symmetric loadings, it is correct to con-

gider just one-half of the model in the finite-element representation. The
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Fig. 2k. Finite-element idealization of model L.

boundary conditions on nodal displacements and rotations are those commonly
associated with symmetry conditions.

For the remaining six loadings — out-of~plane moments and forces on
cylinder and nozzle and torsional moments on cylinder and nozzle — asym-
metric conditions exist, and o consider Just one-half of the model in the
finite-element representation requires assumptions or approximations in
establishing nodal displacement and wotational boundary conditions. Basgi-
cally, the boundary conditions used were baged on the assumption that the

projection on the X-Y plane (see Fig. 2) of the boundary remained fixed in
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the X~-Y plane, In other words, the displacements in the X and Y directions
and the rotation about the Z axis were assumed to be zero for the nodes
along the boundary in the X-Y plane, Although these conditions are obvi-
ougly not strictly correct, they nonetheless seem to be reasonable assump-

tions that are useful for reducing the size of the problem to be solved.

)i, COMPARISON OF THEORY AND EXPERIMENT

The theoretical predictions, based on the finite-element layout shown
in Fig. 24, are compared in this chapter with experimentally determined
distributions for all 13 loading cases. For each loading, the theoretical
and experimental stress distributions along the five gage lines on the
cylinder and nozzle (see Figs. 3 and 4) are presented. The stresses shown
are always those parallel (longitudinal) to the gage lines and those per-
pendicular (transverse) to the gage lines,

4,1 Internal Pressure

The measured and predicted stress distributions determined for an in-
ternal pressure of 300 psi applied to the model are shown in Figs. 25
through 29. Figure 25 shows the measured and predicted stress distribu-
tions on the outside and inside surfaces of the cylinder and on the outside
and inside surfaces of the nozzle along the 0° gage line, which is the
longitudinal plane of symmetry (see Figs. 3 and L), The stresses are shown
as a function of distance from the junction of nozzle and cylinder midsur-
faces. The heavy lines are the predicted stresses, while the fine lines
through the experimental points show the measured distributions. The solid
lines in each case represent the transverse stresses, which are perpendicu-~
lar to the gage lines, The dashed lines represent the longitudinal stresses,
winich are parallel to the gage lines. Thus, we can compare the solid lines
with each other and the dashed lines with each other.

The agreement between theory and experiment is good in Fig. 25, ex-
cept that the stresses at the junction, which i1s where the maximum occurs,

are at times underestimated somewhat by the finite~element predictions.
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However, the general shape and distributions of the stresses are well pre-
dicted by the theory.

Figures 26 through 29 are arranged to facilitate ready comparison of
comparable results. Figure 26 shows the stresses along the 180° gage line,
which is opposite the 0° gage line in the longitudinal plane of symmetry.
Because of symmetry, the stresses along the 180° gage line are almost the
same as those along the 0° gage line shown in Fig. 25. Comparison of the
two figures shows excellent agreement between results for opposite sides
of the nozzle in the longitudinal plane of symmetry.

The results for a gage line 45° from the longitudinal plane of sym-
metry (see Figs. 3 and 4) are shown in Fig, 27. Figure 27 shows the re-
sults for the 315° gage line, which is in the fourth quadrant. Agreement
between theory and experiment is not as good here as for the previous two
figures. Note in particular the large disagreement in the shape of the
measured and predicted stresses on the inner surface of the cylinder.

The internal pressure results for the 270 and 90° gage lines, in the
transverse plane of symnetry, are shown in Pigs, 28 and 29 respectively.
Here the agreement between Theory and experiment is not as good on the
transverse plane as along the longitudinal plane; however, since the
stresses are low, the disagreement is perhapse not too significant. The
overall agreement between theory and experiment is generally good.

The method used to determine the estimated maximun experimental
stresses and stress ratlos was described in Sect. 2.5. The maximum theo-
retically predicted stresses were oblained in the same manner; that is,
they were taken as the largest absolute values of the principal stresses.
To match the experimental maximums, the search for the theoretical maxi~
mums was limited to gage lines only.

The maximum experimentally determined stress occurred on the ingide
surface of the cylinder at 180°, and the maximum stress ratio was 3.5,
The theoretical maximum stress was on the outer surface of the nozzle at

0°; the maximum stress ratio was 3.1.
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.2 Out-of-Plane Moment Loading, My » On Nozzle

The measured and predicted stress distributions for an out-of-plane
moment loading of 400 in.-1b applied to the nozzle of the model are shown
in Figs. 30 through 34. Results for the five gage lines are arranged in
the same manner ag for the ianternal pressure case, although the Tfourth and
second quadrant results are not, in this case, theoretically the same.

The results in Figs. 30 and 31 are for O and 180°, respectively, in
the longitudinal plane of symmetry. As expected, the stresses are small,
since these locations are somewhat analogous to the neubtral axis of a beam
in bending. The results for the 315° gage line, which is 45° from the
longitudinal plane of symmetry, are shown in Fig, 32. At this location
the stresses are larger, and the agreement between theory and experiment
is very good.

The results for the 270 and 90° gage lines, which are located in the
transverse plane of symmetry, are shown in Figs. 33 and 34 respectively.
Here, the stresses are a maximum on the transverse plane, and the agree-
ment between theory and experiment is very good., The maximum experimental
stress is on the inner surface of the nozzle and is closely predicted by
the analysis.

The maximum experimentally determined principal stress ratio was
8.5, with the maximm stress occurring on the inner surface of the noz-
zle at the junction on the 270° gage line. The theoretical maximum was on
the outer surface of the nozzle at the junction on the 270° gage line, and

the maximum stress ratio was 7.6.

4,3 Torsional Moment Loading, MYN’ on Nozzle

The measured and predicted stress distributions for a torsional mo-
ment loading of 1600 in.-1b applied to the nozzle of the model are shown
in Figs. 35 through 39. As in the previous case, the fourth and second
guadrant results are not theoretically the same. Here the stresses in the
longitudinal and transverse planes of symmetry are low and rise o their
maximun levels on the intermediate gage line. The distribution of stresses

along the intermediate gage line is shown in Fig. 37, which is 45° from



35

the longitudinal plane of symmetry., Here the agreement is very poor. In
general, the stresses are very low, and therefore the distribubtions show
very poor quantitative agreement between theory and experimental results.

g The maximum experimentally determined stress ratio was 1.5, with the
maximum stress located on the outer surface of the nozzle at the junction
on the 0° gage line. The maximun theoretical stress was also on the outer
surface of the nozzle at the same location. The maximum theoretical stress

ratio was 1.0.

4.4  TIn-Plane Moment Loading, M on Nozzle

ZN°

The measured and predicted stress distributions for an in-plane mo-
ment loading of L4OO in.-1b applied to the nozzle are shown in Figs. L0
through Lh. Here the stresses are large in the longitudinal plane of sym-
metry, as shown in Figs. 4O and L4l. The agreement between theory and ex-
periment is very good for the gage lines in the longitudinal plane of sym-
metry.

The stresses are lower along the gage line L5° from the longitudinal
plane of symmetry; in the transverse plane of gymmetry, the stresses are
very low (Figs. U3 and Lk4). For this loading, the transverse plane is
somewhat similar to the neutral axis of a beam.

The maximum experimentally determined stress ratio was 6.1, with
the maximum stress occurring on the outer surface of the nozzle af the
junction along the 0° gage line. The maximum theoretical stress also oc-
curred on the outer surface of the nozzle at the junction along the 0°
gage line, The stress ratio was 7.2.

4.5 In-Plane Force, on Nozzle

FXN’

The in-plane force applied to the nozzle had a value of 80 1b. The
comparisons of theory and experiment for the eight gage lines are shown
in Figs. U5 through 49. The results here are very similar to the previous
case of the in-plane bending moment on the nozzle, and the overall agree-

ment is very good.
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The maximum experimentally determined stress occurred on the inner
surface of the nozzle at the junction along the 0° gage line; the ratio
was 7.2. The maximum theoretical stress occurred on the outer surface
of the nozzle at the junction along the 0° gage line; the maximum theo-

retical stress ratio was 8.1.

.6 Axial Force, on Nozzle

FYN’

The comparisons of theory and experiment for an axial force of 40O
1o applied to the nozzle are presented in Figs. 50 through 54. The agree-
ment between theory and experiment is very good, except for the inside
surface of the cylinder on the 315° gage line, which is 45° from the lon-
gitudinal plane of symmetry. The agreement 1s very good, particularly as
the larger stress levels are approached on the transverse plane of sym-
metry (Figs. 53 and 54).

The experimentally determined maximum stress occurred on the inner
surface of the nozzle on the 270° plane at the junction; the ratio was
21.6. The theoretically determined maximum stress occurred on the outer

surface of the nozzle on the 270° gage line at the junction; the ratio was
13.9.

L.7 Out-of-Plane Force, F

o Of Nozzle

The comparisons of theory and experimental data for an out-of-plane
force of 60 1b applied to the nozzle are presented in Figs. 59 through
59. These results are very similar to the case of out-of-plane moment on
the nozzle, and the overall agreement between theory and experiment is
again very good, except on the inside surface of the cylinder along the
315° gage line (Fig. 57). Since the stresses are very small on the 0 and
180

lines,

o}

gage lines, the agreement does not look as good as along other gage

The experimentally determined maximum stress (ratio of 8.6) oc-
curred on the inner surface of the nozzle along the 270° gage line at the
junction. 'he theoretically determined maximum stress (ratio of 8.5)

occurrced on the oubter surface at the same location.
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4.8 Torsional Moment Loading, M, on Cylinder

The comparisons of theory and experiment for a torsionsl moment of
. 30,000 in.-1b applied to the cylinder are presented in Figs. 60 through 6k,

The experimental stresses are low in the longitudinal and transverse
planes of symmetry and rise to their maximum levels on the intermediate

gage line. The agreement between theory and experiment is satisfactory
on the intermediate line. However, the maximum theoretical stress is lo-
cated on the 0° plane on the nozzle.

The experimentally determined maximum stresgs occurred on the inner
surface of the cylinder along the 315° gage line at the junction, and the
maximum stress ratio was 5.0. The theoretically determined maximum
stress occurred on the oubter surface of the nozzle along the 0° gage line

at the Junction, and the maximum stress ratio was 5.1.

4.9 Out-of-Plane Moment Loading, Mo, on Cylinder

The out-of-plane moment loading applied to the cylinder had a value
of 80,000 in.-1b. The comparisons of theory and experiment are presented
in Figs. 65 through €9. The O and 180° gage lines on the longitudinal
plane of gymmetry are analogous to the neutral axis of a beam in bending,
and the stresses are thus low. However, the stresses are not very large
anywhere in the model. A peculiarity of the finite-element analysis cal-
culates a large stress at the junction on the 0 and 180° planes of sym-
metry which is obviously not correct. The maximum stress ratios for this
case were the lowest of all 13 loading cases., As a result of the rela-
tively low stress levels, the stress distributions are not ftoo well de-
fined on the 0, 180, and 315° gage lines, and the agreement between theory
and experiment appears to be relatively poor. However, on the gage lines
of maximum stress (270 and 90°), the agreement between theory and experi-
ment is fair,

Both the experimentally determined and the theoretical maximum stresses
occurred on the outside surface of the cylinder on the 90° gage line. The

experimental maximum stress ratio was 1.3, and the theoretical was 1.0.
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4,10 In~Plane Moment Loading, M on Cylinder

zC’

The comparisons of theory and experiment for the in-plane moment load-
ing of 80,000 in.-1b applied to the cylinder are presented in Figs., 70
through 7. The stress levels are a maximum in the transverse plane of
symmetry, as shown in Figs. 73 and 74, and agreement between experimental
and analytical results is reasonably good. Where the stress levels are
lower along other gage lines, the apparent agreement between theory and
experiment 1s poorer.

The experimentally determined and the theoretical maximum stresses
occurred on the ingide surface of the cylinder at the junction. The ex-
perimental maximum was on the 90° gage line, while the theoretical maxi-
mum occurred both on the 90 and 270° gage lines, The maximum experimental
stress ratio was 4.0, and the maximum theoretical ratio was 3.1.

4,11 Axial Force, on Cylinder

Fyor

The axial force applied to the cylinder had a value of 10,000 1b,

The comparisons of theory and experiment for the five gage lines are pre-
sented in Figs. 75 through 79. Considering the relatively low stresses,
the agreement between theory and experiment is reasonably good throughout.
The agreement between theory and experiment is good for the 270 and 90°
gage lines on the nozzle, as shown in Figs. 78 and 79.

The experimentally determined and the theoretically predicted maxi-
mum stresses occurred on the inner surface of the cylinder at the junction.
The experimental meximum was on the 90° gage line, while the theoretical
value was on both the 270 and 90° gage lines. The experimental maximum

stress ratio was 3.7; the theoretical stress ratio was 3.0.

4.12 In-Plane Force, Fyos on Cylinder

The comparisons of theory and experiment for the in-plane force of
3000 1b applied to the cylinder are shown in Figs. 80 through 84. The

agreement between theory and experiment is very good for this loading case.
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Both the experimentally determined and the theoretical maximum
stresses occurred on the inside surface of the cylinder at the juaction.
The experimental meximum was on the 90° gage line, while the theoretical
. maximum was on both the 270 and 90° gage lines. The maximum experimental
stress ratio was L.1, and the meximum theoretical ratio was 3.2.

4.13 Out-of-Plane Force, F on Cylinder

e’

The comparisons of theory and experiment for the out-cf-plane force
of 3000 1b applied to the cylinder are shown in Figs. 85 through 89. The
0 and 180° gage lines, in the longitudinal plane of symmetry, are analo-
gous to the neutral axis of a beam, so that the stresses are low along
these gage lines. However, the stresses build up for the other gage lines,
and the agreement between theory and experiment is very good. A peculiar-
ity of the finite-element analysis calculates a large stress at the June-
tion on the 0 and 180° planes of symmetry on the nozzle which is obviousl:
not correct. These points were neglected,

Both the experimentally determined maximun and the theoretical maxi-~
mum stresses occurred on the inner surface of the cylinder at the junction
along the 315° gage line. The maximum experimental stress ratio was 1.3,

while the maximum theoretical ratbio was 1.2.

5. CONCLUSIONS

Table 2 represents an attempt to concisely summarize the principal
findings of this study in terms of meximum principal stress ratios, loca-
tions of maximum principal stresses, and the relatbive overall agreement
between theory and experiment for each loading case. The maximum stress
ratios are based on the stresses, either measured or predicted, along the
five lines of strain gages only and were determined by dividing the maxi-
mum absolute principal stress value by a nominal membrane stress value,

- The maximum experimental principal stresses were determined by extrapola-
ting the experimentally determined stress distribubtions to peak stresses

at the junction in all but one case.



Table 2.

Surmary of maximum stress ratios and maximum stress locations

Loading case

Experimentally determined
maximum stress?

Theoretical maximum
stress

R
Stress ratio

...c
Location

Stress ratiob

. _C
Location

Overall agree-
ment between
theory and
experiment

Internal pressure

My, out-of-plane
moment on nozzle

My, torsional mo-
ment on nozzle

Mz, in-plane moment
on nozzle

Fyy, in-plane force
on nozzle

Fyy, axial force on
nozzle

Fowr out-of-plane
%brce on nozzle

Myo, torsional moment
on cylinder

Myq, out-of-plane
moment on cylinder

, in-plane moment
on cylinder

F axial force on
XC? |
cylinder

Py, in-plane force
on cylinder

Fya, out-of-plane
force on cylinder

Inside cylinder, 180°

Inside nozzle, 270°
Outside nozzle, 0°
Outside nozzle, 0°
Inside nozzle, O°
Inside nozzle, 270°
Inside nozzle, 27C°

Inside cylinder, 315°

Outside cylinder,d 90°

Inside cylinder, 90°
Inside cylinder, 90°
Inside cylinder, 90°

Inside cylinder, 315°

Outside nozzle,

Outside nozzle,

Outside nozzle,

Outside nozzle,

Outside nozzle,

Outside nozzle,

Outside nozzle,

Outside nozzle,

Outside cylinder,d 90°

Inside cyliinder,

Inside cylinder,

Inside cylinder,

Inside cylinder,

90°
90°

90

315

Good, poor
Excellent

Poor

Excellent

Excellent

Good

Good

Good

Fair

Fair

Good, poor

Excellent

Fair

®Based on extrapolation of experimental distributions to a maximum at the Junction.
P Xp

b . . . e s .
Ratio of maximum absolute principal stress value to nominal stress value.

“Maximums all occurred at the Junction.

dMaximum not at junction, at approximately 90° around on the transverse plane,

ot
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The relative overall agreement between the finite-element predictions
and the experimental results is rated in the table as excellent, good,
fair, or poor., These ratings are, of course, a matter of opinion, but an
attenpt was made to make an unbiased evaluation by basing them on both
the overall qualitative agreement along the gage lines and on the quanti-
tative agreement in areas where the stresses were relatively high. For
the internal pressure case and the case of an axial loading on the cylin-
der, the relative rating is listed as good, poor; that is, the agreement
was good in regions where the stress levels were relatively high but poor
in regions where they were relatively low.

Table 2 indicates that generally the experimentally determined maxi-
mum stress ratios and those based on finite-element predictions are in
good agreement. Furthermore, the degree of agreement between the stress
ratios generally correlates well with the relative ratings of the overall
agreement between theory and experiment. Generally, the agreement was
best for cases involving loadings on the nozzle. However, the torsional
moment on the nozzle was an exception; there the agreement was poor quali-
tatively and quantitatively.

In every loading case except one, the maximum stress occurred at the
Junction of the nozzle and cylinder. TIn the one excepbtion, which was the
case of an out-of-plane moment, MYC’ on the cylinder, the maximum occurred
on the outside surface of the cylinder at approximately 90° around on the
transverse plane (around at the side of the cylinder). The stresses on
the inside surface of the cylinder were, however, almosgt as high as those
on the outer surface.

In 7 of the 13 cases, the maximum values occurred in the transverse
plane of symmetry. The torsional moment on the cylinder and the out~of-
plane force on the cylinder produced maximum stresses at points intermedi-
ate to the two planes of symmetry. The other four cases produced maximum
stresses in the longitudinal plane of symmetry.

Finally, it should be pointed out that, as would be expected, the
out-of-plane moment and force loadings on the nozzle produced quite simi-
lar results, and the in-plane moment and force loadings on the nozzle pro-
duced similar results. The stress distributions were very similar for

each pair, and the maximum stress ratios were very close.
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In conclusion, the comparison of these particular finite-element pre-
dictions with the experimental results shows reasonably good agreement.
It 1s felt that this analysis would be satisfactory for most engineering
purposes,

However, there is room for improvement, particularly in the out-of~
plane moment and force loadings on the cylinder. The finite-element anal-

ysis for these cases calculated a large stress at the junction on the
longitudinal plane of symmetry which obviously is not correct. The in-

clusion of the sixth degree of freedom, at least in the Junction region,

might improve the predictions.
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Appendix

TABULATICN  OF EXPERIMENTAL DATA

For the benefit of the reader who would like to use these experimen-
tal data to prepare comparisons with his own analysis technigues, the ex-
perimental data on which the various plots in this report were based are
given in Tablez A.l to A,13. TFor each loading case, a set of data is
tabulated for each operable rosette. These data were obbained from the
several sets of data taken in each case by the procedures described in
Sect, 2.4,

The rosette listings are grouped according to gage lines. For each
rogette, the three strain readings are listed first, followed by the nor-
wal stress transverse (perpendicular) to thé gage line, the normal stress
parallel to the gage line, the shear stress (referred to the gage line as
a coordinate axis), and the maximum and minimum principal stresses. The
strains are given in microinches per inch, and the stresses are in pounds
per square inch. |

The nomenclature used to identify and locate each rosette can be ex-

plained by considering the following sample designation:

The letter I designates that the rosette is located on the inner surface
of nozzle or cylinder, an O in this position denotes an oubtside rosette.
The number 180 indicates that the rosette is located on the 180° gage
line (see Fig. 3 for the gage line designations). The letter N indicates
that the rosette is on the nozzle; a C in this position desgignetes a ro-
sette on the cylinder; and E designates the location of the rosette along

the gage line according to the following convention:

Distance from nozzle-cylinder

Rosette intersection (see Fig. 3)
designation (in.)
A 0
B 1/8
C 1/h
D 3/8
E 1/2
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Distance from nozzle-cylinder

Rosette intersection (see Fig. 3)
designation (in.)
F 5/8
G 7/8
H 1
J 11/2
K 2
L 3
M I
N 5
P 6
R 7.85
S 10
T 15.7

In every case, the rosettes were positioned on the gage lines so that
the leg of the Y lay along the gage line and pointed away from the nozzle-
cylinder junction, The convention used can be understood by referring to
Fig. 7. The leg of the Y is designated as gage 1 in the tabulations, with
gages 2 and 3 being numbered from 1 in the counterclockwise direction.

Finally, in those cases where nonlinearity or drift was excessive or
where an individual gage or circuit was otherwise obviously malfunction-
ing, the rosette of which the gage was a part was not used in the final
results plotted in this report for the specific loading under consideration.
Nonetheless, these data are listed in the tabulations, but they are marked

by an asterisk beside the rosette number.
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Table A.l. Internal pressure

INTERNAL PRESSORE (300 PSI)

MICRO-STFAIN STRESSES

" ——— — ot - o oo 0 oy

ROSETTE GAGE?1 GAGEZ GAGE3 TRANS LONG SHEAR

- — -t > —— o m— A n s - ——— s it A ] oy e ot

I-0-C-C -33 351 360 15658 3696 =127
I-0-C-D 45 286 305 12950 5245 -254
I-0-C-E 76 260 260 11341 5693 0
I-0~-C-F 105 26C 243 10945 6433 222
I-0-C~H 107 208 210 9056 5937 -32
I-0~-C-J 88 186 184 8028 5056 32
I-0-C-K 62 172 184 7743 4184 -159
I-0-C-L* =100 16E% 184 7767 -672 -254
I-C-C-HM 50 174 1171 7655 3800 -32
I-0~C~P 62 179 173 7799 4202 Y
I-0-C~S 57 189 16¢ 7704 49030 315
0-0~-C~B 52 403 434 18336 7062 -410
0-0-C~C 4s 296 310 13284 5334 -190
0-0-C~D 49 247 261 11103 4535 -189
0-0-C~E 19 228 223 9872 3525 65
0-0-C-F 21 206 194 8777 3267 158
0-0-C~H 21 1e1 175 7369 2845 -189
0-0-C~J 40 1€1 154 6879 3265 97
0-0-C~K 57 156 159 6860 3759 -31
0-0~-C-L 61 166 168 7274 4924 -32
0-0-C—-M 54 168 161 7177 3783 94
0~0-C-P 54 16¢ 15¢ 7126 3768 127
0-0-C~3S 59 159 168 7120 3906 ~126
I-0-N-B -352 398 412 18176 -5108 ~191
I-0-N-C 158 304 297 13037 8654 96
I-0-N-D 184 184 201 8271 8014 =223
I-0~-N~E 117 10% 120 4819 4966 ~191
I-0-N~-F 69 17 91 3508 3166 ~191
I-0-N-N 22 72 77 3240 1619 -64
0-0~-N~B -67 31¢ 287 13305 1995 379
0-0-§-C -67 68 6L 2980 -1105 63
0-0-~-N-D 19 1L 12 545 726 30
O0-0~-N~E 69 19 24 857 2314 -64
0-0~N-F 78 35 42 1626 2829 - 94
O0-0-N-H &4 59 62 2582 2690 - 31
0-0-N-K 35 IR 71 3083 1984 -1
0-0-N~N* 21 59 1616 36795 11675 -207u49

PRIN STRESSES

- . 200 - e oz

SIGHMX

15659
12959
11344
10956
9056
8029
7750
7775
7655
7799
7731

18351
13289
11108
9873
8782
7377
6882
6861
7274
7180
7130
7128

18178
13039
8400
5098
3€78
3242

13318
2981
731
2317
2836
2699
3083
48489

STIGMN

3695
5237
5693
6422
5937
5056
4176
-680
3800
4202
4003

7047
5329
4530
3524
3263
2837
3262
3758
4023
3781
3763
3901

-5110
8651
7885
4687
3095
1616

1982
-1106
540
854
1619
2574
1984
-19
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Table A.1 (continued)

INTERNAL PRESSURE (300 P5I1)

MICRO~STHRATN

K R s g g o 2 s

- AN . ——— o D Eh NE o e o e WD crws T vw — —

I-9CC-E -31 1 7
I-90C-C* 5 48 0
I-90C~D 5¢ =7 53
I-90C~E 91 6C 57
I-90C~-F 105 36 57
I-90C~R 199 77 84
C-90C~-B 35 187 2113
0-90C~-C 78 218 235

0-90C~-D 112 221 214
0-90C-E 135 180 197
0-90C~F 157 183 183

0-90C~R 173 g3 93
I-90N-B 291 9% 38
I-90N-C -5 114 B&
I-90N-D 33 7€ 81
I-90N-E 7 5¢ 57

I-90N-F* 184 172 62
I-90N-N%* 148  U4TE 225

0-90KN—8B ~47 2213 228
0-908-C -121 123 119
0-90N~-D -81 8c 76
0-~90N~E -12 13 71
0-90N-F ~7 52 71
C-S0N~-N 38 62 62

TRA NS

508
1047
2359
2473
1948
3306

€757
9879
9425
8355
7862
3670

3257
4409
3821
2054
4936
14798

9912
5454
3636
3403
2720
2670

STRESSES

LONG

~-T781

48
2360
3472
3744
6953

3686
5314
6175
6566
7059
6300

7760
1180
2023

946
6991
8883

1550
-1996
-1330

665
502
1940

763
381
~-65
-32
Th62
3087

-95
63
127
158
-253

PRIN S5TRESSES

STGHX

e e aas, wwn vaam

515
1455
2823
3473
3787
6955

8781
3889
Qu27
83690
7862
6306

3310
Bas3
3u24
2u55
7750
16115

9913
5455
3639
3412
2750
2670
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Table A.1 (continued)

INTERNAL PRESSURE

MICRO~STRAIN

A s e s A s o e A s

(300 PBSI)

———— e - - A 70—t - —————— -~

I180C-B
1180C-C
1180C-D
I180C-E
I180C~F
I1180C~-S

0180C~-B
0180C~-C
0180C-D
0180C-E
0180C~-F
0180C-S

T180N-B
I180N-C
I180¥-D
I180N~-E
T1680N~F
I180N~N

0180N-B
0180N~C
0180N~D
O180N~E
0180N-F
O180N~-N

-85
2
57
71
99
26

29
38
31
21
14
10

~399
S0
186
114
83

7

~-78
-64
33
76
76
19

46%
34y
302
271
250
17¢

374
293
24¢
20¢
183
171

298
14¢
-182
117
92
157

230
52
10
29
£0
64

495
361
292
262
238
163

37¢
288
245
20¢
183
162

527
386
203
9¢€
99
83

271
52

21
38
64

TRANS

21188
15495
12999
11636
106 20
7280

16439
12716
1632
8970
8240
7304

18563
11580
257
4582
4108
5274

11100
2369
277
1014
1850
2801

STRESSES

LONG

3810
4720
5598
5614
6158
2962

5789
4957
4118
3334
2900
2477

~6389
6187
5652
4802
3709
1790

977
-1215
1082
2587
2837
1411

SHEAR

v ot

~409
=220
126
126
157
94

~32
63
-63

127
127

-3053
-3210
-5117
253
-94
984

-545
63

95
158

SIGHX

—— s r

21198
15499
13001
11639
10626

7282

16439
12717
10633
8970
8243
7308

18931
13076
8739
4968
4129
5533

11130
2369
1087

2592

2862
2801

PRIN STRESSES

N " e — o - s o o s

SIGMN

3800
4715
5596
5611
6153
2960

5789
4957
4117
3334
2897
2074

-6757
4691
-2830
4416
3688
1531

947
-1215
272
1008
1825
1411
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Table A.1 (continued)

INTERNAL PRESSURE

MICRO~-STERAIN

o e s i =ED oM 0 i s D

T o s 7 MDD . eAT AN Ckm et WOR TR DN e AT h

1270C-C 4 4y 52
1270C-D 59 54 62
1270C-E 97 59 64
1270c-F 133 64 61
1270C-H 176 71 61
1270c-3 207 83 93
I270C-K* 203 148 95
1270C-L 212 107 90
I270c-# 217 100 93
1270C-P 201 93 9%
1270C-®R 197 105 89
'1270C-T 153 19 55
0270C-B 79 247 238
0270c-C 105 228 216
0270C-D 133 21§ 212
0270C-E 147 205  19%
0270C~-# 157 190 176
0270C~# 169 159 152
0270C~J 190 121 117
0270C-K 188 100 100
0270C-L 202  10C 88
0270C-¥ 190 9¢ 3
0270C~? 190 81 90
0270C-R 195 86 90
0270C-T* 183  1C2 0
12708-B ~-305 60 36
I1270N~C -5 103 98
T270N-D 36 10°F 81
I270N~E 17 11z ug
I270N-F -7 43 41
02708-B  -43 237 206
0270N-C -123 111 114
0270N-D  -93 71 81
0270N-E  ~-55 59 67
0270N-F  ~36 64 67
02708-G  -26 62 62
0270N-H  -24 57 57
0270N-K 2 43 48
02708-N 19 EE 57

(300 PST)

TRANS

o i s g

2177
2483
2597
2664
2719
3636
5111
4097
3987
3913
4051
1473

10578
9657
9312
8721
7375
6660
5017
4183
3906
3608
3556
3655
2647

24133
ua 11
4052
3496
1849

9787
5082
3448
2831
2914
2747
2535
1984
2436

STRESSES

e o S <2 o

LONG

s s o

784
2521
3700
4794
6097
7304
7609
7590
76914
7192
7115
5G42

5529
6036
6789
7039
T071
7063
7212
6890
7235
6793
6777
6950
6110

-8435
1180
2290
1550

333

1648
~-2178
-1749
-7392
-196
39
47
667

1302

e s ]

158

-127
~63
1363

318
64
318
859
32

410
- 37
-127
~-95
~-32

-63
-32

PRIR STRESSES

D s T s —) o o~ s

SIGMX SIGHN
218¢C 781
2601 2403
3704 2593
4794 2664
6102 2715
7308 3631
7791 4929
7603 bosy
7696 3985
7193 3912
7131 4035
5105 1410

10581 5526
96614 6029
9315 6785
87143 7018
7918 7028
7084 6639
7214 5015
6890 4183
7243 3899
6795 3605
6782 3551
6951 3654
6825 1632
2443 -8444
4u12 1179
4107 2234
3820 1225
18540 332
9807 1628
5082 -~-2178
34517 -~-1752
2833 -7385
2915 -196
2747 39
2535 u7
1987 664
2437 1301
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Table A.1l (continued)

INTERNAL PRESSURE (300 PSI)

MICRO~STEAIN STRESSES
ROSETTE GAGE1 GAGEZ GAGE3 TRANS LONG
I315C-B -74 167 315 10685 984
I315C~-C -12 100 32¢ 9357 2449
I315C-D 55 75 282 7790 3987

I315C-F 174 13¢ 18¢ 7000 7331
I315C~-H 179 134 210 7362 7583
I315C-J 184 143 198 7304 7709
I315C-K 174 143 193 7210 7394
I315C-L 132 22 191 5640 5639

I315C-M 108 83 203 6167 5079
I315C~P 124 65 194 5541 5394
0315C-B 64 ER N 171 10517 5078

0315c~C 78 297 142 9563 5219
0315C-D 78 320 123 3667 5250
0315C-E 59 301 102 8301 44219

Q315C~-F 83 2178 74 7628 4780
0315C~-H 88 2459 57 6632 4e24
0315C-K 109 20€ 50 5513 u929

0315C~L 116 197 57 5453 5125
0315C-M 126 199 62 5599 5453

0315C-p 126 187 55 5182 5328
I3158~B =277 194 213 9240 ~5551
I3158-C 69 201 225 9280 4865
I31SN~-D 103 132 144 5932 4865
I315N~E 48 62 72 2891 2303
I315N~-F 19 41 72 2449 1309
T315N-N 24 3s 87 2669 1508
0315K-8B -33 32% 211 11823 2551
03158~C -112 104 97 4556 -1979
0315N-D -52 23 58 1854 -1001
0315N~E -3 S 63 1599 Lou
0315N-F 18 1¢ 73 1982 1148
0315N8-G 21 33 75 2338 1326
0315N-4 18 35 73 2345 1259
0315N8-K 16 49 61 2395 1204
0315N—-N -43 €1 58 2666 -478

SHEAR

-1973
-2992
-2751

-668
-1018

~732

-668
~-1592
-1607
-1720

1866
2055
2625
2656
2719
2561
2087
1866
1834
1771

-255
~319
-159
-127
~4 14
-691

1518

95
-467
-717
~721
-565
~500
-155

31

PRIN STRESSES

—— - o a7 2ty . e

SIGHX

11071
10472
9233
7854
8497
8266
7977
7231
7320
7190

11095
10381
10889
10054
9274
8379
7328
7162
7362
7027

9245
9303
5955
2917
2584
2992

12065
4557
1929
1935
2397
2590
2541
2415
2666

SIGMN

598
1334
2544
6477
6uug
6747
6627
4ous
3927
3746

4499
4400
4028
3168
3135
2877
3114
3416
3691
3483

-5556
4842
ugu2
2276
1174
1186

2308
-1981
-1075

68
732

1074

1063

1184

-479
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Table A.2., Out~of-plane moment, MXN’ on nozzle

OUT-OF-PLANE MOMENT LOADING, MXN, ON NOZZLE (400 INWN-LB)

MICRO-STRAIN STRESSES PRIN STRESSES

™ 2 T e R > AT I e e v B A D Ao > - A <A

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGHMX SIGHN

S e e n AR a0 ome n e D e AR e e o e -~ s - s an - - e ey

I~0-C~C 12 -1990 179 -260 288 ~4925 4987 -~4919
I-0-C-b 0 -169 160 ~197 -51 ~4385 4262 -4510
I~-3~-C~E 7 -i4) 129 257 143 -3591 3540 -~3654
I-0-C—F Too~14 108 ~-156 176 -~2956 2971 ~2951
I-0-C~-H 0 62 -6l -39 1 1684 1665 -1704
I-0-C~J 0 39 -43 ~88 -15 1080 1029 -1132
I~-C~C~-K 3 ~28 2 ~90 57 -703 690 -723
I-0~C-L% 0 -17 14 -52 -16 ~413 380 ~448
I-0-C-H 2 ~10 10 -3 71 =254 291 -223
I~0-C~F 2 -5 5 -3 71 ~127 166 -98
I-0-C~-§ 2 -2 5 50 a7 - 95 165 -29
0-0-C-B 5 -88 71 ~366 37 -2118 1963 -2292
0=-0~-C-C 2 ~-97 88 -203 s -2u6u 2372 -2561
0-0-C—-0 3 ~80 71 -~204 17 -2023 1932 -2120
0~0-C~& 3 -66 60 -148 34 -11677 1622 -1736
0~0-C~F -2 -50 52 2 -44 -1358 1368 -1351
0-0-C~H4 3 -28 29 7 80 ~-759 803 ~716
0-0~-C~3 2 ~14 19 102 102 ~4 42 544 =341
0-0-C~X 0 -9 iu 104 31 ~316 386 ~250
0-0-C~1L 0 -7 7 0 0 -190 190 -190
0~0~C~H 0 -5 7 52 16 -158 193 ~125
0-0-C-P 0 -2 2 0 Y ~63 63 -63
0-0-C-S 2 0 0 -3 70 0 70 -3
I-0-N~B 79 -199 172 ~666 2171 -4945 5897 -4392
I-0-N-C -10 -34 -2 ~T79 -521 -415 -216 -1084
I-0-¥~-D =26 7 -3 ~550 ~-955 542 -174 -~1332
I-0~-8~E ~24 2 =17 ~79 -T42 383 26 ~917
I-0-N-F ~22 5 -2 76 -621 96 89 ~-636
I-0-N-N% -153 -5 0 63 ~u4579 - 64 64 -4579
O-0~N-B -2 64 -88 ~-519 ~227 2022 1655 ~2400
0-0-N-~C 2 40 -45 ~107 33 1138 1106 -1174
0~0~N~D¥* 2 749 -9 16252 4547 10108 22181 -981
0~-0-K—-E 0 2 0 52 16 32 70 -3
O-0~-N—-F 5 0 0 -5 141 0 141 -5
0-0~H~H 2 0 -2 -55 55 32 63 -63
0-0~-N—-K -5 0 -5 =99 -172 63 -63 ~208
O~ 0-N~-N* 0 0 0 0 0 0 0 0
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Table A.?2 (continued)

QUT~OF-PLANE MOMENT LOADING,

MICRO-STRATIN

L N A

A 7> - A~ An—~——— s Are o

I-90C-B
I-90C~-C*
I-90C-D
I-90C~-E
I-90C~-F
I-90C-R

0~-90C-B
0~90C~-C
D-90C-Dx*
0-90C-E
0-90C-F
0~90C~R

I-90%~B8
I-90N-C
I-908~-D
I-90N-E
I-90N~Fx
I-90N-N

0-90¥-B
0-90K~C
0~-90N~D
0-90N-E
0-90N~-F
0-90N~N

~17
~46
- 34
-31
~22

7

76
88
85
80
71
~3

-594
127
246
215

24
170

258
59
95

107

130

130

...................................................................................................................

~247
-192
-137
~98
~100
2

223
199
168
123
102

-5

72
122
62
-5
~28
84

401
111
14
-7
38
0

-227
0
-132
~91
-67
2

258
213
g
130
102
1

~-74
122
100
45
3
48

403
118
14
-2
5

7

MXN,

STRESSES
TRANS LONG
-10402 -3635
~0163 -2624
-5866 -2774
-4136 ~-2186
~3652 -1754
21 226
10493 5424
8971 5317
3604 3636
5484 4058
4400 3450
-78 ~104
600 -17645
5214 5364
3294 8358
655 6635
~588 555
2700 5895
17388 12968
4983 3268
510 2991
-326 3105
795 4153
13 3918

ON NOZZLE (400 TN-LB)

SHEAR

~-256
-2554
-63
~96
~436

~474
-191
2242

~96

-86
1939

~-508
~-667
-415

477

- 31
-94

~63
443
-95

PRIN STRESSES

- -~ > Dt R A 7mn S

SIGMX SIGMN
-3625 ~10411
~726 ~6061
~2772 -5887
—-2181 -4141
-1658 ~3748
226 81
10537 5380
8981 5307
5862 1378
5491 4051
4400 3450
~4 -178
804 -178u89
5364 5214
8609 3244
6709 582
690 -723
5965 2630
17388 12967
4988 3263
2991 510
3106 -327
4210 738

3921 11
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Table A.2 {continued)

OUT-OF~PLANE MOMENT LOADING, MXN, ON NOZZLE (400 IN-LB)

MICRO-STRAIN STRESSES PRIN STRESSES

— o -y —— - D - o o - - -~

ROSETTE GAGET GAGEZ GAGE3 TRANS LONG SHEAR SIGMX SIGHN

. 0l " - > WD A om T w omr mt m —EA o - - s — o o - o o o

r180C-B -19 162 -130 730 ~357 3893 41318 -~-3744
1180C~-C -12 212 -165 1031 -55 5024 5541 -u565
1180C-D ~-10 167 -142 562 -131 4115 4345 -3914
I180C~E -3 T4y =123 397 38 3519 3741 -3306
I180C-F -3 115 ~97 401 11 2827 3054 -2611
I1180C-S 2 4 -1 71 66 63 131 6
0180C-B 9 85 -100 -340 167 2471 2397 -~-2570
0180C-C 2 30 -110 -441 -81 2664 2809 -2931
0180C-D 4 73 -86 -278 38 2122 2008 -2248
0180C-E 4 61 -65 -72 104 1679 1698 -1666
0180C~-F 5 53 -53 -5 142 1402 1472 -1336
0180C~-5 22 5 0 a1 670 o4 677 75
I180N-B -33 246 -172 1662 -503 5561 6245 -5086
I180N-C 2 60 -14 993 370 985 1715 -352
I180N-D 5 24 17 886 409 95 904 391
T180N-E 0 -28 12 ~-262 -79 -477 315 -656
I180N-F 0 -7 4 -65 -30 -159 112 -207
I180N-¥ 10 2 -2 -10 283 64 296 -2U
0180N-B 7 -77 33 -975 =77 -1478 1019 -2071
0180N~C 7 -36 31 -113 181 -892 938 -870
0180N-D 2 -5 12 155 118 ~-223 360 -87
O180N~-F 2 5 0 102 102 64 166 39
0t180N~-F 0 7 -2 105 32 127 201 -6l
0180N~-N 2 2 2 102 102 0 102 102
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Table A.2 (continued)

OUT-OF-PLANE MOMENT LOADING, MXN, ON NOZZLE (400 IN-1B)

MICRO-STRAIN STRESSES PRIN STRESSES

A - o - anm i qan -, | am o m o to -t ottt

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGMN

. ———— - A WD N - —— - Ny - - —— e - - - - — - o - - - — - - - —

I270C-C 60 179 179 7797 4128 0 7797 4128
I270C-D 45 129 124 5506 3012 64 5508 3010
I270C-E 33 93 95 4105 2233 -32 4105 2233
I270C~F 21 69 69 3017 1549 0 3017 1549
I270C~H 5 31 29 1305 535 32 1307 533
1270Cc~-J -10 5 2 168 -236 32 170 ~238
I270C-K -17 =2 -7 -191 ~-558 6u -181 -569
I270C~-L -17 ~-10 ~10 -4 01 -621 0 -401 -621
1270C-M -12 -5 -7 =249 -433 32 -244 -438
1270Cc-p -5 2 0 58 -126 32 63 -131
I270C-R* 101 5 0 -5 3016 64 3017 -7
I270C~-T 2 7 2 208 134 64 245 97
0270C-B ~-124 -281 -300 -1263C -7509 255 -7496 -12642
0270c~-C -112 -196 -193 -8416 -5894 -33 -5894 -8416
0270C-D -100 -155 -158 -6757 ~5039 35 ~5039 -6757
0270C-E -84 -127 -124 -5417 -4138 -31 -4137 -5418
0270C-~F -69 -~-103 -98 -~-u4337 -3386 ~-64 -3381 -4341
0270C-H -43 ~-62 -62 -2696 ~-2112 1 -2112 -2696
0270C-J -20 ~25 -27 -1108 -922 30 -918 -1113
0270C-K -3 -5 -10 -332 -188 64 -163 -356
0270C~-L 9 6 7 275 352 -1 352 275
0270C-M 1 9 9 384 454 2 454 384
0270Cc~-P 6 it 7 229 261 ~33 282 208
0270C~-R u u u 185 180 0 185 180
0270C-T 1 ~3 2 -27 35 -64 75 ~67
I270N-B 637 12 43 507 19268 -413 19277 498
I270N~-C -67 -126 -107 -5066 -3525 -254 -3484 -5107
I270N-p -222 ~88 -95 -3795 -7797 95  ~-3792 -7799
I2708-E -203 -26 -48 -1403 -6507 286 ~1387 ~6523
I270N-F =170 10 -12 131 -5051 287 146 -5067
0270N~B =284 -344 -322 -14324 -12825 -283 -12773 -14375
02708-C -62 -109 -114 -u825 -3293 63  -3290 -u828
02708-D -83 -14 -17 -597 2684 32 ~596 -25684
O02708-E ~-136 7 5 402 -3953 31 402 -3953
0270N~-F =153 2 7 362 -4ué6s8 ~-62 362 -u4469
0270N-G -162 0 -7 16 ~-u851 95 18 -4853
02708-H -164 0 ~-12 -91 -4959 158 -86 -~-uU964
02708-K -164 -10 7 116 -u4899 ~223 126 -04909

0270N-N -164 0 -10 ~-43 -4948 127 -40 ~-4951
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Table A.2 {(continued)

OUT~OF-PLAYE MOMENT LOADING,

HICRO-STRAIN

o e <A A X

b e A ai mnn An AAh Ao o M T e SR ah En AN D e v e

1315C-8
I1315C~C
I315C-D
I315C~-F
I315C~H
I315C~J
I315C~K
I315Cc~1L
I1315C~H4
I315C~-P

0315¢-B
0315C~-C
0315C-D
0315C-E
0315C~F
0315C~-H
0315C~-K
0315C~L
0315C~¥%
0315C-¥¢

I3158-8
I3158~C
I315N-D
I3158~F
I31508-F
I315K~-N

0315N-B
0315N-C
03 15K~-D
O315N~-E
03 158~F
03158 ~G
03158 -4
0315N~-K
O3 15N~-K*

-55
-50
-38
-26
-28
~14
-7
-7
-7

4ug
~62
=165
- 149
-125
~325

-209
~36
~56
~-9%

-112

-122

=117

~-117

-618

a1
12

41
41
45
48

-228
-199
~209
-176
-~ 145
-109
-45
- 24

~9

~136
-96
-51
-12

~218
=57

16
10

10

284
275
191
86
100
56
76
36
21

-6
-u7
-7
~45
-33
-31
~-21
~-17
-12

79
-108
-94
-43
~17
11

~368
-128
~26

I

-1
-7
~11
-11

MXN

e e e e, e

96
3u
~65
540

¢ ON

-3543
~3105
-2816
~2229
-2018
~1345
~6U9
~47T7
-352
=70

12664
~3195
-5851
4774
~3812
-3591

H

10058
-2276
~1801
~2586
~3237
~3623
~3502
~3533
-18353

~ 2865
160
573
b1z
222
~96

1991
948
404
185

63
25
125
186
281

NOZZLE (400 IN-LB)

PRIN STRESSES
SIGMX SIGHN
8965 1472
8456 684
5927 558
3161 1887
3705 2093
3277 2180
2933 2115
1072 4
703 -1
51 -150
~2353 -7542
-19818 -~6554
-1644 ~6760
~1356 -5693
~-1195 -4701
«~852 ~-3553
~540 -~-1561
-456 -909
-343 ~470
39 =107
13213 -2297
-3175 ~u4uz2g
~-2874 -5961
-1014  -4819
-231 -3826
482 -3593
-8977 ~13728
-1861 -44u4?2
~286 -~-1909
527 ~-2597
hus -3238
98 -~3626

38 -3506
~55 -3543
644 -18357
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Torsional moment loading, MYN’ on nozzle

TORSTONAL MOMENT LCADING,

ROSETTE

MICRO~-STEAIN

N > o > s e

GAGE1 GAGEZ GAGE3

- e o e ——— = s ot

f
]
|

{
]
i

§ {
?o?o
i

i i
i

1
t
1

}

3#*

|
{

]
ﬂﬂﬂﬂﬁ?ﬂﬂﬂﬂﬁ
nuRAHRLIEAMOO

{

HHHHH!T(HHHHH
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[ Mo
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i T
aaoaaoaanaaaaana

| {

|
t

|
]
|

t
{
}

bt
i
i i
o XRLUDN DO OO

i
}

{
OOOO?OOOO

[
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OOOOO?OOOOOO

i
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1

HHHP‘*HH

OOO?OO
}

Z o o

{
t
i

i
|
}

{

[oBeoNeRoNoRoRe Re
OOOO(‘)OOO
ZZZZ';Z'Z.‘Z
z?::nrnnt:onm

i
§

|
{
i

]
[
i

i
f
i

}

i
-
-

NN OCWONON

~-24
=27
-22
-17
19
1€

{

i
BIRY = N RO

47
47
35
28
-10
-10
11

w &AW

MYN, ON NOZZLE (1600 IN-LB)

TRANS

o o

499
454
297
251
197
137
134
207
138

76

40

-813
-759
~-554
~49y4
-504
~288
-129
~129
-132
- 80
-82
- 80

84
-246
-5H49

300
344
-3004

-1966
~511
-1343
~8R2
-623
3985
120
734

STRESSES

LONG

354
198
154
66
-27
28
98
~3300
39
79
61

~517
~290
~222
-203
-133
- 142
-85
~90
-88
-77
-77
~70

1740
~732
-11083
-1069
=909
619

~-434
432
-173
35
256
-367
~225
-1331

SHEAR

. vt i .

~5775
-8329
~8583
~8836
~8872
-9094

11941
10805
10738
10517
10670
10766
10674
10274

PRIN STRESSES

SIGMX SIGHN
1383 ~-530
1320 ~H68

992 -540
768 -451
Ls3 ~-312
437 -272
335 -104
217 -3311
280 -u2
138 16
94 7
4956 -~-6286
1292 -2341
790 -1566
419 -1116
220 - 857
47 ~-478
~-15 ~200
~73 -146
-1 ~150
-14 -143
-76 -82
-70 ~80
6746 ~4923
73u4 -8821
7759 -~-9416
8479 -~9247%
8612 -9177
9263 -8948

10765 ~-13165
10776 -10855
9996 -11512
10103 -10950
10496 ~-10862
10787 -10758
10628 -10726
10028 -10625
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Table A.3 (continued)

TORSIONAL MOMENT LCADING, M¥YN, ON NOZZLE (1600 TN~-LB)

MICRO-STEAIN STRESSES PRIN STRESSES

S — e ) et s e v e s i e o v < ) n A

ROSETTE GAGE? GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGHN

I-90C-B -7 ~-69 ucs ~-518 -371 -1530 1088 -1976
I-90C-C* -10 -11¢ 0 -2513 -1081 -1530 =79 -347%5
I-90C-D -7 -9€ 91 ~-97 -245 -2487 2317 -2658
I-90C-E -2 =74 72 =50 -87 -=1945 1876 -2013
I-90C-F -2 -29 55 581 103 -1116 1483 -799
I-90C~R 2 0 0 -3 71 0 71 -3
0-90C-B -18 138 -8% 1193 -189 2972 3553 -2589
0-90C-C -4 74 -52 484 13 1677 1942 -1445
0-90C-D -2 57 -40 383 54 1294 1823 -1086
0-90C-E -4 EC -38 276 -u9 1171 1296 -1068
0-90C~-F -2 ug -38 220 2 1138 1255 -1033
0—-90C-R -2 -4 -4 -172 -112 -10 -110 -174
TI-908-B -92 =270 303 843 ~2521 -7631 6975 -8654
I-90N~C -48 -310 uos 2194 -782 -9566 10387 -8975
I-90N-D -62 -326 412 1957 -1259 -9846 10325 -9627
T-90N-E -66 -338 400 1439 ~1559 -9843 9897 -10017
I-90N-~F 1 - 2 ~-83 314 - 94 335 -104
I-90N—-N* 86 -176 117 -1386 2176 -3913 4e9u  ~-3904
0-90N-B 5 437 -420 370 265 11413 11730 -11085
0-90N-C 22 37 -398 -584 474 10274 10232 -10342
0-S0N-D 24 38 -396 -2173 641 10400 10594 -10225
0-90N-Ex 89 394 -208 3992 3860 8029 11956 -~4103
O0-90N-F 91 212 =242 -753 2499 65039 7128 -5381

O-90N-N* 91 36€ -251 2428 3450 8218 11173 -5295
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Table A.3 (continued)

TORSIONAL MOMENT LCADING,

MICRO~STRAIN

ROSETTE GAGE1 GAGE2 GAGE3

s b Oyt S . s 7 AN s - v —

I180C~-B
T180C~C
I1180C~-D
I180C~E
I180C~F
I1180C~S

0180C-B
0180C~C
0180C-D
0180C-E
0180C-F
0180C-5%

T180N-B
T180N~C
I180N-D
I180N-E
I180N-F
I180N-N*

0180N-B
0180N~-C
0180N~D
0180N-E
0180N-F
0180¥-N

ey
NO NN

-8

-21
91
101
98
104
203
-29
~22
-5
-7
-17
16

MYN,

TRANS

v s ot

-881
-829
~523
~471
-365

250
784
574
420
503

97

267
-2012
~-868
-2123
-2082
-5061

3662
1946
1458
1099
303
437

STRESSES

L

LONG

-264
=249
-16
0
-39
0

430
308
246
128
210

-197

-541
2132
2764
2313
2487
4579

234
~h6
285
105
-233
619

SHEAR

—— — —

94
~-691
-565
-471
-345

-63

5548
1997
1300
887
571

-4252
~8289
~7019
-9369
-9862
~8733

9987
11182
10706
11371
11120
10613

ON NOZZLE (1600 IN-1B)

PRIN STRESSES

i v - -

-250 -895
211 -1288
350 ~-889
291 ~762
180 -584

53 -63

5890 -5206

2557 -1465

1720 -900

1173 -625
946 -232

97 -197

4135 -4408
8604 -8484
8198 -6303
9722 -9533
10325 -9921
9734 ~-10216

12092 -8195
12167 -10287
11593 -9851
11984 -10779
11470 -10799
11181 -10085
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Table A.3 (continued)

TORSTONAL MNOMENT LCADING,

MICRC~-STERAXIN

o o ——

o maEn e A v o SRa o ER Ak S e mE T W e s o

1270C~-C 1
1270C-D 1
I270C~E -1
T270C—-F -1
1270C-H -1
1270C-3 -1
T270C~K -2
T1270C-L -2
T270C-H% -1
1270C-P -3
I270C-R* -€2
1270C-T 2
0270C~B -2
0270C~C 1
0270C~D -7
0270C~E -4
0270C-¥ -4
0270C~-H -0
0270C~J -2
0270C-K ~2
0270C~-1L -2
0270C~-H -2
0270C-P -2
0270C~R -2
0270C~T* 0
12708-8 7
I12708~C -17
I270N-D ~27
T270N~% -29
I2708~F -35
0270N-B -16
0270N~C 3
0270N-D -9
02708-E -35
02708~F -12
02708~G 5
0270%-H 3
0270N~-K*x ~31
027088 17

226
339
346
3uq
354

~360
-341
-361
~352
-354
~3713
-385
~369
~392

MYN,

TRANS

160
109
62
61
13
-58
-63
-183

27
282
58

-1188
-345
~232
~182
-129
-178
~-123

-29
-23
-48

~48
-51

295
588
5u8
655
1143

-19
219
19
413
79
-3
-411
881
-841

STRESSES

LONG

85
69
~-17
-16
-26
-52
~-69
-101
-27
=72
-1779
90

-419
-87
~267
-181
~165
-177
-89
-63
~62
-84
~67
-84
-13

291
- 334
-633
-673
-717

- 484
146
-272
-947
=323
52
-u4
-653
258

SHEAR

4848
2314
1803
1520
1299
950
604
412
159
31

-32
=31

-5852
-8680
-8905
~-877¢6
-8767

9573
9221
9635
9604
9476
89762
100146
10081
9952

ON NOZZLE (1600 IN-LB)

PRIN STRESSES

A > D e . A o s

SIGHX SIGHN
2219 -1974
1768 ~-1591
1293 ~1248

975 -231
471 - 434
70 -180

1 ~133
~72 =211
90 ~110
27 -72
282 -1779
109 38
4060 -5666
2102 -2534
1553 ~-2053
1339 -1702
1152 ~-1446
772 -1127
499 ~-710
366 -458
118 -203
-30 -102
5 -67
-29 -103
o -68
6145 -5559
8819 -8565
8882 -8966
8792 -8810
9029 -~8603
9324 -9827
9ugu -9039
9509 ~9762
9364 -9892
9356 ~9600
9633 -9895%
9790 ~10245

10224 -9996
9676 —-10259
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Table A,3 (continued)

TORSICNAL MOMENT LCADING,

MICRO-STRAIN

et At s . ) S S e A A

- " - —— < " o

1315C~B 0 31 101
1315¢C-C 5 5 113
1315C-D 7 2 74
1315C-F 43 29 41
1315C-H 27 20 39
1315¢C~J 22 20 31
1315C-K 17 17 24
1315C-1L -5 -2 12
1315C~M -5 0 5
1315C-P -2 0 0
0315C~-B 53 155  -47
0315¢-C 48 98 Y
0315C-D 55 17 -78
0315¢c-8 ~-21 3 =66
0315C-F  -21 3 -61
0315C~H =18 -11 =47
0315C-K  -14 =14 =23
0315¢c-L -1 -6 -14
0315C-# -7 -4 -9
0315C-P -2 -2 -7
I3158-8 84 =220 280
13158~C 0 -316 311
I3158-D =17 =~33%  31¢
I3158-E  ~12 =332 316
I3158-F  -24 =339 330
I315N-N%* 59 -264 299
0315N-B 52 340 ~479
03158-C 60 352 ~-389
03158-D 87 357 -394
0315N-E 59 380 =371
0315N-F 35 376 380
03158-6G 26 373 -366
0315N~H 24 387 -366
03158-K 21 371 =-37%
0315N~N =51 362 =~387

MYN, ON NOZZLE (1600 IN-LB)

TRANS

o e e atn et

2909
2582
1679
1491
1253
1098
890
215
110

2312
2004
-1399
-1366
~1251
~1261
-3800
-428
-287
-181

1222
-105
-402
-355
~184

712

-3117
~885
-9318

144
~-138
130
Bu2
~-122
=507

STRESSES

LONG SHEAR
876 -925
926 -1431
718 -958
1748  ~159
1177 -256
987  -159
783 -95
-79 =191
-110 - 64
-71 0
2279 2687
2041 1356
1232 1265
-1042 917
~-1002 863
-927 474
-650 124
- 464 94
-286 65
-110 66
2877 -6657
-32 -8345
-623 -8664
~165 -8632
-772 ~-8919
1982 -7506
629 10909
1528 9864
2333 10008
1806 10008
1018 10071
817 9852
840 10040
600 9946
-1681 9977

PRIN STRESSES

STGMX SIGHN
31260 517
3408 101
2270 127
18204 1414
1473 956
1211 874

946 727
309 ~173
127 -127
3 ~71
4983  ~-392
3379 666
1762 -1908
-273 -2135
~255 -1998
-591 -1597
-580 -870
~350  -542
-221 =352
70 =221
8758 -4659
8277 -8414
8152 ~9177
8223 -9042
8446 -9402
8880 -6186
9824 ~12313

10259 -9617

10846 ~9431

11017 ~-9068

10528 -9648

10332 -9385

10682 -9401

10191 -9714

8901 -11089
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Table A.4. In-plane moment loading, M, ., on nozzle

ZN

IN-PLANE MOMENT LCADING, MZN, ON NOZZLE (400 IN-LB)

HICRO~-STRAIN STRESSES PRIN STRESSES

AN LD L S B S s A e e S s o s o D v D S P A P D T A D DA S

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGHE

DD e ln s S D M D ol s M > D D D A S s 2T o o o 2 - e o o - o D oy w—— B )

I-0-C~C -38 ~-110 -129 -5194 -2700 254 -2674 -5219

I-0-C-D -7 -81 -102 -4023 -1419 286 -1388 -~u405u4
I-0-C-E 10 ~-62 =79 -3098 -641 222 -621 -3118
I-0-C-F 22 -50 -64 -2536 -114 190 -99 -2551
I-0-C-H 34 -36 =31 -1499 557 ~64 559 -1501
I-0~-C~-J 26 =26 -19 -1018 486 -96 492 -1024
I-0-C-K 17 -17 -21 -850 251 62 254 -853
I-0-C~L* -162 -12 - 17 ~462 -~5002 64 ~461 -5003
I-0-C-¥ 0 -7 ~10 -376 =120 31 -116 -379
I-0-C-p 0 -7 -5 ~-276 -91 -31 -86 - 281
I-0-C~S -3 -3 -4 =146 -127 18 -116 - 157
0-0-C~B 66 256 2617 11289 5381 -64 11290 5380
0-0~-C~C 40 171 176 7568 3a481 -63 7568 3480
0-0-C~D 19 130 133 5766 2302 -32 5767 2302
0-0-C-E -2 109 102 4645 1325 94 4648 1323
0-0-C-~-F -7 88 78 3659 888 126 3664 882
0-0~-C-H ~14 45 45 2000 176 0 2000 176
0-0-C-dJ -14 21 17 854 -166 62 858 -170
0~-0-C~K -5 12 10 479 5 32 481 3
0-0-C-L 0 5 5 212 68 0 212 68
0-0-C-H¥ 0 5 5 212 67 0 212 67
0-0~C~P -2 0 0 6 ~-66 0 6 -66
0~-0~-C~-S ~2 0 0 7 -65 0 7 -65
I-0-N-B -~498 50 89 3602 -13857 -511 3617 -13872
I~-0~N-C 70 110 117 4925 3565 ~96 4932 3558
I-0-¥-D 201 81 84 34N 7061 -32 7061 3411
I-0-N-E 192 24 31 1002 6050 -96 6052 1000
I-0~-N-F 158 0 i0 40 4755 -127 4759 37
I-0-N-N* -19 -5 0 ~-79 =595 -64 =71 -603
0-0-N-B 197 287 285 12349 96 13 32 12349 9613
0=0-N~C 64 83 81 3532 2984 32 3533 2982
0-0-N-D 100 5 5 102 3021 1 3021 102
0~0-N~-E 140 -17 -7 -672 3997 -126 4001 -676
0-0-N~-F 154 - 17 -5 ~635 4435 -158 4440 - 640
0~0~-N-H 164 5 0 -73 4888 63 4888 ~74
0-0-N-K 161 5 -2 -123 4803 95 4805 -125

C~0~-N~-N¥ 168 14 -1761 -38572 -6521 23655 6026 -51119
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Table A.L (continued)

TH-PLANE MOMENT LOADING, MZN,

MICRO-STRAIN

s i > A >

BOSETTE GAGE1 GAGE2 GAGE3

S S D D o > . i S Al A 2 e s e S

I-90C-B
I-90C-C*
I-90C~-D
I-90C~E
I-90C~-F
I-90C-R

0-90C-B
0-90C~C
0-90C-D
0-90C-~-E
0-90C~-F
0-90C-R

I-90N-B
I-90N~C
I-90N-D
I-90N-E
I-90N~-F
I-90N-N

0-90N-B
0-90N-C
0-90N-D
0-90N-E
0-90N-¥
0-90N-N

12
12
10
2
5
-2

-19

112
165
136
112
96
0

24
104
76
50
33
0

122
-21
-36
-14
-17

12

-55
-38
-12
0
2
0

-79
0
~-134
-117
-98
0

-66
-93
-69
-50
-40

-3

-146
-19
24
12
17
12

52
35

9
-3
-3
-3

TRANS

723
3615
42
-108
-58
3

-912
266
152

0

- 156

-81

~-655
-~ 855
-207
-10
29
484

-58
~-58
~58
~62

-8
-61

STRESSES

o " - —— - w—

LONG

576
1443
300
39
126
-

~839
-285
-177
-222
-266

-33

3303
-1184
-1562
-1146

-629

779

-98
-167
-169
-32
-83
-97

SHEAR

2550
2200
3602
3060
2582

0

1201
2623
1930
1327
979
49

3561
-32
~794
~349
~446
0

~-1422
-979
-283
31

62

31

OF NOZZLE (400 IN-LB)

—on > —can app

PRIN STRESSES

D IO LA s S s S A S S A

SIGMN

-1902
76
-3434
-3095
-2550
=71

-2077
-2647
-1950
-1442
-1192

-104

-2750
-1187
-1929
-1244
-853
484

-1500
-1093
-403

-81
-118
- 115
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Table A.4 (continued)

IN-PLANE MOMENT LCADING, MZW¥, ON NOZZLE (400 IN-LB)

HICRO~STRALIN

AT S Y T T e S A T B AT

ROSETTE GAGEY GAGEZ GAGE3

R D T e W D TER O ORe YR NV T O A WS O T S e

1180C-p
I186Cc—-C
1180C-D
I8GC~E
I180C~-F
I1180C-5

0180C-B
0180C-C
0180C~-D
0i80C -8
0180C~F
0180C—5

1i80N-8
Ii80N~C
I180N~D
1i808~-8
I1808-F
T180N-N

Oi80N-B
01808~-C
O0180N~D
O180N~E
OT808~F
0180N-N

33
21
-2

-21

~28

bug
-26
-191
~203
=172
~129

~143

-62
~119
=162
~164
-178

108
G4
68
2
g

2

~238
-176
~136
—~14Q85
-~ 88

-5

~-&2
-57

60
-55
-31
- 37

~209
- 71
0

7
-5

-9

144
130
94
13
57
2

-248
~165
~126
-95
-78
-5

-%31
~%50
-60
-2

5

26

~207
-62
10
10

-7

TRAWS

5507
4898
3577
2769
2103

104

~10628
-~ V855
=5 THS
-4 833
~3660
~ 185

-%732
~4527
214
~-1030
~381
357

~8981
~2854
343
565
233
- 1865

STRESSES

LORG

o o o —

2642
2106
1002
194
~218
i

~4626
~3247
~-2164
~1330
~88¢
-571

12037
~2%42
=-5657
~6388
~5277
~3754%

~6971
-2708
~3460
~4683
~4850
-5395

SHEAR

oy o s 2o

L YA
-471
=385
-283
=251

126
-158
- 128
- 127
~127

922
1240
1583
-699
-471
=571

~28
-126
=126
-31
- 159
-32

i

PRIN STRESSES

s w3 ans Ao b5 D T TR o T T

SIGKY

e e ]

2567
2029
957
i6u
- 284
31

10631
-T461
-5750
-~4408
-3666

-571

~4782
~5055
~6059
-6478
~5321
~3832

~8981
-2927
~3464
~4683
-4855
-5395
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Table A.h (continued)

IN~-PLANE MOMENT LCADING, MZN, ON NOZZLE (400 IN-LB)

MICRO-STRAIN STRESSES PRIN STRESSES

. A s 2, gl S O s P B - > e o < o S T — i P S S A e A P O

ROSETTE GAGE1 GAGEZ GAGE3 TRANS LONG SHEEAR SIGHMX SIGHMR

. s o A D o s s o A e s oA s i e s ey o -——— - - ate oy - ——p an tn s s g o e

1270C~C -2 =172 153 -407 -187 -~4322 4027 -4620
1270C-D -5 =143 127 - 351 ~242 ~3530 3294 -3887
I270C-E -5 -124 108 - 351 ~242 -3083 2787 ~3379
I270C-F -5 -100 91 - 194 =194 ~2542 2348 -2737
1270C~-H -2 -67 65 ~38 -75 -1748 1691 -1805
I1270C~J -2 -38 36 ~42 -77 ~985 925 -1044
1270C-K -2 -19 17 -43 ~80 -476 415 ~538
1270C-L 0 -4 0 ~88 -22 -57 11 - 121
I270C-H -2 3 -5 -39 ~75 96 40 - 155
I270C-P -2 -2 -2 -98 -98 -1 -97 ~99
I270C-R* 158 ~2 0 -223 4682 -33 4683 -223
I270C-T -2 -1 -2 ~198 ~130 ~-64 -92 -236
0270C-B 2 -77 109 708 267 -2470 2968 ~1993
0270C-C -1 -79 99 449 118 -2379 2668 ~2101
0270C-D 7 ~-60 73 285 283 1772 2056 -1488
0270C~-E 4 -43 L 234 197 -1299 1515 -1083
0270C~F 4 -29 38 181 181 ~B888 1069 ~707
0270C-H 2 -8 14 128 91 -284 394 -175
0270C-J 2 6 -3 71 73 125 197 ~52
0270C-K -1 11 -10 3 -7 286 298 ~275
0270C~L -1 11 - 10 25 -9 284 292 -277
0270C~-M Y 5 -5 -12 ~14 128 115 - 140
0270C-P 0 0 0 -13 -16 -1 -13 -16
0270C-R 0 0 0 ~-11 -13 0 -1 -13
0270C-T 0 0 0 =14 -18 0 =14 -19
I270N-B -26 -162 165 75 -771 -U4356 4029 -4725
I270N-C -3 -12 12 -1 -76 -317 281 -358
I270N-D 0 19 - 26 -160 ~-53 604 500 ~713
I270N-EB -3 10 -19 -210 ~-140 382 209 ~559
I270N-F -1 2 -7 -104 -74 128 39 =217
0270N-B 14 74 -43 665 630 1549 2196 ~-902
02708-C 2 52 -49 260 151 1232 1439 -1028
0270N-D 4 21 -17 84 155 508 629 -390
O270N-E 4 7 -5 33 141 157 253 -79
02708~F 7 4 -3 19 202 917 244 -23
02708-G 7 5 0 90 235 64 259 66
0270N-H 7 7 -3 79 223 127 297 5
0270H-K 4 4 -3 27 132 93 186 =27
0270N-N -1 2 -1 27 -14 32 45 -31
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Table A.4 {continued)

IN-PLANE MOMENT LCADING, HZN, ON NOZZLE (400 IN-LB)

MICRO~STERAIN STRESSES PRI¥ STRESSES

> 2 T i, s e A S N P PR - 0 v A T o D =R RS Y ) R W o T D

ROSETTE GAGEY GAGEZ GAGE3 TRANS LONG SHEAR SIGMX SIGHN

- A D ST W o D D Ay 2D A S WD WS 0% 0T A o e e s e s P o 0 e o R e e e e ot

I315C-B -41 -184 -3 -4060 -2440 -2U415 -702 ~5797
I315C-C -19 -160 31 ~2825 -1827 -2545 512 -~4765
X315C-o 0 -115 38 -1695 -504 -2038 1024 -~3222
I315C~F 21 -22 2 - U457 498 -318 594 ~553
T315C-H 26 0 21 424 904 -285 1037 291
I315C~J 28 9 21 634 1039 -159 1094 579
I315C~-K 26 12 19 639 9567 ~96 293 614
I315C~L 7 0 7 150 260 -96 315 95
I315C-H4 0 0 10 210 63 =127 284 -11
I315C~p 0 -2 5 53 16 -96 131 ~63

0315C-B 0o g5 140 4897 2670 ~T27 5113 2454
0315C-C 49 €4 116 3307 2375 =694 4174 2107
0315C~D 28 59 111 3715 1962 ~696 3957 1719

0315C-E 14 u7 83 2843 277 -u74 2976 1144
0315C~F 9 38 62 2171 330 ~-317 2248 853
0315C~-4 -3 16 23 879 183 =95 892 171
0315C~-K -7 -10 -7 — 366 -331 -31 =313 -383
0315C-L 0 -15 ~7 - 482 -154 -94 ~128 -507
0315C-H -3 -10 ~7 -370 -188 -33 ~-182 -376
0315C-P -3 -£ -5 =217 -T43 -1 ~J43 -217

I3158~-B -308 -~-1400 122 81t -9008 -2962 1636 ~9833
I3158-C 60 55 86 3034 2703 ~41i 3315 2423
I3158-D 139 €0 43 2107 4792 223 4810 2088

I3158~F 124 19 14 599 3309 64 3910 598
I315N~F 105 0 7 g2 3168 ~96 3171 39
I3158-% 97 -9 -5 ~417 2774 -63 2776 -418

0315N~8 201 268 197 9990 9014 946 10567 8u37
03158-C 52 118 uo 3429 2588 1042 4132 1885

0315N~D 64 26 -4 421 2049 398 2141 329
0315N~E 92 -2 -9 ~ 349 2659 86 2661 ~351
03158~-F i1 -4 -5 =347 3237 3u 3237 ~348
03158~-G 123 3 1 -%3 3678 36 3678 -4 4
0315K8-4 118 3 3 -2 3547 -1 3547 ~2
0315N-K 123 3 6 58 3703 -35 3703 58
0315N-X =30 3 6 226 ~821 ~32 227 ~822
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Table A.5. In-plane force, FXN’ on nozzle

IN-PLANE FORCE LOATLING, FXN, ON NOZZLE (80 LB)

MICRO-STEATN STRESSES PRIN STRESSES

. s o 7 s A e et o s s g " — o ——

ROSETTE GAGE1 GAGEZ GAGE3 TRANS LONG SHFEAR SIGMX SIGMN

. A—— e -t - - s - e —-—— -ty - —— - — e e - - s

I-0-C-C 86 265 286 12018 6184 -286 12032 6170

I-0-C-D 17 196 229 9316 3297 -445 9349 3265
I-0-C~E ~33 120 174 7169 1151 -317 7186 1134
I-0-C-F -57 124 141 588t 50 -222 5892 42
I-0-C-H -88 76 74 3402 -1624 31 3403 -1624
I-0-C-Jd -71 57 50 2842 -1411 95 2u84  -1410
I-0~-C-K ~-45 41 4e 1994 ~-759 -96 1997 -762
I-0-C~-L* -134 26 34 462 -3574 -95 1464 -3576
I-0-C-M -7 19 22 903 59 -32 904 58
I-0-C-P -5 12 10 483 5 32 485 3
I-0-C-S 0 7 5 262 84 35 269 77
0-0-C-B -168 -611 -640 -27311 -13232 376 -13222 -27321
0-0-C-C -102 -400 -422 -17945 -8433 285 -8424 -17954
0-0-C-D -52 -308 -324 -13835 -5700 219 -35695 -13841
0-0-C-E -2 =258 -255 -11277 -3438 -36 -3438 -11277
0-0-C~F 8 =211 -196 -8950 -2454 -189 -2448 -8956
0~0-C~-H 29 -111 -118 -5063 -650 94 -648 ~-5065
0-0-C-J 20 -59 ~51 -2445 =141 -100 ~136 -2u49
0-0-C-K 3 -35 -33 ~-1488 -356 -32 -355 -1489
0-0-C-1 -9 -21 -21 -906 -534 1 ~-534 -906
0-0-C-H -7 -1¢€ -16 ~700 - 405 1 ~-405 -700
0-0-C-P ~U -9 -9 ~-392 -241 -2 - 241 -392
0-0-C-S -2 -7 -7 ~288 -132 0 -132 ~-288
I-0-N-B 1188 -11% -206 -8346 33146 1212 33181 -8381
I-0-N-C =153 =273 =268 -11720 -8103 -63 -8102 -11721
I-0-N-D -u462 -206 -189 -8174 -16309 ~-224 -8168 -16315
I-0-N~-E -0431 -67 -69 =2522 -13680 30 -2521 -13681
I-0-N-F =352 -9 -17 -183 -10611 98 -182 -10611
I-0-N-H 19 -24 22 -58 566 -607 937 -u428
0-0~N-B -U455 -678 -678 -29283 -22429 1 -22429 -29283
0-0-¥N-C -139 -196 ~196 -846L -K718 2 -6718 -84s0
0-0-N-D -215 -11 -21 -473 -6595 130 ~-470 -6597
0-0-N-E =303 3e 5 1285 -8699 4oy 1304 -8719
0—-0-N-F -341 3¢ -2 1122 -9884 503 1145 -9907
O0-0-N-H 346 -9 -9 -20 -10375 -1 -24 -10375
0-0-N-K -300 -7 -9 ~25 -9014 33 -25 -9015
0-0-N-N* -19¢6 -16 1147 25060 1631 -15492 32768 -6077
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Table A.5 {(comtinued)

IN~-PLANE FORCE TOATING, FXN, ON NOZZLE (80 LB

MICRO-STRATIRN

ROSETTE GAGY1 GAGEZ GAGES3

o Om akt R o WS A tmn A A ko A

T-90C-B ~26 -242 201
I-90C~Cx -204 -364 0
¥~-90C~-D -17 -304 3213
I-90C-¥% -5 =-25¢ 275
I-90C~F -12 -180 230
I-90C-R¥ 0 0 G
0-30C~B 34 -87 128
0—-90C~-C 22 258 207
0-90C-D 5 -192 150
0-9%0C--E 10 -132 i07
0-30C~¥ 5 -8% 83
0-30C~R 1 1 6
I-90%~B 224 -267 332
I-90%-~-C 64 57 i0
I-90N-D 96 91 =60
I-90N-F 70 asg ~60
I-908-F usg 41 -u5
I-90N~N -54 - 21 -33
0-90N—-B -36 79 -137
0-90N~-C 3 62 -75
0-~-90%-D 1 g -2
0-90N~-E -6 -21 15
0-90N~F -6 ~-13 20

0-90N~-% -2 ~-18 13

STRESSES

e s iy ¥ s oty

TRANS LONG SHEAR

-864 ~1048 -~5901
-7970 -3107 ~48u8

ba2 -369 -8357
428 ~12 ~7081
1110 -204 -5u461
3 3 0

7171 1248 ~2806
-~1156 309 ~-61935
~928 165 -~-4558
~589 129 -3192
- 43 140 ~224u
156 53 ~78

1668 ~-6214 -~7981%
1399 2354 635
580 3049 2004
-3 34 1986 1431
-154 1389 11ul

-1116 ~1963 159
-1270 ~-862 2877
-296 -5 1832
72 39 93
~122 ~-212 -4 T4
142 ~144 -439
-122 -87 ~410

PRTIN STRESSES

SIGH¥X

B i

49ts
~-315
guon
7293
6033

u

3826
5815
4210
2991
2294

200

6627
2671
4168
2668
1997
-1087

1818
1688
150
309
461
306

P e

SIGHN

-6858
-10962
~8331
-6877
-B9u7

-1807
-6662
~4972
-3431
~2197

18

-11174
1082
~539

-1017
~T762
-1992

-3950
-1988
-39
~6U2
~063
-515
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Table A.5 (continued)

IN-PLANE FORCE LOAIING, FYXKR, ON NOZZLE (80 LB)

MICRQO-STHAIN STRESSES PRIN STRESSES

P > s o o o AR - e

ROSETTE GAGEY GAGE2Z GAGE3 TRANS LONG SHEAR SIGMX SIGHN

- - - s o o - 7" AR tm - o s - B g - o — - -

I180C~B -75 =252 =316 -12409 -5987 849 ~5877 ~12519
I180C~C -52 -231 =283 -11242 -4929 692 ~4854 ~-11317
T180C~D 9 ~170 -208 -8302 -~-2207 503 -2165 ~8344
1180C~-E 50 ~-127 -163 -6429 ~-442 471 -405 -~6466
I180C~F 66 -94 ~127 ~-4945 498 440 533 -49890
I180C-S 2 -~£ -5 -207 11 0 11 ~207
0180C~-B 115 540 526 23297 10433 152 23300 10430
0180C~C g4 Locs 386 17275 7702 251 17282 7695
0180C-D an 309 300 13338 5311 129 13340 5309
0180C-% 8 241 224 10196 3293 222 10203 32886
0180C~F -17 19¢ 176 8173 1955 253 8184 1945
0180C-3 -32 0 0 38 ~-951 1 38 -951
1180N-8B ~-1039 120 311 10607 ~27982 -2537 10773 -28148
T180N-C 51 12C 344 10137 4561 -2985 11434 3265
T1808-D 432 -152 129 -970 12676 3747 13637 -1931
I180N-E 451 113 -~ I 1890 14105 1559 14301 1694
I180N~F 380 57 -9 620 11578 880 11649 550
T180N-N 144 20 ~-33 ~438 4179 702 4283 -542
0180N-~-B 328 500 468 20925 16124 422 20961 16087
01808-C 128 171 138 6655 5850 Gay 6851 5653
0180N~D 250 < ~31 ~-847 7239 475 7267 ~875
O0180N-E 3u5 -12 -31 ~1318 9951 254 9956 -—1324
0180N-% 347 14 -26 -642 10223 539 10250 -669

0180N~-N 202 5 0 -115 6032 63 6032 -115
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Table A.5 {continued)

IN-PLANE FORCE LOADING, FXN, ON NOZZLE (80 LB)

MICRO~-STRAIN STRESSES PRIN STRESSES

—— . — 0 o O > - e . amn st ot A e B

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGHX SIGHMN

- a aan e s o D e cwmy s e s O e e o — - o s o o —on s - - o s o -

1270C-C -u 378 -361 374 5 9849 10040 -9661
1270C-D -1 316 -302 321 61 8233 8424 -8043
T270C-E 6 276 -256 421 306 7085 Tu449 -6722
I270C-F 4 223 =-220 56 126 5910 6001 -5819
I270C~H -3 149 ~-151 -36 -113 4002 3928 4077
1270C-a 1 80 -87 -166 -13 2226 2138 -2317
I270C-X -4 39 -45 -113 -156 1115 981 -1250
I270C-1L -4 g ] 30 -109 120 99 -178
1270C-H -1 -z € 60 -10 -123 153 -103
1270C-P -3 -2 6 79 -56 -102 133 -11
I1270C-R 11 2 2 82 361 3 361 82
1270C-T 0 -3 2 -32 ~14 -64 42 - 87
0270C-8 1 20t 246 -905 -243 6012 5847 -6595
0270C~-C 5 198 -~-223 ~5606 -19 5572 5267 -5892
0270C~D -9 150 -166 -331 -365 4206 3858 ~-4554
0270C-E -4 112 -120 =177 -176 3101 2924 -3278
0270C-F -2 79 -85 -127 -90 2184 2075 -2293
0270C-H 1 27 -30 ~-75 0 759 722 -797
0270C-J 3 -9 i0 34 105 -251 322 -184
0270C-K 5 -18 24 125 200 ~-570 734 ~409
0270C-1 3 -21 24 83 116 ~600 699 ~501
0270C-H 3 -9 13 Tu 115 -288 383 -194
0270C-Pp 1 3 3 133 66 1 133 66
0270C-1 1 1 1 23 29 0 29 23
0270C~T* 1 -2 0 -39 20 -23 28 -46
I270N-B 31 358 -370 -294 845 9700 9993 -9uu1
I270N-~-C 0 Z 2 106 33 0 106 33
I270N-D 2 -74 91 366 183 -2194 2471 -1922
I2708~E 7 -52 76 518 372 -1718 2164 -1274
I270N-F LR -34 50 356 Hg1 -111%7 1516 -719
02708-8 -28 -132 7 -1256 -1210 -2745 1511 -3978
0270N-C -7 -9& 69 -553 -369 -2180 1721 -2643
02708-D -4 -18 13 ~-126 -159 ~-414 271 -556
0270N-E -9 1 -16 -17 -272 413 288 ~-577
02708-F ~6 22 -23 -2 -186 599 512 -701
0270N-G6 -7 19 ~23 -84 - 229 570 418 -731
0270N-H -9 17 -23 -118 -297 539 339 -754
0270N~-K -1 2t -18 139 1 574 6u8 ~508

0270N-N 1 22 =23 =10 31 601 611 -590
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Table A.5 (continued)

IN-PLANE FORCE LOALING, FXN, ON NOZZLE (80 LB)

MICRO~-STRAIN

- > s s -~ s s o it o

- ——— - - — - —— - e o ———

I315C~-B
I315C~-C
I315C-D
I315C-F
I315C-H
I315C-J
I315C-K
I315C-L
I315C—-H
I315C-P

0315C-8B
0315C-C
0315C-D
0315C-E
0315C~F
0315C-H
0315C~K
0315C-1L
0315C~-H
0315C-p

I315N-B
I315N-C
I3158-D
I315N-E
I315N~-F
I3158~N

0315N~B
0315N~C
0315¥-D
0315N~-E
0315N~F
0315N8-G
03158~H
0315N-K
0315N-N

93
43
-3
-54
-6u
-73
~59
-19
-5
0

-94
-89
-63
-33
-18
12
15
3

0

5

715
~134
-313
~273
-225
~106

-456
-10¢€
-130
-188
-231
-250
-240
-219

-53

u2s
373
266
ug
1
-26
-30
2
-1
0

-196
~142
-125
-97
-77
-38
26
19
19

8

2217
~155
-167

-72

~24

-7

~-612
~258
-42
28
28
13
L
18
"6

-4
-83
-97

-9
~-56
-57
-u7
-24
-21
-12

-334
=274
~-258
-189
-140
-54
17
17
12

5

-273
-175
-69
-7
10
28

~4u86
-116
-8

2
-10
~22
-2¢€
-29
-26

TRANS

— - s s

9154
6326
3717
925
-1155
-1726
~-1641
-453
-488
-262

-11544
-9047
-8355
-62u9
-4743
-2029

9338
801
693
276

-1784
~-7106
-4858
-1433
-67
584

-23623
-8108
~960
870
643

91

-11

7

-175

{

STRESSES

- -t

LONG

5548
3200
1036
-1353
-2261
-2718
-2260
-711
~289
-75

-6286
-5399
-4409
-2861
-1975
-236
722
329
218
238

20923
-6150
10858
-8609
-6765
-3003

20766
-5624
-4176
-5385
-6731
-7458
-7205
-6560
-1634

SHEAR

5722
6076
48u7
763
762
414
223
348
274
157

1834
1766
1771
1233
831
221
125
31
97
34

6661
255
-1307
-860
~-44u6
-47

-1672
~1894

-463

349
499
ué66
533
628
563

PRIN STRESSES

-




Table A.6.

138

Axial force, FYN’ on nozzle

AXTIAL FCRCE LOADTRNG,

FYN,

BICRO~-STRAIN

i D A X ima, D e

ROSETTE GAGET GAGE2 GAGE3

s A D A A D) GO el ES UYL WR T A A o S s

§
§
f

{
{
}

{
§
H

i
§
§

i
i
4

]
oot
§
nEHRR GO0

§
i
§

i
{
§

s R B e B IR e B e T e I o B I
§

L
i
4

§
i
§

i
b
§ b
VIR I =R e L T S B R Bl v

[
anaoaoaaacaoaaac
§

} }
i

)
4

i
i
§

)
i
i

i
}
§

O?OOO?OOOOQO
§

§

¥

n
i

I-0-%-B

-l
§
(=]
§
2z
§
(@]

I-0-N-D
I-0-¥—~E
i~-0-H~-F
I-0-¥-N

Q-0~H-B
0-{-¥-C
0~0~N-D
0-0-N~%
0-0-N~F
0-0-N-H
0-0-%-~-K
O-0~N~¥

-15
24
43
50
54
490
28
69

=20
~-58
-60
-67
-93
- 81
-£3
-1
- 36
- 27
- 15

2C9
163
137
125
113
78
66
£2
42
35
26
14

103
117
77
33
17

168

26
- 26
~29
- 24
- 17
-4

0

~11%
~117
-110
-110
-T2
~62
~74
~-58
~46
-29
-4

194
142
123
106
92
75
54
u7
38
3i
23
i

31
105
81
36
17
-3

187
a5
-14
-21
- 14
-0
-
77

TRANS

~3616
-3 865
-3782
-3943
-3690
~3206
-2827
~2245
-1808
~1232
~632

8792
6676
5702
5086
4518
3370
2644
2170
1755
R
1086

621

3360
ug79
3362
1432
666
24

7785
1615
-868
-1116
-875
~625
~532
1€32

STRESS5ES

LONG

-~1523
~452
148
311
526
243
-2
1409
~268
-311
-138

4193
2778
2124
401
1339
926
854
856
730
567
317
33

-10564
1670
3945
2864
i918
1857

2971
~-1302
=379
85
654
1087
14566
2191

CN NOZZLE (400 LB)

o 2 e o

957
159
-63
~30

128

-253
~-254
-159
~96
=125
-94
-95
~1033

PRIN STRESSES

e

SIGHX

~-1216
~276
258
387
546
261
28
1423
-258
-310
~137

8800
6696
5712
5104
4543
3371
2659
2173
1759
1449
1087

621

3425
4887
3951
2864
1918
1876

7799
1637
=755
93
665
7092
1471
2982

- - o

-3923
—~4 041
~-3892
-4 019
-3710
-3225
~2857
-2258
~-1818
-1233
~-633

4185
2757
2114
1423
1314
926
849
853
1246
563
316
33

-10629
1662
3355
1432

666
15

2957
~1324
-1092
~-1123

-~ 885

-631

-537

8& 1
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Table A.6 (continued)

AXIAL FORCE LOADING, FYN, CW NOZZLE (400 LB)

MICRO-STRAIN STRESSES PRIN STRESSES

—— - > - > - D - e > s st o s o 72 D -~ D o T D D B I

ROSETTE GAGE1 GAGEZ2 GAGE3 TRANS LONG SHEAR SIGMX SIGMN

- s e ATl A o > > ot s i e o vases — o s aap - - - - Y

I-90C-B -17 -0 -50 -2190 -1159 0 -1159 -2190
I-90C-C* =10 -41 0 -883 -552 -542 ~151 -1284
I-90C-D 10 -24 ~-33 -1272 -95 127 -81 -1286
I-90C-E 24 -12 -19 -710 505 96 512 -717
I-90C-F 33 14 -10 68 1025 319 1122 -28
I-90C~R 12 -2 ~-10 - 276 276 96 292 -292
0-90C-B 35 121 142 5731 2717 -286 5759 2749
0-90C-C 33 119 116 5129 2539 32 5129 2538
0-90C-D 29 S7 88 4041 2070 126 4049 2062
0-90C~E 14 62 57 2595 1209 64 2597 1206
0-90C~F 5 48 43 1979 738 63 1982 735
0-90C~-R -9 - 14 -14 -604 ~462 -3 ~462 - 604
I-90N-B =296 76 -10 1791 -8343 1145 1919 ~8470
I-90N~-C 59 79 €9 3178 2735 128 3212 2701
I-908-D 109 33 45 1608 3767 - 160 3779 1596
I-90N~E 83 -12 5 -250 2423 ~223 2442 -268
I-90N-F* ~74 -£3 28 ~-458 -2372 -1079 28 -2857
I-90N-N ~43 -31 -36 -t432 -1725 64 ~-1419 -~-1738

0-90N~-B 81 188 206 8570 4995 -253 8588 4977
0-90N-~C -12 43 64 2364 356 -285 2403 316

0~90N-D 19 -2 12 192 631 -190 702 121
0-90N-~E 31 -2 10 126 968 ~158 997 98
0-90N~F 45 17 12 580 1530 64 1534 576

0~-90N-N 29 -5 7 25 865 ~-158 B33 -3
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Table A.6 (continued)

AXITAL FORCE LOADING, FYN, CN NOZZLE (400 LB)

MICRO~STRAIN STRESSES PRIN STRESSES

——— g A o W s i ~ows s o, e e et - —— D

ROSETTE GAGE1 GAGEZ2 GAGE3 TRANS LONG SHEAR SIGMX SIGHN

T —— i - D o - e o o 2 o o o - o -

I180C~-B =7 -76 -31 -2335 -920 ~-598 =701 -2554
I180C-C 7 -104 -50 -3388 -812 -724 -622 -3577
I1180C-D 33 -102 -62 -3¢€24 -110 ~534 -30 ~-3703
I180C~E 52 -102 -69 -3801 407 -439 452 -38u6
1180C-F 52 -99 ~-73 -3643 456 -220 468 -3654
I180C-5 -1 -22 -24 -1008 -322 31 -320 -1009
0180C-B 35 142 190 7268 3237 ~-636 7366 3139
0180C-C 21 119 154 5973 2417 ~-473 6035 2355
0180C-D 9 107 133 5262 1846 -350 5298 1810
0180C~E -1 92 112 4485 1330 - 254 4505 1310
0180C~F -7 €6 95 3979 980 -127 3984 974
0180C-5% 33 17 19 747 1223 -32 1225 745
I180N-B -287 0 117 2867 -7735 -1559 3091 -7960
I180N~C =31 38 126 3638 154 -1176 3998 ~206
I180N-D 64 -41 62 389 2039 -1367 2811 -383
I180N-E 62 43 26 1439 2284 221 2338 1385
I180N-F 37 28 9 778 1357 250 1450 685
I180N-N 36 12 -12 =55 1049 iie 1133 -139
0180N-B -26 115 124 5273 798 -115 5276 795
0180N~-C -71 21 21 1019 -1834 0 1019 -1834
0180N~D -26 -31 -17 -1016 -1089 ~190 -859 -~-1246
O180N~E 7 -31 -17 -1053 -102 -190 -65 -1089
0180N~F 19 -24 -4 ~857 314 -127 327 -870

0180N-N 50 -5 2 -107 1466 -95 1471 -113
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Table A.6 (continued)

AXYAL FORCE LOADING, FYN, CN NOZZLE (400 LB)

MICRO~STRAIN STRESSES PRIN STRESSES

T B > D U i > oS R s " - - s - T — —— - - —

ROSETTE GAGE1 GAGEZ2 GAGE3 TRANS LONG SHEAR SIGMX SIGMN

- e man - o ——— v — —— o —-— o - . -t e e s e oo - —

1270C-C -34 -110 -89 -4338 -2320 -286 -2280 -~-4378

I270C-D -10 -77 -58 -2950 -~-1188 -256 -1151 -2937
I270C-E 7 -%3 -39 -2027 -410 -191 ~388 ~2049
I270C-F 21 - 34 -22 -1256 250 ~159 267 -=1272
1270C-H 42 -10 2 -233 1199 -159 1216 -250
1270C~-J 57 9 16 494 1849 -97 1855 487
I270C-K 52 7 19 501 1715 ~161 1736 480
I1270C-L 43 14 9 451 1412 58 1415 448
Y270C~-M 28 -1 -1 -58 822 -1 822 -58
1270C-Pp 15 -7 -7 - 341 334 3 334 =341
I270C-R 8 -7 -7 -316 145 -3 145 -316
1270C~-T -12 -2 3 37 -345 ~-64 us -355
0270C-B 104 245 276 11329 6533 -411 11363 6498
0270C-C 85 166 173 7372 4774 -96 7376 4770
0270C-D 71 131 140 5872 3895 ~125 5880 3887
0270C~E 52 104 104 4533 2923 0 4233 2923
0270C~F 38 81 83 3555 2201 ~32 3556 2201
0270C~-H 9 38 4o 1703 788 -31 1704 787
0270C~-J -12 2 0 51 -350 31 53 ~353
0270C-K ~26 -14 -19 ~-712 -1006 64 -699 ~-1019
0270C~L =29 -26 -29 -1184 -1219 31 ~1165 -1237
0270C~M -27 -24 -27 -1089 -1128 34 ~-1069 -1147
0270C~-p -13 - 17 -22 ~ 845 -630 62 -613 -862
0270C-R ~10 ~-12 -17 - €34 ~492 6u ~-468 -659
0270C~-T i 11 9 443 251 32 448 246
I2708-B =528 24 7 1250 -15456 222 1253 -15459
T2708-C 57 126 105 5018 3216 288 5063 3171
I2708-D 174 79 74 3160 6167 63 6168 3159
I270N-E 148 12 21 567 4600 -126 4604 563
I2708~F 106 - 17 -12 - 748 2967 -64 2968 -749
0270N~-B 184 251 270 12132 9170 281 12158 9143
02708~C 7 85 990 3837 1356 ~€3 3839 1355
02708~D 33 9 14 479 1138 ~-63 1144 474
0270N-E 81 -5 2 - 147 2378 -96 2382 - 151
0270N~F 93 2 7 96 2805 -63 2807 94
0270N-G 95 9 21 573 30258 - 158 3035 562
0270N-H 88 9 24 628 2823 ~190 2840 611
0270N~-K 71 9 12 383 2248 -33 2249 383

0270N-N 57 -7 4 ~126 1666 -158 1680 ~140
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Table A.6 (continued)

AXTAL FORCE LOADING,

FYN, CN NOZZLE (400 LB)

MICRO~-STERAILN

o, o o i s A e s o 2

ROSETTE GAGE1 GAGEZ2 GAGE3

xS e A > D R I . AU T W - oy A

I315C~-B
I315C-C
I315C-D
I315C~P
I315C-H
I315C-a
I315C~K
I315C-L
I315C~-HM
I315C-P

0315C~-B
0315c-C
0315C~-D
0315C-E
0315C-F
0315C~-H
0315C~K
0315C~-L
0315C~-H
0315C~-P

I3158~8B
I3158~-C
T3158~-D
I315N-E
I3158~F
I315N-R

03158-B
03158-C
0315N~D
0315N~-E
0315N~F
03158-6G
03158~H
03150 ~K

O3 15N-N*

-43
-12
7
-10
-17
-19
-19
29
21
16

57
52
36
24
24
5

2
12
2
~10

-440
57
148
119
91
48

154
~24
0
42
68
13
71
66
503

-43
=36
-1
-31
-217
-31
- 34

115

=174
-179
=131
~65

~-79

-67

-55

- 15

7

19

107
90
90
78
62
38
19

9
5
-7

7
124
81
26
5
-10

287
81
-12
-23
- 19
-5
0

5

7

TRANS

-4734
~4716
-3569
-2096
-2301
-2140
-1928
- 450

102

291

6979
5942
6063
5242
4356
2699

670

293
- 164
~622

2686
5182
3136

803
-111
-~ 274

12181
3880
-48
-T767
~586
=126
~23
-67
-547

STRESSES

A ane oo o aan

LONG

-2712
-1777
-849
~921
-1198
-1221
~1159
726
668
574

3805
3351
2889
2286
2021
947
268
438
19
-475

-12396
3269
5381
3819
2685
1357

8260
449
-12

1040

i870

2149

2109

1955

14918

e o o s

PRIN STRESSES

D D s T o < D AW

STIGHMN

-5745
-5655
-4121
-2246
~2641
-23u43
-2023
-465
50

91

3261
2859
2427
1918
1644

743

247

269
-312
-753

-12483
3261
3125

798
- 117
-283

8254
439
- 311
~786
-601
=130
-23
-75
-549
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Table A.7. Out-of-plane force, FZN’ on nozzle

OUT-OF-PLANE FORCE LOADING, FZIN, ON NOZZLE (60 LB)

MICRO-STRAIN STRESSES PRIN STRESSES

A - e o S > > B s ety . e WD S o N i

ROSETTE GAGE1 GAGEZ2 GAGE3 TRANWS LONG SHEAR SIGHMX SIGHMN

AL N T —— ) D s > W " 22 s s s same ——— e - -~ . - -

I-0-C-~-C 12 -3z2 293 -654 155 -8199 7960 -8u459
1-0-C~-D 2 =289 265 ~531 -94 -~7377 7068 -7693
I-0-C-E 7 ~234 214 ~ 437 79 -~5975 5802 -6159
I-0-C~-F 9 -189 178 ~-228 212 ~-u4893 4890 ~4906
I-0~-C-H 0 102 -108 ~ 115 ~-44 2797 2718 -2877
I-0-C-J 0 €u ~-69 - 118 ~ 44 1780 1700 -~-1862
I-0-C-K iy -43 49 ~72 112 -1110 1134 ~-1093
I-0-C~-L* -136 -21 21 36 ~4065 ~636 127 ~4161
I-0-C-M 0 -17 16 ~11 ~12 -446 434 -457
I~-0-C-P 0 -8 9 35 Q ~-221 239 ~204
I-0-C-s -1 -£ 5 -1 ~15 - 137 130 -146
0-0-C-B 5 ~-1¢64 119 -995 ~-156 ~3758 3206 ~4357
0~-Q-C-C -2 ~-171 142 -622 ~258 ~4168 3732 -u612
0-0-C-D 5 =142 1186 -578 ~31 ~3442 3148 ~3757
0-0-C~-E 5 -~114 37 -370 31 ~-2810 26u8 -2987
0~Q~C~F ~5 -990 83 - 151 ~188 -2305 2136 =-2475
o-0-C~-H 2 -85 47 - 1598 23 ~135%8 1293 -1429
0-0~C~-3J -2 ~26 28 55 -55 -726 728 ~-728
0-0-C~K 0 -19 19 0 0 ~-505 505 ~505
0-0~C~L 0 -9 12 52 i6 -284 319 - 251
0-0-C~-HM 0 -9 7 -52 -16 ~221 188 ~256
0~-0~C~P 0 -5 5 0 0 -126 126 ~126
0-0-C~-S 0 -2 2 0 0 ~-63 63 -63
I-0-N-B %3 -319 275 -1112 3971 -7913 9740 -6882
I-0~-N~-C -12 -41 -24 -1432 ~790 -224 -718 -1484
I~0~N-D -u8 33 -7 -8987 ~1712 1468 219 ~-2828
I-0-N~-E -43 36 -50 -272 -1381 1150 457 -2103
I-0-N-F =36 24 - 26 -19 -1087 669 303 -1409
I-0-N-N* ~-134 -5 P 85 -4003 ~96 &Y ~40605
0~0~N-B ~9 78 ~135 ~1240 ~656 2843 1909 ~3806
0~ 0=-N-C -2 4s ~62 - 362 -180 1421 1153 ~1695
0-0~N~D -4 g -5 ~91 ~162 65 ~52 -200
0-0~N~E -5 - 18 17 11 -132 ~ 447 386 ~-507
0~0~-¥~F -2 -19 19 10 ~61 ~506 482 ~532
O~(0~N-H 0 -2 17 ~99 -24 -506 basé -568
0~-0~N~-K 0 -21 7 ~ 100 =20 ~504 Lus -566

Q~Q~H-~N 0 -18 e 596 184 -861 1276 - 495
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Table A.7 (continued)

OUT-OF-PLANE FORCE LOADING, FZN, ON NOZZLE (60

MICRO-STEAIN STRESSES

U P T AT T . T~ ATLD - T e -

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR

T D T > T R D> Ot > S T S A > VAR s > s o o o - o st = s - o

I-90C-B -36 -416 -380 -17469 -6318 ~-478
I-90C-C* =79 -328 0 ~7117 ~4504 -4367
I-90C-D -60 -2z2 -218 -9819 -4740 -191
I-90C-E -48 -167 -~158 -~7098 -3565 -128
I-90C-F -36 -100 -~-117 =4745 -2500 223
I-90C-R 5 0 -2 -58 126 32

0-90C-B 126 3z8 422 17006 8880 -851
0~-90C~C 47 330 361 15012 8918 -411

0-90C-D 142 280 270 11941 7854 126
0-90C~E 128 199 214 8932 6524 -130
0-90C~-F 116 166 171 7277 5671 -63
0-90C-R -7 -7 -5 ~253 -289 -32
I-90N-B -1002 117 -119 1048 -29749 3147
I-90N-C 203 193 203 8474 8619 -127
I-308-D 413 1C7 167 5573 14051 -793
I-90N-E 3us -7 14 1086 10770 -1079
I-90N-F* 40 -43 I ~895 936 -634
I-90N~-N 217 117 79 4064 7737 509
0-90K-B 432 669 672 28887 21652 -32
0-90N-C 97 1€5 202 8393 5437 ~-221
0-90N~D 152 15 24 172 u787 -63
0-90N-E 171 - 14 0 -500 4974 -190
0-90N~F 204 £7 5 1131 6459 695
0~-Q0N~N 114 -2 7 -21 3410 -126

LB)

PRIN STRESSES

- . TR Y oy D o I G T

SIGMX SIGHMN

P - v

-6298 -17430

-1252 -10369
~-4733 -9826
-3561 -~-7103
-2478 -4767

132 -63

17094 8792
15040 8890
11945 7850

8947 6509
7279 5669
-235 -308
1366 -30067
8692 8401

18125 5500
10889 367
1134 -1093

7806 3994
28987 216852
8409 5420
4788 771
4980 -507
6549 1042

3414 -25
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Table A.7 (continued)

OUT-~-OF-PLANE FORCE LCADING,

MICRC-STRAIN

e e A S o - S 2

A s Al e T D W M P - S o - o

I180C-B
I180C~C
I180C-D
I180C~E
I180C~-F
I180C~S

0180C~B
0180C~C
0180C~D
0180C~-E
0180C-F
0180C-S*

I180N-B
I180N~C
I180N-D
I180N~E
I180N-F
I180N~-N

0180N~B
0180N-C
0180N~D
O180N~E
0180N~F
0180N~-N

-212
-278
-238
-202
-162

-173
-183
-145
-114

-91

-279
- 14
i1
38
21

40
36

- 14
-19
-17

FZN,

TRANS

—— - b

1343
1645
760
804
592
~28

-528
~567
-368
-256
=170
~ 145

2800
1573
1219
=357
- 299
-270

-1595
-276
255
205
102
37

STRESSES

W - ——y

LONG

-580
-206
-325
-104
-99
11

354
58
191
78
12
~-643

-795
766
822
~28

-153
571

-342
126
70
55
28
146

SHEAR

- — - a o

6440
8388
6785
5873
4680

32

4309
4529
3645
2884
2313

94

9087
1335
-158
-1238
-753
~284

-2039
-1109
-33
505
571
475

ON NOZZLE {60 LB)

PRIN STRESSES

S A P o s P, Ao s i s o e

SIGMN

-6 130
~-7719
~6589
-5540
~4 486

-4 6

-4419
-4795
-3744
-2977
-2394

~-660

~82640
-225
788
~1441
-982
~357

~-3102
-1202

6u
-381
-507
- 387
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Table A.T7 (continued)

0UT-OF~PLANE FCRCE LOADING,

ROSETTE

s s o

I1270C~C
I270C-T
1270C-E
I270C-F
I270C-H
I270C-3
I270C-X
I270C—-1L
I270C—H
1270C~-¥
I270C~R
1270C~7

0270C-B
0270C~-¢
0270C~D
0270C—R
027¢C~F
a270C~8
0270C~3g
0270C~R
0270C~1,
0270C-#
0270C—-p
02704C-R
0270C-T

I270¥-1
12708~C
1270u~D
I2708~8
127007

0270u~3
0270% -
02708~D
027068 ~%
02708~F
02708~-G
02708-H
02708~K
02708~%

MICRO~-STIRAIR

s s < e o i TS R s D Ay

GRAGET1 GASEZ GAGES3

axn man N AP o KA CRT e A e o

98
77
54
32
4
-20
=30
=30
=29
-19
-7
2

~211
-183
-166
~137
-116

306
218
it9
118
g
it
-l
-7
~&

296
210
159
113
49
6
-9
- T4

-8

~585
-190
~-23
12
12
-9
-16
7

-~ 11

Fii,

TRARS

13120
9320
6914
5049
2256

373
- 215
- &4
- 291

32
19

=29

-21328
el LR LY
-311292
-9180
~7 271
-8 499
-2030
-~ 602
4232
520
271
169

-~ 31

735
~8U91
-6 3656
—-2209

32

~28263
-8279
~994
663
€48
-30

— 23U

1

-~132

ON NOQZZLE (69 LB}

STRESSES

A A v o s T

6885
5102
3681
2079
787
~# 9%
~ 384
-~1101%
-632
-290
~169

57

-12733
-97 21
~8367
~6877
~5663
~3475
-%592

-381
567
567
3iz
136
~62

32933
~5703
~12842
-10622
-8057

~231397
-5399
-4211
-&6139
-6995
~7563
~7548
~6762
-4uu7

64
63
66
67
~52
35
~&
-2
~-6H4

600
~157
-2
-96
-63
0

2

0

0
-2
~31
-32
-31

~541
-253
223
542
478

~1863
~32
-5
-63
~26
63
127
=346
126

PRIN STRESSES

- LRE S s O T TED o o D S

SIGHX

x eyt e v

13123
9322
6214
5051
2258

383
~239
-6 41
~288

32
119
72

~12691
-9715
~8367
~6873
—~55660
~3475
~1592
~-381
567
667
329
188
-1

32942
~5681
-6358
~2175

60

-22586
~5399
-993
663
649
~29
-232
19
~128

SIGHN

N

6883
5099
3681
20477

784
- 501
~990
~11G7
~695
-2%0
~ 169
- 115

~-21370
-14150
-11292
-9 184
~T274
~4 499
-2030
-602
422
520
255
117
~81

726
-8513
~12949
-10656
~-8085

-28875
-8 279
-4212
-6 140
-6997
~-7564
~7550
-6779
~4 0450



14T

Table A.T7 (continued)

OUT-OF-PLANE FORCE LOADING,

ROSETTE GAGE1 GAGE2 GAGE3

. o -~ - > e A At ot aa -

I315C-B
1315¢c-~-C
I315C-D
I315C~F
I315C-H
I315C-g
I315C-K
I315C-1L
1315C-N
I315C-p

0315C-B
0315C~-C
0315C~D
0315C-E
0315C-F
0315C~-H
0315C-K
0315C~-1L
0315C~-H
0315C~-pP

I315K-B
I3 15N~C
I315N-D
I315N~E
I315N~F
I3158-N

03158-B
0315N~C
03158-D
0315N~-E
0315N-F
031586
03158~-H
0315N8-K
O3 15N-KF

MICRO-STIRAIN

. " o 2 . B > > o

67
55
50
81
100
93
81
-7
-12
-14

-95
-85
~59
-40
-43
-19

-9
-12

-9

-5

749
-103
-275
-244
~-201
=105

-346
-64
-91

-145

-180

-187

-178

~159
-33

€S
26
10
67
67
74
76

4

6

0

~-384
-332
~3u6
-292
~-2u4
-116
-76
-43
-19

-220
~15¢0

FiN,

STRESSES

TRANS LONG

470 11784 5541
456 10538 4809
315 7C83 3629
1u1 4475 3778
167 5032 4518
141 4620 4179
122 4266 3715
58 1373 196
29 781 -117

5 127 -376
-107 ~-10686 ~-6053
~8% ~-8977 -5255
~78 -9266 -u4559
-71 -7931 -3589
-55 -6521 -3237
~-47 -4879 -2033
~36 -2440 -1017
-31 -1603 -837
~24 -928 ~-563
-12 - 255 ~219
120 -3025 21548
=201 -7602 -5359
~174 -5204 -9804
-88 -1928 -7886
-45 -557 -6185
0 388 -3021
-572 -21305 -16782
~-202 -6915 -399¢6
-30 -716 -2955
19 885 -4095
19 673 ~5211

5 116 ~5590

5 101 -5314

3 85 ~4756

5 ~55 -992

s - -

ON NOZZLE {€0 LB)

PRIN STRESSES

SIGMX

—op o v ot -

14851
14076
9777
5173
6135
5317
4654
1706
874
137

-4006
~3284
-2635
~-2106
- 1865
-1234
~837
~805
~552

~78

22355
-517%
-4859
~-1758
~463
395

-15967
-3605
-674
886
631
122
107

88

-18

SIGHMN

- ———

2474
1271

935
3081
3414
3482
3326
- 137
-~ 209
- 386

~-12733
~10948
-11189
~-9414
~7894
~5678
-2620
~-1634
-939
-396

-3831
~7786
10149
~8056
~6279
-3028

-22120
~7306
~2997
-4096
-5219
~5596
-5320
-4760
-1029




Table 4.8.

Torsional moment loading,

148

M,

cr on cylinder

TORSTIONAL HMOMENT LOADING,

MICRO~STRAIH

D <P <l A I N R P S T TS

O TN T D WA TE > DS A T AR ARD D MRS AT o e wn S e

i
i
§

i
§
§

i
§
§

i
{
i

i
]
i

i
3
4

i i
i
i §
ML gese N

]
§

i
]
§

R S R B B B R B I I o B
i

§

i
§
i

i
}
i

i
|
§

i
i

{
§

|
)
i

§
§
§

C!)?OOOC‘)OOOO
{
§

{
§

|

i
Oﬁﬁﬁnﬂﬂﬁﬂﬁﬁ{? anoaooaanonaan

§

i
DOO0OOOOOLDLODOL ?QOOOOOOOOO

Qo
1

§

¥
ML OHW

o
i
<
i

#

§

Wa ZOSNENSONOW

i

4 H §od H
NWODODOoOODONMNWNNOW!

00
57
52

52

35

- 24

12
10
10

TRANS

=225
-71
~21%
i38
87
-78
23
=127
-21
31
102

-199
~97
61
-4
=152
~&1
=147
~ 147
~44
61

~ 151
63

~904
~622
~362
- 206
- 159

48

-~ 149
-38
125

14
70
14
-42
-1

STRESSES

i B e o D

LONG

> - ——

—-149
41
130
247
83
106
207
-29
123
23
~64

~197
~25
-7
~77
32
-78
-35
~37

25
23
-§2

-57
~-476
-325
-207

~#49

85

-40
~-T76
=91
~5il
~36
-57
-66
=61

SHEAR

-1208
~1557
~1398
-1302
1081

286
~-918
~-954
~355
~920
- 904

1578
1453
1424
1483
1422
1231
11867
i105
980
980
979
9738

96
191
96
-63
~96
-32

537
=31
-250
~2517
-223
-190
~83
13

x» an e 0o

HXC, ON CYLINDER (30000 IN-LB}

PRIY STRESSES

SIGHN

e o

-1336
~1573
~1366
-1it1
~-996
~ 376
- 807
-1033
-907
- 845
- 888

~1776
1515
~1478
-~1561
~1485
~1291
-1259%
~-1198
-1004
-~ 937
-1042
- 970

~915
~-75U
- 441
~270
-215

30

-634

-93
-255
-273
~212
-215
- 148

-6 i
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Table A.8 (continued)

TORSIONAL MOMENT LOADING,

MICRO-STRAIN

ROSETTE GAGE1 GAGEZ2 GAGE3

T - N o W A D WO AOD A e A A YD

I-90C-B 3 36 -24
I-90C-C* 3 55 0
I-90C-D 3 55 -52
I-90C~E 3 £3 ~-52
I-90C-F 3 57 -48
I-90C~-R 3 29 -31
0-90C~B 8 -35 36
0-90C-C 5 -85 50
0-90C~-D* 2 -£7 9
0-90C~E 2 -57 47
0-90C~F 0 -55 52
0-90C~-R 0 -38 33
I-90N-B 3 -29 -24
I-908~-C -17 -26 -12
I-90N8N-D -9 -12 -5
I-90N~-E -4 -5 -7
I-90R~-F 35 -34 7
I-90N~-N ~-16 -12 -7
0-90H~-B -5 -24 28
0-90N~C -2 -5 0
Q0-90N-D 0 2 -9
0-90N~-E 2 7 -7
0-90N~-F 2 5 -7
O0-90N~-N 0 0 0

MXC, ON CYLINDER (30000 IN-~LB)

TRANS

o ven gns

268
1212
62
1
199
-41

14
~-109
-1045
-21
-52

- 104

-1153
-828
-354
-254
-€33
- 384

109
-102
-156

-3
~-55
0

STRESSES

LONG

- o cas

161
445
98
86
142
71

236
110
-242
8
-16
-31

-266
-758
-380
-210

864
~606

-110
=102
-47
70
55

0

SHEAR

798
737
1434
1403
1391
796

~944
-1391
-885
-1391
-1422
~-948

-64
-190
~94
33
-539
-64

-695
~63
158
190
158
0

SIGHMX

- o s

1015
1659
1514
1452
1562

813

1075
1395
328
1293
1389
881

-262
-599
-272
-192
1037
-367

704
-38
66
227
167
0

PRIN STRESSES

SIGMN

- 585

-1355
-1355
-1221

-783

-826
-1395
-1616
-1497
-1456
-1017

-1158
-986
-462
-272
- 807
-623

-704
-165
~-269
- 159
-167

0
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Table A.8 (continued)

TORSIONAL MOHBEHT LOADING, MXC, ON CYLINDER (30000 IN-LB)

HICRO-STRAIN STRESSES PRI¥ STRESSES

D 7 O R i o O R s e ot m s A D R R D X R O Y e AR

BOSETTE GAGET GAGEZ GAGE3 TRAHS LONG SHEAR SIGHX SIGHEN

e T TR e e P S s o < e o s st <an e camy <o - B R

I180C~B 5 ~21 27 126 187 -636 793 - 481
1180C~-C 5 -4g 50 111 182 ~1255 1402 ~1108
1i80c-o 5 ~ 35 55 112 188 -~1382 1532 -1232
T1180C~E 3 -£2 52 12 83 -1382 1430 -1336
Ii80C~F 3 47 47 9 80 ~1256 1301 -1213
I180C~5 3 -48 34 125 128 -816 943 -690
0180C-B 3 50 -57 - 145 42 1429 1381 -1483
0180C~C i t3 -57 ~87 -8 1457 1410 -1505
0180C~D 5 £ -59 - 101 131% 1524 1544 -1513
0180C~EB 5 5 -57 -45 145 1491 1548 -1445
0180C~F 0 £0 -57 - 174 ~64 1426 1308 -154¢6
0180C~-8* 0 28 - 41 ~27F7 -83 917 747 -1102
I180¥~-8 3 -2 -19 ~446 - 226 58 - 547
Ii808~C -2 L - 16 - 302 -160 224 -10 -493
I1808-D -2 -2 -11 ~289 ~142 128 &7 -363
I180K~E 0 -2 -4 - 134 =25 34 ~16 -~ 144
T1808~F 0 -2 5 61 26 ~93 138 -51
I180N~-H -2 1 -2 -21 -63 34 ~2 -82
01808-B -10 14 -7 161 ~245 284 307 -3%91
0180%¥~C 2 0 0 -14 60 -1 60 ~-14
0180N-D 2 - 10 5 - 317 25 -192 159 -251
01608-E 2 -10 9 -8 58 -256 283 -233
0180N~F 2 -7 7 -6 65 =190 222 -163
0180N~8 0 0 0 -15 - 16 0 -15 -6
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Table A.8 (continued)

TORSIONAL MOMENT LCADING, MXC, ON CYLINDER (30000 IN-LB)

MICRO-STRAIN STRESSES PRIN STRESSES

— i ——— D - o o st s o> S s o s o R e T

ROSETTE GAGEY GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGHMN

AN " D N WS NEA P S D VAR R A M ASD A ———— o - - D P ] -

1270C-C -1 58 -84 100 -12 1493 1538 -1450
I270C~-D 1 €1 -54 151 15 1528 1642 -1416
1270C~E 0 58 -24 T4 35 1493 1548 -1439
I270C~F -2 £3 -50 76 -35 1366 1388 -1347
I270C~H 1 1) - 45 23 22 1207 1229 -1184
I1270C~J 5 36 - 40 -94 129 1017 1047 -1006
I270C-K -2 31 -~ 35 ~-88 -90 891 802 -980
1270C-L -2 28 -33 ~106 -94 815 715 -915
1270C-H ~2 34 -31 76 -34 859 882 -840
I270C-p 0 34 -38 -95 - 30 951 889 -1014
I270C-R 2 41 -36 100 96 1022 1120 ~-924
1270C-T 5 17 ~-19 -66 123 479 516 ~ 459
0270C-B -2 ~55 60 107 ~39 -1522 1558 ~1490
0270C~C -5 -£2 57 119 =100 ~1458 171 -1452
0270C~D 0 -£7 53 -95 -21 ~-1460 1402 -1518
0270C~E 0 ~57 3 -95 -21 ~1458 et -1517
0270C-F 0 -82 53 10 10 ~-1395 1405 -1385
0270C~H -4 -50 50 17 -129 -1332 1278 -1390
0270C~J 0 -47 43 L] 13 -1267 1281 -1253
0270C-K 3 -40 43 59 9¢ ~-1110 1188 -1032
0270C~L 3 -43 38 -95 50 ~1077 1058 ~1102
0270C~-N 1 ~38 36 -33 6 -985 972 -999
0270C-p -4 -40 34 -130 ~162 ~982 836 ~1128
0270C~R -2 ~40 34 -137 -96 -984 867 -1101
0270C~T* 1 ~42 0 ~931 -255 ~564 65 -1250
I2708-B 0 7 4 250 63 32 255 57
12708~C 4 -2 12 198 193 -189 385 6
I2708-D u 0 9 199 194 -127 324 69
I270N~E 4 2 2 93 i61 1 161 93
I270N~F 3 8 -2 51 105 95 177 -21
0270N-B -2 ~-28 24 =95 -92 ~694 600 ~787
0270N~-C -2 -5 3 1) ~80 -98 34 ~159
0270N-D -2 7 -7 3 -71 190 160 -228
0270N~-E 0 10 - 10 0 0 254 254 - 254
0270N~-F 0 7 -10 =52 -16 222 189 -257
0270N~-G -2 7 -10 -50 -86 222 155 - 291
0270N~-H -2 7 - 10 -50 -86 222 155 -291
0270N-K -2 2 -2 3 -71 63 39 - 107

0270N-N -2 -2 -2 ~-102 =102 Y -102 -102
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Table A.8 (continued)

TORSTIONAL MOMENT LCADING,

MICRO-STERAIN

s s 0 g e < <D o <

ROSETTE GAGEY GAGEZ GAGE3

D W S O YD YD Dt S S B VD 0 A T S o

I315C-B 12 -91
I315C-C 12 -62
I315C-D 9 -49
I315C~-F 0 -26
I315C-H -2 -21
I315C-J 3 -19
I315C-K 8 -1
I315C-L 41 -19
I315C-H 43 ~-28
I315C-p 4y -22
031i15C-8 5 -33
0315C-C 9 ~21
0315C-D LLG ~-21
0315C~-E 26 -19
0315C~-F 28 -28
0315C-H* 0 - 14
0315C~K 38 - 16
0315C-L 41 -16
0315C-H 45 ~19
0315C~P 45 -26
I315N-B 5 -179
I3158-C -36 -£2
I3158~-D -28 -33
I315N~-E -19 -19
I3158~-F -12 ~12
I315N-N* -3 0
0315K-B 13 - 31
0315R-C 5 14
0315N-D -11 14
O315K-E -4 12
0315N~F -9 8
0315N-G -6 5
03158-H -9 3
03 15N-K -4 -2
O0315N~-N -39 -2

-78
-52
- 36
- 26
-28
- 26
~24
- 24
- 17
-21

-26
~17
-19
- 14
L
-16
-19
- 21
- 24
-19

-81
-52
~31
-19
-4
~282

-21
19
19
12
10

5
3
-4
~2

TRANS

-3725
-2517
-1871
-1140
-1080
-983
=991
-988
~1035
- 985

- 1308
- 844
-902
~158
-969
-667
-815
-865
-979

-1028

-3521
-2263
-1376
-808
-554
~-6190

-1154
731
752
531
392
238
131

=124
-34

STRESSES

v o T e

LONG

2> o 2

=755
-390
~-278
-333
~-384
-212

-70

923

988
1011

-250
31
156
555
563
~200
902
959
1064
1050

-907
-1748
~1261

-808

-517
~1953

42
368
~112
31
-147
-123
-226
- 164
~1187

SHEAR

o wwms om

-161
-127
-181
0

94
96
32
58

- 157
-7

-395
-63
-32
-63
-190
32
30
63
64
-93

31
-1
-32
1

33
3765

-124
-62
~66

-2
=30
2

0
29
0

SIGHX

- o

-747
-383
=257
-333
-372
~200

~69

924
1000
1011

-242
36
157
558
586
-198
902
962
1066
1054

~906
-1748
~-1259
-807
-498
248

55
741
757
531
394
238
131

~109
-34

MXC, ON CYLINDER (30000 IN-LB)

PRIN STRESSES

a0 0

SIGHMN

e

~-3734
~-2525
~-1891
-1140
~1092
-994
~992
-990
~1047
-985

-1317
-849
-903
-761
-993
-669
-815
-868
-981

~1033

-3522
~-2263
-1385
-809
-573
~8392

-1167

358
-117

31
-149
-123
- 226
-179
-1187




Table A.9.
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Out-of-plane moment loading, MYC’ on cylinder

QUT~OF-PLANE MOMERT LOADING, MYC, ON CYLINDER (80000 IN-LB)

MICRC~-STERAIN

. —— V. > ot > o

D . WS Sl ohn dhe S e o e ek S ook e Sl o

I1-0-C-C 0
I-0~C-D 0
I-0-C-E 5
I-0-C-F 5
I-0-C~H 7
I-0-C-J 10
I-0~-C-K 12
I-0-C-L* -122
I-0-C-M 12
I-0-C-P 12
I-0-C-5 15
0-0-C-B 9
0~-0~-C~C 7
0-0~C-D 9
0-0-C~E 9
0-0-C~-F 9
0-0-C~H 12
0-0-C-J 1
0-0~-C-K 16
0-0~-C-L 14
0-0-C-M 14
0-0-C~-P 16
0-0-C-S 19
I-0-N-B -29
I-0~-N~C -12
I-0-N-D -5
I-0-N~E -5
I-0-N-F -5
I-0-N-N 0
0-0-8-B  -10
0-0-N-C ~-15
0-0-N~D -12
O0~0-N-E ~-10
0-0-N~-F -7
0-0-N-H -5
0~0-N-K 2
0-0-N-¥ 2

-19
-17
-17
-14
-21
- 24
-12
-9
-3
-9
-2

12
14
16
19
19
1€
16
16
16
1€
14

7

OMNONN G

NOSOONMMEe W

-14
-19
-19
-21
-17
-12
-24
=21
~-24
-18
-12

12
16
19
21
21
23
23
21
21
21
19
16

|
-
(]

- OO0 O0&FW [=3 VI SRV RS,

f
&=

TRANS

-734
-786
=792
-792
-847
-797
~799
-£29
-733
-€20
=330

505
659
962
862
866
861
860
802
807
806
700
u8s

- 337
171
163
11
M

0

417
207
54
54
-3
-2
-8
-868

STRESSES

- o — -

LONG

—— v ——

~-220
~-236
-94
-94
-39
47
118
-3821
150
185
350

430
406
505
534
534
605
600
728
657
659
698
702

-963
-308
-95
-111
-111
0

-167
~-375
-349
-277
-224
=150

56
-197

SHEAR

i . s

-64
32
32
95

-64

-159

159

158

192
125
141

1
-32
-30
-29
-32
-94
-92
-63
-64
-64
~-62

-127

32
-32
-32

0
0
0

-1
-1
30
31

1

1
-1
580

PRIN STRESSES

. S = s AP A A B s

SIGMX SIGMN
-212 -742
-234 -788

-93 -793
-82 -804
-34 -852
76 -826
145 -826
-522 -~3828
190 -773
204 -639
378 -358
505 430
663 402
765 501
865 532
869 531
892 574
889 571
838 691
830 633
830 635
761 637
761 430
-335 -965
173 =310
167 ~-99
1M - 111
ERR ! -111
0 0
417 -167
207 ~375
56 - 351
57 -280
-3 -224
-2 -1590
56 -8
138 -1203
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Table A.9 (continued)

OUT-OF~PLANE MOMENT LOADING, MYC, ON CYLINDER (80000 IN-LB)

MICRO-STHAIN STRESSES PRIN STRESSES

WD e D g o T D s P AT o o XD o i D s o O D R ST S D o D

ROSETTE GAGE1 GAGEZ GAGE3 TRANS LONG SHEAR SIGHX SIGHMHN

O T e W o am oA MG T ST P SRR UM A S XER GO o s s s s v - T s . e s 00 o o o

I-90C-B -5 -34 -26 ~1310 ~537 -96 -525 ~-1322
I-90C~-c*x ~-12 -34 0 -723 ~-576 -447 -197 -1102
I-90C~D ~-12 - 34 -22 -1197 -718 -159 -670 -1245
I-90C-E - 14 -36 =22 ~1247 -805 -191 ~734 -1318
I-90C—~F -~ 14 -5 -24 -616 -616 255 ~-360 - 871
I-90C-R 77 -122 =120 -5397 679 -32 679 ~-5397
0-90C-B 16 9 14 488 632 -66 658 46 3
0-90C-C 22 £ 0 91 678 64 685 84
0-90C~D 26 ~4 -9 ~324 697 59 700 -327
0-90C-E 29 -9 -4 -543 702 64 705 -546
0-90C~F 33 -12 -24 - 809 761 159 177 -825
0~-90C~—R 19 -181 -158 -6817 -1465 85 -1464 -6819
I-90N-B -60 0 - 14 ~248 ~-18862 191 ~226 -1884
I-908~-C 5 5 5 204 204 0 204 204
I-90N-D 16 2 7 189 550 -65 561 178
I-90N-E 14 -2 2 ~18 417 -65 426 -27
I-908~F —-28 -12 12 26 ~708 -318 145 - 826
I-90N-N ~19 -14 -11 -536 ~721 ~32 ~531 ~726
0~-90N~-B 22 29 29 1239 1024 0 1239 1024
0-90K~-C 3 7 10 376 193 =33 381 - 187
0-90N~D 3 3 3 116 117 -2 118 115
0~90N~E 5 0 3 59 176 ~31 184 52
0-90N~-F 5 0 3 60 172 -3¢ 179 52
0—-908-N -4 -2 0 ~-33 -143 -31 -25 -151
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Table A.9 (continued)

OUT~OF-PLANE MOMENT LOADING,

MICRO-STRAIN

N A " >V i s O

D . - G > A O DD e - S - —

1180C~-B
I180C~C
I180C-D
I180C-E
I180C-F
I180C-S

0180C-B
0180C-C
0180C~-D
0180C-E
0180C-F
0180C~s

I180N-B
1180N-C
I1808-D
I180N-E
I180N~-F
I180N-N

0180N-B
0180N-C
0180N-D
0180N~-E
0180N~F
O0180N~N

w-h
S ~“N oo No

-14
~17
~-14
-12

'
b
~1

[ S T |
QPR ara |
~ £ N0

|
:

-~

- ad b
ER0NOJWw

L)
-

i
N oW

NSNONOD NN

-31
~28
~26
~28
~28
-26

19
22
22
24
24
21

t
W0 W

aosh

NN UOBND MWW

TRANS

apnn e s o

-1037
- 827
-829
-938
-~ 987

-1262

472
630
679
182
826
946

- 149
260
302
302
114

83

329
227
68
13
~44
102

STRESSES

LONG

-~ - g

-31
-319
~-249
~140
-225

117

291
339
354
455
533
141

-773
-290
8

8
-249
86

~329
-431
-408
-353
=227

102

SHEAR

189
251
189
189
187
-63

-221
-191
-158
-159
-127

0

-34
-96
-64
-65
0
-2

-127
~32
32

— v o —

-194
119

620
724
743
847
873
946

~148
277
315
316
114
87

352
227
70
24
-39
102

NYC, ON CYLINDER (80000 IN-LB)

PRIN STRESSES

" - - — -t " -~

SIGMN

-

-1083
-930
-885
~980

-1018

-1265

142
244
290
391
486
141

-775
- 306
-6
-5
~249
82

- 353
-431
~410
-363
~233

102
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Table A.9 (continued)

OUT-OF~-PLANE MOMENT LOADING,

MICRO-STRAIN

s s gy < < s > s o

T A D ATY o S s D D W D i A W - AT s

1270C~C
X270C-D
I270C~E
I270C-F
1270C—-H
1270C~J
1270C~K
1270C~L
I270C~H
I1270C-p
I270C-R
T270C-T

0270C-B
0270C-C
0270C~-D
0270C-E
0270C-¥
0270C-H
0270C~J
0270C-K
0270C~-1L
0270C~-M
0270C-p
0270C~R
0270C~T*

I270N-B
I270N-C
I270N-D
X270N-E
I270N-F

0270N-B
02708-C
0270N-D
0270N~E
0270N~F
02708~-G
02708~H
02708-K
02708-N

-20
-22
-25
-25
-25
-25
-22
-24
-15
-19
~-22
=22

12
12
10
7

3
-5
-14
~-21
~38
-52
~66
~64
15

~-59
17
27
17
8

9
-3
5
12
9
10
9
2
-2

23
28
28
33
45
61
€9
<1
<7
133
1:2

£5
4s
4g
48
45

ce

-

€4
69
€3
58
114
122
14

-l 2
~d L) -

[} n H
LS RN

4
OMNVMNMMOMDNMDIMNMO

i

30
35
35
40
42
54
66
88
107
121
132

L8
36
36
38
36
45
55
64
91
95
107
122

SO

STRESSES

0 s > wwcm en

95
127
157
126
127
126
128

63
-94

31

95

183
26
30

-32

156

~31
~32

0

SIGHX

1203
1414
1415
1625
1932
2575
2991
3960
4497
5623
5813

239

2241
1790
1851
1896
1796
2218
2647
2960
3869
4301
49u6
5412

639

1705
1406
1008
600
219

1932
204
T7
290
268
314
334
100
1

MYC, ON CYLINDER (80000 IN~-LB)

PRIN STRESSES

o —ar T > WD - A P

SIGHMN

- 240
-247
-318
- 255
-160
32
241
458
890
1109
1097
~-581

1018
876
815
770
598
517
364
250

22

-273

~-508

~-297
192

~-1272
928
70
301
-65

g2u
-16
-215
-222
-68
95
140
100
~-73
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Table A.9 (continued)

QUT-OF~PLANE MOMENT LOADING,

MICRO-STEHAIN

OO s A A s s B s e . e

ROSETTE GAGE1 GAGEZ2 GAGE3

. —————— A o — - -

I315C-8 -9 286 -23
I315C~-C -7 31 -33
I1315C-D -5 34 -33
I315C-F -9 12 ~4
I1315C-H -7 15 - 14
I1315C-J -4 20 -14
I315C~-K 3 29 -4
I315C-L 31 82 -19

I315C-M 52 94 -22
I315C~-P 62 128 -15

0315C-B 7 15 26
0315C~C 12 14 29
0315C-D 15 12 43
0315C~E 14 12 45
0315C~-F 19 3 50
0315C-H 21 1 52
0315C~K 26 -2 69
0315C-1L 26 ~-26 88
0315C-HM 31 - 26 102
0315¢C-p 33 -35 123
I3158-B ~43 21 5
I3158-C 7 12 14
I3158-D 12 5 7
I3158~B 7 0 0
I315N~F 2 0 0
I315N~-N 0 -2 0
0315N~B -5 19 33
0315N8~-C -17 5 2
O315N-D -9 3 -9
O315N~E -4 2 -9
0315N~-F 1 1 -9
0315N-G -2 3 -9
0315N~-H -2 3 ~7
03158-K -2 1 -2
0315N~-¥N -41 -2 -4

TRANS

78
-28
16
185
30
129
329
1334
1539
2343

891

938
1192
1245
1139
1282
1433
1330
1636
1895

622
562
239
~-19
-14
~-52

1154
177
-124
- 142
- 182
-~ 122
~-81
-20
-89

STRESSES

LOXNG

- e e

-258
-215
-139
=220
~-193

-91

186
1333
2033
2553

492
646
793
8045
919
1027
1214
1184
1418
1566

~-1111
378
425
201
61
-16

209
~444
-302
~-170

-31

-85

-75

~-59

-1252

665
859
888
223
380
4us
572
1346
1545
1856

-158
-191
-411
-443
-629
-601
~949
-1517
~-1707
-2117

224
-31
-32
-1
-1
-31

-189
32
150
151
127
160
124
29
31

MYC, ON CYLINDER {80000 IN-LB)

PRIN STRESSES

-~ - ————

SIGHY

596
742
830
283
315
478
834
2680
3351
4307

946
1032
1449
1520
1667
1768
2279
2776
3237
3854

650
567
430
202
61
3

1191
178
-39

-4
41
57
46
-4
-79

SIGMYN

-776
-3986
-953
~-319
~-478
-440
-319

-13

221

589

437
552
536
531
391
540
369
~-262
~183
=393

-1140
373
234
-19
-14
~-70

173

- 445
- 388
-308
-254
- 264
~202
-74
-1253
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Table A.10. In-plane moment loading, M

yos OB cylinder

IN-PLANE MOMENT LOADING, MZC, ON CYLINDER (B0000 IN-LB)

MICRO-STFAIN STRESSES PRIN STRESSES

. e e g e s st o s e e o D A D o TS R g D R o

ROSETTE GAGE1 GAGEZ GAGE3 TRANS LONG SHEAR SIGHX SIGHMN

v > > s o cur Ao OB s v wm ap AN kA wEm < e s oen carn o o o o o o P

I-0-C-C 1 80 58 3025 928 287 3063 889
I-0~-C-D -21 4o 25 1523 -169 255 15690 -206
T-0-C~-E -u47 32 15 1079 -1093 222 1102 -1116
I-0-C~F ~69 22 10 780 ~-1821 157 790 -1831
I-0-C-H -118 1 15 477 -3405 -191 487 -3415
I-0-C-3 -149 3 6 363 -~-u4372 - 34 363 -u372
I-0-C-K ~161 3 8 437 -u4708 -71 432 ~4709
I-0-C-L -~14u 1 18 569 4146 ~224 580 -4157
I-0-C-M -173 3 i3 539 -5036 -125 542 -5039
I-0-C-p -178 18 i 671 ~-5137 186 677 -5143
I-0-C~-S5 -180 1€ 4 677 -5191 189 683 -5197
0~0-C~B -45 3] -2 107 -1321% 94 107 -1327
0~-0~C-C -71 ~17 -26 -859 -2392 126 -849 -~-2402
0~0~-C-D -97 -33 -3€ 1404 -3337 32 -1403 -3338
0-0-C~-E -104 =36 -33 -1395 -3548 -32 ~-1394 -3548
0~-0-C-¥ -121 -31 ~38 -1378 -40u0 95 ~-1375 ~-uQuy
0~-0-C-#0 -140 =33 -28 ~1200 -u557 -63 ~-119% -u558
0-0-C-J3 ~164 -19 -31 -913 -5182 157 -907 -5188
0~0-C~K -168 -2u -19 ~-752 -5276 ~63 ~751 =-5277
0-0-C-L -183 -17 -24 -684 -~5682 95 -683 -5684
0-0-C-¥ -180 -19 ~17 -582 5581 -31 -£82 -5581
0-0~-C~p -—-183 -19 - 24 -737 -5699 63 -736 -5699
0-03~-C~5 -192 -2 -14 -622 ~-5948 -126 -619 ~-5951
I-0-N-8 74 134 122 5554 3897 159 5569 3882
I-0-N-~C 62 8y T4 3407 2894 128 3438 2864
T-0-N-D 38 60 5% 2485 1899 64 2492 1892
I-0~-N~-E 29 50 50 2181 1520 -1 2181 1520
I~0-N-F 29 38 46 1813 1408 -95 1835 1387
T-0-N-N* 0 3 3 110 36 0 110 36
0~-0~N-B 7 - 21 -21 -945 ~-69 0 -69 ~-9u5
0—-0-N~C 45 -52 ~-45 -2184 698 -394 701 -2188
0~0~-N-D 52 -43 ~-40 -1880 1002 ~32 1002 -1880
O-0~-N~E 52 ~36 -31 ~1516 111 ~63 1113 -1517
0-0~N—-F uy -28 -26 -1250 1049 ~-32 1049 -1250
0-0-N-H 4o -9 ~12 -512 1056 32 1057 ~513
0-0-N~K 21 7 9 3u1 Fun -32 747 339
0-0-N-N* 2 2 244 5422 1698 -3225 7284 -~ 164
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Table A.10 (continued)

IN~-PLANT MOMENT LOADIWNG, MZC, ON CYLINDER ({80000 IN-LD)

MICRO-STERAIN STRESSES PRIN STRESSES

- o s St 7T I e o e A e s > e ol s et - T g 7 S

ROSETTE GAGEY GAGE2 GAGE3 TRANS LONG SHEAR SIGMY SIGHNMN

-~ A —— s AR A o o e o e o - - ——n o o P B

T~90C-8 98 =387 -385 -17083 ~2175 -31 -2175 -17083
I-90C~-C* 58 =-27°% 0 -6105 ~102 -3663 1632 -7839
I-90C~-D 50 ~23z ~203 -9614 -1372 -383 ~1354 -9632
I-90C-E 53 =198 -174 -82u8 ~887 -319 -873 ~-8262
I-90C~¥F 55 =159 -155 ~6976 - 434 ~54 -434 ~-6977
I-90C-R -21 0 -19 -387 ~-753 255 -256 -883
0-90C-8 -17 =244 -282 -10661 -~-3695 ~-31 =3695 10661
0-90C~C -38 =~213 -20¢6 -9178 -3882 -94 -~3881 -9179
0-90C~-D -35 -182 ~-168 ~-7660 ~31355 -193 -3387 ~7669
0-90C-E -26 ~147 -15¢ -6635 -~2763 128 -2759 -~-6639
0-90C-F ~16 -149 -~152 -6595 -2470 32 ~2470 ~6595
0-90C-R 22 -4 8 63 670 -168 714 20
I~90N~-B 168 -334 -23€ -12708 1215 -1304 1336 -12829
I-90N~-C ~147 -191 -212 ~8682 ~7024 285 -6977 -8730
I-908-D ~126 -100 -112 -4527 -5150 159 ~4489 -5188
I-90N-% -63 -50 ~57 =-2283 2759 96 -2264 -2777
I-90N-F 8 * ~161 -3485 -792 2189 432 -4708
T-90¥-N 41 27 24 1077 1554 31 1556 1075
0~90N~-B 83 -178 -163 ~-7589 226 -190 231 -7594
0~-90N~C T4 24 31 1132 2555 -96 2561 1125
0-90N-D -4 69 62 2886 735 94 2890 731
0~90N~-E =21 50 45 2121 12 64 2123 10
0~90N~F -33 17 33 1144 ~-641 -220 1171 ~668
=

0-90N~-N 10 = £ 212 357 0 357 212
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Table A.10 (continued)

IN-PLANE MOMENT LOADING,

MICRO~STRAIN

o o i A gD o . s o s <

ROSETTE GAGE1 GAGE2 GAGE3

A r b B R S R Ay Mnp o WS D e <

I180C~-B -7
1180C-C -4
I180C-D -28
I180C-E -54

I180C~F -73
T180C-5 -150

0180C-B -43
0180C-C =71
0180C-D -95
Qi80C-E -114
0180C-F ~-130
0180C~-Ss -—-132

T180N-B 43
I1180N-C 67
I180N-D* 43
T180N~-E 36
T180N~F 31
I180N-N* 2
0180N-B 24
0180W-C e
0180N~-D 51
O180N-E us
O180N-F 45
O180N~-N 1

144
80
52
38
26
36

0
- 31
-43
-45
-47
-16

131
69
-
50
43
0

-33
-59
~-40
-332
-21

3

130
4s
14

[6; VIR,

10
-12
-28
-36
~-32
-16

155
95
665
12
50

0

-33
-59
-64
-u5
-35

3

TRANS

6028
2763
1494
1006

713
1068

262
-855
- 1460
-1647
-1599
~554

6247
3546
1633
2637
1996

0

-1475
-2639
-2333
~-1766
-1297

135

STRESSES

oD s e e s e

LONG

1603
694
- 388
-1317
-1972
~4188

-1200
-2391
-3285
-3914
~4379
-4116

3164
3069
1780
1866
1526

73

288
579
820
920
975

65

SHEAR

190
473
503
439
314
408

-126
=254
-190
=127
=191

5

-317
~349
~826
-286
-93
0

3
2
320
164
189

MZC, ON CYLINDER (80000 IN-LB)

PRIN STRESSES

SIGHX

e e s

5036
2865
1619
1086

750
1099

273
-814
- 1441
~1639
-1586
-554

6279
3730
2536
2731
2013

73

288
579
852
930
991
135

SIGHMN

- o oty —

1595
592
-515
-1397
-2008
-4219

-1210
-2432
-3305
-3921
~4392
-4116

3132
2884
877
1772
1508
0

-1475
~2639
-2365
-1776
-1313

65
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Table A.10 (continued)

IN-PLANE MOMENT LOADING, MZC, ON CYLINDER (80000 IN-LB)

MICRO-STFAIN STRESSES PRIN STRESSES

> o~ - - s i s " o o, i 2 s mcns - A A D s S > oty s

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGMWN

- —D 4 . D s - o o o " o - - -~ - o v o o - -t -

1270C~-C 48 -265 -236 -11055 -1882 -381 -1866 -11071
I270C-D 26 =217 -193 -9039 -1921 ~317 -1907 ~9053
I270C-E 26 -193 -181 -8254 -1686 -159 -1682 -8258
I270C~F 26 -181 ~-164 ~-762u4 ~-1496 ~222 -1u88 -7633
I1270C~H 24 -164 -131 -6521 -1236 -445 ~-1199 -6558

I270C-a 17 -148 =119 -5886 -1261 -381 -1230 -5917
I270C-K 12 ~-122 -112 ~-5147 -~-1184 -127 -1180 -5151
I270C~-L 5 -36 -91 -~-4116 -1089 -79 -1087 -4118
I270C-M ~14 -67 =74 -3072 -1346 96 -1341 -~3077
I270C-P -19 ~-17 -26 -921 -854 126 -757 ~-1018
I270C~-R* 168 14 5 237 5100 128 5104 234
I270C-T -22 77 60 3024 261 223 3041 243
0270C~B -43 -252 -~-264 -11288 -~U4665 157 -u4661 -11292
0270C-C -33 -18t -192 -8264 ~3472 96 -3470 -8266
0270C-D -21 -154 -169 -~7075 =~-2758 189 -2756 -7084
0270C-E -5 ~13% -147 -6205 -1998 158 -1992 -6211
0270C-¥ 10 -126 -133 -5697 -1418 95 -1416 ~-5700
0270C-H 31 -108 -121 -5093 -593 158 -588 -5099
0270C~J 45 ~-97 -107 -4532 3 127 6 -u4536
0270C-K 55 -88 -97 -4128 408 127 412 -4131%
0270C~1L 60 ~-69 -85 -3452 753 222 765 -3464
0270C-HM 57 ~50 -52 -2303 1029 31 1029 -2303
0270C-P 34 -7 0 -185 952 ~-95 360 -193
0270C-R 12 18 24 935 644 ~64 948 631
0270C-T* -62 122 0 2739 -1025 1620 3340 -1626
I270N~-B 168 -338 =283 -13847 882 -731 918 -13884
I270N-C =140 -231 =224 -9849 -7161 -99 ~7157 -9853
I2708-D -131 -131 -131 -5614 ~5604 0 -5604 -5614
I270N~-E =71 -107 -71 -3843 -3281 ~-479 -3006 -~4118
I270N-F -40 -4 -45 -1846 -1755 64 -1723 -1879
0270N-B 97 -152 -138 -6464 379 -189 984 -6469
0270N~-C 76 38 38 1585 2752 0 2752 1585
Q270N-D 5 64 76 3085 1073 ~159 3097 1061
0270N-¥ ~uQ 50 60 2454 -472 ~-126 28690 -478
0270N-F -50 38 43 1841 -3940 -64 1843 - 9341
0270N~-G -43 17 21 887 -1016 -63 889 -1018
0270N~-H ~38 14 14 675 ~934 0 675 -934
0270N-K -16 -7 -5 -236 -56L =31 -233 -566

0270N-N 3 0 -2 -45 65 31 T4 -53
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Table A.10 (continued)

TH~PLANE MOMENT LOADING, MZC, ON CYLINDER (8C000 IN-1IB)

HICRO-STRAILIN STRESSES PRIN STRESSES

S R WD A e e amn < ke o o e e R A s o o o A an o e

ROSETTE GAGET GAGEZ GAGE3 TRANS LONG SHEAR SIGHX SIGHH

o e e XD W o AR o s S 8w o B o o e crn o e - o o

I315C-B 31 -203 3 4426 -391 ~2738 992 -5810
I315C~C 7 -2i9 70 -~323% -766 —3848 2020 -6082
T315C-D ~14 =203 84 -2601 1213 -3822 1977 -5792
1315C-F 3 -83 -19 -2242 -590 ~859 -224 -2607
I315C-H ~12 ~81 27 11719 -696 —-1133 518 -2386
T315C~3 ~12 -75 24 -1122 -682 ~1336 452 ~2255
T315C-K -26 -56 22 -95% ~1058 1177 173 -2182
I315C-L -72 -129 28 -2236 2822 -2046 ~#62 ~459%
I315¢-n ~76 =114 14 -2500 --2918 ~1709 =751 ~4267
r3i15C~p -52 ~79 -9 -1382 -~-2131 -930 -~13068 2944
0315C—B ~-26 24 -199 -381%6 ~1917 2971 253 ~-5986
0315C-C -145 29 -19u4 ~3586 2419 2969 23 ~5028
0315C~D -52 3¢ -267 ~u4838 -3007 3882 165 -8006
0315C~-E =71 33 ~-249 -4655 =3527 3761 -288 -7894
o315Cc~-¢% 72 ~151 ~-247 8662 4736 1269 4417 ~-9047
0315C~-H =773 240 -227 ~4379 =3500 3350 ~56% -7318
0315C-X =59 29 -180 ~-325% ~-2738 2779 -204 -5785
0315C-~1 -56 39 -149 -2359 -2395 2495 i19 -u4873
0315C-4 -42 43 -130 ~-1862 ~1826 2309 65 -4154
0315C-p -4 3¢ ~8% -1002 ~712 1646 796 ~-2510
T3158—-B 108 100 -103 -4580 1859 31 1859 ~4580
I3i50~C =50 -55 -100 ~-3353 =2507 60y -2192 -3667
I315N-D =50 ~-28 -43 -1512 -=1955 191 -1u4u1 -2026
T315N~-F -21 -19 -5 ~i932 -787 -=190 ~399 ~880
I3158-F -9 ~-19 10 ~130 - 338 ~382 125 -653
I315N-H 8 3 -2 3 253 64 268 -12
0315K8~8 50 -33 ~-197 -5095 -35 2185 778 ~-5908
03158 ~C 57 -4 -28 ~986 1425 193 1441 ~-9001
03158-D 26 -12 26 284 862 -501 1151 -5
03 158~-E 5 -19 31 254 219 ~657 894 -429
03 158~F 0 -27 28 158 51 -657 763 - 554
03158~G 2 -21 15 -50 58 ~532 539 -530
03 15K 0 -19 17 -8 -12 469 uusQ ~500
0315K~K 0 -7 g 56 19 ~219 257 ~182
0315H~-N%  ~57 0 -5 ~%3 -154% &3 -4 -i540




Table A,11.

Axial force, F

163

XC

, on cylinder

AXIAL FORCE LOADING, FXC, ON CYLINDER (10000 LB)

MICRO-STRAIN

U s AP S e D A it e

ROSETTE GAGEY GAGE2 GAGE3

A - s > D 2 DD T A S Al Ay DO e MBS g

I-0-C-C
I-0-C-D
I-0-C~-E
I-0-C-F
I-0-C-H
I-0-C-J
I-0~C-K
I-0-C-L*
I-0-C-H
I-0-C-p
I-0-C-§

0~-0-C-B
0-0-C~C
0~0-C-D
0~0-C~E
0~0-C~F
0-0-C~H
0~0~C~-J
0-0-C-K
0-0-C-1L
0~0~C-H
0-0-C~p
0~0~C~8S

I-0~-N~-B

~5

5

9
14
26
33
33

-79

31
33
26

-2

5
12
17
17
21
24
26
29
26
26
17

2
14
26
31
31
33
33
i
33
33
28

-26
—24
-21
- 24

-26

- 26
-31
-28
-3
-3
-3
~28

~31
-31
- 24
-19
- 14

0

-12
5
12
12
9

?

0
-5

2
21
24
26
33
36
33
33
33
33
29

-24
-21
- 21
-24
-21
-28
-28
- 31
-31
~33
-31
-35

-21
-26
-24
-19
-19

-2

-7
2
12

TRANS

104

776
1085
1239
1381
1477
1424
1495
1429
1423
1225

-1090
-991
~-9u48

-1056

-1057

-1218

-1325

-1327

~-1382

-1432

-1380

-1422

-1184
-1262
-10u8
- 837
~-732

-45

- 426
254
51
466
413
261

4
-2043

STRESSES

- s s O o i

LONG

-115
373
609
798

1197

1440

1424

-1914

1355

1424

1147

~-396
-153
T4
184
184
278
319
389
443
356
372
77

512
~-301
~381
~318
~-216

-9

230
436
291
136
120

4

-147

-758

SHEAR

¢
-95
32
64
-32
-31
1
~32
0

1
-3

- 32
~31
-1
-1
-63
32
-32
32
0
32
0
95

~-128
-64
0

-1
65
32

~63
-~31
-1
31

1

32

0
1113

PRIN STRESSES

SIGHX

104

797
1087
1248
1387
1495
1425
1496
1429
1424
1226

-394
-152
74
184
188
279
319
389
443
357
372
82

522
-297
=381
-318
~208

9

236
i1
511
469
413
265
4
~116

P

SIGHMN

-115
351
607
789

1191
1422
1423

-1914

1355
1422
1147

-1091
~992
-9u8

~-1056

-1060

-1219

~-1325

-1327%

-1382

-1433

~1380

~-1428

~1193
-1266
~1048
- 837
-~740

~63

-432
2u8
291
133
120

0

- 17

-2685
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Table A.11 (continued)

AXTAL FORCE LOADING, FXC, ON CYLINDER (10000 LB)

HICRO-STERAIN STRESSES PRIN STRESSES

ROSETTE GAGE1 GAGEZ2 GAGE3 TRANS LOWG SHEAR SIGHMX SIGHN

R D s AT S s WD T e AP P AN n o wan < oz~ en o s D e - a0 D o o T s e g o s

I-90C-B -10 112 115 0998 1201 ~33 49399 1204
I-90C~C* 12 81 0 1769 878 1080 2492 155
I-90C~-p 16 6u 67 28460 1352 ~32 2861 1351
I-90C~E 19 55 59 2487 1309 -6l 2890 1305
I-90C~-F* 21 116 52 3674 1737 8u6 3992 1420
I~-90C-R -56 43 uo 1886 1100 33 1886 -1100
0~90C-B -19 31 1° 1108 -2U42 157 1126 ~260
0-90C-C ~26 19 17 808 -544 31 808 ~545
0~90C-D - 37 17 14 706 -717 33 707 ~-718
0-90C~E -36 14 17 (AL -857 -32 715 -858
0-90C~F -38 17 i7 T69 -911 0 769 -311
0-90C—-R* L 64 66 2841 1276 ~28 2841 1275
I-908~B 45 62 67 2778 2182 ~63 2784 2176
I-90N-C 21 26 31 1232 10113 -63 1249 994
I-90N~D 2 17 10 575 247 96 601 221
I-90N~E -5 14 10 529 13 63 537 6
I-90N~-F* 33 33 33 1425 1423 1 1425 423
I-90K-N 9 5 5 193 340 0 340 193
0-90N-8 -55 ~14 - 19 ~673 ~1843 63 ~-670 -1846
0-90¥~C -21 - 24 -29 -1128 -982 6u -958 -1152
0-90¥-D =7 ~2i -21 ~987 -514 - 31 ~512 ~989
0-90N-E -7 -17 - 17 -~ 726 -4 37 0 ~437 -726
0-90N~F =7 - 14 - 17 ~ 674 -419 31 -416 ~678

0-90R-¥N -5 -5 -5 ~208 ~-208 0 ~208 =208
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Table A.11 (continued)

AXIAL FORCE 1LOADING, FXC, ON CYLINDER (10000 LB)

ROSETTE GAGE1

R e e T e L e T S S

I180C~-B
1180C-C
I180C-D
I180C~-E
I180C~-F
I180C~-5

0180C-B
0180C-C
0180C-D
0180C~E
0180C~F
0180C-s

I180N-B
I1808~C
1180%-D
I180N~E
I180N-F
I180N-N

0180N-B
0180N-C
01808-D
0180N-E
O0180N-F
0180N-N

MICRO-STRAIN

- ———— > s

17
1
12

GAGE2 GAGE3

-10
11
21
23
28
13

~24
~-17
- 17
-17
-19

-38
~-40
-31
-31
-19

-10

17
14
14
~2

STRESSES

LONG

-139
265
383
629
834

1217

-243
26
185
385
363
328

431
~404
~412
-466
-232
-167

216
592
426
254
171
=107

SHEAR

PRIN STRESSES

A S 2 > " - —

SIGHMX

~139
450
860
956
1161
1219

-238
26
186
385
363
332

Lag
-340
=107
~428
=225

-93

251
670
720
623
576
-107

SIGMN

oy - -

~-431
258
381
626
831
602

-973
-772
-713
-777
-918
~866

~-1454
-1421
-973
-1129
~746
-167

- 254
477
426
254
168

- 107



Table A.11 (continued)

AXTAY FORCE LOADING, FXC, ON CYLINDER (10000 LB)

MICRO-STRAIN

AP ARD S L S P S O 2 AT A

ROSETTE GAGET GAGEZ GAGE]

E A O 0 ATE CED WED TR A o o D A e AT Y WS S

12706 -C 7 77 72
1270C-D 15 60 57
I1270C-E 14 c4 52
I270C~F 1m 50 47
I270C-H 14 us 35
1270C-J 7 45 33
1270C~K 0 40 1
I270C~1L -~19 T 28
1270C~H -31 33 31
I270C~-Pp ~52 [i%y) 24
1270C~-® -58 33 33
1270C-T 19 14 21
0270C~B -15 24 26
0270C~C ~19 21 24
0270C-D -2 19 23
0270C-E ~29 16 21
0270C—-F -29 19 19
0270C~-H -31 19 21
0270C~J ~29 21 21
0270C~X - 24 20 26
0270C-1. -15 31 40
0270C~H -1 40 u2
0270C-P i3 49 49
0270C-R 18 49 u7
0270C~T% -~49 21 0
T2708-B 38 76 69
12708~C 29 b7 u0
I2708-D 9 24 24
I270N~E 0 31 17
I2708-F -2 17 14
027088 - 59 ~17 -12
02708—-C ~26 ~26 ~-26
0270N-D -7 -22 -22
0270N-E 0 -17 - 19
0270K~F -3 -15 -15
0270K-G v} ~-12 ~12
02708~-H 0 -12 -12
0270N-K 0 -5 -7
0270N~-N -5 -3 -3

TRANS

w2 e e

3252
2563
2326
2117
1749
1710
1562
1546
1434
1467

1528

Tui

1102
1002
956
856
856
908
955

1112

1569
1800
2187

209¢

506

3153
1750
1037

1047

683

~557

~1115
- 92

-793
-639
~527
=533
-273
~f1u

STRESSES
LONG SHEAR
1197 64
1204 33
1117 31
1054 32
943 127
718 158
463 126
=115 168
-512 31
-%132 224
~-1283 2
794 -96
-108 -30
-279 -32
~i 36 ~61
~609 -63
~609 0
~666 -31
~581 -1
~-389 -31
33 - 128
514 -29
1047 -2
1174 32
~-1316 274
2088 95
1381 1
594 0
3N 191
130 32
-1942 -63
-1115 0
=504 1
-204 31
-273 1
~162 0
-168 0
-92 n
~188 0

PRIN STRESSES

B

SIGHX SIGHHN
3254 1195
2563 1204
2327 1116
2118 1054
1769 923
1734 693
1576 bag
1563 - 932
Ta3y -513
1487 ~1151%
1528 ~-1283

868 670
1103 -108
1003 -280

958 -439

858 -~611

856 -609

309 -666

955 =581
1113 -390
i579 23
1801 513
2147 10471
2097 1173

546 -1356
3162 2079
1750 1381
1037 594
1094 264

685 29
~554 ~-194535

-1115 -1115
~504 - 9u 2
~203 =795
-273 -639
-162 -527
~168 -533

-87 -278
-114 - 188



Table A,1) {continued)

167

AXTAL FORCE LOADING, FXC, ON CYLINDER (10000 LB)

MICRO-STRAIN

" T . 5 A o il T S el

ROSETTE GAGE1 GAGEZ GAGE3

- - 7T A D s 2D, b0 A

I315C-8 -2 4s 43
I315C-C 9 48 31
1315C-p 12 47 21
I315C~-F 14 29 26

1315C~-4 24 31 21
I315C~J 26 31 19

I315C~K 26 3 17
I315C~L 29 38 2
I315C-M 28 41 -10
I315C~p 19 46 ~32
0315C~-B -10 ~43 38
0315C~C -7 ~40 38
0315C-D -2 ~45 52
0315C~-E 0 ~-45 47
0315C-F* -2 =119 47
0315C-H 0 ~-41 490
0315C-K 2 -31 38
0315C-1 11 ~31 35
0315C-H 19 -19 38
0315C~-p 31 0 50
I3158-B 31 5 36
I315N~C 14 0 14
I315N-D 5 0 0
I3158-8 0 4 -3
I315N-F 0 9 -3
I315N-N 0 0 0
03 15N-B -25 -31 19
03158~-C -7 -15 2
03158~-D 0 -7 0
03158~-F 0 -2 -2
0315N~-F ~2 ~2 -2
0315N-G -2 e -2
0315N~-H -2 -2 -5
03158-K -2 0 -5

0315N-N* -36 0 0

— - ——— -

- 242
~-262
-158
-105
~ 105

~-54
-155
-106

35

STRESSES

LONG

- - A -

508
798
806
782
1048
1103
1087
1119
1046
641

-318
-231
~27
13
-543
-17
103
365
676
1229

1181
510
131

2
34
7

~830
-300
~-50
- 34
~106
-91
~-121
-105
-1078

SHEAR

33
223
343

32
128
159
191
485
672

1028

-1075
-1042
~-1296
-1233
~2213
-1075
-915
-885
~760
~666

-413
-190

94
158

-667
-223
-93

31
31
63

0

PRIN STRESSES

2 s s A o T oy NI

SIGHMX

- ot s ot .

1940
1767
1634
1188
1217
1245
1245
1492
1549
1506

872

907
1364
1264
1217
1059
1038
1116
1304
1809

1462
619
131
116
257
7

192
~57
3
-34
=105
-37
-102
-42
35

SIGHN

-

508
747
664
779
951
925
857
487
w7
~580

-1288
-1186
-1235
-1202
~3326
-1090
~793
-677
-243
465

574
180
~18
=15
-79
~-20

-1264
-505
-212
- 105
~106
~-108
~-174
~-168

~-1078




Table A.12.
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In-plane force, F

Y

¢» On cylinder

IN-PLANE FORCE LOATINWNG,

MICRO~-STRAIN

o s s e s R e > s e

|
[
i

i
§
i

|
|
{

Fed bt o e e
OOOOOC:DOOOOO
oo aGan
wrc:sr*mfis:nmmcn

t
]
i

i
i
i

|
|
§

i
i
i

OOOOO?OO?OOO
oc>o<3c>?<:c>?<>c>o
i

t
|
{

i
i

i
i
|

|
]
{

[
Qoo

t
MmEaCHX"GOIm O O

}
|
}

i
ZaEZ2 2

i
2o N

|

Lo e B o B e B e ML
{
OOC')OOO

§

§
§

i
i
}

|
i
§

]
i
¢

| }
i>?CDOC?Q<DO
1

OOO?OOOO
i

Z A TR E 2z
§

2RO 0w

-2
-12
~31
-45
-79
-98

-103
-177
-98
-91
-72

-26
-u5
-62
~-69
~79
-90
-102
~102
-107
~100
-88
-72

37
38
24
19
17

-3
19
26
26
26
26
16

2

14

§
Py
OoONNNEEONO

91
65
ug
41
31

-5
~34
-33
-29
-26

5
i

33
10

-5
-10
-14
-12

-5

-7
-12

-7

12
-5
-10
-10
-12

I
>

-5

~ O SN

55
ue
38
38

-12
-34
-31
-24
-22

-~

-17

87

TRANS

1470
432
86
-160
=385
-469
~-516
-226
-312
-215
-131

597
-66
-358
~407
-341
-226
U6
151
262
253
137
222

3861
2590
2027
1716
1508

-373
- 1497
-14446
-1183
-1081

-505

132

1998

STRESSES

LOKNG

370
~228
-904

-1408
-2477
-3075
-3232
-5367
-3030
-2786
-2188

-610
-1377
-1966
-2195
-20461
-2780
-3059
-3025
-3136
-2923
-2603
-2082

2093
1927
1327
1090
955
71

-190
110
339
419
449
624
526
663

-127

127
(°L)

33
63

~29
63
~63
97
- 31
31
-32
33
-95

6L
128
32
32
-96

9y

- 33

- 64
~-62
32

31
-1094

FYC, ON CYLINDER (3000 LB)

SIGHMX

s —

1470

432

87
-160
-385
- 469
-515
-223
-311
-209
-129

598
=63
~358
-1407
-339
~-225
49
151
262
254
137
226

3863
2614
2028
1718
1524

71

-150
110
340
4219
451
625
528

2612

PRIN STRESSES

SIGHMN

370
-228
-905

-1408
-2478
~3075
- 32304
-5370
-3031
-2792
-2190

-611
~-1380
~1966
-2195%
-2463
-2782
-3062
-3025
~-3136
-2923
-2603
-2086

2090
1903
1325
1088

939

~1413
- 1497
-1047
-1186
-1084
~506

130

49
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Table A.12 (continued)

IN~-PLANE FORCE LOALCING, FYC, ON CYLINDER {3000 LB)

MICRO-STRAIN STRESSES PRIN STRESSES

s e A A o M s i it s s s e - o e B o e P ot S e A e

ROSETTE GAGE1 GAGF2 GAGE3 TRANS LONG SHEAR SIGMY SIGMN

- —— - - s i o o — oS ot ——— —— o — o - o —— -

I-90C-B 65 =-287 -297 -12901 ~1933 128 -1931 -12902
I-90C~C%* 26 =199 0 -4393 -529 -2646 816 =-5737
I-90C-D 17 -163 -167 -7275 -1680 64 -1679 -=-7275
I-90C-% 14 -139 -146 -6273 -1451 96  -1450 -6275
I-90C-F 14 -100 =132 =511 =-1104 414 -1062 -5159
I-90C~-R 10 31 -33 -63 268 861 979 ~-774
0-90C-B 2 -171% =150 ~7052 -2057 ~-286 -2040 -7068
0-90C-C -5 =14z -123 -5835 -1893 -253 -1877 -5851
0-90C~-D -2 =123 -112 -5160 -1619 -158 -1612 -5167
0-90C-E 7 =102 -93 -4284 -1072 -126 -1067 -4289
0-90C~-F 14 -104 -90 -04291 -860 -190 -850 -4302
0-90C-R -5 -38 31 -151 -188 -917 748 -1087
I-90N-B T4 -234 -184 -9256 -558 -668 -507 -9307
I-90N-C -107 -13€ -153 -6277 -5104 191 -5073 -6308
I-90¥-D ~79 -69 -79 -3166 -3320 126 -3095 ~-3391%
I-90N-E -38 -41 ~43 -1795 -1690 3t -1582 -1804
I-90%-F -12 -17 ~-103 -2608 ~-1140 1144 -515 -3233
I-90N-N 24 17 14 656 2913 32 917 652
0-90N-B 81 -97 -78 -3947 1236 -253 1248 -3960
0-90N-C 57 28 31 1241 2081 ~32 2082 1240
0-90N-D 0 5% 50 2294 688 63 2297 686
0~90N-E -7 43 38 1780 321 63 1783 318
0-90N~F ~14 21 28 1110 -394 -95 1118 -101

0-90N~-N 12 7 7 300 44e 0 446 300
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Table A.12 (continued)

IN-PLANE FORCE LOALING,

MICRO~-STRAIN

o ——rs A s o e

ROSETTE GAGET GAGEZ2 GAGE3

. ————n A ot s o AES aE> e mn e vn e e

1180C-B
1180C-C
1180C-D
1180C-¥
1180C~F
T1180C-5

0180C-B
0180C~-C
0180C—-D
0180C—E
0180C~F
0180C-S*

T180N-B
11808~C
T180N~—-D*
I180N-E
I180%-F
T180N-N

0180N-B
01808~-C
0180N-D
O0180N-E
01800~F
01808~-N

-5
-2
-21
-2
-59
~151

-26
=50
-69
~83
-105
0

12
uo
28
2h
21

2

-5
21
26
31
29

972
42
19

s
-2
-2

12
-5
~14
~1€
-2U4
12

68
26
2
-7
-12
~-12

22
3
-7
~12
-17
~10

117
81
59
64
b2

0

~17
-43
~50
-33
~31

2

TRANS

3528
1505
490
-5
-246
-145

768
11
-390
-530
~-773
52

4586
2929
1316
2317
1686

-22

~T77u
~2061
~1962
- 1445
-1181

105

STRESSES

LONG

917
381
~490
-1275
-1842
-4570

=-5u8
-1u87
~2178
~2650
~3371
15

1751%
2086
1243
1401
1143

55

-375
24
196
4oy
502
31

SHEAR

314
220
220
157
126
126

-126
-96
-94
-63
-95
285

-257
-350
~764
-288

-9y

-29
-95
158

32
127

FYC, ON CYLINDER (3000 LB)

PRIN S5TRESSES

3566
1547
537

~236
~142

780
18
-38%
-528
~T70
320

4709
3056
2044
2800
1702

55

-373
28
208
ugy
511
105

o s s

-T76
~2066
-~ 1974
-i44u5
~1190

31
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Table A.12 (continued)

IN-PLANE FORCE LOAILING, FYC, ON CYLINDER (3000 1B)

MICRO-STERAIN STRESSES PRIN STRESSES

N o e e s e o et s a W o o ame A e s i s s . S s AD ot

ROSETTE GAGE1 GAGEZ GAGE3 TRANS LONG SHEAR SIGMX SIGMN

- e - . a > ———— e S s - ——— ann - o s o s - P v i

1270C~C 28 =201 -177 -8345 -~1665 =319 ~1650 -8360
1270C-D 11 -168 -14€ -6912 -1735 -289 -1719 -6928
I1270C-E 15 -14¢ <133 -~6212 ~1399 -224 -1388 -€222
I270C~-F 15 -142 ~-121 -5792 -1274 -287 -1256 ~-5810
I270C-H 15 =133 -92 -u4957 -1028 ~539 -956 -5029
1270C~J 18 =123 -82 -4521 ~822 ~-543 -7a4 -~U4599
1270C-K 18 -108 -70 -3941 -631 -512 -554 -U4018
I270C-1L 28  -9¢ -53 ~3308 - 159 -566 -60 -3407
I270C-M 20 -83 -37 -2650 -194 ~-607 -52 -2792
I270C-p 10 -5% "M -978 1 -883 521 -1498
I270C-R 12 -38 31 -171 308 ~926 1024 -888
1270C-T -36 57 46 2303 - 387 160 2312 -396
0270C-B -19 -162 -183 -7560 =-2839 285 ~-2822 -7577
0270C~C -12 -117 -138 -5%78 ~2030 285 -2008 -5601
0270C-D -2 -97 -124 -4857 -1529 349 -1493 -4893
0270C~E 7 -86 -112 -4345 -1090 349 -1053 -~-4382
0270C-F 17 -81 =100 -3990 -698 253 -678 -4009
0270C-H 31 -71 -95 ~3692 -180 317 -152 -3720
0270C-J 36 ~-64 -90Q -3436 39 349 74 -3471
0270C~K 38 ~57 -93 -3334 141 47s 205 -3398
0270C-L 31 -38 -95 -2960 39 760 221 -3142
0270C-M 26 -28 ~78 -2373 81 665 250 -25u41
0270C~-P 15 10 -55 ~-399 139 857 598 -1458
0270C-R 0 36 -33 61 27 919 3613 ~876
0270C-T* =26 112 0 2492 -25 1494 3187 ~720
I270N-B 88 -24€ -212 -10168 -4901 -445 -381 -10189
12708-C -~-100 ~-16% -160 -7024 ~5115 -64 -5113 -7026
I2708N-D -88 ~93 -93 -3995 -~3848 0 -3848 ~3995
T270N~E -us5 -88 ~-53 -3045 -2274 -477 ~-2046 -3273
I270N~F -23 -33 -3& ~1500 -1140 32 -1137 -1502
02708-8 87 -83 -83 ~-3754 1495 -2 1495 -3754
0270N-C 59 35 38 1544 2236 -31 2237 1542
02708~D 10 52 57 2395 1004 ~-63 2397 1001
0270N~E ~-21 40 45 1906 -71 ~63 1908 -73
02708-F -29 31 36 1495 - 408 -63 1497 ~410
0270N-G ~-20 19 19 863 -455 0 463 -455
O270N-H ~24 12 14 601 -533 -32 €02 ~538
0270H~-K -14 0 2 &8 ~408 -32 70 -410

0270N-N 2 2 2 102 102 0 102 102
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Table A.12 (continued)

IN-PLANE FORCE LOALING, FYC, ON CYLINDER (3000 LB)

MICRO-STFAIN STRESSES PRIN STRESSES

—— i oy Sy D T o~ s o e o s = A . o S i

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHFEAR SIGHX SIGHN

S S e T o > gy > wmn s D A S mm W W e ANk e o e ] o < PR, - - — P e k]

I315C-B 19 ~-141 -14  -3431 ~-457 -1686 304 -~41792
I315C-C 2 -1S88 31 2731 ~748 ~-2481 933 -4411
T315C-D ~-14  -t4y4 4t -2143 -1073 -2517 966 ~-4181
I315C-F -7 -62 -21 -1828 ~-763 -541 ~-537 -2055
I315C-H ~17 -62 10 -1136 -~ 842 -954 -23 ~-1955
I315C-J ~19 -55 12 -923 -850 ~891 5 -1778
I315C-K ~26 -4u8 14 =706 -1000 -827 -13 -1693
I315C~-L ~-65 -81 31 -1032 -2246 1497 -24 -3255
I315C-H ~69 -60 29 ~-607 -2262 -1179 6 —2875
I315C-2 ~-57 -41 26 -252 1797 ~-892 155 -2205
0315C-B -14 33 -138 -2273 -1110 2276 655 -40u3
0315C-C -28 3¢ ~133 -2106 -1486 2244 469 -4061
0315C-D -33 45 -183 -2987 -1892 3034 643 -5523
0315C—-E -50 43 ~-171 -2760 -2323 2844 311 -5394
0315C~F =50 3g -168 -2812 -2338 2750 8% -5335
0315C-H* 0 33 154 -2658 -798 2497 936 -u4392
0315C-K -55 33 ~-109 -1608 -2119 1896 50 =-3777
0315C-L -52 50 -8% =725 -1783 1801 624 -3131
0315C~-H -52 43 -69 -516 -1720 1485 485 -~2721
0315C-P -55 36 -49 -44 -1650 1011 byy -2138
I3158-B 57 -62 ~-79 -3163 172 223 785 -3175
I3158~C -38 -33 -67 ~-2165 -1797 huys  -1099 2463
I315%~-D -33 ~19 ~2€ ~962 -1293 96 -936 -~-1318
T3158-F -14 -12 ~2 -299 -520 =127 =241 -578
I3158~F -5 -12 7 -100 -173 -255 121 -394
I315N-N* -2 2 —-u69 ~10256 -3148 6283 516 -13920
03158-B 45 -5 -133 -3073 430 1707 1124 -3767
03158~-C 43 = -14 -255 1204 253 1247 ~298
03158~D 17 -~ 17 257 584 -287 751 91
O0315N-E 5 -9 21 259 230 ~412 656 -167
03 15N-F 1 -11 17 124 58 -374 466 ~284
0315N-G 3 -11 15 75 112 =341 435 -248
03 15N-H 3 -9 12 65 107 ~282 369 -197
0315N~K 3 -4 8 Tu 108 ~-159 251 -69
0315N—-N ~u2 3 3 170 ~1183 0 174 -1193




173

Table A,13. Oub-of-plane forece, FZC’ on cylinder

QUT-OF~PLANE FORCE LOADING, FZC, ON CYLINDER (3000 LB)

NICRO-STRAIN STRESSES PRIN STRESSES

. - a aan s Y " - - T o ans e e B R . O s > -

ROSETTE GAGEY GAGE2 GAGE3 TRANS LORG SHEAR SIGHMI SIGHN

D AED S G . L A D At S A > > A RO s Ak —mn . e — s - - i o g —n ) " s e wtn - .

I-0-C~C -2 =45 31 -312  -165 =-1017 781 -1258
1-0-C~D 0 -60 41 -419  -126 =-1335 1070 ~1615
I-0-C-E 0 -52 38 ~-315 -94 =~1208 1008 -1417
I-0-C-¥ 0 ~-50 38 -262 -79 -1176 1009 ~-1350
I~0~C~H -2 29  ~45  -364 ~-181 985 717 -1262
1-0-C-J -2 26 -43  -364 ~181 922 €54 -1199
I-0~-C-K 2 -u1 21 -422 -85  -826 608 -108S
I-0-C-L* -138  -43 21 =320 -4249 -859 ~-141 -4428
1-0-C-M -2 -4 26 =312 -165 =890 655 ~-1132
1-0-C-P -5  ~36 29  -152 -189  ~359 688 -1029
I-0-C-S -7 -3¢ 26 =202 -275 ~-827 589 -1066
0~0~C~B 0 54  -4E 204 57 1328 1460 -1199
0-0-C-C 2 54y -40 303 158 1264 1497 -1035
0~0~C=D -3 59  ~43 361 31 1359 1566 ~-1173
0= 0~C~E 0 57 -43 304 85 1329 1527 -1139
0~0-C-F 5 52 45 144 178 1295 1457 ~1134
0-0~C—H -3 50 -3¢€ 307 15 1138 1308 -986
0=0-C~J 2 45 -33 249 137 1045 1239 -853
0~-0~C—~K -3 42 ~33 202 -18 1011 1109  -925
0-0-C-1 0 42 =29 305 83 948 1148 -760
0~ 0~C=H -3 40 -26 307 14 884 1057 -736
0=~0~C=-P -3 38 -39 151 ~33 917 981 -863
0~0-C~5 -5 8o  -29 257 -74 917 1023 -840
I-0-N-B -5 =12 =19  -679  ~347 96 -322 -705
I-0-N-C =12 0 ~17 ~355  -466 223 -180 -641
I-0~N~D =10 ¢ -10 -200 -347 128 =126  ~421
I-0-N-E ~7 -5 -2 =150 =261 ~32 -141  -269
I-0-N-F -5 -€ ¢ -100 -178 ~ 64 ~63 =211
I-0-N-N 0 0 0 0 0 0 0 0
0-0~N~B 0 19 ~17 45 8 474 500 ~447
O=0=N=C ~3 2 2 96 -49 -1 96 -49
0=0-8~D -3 -5 9 100 ~48  -191 230  ~178
0~0-§-E -3 -7 7 -3 -78  ~190 153  -234
O=0~N-F -3 -3 7 100 -47  ~126 172 =120
0=0-N-§ 0 -7 7 -5 -5  -189 1848  -195
0-0-N-K 2 -5 % -59 48 -95 102 -115
0~0~N~N 0 9 ~1 -21 -12 8 -7 -26



17k

Table A.13 (continued)

QUT-OF-PLANE FORCE LOADING, FZC, ON CYLINDER (3000 LB)

BICRO~-3TEAIN STRESSES PRIN STRESSES

B R ] > s s s SR g T - — ) P ks D

ROSETTE GRGE! GAGEZ2 GAGE3 TRANS LONG SHEAR SIGMX SIGHN

D A ot D S DD T O S L TN s O D D g s o - - — o o — - s ooy e o — = o oo o

I-90C-B -5 43 -10 735 70 701 1178 -373
I-90C~C* -3 €2 ¢ 1366 331 826 1823 =127
I-30C-D -5 64 -3€ 627 39 1339 1704 -~1038
I-90C-E -10 62 -34 631 - 106 1275 159¢ -1065
I-90C-F -10 65 -29 812 ~-51 1257 1710 -949
I-30C~-R -24 98 83 4013 477 192 4023 466
0-90C~B 7 ~-17 43 660 403 -854 1395 -333
0-90C-C 5 -3¢ 62 568 313 -129¢6 1743 -862
0-30C-D* 2 -33 -147 -3965 -1119 1517 ~461 -4622
0~-90C~-E 0 -33 62 626 188 -1265 1690 -877
0-90C-F -2 -28 69 889 196 -1296 1884 -799
0-90C~R -43 93 102 4322 16 ~-126 4326 12
I-90N~-B -10 -12 -17 -619 ~472 64 ~848 -6U42
I-90N-C -10 -17 -z -409 -49Q9 -191 ~218 -600
I-908-D 0 -7 0 ~-158 -47 -95 8 ~-212
I-90N-E 0 0 -5 -107 -36 63 1 ~-144
I-90N-F* 21 -41 yi ~-862 385 ~-572 608 -1085
I-90N-N* -22 =12 -12 -518 -811 0 -518 -811
0-90N-B -5 -9 3¢ 631 47 ~632 1035 ~358
0-90N-C 0 -2 \ -52 -16 -32 3 -70
C-90N-D 2 2 -12 -211 8 190 117 -321
0-90N~-E 4 7 -7 -15 124 189 256 ~-147
0-90N~-F 4 Yy -1 -68 112 157 203 ~-159
0-90N-HN 2 0 2 38 75 -32 93 20
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Table A.13 (continued)

O0T~OF~-PLANE FORCE LOADING, FZC, OHN CYLINDER {3000 LB)

MICRO-STEAIN STRESSES PRIR STRESSES

D > " > - any —— - - - Dl W O s D N s eV

ROSETTE GAGE1 GAGEZ GAGE3 TRANS LONG SHEAR SIGMX SIGMN

T AL e VD D - A - A v o e o> o S e - - v s o - - - -~

I180C-EB 2 -2€ 33 142 106 -787 911 -663
I180Cc-C 2 -52 47 -119 28 ~1321 1278 -1368
I1180C-D 2 -£€§ 47 -171 8 -1351 1273 -~1435
I180C-E 2 -£7 42 -327 -35 -1319 1146 -1509
I1180C-F 2 -£2 37 -325 -33 ~1194 1024 -1382
I180C-8 -1 -29 28 -22 -24 =754 732 -777
0180C~B 5 5% -45 198 196 1331 1529 -1134
0180C~C 5 5¢ -4€ 196 195 1333 1528 -1137
0180C~D 5 59 ~-50 200 196 1458 1656 -1261
0180C-E 5 S€ -48 146 180 1364 1527 ~1200
0180C-F 0 50 ~50¢ 0 0 1330 1330 -1330
0180C-S* 0 Z€ -36 -209 -63 824 691 ~963
I180N-B -2 -2 -12 -309 -163 128 -89 ~383
I180N-C -2 0 -7 -153 -116 95 -37 -232
I1180N-D 0 -2 -1 -208 ~-61 64 -37 ~231
I180N-E 2 2 2 104 104 g 104 104
I180N-F 2 0 7 144 106 ~86 222 28
I180N~-N 0 0 c 3 2 0 3 2
0180N-B -10 16 ~-£ 265 -206 281 397 ~-337
0180N~C -5 -Z 2 -47 -157 -95 8 -212
0180N-D -5 -14 2 -256 -219 ~222 -15 -460
0180N-E -2 - 14 7 -154 -118 -285 150 -422
0180N-F 0 -12 7 -104 -3 ~-2¢83 188 ~324
O180N-N 0 ¢ ¢ 0 0 0 0 0
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Table A.13 (continued)

OGT-OF-PLAKE FORCE LOADIREG, FZC0, OF CYLIMNDER (3000 LB

MICRC-STERIN STRESSES

o w0 <O T T A o e D wn o e o s

PRI® STRESSES

D AT N T R D I A T D e

ROSETTE GAGE1 GAGEZ GAGE3I TRAES LONG SHEAR SIGHE S5IGHN

B A At AT D ST AT R PO AR T AR O T O TR AR W TR D NS e o > e s P s s e aon e e 7S o e A

1270C~-C -2 2€ -76 ~1093 -394 1367 666 —-2155
L27GC-D -2 25 -7¢ ~1040 -38¢ 1399 727 ~2747
127CC-2 0 28 78 ~1G17 -318 1366 T43 ~2078
T270C-F U 21 T4 -37175 =366 1271 564 ~2104
I27CC-H 0 7 =70 -1385 - 430 16137 216 ~2031
1270C-J i ~14¢ ~T4 ~18G4 -~411 825 -28 -2187
T270C~¥ u ~22 ~77 ~-2169 ~316 730 ~2080 ~2846
1270C-L 14 ~39 -8€ ~2777 ~-413 623 ~-259 ~2931
1270C~8 14 ~-%3 ~1017 -3392 -604 634 ~466 =3529
1270C-p 36 ~88 100 -d41%90 -179 161 -173 ~-419¢
127C¢C~& u3 -9§ ~-10% 4568 - 07 128 ~44 -83472
1270C-71 ~ 17 ~286 22 ~87 -579 ~638 367 ~983
0270C~-B 7 ~57 4a ~216 51 ~139¢ i375 -tau9
027CC~C 7 -6 &g ~#33 78 -~1332 1179 -~1534
0270C~-D 14 -7 3t ~598 243 ~1299 1187 -1543
0270C~E 16 -&7 33 ~759 266 -~1331 1180 -1673
0270C~-F 16 ~€4 i -7%9 266 ~1268 1121 -1614
0270C~-H 21 -67 i ~-1079 312 ~71141 953 =-1719
0270C~J 28 -2 g -1d2 4292 -~-1079 928 -1301
0270C~-K 33 -TH -5 1770 452 ~-919 %1 -2100
0270C~1L 38 -8¢8 ~38 -2823 289 ~566 426 ~-2960
0270C~# uo -9 -53 ~-3348 203 -602 302 -~-3447
027CC~P 35 =107 ~8% -4%83 -191 ~350 -1671 ~4211%
Qz270C~-R 31 -10%  ~335  -4645 ~%72 0 ~872 4645
0270C-1%* 7 Gz 0 929 4483 568 1316 96
I2708~8 ~14 -19 -19 ~-823 ~&77 0 ~6T7 ~-823
X2708~-C -5 -17 -2 —i §4 ~268 ~191% ~137 -545
I2708-0 0 -7 0 ~157 -7 -95 8 -212
I270%-F 5 -3 -2 ~215 79 -6l 92 -228
I2708-F 7 2 -5 -63 i63 S6 21§ -96
0270n-E 16 ~22 2E 132 530 -665 1025 ~363
Q2708 ~C 5 £ 9 302 229 ~63 339 193
Q270¥-D 0 12 0 263 890 159 35 ~12
0270K—~F 0 14 -7 157 @y 286 393 -189
Q270K-F 0 12 ~1 107 33 253 326 ~186
02708-G 0 10 ~7 52 15 222 256 -18%
Q270%8~H 0 ? -2 53 17 159 185 -125
02708-~-K Q z -2 54 i8 95 133 -61
0Z70%~H 2 ¢ G -4 73 0 73 -1
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Table A.13 {(continued)

OUT-OF-PLANE PORCE LCADING, FZC, ON CYLINDER {3000 LB)

MICRO-STEAIN STRESSES PRIN STRESSES

s e S Rn . - -~ > - N - " st i - M T —— > o o A

ROSETTE GAGE1 GAGEZ GAGE3 TRANS LONG SHEAR SIGHMX SIGHNN

VS A A O DD D W e AT A O S A o aar e - o arn e - s . - - o o0 o . v -

I315C-B S -9¢€ -84 -3957 =905 -157 -897 -~-3965
I315C~C 5 -4 ~-62 ~-3009 -766 ~159 ~755 =3020
I315C-D 0 ~63 -43 -2333 -6395 ~262 -654 ~-2374
I315C-¥ -1¢ -41 -38 -1734 ~-816 ~32 -815 ~173s8
I315C~-H -12 -4 ~39 -17137 ~890 -31 ~883 -1739

I315C~-J -15 -43 -34 -1679 -945 -127 -923 ~-1701
I315C~K -15 -50 -31 -1782 ~977 -255 ~903 -1856

I315C-1L 7 ~68 -24 -2058 -402 -600 -208 ~2253
I315C~-HM -3 -39 -10 -1943 ~661 -922 ~179 -2425
I315C~-P -10 -91 -3 -2045 -%912 -1174 ~175 ~-2782
0315C-B 4 -19 -41 -1319 ~262 284 -191 -1391
0315C~C 1 -19 ~31 -904 ~65 286 23 -993
0315C~-D 12 -£ ~38 -958 61 Lyz 226 ~-1123
0315C-2 19 -3 ~38 ~915 291 474 455 -1079
0315C-F 24 -10 -38 -1079 381 376 472 ~1170
0315C-H 24 Z ~4¢ ~860 454 569 666 -1072
0315C-K 26 £ -52 -1071 461 758 773 -1383
©315C-L 18 14 -69 -1220 203 1186 807 ~1823
0315C~H 14 12 -81 ~1527 -31 1233 662 ~2221
0315C~p 0 7 -88 -1772 -532 1264 256 -2560
I315N~B -7 ~-69 -81 -3307 -1213 160 -1201 -3319
I3158-C -38 -4g -48 -2068 -1774 1 ~1774 -2068
I3158-D ~-29 -29 -27 ~-1186 -1222 =32 -1167 -1241
I315K~F -17 -19 ~-19 -831 ~-758 -1 -758 ~831
I315N~F -12 -1t -1£ -627 ~553 -1 -553 -627
I3158-¥ -1 C 0 -12 ~44 ~1 -12 -44
03158~ 19 -21 -24 -1011 266 32 267 -1012
0315N-C 7 17 12 618 399 - 63 €835 382
0315N-D ~6 20 23 961 104 -39 963 103
0315¥§ -8 ~14 16 19 788 -377 -35 789 -178
03 15N~F -14 13 12 583 ~243 12 S84 ~243
0315N~6 -12 10 € ko8 ~236 21 409 -237
0315K8~-H -10 7 8 335 ~-199 -6 335 -199
0315N8-K -3 -1 Z 31 -394 -48 47 -110
03158-¥ -9 4 4 192 ~-221 -2 192 -221
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