LOCKHEED MARTIN ENERGY RESEARCH LIBRARIES ’
T ORNL-5021
3 4456 0515109 1 &j« 79

_ ;

Theoretical and Experimental Stress
Analyses of ORNL Thin-Shell
Cylinder-to-Cylinder Model 2

R. C. Gwallinay
S. E.Bolt
JoWL Bryson




Printed in the United States of America. Available from
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road, Springfield, Virginia 22161
Price: Printed Copy $7.60; Microfiche $2.25

This report was prepared as an account of work sponsored by the United States
Governiment. Neither the United States nor the Energy Research and Development
Administration, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, complateness or
usefulness of any information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




ORNL-5021
NRC-1, =5

pa

Contract No. W-7hOS5~eng-26

Reactor Division

THEORETICAL AND EXPERIMENTAL STRESS ANALYSES OF ORNL
THIN-SHELL CYLINDER-TO-CYLINDER MODEL 2

R. C. Gwaltney 5. B, Bolt
J. W. Bryson

OCTOBER 1975

0AXK RIDGE NATTONAL LABORATORY
Oak Ridge, Tennegsee 37830
operated by
UNICON CARBIDE CORPORATION
for the
U.S. ENERGY RESEARCH AND DEVELOMMENT AIMINISTRATICN

LO [ MARTIN ENERGY RESEARCH LIBRARIES

T

3 445k 0515109 1







iii

CONTENTS

Page
ABSTRACT .. viveinenivanes Gt et es i aetssnaaase ittt ar et acsaess 1
1 INTRODUCT ION .. i4ecieerennosonsccnsreessanosnasasse . serveas 2
2. EXPERIMENTAL ANAIYSIS ........ e s cenaan teeaeenas ceseeenea 5
2.1 Model Constructlon .v.veeeieristrrncoerernrenensones 6
2.2 Strain-Gage Layout ......c.veeeeinnsn. seessstasesena 6
2.3 Test Description ......... e 8
2.4 Data Acquisition and Reduction ........c.vevvevnecnnn 12
3. FINITE-ELEMENT ANALYSIS ........... e s stesceenrcenasaaanns 12
3.1 Background ........ci0000000.. tesecessesatisanea R
3.2 Finite-Element Method ......cevvviirriierenenneenns .. 14
3.3 Finite-Element Idealization of Model ............... 19
4., COMPARISON OF THEORY AND EXPERIMENT ... v'vrevevereeeeneeancens 21
L.l Internsl Pressul® .uoueeeeeecernrrenncernsnnenenns eoe 22
4.2 Out-of-Plane Moment Loading, M, on Nozzle ........ 26
4.3 Torsional Moment Loading, My on Nozzle ........... 28
4.4 In-Plane Moment Loading, M, on Nozzle ....e.un.n.. 28
4.5 In-Plane Force, P on Nozzle .......oiueel.n. eevee. 37
4.6 Axial Force, Foye on Nozzle ........ ettt 37
4.7 Out-of-Plane Force, Fop onNozzle ..oueioiinnn... . 44
4.8 Torsional Moment Loading, MXC’ on Cylinder ........ . 44
4.9 Out-of-Plane Moment Loading, Myo, on Cylinder ...... 44
4,10 In-Plane Moment Loading, MZC’ on Cylinder ......... 54
4,11 Axial Force, Foos On Cylinder ........ e teee e 54
4,12 In-Plane Force, Fyor on Cylinder ....... tieseereana 54
%.13 Out-of-Plane Force, Fono on Cylinder ........euee. 64

4.14 Out~of-Plane Moment, Mi» on Nozzle with
Restraints ..iuveine o iiiiiteeroneeennnonnonans 64
4,15 In-Plane Moment, MZN’ on Nozzle with Restraints ... 71
4.16 Axial Force, Py on Nozzle with Restraints ....... 71
5. CONCLUSIONS .....v.vivessssonnenss e st eressacaneaccasnanasas 71
A KN OW L DGMEN TS 4 s et eteeeerooesasoncesanonasesnonneacasnss sraree 80
REFERENCES . ...t iiieenninrenannns ccecese s eaas Cree ittt enns 80
APPENDIX, TABULATION OF EXPERIMENTAL DATA ...t reeenennnnnens 83






THEORETICAL AND EXPERIMENTAL STRESS ANALYSES OF ORNL
THIN-SHELL CYLINDER-TO-CYLINDER MODEL 2%

R. C. Gwaltney 5. E. Bolt
J. W. Bryson

ABSTRACT

Model 2 in a series of four thin-shell cylinder~-to-cylinder
models was tested, and the experimentally determined elastic
stress distributions were compared with theoretical predictions
obtained from a thin-shell finite-element analysis. The models
in the series are idealized thin-shell structures consisting of
two circular cylindrical shells intersecting at right angles.
There are no transitions, reinforcements, or fillets in the
Junction region. The 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 serve a basic need for test results for
use in developing and evaluating theoretical analyses applica-
ble to nozzles in cylindrical vessels and to thin piping tees.

Both the cylinder and the nozzle of model 2 had outside
diameters of 10 in., giving a d,/Dy ratio of 1.0, and both had
outside diameter/thickness ratios of 100. Sixteen separate load-
ing cases in whiech one end of the cylinder was rigidly held were
analyzed. An internal pressure loading, three mutually perpen-
dicular force components, and three mutually perpendicular moment
components were individually applied at the free end of the cyl-
inder and at the end of the nozzle. In addition to these 13
loadings, 3 additional loads were applied to the nozzle (in-plane
bending moment, out-of-plane bending moment, and axial force)
with the free end of the cylinder restrained. The experimental
stress distributions for each of the 16 loadings were obtained
using 152 three-gage strain rosettes located on the inner and
outer surfaces.

A11 the 16 loading cases were also analyzed theoretically
using a finite-element shell analysis developed at the Univer-
sity of California, Berkeley. The analysis used flat-plate ele-
ments and considered five degrees of freedom per node in the i-
nal assembled equations. The comparisons between theory and ex-
periment show reasonably good general agreement, and it is felt
that the analysis would be satisfactory for most engineering pur-
poses.

*Work on this program was initiated under ERDA sponsorship and ulti-

mately completed under NRC sponsorship.



1. INTRODUCTION

Intersecting eylindrical shells are common configurations in struc-
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 avallable, and only recently have potential analy-
ses, both analytical and numerical, been developed. This is true even for
the case of an idealiged configuration consisting of two thin-shell nor-
mally intersecting cylinders with no transitions, reinforcements, or fil-
lets in the junction region,

To meet the need for experimental data obtained from carefully ma-
chined models, Oak Ridge National Laboratory (ORNL) has tested a series
of four thin-shell cylinder-to-cylinder models. In addition to serving
a basic need for test results for use in developing and evaluating poten-
tial analytical technigues, the models in the series provide design infor-
mation directly applicable to nogzles in cylindrical vessels and to a
class of thin piping tees as well. The test results are particularly ap-
plicable to liquid-metal fast breeder reactor components in which rela-
tively low internal pressures and high thermal transients dictate thin-
walled structures.

Model 2 is shown in Fig. 1 along with the significant dimensions of
the four models in the series. The test results for all four models have
been compared with typical elastic finite-element predictions. This re-
port describes the tests and analyses of model 2; similar results have
been reported for model 1 (Refs. 1 and 2), model 3 (Refs. 2 and 3), and
model L (Ref. 4). As the figure indicates, these models are truly ideal-
ized shell structures. There are no transitions, fillets, or reinforcing
in the junction region. The outside diameter D, of the cylinder of model
2 was 10 in. and the outside diameter d, of the nozzle was 10 in., giving
a dO/Do of 1.0. The cylinder and the nozzle were 0.1 in. thick; thus the
outside diameter/thickness ratio of the cylinder and the nozzle was 100.

The cylinders for the remaining three models had outside diameters
of 10 in. In model 1 the outside diameter of the nozzle was 5 in., glving

2 do/DO ratio of 0.5. Model 3 had a nozzle outside diameter of 1.29 in.,
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Fig. 1. Thin-shell cylinder-to-cylinder model 2 and table showing
dimensions of all four models in the test series.



giving a dO/Do ratio of 0.129. The nozzle of model L, which was obtained

from the third by boring out the nozzle to provide a thinner wall thickness,

had an outside diameter of 1.29.

Model 2 ig 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 ex-
ternal loads were applied to the other end of the cylinder and to the end
of the nozzle. Three mutually perpendicular force components and three
mutually verpendicular moment components were applied individually at each
Tocation with the ends of the nozzle and cylinder asgsumed to be free.

Tn the cases of the pfessure loading, the out-of-plane moment on
the nozzle, the torsional moment on the nozzle, the in-plane moment on
the nozzle, and the axial force on the nozzle, slight nonlinearities were
chserved in the measured strains when the loads were increased., To inves-
tigate the source of these nonlinearities and to evaluate their effect on

the maximum strains, three extra experimental cases were p riommed. These

ORNL-DWG 74~ 3923R

[

A1

/J / o / : s

— , TP (\ NOZZLE

- // L “ h 10 0D x G0 WALL

- ‘ \ ;

A [ |

AN y ; _CYLINDER

- . 97 | ‘ 1 700D 010 WALL

;4 . Lo I
L . N A

T

7 ] [ T

w £

y

DIMENSIONS ARE IN INCHES

fig. 2. Schematic of model 2 showling applied external loadings.



were the out-of-plane moment on the nozzle with the free end of the cyl-
inder constrained to zero rotation about the x axis, the in-plane moment
on the nozzle with the free end of the cylinder constrained to zero dis-
placement in the y direction, and the axial force applied to the nozzle
with the free end of the cylinder restrained as for the in-plane moment
load. Thus, including internal pressure, there was a total of 16 loading
cases. These loading cases were examined both experimentally and analyti-
cally, and the results were compared for each loading case.

Chapter 2 of this report describes the testing aspects of the experi-
mental analysis and also the strain-gage data-acquisition and -reduction
techniques used. Chapter 3 discusses the finite-element analysis, briefly
describes the formulation used, and presents the specific element layout
for the model. Complete comparisons of theory and experiment are pre-
sented and discussed in Chap. 4 for all 16 loading cases, and Chap. 5 con-
tains a concise summary of the conclusions drawn from the study of this
thin-shell cylinder-to-cylinder configuration. For the benefit of the
reader who wishes to use the experimental data for comparisons with his
own analyses, an appendix is included that gives a complete set of experi-

mental data for each of the 16 loading cases.

2. EXPERIMENTAL ANALYSIS

Experimental investigations of thin-shell cylinder-to-cylinder pres-
sure vessel configurations have used both strain-gage metal models and
photoelastic models. Strain-gage studies for internal pressure and for
external nozzle loadings have been carried out by Hardenbergh, Zamrik,
and Edmondson, > by Hardenbergh and Zamrik, ® and by Riley.” In the first
two studies, contoured and reinforced outlets were used, while in the
third, the model was fabricated from hot-rolled sheet steel by welding.
Photoelastic studies have been carried out by Taylor and Lind® and by
Leven.® 1In both cases, reinforced openings were examined. Thus, of the
previous studies, only that of Riley7 used a thin-shell idealigzed cylinder-
to~cylinder metal model, and it was of welded construction rather than

being carefully machined.



2.1 Model Construction

One of the primary objectives of the experimental analysis described
in this report was to obtaln experimental data on a carefully machined
cylinder-to-cylinder model so that the effects of geometrical imperfec-
tions would be minimigzed.

The basic configuration was obtained by forging a billet of carbon
steel into the basic shape of a tee and then annealing it. The forging
was then bored out to the rough inside dimensions. The outside was then
rough machined, and the structure was annealed a second time. To maintain
the correct dimensions during annealing, tight-fitting graphite mandrels
were machined and inserted in both the nozzle and the cylinder. The in-
side surfaces were then machined to the final dimensions by boring. The
final machining on the outside surface was then done on a tracing-type

milling machine using a carefully constructed mahogany wood pattern.

2.2 Strain-Gage Layout

The model was extensively instrumented with electric resistance strain
gages on both the inside and outside surfaces. A sufficient number of
gages was used on this model to provide a good description of the stress
distributions for comparisons with predictions and for identifying the
high-stress regions.

The strain-gage layout for model 2 is shown in Fig. 3. A total of
152 three-gage strain-gage rosettes was used, making 456 individual strain
gages. Half of these were on the outer surface, and half were on the
inner surface; they were in all cases located "back-to-back'" at the loca-
tions shown in the figure.

The gages were arranged along two lines running from the junction of
the nogzzle and cylinder and around the junction. One line of gages was
along a longitudinal axis (0O° plane) and the other was along a transverse
axis (270° plane). The gages around the junction were spaced at 22.5° in-
tervals, with the first gage on the 0° plane. The gages around the junc-
tion are as close to the junction as possible and are always within 1/8 in.

of the Jjunction.
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Fig. 3. ©Strain-gage layout.

The three-gage rosettes used were Micro-Measurements type EA-06-030YB-
120, option SE, which is a very compact three-gage foil rosette. The three
individual gages are arvanged 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 common backing by the gage manufacturer. These



assemblies have the same designation as the single rosettes except that
the option becomes B27. One of the five-rosette assemblies is shown in
Fig. L.

The rosettes were applied with an epoxy adhesive, BR-610, which is
available from W. T, Bean, Inc. Curing times and temperatures ranged from
10 hr at 250°F to 24 hr at 200°F. Uninsulated 4-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 junction region of the model is shown in Fig. 5 with the strain
gages applied but not completely wired. The line of gages along the 0°
plane can be clearly seen. Also, the gages along the junction can be seen

from the 0° plane to the 270° plane.

2.3 Test Description

Figure 6 shows the instrumented model in a loading frame being sub-
Jected to a torsional moment on the cylinder. The right end of the cyl-
inder was rigidly clamped to the heavy flat plate using a split ring ar-
rangement acting over the flange on the end of the cylinder. The loading
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. 6).

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

For all 16 loading cases, data were taken in nine steps, usually at
0, 25, 50, 75, 100, 75, 50, 25, and 0% of full load. The procedure was
then repeated, so that two complete sets of data were taken for each gage

for every loading.
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Fig. 4. Closeup of assembly of five strain-gage rosettes on a com-
mon foil backing.



Fig. 5. Model during instrumentation.
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Fig. 6. Instrumented model in test frame being subjected to a tor-
sional moment on the cylinder.
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2.4 Data Acquisition and Reduction

The strain-gage data were recorded by a Datum Computer-Controlled
Data Acquisition System (CCDAS). The system consists of a data-acquisi-
tion unit composed of a control module controlled by a PDP-8/I computer
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 computer. This second
tape is sent to the ORNL 360/91 computer, and stresses are calculated for
each rosette from the strains stored on 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 maxi-
mum 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 linearity and drift of the gages.
In cases 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 spe-
cific loading case under consideration. In some instances, a gage that
behaved erratically during one loading behaved normally during others.
Thus, in the 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.

3. FINITE-ELEMENT ANALYSIS

3.1 Background

Thin-shell cylinder-to-cylinder intersection problems have, in recent

years, been a favorite with the stress analyst. Their popularity stems
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not only from the common occurrence of such configurations in practical
design, but also from the challenge that they present as complex shell
analysis problems. In addition to their use in piping and pressure ves-
sel configurations, thin-shell cylinder-to-cylinder intersections occur
in the petroleum industry, which uses tubular structural members exten-
sively in off-shore o0il-drilling towers. Much of the cylinder-to-cylinder
intersection research, both experimental and theoretical, that has been
done was motivated by the off-shore oil-drilling tower application. The
literature associated with the latter application is reviewed in Ref. 10.
Both analytical and numerical analyses have been developed and ap-
plied to thin-ghell cylinder-to-cylinder intersection problems. In 1961,
Reidelbach®?! developed the first analytical solution for two perpendicu-
larly intersecting cylindrical shells subjected to internal pressure.

Eringen and his co-workers'® 1S

corrected some errors and approximations
in Reidelbach's solutions and formulated a solution in which the inter-
section curve was approximated by a circle. These solutions congisted of
products of Krylov functions and Hankel functions of the first kind. A
collocation 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 hending mo~
ment applied to the nozzle of a nozzle-to-cylinder configuration. In 1970,
Maye and Eringenl7 developed a solution using Fourier series involving
Begsel functions in place of the Krylov functions. In 1973, Hansberry
and Jones™® expanded thelr solution to include the case of an axial force
applied to the nozzle. However, as in the cage of earlier solutions, the
nozzle diameter was Llimited relative to the cylinder diameter.

In 1967, Bijlaard, Dohrmann, and Wangl9 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
shells. 1In 1969, Pan and Beckett®C developed a numerical solubtion Lo the
differential equations of Flugge and Donnell that is applicable to the
equal-diameter case. They compared their predictions with the experimen-

tal results obtained by Riley’ for a nozzle-diameter/cylinder-diameter
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ratio of 1/2. By careful choice of some of the factors used in the so-
lution, they obtained predictions that agreed reasonsbly well witk peri-
ment.

In 1968, Herrmann and Campbe112l presented a finite-element shell
analysis formulation using flat-plate elements and the 1/2 diameter ratio
model tested by Riley”’ as a sample problem. The limited comparisons shown
were for internal pressure and indicated reasonably good agreement between
theory and experiment. In 1969, Prince and Rashia®® also presented a
flat-plate finite-element shell analysis using the cylinder-to-cylinder
intersection as a sample problem (ORNL model 1). Their shell analysis
program was developed under subconbract to ORNL as a part of the ORNL Pre-

stressed Concrete Reactor Vessel Program.

3.2 Finite-Element Method

The finite-element program used for the analysis of model 2 wag cho-
sen as being reasonably representative of currently available and widely
used finite-element shell formulations. The program was developed at the
Univergity of California, Berkeley, under the direction of Professor R. W.
Clough. The original program was written for general shell analyses by

, 2a
Johnson®3: =

and was later modified and adopted by Greste'©s=° for treat-
ing the "K" joints of cylindrical shells found in off-shore oil-drilling
towers.

The basic elements used in the program are shown in Fig. 7. The ele-
ments are nonplanar quadrilaterals that are built up of an assemblage of
four compeonent triangles as shown. Within each component triangle, the
in-plane displacements u and v are assumed to vary quadratically over the
plane of the triangle except that they are constrained to vary linearly
along the one exterlor edge. The resulting membrane element, referred to
as a constrained linear strain triangle (CLST), has two degrees of free-
dom (u and v) at each of the five nodes

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 novmal, dis-

placement w. The displacement expansion for this element is due to Hsieh,
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Clough, and Tocher,®®

and the element is referred to as the HCT triangle.
Full compatibility of displacements and slopes bebween triangular element
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,
go that in the final assembled component triangle the normal slope varies
linearly along each exterior edge. It is 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 twisgting moments, vary linearly.

The total stiffness (membrane plus bending) of the triangular ele-
ments that form the components of the guadrilateral is obtained by super-
position of the plate bending element and the membrane elements. The mem-
brane plus bending stresses vary pilecewise linearly over the surface of
the resulting triangular element.

The gquadrilateral element stiffness is obtained from that of the four
component triangles. In general, due to the curvature of the shell that
is being 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 rotabtion guantity is introduced,
and in the transformed system three rotational degrees of freedom should
be considered at each node. This consideration regarding the third rota-
tional degree of freedom also arises in the subsequent assembly of the
guadrilateral elements into the total structural stiffness, since adjacent
elements are in general not coplanar. In his formulation, Johnson®® chose
to retain only two rotations per node in the total element assemblage. He
argued that gince the element plane in a sufficiently fine mesh lies close
to the ghell 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 small transformed component of bending
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rotation about the normal to the ghell could be neglected. This 1s per-
haps a reasonable agsumption everywhere except at the Junction of inter-
secting shells.

The stiffuness formulation for the quadrilateral element, as well as
for the CLST menbrane element and the HCT plate bending element, 1s sum~

marized by Greste.l©

The quadrilateral element has five degrees of free-
dom at each node: w, v, w, and the two rotations. In the final assembled
structure the five degrees of freedom per node are u, v, w, and the two
rotations about 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 together at dis-
crete points, the corner nodes, and requiring compatibility of displace-
ments and rotations and equilibrium of forces and moments at these nodes.
Unfortunately, when the elements are assembled into a curved-shell struc-
ture, coupativility and equilibrium are not completely achieved along the
element interfaces. Thus there are inherent small errors involved. How-
ever, studies by Johngon®® have shown that these errors are not too sig-
nificant provided a sufficiently fine element mesh is used.

There is an error in intercsecting shell problems which is not dimin-
ished by megh refinement. This error arises from the aforementioned ne-
glect of the rotation about the sghell normal. At the junction nodes in
the cylinder-to-cylinder intersection, there are three nonzero rotational
components, only two of which 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 tangent plane.
The manner in which he treated the junction nodes thus constrained the
normal rotation about the cylindrical shell normal to be zero at the junc-
tion. This rotational consgtraint unrealistically constrains the bending
deformation of the adjacent nozzle elements.

The most severe case of this situation is illustrated in Fig. 8. 1In
this case, the rotation of the nozzle elements (adjacent to node A) about
the normal to the cylinder at A is completely constrained. Thus, if in
the actual structure the nozzle deforms into the shape shown, the con-

straint on the idealized structure prevents the rotation 0 at A. Greste
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considered two factors in estimating the magnitude of The constrained ro-
tation and its effects: rigid body displacements and membrane deformations
in the cylinder. Because of the relatively small length-to-diameter ra-
tios that are generally considered for the cylinder, Greste reasoned that
the rigid body displacements which produce rotations of the type shown in
Fig. 8 are small compared with the bending rotations associated with
straining of the structure. Therefore, egsentially all the rotation of
the type in Fig. 8 can be assumed to be produced by the membrane deforma-
tions of the cylinder wall. Gresgte then further reasoned that in oil-
drilling towers the membrane stiffness of the cylinder is very large and
the circumferential bending stiffness of the nozzle, or branch as he calls
it, is relatively small. Thus the cylinder novmal rotations, when applied
as circumferential bending rotations to the nozzle, would be expected to
generate only small forces and moments in the nozzle wall. That is, if
the rotation 6 of Fig. 8 were allowed to take place in the nozzle wall,
relatively small additional stresses would be generated.

This argument may be valid for structural joints in off-shore o0il-
drilling towers, but it does not necegsarily remain so for pressure ves-

sel and piping cylinder-to-cylinder configurations in which the nozzle and
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the cylinder may be nearly equivalent in stiffness. For these configura-
tions there is, unfortunately, little justification for choosing the cyl-
inder tangent plane as the reference plane for junction nodes. A better
choice might have been some average or mean tangent plane at junction nodes
giving partial bending constraint to both nozzle and cylinder. Johnson=>
used this latter approach to analyre a folded-plate structure and found
that the results agreed well with an elasticity solutbion.

In conclusion, the error introduced in the junction region by the
neglect of the sixth degree of freedom at the junction nodes and by the
agsoclated constraint on the bending deformations of the element adjacent
to those nodes 1s not believed to be a large factor, but it is present

and 1t is not reduced by mesh refinement,

3.3 TFinite-Element Idealization of Model

The finite-element representatlon chosen for the model ig deplcted
in Fig. 9, 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 because of symmebtry considerations. This mesh layout was developed
marually 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 LS00 linear algebraic simultaneous equations to be
golved for the unknown displacement parameters. There were 27 nodes along
the (half) junction line between the nozzle and cylinder. All 16 loading
cases considered experimentally were analyzed using this mesh, and the
theoretical predictions were compared with the experimentally determined
stresses and are given in Chap. k4.

Nine of the 16 loadings — pressure, axial forces on the cylinder and
the nozzle, and in-plane moment and forces on the cylinder and nozzle —
produce vehavior that 1s theoretically symmetric about the longitudinal
plane of symmetry of the model. TFor these symmetric loadings, it is cor-
rect to consider Just one~half of the model in the finite~-element repre-
sentation. The boundary conditions on nodal displacements and rotations

are those commonly associated with symmetry conditions.
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For the remaining seven loadings — out-of-plane moments and forces
on the cylinder and nozzle and torsional moments on the cylinder and noz-
zle — asymmetric conditions exist; and to consider just one-half of the
model in the finite-element representation requires assumptions, or ap-
proximations, in establishing nodal displacement and rotational boundary
conditions. DBasically, the boundary conditions used were based on the
assumption that the projection on the X-Y plane (see Fig. 2) of the bound-
ary remained fixed in 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
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these conditions are obviously not strictly correct, they nonetheless seem
to be reasonable assumptions that are useful for reducing the size of the

problem to be szolved.

4. COMPARISON OF THEORY AND EXPERIMENT

The theoretical predictions, based on the finite-element layout shown
in Fig. 9, are compared in this chapter with experimentally determined
distributions for all 16 loading cases. For each loading, the theoretical
and experimental stress distributions along two gage lines on the cylinder
and nozzle (see Fig. 3) and around the crotch are presented. The stresazes
shown are always those parallel (longitudinal) to the gage lines and those
perpendicular (transverse) to the gage lines. The gages around the crotch
are on gage linesg of one gage each at the angles chown in Fig. 3. The
theoretical stresses at the crotch are plotted at the position of the
strain gage near the crotch, since the strain gages could not be placed
exactly on the crotech (see Fig. 3).

To examine the stresses, the plots were drvawn using stress ratios
which were determined by dividing the stresses at a point by a nominal
membrane stress value. The membrane hoop stress in the cylinder, and noz-
zle, was used ag the nominal stress level for the pressure loading. For
the moment loadings on the nozzle, or cylinder, the maximum membrane hend-
ing stresses (camputed by Me/I) or the membrane shear stress (computed by
Te/J and equal to the maximum normal stress) in the nozzle, or cylinder,
were used as the nominal stresses. Tor the axlal forces on the nozzle and
the cylinder, the axial membrane stress (calculated by P/A) was used. For
the in-plane and oubt-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. Finally,
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 cylin-
der at its midlength (at the center line of the nozzle).

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.
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Table 1. Applied loads and nomingl stress levels
Nominal
loading case Load level membrane stress
(psi)
Internal pressure 60 psi 2970
Qut-of-plane moment, MXN 10,000 in.-1b 1300
Torsional moment, M. 16,000 in.-~1b 10L0
In-plane moment, MZN 15,000 in.-1b 1950
In-plane force, FXN 1200 1 2260
Axial force, F&N 4000 1b 1290
Out-of-plane force, F, .. 600 1b 1330
Torsional moment, MXC 20,000 in.-lb 1300
Out-of-plane moment, M. 60,000 in.-1b 7800
In-plane moment, M, . 24,000 in.-1b 3120
Axial force, Fy. 8000 1b 2570
In-plane force, FYC 1000 1b 2530
Out-of-plane force, F, . 1200 1b 3040
Out-of-plane moment with 10,000 in.-1b 1300
restraints, MXN
In-plane moment with 15,000 in.-1b 1950
restraints, MZN
Axial force with restraints, L4000 1b 1290
F&N

4.1 Internal Pressure

The measured and predicted stress distributions determined for an
internal pressure of 60 psi applied to the model are shown in Figs. 10
through 12. Figure 10 shows the measured and predicted stress distribu-
tions on the outside and inside surfaces of the cylinder and the nozzle
along the 0° gage line, which is the longitudinal plane of symmetry (see
Fig. 3).

tion of the nozzle and cylinder midsurfaces.

The stresses are shown as a function of distance from the junc-

The heavy lines are the
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Fig. 10. Measured and predicted stress distributions at 0° for an
internal pressure of 60 psi.

predicted stresses, while the fine lines through the experimental points
show the measured distribution. The solid lines in each case represent
the transverse stresses, which are perpendicular to the gage lines; the
dashed lines represent the longitudinal stresses, which are parallel to
the gage lines. Thus one can compare the solid lines with each other and
the dashed lines with each other. All the stresses in the figures are
normalized by the nominal membrane stresses given in Table 1.

The agreement between theory and experiment is excellent in Fig. 10,
except that the stresses at the inside surface are somewhat underesti-
mated by the finite-element predictions. The general shape and distri-
bution of the stresses are well predicted by the theory.

Figure 11 shows the stresses along the 270° gage line, which is the
transverse plane of symmetry. Here the agreement between theory and ex-
periment is also excellent, and the shape and distribution of the stresses

are again well predicted by the theory.
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The variation of the stresses around the nozzle-cylinder junction is
shown in Fig. 12, and the sharp and rapid variation of stresses around
the junction, which indicates the very complex nature of the stress dis-
tribution in this region, can immediately be seen. The agreement between
theory and experiment is excellent except around the 180° plane on the
outside surface. However, the shape and distribution of the stresses are
well predicted by the theory.

To examine the maximum stresses, stress ratlos were determined by

dividing the maximum absclute principal stress¥® value at a point by a nomi-

nal membrane stress value (listed in Table 1). These maximum stress ra-—
tios were calculated for both experimental and theoretical stresses. The
experimental stress ratios were extrapolated along the 0 and 270° gage
lines to the junction where necessary, but the stress ratios around the
crotch were calculated where they occurred. IHowever, it should be empha-
sized that the maximum experimental stress estimates are based on a con-
sideration of the stresses along the gage lines and on the string of gages
around the crotch only; this does not preclude the existence of slightly
higher ratios at locations away from gage lines. The theoretical maximums
were calculated where they occurred.

The maximum experimentally determined stress occurred on the ocutside
surface of the nozzle at 1807, and the maximum stress ratio was 9.0. The
theoretical maximum stress was on the outer surface of the cylinder at 0°;
the maximum stress ratio was 7.7.

4.2 Out-of-Plane Moment Loading, on Nozzle

MXN’

The measured and predicted stress distributions for an out-of-plane
moment loading of 10,000 in.-1b applied to the nozzle are shown in Figs.
13 through 15. The results in Fig. 13 are for the 0° plane, the longitu-
dinal plane of symmetry. As expected, the stresses are small, since this

plane is analogous to the neutral axis of a beam in bending.

¥Principal stress values are given in the appendix in terms of psi for
the 1ndicated value of the loading actually applied.
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The results for the 270° gage line, which is the transverse plane of
symmetry, are shown in Fig. 14. Here, the stresses are a maximum and the
agreement between theory and experiment is excellent except for the trans-
verse stress on the inside surface of the nozzle.

The variation of the stresses around the junction is shown in Fig.

15, where again the complex variation of the stresses can be seen. The
comparisons of the results are good, particularly on the inside surfaces.

The maximum experimentally determined principal stress ratio was 15.8,
with the maximum stress occurring on the inside surface of the cylinder at
the junction at 247°. The theoretical maximum stress was on the inside

surface of the nozzle at the junction at 249°, and the ratio was 17.8,

4.3 Torsional Moment Loading, My on Nozzle

The measured and predicted stress distributions for a torsional mo-
ment loading of 16,000 in.-1b applied to the nozzle are shown in Figs. 16
through 18. Here the stresses in the longitudinal and transverse planes
of symmetry are low and rise to thelr maximum levels on approximately the
70, 110, 250, and 290° planes (see Fig. 18). 1In general, the distributions
show poor quantitative agreement except for the distribution around the
crotch; here the agreement is good on the inside surfaces.

The maximum experimentally determined principal stress ratio was
31.3, with the maximum stress located on the ingide surface of the cylin-
der at 247°. The maximum theoretical stress was on the oubtside surface

of the cylinder at 256°, and the maximum principal stress ratio was 37.5.

4.4 In-Plane Moment Loading, M

N’ on Nozzle

The measured and predicted stress distributions for an iln-plane mo-
ment of 15,000 in.-1b applied to the nozzle are shown in Figs. 19 through
21, Here the stresses agree well on the longitudinal plane of symmetry,
as shown in Fig. 19. The stresses along the transverse plane are larger
than those along the longitudinal plane (Fig. 20). In general, the dis-
tributions show poor quantitative agreement between theory and experimen-

tal results. The agreement between the distributions around the croteh is
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excellent and again shows the complex state of stress with no neutral
axis similar to the neutral axis of a beam.

The maximum experimentally determined principal stress ratio was 11.0,
with the maximum stress occurring on the outside surface of the nozzle at
about 1/2 in. from the junction along the 270° gage line. The maximum
theoretical stress occurred on the inside surface of the nozzle at the
junction at 265°; the principal stress ratio was 15.2.

4.5 In-Plane Force, on Nozzle

FXN’

The comparisons of theory and experiment for an in-plane force of
1200 1b applied to the nozzle are shown in Figs. 22 through 24. The re-
sults here are very similar to those for the in-plane bending moment on
the nozgzle, and overall agreement is excellent except on the inside sur-
face of the nozzle along the 270° gage line.

The maximum experimentally determined principal stress ratio was 13.4,
with the maximum stress occurring on the inside surface of the nozzle about
1.0 in. from the junction along the 270° gage line. The maximum theoretical
stress occurred on the inside surface of the nozzle at the junction along
the 256° plane; the ratio was 17.8.

4.6 Axial Force, on Nozzle

FYN’

The comparisons of theory and experiment for an axial force of LOOO
1b applied to the nozzle are presented in Figs. 25 through 27. The agree-
ment is excellent along the longitudinal plane (0° gage line). In general
the agreement between the distributions along the transverse plane and
around the crotch show poor quantitative agreement between theory and ex-
periment.

The experimentally determined maximum principal stress ratio was 13.h4,
with the maximum stress occurring on the outside surface of the nozzle on
the 180° plane at the junction., The theoretically determined maximum stress
occurred on the inside surface of the cylinder on the 256° plane at the

Junction; the ratio was 17.2.
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k.7 Out-of-Plane Force, F,., on Nozzle

The comparisons of theory and experimental data for an out-of-plane
force of 600 1b applied to the nozzle are presented in Figs. 28 through
30. The results are very similar to those for an out-of-plane moment on
the nozzle, and the overall agreement between theory and experiment is
again very good.

The experimentally determined maximum principal stress (ratio 15.9)
occurred on the inside surface of the cylinder on the 2L7° plane at the
junction. The theoretically determined maximum stress (ratio 2k4.3) occur-

red on the outer surface of the cylinder on the 256° plane at the Junction.

4.8 Torsional Moment Loading, My, on Cylinder

The comparisons of theory and experiment for a torsional moment of
20,000 in.-1b applied to the cylinder are presented in Figs. 31 through
33. The experimental stresses are low in the longitudinal and transverse
planes of symmetiy and rise to their maximum levels on approximately the
67, 112, 247, and 292° planes. The agreement between theory and experiment
is excellent along the crotch line. The sharp rise in the stresses at the
Junction of the nozzle is probably caused by neglecting the sixth degree
of freedom.

The experimentally determined maximum stress (ratio 24.2) occurred on
the inside surface of the nozzle on the 292° plane at the junction. The
theoretically determined maximum stress (ratio 37.5) occurred on the out-

side surface of the cylinder on the 28L° plane at the junction.

4.9 Out~of-Plane Moment Loading, My, on Cylinder

The comparisons of theory and experiment for an out-of-plane moment
loading of 60,000 in,-1b applied to the cylinder are presented in Figs. 3L
through 36. The stress comparisons along the longitudinal plane (0° plane)
seem to be poor, while the agreement between theory and experiment along the
transverse plane is good and is excellent around the crotch. The experiment-

ally determined maximum principal stress (ratio 4.5) occurred on the inside
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surface of the nozzle along the 270° plane at about 1.0 in. from the junc-
tion. The theoretically determined stress occurred on the outside surface

of the nozzle along the 0° plane at the junction; the ratio was 5.9.

%,10 In-Plane Moment Loading, M on Cylinder

ZC’

The comparisons of theory and experiment for an in-plane moment load-
ing of 24,000 in.-1b applied to the cylinder are presented in Figs. 37
through 39. Here the stress levels are a maximum in the transverse plane
of symmetry, as shown in Figs. 38 and 39, and the comparisons between theory
and experiment are excellent except for the inside surface of the nozzle

along the 270° plane.

The experimentally and theorebically determined maximum stresses oc-
curred on the inside surface of the nozzle along the 270° plane about 1.0
in. from the junction. The experimental maximum ratio was 14.9, while the
theoretical maximum was 10.1.

4,11 Axial Force, on Cylinder

"y

The comparisons of theory and experiment for an axial force of 8000
1b applied to the cylinder are presented in Figs. 40 through 42. In gen-
eral, the agreement between theory and experiment is very good, and along
the 0° plane the agreement is excellent.

The experimentally and theoretically determined maximum stresses oc-
curred on the inside surface of the nozzle along the 270° plane at about
1.0 in. from the junction. The experimental maximum was 1.4, while the

theoretical maximum was 1h.7.

4,12 In-Plane Force, Foe» on Cylinder

The comparisong of theory and experiment for an in-plane force of
1000 1n applied to the cylinder are shown in Figs. 43 through 45. The
agreement is very good except on the inside surface of the nozzle along

the 270° plane,
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Poth the experimentally and theoretically determined maximum stress

ses
occurred on the inside surface of the nozzle along the 2707 plane at about
1.0 in. from the junction. The experimental maximum was 15.7, while the

theoretical maximum was 10.7.

4.13 Out-of-Plane Force, F s on Cylinder

The comparisons of theory and experiment for an out-of-plane force of
1200 1b applied to the cylinder are shown in Figs. 46 through 48. The
stress comparisons along the longitudinal plane (0° plane) seem to be excel-
lent, while the agreement between theory and experiment along the transverse

plane and around the crotch is poor. The sharp rise in the stress at the

Junction is probably caused by neglecting the sixth degree of freedom.

The experimentally determined maximum stress (ratio 6.9) occurred on

the inside surface of the nozzle along the 270° plane at about 1.0 in.
from the junction. The theoretically determined maximuwn stress (ratio
9.9) occurred on the outside surface of the cylinder along the 256° plane
at the junction,

4.14 Out-of-Plane Moment, M,» on Nozzle with Restraints

The measured and predicted stress distributions for an out-of-plane

moment loading of 10,000 in.-1lb applied to the nozzle are shown in Figs.
49 through 51. The resulbts here are very similar to those for the out-

of-plane bending moment on the nozzle, and the overall agreement 1s very
good except for the transverse stress on the inside surface of the nozzle

along the 270° plane.

The maximumn experimentally determined stress ratio (14.9) oeccurred
on the inside surface of the nozzle along the 270° plane about 1.0 in.
from the Junction. The maximum theoretically determined stress ratio
(11.8) occurred orn the oubside surface of the cylinder along either the

256 or 284° plane at the junction.
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4,15 In-Plane Moment, M

o OB Nozzle with Restraints

The comparisons of theory and experiment for an in-plane moment of
15,000 in.-1b applied to the nozzle are presented in Figs. 52 through 5k.
The agreement between the theoretical and experimental distribution is
excellent along the longitudinal plane and around the crotch. The stresses
on the transverse plane are low, and the agreement is poorer than on the
other plane.

The maximum experimentally determined principal stress ratio (8.0)
occurred on the outside surface of the nozzle along the 270° plane at
about 3/8 in. from the junction. The maximum theoretically determined
stress ratio (12.5) occurred on the inside surface of the nozzle along
the 284° plane at the junction. '

4.16 Axial Force, Fow ©on Nozzle with Restraints

The comparisons of theory and experiment for an axial force of LOOO
1b applied to the nozzle are presented in Figs. 55 through 57. The agree-
ment is good along the longitudinal plane (0° plane). In general, the
distributions along the transverse plane and asround the crotch show poor
quantitative agreement between theory and experiment.

The experimentally determined maximum stress ratio (31.C) occurred
on the inside surface of the nozzle on the 270° plane about 1.0 in. from
the junction. The theoretically determined maximum stress ratio (16.0)
occurred on the ingide surface of the nozzle on the 270° plane about 1.0

in., from the junction.

5. CONCLUSIONS

Table 2 represents an attempt to summarize concisely the principal
findings of this study in terms of maximum principal stress ratios, lo-
cations of maximum principal stresses, and the relative overall agreement
between theory and experiment for each loading case. The maximum experi-
mental stress ratlos are based on the stresses along two gage lines and

the gage line around the crotch only, and were determined by dividing the
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Table 2. Summary of maximum principal stress ratios and locatlons

Experimentally determined

Theoretical maximum

Overall agreement

Loading case meximm stress stress between theory
. ; R d e ime.
Stress ratioa uocationb Stress ratioa Locatlonb an *per at

Internal pressure 9.0 Outside nozzle, 180° 7.7 Outside ecylinder, O° Excellent, excellent

Myy, out-of-plane moment i5.8 Inside cylinder, 247° 17.8 Inside nozzle, 249° Excellent, good
on nozzle

Myy, torsional moment 31.3 Inside cylinder, 247" 37.5 Outside cylinder, 256°  Poor, good

on nozzle

Mgy, in-plane moment 11.0 Outside nozzle,c 270° i15.2 Inside nozzle, 256° Good, excellent
on nozzle

Fyy» in-plane force on 134 Inside nozzle,d 270° 17.8 Inside nozzle, 256° Excellent, excellent
nozzle

Fyy, axial force on nozzle 13.4 Outsice nozzle, 180° 17.2 Inside cylinder, 256° Good, poor

Fyy, Out-of-plane force 15.9 Inside cylinder, 247° 24.3 Outside cylinder, 256°  Good, excellent
on nozzle

Myq, torsional moment on 24,2 Inside nozzle, 292° 37.5 Outside cylinder, 284"  Poor, excellent
cylinder

Myq, out-of-plane moment 4.5 Inside nozzle,d 270° 5.9 Outside nozzle, O Fair, exceilent
on cyiinder

My, in-plane moment 4.9 Inside nozzle, " 270° 10.1 Inside nozzle,d 270° Good, excellent
on cylinder

Fyq, axial force on cylinder L Inside nozzle, 270° k.7 Inside nozzle,d 270° Good, good

Fye, in-plane force on 5.7 Inside nozzle,O 270° 10.7 Inside nozzle,CL 270° Good, excellent
cylinder

Fga, out-of-plane force 5.9 Inside noZzle,d 270° 9.9 Outside cylinder, 256°  PFair, good
on cylinder

Myy, out-of-plane moment on 4.9 inside nozzle,d 270° 11.8 Outside cylinder, Good, excellent
nozzle with restraints 284 and 256°

My, in-plane moment on 8.0 Outside nozzle,e 270° 12.5 Inside nozzle, 28L4° Excellent, excellent
nozzle with restraints

Fypy, axial force on nozzle 31.0 Ingide nozzle,d 270° 16.0 Inside nozzle,d 270° Good, poor

with restraints

an .. . . Lo . .
Ratio of maximum absolute prineipal stress value to nominal stress value.

b .
Maximums all occurred at the junction, except where notec.

“Maximuns not at Junction, at approximately 1/2 in. from junction on

transverse plane.

C‘Ma.xj.nmms not at junction, at approximately 1.0 in. from junction on transverse plane.

e , . . . X
Maximums not at Jjunction, at approximately 3/8 in. from Junction on

trangverse plane.

B/
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maximum absolute principal stress value by a nominal menbrane stress value
as previously described. The maximum theoretical stress ratios were cal-

culated where they occurred. The maximum experimental principal stresses

occurred at the Jjunction in only six cases; the other ten occurred on the

270° gage line at about 1.0 in. from the junction.

The relative overall agreement between the finite-element predictions
and the experimental results 1s rated in Table 2 ag excellent, good, fair,
or poor. These ratings are, of course, a matbter of opinion, but an attempt
was made to make an unbiased evaluation by basing them both on the overall
qualitative agreement along the gage lines and on the gquantitative agree-
ment in areas where the stresses were relatively high. In each case two
ratings are given; the first rating is for the gage lines (0, 270° planes)
and the second 1s for the crotch gage line.

Table 2 indicates that generally the experimentally determined maxi-
mum stress ratios and those based on finite-element predictions are in
fair agreement. Furthermore, the degree of agreement between the stress
ratios generally correlates well with relative ratings of the overall agree-
ment between theory and experiment. Generally, the agreement was best for
those cases involving loadings on the nozzle, except for the torsional mo-
ment and the axial force loadings.

In 1k cases, the maximum stress ratios occurred on or close to the
transverse plane of symmetry for both the experimental and theoretical
analysis. For the axial force applied to the nozzle, the experimental
stress ratio occurred on the longitudinal plane, while the theoretical
stress ratio occurred near the transverse plane (256° plane). The out-
of-plane moment applied to the cylinder produced a maximum experimental
stress ratio on the transverse plane, while the theoretical stress ratio
occurred on the longitudinal plane (0° plane).

Finally, it should ve pointed out that, as would be expected, the out-
of -plane moment and force loadings produced quite similar results, and the
in-plane moments and forces produced similar results. The stress distri-
butions were very similar for each pair. The loadings on the nozzle with
restraints applied to the free end of the cylinder compared favorably with

unrestrained loadings on the nozzle except for the maximum experimental
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stress ratio. The resulbs from the three loadings with restraints indi-
cated that the nonlinearities observed in the corresponding cases without
regtraints were reduced. However, the maximum stresses and stress distri-
butions were similar, which indicates that the observed small nonlineari-
ties had little effect on the measured maximum stresses that are reported.
In conclusion, the comparison of these particular finite-element pre-
dictions with the experimental results shows reasonably good general agree-
ment., +t is Telt that this analysis would be gatisfactory for most engi-

neering purposes.
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Appendix

TABULATION OF EXPERIMENTAL DATA

For the benefit of the reader who may wish to use the experimental
data presented herein for comparison with his own analysis techniques,
the experimental data on which the various plots in this report were based
are given in Tables A.l through A.16. For each loading case, a set of
data is tabulated for each operable rosette. These data were obtained
from the several sets of data taken in each case by the procedures de-
scribed in Sect. 2.k,

The rosette listings are grouped according to gage lines. For each
rosette, the three strain readings are first listed, followed by the nor-
mal stress transverse (perpendicular) to the gage line, the normal stress
longitudinal (parallel) to the gage line, the shear stress (referred to
the gage line as a coordinate axis), and finally 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:
L2 N~E .

The letter 1 designates that the rosette is located on the inner surface
of the nozzle or cylinder (O denotes an outside rosette). The number 270
indicates that the rosette is located on the 270° gage line (see Fig. 3
for the gage line designations). The letter N indicates that the rosette
is on the nozzle (C designates a rosette on the cylinder), and E desig-
nates 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.)
.x_ mo
A 1/8
B 1/4
c 3/8
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Distance from nozzle-cylinder

Rosette intersection (see Fig. 3)
degignation (in.)
D 1/2
E 5/8
F 1
G 11/2
H 2
J 3
K 1
L 6
M 8
N 10.95

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 e understood by referring to
Fig. 5. The leg of the Y is designated as gege 1 in the tabulations, with
gages 2 and 3 being numbered from 1 in the counterclockwise direction.

Finally, in thoge 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 consider-
ation. Nonetheless, these data are listed in the tabuvlations, bul they

are marked by a double asterisk besgide the rosette number.
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Table A.l. Internal pressure

INTERNAL PRESSURE (60 PST)

BICRO-STRAIN STRESSES PRIN STRESSES

e D A - s > e s - h w0 e 9o A T AT D B AN D R o ARD AN Ao

ROSETTE GAGEY GAGEZ GAGE3 TRANS LONG SHEAR SIGMX SIGHH

D P D G D 00 e e e O W D W D 0 A D ] - . - -~ o - o o 2nr - -

I-0-C~R =~462 320 486 18226 -8379 -2212 18408 -8562
I-0-C~B ~172 351 345 154095 -509 77 15496 -510
I-0-C-C 30 320 329 14228 5183 ~-11% 14229 5182
I~0-C~D 137 264 295 12128 7760 -411 12166 7722

I~0-C~E 191 244 258 10841 8976 -187 10859 8957
I-0-C~-F 213 160 154 6666 8400 T4 Bu03 6663
I-0-C~G 129 - 92 106 4222 5132 ~-188 5169 4185
I-0-C-H 78 86 75 3466 3381 149 3578 3268
I-0-C~-J 64 86 92 3851 3078 - 74 3858 3071
I-0-C-K 75 89 89 38 38 3408 Y 3g3is 3408
I-0-C~L 70 89 Bé 3781 3223 38 3784 3221
0~-0-C~3 308 534 548 23447 16278 ~189 23452 16273
0~0-C~B 51 442 425 1901 7234 225 185020 7229
0-0~-C~C -63 322 308 13925 2277 193 13928 2274
0-0~-C~-D =129 237 251 10861 -612 -192 10864 -615
0-0-C-E -132 157 168 7284 ~-1773 -155 7286 ~1776
0~ 0-C~¥ -75 54 62 2637 -t448 -114 2641 -1451
0-0-C~-G 31 31 28 1263 1309 38 1330 1242
0=-0-C~H 79 45 48 1967 2971 - 37 2973 1966
0~ (0~C~J 77 60 57 2691 3060 38 3063 2489
0~ 0-C~-K 74 60 60 2552 2994 0 2994 2552

0~ 0-C~1L 74 63 656 2739 3048 - 38 3053 2735
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Table A.1 (continued)

INTERNAL PRESSURE (60 PSI)

HMICRO-STRAIN STRESSES

G D e o —_—— - AR e - > iy e

ROSETTE GAGE1 GAGEZ GAGE3 TRANS LOXG

D P OD e WS e wm e e emn R G em e VB mwm e wm en A N ) e o

I-0-N-~5 0 337 354 15195 4559
I-0-N-C 26 322 a0 14527 5143
I-0~-N~D 122 311 299 13274 7643
1-0~H-F 189 273 264 11604 9147
I-0-N~F 224 168 157 6903 8781
I-0-N-G 139 102 99 4251 5459
I-0~-W~H 84 8u 90 3737 3648
I-0-N~-J 73 93 913 u023 3389
I-0~N~K 70 87 9y 3898 3267
I-0-8~-1, 76 93 35 2735 3101
0~-0-N~3 236 523 561 23123 14015
0-0~-¥-B uo 398 421 17959 6573
0-0-N~C -1 319 304 13774 2015
0-0~-N~D -123 216 228 9903 ~727
0-0-N~E -135 146 155 6766 -2018
0~ Q0-N~7 =79 61 64 2843 -1529
0~ 0~-¥~G 29 35 35 1497 1314
0=~ 0-N~H 73 43 43 1824 2724
0~ 0-~J 76 61 61 2605 3057
0~ 0-N~K 70 61 61 2619 2880

SHEAR

o =

-232
-232
156
117
155
39
-78
0

- 84
778

~228
-304
195
-156
-117
-39
-1

3

0

0

PRIN STRESSES

o n n am

STIGHX

o o

15200
14533
13278
11610
8794
5460
3782
40213
3909
3718

23129
17967
13777
9905
6767
2844
1497
2724
3057
2880

SIGHN

4554
5137
7638
3141
6891
4250
3603
3389
3256
2119

14009
6565
2011
-730

~-2019

=-1530
1314
1824
2605
2619
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Table A.1 (continued)

INTERNAL PRESSURE (60 PSI)

MICRO-STRAIN STRESSES PRIN STRESSES

- - - - s b - — - Al - o -~

ROSETTE GAGE?1 GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGMN

- W e - -ty - P wdne e —_ W - - - - - - - - - A o o - e

I270C-A 42 =25 -59 -1889 685 446 760 -1964
1270C-B 75 8 -36 =701 2045 595 2168 -825
I270C~-C 98 31 -17 197 2985 632 3121 60
1270C-D 123 45 0 843 3932 594 4Qe 2 732

I270C-E 128 63 20 1675 4355 571 4471 1558
I270C~-F 154 94 51 3027 5532 570 5655 2903

I270C-H 148 80 57 2846 5306 304 5343 2809
270Cc-J 131 68 51 2488 4e84 229 4707 2464
1270C-K 128 57 57 2366 4562 0 4562 2366
I270C~-L 114 51 51 2130 4063 0 4063 2130
I270C-H 114 S4 54 2256 4101 0 4101 2256
0270C-A 231 21 97 6514 8879 1517 9619 5773
0270C-B 185 174 94 5688 7267 1063 7802 5154
0270C~-C 143 148 80 4851 5904 910 6429 4326
0270C~D 123 131 69 4257 4960 832 5512 3706
0270C~%® 106 117 60 3775 4304 759 4843 3236
0270C~-¥ 60 60 40 2125 2432 266 2586 1971
0270C~G g9 34 28 1332 1595 716 1615 1312
0270C-H 37 23 28 1085 1436 ~-76 1452 1069
0270C-J 37 26 37 1335 1510 -152 1598 1247
0270C~-K be 31 49 1515 1822 -114 1860 1478
0270C~1L 51 3u 37 1507 1990 - 38 1993 1504

0270C~-nN 51 4o 37 1634 2027 38 2031 1630
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Table A.1 (continued)

INTERKAL PRESSURE (60 PST)

HICROG-STRATN STRESSES

ROSETTE GAGET GAGE2 GAGE3 TRANS LO®G

e O e S D ams AN e e e R D AT r R T e e o o e ORI

I2708-3 -53 ~568 ~97  ~=3554% -2656
I270N-B -79 ~-97 =114 -u550 ~3742
I2708~-C ~-88 -~-117 -~-135 ~5445 4274
T2708-D -97 -138 -129 5753 -4631
I270¥~-% ~100 187 -13132 ~56139 -4235
I2708~¥ -47 -15% -118 -6045 3055
I2708-G 23 ~130 -77 4553 «665
T270N-H1 32 -1112 -8G ~42u9 -3056
T2708~-3 =30 =77 -80 3803 -13808
I2708-% ~590 -562 ~59 -260a& 2287
I2708~1 -7 -18 -12 -599 -1597
I2T70N-X =35 21 23 1007 -~ 761

0270N~A 313 224 169 6973 11488
02 708-B 379 235 132 1658 13674
02708 -C a1y 259 143 8317 14308
0270N-D a3u 276 172 9372 15828
0270N-E ang 282 122 2924 161423
02 70H~F 319 273 233 10765 12798
02701 -G 149 24% 221 10062 Tugg
02708-1 31 221 218 96 27 3832
02708~3 ~38 181 250 8649 1463
02708-K -1 178 187 BO75 1204
02708~1L —4i 11 135 6119 529
02708~-¥ -4 78 83 3583 ~231

SHEAR

3N
235
232
~-116
=117
~550
=707
-4 31
33
-39
~78

-39

1534
13890
1572
1379
1186
536
305
39
~385
~115
77
-7

PRIV STRESSES

11858
13975
15264
16110
16633
12931
10098
9627
86692
8Q7T7T
6120
3585

SIGHN

-3700
-11613
-5450
-5765
~6149
-61413
-u4687
- 4296
~3004
-2609
-1603
~762

6501
7356
7962
9089
3715
10633
Tig1
3832
1442
1202
527
~233
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Table A.1 (continued)

INTERNAL PRESSURE (60 PSI)

MICRO-STRATIN STRESSES PRIN STRESSES

AN -5 s DD s T A 2 - A - it " < s 0 At s A . D THS >

ROSETTE GAGE! GAGE2 GAGE3 TRAHNS LONG SHEARR SIGMX SIGHN

A A W D O T A A s D O g A Ao oo o e — e o cum e o v s s P - - e

I~0~C-* -566 495 323 18590 ~11388 2289 18764 -11562

I-22C-A =378 295 304 13569 -7191 -115% 13%69 =-7192
I-45C-4 -186 289 275 12605 ~1807 191 12608 ~1810
I-87C~-A ~29 229 180 9032 1849 649 9090 1790
I-90C-A 34 ~40 -72 =2U96 281 420 343 -2558
I192C-a 3 172 218 8557 2651 -6 11 8620 2589
T135C-a ~-192 292 284 12863 -~1902 1is 12864 ~-1903

T157c-a -378 292 338 4284 -7068 -6 11 14282 -7086
r202C~-4 -370 3419 306 14634 ~5710 462 14644 -6720
1225C-a ~-182 263 277 32077 ~-1841 ~193 12079 -1843
T247C~-2 -17 173 121 6497 1428 593 8590 1335
I292C-A ~-38 188 225 9123 1609 ~507% 9157 1575
I315C-3 ~-252 257 275 11983 -3957 ~231 11864 -3960
I337C-2 -382 312 292 13694 -73490 269 13637 -~-7343

I180C-1L 38 90 78 3641 2222 154 3657 2206
0~22C-A 237 462 488 20620 13290 -381 20636 13274
0-U45C~-1 136 382 368 16330 8993 185 16335 8989
0~67C-2a ~53 117 184 6671 406 ~892 6795 281
0=-90C-2a 237 137 184 6782 $140 ~631 9238 6624
0oti2¢-3 -~101 70 120 4272 -1735 ~669 4345 -1809
0135C-3 103 379 3u8 15877 7854 408 15898 7834

0157C-A 268 507 871 21210 143990 483 21284 14356
0180C-~-2 262 566 597 25262 15438 -4 30 25279 15421
0202C-A 192 452 471 20085 11784 -260 20073 11776

0225C~3 105 313 347 14385 74864 -453 14414 7435
02 47C~4 -80 77 125 4515 ~1046 ~-644 4589 ~-1120
0292C-R ~43 185 125 6858 717 797 6960 674
0315C~-a 165 393 398 17198 10102 -74 17188 10101
0337C~A 245 464 481 20489 13482 ~227 20496 13475

0180C~-L 31 54 62 2523 1689 =114 2538 1674
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Table A.1 (continued)

INTERNAL PRESSURE (60 PSI)

MICRO~STRAIN STRESSES

- COR T A a0 o <A o - B e e e

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG

B e e e e B e TR R PP Y . o can - ow <

I-0-N-* =578 491 477 21913 -10771

I~ 22N-A -15 259 38 6553 1521
I-45N-A ~46 419 -144 6090 bue
I-67N-1 50 292 6 6507 3464
I-90N-2 -20 -59 -91 -~3274 -~-1589
T112N-2 68 36 286 7002 4142
I1358-A -91 -7T1 ue3 8734 -115

T1578N-2 -242 21 520 12141 -3609
I180N-3 -510 461 260 16392 -10390
I2028-2 -268 508 -23 10945 -u4760

T2258-4 1u 391 -152 5233 2003
T247¥-13 23 251 38 6311 2590
T292N~-4 58 3 329 7236 3916
I315N-2 -21 =105 414 6808 1427
I3378-a -2u8 6 469 10709 -4225

0-228-1 239 363 495 18600 12749
O-45N-A 216 236 395 13621 10561
0~-67N-4 92 -23 164 2985 3655
0-90N-2 314 141 190 6925 11490
01 128-A 43 136 -85 1074 1601
O135N~-1 227 W27 245 14499 11174
O157N-4 256 5490 378 19907 13650
0180N-2a 307 620 €14 26787 17249
0202N-A 247 350 460 17522 126177
0225N-1 179 190 367 12052 8988
O247N-R 34 -60 131 1522 1478
0292N-1 91 205 -31 3706 3838
03 158-2 208 393 222 13293 10224
03378-~2A 225 503 388 19326 12540
0-0-N-1, 70 56 59 2452 2840

SHEAR

- .

193
2945
7508
3808

431

-3341
-7115
-6645
2674
7080
7224
2836
-4350
-6913
-6176

-1767
-2113
- 2496
-653
2956
2426
2160
76
~-t467
-2350
-2539
3146
2284
1537
- 38

PRIN STRESSES

- o W ——

SIGHNX

o

2191y
7810
11289
2087
-1u85
9206
12688
14570
16657
13665
11020
7842
10233
11537
12932

19092
14700
5838
11582
4305
15777
20580
26787
17932
13325
4039
6918
14510
19658
2844

o o ——

SIGHHN

o -

-10772
164
-4753
884
-3378
1937
-4069
-6038
-10654
-7480
-3785
1059
920
-3301
-6448

12257
9482
801
6833
-1630
3896
12976
17249
12268
7715
-1040
626
3007
12208
2449
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Table A,2. Out-of-plane moment loading, MXN’ on nozzle

OUI-OF~-PLANE MOMENT IC2CING, MXN, CON NOZZLE {10000 IN-LB)

BICRC-STRAIN ETEESSES PEIN STRESSES

. W 48 W i - e b b - - S D B S A e G S v

ROSETTE GAGE1 GAGE2 GACGE3 1TRANS LORG SHEAR SIGMX SIGHN

U DA G TED A AN G  ——-_——p AN Nl > AN ————ts b — - s ot cates - - > - - - oon me

I-C-C~-23 -5 -12 3z -189 -318 ~1€8 -55 -452
I-0-C=B o -14 14 -9 -180 =373 288 -478
I-0-C~C ~€ -14 16 -4 -180 -374 292 -476
I-¢-C~-D -3 ~-14 14 -11 -96 =374 3z2 -430
I-0~C~E -3 -14 17 56 -17 ~-412 407 ~428
I-C-C~F C -17 14 -7 -32 -413 €€ ~468
I-0-C-6G 0 -14 14 ~-18 -18 -3795 358 -393
I-(-C-H -3 -17 14 -68 -110 ~408 320 ~497
I-0-C-J -3 -14 11 -62 - 106 -335 252 ~-419
I-(-C-K -6 -1 14 62 -158 -334 304 ~400
I-0-C-1L -6 -11 1¢ 118 - 141 -370 381 ~-403
0-0~-C-2 -£ -6 ~-2C -553 -419 1¢0 -285 -687
0-(0-C-B -14 -6 -17 -482 ~569 1£3 ~-367 -685
0=-0-C-C -14 -8 -17 -544 -588 113 ~-450 ~-682
0-(C~-C-D -14 -1 -14 ~545 -589 39 ~823 -611
G-0-C-E -17 -11 -13 -604 -691 7 -560 -736
g-C~-C-F -17 -1 -17 ~-604 -693 16 -£€0 ~-7386

0-0~-C-G -17 -1 -2C -666 =71 114 -572 -805
0-(~C~-H -14 -11 -2C -671 -625 174 -531 -764
C~0-C-J -17 -6 -23 -601 ~ €89 227 ~-414 ~877
0~ C~-C~K -17 -8 -20 -604 -689 182 ~-48S -804
0-0-C-1 -17 -8 -2z -666 -709 150 -457 ~-879
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Table A.2 (continued)

QUI-OF¥~-PTANY HMOMENT LCOADING, HXN, CN NCZZLE {10000 I¥-1B)

BICRC-STRAIN STRESSES PRIN STRESSES

S A D A W A A VD P > A D o W D I A A D 0 B A I

ROSETTF GRCGET GACGE2 GAGE: IBANS LOBG SHEAR SIGHXZ SIGHWN

o D SR AU A oAt AT KD WM rop owh ww e any sk D ey e P s P s a0 s s . o~ — s e e e

I~{~N~E 0 -3 12 191 57 -1¢3 329 -80
I={~-N~C 0 0 o 191 57 -116 ZEQ9 =10
I-C-N-D C -3 < 128 3g -155 204 -78
I-0-N~E 3 0 9 188 L] =116 284 48
I=0-¥~¥ € 0 : 57 192 =29 202 0}
I=-§-N~G 3 -3 k! -3 86 =77 131 =48
T-0-N-H 3 0 € 12U 124 -7 202 47
I-{-¥-2a c 0 ! 73 33 -9 57 9
I-0-¥-K C 0 4 136 49 =71 17¢% g
I~{-N-1L 0 -3 -44 -1020 -309 546 ~12 -1316
C-0~N-2 - & -3 =14 =371 ~284 i1 ~170 -485
C-0~-¥-E =11 -3 ~-17 ~827 ~ U471 1£9 ~258 -64Q
g-C-N=-C ~12 -6 -1¢< ~4 41 ~487 117 ~34Z -583
0= 0-N-D -1z -3 -1 ~ 442 ~Y487 165 ~269 -661
0=(=N-F =12 -6 -1¢& ~505 ~505 127 -349 -662
0=~ {0-N~-¥ -1z -3 -1¢ -l 41 -487 155 ~268 -661
0= {~H=G -3 =3 -1¢€ -3 46 -403 185 ~228 =621
O=0~K-H -9 0 ~21 ~452 ~448 275 - 154 ~705
0~g-N~a - € =3 -2 -578 -351 274 ~168 =761

O0-0-N-¥ o 0 -ez -5Q3 —~547 312 -193 -818
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Table A.2 (continued)

QUTI~-OF-PIANF MOMENT LOADING, MXN, CN NOZZLE {10000 IN-1B)

MICRO-STRAIN STRESSES PRIR STRESSES

s - - > - - — - W B G -

EOSETTE CACGEY GACE2 GAGEZ TRANS LONG SHEER SIGMX SIGHN

——— - A " —— D - s . S . et - o - - e . - —

I270C-A -87 -Z:E4 16 -73%91 -4822 -49C4 ~-1037 -11176
I1270C-B -118 =315 3 =-8077 -5348 -4645 -1054 -10372
I270C~C -145 -28B2 36 -£240 -5932 -4236 -1336 =-9837
I1270C-D ~-168 -237 47 ~3992 -6225 -37%2 -1155 -9062
I270C-E ~171 ~-217 : =-3638 -6229 -34€1 -~-1238 -8629
I270C-F =203 -103 2% -1408 ~6502 ~-1749 -€65 ~704%
I270C-H -174 23 2¢ 1132 ~Uuge3 38 1132 -—u884
I270C-3 =103 57 26 1932 -2503 418 1971 -2542
I270C-K ~60 €3 zS 2073 -1176 4ce6 2136 -1239
1270C~1L -9 43 14 1264 122 3¢0 1379 2
I270C-HM 3 17 -5 185 141 342 506 -180
0270C-2 -6E -37 «0¢ 3767 -830 ~-323 54268 -2490
0270C~-B -8 -8 19¢ 4143 992 -2730 5719 -584
g270C-C 31 17 18¢ G411 2267 -2237 5820 858

0270C-D 60 31 162 4194 3057 -1746 S461 1789
0270C-E 8¢ €0 154 4609 3780 -12¢£1 5513 2876
0270C~-F 123 100 122 4773 5127 -305 530z 4598
0270C-6 123 120 gt 4584 5070 342 5246 4407
0270C~-H 10€ 109 89 4225 4446 2¢€8 4ezc 4046

0270C~J 4¢€ §3 7€ 479 2427 15 3usy 2421
0270C-K 12 54 €€ 2632 1141 -154 2€47 1128
C270C-1 ~22 6 3z 858 ~413 ~-342 S44 ~-499

0270C-H% -11 -20 & -287 ~412 -342 -2 ~698
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Table A.2 (continued)

QUI~-OF~-PLAKE WCEENT LCRLIRG, HMXN, CH HNOZZLE

EICRC~STRAIR

B R

ROSETTIE GAGET GRGEZ GACEZ

Ol D A e W OB DD W VR AT €D AR D S A S

I1270N-2
12708-8
I2708~C
I270N-0
I2708~E
I1270N~-F
I1270N~-G
1270%-H
T2708~3
I1270N=-K
12708-1
12708-N

027082
0270N-E
02708~C
02708~-L
0270N-E
G270N8-F
0270N-G
0270N—-H
0270N~-J3
G270%~-K
0270N-1
0270N-N

-2€
it
3cC
35
32
23

=106
~18Z
~38C
-13¢€
=100

~T4

-17¢
- 235
~-274
- 334
=354
~3€1
-311
~28%
=281
-21€
=136
-98

~333
-368
-3%¢4
-403
=412
~-£22
-398
- 245
~97
- 47
~2h
-15

-95
~130
~16%
-176
~193

~-78

31

84
UL
6
~26

-52
-95

~1Z¢&

~21€

-231
-zt
~401
-251
=162
-£%
-84
=27

JEANS

o e o

~8438
-1C€285
=12157
- 13646
~14153

~«(891

-17441
-1C688
~5507
~2835
-1383
-829

<319
2203
1991
1744
1703
4354
7093
1259
4268
1630
~421
~1289

STEESSES

e < S S e ey 4

LCNG SHERR

- oo o

~3310 3740

-2638 -—-35¢&4
~2762 ~31E2
-3032 -2453

=3272 ~d44
~5564 —-1287

-8509 :9
-8€94 9
-7050 864
~-4922 550
-34325 275
~2483 1€7
~4409 -398:1
~6520 ~4638
-7617 -%4C4
-9504 -55%19
-10123 =-E945
~90u84 ~438€9
-1206 -3261
-6375 —-1686
~6248 =162
~6001 3e4
~4281% <9
~3331 153

(16000 I3~LB)

PRIN STRESSES

i D s o 5 ann

SIGHX

s e -

-134¢
-1221
-18C %2
-2475
-2760
~5461
=85409
-8691
~5120
—2699
~1347

~814

4054
4208
LR R
4001
w174
6518
78C1
Tas4
4771
1649
=357
~1278

SIGHN

s

~-10u408
~-11702
-13117
-78202
-14665
-20993
17442
-10691
-7437
-~5%058
- 3461
-2478

-6143
-8525
-10043
-1176Q
~1259¢
~10567
~-7915
~6580
-5252
-6021
~4345
—3343
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Table A.2 (continued)

QUI~-OF~PLANE MOMENT LCADING, MXN, ON NOZZLE {10000 IN-1B)

BICRC~-STRAIR STRESSES PRIN STRESSES

e O A S - - - -——— s > WO 0 > A A R T - -

BOSETTE GACGCE1 GAGEZ GAGE2 1TRANS LONG SHEAR SIGMX SIGHMN

- . - WD T D —hm St - —————— N b s P o s st P e PUVEPI T S

I-C~C~% -€ -3 £ 119 -138 -148 186 =205
I-22C~-2 -3Z -9 -€ -280 -1029 -8 ~-278 ~-1031
I-45C-2 ~4C -14 -14 -585 -1379 0 ~585 -1379
I-67C~A ~-GE ~166 h¢ -2666 <~3635 2748 ~360 =5941
I-90C-A 80 -32 4y €773 4438 -~-4999 10739 4732

I112C-A ~-312 =392 -4fU -18478 -14910 954 ~-14671 ~-18717
I135C-2a -4¢ -160 -106 -5804 -3116 ~725 -2933 ~5987
I187C-A -17 -£4 -3¢ ~-1869 -1076 -3C5 ~973 =-1973
I12C2C-2 52 35 64 2102 2191 ~-3€5 2534 1759
I225C-A 81 121 17z €389 4344 -6463 6602 4131
T247C~-A 413 £14 381 19233 18168 1791 20E55C 16851
I292C-2 127 -z0 17¢ 3163 4763 -—-2541 6627 1299

I315C~-A 4s <9 29 1216 1839 0 1839 1216
I337C-3 2€ 6 14 416 905 -116 931 390
I180C~1 ~H4E 3 ¢ 114 -1353 :9 118 -1354
0-22C-2 23 12 7 379 813 i1 824 367
G- 45C~-2a 47i 28 ~17 195 14€3 5¢5 1715 -38
0=-€7C~-2 123 73 17 1829 4233 744 Gauy 1618
0-90C-1 €4 —-Z€5 i€ -E097 387 -401S 2515 -7215
0112C-a €6 5 2€ 766 11197 -37 11197 766
C135C~-a 7= -81 -84 -3698 1151 37 - 1152 -3699
01£7C-A 2% -11 -45  -1252 379 LT 492 -1366
0180C~2a -2 0 -3¢ -829 -1001 520 ~3868 -1442
02€2C-a -67 20 -17 136 ~1968 BE3 24z ~2073
C2:5C—-a —-128 46 4ye 2143 -3204 0 2143 -3204
Q247C-A U8y -57 71 -%286 -15213 160 ~2284 -1321%6
0292C-3 -177 ~34 -S4 -~2622 ~-6082 787 ~2UHE ~6257
0315C-a -6€ 3 -4¢€ -867 «2227 645 ~-610 ~2484
0337C-a -2€ ~6 -17 -473 ~912 1e2 -426 -960

C1E0C~1L 3 20 -26 ~-129 46 6C7 72 -655
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Table A.2 (continued)

GUI-OF~-PIANE MOMENT LCRALING, MXN, CN NGZZLE (10000 IN-LB)

FICRC-STIRAIN STRESSES PRIN STRESSES

D AT g 2 A s o s sy o — . e A D e O T

ROSETTE GAGE1 GAGEZ2 GAGE: TRANS LCNG SHEBR SIGHMX SIGHN

A o s s e P W U A WS D OB e WD MR W A A W A - o o - - - - . o - - - o - o

I-0-N-* ~€ 0 S 197 ~-114 -116 43¢ -153
I-22N-2 -&6€ ~35 -3¢ -1549 -2502 39 -1548 -2503
I-45N-2 -3¢ -18 =21 -945 -1188 118 -897 -123¢6
I-678-2 ~-8¢ Zu 2€ 1190 -2214 -37 1190 -—-2215
I-SON-A 2€ -9 36¢ 7880 3154 -50323 11077 ~-43
I1128-p -~Z:31 ~-:=04 -—-ZG€ -15015 -14426 1219 -13466 ~-15975
I135N-2 -7 -95 ~14t -E175 -3859 6€9 ~-3579 -3545¢%
I157N-A -18 -33 -3¢ ~-1542 =597 19 -986 ~—1554
I180¥-2 289 3 3 92 911 -1 911 92
I202N-A 53 44 c¢ 22C4 2250 -1<8 2427 2027

T225N-1 99 154 g€ £399 4230 77 5871 4119
I247N-A 32¢ 41 335 16042 14698 1011 16CS€3Z 1415¢

I292N-A 9: 3 -1z ~298 2707 154 2718 -310
I3158~-A 32 38 2§ 1434 1390 117 1531 1293
I337N-2 20 14 12 549 113 39 179 543
0=-22N-1A 14 3 C 4as 5717 3c7 843 222
O=-45N~-2 -3 £2 -3 1078 234 730 1499 -187
C~67N-1 -9 €2 2€ 1716 <E4 346 1794 177
0-90N-2 138 -260 78 -4149 2905 ~44¢%5 5083 -6336
0112N-2 10¢< 8 3IC€ 7884 5523 -4624 11475 1931
0135N-A 17 -111 €7 -1206 156 -2236 1808 ~-28¢E
Q0157N-2A 2C -4 ~2C -1334 196 ~265 241 -1379
0O1E0N-A -28 -1 -37 =-1033 -1164 34l =751 ~1446
0202N-2 ~-68 ~23 £ -316 -21744 =370 -244 -2216
0225N-A =51 -85 8C -70 -15&87 ~21S8 1507 =~-3134

Q247N~A -159 -410 -6 -10201 -7839 -u6z4 -4248 -13792
02S2N~-A -2C -48 ~10f -3356 -1606 757 -1324 -3638
03 15N-A -1z -6 -€%  -1549 -814 7€6 -314 -2049
0337N-2 -17 0 -23 =500 -667 3C7 -266 ~-3901
0~ 0-N-L -9 0 -23 ~-492 ~410 2¢8 =150 ~752
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Table A.3. Torsional moment loading, MYN’ on nozzle

TORSIONAL MOMENT LOADING, MYN, ON NOZZLE (16000 IN-LB)

MICRO-STRAIN STRESSES PRIN STRESSES

—— AN S B Dty s s s -— - an e o o - W D - o - -

ROSETTE GAGE1 GAGE2 GAGE3 'TRANS LONG SHEAR SIGHMX SIGHN

A A D D A o - D - - ——r - o - - - anr -~ - - - > -

I-0-C~2 8 3 -8 -133 213 150 269 -189
I-0-C-B 3 0 -3 -65 65 37 75 ~75
I-0-C-C 0 -3 -3 ~124 -37 0 -37 -124
I-0-C-D 0 -3 0 ~62 -19 - 37 3 -83
I-0-C-E -3 -6 6 3 -83 -150 116 -196
I~-0-C-¥ 0 -8 8 0 0 =225 225 -225
I-0-C~-G ~3 -8 14 127 ~-46 -300 352 -272
I-0-C-H -3 -1 14 64 -64 -334 341 -341
I-0-C~-a -3 -11 17 126 -46 ~-372 421 -342
I-0-C-K -6 -1 20 190 -110 -409 475 -396
I-0-C~1L -8 -1 20 132 -21 -4 46 438 -518
0~0-C-A -9 9 ~-26 -367 -367 457 90 -824
0~-0-C-B -6 3 -17 -308 ~265 265 ~-20 -553
0-0-C-C -6 3 ~-23 ~434 -302 343 ~-19 -717
0~ 0-C-D -14 -9 -23 ~675 -631 190 -462 -84y
0-0~C-E -14 -1 -9 ~425 -557 - 38 -414 -567
0-0~C~-F -17 -6 -17 ~-484 -859 152 -396 -7u47
0~ 0-C~G -14 -9 -17 -550 -594 114 -456 -688
0-0-C~-H -14 -9 =17 =550 -595 LR L ~-456 ~-689
0-0-C-J -3 -3 -5 -170 -127 38 -105 -191
0-0-C-K -2 -3 -3 -113 -108 0 -107 -113

0-0-C-L -8 -8 0 -169 =298 -114 -103 ~-36b



98

Table A.3 (continued)

TORSIONAL HMOMENT LOADING,

MICRO-STRAIN

e

ROSETTE GAGEV GAGE2 GAGE3

-y o . AR P oen o A E AR a0

T-0~-1-8 0 3 0
I-0-N-C & 3 -3
I-0-N-D 3 6 -3
I-0-N-% 3 5 -6
I-0-¥-F 6 6 -3
I-0-N~-G 3 6 -6
I-0-8-H 6 6 -6
I-0-N-J 9 6 -9
I-0-N-K 12 3 -12
I-0-N~-L*% 15 5 -108
0-0-N~-3 -6 17 -23
0-0~-N-B ~3 17 ~26
0=0-N~C -1 23 -24
0-0-KN-D 2 23 ~27
0-0-N-F 2 26 =27
0~0~N~F 5 29 -24
0-0-8-G 5 N ~24
0-0-N~-H 5 31 -25
0-0-N-J 8 32 -18
0-0-N-X 1" 32 ~18

HYN,

TRANS

B

57
-1
54
-10
54

-7

~9
~-77
~209
-2267

~137
~20u
-23
~95
-26
99
157
142
285
293

ON NOZZLE

STRESSES

LO®G

P

17
166
100

79
188

82
168
236
285

-242

-227
~-162
-27
42
66
185
198
186
33
ui1u

(160060 IN-LB)

SHEAR

w0

39
77
115
154
117
154
155
185
153
1518

531
568
625
663
703
702
Tui
745
664
663

PRIN STRESSES

— e w

SIGHX

e

SIGHN

o - e
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Table A.3 (continued)

TORSIONAL MOMENT LOADING, MYN, ON NOZZLE {16000 IN-~LB)

MICRO~-STRAIN STRESSES PRIN STRES3ES

G s D T N SO A e A s D A s s O 2 R s A 0 > i RS D A O

ROSETTE GAGEY GAGEZ2 GAGE3 TRANS LONG SHEAR SIGMY SIGHNW

AR W S A N s 0w RS AAS i b R WA hen D im e A —tn > o on ne o s o0 o e

T270C~3 -70 742 563 3999 ~892 17389 19114 -16007
Iz270C-3 -103 667 ~580 2013 ~2491 16609 16%22 -17000
1270C-C -89 622 ~5214 2243 -2008 15271 15538 -15299
I270C-0 ~75 530 ~502 695 ~2050 13748 13139 ~14494
I270C~8 -3 4 505 ~842 1478 -2386 12625 12317 -13226

I270C~-¥F -34 288 ~260 662 -834 7301 7253 ~TF425
T270C~H 23 7 -29 912 956 13314 2265 -397
I270C-J 4% 8 46 1133 1706 -4 96 1992 847
I270C-X 48 3 490 a8u 1718 ~ 494 1948 654
I270C~1L 26 8 11 406 B88 - 38 891 403
I270C~-4 -8 3 -3 2 -173 76 30 ~202
0270C-A 46 8423 ~4086 526 1532 1¥¥8% 12222 -10163
0270C~-B 37 373 -335 787 1358 440 10%16 -8371
0270C-C 37 302 ~264 784 1355 7542 8817 ~-A4T78
0270C=-D 37 253 ~182 1538 1584 57597 7358 ~4236
0270C -8 35 197 ~-133 1353 1484 4397 5795 -2998
Q270C~-7 11 490 28 1479 774 152 1510 T43
0270C~-G -7 -37 34 1261 -146 -~ 1748 2441 ~-1325
0270C~-H -32 -63 168 1626 ~642 -2281 2621 -2236
0Q270C~3 ~49 -46 51 164 ~1416 ~1291 887 ~2139
0270C-K -52 -26 13 ~265 -1626 ~493 -1056 ~1786
0270C-1 -32 ~6 -9 ~293 ~1041 3a -291 -~1043

0270C-% 5 0 -6 ~t4y 114 76 135 ~162
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Table A.3 (continued)

TORSTONAL MOMENT LOADIRNG,

MICRO-STRAIN

o - o D

ROSETTE GAGEl GAGE2 GAGE3

- 0 - 5 A com  GON T WD N AR e A Gon W WP v e e

I2708~-A -152 488 494
I2708-B -184 506 -421%
I2708N-C -1123 552 -386

I2708-D -129 473 ~85
I270N-E¥*-102 447 -263
T2708-F 9 389 88
I2708~-G 6 100 315
I270N-H 56 -97 339
I270N-J%** 156 -38 253
T2708-K 97 -32 127
I2708-1L 77 ~-21 147
TI270N-N 71 18 109
0270N-A 3 514 -501
0270N-B 16 583 -614
0270N~C -50 644 -Tu9
0270N-D -7 690 -795
0270N-E -53 718 -849
0270N-P ~93 538 -~806
02708-G -32 307 -539
0270N-H 5 92 -294
0270N-J ug -41 -78
02708 -K 45 -4y ~-18
0270N-L 22 -24 -3
0270N-N -4 17 =21

YN, O

TRANS

= e e

34
2062
3791
8680
4154

10477
9121
5247
4554
1965
2699
2706

250
-686
2252
-2296
-28 10
-5796
~5052
~4453
~2673
~1412
~6 20

-89

N NOZZLE

STRESSES

LONG

B

-4553
-4908
~2548
-1257
~-1826
3409
2913
3253
6050
3506
3108
2933

1002
284
~2166
-886
-2426
-4521
~2487
-1177
649
939
ba2
-136

{16000 IN-LB)

PRIN STRESSES

T G, D . VT e Aba x> T o

SHEAR SIGHX SIGHMN

13085 11025 ~-15544
12345 11404 ~14251
12500 13517 -12274

7438 12657 ~-5233

9u63 11088 -8760

4003 12283 1603
-2865 10241 1793
-5809 10144 -1644
-3886 2259 1345
~2119 4930 480
~-2237 5150 657
- 1217 4ou 1597

13535 14166 -12915
15948 15754 -16156
18555 16346 -20764
19779 18201 ~-21383
20887 18268 -23508
17300 12753 -~-23070
11267 7570 -15108
5138 2578 -8207

498 722 -274%6
~345 989 - 1462
-269 544 -682

498 387 -6 11
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Table A.3 (continued)

TORSTONAL MOMENT LOADING, MYN, ON NOZZLE (16000 IN-LB)

MICRO~-STRAIN ‘ STRESSES PRIN STRESSES

LR N R e - — - - o - — o . > oo~ -

ROSETTE GAGEY GAGE2Z GAGE3 TRANS LONG SHEAR SIGMX SIGMN

- - s ——— .~ o ————3 me e - - o - - - - - - - R

I-0-C-* 6 6 -3 56 185 112 250 -9
I-22C-A ~32 ~-41 -32 -1558 -1425 -121 -1353 -1629
I-45C-a -86 -172 ~152 ~-7027 -4697 -266 4667 -7057
I-67C-A -8476 =599 -679 -27564 -22548 1069 -22330 ~-27783

I-90C-A 14 601 -745 -3185 -535 17934 16123 -19842
I112C-a 486 661 624 27703 22904 492 27753 22854
Y135C-A 83 220 200 9142 5221 270 9160 5203
I157C-A 31 63 68 2812 1780 -76 2847 1775
1202C~-2 -4t -61 -72 -2882 -2083 153 -2054 -2910

I225C-a -90 ~-199 -237 -9493 -5539 500 -5477 -955S5
1247C~-Aa -653 -777 -728 -32373 -29309 -655 -29175 -32507
1292C-A 396 572 517 23499 18923 732 23613 18809

I315C-A 72 144 176 6967 4254 ~423 7031 4189
I337C-A 43 26 52 1664 1796 ~346 2083 1377
I1180C-L -9 -6 20 325 -186 ~346 500 -360
0-22C-2a 40 5 -35 -695 978 537 1135 -852
0-45C-A 122 ~-90 -81 -3890 2502 -112 2504 ~3892
0-67C-2A 535 -17 19 -544 15892 -483 15906 -558
0-90C-A -42 424 -u47 -460 ~-1409 11599 10675 -12543

0112C-A -547 -59 -20 -1132 -16755 =522 ~-1114 -16772
0135C-A -120 145 108 5695 ~1903 482 5725 -1934

0157C~-2 -51 Ly 30 1691 -1013 185 1704 -1026
0180C-A 14 13 16 6u2 598 -39 664 57%
0202C-A 61 -20 -34 -1255 1446 186 1458 -12867
0225C~-A 133 -94 -146 -5421 2373 €85 2433 -5480
0247C~-A 706 54 3u 1144 21515 266 21519 1141
0292C-A -Uu36 1" 96 2843 -12222 -1138 2928 -12307
03 15C~-A -97 82 91 3908 -1747 -112 3910 ~1749
0337C-A -49 31 -15 413 -~1342 607 602 -1531

0180C~1L -15 -20 11 -185 -494 ~418 106 -785
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Table A.3 (continued)

TORSTIONAL HOMENT LOADING,

HICRO-5STRAIN

s v e e s e

ROSETTE GAGE!l GAGE2Z GAGES3

. O e T o WO e Aa D SO owm AR AR g o o =

I~0~N-% 9 6 -6
I-22N-2 177 65 56
I-458~4 -t142 ~153 ~53
I-67N-A ~U34 -681 -522
I~90N~-A ~38 586 -743

T1128-2 490 560 693
T1358~A 153 109 239

I1578-2A Ui 29 77
T1808~A ~2u -9 12
1202N-2 -56 ~80 -4y
I2258-A 163 -236 -82

Y2078~-2 -536 ~804 607
129241 350 643 609
T3150-2 137 U 1317

I337%-A ) & a7
0-22H8~A 5 40 -35
O~ 458~-A 16 80 ~107
0-67N~A 2072 521 "
0~930N~-2 -50 469 -505
or12y-a -~-191 -28 ~620
01358~2 -9 15¢ -117
01578 ~A - 14 653 ~-17
018083 17 26 3
0202N-A 3n 28 ~ug
0225N-A 0 100 -15¢
02478 -A 222 685 74
02928~A -202 97 -398
0315N~-2 -6 104 =70
03378-2 -4 39 -39

0~0-N-L 11 28 -17

MYN, OF XOZZLE (16000 I¥~-LB)

TRARS

- o e o

- 14
2460
-4382
-25968
~3458
27609
T80
2285
91
~2661
-63802
~31306
227 36
3628
1105

30
~620
114817
-780
- 1040
Q47
10 16
606
~3475
~1312
16443
~6403
747
15
235

aan o 200 2w e e w0

PRIN STRESSES

i AAD e S T X D T

SHEAR STGHX SIGHN

e o o — o

154 325 -84
118 6044 2u56
~-1336 ~3511 -6432
-2122 -20039 ~-26728
17684 14872 -20518
-1768 27652 22148
-1729 8920 54905
~529 2792 1505
=275 179 -769
-472 -2080 -3050
-2058 -4810 -8928
-2097 -24803 ~-31932
~-2213 23525 16524
~1204 5850 2976
~5 44 1980 767

399 1134 -865
2096 2382 -2695
68300 17854 4234

12985 11764 ~-14224
7882 -~-3839 -20130
3676 4192 -3217

1061 1651 ~757

303 956 344
1023 1431 -1024
3048 2626 -~4332
gi47  225%7 5515

6593 -55% ~13831
2321 2748 -1945
1048 B¥0 ~1271%
599 926 ~284
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Table A.L., In-plane moment loading, M, on nozzle

IN-PLANE MOMENT LOADING, MZN, ON NOZZLE (15000 IN-LB)

MICRO-STRAIN STRESSES PRIN STRESSES

W A A D - - - -~ o - S e e A A s Y O ) M A MAr

ROSETTE GAGEY GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGMN

B T T T A Lk g - o - - - P —h . - > an s -

I-0-C-A -~233 -25 11 -48 -7014 -487 -14 -7048
I-0-C~B =-143 0 6 286 U214 -5 288 ~4215
I-0~C~C -76 17 17 829 -2026 0 829 -2026
I-0~C-D -31 23 20 966 ~-635 37 967 -636
I-0-C~% 0 23 23 992 301 Q 992 301
I-0-C~P 39 14 6 395 1303 113 1317 381
I-0-C~-G 34 -5 -5 -278 933 0 933 -278
I-0-C-H 25 -6 -11 -402 628 15 634 -408
I~0-C~-J 17 -6 -8 ~-328 400 37 B0 2 -330
I-0-C-K 17 ~3 -6 ~207 434 37 436 -209
I-0-C~1%L 14 0 -6 =145 369 76 379 ~-156
0-0-C-2 220 109 126 4910 8076 ~229 8092 4893
0-0~-C-B 120 114 106 4707 5015 115 5054 4668
0-0-C~C 63 9y 83 3829 3038 152 3857 3010
0-0-C-D 26 7 80 3429 1804 ~38 3430 1803
0-0~C~E é 57 57 2510 928 1 2510 928
0-0-C-F ~-11 26 26 147 4 0 1147 4
0~ 0~-C~G 0 12 9 445 137 38 L49 132
0-0-C-H T4 6 9 303 524 ~ 38 531 296
0-0~C~J 15 9 6 319 537 37 s43 312
0-0-C~-K 15 6 3 184 499 37 504 179
0-0-C-L 9 3 3 127 306 0 306 127
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Table A.4 (continued)

IN-PLANE MOMENT LOADING, ¥MZN, ON NOZZLE (15000 IN-LB)

NICRO-STRAIN

o s s o s o~

ROSETTE GAGE1

s e AW W G e > SN SRR b S A G A e W wE em wm

§
§

]
OOOO?OOOOO

[

[}
§

]
[}

]
SaBIBI IR
t

¢
[ §
AN TTONMOIT QW

§
t

4
i
i

[}
]
i

}
[
i

§
i

H
i

b
ZIF BRI A
i

i

[
i
i

i
i
]

i
|
i

§

L]
OOOG?OOOOO

]

]
!

OOOOO?OOOO
H
NGUmaRE oW

-134
-72
-29

0
ua
by
32
29
32
38

200
118
68
36
12
-5
10
22
24
27

0
9
21
18

-12
-14
-15
-12

123
103
34
74
59
30
15
16
12
9

GAGE2 GAGE3

0
18
20
18

3

~14
-20
=15

-6
~53

132
109
88
77
59
33
15
13
15
9

TRANS

153
659
232
773
147
-619
-798
~680C
-425
-1075

5376
4530
39341
3274
2585
1381
664
606
582
371

STRESSES

e

LONG

-3960
-1976
-588
237
1354
1125
722
666
832
820

7615
4885
3224
2055
1140
259
ugs
835
895
930

- A

39
77

-83
779

-113
-75

78
- 39

~ 38

34
~40

PRIN STRESSES

= —r w00 ror e

- e s -

o o - —
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Table A.4 (continued)

IN-PLANE MOMENT LOADING, MZN, ON NOZZLE (15000 IN-LB)

MICRO-STRAIN STRESSES PRIN STRESSES

- A - At an - - - - D - -

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGMI SIGHMN

-n o - - - e AT o A wp non s e v - an - - e - - aar s ave - - -

I270C-A -6 -25 =~257 -6191 =-2032 3085 -39% -7831
I270C~B8 -14 50 -282 ~5082 -1951 G422 1174 -8207
1270C-C -25 106 -279 -3777 -1893 5128 2379 -8049
1270C~D -28 134 -282 -3224 -1809 5535 3064 -8097

I270C~-E -46 166 -280 -2u54 -2102 59 34 3659 -8215
I270C~-¥ -60 174 -225 -1060 -211%12 5326 3766 -6938
I1270C~-H -60 103 -83 508 -1643 24873 2129 -3260

I270C-3 -23 49 14 1414 =257 458 1531 -374
I270C-K 12 n 46 1685 851 -190 1726 810
I270C-L 54 40 52 1953 2217 -152 2287 1884
I270C~1 60 46 49 2009 2004 - 38 2408 2005

0270C-A 57 613 ~-u98 2461 2460 14793 17254 -12333
0270C-B 38 576 =472 2234 1800 13962 15981 -11947
0270C-C 43 516 -435 1722 1814 12670 14438 -10902

0270C-D 49 476 =361 2475 2216 11147 13493 -8803
0270C-R 46 417 -333 1663 1889 9901 11677 -8125
0270C-F 72 237 -168 a4 2588 5400 T446 ~-3414
0270C-G 58 129 -u5 1772 2258 2319 4347 -317
0270C-H 40 60 26 1852 1766 458 2269 1349
0270C-J 0 17 66 1837 564 -648 2108 293
0270C-K -31 9 52 1362 -524 -572 1522 ~684
0270C-L -71 3 18 535 -~1966 -190 549 -1980

0270C~-M -77 9 6 41t -2172 38 412 -2172
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Table A.4 (continued)

IN~-PLANE HOMENT LOADING,

BYICRO~-STRAIN

v T V- oAS 480 o T

ROSETTE GAGE1 GAGE2 GBRGES3

o AN T AR xS v ek wn CTwn D e v e

I2708~3
I2708~-8
I270N-C
TI2708~D
I270N-E
I270N~F
I2708-G
I270N-H
IZ 70“"‘\}
T2708~K
T2708-1L
I270N~Y

0270N~-2
02708-8
0270N-C
02700-1
027088
0270K-F
027T0N-~-3
02708~H
0270K~J
02708-K
0270 ~1,
02 TO0N-R

-50
~50
~38
~38
~41
~-65
~-65
-17
~32
~53
~-47
~35

€9
30
75
153
150
124
€9
6
~43
~66
-48
-840

-82
- 178
-261
- 331
-112
-693
~640
=501
- 180
-118

~56

~-18

T17
734
728
(AN
694
4718
285
135
~-17
-34
~23
-11

-269
~243
-231
~-214
-173
~38
21
-50
~-79
-76
~35

~23

~62U
-621
~661
~581
~518
~-152
130
265
274
205
110
29

MZH,

TRANS

-7664
-9204
- 10763
-~ 119147
-12815
- 159990
-13527
-12087
-5659
-4210
~1951
~862

1960
2382
1384
2815
3703
7010
3040
8789
5704

3840 .

1975
449

STRESSES

R e

LONG

-3798
~u258
~4375
~4722
-5080
-6£737
~-5997
-3 149
-2665
-2849
-1394
-1314

2669
3403
2669
5429
56 11
582u
4792
2815
430
~820
- 857
~-1057

ON NOZZLE (15000

SHEAR

-~

2u94
858
-391
- 1558
~3195
~8720
-8800
~60 11
-1336
~-550
-275
79

17862
13054
185 14
17289
16140
8395
2072
~1726
-3879
-31920
- 1767
-536

IN~LB)

PRIN STRESSES

SIGHX

20180
20954
20552
21460
20826
14835
9883
9252
7758
5460
2823
621

SIGHN

-10787
-12239
-13964
-21235
-19334
~15322
-6169
~4iaou
-2249
-1328

-15551
-15169
-16499
-13216
-1151
~-1997
3949
2352
~1623
~2440
~-1705
-1228
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Table A.4 (continued)

IN-PLANE MOMENT LOADING, MZN, ON NOZZLE {15000

MICRO-STRAIN

L > A L o 2 T PPl e

ROSETTE GAGE! GAGE2 GAGE3

D e N - A v AP s -

I-0-C-%*
I-22C~-A
I-45C-2a
I-67C-A
I-90C~A
I112C-a
I135C-4
I157C~-A
I202C-A
I225C~-1A
1247C-2
1292C~1A
I315C~A
1337C~-2
Y180C~-L

0-22C~-3
0-45C-12
0=~-67C~4
0~-90C~4
0112C-A
0135C-A
ot57c~a
0180C-2A
0202C~-a
0225C-A
Q247C-12
0292C-2
0315C-4
0337C-A
0180C~1L,

-197
-223
-198
€9
29
252
295
258
272
361
2813
29
-240
-2
-45

217
232
45
45
~-446
-318
~-293
-253
~264
-389
-501
80
249
226
~42

120
173
154
~ 566
-373
- 106
-50
-64
-94
- 165
~390
319
208
114
-11

132
130
369
628
-379
-136
~75
~-44
-47
~136
~392
186
183
129
-5

TRANS

s o -

95

~ 1009
1353
16866
-7078
~-5875
4466
5703
49 16
5069
-7103
15030
711
-950
243

5309
7734
11636
1316

- 16050
~4969
~2418
~2094
-2810
~6181
- 166 31
11007
8325
5094
=311

STRESSES

s 2 o ax> s e 0

L.ONG

P

~-5875
~-7004
-5522
7127
-1262
5805
10197
9451
9631
12364
6373
5380
~6981
~-7219
-1291

8115
9284
4787
1751
18197
11021
~9501
-8231
~8774
13535
20005
5696
9954
8298
~1359

599
~75
-393
~17 18
-3512
-3320
~1146
38

78
1156
2195
1271
809
118
115

-157
~222
~2863
-15915
76
4179
335
-258
~632
~-384
36
1783
338
~-189
~76

IN~1.B)

PRIN STRESSES

SIGHX

9632
12543
6721
15195
795
-948
252

8123
9315
12439
17450
~16043
~494 1
~26402
-2084
~2744
-6161
~ 16631
11550
10021
8309
-306

- ean - o g

SIGHMN

- — o o
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Table A.4 (continued)

IN-PLANE MOMENT LOADING, MZN, ON NOZZLE (15000 IN-LB)

MICRO-STRAIN STRESSES PRIN STRESSES

- o — - e - v o v o A D s nom > O o™

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGHX SIGHN

e T e e e o a2 - - - - o e -y i - - -

I-0-N-* 223 12 6 630 -6u487 77 630 -6487
I-22N-2 -26 9 -79 -1517 -1246 1179 =195 -2568
I-45N~-2 -99 118 -177 -1178 -3316 3933 1828 -6323
I-67N~-2 139 526 48 12451 7905 6365 16937 3420
I-30N-A ug -280 -85 -8086 -991 =-2598 -141 -8935
T1128~7 T1 290 -271 321 22217 TU T4 8808 -6260
I135N8~-A 254 298 30 6935 9707 3580 12160 4ugz
Ti157N~2 228 189 71 5470 8468 1571 9141 4798
T180N~A 284 118 142 5011 10131 -313 10151 5390

I202N~2 2410 80 195 5793 8924 -1529 9547 5170
T225N~A 202 43 339 8120 8483 -3964 12269 4334
T247N-1 82 -286 239 -1105 2124 -6996 7689 -6671

I292N~2 149 ~6 499 10674 7674 -6723 16062 2285
I3158~A -84 -169 120 -988 ~2828 -3848 2049 -5865
I3378-2 -175 -111 38 -~t40t -5662 -1982 -622 -6441

0~ 22N-2 188 168 93 5525 7298 1000 7747 5075
0-U5N-A 223 217 156 7959 9073 809 9498 7534
0~-67¥-A 347 -4 151 2192 11057 -2459 11693 1556
0-90N-A 27 -625 684 1268 1184 -17445 18671 -16218
O112N-A U466 -281 -415 -14798 -18433 1782 - 14070 ~19160
01358N~-2 -262 -88 -373 -9835 -10798 3790 ~6497 -14137

O157TN-A -222 -8 -154 -3316 -~7648 1933 -2579 -8385
0180N-2 -273 -74 -65 -2757 -9015 -114 -2755 -9017
0202N-A =239 -~173 -22 -4029 -8372 -2020 -3235 -9166
0225N-2 =262 -~341% -85 -9085 -10572 ~3411 -6337 -13320

0247N~n -U486 ~441 -282 -15339 -19191 -2122 -14399 -20131
02932N-A 367 216 43 5292 12600 2312 13270 4622
03 158~-2 214 152 217 7862 8771 -861 9290 7343
0337N-2 191 36 166 5542 7399 -938 7791 5151
0-0~¥-L 34 0 0 - 34 1005 0 1005 - 34
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Table A.5. In-plane force loading, on nozzle

I‘XN’

IN-PLANE FORCE LOADING, FXN, ON NOZZLE (1200 LB)

MICRO~-STRAIN STRESSES PRIN STRESSES

-y - —os i, _ o - s o o o - - > > o> s O > o

ROSETTE GAGE! GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGHN

. e - - —— i ——_—— - e e - - - - s R - - —

I-0-C-1 329 0 -70 -1896 9299 936 9377 -1974
I-0-C-3 191 -36 -42 -1929 5160 T4 5160 -1930
I-0-C-C 82 -ug -53 -2304 1760 75 1761 -230¢6
I-0-C-D 14 -50 =53 =-2291 ~-260 37 -259 -2291%
I-0-C-2 -25 -48 -48 -2065 ~1371 0 -1371 -2065
I-0-C~-F ~73 -28 =22 -~1021 -2492 -75 -1017 -249¢
I-0-C~-G ~59 0 -5 -48 -1777 75 -44 -1780
I-0-C-1 -39 3 9 296 -1077 ~75 300 -1081
I-0-C-J -28 0 0 36 ~821 0 36 -821
I-0-C-X ~-28 0 -3 -20 -836 37 -23 -838
I-0-C-L -16 -5 -3 -157 -541 ~-38 -153 -545
0-0-C-a -29% -185 ~-205 -8269 -11209 265 -8246 -11233
0-0-C-B =188 -180 -168 -7482 -6688 ~150 -6661 -7509
0-0~-C~C -68 -140 -131 -5872 -3806 -116 ~-3800 -5878
0~-0-C-D -17 -108 ~-117 -4926 -1982 115 -1978 -4931
0-0-C-%8 6 -80 -77 ~36444 -850 -36 -850 -3445
0=0-C~¥ 23 -25 -28 -1204 332 38 333 -1205
0-0-C~G -5 -5 -3 -187 =211 -38 - 145 -233
0-0-C~H -25 -3 -3 -85 ~-782 0 -85 ~-782
O=0~C~J =25 -2 -2 -81 -782 0 -81 -782
0-0-C-X -25 -3 0 ~26 -764 - 38 -24 -766
0~0-C~L -20 0 3 93 -561 ~38 95 -563
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Table A.5 (continued)

IN-PLANE FORCE LOADING, FXN, ON NOZZLE (1200 LB)

HICRO-STRAIN STRESSES PRIN STRESSES

D o - o s W - - - o s - e s A D o -

ROSETTE GAGE! GAGE2 GAGE3 TRANS LONG SHEAR SIGHMX SIGMN

G B D wn W A e A D eee WD WD e e N AR ewn g an o - ot - - - o . ———— - o o - o - -

I-0-N~B 0 -32 ~-34 -1454 ~436 37 -035 -1455
I-0-N-C 79 -40 -52 -2116 1726 155 1732 -2122
I~ 0-N-D 18 -46 -52 -2175 =122 78 -119 -2178
I-0-N-E -23 -40 -43 -1811 -1230 39 -1227 -1814
I~-0-N-F =75 -1 -1 -420 -2384 -1 ~420 ~-2384
I-0-N-G ~64 15 20 844  -1655 - 176 g46 ~-1658
I~0-N-H -43 26 26 1203 -938 0 1203 -938
I-0-8-J =35 26 24 1137 -T703 39 1137 -704
I~-0-N-K -29 24 18 937 -589 81 342 -594
I-0-¥-L ~29 9 99 2413 -15t -1206 2891 -629
0-0-N-2 =259 -199 -207 -8643 ~10349 118 -8635 ~10357
O-0-N-B -145 -165 -17C -7202 -6499 77 -~6490 -72M11
0-0-N~C ~73 ~-140 -131 -5890 ~3949 -118 -394%1 -5897
0-0-N-D ~29 -~-108 -108 -4710 -2278 t =-2278 -4710
0-0~-N-E -3 ~-82 -82 -3585 -1152 0 =-t1152 -3585
0-0-N-F 15 -38 -38 -1672 -45 1 -45 -~-1672
0~ 0~N~-G -11 -20 -17 ~799 -570 -38 -564 -806
0-0-N~-H ~-28 =20 -19 -828 -1096 -4 -828 -109s6
0-0~N-J -32 -23 -23 =97t -12un -1 -97%1 -1244

0-0~N~K -23 -23 -20 -929 -960 -39 -903 ~986
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Table A.5 (continued)

IN-PLANE FORCE LOADING,

MICRO-STRAIN

-

ROSETTE GAGE1 GAGE2 GAGES3

A > —o - . — - g o

I270C~A
I270C~B
I270C~-C
I270C-D
T270C-E
I270C~-F
I270C-H
1270C-3
I270C-K
I270C-1L
I1270C-M

0270C~-3
0270C~B
0270C-~-C
0270C-D
0270C~E
0270C-F
0270C-G
0270C-H
0270C~-J
0270C-K
0270C-1L
0270C-M

-14
-19
-22
~-28
-25
-34
-23
-17
-17
-17

-5

145
~-93
~82
=73
-51
-u0

20
37
49
57
55

151
36
-42
-89
~139
-191
-117
-45
-31
-51
-71

-745
- 694
-617
-563
-472
-257
-122

-45

~20
-43
-51

329
340
321
315
300
223

69
-37
-77
-82
~74

564
544
510
456
425
257
132

37
-31
~-45
-u5
-54

TRA NS

P S

10556
8300
6155
4939
3551

736
-1031
-1780
-2353
-2914
-3178

-3829
-3196
-2274
=227
~990
- 56

200
-200
-906
- 1488
-1394
-2370

STRESSES

—— s it s s -

LONG

- -

2757
1913
1185
670
306
-794
-986
-1037
=121
-1378
-1117

-5494
-3763
-3147
-2888
-1817
-1171
70
548
851
1016
1125
928

FXN, ON NOZZLE (1200 LB)

- - —

17447
-164 97
-15020
-13582
-11947
-6844
-3384
-1101
303
341

38

38

11224
10262
9100
8636
8001
55313
1461
-1020
-948
-1272
-1116

12806
13020
12316
11003
10551
6314
3520
1337
902
1061
1125
928

PRIN STRESSES

e 2R R ]

- -

2090
-49
-1759
-2967
~4144
-5591
-3478
-1796
-2616
~-3021
-3179

-22129
-13978
-17736
~-16168
-13357
-7429
-3250

~-989

~-956
- 1533
~199u
-2370
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Table A.5 (continued)

IN-PLANE FORCE LOADING, FXN, ON NOZZLE (1200 LB)

MICRO-STRAIN STRESSES PRIN STRESSES

o A —ve g - — o v v an P T P ]

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGHMX SIGHWN

B . T U oy —con o o - P o o cun o - o e o s -

I270N-2 85 219 374 12944 6432 -2063 13543 5834
I270N-B 88 348 368 15636 7326 -273 15645 7317
I2708-C 76 U662 377 18347 7788 1130 18467 7669
T12708-D 79 543 365 19883 8337 2373 20351 7868
I270N-E 82 637 327 21101 8791 4125 22355 7537

I270N-F b4g 961 210 25664 3129 10002 30379 by 15
I270%-G 36 831 112 20694 7287 9577 25680 2301
I270N~-H -5 616 148 16794 4880 6238 19463 2211

I2708-J ua 221 148 8057 3846 381 8275 3629
I2708~-K 62 148 115 5713 3584 432 5798 3500
I270N-1L 56 62 17 2997 2592 -197 3077 2513
I270N-N 53 18 56 1577 2077 -510 2395 1260

02708-a -186 =865 706 =-3298 -6574 -20933 16061 -25933
0270N~-B -~229 -882 694 ~3879 -~-8035 -21007 15152 -27067
0270N-C =229 -880 726 -3127 -7814 -21392 16049 -26990
02708-D -316 -877 631 -5058 -10983 -20085 12281 -28323
0270§8-8 -315 -851 556 -6135 ~-11299 -18739 10199 -27633
027O0N~-F -244 -607 136 -10082 -10338 -9889 =320 -20099
0270N-G ~137 -379 ~-181 -12144 -7762 -2641 ~-6521 -13384
0270N-H -54 -198 -333 -11613 -5109 1799 -u645 12077
0270N~J 12 9 -357 -7666 -1941 4880 854 -10462
0270N-K 52 by ~-279 -5230 2 4302 2421 -7649
02T0N-L 38 38 161 -2749 317 2651 1847 -4279
0270N~-N b 38 -66 -658 1030 1384 1807 ~-1435
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Table A.5 (continued)

IN-PLANE FORCE LOADING, FXN, ON NOZZLE (1200 LB)

MICRO-STRAIN STRESSES PRIN STRESSES

- — ——— o Kbt o > — -~ - . o - B A e

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG 5SHEAR SIGHMX SIGHN

A AP - D - e - — e - —— - ann o - - - e - - - - - - - e

I-0~C~* 301 ~-76 -3 -2051 8408 -975 8498 ~2141
I-22C-3 312 9 3 47 9381 3 9381 47
I-45C-2a 278 14 -91 ~-1996 7737 1410 7937 -2196
I-67C-A -51 =317 -50€6 -18045 -6950 2516 ~6406 -18589
I-30C~-a -43 358 121 10865 1888 3165 1159¢ 856

It12c-a -340 358 60 3569 ~-7337 3968 10454 -8222
T135C-a -452 -60 -~143 -3957 - 1474y 1104 -3845 -1u4856
I157C-A ~466 =129 -94  -4382 -15299 -458 ~-4362 ~-15318
I202Cc-a -459 -83 ~107 -3673 -14866 309 ~-3664 ~-14875

T225¢-a -519 -173 -84 ~5070 -17105 -1192 -4953 -17222
I287C~a ~-384 122 329 10333 ~-8410 -2770 10734 -8811
I292C~-A ~-17 -447 -314 -16719 ~-5528 ~-1770 ~5254 -16992
I3 15C-4 327 -63 26 -1176 9443 ~-1193 9576 -1308
I337C-2a 327 3 0 -287 3710 38 9710 ~-287
T180C~L 13 -4 ~-14 -641 197 -1 197 -641
0-22C~-A -282 ~-197 -1BE -8073 -10887 -155 -8064 -10895
0-45C-a -3%2 -248 -237 -10310 -12455 -148 -10300 ~-12465

0~67C-A -106 ~167 ~-U60 -13663 -=-T7267 3903 -5419 -15510
0~-90C-4 -142 661 -761 -2039 -4866 18953 15554 -22u458
0112C-1 608 547 uon 22210 24917 707 25090 22036
0135C-4 494 221 274 10322 17920 =705 17985 10257
0157C-1a 502 224 224 9273 17857 1 17857 9273
0180C~-A 424 243 232 9970 15723 150 15727 9966
0202C~2a 430 226 193 8744 15528 446 15557 8715
0225C-4 564 291 231 10852 20189 793 20256 10785
0247C-1 675 630 496 24000 27463 1782 28216 23247
0292C-a -137 -401 ~202 -13102 -8030 ~-2656 -~-6894 -14239
0315C-a =335 -259 -259 -11001 -13362 -3 -11001 ~-13362
0337c-a -298 -170 -210 -BOU4D -11365 532 ~7958 ~11448
0180C-L 3 9 12 449 233 ~38 455 227



Table A.5 (continued)

IN-PLANE FORCE LOADING,

MICRO-STRAIN

ROSETTE GAGE! GAGE2 GAGE3

P I T e e

I-0-N=-* 329
I-22K~-A 68
I-45N-A 160
I-67N-2 -115
I-90N-A -38
T112N-2 -88
T1358-2 ~368
I1578~A -380
T180N-2 =522
Y2028~-4 -392
I2258-2 -268
I2478-2 ~-122
1292n-4 -148
I315N-2 131
I3378-2 239

0-22N-A -~245
0-458-2 -—265
0-67N~-2 -~U#U46
0-90N-A ~155
0112N~A 605
0135N-2 432
0157N~-24 403
0130N-A 466
0202N~A 615
02258-2 395
02478-2 594
0292N-A ~U469
03158N-2 -261
03378~ ~2u7
0-0-N~L ~22

-66
- 14
-159
~-610
360
~383
-457
~265
-44

402

18
216
149

- 245
-302
12
724
406
205
153
273
327
531
617
-242
~199
- 154

-S7
108
230
-47
201
395
36
39
-121
~-283
~495
~294
~591
~-163
-90

~ 149
~201
~-167
~-824
594
614
318
258
138
173
401
-74
-2937
-247
-8

e e e

21314
17509
9922
11158
9749
15050
21702
-6427
~-10625
-8540
-339

STRESSES

LONG

- ane

8356
2650
5219
-T741
2568
-2539
-13710
~12777
-16571
-~ 13454
-11249
-2911
-8185
4247
7486

-9855
=111
~14263

~5257

24553

18208
15079
17324
15367
16361

26327
- 16003
-11015

-9969

~769

FXN, ON ¥OZZLE (1200 LB)

SHEARAR

o an o s

-116
-1648
-5187
~-7508

2121

~10374
-6562
~4049

1023

3853

6524

9280

8116

5048

3184

-1267
- 1343
2382
20630
-2500
-5453
~2196
130
2519
4771
2877
-2235
1310
1232
1

SIGHX

- o 2o

8958
4013
88313
-2832
12805
9388
-4285
~-2905
~2970
-4069
-4451
9471
~-1925
7932
8792

-7658
~9616
-20822
17053

25913
23322
15888

17330

16331

20522
26177
-5931
-9496
-7830
-339

PRIN STRESSES

D s e > - > . D

- an aas

~3081
656
~2225
-19225
2129
-11563
-18279
-14437
-16648
-15036
-17510
~9866
-18707
-2667
=277

-10586
-12331
-14742
-24332
19955
12395
3113
11152
8785
10890
19852
-16499
-12144
-10679
~769
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Table A.6. Axial force loading, FYN’ on nozzle

AXIAL FORCE LOADING, F¥YN, ON NOZZLE (4000 LB)

MICRO~STRAIN STRESSES PRIN STRESSES

- —— - —— — -—— - .- e - e - -

ROSETTE GAGET GAGE2 GAGE3 TRANS LONG SHEAR SIGMNX SIGHMN

- W wn v R b Ahn A s e wn ——— -~ - s - - — - - ———— . —

-152 ~34 -8 -756 -4780 -337 -728 -4808

I-0~-C-A

I-0-c~-8 -101 -1 -14 ~440 -3166 37 -439 -3167
I-0-C~-C ~62 0 0 72 -1831 0 72 -1831
I-0-C~-D -34 3 0 104 -978 37 105 -979
I-0-C~-E -14 6 3 204 ~-357 37 206 =360
I-0-C-¥ 17 3 0 u9 524 38 527 46
I-0-C-G 17 -8 -5 -321 41y - 37 bie -323
I-0-C-H 8 -6 -11 -373 141 74 152 ~-384
I-0-C-J 3 -6 -8 =308 -7 37 -2 -312
I-0-C-K 6 -3 ~6 -187 115 37 119 ~-192
I-0-C-1 6 3 -3 -2 170 74 197 -29
0-0~-C-1A 149 60 72 2728 5279 -153 52838 2719
0-0-C-8 86 69 66 2861 3433 39 34356 2858
0-0-C-C 49 6D 52 2401 2181 113 20449 2133
0-0-C~D 23 49 52 21717 1342 - 38 2178 1340
0-0-C-E 6 37 8o 1634 684 - 37 1695 682
0-0-C~F -11 17 20 834 -90 -38 835 -92
0-0-C-G -8 3 6 203 - 193 ~- 38 207 -1946
0-0-C-H 0 3 3 130 L4y 0 130 4y
0-0-C~-J 6 9 9 391 302 -1 391 302
0-0-C-K 3 3 6 196 161 -39 221 136
0-0-C~L 0 3 3 136 53 0 136 53
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Table A.6 (continued)

AXTAL FORCE LOADING, FYN,

MICRO-STRAIN

gy o o 2 s A €

> m e e ww AR W Rre o wm VAN wem mEm mp M e v

I-0-N-B -96 -14 -12
I-0-N-C -55 -3 0
I-0-N-D -29 3 3
I-0-N-E -12 3 6
I-0-N-F 23 -6 0
I-0-N-G 29 =15 -12
I-0-N-H 20 ~20 -17
I-0-N-J 23 -18 -18
I-0-N-K 23 -20 -12
I-0-N-L 38 -12 -15
0-0-N-A 136 T4 17
0-0-N-B 88 65 68
0-0-N-C 56 62 56
0~0~-N-D 32 50 50
0~0~N~E 18 41 41
0-0-N-¥ 3 26 26
0-0-N-G 12 15 15
0-0-N—-H 18 15 15
0=0~-N-J 26 21 15
0-0-N-K 27 15 15

TRANS

~-468
-2
160
203
-151
-605
-850
-795
-730
-618

3158
2835
2519
2159
1788
1160
636
633
749
617

STRESSES

20 o . o ewn

LONG

- o on

~3014
~-1655
-822
-288
652
690
355
462
482
956

5041
3491
2430
1618
1066
439
547
723
1019
981

ON NOZZLE (4000 LB)

0

PRIN STRESSES

- e A o —

SIGHMX

~468
-1
160
206
660
691
356
462
19y
957

5041
3493
2564
2159
1788
1160

636

723
1040

981

SIGHKHN

B

-3015
-1656
-822
-291
-159
~606
-852
-795
-742
-619

3157
2832
2384
1618
1066
439
547
633
728
617
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Table A.6 (continued)

AXTAL FORCE LOADING, FYN,

MICRO-STRAIN

-~ >

- D o n D ape R e W S WA g e ———

I270C-1 123 38 -123
1270C-8B 131 70 =145
1270C~-C 120 92 -148
I270C-D 114 95  -~156
I270C-B 9y 106 -154
1270C-7 46 80 ~134
I270C-H -43 11 -71
1270C-J -66 -3 =20
I270C-K ~-43 17 g
I270C~-1L 34 49 40
I270C-M 54 51 57
0270C-A -11 359 -~427
0270C-B ~-36 328 -~-u21
0270C~-C -36 282 -395
0270C-D -33 251 -344
0270C-E -33 203 =321
0270C-F 3 86 =~214
0270C-G 26 35 ~117
0270C-H 46 15 -48
0270C-3 52 23 18
0270C-K 26 37 32
0270C~L -54 26 26
0270C-H -79 20 20

ON NOZZLE (4000 LB)

TRANS

-2093
-1793
- 1355
-171
-1166
-1235
- 1267
=426

614
1909
2326

-1468
-2002
-2445
-2001
-2692
-2809
-1832
-789
839
1488
1206
979

STRESSES

——n 0 - -t

LOXNG

e

3058
3399
3195
2992
2477
1001
-1662
-2094
~1098
1602
2326

~769
-1692
-1828
~1604
~1809
~743
235
1145
1807
1226
-1251
~-2087

SHEAR

- — -

2081
2861
3196
3345
3460
2851
1103
228
114
114
~-76

10469
3979
9028
7923
7056
3993
2015

838
5
74

0

PRIN STRESSES

- nme e o

SIGMX

3793
4666
48413
4782
4566
2944
-344
-396

621
1947
- 2403

9356
8134
6897
6122
4819
2348
1466
1458
1812
1507
1206

979

s —— -
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Table A.6 (continued)

AXTAL FORCE LOADING, FYN, ON NOZZLE (4000 LB)

MICRO-STRAIN

> e wn o . s ann A

ROSETTE GAGEY GAGE2Z GAGE3

- - e - ant o W o DD D A wam D D

I2708~-3
I2708~-B
12700~-C
T270N-D
I270N~E
I2708~F
T2708-G
I270%~-H
I2708-3
T2708-K
I270N-1L
I270N~N

0270NK~-A
02708-B
02708-C
0270N~D
0270N-E
02708-F
0270N~G
0270N-H
0270K~J
0270N-K
02708~1,
0270N-N

56
38
32
23
15

-15

12
59
50
27
21
15

23
58
61
132
LEY
150
118
75
43
29
23
8

23
~29
-70
-102
- 149
- 268
-253
-206

-59

-35

15

a6
466
466
460
455
276
118

-T2
-61
-35
-20

-114
-91
-6 4
~47

147
174
77
271

~-506
-503
~529
-478
~u437
-201
-14
81
121
106
60
11

TRANS

- A v

-2052
-2673
~-2990
-3300
-3355
-2637
-1759
-29 1
~764
-8C3

-84

505

-1348
~880
~-1453
~521
225
1482
2151
1755
1024
973
538
-208

STRESSES

- o Ry o ea T

LONG

1051
337
67
~289
-568
-1230
-170
899
1277
558
597
597

289
1467
1381
3818
43388
4936
4188
2773
1599
1151

846

190

SHEAR

1830
818
-78

=740
- 1947
~-5539
-56 96
-3772
-1139
-7
-118
79

12689
12919
13264
12498
11885

6364

1764
-1035
-2575
-2229
-1268

~423

PRIN STRESSES

o o e v

SIGHX

1898
545
69
-117
433
3650
4787
3220
1786
705
616
642

12186
13266
13303
14333
14373
3803
5206
3418
3903
3292
1970
459

B e R

- >
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Table A.6 (continued)

AXTAL FORCE LOADING, FYN, CN NOZZLE (4000 LB)

MICRO-STRAIN STRESSES PRIN STRESSES

- - - - - A - ——— > - ——

ROSETTE GAGEY GAGEZ GAGE3 TRANS LONG SHEAR SIGMX SIGH

- — - — -t A o A -~ - - - - o - - — -y -

I-0-C-*% =124 -6 -31 -664 -3909 337 -629 -3944
I-22C~-2 -~-154 -31 -40 -1387 -50u43 120 -1383 -5047
I-45C-a -160 ~28 9 -255 -~-u4876 ~-497 -202 -4929

I-67C~-A -37 135 267 8866 1557 -1756 9266 157
I-90C-a 155 =134 29 ~-2478 3903 2174 4573 -3149
It12c-a 43 -349 -43 -8650 -1294 -4079 521 -10465
I135C-A 0 -25 189 3604 1094 -2863 5475 -778
I157C-A -180 132 241 8395 -2879 -1450 8578 -3062
1202C~A2 =165 231 142 8371 2427 1193 8502 -2557

I225C-A 38 182 -20 3516 2182 2694 5625 73
T247C-A 66 -104 -335 -9720 -922 3079 48 -10691
I292C-A ~-66 231 124 7883 373 14 24 B144 112
I315C-a -191 ~6 -32 -614 ~5903 346 -591 -5925
I337C~-a -165 ~38 -29 -1278 -5321 -115 -1274 -5325
I180Cc-1L -260 -23 -49 -1299 -8192 347 -1282 -8209
0-22C~-A 152 66 84 3123 5490 ~-233 5512 3100
0=-u45C-a 187 117 120 50 11 7116 -37 7117 5011
0-67C-A 148 159 271 9286 7227 -1487 10065 6467
0-90C-A -31 -~-uss8 360 -2784 ~-1752 -11304 3047 -13584
0112C-2A -78 -190 -1148 ~-7331 -45u41 -557 ~-4434 -7438
0135C-a 6 173 =22 3309 1163 2603 5052 -579

0157C-A 123 388 159 11890 7254 3049 13402 5742
0180C-A 120 366 385 16369 8515 -260 16378 8506
0202C-A 76 140 357 10839 5517 -2300 12114 4242
0225C-2A ~32 -49 156 2404 -227 -2731% 4119 -13943
0247C-a -114 -217 -163 -8210 -5889 -720 -5683 -8415
0292C-A 174 239 178 9003 7612 797 9423 7492
0315C~-A 199 134 131 5593 7651 39 7651 5592
0337C-A 159 A 74 3009 5680 - 38 5681 3009
0180C~L -265 6 8 597 7773 -~ 38 597 -7773
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Table A.6 (continued)

AXTAL FORCE LOADING,

RO SETTE

FYN,

MICRO~STRAIN

o A o s e mn D

GAGE1 GAGE2 GAGE3

e DD A ARt e e o emm om S e W e WD O aoh

I-0-N-%
I-22N-L
I-45N-2
I-67N~2
I-90N~-A
IT12N~-}
T1358-2
I1578-2
T180N~3
I202N-2
T225N~2
T247N~-A7
T292N~4
I3158~a
T337N-2

0-22N-2
O~ 45N-3
O-67TN-2
0-90N-a
0112N~2
O135N-3
0157N~A
Ot180N~a
0202N-2
0225K~2
O024THN—~A
0292¥~R
03 158-2
033784
0-0-¥-1L

-141 -4 -14
18 15 ~-50
-85 50 -~ 150
36 316 ~-38
130 -118 6
-21 -62 -283
27 -94 154
-97 12 343
-272 284 218
- 106 325 3
91 93 =70
-17 =280 ~76
58 -67 303
-73 -149 56
-119 ~-93 15
132 106 43
158 179 92
274 72 127
-20 -~516 409
~119 -1 -37
176 85 3
205 336 111
148 401 390
182 88 285
120 -43 71
- 142 -68 ~134
287 174 131
155 96 180
138 54 107
34 9 8

ON NOZZLE (4000 LB}

TRANS

~4F8
~793
~2108
6067
-2603
-7564
1274
7897
11333
7327
418
-7796
5131
-1967
-1594

3267
5774
4059
~2333
-3553
1747
9592
17220
8011
498
-4278
6380
5889
3377
336

STRESSES

P i

LONG

-4388
295
-3183
2886
3123
-2887
1183
-550
~UT746
~985
2843
-2861
3294
-2775
-4062

4954
6483
u3s
-1314
-4eug
5818
9025
9608
7869
3737
~5547
10537
6408
5148
1116

SHEAR

PRIN STRESSES

- o

o .
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Table A.7. Out-of-plane force loading, FZN’ on nozzle

QUT~QF~FLANE FORCE LCADING, FZN, CN NOZZIE (600 LB)

MICRC~-SIRAIN STRESSES PRIN STRESSES

- - - s " e ——x o A e . o . . A - - - -

BOSEITE GAGE1 GAGE2 CGAGE3 TRANS LONG SHEARR SIGMX SIGHMN

I-0-c-a -6 -9 5 ~Tu ~202 ~188 61 =336
I-0-C-b ~3 -12 8 ~73 -120 -260 162 -361
i-0~C-C -3 -6 g 50 -§3 - 186 181 -214
I-0-C~-D 0 -6 8 42 0 -187 209 -167
i-0-C~E 0 -6 8 50 i -187 214 -163
I-0~-C~F 2 -6 5 -24 65 - 150 177 -136
I-U-C~G -1 -3 5 38 -5 -113 132 ~98
I-0~C~H 0 -6 3 -65 -22 - 111 70 -157
I-0-C-4a 0 -6 3 ~63 -21 =111 72 -155
I-0-C~K 0 -3 3 -3 ~i} -T4 71 -78
I-0-C~L 3 -3 £ 54 37 -111 188 -37
C-0-C~4A 2 5 z 17 119 4o 193 37
0=0~C~5 -1 2 3 105 i1 - 105 11
0~0-C-C 2 2 -1 32 75 42 101 ?
C-0~C-D -1 -1 0 -22 -24 -3 -20 -26
0~0-C-%8 -4 -1 2 42 -95 -41 53 -106
0-0~C-F -3 -1 -1 -2 -106 i =21 -108
0~ ~C~G -3 -1 -3 -87 - 129 38 ~-65 =151
0-0~C~H -1 -3 -3 - 47 -70 i -70 -147
0~-0~C~dJd 2 -1 -1 =31 57 i 57 -31
0-0-C~-K -1 3 -3 - 14 -27 77 56 -97
0~0-C~L 0 3 -3 -13 -19 76 60 -92
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Table A.7 (continued)

OUT~-OF-PLANE FORCE LCADING, FZN, CN NOZZIE (600 LB)

MICRC~-SIRAIN STRESSES PRIN STRESSES

o0 Om AT - - - o - o - - T a4 ——rh > W o a2 W

ROSETTE GAGEY GAGF2 GAGE3I TRANS LONG SHEAR SIGMX SIGHN

- e s TS - e TR SR N O 000 WN g s W G - - o o —— - o - - s . s o -

I-0-N-B 0 -9 8 -26 -8 -229 212 -246
I-0~N-C -1 -9 " 46 -6 -272 293 -254
I-0-N-D 0 -12 11 ~26 - 21 - 313 290 -337
I-0-N-E -1 -9 8 -28 ~-29 -23% 206 -264
I-0-N~-F 0 -9 8 ~12 - 14 -230 217 ~244
I-0~-N~-G 0 -12 g8 -78 - 36 -273 216 =330
I-Q~N~H 0 -9 6 -75 -35 -193 139 -249
I-0~N-J ~3 -9 8 -8 -105 -233 182 ~295
I-0~¥-K 0 -6 12 118 25 -2u3 319 -175
I-0-N~1L ~3 -12 ~6 -392 -203 -79 - 174 -421
0=0~N-A 5 5 S 225 222 -1 225 222
0-0-N~B 2 2 5 164 118 -39 186 96
0-Q -N-C 2 3 3 1 108 0 111 108
0-0~-N-D 0 2 3 110 21 C 110 21
0~0-N-E 0 0 3 50 6 -39 72 -17
O0-Q-N-F 0 0 0 -15 -18 -1 ~15 -18
0-0-H-G -1 0 0 -20 ~22 -1 -19 -22
0-0-N-H -1 -1 2 33 -13 =37 53 -33
C-0-N-J 0 3 0 46 2 39 69 -21
0-0-N-K -1 3 -3 -10 ~20 78 63 -93
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Table A.7 (continued)

OUT-OF~PLANE FCRCE LCADING, FZIN, CN NOZZ1E (600 LB)

MICRC~STRAIN STRESSES PRIN STRESSES

W A o = - - — - — A s~ -

ROSEITE GAGE1 GRAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGMN

B e e T R - e - - o - - - “O wh - -t ot

I270C-a -120 -~u432 128 -6551 -5567 -7468 1425 - 13543
1270C~-B ~-142 -393 14g -5365 -5880 ~-7134 1516 -12761
1270C-Cc -165 =357 131 -4786 -6375 ~-6%502 970 -12131
I270C-p -187 -307 131 -3659 ~6706 -5834 847 ~-11212
I270C-E ~183 -¢86 105 -3771 -~-6628 -5209 202 - 10601
I270C~-F -198 ~146 57 -1740 -6448 -2700 -512 -7677

1270C~-d =137 1" 5 514 -3967 76 515 -3968
1270C-a -60 56 5 1413 -1390 680 1569 - 1547
I270C-K -12 1 14 1442 79 49c 1603 ~82
1270C~L 22 25 17 897 938 114 1033 B0O2
I270C-H4 8 0 2 37 256 -38 263 31

0270C~-2 -15 =117 295 3926 734 -5494 8052 -3392
0270C-B 45 -78 273 4233 2609 -L66S 8157 ~-1315

0270C~C 76 -40 250 4519 3639 -3866 79790 188
0270C-D 99 -12 215 4356 4264 -3024 7335 1286
0270C~E 118 25 204 4900 5020 -2388 7349 2572
0270C~F 148 99 139 5079 5954 -531 6205 4828
0270C-6 139 125 88 4527 5532 494 5734 4324
0270C~-H 11t 11t 71 3871 q483 530 4788 3565
0270C-J 36 74 1 2693 1902 306 2798 1798
0270C-K -3 34 42 1682 408 -112 1692 398
0270C-L ~-29 -1 14 322 ~778 - 190 354 -810

02740C-Y -9 -12 2 - 196 ~338 - 189 -64 ~469
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Table A.7 (continued)

OUT~OF~PLANE FORCE LCADING, FZK,

MICRO-STRATIN

- D e T

ROSETTE GAGEl GAGEZ GAGE3

- D D DD i D AL AW S D e AT T 0

I270N~-2
I270N-B
1270N-C
I270K8-D
12708~k
I270%~F
I27CN~G
I270N8-H
12708-a
I2708-K
I2708-~-L
I2708-N

02708~2
02708~8
02703-C
027QN-D
027CN~-E
027 0N~F
027086
027CN~-3
02708~J
0270N-K
0270N-L
0270¥~-N

~27
23
29
40
35

-107
~17
~171
~-127
-95
-65

~109
-179
-204
-273
~291
~288
-253
-224
-194
-162

=99

~47

-3€60
- 389
-404
~-395
~395
-uus
~2€06
~-139
-%9
-30
~-18
L

- 190
~230
~2173
-296
-317
~1€4
-40
€3
86
60
23
-3

67

17
~21
~-138
- 109
-322
-354
=251
=171
-95
-68
-50

KRR
348
391
394
406
394
313
219

89

<0
-15

-6

TRARS

- - o0

-6410
-8 194
-9494
-11748
-11104
-16919
-13954
-8380
~u879
-2598
-1787
-1561

2770
2782
2812
2445
2275
4928
6279
6439
4065
1932
283
- 157

CN NOZZLE
STRESSES

LONG SHEAR
-2726 -5684
-1769 ~5412
-1983 -£02¢6
=2310 -3426
~2293 -3816
-5089 ~-1€89
~-7384 903
-7658 149y
-6604 1482
~4593 g6 d
-3377 668
-2425 353
~-2452 -6669
~-4520 -7704
-5288 -8853
~7469 -~9199
-8038 ~-9621
~7154 -7704
~8714 -04715
~4802 -2069
~4587 -39
~4277 538
~-2871 499
- 1445 38

(600 LB)

PRIN STRESSES

SIGHX

- o -

1407
1312

536
-1198
-870
-4853
-7262
-6482
-~4018
-2276
~ 1544
-1435

7321
7656
8498
7938
8034
8677
7911
6807
4065
1978
360
- 156

- e .

SIGHN

-10543
-11275
-12013
- 12861
-12527
~17156
-14076
-9556
- 7465
-4915
~3620
~2551

~7002
-9394
-10974
-12961
-13798
-10903
-7345
~5171
-4588
-4323
-2948
~ 1446
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Table A.7 (continued)

OUT~-OF~-PLANE FORCE LCADING, FZIN,

MICRC~-SIRAIN

- — g ——

ROSEITE GAGE1 GAGEZ2 GAGE3

- " NS A AR N A0S W B T wp WS S an -

I-0-C-*
I-22C-2
I-45C-A
I-67C-A
I-90C-2
I112c-a
I135C~a
I157¢C~2a
1202C-a
1225C~a
1247c-4
1292C-2
1315C-A
1337¢-2A
1180C-L

0-22C-A
O-4EC-A
0-67C-A
0-90C~A
ot11zC-a
0135C-A
0157C-a
0180C~-a
0202C-a
0225C-2a
0247C~-4
0292C-4
0315C-a
0337C~-a
0180C~L

16
454
103

39

-42
-117
-499

14
1C7
511

- 148
-12

0
-0

2
39
69

-274
35
~37
39
44
47
77
~23
=15

3

2
4s

TRANS

8 115

0 107
20 1067
163 3611
400 5290
-493 -21029
-98 -5859
-9 -1435
66 1720
179 6182
453 20698
14 -2947
~-23 ~-779
-3 -69
14 ~-132
2 91

5 564
11 1769
94 ~3955
72 2306
-87 ~-2825
-48 - 244
-45 -6
-31 392
ER | 2u88
-63 -1352
-77 =2003
-35 -703
2 100
~-34 231

CN NOZZLE (600 LB)

STRESSES

- - - -

LONG

- o -

-142
20
137
1669
4328
- 16977
-3833
-1307
1539
4440
18539
~899
~-74
~207
-218

-77
360
349
-699
14322
2237
1086
-266
-1155%
-2774
~15370
-945
-313
272
228

- -

- 147
70
ARE
-2136
-7403
149
-989
-648
- €97
-963
770
-215¢
155
39

- 460

7
L4ae
781

-4905
-224
668
1152
1188
1041
€10
532
835
495
-1
1062

PRIN STRESSES

SIGHNX

161
146
1081
4987
12228
- 16971
-3430
-719
2332
6610
21082
463
-42
~59
287

91
1200
2114
2841

14327
2324
1751
1059

915
2558

-1332
-485

24

272
1291

SIGHMN

-209
-19
123
294

~2610
-21034
-6262
-2022
927
4013
19155
-4309

-812

-217

-636

-78
124

4

~ 7495
2302
~ 2912
-909
- 1331
-1678
-2844
-15390
~2u63
- 1040
100
~-833
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Table A.7 (continued)

QUT-OF~PLANE FOKCE LCADING, FZN,

s s s i .

I-0-N-%
I-228-2
I-45N-2
I-67H~-A
I-90N-2A
Iti2N-2
I135N~-2
I1578~2
I18Q8~-4
I20<K-2
I225N8~A
I2478-2
1292N8~2
I3158-2
I337N-A

Q~22N-2
0~& SN~ A
0-67N-2
0-30N-2
0112N-2
0135N~-a
Q157N~-a
0180N-2
0202N8~2
02258~
020 7K~2
029 28~-2
0315N-2
0337k-2
0-0=N~1L

MICRC~-STRAIN

e - o O A

-y D A W W WO D e e o o

-3 -3 8
~82 -45 ~4u2
i5 L -12

23 183 132
61 -136 421
~355 -411 -473
-35 -139 -130
=21 ~-£3 -9
6 ~-18 26

26 20 61
8u 145 116
352 4cu 41a
-15 -108 -152

-21 5 -6
-9 0 0
2 2 5
-9 20 23
-47 -£3 <8

71 -277 141
190 48 466

79 -88 82
56 0 -23
- 15 317 -43
=66 14 ~6

-72 - T4 19
-194 -~447 -46
53 ~49 28
1" -4 -1

3 0 3

0 6 -3

TRARNS

o o

g
-1795
28
6237
6203
~-19022
-5820
~1359
165
1753
5658
18690
~5699
i

-10

168
940
-482
-3078
11087
-226
~-574
-132
235
188
-10613
~524
~574
51

59

ON NOZZLE (600 LB)

STRESSES
LOKG SHEAR
~60 - 152
-3290 -39
466 354
2567 285
3694 -7429
-16342 826
-4595 -118
- 1041 -£87
217 ~593
1302 -558
4217 387
16182 sS4z
-2164 582
~623 157
284 -1
125 -39
6 ~-40
-1541 -1076
1221 -5870
2037 ~-5572
2309 2274
1522 304
~482 106 3
- 1907 270
-~2091 ~204¢%
-8995 -5343
15 -1024
161 ~-38
96 -3E
14 112

PRIN STRESSES

A AR D T 2 2> s o >

SIGHX SIGHMN

- e — o on - -~

202 -148
~1734 ~3291
663 ~169
6259 2545

12483 2586
-16108 -1925¢

~4584 -5831
-592 ~1808
184 ~402
2129 926
5756 4120
18803 16068
-2070 ~5792
a1 -660
-10 ~284
191 102
9242 5
187 ~2211
5042 ~6899
15728 4396
3645 -~ 1561
1565 -618
770 -~ 1384
269 ~1941
1390 -~3293
~4400 -15208
1881 -959
163 -576
115 31
151 ~-78
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Table A.8. Torsional moment loading, MXC’ on ¢ylinder

TOR SION&L HOMENT LOADING,

MICRC-STRAIN

. ot A A —

BROSETTE GAGEY GAGEZ GAGE3

-— - —— AT S G e O NS wms e o

1-0-C-& -9 -39
I-0-C-B 0 -42
I-0~C-C -3 -37
I-0-C-D -3 -34
I-0-~C~E -3 =34
I-0-¢C-r 3 -34
I-0~-C-G -3 -28
I-0~-C-H 0 -31
I-0-C-4J 0 ~28
I-0-C-K 0 -28
I-0~C~L 0 -3t
0-0~C~-2 6 49
0~-0~-C-38 3 u9
0=-0-C~C 0 £2
C~0~C~D 0 52
0-0-C~E& 3 49
0=0-C-F -3 46
C~0~C-G 3 43
0-0~C~H 0 49
0-0~C~dJd 3 1
G~-0-C~-K 0 48
0-G-C~L -3 sy

Z8
2%
28
31

-48
-40
-40
-40
-43
=43
~45
~-48
~-48
-51
-51

TRANS

———— ——

-736
- 129
-63
~2

-132
59
~-65
~-63

-4

193
261
259
131

75
-56

70
-57
71

STRESSES

- - —— -

LONG

-477
~-42
~106
~-88
- 88

42
-71
- 22

SHEAR

- -

-599
-1C4E
~-936
-898
-~ 898
-824
-786
-778
-705
-743
-816

1293 -

1181
1216
1218
1218
1179
1179
1293
1327
1327
1403

MXC, ON CYLINDEE (20000 IN-LE)

PRIN STRESSES

- o -

SiGuX

e e

SIGHN
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Table A.8 (continued)

TOR SIONAL MOMENT ICADING, MXC, ON CYLINDER (20000 IN-LB)

MICRC-STRAIN STRESSES PRI¥ STIRESSES

- A TS e A Y > A e e o s o AT PV T s D A 00

BOSETTE GAGE' GAGEZ2 GAGE3 TRANS LONG SHEAR SIGHX SIGHN

I-0-N-B 0 -47 40 - 134 -40 -~1160 1074 -~1248
I-Q-§-C 0 -47 43 ~68 -26 =1200 1153 ~1247
I-0-N-D 0 -47 43 -70 -2 ~-1200 1153 ~1248
I-0~-8-E 0 ~€0 e ~-71 -27 -1277 1229 -~ 1326
I-0-N-F 0 ~-49 52 61 16 ~1354 1392 -~1316
I~-0-N-G 0 -55 55 -4 -4 ~1470 1467 1474
I-Q-N-H 0 -£8 52 - 13i =42 -147¢ 1384 - 1557
I-0=-N-d -3 -53 58 120 -66 -1479 1509 - 1455
I-0-N-K -12 -€3 67 323 -264 ~1605 1661 =~1602
I-0-N-L*% =3 ~62 199 3011 818 ~3u66 5550 ~1721
0-0~-d-A 5 &1 -40 226 224 1213 t438 -988
0-0-N-B 2 39 - 29 228 138 909 1093 -727
0-0~-N~-C 0 35 =30 117 25 858 931 -789
0~0-R-D 3 32 =21 LR 112 780 891 ~668
0-0-N~E -3 9 -2 56 -78 741 733 =755
0-0~N-F 0 29 -27 52 5 T4 770 -713
0-0-¥-G 0 29 -30 - 16 - 17 780 763 ~796
0-0~-N-H 0 9 -27 4y ~1 72 764 -721
0-0-N~J 0 29 -30 -15 -13 780 767 ~794
0~0 -N-K ~3 <9 -~ 29 d - 102 780 728 -835



129

Table A.8 (continued)

TORSIONAL MOMENT LOADING, MXC, ON CYLINDER (20000 IN-LB)

HICRC~-STRAIN

B R

BEOSEITE GAGEY GAGEZ GAGES3

S s e s ey D A WD wow R

I270C-a
I270C~B
1270cCc~-C
1273C-D
I270C~E
I270C~-F
1270C-d
1270C~g
I270C~K
I27¢0C~L
1270C-H

0270C-2
0270C-B
0270C-C
027¢C~-D
0270C-E
0270C~F
Q27(C-G
0270C-H
0270C-g
Q270C-K
0270C-L
027¢0C-n

-64
-39
-50
~67
-32
-40

-6

32
26
20
12

-8
-3

O T I Y

-688
-638
-596
=510
-477
-240
8

17
60
34
KR

-492
-412
~324
-25%9
- 190
~23
4e
43

6
-3
~45
-43

610
5399
521
482
416
211
-17
-74
-63
~-34
-Z3

bay
381
322
254
<17
60
-11
- 28
3
34
46
49

TRANS

-1648
~820
-1601
~-542
- 1288
~-586
-185
51
-75
-11
181

-1050
-705
-85
-144
540
795
738
433
194
68
18
135

STRESSES

LONG

-2421
~1421
- 1989
-2172
-1332
-1379
~230
97
231
164
137

-394
566
836
821
1112
1015
827

150
25
~-2u4
~37

- anan wo

PRIN S51TRESSES

O —_—— D T > A - o

SIGMX SIGHN

15272 -19341
15368 ~-17609
13096 - 16686
11887 -14601
10589 ~-13209

5037 ~-7003
135 -550
2088 - 1940
1720 -1564
933 -840
882 ~564

11755 ~-13199
10525 - 10664

8993 -8242
7181 -€505
6254 -4602
2013 -203
1544 21
1483 ~572
215 129
922 ~829
1110 -1337
1269 -1170
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Table A.8 (continued)

TORSIONAL MOMENT IOADING,

MICRC-STRAIN

0 D g 2> P A

ROSETTE GAGET GAGEZ GAGE3

- D WS G A WD W KR w WD W mp e O e Wt

I270N8-2 128
I270K8~B 187
I1270K8-C 128
I270N-D*%* 154
1270K-E 143
12708-F 9
1270N8-G 21
I27CN-~H -26
12708~ -85
I27CN~K -47
I270N~L ~41
I270N8~N =50
0270N8~-2 -32
02708~B -6l
C276x-C -38
0270N-D ~-118
027(CN~E -98
0270N~-F -64
Q270N-G -4
0270N-H -3
0270N-J 14
027 ON-K 23
0270N~-L 14

0270N-N 3

~-389
~377
-368
~293
~243
~73
200
323
141
g8
41
-9

-587
-685
=774
-837
~-886
-748
-£01
-242
-20
<3
35

6

610
569
581
266
c1y
282
~3
-147
-132
-62
-106
-82

529
620
47
767
796
664
371
120
-40
- 46
-35

0

MXC, ON CYLINDER {20000 IN-LB)

TRANS

- @0

4722
4021
§524
~762
5795
4574
4303
3904
290
636
-13N
-1942

- 1246
-1339
=504
-1402
~1866
-1773
~2814
~2662
-1348
-534

~19

121

STRESSES

LONG SHEAR
5260 -13313
6804 ~12613
5203 -1265¢
qaoa  -7435
6021 ~10083
1640 4733
1911 2699
382 6258
-2464 3638
-1215 1995
-1642 13856
~2077 97¢&
-1334 ~1486C
-2313 ~17388
-1297 -20261
-3969 ~21373
~3507 -22409
~-2040 -18807
-20€3 -11607
~-894 -4825
26 269
529 921
426 921
121 77

PRIN STRESSES

D o A o o~

SIGMX SIGHN
18307 ~8325
18102 ~7277
17524 -7797
9692 -~-€050
15992 -4176
8062 -1848
6059 155
8644 -4358
2803 -u9376
1909 -2489
454 -3467
-1029 -2990
13570 -16150
15569 -19222
19344 -21185
18726 -24Q097
19737 -2S110
16703 -20916
9174 -14052
3128 -6684
77 -1399
106t ~1066
1151 ~T44
198 b4y
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Table A.8 (continued)

TORSIONAL MOMENT LOADING, MXC, ON CYLINDER {20000 IN-LB)

MICRC-STRAIN STRESSES PRIN STRESSES

N - - D - > - 00 - A - — N Ay N RS N A 2 s Mo S

ROSEITE GAGEY G2GE2 GAGE3 TRANS LONG SHEAR SIGMY SIGHMN

———— APC A - D W et A R - - - - - g - . - - e o —p - -

I-0~C~% -3 -8 34 555 80 -56 1 926 -292
I-24C-A 37 14 69 1779 1647 -726 2443 984
I-45C-2 92 185 23% 8455 5283 - 1068 8781 4957
I-67C~-a 501 SEd 736 28453 23565 ~-2022 29181 22837

I-90C~-a 6 =719 601 -2592 -608 ~17587 16015 ~19215
I112C~-4 -464 -796 -€10 -30391 -23037 ~2481 -22279 -31150
I135C-a -80 =215 ~-140 ~-7719 -4725 -99% -4426 -8017
I157C~-a -37 -63 -12 -1600 -1601 ~687 -914 -2287
I202C-8 49 23 69 1972 2061 -€17 2635 1398

1225C-4 101 156 219 8140 5472 -847 8386 £225
I247C-a 502 572 630 27185 23231 ~1578 27738 22678
I292C~A =526 ~766 ~-659 -30727 -24995 ~1424 -24661 ~31061

I315C-a -87 -220 -153 ~-8097 -5033 -885 -4795 -~-8334
1337C-a -43 ~67 -18 ~1733 -1823 -€93 ~1084 -2472
I180C-L 2 -23 20 ~69 43 -&1 567 ~592
C-22C-2A -45 60 ~4s 377 -1248 1404 1186 ~2059
O-43C~-A =134 162 0 3698 -2909 2153 4337 -3549
0-67C-2 -572 36 -25 867 - 16890 817 904 ~16928
0-930C-A -14 =-510 449 -1338 -825 -12778 11699 - 13862
0112C-a 563 11 78 1336 17291 -892 17341 1287
0135C~-a 123 -39 ~-142 -4123 2439 1374 2715 ~4399
0157C-A 53 £0 ~-48 ~3 1584 1300 2314 -733
0180C-A ~14 4y -48 =52 ~438 1225 995 - 1485
020 2C~4 -59 47 ~42 179 -1708 1189 753 -2282
0225C~a ~140 131 17 3387 -3183 1519 37217 -3517
0247C~4 -~564 56 ~66 410 -16794 1631 563 - 16947
029 2C-A 637 3 ~-52 ~1151 18772 1100 18833 -1212
0315C-4 128 ~-26 -8 -3972 2634 1632 3015  ~-4354
0337C-2 54 42 ~-52 -262 1529 1251 2172 -905

018 0C-L 2 51 -46 108 105 1289 1396 -1183
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Table A.8 (continued)

TOR SIONAL MOMENT LCADING, MXC, ON CYLINDEE (20000 IN-LB)

MICRC~STIRAIN STRESSES PRIN STRESSES

- - o - — 2 o - s > o o v

ROSEITE GAGLEY GAGEZ GAGE3 TRAERES IONG SHEAR SIGHMX SIGHHN

p A . A D D R WD GOy AP WD WE W R G T e W ™ 2t o - e > - o  aon - - atm - o -

I-0-N-¥ -6 -12 9 ~-61 ~194 ~269 150 -404
I-228~-4 -~129 -56 -12 -1338 ~4274 -587 -1225 ~4387
I-45K8~-A 125 173 129 6507 5707 58¢ 6818 5396
I-67N-3 429 714 893 34849 23324 -2384 32323 22851
I-9Ch-2 108 -7C9 588 -2778 2616 ~17270 17284 -17645
I1128~-2 ~-459 -€56 -776 -30963 ~23051 1€06 -22738 -31277

I1358~2 -127 -t47 -159 -6589 -5777 157 -~-5748 -6619
I157N-A ~27 -56 -3 -1272 -1182 -703 ~-522 -1932
I11808~2 9 =217 47 431 389 -9840 1391 -570
I1202%8~-2 47 <6 70 2063 2020 -£91 2633 1450
I22EN~-2 125 171 136 6620 5724 464 6817 5528
12478~ 430 674 636 28304 21382 504 28340 21345
I2928-2 -404 -625 -802 -30901 ~21391 2360 ~20837 -31455
I3158-2 -119 -137 -~-145 -6070 -5399 117 -5380 -6089
I337N-2 ~32 ~-£5 -12  ~7443 -1400 -581 -840 -2003
0~22N-A ~66 20 6 640 -1798 192 655 ~1813
O—-45N-A ~-115 ~-61 115 1327 ~-3061 -~-2341 2342 ~u4075
O~678-2 -277 -SE&0Q 0 -11793 -11838 ~-7333 -4u483 -19149
C~920N-A -78 -5¢&2 496 ~-1817 ~-2881 -14359 12020 -16717
Cl12N-A 287 34 642 14528 12962 -8102 21885 5605
01358-4 108 =122 79 -~-1068 2906 -2688 4261 -~-2423
01574-a 65 0 -23 -583 1774 303 1812 -622
O180KN~-A ~-20 36 -8 ~376 -725 1213 676 -1776
0£02N-2 ~86 5 -12 -56 -2589 232 -34 -2610
C225N8~24 ~114 -66 939 858 ~-3166 -2195 1824 ~-4131
02478~ -287 ~-S€9 ~15 ~12497 -12367 -7382 -~5050 -19814
029 2N-A 298 -55 576 11133 12270 -8404 20124 3279
Q31€N-2 87 -~110 76 -842 2355 -2470 3698 ~-2185
0337N-2 62 0 -23 -569 1679 301 1719 ~609

0~0-N~-L ~9 28 -31 =55 ~273 785 629 ~957




Table A.Q,

Out~-of-plane moment loading, MYC’ on cylinder
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OUT~-CF—-PLANE MOMENT LCADING,

MICRC-STRAIN

v . e o ot -

ROSETTE GAGEY GAGE2 GAGES3

A A D D P A WD

[

COO0OOCOOOO0ODOUO
oOOOOéOOOOO
nnnﬁnr:vnr\nnn
LU OMMEDODS

- 14
-11

wWwwo oo

12
v
17
<3
17
17
12
12

3

-28
-11
-1
-8
-5
3

6

9
17
Py

34

-43
-37
-34
-34
=31
- 31
-37
-37
-37
- 40
-37

MYC,
STRESSES
TRANS LONG
~926 -19
~545 ~-157
-477 -389
-410 -4°c3
~228 -399
23 ~324
261 2
318 17
496 153
555 287
802 331
-1110 -581
-741 -212
-491 ~-£2
-367 ~-16
-304 4
-173 -130
-415 -372
-418 -370
~541 -324
-613 ~258
-738 ~298

- - - -

188
-38

-38
-75

-38
- 148
-260
- 409

456
534
€07
685
647
722
722
722
€4y
€82
530

SIGHX

18
-15¢4
~-389
- 388
-228

38

261
322
551
705
1039

~318
119
374
516
516
571
329
328
220
269
57

ON CYLINDER (60000 IN~-LB)

PRIN STREESES

. —— - > _— - - —

SIGHN

~964
~549
-477
-475
~399
-339

12
98
107
95

-1373
1072
-917
-899
-815
~-874
-1117
-111e6
- 1086
- 1140
- 1092

§
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Table A.9 (continued)

OUT-OF~-PLANE MOMERT LOALDING, MYC, ON CYLINDER (60000 IN-LB)

MICRC-STRAIN STRESSES PRIN STRESSES

o e AR T AR Xm0 - s > > D i < < R < D ST, g o A N

ROSEITE GAGE1 G2GE2 GAGE3 TRANS LONG SHEAR SIGHKX SIGHN

w——— . A A ewm WAL W W e e G A e ot cam - ———y - - ey v - 0 e - - o

I-0-¥-B 0 -1 -23 ~746 ~224 152 ~183 ~-787
I-0~-N~C -8 -8 - 20 -615 -431 156 ~ 342 -703
I-0-N-D -1 -8 -17 -542 -501 11e -401 ~642
I~-0-N-E - 14 -8 - 14 -473 ~-562 79 ~426 ~608
I-Q-N~F - 11 -9 ~6 ~297 -430 -4Q -286 ~441
I-0~-N-G -5 -6 0 -t - 198 ~76 -67 ~242
I-0-N-H ~3 -9 0 ~180 -131 -116 -37 -274
I-0=-N=J -5 -9 0 ~178 -217 -117 -79 -316
I-0-¥-K -6 -8 3 =115 ~202 - 143 -3 -313
I-0-N-L ~3 -9 187 3926 1088 ~-2606 5474 -461
0—-0Q—-N-A 3 -2 ~28 ~&7F7 - 104 342 56 ~836
0~0~-N-B 12 0 -17 -371 245 229 320 -446
0-0-¥-C 12 0 -11 ~256 288 156 329 -298
0~0-~§-D 15 3 -5 ~62 432 118 459 -89
0-Q-N-E 12 9 Q 194 418 117 468 14y
O~0~N-F 6 9 6 330 288 40 354 265
Q-0-N-G 3 9 9 403 225 1 403 225
0-0-N-H 1 9 10 420 152 -4 420 152
0-0-N~J -3 6 6 279 7 0 279 7
C~0-N-K -2 3 6 205 -9 -39 211 -15
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Table A.9 (continued)

OUT-OF~PLANE MOMENT LCALDING, MYC, ON CYLINDER (60000 IN-1B)

MICRC~-STRAIN STRESSES PRIN SIRESSES

- - T - - -0 - -~ > - — . — o T - . -

ROSETTE GAGE1 GAGEZ GAGE3 TRANS LONG SHEARR SIGMX SIGMN

NP A G S WS en e A et e - e an 2 - —— - - - - - - - - o

1270C¢-a -161 413 385 17700 470 371 17708 462

I27(C~B =145 346 351 15481 306 -74 15481 305
1270C~-C =125 312 293 13433 276 260 13438 271
1270Cc-D =108 296 270 12560 514 33 12569 505
1276C-E - 88 2€6 254 11518 816 152 11520 814
127CC~F - 28 208 186 8688 1766 304 8702 1752
1270C-H 23 1¢€8 157 7128 2832 152 7134 2827
I270C-J 23 135 137 5953 2483 -35 5953 2u82
I270C~K -3 103 114 4776 1356 -152 4782 1349
1270C-L -34 £2 £5 2370 -304 -38 2371 -304
1276C-M -40 0 6 181 -1135 ~76 186 -1139
0270C-a -25 g1 17 2417 -34 98¢ 2763 -380
0276C-B -42 1€6 43 3312 =274 835 3497 -459
0270C~C -59 117 €6 4078 -557 682 4176 ~655
0270C-D -74 123 86 4660 -808 491 4704 -851
027(0C-E -B88 134 1C€0 5238 -1061 455 5270 -1093
0270C-F ~-128 149 123 6105 -2008 341 6119 -2022
0270C~¢ -139 143 123 5992 -2384 266 6000 -2392
0270C-H =145 129 126 5746 -2630 39 5747 -2630
0270C~-d ~-117 114 87 4778 -2064 227 4785 -2071
0270C-K -77 89 89 3978 -1109 -1 3978 -1109
0270C~L - 14 £17 54 2471 324 38 2472 323

0270C-H 26 <3 12 733 too 152 1070 665
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Table A.9 (continued)

QUT ~OF-PLANE MCH#ENT LOADING,

BRICRC-STRAIN

B A ey e A T S AT A

X BT S A R GR KD 6 M O OD M WD WD e e

12708-2
I2708-B
IZ708-C
I1<708-D
I27CN~E
I12708-F
I270%8~G
12708-4
I27T08~a
I270R8-K
I27CH-1L
I270N8~¥

027084
027 08-2
02708~C
027(08~-D
02708~5
027CN-F
0270k-G
02708~H
027CH~J
027Qn~-K
02708~-L
027(¢N~N

88
100
132
106

79

53

-8
=25
-51
-80

=105
~112
-19

12
142
127

75

38

k58
£6u
611
646
6€0
777
€0H
g1
185
124

£5

38

113
73
38
=5

-42
-233
-313
~299
~-181
-115

-46

3

485
555
652
573
713
819
589
327
<C9
127

65

35

33

~B
=34
-63
-97
~270
-325
-304
-187
~98
- 29

3

MYC,
STRESSES
TRANS LONG
21380 6513
26563 8080
27731 €591
26712 9688
30078 11750
35075 10608
26113 10482
16196 7859
8524 €531
5382 4793
2758 3211
1557 2055
3202 723
1454 -312
150 -~1ugy
~1403 ~2813
-2956 ~4050
~10926 -6624
-13984 ~-4780
~13335 -~-1830
-8255 1771
-4811 2374
-1718 1747
100 1168

SHEAR

wnt wo s -

38
[R14
=542
972
=700
~559
196
1178
-314
-3¢

39

1068
1071
954
766
732
498
157
75
18
=231
~230
1

P )

26767
30105
35087
26915
16359
8573
5384
3211
2058

3599
1959
589
~1067
-2589
-6567
-4777
-1830
1772
2381
1762
1168

ON CYLINDER (60000 IN-LB)

PRIN STIRESSES

$633
11724
10536
1Cu79
7696
6483
4730
2158
1554

326
~817
-1924
-3149
-84 17
-10982
- 13987
- 13336
-82586
- 4819
~-1733
100
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Table A.9 (continued)

QUT-OF~-PLANE MCFENT LOALING, MYC, ON CYLINDER (60000 IN-1B)

MICRC~S5TRAIN STRESSES PRIN STRESSES

- ——n o ve n - - - A > T S W W T -

ROSEITE GAGE! GAGE2Z GAGE3 TRANS LONG SHEAR SIGNX SIGHMN

P R ke T R D S Y - - - —— - - o o - - - - -

I-0~C~* 17 -20 -17 -813 266 ~38 268 -814
I-22C-a 35 23 29 1108 1372 -72 1390 1090
I-45C-a 69 46 120 3579 3143 -992 4377 2345
I-67C-a 267 218 152 7834 10347 87¢ 10622 7558
I-90C~-a 243 -415 -443 ~19118 1568 382 1575 -19125
I112C-2 246 172 218 8298 9883 -607 10089 8092
I135C-A 63 115 61 3781 3033 722 4221 2594
I157C-a 20 &3 35 1690 1121 114 1712 1099
I20<C-a 6 -31 -55 -1895 ~-383 ER N =321 -1956
I225C~a ~-34 -€9 -121 4143 -2271 €93 -2043 -4372
I247C-a2 -297 -280 -164 -9429 -11735 ~-1539 -B659 -12505
I294Cc~-a =285 -127 -274 -8487 -11110 1962 -7439 -12158

I315C-a -49 -118 -5 -4189 -2719 -577 -2519 -4389
I337C-a -3 -5 -37 -2018 -683 ~231 -644 -2057
I180C-L -3 23 -6 393 13 383 €30 ~224
0-22C-a -40 26 ~34 -128 -1226 796 290 - 1644

C-45C~A -92 <0 36 1336 -2353 -223 1350 -2366
0-67C-a -318 ~-2%1 64 -3749 -10656 -4200 -1765 -12640

0-90C-a 56 -€1 -39 +2260 1005 ~298 1032 -2287
0112C-a -298 =237 11 -4629 -10336 -3307 -3115 -11851
0135C~-2a -75 c3 25 1808 -17% 373 1847 ~-1749
0157C-a - <8 -5 39 777 -596 ~59¢4 998 -817
c180C~a -2 ~28 14 -294 -163 ~-556 332 ~789
020 2C-a 4 -£0 -16 -1472 - 11 - 44€ 115 -1597
0225C-a 55 -34 -76 -2486 892 566 985 -2578
0247C-a 351 205 - 19 3701 11631 2996 12636 2696
0292C~A 362 -1 242 4681 12253 -3377 13540 3394
0315C~-A 72 -€8 -25 <2129 1511 ~571 1598 -2217
C337C-a 20 - 20 -48 -1511 156 38¢C 239 ~-1594

0180C~-L -5 -31 17 - 296 ~250 ~€4E 372 -918
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Table A.9 (continued)

QUT~OF-PLANE MORERT LOADING,

NICRO~STIRAIN

D > D D N A s — =

- R AT WD S W AT OO TR W DY s e v

I-0~N-* 17
I~22N~2 79
I-45N-2 66
I-67N8-2 154
I-90N-2a 207
IT12N-2 168

I135N-2 65
I1578-2 24
I180n~-2 3
I202N-2 ~6

I225N-4 -53
12478-a -187
I292N-4 -163
I3158-2 -58

I337N~-4 -15
0-22N-2 -43
O-4ER-A -43
0-67¥-2 15
0-30N-2a 101
01128-4 - N

01358~4 -42
Q1578~-2 -37

0180N-4 -3
020 2N-2 14
0225K8-4 -5
024 78-2 0
029 2N~A 29
03158-2 0
0337N-2 17

0-0~-N~1L -3

-17
£3
103
242
-442
230
112
Va |
-12
-£6
-134
-289
- 158
-85
-29

6
-92
=317
-63
-239
us
14
-25
-5
1
324
103
-€1
-39
-3

~29
£0
112
236
-Z16
239
109
30

0
-29
-58
=207
-233
-122
-55

3

46
-103
-26
~-338
-99
4

6
-33
~71
114
338
73
-22
3

¥YC,
STRESSES
TRANS LORG
~1022 218
2174 3036
4669 3371
10342 7709
-21281 ~-1€3
10129 8087
4800 3393
1085 1040
~253 17
-1860 -727
-4172 -2830
-10046 -8612
-9300 -7690
~4486 -3097
- 1845 ~995
255 ~1211
-949 -1568
-9243 -2330
~2057 20427
-12658 -4135
~1071 -1595
671 -902
~-425 -206
-1301 42
-424 -292
9624 2892
3660 3758
259 85
~1363 104
10 -74

CN CYLINDER (60000 IN-LB)

]

153
39
- 118
76
981
- 118
39
-119
- 15¢
-352
-1010
-€99
465
505
349

39
~-1843
-2843

-499
1326
1969
0
-417
102
1628
2802
-3143
-1796
~227
-74

PRIN STRESSES

D O A A D 0

SIGMX

237
3038
4679
10344
-138
10135
4801
1184
89
-626
-2288
~-£328
~7565
-2933
~-870

256
610
~-1311
2u82
-3933
653
671
116
50
1271
10638
11020
1970
138
53

SIGHN

-1040
2172
3360
7707

-21326
gost
3392

94 1
-324

- 1960

-4714

-10330

-9425

-4650

-1970

-1212
-3127
~10262
-2112
~12860
~3320
-902
-746

- 1308
- 1987
1879
2398

- 1626
- 1397
~-118
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Table A.10. In-plane moment loading, MZC’ on cylinder

IN-PLANE MOMENT LCADING, MZC, ON CYLINDEF (24000 IN-LE)

MICRC~STRAIN STRESSES PRIN STRESSES

- W — s — - - - - A ——

ROSETTE GAGEY GAGE2 GAGE3 TRANS IONG SHEAER SIGMX SIGMN

. W A - o A AR A e aae v An . - — - - -~ — A o o

I-0-C-a 138 16 70 3057 5047 7¢ 5050 3054
I-0-C~B 112 58 48 2219 4036 150 4049 2207
1-0-C~C B7 45 36 1692 3119 313 3128 1683
I-0-C~D 65 ER pas! 1159 2284 75 2289 1154
I-0-C-E 48 28 20 995 1729 112 1745 978
I-0-C~F i1 <0 14 724 551 15 752 523
1-¢~C-G 0 <5 17 921 272 112 939 253
I-0-C-H 0 31 22 1160 3u6 112 1175 3231
I-0-C~-J 3 33 28 1343 485 74 1349 478
I-0-C~K 3 N 5 1220 sue Tu 1227 439
I-0-(~L 0 28 19 1038 308 112 1054 291
0-0-C-a =~ 146 -17 -23 -717  -4581% 76 -716 -4583
0-0-C~-B -108 ~-43 -37 <1637 -3745 =77 -1634 ~37u48
0=-0~-C~C -1 -u6 -40 -1798 -2851 -7t -1793 -28517
0~0~-C~D -57 -49 -46 -2007 -2315 -38 =-2003 ~-2319
0-0~-C-E -40 -46 -43 ~-1901 -1770 -39 =-17%9 -1911
0-0-C~F -9 =37 -34 -1559 ~-725 -3¢ -723 ~1561
0~0-C-G 3 -29 -29 -1259 -293 0 -293 -1259
0=0~C~Hi 0 -29 =29 ~1255 -379 1 -379 ~1255
0-0~C-J -3 -28 -26 ~-1186 -442 -3¢ ~440 -1188
0=0~C~K 0 -28 -26 -1187 -357 -38 ~-355 -1189
0~0-C~1L 0 -23 -20 -937 -282 -37 -279 -839
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Table A.10 (continued)

IN-PIANE MOMENT LCADING, MZC, ON CYLINDER (24000 IN-LB)

MICRC-STRAIN STRESSES PRIN STRESSES

- D W D A > ey o > wm - o A A O om0 o

ROSETTE GAGEV1 GAGEZ GAGE3 TRANS LONG SHEAR SIGHMX SIGHN

P b e e ad - o - o - on o - -~ g — s e -

I-0-N-B*x* 0 £2 49 2226 668 49 2227 667
I-0-8-C 81 38 32 1438 2864 117 2868 1434
I-0=-N-D 61 <3 <0 883 2090 37 2091 881
I-0-N-E 46 <0 14 706 1600 76 1606 700
I-0~N-F 14 9 9 365 543 1 543 365
I-0-d~G 0 12 12 508 150 ] 508 150
I-0-N—~H 3 14 17 697 294 -38 700 290
I-0=N=~J 12 23 23 1012 651 0 1012 651
I-0-¥~K 17 <9 <6 1199 883 36 1203 879
I-0-N~-Lx¥ 29 5 -204 -3756 -2048 3190 1639 -5642
O0-0-3-a -134 ~26 -26 -984 -4313 ¢ ~984 -4313
0-0-N~B -97 - 34 -34 ~1401 -3328 0 -1401 -3328
-0 =-N~C -70 -38 ~-35 -1538 -2576 -39 ~1537 -2577
0-0-N-D -47 -4 -38 -1695 -1920 -3¢ -1688 -1926
0-0-N-E -29 -41 -38 -1712 -1396 -39 ~13%1 -1717
C-0~N~F 0 -32 -32 ~T1423 -4 34 0 ~434 -423
0-0-¥~G 14 ~24 -4 -1056 114 0 114 -1056
0-0-N-H 8 ~e1 -21 ~929 ~29 2 -29 ~929
C-0~N~-J 9 =24 =27 -1112 -76 39 -74 -1113

0~-0-N-K 1 =29 -29 ~-1306 38 ¢ 38 -1306
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Table A.10 (continued)

IN-PLANE MOMENT LCADING, MZC, ON CYLINDEF {24000 IN~LE)

MICRC~-STRAIN STRESSES PRIN STRESSES

- - —— - - - e - e . e s ot A T e i s

ROSETTE GAGE1 GAGE2 GAGE3 TRANS IONG SHEAR SIGHMX SIGHN

.t S > aft . E e wn - W G A bW AN SN e - - - —— - — - - o v o - - o -

I270C-a 92 ~418 ~-421 -18547 -2808 37 -2808 -185u47
I27CC-B 92 -315 ~349 -~-14689 -1651 Use -1636 -14705
127¢C-C 81 =~-243 =259 -11120 -914 223 ~909 ~11125
I270C-p 78 -188 -209 -9035 -372 148 ~369 -9037
I27CC-E 60 -~-154 -168 -T7149 -350 190 -344 -7154
I270C-F 23 -37 -43 -1780 148 76 151 -1783
IL70C-H -14 46 40 1896 140 76 1899 137
I1270C~J -6 88 80 3698 937 113 3703 932
I27CC-K 6 108 111 4818 1616 ~-38 4819 1616
I270C-L 20 4% 137 6180 2452 114 6184 2448
I27CC-H 20 151 151 6619 2584 0 6619 2584
0270C-a 182 121 g1 4673 6862 530 6983 4551
0270C~B 148 Sy 77 3586 5511 227 5537 3560
g270C-C 119 €5 4s 2306 4274 26% 4309 2271
0270C-D 94 4 37 1893 3381 229 3416 1859
0270C~E 88 43 26 1401 3061 228 3092 1371
0270C~F 46 17 9 513 1521 114 1534 501
0270C-6 9 <0 <0 867 516 0 867 516
0270C~H - 14 KR | 37 1519 28 =76 1523 24
0270C~4 -57 68 66 3007 -8 10 38 3007 -810
027 0C~-K -86 é3 88 3854 ~-1409 -75 3855 -1410
027¢C~L -117 1€0 100 4513 -2154 0 4513 -2154

0270C-n -131 105 108 4843 -2483 ~-3€ 4843 -2484
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Table A.10 (continued)

IN-FLANE MOMENT LOADING,

ROSETTE

MICRC~-STRAIN

ot e . . I .

GAGE1 GAGE2 GRAGE3

- D AT O wn WD WD W e A0 e I e wan e

I270N-2
I270N-B
I2708-C
12708~-D
I270N-E
I270N~F
1270N-G
I27CN-H
I27CN-J
I2708-K
1270N-1L
12708-N

027CN-A
0270N8-B
0270N-C
0270N-D
0Z70N-E
027 0N-F
027CN-G
0270N-H
0270N-J
02708-K
02708~L
02708-N

-134
~164
-146
-193
~228

-56

-56

~44
-171
-159
~-136
-127

261
353
437
503
566
523
305
106
-58
-87
-84
-84

~SEy
-€77
~678
~-829
-€64
-10€2
-£78
-€£1
-230
-2¢1
-156
~<7

118
1€8
2C7
259
305
ugo
552
217
340
239
122

23

~-£84
-686
-815
=745
-914
-1061
-796
-510
-365
-251
-159
~88

89
13%
167
221
273
500
549
£12
354
23C
109

26

Mz2c,

TRANS

s -

-25076
-29791
-32638
-34381
-38836
~46378
-36727
-25470
-15098
-10836

-6781

-3941

4254
6046
71725
9990
12069
<1152
23853
22493
15319
10408
5405
1162

STRESSES

0 > R > 0 o

LONG

-

-11557
- 13847
~14175
-16100
- 18488
-15595
-12689
~8968
~9658
-8026
-6102
-4984

9118
124 14
15419
18082
20601
22036
16292
9937
2863

525
~-891
-2164

ON CYLINDER (24000 IN-LB)

PRIN¥ STRESSES

- - o - o

SHEAR SIGHX
273 - 11551
117 -13846

1828 -13996

-1128 - 16031
662 -18u466
118 - 15594

-1100 - 126489

-188% -8756
471 -9617

0 -~8026

39 -6100
-118 -3928
384 9148
307 12429
537 15456
498 18113
420 20622
- 154 22062
37 23853
77 22494
-193 18322
116 10409
307 5420
~39 1162

o

STIGHN

— -

-25082
-29792
-328117
-34450
-38857
-46378
-36777
-25683
-1£138
-10836

-6784

~-4998

4223
6031
7688
9960
12049
21127
16292
9936
2861
524
~906
~2165
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Table A.10 (continued)

IN-ELANE MOMENT LCADING, MZC, ON CYLINDER (24000 IN-LB)

MICRC~STEAIN STRESSES PRIN STRESSES

N amS S AR D A e - - o g0 o S A L . I e -0 T

ROSEITE GAGE'! GAGEZ GAGE3 TRANS LONG SHEAR SIGMX SIGHN

——— v ar e W - A - e . - - - - - — - -——— -

I-0~C-* 81 67 70 2934 3324 -37 3327 2930
I-22C~-A 152 100 952 Lous 5762 113 5769 4038
I-45C~a 180 114 163 5902 7178 -648 7450 5631
I-67C-2a 386 2C9 143 7310 13781 877 13897 7193
I-90C-a 784 -415 -42€ -18573 -3341 152 =3339 -18574
I112c-a 349 160 <12 7730 12809 -687 12902 7697
I13:C-a 166 1€0 120 5979 6771 534 7040 3710
I157C-a 140 103 106 4435 £535 ~38 553¢ L4434
I202C~-A 14u 98 98 4153 5573 -1 5573 4153
I225C~A 202 138 176 6694 8068 -500 8231 €531
Iz247C-a 401 <05 156 7487 14281 654 14344 424

I292C-A 404 167 231 8307 14616 -846 14727 g19¢6
I318C-A 185 182 124 6522 7498 769 7921 €099

I337C~-a 150 gs 104 4212 €766 -115 5774 4203
I180C-L -4 12 12 51N 42 1 511 42
0-22C~-A -168 -17 ~26 -759 -5275 11€ -756 ~-5278
0-45C-4 =223 -2 17 -63 <6711 ~632 -4 -6770
c-67C-a -519 =393 -31 -B745 -18180 ~-4828 -6712 -20213
0-90C-4a 215 100 123 4664 7836 -297 7863 4636

0112C-A -466 -3¢€5 ~67 -8986 -16662 -3974 ~7299 -18349
0135C~-a =195 U2 'y 640 -5663 854 754 -5777

0157C-A -170 -8 -6 -123 -%140 -37 -122 -5141
018C¢C~-A =137 -17 -8 -404 ~u221 -112 -401 -u224
0202C~-A =153 -11 -3 =142 ~U4646 -112 -140 -4849
0245C-a -234 -43 <8 ~-62 =7024 -94us6 64 -7151

0247C-a -527 ~3t9 ~57 -8558 -18364 -u0i8 -~7123 -19800
0292C~A =524 -31 -367 -8182 -18160 4473 -6471 -19872
0315C~-a =~216 26 - 34 44 -6e480 797 140 -6576
0337C-a -165 -9 -3 -198 -5015 0 -198 -5015
Ci80C-L 3 - 14 -4 ~-632 -108 0 -108 -632
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Table A.10 (continued)

IN-PLANE MOMENT LGADING, MZC, ON CYLINDEF (24000 IN~LE)

MICRC-STRAIN STRESSES PRIN STRESSES

<X o - O -t s can e o ot AN T an s T o O T Ym D

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGHX SIGHN

- ——rh o o W R D D W D W D - D S - o - A s s o s — - oo s -

I-0=K~-%* 35 €6 63 2749 3683 39 3684 2747
I-22N-2 ~-171 -41 6 -590 -53¢5 -628 ~507 ~8387
I-4SN~-2 162 148 221 7929 7248 -983 8629 6548
I-67N-A 195 242 398 13859 10001 -2084 14770 5091
I-90N-A 68 -4S4 -502 -21087 -4291 629 ~4267 -21111

I112N-R 201 375 245 13399 10040 1730 14131 €309
I135h-2 171 233 156 8373 7647 1022 2095 6925

I157N-2 139 109 €0 3998 5361 393 5466 3893
I18CN-A 148 80 89 3535 5487 -118 5494 3528
I1202N-2 145 57 115 4511 5692 ~236 5737 4u65
I225N~-A 152 169 230 8613 7133 -816 8974 €772

I247N-2 201 239 356 12852 9892 ~-1€54 13518 G226
I292N-2 166 3E6 277 13723 9104 1049 13951 €877
I3V158-2 143 222 146 7918 €662 1010 8479 6100
1I337N-A 131 102 79 3829 5085 3t 5158 3756

0-22N-A ~138 -92 <0 -1439 ~4565 ~1497 -840 -5184
O~45N-24 ~-130 =225 26  -4235 ~5167 ~-3341 -1328 ~8073
o-67N-2 -121 =~-504 -179 -14884 -8100 -4338 -5986 ~16999
0~-30K~-2 ERL 89 127 4395 10732 -489 10771 4356
Ol12N-A4 -122 -1¢3 ~-518 -15491 -8317 4318 ~6290 -17518
Oi35N~-a ~122 40 -236 -418% -4925 3€7% -859 ~-8246

Q157N~-a -~131% 3 -65 -609 -4110 1288 -186 ~H4533
O180N-A -142 -17 -17 -600 -~44us 1 -600 ~4449
0202N~-a 137 =77 ¢2 =-1060 ~4u16 -131% -606 -u870

02235K8~-2 -~120 -222 43 -3809 ~4729 ~-3523 -716 ~7822
C247h-2 -128 -520 -208 -15859 -8599 -4167 ~-6703 -17756
029 2¥~-4 ~117 ~176 -5:6 -15313 -~8096 4€60 -5811 ~17598
0315N-2 ~101 34 -219 -3970 -4230 3369 ~-728 -7471
C337N-a =132 28 -73 -851 ~4220 1350 =377 -u4634
0-0-N-L 3 -28 -34 -1395 505 78 508 -1398
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Axial force loading,

FXC

, on cylinder

AXIAL FORCE LOADING,

MICRC-SIRAIN

B e e I R

ROSETTE GAGEY GRGEZ2 GAGEZ

Y -~ AN - S A e At - 0 -

i
)
{

[}
§
§

§
§
i

)
nnnonr‘wnnnnn
CELEOGYERDOD R

i

i
|
{

1
]
t

i
¢
t

)
)
§

i
i
H

i
§
H

HHHHHF;{HHHHH

i i
COoOO0OOODOUCOoOOCO COOOCLCOCOCOO
) |

{

}
|
§

|
{
1

¥
¥
i

|
)
!

§
§
i

§
§
§

§
[
§

§
ﬁﬁﬁﬁﬁ(’;)ﬁﬁﬂﬁﬁ
Ml ommo OwWy

OODOO(‘DOOOOO

§

-110
-85
-62
- 42
-28

-48
~37
=26
-20
- 17
-7
=23
~26
~31
-28

-z3

23
37
37
37
<S
20
14
ii
17
17
14

-31
~-23
~12

-9

-6

-6
-12
- 17
- 20
-17
- 18

28
34
25
31
ch
20
14
14
17
14
i1

TRANS

-1623
~-1220
-746
-586
~-472
-510
~762
-94u
~-1110
-992
-816

998
fa7e
1309
1335
1224

872

620

561

742

6895

568

STRESSES

-t o - -

3626
2655
1835
1245
781
-4
-81
-105
-45
-63
-180

FXC, CN CYLINDER (8000 LE)

- -

-~ ——— na

PRIN STRESSES

e e R

SIGHMN

-3807
-2925
-2115
- 1475
- 1035
~566
-797
=960
- 1141
-1028
-840

996
173
1267
1245

768

-81
-107
~-45
~65
-182
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Table A.11 (continued)

AXIAL FORCE LOALING, FXC, ON CYLINDER (8000 LB)

YICRC-STRAIN

e G D AT D> A g7 A

D o WD o A G D o D e A AG O O

I~-0-N~B** 0 -29 ~-30
I-0-N-C -61 - 18 -15
I-0-N-D - 41 -9 -9
I-0-N-k =30 -9 -6
I-0-N~-F -6 -3 -6
I-0~-N~-G 0 -6 -12
I-0-N-H -3 -9 -15
I-0-n~Jd -9 -12 -18
I-0-N-K -12 - 1% - 17
I-0-N-L¥* -23 ~-18 166
0-0-N-2 105 37 37
0-0-N-B 74 37 37
0-0~-N-C 50 38 35
0-0-N-D 32 35 35
0-0~N-E 17 32 35
0-0-N-F 0 <3 26
0-0~-N-G -6 14 17
C-0-N~H -3 1M 14
0-0-N-J -3 14 14
0-0~-N-K -12 15 20

TRANS

-1296
~-6U49
-357
-308
- 194
-393
-516
-641
-701
3293

1498
1532
1587
1500
1453
1087
705
570
637
779

STRESSES

wan aur om o wOn a0 oxy

LOXG

o o o

~389
- 2039
-1337
~979
-240
~128
-251
~466
-569
289

3599
2669
1951
1411
958
319
29
75
97
=126

SHEAR

- o

~2U54

39

-39
-39
-39
-39

-78

PRIN STRESSES

= -

- o o

o o o e
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Table A.11 (continued)

AXIAL FORCE LOADING, FXC, ON CYLINDER (8000 LE)

MICRC~STRAIN STRESSES PRIN STRESSES

A . D D - . - o - Al P S s AU s i ot >

BROSETTE GAGE!1 GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGMN

————ap At e > -t - - - O W ary e o o st - e o - . —r — 2 n - - -

1270C-a2 ~132 4¢9 342 16668 1047 893 16719 997
1270C-B =~-135 328 292 13780 95 483 13797 78
1270C-C -126 278 226 11214 -4 19 705 11256 -462
I270Cc-p ~-123 245 189 9674 -794 739 9726 ~-846
I270¢C~E ~-115 11 1€2 8324 ~-939 €47 8369 ~984
I27CC-F - 80 128 80 4656 ~1014 646 4729 -1087
L27CC~-H -52 68 54 2743 ~721 180 2754 ~737
I270C~yg ~49 48 €1 2224 ~-800 -41 2224 ~801
I27C6C-K ~54 34 4Q 1680 ~1131 ~76 1682 -1133
I270C~L -52 22 28 1171 -1201 -76 1173 -1204
1270C-4 ~-49 <0 28 1107 -1132 ~114 1113 ~-1137
0270C~-a -114 c4 -63 -80 ~-3u448 1554 528 -4055
027CC~B =97 73 -40 838 ~2666 1513 1401 -3229
027CC~-C -80 ES -12 1699 -1892 1288 2113 -2307
Q270C~D -66 94 8 2299 -1291 1142 2631 -~1624
027C6C~E -63 1 25 2736 -1078 947 2959 -1300
0270C~F ~46 1C¢2 62 3671 =279 532 3741 -349
027 0C~G -32 g1 71 3594 126 266 3614 105
027CC-d -17 17 71 3266 458 74 3268 456
0270C~g 0 68 57 2743 812 153 2755 800
0270C~K 14 4 45 2170 1072 116 2182 1060
0270C-L 22 40 34 1590 1150 76 1603 1137

0270C-H 14 40 37 1666 914 38 1668 912
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Table A.11 (continued)

AXT AL FORCE LOALING, FXC,

MICRC-STRAIN

e Ov o~

ROSETTE GAGE1 GAGEZ GAGES3
1270N-A 58 ugy us 1t
1270N-B 84 573 43
I270N-C 76 631 €51
I270R8~D 125 675 £96
I27CN-E 166 6E8 730
12708~-F 47 E16 869
12708~G 59 645 6u8
I12708-H 4u 465 u09
I270N-a 129 241 289
I270N-K 115 1€5 194
127CN~1L 100 118 130
I27CN~-N 4 76 T4
02708-2 -170 75 -69
0270N-B -239 49 -109
02708-C -311 0 -147
Q270N-D ~3068 -43 -187
Q270N~E ~-428 -89 ~224
0270N-F -431 -282 -394
0270N~-G -2067 =380 -~-411
02708~ -106 =377 =371
02708~-a 37 =287 =24z
02708-K 60 -179 -150
0270N~1L 57 -98 -T2
027CN-XN 57 -20 =290

ON CYLINDER {8C00 LB)

P ]

28092
27786
31012
36986
28359
19178
11508

8220

5323

3192

315
-1252
-2880
~4651
-6418
- 14382
-17088
~16318
-11010
=7301
-3810

-962

STRESSES
LOKG SHEAR
€020 u2S
9863 390
10699 ~275
12096 1C52
14292 -S05
12506 ~707
10270 -39
7073 747
7337 ~628
5908 - 118
4597 - 157
3782 39
~4995 1915
-7536 1693
~-10182 1954
=12439 1916
-~ 14780 1802
-17258 1498
~-13150 u22
~-8088 =717
-2187 - 192
~382 -384
578 - 346
1433 -1

PRIN STRESSES

R G ) AT D WD o - T

SIGHX SIGHN
20937 8006
24439 9852
28096 10695
27856 12026
31030 14274
37006 12485
28359 1C€270
19224 7027
11600 7244
8226 5902
5356 4565
3784 3190
934 ~-3614
-673 -~8114
-2390 ~1C672
-4205 -12885
-6046 ~15152
- 13746 -17894
-13105% -17132
-8087 ~16318
-2182 11014
-361 -7323
606 ~-3837
1433 ~962
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Table A.11 (continued)

AXIAI FORCE LOAIING, FXC, ON CYLINDER (8C00 LB)

MICRC-STRAIN STRESSES PRIN STIRESSES

ROSETLE GAGEY GAGE2 GAGE3 TRANS LONG SHEAR SIGMX CSIGMN

O A Dy AD " ——_ A - - - ans o o - - - D - - —

I-0-C-* -76 -34 ~40 -1534 -2743 77 =1529 -2748
I-22C-4 ~132 -72 -€3 -2827 -u809 -119 -2820 -4816
I-45C-A -146 -80 -123 -4314 -5684 573 ~4106 ~-5892
I-67C-A -284 -121 -60 -3666 ~9616 -801 =-3560 -9722
I-30C~-a -141 369 3€3 16247 659 76 16248 €59
I1iz2¢c-a -227 -109 -112 -4612 -8181 36 -~-u4612 -8181
I13sC~-a -106 -~1(C9 -52 -3421 -4215 -761 =2960 -4676
I157¢-a -118 ~-52 -40 -1899 ~-4105 -152 -1888 -~-4115
I1202C~-4 -102 -u1 -58 -2063 -3665 228 -2031 -3697
I225C-a ~-116 -5 ~-127 -4324 4775 693 -3821 -5278
I247C-a =295 ~-171 ~-145 -6613 - 10839 -347 -6585 -10868
I292C-A4 -281 -47 -125 -3457 -~9455 1040 <3282 -9631
I315C~a ~-142 -119 -84 -4297 -5546 -462 -4145 -5698
I337¢~-a2 =113 -€4 -70 -2806 -4231 77 -2802 -4236
I180C-1L -40 -3 - 12 -282 -1280 17 -269 ~-1293
0-22C~a 136 17 39 1078 by 18 - 299 qugy 1052
O-4EC-2 187 39 ) 641 5788 520 5840 589
C-67C—A 410 357 33 8118 14725 4311 16853 5990
0-90C-4 ~-134 -45 22 -355 ~4134 -891 -156 -4334
0112C-a 309 250 11 6268 11160 3716 13162 4265
Ccizic~-a 131 -6 22 211 3986 -372 uo22 175
0157C-4 136 t8 8 1735 4610 Lo9 4667 1678
018CC~A 111 tS 58 2377 4050 -38 4051 2376
C202C~A 106 16 39 1092 3493 -297 3530 1056
0225C-A 145 14 - 17 -234 4274 419 4312 ~272
0247C-a 398 2¢84 8 5992 13745 3680 15213 4524
029<C-A 393 40 347 8068 14205 4097 16255 6018
0315C-a 168 -6 42 617 S214 -euy 5302 528
0337C-a 128 20 17 662 4032 38 4032 661

¢18CC-L -46 3 8 291 -~-1289 -76 294 -1292



150

Table A.11 (continued)

AXIAL FOBCE LOALING, FXC, ON CYLINDER (8C00 LB}

MICRC-STRAIN STRESSES PRIN STRESSES

G e D I rw O AT A A A D o e I D XD > T R R O D

BOSETTE GAGE1 GAGEZ GAGE3 TRANS LONG SHEAR SIGHX SIGHN

e I T e R N . - o - ™ ot oo o e e o - o s~ o

I-0~N-% -90 -38 -35 -15%01 -3142 ~37 =1500 -3143
I~22K8~3 138 47 3 940 4433 589 4529 guy
I-4SN-a2 =119 -~-18v -177 +5975 -5358 1022 -4598 -6734
I-67H-a =121 -5 ~290 ~-941t -€459 1929 -55086 -10364

I-930§~2 ~109 4c 428 18333 2216 ~-353 18341 2209
Ivigh-a =109 ~-248 177 -~-9227 -6049 ~-944 5790 -~948%
I1358~4 -104 ~16% -77 ~-52%4 -4670 -~-1180 ~-3731 ~€153
I1578~-2 ~103 -€5 -6 ~1451 ~-3540 -785 -1189 ~-3803
118Q0N~-a =127 -9 -33 -T79 ~4045 314 -749 -U4075
120284 -89 - 30 ~-7T4 -2185 ~-3319 £88 ~-1936 -3569
I2258~4 -85 ~114 -~-146e ~-5619 -~4232 427 =-4111  -5740
I2477N~8 -143 -222 ~-269 ~10620 -7479 622 -7360C ~-10738
IZ292N~2 -88 ~-239 -140 -8241 ~-5105 -1321 -4623 -g724
I3158-2a -96 ~185 -91 -5288 -u4480 -854 -3939 -5829
I337N~4 -97 ~67 -50 ~-2468 ~3636 -233 -2423 -3681
0-228~2 118 £Q 5 1759 L056 999 4u3e 1387
O-4 5N-A 115 193 ~6 3980 usiy 2650 6983 641
0~ 7K~4 38 406 170 12549 6658 3150 13923 5324
0-20N-a ~217 - 41 20 ~-219 ~6%63 -807 -118 -6€664
Q1ilN-2a 40 148 364 11193 4549 -2881 12268 3473
0135N-4 99 ~12 170 3381 3991 -242% 6130 1242
01578-4 116 3 62 1738 4010 -530 4128 1620
Ci180¥~-A 113 £9 62 2545 ui1e4 -36 4165 2544
020 28~4 111 4 9 1251 3690 €00 383¢ 11n
0225N~2 719 142 -34 2276 3060 2349 5050 286

Q24 7N~-3 54 4G 162 12303 5305 3182 13534 4074
029 2N~ 3 85 162 506 12822 6392 ~-2993 140040 5214
031582 78 -12 171 3415 3373 -~243% 5828 960
0337N-a 101 ~9 55 916 3298 ~85% 3574 640
O-Q0-¥~L -23 14 20 157 ~457 -76 762 ~462
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Table A.12. In-plane force loading, FYC’ on cylinder

IN~-FELANE FORCE ICRADING, FYC, ON CYLINDER (1000 LB)

HICRC-STRAIN STRESSES PRIN STRESSES

- e T M A - - - - — - - —— -

BOSETTE GAGEY GAGEZ GAGE2 TRANS LONG SHEAR SIGMX SIGHMN

- ——— - > R - o e a —-— —— e - - - - - - o -

I-0-C-a 104 pa° 12 768 3361 226 3380 749
I-0-C~B 73 L 1€ £58 2372 -2 2372 558
I-0~C~C L8 9 9 332 1547 -1 1547 332
I-0-C~D 31 € 6 233 1010 -1 1010 233
I-0-C-E 17 6 € 240 592 ~1 592 240
I-G~C~-F 0 9 g 391 129 1 391 129
I-0-C~6G -2 is 15 645 126 1 645 126
i-0-C-H 3 20 20 B68 351 -1 868 351
I-0~-C~J 14 22 z< 1031 733 -37 1036 728
I-0-C-K 17 23 22 970 805 0 970 80°%
I-0-Cc~L 26 23 20 906 1037 34 1045 897
0-0-Cc~-a -103 -37 -46 -1706 ~-3594 114 -1699 -3601
Q~0~C-B -66 -u9 -43 -1935 -2550 ~-7€¢ -1925 -2559
0-0~C-C ~-43 -43 -37 -1709 -1797 ~-7€ =-1665 -1841
0-0-C-D -29 -37 -37 -1599 -1336 ¢ -1336 -1599
C-0-C-E -11 -31 -31 -1387 -753 C =753 -1367
0-0~C~F 6 -17 -20 ~-822 -75 38 -73 -823
0-0-C-G 9 -14 -1 ~574 85 -38 87 ~-576
¢-0~-C~R 3 -17 -17 -756 ~ 141 C -1u1 -756
0-0-C~J 9 -20 -17 -822 9 ~-38 11 -82u
0-0~-C~K 14 ~-20 -20 -891 159 0 159 -891
0~0-C-L 28 -1 -11 ~-531 694 0 694 -531
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Table A.12 (continued)

IN-FIANE FORCE LCADING, FYC,

BICRC~STRAIN

o s o K 2 - 0

ROSETTE GAGE' GAGEZ GAGEZR

wD N i g G T ke WD WD VI AN A% A RN e e

I-Q~N~B¥*% 0 12 12
I~0=-N-C 46 6 0
I=-0~N~D 29 0 -3
I-Q-N8-E 15 -3 -3
I-0~N-F -3 0 0
I-0=-N-G ~6 3 3
I=Q~-pt~H 0 9 9
I=-Q0=N-J 6 12 15
I-0=¥-K 9 18 20
I-Q~N~-L*x* 17 <7 -2
0-0-N-a -91 -4Q el V4
0-0-8-B ~59 ~37 ~40
0-0-N-C -38 ~35 -32
Q=0 =§-D ~21 =32 ~29
0~0~N~E -6 =23 ~Z3
O0-=0=N-F 6 =15 -18
O-Q=N~G 6 -9 -9
0-Q~N-8 3 =6 -9
0=0~N-J 3 -12 -12
C~0-H-K 9 -15 -18

o et o

STRESSES

o o o O 20

LONG

e e o o

153
1416
842
392
-86
-134
115
360
521
~843

-3233
- 22867
~-1577
-1017
-486
=43
52
-18
-7 2
43

SHEAR

- o o -

~32

2€48

38
g
-39
-39
0
39
0
40
0
39

ON CYLINDER (1000 LB)

S51IGHEX

e i OO

510
1421
guu
392
3
134
383
587
835
1158

-1702
- 1609
-1431
-1012
-486
-4 1
52
~-13
-72
45

PRIN STRESSES

O D e T T - G X P D
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Table A.12 (continued)

IN-FLANE FORCE LCADING, FYC, ON CYLINDER (1000 LB)

NICRC-STRAIN STRESSES PRIN STRESSES

R R R - an - -~ - " "~ —_———

BOSETTE GAGE'! GAGEZ GAGE3 TRANS LONG SHEAR SIGMX SIGMN

——— e M Wm0 - -— - e - ors ow - - - ace - - - o an

I270C-A 73 =332 -376 -15633 -2501 594 -2474 -15659
I1270C~B 73 ~-239 -323 -12438 -1542 1115 -1429 -12551
1270C~C 65 ~175 =251 -9439 -896 1004 -779 -9555
I270C-D 62 -136 =209 -7655 -447 969 -319 -7783

I270C~E 46 -84 =174 -5943 -4 14 1064 -216 -6141
1270C-F 11 -1 -60 -1580 -132 €46 115 - 1826
I1270C-H =20 34 37 1589 -122 -38 1590 -123
127CC~-d -1 51 83 2959 545 ~-418 3029 475
1270C~K 0 74 103 3887 1166 - 380 3939 1114
I27CC-L 26 114 120 5112 2304 ~76 5115 2302
1270c-n 31 126 128 5545 2605 -38 5546 2605

0270C-a 148 256 -48 4400 5757 4055 9190 968
027 0C-B 117 222 =57 3497 4sus 3714 7773 272
0270¢C~-C 97 185 ~-68 2456 3638 3373 6471 -377
0270C~D 82 1€5 -63 2160 3122 3032 5711 -429
0270C~E 71 139 ~€5 1547 2597 2728 4851 -706

0270C~-F 48 74 ~-40 699 1664 1820 2776 -413
0270C~-6G 23 £7 -14 915 959 950 1887 -13
027 0C-H 0 24 17 1567 4790 4sq4 1757 280
0270C-4J -37 74 46 2673 -310 380 2721 -358
0270C-K ~60 €6 66 3388 -780 266 3405 -797
C270C~L -97 88 74 3679 -1805 190 3686 -1812

0270C-8 -117 83 86 3826 -2360 -38 3827 -2360
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Table A.12 (continued)

IN~PLANE FORCE ICADING, FYC,

ROSEITE

KICRC~STIRAIN

W W W we o -

GAGE1 GAGEFZ GAGE3

- oh W M WA NN D A e WD WD W e A W e e D

I2708-24
IZ708-3
12708~-C
I270N8~-D
I27CN-E
I270K-F
I2708-G
I2708-H
12708-d
I27CE-K
I27CN-L
I2708-N

Q27 0%-2
0Z7CN-B
027CH-C
02708-D
Q27CN-E
Q27 Cx-F
027 ON~-G
027 0¥~4
0270N~-J
02708-K
02708-1L
Q27QN-N

-114
-134
~-120
-155%
-184

=53
-56
-35

-135
-129
-112
-106

209
287
347
419
468
428
244

80
~52
-84
~172
-75

~456
-S€n
-581
-716
-759
-969
-£19
-€11
-291
=220
-132

-76

267
3¢C1
336
379
4cz7
497
4s7
434
289
178

g2

L

-511
-£87
-£89
-625
-753
-840
-€08
-399
~-294
-208
~129

-71

-90
~52
-41

23

74
342
4si
U454
337
zcfl
106

26

ON CYLINDER

STRESSES

-y o8 e s s >

LORG

—— -

-9743
-115€6
-11921
-13424
-15426
~ 13493
-11064

~7707

~7861
~6661
~5035

-4106

7377
10148
12244
15076
17052
18215
13477

8227

2388

176

-831

- 19¢60

(1000

o - -

LB)

PRIN STRESSES

SIGHMY SIGHN

o - o o -

~9695 ~21163
-11559 -25149
-1179t -27913
-13333 ~2¢382
-15426 ~33044
-13380 -3¢791
-10680 -31675

~7178 ~-22684

~7861 ~12691
-6652 -5289
-5033 -5624
-3106 ~-4112

10619 422
12981 2322
15054 3292
17533 £905
19209 7919
20156 16014
20600 13425
19412 8221
13250 2289

8988 133
buusg -838
972 ~1968
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Table A.12 (continued)

IN~-PLANE FORCE LOADING, FYC,

MICRC~STIRAIN

DR e e Ty

ROSEITE GAGE1 GRGEZ2 GAGE3

-, A A P D A A~

I-0~C-*
I-22C-a
I-45C~a
I-67C-a
I-30C-a
ItizC~-a
I13:5C~-A
I157C-A
I202C-a
1225C~A
I247C-2
Ic92C-A
I315C-a
I337C~-A
I180C~-L

0-22C~-2a
O-45C-a
0-67C-A
0-30C-2
Q112C-a
0135C-a
0157C~-a
0180C-~-a
0202C-a
0225C~A
0247C~A
0292C-a
0315C-a
0337C-a
0180C~-L

82
106
115
326

54
298
166
126
130
211
364
329
121
110
-35

~-106
~ 145
~404

184
-4190
-184
-159
~131
~-151
~-233
~4 86
~-407
~-142
-111
-23

g
54
69
229
-401
23
12¢
123
121
126
156
240
147
52

9

-9
11
-254
-€4
-3u8
47
33
17

0
-60
-361
29
17
-34
-6

26
sS4
146
2458
-315
1€0
140
123
124
162
38
234
75
52
3

-40
0

44
267
-114
-39
5

3t
31
37
=105
-244
0
-11
-6

TRANS

- > -

666
2274
4593
10148
-15788
3700
5732
5272
5253
6751
3853
10048
4754
2165

292

~-950
4Q2
-4152
4264
-9717
382
1027
1180
833
-235
~9704
~4296
540
-870
-218

ON CYLINDER

STRESSES

LONG

2653
3860
4813
12836
-3105
10042
6701
5361
2475
8351
12074
12893
5066
3942
-952

- 3481

-4229

-13368
6792

- 15204
~5405

~4y59

-3577

~-4268

-7057

-17491
-13487
~-4095

-3581

-742

{1000

77

418
w7
-3972
~4417
-3118
1150
371

- 186
-408
-1290
~3410
3637
226
-303
0

LB)

PRIN STRESSES

SIGHMX

26178
3860
5739
12862
-3003
10533
6724
5361
5482
8355
12366
12895
5885
3942
257

-882
407
-2677
10122
-8307
602
1052
1188
866

1
-8422
-3031
551
~-837
-218

SIGHN

641
2274
3667

10122
- 15891
3209
5708
5272
s2u46
6747
3561
1€046
3935
2165
-957

-3519
-4233
~ 14843
934
~-16614
-£625
-4484
~3585
~-4300
~7292
-18774
- 14752
-4106
~-3614
~742
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Table A.12 (continued)

IN-PLANE FORCE ILOADING,

MICRC-STEAIN

T e o oE

A aeA e W A <En CEb vEn e WD M e AT W Wn WS AR WD

I-Q-N-%
I-22N-A
I-45N~-2
I-67N-A
I-9CN-2
T112N-2
I1358-2
I1578-2
I18CN-A
120282
I<25N-2
I247N~2
129 2K8~2
I315N-3
I337N-a

O-22N-2
O~ 5N-2
O-67TN~A
0-30N-2
O112N~2
0135N-2
015782
018 0N~-4
02028~2
022EN8~2
0247 N-4
029 28~A
C315N8-2
0337x8-3
0-0-N~L

90
-132
11
188
56
159
164
126
126
132
154
171
157
96
96

=101
~38

- 49

250

-162
-96

-110
-139
-121
-110
=165
- 36

=75

-101
17

14
-850
117
317
-429
294
<06
117
114
132
1€5
113
308
165
64

-58
=144
-412

~-G2
-201

3z
63
15
~76
«230
-466
~S0
34
-5

~22

14
~9
164
373
-379
100
147
114
115
1232
221
290
3
110
35

~9
34
-101
2179
~-438
~233
~62
i
50
35
-2 16
~410
- 146
-5z
-28

FYC,

ON

TRANS

- - —

£3¢
-1149
6074
14964
-17828
8u76
7565
4959
4893
5466
8315
8677
13801
5953
2060

-1350
~-2302
~11216
3833
-13867
~-4317
134
928
-443
~4174
-1u802
~-11052
~2363
~-1153
~-1120

CYLINDER

STRESSES

A wn o ow o o

1OXNG

2847
~4310
5154
10129
-3680
7302
7203
5276
5257
5603
7108
7741
g8u1
4658
3488

-3431
-3632
~-4837
8660
~9018
-4183
~3275
~-3885
~-3955
-4563
-9378
~4405
-2969
~3367
183

(1000 LB}
SHEAF SIGMX
0 2847
-547 ~-1057
-626 6391
-741 15076
-66% -3649
2584 10539
783 8188
40 8281
-1 5257
116 5669
-73€ €663
-2360 10615
-348 13826
73% 6285
387 3586
-652 =1162
~2379 -497
-4143 -2797
~4949 11752
3147 -7470
3524 ~726
1666 813
~79 929
-1682 233
-3524 ~839
-3333 ~-7792
4320 ~2278
2387 -250
627 -987
76 188

PRIN STRESSES

W g T . 0O

SIGHN

— . -

536
-4a02
us37
16018
-17859
£239
6580
4954
4893
5400
€760
£803
€817
4326
1962

~3619
-5437
- 13255
740

- 15415
-7774
-3954
-3886
-4630
~7898
-16387
-13179
-5082
~3532
=-1124




Table A.13. Out-of-plane force loading, FZC’ on cylinder

CUT-OF-PLANE FOFCE LCATLING, FZC, ON CYLINDER (1200 LB)

MICRC-STRAIN STIRESSES PRIN STRESSES

. - - - - ot o - can - S T o P i s s

ROSETTE GAGE! GAGEZ GAGE3 TRANS LONG SHEAR SIGMX SIGMN

b B e I e R e - - - an - - o o — . — - - se -

I-0-C-a 3 -20 8 -254 6 -375 273 ~521
I-0-C-B 3 -23 2< 53 98 -€36 712 -561
I-0-C~C 3 -20 <2 56 99 ~-562 639 -485
I-0-C-D 0 -23 22 -5 -4 -599 595% ~604
I-0-C-E 3 -23 28 57 98 -€37 714 ~-560
I-0~-C-F 3 -3 Yy -8 79 -599 63 -565
I-0-C-G 0 -17 22 118 31 -524 600 -452
I-0-C-H 3 - 19 23 68 110 -55€ 647 -470
I-0~C~J 3 -4 <0 125 126 -846 571 -320
I-0-C~-K 3 -14 17 65 111 -408 497 =321
I-0-C~L 3 -17 17 6 93 -44a7 499 -399
G-0-C-2a 1 23 -22 16 25 607 627 -587
0-0-C~B -2 1 -17 88 - 37 499 529 -478
0=0~C~C -2 21 -19 33 -53 529 520 -541
C-0~-C-D -2 18 =20 ~-35 ~76 497 442 -553
0-0~C~E -2 i8 -17 30 -53 460 451 -473
0-0-C~F 1 18 -19 -35 5 494 480 -509
C-0-C~G 1 15 ~-19 =95 -9 457 407 -5
0-0-C~-d 1 15 -19 - 100 -2 4se 407 -509
0-0~-C~dJ 3 20 -20 -3 84 531 573 -492
0-0~-C-K 3 17 ~20 -66 66 493 497 -497
0-0~C~1L 3 <0 -23 ~66 €6 £69 573 -573
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Table A.13 (continued)

OQUT~QOF~PLANE FORCE LCALING,

MICRC-STEAIN

W o v s e T A A o w0 O

D e I e . TR R

I-0-N-B 0 ~-26 23
I-0-N-C 2 -26 23
I-0~-¥~D 0 -zh4 23
I-0-N-E -1 -4 23
I-0-N-F 3 -23 26
I-0-N-G 0 -26 26
I-0-N-H 3 -9 26
I-0-N-J 0 -24 26
I-0-N-K -3 ~24 29
I-0-N-L 0 -4 -2z
0-0-N-A -3 <3 ~20
0-0-N~-B 0 17 =17
0-0~-N~-C ~6 15 ~-15
0-0~-N-D -3 12 ~-1c
0-0-N-E -3 15 ~-15
O0-0~-N-F -3 12 -15
0-0-N-G 0 1 ~15
0-0-N-4 0 11 ~12
0-0~-N=-d 0 14 ~-18
O0-0-N-K 0 12 -15

FzC,

TRANS

-83
-80
-15
-21
51
- 11
~76
56
125
-971

60
-6
1
-69
-2
=67
-73
-18
-73
-67

ON CYLINDER (1200 LB)

STRESSES

B

LONG

-25
48
-16
-22
95
-13
55

6
~-58
-288

-72

-7
-182
-114
-92
~-114
-30
-19
-26
- 28

SHEAER

-

-65%
~-659
~€22
-621
-656
-€9€
-735
-662
~708

-40

€68
455
390
354
390
351
51
314
430
351

PRIN STRESSES

SIGHMX

> o o

602
646
605
599
730
686
727
693
747
-286

566
uy4g
310
260
346
261
300
296
381
304

- con om0 s

SIGHN

o o o

=710
-678
-639
~€42
-583
-709
-748
-632
~681
-973

-578
-461
~491
~443
=440
-442
-403
-333
-480
-400
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Table A.13 (continued)

OUT~-OF-PLANE FORCE LCATING, FZC, ON CYLIKDER (1200 LB)

MICRC~-STIRAIN STRESSES PRIN SITIRESSES

P e A A A A A > at - - - - T A A O, A Tl oo

ROSETTE GAGE' GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGMR

- WO G AR A A w WD s AN St - o - - —-—— - - ——— - - - - -

1270C-A 81 -6(8 76 -11784 ~-1102 -9102 4111 -1€997
I270C~B 30 =~535 101 -9646 -208 -8471 4770 -14624
1270C~C 76 -4¢61 101 -8655 -330 -7877 4416 -13401
I1270C-D 62 ~Uz2 103 -7290 -340 -~-7132 4119 -11749

I27¢C-E 68 =400 82 -7050 -74 -6424 3747 -106871
127C0C-F 22 -2t 37 -u4736 =751 -~-3840 1582 -7070
1270C~H -3 -114 -4¢ -3517 -1150 -812 -839 -3828
1270C~g -3 ~15 -63 ~3024 -1176 -15€¢ -~1163 -3037
I27CC~K -6 -€3 -43 ~2323 -877 -266 -829 -2370
I270¢C~-L 8 -46 8 -838 -6 -722 411 -1256
1270C-4 14 -3 40 348 524 ~836 1277 ~405%

0270C~A 28 =233 188 -1032 544 -5613 5424 -5911
0270C-8 40 -211 139 -1607 713 -4e6k 4359 -5254
0270cC-C 46 -182 g5 -2177 713 -3t5¢% 3115 -4578
0270C~D 46 -1ct4 46 -2427 638 -2655 2171 -3960

0270C~-E 54 -131 14 -2624 835 -1934 1700 -3u489
0270C~F 66 -€6 -80 -~3271 988 19¢ 996 -3279
0270C~G 71 -28 ~-120 -3340 1138 1217 1448 -3649
0270C~H 68 -4 -126 -3149 1110 1483 1576 -3614
0270C~a 54 -20 -9u4 -2568 856 989 1121 -2833
027 0C-K 37 -17 -71 -1985 517 723 711 -2179
027CC-L 9 3 -u6 -950 ~28 646 305 -1283

0270C~Y -17 26 -26 i9 ~508 €84 489 ~978
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Table A.13 (continued)

QUT~OF-PLANE FORCE LCALING, FZ2C, CN CYLINDER (1200 LB)

MICRC-STIRAIN STRESSES PRIN STIRESSES

s A o OO - = ot R I W T v S S

ROSEITE GAGE1 GARGEZ GAGE3 TRANS LONG SHEAF SIGHX SIGHN

o T WS DD o W e W A WD GO n e v en 0 - i - @ oo o P e A e wn

I270N8-2 55 =506 0 -111817 ~1700 -6734 1794 - 14675
I27048-B 64 -tu9 -70 -13691 -2189 -6383 652 ~16532
I2768-C 44 -567 -129 -15346 -3298 -5842 -931 ~19713
I12708-D 26 -~£67 -246 -17889 -4588 -4281 -3329 -19148

I27CN-E -3 -~-£58 -205 ~-16769 ~-5129 -4710 -~-3462 -18436
I270N-F -9 =~£57 -386 ~-20724 -6480 -2279 -6124 -21080
I27TQN-G -38 -315 -377 -15183 -5702 825 -5631 -15254

I27CN~-H ~-62 ~136 -283 -9130 -4592 1964 -3861 -9861
I27C8~3 -124 -62 =200 -5629 -5402 1847 -~3665 -17366
I2708-K -g88 -44 ~-118 -3463 -3690 982 -2588 -~Uu4565

I27CN-1L -1 -26 -97 -2642 ~2913 g43 -1825 -3730
I27CH-N -59 -29 -62 -194% -235%0 432 -1668 -2623
0270N-2A 20 =279 224 -1230 230 -6702 6242 ~7241
0270N-B 34 -~299 289 -46 1014 ~7¢67 au69 ~7501
02708-C 7% =316 379 1302 2627 -9269 11257 -~7328

G270N-D 63 =322 417 2010 2495 -9844 12100 -~7554
0270N~-E 95 -~-319 460 2986 3735 -10382 13749 ~-7028
02708-F 100 -85 517 7848 5369 -8964 15657 -~2u40

0270N-G 26 -3 411 8938 3453 ~5517 12356 35
0270N-H -29 9% 276 8178 1589 -2413 8967 800
0270R-J -69 112 11 5076 ~556 -39 5076 -557
0270N~K ~6U €9 52 3165 -956 499 3225 -1016
0270N8-1L ~38 49 9 1303 ~-738 £38 1436 -871

027 ON-N -20 6 3 206 -549 38 208 =551
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Table A.13 (continued)

OUT~-CF-PLANE FOBCE LCALING, FZC, ON CYLINDEF (1200 LB)

MICRC-SIRAIN STRESSES PRIN STRESSES
BOSEITE GAGE! GAGEZ GAGE3 TRANS LONG SHEAR SIGMX SIGHMN
I-0~C-% 0 -3 25 492 146 -373 730 -93
I-22C~-a 6 -3 <9 560 340 -420 884 16
I-45C~-a 9 60 74 2948 1142 -191 2968 1122
I-67C~-A 117 2C€3 363 11007 6824 -1335 11397 6U34
I-30C-a -109 -1€3 £12 7795 -925 -9C03 13438 ~-6568
It12C-A =326 ~U49 -427 -18894 - 15460 -305 - 15433 -18921
I135C~-a -43 =180 -~-106 -6245 ~-3162 -992 -2870 ~-6536
I157¢C~a -17 ~-66 -23 -1832 -1095 -572 -804 ~-2222
I204C-a 29 456 S0 2952 1752 -577 3184 1519
1225C~2 81 136 199 7275 4609 -847 7521 4363
I247C~A 445 451 428 18809 18988 308 19219 18578
I2932C~4 -72 =240 -150 -B490 -47%4 -1193 ~-Uu368 -B836
I315C~a 3 ~38 -43 -~-1781 -448 77 -443 -1785
I337C~a 0 ~-20 g - 254 ~-76 -385 230 ~560
I180C~L 0 -29 20 - 1390 -57 -654 534 -781
0~22C~2 -9 26 -9 386 - 141 4se 649 -405
0-45C~-4 ~22 15 0 1683 ~-157 1006 21286 -600
0-67C~a ~-125 134 - 19 2659 -2958 2043 3324 -3622
0-90C-a -8 -178 243 1427 186 -S€10 6451 -4838
0112C~A 399 112 11 2267 12648 1338 12818 2097
0135C~a 76 -81 -95 -3934 1085 186 1092 -3941
0157C~a 3 20 -61 -942 646 1078 1190 - 487
01840C-a - 16 £0 -u2 213 -4 31 1226 1158 -13717
C202C~-4A -53 €2 -3 1357 -1173 854 1619 - 1434
0225C-a -114 7 74 3372 -2409 1 3372 -2409
0247C-A -495 -125 -17 =-2589 ~-15636 -1440 -2432 -15793
029 2C-A 4 17 -159 -3211 1258 2351 2267 ~4220
0315C~A 6 -6 -63 =-1512 ~288 759 75 ~-1875
0337C-A 6 11 ~-290 -198 107 417 399 -489
c180C~L 0 45 ~-40 122 34 1137 1216 -1060
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Table A.13 (continued)

QUT~-OF-PLANE FOKCE LCAIING, FZC, CN CYLIKDEF (1200 LE)

BICRC-STIRAIN STRESSES PRIN SIRESSES

- v . AT o A s o i D Ao S KT s e TR D o

ROSEITE GAGE1 GAGEZ GAGE3 TRANS LONG SHEAR SJIGHX SIGHN

B e I R s o s o o o a0 wen = P e 0 com s

I-0-N-% 3 -6 9 60 105 -192 276 -111
I-22N8-2 =118 -£3 ~-29 -1681 -u40u1 -314  -1640 -u4082
I-4SN-A 39 56 12 1454 1620 590 2133 941
I-67N~2 151 269 210 10357 7629 781 10565 74219
I-9CN-2 -5C -145 538 8691 1113 -9089 14749 -~4345

I1128-2 ~-310 ~3¢7 ~490 -18927 -14977 1377 -14545 -19359
I1358-2 -80 =112 -189 -~5876 -41%0 €30 -3945 -~6081

I157N~4 - 15 ~41 -26 1471 ~-881 -198 ~820 ~-1531
I18CN-2 15 3 33 770 676 ~392 1118 328
I20ch-2 39 74 €8 3085 2084 83 3092 2077
I225N-2 105 153 114 6620 5141 1050 7165 4596
124784 330 4e? 438 19965 15882 660 20069 15778
1292N-4 -96 -tu6 ~210 -7715 ~-E5199 8§55 -~4936 -7978
I3158-4A ~17 3 -20 -362 ~632 310 ~158 -835
I33 -2 6 -12 6 =131 140 -233 274 -265
0-22N-2 - 20 11 3 332 =510 115 347 ~525
C~45N-2 ~23 11 49 1348 ~294 -500 1uss -434
O-67N~-2 -121 -118 49 -1397 ~-40S4 ~2227 ~-133 -5319
0-90N-2 ~41 =2C5 265 1366 ~807 -~-6258 6631 ~-€072
O112N-2A 111 €5 4ug  11171% 6673 ~%116 14510 3334
0135N-A 37 -1C8 65 -991 799 =231 2382 -2574
0157N-2 48 -4 -29 -1001 1137 190 1154 -1018
018 0N~-a -18 42 -3z 244 ~455 gge 942 ~-1153
020 2N-2 -63 14 24 903 ~1622 ~137 911 -1629
0225N-A - 49 - €6 1C2 413 -1341  -2499 2184 ~-3113
0247N~-2 -134 -481 -88 -12361 ~7727 -5227 -~-4326 -15762
029 2N~-A 116 ~89 g3 =907 3204 -1894 3944 - 1647
031SN-3 14 -37 ~20 ~1256 41 ~225 79 -1294
0337N-2 8 3 -12 =204 188 191 266 -281

0-0-N-1L 0 14 -17 -63 -22 41y 369 ~454
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Table A.1L. Out-of-plane moment loading, My, on nozzle

OUI-OF-PLAKE MOMENT LCRALING, MXN, CN NOZ2LE {10000 IN-1LB) W/R

FICRC~STRAIN STRESSES PRIN STRESSES

D S s - - - wr W - - - D N P o

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGHMN

—— " — S s om0 D2 A e e D 2 - aas v s - o > o> - - -~ - - - v . - - -

I-0-C-2 -& -3 16 288 -84 ~2€2 423 -22¢C
I-0-C-B < -3 1t 328 145 -2€9 54¢ -67
I-C-C~C 4 -1 14 284 202 -1¢3 440 45
I-(0~-C-D € -3 1€ 270 273 ~-259 530 13
I-C~-C-E € -3 1¢ 287 275 ~-259 541 22
I-0~C-F 4 -6 11 109 152 -229 3¢€1 -99
I-(~C~G 1 ~6 1z 160 86 ~2€2 387 -142
I-0-C-H g 0 1z 245 209 ~-1€3 391 63
I-0~C-J £ 0 7 145 180 -G8 262 63
I-0-C-X z -3 12 198 116 -157 3E8 —44
I-(-C~1L Z 0 14 300 147 ~164 432 12
0-(~-C~-2 z 7 7 301 143 2 301 143
¢~ C~C~-E -3 2 4 139 -54 -27 146 -61
0~-0~C-C -£€ -3 g 30 ~161 -5$5 70 -200
0= (-C-D -5 -6 z -71 ~186 -1C1 -1z -244
C~0~C~-E -€ -6 z -75 -161 ~-1¢0 -17 -248
0= (C=C=~¥ -3 -8 -1 -184 ~143 ~-<7 -64 -263
0=0-C-G -1 ~-10 z ~189 ~76 -1£4 44 -30¢6
0-(-C~-H -1 -8 z ~131 ~66 -129 35 -232
C-0-C-J -1 -9 1 -166 -61 ~-128 5 -262
0~C~-C~-K -2 -8 -3 247 ~-121 -€3 -9% =274
0-0~C~-1L -4 -8 -2 -242 -178 - €5 -138 -282
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Table A.14 (continued)

QUTI-OF-PLARE MOMENT LORLCING, MXZN, ON NOZZLE

¥ICRC~-STRRIN

- D - D - A D D

> D KD o A O VD W DD AT W WD e v G

I-C~N-B 0 -8 1z
I-(~N~-C 1 -8 14
I-0-¥-T z -9 11
I-C-N-E 1 =11 9
I~-0-N-¥ ‘ -8 Y
I-(~N-G ~1 -8 4
I-0-N-H -1 ~10 4
I~-Q-N-3 -3 -8 4
I-0-N-K -6 -9 Y
I-(-N-1 -~ -13 =71
C-0-N-2 -2 8 4
C-0~-N-E ~ 14 8 1
Q-C-N=-C ~€ 4 -z
0-0-N-D ~€ 4 - €
0~(-N-F -& 4 -€
Q-0-N-PF -3 i -€
0=C~N-G -1 i -&
G- 0-N-H -4 4 ~€
Q= C~N=-J -3 6 22
0~-Q-N-K -4 7 -

"o . oo s

-83
-131
-4
-130
-1834

268
213
28
~133
~26
~30
-~96
~117
622
-17

STRESSES

LONG SHE2R
32 -28&7
68 -265
€1 —-2€9
11 -2€6
44 -152
-52 ~166
~66 —-1c4
-126 ~1€2
—-208 -~ 144
=773 777
35 €3
-57 S5
-167 59
~182 130
-173 121
-1132 120
~63 162
-15¢8 170
88 -2C2

- 116 166

{10000 IN-1B) H/E

PRIN STRESSES

D T D A - D

o s e e

358 -220
391 -203
325 ~-213
243 -294
203 ~-187
100 ~23%
98 -295
en -~ 264
-198 318
=363 ~2245
284 19
243 -87
70 -208
42 -258
£1 -250
65 ~207
84 -243
33 -308
€39C 21
136 -270
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Table A.14 (continued)

OUI-OF-FLANF MOMENT LOBALCING, MXN, CN NOZZLE {10000 IN-1LB) W/E

BICRC-STRAIN STRESSES PRIN STRESSES

R R Y R -—ar - - - A D - S P A A

BOSETTE GACE1 GACE2 GACGEZ TBANS LONG SHEAR SIGMX SIGMN

- A T s D T AB p A n s  n ws AP — v e — s o e e o o g - s e - e e s e

I270C-2 -8z ~1E3 ~-82 -Z068 -3976 ~950 -3427 -~-5618
I270C-8 -11€ =180 ~-87 <~5747 -5216 -1246 ~42Z07 -67tS
1270Cc-Cc -178 -1585 -6¢ -4743 -6759 -1148 -4223 -7279
1270C-D -19% =134 =57 =3971 7040 -10z0 ~3€€3 -7349

I270C~-E -204 -121 -2 -3585 -7204 -912 -3368 -7421
I270C~-F =217 -52 =27 =-1509 -6952 -327 -14%0 -6972
I270C-B =162 <6 < 957 ~-4%5¢€3 228 967 -~4592
1270C-a -7< 54 31 1343 -1654 314 1970 -1681
I270C-K -23 €3 ZE 1986 -89 229 2011 ~-114
I270C~1 14 28 24 1126 745 €5 1137 734
I270C-M 7 -1 -1 -43 183 0 183 -43
0270C-2a -18 €2 12C 4674 853 -11¢8 5003 524

0270C-B 3% 76 18z 4988 2543 -1013 53£3 2178
0270C-C 7z 87 152 E174 3702 ~876 55812 3294

0270C~D 9¢€ 94 14z 5072 4391 ~636 5453 4010
0270C-E 11z 103 14 £326 4971 ~BE2 5729 4568
0270C~F 149 118 14¢ 5495 6122 -2¢<0 623¢€ 5381
0270C-6G 137 120 11¢ £083 5637 34 5639 5081
0270C~H 1CE 1C3 10€ 4533 4604 -€9 4ele 4491
0270C~3 40 81 7¢ 478 2243 36 3479 2242
0270C~K -6 50 57 2374 541 -92 2379 537
c270C~-1 -3 11 1¢ 681 -856 - 57 687 -862

0270C~M -11 -6 -1 -134 -377 - €4 -119 -393
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Table A.14 (continued)

OUTI~OF~-PLANE MOMENT LCRCING, MXN, CN NOZZLE (10000 I¥-LB) H/R

BICRO-STRAIN STFESSES PRIR ETBESSES

o o s o s <o R R B e e

ROSETTE GACGCE1 GAGEZ GAGE: TRANS LCNG SHEARR SIGHX SIGHN

A i v s MOSTD  OD A WAL A A D S D R 0 - e wn oo - - - e - " an e oo o - -

I270N-3 -89 -242 164 -8840 -5095 -1037 -4€27 -9108
I127708-3 ~47 274 -201 -10369 -4525 ~973 ~-4368 -10527

I2708-C ~18 -265 -24f -19175 ~3815 -2€8 ~-3805 -11185
I12708-D -1 ~313 -24% -12233 -4063 -9¢8 -3963 -12333
I270R~% -11 ~-328 ~-306 -13907 ~8493 =263 ~-4483 -13916
1270N~F¥ 11 ~-t43 ~43& -16340 -5461 ~1€0 ~-5460 -19341

I12708-G6 =~122 ~377 -32€7 -16225 ~-8513 -131 -8511 -1€227
I2708~-3 -178 -262 ~-2z1( -10168 -8395 ~6€5 -8162 -10402

I2708-3 ~133 ~-114 -126 -5160 -6148 157 -5122 ~-6186
I270N-K -124 -62 -77 ~-2926 ° -4532 166 ~2904 -U615
1270%~1L -89 -35 -3z =-1389 ~-3096 -32 -—-1388 -3097
I270N~-H ~5% ~25 -25 =1050 ~-1962 -1 =-1080 -1962
0270N-3 -115 21 12¢ 3351 -2459 -1361 3667 -2775%
0270N-B ~-189 6 12¢& 319 -4718 -1621 3479 -~5039
Q2708~C =~23C =11 123 27239 -6085 -17¢2 307¢ -6432
0270N~C -281 =15 11¢ 2575 -~7666 -17¢&5 2878 ~—7969

0270N~-E =313 ~-23 11€ 2337 -8678 -18¢%5 270¢ -8980
0270N-F ~32% 60 1&:2 048 -8235 -1234 5162 —8349
0270N~-G ~286 118 187 7027 ~6547 =913 7C88 ~6608
0270N-H -259 136 1€¢ 7219 -5602 ~5€2 7246 -5628

0270N-3 =~224 89 104 4491 ~5382 -156 44394 -~-5386
0270N-K -~19¢% 50 3¢ <147  -5213 162 2157 ~5216
0270N-1 -12C 11 -3 313 =3508 154 323 ~-3518

0270N~NH -59 -3 -z -80 -—1803 -2 -80 -1803
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Table A.14 (continued)

OUTI-OF-PLANE MOMENT LCRDING, MXN, ON NOZZLE {10000 IN-LB) W/R

PICRC-STRAIN STRESSES PRIN STRESSES

. e W - -t W - - - e o Wt e a ar w> - — -

ROSETTE CGACGE1 GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGHN

N R G D e N i e e A d n - v s s e —— e e owtn - . o - on . - o — . - g st

I=(-C=* -8 7 1€ 513 ~-86 ~1z4 537 -111
I-22C-2 -18 -9 =12 -504 -690 £4 -47z -723
I-45C-3 ~37 ~39 =53¢ ~-2125 -17¢0 263 ~-1622 ~2263
I-€7C-32 ~-172 =252 -11¢ -7897 =-7531 ~-1820 <-5€85 -9543

I-90C-a 97 92 17¢ £749 4637 ~1107 €432 3954
I112C-3 -213 -226 ~-Z11 -11561 -9871 1121 ~-9304 -12128
I135C-1 ¢ -€6 -6C -3206 -G62 -3£2 ~908 -3260
I1E57C-A -31 ~-18 ~1¢€ =705 -1129 ~32 =702 ~-1131
1202C~A 14 18 3 1071 727 -172 1142 656
I225C-A g3 63 97 3472 2625 -4£7 3€7z2 242¢
I1247C-3 278 342 227 127178 11980 1532 13614 10544
I292C-A 197 1C6 25¢ 7741 8237 -19¢8 9663 5986
I315C-2 41 66 4e€ 2406 1941 2€2 2523 1823
I337C-2 9 21 17 825 514 €6 838 501
I180C~-1 3 7 -1z -134 53 2€6 242 -323
0-22C~A 13 -4 -2 =144 354 - 20 354 =145
0-45C~-2 45 -15 -3¢ ~1048 1050 1¢4 1068 -~ 10¢€€
C~67C-2 192 46 4 883 6023 553 6082 824
0~390C-A 33 -130 -7% ~4629 -395 ~6E0 -288 ~-4736
0112C~-3 263 38 4e 1611 8374 -1z3 8376 1609
0135C-A 68 -23 -3C -1235 1€56 €5 1659 -1238
0t1E7C-a 26 9 ~€ 41 750 1¢4 838 -7
0180C~2A -3 4 4 183 ~-46 =3 183 ~46
0202C-3 -29 16 - 304 =753 2€1 388 -814
0225C-2 -8¢ 31 2€ 1374 -1981 41 137 - 1981
c247C-a -336 -40 -5C -1626 ~-10558 133 -1624 -10559
02%2C~-A ~-2E¢€ -28 -64 -1739 -8211 4egg -1703 -8248
0315C-3 -€C 6 £ 820 -1557 233 842 -1578
0337C-A -16 6 14 455 -344 ~S9 467 =-356

C180C~-L 1 2 -t -147 -5 129 71 -224
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Table A.14 (continued)

QUT~-OF-FLANE MOMENT LORLCING, MXK, CN NOZZLE {10000 IN-LB) H/R
BICRC-STRAIN STRESSES PRIN STRESSES
ROSETTE GACGE1 GRGEZ GACGE3 TRANS LONG SHEAR SIGMNY SIGHK
I-C~N~-% -8 b 1€ £87 ~9E ~1E9 500 ~-140
I-22N-2 ~5C =30 -3C ~1279 ~-1881 0 =127% -~-1881
I-~458-3 -tz ~%0 -4¢ -13%34 -2129 -130 ~1869 ~2194
I-67N-2 =153 -128 -9¢ -4758 -~6016 ~427 ~4627 ~-6147
I~90N~-3 27 104 «C2 6692 2617 -12%7 7086 2423
I1128-2 ~-21% =-197 =214 -8795 -9205 228 ~-8693 -9307
I135N~24 -68 -75 ~7¢ ~31€0 -2975 ~-33 =-2969 -3165
T1578-2 =26 -6 -< =511 ~-924 - €9 ~492 -943
T180N~-2 ~3 13 -4 210 ~36 221 340 ~-166
I2C2K-2 18 <4 <1 964 751 46 974 742
I2258~-4 5¢C 87 61 3196 2460 356 3341 2316
I247K-3 218 237 <CC $382 93¢4 a5y 9862 8873
I292N-A 144 110 122 uqusg 5795 ~1€¢ 582¢ 4317
I3158~2 e &1 £e 2340 1850 ~%6 23E8 1832
I337N~2 8 13 21 T45 469 -1€0 778 436
O~ 22N-2 S 11 ~€ 108 258 246 yye -42
Q= 45N~-2 4 40 -2 273 164 9Cy 1139 ~671
0-67N-2 33 137 21 3431 2023 1584 uy3s 1027
G—-90N-2 118 —-113 -5C -~3699 2357 -840 2465 -—-3814
0112N-A SE 28 207 5936 4707 ~29¢e 8293 2349
Q135N—A 3E =40 6F 520 1304 -—14(3 2369 -545
O1Z7N~-2 21 -1 S 165 685 -129 718 134
0180N-A -1 4 & 219 32 ~«8 223 28
0202y-3 -2€ -1 4 98 ~739 -€4 103 -744
0225N~A -28 -£0 4e -4 -841 -13C3 946 —~1791
02474-2 ~-106 ~272 -4C ~-6745 ~-5203 -30%9 -~-2781 -9168
C282N-12 -60 -23 -187 ~-4565 -3171 2184 -1576 -61460
03 15N~2 -11 28 -£3 ~-528 ~1389 10€1 572 -1589
033782 -1¢ 16 -2 326 =377 246 uguy -4 54
0~ {-N-1L -3 14 ~£ -63 2%2 348 -271

140
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Table A.15. In-plane moment loading, M_ , on nozzle

ZN

IN-PLANE MCMENT IOALCINCG, MZN, CN NOZZLE (150C0 IN-LE) /R

EICRC-STIRAIN STRESSES PRIN STRESSES

> —— . St ke = i A s o g > A s {2 i S S i S

ROSETTE GAGE?1 GAGE2 GAGE:Z TEANS LCNG SHEBR SIEMX SIGHMXN

WD M AW A GP U W AR AR U AP P AP P me Al A AP W - wn -0 a- -y - aan an oo o a0 v tn - - -

I-¢~-C~-3a -232 ~42 -2 -709 -7168 ~526 -£67 ~7211
I-0-C~-E ~154 ~12 ~1C ~325 -4713 -4 -32% -4713
I-(-C~C -88 3 £ 277 -2561 -27 2717 -25¢1
I-0-C-D -4y 10 < 459 -11717 4 469 -1177
I-(0~-C~E -15 1" 13 535 ~-285 -0 £3e¢ -287
I-0-C~F¥ 2% 2 ¢ 12 740 29 741 11
I-C-C~-G 24 ~16 -1C -595 £36 -69 540 =599
I-0-C-d € -14 =14 ~-623 -10 5 =10 -623
I-C~C=J -1 -11 -11 ~478 -182 1 -182 -478
I~-0-C~K -z -9 -11 ~435 - 195 32 -191 -439
I-{~-C~L -7 -6 -3 -290 -298 1" -8z -30¢%
Q- C~C~2 22¢€ 104 121 4685 8231 -2a1 8248 4671
Q=-0~-C-E 132 115 10t 46£8 5353 147 53e3 4628
0=-C~C-C 71 91 z 3741 3240 1¢€9 37¢4 3218
¢~0-C-D 3¢ 83 €2 3591 2114 22 3591 2113
0-C~C~E 12 61 5¢ 2630 1181 23 2630 1151
0-0~-C~F -14 30 3z 1374 -6 -z1 13738 -7
0-{~-C-G -£ 12 1¢< 599 39 - 35 601 37
g-Q0~-C-H 4 13 £ 447 281 €9 469 234
0-(C~-C=-J £ 14 < 518 294 €8 £37 275
0-0~-C-X -3 8 11 418 32 -9 421 30
0= C~C~1L -9 6 £ 323 -186 -32 328 -188
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Table A.15 (continued)

IN-PLAKE MCMENT ICALING,

¥ICRC~-STRAIN

D < R S s o o D e

ROSETTIE GAGCEY GAGE2 GAGE:
I-0-N~E*x* 0 -9 -13
I-0-N~C -84 3 11
I-C-N~-D -4 9 5
I-0-N-E -1cC 9 1z
I-C-N~F 3t 1 3
I~-0-N—-G 4¢ -14 -1z
I-C~-K~H 3C =18 -18
I-0-N-J 27 -1 -1¢&
I-C=-N-K 28 -22 -1z
I-0-N-1 34 -9 1€
0-0-N-2 204 112 11¢
O0-C-N-B 128 99 10¢
0-0-N~C 74 89 a4y
0=C=-N-D 42 74 14
0~0-N-E 1¢ g9 €e
Q-C~N~F -3 32 3£
C-0-N-G 1 7 1%
O-0~-N-H 1t 13 1z
Q= 0-N~-J 28 17 -4z
0-(-N~K 21 18 1€

TREANS

- -y W

-487
387
579
478

56

-644

-838

-887

-778
132

4858
4341
2723
3135
2647
1476

682

551
-637

725

KZX, CN NOZZLE

STRESSES

s s e s s e

LCXNG

- >

- 146
~238¢§
~-1058

-~ 165

1076

9388
647
549
598

1070

7582
5152
3328
2218
1333
360
4Q1
620
551
849

SHE2R

e i el

45
~-1C4
- &1
— 44
-26

-3
-13

-33

-1C2
~730
€6
-2

- 33
=37
<8
16
827
32

(150C0 IN-LE) W/R

PRIN STRESSES

SICHMX

> oy — -

-14Q
390
£E€3
481

1077
998
€47
£50
611

1175

15€6
5158
3733
318¢
26u48
1477
685
€23
975
€57

< un e e o

SIGHN

s . o~

-493
-2393
~-1062

-168

6¢€

-644

-838

-888

=790

28

4854
4333
3317
2218
1333
359
398
547
~1062
717
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Table A.15 (continued)

IN-PLANE MCMENT ICACING, M2X, CN NCZZLE (150C0 IN-1E) W/R

MICRC-STRRAIN ‘ STRESSES PRIN STRESSES

D A " 7> D . e i e O 2 . 7 oot o s it A D A .l B B A s s PV At

ROSETTIE GAGEFY GACE2 GAGE: TFANS LONG SEEARR SIGMX SIGHMN

Rt Rl L A R el L - — - - - o wn an - - o - s 4w o - - -

I270C~2 7 70 -5¢ 296 311 1677 1980 -1373
I1270C-B 1C 128 -11¢ 2%6 379 3216 3553 -2879
I270C-C 12 151 -134 358 473 3803 4zz0 -3387
I270C-1 18 160 -181 174 580 41=3 4535 -378¢0
I270C-E S 172 -164 171 197 4474 4658 -4290
I270C-F 7 151 - 15¢ -119 127 40738 4110 -4052
I270C-1 -2 62 -72 -218 -119 17¢5 1€27 -1964
1270C-3 -z 3 -1C ~-148 -116 174 42 -307
I270C-K -2 -9 LR 50 -35 -259 2190 -25E
1270C-L -2 ~4 £ 7 ~-46 -1€4 191 -159
I1270C~-H -4 3 3 146 -81 -1 1486 -81
Q270C~-3 -17 4z2 -43¢C -153 -560 11354 10999 ~-1171z2
c270C~B -3£ 367 -41¢ -249 -1129 16722 10072 -11450
Q270C~C -3¢ 361 -37¢ -282 -978 898Z%3 219¢% -10459
0270C-1 -z1 I35 -Z21¢ 359 -518 8711 8643 -8802
0270C-E -24 278 =-29¢ -432 -845%5 7674 7038 -8315
0270C~¥ z 181 -~ 1€t -323 -4q 4212 k033 -u4395
0270C~-G 2 63 -73 -210 -2 1816 1714 -1925
0270C~-H yi 12 -14 ~40 63 347 362 -339
0270C~J 2 -17 1¢ 45 76 -4739 539 -419
C270C-K 1 -11 1% 143 £1 -378 482 -278
0270C~-1 -1 0 g 102 14 -€S 137 ~20
0270C-M 4 3 : 121 152 1 152 121
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Table A.15 (continued)

IN~PLANE MOMENT ICADIRC, M7ZR,

BICRO~-STRAIN

D GO G D W OB - BT D g~

DD W Mmooy WD A e W wm A o W% e . e o oo

I2708-2
I270N~-E
1270N-C
I270N-D
I270N-K
I2708~-F
I2708-G
I2708~-H
I2708-3
I270N=-K
I270N-1
I2708~N

g27QN~-2
0270K-8B
0270N—-C**
02708-D
C2770N-E
0270N~-F
0270K-6G
0270N~H
G270N~J
0270N~-K
0270W~-1L
0270N~N

iz
23
20
3C
3t
-27
24
uc
18

iz

94
£3

-23
-75
-216
~z21
-184
-36
-14

18

€10
£12
£00
478
451
237
60
-43
-107
-55
~-£3
-17

~Z¢
11

5¢

5C
127
Z9¢
<6¢€
12¢€

-
£z

z2C

ON NCZZLE
STRESSES
TEANS LONG
1245 1046
1370 1083
1386 1026
549 1061
1327 1439
1794 ~-2170
1017 ~-212
-1426 305
311 1284
105 561
514 46k
559 551
~325 ~473
~497 -546
-1420 -~1468
-873 161
~479 - 108
=334 -102
-66 266
70 335

18 298
=117 ~186
-~90 ~118
~53 -177

SHERR

1729
557
-731
-973
—-4832
-6827
—-64¢5
-40%9
-11¢&1
-4 €0
-1€1
129

13765
13949
14213
13260
123C4

6531

1646
-11%6
-2857
-24€2
-13€3

~4326

SIGHX

2878
1808
1959
1811
4216
76€7
6926
3890
2075

847

€52

€85

13396
13428
12770
129 1E
12012
6314
1754
1406
3018
2311
1259

31€

{15060 IN~1B) W/R

PRIN =TRESSES

B W AP A e T

SIGHR

-587
658
453

-201

-1449
~6142
~6121
-4710
~480
~-181
326
826

~-1419¢4
-14471
~15657
~13626
~12599
-6750
-1554
-1001
-2702
~-2613
-1467
=545
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Table A.15 (continued)

IN-PLANE MCMENT ICADING, MZK, CN NQZZLE (150C0 IN-LE) W/R

MICRC-STIRAIN STRESSES PRIN STRESSES

o o sy s e ot b e s > At s o 2w e . . . < ey e T et i O

ROSETTE GAGEY GAGE2 GACE: TEANS LCNG SHERR SIGMX SIGHMN

D A e s DD W W D W M e WS . 4 - - - - - - - - - -y - W - - - oo -

I-0-C~-* -1985 4 -37 -515 -5999 537 -463 -60%51
I-22C-32 -z27 -$2 -8 -2091 -7431 38 -2091 -7431
I-45C-a =217 -42 -11 -933 -6785 ~-418 -903 ~6814
I-67C~A -85 182 282 $637 327 -1723 9944 19
I-90C~-2a 28 -98 9€ -21 836 -26C9 3052 =-2237
I112C-A 79 =-2E7 -12€ -€506 -193 -~1741 157 -8855
I135C-A ¢ 3 51 1205 362 ~6:9 1249 18
I157C-2a 232 57 39 1809 7507 2€3 7519 1797
I2¢2C~-2 233 39 sC 1714 7510 ~144 7514 1711
I225C-A 251 70 1¢ 1681 8022 6E5 8095 1608
I247C~A 8¢ -161 -237 -~8850 -7 1011 107 -8964

I292Cc-a -110 238 14¢ €534 -731 1241 8€9€ -895
I315C~-A -244 -25 -5C +-1391 -7747 328 -~1374 -7764

I337C-A ~-z34 ~£0 -4 -1837 -7583 -84 -1836 -7584
I1€80C-1 ~-< 9 g 397 - 147 10 397 -147
0-22C-2 228 94 118 4440 8173 -329 8202 4412
C=-U45C~-2 254 140 12¢ 6074 guuyy ~-1:3 9449 6069
0-€7C~2 222 230 30 11584 10135 -1045 12131 S588
0~-90C-A ~13 =~4g83 43¢  -1044 -698 -12238 11268 ~-1311¢0

0112C~-3A -2(8 <203 -Z8EF -10502 -9376 11¢6 -87G64 -1117¢S
C135C~-a —-230 -147 -127 ~-E754 -8618 -267 ~5729 -8643
01E7C~A =~24% -125 ~10€ -4839 -8792 -222 ~-Y4g2t%t -8806
Q180C-a ~-208 -~-125 -11s -%138 -7782 -73 ~5136 -7784
02¢2C~-a ~214 -108 -111 -4577 -7789 33 =-4577 -7790
0225C-2 ~-267 -131 -152 -£941 -9804 278 ~5921 -9824
0247C-A -223 -~2C6 -28¢ -10626 -9880 1112 -908C -117426
0292C-1 241 <69 <44 11022 10542 328 11189 10376
0315C~-2 263 164 14€ 6517 9834 241 9851 6500
C337C-2A 234 107 1¢¢C 4309 8304 €5 8307 4307 .
0180C-1 1¢C -9 ~S -420 164 -1 164 -420
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Table A.15 (continued)

IN-PLANE MCMENT ICALCINC, MZK, ON ROQZZIE (150C0 IN-LE) %/R

EICRC-STIRARIN

o e WD ™ S

[P S A R e e T e R T P I

I-0-N—-* -212

I-22N-A 28
I-45N=-2 ~-14¢
I-67N~A 27
I-90N-2 2%
I112N-2 -34

I135N-2 174
T1E7N-2 191
T1E0N=2 Z6¢
I202N-A 19¢
TI225N-A 12C
I247N-1A -12
T1292N—-2 5¢
I315N~-2 ~103
I337N-3 -17°%

0-22N-2 <02
O~ A45N~-2 223
0-67N—A 3z€
0-SON-A ~33
0112N—-A 344
01358N-3 =~23Z
O1E78-2 ~20EF
0180N-3 =-233
0202§-2 -~208
0225N~-A ~213
Q247N-2 ~3247
0252N~2 33€
03 15N~3 209
0337N~A 202
C-0-~N-1L <9

<4<

0%
£z

1¢

107
1€4
476
-18¢C
-26€
-14¢€
~14C
~97
-1CE
-16¢
203
23¢
148
LR

TEANS

L Y

STRESSES

s s i e s v o

LONG

o .- -

-6348
551
-5384
2320
814
-2C57
6227
6394
8518
6703
4550
-1776
2908
~3041
-591¢

75G6
8885
11€83
-1303
-12583
-3u33
-7611
-8753
-7822
-85217
—-1264¢
12694
8457
7488
1012

- >

SIGHX

o o -

PRIN STRESSES

s s . O ST s Tt s o O

SIGHN

- - o -
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Table A.16. Axial force loading, F

e OB nozzle

AXJAL FCECE 1OADING, FYN, CN NOZZLE (4000 LB) W/%&

MICRO-STRAIN STRESSES PRIN STRESSES

Py A can S s o O A o D e e et e e VMR - > B . ol P i, e A

BOSETTE GAGE1 GAGEZ GRGEZ TEKANS LCNG SHERR SIGMX SIGHMN

D T, > 2 T - — AN e - .- e - - A - - - aan 20 o - -

I-0-C-a -—-227 -90 =71 -3294 -7810 -2€¢1 -3279 -7825

I-0-C~-B =171 ~-£1 -84 -2333 -5834 -<8 -2331 -5837
I-C-C-C =120 -39 =34 -1477 -4036 -€5 -1476 -4037
I-6-C-D -81 ~22 -2z -874 -2681 0 -874 -—-2681
I-C¢-C~E -51 -17 -1z -586 -1713 -€5 ~£82 -1717
I-0~C~F Q ~-19 -t -317 -92 -€5 -175 ~335
I-(~-C-G 1€ -17 -1z -655 248 -£€5 253 -660
I-0~C-H g -17 -1% -761 -8 0 -78 ~761
I-0~C-J 3 ~-15 -1C ~-543 -87 ~66 -78 ~552
I-(-C-K ¢ -10 ~£ -323 -394 ~-€6 -76 =340
I-C-C-L k! 0 : 55 S3 =33 113 36
0-0-C-A <28 U4 €< 2226 7497 ~-326 7517 2206
0= (~-C-B 152 74 71 3009 5457 i3 S4z7 3009
C~(~C-C 100 69 €€ 2852 3g¢e8 32 3869 2851
Q0=-0-C~-D 61 64 73 2947 2722 -1:0 300¢ 2663
0~0-C-E 37 c4q €1 2491 1852 -97 2505 1837
0= (~C~-F -2 32 3 1566 399 ~G8 1574 391
C~-(~C~C -10 15 zC 768 -60 ~ 65 773 -65
0~ 0-C-H -2 7 E 490 78 ~58 £1z2 56
0-Q0-C~-3 ¢ 3 1C 273 86 -<8 315 a4y
0-C~-C~-K ¢ 0 £ 110 37 - €5 148 -1
C~-0~C~1 3 ~7 -£ -268 -4 -33 0 -272
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Table A.16 (continued)

AXIAIL FOKCE IOALING, FYN, CN NOZZLE {[4C0C LB) W/E

PTCRC-STRAIN STRESSES PRIN STRESSES

D D TV o _ 05 T o w  an O A B T L R Ry

ROSETTE GBAGET GACGE2 GAGEZ TIRANS LONG SHEAR SIGMX SIGHWN

P D A D D O R T WPD vU e N gm S e BT e B ] e xap can —— s > J A ey e in o o

I~-C-N-B*=* (¢ ~€1 -€€ =2782 -835% &4 -832 -2784
I-C~-N~-C -12C -39 -3¢ -1578 -406Q 1 =178 ~4060
I-0-N-T -8: -2 -24 -916 2763 i -916 ~-2763
I-C~-N-E ~56 =19 -24 -891 ~1945 €7 -887 -1949
I-0~-N~F -1¢ -10 -1s ~-626 - 475 130 -400 ~701
I-C=-N-G € -19 -2% ~-1075 -95 121 -78 =-1092
I-0-N-H 0 ~27 -37 -1391 -409 130 -383 -1407
I-C~N-J -1? -32 -41 -1584 -980 130 -953 -1611
I-(0-¥~-K ~-18 -31 ~37 -1W75 -1022 70 -1012 ~1486
I-0-N—-L** -37 -27 122 2785 -264 -2376 4084 —-1562
O0=C-N-2 210 61 7€ 2781 7142 -185 7150 2772
0-(~-N~-B 147 66 1€ 2958 5290 =120 5257 2951
0-0-N-C 101 72 1e 3035 3946 0 394¢ 3035
O-C-¥N~-D 64 67 1z <968 2816 -&6 2993 2792
Q~0-N-E 37 57 €y 2618 1€97 -<9 2631 1884
O~ (C=-N-F -5 42 Ll 1960 443 -€6 1562 441
0-0-N~-G ~1z 27 iz 1319 30 -€6 1322 27
O=-(-N-H -10 22 27 1102 41 -€6 1106 36
O~Q0-N-J*% -12 z2 -31 ~187 -423 716 420 -1031

C=C~N-X -22 22 3¢ 1164 =312 -S9 1171 ~318
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Table A.16 (continued)

AXIAL FORCE ICADING, FYK, CKX NCZZLE {4000 1B) W/E

EICRC-STRAIN STRESSES PRIN STRESSES

Y s s s e s et i ot e e . - o ot <t - — T o ] —— > s

ROSETTE GACE1 GAGEZ GAGE: IFANS LCNG SHE2R SIGMX SIGHN

- W, WD WD PN O D g W ABS aht w0 - e ann - - - - s wn o - - o

1270C-2a 21¢€ 276 21z 10500 9440 8E4 1097¢% 8965
I270C-B 261 213 21t 11312 11237 1314 12¢28¢ 9960
I1270C~C 35¢ <64 183 £768 13284 1458 13724 8327
1270C~1 3717 227 111 7011 13421 1544 13774 6658
I270C~-E 383 z02 84 5856 13252 15€7 13%3Q 5537
I1270C-F 381 £1 1C 1592 11901 S48 11987 1508
I270C~-H 253 ~€6 -51 -2847 6736 -1¢6 6740 -2851
I1270C~J as -99 -6 -3720 1551 -4%1 15€9 -3759

I270C-K -29 -$5 ~€¢ -~-3561 -1937 -3€0 -1861 -3638
I270C~-1 ~161 -61 ~5€ -2385 -5551 -€5 =-2384 -55¢%3
I270C-4 -20: -53 ~4€ ~-1966 -6680 -%8 -1964 -6682

0270C~a -180 -63 -42z% -1C€5%23 -8572 4812 -4637 —-14458
0270C~B =~-2z3Z =73 -43:; ~-10842 -10203 4761 ~5731 ~-15314
02730C~-C ~2E6 -85 -42¢ -11135 -1109¢ 43¢0 ~-6727 -15506
0270C-p -273 -110 -39C -10688 -11401 378 -7290 ~-14800
0270C~-f -2z88 -141 -39 -11423 ~-12061 3349 -8378 -15106
0270C~-F =-~289 ~185 -34°¢ -11321 -12069 2137 ~95zt ~-13864
0270C-6 -23€ -202 -27¢ -10312 ~10162 1036 ~9198 -1127¢
0270C-H ~-17t ~-180 ~-23€ ~-£937 -7928 745 -7832 -9332

0270C-J -3% -131 -14¢ -€0471 -29G76 194 -~2963 -6053
0270C-K 54 -58 -8C =3100 €76 2$1 69g -3122
0270C-1 161 29 1£ 790 5052 1¢4 5061 781

0270C~M 18¢ 58 5¢€ 231 6238 32 623¢€ 2310
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Table A.16 (continued)

AXIAL FORCE ICADIXG, FIN, CKN NOZZLE (U000 IB) W/FE

EICRC~SIRATKN STRESSES PRIN STRESSES

D o T o o R A A % R o s e, s o e o s s S SR S s S R ot AU

ROSETTE GAGE1 GRAGEZ GRGE: TRANS LONG SHEBRR SIGMX SIGHN

- A WD WO IO Gl D AP 0N XD e ANh G S - o am o an oo e - o ] - con  a- . 0 - —

I270N-2 267 477 401 18993 13696 10€8 19178 13511
I270N-E <18 £35 ygy 22159 13179 6£3 22210 13127
I270N~-C 164 518 £9¢€ 4316 12214 ~1040 24405 12125
127040 164 €13 £65 25709 12632 650 25741 12599
I270N-E 1€2 626 12€ 29526 13704 ~1334 29€37 13592
I270N—F Yy 808 1C0Z =S747 12584 ~25%3 39992z 12339
I12708~G 157 697 82% 33265 14702 ~17C6 33421 1454¢
I270N~-H <34 €12 £6C 21977 13606 165 21981 13602
I270N-3 271 268 33¢ 12847 11975 =821 13340 117482

I270N-K 221 185 212 €462 9982 ~-361% 93372 8312
1270N-1 184 121 121 095 7064 0 7064 5095
I270N-X% 13 E6 £4 3560 5643 33 5644 3559
0270N~A -88 29 -42% -g589 -5210 6049 -619 -13181
0270N-F =34 44 -43% -8487 -3567 €342 77% -12830
Q270N-C -1z £4 —43y -g381 -2868 65(5 1449 ~12668

0270R-D 45 34 -42¢ -8633 -1122 6115 2299 -~12053
0270N—-E 64 22 -4zC -£€810 -735 cage 2367 -11912

0270 ~-F 112 -195 ~-447 -14233 -825 3380 ~3% =-15023
0270¥%-G 171 349 -u4z -17565 ~ 140 1236 -53 ~-17652
02708-H 222 =398 -39% -17676 1363 =~Z3 13€3 ~-17676

02708-J 270 -299 -z4: -12219 bu40 ~TUE 4474 -12252
0270N-K 263 =209 -12:z ~-1557 5620 -1167 57¢3 ~765%
027081 1sC -100 -3z -3093 47370 ~-9(8 4874 -319¢
0270N~N 14€ -19 -1z -857 4129 ~-57 4130 -853
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Table A.16 (continued)

AXIAL ¥CRCE I1IOATING, FYK, CN NOZZLE (4000 1LB) W/K

MICRC-STRAIN STRESSES PRIN STRESSES

- - — s . i s e S " AT " A oo i D Sl i

ROSETTIE GAGE1T GAGE2 GAGE: TEANS ICNG SHEBR SIGCHX SIGMN

e T et R e e e T - o - an e - - e o e - s we o - . e -

I~-(0~-C~-*% -1E5¢ -66 -88 -3208 -5730 283 ~-317t% ~5764
I-22c-2 -2Z7 =110 ~-117 ~-4740 -8Z41 1CY -4737 -8244
I-45C-32 =247 -147 ~-14¢ ~-6228 =-9275 32 =627 =-9827%
I-67C~4 -~430 -298 -€€ ~7528 -151€68 -3058 -6430 -16266
I-80C-A 269 294 348 13805 12222 717 14081 11945

I112C-2 ~345 -406 ~-3:9¢ -17299 -15531 =96 —-15S825 ~17304
I135C-2 ¢ =166 -51 -4774 -1432 -~-15:3 -835 ~5371
I157C-a -2Q0¢ ~32 2t 75 -~-6133 -75C 165 -6222

I2¢2C-p ~-18¢€ 27 -25 165 ~-5605 783 26z -5702
I225C~-2 - 154 ~-66 -171 -5051 -6142 145 -4089 -7103
I247C-A ~-441 -~466 -u4Q07 -18686 -1883€ -7&4 -17974 -19549
I292C-a -Uuse -85 ~-34C -S074 -16469 32€7 -~7837 -17706
I315C-A ~247 -159 ~154 -6618 =-9407 -£6 =~661€ ~-9409
I337C-a -~-216 -110 -106C -43%0 -7783 -131 -4385 ~7788
I160C~-L =111 ~20 -3z =-1002 ~-3640 1€2 -992z =~36%0

G- 22C-2 238 58 51 2149 7793 $6 7794 2147
0-45C-2 301 71 2t 1770 9561 619 3610 1721
0-67C-2 629 387 <01 11786 22400 2216 22884 11341
0~-90C-42 -210 443 =51 ~10625 -—-94%% -5215 -4814 -15306
0112C-3 47¢ 162 34 3789 15230 1695 15479¢ 3543

0135C-2 179 32 ~-1£ 184 5415 650 5488 112
01S7C-2 203 179 8¢ £587 7771 1239 8330 028
C180C-A 171 181 1€¢ 7934 7821 -<7 7955 7499
02C2C~-A 15¢ L 157 43sy 6240 -11C8 5861 4263
0225C~2 18¢ -17 3z 123 5612 ~-652 5688 47

Q247C-A sa7 125 3¢ 3002 17322 1139 174173 2912
C292C-A 643 176 33z 10485 22417 -—-20£3 22769 10113
0315C~-2 278 15 71 1580 8767 ~749 883¢ 1503
0337C-2 222 <0 54 1371 7085 ~456 7121 1335
0180C~-1 -124 10 18 677 -3532 ~£5 678 =-3533
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Table A.16 (continued)

AXIAL FORCE IOATLING, FY¥K, CN NOZZLE (4000 LB) W/R

MICRC-STRRIN STRESSES PRIN STRESSES

LR R PR A S B o . o s P B LT T s D

ROSETTE GAGET GAGE2 GAGE: TEGANS LCNG SHERR SIGMX SIGHN

A v WD PR W P e s o W W oY v s e - o o - wn gn Qe - - - - v o -

I-C0~N—-* <-181 -16 -7€¢€ -3132 -6378 -1 -313z -6378
I-22N-2 15¢C 34 -4c -390 4385 1020 4606 -610
I-458-2 ~19€ -118 -25C -7864 ~-8226 17€4 =-6272 -93818
I-67N-A -245 -100 ~-:7C -10069 ~-10373 3561 -6627 -13815
I-S0N-2 167 3u3 40l  1€140 9846 -751 16228 9758
I112N-2 -29% -3=87 -u40¢ -17176 - 14124 24 ~-14Q96 —~-17204
T135N~-A ~-145 -228 -7¢ -6518 -~6293 ~2025 ~437& -8u434
I1578-2 -164 -£8 $1 236 4855 -—2385 1179 -~5797
T1160N~-3 -252 76 28 2488 -6827 6&6 2538 -6877

1202N-2 ~-159 71 -S¢ -360 -UEER6 2222 548 -5794
I2258-A2 =101 -106 -20t -~-6720 -5056 1312 -4334 -7442
I247¥-2 —-311 -422 -:97 —-17645 —14613 =328 —-14£78 ~-17680

I2528~-3 =215 =350 ~128 -1C274 ~-9521 =-29%E5 -6919 ~12876
¥3158N-2 -16% ~229 -10€ -7192 -7116 -1641 -5512 -8795
I337TN-2 -17€ -141 -74 -4525 -~6688 -8€6 -4203 -7005

0~22N-2 18¢ 158
0-45N~-2 178 285
0-€7N-A 304 516
0-90¥-3 -17% -421

321 6840 2075 7801 2360
€120 7170 3761 10443 2847
13748 4215 18866 10277
~-5054 ~73968 -~-5610 2875 -14147

N
(o]
() € O v ()
ey
n
VY]
Vel
n

0112N-3 123 86 49 12593 7460 -5u42z0 16024 4029
013582 174 -17 201 1861 6391 -29(7 8296 1356
0157N-3 19§ 128 11€ 5180 7522 120 7228 5173
0180N~-2 197 199 204 €641 8490 -€7 8666 8464
02C2N-~A 192 113 1711 4720 7167 25 7167 4720
0225N~-2 143 162 ~27 2821 592¢ 2515 €739 1207
0247N~3 14¢ 498 9E& 12945 8232 £3z8 16411 4766
0292N~2 30€ 204 £€( 16229 14005 -46C5 19855 10380
0315N-2 13¢ -5 264 €544 5734 -35799 9220 205¢
03378-3 18¢C =7 1319 <519 6157 -1841 6926 1750

0= 0-N-L -42 17 27 1024 ~946 ~1:21 1033 ~955
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