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THEORETTICAL AND EXFRRIMENTAL STRESS ANALYSIS OF ORNL
THIN-SHELL CYLINDER-TO-CYLINDER MODEL NO. 1

J. M. Corum W. L. Greenstrest
5. E. Bolt R. C. CGwaltney
ABSTRACT

The first in a series of Tour thin-shell cylinder-to-
linder models was tested, and the experimentally determined
gtiec stress distributions were compared with theoretical
dictioneg 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 atb
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 will pro-
vide design information directly applicable to nozzles in cylin-
drical vessels, and ( ) the idealized models serve a basic need
for test regults for use in developing and evaluating theo-
retical analyses applicable to nozzles in cylindrical vesgsels
and to thin piping tees.

The cylinder of the model tested had an outside dlameter
of 10 in., and the nozzle had an outside diameter of 5 in.,
giving a dO/DO ratio of 1/2. The OD/thickness ratio for both
cylinder and nozzle was 100. Thirteen separate loading cases
were analyzed. In each, one end of the cylinder was rigidly
held. In addition to an internal pressure, three mubually
perpendicular foree components and three mutually perpendicular
momernt comporents were individually applied at the free end
of the cylinder and at the end of the ncozzle. The experimene-
tal stress distrivutions for each of the 15 loadings were ob-
tained using 722 three~gage strain rosebtes located on the
inner and outer surfaces.

Fach of the 13 loading cases was also analyzed theoreti-
cally using a finite-element shell analysis developed at the
University of California, Berkeley. The anslysis used flat-
plate elements and considered five degrees of freedom per node
in the final assembled equations. The comparisons between
theory and experiment show weagonsbly good general agreement,
and it is felt that the anslysis would be satisfactory for most
engineering purposes.



1. INTRODUCTION

Intersecting cylindrical shells are common configurations in struc-
tural components for anuclear reactor systems. Piping tees and nozzles in
cylindrical vessels are specific examples. Despite their common occur-
rence, however, proven elastic stress analysis methods Tor such configu-
rations have not been generally avallable, and only recently have poten-
tial analyses, both analytical and numerical, been developed. This is
true even for the case of an idealized configuration consisting of two
thin~-shell cylinders intersecting normally with no transitions, reinforce-
ments, or fillets in the Jjuanction region.

To meet the need Tor experimental data obtained from carefully ma-
chined models, Oak Ridge National Laboratory is testing 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 potential ana-
lytical technigques, the models in the series will provide design informa-
tion directly applicable to nozzles in ecylindrical vessels and to a class
of thin piping tees as well. The test results will be particularly appli-
cable to ligquid-metal fast breeder reactor components in which relatively
low internal pressures and high thermal transients dictate thin-walled
structures.

The Tirst model in the series has been tested, and the results have
been compared with thecoretical predictions obtained from a finite-element
thin-shell analysis. The purpose of this report is to discuss the test-
ing and analysis of this first model and to present the comparisons of
theory and experiment.

The first model, which has been tested, i1s shown in Fig. 1, together
with a table listing the significant dimensions of all four models in
the series. As the fTigure indicates, these models are fLruly ldealized
shell structures. There are no transitions, fillets, or reinforcing in
the junction region. The outside diameter D, of the cylinder of the first
model was 10.0 in. and the outside diameter d, of the nozzle was 5.0 in.,
giving a dO/DO ratio of 1/2. The cylinder thickness T was 0.1 in., and
the nozzle thickness t was 0.05 in. Thus the OD/thickness ratio of both
shells was 100.



The remaining three models have ocutgide diameters of 10.0 in. for
the cylinder. However, in the second model the outside diameter of the
nozzle ie also 10.0 in., giving a dO/DO ratio of 1.0. 1In the third and
fourth models the outside diameter of the nozzle iz 1.29 in. The fourth
medel will actually be obtained from the third by boring oubt the nozzle
to provide a thinner wall thickness.

The first model is shown schematically in Fig. 2, together with the
applied forces and moments to which it was subjected. The major dimen-
siong are also shown. One end of the wmodel was rigidly fixed, or "builte
in," as shown, while external loads were applied to the free end of the
cylinder and to the end of the nozzle. Three mubually perpendicular
forece components and three mutually perpendicular nmoment components were
applied individually at each locabion. Thus, including internal pres-
sure, there was a total of 1% loading cases. These loading cases were
examined voth experimentally and analytically, and the results were come~
pared Tor each loadiang 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. Representative experimental results, in the form of
maximum measured stress distributions around the nozzle~cylinder Junction,
are presented for each leoading. The finite~element analysls 1s discussed
in Chapter 3. A brief desgcription of the Tormulation used is given, and
the specific element layout for the model is presented. Complete compari-
sons of theory and experiment are presented and discussed in Chapter b for
2ll 13 loading cases. Chapter 5 contains a conclse summary of the con-
clusions drawn from the study of this first thin-shell cylinder-to-cylinder
configuration. TFor the bensfit of the reader who might want to use the
experimental data for comparisons with his own analyses, an appendix is
included in which 2 complete set of experimental data iz tabulated for

each of the 13 lcoading cases.
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Fig. 1. Thin-shell cylinder-to-cylinder model 1 and table showing
dimensions of all four models in test series.
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Fig. 2. Schematic of first model showing applied external loadings.



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,l by Hardenbergh and Zamrik,2 and by Riley.3 In the first
two studies, contoured and reinforced outlets were used, while in the
third, the model was fabricated from hot rclled sheet steel by welding.
Photoelastic studies have been carried out by Taylor and Lind* and by

Leven.>

In both cases, reinforced openings were examined. Thus, of the
previous studies, only that of Riley® used a thin-shell idealized cylin-
der-to-cylinder metal model, and 1t 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 obtain experimental data on a carefully machined
cylinder-to-cylinder model so that the effects of geometrical imperfec-
tions would be minimized. As will be discussed later, geometrical imper-
fections can play a very significant role in the behavior of thin shells;
consequently, extreme care was used in making the first model.

The basic configuration was obtained by welding together two thick-
walled carbon steel cylinders. The resulting weldment was then annealed,
and the inside surfaces were machined to their final dimensions by boring.
The structure was annealed a second time at this point. To maintain the
correct dimensions during annealing, tight-fitting graphite mandrels were
machined and inserted in both the nozzle and cylinder. These mandrels
were used throughout the subsequent machining of the outer surfaces, which
was done by turning on a lathe, milling, and finally by hand finishing in
the immediate vieinity of the junction.

Despite the care used in machining the model, slight geometrical im-
perfections were inevitably present, and they did have a noticeable but

relatively small effect on the experimentally determined stresses. In an



effort to reduce the magnitude of the geometrical imperfections even fur-
ther, the remaining models in the series have been machined from solid,
cne-piece carbon steel forgings. After conventional machining to rough
dimensions, the final surfaces were machined on a tracing-type milling

machine using a carefully constructed mahogany wood pattern.

2.2 PStrain-Gage Layout

The model was extensively instrumented with electrical resistance
strain gages on both the outside and inside surfaces. A sufficient num-
ber of gages was used on this first model to provide a good description
of the stress distributions for comparison with predictions and for iden-
tifying the high-stress regions. OSubsequent models in the series of four
will have fewer gages.

The strain-gage layout for the first model is shown in Fig. 3 on
developed views of the nozzle and cylinder. A total of 322 three-gage
strain-gage rosettes was used, making 966 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 locations shown
in the figure.

The gages were arranged in two opposite quadrants as shown, with each
guadrant having four lines, or strings, of gages. On the nozzle these
lines were spaced at 30° intervals and ran axially along the nozzle. On
the cylinder, the gage lines were actually helical curves that were per-
pendicular to the junction line at the points where the nozzle gage lines
intersected the Jjunction line.

There were two principal reasons for gaging two opposite gquadrants.
First, for the majority of the 13 loadings the behavior in the two quad-
rants was expected to be different, and second, for loadings such as in-
ternal pressure, where the behavior should be identical, experimental
data from two supposedly identical quadrants allow a check of the data
and provide some indication of the effects of geometrical imperfections
in the model.

The three-gage rosettes used were Micro-Measurements type EA-06-

030YB-120, option SE, which is a very compact three-gage foll rosette.



The three individual gages are arranged in a "Y" pattern and have an in-
dividual gage length of 0.050 in. As can be seen in the inset in the
upper right-hand corner of Fig. 35, 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 B2T. One of the Tive-rosette
assemblies is shown in Fig. L.

The roseltes 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 wiresg
were connected. Bridge completion and dwmty compensation were provided
by similar gages mounted on unstressed pieces. One dummy gage was used
for approximately 23 to 24 active gages. The strain-gage data were re~
corded by a Beckman-Dextir data-acquisition system (Sect. 2.4).

The model is shown in Fig. 5 with the strain gages applied but not
completely wired., The four lines of gages in the fourth guadrant can be
clearly seen. They are in the longitudinal plane at 0°, at %0° around
from the longitudinal plane, at 60° around, and finally in the transverse
plane at 90° around from the longitudinal plane. A close-up view of the

rosettes in the Junction region is shown in Fig. 6.

2.5 Test Description

Figure 7 shows the instrumented model in a loading Trame being sub-
jected to an in-plane moment loading on the nozzie. The right end of
the cylinder was rigidly clamped to the heavy flat plate as shown. A
split ring arrangement acting over the flange on the end of the cylinder
(see Fig. 5) was used for this purpose. The loading fixtures on the other
end of the cylinder and on the end of the nozzle were attached in a simi~
lar manner. TYhese heavy fixtures in effect constrained the end circles
of the shell to remain plane circles. The end fixtures were counter-

balanced by weights attached to the cables (Fig. 7).



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

For all 13 loading cases, data were taken at 0, 20, 40, 60, 80, 100,
80, 60, 40, 20, 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.

Since the available data-acquisition equipment wag limited to 250
channels, it was necessary to repealt the above procedure four times for
each loading with approximately one-fourth of the 966 gages being moni-

tored each time.

2.4 Data Acquisition and Reduction

The strain-gage data were recorded by a Beckman~-Dextir automatic
data-acquisition system. The system consists of a data-acquisition unit
composed of a number of remotely located data-gathering boxes assigned
to different experiments, a central data-processing unit, and a central
data~recording unit. Each remotely located data-gathering box is capable
of accepting 25 analog inputs and 25 user-related digital inputs from
decimal switches or other contact-closure devices. The individual boxes
are connected to the central processing and recording units by a party-
line arrangement. This party line carries the control sequence signals
to the data-gathering boxes and also carries the analog voltages and dig-
ital constants back to the data-processing unit.

Ten data-gathering boxes, or 250 analog channels, were available for
the test of the first cylinder-to-cylinder model. These boxes were modi-
fied to provide bridge excitation and completion for the straln-gage cir-
cuits by the use of internal switching and external power supplies.

The low-level analog signals from the data-gathering boxes of the
Beckman-Dextir system are transmitted to the central data processor, where
they are amplified to #5 V full scale. These amplified voltages are then
digitized and passed on to the data-recording unit, where they are re-

corded on IBM~compatible magnetic tape and il desired printed on paper



tape. The user~related digital information fram each data-gathering box
is also recorded in the same format as the digitized analog information.
ITmnediately after a complete data scan is taken, the user may recall, by
means of a teletypewriter at the experiment, the data recorded from any

single box in the group scanned.

The central data processor records the time of day to the nearest
minute in four digits from a time~of-day clock and the day of the year
from a day-of-year calendar. These data are recorded along with box num-
ber and chanunel number data.

Each data-gathering box may be scanned automatically at 5-, 15-,
30-, or 60-min intervals or on a continmuous basis. Also a push-button
switeh on each box allows for one scan of the data entered through that
box. The scanning rate within each box is eight channels per second.

The system accuracy is stated to be *0,07% of full scale, and the system
repeatability, 0.04% of full scale.

All data from all experiments for a 2hk-hr period are recorded on a
single magnetic tape. At the end of the 2h-hr period the tape 1s sent to
an I1BM 560/75 canmputer, vhere the millivolt readings for each experiment
are converted to engineering units (strains in this case). All dabta for
that 2k-hr period are then printed out for each experiment and returned
to the experimenter. In additicn, the data are recorded on a master tape
for storage.

The experimental results presented later in this report, and tabu-
lated in the Appendix, are generally based on the strain-gage readings
at maximum load and on the first of the two sets of data taken from each
gage and loading. If the first set of data was questionable for some
reason, the second set was used. The glrain-gage readings at Tractional
values of the maximum load were used Lo check linearity and drift of the
gages. In those 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 specific loading case under consideration. In some instances, a
gage that behaved erratically during one loading behaved normally during

others. Thus, in the Tinal plots showing the experimental stresses,
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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's ratio of 0.3.

2.5 Variations of Maximum Measured Stresses
Around Nozzle~Cylinder Junction

In all cases, the maximum measured stresses occurred at the Jjunction
between nozzle and cylinder. Consequently, in this section representa-
tive experimental results, in the form of maximum measured stress distri-
butions around the nozzle-cylinder Junction, are presented and discussed
for each loading. Plots of all the experimental points along each gage
line are presented in Chapter 4 for each loading and compared with theo-
retical predictions.

To examine the maximum stresses, stress ratios were considered. These
ratios were determined by dividing the maximum absolute principal stress
value at a point by a nominal membrane stress value. The wmembrane hoop
stress in the cylinder, and nozzle, was used as the nominal stress level
for the pressure loading. For the moment loadings on the nozzle, or cyl-
inder, the maximum membrane bending stresses ( computed by’Mc/I) or the
membrane shear stress (computed by TC/J and equal to the maximum normal
stress) in the nozzle, or cylinder, were used as the nominal stresses.

For the axial forces on nozzle and cylinder, the axial membrane stress
(calculated by P/A) was used. For the in-plane and out-of-plane forces

on the nozzle, the nominal stress was somewhat arbitrarily chosen as the
maximum bending stress in the nozzle (calculated by Mc/I) at the level of
the top of the cylinder. 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 cylinder 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 nominal stress levels

Nominal
Loading case Load level membr?iiiitress
Internal pressure, p 50 psi 2475
Out~of -plane moment, M. 600 in.-1b 62k
Torsional moment, My, 2000 in.-1b 1040
In-plane moment, M. 2400 in.-1b 2495
In~plane force, FXN 200 1b 33%%9
Axial force, FYN 300 1b 386
Out-of-plane force, F,. 100 1b 1669
Torsional moment, MXC 20,000 in.=-1b 1500
Out-of-plane moment, My, 20,000 in.-1b 2600
In-plane moment, M, . 20,000 in.-1b 2600
Axial force, F.. 5000 1b 1608
In-plane force, F,. 2000 1b 5LG
Out-of-plane force, FZC 1200 1b 3279

The variastions in the experimentally determined maximum stresses
around the Jjunction between nozzle and cylinder are ghown in Figs. 8
through 20 for each of the 13 individual loading cases. In each case,
the stresses shown were determined from the strain-gage rosettes immedi-
ately adjacent to the Jjunction, and of the four possible maximum stress
distributions — cylinder inside and outside and nozzle inside and outgide —
those shown produced the largest stresses in each case.

The points labeled "extrapolated maximum'” in the figures are esti-
mated maximum stress ratios at the junction obtained by extrapolating the
experimnentally determined principal stress distributions along each gage
line to the peak stresses at the junction. It should be emphasized that
the maximun stress estimates are based on a consideration of the stresses
along gage lines only; this does not preclude the existence of slightly
higher ratios at locations between gage lines. The maximum strecs ratios

and the locations of the maximum stresses based on both the experimental
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analysis and the finite-element analysis are tabulated and compared in
Chapter 5.

Figures 8 through 20 indicate that, in general, the maximum measured
stresses varied in a reasonably smooth and consistent manner around the
nozzle-cylinder junction. It is particularly significant to note that
only for the internal pressure casgse did the maximum stress occur in the
longitudinal plane of symmetry. ZFor all other lcocadings the maximum oc-
curred in the transverse plane of symmetry or at an intermediate position
between the two planes of symmetry.

The consistency of the experimental data and perhaps some assessment
of the geometrical consistency of the model can be obtained by examining
the results for those loading cases where symmetry existed. For internal
pressure (Fig. 8), the torsional moment on the cylinder (Fig. 15), the in-
plane moment on the cylinder (Fig. 17), and the axial force on the cylin-
der (Fig. 18), the results in the two quadrants would be expected to be
equal. A comparison for these cases indicates good agreement except for
internal pressure. The variations there will be discussed further in
Chapter 4. Some other loadings, such as the in-plane moment on the noz-
zle (Fig. ll), the in-plane Torce on the nozzle (Fig. 12), the axial force
on the nozzle (Fig. 15), and the in-plane force on the cylinder (Fig. 19),
should exhibit longitudinal symmetry (the same maximum stress ratios at
90 and 270°) . For these cases the agreement in the transverse plane is
generally good. Thus, in general, the plots of maximum stress ratios
around the nozzle-cylinder junction illustrate that reliable and consis-

tent data were obtained froam this carefully prepared model.



TOTAL NUMBER OF GAGES:

322 3~GAGE ROSETTES
966 INDIVIDUAL GAGES

ORNL-UWG 70-432

90° 180°  270° 0° 90°
!

144 3-GAGE W

ROSETTES ON I

NOZZLE I

=

1500 330° 3
{20 | 300°,

DIMENSICNS IN INCHES
CYLINDER

1 1/20

: ROSETTE SPACING
NOZZLE MIDSURFACE TYPICAL OF ALL ANGULAR LCCATIONS
180"
90°
L o fat]
A e 1200 e Lerer
\ax
150° “u
t‘\A
- ,
ﬁ-.t Q\/"‘ AN
ae

- .

"o T o
\ ZOHELIX ANGLE

\\.‘\ 3305 ‘90"

,,,,,,,,,,,,,,,,,,,,,,, i |
C57.4° HELIX ANGLE

2700 200°
178 3-GAGE ROSETTES ON
CYLINDER
180°

FIXED END

Pig. 3.

CYLINDER MIDSURFACE

FREE END

Strain-gage layout.



Fig. k.
foil backing.

? i
M ;
e
an

Closeup of assembly of five strain-gage

PHOTO TT5T4

rosettes on a common

"T



Fig.

5.

Model during

instrumentation.

PHOTO 76683

i



9T
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5. FINITE-ELEMENT ANATYSIS

5.1 Background

Thin-shell cylinder-to-cylinder intersection problems have, in recent
years, been a Tavorite with the stress analyst. Their popularity stems
not only from the common occurrence of such configurations in practical
design, but also from the challenge that they present as a complex shell
analysis problem. In additicn to their use in piping and pressure vepsel
configurations, thin-ghell eylinder-to-cylinder intersections occur in
the petroleun industry, which uses tubular structural members extensively
in off-shore oil-drilling towers. DMuch of the cylinder~to~cylinder in-
tersection research, both experimental and theoretical, thal has been done
was motivated by the off-shore oil-drilling tower application. The 1it-
erature associated with the latter application is reviewed in Ref. 6.

Both analytical and numerical analyses have been developed and ap-
plied to thin-shell cylinder-to-cylinder intersection problems. Redidel-

7

bach,” in 1961, developed the first anslytical solution for twd perpen-

dicularly intersecting cylindrical shells subjected to internal pressure.
Eringena'll and his co~workers corrected sawe errors and approximations

in Reidelbach's solutions and formulated a solution in which the inter-
section curve was approximated by a circle. These solutions consisted of
products of Krylov functions and Hankel functions of the first kind. A
colloecation method was used whereby the boundary conditions were satisfied
in 8 least-squares sense at seleclted boundary points.

Hansberry and Jones,l2 in 1969, used the method developed by Reidel-
bach and Eringen et al. to develop a solutlon for an in-plane bending
moment applied to the nozzle of a nozzle-to-cylinder configuration. In
1970, Maye and Eringenls develored a solution using Fourier series in-
volving Bessel functions in place of the Krylov functions. As in the
case of the earlier solutions, however, the nozzle diameter was limited
relative to the cylinder diameter.

14

In 1967, Bijlaard, Dohrmann, and Wang ™ formulated the problem to

include the case where Lthe nozzle and cylinder are of equal diameter.
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They indicated a solution in the form given by Fllgge for closed cylin-
drical shells. TIn 1969, Pant® developed a numerical solution to the dif-
ferential equations of Fligge and Donnell that is applicable to the equal-
diameter case. He compared his predictions with the experimental results
obtained by Riley® for a nozzle-diameter/cylinder-diameter ratio of 1/2.
By careful choice of scme of the factors used in the solution, he obtained
predictions that agreed reasonably well with experiment.

Herrmann and Campbell,l6 in 1968, presented a finite-element shell
analysis Tormulation using flat-plate elements, and as o sample problem
they used the 1/2 dismeter ratio model tested by Riley.® The limited com-
parisons shown were for internal pressure and indicated reasonably good
agreement between theory and experiment. In 1969, Prince and Rashid®”
also presented a Tlat-plate finlte-element shell analysis and used the
cylinder-to-cylinder intersection as a sample problem. Their shell anasl-
vsis program was developed under subcontract to Oak Ridgé National Labo-
ratory as a part of the ORNL Prestressed Concrete Reactor Vessel Program.
Consequently, the ORNL model described herein was used as their sample
problem, and the predictions were compared with preliminary internal pres-
sure results provided by ORNL. The agreement between theory and experi-

ment was reasonably goed for the comparisons shown.

3.2 Finite-Element Method

The basic concept of the finite-element method is the idealization
of the original structure as an assemblage of discrete structural elements
and then assuming some simplified Tunctioral representation of displace-
mert behavior for the individual elements. This has proven to be a par-
ticuwlarly illusive task for curved~shell structures, and no completely
satisfactory formulation exists. Gallagherlg has recently presenﬁed a
survey of developments in the finite-element analysis of flat-plate and
curved~gshell structures, and he concludes that more work is needed in this
general area before firm conclusions can be drawn.

Both flat-plate and curved-shell elements have been used for curved-
shell structures. These two types of elewents are illustrated schemati~

cally in Fig. 21. Flat-plate elements have obvious shortcomings. There
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is a geometric discretization involved in their use because the true
curved surface is represented by a Taceted surface. Thus, when flat-
plate elements are used for curved-shell structures, two types of approxi-
mations are introduced. First, the shell that is actually analyzed dif-
fers slightly from the true shell, and second, the stiffness properties

of the individual elements are derived on the basis of an assumed set of
displacement patterns within the elements; thus constraints are imposed
on the manner of deformation of the shell. The errors associated with
both types of approximation tend to diminish with reduced mesh sizes in
the finite~element idealization.

Curved~shell elements, on the other hand, eliminate the geometric
approximation because they can correctly represent the curved-shell sur-
face; however, they are difficult to formulate mathematically. Formula-
tions do exist, but the entire area of curved-shell elements is in a rela-
tively early stage of development, and there are insufficient available
numerical comparison data.'®

Conseguently, flat-plate elements have been most widely used in shell
analyses to date. The analysis used for this first cylinder-to-cylinder
model uses flat~plate elements and was chosen as being representative of
currently available and widely used Tinite-element shell formuilations.

The program was developed at the University of California, Berkeley, under
the direction of Professor R. W. Clough. The original program was written

19,20

for general shell analysis by Johnson and was later modified and

€21 fror treating the "K" joints of cylindrical shells

adopted by Greste
found in off-shore oil-drilling towers.

The basic elements used in the program are shown in Fig. 22. The
elements are nonplanar guadrilaterals that are bullt up of an assewblage
of four ccuponent triangles as shown. Within each component triangle,
the in-plane displacewents u and v are assuwmed Lo vary quadratically over
the plane of the triangle except that they are constrained to vary lin-
early along the one exterior edge. The resulting membrane element 1s re-
ferred to as a constrained linear strain triangle (CLST), and it has two
degrees of {reedom (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 exes in the plane of the element and the transverse, or normal, dig-
placement w. The displacement expansion for this element is due Lo Hsieh,

Clough, and Tocher,®?

and the element is referred to as the HCT triangle.
Full compatibility of displacements and slopes between 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 subtri-
angle, so that in the final assembled component trisngle the normal slope
varies linearly along each exterior edge. t is this feature that en-
sures slope compatibility in the resulting element gystem for plate bend~
ing problems. The 27 constants in the three cubic expressions for w with-
in the triangular element are reduced to 9 (and related to the 9 nodal
degrees of freedow) by internal compatibility considerations. With w
varying as 4 cubic polynomial within each subtriangle, the three compo-
nents of curvature, and hence the bending and twisting moments, vary lin-
early.

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

The quadrilateral element stiffness is obtained from that of the four
component triangles. Tn general, due t6 the curvature of the shell that
is being discretized, an arbltrary quadrilateral will be nonplenar. 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 goume
other coordinate system, a third vending rotation quantity is introduced,
and in the transformed system three rotational degrees of freedom should
be consgidered at each node. This consideration regarding the third rota-
tional degree of freedon also arises in the subseguent asseuwbly of the
quadrilateral elements into the total structural stiffness, since adja-
cent elements are in general not coplanar. TIn his formulation, Johnson*®
choge to retain only two rotations per node in the total clement aszem-

blage. He argued that since the element plane in a sulficiently fine
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mesh lies close to the shell tangent plane at each node, the rotations
could be transformed from the element coordinates (in the plane of the
element) to coordinates in the shell tangent plane and the small trans-
formed component of bending rotation about the normal to the shell could
be neglected. 'This is perhaps a reasonable assumption everywhere except
at the junction of intersecting shells, as will be discussed later.

The stiffness formulation for the quadrilateral element, as well as
for the CLST membrane element and the HCT plate bending element, is sum~
marized by Greste.® The quadrilateral element has Tive degrees of freedom
at each node: u, v, w, and the two rotations. TIn the final assembled
structure the live degreeg of freedom per ncde are u, v, w, and the two
rotations about the shell tangent coordinates at each node.

The task of the finite-clement method is to determine the unknown
coefficients of the assumed element displacement functions Tor u, v, and
w. This is done by connecting the quadrilateral elements btogether at
discrete points, the corner nodes, and requiring compatibility of dis-
placements and rotations and equilibrium of forces and moments at these
nodes. Unfortunately, when the elements are assembled into a curved-shell
structure, compatibility and equilibrium are not completely achieved along
the element interfaces. Thus there are inherent small errors involved.
Studies by Johnson™® have shown, however, that these errors are not too
significant provided a sufficiently fine element mesh is used.

There is an error in intersecting shell problems, however, which is
not diminished by mesh refinement. This error arises from the afore-~
mentioned neglect of the rotation about the shell normal. At the Jjunchtion
nedes in the cylinder-to-cylinder intersection problem, there are three
nonzero rotational components, but only two of thegse can be retained as
nodal degrees of freedom. Greste® chose to define the tangent plane, and
hence the two rotaticnal degrees of freedom, at the Jjunction 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 zerec at the Junction. This rotational constraint unrealistically
constrains the bending deformation of the adjacent nozzle elements.

The most severe case of this situation is illustrated in Fig. 23.

In this case, the rotation of the nozzle elewments (adjacent to node A)
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about the normal to the cylinder at A 1s completely constrained. Thus,
if in the actual structure the nozzle deforms into the shape shown, the
constraint on the idealized structure prevents the rotation 6 at A.
Grepte considered two factors in estimating the magnitude of the con-
strained rotation and its effects: rigid body displacements and membrane
deformations in the cylinder. BRBecause of the relatively small length-to-
diameter ratios that are generally consildered for the cylinder, Greste
reasoned that the rigid body displacements which produce rotations of the
type shown in Fig. 25 are small compared with the vending rotations associ-
ated with straining of the structure. Therefore, essentially all of the
rotation of the type in Fig. 23 can be assumed to be produced by the mem-
brane deformations of the cylinder wall. Greste then further reasoned
that in oil-drilling towers the mewbrane 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 normal
rotations when applied as circumferential bending rotations to the noz-
zle would be expected to generate only small forces and moments in the
nozzle wall. That 1s, if the rotation € of Fig. 23 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 oil-
drilling towers, buft it does not necessarily remain so for pressure ves-
sel and piping cylinder-to-cylinder configurations in which nozzle and
cylinder may be nearly eqguivalent in stiffness. For these configurations
there is, unfortunately, little justifiéation for choosing the cylinder
tangent plane as the reference plane for junction nodes. A better choice
might have been some average or mean tangent plane at Jjunction ncdes
giving partial bending constraint to both nozzle and cylinder. Johnsont®
usged this latter approach to analyze a folded-plate structure and found
that the results sgreed well with an elasticity solution.

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
associated constraint on the bending deformations of the elements adja-

cent to those nodes 1s not believed to be a large factor, but it is
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present and it is not reduced by mesh refinement. This error will be dis-
cussed in Chapter 4, where the theoretical predictions are compared with

the experimentally determined stress distributions.

5.5 Finite-Element Idealization of Model

The finite-element representation chosen for the model is depicted
in Fig. 24, which shows developed views of one-half of the nozzle, cylin-
der, and end plates. It was necessary to consider only one-half of the
structure because of symmetry considerations. This megh layout was de-
veloped manually and was arranged so0 that lines of nodes corresponded to
the lines of strain gages in the experimental model. There were 649
nodes, resulting in approximately 3000 linear algebraic simultaneous equa-
tions to be solved for the unknown displacement parameters. There were
25 nodes along the (half) junction line between nozzle and cylinder. All
15 loading cases considered experimentally were analyzed using this mesh,
and the theoretical predictions were compared with the experimentally
determined stresses and are given in Chapter k.

Seven of the 13 loadings — pressure, axial forces on cylinder and
nozzle, and in-plane moments and forces on cylinder and nozzle — produce
behavior that is theoretically symmetric about the longitudinal plane of
symmetry of the model. For these symmetric loadings, it ig correct to
consider just one-half of the model in the finite-clement representation.
The boundary conditions on nodal displacements and rotations are those
commonly associated with symmetry conditions.

For the rewaining six loadings — out-of~plane moments and forces on
cylinder and nozzle and torsional moments on cylinder and nozzle — asym-
metric conditions exist, and toc consider just one-half of the model in
the finite-element representation requires assumptions, or approximations,
in establishing nodal displacement and rotational boundary conditicons.
Basically, the boundary conditions used were based on the assumption that
the projection on the X-Y plane (see Fig. 2) of the boundary remained
fixed in the X-Y plane. In other words, the displacements in the X and
Y directions and the rotation about the 7 axis were assumed to be zero for

the nodes along the boundary in the X-¥ plane. Although these conditions
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are obviously not strictly correct, they nonetheless seem to be reasonable
assumptions that are useful for reducing the size of the problem to be
solved.

To investigate the effects of mesh fineness and to verify that the
mesh in Fig. 24 was sufficiently fine, analyses were performed on the
model using two additional mesh layoubs, one coarse and one extra fine.
The coarse mesh had the same general arrangement as shown in Fig. 24, but
only 219 ncdes were used, which resulted in approximately 1000 simulta-
neous equations. There were only 13 nodes along the (half) junction line
between nozzle and cylinder. All 1% loading cases were examined with the
coarse mesh.

For the extra-fine mesh layout only one-quarter of the model was con-
sidered, and because of the restrictions imposed by the resulting symmetry
considerations, only an internsl pressure loading was examined. An ex-
panded version of the original University of California program was used,
so that it was posszible to guadruple the number of elements. Again, the
same general arrangement as in Fig. 24 was used. There were 1199 nodes,
with 25 nodes being located along the (quarter) junction between nozzle
and cylinder.

The results of these coarse and extra~fine mesh analyses can bve
vriefly summarized as follows. The coarse mesh predictions were com-
pletely inadequate, while the exbra-fine mesh predictions demonstrated
no consistent improvement over the predictions based on the fine mesh of
Fig. 24. It was concluded therefore that the degree of mesh refinement
wag sufficient, in the fine-mesh layoutl, to adequately represent the cyl-

inder~to-cylinder model.
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4. COMPARTISON OF THEORY AND EXPERIMENT

The theoretical predictions, based on the fine-mesh element layout
shown in Fig. 24, are compared in this chapter with experimentally deter-
mined stress distributions for all 1% loading cases. For each leoadiung,
the theoretical and experimental stress distributions along the eight gage
lines on cylinder and nozzle (see Fig. 5) arc presented. The stresses
shown are always those parallel (longitudinal) Lo the gage lines and those

perpendicular (transverse) to the gage lines.

1,1 Internal Pressure

An internal pressure of 50 psi was applied to the model, and the mea-
sured and predicted stress distributions determined for this value are
shown in Figs. 25 through 32. Figure 25 shows the measured and predicted
stresg distributions on the cutside and inside surfaces of the cylinder
and on the outside and inside surfaces of the nozzle along the 0° gage
line, which is in the longitudinal plane of symmetry (see Fig. 3). The
stresses are shown as a function of distance from the junction of nozzle
and cylinder midsurfaces. The heavy lines are the predicted stresses,
while the fine lines through the experimental points show the measured
distributions. The solid lines in each case represent the transverse
stresses, which are perpendicular to the gage lines. The dashed lines
represent the longitudinal stresses, which are parallel to the gage lines.
We can compare, then, the solid lines with each other and the dashed lineg
with each other.

The agreement between theory and experiment is good in Fig. 25, ex-
cept that the stresses at the Jjunction, which is where the maximums ocecur,
are at times underestimated somewhat by the finite-elewent predictions.
The general shape and distributlion of the stresses are, however, well pre-
dicted by theory.

The remaining internal pressure comparisons, Figs. 26 through 32,
are arranged to Tacllitate ready comparison of comparable results. Fig-
ure 26 shows the stresses along the 180° gage line, which is opposite the

0° gage line in the longitudinal plane of syumetry. Because of symmetry,
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the 180° gage line results should theoretically be the sawe as those along
the 0° gage 1ine, shown in Fig. 25. Comparison of the two figures shows
excellent agreement between results for opposite sides of the nozzle in
the longitudinal plane of symmetry.

The results for gage lines 30° around f'rom the longitudinal plane of
symmetry (see Fig. %) are shown in Figs. 27 and 28. Figure 27 shows the
results for the 330° gage line, which is in the fourth guadrant. Results
for the 150° gage line, which is in the second quadrant opposite 330°, are
shown in Fig. 28. Agreement between theory and experiment is not as good
here as for the previous two figures. Note in particular the large dis-
agreement in the shape of the measured and predicted edge effect on the
outer surface of the nozzle along the 330° gage line. The analogous sec-
ond quadrant results in Fig. 28 show excellent agreement on the outer sur-
face of the nozzle. The maximum measured stresses in Figs. 27 and 28 are
both on the outer surface of the cylinder, but the value in the second
quadrant is more than 25% greater than the fourth quadrant value.

These measured differences in stresses in quadrants which should
yield exactly the same results are, at least partially, associated with
minor geometric variations in the model. A careful dimensional inspection
of the machined model indicated that, despite the care taken in machining,
there were wall thickness variations in both nozzle and cylinder, with
the nozzle thickness being as much as 15% greater (0.007 to 0.008 in. com-
pared with the nominal 0.050 in.) in the fourth gquadrant than in the sec~
ond. This helps explain the cbserved differences in stresseg in the two
guadrante. The edge effect is damped out less rapidly and has a longer
wavelength in a thicker shell than in a thinner one. Also, stresses in
the thicker regions of the mocdel would generally be expected to be less
than in thinner regiouns.

The results for gage lines 60° around from the longitudinal plane
of symmetry are shown in Figs. 29 and 30. The 300° gage line is in the
fourth quadrant while the 120° gage line is opposite it in the second
quadrant. The agreement between theory and experiment is reasonably good
in Fig. 29. The maximum measured stress 1s on the cuter surface of the

cylinder and is almost 9000 pgi. In Fig. 30, however, we see that the
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analogous maximum stress in the second quadrant is 13,000 psi. These dif-
ferences in stresses, which should be the same, are pointed out to empha-
size that even in a costly and carefully made wmodel, geometric variations
inevitably exist and have a significant influence on behavior. These
ever-present effecls and their implications must always be recognized when
comparing theory and experiment.

The internal pressure results for the 270 and 90° gage lines, in the
transverse plane of symmetry, are shown in Figs. 31 and 32 respectively.
Here on the transverse plane the agreement between theory and experiment
is relatively poor. The stresses are, however, very low, so the disagree-
ment is perhaps not too significant.

The overall agreement between theory sand experiment, although gener-
ally good, is judged to be poorer for the internal pressure case than for
any of the 12 external force and moment loading cases. Also, the disagree-
ment between experimental results that should be identical is greater.

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

The maximum experimentally determined stress occurred on the outer
surface of the nozzle at 180°, and the maximum stress ratio was 13.5.

The theoretical maximum stress was also on the outer surface of the noz-
zle, with the values at O and 180° being identical; the maximum strecs

ratio was 10.2.

L.2 Out~of-Plane Moment Loading, M

s> O Nozzle

An out-of-plane moment loading of 600 in.-1b was applied to the noz-
zle of the model, and the measured and predicted stress distributions are
shown in Figs. 33 through 40. Results Tor the eight gage lines are ar-

ranged dere in the same manner as for the internal pressure case, although
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the fourth and seccnd guadrant results are not, in this cage, theoreti-
cally the same.

The results in Figs. 33 and 34 are for O and 180°, respectively, in
the longitudinal plane of symmetry. As expected, the stresses are small
since thesé locations are soﬁewhat analogous to the neutral axis of a
beam in bending. The results for the 330 and 150° gage lines, which are
30° around from the longitudinal plane of symmetry, are shown in Figs. 35
and %6 respectively. At these locations the stresses are larger, and the
agreement between theory and experiment is reasonably good.

The results along the %00 and 120° gage lines, which are 60° around
from the longitudinal plane of symmetry, are shown in Figs. 37 and 38
respectively. The agreement between theory and experiment is good here.
Finally, the resultsz for the 270 and 90° gage lines, which are located in
the transverse plane of symmetry, are shown in Figs. 39 and 40 respec-
tively. Here, on the transverse plane, the stresses are a maximum, and
the agreement between theory and experiment is very good. The maximum
stress is on the outer surface of the nozzle and is closely predicted by
the analysis.

The maximum experimentally determined principal siress ratio was 35.3,
with the maximum stress occurring on the outer surface of the nozzle at
the junction. The theoretical maximum was at the same location, and the

maximum stress ratio was 37.2.

4.3 Torsional Moment Loading, MYN’ on Nozzle

A torsional moment loading of 2000 in.-lb wag applied to the nozzle
of the model, and the meagured and predicted stress distributions for
this value are shown in Figs. 41 through 48. As in the previous case,
the fourth and second quadrant results are not theoretically the same.
Here the stresses in the longitudinal and transverse planes of gymmetry
are low and rise to their maximum levels on the intermediate gage lines.
Figures 43 and 4k show the results Tor the 330 and 150° gage lineg, re-
spectively, which are 30° around from the longitudinal plane of symmetry.
The agreement vetween theory and experiment is fair at these locations

but the peak stresses near the Jjunction are underestimated by the analysis.
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The results for the 300 and 120° gage lines, which are 60° around frow

the longitudinal plane of symmetry, are shown in Figs. 45 and 46 respec-
tively. Again, the agreement is fair, bub the analysis underestimates the
peak stresses in the Junction region. The maximum stress oceurs at this
location.

The relatively poor quantitative agreement between theory and experi-
ment in this loading case may be traceable to the neglect of the sixth
degree of freedom for nodes along the junction in the finite-element for-
mulation. #“he degree of freedom that was neglected is that corresponding
tc the nozzle rotation that would e produced by a torsional mament. The
consequences of this neglect were discussed in the previous chapter and
depicted in Fig. 25.

The maximum experimentzally determined stress ratio was 12.5, with the
maximum stress located on the outer surface of the nozzle, at the junetion,
and on the 120° gage line. The maximum theoretical stress was also on the
outer surface of the nozzle, at the junction, but on the 300° gage line.

The maximum theoretical stress ratio was 5.1.

4.4 In-Plane Moment Loading, M,y> on Nozzle

An in-plane moment loading of 2400 in.-1b was applied to the nozzle
of the model, and the measured and predicted stress distributions are
shown in Figs. 49 through 56. Here the stresses are large in the longi-
tudinal plane of symmetry, as shown in Figs. 49 and 50, but the maximum
does not occur here. The agreement between theory and experiment is good
for the gage lines in the longitudinal plane of symmetry.

The peak stresses are larger along the gage lines 30 and 60° around
from the longitudinal plane of symmetry. In the transverse plane of sym-
metry the stresses are very low, as shown in Figs. 55 and 56. For this
loading the transverse plane i1s samewhatl similar to the neutral axis of
a beam.

The maximum experimentally determined stress ratio was 10.0, with
the maximum stress occurring on the outer surface of the nozzle, al the

junetion, and along the 300° gage line. The maximum theoretical stress
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also occurred on the outer nozzle surface, at the junction, and along the
300° gage line. The stress ratio was 10.9.

4.5 In-Plane Force, on Nozzle

FXN’

The in-plane force applied to the nozzle had a value of 200 1b. The
comparisons of theory.and experiment for the eight gage lines are shown
in Figs. 57 through 6A4. The results here are very similar to the previ-
ous cage of the in-plane bending moment on the nozzle, and the overall
agreement between theory and experiment 1ls very good.

The maximum experimentally determined stress occurred on the outer
surface of the nozzle, at the Jjunction, and on the 120° gage line. The
maximum ragtio was 10.5. The maximum theoretical stress also occurred on
the outer surface of the nozzle, at the junction, but on the %30° gage

line. The maximum theoretical stress ratio was 11.4.

4,6 Axial Force, Foy» on Nozzle

The axial force applied to the nozzle had a value of 500 1b. The
comparisons of theory and experiment are presented in Figs. 65 through
2. The sgreement between theory and experiment is reasonably good for
this loading, particularly as the larger stress levels are approached on
the transverse plane of symmetry (Figs. 71 and 72).

Both the experimentally determined and the theoretically determined
maximum stress occurred on the outer surface of the nozzle, at the Jjunc-
tion, and on the 270° gsge line. The maximum experimental stress ratio

was %6.%, while the maximum theoretical stress ratio was %6.0.

4.7 Out-of-Plane Force, ¥y on Nozzle

The out~of-plane force applied To the nozzle had a value of 100 lb.
The ccomparisons of theory and experiment are presented in Figs. 75 through
80. The results here are very similar to the previcus case of the out-
of-plane moment on the nozzle, and the overall agreement between theory

and experiment is again very good.
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Unlike any of the other 12 loading cases, both the experimentally
determined and the theoretically determined maximum stress occurred on
the inner surface of the nozzle rather than the cuter surface. The maxi-
mums were at the junciion and on the 270° gage line. The maximum experi-
mental stress ratio was 36.0, while the maximum theoretical stress ratio

was 32.6.

4.8 Torsional Moment Loading, Mysr on Cylinder

The torsional moment applied to the cylinder had a value of 20,000
in.-1b. The comparisons of theory and experiment are presented in Figs.
81 through 88. As was the case for the torsional moment applied to the
nozzle, the stresses are low in the longitudinal and transverse planes of
symmetry and rise to their maximim levels on the intermediate gage lines.
The agreemeni between theory and experiment is qualitatively satisfactory
on these intermediate lines. The analysis is seen to generally overesti-
mate the peak stresses in the Junction region.

Both the experimentally determined and the theoretical maximum strecs
occurred on the cuter surface of the nozzle, at the Junction, and on the
120° gage line. The experimental maximum stress ratio was 10.0, while the

theoretical maximum stress ratio was 15.0.

4.9 Out~of-Plane Moment Loading, MYC’ on Cylinder

The out-of-plane mouent loading applied to the cylinder had a value
of 20,000 in.-1b. The comparisons of theory and experiment are presented
in Figs. 89 through 96. Here, the O and 180° gage lines on the longitu-
dinal plane of symmetry are analogous to the neutral axis of a beam in
bending, and the stresses are thus low. However, the stresses are not
very large anywhere in the model. The maximum stress ratios for this case
were the Jlowest of all 13 loading cases. As a result of the relatively
low stress levels, stress distributions are not too well defined, and the

agreement between theory and experiwent appears to be relatively poor.
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Both the experimentally determined and the theoretical maximum stress
occurred on the outside surface of the nozzle, at the junction. The ex-
perimental maximum, however, occurred on the 90° gage line, while the
theoretical maximum cccurred at 0°. The experimental maximum stress ratio

was only 2.%, and the theoretical ratio was 2.7.

4,10 In-Plane Moment Loading, M, ., on Cylinder

The in-plane noment loading applied to the cylinder had a value of
20,000 in.-1b. The comparisons of theory and experiment are presented in
Figs. 97 through 104, Here the stress levels are a maximum in the trans-
verse plane of symmetry, as shown in Figs. 1035 and 104, Where the stress
levels are lower along the other gage lines, the apparenlt sgreement be-
tween theory and experiment 1s poorer.

The experimentally determined and the theoretical maximum stress each
occurred on the outer surface of the nozzle at the junction. The experi-
mental maximum was on the 90° gage line, while the theoretical maximum
occurred on bobh the 270 and 90° gage lines. The moximum experimental

stress ratio was 3.8, and the maximum theoretical ratio was 5.7.

.11 Axial Force, Fyos on Cylinder

The axial force applied to the cylinder bhad a value of 5000 1b. The
comparisons of theory and experiment Tor the eight gage lineg are pre-
sented in Figs. 105 through 112. Considering the relatively low stresses,
the agreement between theory and experiment is reasonably good throughoutb.
The agreement between theory and experiment is very good for the 270 and
90° gage lines, ag shown in Figs. 111 and 112.

Both the experimentally determined and the theoretically predicted
maximum stress occurred on the outer surface of the nozzle, at the Junc-
tion, and on the 270° gage line. The experimental maximum stress ratio

wag 4.7, while the theoretical was 5.6.
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4,12 In-Plane Force, ¥y, on Cylinder

The in-plane force applied to the cylinder had a value of 2000 1b.
The comparisons between theory and experiment are shown in Figs. 1153
through 120. The agreement between theory and experiment is very good
for this loading case.

Both the experimentally determined and the theoretically determined
maximum stress occurred on the outer surface of the nozzle, at the junc-
tion, and on the 270° gage line. The maximum experimentsal stress ratio
was 0.0, and the maximum theoretical ratio was 5.7.

4.1% Out-of-Plane Force, , on Cylinder

Fra

The value of the out~of-plane force applied to the cylinder was 1200
1b. The comparisons of theory and experiment are shown in Figs. 121
through 128. The 0 and 180° gage lines, in the longitudinal plane of sym-
metry, are analogous, in this case, to the neutral axis of a beam, so that
the stresses are low along these gage lines. They build up, however, for
the other gage lines, and the agreement between theory and experiment is
very good for this loading case.

Both the experimentally determined maximum stress and the theoreti-
cal maximum occurred on the outside surface of the nozzle, at the junc-
tion, and along the 300° gage line. The maximum experimental stress ratio

was 3.1, while the maximum theoretical ratio was 3.5.
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5. CONCLUSTIONS

An attempt has been made in Table 2 to summarize, concisely, the
principal findings of this study in terms of maximum principal stress
ratios, locations of maximum principal stresses, and the relative over-
all agreement between theory and experiment for each loading case. The
maximum stress ratios are based on the stresses, either measured or pre-
dicted, alcng the eight lines of strain gages only and were determined by
dividing the maximum absolute principal stress value by a nominal meme-
brane stress value as previously described. The maxinum experimental
principal stresses were determined by extrapolating the experimentally
determined stress distributions to the peak stresses at the junction.

The relative overall agreeuent between the finite-element predictions
and the experimental repults is rated in Table 2 as excellent, good, fair,
or poor. These ratings are, of course, a matber of opinion, but an at-
tempt was made to make an unbissed evaluation by basing them on both the
overall gqualitative agreement along all the gage lines and on the quanti-
tative agreement in areas where the stresses were prelatively high. TFor
the internal pressure case and the case of an axisal loading on the cylin-
der, the relative rating is listed as good, poor. In these cases the
agreement was good in reglons where the stress levels were relatively
high, but poor in reglons where they were relatively low.

Table 2 indicates that generally the experimentally determined maxi-
mum stress ratiog and those based on finite-element predictions are in
surprisingly good agreement. Furthermore, the degree of agreement between
stregs ratios generally correlates well with the relative rating of the
overall agreement between theory and experiment. Generally, the agreement
wag best for those cases involving losdings on the nozzle. The torsional
moment on the nozzle was, however, an excepbion. There the agreement wag
qualitatively scceptable but was poor quantitatively. This lack of quan-
titative agreement may be traced to the neglect of the sixth degree of
freedom for nodes along the Junction in the Tinite-element formulation.
The degree of freedom that was neglected corresponds to the nozzle rota-
tion that would be produced by a torsional moment. The consequences of

this neglect were discussed in Chapter 3 and shown in Fig. 23%.
B2 p ) ", é) ,)



Table 2. Summary of maximum stress ratios and maximum stress loecations

Experimentally determined

Theoretical maximum

Overall agreement

Loading case waXIIUD STress stress between theory
Stress ):'at:‘Lo‘D Location® Stress ra.tiob Location® and experiment

Internal pressure 13.% Outside nozzle, 180° 10.2 Outside nozzle, O° Good, poor
MX]\” out-of-plane moment 35.3 Outside nozzle, 270° 7.2 OQutside nozzle, 270° Excellent
on nozzle

Myys torsional moment 12.5 Outside nozzle, 120° 5.1 Outside nozzle, 300° Fair

on nozzle
My in-piane moment 10.0 Outside nozzie, 300° 10.9 Outsice nozzlie, 300° Excellent
on nozzle

FXN’ in-plane force 10.5 Outside nozzle, 120° 11,5 Outside nozzle, 330° Excellent
on nozzie

FYN’ axial force on 36.3 Outside nozzle, 270° 36.0 OQutside nozzle, 270° Excellent
nozzie

Foys Out-of-plane foree 36.0 Inside nozzle, 270° 32.6 Insice nozzle, 270° Good

on nozzle

MXC’ torsional moment 10.0 tside nozzle, 120° 13.0 Cutside nozzle, 120° Good

on cylinder
MYC’ out-of-plane moment 2.3 Outside nozzle, 90° 2.7 Outside nozzle, 0° Fair

on cylinder

M., in-plase moment 3.6 Outside nozzle, $0° 5.7 Outside nozzie, 270° Fair

on cylincer

Fyqs axial force on 4.7 Outside nozzle, 270° 5.6 Outside nozzle, 270° Good, poor
cylincer

F"C’ in-plane force on 6.0 Outside nozzle, 270° 5.7 Outside nozzle, 270° Excellent
cylinder

FZC’ out-of'-plane force 3.1 Outside nozzle, 300C° 5.5 Cutside nozzle, 300° Good

on cylinder

aBased on extrapolation of experimental distributions to maximum at junction.

DRav&:io of maximum absolute principal stress value

cMaxjmwus 81l occurred at the junciicm.

t2 nominal stress value.
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In every loading case except Qne, the maximum stress occurred on the
outside surface of the nozzle at the junction of nozzle and cylinder. In
the one exception, which was the casge of an oul-of-plane force FZN on the
nozzle, the maximum occurred on the inner surface of the nozzle at the
Junetion. The stresses on the cuter surface cof the nozzle were, however,
almost as high as those on the inner surface.

In 6 of the 1% cases, the maximum values occurred in the transverse
plane of symmetry. Both of the torsional moments, the in-plane moment
and force on the nozzle, and the out-of-plane force and moment on the
cylinder produced maximums at points intermediate to the twd planes of
symmetry. Only the internal pressure case produced a maximum stress in
the longitudinal plane of symmetry .

The maximum stress ratios for the 15 loadings fall into three groups.
Three of the loadings — an out-cf-plane moment and force on the nozzle
and an axial load on the nozzle — produced maximum stress ratios between
35.% and %6.%, determined experimentally. For each of these three cases
the maximum was on the transverse plane of symmetry. For five other
cases — internal pressure, an in-plane moment and force on the nozzle,
and torsional moments on the nozzle and cylinder — the maximum stress ra-
tiosg were in the range 10.0 to 15.5. For the five remaining caseg, which
were loadings on the cylinder, the ratics were 6 and less.

Finally, it should be pointed out that, as would be expected, the
cut-of-plane moment and force loadings on the nozzle produced quite gimi-
lar regults, and the in~plane moment and force loadings produced similar
results. The stress digtributions were very gimilar for each palr, and
the maximum stress ratios were very close.

In conclusglon, the comparison of these particular finite-element pre-
dictions with the experimental resullts shows reasonably good general agree-
ment. Tt ig felt that this analysis would be satisfactory for wmost engi-
neering purposes.

There is, however, room for improvement, particularly in Tour or
five specific loadlng cases, including intermnal pressure and the nozzle
torsional moment. As was discussed in Chapter 3%, a finer element mesh

dces not appear to provide any overall degree of improvement. Tor the
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finite-element analysis, therefore, improvements would have to come from
improved Tinite-element formulations. Further developments and improve-
ments in element formulations for shell struetures can be, and are being,
made. 1In particular, inclusion of the sixth degree of freedom, at least
in the Junction region, might noticeably improve the predictions. Also,
curved-shell. elements, which would better represent the curved-shell geo-
netry, might, if properly formulated, give improved predictions.

Analytical solutions of the type discussed in the introduction to
Chapter 5 also show promise. Development of these analytical procedures
is continuing at Oak Ridge National Laboratory. A new internal pressure
formulation has been finished, and the Tormulations for in-plane and out-
of -plane nozzle moments on the nozzle are under way. These analyses will
also be compared with experimental data as they become available.

Perfect agreement between theory and experiment, however, can never
be expected. ©OSmall geometric varilations and imperfections are inevitable,
even in a very carefully machined model, and these slight imperfections

can, in a thin shell, markedly affect the measured stress distributions.
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Appendix

TABULATION OF TXPERIMENTAL DATA

For the benefit of the reader who may want to use the experimental
data presented herein to prepare comparisons with his own analysis tech-
niques, the experimental data on which the various plots in this report
were bagsed are tabulated here. 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 described in
Section 2.4,

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 wminimun
stresses. The strains are given in microinches per inch and the stresses
are in pounds per sguare inch.

The nomenclature used to identify and locate each rosette can be exw

plained by considering the following sample designation:
I 120 N - ¥ .

The letter 1 designates that the rosette is located on the inner surflace
of nozzle or cylinder; O denctes an outside rosette. The nuwmber 120 in-
dicates that the rosette is located on the 120° 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 designates
the location of the rosette along the gage line according to the Tollow-

ing convention:
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Distance from nozzle-cylinder

Rosette intersection (see Fig. %)
designation (in.)
A 1/8
B 1/h
C 3/8
D 1/2
o 5/8
F 1
G 11/2
H 2
J 5
K b
T 6
M ~28 .49

In every case, the rosettes were positioned on the gage lines go thatb
the leg of the Y lay along the gage line and pointed away from the nozzle-
cylinder junction. The convention used can be understood oy referring to
Fig. 6. The leg of the Y is designated as gage 1 in the tabulations, with
gages 2 and 3 being numbered from 1 in the counterclockwise direction.

Finally, in those cases where nonlinearity or drift was excessive,
or where an individual gage or circuit was otherwise obviously malfunc-
ticning, 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 con-
sideration. DNonetheless, these data are listed in the tabulations, but

they are marked by an asterisk beside the rosette number.
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-7122
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3284
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4377
2370
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1684
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1010
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3541
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—-1147
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1488
2013
1939
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6228
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&£728
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1747
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1230
~-1615
—1921
—1307
1192
2308
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PRIN STRESSES

SHEAR SIGMX SIGMN
905 12420 -~71¢64
804 10020 —&94
481 9084 3244
443 7825 4965
341 6684 5488
247 4628 3136
272 2489 1747
222 1971 1518
219 2355 1568
203 1999 1300
i01 2000 1000

—4562 1945Q 10570
~188 13420 3538
-127 9706 887
~1&5 7032 461
~-82 5207 ~1148
—101 2434 ~&5
—101 2013 14649
~95 2409 1990
-95 2675 1927
817 2183 546
~82 2744 989
-95 10610 -2136
-133 9848 422%
~139 7721 €318
-177 £320 5573
=190 £769 3839
-1887 &£T79 992
~177 1949 1554
~2% 1 2197 1618
~190 5363 4901
~-32 16100 80¢6
51 9754 1229
—-25 5603 -~1615
57 25832 -1921
19 1157 -1307
13 1193 695
51 2311 1558
13 2158 1651
152 2408 ~-3254%
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INTERNAL PRESSURE (5G PSI)

PRIN STRESSES

T T i . e AR S04 s v

MICRO~-STRAIN STRESSES
ROSETTE GAGEL GAGE2 GAGE3 TRANS LONG SHEAR SIGMX
I-90C-A ~114 =29 a -511 ~—3589 ~399 ~£560
[-90C-B ~135 ~33 6 ~457 -4186 -519 -387
I-90C-C ~125 -31 9 ~354 ~3855 -538 =213
1-90C~D -96 ~19 15 12 ~-2890 ~450 80
I-90C~-E -70 ~13 24 307 2004 ~&Q4 408
1-90C~F -10 10 39 1076 38 —~393 1207
I-90C~G T3 44 48 1935 2716 ~&57 2780
I-90C—H 38 54 43 2033 3547 146 3561
1-90C~J 86 &2 35 1607 3077 95 3083
I-90C-K 1% 31 25 1151 2569 89 2575
I-90C~L 82 -2 23 359 2574 —-336 2624
0—90C~—A 93 105 102 4451 4130 38 4456
0-90C—-B 122 115 124 5130 5203 —-127 5298
0-90C-C 133 139 148 6151 5837 -120 6192
0-90C-D 114 147 162 6663 5420 -190 6692
0-90C—E& 100 i51 162 6783 5029 ~152 6796
0~90C~F 65 139 134 5924 3716 63 5926
0~90C~-G 40 102 84 4040 2609 2467 4£07¢&
0-90C~H 31 57 45 2201 1601 165 2243
0~=20C-J 38 18 15 6719 1344 44 1347
0-90C~-K 48 12 13 511 1607 —-13 1£07
0-90C~L 50 12 19 624 1698 -82 1704
I-90N-A -171 -3 12 396 —4£999 —-203 404
I-90N-8 ~109 11 38 2812 ~2525 437 2549
I-90N~-C —-67 8¢ %48 2967 =1120 475 3021
I-90N-D —-45 7 49 2828 ~506 367 2868
I~90N-E ~&0 &7 39 2373 —~4 86 374 2421
I-90N~F% -55 567 22 —11930 =5232 ~7851 46
I-90N-G ~&2 47 52 2208 ~606 ~70 2210
I-90N-H &2 48 33 1832 —~705 209 1849
I-90N—-J ~38 66 40 2370 ~4 15 336 2410
0~90N-—A 11 132 117 5394 3757 190 5416
0~-90N--B —~é 133 124 5647 1509 127 5650
0-90N~-C -57 111 115 5033 —-18&6 -63 5034
0~90N~-D ~19 88 97 4160 ~1133 ~114 41463
0-90N~--& -82 16 86 3651 1387 -166 3655
0-90N~--F -5& 10 17 3310 ~£89 -95 3312
0-90N—-G —48 60 5 3018 -520 -203 3030
80-90N—H &6 2 68 2912 ~495 -16 2913
0~90N~J ~33 52 &0 2512 244 -108 2516
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INTERNAL PPESSURE (50 PST)

MICRC~S5TRAIN STRESSES PEIN STRESSES

ok e i gy semn o R s s e i cans O N . S S 17 i i o A

ROSETTE CGACEL GAGF2 GAGE3 TERANS LONG  SHEAR  SIGMX  SIGMN

S i M e s o oy ok i e i e o — - e e s wa L

1120C~A -105 114 220 74638 ~924 ~1406 7698 ~1153
1120C~8 40 104 226 7292 976 ~15621 1684 584
1120C-Cx* 12 84 236 7015 26475 ~2032 7792 1698
1120C-D* -10 17 161 3927 879 —1918 4853 ~4&7
I1120C-E 19 25 126 3290 1563 ~1349 4024 810
1120C~-F 26 30 18 2383 1476 633 2€8% 1144
1120C~-G 76 35 44 1640 2773 -120 27885 i627
T1126C~H% 157 75 19 1905 5290 &1 5445 1780
1120C~J 1% 21 11 695 636 127 795 535
1120C—K 48 14 40 1127 1778 ~-348 1929 976
1120C0~L 48 63 22 180¢& 1996 545 2454 13438
0120C~A 167 346 247 12860 8876 1323 13260 8417
012008 9F 288 18 10590 6028 1203 10890 5730
0120C~C 32 240 127 8049 3370 1507 8492 2926
0120C—-D 2 219 8g &£6El 2069 1785 7273 1457
2120C~E —~19 220 34 £E598 1109 2482 6700 7
0120C-F -2% 181 -7 3889 445 2501 5180 ~-87&
0120C-6 0 116 ~22 2078 624 1842 3332 ~630
0120C-H 33 92 -7 1833 1534 1323 301% a52
3120C~4 58 73 20 1983 2334 709 2889 1428
0120C~K 60 654 2i 1919 2372 494 2689 1602
G120C~L 48 &3 11 1127 1792 &24 1999 921
T120N~A =247 =20 213 4512 ~€060 -3115 5361 ~6909
1120N~B -8% 99 2086 6798 ~498 —1418 T0&é4 ~T&4
T120N~-C 13 161 174 7336 2643 =177 7343 2636
I1120N~D* 57 1é1 =51 2339 2427 2824 5207 ~bk ]
I120N~-E% 50 84 86 3€94 2619 -32 3695 2618
1120N~-F 18 84 55 3019 1448 386 31069 1358
T120N~G 0 30 56 1901 570 —~342 1984 488
T120M~H -18 61 50 2464 197 152 2674 187
{120N~J ~-i5 61 57 2607 326 £3 2609 324
0120N-A 218 303 258 12110 10090 598 12270 9923
Gl20N-R 15 256 162 9154 3138 1254 06 2935
J120N~C ~T4 162 G 5700 =500 899 5828 —~628
0120N~-D ~99 91 50 3201 ~2019 545 32%7 ~2076
DL20N~E —81 £Q 32 1896 ~18%55 247 1912 1871
0120N~-F -25 21 49 1573 ~269 ~380 1648 ~345
J1Z20N-~-G -10 29 64 2048 315 %62 2163 199
01208~H & 37 58 2312 £80 -4 24 2431 &£81

D120N-4 -7 32 57 1971 378 ~329 2037 312
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INTERNAL PRESSURE (50 PSI)

MICRO~STRAIN STRESSES PRIN STRESSES

e s s e s 2 o s, e e e B e a— s e e e e e A o 2 e

ROSETTE GAGEL GAGE2 GAGE3 TRANS LCNG SHEAR  SIGMX SIGMN

e S s A B S e kSRS g e e e e . e P i s i e vemnen e v s P

1150C-A 243 198 262 10380 %186 —861 10430 -—4237
I1150C—~B -9 188 241 9529 478 ~709 G584 423
1150C~Cx* 25 168 0 3669 1856 2241 5181 345
I150C~D 82 149 186 1273 4648 -500 7365 4556
1150C~& 0 125 152 6110 1833 -361 6140 1803
I150C~F* 111 86 157 5225 4903 ~950 6027 4101
11506C~G 1323 121 126 5284 5591 563 5604 5272
1150C~H 99 89 122 4518 4335 —437 48172 3980
115084 52 103 135 517% 3121 ~&37 5264 3032
1150C—K 1¢& 119 142 5716 2199 —-310 5743 2172
115001 85 82 124 4418 3877 ~557 4767 3528
D150C—~A 130 447 404 18550 9412 570 18590 9436
g150C~B 10 348 242 129170 4191 1412 13190 3969
01806C~-C s 274 166 9718 1646 1431 9964 1400
0150C~D - 1% 219 108 1267 ~dpdy 1469 7551 ~328
0150C~E -86 182 &7 5577 -893 1539 5924 —1240
01506C—F ~89 88 0 2030 ~2057 1171 2342 —2369
01500~G 13 &9 & 1636 890 836 2178 348
0150C—H 4% 80 28 2333 2012 636 2887 1458
01L50C—~d 47 88 36 2664 2196 696 3165 1696
0150C~K 46 95 48 3093 2297 614 3427 1963
Di50C~L 56 104 56 3458 2720 640 3827 2350
I1150N—4 =295 55 342 9045 —6139 -38138 9951 ~=7045
I150N-8 =26 133 28¢& 9240 2002 —-202é 9768 1474
1150N~C 119 175 215 8444 6097 ~526 8556 5985
I1150N-D 154 156 151 6867 6589 70 6649 6808
I150N~E 137 123 100 4748 5530 310 5638 4640
11500N-F% 31 56 52 2336 1642 L2 2339 1639
I1150N~G 31 38 56 2033 1551 ~241 2133 1451
I150N—H 29 44 &0 2255 1560 -222 2320 1495
I150N~J 27 46 63 2362 1521 -222 2417 14656
Di50N~A 195 407 380 17070 10980 361 170920 10960
0150N~B 9 308 209 1135¢ 3677 1330 11580 3453
015 0N~-C -5 187 100 6401 ~318 1159 6595 ~512
O150N-D -~80 28 47 3274 1427 690 3373 —~1526
015 0MN-E -&7 50 24 1681 ~907 342 1725 ~9E2
0150N~F 24 26 33 1279 1097 ~95 1320 1056
O150N—-G 45 41 54 2039 1966 ~177 2184 1822
O150N~H 38 45 58 2214 1819 =177 2282 1751

0150N~-.} 30 46 56 2192 1556 ~133 2218 1529
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INTERNAL PRESSURE (50 PSI)

MICROC-STRATIN TRESSES PRIM STRESSES
ROSETTE GACEL GAGE2 GAGE3  TRANS LONG  SHEAR  S5IGMX  SIGMN
1180C~A -254 281 259 121%0 -39381 285% 12160 ~3$85
1180C~R ~&6 2&7 228 LOE10 1184 260 10F10 1177
1180C~C 3¢ 219 207 9296 4671 152 9301 4465
1180C~D 11é 189 i78 1924 £870 146 . 7935 3841
1180C~E 134 159 1438 5600 £000 139 €530 5949
1180C~F 124 80 76 3290 4693 21 4695 3288
1180C~G* £2 33 ~ T4 -527 1698 1684 2602 «1434%
1180C~H 38 39 35 1£87 1€17 51 1585 1549
11800~ 21 51 &1 2232 1311 266 2304 1240
1180C~K 20 T& 57 2892 1466 267 2933 1425
ii80C~L 2% 57 44 2187 1383 1£5 2220 1351
7180C~A 71 412 406 17900 7507 82 17900 506
318008 ~23 319 305 13730 3420 190 13730 3415
a180C-C ~-71 239 166 8977 558 962 9085 446
J180C~D -87 1467 156 7208 ~461 146 7211 -&& 3
0180C~F -87 1i8 113 £172 ~1072 63 5172 -1072
0180C-F -20 44 57 2267 81 ~146 2277 72
0180C—-G 3% 4t 48 1999 1626 -57 2007 1518
0180C~H 48 51 ¥ 2319 2121 -70 2341 2099
0180C—J 38 58 50 2549 1891 -25 2550 1890
0L80C~—-K 238 58 61 2891 1618 ~&é4 2593 14616
gigoc—L 23 52 59 2408 1421 -95 2617 1412
1180MN-A ~-19]1 256 275 11890 -2179 ~-266& 11830 ~2184
1180N-8 52 237 269 11070 4888 ~42&6 11090 4859
1180N~C 154 189 218 8781 7253 ~38% 8873 7151
I180N~-D 196 146 159 6377 £388 ~2E3 6962 £272
I1180N~-£ 129 98 ilé 2569 5234 234 5308 LG4
T180N-F% 503 46 65 1781 18640 ~2%3 18640 1777
T180M-G &5 3 62 2301 2030 -222 242¢ 1906
T180N~H=* 0 41 57 2371 711 -348 2bde | &4l
T180N~J 52 36 535 1927 2132 -253 2303 1757
J180N~A 206 &5 8 460 19430 12000 177 19430 12300
0130N-8 ~28 263 277 11880 2138 -18%4% 11820 2735
GL80N-C  ~104 130 152 5308 ~1244 ~298 6320 ~125%
G180N-D ~903 58 73 2992 ~1757 —19%6 3000 ~-1805%
0180N~E& -57 24 29 1222 =1344 =70 122& -134%5
O180N~-F &0 26 21 979 1505 63 1513 972
0180N-G* 0 10 36 1003 301 - 342 1142 162
J180N-H 58 £8 &1 1899 2323 101 234¢& 1875
180N~ 57 58 49 22938 2386 114 2&64& 2220



INTERNAL PRESSURE

(50 PSI)

MICRO-STRAIN

ROSETTE GAGEL GAGEZ GAGE3

1270C—4A
127008
1270C-C
1270C-D
1270C—E
1270C—F
1270C~G
1270C—H=*
127004
1270C~K*
1270C—L
1270C~-M

Q270C—-A
10270C~-B
B270C—C
0270C-0
0270C-E
02170C~F
0270C—G
D270C~H
N270C—J
0270C~K
0270C-L

I 270N-4
1270N-B
T270N~C*
1270N~D*
1270N~E
1270N--F
I27TON-G*
I2TON-H
1270N-—-Jd#*

0270ON~-A
Q0270N--B
5270N--C
G270N-D
0270N-E
C270N—F
0270N-G
C270N~H
Q270N~J

~&9
-83
—&9
~&&
—18
3E
92
109
8%
0
&4
48

28

E
-~

81
T2
71

Q
32
32
48
&5

69

—-100
—-15%

-390
~-573
~& 7
— by
—&9

2

—-392

£
—29
~53
~71
~73
~57
48
48
~41

—14
14
=10
—4&
2
15
33
0
39
19
23
27

&v
101
119
12¢&
130
110

78

43

13

18

2&

T
-13
21
&2
&9
41
bty
53
48

£s
78
g4
81l
74
66
60
55
47

it
17
21
28
30
33
40
36

1
14
14
27

£9
103
119
122
124
106
68
38
11
1&
29

1

33
~76
-1&5
31
24
-19
36
32

57
7
83
85
i5
69
70
&6
61

110

TRANS

76
164
316
£81
730

1006
1508
664
805
131
134
1127

2956
4398
5154
5372
£499
4708
3182
1730

479

597
1135

287
619
-1113
~2%17
1827
1469
597
1289
2195

2680
34627
3734
3723
3349
3040
2904
2706
2416

STRESSES

an e o e e e g

LONG

-~ 2044
-2431
-1972
-1137
=309
1357
3204
3464
2793
219
2131
1778

1728
3572
3984
3779
3774
289%
1910
1474
1598
2118
2422

=-2908
~&&& §
-3028
-2308
=849
-88%
~1289
-&672
—11090

918
144
~462
-1021
-1191
~-813
-543
~6£28
~515

SHEAR

e vt ot s

~367
~&12
~%2%
~& 24
-380
-241
~101
~&75

507

63

120

-38
-19

51
75
51
127
70
32
-13
~38

T0
—&14&
1292
2893
241
228
836
228
222

108
19
13

~-57

—-19

b

~-133
~152
~184

2628

PRIN STRESSES
SIGMX  SIGMN
138 -2106
228 —2695
392 —20438
$30 ~123%
854 ~433
1479 883
3210 1502
3542 585
2915 583
739 212
2141 724
1778 1127
2987 1727
4398 3571
5154 3984
5374 arrt
5503 3771
4710 2894
3194 1897
1748 1456
1599 479
2118 597
2423 1134
289 —-2909
692 —4521
~4563 -3678
532 5256
18438 -871
1491 -907
914 ~1606
2008 ~692
2199 ~11090C
2E86 912
3627 144
3734 —&62
3724 1022
3349 -—-1191
3040 -814
2910 ~588
2712 ~635

~527



111

INTERNAL PRESSURE (50 PSI)

MICRO-STRAIN STRESSES PRIN STRESSES

—— . it o i i it —_— s ao e oty

ROSETTE GACELl GAGE2 GAGE3 TRANS LONG SHEAR SIGMX SIGMN

. — — i e s e oo o e e e — PRV,

I300C-4 -—123 39 172 4782 ~2243 ~176&6 5201 2662
I1300C~-8 -77 22 191 &T74 -877 —22438 58859 ~1&&2
I300C~-C ~2€ i3 199 4686 636 -2482 5864 ~£42
1300C-D 18 14 200 4690 1949 24745 £149 490
1300C~E & 2% 181 4653 2947 ~2102 5933 14e7
I15360C~F 100 30 135 3814 4068 —-1399 5206 2357
1300C~G 96 28 98 2578 36€7 —~893 6168 2077
I1300C~H 82 23 87 168% 2972 ~&456 3117 1840
I1300C~J 68 13 51 1337 2383 ~513 2592 1128
I1300C~K & iz £9 1589 2392 -583 2692 12%9
1300C~L 55 22 58 1695 2148 —-481 2453 1389
0300C~A 77 211 184 8€15 £894 361 8650 4859
3300C~B 5E 211 146 7783 3989 867 7972 3800
£300C-C 28 201 102 &633 2817 1330 7050 2399
2300C~D 1 186 63 5472 1670 1646 6085 10&¢
33000~ -28 1ek 36 4435 £89 1722 5093 —-&£9
C300C-F ~&5 117 -16 228% —£69 1773 311% <1499
2300C~-G ~15 75 -32 945 -172 1425 1917 1143
D300C~-H 15 &2 -19 913 730 1083 19038 =265
N300C-J 48 62 8 1483 1885 715 2427 G40
2300C~K 57 61 14 1278 2170 627 2567 1180
0300C-L 58 £8 15 1545 2203 583 2843 1205
I300N~-2 -208 ~£2 190 3049 ~8330 -3354 4227 -6%08
T300N~B -5 50 159 4688 —-832 ~1450 5045 -1190
I300N~C 1 10% 133 5231 1598 -361 5267 1562
T1300N-D 38 121 95 4711 2539 348 4765 24:8%
I300N=-E 32 109 66 3618 211% 576 399% 1938
I300N-F% -711 -60 ~6&4 15130 —25880 8041 —~10840 -30180
1300N~G -15 &2 &0 1823 108 19 1823 108
I1300N-H ~1£& &9 37 191% 91 165 1933 76
T300N~J -16 Eeé &7 2221 196 95 2225 191
D300M~A 185 239 133 7997 1047 1406 S00% £038
O300N~8 24& 201 132 7308 2916 924 7492 2732
23 00N-C ~&E 143 17 4875 108 874 5030 ~&q
D300N-D —-68 93 57 3375 -—-1040 481 3427 -—-1092
O300N-E -66 37 &t 2307 -127% 177 2316 ~128%
N3CON-F ~29 24 44 1577 -382 -291 1é619 ~8 25
G300N~G -5 30 &z 20&2 %70 ~424 2149 3&3
0300N~H -11 39 61 221é& 337 —28% 2258 295

0300N~J ~ 14 3% 53 1927 150 -260 1964 113



INTERNAL PRESSURE

(50 PSI)

MICRO-STRAIN

et e s e

ROSETTE GACELl GAGEZ GAGE3

i . e e s T T T i mp s T v A e i iy

1330C~-A
1330C~B¥*
1330C~C
I330C~D%
13300~
i330C~F
13300~G
13300+
I1330C—4
1330C—K
1330C~L

330024
0330C-B
G330C—-C
0330C~-D
J330C~E
0330C~-F
033006
0330C—H
0330C~d
0330C—K*
0330C~L

I330N~4
I1330N~B
I330N-C
I1330N~D
I330N~E
I330N-F=*
I1330N-G
I330N~H
I330N~—-J%

0330N~-4
0330N~B
(0330N~C
C330N--D
0330N~E
C330N—F
G330N—-G
G330N—H
CG330N—J

~2&%5
-119
-9
&3
97
S6
54
29
18
14
1¢

119
39
-21
—&&
-73
-4&
0
21
21
12
17

~21¢&
29
148
190
174
11«
13
24

1=

—106
—208
~Z14
=217
=143
~107

35

31

2227
173
1£9
164
105
56
35
29
36
30
28

366
309
249
200
1&£0
85
1
47
53
1&02
57

53
179
216
208
177

-821

26

39

40

266
142
32
—43
~104
~ 145
~11¢&
3¢
33

175
179
184
178
1£5
111
91
35
100
96
92

308
258
181
122

75

385
338
275
210
163
-~829
111
55
-172

224
31
48
—107
~1643
141
-108
43
44

112

e e v

STRESSES

D nn P s e o

LONG

-4653
~1203
1943
4134
4673
3934
24.34%
1595
1£18
1256
125%

79171
4894
220%
221
~&27
-777
273
57
9468
10940
904

3528
4266
1621
8400
1404

-E500
3534
1328
-~420

3227
~2004%
~£282
~71338
~-8076&
-€133
~4 647

1549

1427

SHE AR

627

-82
—&62
~18%
~80%
~T&1
~747
=153
-861
~874&
—-861

113
690
899
1051}
1133
1102
804
£02
103
21290
703

~&419
~2121
~7€9
—32
117
4103
~196
~209
283¢

557
1482
1064

858

526

~57
=152
~101
—-14%

PRIN STRESSES

S e o i S kan a e e AR e T

SIGMXK

i A o ——

9040
870
1370
7471
bL4E
4511
332%
2900
3351
3163
3032

14780
12480
959E
7307
5441
2359
1458
14608
1760
47540
1864

11190
11910
10820
8994
7532

~4826 -

4502
2108
1430

10800
42568
52
~2911
~51i0
~6080
~4537
1747
1737



A2

NUT-9F-PLANE

bt
O?OO

{
OOOC‘DOOO

{

i

!

g Pt e b P} b boog b el bk Bed

f
¢
i

{
]
}

|
{

[y JDC)?LDCT)DLD\.J
OOOOCJC‘)OC‘)OOO
C‘)ﬁﬁt"?(‘)(?{‘\({)ﬁ(")(‘)

i
]
}

{
MO O w e

|

{

!
3

|
|

1
b

|
i
!

]
i

H
~ X o
#

|
|
§

I-0-N-A
I-0-N—-8
I-0-N-C
i=0~N~D
I-0-N-E&
I-0-N-F%
1= 0=-N=5G
T Q=N H X
I-0—N—-J

D=0=N-A
=0-N=-3
0=0=N-C
I~0~N=D
O~ 0~N-Z
J=0-N-=
0--0-N-5
3= 0-N~H
0-0~N-J

MICRO-STRAIN

e e e e A A s O i s

113

Out—of-Plane Moment Loading, M

11

T P~y

MOMENT LOADING,

=10

on Nozzle

XN

MXN, ON NOZ7LE
STRESSES

TRANS LONG SHEAR
-176 -96 19
-111 =133 -~133
-99 -172 ~291
~&5 -~18% ~3%1
-27 -122 —-386
0 0 ~557
-€1 -75 ~519
-52 -1é ~488
4 —24 ~507
23 —-50 ~3973
~95 0 -285
~85 3 481
~ €4 9 431
~67 108 355
&1 i5 35%
£3 19 291
-2 42 241
137 i3 [ Ry
42 i3 5
10% 5 25
~29 66 -19
84 -260 ~82
~252 ~4&q 127
-235% -227 108
—-225 -19¢ 165
~24&2 —-301 139
-234% —2%1 120
8 -212 0
~2 74 ~29% -5
=160 ~-243 51
-4G7 —548 &
—-57 125 386
143 143 291
6 202 253
17 119 139
80 124 182
117 ~8 108
2% -8 89
93 56 i9
85 -3 75

(600 IN-LB)

PRIN STRESSES

e i sl ey e s ke

SIGMX

e e e s

-91

11
i58
252
314
557
451
454
529
381
2%1

bty ?
30%
384
423
333
252
233
1935
113
-21
102

13
~123
- 5
=129
-117

8
—273
-137
~&36

431
43%
393
216
255
179

73
101
129

e sty i b

SIGMN

e o e e

~180
-256
~429
~483
464
-557
-587
~522
-488
-408
-336

-524%
-&45g
—3&5
-287
~2%1
—-221
-84
~50
35
—14
-279

-312
-~339
-375
~&14
~358
-212
—-298
-271
~549

—363
- 149
-135
-80
-52
~70
-130

%8
—-&7



JUT—-0OF-PLANE MOMENT LOADING,

MICRO~-STRAIN

A M) A e o A T R <n R Y

ROSETTE GACGEL GAGEZ2 GAGE3

e £y o SA ARG A A AN i X W amm R R g T

I-90C—4A
I-90C—-5
1-90C-C
I-90C-D
I-90C~&
{~-90C~F
I-900—~G
I-90C—H
1-90(—J
[-90C~K
[-90C~L

d-200~A
1-20C-B
4-90C~C
G=-90C-D
J3-90C~¢
80~-90C~F
0—-390C-6
0=90C—H
0-90C—J
0-90C—K
J=-90C—-L

I-90N~A
I-90N-8
I-90N-C
I-90N-D
I-90N~E
I~-90N-F
I—~90N—-G
I-90N-H
I-90N-J

0-90N-A
J=~90N~-8
{1-90N~C
0-90N—-D
J-90ON—Z
d-90N—-F
0-90N~-5
0—F0N-—-H
J—-90N—J

-176
~144
95
&4
-8
31
12
72
48
31

8

225
175
126

69

34
-26
-50
—-52
~40
~26

~5

~343
~110
19
81
79
48
1e
23
21

385
144
27
~28
—29
29
38
38
33

~49
~48
—43
—24
=10
18
33
29

1%&
137
119
ot
77
30

~20

~27

-17
-8

28
89
Q0

¢5

35

¥
A

P |

ES

-16
~20

303
228
126
55
i3

10
9
10

~48
~45
~32
-17
-4
17
27
24
10
-1
-6

166
133
115
102

82

34

-8
=21
—-25
~-15

-

—-30
62
85
71
42
-1

-11

-10

-11

271
218
144
68
25

-2
<

12
11
9

11k

MXNy ON NOZZLE
STRESSES

TRANS LONG SHEAR
o g e e marese e
-1937 -—-5856 -25
~1899 ~4903 ~4%
-1556 —~3318 ~ 146
—19% —1565 ~70
~304 —334 ~76
718 1156 13
1237 2524 89
1069 2488 63
302 1545 —38
—~129 902 -19
—~228 160 19
7721 9074 399
3750 £971 44
5000 5292 51
4310 3374 ~&3
34&1 20¢e5 ~57
1449 —349 ~51
—18% ~15E82 57
—-8&2 ~-1827 13
-~1095% ~152& -~19
~&11 ~98% =19
—297 246 =19
324 -10180 166
3431 ~226&% 361
3833 1706 70
2888 3220 -82
1694 2859 ~95
~6G2 1307 ~2%1
-658 3%9 =82
-~590 522 ~89
—~712 414 -114
12190 15210 431
9&27 1222 133
5903 2869 —241
2146 -17 -177
868 —624 —165
=~10¢ 852 ]
439 1272 ~25
&07 1263 -32
371 1095 19

(600 IN—-LB)

PRIN STRESSES

1527C
9£35
5920
2758
886
852
1273
1264
1094



DUT—-D==-PLANE MOMENT LOADING,

RUSETTE

MICRO-STRAIN

. . AR St Sm R ot - R s

GACEL

GAGE2 CACE3

o Y e e e s T s A A s o e e e R i g R e

1120C-2
11207-%
1120C~C
1120C-D
1120C¢~-¢
11200~-%
11200-%5
112024
1120C-J
11200-K
12004

C1200-4
3120C~R
0120C-C
N120C-D
0120C—~E=*
0120C-F
0120C~G
0L200-4
0120C~J
0120C~K
0120C-L

T1L20N~A
T1120N-8
T1120N~C
T1120N~-D
T120N~-%
1120MN-F
112085
1120N~-*
11Z20M~d

0120N-4A
g1z2onN-2
0120N-C
0120N-0
D120M-E
0120N-*
Di20N~-G
J120N~H
0120M~d

—138
-91
-71
~5¢
~33

13
20
29
31
37
i9

153
101
90
9
50
3z
10
%
-8
~12
-13

~221
-78
9

45
&&
22

8]

i1
11

192
&1
~18
—3&
~1%9
11
21
21
22

£é
57
57
50
48
24
19
13

[ BN ¢ ]

165
146
133
120
128

98

ba

1é
-16
~31
~29

~19
28
3%
34
i9

~14
-11

139
114
58
33
13

N

-81
~9C
-9&
-103
~100
~99
~&2
-36
0

22
26

88
42
30
25
26
14
18
21
i3

1
~8

62
93
81
53

i9¢&
132
£8
17

~11
~&
i

3

115

(600 IN~LB)

i < m ar worm cp r

MXM, CN NOZZLE
STRESSES
TRANS LONG
~-193 ~4192
-&£31 ~292¢6
-789 23758
~1090 ~19338
—-1092 ~1311
~=1£39 ~&3
~052 227
~£02 733
81 951
&72 1239
&84 136
8388 £207
4035 &247
3504 3750
3109 3014
3287 2&97
2425 1783
1357 721
810 357
~ 54 ~ 244
~Ebdy ~56&
~800 ~639
vz -6277
2728 =~1520
2549 103é
18€2 1899
931 1662
-55 £39
~-418 -125
-315 248
~&40 1946
7182 FI0E
£344 2829
3028 367
1144 ~H€Y
157 ~B37
~221 262
& £28
102 £72
153 718

SHEAR  SIGMX
1988 &0%
1980 484
2045 612
2039 569
197¢ 777
1709 1061
1083 945

&77 1032
57 95%
~285 1333
-348 1005
1026 6902
1387 5£32
1374 5012
1273 4335
13890 £327
1114 32564
348 1510
~&63 819
~380 242
—424 ~178
-279 430

~-1083 1326
-867 2898
-614 2767
~247 2128

~76 16790
95 652
-~127 -8
- 248
~-32 197

~T£3 8371

~241 5387

0 3028
21% 1149
2¢0 244
177 320
139 £5€
51 &£77
32 718

SIGMN

e e ik <ach wa

—~£G9Q

5041

~-3775
~3594
-3180
—-2££3
~1570
~-801
77
377
288

4693
2780
2252
1738
1456
945
E&7
349
-541
—-1030
-=1010

~643 1
—~-14690
818
1633
923
=£8
—~&65
~314
~eg 2

£685
2806
367
~&£94
~624
279
~72
97
151



116

QUT-3F-PLANE MOMENT LOADING, MXN, ON NOZZLE
MICRO-STRAIN STRESSES
mmmmmmmm . S

ROSETTE GAGEL GAGEZ2 GAGE3 TRANS LONG  SHEAR
1150C—A -55 4 -23 510 ~1501 893
1150C~8B ~&1 45 by 2 28 -1211 1159
1150C~C* 36 40 0 9217 -805 538
1150C~-D ~25 33 —&4 —662 ~954 1292
1150C-E% 0 33 —~b4& ~&668 -201 1292
1150C—-r% —~17 22 ~74 ~1120 -835 1273
I1150C~G -7 ~1 -78 —1737 -721 1019
1150C—H -5 -5 ~-69 —1614% -627 855
I1500—0% 17 ~29 ~-65 2097 -116 475
1150C~K¥ 22 -55 ~&1 ~2573 —-102 16
I1150C--L 14 -7 -13 ~%ES 288 82
O150C~A% 55 49 62 2384 2355 ~177
D156C—-8 41 2 30 1741 1748 272
0150C—-C* 29 44 17 1305 1247 355
3150C~D* 29 0 42 888 1122 -557
Ji150C~¢ 29 65 25 1932 1435 532
0150C~F* 30 69 33 2213 1562 475
0150C~G 29 &3 2% 1879 1448 52¢
DL50C~-H 23 60 23 1813 1242 494
9150C-J 18 52 23 1631 1017 393
D1500-K 9 33 18 1108 603 196
J1500-1L 6 11 1 390 302 51
I150N-A ~-&2 13 16 715 =1639 ~38
1150N—-B 20 12 19 701 -389 =35
I150N—-C 0 2 15 £23 143 -89
1150N-D & 6 ] 254% 262 -6
1150N—E 4 1 -1 ] 116 32
T1150N~-F ~1 0 0 —9 ~45 ~&
I1150N-G -7 1 -1 —-118 -23% 101
I15GN~H ~& 3 -3 5 -127 16
I1150N~J -2 6 ~3 65 -52 114
O1506N-2 23 39 &6 2283 1369 —361
0150N—-8 -5 26 38 1405 265 ~165
0150N~C —17 10 19 666 -313 ~114
0150N-D ~18 3 & 228 ~459 -38
O0150N—E -11 2 -1 23 ~335 44
0150N-F 2 ~% b -180 3 &
0150N-G 3 0 0 -~ 14 96 &
O0150N-H 5 -2 =3 ~110 110 13
150N~ J T -5 ~1 —143 157 ~57

PRIN S

e et e

SIGMX

P e

849
114
1081
492
878
303
-~20
~133
-8
-100
297

2547
2017
1632
1574
2211
2463
2231
2098
1822
1175

413

716
709
542
26%
124

-8
—&0

39
13%

2408
1429
&79
230
28

3

26
110
167

{600 IN-LB)

TRESSES

e il s i o e

SIGMN

~1840
-~1887

—-959
~2108
~174&7
»2258
-23¢8
=2107
-2205
~2575

~474

2191
1472
921
435
1097
1312
1095
987
82%
536
279

~1639
~397
123
251
-2
~45
-294
~162
~121

1244
2&2
=326
=-%&1
-341
—180
-~ 1%
—~110
=154



QUT~-OF-=PLANE MOMENT LOADING,

117

TRANS

MXN

MICRO-STRAIN
ROSETTE GAGEl GAGZ2 CACE3
118004 -8 1 -8
1180C~-2 ~& 5 -9
11800-C -2 13 ~11
[180C~0 2 13 ~14
1180C~% 1 14 -~17
1180C—~F 0 i5 ~18
1180C~G 0 i6 —-22
1180C—H 0 12 ~19
1180C~J 0 1% 15
1180C—-K -1 21 ~13
1180C~L £ 1é -4
0180C—-A 5 -7 20
218078 2 -10 17
0180C~-C 1 -11 5
J180C~-D -1 ~10 11
31800~-% ~b ~10 12
21807~F 0 -7 a8
318006 2 -5 &
31800C-H 0 -3 2
018004 2 0 -1
2180L-K*% 2 1 0
N180C~L 0 -1 ~2
I11i80N-4 ~13 ~4& -8
T1180N-2 ~10 -3 &
T1180N~-C -3 -5 -3
I180N-2 -5 -8 -9
1180n-¢ —£ ~5 ~6
1180N-=% 0 &7 ~10
1180N~3 ~& -5 -13
1180N—H* 0 51 -8
1180N~J -€ -2 &
J180N-4 10 -5 2%
Q180N~-B 7 —& 18
3180M-C & -5 13
0180N~-2 1 -3 10
2180N-E 2 -1 8
0180N-% 4 0 7
J180N-G* 0 9 7
J180N—-H 1 -1 &
J180N—-. 0 0 &

-1
-~79
4
-23
-53
~63
—136
~13%
93
i79
204

258
155
72
33
57
10
-13
-21
- 2%
134
-3

—-247
~-138
-163
~ 349
~245
1243
~390
1159
-171

406
254
183
1&¢
144
132
34%

92

STRESSES

LONG  SHEAR
-251 76
~138 177
~44 317
EQ 367
13 412
-5 443
~41 £13
~&5 412
42 462
25 4€2
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A.3 Torsional Moment Loading, M on Nozzle
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3243
210
~2345
—ts 14t
~4985
-3273
-4330
-2297
~467
144
154

~8%590
~4004
-1175%
904
2284
3213
3850
2613
1006
334
~& Oy

8520
108
~&hafy
~£696
~5358
~2825
6
1477
=1321

~15£60
-&030
-1028
904
1388
~ T8
-1480
~1820
~1560

101
-~112
~1222
~1216

-~359
~-188
~95
~19
-89

ON NOZZLE (2400 IN-LB)

PRIN STRESSES

Aty o s e i s T P e s e, N SR

SITGMX  SIGMN
3640 ~4£04
86T ~4994%
~961 -5732
—-2089 ~£506
~-2&631 —-&804
~1493% -5038
—-1994 ~5080
-853 -—-320¢8
185 -1353
3%3 ~394
289 -3
~B299 ~118¢0
~3956 —8063
~1144 5658
934 3568
2317 ~1828
392¢& 8&7
3850 2804
3038 2583
16560 988
802 26
~148 ~843
10160 ~4374
111&  —-6777
~3962 ~6493
~&E616  -%7156
~2997 ~5394
~&89 -2864
24 -1
351 ~1478
£33 —~-1321
~13760 ~-15870C
-8700 ~9833
~£38 ~&841
1491 =~15613
2188 218
1541 ~&89
365 ~1486%
15 -~1821
~6&  ~1565



IN-PLANE MOMENT LOADING,

MICRO~-STRAIN

o e e s e AR s e o e

ROSETTE GACEL

i e e o VR o AR g T et

f150C~A 233

115008 90
1150C~C* 7
1150C-D ~-52
T150C—E* 0

11%6C~-F ~102
1150C-6 ~78

11500-H  -55
11500~4  ~2%
11500-K -7
11500-4L  —24
0150C~A —199
0150C-8 86
0150C-C  ~28
0150C-D% 12
0150C~¢ 31
891500~F 29
3150C-6 -t
J150C-H  -16
0150C~d  ~15
01500-K -7
D150C~L 0
1150N~A 343
1150N~8 80
T150N~-C  ~82

1150N-D —140
1150N~E —138

T150N~F ~85
I1150N-G ~£5
T150N~H -£7
T150N~J =59
D150N—-A —277
G150N~3B - 8%
D150N-C 21
0150N-D 46
(J150N~E 26
0 150N~F —-35
D150N~G ~62
O150N~H -61
O150N~J —-&0

GAGE2 GAGE3

s g ot

—89
-97
-89
-81
-69
-38

-6

-1

%
—38
~16

=314
-2%56
-189
0
~116
—32
8

19
25

-305
~243
~150
~70
-2
-5

0

-62
~41
0
-18
~10
14
6
14
~dp 2
~44
~loky

~299
~171
~126
~92
~64
~16
-1
~2

3

8

11

-199

-182

~138

—-328
-180
—68
—d
26
36
11
10

7

MZN

132

TRANS

e s it W

—-3588
—3138
-1971
~2104
~173%
~4&20
76
274
~997
-1789
—-1230

—13240
—-9065
—69204
-2029
—3992
-1087

161
383
€33
770
856

—~-3876
~4829
4756
3418
-2062
-11
19&
63
118

~13610
-3213
~4£823
~1690
~39
947
266
161
223

STRESSES

e £ e e i e

LONG

5923
1767
~378
-2199
~520
-3191
~2330
~1136
~1012
—736
-1100

~Q946
—-5286
—2898
-238
=271
S5e4
—80
~370
-266
17
257

9130
%6
~3893
=5217
~47oT
—~2E4]
~1595
~1692
—-17&7

~12410
~5287
649
876
758
~757
-1773
~-1777
~1730

SHEAR

e e <mmeatln

—-361
~7%3
~-1190
~842
-798
-~703
~158
1717
507
89
3867

—~196
~99%
~836
1222
-703
~209
120
272
285
247
228

3185
1988
134
1€5
—253
~&3
19
-51
~32

317
~842
-1083
—880
—690
~399
—18%
—209
-95

ON NOZZLE (2400 IN—-LB)

PRIN STRESSES

SIGMX

o e s i

£937
1880
258
-1309
—-125
~252
86
—-253
~498
~729
-816

~9935
~5040
~2731
381
—143
570
211
671
716
844
Q33

9868
1564
—3473
=3403
~2039
-10
197
64
118

-=12330
~51il4%
—~3858
1149
1157
1036
283
183
227

e o e e, . s Y e e ot i

SIGMN

~3602
~3282
~2607
-2995
~2129
~3359
~2340
~1757
-1511
~1796
~1574

~13260
~9311
~7072
~2649
~%120
=1113
—-130
~4538
~349
=57
180

~4614
~B467
~5176
~5232
~4 791
—~2843
-1595
-1£93
-17&7

~13680
—~938&6
5087
~1963
—~&37
~845
-1790
~1799
~17T34



TN~PLANE

MOMENT LDADING,

MICRO-STRAIN

e et s . Sy e A AR A o N s

ROSETTE GACELl GAGEZ GAGE3

T e e S o A s b s A Ak N aO e e A

1180C~A
11800~8
1180C~C
¥180C~D
T180C~E
1180C~F
1180C~G%
1i80C—~H
11800~
1180C-XK
I1800~L

0180C-4A
n180C~8
$01800~C
23180C~D
2180C-£
d180C-F
0180C-G
C180C~H
2180C— 4
01800—K*
2180C~L

T180N-4
T180N~-B
1180N~-Cx%
T180N~-D
T180N—~E
T180M~F*
1180N~5
{1 BON—H*
T180N~J

D18ON-A
{180M~8
J180N~C
0180N~0
O180N-E
G180N~F
Q180N~-G*
G180ON~H
0180N-J

202
75
-15
=&
~-31
-103
~82
—-52
—&]
~28
-23

~146
-&7
~19
'3
10
-12
—ia]
~%8
-~&Q
0
=20

229
is8
-89
~119
-110
0
—4&5

-57

-2 7%
-51
&7
59
56
-29
O
~&8
-5&

~86&
~Té
~£5
=51
-32
i1
0
28
37
34
24

=281
~ 197
-157
~119
~52
~3%
~37
~&.0
~36
—-23

~Li4
~122
-101

133

MZN, ON
TRANS
-72 ~3700
~65  ~31£3
~57 =~2&687
~&&4  ~2016
-48 ~1fé8G
8 %31
32 801
32 1384
34 1612
34 1555
i5 382
~243 ~10&70
-191 8449
—166  —~£642
~109 %018
~-86 ~3928
~&6 ~1940
-36 ~1542
~42 ~1680
-1 =17%2
—-38 ~1£29
~23 =1001
-111 5202
~132 ~5&597
-114 —4£33
-74 =~3024
~&1 ~1697
-2 358
—& -87
~& ~345
- ~251
—~289 ~12900 -
~18& ~-8101
-1060 —-4197
~40 1569
-3 ~&0)
i6 752
5 282
T 377
8 & 17

NCZZLE

hins e e o e e e

{2600 IN-LB}

SHEAR

o At e o oot

~196
~1&6
-101
-89
209
51
=31
~-57
38
-25
iie

28
-76
~139
-139
—~82
L4
76
13
25

-5
127
171

£1
~13
266

19
~dsdy
~76

~291
—d 4
146
152
32
19
i9
19
13

PRIN STRESSES

o s e e e e

SIGMX

e e i s i

4953
1308
~123
—~2003
-1617
532
8¢l
158%
1e13
155658
892

~7518
~5HE4 3
-2872
~1372
~8863
~93k
—154 2
~16£1
-1730
~488
~913

5311
—-1134
~&Q22
~3022
~1697

£24
-~ 8%
~9é

—2&7

—11990
~3G88
i43
1319
1376
782
286
377
%17

e i s ot e

STGMN

i s > e

-370%
~3163
~2€665
~2&00
-324%
—~2935%
~2286
-1154%

-757

—-3&1

—bdids

~10470
~84EQ
~F 66T
~5023
-3930
-1942
-1703
~1978
~1759
~1630
-1001

~E202
~5600
—&6 81
-&473
~3802

-63
~13¢&6
~-353
~1790

~12990
~8101
~4£202
~1577
&
~630
83
~1341
~1557
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IN-PLANE MOMENT LOADING, MZN, ON NCZZLE (2400 IN—~LB)

MICRC~STRAIN

A s A e e . T e i SR e o

ROSETTE GACEL GAGE2 GAGE3

1270C—A 9
1270C-8 10
1270C~C 3
1270C~D 2
I1270C~& -6
1270C—F=* -8
1270C~G -1
12700~H 0
127003 2
1270C—K 2
1270C-L 4
1270C—M -1
Q270C—4 -15
N270(~8= 0
0270C~C* -1
Jd270C-D 18
0270C~& 18
D270C~F 17
0270C~G 10
0270C-H 10
Q270C~4 T
0270C~X &
J270C~L 5
1270N—4 42
I1270N~8 19
I1270N~-C -7
I1270N-D =17
I270N~E ~17
I270N~F -9
I1270N~G 4%
1270N~-H —4&
1270N~J ~1
O270N—A -3%5
0270N~B ~8
0270N~C 3
0270N~D 4
02 7TON~E 1
Q270ON~F —&
D2Z27TON~G -1
0270N—H 0
0270N-J 1

e s <o

~119
—&1

25
27
13

21
45
&1
30
12
=12
=10
-5
-2

STRESSES
TRANS LONG  SHEAR
181 —1022 ~50 +~E439
198 ~1222 -67 —=6002
205 ~902 -171 -6015
185 -~11é61 -~291 -B629
167 —108¢9 -489 -—5090
137 -22 —2649 <3665
51 =260 -121 =18%i3
1 ~93 ~&2 -95
—~22 40 69 608
-11 39 83 329
3 58 132 -38
7 263 36 ~19
23 —-1060 -760 -1260
0 10 3 -&
-19 ~834 —293 -13
-21 ~333 442 3867
~30 ~82 503 112
~&2 118 536 1741
-13 219 365 2089
~61 272 367 1792
—23 191 271 128
~4% 88 197 158
5 161 205 -~38
117 -99 1239 ~3147
41 ~31 547 -1095
~1& =254 276 272
~35 =191 ~556 823
—~30 ~EB4 ~530 753
1 312 -163 158
10 245 ~55 -108
5 182 ~&0 ~32
1 106 3 38
~71 ~1048 -1369 12238
~91 —1008 —~530 1804
-&67 b2 - F 1507
~&0 -~214 64 937
-13 -33 33 336
17 111 ~138 ~380
14 1086 3 -317
10 114 49 -209
10 187 85 —~1&5

PRIN STRESSES
SIGMX SIGMN
4924 —-5997
5385 ~-6675
5490 6562
4919 6372
4324 5872
3532 —-3803
1325 ~170%
30 -166
662 ~554
391 ~269
148 42
264 34
359 -2178
14 -1
~293 ~834
£88 -4 80
1036 -616
2079 —~1428
2383 -~1799
2111 1473
960 ~£93
310 25
221 139
3787 —2647
1391 ~875
8 -537
&£70 ~1216
498 —1082
360 -211
280 -89
186 ~b4
118 -9
30 2447
1053 2587
1275 ~1764%
873 ~1022
337 ~337
386 R
375 —266
293 —-130
308 -3



IN-PLANE MOMENT LDADING,

MICRO~-STRAIN

e S . e A S i A s 2%

ROSETTE GACEL GAGEZ GAGE3

g U U U P e S R

I300C-A
I1300C~-8B
1300C~C
1300C~D
13G0C~E
[300C-F
1300C-G
1300C—H
1300C—-J
1300C-K
i300C—-L

3300C~A
0300C~B
0300C~C
8300C~D
03000~k
0300C~F
£300C-5
3300C—H
0300C~d
0300C—K
0300C~L

1300N—-A
I1300N~-B
1300N~C
1300N~0
I1300N~E
T300N~F
1300N~G
I1300N~-H
1300N—-J

0300N-4
0300N~-8
0300N~0
3300M-D
D300N-E
O0300N~F
0300N~G
3300N~-H
300N~ J

-184
=110
-25
39
81
108
68
28
-20
—~34
~26&

143
87
20

-35

~70

-113
~8&
~57
~24
-12
2

~321
-85
48
114
113
&2
48
43
&2

349
137
35
—&
~15
35
&7
61
57

-1
-39
~3F
-31
-22
-~18
-29
—&45
il §
-~ 36
-20

211
179
131
86
45
~33
~77
-72

~31

285
244
167
103

52

ii
1a

96
113
131
145
151
12%

86

52

16
-10
=31

186
134
83
35
-3
-£3
~86
~380
~58
~36
-9

204
180
147

98

29¢&
158
&6
14
-17

~22

i2
15

MIN,

135

TPANS

e o i e

1978
1750
2085
2464
2742
2241
1178
106
~€15
~976
~1089

8584
5786
4677
2691
10086
~1975
~34 80
~3279
~1927
-666
238

1251
3717
4553
3916
2717

182
~220
~241
-~339

12390
8914
5089
2586

790
-&33
208
444
563

STRESSES

LONG

4938
~-2768
-130
1908
3244
3923
2606
8%9
~783
-1319
-1111

6866
4659
2016
248
~179¢
~3985
~3583
~2695
=~1291
~556

129

-9262
-1422
2806
L4594
4194
1922
1374
1382
1167

143180
6794
2582

591
-219
851
2087
1972
1894

ON NOzZZLE (2400 IN-LB)

PRIN STRESSES

et . s iy o b ke . e . s N

SHEAR SIGMX SIGMN
~1469 2277 =~5237
~2026 2525 =3544
~2235 3472 -1517
-2343 4545 ~173
-2298 5306 582
~1912 5171 993
-1545 3455 130
~1298 1833 =849
-817 122 -1520
-336 ~770 =-1524%
146  ~954 -1246
336 8648 6803
589  £939 4507
£33 4820 1873
£84 2843  —399
&40  114% =1933
399 —~1899 ~4067
127 =3385 ~-3648
114 =~2673 =3301
361 ~1128 =~2090
538 -70 =~1152
374 561 -194
~4900 3181 -11190
~2590  &79% 2801
-1121 5100 2258
-171 4637 3874
279 &z245 2666
431 2023 82
~25 1374 =220
-13 1382 =261

0 1167 -339
~14& 16190 12380
1013 9321 6388
1349 5677 1994
1186 3137 &0
912 1327 =757
234 837 ~670
-6 2087 208

-6 1972 bah
~13 1894 563



IN-PLANE

MOMENT LOADING,

MICRC-STRAIN

e A R . T i T T

ROSETTLE GACGEL

R e e YR s A ot adt wn e i S

1330C—A
1320C~8
1330C~C
1330C~D
1330C-E
1330C~F
1330C~G
1330C~H
1330C—J
1330C-K
1330C—-L

0330C—-A
0330C-8
0330C-C
0330C—D
03300~E
0330C~F
0330C—G
0330C~H
0330C~d
0330C~K
0330C—~L

I330N—-4
I1330N-B
I330N-C
1330N~-D
I330N~-E
T330N~F
I330N-G
T330N—H
I1330N-J

0330N—A%
0330N-8
0330N--C
J3330N-D
O0330N-E
033 0N-F
0330N~-G
0330N~H
0330N—-J

—249
~léé4

18

182
1086
52
-2
—20
~21
0

12

5

-8
~14
341
=100
53
110
115
85
51
5%
56

0
104%
—~1
—-29
~16
29
&¢&
59
63

GAGE2 GAGE3

101
£8
58
48

-11
-29
=28
~1%
~11

7

=i

2538
216
170
138
103

~18
=21
-10
~10
-10
—-18
...‘12

23
31
27

200
174
131
90
57

~30

183
188
150
101

61

136

MZNy ON

TRANS

2101
1203
1105
805
~29%
-715
-951
605
209
436
456

59889
8416
6544
4£98%
3594
984%
-272
-588
=893
~1381
~1468

2589
5133
4955
3827
2526
~1&7
~%
&5
43

13080
8273
4910
2414

780
~348
126
133
119

NCZZLE

< e 2 e s o e

-6840
—3959
-1051
783
1€51
2209
1155
645
63
202
—63

8427
5704
El-3 N
1438
479
~346
—-81
180
—~125
~642
=854

— 9445
—1454&
3069
4441
4222
2502
1538
1673
1681

3923
5590
1430
-~160
~237

752
2005
1822
1918

(2400 IN-LB)

PRIN STRESSES

LR A e i i e s s o A

SHEAR SIGMX SIGHMN
1589 23715 ~7114
119¢C 1464 —~4£220

918 1443 —~1389
166 1580 28
139 1661 —303
89 2212 718

~215% 1176 -973
~386 755 ~T14
~ 494 635 ~364
~557 888 —250
—~&50 716 ~322

772 10220 8094
526 8514 5606
519 6630 3430
614 5087 1335
£46 3722 351
431 1111 ~& 73
£3 ~-62 —291
~32 182 ~589

- 144& -39 —920
247 ~5867 1456
~101 ~838 ~148%

—~3533 3549 —-10410

~1969 5677 —1998
-962 5359 2665
=291 4557 3711
—-13 $222 2526

247 2525 ~189
~32 1539 -5
25 1674 64
-~38 1682 &2
~304 13090 3913
179 8482 5380
1000 5177 1163
823 2654 ~&01
779 1201 ~658
469 925 -518
247 2037 G4
120 1830 125
177 1935 102
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A.5 In-Plane Force, FXN’ on Nozzle
IN-PLANE FORCE LOADING,y FXN,y, ON NOZZLE (200 L8}

MICRO~STRAIN STRESSES PRIN STRESSES

oo o nn e A A o e S0 - s D a0 H A et MU VIR U Al

RCSETTE GAGEl GAGEZ GAGE3 TRANS LONG SHEAR SIGMX S IGMM

A2 A Ao e e N ] 3 e s v e s o s e s e~ > An w — - o o

[~OC~n 454 ~145 ~103 ~6024 11820 -&£i4 11840 6045
[-0~C~B i94 - 8% ~55 =2368 482C “4556 4846 =-3293

1-0~C~C 36 -75 -65 ~312¢C 133 -123 139 =312é
1-0~C-D =51 -532 -53 2273 =2207 & =2207 ~2274
I-0~-C~& =-112 -27 =385 =1234 -373% 114 =—=1229 ~3740
1-0~C~F* 0 43 38 1765 530 7¢C 176G €26
[~0=C=~G =77 72 72 2249 =1338% & 2249 =1335
I-Q=C~H% o 76 73 33472 1003 89 3345 999
[-0~C—J -390 77 61 3062 & 215 2077 -3
1-0=C~K =27 &4 57 2682 & 29 2685 3
I~Q=C=i -13 34 48 1811 144 ~19¢ 18232 123
0=-0-C=A =321 =401 ~471 —-17736 -14940 260 ~14920 ~17750
0=0=C=B =102 =280 ~279 =-12190 =6722 ~13 =§722 ~1219C
O (== -33 -7207 =204 -—-8997 ~3697 -4 =~3697 =899R8
C=0=C~D 9 -15¢ =~158 ~6965 ~1833 ~12 =13833 48465
O=-0-C~E 31 =126 ~124 ~5527 ~FAD -Z5 =732 =5%28
C=0=C~F -3¢ -6 =62 =2674 ~1087 32 =1087 =2674
Qe -54 =48 -52 =2145 ~-2254 57 =2120 ~2279
(=C=C~H -£5 -£3 ~57  =23%42 =2641 44  =2335 <2648
C=0=C=J -5z -5 -55 =2345 -=2272 0 =2272 2345
CmDmC=KHk =38 -4 8 9 =1003 —1443 -£33 ~552 ~-1897
Q=01 i ~34  =3& ~1526 -4315 25 ~415 ~1E27
T Q=N=A 256 =136 =140 =6394 6978 57 £973 =-6394%
[—-0=N=B 29 =166 =162 =T726{ ~129% ~51 ~129% =726C

JQeN-{ =111 =347 =131 ~5884 -5087 -3486 -B061  -5909
I-C=N-03 =157 ~9G -32 ~&4016 ~5909 ~33 -401F 5914
I=0wN-E =143 ~5¢ =54 =Z232i8 45886 =70 =~2316 ~4588
[ QmN=F ~-93 ¢ O g9 ~2579 a 93 ~2679
I QNG -57 ~8 -5 -220 ~1762 > ~2312 =-1763
[=0=N=H -62 ~13 -13 ~506 —-2Gi% -1 =536 2019
=G Ne=.J ~59 ~13 -1% ~604  ~1949 i 682 =1951
QueleN=A =260 =357 =263 -15560 12480 82 ~12480 -155460
C~0=N=B ~33 =224 =219 =578 ~3910 ~57 =3930 ~G7(8
G-0=N=~C 69 =138 =121 -5330 4332 32 483 -5230
O Q=N 13 81 =45 ~dly 2032 1828 ~313 1828 ~2032
O~0=-N=~E 57 -~ =5 —~261 16372 19 1633 ~Z 6]
U= Q=N~F -28 24 20 1602 =526 57 1004 ~5 29
C=0=h=~G ~&0 g 8 411 ~-3687 £ 4311 -=1687
D= O=N~H -5 ig g 43, 1368 28 437 -~1263
Q= O=N=J ~53 i i3 549 =314l —dp &y 550 =149



IN-PLANE FORCE LOACING, FXNy

MICRO~-STRAIN

AR D, S A T APV R 4 I W

RCSETTE GACGEL GAGEZ GAGE3

I B DD RS AR A A A U RSO OO e AR W o S

I-9QC~A
[-9GC~-8
1-90C~C
I-5¢C~0
[-90C~E
I=90C~F
I~-90C~G
[=9CC~H
I-90C-J
I=-90C~K
I-9CC~L

G~90C—A
C=90C~B
0-20C~C
O=-9GC~D
C~90C~Ek
C=50C~F
0~-20C~G
C~90C~H
C~-20C~J
C=90C-K
C-5CC—L

I-S0N~A
I-GCN~-B
I=-9CN~C
I-90N-D
I=GCN~E&
I-SCN~—F
I~9CN-G
I-90N-H
I-9CN—J

C~90N—A
C-90N~-B
C-9CN-C
C=90N~-D
0~30ON—-E
O=90N-§F
O=50N~G
C~90N~H
0=-90N~J

[
ny

=) L W

}

[
NS OO0 0 N W

H
§ Gt Yt et
WA W W N O == W)

i

274
287
315
296
281
G

S7

?
is

-27
~14

&

38
&7
36
17
-5

-67
~104
~91

~38

-1
G

116

15

~44,
~67

&7

-38
-20
-22
~23

~42
~52
~52
-22

8
44
33
30

=
-

138

ON NOZZLE (2G0 LB)
STRESSES

TRANS LONG SHEAR
1338 273 ~6483
507 614 ~7091
781 291 =7TG322
464 31C ~T404
603 2b5e ~7129
749 25 5033
644 564 ~218%
498 235 ~89
351 205 S24%
258 163 526
228 111 ~25
755 141 ~£70
687 277 1355
647 223 ~£70
659 183 44
595 179 488
511 -118 211G
=63 26¢ 2754
27 122 2450
144 114 1089
250 10z 177
~169 6 -101
819 ~154 =2615
416 452 ~146
55 £15 1209
-132 146 1697
=264 -8 1614
~243 ~160 861
=133 ~125 450
~172 ~194 488
=174 -138 500
1C19 -13¢ 1735
147 ~-503 1820
59 ~&53 1418
~103 =74 522
48 128 ~171
191 257 =-1057
17 119 -8T4&
80 11G =760

8 6C ~£52

SIGMX

7257
7853
84732
7991
7559
5433
278%

525
1206

738

234

1695
1852
1G42
662
Q17
2322
2861
2525
1218
368
53

2992
581
1516
1709
1484
659
321
304
344

2270
2055
1244
444
264
1282
943
855
687

FRIN STRESSES

P T e A o A S BT s

SIGMN

S an . e wx

~5646

~6232

~7401
-7217
- £704
- 4659
-1580
208
~649
~217
106

-199
~8 83
~174

i79
~142
~1929
-~ 2657
~ 2276
-G 60

=35

-216

~2327
288
-246
~31696
-1758
~1066
~-579
~&71
-657

~1287
=-1811
=1638
~& 20
- 87
=834
~8Q7
~665
-~619
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ROSETTE GAGEL GAGEZ GAGE3

S AN D e s T D WD s A TN O s S AU DS AT KO i A0 s

132CC-A
1126C~B
1L20C~C
132¢C-D
112CC~E
[120C~F=*
112¢C~G
112¢C~H
1120C~J
1120C~K
112GC~L

C12¢C-A
0120C~B
C120C~C
CizgC~-0
ClzCC~E
C12¢C~r
G12¢C~G
C126C~H
£120C-4d
0120C~K
012¢C~L

I1120M-A
1120N=-B
11 20N-C
I12(N~D
I120N-E
I120N-F
J12CN~G*
TL20N-H
T120N~J

D12CN=-A
C12CN~-B
Cl20N=-C
C12CN=-D
L120N~-C
{120N~F
C12C0N~G
GLl20N~H

J12CN-J

—-229
=332
30
111
181
g3
153
Té

3
~18
~i5
242
78
-18
-85
-124
-162
-122
~78
-24
-8

8

~449
-93
118
196
15

114

57
5¢C

537
148
-5
“-ip &

58
84
21
77

34
35
26
25
26

-31
19

-19

-21

~1¢

-3

431C
271
154
1z2¢
71
-18
~-G@
-1¢2
-4 8
1
3¢

-154
57
146
ib¢
1306
47
~14

45¢
267
v N
56

24
~30
~-1G

&

2C9
225
2432
246
24C
i72
146
106

52

1%
~Z2

337
252
174
107

50
~31
-85
~&7
~56
-34

~4

206
204
227
137

63
-17
-23
~24

oo o £
- X

486
272
il4

-4
~1¢
19
23
27

FXNy

139

ON NOZZLE (200 LB)
STRESSES
TRANS  LONG  SHEAR
5589 ~52C9 -2224
5898 ~1010 =2476
5878 2662 —2887
5904  51G7 ~-2853
5907 6304 =2T16
3000  36EC  -2T7G3
3456 5627 ~1702
1838 2822 =-1671
748 224 =1C13
g ~Eg5  -412
~526 =614 253
16140 12100 566
1140¢  575¢ 252
8102 1889 266
5273 -3956& 279
281C ~2878 279
-969 ~5120 177
~370¢  ~4777 -6
~4071 ~3572  ~1%0
-2240 ~1399 108
-712  =45¢ 475
566 398 450
2836 ~12340 =£129
£027  ~315 ~3286
8122 5975 ~1045
€375 T7E6 23¢
4021 T18C 886
B44  2ET0 £48
-828 =248 12¢
~45% 1559 ze3
~682  129% 421
1999C 2212C =475
13870 861C 1246
7101 2015 1304
2327  -685 1150
-407  ~1277 cps
~113¢ 1267  ~14f
117 £544 ~288
201 284C  ~323
625 2511 =275

SIGMX

S s 208

HC 68
6694
7575
8% 26
882¢
6065
6561
407¢
1871

232
-313

16360
1141¢
8115
5286
28 24
-901
-3704
~2509
-1385
-9z
939

5896
9166
8555
7862
T411
2792
~224
1632
1282

22220
14160
7501
2741
162
140¢
2602
28EZ
2552

PRIN STRESSES

U A i RS B IR, RS 2 s PR MPS WA A

SIGMN

~5CE8
-1806
365
25 85
2279
£15
2522
£91
~4 99
-7 48
~-827

b

1880
5T 47
1878
~268
-~ 2891
-8127
~4782
~41 35
- 2253
-3C76
25

~14400
~14 54
E552
6299
3790
222
~B8493
~£23
~771

168%C
8271
1705

~10¢8

«38&t

~11«8

G
245
285



IN-PLANE FORCE LUALING,

MICRC~STRAIN

RN P N YA B N CRD K T M AR

ROSETTE GACGEL

XD o o T R S TS (i €N CEMEN G ORI S TRMADID T W > 1000

115CC~A
115¢C-8
115GC~C*
1150C~C
I15CC~E*
I1158C—F
1150C~G
1150C—-H
1150C~Jd*
I115CC~K
I150C~L

C150C~4
C156C~8
C150C~C
Ci5CC~0*
C150C~-E
C150C~F
0150C~-G
01506C~H
Ci50C~d
0150C~K
G15Q0C~L

I150N-A
I150N=B
I1150N~C
1150N~D
I15GN~E
115C0N-F
I15CN~G
I15CN~H
T150N~J

C1l50N~A
J150N~8
C15CN=-C
C15G0N=-D
O150N~L
C150N~F
015CN~-G
C15CN~H
C150N~J

~3432
=134
~-1G
138
Y
143
96
67
~27
-8
-5

2Ts
114
33
-20C
-47
42
6
23
18
11
4

-450
~115
111
188
187
111
65
65
62

288
116
-33
~&{
=37
50
85
78
73

GAGEZ GAGEZ

123
i4C
128
114
1G4

58

-&
-12

3¢

432
337
260

157
3s

-3¢
-24
-45
-38

~5E

5i
124
117

434
344
20 ¢
10¢
3é&
-11

436
243
179
123

140

TRANS

5055
4523
¢6¢G
27832
c44b

459
~-5t4
~115

708
1816
1123

18640
12640
G614
2947
5628
1957
-28
-6632
-605
~1224
-11985

5312
6623
€572
4828
729

150
~520
~276
~266

19770
12330
7076
2865
469
=311
~20
154
11¢

FXNys ON NOZZLE

(20C LB)
STRESSES
LONG SHEAR
~8762 463
~26632 1C7¢C
561 1703
4G83 1247
733 127¢
4443 1171
2659 310
1975 -127
-586 -741
20¢ -7C
194 565
13960 38
7227 1254
28¢8 1076
271y ~1772
291 798
=687 —~3108
177 =190
500 -57¢
360 ~279
=42 ~45¢
-230 =279
=1312C ~4362
-1477 —~2583
5308 ~753
7079 76
643¢ 576
3367 165
1783 196
1872 247
1773 247
17580 ~£T1
7479 1007
1125 1228
~951 562
~971 703
1223 216
2532 19
2368 57
2217 ~108

FRIN STRESSES

SIGMX

507¢C
4679
3734
5546
3127
4762
2729
1983
1045
1819
1469

185640
12210
9809
3830
5745
1962
290
737
435
108
~156

£292
7377
€224
7082
6523
3375
1739
19G0
1803

19940
13500
7319
3094
755
1245
2532
2400
2222

SIGMN

-877¢
~£819
~253
2220
50
140
~583
=123
-G22
299
=152

12960
€950
3673
=612

175
~-672
=141
~3900
~679

~1385
=127GC

~141C0
=2231
4956
4825
2642
142
=537
~298
~296

17250
7311
881
~1180
- 1257
~933
=20
153
113



IN=PLANE FORCE LOADING, FXN,

MICRO-STRAIN

naans

ROSETTE GAGEl GAGEZ GAGEZ

A s s 2y < O NP Al SR e G DO B OMASN T Wt e, Al s N

118CGC~A
{18CC-B
118CC~C
118CC-D
I1180C~E
118CC~F
118CC~G*
118CC~H
1180C~-4J
118CC~-K
1180C~1

Cl8CC~A
C18CC~B
C180C~C
218CC~D
Cl80C~-E
C18CC~F
C18CC~G
C18CC~H
C18¢C~J
0180C~K*
C180C~L

I18CN~A
Ti8CN~B
1180N~-C
T180N~C
TI8CN~E
118CN—F*
I180N~G
118CN-H*
118CN~

D1BCN~-A
O18CN~B
C1B80ON~-C
018CN-1
CigOnN=-E
C180N~F
B180ON~G*
018C0N~H
OLBCN~J

~301
~116
15
89
124
14C
79
66
53
25

36

202
QC
22

-10

-2
ié6

TC

401

~G g
-81
=&
L2
g
65
63

121
101
87

67
4C
~24
~1i58
~56
-52
~48
~33

342
277
215
12
124
55
45
47
48
43
27

ie2
169
139

96
8z
75
58
39

-21

-&0

-53

-60
-52
-4?

337
266
2¢C
i40
112

274
52

1L

TRANS

s 00 @ et

ON NOZZLE (20¢ LB}

STRESSES
LONG SHEAR
-T7490 229

5114
4201
2555
2660
1597
~1135
-4880
— 24064
~2523
-2210
-1690

14710
1183¢
188
6664
5217
2437
16583
2105
2173
1974
1z2sC

7380
7825
€335
4162
2115
-451
-224%
115
95

18890
12040
6345
2533
369
~777
418
~-155
~285

~2218 215
1823 165
3464 114
4200 i3
3851 ~-38

902 =-12938
1242 ~&44
826 101

78 57
577 114

1247C 63
6243 i3s
3412 241
1¢36 210

838 14546
1202 ~32
2300 ~38
2742 -7C
234E -&3

592 -~ &
1371 ~82

~T7665 78
1435 ~2Z15
5450 -222
£224 -63
504C 12
=147 ~285%
1473 0

34 1¢
1711 10s

17690 437

5950 27
36 ~23%

~1678 -190

~-1¢886 ~TQ
1C21 0

125 203
1892 25
1795 87

PRIN STRESSES
SIGMX  SIGMN
5122 -74¢98
4208 ~22256
35638 15¢9
3480 2644
4200 1597
3851 ~1153¢6
1180 -5158
1243 —2465
§29 ~2826
8¢ -2211
582 =1626
14710 184790
11330 239
5198 24472
5584 16646
5222 833
2438 12¢1
2304 1959
2749 2058
2369 2152
1275 $91
1422 1239
7381 ~Té68
7832 1423
65387 5368
€226 41 60
5040 2115
i4 ~652
1473 ~224
112 30
1718 83
19030 17340
12040 5949
6254 27
2542 ~1686
371 =1e88
1021 -777
521 22
igez =155
1797 ~298



IN~-PLANE FORCE LOADING,

MICRO~STRAIN

-

ROSETTE GAGEL GAGEZ2 GAGE3

R A K RTDR AT IO R TR AN D KO S D SO D P 2R e OO

I127CC~A
1270C~-B
127CC~C
127CC~0D
I270C~E
127CC~F
1270C~G
1270C~H
1270C~J
I1270C—K
1270C—L
1270C~M

027QC—-A

C270C—~B*

C270C~C
027G6C-D
027CC~C
0270C~F
0270C=-G
Q270C~H
0270C~J
C270C~K
C270C~L

I27CN-A
1270N~B
1270N-C
I270N--D
I1270N~E
I127CN~F

[27ON~Gx*

[27ON-H
1270N~J

O0270N~-A
CZ2TON~B
Ce27ON~C
O270N-D
027CON-E
027TON~F
C270N~G
027GN~H
C270N~J

-30
-37
~23
~24
~14
0
-7
-4
-5
-8
~11
~4%

19

o

0
S
6
2
5

-9
-17
12
20
18
2
wwz
-3
-3

45
11
-3
-3
-1
13
6
4
4

307
339
221
3i8
288
187
8¢
8
=37
-26
-5
=il

105
C
40
i6
=&
~71
-5
-88
=35
2

1

152
41
~29
~62
-€5
~42
0
-2¢
~24

-1
~41
~49
- 24

c

38

37

31

28

- 247
~-276
-281
- 260
~239
-193
-72
-3
26
12
~-1GC

~12

=34
3
28
44
63
102
120
98
42
1C
i

—14C
=31
35
67
57
14

3

7

12

S6
117
83
40

-3d
-3¢0
—-26

~-27

FXN,

1he

TRANS

1249
1440
1112
1306
1091
=173

311

1909
~224
-294
-322
~-508

14639
73
1484
13290
1240
695
434
218
156
270
163

Azs
228
101
103
~197
-6G38
65
-%404
=257

2040
1666
T45
369
T4
80
139
110

STRESSES

I.LONG

s eamn 2w

~508
~&&b
=265
~323

=86

-39
~121

-81
~-238
~331
-439
~266

1676
22
T02
567
443
&6
45
9%
61
124
163

~1371
~& &2
401
&30
4568
-125
-38
~207
-177

1552
843
i24

11
-5
409
227
161
11¢

ON NOZZLE (200 LB)

150a
~b by
171
~274
~918
~2305
~2200
-2438
-1032
-101
76

3900
956
~855
-1722
~1614
~747
~38
~437
-488

-1204
—-23108
~1754
-855
-32
G669
€86
753
728

PRIN STRESSES

SIGMX

A Gam 1000 100 e

78461
8647
8561
8243
1548
4978
2202

182

605

188
~234%
~266

3284
99
15290
1474
18432
27406
3173
2645
1142
322
239

3463
913
1119
2109
1734
419
77
142
272

3301
3404
2216
1063
85
1227
1071
820
791

e e o s 3 i

Aines Hn A A

-7G20
-7873
~TE15
~T255
-~ EE 44
-5143
~2C12
-155
-1C67
=813
~4Ob
~503

-56%

&6
413
~-159
-~ 1546
~ 2643
—2233
«325
T2

-

~4514
-1116
~617
~1376
-1213
~13152

- 50
=753
~706

£91
-8G3
~1247
~683
~17
-~738
~7 0%
~£18
-~&69
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S . A T s S D Sl A
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- —— ———— o -

I300C~A
I1200C~B=*
13¢0C~C
1300C~D
I1200C~E
I130CC~F
1300C~G
1200C~H
I36CC~d
139CC~K
130CC~L

C360C~4
0300C~B
C300C~C
020¢C~D
C300C~E
C300C~F
D3CCC~6
0300C-H
C3CCC~J
C300C~K
0300C~L

I300N~-A
I300N~B
I300N~C
I3CON-D
I300N-~-E
I300N~F
1200N~G
I30CN~H
[300N=~J

0300N~A
$300N~-B
C3GON~C
G200N~D
C300N~E
C30CN~F
C300N~G
J2C0ON~—H
C3Q0N-J

251
147
26
-56
-i22
-136
-104
-47
17
37
24

-218
-137
44
38
96
148
115
75

-~
-
-

i1
~7

468
12¢
-& 4
-l61
~-161
-88
-67
~6é
=57

—488
-1895
-32
27
34
-32
-77
-606
~&60

143

6
45
40
33
is
is
36
5¢&
52

~-129

r
-182
~2C5
~219
~186
~129
- 80
-33

4

17

-27Z
-202
~-127
~-63
-3
8¢
12¢
1ié
80
43

8

- 280
-247
-129
-120
~-67
23
iz
9
14

-4 20
-244
-100
-27
18
24

.9
i
&

~20
~19

ON NOZZLE
STRESSES
TRANS LONG
~-2970 5636
82¢ 4665
-313¢ -369
-3709 -3080
~4284 =4935
-3516 ~3146
~1923 ~3&8%
-4£29 =-1540
399 €33
973 129¢C
768 5473
~312300 ~10220
-Qe7(3 ~7097
~6876 =3389
~-4314 -139
~31860 2308
2542 521¢
4793 4888
326¢C 323C
2503 1662
824 57¢
-473 -242
-201¢ 13450
~5533 2116
~&624 ~3912
~5849 ~4588
~4136 ~5074
-519 ~2807
2L -2004
-32 =31977
1 ~172%
~17410 =-19860
~31231iC ~9354
~£900 ~3025
~332G ~183
-706 815
1215 ~593
252 =2248
~137 =2008
~237 ~1867

{200 LB)

Bt L 0N
A s 4

BB ke ed O e B O

(A I
N

<oy o
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i
NSRS N N e S

W
~d
o]

~-31095
-1532
~-31273
~886
82
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419

336

PRIN STRESSES

T S B O AR S P S SO S M3 s

SIGMX

s s s e

6962
4755
1646
~213
~-5423
-1471
—~437
934
1662
1738
951

~10160
-6917
-3207
54

24 64
5301
5¢G5%
430%
28313
1w32
163
15840
3350
-34253
~580Q
-2838
-156
a0

i

93

} =-17280

-89G63
~2492
268
izaz
1239
312
-&8

-3

SIGMN

oy antr

~2296

7320
4545
- €578
~77CH
~7:193
~5171
-~ 2903
=€ 30
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760

=12360
-10150
-7 58
~-4507
~-2C16
2651
4€ 26
2L 8%
1383

~ 833

-019

—bis 26
-6772
7110

. =A636

~6H2T2

-3171%

- 20262

- 20 2C

-3815

=195 80
~3 2680
-7432

-3771

~-1313

~£ G4

- 2308

- 2597
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IN-PLANE FORCE LOACING, FXN, ON NOZZLE (200 LB)

MICRO=STRAIN STRESSES PRIN STRESSES

e B A G D < XD W S TR s K S il TS T R TS ERS R A

ROSETTE GACELl GAGEZ GAGE3  TRANS LONG SHEAR SIGMX SIGMN

T RN R R O IO KT D SRS R WED PO WRAGUD G ew YeD A o 00 s 0 as ot et o0 aan oom aey s FH AR AR e S e o, cxn e crin o

133CC—A 352 ~i6d 15 -3572 9478 2336 9883 3677

1330C~B 200 =112 2C —224¢ 5328 ~1760 5717 ~2635
133¢C~C 5% -97 38 -2029 1173 ~1293 1694 —2550
1330C~D =35 -G5 3 =1987 -~1651 ~1304 =504 3134
133CC—-E ~G3 =62 7 =313l -3119 -324 =767 —2482
I1330C—F* —125 4 ~2862 ~5523 ~5420 3546 ~1926 -~9017
I330C~G* -80 31 10 996 ~2096 272 i02¢ -212C
I1230C~H ~47 32 =1iZE 438 ~1280 627 643 ~1484
133¢C~J -25 12 ] ~620 ~942 709 ~54 =1508
I3300~K =13 & 54 =31041 ~697 804 ~&7 —1691
1230C~L ~1 1 =52 ~1iié ~363 715 69 ~1CA48
0330C—A =279 =369 ~298 —14350 —1i2690 343 ~12260 ~14770
0330C~B =~153 ~30C4 ~-2¢4 ~1208C ~8218 ~659  «~8i09 ~122006
£330C~C ~T4 =242 ~18& ~-9360 -—5032 ~722 ~4915 ~9477
(336C-D 1 -192 ~ig8 ~7041 2069 ~848 =1929 ~7182
Q33CC~E 30 -i45 =83 =5015 ~608 -855 ~44&6  ~5175
C330C~F 390 -52 -8 1349 494 ~595 669 —1524
C330C~G -1 5 17 471 113 ~153 531 53
0330C—H ~15 25 17 936 -17o i01 945 ~% 85
C330C~J - & 40 24 1416 254 206 i453 217
C330C—K 4 42 27 1512 511 209 1554 469
0330C~-L 11 36 29 1492 176 127 1514 754
I330N~=A 4396 lig ~257 3720 13750 4913 15040 -5006
I133C0N~B 146 -68 ~265 -T472 2149 2621 2817 ~8i39
1330N=C ~72 =121 =206 7106 ~4299 1127 ~3902 ~7502
I232C0N~D <156 =~124 ~138 =5593 ~6368 177 =5555 ~6407
I33CN-E ~163 -G8 ~79 =3716 ~6005 =260 ~3687 ~6&034
I330N~-F =~115 ~20 22 158 ~3417 564 245 ~3503
1330N=6 -65 =11 2 =117 ~1674 =177 -~100 ~1991
I330N~H =71 =-2Q -2 =402 —~2259 ~253 =368 ~2293
133C0N=-J -67 ~14 - =323 -~2121 -139 ~312 ~2132
0330N~-A 6 =309 ~429 ~16210 ~4B&3 1595 =4643 —~16430
C330N—8 =111 ~28& =223 ~1i080 ~6647 ~842 ~6493 ~11240
033CN=C 29 ~17¢& ~1Ci ~6120 ~381 ~1007 =791 ~£3190
C33G6N=D 65 -7 -23 =2724 1136 ~088 1374 ~2962
0320N~E 47 ~43 20 ~542 L1234 842 1570 —873
U33CN~F —-24 le 38 iiiz ~379 3472 1187 = ~454
C230N=-G -69 8 i3 535 ~1907 ~T6 538 -194G9
0320N~-H ~&67 5 -3 157 -—1949 89 160 -1953

0330N-J =53 0 1 111 ~318é63 =13 111 -1863



A.6 Axisl Force,

AXTAL FGRCE LOADING, YN,

MICRO-STRAIN

i s . B At e

ROSETTE GAGE]l GAGE2 GAGE3

- - oA - Wt s A a0

1-0-C~A ~49 9 6
I-0-C-B -27 5 0
{-0~-C-C -11 2 -1
[-0~-C-D%* 0 3 3
1-0-C-E 2 -1 -2
[-0~C~F 0 -8 -12
1~0-C~C 3 -21 ~20
{-0-C~-H 0 -25 -23
[-0~-C~J 0 -27 ~25
I-0~C~K ~1 -27 -25
[~-0-C~L -9 -23 -29
D-0~-C-A 32 48 43
0-0-C~-B 14 31 34
0-C~C~C & 26 21
D3~0~C~D 4 10 15
Q=-0~C~E -G 11 7
OD~0-C~F -1 7 5
D=0=C~G S & 2
0-0-C-H Q 6 T
O=C=C=J il 5 6
O-0=-C-K¥ 10 11 0
Q=~0~-C-L 2 7 le
I~0-N-A ~Z4 15 15
{~C-N-B 5 15 17
1-0~N=-C 12 14 16
I1~0~-N-D 21 12 8
[~-C-N-E 17 9 7
I-0-N=F 8 0 -4
I~0~N-G 8 ~1 1
I~0=-N-H 12 0 3
[~0=N~J 14 2 4
D-D~N-A 17 36 28
3~0~N~B -5 1¢ 24
0~0-N~-C -11 15 13
O=0=~N-D -10 10 %
D=0~N=-F -10 3 3
O-0-N~-F 5 3 0
0-0-N-G 4 2 4
O=0=N~H 5 2 2
C~0=N-J & 4 3

1ks

389
134
22
126
-75
439
-922
~1044
-1128
-1127
-1118

1960
1405
1017
737
396
252
126
262
218
229
416

684
694
654
426
315
-92
2
58
121

1611
945
628
303
146

78
1z2
&8
1506

};7

yyo OB Nozzle

ON NOZZLE (300 LB}

PRIN STRESSES

o~ a man n > o s s o

STRESSES

LONG SHEAR
-1366 38
-758 76
-321 44
24 0
34 19
-132 51
~191 -1z
-313 -25
-238 ~-25
=367 -25
~606 76
1543 70
845 -38
476 63
335 44
~152 57
47 25
295 19
335 ~13
203 ~-13
368 146
182 -76
-508 ~&
26% ~-32
5¢5 -25
755 57
608 25
215 51
229 ~-32
417 -32
450 -19
962 ~38
141 ~63
-139 3z
~208 16
-241 ~&
180 38
154 -32
183 &
230 1l

SIGMX SIGMN
389 -13&7
140 ~765

28 ~327
12¢ 24
38 ~78
=124 -447
-191 -922
~312 ~1045
~-338 -1129
-36&6 -1128
-5¢5 -1129
1971 1532
1407 847
1025 469
742 330
402 -158
255 b4
267 124
337 260
394 217
460 127
438 59
684 ~508
697 362
563 586
765 417
610 3132
223 -101
233 -2
420 56
451 120
1613 280
950 126
630 ~141
314 -219
146 ~241
193 65
176 109
184 28
235 146



AXTAL FORCE

LOADING,

FYN,

MICRO-STRAIN

s s AR e s R B P e

e e e w8 e W A o O ke e

[-90C-&4 -~120
1-90C~-B =91
[-90C~C ~&5
I1-90C~D =&
1-90C~E 23
[-90C~F 48
I-900-6 T7
1-90C-H 77
1~90C~J 43
[-90C~K 13
[-90C~L -8
0-90C~A 132
0-30C-8 96
0-20C~C 51
3-90C~D 14
0-90C—E ~13
0-20C~F -4 8
0-90C-G 64
0-90C-H -46
-90C~J -22
0-90C~K* 18
J-90C~L 19
{~90N~-A ~201
1-S0ON~8 -55
I-90N-C 29
I1-S0N~D 6%
I~90N-E& 62
I~-90N~-F 28
[-50N~-G 16
I-SON-H 19
I-90N-J 21
D-S0N-A 234
0-90N-B 83
D-<ON-C 10
0-90N-D -22
0-90N-E =20
0-90N~F 20
0-90N~G 29
0~90N-H 27
O~20N~. 19

-0
-25
-18
-8
-1
14
17
9
-9
-15
~15

125
84
71
48
3¢
-3

-27

-26

~32

=15

~1é&

41
7€
6%
54
30

DN OO

hae s 2 s e

~19

110
82
T2
59
43

-22
-26
=23

p |
-

57
67
54
35

146

ON NOZZLE {200 LB)

TRANS

o o e

STRESSES

T > e

LONG

et e wam s

~3844
~2995
-1581
~284
655
1579
2444
2367
1151
169
~%51

5460
3974
2463
1134
139
~1401
~2226
~1698
~1009
364
475

~5687
=747
17329
2604
2262
1158
456
534
638

92415
4321
1397
~-152
450
605
934
888
688

SHEAR

- e o

44
~76
6
~13
19
95
133
101
25
51
63

203
~63
~13
~146
~101
~152
~57
0

0
bl
-209

500
260
32
0
=70
-19
-57
0
~3Z

260
114
~44
~133
-76
-13

=

~44

PRIN STRESSES

o o e AR A

SIGMX

s o oo v

~839
~858
=755
-280

655
1587
2453
2372
1152

172
~438

5541
3983
3077
2372
1754
193
-1003
-1099
-946
366
524

1229
2992
2946
2604
2268
1158
462
534
639

9461
6141
3613
1736
550
605
Q34
891
688

SIGMN

~3845
~2998
~1581
=331
-99
409
439
140
=487
769
-T757

4954
3683
2462
1117
133
~1415
~2229
~1698
=1240
596
=415

-5723
765
1738
2311
1358

10
-55
~168
=15

7958
4314
1397
-1é1
~455
20
166
249
344



AXTAL FORCE LOADING, FYN,

MICRO-STRAIN

.t e S o s - o ano

A A - man 2D aar s A g o ot

1120C-4 ~95 31 ~-36
1120C~8 -58. 29 -39
frzoc-C ~34 25 ~&3
1120C-0= -8 21 ~-48
1120C~-E & 19 ~&5
1120C~Fx* 23 2 ~-55
1120C-G=* 41 -& -30
T120C-H 27 -10 ~1lo
1120C~4 29 -22 5
[120C-K 22 ~22 12
1120C~L ~1 ~Z1 9
N120C-4A S8 116 75
0120C~-B 58 e 45
01zo0C-C 40 RZ 27
0120C~D 21 64 20
D120C-Ex 5 &7 15
0lzoC-F -7 27 0
012006 -17 -1 -2
0120C-H -14 -22 -3
01200~ -20 -38 -8
01z0C~K ~12 ~3é -18
0iz20C-L -G -25 -19
{1Z0N-A =144 ~18 &5
1120N~-B -472 20 82
T12CN~C 18 35 67
TI20N~D 45 30 &5
TI20N~-E 44 19 22
112CN-F 21 3 -1
[120R~-G* 0 -3 0
I1120N~H 11 2 2
I120N~J 11 -3 0
D120N~A 128 68 1322
0120N~B 24 79 79
012 ON~C -21 42 28
012 0N~D -26 20 3
012 ON-E -21 1 -16
01 20N~F 2 -5 ~11
0120N~G 10 ~6 -10
120Nt 132 -2 2
N1Z20N~J 9 -1 -6

1h7

UN NOZZLE {3G0

STRESSES
TRANS LONG
-10 ~2854
~-166 -180%
-370 -~1123
~586 -4 8
=560 3
-1184 32¢
~829 Q8o
-605 931
-407 733
~254 580
-281  ~-113
4090 4178
3059 2657
2358 190%
1825 118¢
1812 686
8iz 30
~55 -51%
=527 ~586
~981 ~B8032
~1ieé ~T4%
~-961 ~55Q
1ig2 =-397¢
2281 =570
237 119¢
1612 1824
860 1584
29 626
-63 ~19
gl 367
~-B6 31le
4903 5320
3451 1762
1778 ~108
530 ~625
~300 -722
-358 ~36
~355 179
-4 398
~156 210

L.B)

~-&450

£3
228
234
76
A

-57

£3

PRIN STRESSES

o s g - o - A

SIGMX  SIGMN
247  ~-3111
232 -2200
234  ~-1727
420 1474
622 -1178
640 ~14C5

1042 -8¢2
934 -609
g4l ~-5185
781 ~&55
211 ~605

4680 3588

3589 2127

2900 1363

2165 849G

2145 25

1056 ~214
-5 -516

~3202 -g12

~529 -1344%

~6b44  ~1P71
~543 ~-978

1408 ~4204

2501 -761

2392 10432

jval 1464

1588 859G
641 24

3 -85
267 21

319 ~&8

5607 4616

3451 1762

1780 -110
573 ~668

-168 ~834
~19 -375
182 ~359
406 ~-12
221 ~166



AXTIAL FORCE LOADING,

MICRO-STRAIN

B TR s s 8 s T B a5

FYN,

1150C-A ~56
1150C-8 -37
1150C~C* -23
I1150C~-D% 29

1150C-E= 0
1150C~F -3
I1150C~G 4
1150C~H 1
1150C~d 1
1150C-K 3
1150C~-L &
D150C~A 42
0150C~-B 26
0150C-C 16
0150C-D* 4
D150C~t 6
0150C~F 10
0150C~-G 13
0150C-H 7
0l50C~J 4
0150C~-K 1
0150C~-L 2
1150N~A =62
1150N~-B -11
I1150N~C 232
{150N~D 31
1150N-E 320
T150N~F* 18
1150N-G 7
1150N-H 13
I150N~d 10
OLSON-A 38
0150N~B 3
0150N~-C -17
0150N-D -17
0150N~£ =15
OLl50ON~F -1
D150N~G 7
0150N~H &

0L50N~J 6

22
23
17
10
-54
—4&
~16
-19
-37
-28
-20

66
54
48

0
30
34
21
19

2
-1
-2

&
15
20
17
13

oo N -

ON

148

NOZZLE (300
STRESSES
TRANS LONG
511 -—1828
218 -1032
402 -578
~523 127
-1984 ~595
-978 =353
~1289 ~273
~1108 -30¢4
-1401 -378
~1382 =315
~341 £
2805 2110
1851 1339
1476 913
330 213
10560 4Q8
835 564
372 497
358 321
=46 100
~126 -G
-432 -30
1175 -1501
1297 61
ll8e6 1054
896 11¢5
489 1045
11 545
44 227
6 401
10 288
2621 1941
1616 570
697 -220
50 -498
~150 =501
=312 -122
~206 138
~132 132
-59 168

LB)

-51¢
-386
-203
-120
25
19
32
=13
-13

-158
82
133
123
38
13
19
13
~&

PRIN STRESSES

SIGMX

553
401
452
9432
~559
=123
=165
~272
~362
~286
263

2806
1693
1663
482
1271
1108
763
612
142

50

1272
1407
1333
1238
1046
546
233
402
286

2656
1622
715
81
~146
-121
139
122
168

SIGMN

-1870
~1216

-62%

~740
~-2021
~1249
~1397
~-1140
~1416
-1411

~534

2109
1168
727
€1
318
290
106
&7
-88
-145
-512

-1598
~50
907
853
488

11
39

10

1306

564
-307
-529
-505
-313
-207
-132

-59



AXTAL FDORCE ULOADING,

MICRO~STRAIN

> " -~ ——

FYN,

ROSETTE GAGELl GAGEZ GAGES3

A o AR A Ay D G e e AR s D i e 0

1180C~A
1180C-B
ii180C~C
{180C~D
[180C~Ex*
I120C~F*
1180C-6
1180C~Hx*
1180C-d
1180C~-K
1180C~L

80180C~A
0180C~8
C180C-C*
0180C-0D
0180C-E
0180C~F
£180C~G
0180C~H
0180C~J
0180C-K
(3180C~L

1180N~A
[180N~-B
i1R0ON~-C
1180N-D
I18CN~E
[180N-F
I180N~G
1180N~H
[180N~J

01 8ON~4
3180N-B
0180N-C
0180N-D
0180M-E
0180N~F
Gl180ON~G
0180N-H
G0180M~J

-47
~19
-6
rA

2
10

N
£

-2
-5
~10
-13

16

&
-3
-2

2
2
11
8

0

0
~-11
~34
7
20
25
22
0
10

0
g

21
-2
-15
~16
-12
3

0
2
1

-25
-30
-26

43
29
13
13
13

12
11
10
11

27
30

43
25
13

-2
-3
-5
-2
~3

149

CN NOZZLE (200 LB)
STRESSES

TRANS LONG SHEAR
532 1252 25
460 -432 38
236 -100 63
69 135 -6
~170 20 -38
~-617 114 =25
~870 -190 -32
~943 =356 -19
-1101 -487 =12
-1336 ~714 -19
~1082 ~724 i9
1946 1068 51
1445 605 95
745 124 108
713 143 89
692 136 63
217 122 -19
343 445 -13
440 374 —-44
563 183 38
480 144 i3
493 -1G4 ¢
1228 ~-658 13
1225 567 ~51
B66 B59 -6
703 967 ~25
341 T72 -32
-52 -16 ~32
-32 304 25
42 13 0
32 266 ~25
1971 1518 63
1161 291 32
497 ~293 =51
112 ~45] 32
~-11i2 ~3G0 -13
~160 52 ~-19
~240 -T2 -19
~86 45 0
~12% -9 0

PRIN STRESSES

- o - -

SIGMX

533
461
248
135
28
115
~188
~355
~4 87
-714
~723

1949
1456
763
726
699
221
447
463
567
481
493

1228
1229
870
Q&9

778

306
42
269

1980
1163
500
114
~-112
53
=70
45
-9

SIGMN

-1252
-434
~112

68
-177
~618
-871
-948

-1102

-1336

~1083

1065
594
106
129
129
119
B |
352
180
144

-194

-658
563
855
701
3329
-71
~24

13
20

1509

290
-296
-453
-391
~162
-242

-86
-126



AXTAL

MICRO~-STRAIN

T i A s A A O O T s

FORCE LOADING,

FYNy

e S O GOT AR W WA SO A nel SO0 G ST R e s e

1270C~-A -120
1270C~B -50
[1270C~C -39
1270C~D 1
[270C~-E 31
1270C~F 73
1270C-G e3
127¢C-H G0
1270C-J 47
1270C-K <1
1270C-L -9
[1270C~-M -6
0270C-4 114
0270C~-8% 0
0270C-C &1
0270C~-D 22
0270C-E 0
Qz70C~-F -46
0270C~-G -63
0270C~H -59
0270C~J =35
QA270C-K -19
0270C~-L o
1270N-A ~296
[270N-B 134
1270N~C -7
1270N~D 60
1270N-£ 64
127C0N~-F 36
I1270N~6 15
1270N~H 16
1270N~J 14
0270N-A 288
80270N-B 106
127 0ON=-C 5
027CN-D ~29
0270ON~E —23
0z70N-F 8
0270N~-G 18
0270ON=H 14

0270N~-J 14

-34
-32
~19

-6

27
26
16
-2
-8
-10
11

94
atv
69
52
39
-1
~31
~&5
=45
~23
-10

~-10
22
37
44
40

-2

-3

165
152
95
51
10
~10
-1

-3

150

ON NOZZLE (300 LB)

o o

STRESSES

oo s e > v S

LONG

-4009
~3099
-1329
-52
938
2417
3080
2870
1343
436
~414
~28

4773
577
2817
1416
559
~1352
~2254
~2278
-1552
-854
176

~-8881
-3525
457
2416
2394
1103
423
548
425

10900
5110
1322
=243
~841

88
511
393
371

e ot i <o

329
~1165
209
158
108
57
T0
120
146
-6
108

70
329
348
127
-t
114

19
~19

-6

253
~-108
~133
~108

13

-25

-25

&b

13

PRIN STRESSES

SIGMX

e

=1340
-1300
~718
-46
946
2438
2081
2870
1344
462
-298
476

5011
2594
3384
2557
1920
105
~1190
~1676
=1465
854
200

1672
2257
2457
2396
1115
424
549
425

10920
6399
3939
2094

475

89
512
397
372

STGMN

~-4009
~-3099
~1400
-220
32
1767
@51
537
-231
~666
~-539
~28

4317
~-G6
2740
1354
551
~1354
-2259
~2302
~1794
~993
~285

~8882
~3546
390
2024
1609
52
-111
-T4
37

7518
5101
1315
-248
-84}
469
~105

~12
-141



AXTAL FORCE LOADING,

MICRO-STRAIN

> D st M s . N Aty T o

FYNy

ROSETTE GAGE1l GAGEZ GAGE3

e oA ode s m A A A e A AR ARt it A e 0

1300C~-A
1200C~-8B
1200C~-C
13200C~D
1200C-~-E
1300C~-F
1300C~G
{300C~H
1300C~-J
[3200C~K
1300C~L

0200C—-A
0300C-8
0200C~C
0300C-D
D200C~E
0300C~F
0200C~6G
02000C-H
0200C-J
3300C~-K
0200C~-L

1300N-A
I300N-B
I300N~C
1300N~D
I300N~E
I200N~-F
T3200N-G
1300N-YH
1200N-J

O0300N~A
N300N-B
33C0ON~C
0300N-D
0300N-E
O200N~F
0200N-G
D20CN-H
G300N-J

~-105
-87
~58
-32
~16
27
33
34
29
13

71
71
51
37
17

~14
~18
-25
-22

~18

~174
-53
14
43
A
22
17
10
14

134

36
-13
-26

Wi W o

e

32
24
19
18
15
A
-6
-11
-19
~25
~22

104
100

U

~58
~76
~70
-70
-70
-47
-25

-9

14

23

52
30
24
10
10

-6
-3
~14
-19
-22

68
69
67
52
30

~1

152
86
348

-5
-15
-7
-2
-7

151

- -~

5263
3700
2019

853

142
-418
~244
~109
~225

STRESSES

LONG

-——cn -

~3288
-2939
=2069
-1286
-832
522
783
870
843
368
~-357

3143
2959
2232
1604
965
-6
-470
-707
-1090
-1045
~78%

-4302
-1014
1029
1834
1665
689
536
285
420

5596
2179
221
~-514
-69G
-111
326
367
374

ON NGZZLE (300 LB)

P

-1260
-734
545
-279

~82
44
~146

Q8

7

i9

~-507
-13
215
260
234

152
28

51

SIGMX

———— -

-21
~-366
~-261

-20

130

779

823

870
1005

B24

40

3936
3800
3126
2363
1936

760
~131
-362
-783
-851
-759

1354
2071
2288
2092
1678
693
578
314
421

5965
2700
2045
901
203
-49
328
287
A79

S

-

.
.
-

$

PRIN STRESSES

A v o AR s W A s i s 2 20

IGMN

—-— - s s

3726
3626
2861
2370
2167
1227
-755
-476
-299
=512

~733

2554
1943
1463

882

535
~-122
~480
-G42
1471
1444
-884

5156
1188
794
1523
1119
108
33
-29
-27

4897
2179

166
~562
-760
~481
~247
~109%
~229



AXTAL FCRCE LOADING,

MICRO-STRAIN

B e U P P

FYN,

ROSETTE GAGEYl GAGEZ CAGE3

v E oo D e e s e e W R G ow TN D TR aop e e i

1330C-A -59
I1330C-B ~41
1330C~C -26
1330C-D -15
1330C-E -8
1330C-F 6
1330C-G 0
1330C-H 0
1230C-J 2
I230C~K 4
I330C~-L 1
g230C-A 24
0330C~8 27
0330C~C 27
0330C-D 17
0330C-E 13
0330C~F 12
G230C-6 17
0330C~-H 11
0330C-J 7
03320C-K -8
D330C~L -10
[330N-A -59
1330N~-8 -12
13320N-C 18
I330N=-D 24
I1330N-E 30
I330N~-F la
1320N~G 11
1330N~H 11
1320N~J 10
Q1232 0N~A* Q
033CN-B 3
0330N~C -13
0320N-D ~-14
0330N-E -18
0330N~F 5
033 0N-G 8
0330N-H 0]
N320N-J 5

35
27
20
13
10

~16
-23
-23
~21
-14

48
43
38
39
38
30
26
20
12

-17

24
26
18
16

ONO W

-4 8

152

TRANS

285
-101
~316
~569
-785

-1301
~1400
-1399
-1067
~757
~294

1978
1851
1579
1412
1301
926
723
688
452
~127
~658

1078
1507
1380
9°7
6606
266
S2
12
94

2548
1532
861
350
124
~79
12
~188
-172

LONG

-1697
-1271
-879
~613
478
-219
~4£06
=434
-263
-39
=60

1620
1354
1272
937
790
549
730
534
335
~266
~483

~ 1444
81
956
1012
1112
508
356
349
313

765
545
=141
~323
~504
123
246
~56
91

OGN NOZZLE (300 LB)

-513
~260
~165

-1389

32
-63

~76

-266
32
32
16
8%
95
13

101
25

PRIN STRESSES

S1GMX

562
314
207
119
119
44
-254
~383
-262
-83
57

1987
1851
1581
1467
1288
1054

961

754

464
~-121
~469

1178
1553
1436
1144
1112
512
370
349
337

2587
1533
862
358
137
170
247

o3

e e s  con

STGMN

s i ann o~

~1974
-1685
~1402
~1300
~1382
-1565
~1552
~1450
~1068

~772

~410

1611
1354
1270
882
703
521
4972
4E8
324
-273
~672

~1545
36
899
865
666
262
78

72

70

726
564
=142
-331
~517
~-115
11
-243
~175



ONT-0F-PLANE FPROCE LIJADING,

MICRC-STRATN

s ok 20 St oy O A Sy, S hme

ROSETTE GAGEL CATEZ GARES

e g s o e~ s o, N

T-0~C -8
T~0~C~R

A= QN O
A 0= N~D)
V- 0-N~E
M Q=N=F
e 0=N=1
O~ 0= tieid
Q=N

13

2
-1
~4
~4

=0 O 4O

-

t

i1
WU 0T ke e INOUT TN e

]

12
10

11

DWW DOT N

4

-9
~19
-28
-33
~46
—5 85
~46
~40
~35
-27

21
27
26
22
26

15
14
15

2%

4
FA

17
14
13

5
10

e e, et e

-1
19
29
38
45
51
57
56
52
47
32

-5 4
~40
~34
-30
-29
-22
~14
-6

153

A7 Out-of-Plane Force, FZN’ on Nozzle

F7N, ON NMD7Z7LF (100 LR)

STRESSES

TEANS  LPMG  SHERR

P PO e e . mr a

48 414 63
227 139 ~367
231 27 ~646
235 ~58 -874
265 -34 ~1045
125 28 -1292
170 265 ~—-1399
20¢ 63 -1355
251 61 =~1228
245 216 -1089
103 359 ~779

~404 ~221 1197
~200 ~17 956
~48 157 886

24 207 829
—~47 129 760
ta 125 627
93 56 424
127 ~5 228
98 -71 -32
—-49 - 160 ~32
~32 274 -165
367 629 304
383 488 469
31z O 500
266 237 431
472 384 393
813 586 <500
365 423 177
293 359 196
416 467 133
i03 T4 570

29 83 431
276 254 272
271 381 196
347 332 139
215 175 5
369 256 25
378 342 - 44
ieq 248 -57

PRIN STRESSES
SIGMY  SIAMN
424 27
553 -187
7873 -525
97 4 ~758
1171 ~G 40
1374 -1211
1617 =~1123
1493 ~1221
1388 -1076
1320 —-858
1020 ~-558
rgg ~1512
852 ~10¢&9
947 —872R
950 ~719
8046 -7 24
730 ~526
499 -3E50
298 ~176
103 -76
—24 ~115
903 - &1
580 206
906 - 27
848 ~155
682 ~180
823 33
1212 186
573 214
525 127
577 306
658 -4 82
432 -370
537 ~8
530 122
479 200
216 178
377 288
408 312
436 211



154

QUT-DF-PLANE FORCE LOADING, FZN, ON NN7ZLE (100 LR}

ICRO-STRAIN STRESSES PRIM STRESSES

7 e o R <n i Rl e e A P e T ape—— A . g o2 VT e e T

ROSETTE GAGEL GAGE2 GAGE3 TRANS LONG SHEAR  SIGMY  SIGMN

o e s EE < i A o YD TR o oty e e o - — R g e w0t g o e wnre

1-300~4 —474 =112 -—130 ~4784 -15660 241 4779 -15670
I1-90C~8 -387 -118 —~120 ~4797 —13040 25 —4797 -13040
I-50C~-C -236 93 -95 ~3866 -8231 32 38686 ~38221
I-5¢C~-B ~100 -39 -44 ~1718 -~3509 70 ~17i5 ~3512
1-90C~E -5 s -7 —204 ~204% 63 ~140 —-267
1-90C~F 113 &6 47 2351 4C84 247 4119 23117
I-50C—-G 202 95 76 3517 7114 253 Ti32 3469
1-90(C~H 202 78 64 2900 6943 184 6951 2852
1-60C—d 141 30 33 1245 4593 ~38 4594 1244
1-50C~X 85 5 5 126 2575 6 2575 126
1-90C~-L 28 -1 -8 ~-218 761 89 769 226
0-60C~A 612 531 457 21040 24670 981 2492C 207s0
D-907~B 474 373 261 15610 189310 158 18920 15610
0-s0C~C 334 314 321 13600 14110 ~-95 14130 135¢&0
1-90C~0 186 250 278 11420 3014 —~=374 11480 8BS 57
0-90C~£ 88 198 227 9251 5413 -386 9289 5314
3-390C~¥F -T75 &2 91 3445 1219 =380 3476 —-1250
N-90C-6  —135 -18 -10 ~%47T ~4183 -108 —~444 ~4] 86
D-50C-H  —~144 566 -55 -2505 <5071 -146 ~2497 ~5C79
0-s0C~d ~107 ~-76 -67 ~3026 ~4130 -108 ~-3015 -4140
1-90C~-K -66 ~53 -47 ~2131 -2621 ~82 ~2118 -2634
N—90C--L ~13 =33 0 ~706 ~611 ~437 -219 -—-109s8
I-90N-A -893 116 -51 2413 -26080 2235 2587 ~262E50
T-G0N—-B —269 278 196 10720 —-4853 1102 108C0 —-4921%
T—-90N~-C 84 277 258 11670 6024 241 1168C 6013
I-90N~-D 251 215 225 9405 10360 -133 1038¢C 9387
I-50M-E 246 134 143 5808 9127 —-114 9131 58C4
I1-90N-F 162 =14 17 ~10% 48730 412 4864 -139
I-90N-1 75 -19 -9 -709 2076 ~139 2033 ~716
I-50N-H 75 ~12 -8 -511 2099 -57 2100 ~51z
T—-9CNK~J 67 ~-13 -5 ~482 1880 -108 1885 —4 86
O-GON-A 526 415 374 16770 20800 538 20870 167CO
C-90N-8 390 612 5960 25970 19480 291 25990 19470
0-90M-C 66 331 331 15580 6642 —-665 15630 £593
3-90N—-0 —-86 144 185 7332 ~367 ~-538 7369 —404
3-90M—~-E -85 35 57 2130 ~-18¢9 —298 2151 -1921
O0-GON—-F T0 -11 ~12 ~589 1933 6 1933 -589
J-SON-5 100 21 18 147 3218 51 3219 146
1—S0N~H 84 23 25 962 2812 -19 2812 G62

G~G0N~J 67 22 20 846 2250 25 2250 846



CUT-AE-SLANE FOECE LIADT MO,

SOSETTE

MICRN-STRATN

e o o i s e e s o s

A e o M Gt i e e AR e s i St s e A"

11200-2
T120C-8
11200~C
I1120C0-D
T120C~E
T1200-F*
1120C-0
T120C~-H
T120C~d4
T1200-K
Ti200~1

n1200-2
ML 2GC—R
n1200~7C
N120C~D
nN1200-E
21200-F
M1200-5
nM20C-H
712004
21207~-K
£120C~1

T120N-A
I120M=-R
11208-C
1120N-~D
T120N~E
T120N~F
T120MN~1%
T120N~1
T120N-J

01 20N-A4
N120N-R
71 20N-7
n120N~D
T120N-E
7120N~F
N120N~6
N120N=H
120N~

-370
-248
~-200
—-141
-82
52
67
82
56
99
55

407
274
241
190
1473
102

40

18
-17
-37
-38

~574
-187
61
158
158
a8

0

49
48

512
106
—-26
48
~33
10
17
22

21

163
144
137
133
128
87
55
&2
17
i0
2

437
385
351
317
333
266
121

43
~47
~86
~78

~29

83
127
116

-237
-257
~-278
~284
-277
-269
-173
~95
6

62
79

222
105
30
&6
58
39
57
60
41
i0
~25

185
278
264
i88
119
31
25
26
22

524
340
89
21
~-13
~19
-10
~2
-2

155

F7N,

~2225%

4056
8143
8518
6521
4307
1250
804
760
616

19050
13930
3924
1431
141
~387
~81
112
134

TH NOT7LE (100
STRESSES
LONG SHEAR
~-11450 5331
-B8116 5350
-6 852 5527
-5178 5559
-3409 5407
251 4755
1194 2045
2091 1817
29R7 146
3426 -690
2157 =-1019
16410 28t5
11350 3729
16000 3609
8165 3356
6808 3653
5046 3020
2356 848
1205 ~2728
~-548 ~1171
~1587 =~1266
~1808 ~-715
~15990 ~2849
-3160 ~2608
4394 ~1823
6703 -9%6
5025 —~467
3027 ~&
241 ~171
1711 -190
1625 ~-177
21080 ~2077
7372 -551
393 -~ 19
-995 266
~056 418
183 291
4RG 215
689 146
667 146

LR)
BrYN STRESSES
STOEM Y ST MM
1068 ~13720
954 —11270
100% —10740
1490 -9812
72109 ~87C7
3388 ~-7(%4
2867 ~4347
2889 -2047
2094 399
3647 1268
2583 5O
18320 12120
14660 7154
13230 5968
11540 4831
11370 3881
8943  27Ck
4244 1275
2305 1167
858 =1524
~342 -2875
~1271 -27¢€1
4453 ~16390
8716 =-3733
@208  3TC4
7572  5&£57
6147 4161
3027 1250
852 163
1767 724
1655 585
22380 17760
13980 7326
3924 353
1460 =-1025
282 -10%7
306  —509
561  —154
724 77
705 <7



DUT-DF—-PLANE FORCE LTACING,

MICRO-STRATN

et e e . e e < e e

L nae a A oo i o i ey g kAR iy s iom o e e o

1150C—-2
1156C~R
1150C~-C*
1150C~D
T150C~E*
1150C-F
11500~
1150C~H
1150C—-J%
T150C0—K=
1150C~L

I150C—-A
N150C-R%*
N150C—-C*
N150C-D*
0150C—-E
T150C~F
01500-6G
q150C—H
C150C~J4
DL50C~¥K
N1E0C-L

T150N-A
T150N~-B
I150nN—-C
T150M-0
T1150N-E
T150M~-F
I 150N=~6
T1150N~-H
T150N-J

O150N—-A
0150N~B
C150N~-C
D150N~-D
OL50N~E
J1S50N~-F
O0150N-G
0150N=-H
0150N-J

-138
...99
-88
-39

0
-52
-25
~16

46
86
32

128
113
111
101
90
86
71
59
38
30
19

-121
—22
28
40
36
15
11
14
16

50
-20
~4&43
- 2
-~32

—4

&
5
T

114
116
100
82
59
39
-15
-21
-85
-151
—-22

115
137
139

171
185
165
159
129

87

32

-53
~110

~169
-178
—~205
~-219
—~198
~182
~171

b b

137
70
66
65

62
56
56
55
44
26

71
85
T4
57
40

24
26
29

148
86
38

-7
-19
-11
~13
-16

156

F7.M,

ON O MA77LE (100 LP)
STRESSES b2TN STRESSES
LG SHEAR STaMYX  STGHNM
~3691 2222 2302 ~4%515
—~2892 3020 2079 4727
-1961 1336 2685 —~2345
-1744 3337 1531 5143
-~ 786 3159 1586 -4%54
-2 644 3261 179 ~6410
~2289 2710 ~€45 —-67155
-1924 2349 -607 ~6114
- 407 1304 -114 6213
414 266 423 ~7184
523 285 563 1527
5467 -291 5724 5137
4708 886 5466 3671
4650 981 5505 324
3418 -867 3730 168
4227 1431 6134 3153
4195 1633 6496 3035
3569 1456 5743 2593
3165 1368 5468 23E3
2344 988 4469 1885
1750 576 3087 1502
957 82 1264 935
-2801 —-323 27152 2820
127 -659 2818 —24
1515 -595 2579 1182
1695 ~488 2165 1189
1432 —~348 1670 923
504 108 535 130
550 -190 857 423
671 —196 94 8 532
758 -222 1070 6C1
3080 -147 5463 2846
362 ~-336 3288 323
~835 -95 1545 ~839
—-1093 57 539 ~1065
~S74 158 9 -1000
- 244 228 ~92 -5 86
56 177 149 -2 84
81 222 202 -325
96 196 165 — 463



o
Y
ﬂ

TUT-0F-PLANE FORCE LTADIMA, F7N, TN ROZ77LE 100 LR)
MICRO-STPATN STRESSES pPLTAM STERESSES
ROSETTE GAGEL GACGE2 GACGE3  TFRANS LIONG SHEAR  STGMX  SIcw
T180C—-4 8 12 5 368 338 89 Lg 2¢&3
11800~-R 8 22 -9 284 313 405 704 ~107
Ti180C-C 7 29 ~19 222 280 6546 898 -295%
T180C~D 8 38 ~24 304 334 5326 1155 -517
1180C~£ 7 44 -29 326 312 962 1281 ~&43
T1800C~-F 7 48 ~35 275 282 1108 1386 —-€30
118006 9 52 -35 356 378 1159 1525 -752
11800~H 3 43 ~34 210 193 1102 1354 ~852
T180C-d & 52 ~29 484 331 1083 1493 ~5678
T1800-K 8 49 =26 514 382 1000 1451 ~555
T180C-1 11 36 ~-16 437 473 6990 1145 ~-236
0180C~24 ~6 -32 21 —~233 ~255 ~703 459 ~947
21800~" -5 -29 19 ~203 ~218 —&33 4273 ~-844
nigor~-r at ) ~32 17 -327 ~284 ~&46 341 ~o52
0180C-D -7 ~30 15 ~327 ~299 -595 283 ~35(8
3180C-E =5 ~26 14 -256 =219 -538 301 ~T776
1180C~F ~-2 ~-19 io -175 ~124 —-386 238 -536
01800~ —4 ~11 2 ~194 -186 —~i7l ~1%9 -2}
2180C-H -4 -5 -4 —184 ~-169 ~13 ~-162 ~191
J180C—g* =27 ~21 -35 -~1203 -1159 177 -1D03 -1260
71800C~K 0 9 =14 -115 24 268 226 ~3 15
n1807~L -1 8 -17 ~197 ~1C¢2 336 190 -4 88
T180N~A 11 4 17 448 462 -177 6372 277
T180N~% i0 -5 22 365 409 ~355 T4 2 32
T180N~C 9 -9 22 273 338 —412 718 -107
T180NM~D & -9 23 303 362 —-418 152 - 86
T180N-£ 8 -7 20 274 310 ~361 653 - 69
T180MN~-Fx* 0 25 19 a61 288 76 969 280
T180M~3 8 O 15 325 340 ~203 535 130
11 30N~HX% 0 =57 14 ~950 - 285 G473 383 -~-161¢8
1180M~J 10 3 17 428 428 -177 605 2E0
N1apN-2 -4 ~16 7 —194 -172 —2%¢8 115 -48]
T180M~R 9] ~12 6 ~-125% ~38 241 163 ~326
n180M~C i -8 4 -85 3 ~152 117 ~169
01 80M~D i -3 3 ~11 25 ~-82 21 ~18
A180N~E 6 2 10 265 251 =~114 372 144
0180N~F 5 e} 6 255 233 -6 257 232
7L BON-GX 0 75 4 1734 520 937 2243 11
0180MN~-H 2 K 4 228 125 28 240 113
C180N-J 1 8 -1 145 86 114 233 ~2



158

JUT~-CF-PLANE FORCE LOADING, FZN, ON ND7ZLE (100 LP)

MICRM—-STPATIN STRESSES PRIN STRESSES

e e i e D aa Sy R P e e e e o > e v s e

ROSETTE GAGEL GAGE2 GAGE3  TRANS LOMG SHEAR  STAMX  STOEMN

e v KR RS e e PRy R A - = ey R v v e

1270C~-2 489 148 162 62712 16570 ~190 16570 6268
1270C-8 413 143 147 5917 14160 -51 14160 K917
T270C~C 245 91 91 3731 8461 6 8461 3731
1270C-0 114 48 32 1629 3924 203 3942 1611
1270C—-E 16 12 -4 149 530 215 627 52
12700-F -~-116 -34 =56 ~—1836 -4029 291 -1798 4067
1270C—-G  -195 ~&61 -81 =-2913 -6721 266 —=2901 -—6T7329
1270C~-H  ~198 -54 ~68 -2466 ~6685 196 2457 ~66%4
T270C-3 -118 -10 ~10 -309 -3642 13 ~309 ~3642
T270C—K ~73 15 11 654 -1985 44 655 —-1986
1270C-L -1 25 23 1056 288 19 1056 288
T270C—M 6 9 7 349 276 25 357 268
N270C-4 —-492 -452 -370 -17530 -20030 ~1102 -17110 -20440
2700 -B% 0 0 -351 -7718 ~2315 4679 386 ~10420
n270C-C -348 —-350 —-296 ~13800 —-14580 -722 -13370 —-15010
n270C¢-p ~-151 -~-212 ~181 ~-8482 ~7078 ~405 -6969 -8590
ge270r-k -84 —164 —-143 ~6665 —4523 —-272 =4489 ~6699
0270C—-G 43 =64 -60 ~2784 462 ~51 463 -—27TE5
Nn270C~G 104 12 17 533 3282 ~-63 3283 532
1270C—H 119 438 53 2073 4186 -70 4188 2071
2z270C—J4 84 52 57 2321 3205 -70 3211 2315
0270C-K 51 38 35 1563 1994 44 1999 1558
D270C-L 4 15 19 737 349 — 44 T42 344
T270N~-2 1280 92 111 3064 39310 -253 39310 30é2
I1270M-R 630 ~117 ~16 ~-3627 17820 -1349 17900 ~3712
1270M-C 96 ~201 ~33 =6570 909 ~1437 1175 ~6E€37
1270N-D ~189 ~175 -~140 ~-6707 -~7672 ~-469 ~6517 -718¢2
1270N~E ~209 ~124 -127 5295 ~7861 32 ~5295 ~7T86&2
I270N—-F -—126 3 22 682 -—3587 —-253 697 ~3602
I270N~G -51 22 36 1340 -~1123 —18% 1354 1137
I1270N=-H ~-50 18 26 1016 ~1192 -101 1020 -1197
T270N-J -39 21 19 931 ~890 19 531 —-890
N270N~-A  ~-894 —~548 —496 21960 —33400 —703 ~21920 —33450
D270N=B ~362 —433 —467 —19380 —16660 443 16590 —~19450
T2TON-C -&6  —-275 ~296 —-12480 -5127 279 -5117 —12490
N270N=D 67 —142 ~166 ~£852 =45 323 ~30 ~6867
N2 T0N~E 84 ~49 -50 ~2265 1844 13 1844 <2265
N2 70N~F —8 6 0 134 -202 16 151 -219
NZ7T0N-G ~24 -4 -6 -193 ~785 19 -192 ~TE&6
N2 TON~H —~20 =& -& -186 -669 25 ~185%5 ~670

0270N~J ~17 ~5 -6 ~-211 =577 13 ~-211 =577



159

GUT-CF-PLANE FORCE LNDADING, FIN,

MICREC-STR2IN

e o e e S . iy o S e g e

EMSETTE GAGEL

i e bt e i s Mt e s it oo iy s e AR A

130CC~-4
13000-Rx
1200C0-C
I3coC-D
1200C-E
I300C~F
T300C~1
I1300C—¥H
1300C~-J
1300C-K
20001

n300C0-4
n300C~-%
03000~
n3000~D
0300C-F
3000 ~F
"3000 "
"300C -4
nN2GGC~J
"R00C-K
~300C -1

i300M-4
T300N-R
T3CON-C
T300M~D*
I300NM-E
T3C0N~F
T300N-5
T300N-H
1300N-J

M3C0ON-L
N300N-EB
N3 00MN-~-C
2300M~D
n3con—-g
T300N~F
300N~
N3 00M—H%
300N~

361
328
273
198
128
~-15
-57
-68
-89
-75
=33

-347
-359
=327
-254
-181
-85
~34
-11
22
22

36

136
259
2
~124
~134
-63
—-22
~30
~29

~520
~15%
22
76
68
-11
=50
0
-38

CACEZ

-158
~125
-105%
-104
-94
-65
-47
-35
-7

3

19

-545
—44 4
-407
~359
~32%5
~218
-110
-30
52
90
67

122
~14
=68
-82
-61
0
18
ie

)

-370
~299
-194
~114

GAGE3

P

279
0
344
335
346
255
157
g6
-19
-71
-64

~171
—-124
~110
-90
-81
-65
-5 2
-60
~49
-3
25

~176
-227
~229
—~169
- 103

19

&

2

&

-529
-341
~-169

~-62

46
17
12
i0

TPANS

U SR

2266
~2118
4943
4869
5405
4183
2486
1193
476
~1307
-956

-13140
~12100
~10990
~38591
-8709
-6121
~3743
-1972
39
1887
1976

-1999
-5580
~-£540
~5400
-3445
2939
547
514
575

~19190
-13910
~8003
~3937
~1150
1046
243
104
125

CN NN77LE {100 LR)
STRESSES PRIN STEESSES
LPNG  SHEAD  STGMXY  STAMY
11510 ~5818 14320 ~-542
8915 -1671 9142 -3346
9680 -5989 13750 871
7391 -5844 12110 152
5471 =5856 11290 ~—419
813 —4261 7080 -2084
~965 ~2710 3973 -2452
-1695 —1602 1905 ~-24C8
-2823 158 —466 ~2834
~2 644 1057 =724 —3227
-1271 1108 6 ~2232
-14360 ~3553 -10050 ~174€0
~14410 =4267 ~8830 —-17670
~13110 =3957 =79%54 -16150
~10490 <3577 ~6435 13650
~-8059 ~3248 ~5120 ~116°%C
~4374 ~-2045 ~3024 -7471
~2149  -633 -1928 -3G¢4
-920 405  -782 -—2110
667 1355 1744 -10728
1236 1235 2838 2 85
1676 564 2400 1243
21470 3976 22120 -7&£%54
6110 2843 6764 -6235
~19C5 2140 ~-1068 -7377
~512325 1140 ~4223 -65(3
-5054 557 —3271 -52278
~1806 =139 308 -1815
~-791 158 565 =810
-753 228 553  ~79¢
-697 165 506  ~T718
~21370 2115 -17900 ~226€0
-8834 557 ~8774 ~13970
-1745 =342 =1727 -8027
1086  —650 1179 —=4030
1693 =804 1905 ~13¢€2
-14 =602 1318 -286
-1438  -342 210 —~15C%
31 ~266 336  -201
-1089 -215 162 -1126



QUT~CF~PLANE FORCE LDADING,

MICFC~STRAIN

ey e hn e A T s i o0 e

RASETTE RRAGEY GACER

e g am e AT < e o A= e e e m v e s

1330C~¢ 141
1330C-P 124
1330C-C 59
1330C~-D 86
I330C~E 56
13300 ~F 15
133006 12
T330C--4 17
1330C—-d 0
1330C~-K ~-11
133001 ~22
n33oC-& -127
n330C~%  -—-116
N2300-C* ~126
2300-0 -98
033eC~k ~G1
0330C0~F —80
N3300-6G%  +75
03300 -H ~-61
nN330C—J ~14
M330C~K -25
33001 -20
T330M-2 197
T330M-R 65
T330N-C ~-10
T330M-D -30
T330M~E ~33
T330M-—-F -11
T330N-6G 0
T330N-H 0
T230N~-J -3
NR30N-~-A 0
T230N-R 30
N330N-C 58
M230N-D 58
2330M-E 39
N330N—-F 15
0330M-1 1
03300 —H -5
M330N-J -8

—-147
-118
-100
~T6
-66
1

3q
49
65
53
38

-129
~133
—-140
— 148
-158
—169
-165
~-161
-135
-107
-39

FACE3

111
162
184
213
2273
236
238
215
174
120

54

~-112
=111
~104
~93
=77
-79
-178
-6 8
66
-&0
~4 1

~70
-9 4
~81
-&0
-39
-5
-8
-9

-11

—-146
-79
-33

0
18
29
26
20
22

160

F7 Ny

ON NMZ7LE
STRESSES

LIMG  SHEAR
3949 -3444
3974 -3735
3490 ~3786
3443 ~3856
2684 ~3849
2015 -3134
2196 —2646
2236 -2203
1562 ~—1463
802  -886
~55  ~203
~5356  —~228
~5051  -304
~5347  —469
-4510 -734
~4261 ~-1076
-4314 -1203
~4476 165
~3318 -1235
~1751  -924
-2146  -633
~1136 32
5148 481
1017 659
~1040 621
~1448 494
-1317 355
-360 95
~31 139
-34 158
~150 158
~1394 1083
47 374
1382 203
1701 -51
1307 -165
710  ~-234
260 -228
42 -146
-7 =222

(100 LR}

DRTN STFESSES

STGM X

g e

5726
5460
6505
7048
6900
7116
7425
6842
5763
4056
2070

~5014
—4827
—4816
~4043
—-3519
—3523
~4467
~2660
~1462
-1914
-1134

5178
1119
-814
-1094
~846
~-33
76

89
~22

-1067
94
1398
1703
1337
1053
859
6596
672

ST M

e

—-2726
-1640
—12¢4
-681
—8 321
S0
857
1182
10¢3
5¢é1

— 14

-55(8
~54€4
-5760
~5665
~-5822
~6144
~7468
~56135
-47C2
~3870
~1744

~2544
~3223
~2743
-2137
—1584
—388
-212
—238
~345

-4G 75
-2931
~12C8
~128
428
550
173
10
—-115



A.8
TARSTIONAL MOMENT LOADING,
MTCDA-STRAIN
RASETTE GASEL SAGE2 GACE3
T-D~T-A -4 =15 ~1
1-0-C=2 =10 =29 14
T-0~2-C =11 =32 20
T =0~ =] -9 -36 25
T-0-C-£ -1l =35 26
T (=T —F 0 -36 19
T-0~C 20 T 19
R o -33 20
T-0~C-J  -10 =31 22
T ~3~C=K -5 =32 19
T—0~C -1 -5 =32 15
1-0-C-A 3 33 ~38
N~0~7 -8 5 33 =32
n=0~ =" 5 41 =31
=0~ -0 3 42 =34
-D-C-F 6 44 =35
A —F 4 44 =38
2=0~C =7 2 39 37
0= —H 3 38 -23
REeSTaR 0 31 -28
M= C—K X 2 29 0
s R S 4 26 =23
T=0=N=f 5 10 4
T—0-N=R 5 12 -3
(e S, 7 19 -5
T=0=N=D 2 10 -2
T-0-M-F 7 0 2
T O=N-F 5 o =31
T-0-N-%% b) -1 -1
Te0=N-HE -] ~4 9
T—0=N=-] 2 9 2
D-n~N-4 n 22 =25
RS -4 12 -18
N-0-N~" -2 7 -0
2=0=N-D -2 0 -5
A= O-N=E -1 1 3]
Ve D N 0 -4 4
SEL AR 2 0 3
Y= N 6 -1 4
V=D=M~ -3 ~6 2

161

Torsional Moment Loading, M

X

o> On Cylinder

MXC, ON CYLTNDE®T (20000 TN-LR)
STRPESSES PRIN STRESSES
TRANS LMNG SHEAR SIGMY  SInwy
-361 -223 -184 ~G9h ~4 88
-313 ~393 ~-564 212 ~518
~-249 -417 —~690 363 -1028
220 - 337 ~810 534 -10%1
-207 ~390 -8317 523 1121
-376 -113 -134 502 -9491
-359 ~-279 ~-728 410 -10438
-282 -85 ~-715 539G -9ThH
-178 ~338 —709 456 -972
-273 ~338 -6%0 385 -996
~381 —-257 ~-627 311 -9 49
17 105 1026 188 -9 &5
119 207 937 1101 ~T775
204 204 962 1166 -759
174 152 1097 1170 - 844
203 232 1051 1268 ~834
132 154 1983 1225 -5 40
39 83 1013 1074 -552
91 113 943 1045 - 842
84 11 785 834 ~ 738
535 248 336 B73 9
142 2124 646 313 -229%
298 232 70 342 1928
182 212 203 400 —~6
112 105 209 318 -1¢C0
155 103 158 289 - 31
45 213 ~32 219 2
-5H85 ~49 4172 154 -887
~4 2 -13 —-377 -13 - 42
—83 ~53 -51 -15 ~121
61 75 ~-25 94 42
~63 -19 621 580 —6&2
-111 - 147 399 270 ~528
—-T1 -78 222 ia7 -2586
-~102 ~-102 76 -26 -173
12 ~39 19 18 - 45
1 ~14 ~-191 95 ~-1¢3
61 75 ~38 107 29
54 183 - 63 214 21
-89 - 110 —-101 7 ~197



TORSTDONAL MOMENT LTADING,

MICRD-STRATHN

s e D D e e e

EOSETTE GAGERL

T-90C-A -6
1-90C-A  -10
T-90C~1 ~9
1-90C-D  ~11
1-90C~E* ~10
1-90C—~F -8
T-90C -0 -7
1-90C—H -3
1900~ -5
1-90C -« ~5
T-90C-1 ~4
1-90C-A 2
0-90C—R 3
N-90f ~r 5
1-90C-D 5
Ne-90f — 3
71-90C ~F 9
1-90( -G -6
n-90C—H ~4
71-90C-J 0
N~90C-K 1
N-90C-L* -1
1-90N-4 7
1-90N-R 2
T~90N-C 0
1-90N-D 1
T-90N~E 4
1-90N-F 1
1-90N-R 2
T-90N~H 0
T-90N=J 0
1-~9ON=2 -1
J-90N—~R* 1
-90N-C -1
N-90N=D -1
I-90N-E -3
~90N~F -2
0~90N-1% 4
N-90N-H -3
"=90N-J <6

GAGEZ GAGE3

o g A o et o R KD Y o A

69
83
101
99
S0
61
29

S s IR @ R ]

~45

~72
-83
~104
~102
-98
~73
~& ()
~17
~13
~20
~26

33
36
49
57
63
T4
77
61
34
21

0

-19
10
20
21
16

4
-1
1
2

46
30
20
5
-~
~15
~14
~173
~13

162

MXTy T

TRANS

-46
11
~T4
—-61
-157
-255
-223
—237
-287
~256

236

~4&44
-45
-110
-37
18
~62
195
88
-21
~43
~604

=70
81
8%
103
100
72
29
41
31

=145
~325
-~83
-4
-90
~61
~131
—154
~192

N CYLTNDER

STRESSES

LONS  SHEAR
-185 1880
~296 2203
-293 2735
-346 2678
-332 2507
-~ 248 1792
~-266 924
-171 310
-229 165
-219 374
-199 551
44 -1038
T2 —388
124 1380
146 —1551
31 —~1671
252 ~1994%
-127 1925
-88 ~-1583
-6 -9 24
30 —595
—224 -367
193 469
926 —203
25 4 Q4
&60 - 494
144 ~367
50 - 70
66 Lty
27 0
24 —~4d
~T72 ~-1304
~69 ~9G4
-53 -583
—41 -165
-127 95
-75 367
~168 285
-132 247
=229 234

(20000

IN=-L B}

PRIN STEESSES

o o~ A T e e e e

SIGMX  STRMN
1766 —=1%%7
2066 —-2351
2554 -2921
2478 -—-28¢6
2264 -—2753
1541 2043

680 —~1169
108 ~516
-91 -4 25
136 ~&12
334 -~ 768
1039 1039
1003 ~-9175
1392 -~1378
1608 —-1500
1726 ~16138
2096 -19C6
1965 -1867
1585 -15¢€5
911 —~G383
590 ~6C3
-1 —828
548 ~4 26
291 -115
549 -4 40
576 ~413
490 -246
132 -9
95 0
41 27
72 - 17
1196 —1413
805 -—1199
515 —6¢%1
124 ~2C5
-12 —-2C5
299 —435
136 —4 35
105 -3¢0
25 ~445



N

163

TOEBSTOMAL MIOMENT LTADING, MX(, ?W>CYL?NDED {20000 TN~ 8}

MTrRr-STRATN

SOSETTE RAGER

e . A A s i o, it S e At St sirap e s

T120C-4
T120C~%
7120C-"
T120C-D
T1200~E
1120C-F*
11200~
1200 -4
11200~
T1200~K
Tizor--L

712004
31200 -7
7120C-C
0120C~D
71200~E
n1z200-F
21200~
npz20f -+
2120C~4
71200-X
M120C~L

T1120N-4
T120N~R
TL20N-T
T120M-D
I120M~E
T120M-F
Ti20N~1
112004
T120N-]

N1Z20N-2
312041
"1 20N--1
Q1 20N-D
N120N~E
n120N-F
120NN
1200 ~Hk
120N~

67
24
-13
-35
-40
-13
-19
3
24
27
23

—4 2
1
26
43
53
58
4%
34
24
24
i9

86
-27
-T77
-86
-72
-36

o)
—24
-21

~95
2
31
24
3
-27
-32
=31
-26

-103
~95
~78
-6 8
59

=34
-21

-8
-3
~2
-13

-1656
~-121
-87
~57
-4
-5
12
11
-11
-25
~31

~273
~61
._73
-61
43
~19

-9

A
-165
~105

-4

15
22

GACEZ ©ARE3

—-118
-108
=103
-101
-973
-71
~60
-52
-37
~-27
-20

~-118
-80
~4 6
-22
-1
28
34
31
21
10
2

-137
-120
-86
-573
-31
-11
=10
0

-3

-132
~57
2

29
38
23

166
2

~2953
~-1802
~567
365
974
903
20%
=340
-658

~3614%
—~3939
~3404%
-2413
-1540
~640
~418
~109
~123

~6433
~35T4
~Q22
486
1140
1032
224
3773
154

STRESSES

v s . e e g A

Y T
L !\\}

517
-636
~1592
~2156
~2201
-1076
-1117
- 296
439
602
472

-311i4
-1294
-102
7473
1292
1849
1646
1283
T74
625
373

14872
~1980
-3331
~-3290
-2€15
~1261

~-125

-T60

~ 664

-4 781
~1015
650
859
570
~503
-907
191

-~ 738

SHERS

196
177
329
437
456
494
519
595
450
329

89

~5623
~545
=545
~4 69
~526
~4775
~-291
~266
~431
~469
~450

1513
785
177

~101

~158
~108
13
~95
~13

443
-646
~589
~450
~304

-13
13
~2165
13

PEIN STTESSES
STOAMY ST NN
524 —~4%537
-628 ~45C4
-1547 -4020
—2039 ~37¢&6
~-2036 -34&2
~902 ~2478
-831 -2C¢€L
~-23 ~-1563
574 -1050
6583 -737
478 ~763
—-2989 -6324
~1202 —-4501
-1 =-30%83
826 -18E5
1409 -~1CE3
1987 226
1755 265
1420 766
1005 -28
815 -5390
561 ~827
1897 -4029
~1704 -4215
~31846 -—3%548
~2401 —33(C}1
-1517 —2&£37
-622 =1279
-125 ~418
~96 -773
~1273 - 665
~4£67C —-6%45
~-861 -3728
846 -1118
1159 185
1272 4739
1032 ~5C3
224 —9C3
4792 -~328
154 ~738



TARSTONAL MOCMENT LOADING,

ROSETTE

T150C—-2
1150C~R
11507 ~C%
T150C-D
1150C—-E*
11507 ~F
1150065
T1500-H
T150C—-d
I1500—K*
T1500~L

nLs50C-4
215007
M150C~C
M150C--D%*
nN150C~E
7150C—-F
2150C-5
0150C~-H
”1500 -4
n1500 X
31500 ~L

T150N~-4A
T150N<R
T150N-C
T150N-D
T150NMN-F
T150N~F
T150M-5G
I150N-H
T150N-J

N150N~-A
J150N-R
J150N~-C
Ni150N-D
T150N~£
D1 50N-F
J150N-%
N1150N-H
N1 50N~

MICRC~STEATM

e < e o < s o e e

51
18
-1
~27
0
~19
~13
-7
3
17
10

~24
~4
6
12
15
4
0
-1
5
11
20

39
.-.;2 1
-4 1
-&0
—~30
~15
-13
—~12
~12

—13
17
21
13
B
-19
—-22
-20
-21

-98
100
-96
20
-97
-65
-38
=33
-~38
-5 2
-31

-77

-20

GACELl KAGE2 GAGE3

e e e < s e s s o e

-50
-2
0

2

5
11
11
3
=12

-
2

~16

117
~77
-67
-6 2
~59
~48
~42
-38
~29
~24
-18

-73
-59
-40
=22
~11
0
)
-6
-6

-92
-4 2
-9
7
13
15

MXCy

16k

—-3314
-2808
~2098
-1913
—-2016
-1159

—~592

~640
<1100
—-1826
-1044

-4235
—~2972
-2304
~1381
-1719
-1028
-773
~657
-517
-~368
-221

—-2257
-1951
~1385
~-781
—458
~161
-257
-227
-217

~3766
-1930
~-67T1
~35
295
418
87

85

55

ON CYLINDER

STRESSES

LG

e oy

£31
- 301
~672
-~1372
- 605
~332
~562
~392
-244

—34

—23

-1983
-1006
-520
-58
~74
- 194
-232
~226
-13
232
547

506
-~1213
-1656
—1432
~1036

-~ 490
-~ 462
~425
-421

-1529
-66
426
374

17
-445
~630
-588
~ €25

SHEA®

it

~646
-969
-1273
—-1228
-1361
-1019
-659
—481
=348
-285
-196

545
260
393
829
551
671
646
614
450
418
361

608
386

1G6+

95

6
~108
-13
19
13

165
-32
~152
—190
-177
-152
-127
~152
82

{20000 IN-LR)

POTN STCESSES
SIGMX  STANN
63T =~3420
30 ~3139

T4 —=2843
-385 —-29(C1
223 2843
-20 ~2071
B2 ~—~1236
-19 =~1013
-121 -1224
10 -1870

8 -10#81
-1859 43¢0
-972 -3006
-438 -~2386
341 -~1781
94 -18¢6
179 —-14C1
198 -1202
210 -10¢2
251 -780
446 -5 &2
690 —-3¢&4
634 ~-23E&5
~1047 —2116
~1282 =~17E9
-768 ~-1445
-458 ~10326
-129 -522
-257 —4 €3
—-225 426
~216 —-422
-1517 ~-3718
-65 ~-1921
447 ~-6¢S1
449G -110
381 - 69
4a4h —4 71
108 —€52
118 ~-£20
&5 -635



TOSSTINNAL MOMENT NADING,

MITDOLSTRATN

ot it i o A o e i i A S

SCSETTE RAGEDL

i e s s b i . e el N i e b

T1800C -2
T180C~R
T1800C~C
T18QC~-D
T180C—-E*
T1800~F
T180C~5
T180C—H
T180C~-J
71800~K
T1ROU—-L

01807 ~A
718007
1800 ~%
~1800-D
7180T-E
1807 ~F
NLROL =5
71800 ~-4
N180C—J%
71800 -K
n1800~L

TL8ON~A
1180N-R
T180M-C
T180N-D
T180N-E
T180M~Fx
T180N-R
T180N-H
T180N-]

71 80N-A
180N
N180N-C
A1RON-D
7180M~E
11 80N-F
"] BON-%
m180N~H
7180N-J

-5
-6
-7

MO DD D e DN DN

WO O W e P

AAGED

~16
~27
-35
~38
-39
~35
-37
=34
~34
~34

~31

31
35
38
40
40
41
EX
34

7
32
29

10
i0
ic

2
£9

21
i1

-3
-6
60
-8
-6

SLRER

17
22

28

22
21
19
21
20
17

-33
~34
-36
-40
41
=40
-40
~37
-53
-24
-21

165

MY, AN CYLTMDER (20000 TN~
STFESSES BTIM
TEoANMNG 1LONG SHEAD SInMY
~244 - 244 ~266 22
-213 - 249 -589 358
~28% ~ 299 ~T60 468
~230 ~ 340 -889 597
~754 - 4673 ~-576 -17
-265 -251 -760 502
~325 ~ 354 -T72 433
-329 - 241 ~709 425
—-275 —-282 -728 450
-2%9 - 204 ~715 466
~315 -323 ~640 320
—~4 4 58 843 857
20 20 212 032
40 &9 288 1042
7 a8 1070 1118
—-21 -6 1089 1075
19 49 1089 11232
~-67 108 1038 1062
=75 34 43 925
-991 —-930 791 -158
188 56 T47 872
175 124 &78 827
142 171 33 197
122 126 196 319
122 122 169 312
165 i21 165 309
120 179 101 255
~-251 -75 —-16% 24
135 63 ~32 148
1619 486 B55 2078
101 130 751 130
-65 ~-248 639 452
-~139 -227 380 199
244 ~ 244 228 -16
—-244 -~ 244 29 ~ 156
-141 -~ 185 13 -138
-153 ~146 —-70 -80
1264 379 842 1773
-183 -183 -101 -82
~132 ~-154% - 82 ~60

LR)

STPESSES

. — s gy " = S s

ST

e e e

-210
~820
~-1052
-1187
-1205
~118
~-1112
-2 G6
~10C6
-5 68
-G 59

~ 843
~891
-G 34
~1023
-1183
~10%5
-1022
~GES
~1743
~§£28
~R 29

11%
- &1
~£8
-4
44

- 250
56
27
101

765
~5 66
~ 4732
~323
~188
~219
-130
—2E5
—-228



Tr=STONAL MOMENT

LOADT NG,

MITEO-STRATHN

o aine e G s i o e <o S ey AT

2OSETTE GAGEL

HRAGE2

ot i O e i ) Mt s o o A

12700 -2 ~13

T270C~R -14
1270C~7 -11
T270C-D ~-12
T2700~E -1G
T2700-F 3
127005 2
12700 -4 ?
12700~J 2
1270C~K 2
T2700-L -2
12700—™ -1
n270C~4 3
m27CC-R¥ 0
az270C~" 0
n270C-D -3
N276C—-E -4
G27T0C-F -5
32700-0 -3
3z270C—H 8]
127004 -3
9276C—-K -1
2700 —-L -1
T2708-A ~1n
TO7OM~D A
T270N-C 5
I270M-D 9
T270M-F 11
T270K~-F 5
I270N-7 4
T270N-H 3
T2TON=-J 4
D270N-2 10
q270M-7 4
N270N-C 0
D270M-D 0
TB270M-E 2
J270M-F 0
32 7TO0N-G -4
12 7T0N-H -5

C27TON—J

;
.

T7
193
108
104

93

68

36

13

10

18

25

25

-25

0
-56
-65
~69
~77
~T4
-61
-39
-26

=21

37
4
-11
-16
-11
-1
3

1

0

-4 2

GAEGES

g e e

-973
~109
-114
~105

-9 8

=72

-29

-11

=10

-15

—-19

-18

29
48
58
64

166

MXCy M CYLINDEF
STPESSES
TPANS  L7MG  SHEA2
~341  -487 2254
-120  -464 2830
~-123 =379 2957
~7 =373 2798
-104  -331 2539
-87 69 1861
134 97 867
40 69 329
-2 56 253
60 89 443
128 ~33 595
158 5 564
80 110 =722
1044 313 ~633
52 16 -1526
-18 -91 -1709
~6 =116 <1830
~26  -150 =-2045
-17  -105 ~1963
-94 -28 1564
-184  ~-155 ~924
-113 -77  -627
85 -17  -608
53 -298 962
171 ~63 13
265 251 -456
2712 353 -602
166 378 <412
-5 141 =25
17 119 63
28 94 6
38 125  -38
135 354 -1216
267 208 -1076
115 20 =715
135 55  —260
-8 ~60 82
~115 ~34 412
-131  -168 272
-172  -194 247
~193  -201 209

(20000 TN-L B}

PRIM STRESSES
SIGMX  STOEMN
1841 -~26¢€9
2543 3127
2708 -—-3211
2614 2954
2324 —27159
1849 —187156
983 -752
384 ~275
282 —~228
518 -3 €9
648 -5E3
650 —~4 87
817 -6 27
1410 -52
156C -14%2
1656 1764
1769 -1892
1558 -2134
1902 -~2024
15¢3 -1¢€25
755 ~10%4
532 -722
644 ~576
856 —1100
172 -~ &3
T14 ~168
315 —-25G1
697 -1£3
145 -9
149 ~14
95 23
140 23
1465 -976
1314 - 839
785 —649
358 ~1¢8
52 -120
3356 —4 88
124 =422
&4 -4 21
12 - 406



TOSSTONAL MOMEMT

1300C—2
I1300L-B%
120000
1300C-D
T3000~E
T3000~F
13000~5
13000 -H
T300C0~-1
T300C0-K
I3007T-L

73000 ~4
000 -R
23007 -2
A300C-D
n300C-E
3000 —F
3000~
220004
mM3007-4
73000~-K
3000 -L

T300N-A
T300M-P
T300N-1
T300N-D
T300N-F
T300N-F
130081
T300N-H
T300N-

A300 N4
T300N-R
J200N-C
I300M-D
T3O0N~E
TEZ00N-F
A390N -~
3 0N
T300N~-J

MIZE T~STRATH

s o e e s g A, Al o

63

24
~16
~37
-51
~38
-10

-

22
24
30
24

~-38
-12
12
31
45
55
43
34
29
2%

>
oo

79
-1a
~63
-74A
~55
—-24
-19
=20
~14

~77

-2
i8
12
2
-28

~35
f)
-25

~-109
-513

—-13R
-115

—60

~32

~145
-96
~50
.._2(\

156

LIOLDING,

-58
—~29
—-26
~18

103
~-69
-39
-21

24
35
30
19
10

138
105
-78
=50

=27

-7
-7
-4

1i9
=52
-8
13
22
13

167

MY, AN CYITMDER {20000 TN~ R}
STRESSES POTN STEESSES
TRPANS  LOMG  SHEAT  STawy  STrhwy
-4748 472 -75 473 ~4749
~1969 122 -1178 652 ~2498
-3753 -1610 260 ~157% —3784
-3531 -2171 342 -2090 -3£12
-3338 -2527 462 =2318 —3548
-2298 -1830 6508 1412 =-2715
~1661 ~783 734 =367 -2077
-i279 =241 772 170 ~1661
-809 470 576 591 -1021
~722 582 279 735  ~776
-664 525 82 534 669
~5253 =2716  ~475 ~2631 =5339
~4039 -1582 =521 =1434 —~4127
~2729  ~448 =595  -302 -2975
-1831 392 =519 507 —1946
-864 1081  —494 1199  -982
420 1766 =355 1853 333
1060 1601 =253 1701 $¢0
798 1266 ~30D4 1415 €48
31 879  ~469 1087  -177
433 583  ~526 806  —656
~-713 652 —443 592  —92¢4
~3346 1377 1697 1923 -3332
~3456 -1621 703 -1383 =3655
~3902 -2782 228 -2639 -~12145
-2309 =-2959 ~120 =-2287 -2981
~1454 =~2090  -209 -1391 =-21%2
~423  ~840 ~-171 =362 -991
~261 ~649 6 =261  =b4°
~228  -682 25 =227  -#23
~149 =530 13 ~-149 -53n
~5723 -4012 =355 -3941 -57963
~3256 ~1048 -583  -904& =—3400
~1234 157  -564 351 -1478
160 323 —443 586  ~423
468 197 -298 660 5
760  ~556 -25 760 <557
163 -992 38 165 -cc3
73 22 52 88 7
-2% =763 44 22 =75



TATSTONLL MOMENT { AADING,

DUSETTE

MICRC-ST2ATN

SAGEL

S5AGE2

ACE

s e R e e S o - s wwy o e enrs e

13300-A
133077
133000
13300 -D
13300 ~E
1330C~F
133006
7133004
1330C—-4
1330L~K
73300 -1

J330C—2
1330C-H
03300 -2
1330(-D
1330C ~E
13300 ~F
03300-45
7330C—-H
3300 -4
13300 ~-K
7330C-L

T330N-4
1330NM-R
T330N~C
1330N-D
1330N-F
T330N~F
T330N-5
1330M—-H
T330N~J

23044
1330N-R
M330N~-C
1330N~-0
M330N-C*
PA30N-F
T33ON-G
D330N-4
330N~

45
18
—5
—-20
=27
-28
-15
-5
0

0

7

~23

12
18

49
-16
—39
~41
-33
-19
-12
-1z
-11

4]
24
25
19
-2

-12
-18

~21
~19

~112
~103

—~97
~90
-80
~48
-36
-33
~31
~34
~3 4

~59
41
—~26
-16
-9
5
11
10
11

=40
~19

-3 5
-12
0
6
9
~6
12
4
-5
~10
-12

-95
-8 9
~78
—68
-57
—»4 8
~40)
~-38
-28
-26
—~23

-82
~66
~48
-31
-18
-1
~8
-7
-7

~85
-37
~11
8
14
15
10
2

5

MxXC,

168

TRAMS

~3277
~2547

~2146

~1827
-1537
-1171
~516
—-620
~794
-961

-1031

~-3359
-2841
-2275
-1856
-1461
-934
~644
-622
-382
~473
-364

—2550
~2270
~1732
~1208
~753
~178
—-352
—~300
—290

~-2799
~-1718
~536
32
211
369
239
-71
53

0K

CYL INDEPR

[ NG

371
-223
—801

~1147
—~1260
-1178
-611
-371
—238
-274
-96

-1692
~1123
~-7329
—-357
~-182
-152
~293
-315
56
229
418

432
-1151
-1703
-1589
~1211

- 609
476
~461
-429

-840
197
550
566

b

-260

-456

~663

-551

{20000 IN-LR)

~1019
-1216
~1292
-1273
-1178
~564
-640
—494
—-342
-329
—291

481
640
696
690
652
703
6834
646
519
418
399

659
374
190
76
0
~95
- 19
-13
6

557
-51

—108
~171
~241
—-190
~146
~120
-101

cRTN

STGMX

637
297
=17

-170
~-213
=-=611

78
14
-75

~142

=12

-1563
~911
~471

—88

92
261
238
195
401
424
586

571

-1038
-1527
-1194
~758
-158
~349
~299G
290

-692

199
55¢6
516
370
4272
268
-4 7
79

STRESSES

ST M

— o~ ——

-3542
~3067
~ 2929
—~2804%
-2584%
~1738
-12C5
-10L(5
~S57
~10 6%

-1115

—34 88
~3053
—254%
-2125
—-1735
~1347
-1174
-1132
-T727

-6 68

-5 32

2689
—2383
—~16C8
-16C3
-1211
-629
-4 79
~4& &2
-4 30

- 2946
-1719
~6S5
—-18
-1%3
—313
-4 85
-6 86
-568



169

A.9 Out-of-Plane Moment Loading,

M?C

, on Cylinder

DUT-OF~PLANE MOMENT LOADING, MYC, ON CYLINDER {20000 IN-LBJ

MICRO-STRAIN
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|
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*

{
§

§
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§
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§
§
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SR DOWSTm N e

(SIS B T BN T AN T ~

O = 0

-1
-4
-3

= N ot O

[}

O UT (W bt gk O

pod

-2
-2

-4

=&

PN WO P MO ~D

GAGEZ GAGE3

i

NOOOoONONBWWL W,

FOLWOCOO O

[aaf R ST SRRV I AT UL I S o

419
-78
121
-306
-107
-230
~265
—186
~238
~16
-252

325
290
244
211
204

-6
138

91
142

612
321
igs
130
40
1238
38
15
~16

STRESSES

LONG

v o ann,

~226
-85
27
50
23
~28
—-243
~285
~219
~-354
-370

83
-180
-121
-470
~246
~354
-265
~398
~-414
-432
~102

6
144
244
291
204
155
270
113
171

298
lég

56
210

69
252
201
161
128

228

25
222
570
209
158
114

70

38
-19

-28

32
13

=13

PRIN STRESSES

"~ A > e ) W~

-122
-151
~165
~2320
=15
~95

329
291
244
296
229
155
270
115

185

627
357
189
221
107
255
207
162
144

o

283
132
55
119
125
G2
i4
-22



OUT-DF-PLANE MOMENT

MICRO~-STRAIN

P s e e T il T b T ey

1-90C—-A
1-90C~-B
I-90C-C
[-90C-D
1-90C~E
I-950C~-F
I1-90C-~G
1-90C—H
1-30C-J
1-90C~-K
I-90C-L

0-90C~-A
0-90C-B
0-90C-C
0-9C6C~-D
0-90C-E
0-90C~F
0-90C-G
0-90C—H
0-90C~J
0=-90C-K
D-e0C-L

[-G0ON-4
I-90N-3
I-20N~C
I1-90N-D
I-90N-E
I -S0N~F
I~-90N~-G
I -90N-H
I[-S0ON-J

O-90N-A
G=20N-B
0-90N-C
0-90N-D
0-90N-E
0~-9CN-F
0-90N-G
O0-SON-H*
O0-9Q0N~J

73
62
&7
30
24
17

11
12

.«4,8
~43
-29
-15
-5
12
26
26
27
24
22

24

i1l
32
23
10
-14
-11
-17
-7

~-114

170

ON CYLINDER (20000 IN-1B)

LOADING, MYC(,
STRESSES
TRANS LONG
=72 —2360 11r7
-65 -3202 907
=58 ~2903 541
~58 ~-287T4 36
-56 -2732 -02
~58 =2723 ~318
~54 =250¢ ~-594
-55 —2389 -503
-53 =2440 -547
~55 ~2425 ~-385
~53 ~-2238 -301
100 ~4501 =-2776
-87 ~-3911 ~2456
~83 ~3696 ~1993
=75 =3210 ~1419°
-69 =-2930 =1021
-4h  ~2061 —248
44  ~1825 223
—~44 =1982 190
-40 ~1951 227
-5 ~2209 64
~48 -2384% -60
~55 ~294Q 401
-61 =2773 ~1545
-50 -2106 ~2157
-35 =-1418 ~1908
-2 1 ~796 =1322
-6 -173 ~465
-4 ~-148 -287
-1 -4 3 —-255
0 60 -182
115 -4977 =~30¢£1
-67 =2727 =490
-2 4% -850 714
1 i42 741
11 543 462
10 402 -307
5 189 -2S5
2 102 -468
3 39 ~-188

-63
~177
-171
-177
~-146

-82

~-82

13
=70
-6
57

-101
~82
~4t4

44

2
-38
76
~19
-89
-6
-152

-298
-63
19
44
51
38
19
-6
19

13
152
139

63

32
-32
-38
~13
-70

PRIN STRESSES

o o e

SIGMX

e o

1188
15
549

47
- 8%

-315

-590

~-503

~-544

-385

-299

-2770
-2452
~1992
~1418
~-1019
~247
225
190
231
64
-50

427
~1541
-2100
1414

-791
~168
~145

- 43

1
BS

-3061
~£80
727
748
554
404
162
102
58

STGMN

-3361
-3209
-2911
~2884%
=2740
-2726
-2505
~2389
~24643
~2625
-2240

4507
~3316
~3697
—-3212
~2932
-2061
~-1827
~-1982
-1955
~-2209
-23C4

-2966
-2776
-2163
-1612
-1327
=470
~289
=256
~-183

4577
~2738
~862

125

451
-309
-268
469
-268



DUT-0OF-PLANE MOMENT LOADING,

MICRO~-STRAIN

) s e A v Ol e T e > s

- A e - o~ A S st 2 A

{120C-4A
1120C-8
1120C-C*
1120C~D
1120C-€
f120C-r
1120C-6
[120C~H
1120C~J
I1120C~K
1120C~L

D120C-A
0120C~B==
D120C-C
0120C-D
0120C~E>*
G120C~F=*
D120C-G
0120C~-H
0120C-4%*
0120C-K
0120C~L

1120N=-A
1120N-B
1120N~C
[120N-D
1120N-E
I120N~F
1120N-G*
1120N~H
T1120N=-4

0120N~-2
0120N-8B
0120N~Cx*
D12CN~D
0120N-E
0120N-F
0120N~Gx*
012 0N-H
0120N~-J

-2

Q

Pt
=D PO WO

19

19

172

e

o0 e B

-49
-55
~62
-69
~-72
~68
~64
~70
~78
-77
~86

| SR W]

U SO NO WO

OO Pt

171

MYCs
STRESSES
TRANS  LONG
-961 818
-10068 710
-937 788
-1013 551
-1058 353
~944 =183
-1034  -29¢
~-1265 =622
-1688  -891
-1841 ~-10%51
-213% ~1269
-1561 =-119%
~-1689 ~1148
~1828 ~140¢4
~1945 ~-1282
~1613 ~-122%
~2507 =132z
-2147 ~1057
-2265 ~-1007
~1757 100
-1755  ~512
-1776 =519
-887 5
-538 =204
-150 =216
35 -85
146 58
113 147
0 0
~14 81
-22 26
-1044 257
-506 533
-208 4<h
-25 378
2 229
-158 ~10
-45 72
-19 -49
-90  ~141

ON CYLINDER {20000

- ——————

280
228
114

-57
-108
-139
-139

-82

IN~LB}

PRIN STRESSES

SIGMX SIGMN
1088 ~1251
1071 ~-1270
1335 -1484
1247 ~-1708
1113 ~1819

747 ~-1873
479 ~1809
192 -2079
-172 =-2408
-42G  ~2463
~642 ~2766
-682 -2074
-845 ~1993
-936 =-2295
-241  ~2385

-1064 =-1774

-1038 -2791
-567 =2627
-650 -2622

464 ~2121
187 -2454
121 -2416
5  -88s8
-258  ~584
-46 =320
97  ~151
179 25
177 81
0 o
82 -1
55 ~41
360 ~1147
581  -553
512 =226
378 -25
247 -11
40 ~216
165  -138
~174

106
-29 =202



OUT~CF-PLANE MOMENT LOADING,

MICRO-STRAIN

A o 2 o e W o S

ROSETTE GAGE!L

1150C-A -8
1150C-B -2
1150C-C* 6
1150C-D%* 15
1150C~-E=* 0
1150C-F 3
I1150C~-G* -6
1150C~H =15
I1150C-4 ~15
I150C~-K%* =20
1150C-L =34
0150C~A -2
0150C-B -9
ciso0cC~C -10
0150C-D -10
0l50C-t -14
0150C~F -18
0150C~G -21
0150C—-H -22
0150C~d -36
0150C~K -39
0150C-L ~48
T150N~-A -6
I150N-B 10
I1150N-C 16
I150N-D 15
I150N~E 12
I1150N=-F* &
[150N-G 4
I150N~H 5
I150N~J 5
OL50N-A 8
D1£0N-B -1
D150ON~C -8
0150N-D -2
0150N~E 6
0150N-F 10
0150N-6 10
01 50N-H* 6

0150N-J 9

GAGEZ GAGE3

e O ——— . vn o o e e

14
10
0
5
7
13
0
20
26
33
29

4

-1
-10
-14
-15
-25
-32
-36
-28
-50
~52

24
20
16
10

6
14

172

MYC,
STRESSES
TRANS LONG
803 -2
504 80
234 241
140 498
~178 -52
28 S4
-3i8 266
-15 ~461
142 ~414
784 -364
-214 =-1076
745 138
522 -114
32 -290
-G3 —~34:2
=204 -48G
~-638 -733
-770 ~873
~821 -917
-828 ~1318
~1085 ~-1509
~-929 ~=1733
874 77
824 561
672 686
453 592
311 450
432 315
131 168
120 175
78 180
942 525%
3738 70
~-12 ~246
~134 -7
~216 121
-251 224
~84 274
=132 146
-9 254

ON CYLINDER

266
317
272
272
380
437
500
646
798

=120
~38

19
3z
=114
-6
-13

171
152
114
95
51
32
32

13

(20000 IN-LB)

PRIN STRESSES

- s s

SIGMX

819
510
383
501
176
386
- 94
357
544
917
364

894
675
182
123
-39

~409

-438

~430

-516

~617

-437

8§91
829
686
595
457
501
169
181
180

1003
440
34
-19
128
226
277
146
254

B )

SIGMN

-17
T4
92

137

~-407
-264
=490
-832
-816
456
-1654

-11
-268
~440
-557
~654
~962

-1205
-1308
-1630
~197¢6
~2224

59
556
672
451
304
245
130
118

78

464

~2G2
=212
=223
~253

~87
-132

~10



QUT-0F~PLANE MOMENT LOADING,

MICRO-STRAIN

AT e e o e -

ROSETTE GAGEL GAGEZ GAGE3

- o e A P s e M s mAn O e mm S G G A AL A .

1180C-A
1180C-8
[1180C~-C
1130C-D
I180C-E
I18o0C~F
1180C~G
1180C~H
1180C~J
1180C~K
1180C-L

D180C-A
0180C~B
0180C~C*
0180C~-Dx*
0180C~-E
0180C-~F
0180C~G
0180C~H
01g0C~Jd
0180C~K=x
0180C~L

I180N~-A
I180N~B
T180N~C
I180N~-D
118CN~E
I180N-F
{180N~G
1180N-H
I180N~-J

0180N-A
0180N-8
0180N~C
0180N-D
01B80ON-E
D180N-F
D1IBON-G
N180N~H
D18ON~-J

WO L oMM W

H

NSO B OO MNP

WO WO ®

WO S NN

s e D DO O OO

-5
-3
-2
-5

173

— v con

187
148
-235
-359
-37
-43
-42

-231
~753
-43

223
257
172
172

92
178
1izz2

52
122

342
189
138
31
-31
~116
52
-13
-138

MYC,

STRESSES

LONG

-89

42
38
20
-105
-69
-7
~165%
=21

-83
85

-227
-279
~154

5
ES

-13

-31
~312
-497

~255

=33
177
208
194
85
53
122
16
13¢

174
28
~16

-9
-6
1é
53
16

~200
-127
-70
~-19
19
57
120
44
44

ON CYLINDER (20000

IN=-LB)

PRIN STRESSES

o - oo

SIGMX

O

240
255
224
230
200

50
124

19
107
161

76

432
351
295
195
264
292
126
126
~168
=169
-29

227
277
238
205
i08
200
160

71
136

483
259
165

42

18
156
76
28

SIGMN

-104
~105
~183
~-162
~-254
~267
~232
-250
~202
-175
-103

-160
-201
~-756
~834
~-454
-319
-180
~166
-375
~1080
-270

~37
157
142
161
69
31
84

122

23
-51

~63

-42
-140
~88
~35
-150



QUT-0F-PLANE MOMENT

MICRO-STRAIN

o o At vt s A o

LOADING,

o T e rv— W 0w e oer W o am St

1270C-A
1270C-8
i2706C~C
1270C~D
1270C-E
I1270C~-F
1270C~G
1270C~H*
1270C~J
[1270C~Kx*
I1270C~L
1270C-M

0270C-A
ND270C-B*
0270C-C
0270C-D
0270C-E
0270C~F
0270C-G
0270C-H
0270C~dJ
0270C-K
0270C-L

T270N-A
1270N-B
I270N-C
1270N-D*
1270N-E
[270N~F
I12T7TON-G
{270N-H
1270N~J

D270N~-A
0270N-B
0270N~C
0270N-D
0270N-E
0270N-F
0270N-G
D270N-H
0270N-J

-14
-13
-15
-17
-20
~21
~-25
~28
-27

0
-20

2

9

0
-10
-9
-7
-6
-8
-10
-12
0
-22

27
29
25
17

-32
-30
-17
-10

-1

O Www

35
32
32
29
31
38
37

0
48
52
52

1

21

0
25
29
30
38
45
50
56
62
62

o N L
W NWOMNOWN

46
44
41
39
39
36
38
41
54
56
67

22
18
22
24
22
29
35
44
51
59
58

N L
- O

ONLB WY

17k

MYCy
STRESSES
TRANS LONG
1802 113
1685 121
1625 45
1533 -39
1568 =129
1652 -132
1667 -241
939 =545
2275 =130
2360 708
2644 180
113 Sl
931 536
397 119
1034 25
1179 a7
1167 136
1469 255
1763 287
2069 307
2374 342
2663 799
2667 130
1454 1234
250 1140
506 893
410 622
215 193
135 €9
125 52
1i4 63
32 -19
704 ~-758
43 -885
~326 -611
~448 -448
-322 =139
-139 58
~6bH BO
-117 8
21 6

ON CYLINDER

SHEAR

-146
~165
~-127
-133
-114
38
-19
-551
-82
-51
-209
~32

-13
-241
38
63
108
127
127
82
63
b4
44

=51
25
95
57
6
-6
-13
6

6

76
57
44
13
-32
~44
0
-6
~13

1465
1144
915
636
216
135
127
115
33

708
47
-319
~435
~134
67
80

28

{20000 IN-LB}

PRIN STRESSES

535

125
262
276
303
340
798
129

1223
947
484
396
1901

68
50
62
-20

-762
-889
-618
~461
~-328
~149

=66
-117



QUT-0OF-PLANE MOMENT LOADING,

MICRO-STRAIN

o . an o s . e

W AN M s S ghe v s WA AMM YR e e AN b

1300C~-A
1300C~-B
1300C~C
{300C~Dx*
1300C-E
1300C-F%
1300C~6
I1300C~H
1300C~-4
1300C-K
1300C~L

0300C~A
0300C~B
0300C~C*
0300C~D=
D200C~E
0300C~F
0300C~G*
0300C-H
0300C-Jd
0300C~K
0300C~L

1300N-A
I300N-B
I300N~C
1300N~D
I300N~E
{200N~F
I300N-~G
[200N~H
{300N~J

D300N~-A
0300N~-B*
D3200N-C
B200N-D*
0300N~-E
0300N=-F
O0300N~-G
O0300N~H
O0200N-J

12 i8
23 14
28 10
31 8
33 7
39 -3
48 5
57 3
66 -5
75 ~14
87 ~11
~19 14
~14 28
~15 4
-8 34
-7 34
1 41
-2 43
1 53
8 66
5 76
12 88
7 T
1 3
0 -1
-2 -3
-2 -4
1 -3
0 -2
1 -1
¢] 0

{
Fd e ) ped fed ped 5 W O

e OO O C W W=

175

MYC,

651
806
836

- 860

879

794
1169
1327
1342
1333
1680

~77
317
-224
581
598
933
510
1190
1620
1770
2207

284
a1
-38
-107
-124
-29
=30
10
13

167

70
321

19
52
i3
53

STRESSES

P e el

L ONG

- oo

26
189
237
158
221
238
379
370
260
514
533

~454
~276
~509
-11
94
194
244
385
729
674
848

613
381
160

25
-80
-80
~52

-67

-520
-342
~179

45
49
16
-53
-13

ON CYLINDER (20000 IN-LB}

PRIN STRESSES

- v -

SIGMX

661
829
521
973
1034
1139
1478
1720
1883
2182
2527

1¢9
646

-70

911

952
1206
1264
1581
2066
2319
2747

613
384
160

26
~68

-7
29
14

178
21
76
&2
54
63
71
25
54

— o -

STGMN

" — > o

85
176
152

45

&6

-107

70

~23
-281
~336
~324%

~769
-605
~663
~-340
-260

~79
-110

283
125
307

283
78
~328
~108
~135%
-117



QUT-0F-PLANE MOMENT LOADING,

MICRO-STRAIN

D o e s e kA S i NS e A

ot o  En AMD i Amn AAm an e e 00 S aan MRS A e e S

I1330C~A -3
1330C~B -3
1330C~C 2
1330C~D 2
1330C~E 3
1330C~F 9
1330C~G 13
1330C-H 17
I1330C~J 23
13320C~K 29
1330C-L 41
33320C~A ~10
0230C-B -1
N330C—-C* -3
0320C-0D -4
0330C~-& -2
0330C~Fx* -1
D230C~6 5
0330C~H 10
0330C~J 19
0230C~K 19
0330C-L 37
I330N-A -1
1230N-B 0
I320N-C* -1
I330N-D 0
1330N-E 0
1320N-F 3
I330N~G 2
I320N-H* 0
320N~ -1
033 0N-~AX* 0
D330N-B 1
0330N~C 4
023 0N~-D* 3
0330N~E 1z
0330N-F 2
0330N~G 3
D320N-H E}
O330N-J 1

i

=PONWER SO DN

NP WOV W

176

MYCy
STRESSES
TRANS LONG
-278 -183
~70 ~107
71 78
123 108
195 158
345 374
351 490
389 616
403 819
333 984
372 1352
-376 -412
-271 -110
-~153 =146
-194 -186
~238 =143
252 477
-225 75
~178 246
32 566
~31 561
-41 1100
~-250 =103
~146 —b by
-124 -80
=63 -5
-53 -2
-24 78
39 83
~63 -5
12 -39
~10 -3
156 75
110 161
206 147
238 428
154 118
101 116
49 114
61 61

o o

=443
-222
-279
=450
~576
-5 84

~89
~38

~13
=13

13
=13

A

-82
=13

-19
-13
~82

~-13

ON CYLINDER (20000 IN~-LB)

PRIN STRESSES

SIGMX

-17
122
233
255
298
379
529
718
985
1183
1683

~357
~79
~130
-146
-106
604
193
384
822
913
1420

-62
-31
-77
~2
. 1
80
86
~5
13

38
156
222
208
428
162
123
170

T4

= o s o

= o

~430
-301
~-169
=235
-2T4
-306
=342
-316
=224
~-383
=361

~291
~-15%
-127
-66
~-54
-26
36
-63
-40

-51
75
50

145

238

109
9%
-7
48



A.10 In-Plane Moment Loading, M

IN-PLANE MCMENT LOADING,

MICRO-STRAIN

B e o T

OSETTE GACEL GAGEZ2 GAGE2

A D - > 2 O O s S NS ) NS Tt . VD s ot P

I-0=-C~A ¢ 38 33
{~0=C~-B 11 29 29
[~0~-C~C is 2¢ 22
{~0-C~D 17 13 is
[~0~-C—~E 14 1i¢ 12

I=0=C~F ¢ e 2
[~0=~(~G ¢ -4 -1
[~0~C~-H 0 -5 -4
[~0~C—J -7 ~5 -3
1=0=~C~K ~1¢G ~& -3
[~0~C~L -15 -4 -2
0~0~C-4 -€ 22 23
0-0-(~8 -6 14 14
0=-0~C~C -7 10 14
0-0~C~0 -3 ki g
O~-0~C-E 1 1 7
{u0=-C~F 2 7 5
0=-0~C~G 1 8 g
C~0~C~H 0 1 ic
C~0=C~J -10 13 iz
C~0-C~K -15 14 ¢
C~0~C~L -4 11 13
I-0-N-A 20 29 27
[~0=N-B 24 24 25
[~0-N~C 22 21 i
I~0-N~D 21 ig is
I=0=N=-E* ic 0 ié
[=0=N~F* i1 0 -38
[=0=-N~G 7 132 12
I=0-N~H 12 i3 iz
[=Q0=N=~d S io0 ¢
O=0=N~-4 -8 19 lg
0—-0=N-B ~11 8 8
0=0=-N~-C -7 3 &
G~=L=N=D ¢ 1 i
C-0-=N-E 5 0 1
C~0~N~F ic ¢ 1
O=C=~N-G i¢ 4] 0
Q=0=-N=H i0 ¢ G
C=0~N-J 11 G ~1

MZC,

e

ON CYLINLDER

STRESSES

00 s 000 a0 wnn: as Aon w—

LCNG

- s e

467
718
729
710
SET
13
~4G
~-56
~-£51
~238
-~43%

-150

158
320
279
276
215

ze?

onn Cylinder

(2000C IN-LB)

SHE AR

e s, s > -

57
&

0
~32
-25
~25
-32
-13
~-19
-38

~25

-€
]
-51
-13
-£
ig
~&
13
i9
190
-1%

PRIN STR&SSES

O . 0OP 010 O M s s o

SIGMX

1559
i251
944
738
573
56
-36
=55
~16€
~166
~-128

9934
633
534
217
362
262
243
449
565
3279
585

1201
1C51
938
8§52
787
310
578
585
420

845
368
165

54
161
320
279
276
318

SIGMN

B

4th
717
7139
ET4
459
-2
~127
~189
-255
~347
-497

128
5
“45
¢
119
159
146
117
-117
~393
-1236

G57
ic26
8¢5
TEC
231
~1G84
273
450
365

- T

i1
-232
~152
1

2

20
=21
-~31
-43



178

IN=-PLANE MOMENT LOADINGy MZC, ON CYLINDER (20000 IN~LB)

MICRO=STRAIN STRESSES PRIN STRESSES

o~ —— an A 20 . S T e At s s i A €T s i s >

ROSETTE GAGEl GAGE2 GAGE3 TRANS LONG SHEAR SIGMX STIGMN

R D OO A S A A - eo0 0o o s o o e s s oo o s anm Arin wers S oren e o e, e o e -

I-90C~A S5 -G97 =104 ~4511 1484 89 1485 ~4513
I-90C~B 80 ~86 =95  ~4056 1178 114 1181 -4059
I-90C—~C 52 ~Ti -80 —3379 555 127 559 -3333
I=-9CC~D 33 —&65 =75 ~3097 69 133 75 =3102
[-9GC~E 20 -59 =67 2790 ~-238 108 —234 ~2794
I-90C~F 15 49 -58 ~2377 -271 114 =265 =-2383
[~9CC~G -3 ~38 ~38 1678 ~603 6 -603 1678
1-2GC~H 0 =26 -25 =~1118 =325 -6 -335 =~1118
I-90C~J & -1z -8 ~455 34 =57 41 ~& 62
I-90C~K 10 -2 0 —42 273 ~32 276 -~ 45
I-9CC~L 7 10 11 452 345 -25 458 343
C~-90C~A -47 =131 ~125 -~5578 <-3C8% ~7C ~-3083 -~5580
C~-90C~B =329 ~104 =104 =4521 ~253%5 & =2539 ~452]
C-20C~C 24 ~88 -89 ~3879 ~-1891 13 -1891 ~-387%
0-90C-D -6 ~71 ~73 -2169 -—1122 25 ~1121 ~-2169
g=-90C~-& 6 ~55 =58 —2492 =562 38 -562 ~2493
C=90C—F 20 ~-29 -3¢ -~-1307 221 19 221 -1507
0~90C~G 25 ~17 =11 ~6473 548 ~82 554 ~649
0-9QC—~H 21 -9 -& ~367 537 -32 539 ~349
0=90C~J 15 =7 -6 —-288 356 =13 356 ~283
C-90C—-K 7 -4 -5 ~-217 14¢ 12 149 =217
C-9CC-L 0 -2 G -52 -30 ~32 -7 ~-74
I-9GON=A 36 ~101 -84 =4102 ~147 -222 -135 =~413°%
I-90N~B ~37 ~84 =78 =3521 ~—2168 -70 ~2165 3524
I-90N-C =68 ~5¢ ~58 =2505 ~2790 -19 ~2504 ~2791
I-9CN~D ~630 ~38 -38 ~i605 ~-2278 6 -1605 ~2278
I-90N~E -36 -20 ~19 -817 -1328 ~-13 ~816 =-1329
I-9G0N=-F ~14 -2 -4 ~110G ~&4477 25 ~108 ~448
I-90N—~G ~7 ~3 -4 -149 ~259 & ~149 ~259
I~ GON=H -8 -3 -3 =127 -280 -6 -127 -2 81
I-90N~-. =7 -2 -1 ~55 =216 ~13 ~54% -217
0=-9CN=-A ~25 =127 =126 ~=5539 ~2417 -19 -2417 -5539
G—-90N~B 38 =57 ~-64 ~2715 226 893 328 -2718
0~90N=C 57 -4 -10 ~386 1581 82 1584 -389
C=90N=~D 47 22 17 805 1653 63 1657 8GO
C-90N—-E 22 29 27 1198 1015 32 1203 1010
G~90N~F =10 20 19 867 -39 5 868 =40
C~S{ON~G -11 i@ 10 451 ~207 =13 451 ~207

0=90N~H -9 S ] 396 =152 6 396 =152
G~90N—J -7 8 S 362 -91 -13 363 -91



IN-PLANE MCMENT LGACING, MZC,

179

MICR{O~STRAIN
ROSETTE GACEl GAGEZ GAGE3 TRANS
1120C~A &1 -73 -16 =202¢C
1120C-8 50 ~-75 -8 =-1i872
1120C-C 45 ~-79 g =~1lél6
1320C~D 23 ~78 17 -1383
1i20C~E 23 ~75 22 —1200
1120C~F 9 —-60 24 ~804
1126C~G 0 -4 & 19 ~&06é
1120C~H -5 -39 11 ~601
112C0C~d - =32 i ~673
1120C~K -4 ~-18 -2 ~4 24
1120C~L 3 -2 ~3 - ~87
C1l20C~A -24 ~33 ~88 —2637
€1z2¢0C-B ~19 ~321 ~82 ~2464
£120C-C ~20 ~25 -82 =~2328
Cl120C~D ~i9 -18 ~83 =~2194
{120C-E -14 -23 ~-8. =2272
Cl20C~F -9 -1¢é ~76 ~1996
Cl20C—-Gx* -7 -4 ~68 ~-1569
0120C~H -8 -5 -5 -1098
0120C~-J -2 11 -37 ~572
£i2CC~K ¢ i4 ~26 -262
C120C~L i i0 -6 g3
[120N~A 22 -23 ~45 =~1518
1120N-5 ~i3 ~19 -4G ~1270C
1120N=-C ~2% -1 ~25 ~789
I120N~-D ~£1 -7 -12 -3G5%
I120N~E ~10 -1 ~3 -83
1120N-F ¢ ¢ 4 4]
I12CN=-G* g -4 -% -115
1120N~-H -1 -3 -7 ~-207
I12CN~J -1 -2 -2 =103
C120N-A 20 -~ 34 -59 -207¢
Q0120N-8B 28 ~15 -25 =330
02 20N~C 36 3 3 86
03120N~D 28 8 i6 493
C120N-E i6 8 i9 578
Q120N-F 5 6 g 465
0120N-G 5 2 iz 329
C120N-H 4 5 15 435
CLZ20N-J 3 6 io 352

STRESSES

L

LCNG

B

1233
935
£55
569
467

30
~182

-323

~-373

~255
60

~-15C04
~-13224
~1300
~1214
~1109
~855
-685
~572
~229
-64
53

201
~780
~G49
~T46
~338

27
~34
~108
~60

~25
876
1109
983
644y
282
241
244
191

SHE AR

-

~753
-~§99
-1165
~1260
-1292
-1114
-861
~-&T71
-437
-206
~132

728
671
TEG
851
766
793
855
798
640
526
203

298
285
i77
£3
22
~-28
-3Z
51

336
133

-114
~146
~12G
~114
-127

~51

ON CYLINDER (200CC IN-LB)

SIGMX

1399
1198
1318
1186
1171
802
483
224
~56)
~114
61

~1148
~1013
-899
~713
-T729
~445
=165
«

262
372
271

251
-649
-6 T4
-3 84

-7Q

73

-23

- 84

- &0

3
886
1109
1013
760
524
&07
498
367

PRIN STRESSES

e v, B SR > Y SO AR M, AAIAATY EB. Mt

S IGMN

o Gompon amo s

~21 86
~21325
~2C78
-2001
-1204
~1577
~1281
~1147

~-885

~-5€5

- 88

~2993
-2775
- 27 39
- 2695
-2652
-~ 24 Q6
-~ 20 8%
~1675
-1G63

~-6G2

~135

-1568
~14G1
~1064
-757
~242
-5
~126
-2Z8

~103

-2133
-G 40
86
667
462
222
163
181
177



IN=PLANE MUOCMENT LOACING,

ROSETTE

AR e A 4 e e A

I1150C-A
I115CC-B
I1150C~C#*
1150C~D=*
1150C-E>
1150C~F
I150C~-G
115CC~H
I115CC~J
115QC~-K*
115GC~L

Ci50C~-A
0150C~&
0150C-C
C150C—D=*
C15CC-E
C150C~F
C150C~G
Ci150C—H
C156C~-J
C150C~-K
Cl50C~1

1150N=-A
T150N-B
I15CN-C
I150N~D*
I150N=-£
I150N~F#*
I150N=-G
I150GN-H
I1150N~J

0150N~A
0150N~-B
C150N-—-C*
0150N~D*
C150N~-E
C1I50N~F
Ci150N~G
C150N-H
C150N-J

MICRG~STRAIN

0 Ganr

GACEl GAGEZ GAGE3

s o VS A XN A D G Wi e e

ane

-

e

9
16
21
320

a

8
-2
=5
-1

¥
~7

2
-4
-6
-6
-2
10
11

=16
~24

v

23
22

T
18
19
20
i8
13
12
13
11

24

i
N WO =0

21
13

0
17
15
is
27
3G
35
40
26

=10
=16
-24
-29
~33
X
—41
~29
~33
-35

=27

25
21
17
285
13

180

MZIC,

TRANS

o 002 0 e an

972
756
144
378
167
33
316
382
659
1285
384

551

202
e X
~620
=405
~845
~854
-797
~862
~137
~457

1068
1025
887
6683
649
278
509
456
374

470
205
23
26
-40
-54
29
94
117

STRESSES

LONG

562
697
685
=799
50
238
24
-4 2
165
385
-39

223

=53
~185
=371
~193
~567
~598
=710
~971
~920
=796

£34
835
851
2618
136
483
523
522
454

426
161
238
165
216
326
351
213
277

SHEAR

e o eare e 2

38
~38
102

~€2%
=304
~& 43
-516
~£83
-£38
-28%5
~456

&Ei4
538
€02
380
&27
621
564
545
462
462
412

-&

76

S5
~3533
51
177
-13
~19
-19

317
241
129
70
44
-25
~13
13
-25

ON CYLINDER (2GGCG IN~LB)

PRIN STRESSES

SIGMX

975
T74
703
423
418
591
709
730
1005
13467
658

1023
623
490
-96
337
=70C

-1 4G

~207

~45]

-357

~188

1068
1652
266
8726
759
585
531
527
459

T65
425
309
103
224
328
351
314
28l

S IGMN

Ao s o 2

559
673
125
=8 4%
~201
=312
~370
-4 50
=177
203
~-373

~24G
=479
-T2i
~895
~934
~1342
-1304
=1300
~1282
~12986
~1075

524
808
772
574
£25
176
501
453
370

131
~58
~37
-3
~47
-56
29
93
113



181
IN-PLANE MCMENT LOACING, MZC, OGN CYLINDER {(20C00 IN-LB)

MICRO=~STRAIN STRESSES PRIN STRESSES

o I — o o SO S o S g ] - ]~ T

RCSETTE GACGELl GACEZ GAGEZ  TRANS LONG. SHEAR SIGMX SIGMN

e on: vt T - s a7 o ;o - - - - an mon 1ame nam o o s Al At o 73 O R e

1180C-A 4 35 35 1531 588 -5 1531 £ 87
1180C~-8 i4 28 29 1228 782 -5 1223 782
118CC~C 19 22 22 950 85% -6 951 855
1180C~D* 20 i7 ¢ 344 702 222 803 228
1i80C~E 18 ic 11 461 680 g 681 4 &9
1i80C~F iC i i 42 268 -5 298 42
1180C~G ¢ -~ & ~5 ~199 ~-45 6 ~-45 ~16%
1180C~H - ~3 ~3 ~-121 ~-165 0 ~121 ~165
118CC~J -5 ~3 ~1 ~-77 -208 -25 ~72 ~21Z
i18GC~K ~& -5 -7 -3390 -213 -25 ~208 -235
1180C~L ~-13 ~1 0 -1 ~404 -£ -17 -404
0180C~4 - 23 21 966 iel 25 966 161
£18GC~8 -7 is £ 665 ¢ & H£5 2
C180C~C ~& ic 1C 456 A -5 456 ~49
Ci8¢C~D ~4 & 7 297 -3¢ -13 298 ~&40
C18¢C~E ~1 & 6 263 36 -4 263 36
C18CC~F 4 7 7 288 215 0 288 215
0180C~G 3 i¢ g 393 £ig 25 397 214
01l8¢C~H C i0 10 429 114 -5 429 1i4
£180C~J ~7 i4 14 624 -27 o 624 -27
C180C~K=* ¢ i 13 574 172 & 575 172
£180C~L -19 13 i1 553 -390 32 554 -391
Ii80N-A il¢ 28 29 1236 841 ~13 1236 8473
I180N~B 22 23 23 279 249 ¢ 979 949
1180N~C 22 18 18 759 884 6 884 759
I180N-0 17 i4 i3 577 686 € 587 576
I180N-E i4 13 iz 538 589 19 598 532
1180N~F#* 0 123 11 2936 887 la83 3732 109
T18CN-G S 1¢ i0 4169 382 —& & 20 38l
I180N=H* 0 632 i3 1671 501 £59 1967 206
1180N=~J 9 3 ic 398 376 -5 400 274
C1l80ON-A -7 21 23 579 94 ~-32 284 93
Ci8ON~B ~11 7 g 357 ~235 -32 359 ~237
C1l80ON~C -10 -1 1 21 -279 -32 2% ~282
C180N-D -y ~3 -3 ~142 ~171 ¢ ~142 ~171
0180N~E 1 -5 -5 ~1853 ~28 12 -27 =199
O018CN~F 9 -2 -2 =103 226 & 226 =104
Cl1B80ON—G* Q 124 2 2789 837 1614 3699 -T4
O1l80N=H 9 0 -1 -41 259 é L 259 -]
CL8ON-J ig¢ -2 -7 -394 257 0 257 -~ 94



IN-PLANE MCMENT LCADING,

MICRO—STRAIN

D P s s D T R € 2 SO R

KOSETTE GACGELI GAGEZ GAGEZ2

0N IR GRS ARG S T A AT 0 o R EED R0 K AP G0 A

1270C—-A Bé
1270C~B &4
1270C~C 38
I1270C~D 21
12706C~E 11
1270C~F -3
I270C~G -5
1270C~H 0
1270C—J €
1270C~K 9
127CC~L 3
I27CC~M -10

C270C—A =31
0270C—-B* Q
C27CC~C ~16

C27¢C~D G
C27CC~E 3
C27CC~-F 24
C270C~G 27
GC270C~H 26
C27CC~d 15
C270C~-K 8
C27CC~L -1
I127CN~A 78
1270nN-B -8
1270N-C ~59
I1270N-~D -69
I[270N~E ~36
1270N=-F -13
I127GN~G -6
I27CN~H -6
127CN—J -2

C2TON=-A -51
0270N~B 33
027GN~C 51
GC270N~D 48

G270ON~E 25
Q270ON=~F -11
C2TON~G =12
C270N~H -9
A27TCON~J - &

-2
=77
-73
=66
~€3
=61
~42
-3C
~13
-5
S
3¢

-~122
J
~86
~-68
=53
-~ 25
=13
-8
-8
-5
5

-8é&
=86
-67
-45
-23

- 4y

- A

ol

~3

c

~ i34

=303
-87
-78
-T2
=66
-56
&4
-3%
-16
=7
8

34

-114
-102
-81
-63
-4 8
~27
-12
~10
-8

-9

MZC,

182

TRANS

e o o

-4277
~3673
~3363
~3052
~2853
~2555
~1885
-1358
~&43
~271
351
1421

=5156
~2235
2638
~2872
~2234%
-1258
~593
-436
=372
~322
231

-3971
-~3417
~2274
~-1752
=100Z
-132
~13G
-88

3

-5709
-2118
~-923
385
976
848
515
448
330

STRESSES

e s e -

LONG

s cree e won

1267
808
132

~288

~5¢8

-866

~T7C8

~-&07
-2
176
205
127

-2488
-671
~1576
~-86¢
~40Q
335
620
639
345
132
27

i161
-1282
~2464
~2593
-1371
439
=210
~197
~71

-3252
&3
1249
1570
1034
-88
~216
~122
~72

SHEAR

139
133
76
8%
38

.
4

19
13
32
19
13
=57

-108
1255
-63
-7C
=57
~25
-13
32

531

51
=203
-355

-82

25

-
[

-19
-13

~76
44
32

-

38
25

13

CN CYLINDER (20000 IN-LB!}

PRIN STRESSES

oo s AAT e D

SIGMX

o e > cen

1271
812
133

-285

-527

~864
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G270N-D -4 &
C2TON~E -20

C27ON—F 15
G270N~G 11
027 ON~H 1cC
Q27 GN~J 8

iié
o7
90
81
79
g7
71
&5
50
43
477
48

122

93
77
76
48
472
41
43
51
52

118
i0é
84
61
41
22
22
20
19

124
56

~-17
=26
=17

-6
-3

143
12%
1i4
ice
96
91
80
66
58
5¢
5¢
4 ¢

119
105
8%
T0
B¢
38
34
22z
2%
ETS

49

120
9o
e
55
3g

190

ON CYLINDER

TRANS

£753
4924
4515
4106
2868

%1

33(8
2867
2362
2263
2276
2082

$2738
£ace
3912
3222
2843
1513
168¢
1e14
178¢
19215
2228

5457
4457
2066
2444
1698
G532
G226
884
805

£244
24&4
254
~733
-1064
=716
~315
~273
~166

{500 LB)
STRESSES
LCNG SHEAR
-2312 -358
196 -274
6e% ~-325
918 ~317
1C4¢ -228
1é15 -5
iZe62 -114
g8¢ -1
418 -101
160 -5
127 =114
21c 0
2054 37
£92 ~-1299
1228 108
81C 89
511 146
~53 12¢
-17¢ 168
&2 120
251 114
475 1©6
583 44
1495 -152
21198 S5
3600 210
329¢ 82
2046 25
107C ¢
G324 &
935 ~&
783 -8
1545 114
~a57 >8
~1562 -13
~1589 32
-<18 =25
227 ~19
248 -44
232 -5
193 I3

PRIN STRESSES

SIGMX

5774
4954
543
4137
2887
20172
2314
2868
2397
2244
2282
2082

527¢
211¢
3917
222¢
2852
1921
1692
1623
1794
1941
2229

5463
44 64
3742
3307
2051
1070
937
936
807

5247
2465
354
~-732
~914
228
251
232
193

o T A i ane

SIGMN

=¢34
1¢5
&71
egy
1c2g
1€14
1256
< ag
412
159
121
€10

2053
~115
1283
&07
502
=61
-185
33
£42
448
£82

1489
2112
26 24
24326
1696
953
G23
gs2
782

1541
~358
~1562
-1290
-1068
~71&
=~219
~2T3
—-164



191

AXIAL FORCE LOADING,s FXC,
MICRO~STRAIN

ROSETTE GAGE1l GAGE2 GACGE3 TRANS
i30CC~-A -38 81 48 2872
I300C~-B* =30 S0 -47 G994
1200C~C =30 93 10 2279
I1300C~D -14 94 0 2094
1300C~E -9 89 -2 1921
I1300C~-F* 9 7€ -2 1599
1300C~G 1: 70 -1 15¢2
I300C~H 9 67 7 160¢
1300C~J 7 63 7 1518
I3C0C~-K 5 &4 -4 1321
1300C-L -6 56a -12 967
0300C-A 3 21 1 2461
C300C~B 5 16 99 2512
0200C~C 10 11 100 26423
03CCC~-D* 9 10 110 2622
0260C~E 1¢ 2 103 2287
02C0C~F 11 -2 9% 2024
0200C~G 8 -4 £6 1787
c300C~-H i0 -13 81 1482
0200C~4 11 -5 72 1471
0300C~K 11 4 68 1564
C300C~L 15 16 67 1812
I300N=-A 17 47 75 2644
I2CON=B 46 28 &0 211 ¢
1200N=C 5¢C 20 42 1243
13CON-D 42 25 29 1123
1200N~E 30 i¢ 17 750
12C60N~F 14 i9 ¢ 611
1300N-G 17 20 15 TEE
I30ON~-H 12 1g 17 783
IZCON~J 18 is i¢ T64
C200N-2 -3 2 22 £ 2051
0200N~B -4&1 15 2% 9¢1
030CN~C ~20 3 2 i48
C20O0N-D -19 -2 -8 ~198
02C0ON~-E =10 -1 -10 -~219
U300N~-F 1 1 -1t -17%
DACON~G 3 4 -5 -i4
Q200N-H 0 3 -2 -1C
0300N=-d 5 2 -2 -6

STRESSES

P00 o e 1002 e g R0

LCNG

-265
=600
-229
201
323
736
793
739
6855
53
115

238
896
1015
1043
¢85
949
779
T44
782
812
985

1307
2cee
1e74
1606
1127
612
T29
808
771

-354
-356
~368
-&20
-2E5
-11
a1

158

ON CYLINDER {£000 LB}

SHEAR

437
1823
1168
1247
1216
1038

Q4

804

747

G058

gl1z2

~924
~110¢
-~119C
-1362
-1342
-128%
-1203
-126GC
-1038

~855

~&78

~32T4
~285
-158
-5
15
127
70
3z

44

-261
-3127
1o
22
114
146
190

L3

&3

PRIN STRESSES

SIGMX

———— o oo -s

2931
2187
2698
2713
2584
2292
2155
2089
1949
1920
1549

2380
apTs
3110
23990
33128
2880
2587
2426
2221
2122
2192

2742
2347
2C2¢€
1611
1138
- 738
gie
828
812

2104
910
145

~182

-157

73
163
76
177

e 2t o @om -

S IGMN

-225
-17902
—-£48
-410
-331
43
140
260
224
-47
462

420
333
339
276
144

o4
-21
-200
33
254
&£05

1208
1767
1491
111¢g
T4&9
484
€75
761

722

-407
-G &4
~-868
—645
-4 27
-263
-os
-89
-28



192

AXTAL FORCE LOADING, FXCy ON CYLINDER (5C00 LUB)

MICRO-STRAIN STRESSES PRIN STRESSES

A 5 P A 2000 O KA. KNP D AT P 2 > 2 a0 T e are a o (e e e RS R D TR PR T A T

ROSETTE GACELl GAGEZ2 GAGE3  TRANS LONG SHEAR SIGMX SIGMN

AU COND TN DO, WD BN AN T OO RS SO ST ORI D G 98 ) oo s 2 g s iz o o oo o g 2 g, 0w e g e e T - o eom e

I133CC—~A -6 -14 4 ~265 =265 ~215 4G =480
133CC-8 -9 =1 2 62 ~238 =57 12 -24%
1330C~C -7 S 3 268 =-11¢ 82 285 =136
1230C~D -1 18 4 482 lcz 177 552 32
1230C~E 4 23 1 528 287 285 Ti7 o8
I1332CC~F 18 29 -11 377 te” £32 1074 =29
I1236C—-G 26 290 -8 473 912 5C7 1244 141
133CC~H 28 3¢ -11 387 827 587 1298 46
1330C~Jd 23 31 -16 237 1084 627 1428 -57
133¢8C-K 28 27 -19 136 1167 60¢ 1444 =140
1330C~L 45 30 ~20 170 1351 &65 183 ~122
0330C~A & -26 21 ~311 1z8 -623 659 =632
£330C-8 ic -17 2e 324 382 ~Eht 1560¢C ~293
C330C~C 14 14 42 601 608 =741 1345 -137
C230C~D 11 ~14 44 646 Eee =T&6 1352 -1 85
0330C—-¢ 11 -13 43 64& bee -T41 1327 -1&0
C33C0C—F 10 -1¢ 46 658 483 ~823 1398 ~258
0330C—~G¥* 15 ~25 4 412 580 =032} 1430 =429
0226C—H 20 -12 44 667 813 ~T&7 1491 -11
C33CC~J 20 -1z 48 760 1140 -810 1783 118
CZ30C~K 30 -19 44 531 1072 =826 1679 -T7
03300~L 39 -~1é 44 se2 1352 ~798 1847 67
I32CN~-A 17 -1 S 148 553 -13@ 6501 165
123CN~B 14 i 10 214 492 ~114 533 172
I1330N~C 12 3 12 211 45C =1z2C 519 241
I330N~D* 12 & 13 2732 482 ~7C 516 236
I330N-E 11 6 i1 274 454 =TC 495 234
IZ30N~F i3 16 1C 4465 523 C 532 445
I330N~G 14 12 ic 476 5E¢ 32 567 465
I230N-H 11 11 ic 458 465 1¢ 481 447
I330N~J 11 12 10 468 4832 25 502 L4G
0330N~-A ¢ ~&7 ig -1G7¢ ~%223 -~1l121 483 ~-128}
C23CN=B 7 -1 132 264 293 -190 469 88
033C0N~C & 4 12 349 276 ~101 42C 205
023C0N~D 3 & 11 372 212 =76 403 181
C330N-E* -3 £ G 2072 =180 =51 308 =185
G230N~F -3 5 7 275 -17 -25 277 -19
033CN~G -4 4 7 234 44 ~38 239 -49
0Z30N—H - 7 2 203 ~&7 76 220 - 8%
0230N~J 0 2 2 118 26 6 16 26



193

A.12 In~Plane Force, F on Cylinder

ro?
IN-PLANE FORCE {0ADING. FYC. ON CYLINDER (2000 LB}

MICRO-STRATIN STRESSES PRIN STRESSES

A s s s D s o e s A e A e A A . W - M AL (> S o> AN

ROSETTE GAGEL GACEF2 GAGE3 TRANS LONG SHEAR  SIGMX  SIGMN

AN A A Gt 7 wh_ i ——n ]y ——— s o oo > A oo e -~ - — - wo vans v ——— ot 0

1-0~-C~=A ~13 1G9 EAY 4380 929 253 4398 911
I-0-C-8 20 Rix 73 3424 1640 139 3435 1£29
1~-0~-C~C 34 54 52 2302 1703 25 2303 1702
1-0-C~-D 38 34 33 1421 1552 13 1554 1420
I1-0-C~-E 36 16 i8 691 1291 -25 1292 630
I~0-C-F* G ~-22 -19 ~-909 -273 ~32 -271 -310
[~-0-C-6G -13 -40 -39 -=1730 -918 ~& -¢18 =-1730
T -0~C~H* 0 45 -4t  -1953 -586 -19 ~585 =1¢53
I1~0-C—J -33 ~-a7 -4% ~1979 =15972 ~32 =-1589 =~1682
1-0~-C~K -39 -45 -40 ~-1837 ~1734 ~63 ~1704 =~]1867
I1-0-C~L ~41 -34 ~34 =1459 ~1664 0 ~14%59 -1664
Q=-0-C-2 ~-30 62 65 2812 -569 -38 2R12 - &9
0-0-C~-B -33 38 42 17e1 -447 -£31 172 -4 4R
0-0~-C-C ~26 22 24 1041 -&57 ~19 1042 - 458
0-0-C-D ~19 12 16 637 ~365 ~57 640 -368
N=-0-C~E ~15 8 11 L24 -329 - 44 427 ~332
O=-0~-C—-F 16 7 il 376 412 -57 454 334
0~-0~C~-G 12 i9 20 253 627 -19 855 £25
O=-0~C~H i 27 28 1200 389 ~1G 1200 388
0-0-C-J -21 32 33 1464 ~1R8 ~13 1464 ~188
O=-0~C-K%x ~34 36 0 820 -7566 475 952 - 897
0-0~C-1 ~96 22 30 1265 ~2%14 -10¢f 1268 -2517
I=-0-N-2 5B 91 93 3278 2947 ~19 3278 2546
1 -0~-N-B 74 73 73 3114 3158 -776 3158 3114
=0-N=~C &7 54 52 2255 2701 32 2703 2253
I-0=-N-D 56 43 42 1798 2207 13 2208 1798
V= 0-N-F &z 38 37 15¢3 1747 A 1747 1853
I-0=N=-F 23 O 70 1521 1140 ~937 2287 374
T~0-N~G 22 3g 35 1605 1151 63 1613 1143
Teg=N-H 22 44 41 1834 1220 3P 1837 1218
T~ 0-N=-.J 23 36 3= 1531 1158 & 1531 1158
Q=0~N=-2 ~50 57 54 2469 -T€1 38 28500 -T762
0-0-N-8 ~53 20 15 842  ~1344 70 Ra sy -1346
D-0-N~{ ~-40 =6 ~G =270 -127% 378 -268 ~12R0
Q= Qe p=0 ~-25 -20 =20 -861 ~1000 & ~-B&£0G  ~1000
O-0~N—-E -G -23 -1¢ -220 ~547 -4 b ~542 -925
O-0-N-F i5 ~16 -12 ~632 252 -44 254 -635
Q=0 N=G 20 ~13 ~-14&4 -617 414 ) 414 ~617
e G N H 20 -17 ~1R ~-795 360 i3 361 -795

3-0-N-J 23 ~16 ~17 ~736 478 i3 478 -736



IN~PLANE FORCE LOADING,

MICRO=STRAIN

om0 R > WD T e

ROSETTE GAGEL GAGE2 GAGE3

A AT AR A ARR A A o eE ok RS SKE Amm A S D e e o e

I-9GC~-4A
I1-90C~-8
1-30C-C
1-90C-D
1-90C~-£
1-90C-F=
1-%0C~-G
[-50C=-H
i-s0C-J
1-90C~K
I1-90C~L

0-50C-A
0-90C -8
0-60C-C
0-90C~D
g0-90C-E
0-<0C~-F
0-4QC~6
0~390C~H
Q-20C 4
0-40C~K

0-G0C-L=

1-90N-A
1-90N-f
I-SON~C
T-Q0ON=D
1~90N-E
I~GON-F
1~-90N-G
I-90N~H
1-S0N~-J

O0-CON-A
0-~90N-8
0-90N~C
O-SON-D*
0~-50N-E
0-20N~F
D~c20ON-G
C—90N-H
0~90N~U

3¢9
324
207
118
64
34
~41
~25
10
24
16

~216
~188
~120
-37
13
88
Q7
84
47
19
-20

159
-179
~3)4
-274
~-173
~70
-39
~41
~36

-151
148
230
175

75
-&4
=63
-51
~41

=409
-358
~286
-259
-240
-198
=151
=99
~36
12
69

-615
-514
-437
~364
-300
-181
=125
-25
-7 g
~73
=34

—lply2
~379
-276
~172
~98
~17
~21
-18
~10

~609
-292
~49
74
110
79
37
33
23

-501
-46 R
~421
-3Q7
~-36%
~317
-221
~-157
«~3 1
-57

~11

~5473
~ 454
~385
-307
~2&2
-104

-17

o9 Wwo

~3873
~352
—-258
-170
~92
-7
-39
-20
-11

-556
-291
57
654
39
650
30
21
16

FYCo

19

TRANS

o e s

~20450
-18510
-18750
~14540
13450
11360
-8132
=5591
~2790

-997

1256

g

b

-25210
~-21070
~37930
—-1473Q
-11940
~£363
~3240
=2181
-1712
-1493
~730

§

18320
~-15380
11320
-7218
-3987
-884
~-1044
-780
~-409

i

-25450
-12970Q
~-2592
2826
4513
3130
1531
1257
Q12

STRESSES

B E N Y

LONG

P

5840
4170
1477
-813
2124
-2391
-3680
~2433
-523
414
862

~140350
~11970
~8384
~5516
~3183
729
1936
1869
858
122
~818

-733
~10120
-12840
~10390

- 6400
-2375
-1468
~1474
-1206

~12160
558
6122
6108
3606
-971
~1422
-1162
~953

SHEAR

-~ v o -

1228
1456
17¢8
1836
1703
1583
931
T72?
734
918
1064

956
~791
-630
~760
~772

-1013

~1444

~1254
~1083

-1045
~456

-791
-361
~228
~38
-89
127
101
32
19

-T703
-13
114
1313
152
247

89
158
25

ON CYLINDER (2000 LB)

PRIN STRESSES

STGMX

5858
4263
1663
-572
1874
~2110
~34973
2254
=306
866
2141

-13970
~11900
-8931
-54%54
-3116
870
2312
2226
1288
635
~316

~698
~10100
~11360
~7218
~3984
~-873
-1021
-778
~406

~12120
558
€124
6114
4538
3145
1534
1268
G177

STGMN

K A wr e 2itn

-20510
~-18600
~15630
-14780
-13700
~11630
-8319
-5770
~3007
-14%0
-23

-25300
-21140C
-1798¢
-14790
~12010
~6505
~3615
-~2538
~2103
-2006
~1232

~18350
-15900
-12880
~10390
~6403
-2386
~1491
~1476
~1207

-254¢0
~12970
~2564
2820
3581
-G 86
-1425
-1173
~357



TN-PLANE FORCE LOADING,

MICRO-~STRATN

- - > 77—

ROSETTE GAGEl GAGE2

- s W s W o O o o

1120C~A
1120C~-B
1120C~-C
1120C-~-D
1120C~E
T120C~F
1120C-0G
1120C~H
1120C~d
T1120C~K
1120C~-L

c120C~-A

0120C~-B*

gr20C~-C
0120C~-D
grz20C~-E
0120C -+
n120C-6
0120C-H
0120C-J
2120C-K
0120C~-L

T120N-A
1120N-B
1120N-C
T120N-D
T120N-F
T120N-F

{1120N-Gx*

I1120N~H
I1120N-J

0120N~A
0120N-B
0120N=-C
0120N-D
0120N-F
0120N-F
D120N-G
0120N-H
0120N~J

252
1e3
i58
115
85
22
~-15
~-33
-19
-8
32

-121
-90
~101
-84
-t7
-36
-24
~10
21
36
45

ag
-83
~13¢
-124
~-78
-14
0
-13
-11

63
165
151
109

47
-10

-8

-G

-9

-412
-423
-435
~422
-409
-327
~2%8
224
~189
-128

-66

-211
-194
~-165
-130
-13¢@
-106
43
-7
14
19
-17

-137
-112
-86
-53
~25
~17
20
-15
-9

-220
-106
~19
19
25
15

195

£YC,
GAGE3 TRANS
-154 ~12730
-113 -12000
-34 -10490
9 -9213
29 -B449
44 -6239
10 -5436
~20 =%322
~61 =5483
-79 ~4545
~75 =3127
-445 ~14290
~-411 -13200
~417 -12680
~414 -11860
-394 -11620
-368 -10390
-321 ~7974
-266 =50983
-184 -3751
-128 =2431
-42 -1345
-267 -8Q85
-221 =7225
-143 -4861
~74  «2652
-29  -108%
4 =256
-2 386
2 -257
-7 =322
-317 ~-11890
-139 5581
-8 ~6C9
66 1750
78 2205
62 1702
40 970
46 1148
31 835

STRESSES

s o v - —

L GNG

-— o

3738
2201
1599
700
17
-1202
-2073
~2580
-2215
-15%2
31

~7508
~-£653
-6327
-61%4
-5502
-4202
~3105
~2109
-4°8
340
o851

241
~4805
-5621
~-4531
~2€663

-490

116
-462
-439

~1686
3273
4324
37cQ
2059
226
49

74
-20

SHEAR

—————

-3432
-4134
~-5344
-~5736
~5837
~4945
~3558
-2716
~1703
~659
114

310¢
2893
3362
3780
3432
348¢
3710
3457
2640
1956

342

1735
1463
760
285
51
-279
298
-228
-25

1202

437
-196
-627
-709
-633
-4G6
-538
~-323

ON CYLINDER {2000 LB}

STIGMX

4424
3317
3622
332%
2995
1829
181
~209
~1489
-1452
35

~6644
-5557
-52%7
~4272
-397%
-2633
-1102
-83
Q75
1352
1601

587
-4117
-43Q1
~2609
~-1082

-T1

578

~110
~316

-1525
3294
4331
3967
2844
1¢37
1184
1371

Q43

PRIN STRESSES

o~ — " -~ ——

SIGMN

- -

-13410
~13120
-12520
~11840
-11430
~-Q269
~T&20
-6¢¢3
~-624Q9
-4 £85
~-3131

~15850
~-14290
~14210
-13750
~-13210
~-11560
-9977
-800S
-5226
=-3443
-13¢4

-9300
~7913
-6090
-4E73
-2665
-676

-76
-610
-4 44

~-12050
-5602
~706
1873
1419
-9
~166
~-150
-12°9



IMN~-PLANE FORCE LOADING,

ROSEYTTE

1150C-A
1150C~-5
1150C~-C*
1150C~D%*
T1150C~-F=
I1150C~F
1150C~G
1Y500-H
1150C~g%
T150C~K*
1150C ~4L

N150C—2
N150C~8
oi500~-C
N150C~0%
g150C ~&
0150C~F
o1500 -6
0150C-H
0150C~4
Nis0C~K
0150C ~L

T150N-A
I1150N-B
1150N~C
1150N-D
I150N~-E
T150N~F*
I1150N-G
T150N~—-H
T150N-J

O0150N~A
C150N-R
0150N-C
O150N~D
O150N~E
OL50N-F
0150N-G
O150N~—-H
0150N~d

MICRO~-STRAIN

o € e P s D

10
42
58
122
0

g

- 53
~Th
~50
-7
-73

-21
47
-59
-~57
-51
~-58
-58
~75

~104

-117

~105

1
46

61
14
=21
~61
~140
~-126
-124
~133
-116
~1G
-138

152
96
70

GAGELl GAGEZ2 GAGE3

e i W ewe s nmn e e e D

62
50

c1
4G
56
8e
104
115
123
g5

-390
-128
~169
~203
~234
~247
—-237
~-231
~228
~217
~180

~

34

~22

EYC .

196

THANS

2684
1363
~743
~343

~1984

~1555
~566
44
2328
~1079

1381
-~659
~2076
=4398
~&310
=409 ]
~5022
~4837
~4804
-b5Q2
—~3571

3521
3396
2894
2684
130%
536
938
B35
559

1591
587
—-300
~59°F
~805
~-843
-302
~-130
-9

ON CYU INDER

STRESSES

- on ww ar oyw o

LONG SHEAR

o o o o

1104 =13
1678 ~4&75
1531 ~412
3547 1494
-595 -2520
~210 ~2431

-179% -282%4
~2394 ~3166
-1484 ~=3083
~4£14 -1893
~2519 ~29&9

~227 3216
-1595 2988
-2301 3172
~3046 2703
~2818 3584
~3251 3508
~3260 3223
~-3703 3172
~ 4578 3096
-4985 2912
«4222 2752

1120 -25
2402 393
2836 456
2801 63
2295 2272
1202 348
1180 —108
1134 -85
935 ~1l4

1817 1703
&89 1152

110 633
163 304
357 108
816 ~108
1021 ~T70
231 57
810 ~190

{2000 LB)

PRIN STRESSES

o o 200 o O o D T e > R

STGMX  STGMN

2684 1104
2021 1020
1603 -815
4055 -8%0
1324 ~3904
1640 ~3405
1619 ~4131
1815 ~4&775
2457 ~3896
3294 ~1380
1256 ~4EB4%

3892 -~2738
1898 4152

242 ~5409
~933  ~£507

98 ~7224
=507 ~7734
~800 -7482

~1048 ~7492
~1593 ~T7789
-182272 ~7£54
~10B& =6708

3891 1120
3532 2265
3322 2408
2829 2656
2380 1720

1351 387
1221 897
1162 807
970 564
3411 -3
1792 -515
570 =760
270 -704
367 ~815
gz23 -850
1025 -306
934 ~133

8452 -53



IN~PLANE FORCE LOADING,

MICRQ-STRAIN

- o > — v A

ROSETTE GAGE1l GAGEZ2 GAGE3

e - ot 0 e B " ot Ut v S it s g T A S

1130C~-A
I180C~-B
1180C~C
1180C~-O
1180C~F
1180C-F
1180C~-6
11R0C-Y
1180C-J
1180C~-K*
1180C~L

01 80C-A
0180C-B
$5180C~C
73180C-D
o180C~E
0180C~F
0180C~G
0180C-H
0180C-J
0180C~—-K=*
0180C-L

T180N-A
11L80N-8
I1180N~C
T180N-D
T180N-E
I 180N=F%*
T1180N-G
T180ON~-H=
T 180N~

0180N-A
0180N-B
0180N~-C
0180N-D
D180N-F
0180N-F
01 BON-G*
0180N~-H
0180N~-J

-27
29
57
58
45

2

A

-72

~92

-93

~153

-40
-54
-51
-fa 3
-36
-14
-13
-41
-85
0
~166

55
98
99
g1
59

0
29

0
37

-4&48
-75
-59
~-32
-10
28
G
32
35

147
105

71

44

20
-27
~48
~48
-59
-7k
-40

112
70
41
21
10

6
25
35
41
41
26

125
106
7c
62
52
40
358
120
35

107

29
~10
-30
-33
-28

48
-19
-17

148
111
75
4
22
-28
-50

110
70
3<
21
11
10
25
37
27
36
32

135
108
78
56
46
33
39
43
34

111
41
-6

-27

-37

-27

-20
-18

FYC,

197

TrRANS

6505
4710
3154
19852
867
~1193
-2102
~2114
~2500
~3177
~-1711

43932
3140
1310

eR7

489

350
1105
1633
1306
1702
1467

5674
4603
3338
2501
2097
1817

1649
3572
1464

4LR46
1638
-280
-1207
-1535
-1232
668
-912
-802

STRESSES

LAONG

-

1139
2268
2657
2325
1686

-287

-1985
~2787
-3501
-3747
-5118

268
-669
-082
-9R7
-937
~323
~-196
-750

-2010

511

-4535

3342
4318
3967
3174
2411

545
1379
1072
1537

28
~1747
-1852
-1332
~746
472
201
682
829

P D e o

-133

13
Té
82

215
-19

1026

13

~44
~158

-4Lb
51
~6

886
13

6

ON CYLINDER (2000 LB}

—— o

PRIN STRESSES

STGMN

1139
2266
2652
1947
866
-1163
-2107
-2789
-3501
~3750
-5120

268
-669
~983.
-9 87
-037
~327
~196
-751

-2011

507

-4536

3334
4314
3338
2493
2C76

510
1377

705
1462

28
~17 54
~1854
~1346
-1538
~-1232

-492
-912
-802



IN-PLANE FORCE LOADING.,

ROSETTE

e s o

1270C—4
1270C-8
1270C~-C
1270C~-D
1270C-F
1270C—F
1270C~G
1270C~H
1270C-d
1270C-K
1270C~L
1270C~M

0n270C~4
N270C-B*
3270C ~C
0270C-D
n270C-E
Q270C~F
0270C-G
N270C-4H
0270C~J
02700 ~-K
0270C~-L

1270N~A
1270N-B
1270NM=-C
I270N-D
1270N=-E
I1270N~-F
I1270N~G
1270N~H
1270N~J

D270N-A
0270N-8
0270N~-C
3270N-D
0270N~F#
0270N~F
0270N-G
a27oN-H
0270N~J

MICRGC-STRAIN

GAGF1

o~ -

358
266
15%

78

30
~23
-30

-171
0
-103
24
17
87
104
356
59
32
-10

372
~28
2Tk
~323
~194
~73
-39
~43
~27

~265
116
210
204
98
~53
~66
-52
-43

GAGEZ

o s s s e

-465
~410
-363
~368
-356
-308
—~226&
-174
-101

-13
128

~536

-363
-277
~213
-Qa3
~-25
-1

15
68

=398
~385
-302
-205
~11¢9
-29
=26
-21
-10

-601
-308
-86
40
90
71
2¢
2&
1é

198

FYC e
GAGE3  TRANS
433 —-20140
-352 —-17030
-306 ~15550
-285 ~14450
262 ~13620
-201 -11170
-164 ~—38531
~112 ~6281
-40 ~3116
8 ~13%58
T4 1227
142 5982
~546 ~23610
-492 ~10320
~404 ~16740
~329 -1328¢0
~273 =10700
~182 ~&143
~118 ~3257
-95 =2215
-83 ~1746
-71 =1278
-2 1034
-381 =-17540
=321 ~15490
-209 ~-10940
=204 ~8637
~130 =5249
~19 ~Q7 4
-1 ~G49
~17 ~789
-10 ~399
~616 ~26460
~361 ~14830
~124 =4847
22 1144
85 3736
76 3286
38 1535
3y 1363
24 924

STRESSES

o e o e o

~12200
~326%
-8117
-4711
-2712
756
2131
2215
1244
586
11

5901
-~5474&
-11510
~12290
-T405
-2488
~1468
-1520
~-G518

~15%890
=971
4847
6459
4057
~611
-1521
-1159
~1006

SHEAR

o e o ax

~424
~T79
~-1159
~110R
~1247
-1431
-823
-829
-804
-1076
~1216
~-177

133
555G
557
656
79t
1184
1247
1254
1184
1146
1203

~228
~861
—-1241
~19
146
~120
~82
-51

209
694
507
234
746
~TF0
-127
~108
~114

ON CYLINDER (2000 LB)

PRIN STRESSES

S o e e i

SIGMX

4699
2904
53
~1884
-3041
~3759
~3341
-2173
~306
586
2141
987

-12200
ka4
-8081
~4654
-2634
963
2405
2545
1656
1131
1830

5904
-5400
-0948
-8637
~5239

-Q65

-936

-785

~-399

-158%90
-936&
4B73
6469
4075
3287
1540
13268

@31

it o A o e

SIGMN

~20150
~17060
~15640
~1£3540
~13770
~116450
-8661
~6448
=3346
~-2025
=390
435

~23620
-14610
-16780
-~13340
~10780
~£340
~35732
2545
~2158
~1823
~78%

~17540
~15560
-12490
~12290
-7415
-2497
~1481
-1523
=918

-26460
~14870
46873
1134
3719
~612
=1526
=-11¢&4
~1012



IN-PLANE FORCE ULOADING.

ROSETTE

I1360C~A
1300C-8
1300C~C
I1300C~D
1300C~-E
1300C~F
1300C~6
1300C—H
1300C-J
1300C~K
1300C~L

0300C~A
0300C~8
N300 ~C
0300C~D
0300C~-E
0300(C ~F
0300C-G
0300C~-H
0300C~J
0300C~K
0300C-L

1300N~-A
I1300N-8
1300NM-C
1300N~-D
1300N~E
T 300N-F
I300N-6G
T300N~-H
I300N~J

G3200N=-A
0300N-B
0300N~-C
0300N~-D
N300N~-F
030Q0N-F
0300N-G
N300MN-H
03 00N~-J

MICRO-STRAIN

e arin e e A O oo o~ -

GAGEl GAGE2 GAGE3

—— o~ ——— . - S — . A A - A

150
142
136
112

a2
~-12
~54
-61
-86
-93
-ba

-62
-96
-139
-134
-128
-122
-95
-85
-63
-47

86
-4R
-88
-80

85
136
121

82

46

Do W

-287
-324
~333
~32%
-306
-246
-211
-193
-138

-86

-11

-93
-96
-89
-81
-6¢
-4
-11
31
T4
91
78

-101
~64
~34
~14

-8
-39
-

-98
~42
~13

-7
-4
2

-55
43
103
136
156
143
95
S4
14

11

~298
~-334
~360
~367
-373
-345
~290
~-245
-167
~102

-1¢

-170
-139%8
-96
-4 8
~14
17

-7

-237
-115
-32
13
33
35
26
29
2¢

FYCe

199

TRANS

~T7685
-6329
-B204
~4373
-3390
-2242
-2510
~2903
-2620
-1747

60

~8538
~-C346
-2717
-~0712
-C582
~8503
~6518%9
-4 £ 06
~1968
-178
1335

~-6048
~&386
~2755
~-1280
-268
218

-197
-343

-TLLS
-3606
-1115
234
671
609
465
689
784

STRESSES

LAONG

- v

2199

2364
2516
2038
1435
-1043
-2378
-2723
-3381
~3304
-1507

-4415
~5484
~7078
-6934
-6724
-6215
-4792
-3934
2472
-1465

-697

T66
~-2755%
-3464
-2779
-1307

108

102

-38

~160

304
2995
3301
2522
1570

382

282

207

221

SHEAR

-3090
~48%4
-5769
-56198
-6154
-5192
-4Q77
-3286
-2026
-1159

-298

2735
3159
3615
3811
4058
3987
3723
2685
3210
2571
1292

Q24
or1
820
462
177
-310
-209
-a5

-32

1849
Q63
253

-158

~437

-564

-309

~-3£5

~2%8

OM CYLINDER (2000 LB}

Q12

PRIN STRESSES
STGMX  SIGMN
3086 <8571
4563 ~-8528
5623 =8311
5811 -~8146
5632 -~7588
3583 ~6869
1634 =6522
431 -6147
-939 =«5062
~1129 =3%21
104 -195]1
-3051 =-9901
~3863 ~-11170
~4549 -12250
~4266 ~1231830
-3850 -12460
~3240 ~11480
~1833 ~9476
-570 =-7970
1000 =5440
1828 =-3471
1%¢2 -1324
889 =-6171
~2295 =4847
-2207 =~4011
-1149 ~2910
-23°2 =~1336
478 -152
26¢ -160
-33 -252
-1585 ~-348
722 ~7864
3135 =~3745
32315 =-1129
2533 223
1747 423
1070 -79
7e3 -36
877 19

S3



IN-PLANE FORCF

LOARING .

MICRO~-STRAIN

ROSETTE GAGEL GAGEZ

R O T T RPN

I1330C~4
1330C~8
1330C~-C
13300~D
1330C~F
1330C-~
I1330C-G
1330C—-H
1330C~J4
133CC~K
1330C~-1L

N330C~A
N330C~A
0330C-C
0330C-D
0330C~E
0330C~F
03230C-6
N330C—-H
N330C-J
330C ~K
0330C-L

I330N~A
1330N~8
T330N~C
1330N~-D
T330N~F
T330N~F
I1330N-G
I1330M~-H
1330N~-J

N330N-A
0330N-B
03320N~C
330N~D
0330N-E
O0R30N-+
0330N-6G
C330N~H
Q330N

-3
25
3€
32
15
-38
-83
~56
~106
~109

-21
~38
-5
=52
-49
“51
64
~72
~108
-116
-117

~11
2Q
49
51
45
32
25
24
24

0
5
-3

2
10
23
2R
27
24

677
25
- F

~30

~49

-70

-66

~63

—-40

-19

an 1

115
84
62
47
34
10

0
-7

-15

~23

-~

70
81
T
64
40
20
18
16
10

PR

GAGE

8
10
17
23
29
52
78
91

107
98
T2

FYCoa

200

TRANS

1653
Thl
170

-1l&82

~ &7 &

~355
337
697

1588

1840

1676

1663
167
~929
~1603
-2025
~3014
~2990
-3005
~29873
~3016
-1524

3187
3102
2766
2252
1799
810
923
305
538

2383

674
~133
—~6£18
~878
-861
bbb
-260
-110

STYPESSES

LING

410
1007
1120

Q15

299

~1247
-1980
~2272
-2389
-2641
~2762

~129
-1076
-2004
-2049
~2076
-2464
~-2821
~3268
~4131
-4383
~%068

628
1788
2312
2215
1880
1213
1018
1048

874

B55
345
-125
-12¢@
50
440
707
735
694

ON CYLINDER (2060

SHEAR

P P

785
130
~317
~709
~1038
-1633
~19119
-=2051
~1963
-1564
~-981

2070
2165
2249
2260
2159
2140
1868
1684
1488
1298

963G

&3
253
367
310
196

32
~108
=76
-89

1211
931
627
369
272
120

76

oy

=13

LB)

PRIN STRESSES

AP S S A AXD 03 TS AP U T

SIGMX

o o man A

2033
1107
1216
1263
1020

8492
1420
1744
2393
2332
1883

3023
1798
845
445
109
~-570
-1036
-14647
—1963
-2233
~1464

31809
3149
2970
2544
2040
1215
1088
1080

896

3A4LE
1454
498
ag
124
467
12
735
594

SIGMN

31
645
74
-530
-1197
2454
~3C63
-~3319
~3195
-3133

=-2969

~148%9
-2708
=-3777
~4&Q97
-4 209
~4888
4775
-4 826
~5152
~5167
~£& 429

627
1739
2107
1923
1639

ace

853

785

516

-169
-4638
-756
~R84]1
~Gg&2
-888
— 0 Bk
-260
=110



OUT-0F~PLANE FORCE LOADING.

201

A.13 Out-of-Plane Force, FZC’ on Cylinder

MICRO-STRAIN

A e o - -

- ——— —— ————— - n. . - ——

Pt b pamd bk st bt ol et d o4 et
OOOOOC:DOOOOO
OO0 O0DD
F‘XLIGI';!FHUOEDD

i
|
i

i
]
|
*

}
|
i

1
i
'

[}
{
i

i
1
f

{
|
]

{
i
i

!
[
i

¥
|
{

[
1
i

20000000000
OOOOOC:DOOOOO
OO OO
r—xc.rm-'nmaﬁmp

t
|
i

t
i
i

t
[

i

I I e T B B RS S
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t
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#*

i
{
\

f

f

{
fp)

1

I
{
. T

!
2222222
i

oo QOUOO0OD0
I
OOOOC'DOOOO

]
LI OMNMTMIO O

]
2 Z
1

i
1

t
foat
e}

~A
-10
~11
-11
-10

-Q
-11
-10

-12
~25
~29
-33
-33
-34
-33
-31
-31
-31
-31

R

-39
-31
-30
-32
-35
-38
-41
-37
-33

-28

~1
-8
-10

~

-

-32
-26
-20
_1A,
-10

-8

-8

~10
-5

FiICe.

~158

~283
-105%
-13
~22
-561
-83
~196
~109
-131
638
12

-390
-51
-50
=90
~-1%2
-1£30
54

92

12

-501
~503
-490
~-4£58
-416
-428
-429
-500
-366

STRESSES

- - ——— o -

LONG

- e e i

is
~-138
-223
-230
~581
-31
-34
-22
=210
-135

-19

-71
~-17
€7
22

-78

-39
~116
-204
-182

177
-324

-38
-58
-86
-141
~174
~443
-27
85
-39

450
-303
-447
~465
-453
414
~400
~473
-395

- oas wts wa

-44

ON CYLINNER (1200 L#)

PRIN STRESSES

-t

STGMX

185
513
589
710
631
781
743
T44
680
690
65¢€

710
713
‘820
849
331
s02
826
751
648
857
610

-27
129
155
70
-&7
61
54
108
27

76

~71
-239
...36‘7
-408
-357
-349
-443
-260

- o o o

-1027
-826
~-697
-557
-461
- 485
~479
~-534
~470



OUT-GF~PLANE FORCE LOADING.

MICRO~-STRAIN

" T On o S e T

ROSETTE GAGEL GAGE2 SAGE3
I-90C~A -61 157 5
1~-90C~-8 ~-59G 170 -10
1-90C-C -h5 182 41
[-490C~0 ~-37 179 ~38
1-S0C~¥ 29 167 -34
1-900~F -25 1258 -6
1-30C~-G ~19 20 28
1600~ ~ 12 60 55
I1-80C~J -19 59 66
1-5SCL~K -1 67 65
I-90C~L -24 &4 69
0-90C~-4 25 477 119
0~-33C~8 23 40 110
J-20C~C 19 15 118
0-60C~3 9 1 122
0-90C~E 0 ~& 123
0~90C-F -7 -32 127
C~30C~G -30 -16 121
0~50_C -4 ~33 -5 104
0~950C~J ~33 29 78
0-90C~K —~36 51 67
D-90C—L % ~34 63 0
I-S0N-A ~12 92 36
1-90N-B 28 49 60
1-90N~-C 45 21 58
I1~-S0N~-D 39 5 47
I-S0N-E 23 -2 30
1-90N~-F 10 ~2 7
1 ~-90N~-G 3 -4 2
I1-90N-H 4 1 2
I1~90N=-J 1 -2 0
O0~S0N—-A 23 3G 142
1—-90N-8 ~16 0 86
0-<90N-C ~24 -12 40
1~90N-D -17 -11 &
0~30N-E ~4% -5 ~1é
0~90N-F 16 11 ~19
0~GON~G 14 13 -10
J-90N-H 12 11 -8
0-50N-J 10 11 -4

2ne

FZCo

TRANS

3629
3574
3151
3143
2866
2723
2601
2559
2758
2925
2940

3618
3264
2935
2696
2579
2097
2352
2209
2407
2630
1429

2322
2361
1695
1085
602
93
~45
58
-5&

3954
1928
632
-138
~4£03
~174
58
50
14%

aON CYLINDER {1200 LB}
STRESSES PRIN STRESSES
LING SHEAR  SIGMX STIGHMN
=750 2032 4627 ~15418
=710 2406 4654 ~1789
—-395 2969 4836 -2080
-169 2881 4809 ~1836
34 2678 4553 ~1853
47 1785 3616 ~846
210 829 28560 =50
183 70 2561 181
243 -89 2761 240
293 38 2925 292
169 ~-70 2942 167
13827 -969 4041 1403
1578 -931 3694 1248
1437 ~1387 3762 610
1065 ~1602 3678 a3
788 ~1716 3619 ~252
415 ~2127 3543 -1032
~207 ~1823 3300 ~1155
~335% =-1469 2880 ~1006
~278 —-652 2587 -4 26
295 -215 2H46 -310
~655 842 1726 -553
490 753 3045 268
1535 ~-1456 2386 1£10
1863 -500 2286 1271
1509 ~n57 18903 701
865 ~431 1183 283
327 -114 374 47
72 ~T4 110 - 82
146 ~13 148 56
27 -32 38 - 68
1885 ~1361 4629 1269
108 ~-1146 2482 ~4 45
~537 -696 as57 -862
-555 ~-209 -51 ~&4]
=249 120 ~183 -& &9
432 399 630 ~372
431 2G 8 596 ~107
371 253 510 -90
357 209 486 17



OUT-CF-PLANF FQRCE LNADING.

MICRC-STRAIN

- o -

- A o - —— s MG wn atn mas

1120C-A
1120C-RB
1120C~C
1120C~-D
1120C-F
1120C~F*
I1120C~-G
1120C-H
1120C~J
1120C-K
1120C~-L

0120C-4
0120C~8
0D120C~-C
0120C-D
0120C=E
0120C~F
0120C~-G
N120C~H
5120C-~Jd
0120C-K
0120C~L

1120N~A
I1120N=-8
1120N~C
T1120N~D
1120M~E
T120N~F
{1120N~-G*
1120N~-H
T120N~4

D120N~A
0120N-B
0120N~-C
0120N~-D
0120N-F
N120N-F
0120N~-55
0120N-H
ND120N-J

51

~at
-62
- 65
~-22
~-26

30
38
37

-35
15
44
62
[y
72
54
41
21
17

87
~24&4
-79
-20
-£3
~-&5

-29
-26

-128
-15
22
22
12
-24
-29
-30
-24

-52
-37
-12

15
41
57
81
102
110
129

¢

179
-122
-88
~56

12
31
29

-17
-22

-64
-81
-72
~52
-22
-8¢

-3

-164
-10¢
-43

22
34
16
12

9

-115
-10¢
-116
~118
-110
-87
-70
-52
-29
-8
16

-75
=27

146

49

77
111
124
123
119
iis
118

~137
-121
-8R
-57
~36
-15
-19

-2

-105%

-39
10
33
41
26
12
10

4

203

FIC.

——— -
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