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PREFACE

This report represents continuation of work performed by Kaman
AviDyne, Burlington, Massachusetts and previously documented in AFWL
TR-75-262. The current report contains a complete description of new
extensions and modifications of NOVA-2. Mr. Gerald Campbell was project
officer for AFWL and Mr. Lawrence J. Mente was project leader for Kaman
AviDyne. This work was performed under Contract No. F29601-78-C-0019

in the Structural Mechanics Section of Kaman AviDyne headed by
Mr. Emanuel S. Criscione.
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SECTION 1
INTRODUCTION

The computer code NOVA-2 (Nuclear Overpressure Vulnerability
Analysis, Version 2) given in reference 1 was developed to increase the
level of sophistication in analyzing nuclear overpressure effects on
aircraft. This program provided a technique for predicting the dynamic
response of individual aircraft structural elements, such as stringers,
frames, and panels, to the transient pressure loads associated with the
blast wave from a nuclear burst. The NOVA-2 dynamic response analysis
included both geometric and physical nonlinearities inherent in the
behavior of these structural elements in the response range bounded by
threshold of permanent damage and catastrophic damage. Aitlwugh the
NOVA-2 code represented a significant improvement over prior static
solutions coupled with dynamic load factors to assess the dynamic response
of the individual structural elements, the structural coupling between
mutually flexible elements was ignored in analyzing the stiffened
panels of an aircraft. Furthermore, in the individual element concept
used in NOVA-2, the pressure loading on skin panels is assumed to be
transmitted directly to adjacent stringers and frames, ignoring the

panel response effects on the transmitted loads.

Stiffened panels are those skin panels of the aircraft that are
stiffened by several stringers and/or frames between the more rigid
boundaries represented by bulkheads, large longerons, spars and ribs.

To satisfy the need for an overall stiffened panel analysis, NOVA-2

has been extended to include discrete stiffeners within the cylindrical
or flat panels in both coordinate directions for both elastic and
inelastic deformation regions. The extended code developed herein is
designated as NOVA-2S. Similar revisions have been made to the companion

NOVA-2LT code (ref. 2), which provides various general pressure loading

) Lee, W. N., Mente, L. J., NOVA-2 - A Digital Computer Program for
Analyzing Overpressure Effects on Aircraft, Air Force Weapons
Laboratory, Kirtland AFB, AFWL-TR-75-262, Parts 1 and 2, August, 1976.

2. Lee, W. N., A User's Manual for NOVA-2LT, Kaman AviDyne, Burlington,
MA, KA-TM-114, January, 1978.
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options for the structural elements; the extended version is designated
as NOVA-2LTS. The stiffened panel capability has been developed within
the analysis framework that existed in NOVA-2 and NOVA-2LT for unstiffened
panels, so that the past capability for individual structural elements
have been retained in NOVA-2S and NOVA-2LTS with the addition of the
stiffened panel option. Thus, the stiffened panel response analysis is
compatible with the existing blast, aerodynamic and criteria subroutines

of NOVA-2.

Although the stiffened panel option offers a significant increase
in the level of sophistication in analyzing stiffened panel structures,
there are still limitations when applied to some aircraft-type structures.
The boundaries of the stiffened panel must be some combination of clamped
and simply supported. The geometry of the stiffened panel is limited to
flat and cylindrical, although introducing initial imperfections from

these shapes allows approximations for other shapes.

Section 2 of this report presents the theoretical formulation for
the stiffened panel analysis. Since the analysis uses most of the
unstiffened panel theory given in NOVA-2, only the additional formulation
for including stiffeners is presented. To gain confidence in the
stiffened panel analysis, comparisons between existing experimental
dynamic response results from several stiffened-panel tests and corres-
ponding analytically determined responses from NOVA-2LTS are presented
in Section 3. The quality of the stiffened panel tests used for this
compafison ranges from a very well defined laboratory experiment to a
field test with several uncertainties involved. Section 4 presents an
evaluation of the stiffened panel analysis versus the individual element
analysis using NOVA-2S to compare the two approaches based on response
characteristics and slant range. This evaluation used selected stiffened
panels similar to those found in the B-52 aircraft and subjected them to
a simulated, nominal nuclear encounter. Response levels corresponding
to threshold of permanent damage and catastrophic damage were considered
using the criteria as given in NOVA-2 and NOVA-2S. Section 5 contains
the computer program description changes made to NOVA-2 to incorporate
the stiffened panel option. A sample problem is also given in Section 5.

10
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SECTION 11
STIFFENED PANEL THEORETICAL FORMULATION

The addition of stiffeners to the panel skin is accomplished within
the theoretical framework of DEPROP which is a response routine contained
in NOVA-2 (ref. 1). The stiffeners in NOVA-2S are treated discretely in
the analysis and are not smeared out over the stiffener spacing. Thus,
the stiffened panel analysis handles as few as one intermediate stiffener
or as many stiffeners spaced over the panel as the computer program
dimensions allow. The stiffeners must be oriented parallel to either or
both spatial coordinate directions of the flat or cylindrical panel, and
stiffener locations are restricted to coincide with spatial integration
grid lines. The stiffeners in the circumferential coordinate direction

can have variable cross sections.

The eccentricity of the stiffeners either above or below the panel
skin is taken into account in the analysis. Both bending and membrane
deformations causing normal strains and stresses in the stiffener's
coordinate direction are included, but lateral bending of the stiffener
is ignored. Thus, in the analysis the stiffener is assumed symmetrical
about the plane of bending. The torsional stiffnesses of the stiffeners
are included in a limited manner by assuming that the twisting is always
elastic. Therefore, the shear stress associated with torsion of the
stiffener is assumed small compared to the normal stresses and is neg-

lected in the elastic-plastic formulation.

The theoretical development for the stiffened panel analysis is an
extension of the virtual work theory used to establish the equations of
motion for the unstiffened or pure panel in Section 4.2 of reference 1.
Thus, the internal work of the stiffeners undergoing infinitesimal
virtual displacements is added to that of the skin portion of the panel
in the formulation. While the spatial integration for the pure panel is
a surface integral, the integration for the stiffeners are line integrals

taken over the length of the stiffeners in the appropriate coordinate

11
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direction. The position of the coordinate surface for the flat or
cylindrical stiffened panel is defined in the same manner as for the
pure panel in Section 4.2.3 of reference 1. This coordinate surface is
shown in figure 37 of reference 1. Thus, the membrane elongation and
shear strains and the change of curvature quantities defined by the
strain-displacement relations in Section 4.2.2 of reference 1 are based

on this coordinate surface for the stiffened panel.

The geometry of the stiffened panel is illustrated in figure 1 and
depicts discrete integral stiffeners located along various integration
grid lines in both of the nondimensional y and B coordinate directionms.
Figure 2 illustrates the various types of skin-stiffener configurations
that are treated by the analysis. The analysis accommodates stiffeners
with any shape whose cross section can be represented as a series of
connected rectangular segments. Since lateral bending of the stiffeners
is ignored, stiffeners such as channels and z-sections are treated
symmetrically as I-sections. Configurations A and B of figure 2 show
the stiffener attached to the outer and inner surfaces, respectively, of
any panel skin construction designated in NOVA-2, i.e., single-layered,
multilayered and sandwich (honeycomb). Configuration C shows the
stiffener located in the interior of a sandwich panel and configuration D
shows the stiffener attached to the inner surface of a sandwich panel

that has been crimped for connection purposes.

In the stiffened panel analysis, the segmented stiffener is treated
as a multilayered configuration with variable widths for each segment.
These segments are referenced to the selected coordinate surface located
within the panel skin in the same manner as was done for a multilayered
skin. The depths of these stiffener segments, defined by hi in figure 2,
are referenced to the inner skin surface which is also the reference
surface used for the multilayered skin. The manrer by which these
segment depths are specified for the various sti“fener configurations
are discussed and illustrated in more detail in Section 5. The provision

for a gap between the skin and stiffener is included; a stiffener which

\
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is not directly attached to the skin is still assumed to be acting
integrally with the panel skin. This gap parameter provides a means of
defining stiffeners which are attached to the stiffened panel through
orthogonal stiffeners that are in direct contact with the skin or
stiffeners which are attached only to the interior surface of the upper
face sheet of a sandwich panel. The variable cross section option in
the B~direction is accomplished by allowing a varying cross sectional

definition at each integration point along the stiffener.
2.1 ELASTIC RELATIONS FOR STIFFENERS

For the elastic solution, additional membrane, bending, cross
coupling and torsional stiffness coefficients are determined for the
stiffeners and added to the corresponding panel skin stiffness coeffi-
cients (equation 114, ref. 1) at all spatial integration points at which
stiffeners are located. Since the stiffness coefficients for the panel
skin are used in a surface integration, the stiffness coefficients for
the stiffeners which use a line integration require a correction factor
when combined together. When the center of gravity of the stiffener is
above that of the skin, the stiffener configuration is defined as '"outer"
and when below it is defined as "inner'". Whether the stiffener is
"outer" or “"inner" requires some sign changes in the stiffness coefficients.
The stiffness coefficients for stiffeners in the y and B directions are

given by

For y-stiffeners:

3 3(§-1)E NSEG %
c,, = ——7F b, (h,-h
1 " a6 E 1\P Py
1=1
. . 3EDE - Ly e
By VAR . Z { i 5 g 2“(“1‘*’1-1) @)
1=1
— = NSEG
N-1)E
* - -
3 Y ( T ) ( A, 2 )
R E T b [hi gyl T ORARR By
7 i=1

+

32 (h ;- 1-1)]
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For B-stiffeners:
NSEG

. 3(M—1)EB
> Z ( 1-1)

i=1
NSEG

4 IM-1E, s
Fa2 3w 2UH, Z hi-l v (hi‘hi-l) (2
Swl
NSEG

(M—l)E
* bl
Uy ™ Z

i=1

=2
+ 3H (h ;~h 1_1)]

For both Y and B stiffeners:

* 1 |3(N-1) = 3M-1) = J
D = = G, J_ + G J (3)
33 4 [aeoﬂk Y Y Mlj G
where
E;; Eé are the moduli of elasticity for the y and B stiffeners,
respectively

aeo is the arc length of the cylindrical panel and for a flat
panel is replaced by width b

£ is the length of the panel

ﬁ; N are the number of spatial integration points in the y and

B directions, respectively

Hj’ Hk are the weighting values for Simpson's quadrature formula
in the y and B directions, respectively

b, is the width of the ith stiffener segment

h, is the distance from the inner panel skin surface to the

furthest edge of the 1th geiffener segment

x|

is the distance from the inner panel skin surface to the

coordinate surface (defined by equations 115 and 116 of ref. 1)

16
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NSEG is the total number of stiffener segments

E;, GB are the shear moduli for the y and B stiffeners, respectively

JY’ JB are the torsional constants for the y and B stiffeners,

respectively

Where double signs (+ or +) are indicated in equations 1 and 2, the
upper sign is used for "outer" stiffeners and the lower sign is used for

"inner" stiffeners. The strains and stresses in the stiffeners are
determined from

éxx i + K o and oL L Eyéxx (y-stiffener)

3 (4)
éee = €49 + ZKy o and %oy = Eeéee (B-stiffener)

where z is the distance from the coordinate surface to a designated
position on the stiffener.

2.2 ELASTIC-PLASTIC RELATIONS FOR STIFFENERS

The elastic-plastic solution applies to stiffened single-layered
and sandwich skin panels. In NOVA-2 the sandwich panel was approximated
by an equivalent single-layered panel, but in this current version the
inelastic response is determined directly using the two thin face sheets
of the sandwich panel. For the elastic-plastic solution, the stiffeners
are divided into a sufficient number of segments so that the stress
distribution across the cross section is accurately represented. In
NOVA-2S and NOVA-2LTS the selection of this segmentation of the stiffeners
is left to the discretion of the user. Figure 3 gives an illustration
of the segmentation used for elastic and elastic-plastic solution of a
typical stiffener. The elastic solution required only three segments
for this stiffener while for the elastic-plastic solution six segments

are selected to give a reasonable representation of the stress distribution.

The constitutive relations for the stiffener's material are based on

those used for the skin panel in reference 1, except they are reduced to
the uni-axial case.

17
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For the stiffeners the secant modulus is defined by

fus o, + E (e-¢)
E =
s

(5)

mllal

€
where

O,s €, are the yield stress and strain of the stiffener, respectively,
and ¢ = Ee
o o

Et is the strain hardening slope of the stiffener

For stiffeners in the y-direction,

g = |o_ -af%
XX XX
(6)
- =~
€ léxx = Bxxl
and for stiffeners in the B-direction,
g = |o,.~-ar
66 06
7
= i
e = |54 - Bgg
where
&:j, éij are defined by equation 110 in reference 1
The general stress-strain relations for stiffeners are given by
PO S = £
. S + Es (Exx Bxx) (for y-stiffeners)
(8)
t — ~

< r
%o = G4 + Es (éee - Bee) (for B-stiffeners)

L9




The initial elastic, initial plastic, elastic unloading and reyielding
regions of response are defined the same as given in equation 113 of

reference 1. The integrand quantities for the stiffener are given by

Y aExx ;i aKxx
B Oxx W W e e i (for y-stiffeners)
mn mn 5
de z oK
B —28 .3 86 3
£ %6 W * 2 % W (for B-stiffeners)

where 1 is the distance from the coordinate surface to the center of
the ith stiffener segment and is expressed as ;i = i-% (hi+hi_l)4§
where the plus sign is used for "outer" stiffeners and the minus

sign for "inner" stiffeners. The trapezoidal rule is used for the
numerical integratibn through the depth of a stiffener in the equation

of motion.
2.3 INERTIAL COUPLING MATRICES

In the spatial surface integration of the kinetic energy the addition
of the line integrals in the y and B8 directions.to include the mass of
the stiffeners leads to inertial coupling of the modes. The Mpq
coefficients associated with the w-equations of motion of the inertial

coupling matrix [M] are determined from

k{é NSG
— mr iiw w
M1:oq o kYkBpserns i aeoh Z f')s‘«‘sq’n(sk)‘#s (Bk)
N o i=1 (10)
B NSB
+ s Z 1yi,w )f(
2h Psls?m Yj r Yj
e g

where

Pq extends over all the modal combinations selected for

the solution

is the mass density of the panel skin

°|
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is the mass density of the ith griffener

P

A" is the area of the ith stiffener

® = 0 P

hn is the total thickness of the panel skin

. Gns are Kronecker deltas

= /Eky, where kY is defined in equation 120 of reference 1

= V/2k_, where k, is defined in equation 120 of reference 1

o of< g7

B B
r,s are particular values of m and n, respectively
¢;, ¢: are given in equations 118 and 119 of reference 1

Yj’ Bk are defined in equation 124 of reference 1
NSG, NSB are the number of Yy and B stiffeners, respectively

In general matrix form the w-equations of motion are given by

2 2[M] {Qrs} = - {frs}

For the solution of these equations in NOVA-2S, equation 11 is placed

in the form

fia) = -2 o7 e}

It should be noted from equation 12 that the inertial coupling matrix
has been inverted. In order to accomplish this operation, a matrix

inversion subroutine has been placed in the new NOVA-2S and NOVA-2LTS
programs. Although the above derivation is only demonstrated for the

(L1)

(12)

normal motion of the stiffened panel, similar inertial coupling matrices

have been established in the program for the inplane motions of the

panel (u and v-equations of motion).
2.4 EQUATIONS OF MOTION FOR STIFFENED PANELS

The inclusion of the stiffeners necessitated modifications of the

equations of motion for the pure panel in reference 1. These modifications

required the line integrals from the stiffeners be integrated with the

surface integral of the panel skin. For the elastic case the form of

the equations of motion were not altered since the stiffness coefficients
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of the stiffeners were integrated directly with the stiffness coefficients
of the panel skin. However, for the elastic-plastic solution of a

stiffened single-layered panel the equations of motion given in equation 124
of reference 1 are modified into the form'

2
25 2 m
koA ¢ —E— Z Z LRRSAEDD Hi[fi (Y508,
1=1

S-1) (1) T

NSEG
L gb 6L | (N-1)
*oam Sk (Yj’ek)]+ [Hkae Z g (g ) £10rp08)
i=1

_ NSEG
(H-1) e B
T e 2: B g~y ) fi(Yj’Bk):l

I a1
*
2. Hyq
- L 2 = xeaw - g, (v ,ek)‘ 0 (13)

where the nomenclature has been given in equation 124 of reference 1

and in Section 2 of this report.

In NOVA-2 the elastic-plastic response of sandwich (honeycomb)
panels was handled by an equivalent single-layered panel. It was
apparent that the same technique used to include stiffeners into the
elastic-plastic solution could be used to solve the inelastic response
of the honeycomb panels without reducing the three-layered panel section
to an equivalent single-layered panel. It is assumed the core of the
sandwich or honeycomb always remains undamaged and the normal stresses
are carried just by the face sheets. It is further assumed that the
stress across each face sheet is constant. Figure 4 shows the nom-
enclature for the sandwich section. In the equations of motion given by
equation 13, the single layered expression in the first brackets
(associated with the first summation over i) is replaced for the sandwich

panel by

2 1&3

2L l
B L Ghyp [f (ry ) + L £ (r,.8 )] (14)
i=
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where
f:, f: are defined in equation 123 of reference 1
1 —
Bo* Py -F
l —=
z, = 2(h3 + h2) - H

In stiffened honeycomb panels the honeycomb core is often crimped
where the panel skin intersects the various stiffeners for attachment
purposes (see configuration D of figure 2). It is assumed that the core
is fully removed over the stiffener, so that the bending resistance of
the panel along the stiffener line is negliable compared with that of
the uncrimped honeycomb panel. Therefore, to account for this loss of
bending resistance from the crimped honeycomb panel, Fij and D1j stiff-
ness coefficients are set equal to zero for elastic solutions and fi is
set equal to zero for inelastic solutions at all integration points
along the stiffeners. Thus, only membrane stresses in both coordinate
directions are transmitted through the honeycomb face sheets at positions

along the stiffener lines for this type of construction.

Stresses and strains in the stiffeners are computed, for printout,
at the extreme outer and inner fibers for the elastic solutions and in

the center of the first and last segments for the inelastic solutionms.
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SECTION ITI

COMPARISON OF STIFFENED PANEL SOLUTIONS
WITH EXISTING EXPERIMENTAL RESULTS

To evaluate the stiffened panel option contained in NOVA-2S and
NOVA-2LTS, comparison of calculated displacement and strain time histories
are made with existing experimental results from tests performed on
stiffened panels. In this initial evaluation of the stiffened panel
program, three stiffened panels are analyzed, each from a different test
program. The sources for the three stiffened panels are from tests
performed by the MIT Aeroelastic and Structures Research Laboratory
(ref. 3), Boeing-Wichita in their Structural Response to Simulated
Nuclear Overpressure (STRESNO) test program (ref. 4) and the Naval
Weapons Evaluation Facility tests on A-4C aircraft in the DICE THROW

event (ref. 5).

These three test sources represent a wide range in the overall
quality of the test results from the standpoint of definitions of both
structure and loading. The test in reference 3 represents a well controlled
laboratory test in which the geometry and boundary conditions of the
stiffened panel were well defined and the implusive loading with a known
spatial distribution was carefully calibrated for magnitude. The test

selected from reference 4 was conducted in a large shock tube in which

3. Witner, E. A., Wu, R. W-H. and Merlis, F., Experimental Transient
and Permanent Deformation Studies of Impulsively-Loaded Rings and
Cylindrical Panels, Both Stiffened and Unstiffened, Aeroelastic
and Structures Research Laboratory, Mass. Inst. of Tech., ASRL TR171-3
(AMMRC CTR 74-29), April 1974.

4, Syring, R. P. and Pierson, W. D., Structural Response to Simulated
Nuclear Overpressure (STRESNO): A Test Program Establishing a
Data Base for Evaluating Present and Future Analytical Techniques,
Defense Nuclear Agency, Washington, D.C., DNA4278F-1 & 2, March 1977.

5. Friedberg, R. and Hughes, P. S., Experimental Study of Aircraft
Structural Response to Blast, Naval Weapons Evaluation Facility,
Albuquerque, NM, NWEF Report 1145, Volumes 1 and 2, December 1977.
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the pressure was measured at one position on the panel and the boundary
conditions of the panel had some uncertainties. The test on the A-4C
aircraft was a field test in which pressures were measured outside the
test panel area and some uncertainties also existed in the geometry of

the stiffened panel.

In the following subsections, comparisons are made between measured
displacements and strain time histories from the three selected stiffened
panel tests and the corresponding analytical response obtained using the
NOVA-2LTS stiffened panel code. In order to obtain better accuracy,
the normal dimensions of NOVA-2LTS were expanded to accommodate more

integration points to cover the large areas of the stiffened test panels.

3.1 ANALYTICAL AND EXPERIMENTAL COMPARISONS FOR THE MIT CYLINDRICAL
STIFFENED PANEL

In reference 3 well-defined response tests were performed on
stiffened cylindrical panels with clamped edges. To assure reliable
structural geometry and clamped-edge boundary conditions, the test
specimens were machined from solid blocks of 6061-T6 aluminum. Figure 5
shows a sketch of the test specimen which is nominally a 60-degree
cylindrical panel, 0.1 inch thick, 6.0 inches long and 6.0 inches in
radius. The boundaries of the specimen are thick and massive to simulate
an ideally-clamped edge and, furthermore, they are attached by bolts to
a thick steel plate. The integral inner stiffener in the circumferential
direction is located in the center of the panel and is nominally 0.1 inch
thick and 0.4 inch deep. All boundary edges of the cylindrical panel
and the curved edges where the stiffener intersects the panel were
machined with 1/8-inch filets to reduce the threat of premature cracking
due.to stress concentrations. All dimensions of this panel were care-
fully measured to determine the actual geometric properties after fabri-
cation. These actual average dimensions were used for the NOVA-2LTS

analytical model.

The stress-strain curves in tension and compression were determined
experimentally for this particular 6061-T6 aluminum and the data are
given in reference 3. The impulsive loading was obtained by placing a
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high explosive (HE) sheet with a foam buffer over a prescribed area of
the panel. The impulse imparted to the panel by the HE sheet was care-
fully calibrated from experimental test data. A sufficient impulse was
imparted to produce significant permanent deformations of the stiffened
cylindrical panel. Strain time histories were obtained at four positionms
on the panel from high elongation annealed constantan foil-type strain

gages.

This clamped cylindrical stiffened panel subjected to an impulsive
loading was modeled using the NOVA-2LTS program to predict the analytical
response for comparison with the experimental results. Figure 6 illustrates
the geometry of the analytical model for the stiffened panel. The
circumferential stiffener located midway along the length of the panel
is rectangular in cross section and has 1/8 inch filets where it inter-
sects the panel skin.” The shaded area indicates the portion of the
panel that was impulsively loaded by the HE sheet. The geometrical and
material properties of the stiffened panel are given in table 1. The
plasticity parameters represent average values obtained from the tension
and compression material test data. As shown in figure 6 the stiffener
is divided evenly into five segments for the elastic-plastic solution.

The width of the first segment is increased to account for the area of

the filets. In the skin of the stiffened panel, five integration points
are used in the z coordinate direction. Since the geometry and spatial
loading distribution are symmetrical in both spatial coordinate directions,
only one-quarter of the panel is modeled in the NOVA-2LTS analysis by
using a 21 by 21 integration net. For the elastic-plastic response
solution of the stiffened panel, 28 modes are used. For the temporal

numerical integration a 0.5 microsecond time step is used.

The magnitude, I, of the impulsive loading applied to the panel is
0.162067 psi-sec. Through load option 3 in NOVA-2LTS this loading is
applied as a triangular pressure load over the first time step. The
peak pressure (p-) is given by %% and is equal to 648268.0 psi. Spatially
on the quarter panel, the loading is zero for x = 0 to 1.35225 inches

and 9 = 0 to 13.4235 degrees and defined by Py for x = 1.65275 inches
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TABLE 1

GEOMETRICAL AND MATERIAL PROPERTIES

Length (in)

Subtended Angle (deg)
Radius to center of skin (in)
Thickness of panel (in)
Depth of Stiffener (in)
Width of Stiffener (in)
Material

Mass Density (lb-szlin4)
Modulus of Elasticity (psi)
Poisson's Ratio

Yield Stress (psi)

Strain Hardening Slope (psi)

6.01
59.66
6.002
0.099
0.398
0.093
6061-T6
107
0.33
46000

6.84 x 10"

0.25383 x 10 >
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to 3.005 inches and 6 = 16.4065 to 29.83 degrees. Thus, the edges of
the HE sheet are smeared out over two grid spacings as an approximation
in the loading distribution.

Comparisons between analytical and experimental results for the MIT
stiffened cylindrical panel are made for the four measured inner surface
strain time histories and two permanent-set displacement measurements.

The approximate spatial locations of these strain measurements are
indicated in figure 6 by small circles. For the strain measurement the
small straight line segments indicate whether the orientation was axially
or circumferentially. Figures 7 and 8 show the comparisons for the four
strain positions where the solid lines are analytically determined from
NOVA-2LTS and the dashed lines are experimentally measured. At position 1
the experimental strain trace terminated just after reaching the peak

and at position 3 the strain trace briefly went out of recording range
during the peak portion of the response. The comﬁarisons were very good
for the two larger strain responses at positions 1 and 2 given in figure 7.
The two lower level strain responses at positions 3 and 4 in figure 8

show reasonable comparison, particularly in phasing, but the analytical
responses are higher than the experimental. This stiffened panel under-
went large plastic deformations throughout the panel skin and the stiffener.
Figure 9 illustrates the analytically determined displacement time
histories at two positions on the panel. The measured permanent set
values at these positions are compared to the level of oscillation near
the end of the analytical time histories. The projected analytical
permanent sets are slightly lower than the measured values. This might

be expected since the stiffener exhibited plastic lateral buckling over

a small region near the ends of the stiffener which can not be represented
in the analytical model. This plastic lateral buckling occurred approxi-
mately between 2.5 to 9.2 degrees from each end and would have the
ﬁendency to retard the displacement recovery of the panel. The analytical
strain results confirmed the severity of deformations of the stiffener

in this region. In fact, the maximum analytical compressive strain in

the stiffener occurs at 9 degrees at a magnitude of 0.19 in/in.
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3.2 ANALYTICAL AND EXPERIMENTAL COMPARISONS FOR STRESNO TEST SPECIMEN
NUMBER 10

The STRESNO test program of reference 4 tested a variety of unstiffened

and stiffened panels in the Sandia Thunderpipe shock tube. These test
specimens were specially fabricated and attached to a support frame in a
manner to simulate either clamped or simply supported boundary conditions.
However, it is believed that the support frames had some compliance in
the inplane direction and did not provide boundaries fixed from inplane
movement. Thus, it was expected that the measured normal displacements
would be larger than those analytically predicted. From the stiffened
panels tested in reference 4, specimen number 10 was selected for the
comparison with the stiffened panel analysis because this specimen

seems to have the best defined boundary conditions that fit into the
ideally clamped or simply supported category. Specimen 10 is a flat

36- by 36-inch skin panel stiffened by three z-shaped inner stiffeners
spaced 9 inches apart. The ends of the stiffeners are pinned to the
support frame. The skin panel boundaries parallel to the stiffeners are
hinged while the skin panel boundaries perpendicular to the stiffeners
are unattached except for being riveted to the stiffeners at their three
locations. Figure 10 illustrates the geometry of the stiffened panel

and the locations of the strain and pressure measurements. The displace-
ment time history was also measured at the center of the stiffened

panel. The dimensions of the cross section of the stiffeners are also
given on figure 10. The material of the 0.0625-inch panel skin is
2024-T3 aluminum while the material of the stiffeners is 2024-T3511

aluminum. The general geometric and material properties are given in
table 2.

Analytical and experimental comparison were made for shots 4 and 5
on specimen number 10. Shot 4 was a purely elastic response while
shot 5 was at a level of response in the threshold of yielding region.
The outer surface reflected pressure time histories for shots 4 and 5

are given in figure 11 in which the approximated pressure time histories
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TABLE 2

GECMETRICAL AND MATERIAL PROPERTIES

Length (in)

Width (in)

Thickness of skin panel (in)

Mass Density (1b—52/in4)

Modulus of Elasticity (psi)
skin panel
stiffeners

Poisson's Ratio

Yield Stress (psi)

Strain Hardening Slope (psi)

36

36

0.0625

0.259 x 10

9.8 x 10°
10.8 x 10°
0.33

50000

2.2 x 10°

3
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are shown by solid straight line segments. Table 3 gives the values of
the pressure model for shots 4 and 5, corrected for the slight internal
pressure generated by the panel response within the enclosed support
frame box. The spatial distribution of the pressure is assumed to be

uniform and is inputted into the NOVA-2LTS program by pressure option 2.

Since the geometry and spatial loading distribution are symmetrical
in both spatial coordinate directions, only one-quarter of the stiffened
panel is modeled. The stiffeners are oriented in the y-direction and
all edges of the stiffened panel are assumed to be simply supported. A
15-by-23 spatial integration grid and a 4-microsecond time step in the
temporal integration are used in the analysis. For the elastic-plastic
response in shot 5, five integration points through the thickness of the
panel skin are used and the webs of the stiffeners are divided evenly
into 4 segments. For the analytical solutions of the two shots, 36 modes

were selected out of a 5 by 9 matrix of symmetric modes.

Comparisons between analytical and experimental strain and displace-
ment time histories are made for the various response locations published
in reference 4. Strain responses at the center of the stiffener are
compared at the lower surface of the lower flange (S10-6) and lower
surface of the upper flange (S10-4). Strains on the panel skin at the
center of the stiffened panel are compared at the upper skin surface in
the y-direction (S10-2c) and in the B-direction (S10-2a). Normal displace-
ments are compared at the center of the stiffened panel. Figures 12-15
show these comparisons for shot 4 and figures 16-19 for shot 5 where the
solid trace is the analytical results and the dashed trace is the

measured results.

The largest strains occurred on the lower flange of the stiffener
as shown in figures 12 and 16, respectively for shots 4 and 5. For this
strain the comparison in magnitude and phasing are good. The strains in
the upper flange of the stiffener and the upper surface of the panel
skin are shown in figurés 13 and 17, respectively, for shots 4 and 5.

For these strains, which are much lower than those on the lower flange,
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PRESSURE MODELS FOR SPECIMEN 10

TABLE 3

Shot 4 Shot 5
Time (ms) p (psi) Time (ms) p (psi)
0.0 3.0 0.0 4.5
ra 2.0 0.5 4.0
1.4 2.87 1.2 7.75
1.6 4.2 1.6 5.2
2.0 2.8 2.4 3.3
2.7 2.3 2.6 3.7
4.0 0.1 3.6 2.05
4.7 0.75 4.0 3.5
4.8 2.25 5.8 2.2
5.3 1.45 6.3 3.25
6.0 1.6
40
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the phasing is good, but the magnitude of the measured strain is approxi-
mately double that of the analytical strain. This difference is mis-
leading in that the distribution of the strains across the cross section
is pretty good if the strain distribution is represented by the combination
of pure bending and membrane strains. For example, if the extreme inner
and outer strains are 3000 and 400 pin/in analytically and 3000 and

800 uin/in experimentally, the corresponding pure bending and membrane
strains on the cross section are +1700 and 1300 uin/in, analytically and
+1900 and 1100 pin/in, experimentally. Thus, the overall comparison for
the strain distribution on the cross section is pretty good, even

though the smaller analytical and experimented strains at the outer
position differ by a factor of two.

Figures 14 and 18 show the comparison of the edge strains at the
upper skin surface of the local panél between stiffeners, respectively,
for shots 4 and 5. The strain comparisons are good in peak magnitude
but the phasing does not compare as well. Figures 15 and 19 illustrate
the comparisons of the center displacement time histories, respectively,
for shots 4 and 5. Although the phasing of the analytical and experi-
mental displacement responses are good the experimental displacements
are larger than the analytical ones. This is expected since it is
believed the support system for the stiffened panel did not provide
enough rigidity to prevent inplane movement of the boundaries. This
inplane movement is magnified into significant additional normal dis-

placements of the panel.

3.3 ANALYTICAL AND EXPERIMENTAL COMPARISONS FOR THE STIFFENED FIN PANEL
OF THE A-4C AIRCRAFT

An instrumented A-4C aircraft was blast tested in the DICE THROW
project at an approximate free-field overpressure level of 6 psi. The
results of this test are reported in reference 5. Two areas of the ‘
vehicle were instrumented where the construction was of the stiffened
panel type, namely, a nearly flat stiffened panel on the vertical fin

and a curved stiffened panel on the aft fuselage. The curved fuselage
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panel, which contains the upper longerons as stiffeners, was eliminated
from consideration due to uncertainties in its initial geometry and
probable presence of coupling between the direct overpressure loading
and the overall bending of the fuselage. The assumed flat panel on the
vertical fin, which contains two intermediate stiffeners separating
three panel bays, was the better defined structure from which to estab-

lish an analytical model.

The boundaries of this stiffened panel are supported by ribs and
bulkheads which are continuous through the fin. These boundaries are
assumed to be clamped in the analytical model. The geometry of the
stiffened fin panel is shown in figure 20 along with the approximate
cross sections of the stiffeners. The actual stiffened panels are only
approximately rectangular but the analytical model is assumed rectangular.
The material of the skin panel and stiffeners are 7075-T6. There were
three experimental pressure time histories taken on the fin outside this
panel area, but in the vicinity of the stiffened panel. Pressure gage
number 2 was selected to represent the assumed uniform pressure load.
Strains were measured only on the skin panel at the approximate locations
indicated in figure 20 for panels designated as 2 and 3. The general
geometric and material properties of the analytical model are given in
table 4 and the pressure model is given in table 5 as determined from
the pressure time history in figure 21. The structural response to this
pressure load remains in the elastic range. Loading option 2 is used in

NOVA-2LTS to input the segmented pressure time history.

The two inner stiffeners are oriented in the y-direction and the
actual dimensions of the panel are changed slightly to achieve the
desired stiffener spacing within the selected integration grid in the
B-direction. Since there is only symmetry in the y-direction, half the
stiffened panel is modeled for the analysis. All edges of the stiffened
panel are assumed clamped. A 15-by-38 spatial integration grid and a
2.25-microsecond time step in the temporal integration are used in the
analysis. From a 5 by 7 matrix of symmetric modes, 34 modes were used

in the solution.
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TABLE 4

GEOMETRIC AND MATERIAL PROPERTIES

Length (in)

Width (in)

Thickness of Skin Panel (in)

Mass Density (ib-s2/in®)

Modulus of Elasticity (psi)

Poisson's Ratio

Shear Modulus (psi)

Yield Stress (psi)

Torsion Constant (ina)
Stiffener No. 1

Stiffener No. 2

15
14.16406
0.04

-3
0.2617 x 10
10.5 x 10°
0.33
3.9 x 10°

68500 psi

0.002475

0.00103

TABLE 5

PRESSURE MODEL BASED ON GAGE NO. 2

Time (ms)

0.0
0.3623
0.725
5.0
7.25

9.05

Pressure (psi)

16.58
21.75
16.58
8.56
1.92

6.99
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Comparisons between analytical and experimental strain time histories
are made for measurements at gages 11, 14, 15, 18 and 19 as shown in
figure 20. All these strain measurements are in the B-direction and are
at or very close to the center of the panel in the y-direction. Because
of the slight distortion of the panel dimensions in the R-direction and
the evenly spaced integration points, the analytical strain positions do
not exactly coincide with the measured positions, but are as close as
possible, within the analytical geometric restrictions imposed by placing
the stiffeners on grid lines. Figures 22-24 illustrate the strain
comparison for panel 2 at the edge over stiffener 2 (gage 15), 0.75 inches
from this edge (gage 14) and the center (gage 11), respectively. All
these strain positions are on the outer skin surface. Figures 25 and 26
illustrate the strain comparison for panel 3 at the center on the inner
and outer skin surface (gages 18 and 19), respectively. The solid
traces on these figures are analytical determined strains from NOVA-2LTS
and the dashed traces are experimentally measured strains. In general,
these comparisons are not as good as the previous comparisons in Sections 3.1
and 3.2. The analytical results exhibited a higher frequency response
than the experimental results. The general behavior of the time history
were similar in most cases, that is, whether the response was primarily
compression, tension or oscillatory between tension and compression.

The peak magnitude comparisons for several of the plots (figs. 22,

23 and 26) were fair. Strain responses are very sensitive throughout

the panels and can change very rapidly over short distances. Considering
the uncertainties between the analytical stiffened panel model and a
field tested actual aircraft structure, the comparisons are considered

reasonable.
2.4 CONCLUSIONS

The stiffened panel analysis using NOVA-2LTS has been compared to
experiments on stiffened panels that varied in the quality of the
testing techniques employed. The NOVA-2LTS stiffened panel analysis
comparisons with the well defined laboratory tests are, generally, very

good. Comparisons are good for the lesser controlled large shock tube
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tests on special structural models and are at best fair for the least
controlled field test of an actual aircraft. More comparisons between
the stiffened panel analysis and tests on actual aircraft stiffened
panel structures are needed in which the loading and structure are well
defined. Tests recently performed on the fuselage section of the
KC-135 aircraft and currently being performed on the B-52 fuselage
section in the Sandia THUNDERPIPE Shock Tube are prime candidates for
further correlation of the NOVA-2LTS stiffened panel analysis.
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SECTION IV

EVALUATION OF THE STIFFENED PANEL ANALYSIS
VERSUS INDIVIDUAL COMPONENT ANALYSIS

The stiffened panel analysis option of NOVA-2S is evaluated relative

to the analyses of individual components of the stiffened panel (stiffener

and panel between stiffeners) using the beam and pure panel options of
NOVA-2S which have been retained from the original NOVA-2. Three
stiffened panel configurations have been selected from the B-52 aircraft
structure in this evaluation and subjected to the overpressure loading
from a nominal nuclear encounter with the B-52 aircraft. The evaluation
is based on the two levels of damage considered in NOVA-2S, namely,
threshold of permanent damage and catastrophic damage. Analyses are
performed using the response-only option in NOVA-2S for the entire
stiffened panel, the individual stiffener, and the pure panel between
stiffeners at the same load level (equal ranges). The ranges at which
the response comparisons are to be made are determined by the weakest
structure reaching the two damage levels. For this response evaluatioﬁ,
comparisons of the critical response levels are made for the three
structures. Secondly, analyses are performed using the iteration

option in NOVA-2S to determine the critical slant range at which thres-
hold of permanent damage and catastrophic damage occurs for the stiffened
panel and the governing individual structural component or element.
Comparisons of the slant ranges are made for this evaluation. The
objective of the response and range evaluations is to show the degree of
error introduced by analyzing the components of a stiffened panel
individually as is done in the beam and panel options of NOVA-2 rather
than analyzing the entire stiffened panel by NOVA-2S. If individual
structural components analyses are acceptable compared with the complete
stiffened structure analysis, there is, generally, an advantage of less

computer cost using the individual component analyses.
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Three stiffened panels were selected for analysis from the B-52
aircraft structure which exhibit skin-stringer-frame type of construction.
These three stiffened panels were selected from reference 6 and are

generally described as follows:

1) a three bay skin-stringer panel in the vertical fin bounded
between rudder stations 2 and 44 and between the aft auxilary

spar and closure beam (see figs. 19 and 20 of ref. 6);

2) a twelve bay skin-frame panel in the aft fuselage bounded
between the upper and lower longerons and between stations 1357
and 1477 (see figs. 8 and 11 of ref. 6); and

3). .an eighteen bay skin-stringer panel in the upper wing surface
bounded between the front and rear spars and between WS402 and
372 (see fig. 31 of ref. 6).

The purpose of the models selected is only to serve as example
structures to evaluate the stiffened panel analysis versus individual
component analysis and not to analyze the vulnerability of the B-52
aircraft. Therefore, the model geometry and loading distributions will
be idealized to produce symmetry in both coordinate directions in order
to obtain more accurate solutions for the stiffened panels with the
available integration points and modes for comparison with the individual

component solutions.

The general information required by NOVA-2S involving the principal
dimensions of the B-52 aircraft are given in reference 6. Location
dimensions of the selected stiffened panels are also given in reference 6.
The nuclear burst orientation relative to the aircraft for the vertical
fin and fuselage panels is from the side at orientation number 15 while
for the wing panel the orientation is from above at orientation number 9.

The pressure loadings on these panels were assumed to be uniform.

6. Leang, L. T. and Swaney, T. G., Analytical Models for the B-52H,
EC-135A and 747-200B Aircraft, Air Force Weapons Laboratory,
Kirtland AFB, AFWL-TR-72-197, Vol. XI (B-52H Aircraft), July 1974.
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The idealized structural models for the fin, fuselage and wing
stiffened panels are illustrated in figures 27 through 29. The geometry
of the stiffened panel models and the cross section dimensions of the

stiffeners are given in these figures. The general geometric and

material properties for the three stiffened panels are listed in tables 6-8

for the individual stiffener model, the pure panel model and the entire
stiffened panel model. In addition, the NOVA-2S analysis parameters,
such as, integration grid, modes, time increment and number of masses
are given in these tables. For all elastic-plastic panel solutions,
five integration points are used through the thickness of the skin
panel, and the webs of the various stiffeners are evenly divided into

usually four segments.

For elastic solutions of the individual stiffener, pure panel and
stiffened panel, the boundaries of these structures are clamped for the
evaluations and the range is keyed on threshold of permanent damage.

For the evaluation keyed on catastrophic damage both boundary conditions
of clamped and simply supported are used for all the structural models.
The reason for using both boundary conditions in the elastic-plastic
solutions is the uncertainty associated with the strain criterion at

the clamped ends for the beam analysis. In the beam analysis for large
inelastic deformation solutions, the special technique used to predict
the strain right at the boundary discontinuity results in extremely large
strains being determined at tne ideal clamped end boundary. The strain
gradient in this small local region near the end is extremely steep for
large inelastic deformations. The practically of this idealized strain
calculation at the clamped end of the beam analysis for establishing
catastrophic damage for real aircraft structure is uncertain at the
present time. In the comparison between the individual stiffener
solutions for catastrophic damage with pure panel and stiffened panel
solutions, the differences are distorted by this strain criterion at the
clamped end of the beam. However, the comparison is still partly
meaningful because that is what is used in the NOVA-2 code. To obtain a
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TABLE 6

GEOMETRIC AND MATERIAL PROPERTIES OF THE VERTICAL FIN PANEL

Individual Pure Stiffened
Stiffener Panel Panel
Length (in) 42.0 42.0 42.0
Width (in) - 10.9 32,7
Stiffener Spacing (in) 10.9 - 10.9
Thickness of Skin Panel (in) 0.032 0.032 0.032
Effective Skin Width (in) 3.2 - -
Mass Density (1b-s/in) 0.259 x 107> | 0.259 x 1073 | 0.259 x 1073
Torsional Constant (1n4) - - 0.393 x 10-3
Number of Masses 10 - -
Integration Grid - 19 x 19 19 x 19
Number of Modes - 30 30
Time Increment (s) 9 x 1070 2 x 10-6 4 x 1078
Skin Panel Material Stiffener Material
(2024-T3 AL) (7075-T6 AL)
Modulus of Elasticity (psi) 10.5 x 10° 10.4 x 10°
Shear Modulus (psi) 4.0 x 10° 4.0 x 10°
Poisson's Ratio 0.33 0.33
Yield Stress (psi) 50000 70500
Strain Hardening Slope (psi) 1.24 x 10S 5.9 x 104
Ultimate Strain (in/in) 0.15 0.1
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TABLE 7

GEOMETRIC AND MATERIAL PROPERTIES OF THE AFT FUSELAGE PANEL

Individual Pure Stiffened
Stiffener Panel Panel
Length (in) - 10.0 120.0
Subtended Angle (deg) 57 .5 57.5 57.5
Radius (in) » 106.5 108.0 108.0
Stiffener Spacing (in) 10.0 - 10.0
Thickness of Skin Panel (in) 0.064 0.064 0.064
Effective Skin Width (in) 1.92 - -
Mase Denglty (Eb-s* fin") 0.259 x 1073 | 0.259 x 1073| 0.259 x 1073
Torsional Constant (in”) - - 0.959 x 1073
Number of Masses 15 - -
Integration Grid - 15 x 23 19 x 19
Number of Modes - 26 30
Time Increment (s) 10 x 1078 2 % 10°° 8 x 10-6

Modulus of Elasticity (psi)
Shear Modulus (psi)
Poisson's Ratio

Yield Stress (psi)

Strain Hardening Slope (psi)
Ultimate Strain (in/in)

Skin Panel and Stiffener Material

(7075-T6 AL)
10.4 = 10°
4x106
0.33
70500
5.9 x 10%
0.1
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TABLE 8

GEOMETRIC AND MATERIAL PROPERTIES OF THE UPPER WING PANEL

Individual Pure Stiffened

Stiffener Panel Panel
Length (in) 30.0 30.0 30.0
Subtended Angle (deg) - 1.005201 18.093624
Radius (in) - 404.695 404.695
Stiffener Spacing (in) 7 - 7.1
Thickness of Skin Panel (in) 0.271 0.271 0.271
Effective Skin Width (in) 5.6 - -
Mass Density (1b-s>in®) 0.259 x 1073| 0.259 x 1073 0.259 x 1073
Torsional Constant (in4) - - 0.0131
Number of Masses 15 - =
Integration Grid - 19 x 15 15 x 28
Number of Modes - 28 28
Time Increment (s) 2 x 1078 1.5 x 107° 4 x 107

Modulus of Elasticity (psi)
Shear Modulus (psi)
Poisson's Ratio

Yield Stress (psi)

Strain Hardening Slope (psi)
Ultimate Strain (in/in)

(7075-T6 AL)
10.4 x 10°
4 x 108
0.33
70500
5.9 x 10
0.1

Skin Panel and Stiffener Material
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more valid comparison which is not shadowed by uncertainty in the
critical strain criteria, the beam, pure panel and stiffened panel
models also are used with simply supported boundary conditions which
shifts the critical strain location away from the boundaries. With the
simply supported boundaries all three structural models used in the

evaluation are compatible on a criteria basis.

The results of this evaluation based on response and slant range
comparisons are given in tables 9 and 10, respectively. Table 9 gives
elastic and inelastic response coﬁparisons at constant slant range
(equal loading) between the individual structural elements and the
stiffened panel analysis for the three structural configurations. The
evaluation is based on the comparison of the CRIT values determined at
the range at which CRIT is approximately unity for the weakest structure.
CRIT is the ratio of the critical stress or strain response parameter in
the structure to the yield stress value for threshold of permanent

damage or ultimate strain value for catastrophic damage.

In all cases considered in this evaluation, the individual stiffener
was the weakest structure. Therefore, the range (or loading) which
produced yielding for the elastic response or fracturing for the elastic-
plastic response in the individual stiffener is used as the basis for
the comparison between the individual element analysis approach and the
stiffened panel analysis. The percentage difference tabulated in
table 9 indicates the error introduced by using the individual element

approach instead of the more correct stiffened panel analysis.

To further illustrate the differences in the structural response
for the two analysis approaches under the same loading, figures 30-40
show selected comparisons for displacement, stress, and strain time
histories. For elastic solutions, comparisons were made for the center
displacement response on the central stiffener, the end stress or strain
response of the central stiffener, and the stress or strain response at
some position on the skin panel adjacent to the central stiffener. It

should be noted that skin panel comparisons are also influenced by
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TABLE 9

RESPONSE COMPARISON AT CONSTANT SLANT RANGE

Vertical Fin Panel

Type of Response Elastic Elastic-Plastic Elastic-Plastic
Boundary Condition Clamped Clamped Simply Supported
Analysis Approach CRIT % Diff. CRIT % Diff. CRIT % Diff.
Individual Elements 18.7 822 227

a) Stiffener 1.0 1.005 0.99

b) Panel 0.781 0.0486 0.0986
Stiffened Panel 0.843 0.109 0.31

Aft Fuselage Panel

Analysis Approach CRIT % Diff. CRIT % Diff. CRIT % Diff.
Individual Elements 51.4 1187 2094

a) Stiffener 0.952 1.03 1.108

b) Panel 0.794 0.117 0.0623
Stiffened Panel 0.629 0.08 0.0505

Uppei Wing Panel

Analysis Approach CRIT % Diff. CRIT % Diff. CRIT % Diff.
Individual Elements -10.5 321 891

a) Stiffener 0.98 0.9 1.03

b) Panel 0.81 0.275 0.074
Stiffened Panel 1.095 0.223 0.104
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TABLE 10

DIFFERENCE IN SLANT RANGE BETWEEN INDIVIDUAL
ELEMENT APPROACH AND STIFFENED PANEL ANALYSIS

Damage Criteria TPD CD CD
Boundary Condition Clamped Clamped Simply Supported
Structural Configuration Percentage Difference

Vertical Fin Panel 15.9 138 32.7

Aft Fuselage Panel 24.3 44,1 34.4

Upper Wing Panel "=4,04 11.1 56.6

TPD denotes threshold of permanent damage

CD denotes catastrophic damage
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Figure 36. Comparison of Center Displacement Response
on the Stiffener of the Aft Fuselage
Stiffened Panel
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Figure 37. Comparison of Maximum Stress Response on the
Stiffener of the Aft Fuselage Stiffened Panel

80




W —

Circumferential Stress (1000 psi)

=30

NOVA-2S Elastic Solutions

Stiffened Panel Analysis
\ —— —— — Individual Panel Analysis

2 3
” Time (ms)
¥ Figure 38. Comparison of Outer Surface Center Stress
on the Panel Skin of the Aft Fuselage
Stiffened Panel
81




0.1

0.08

0.06

0.05

0.04

Center Displacement (in)

NOVA-2S Elastic Solution

Stiffened Panel Analysis
~— — — Individual Stiffener Analysis

Figure 39. Comparison of Center Displacement Response

on the Stiffener of the Upper Wing Stiffened
Panel
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solution accuracies, since, for the multi-bay models, only a few inte-
gration points are available within each panel bay compared to solutions
for individual panels. These figures show response comparisons mainly

for the elastic response of the fin, aft fuselage and wing panels.

In the elastic-plastic response comparisons, the differences,
generally, were too large to provide meaningful time history comparisons.
Comparisons for elastic-plastic response are shown in figures 33-35
only for the vertical fin panel with simply supported boundaries. The
very large differences indicated for the elastic-plastic response com-
parisons are somewhat misleading, since the plastic collapse and in some
cases the buckling of the curved panels accelerate the response rapidly

near the failure loading.

A better indication for these comparisons, especially for catas-
trophic damage, are given in table 10 where differences in slant range
are given for the same damage level. Table 10 shows the percentage
differences in slant range between the individual element approach and
the stiffened panel analysis based on threshold of permanent damage and
catastrophic damage. From the response and slant range comparisons
given in tables 9 and 10 and figures 30-40, the following general

observations are made:

1. There are significant differences between the solutions from
the stiffened panel analysis and the individual structural
element analyses, whether the comparisons are based on response
parameters or slant range. These differences are less for
elastic response than inelastic response. The percentage
difference is reduced when compared on the basis of slant

range.

2. In all three stiffened panel configurations the stiffeners
were the critical structural members in both regions of

response.
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The individual stiffener structural model was always weaker

than the stiffened panel model, except for the elastic solutions
of upper wing panel configuration. This exception occurred
because the skin of the panel is very thick, so that the
computed effective width of the skin produced a significant
skin segment in the individual stiffener model.

From figures 30-38, which show selected comparisons for the
fin and aft fuselage panels, the response time histories
indicate that the time of peak response is less for the
stiffened panel models. Thus, as might be expected, the
stiffened structured models are higher frequency than the
corresponding individual stiffener models.

In the use of NOVA-2S, the slant range is the more important
parameter on which to draw a conclusion from this evaluation
of stiffened panel analysis versus individual element analysis.
From table 10 the percentage difference in slant range are
between 4 percent and 24 percent for threshold of permanent
damage and between 11 percent and 138 percent for catastrophic
damage. These differences are significant and become even
more significant in terms of a volume envelope. It is there-
fore concluded that the stiffened panel analysis should be
used instead of the individual element technique for stiffened
panels as described in this report. The individual element
technique is still useful for many aircraft structures, such
as pure panels bounded by ribs, spars or bulkheads, ribs
analyzed for buckling, and configurations with free or spring

supported boundary conditions.
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SECTION V

COMPUTER PROGRAM DESCRIPTION

This section outlines the changes made in the computer program,
including dimension changes and preparation of the input data. The user
is referred to reference 1 for full documentation of the NOVA-2 computer

code.

The postscript "S" in NOVA-2S refers to the addition of discrete
stiffeners in the DEPROP model, as described earlier. Although the most
significant change, this was not the only modification. A brief summary

of the changes follows:

In the NOVA routines, a fuselage loading option was added to
permit either a circumferentially uniform or nonuniform blast load for
beam or panel elements. Previously only frames and radome elements

received the nonuniform load. The change necessitated modifying the

NOVA input slightly.

In DEPROB, the maximum allowable flanges in the cross-sectional
model (NLK) was increased from 20 to 21 in order to provide better

representation of certain elements.

The summary output for DEPROB and DEPROP iterative runs was modified
to indicate the type of damage corresponding to the CRIT used. For
example, threshold-of-damage criteria for a frame can be either tensile
or compressive yielding of the material, or a compressive buckling of

the outstanding leg.

Several major changes were made in DEPROP. The most significant
was the addition of stiffeners in either coordinate direction in the
panel model. These stiffeners must be located at the grid lines in the
spatial integration model, but can be located either on the inside or
outside of a multilayered panel and in the interior of a sandwich panel.

The cross section is modelled in a manner similar to the DEPROB models.
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The cross section can vary along the length of the beta (B) stiffeners
(stiffeners running parallel to the beta axis), but not for gamma (y)
stiffeners (see figure 1). Stiffeners can be of different construction
and material, but are assumed to be attached at each grid point in the

system.

The inner and outer flanges are monitored for maximum CRIT at each
grid point and the results printed out at the conclusion of the run.
The criteria used are the same as for stringer elements in the DEPROB

models.

In general, the stiffeners introduce coupling in the mass matrix
and this capability was added. It was made optional, however, because
the matrix algebra requires considerable storage and computer time, and
may not be significant for all problems. By rejecting the option, only

the diagonal terms of the mass matrix are included.

In addition to including stiffeners, the modal representation of

the panel response was expanded to include non-symmetric mode shapes.

Thus, either a non-symmetric panel or a panel subjected to a non-symmetric

load can be analyzed. This change necessitated changing the numbering

system of the modes, since the even-numbered modes had been automatically

excluded in the old system.

Printout of the stresses, strains and displacements at user-selected

spatial locations has been added, whereas before, the program auto-
matically printed out every third spatial point in both coordinate
directions and the points along the boundaries and lines of symmetry.
The user now has complete control over the printout, making for more
efficient use of output. For maximum CRIT, however, the program con-

tinues to automatically check every spatial location.

A formulation similar to that employed to treat the discrete
stiffeners was used to replace the '"equivalent layer' treatment of
honeycomb metal panels undergoing catastrophic damage (KTYPE=3, KDAM=1
or 101). This method involves two integration points through the
thickness (LBAR=2), one in each face sheet.
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The deck structure of DEPROP was modified somewhat with the addition
of three routines associated with the stiffeners, MATXIN, SIGMAB, and
STIFF. Separately, the routine DERV2 was broken down into two routines,
DERV1 and DERV2. Several common blocks were also changed in DEPROP.

Subsection 5.5 of this report deals with a special version of
NOVA-2S called NOVA-2LTS. The blast and aerodynamic subroutines have
been replaced by analytical and tape-supplied pressure data to permit

correlation with experimentation.

The final subsection documents an example problem intended to
provide the user with both an example of program input and modelling,

and a check on the computer program.
5.1 SUBROUTINES AND COMMON BLOCKS

Three new routines were added to DEPROP: MATXIN, SIGMAB and STIFF.
Subroutine STIFF sets up all the constants associated with stiffened
panels. If the inertia coupling is included, it calls MATXIN which
inverts the mass matrix. SIGMAB calculates the inelastic stresses for
option NDERV=2 associated with the stiffeners.

Subroutine DERV2 was separated into two routines, DERV1 and DERV2,
because of the length of the original routine and the logical differences
which exist. DERV1 calculates displacements, strains, and stresses;

DERV2 calculates accelerations.

Table 11 lists the 107 routines of NOVA-2S and table 12 lists all
the associated common blocks. Common block IFIRST was added so that the
first storage location (10l1) contains an integer variable monotonically
increasing in value as long as the program is running normally. This

can be checked by the operator.

Two versions of NOVA-2S, representing different dimensions for the
program DEPROP, are documented. The smaller version can be run on the
Control Data Corporation (CDC) 6600; the larger version can only be run
using LCM on the CDC 176, or an equivalent system.
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LIST OF SUBPROGRAMS OF NOVA-2S~

TABLE 11

NOVA DEPROP DEPROB
NOVA WFDZR DEPROP DEPROB
BLOCK WELL BOLT COMP1
IODUM WFPRMT DERV1 COMP2
SEC WFVZR DERV2 COMSET
NIN WFVRMT DSET1 CYCLE
NEWSL AIR DSET2 DAB
NOVSUM WFPKOP DSET3 DEFORM
RITC REFRA DTSTEP DPUR
RITER OPT1 HIM EQUILP
CSETUP OPT2 LEGEND EQUILX
INTP OPT3 LIST1 FB
PINIT ADVANC LIST2 FBCTL
SOLVE BISH MATXIN FBSET
BLAST READ RELAXP FINAL
XBLAST POSTAP SIGMA FSOL
HYDRA SKIP SIGMAB PRINT1
IOPT1 FPRES STIFF READ1
IOPT2 INTSLO RESD
IOPT3 PFUSE RESET
ATMOS PJUMP RLAXB
MATM62 POSTW1 RLAXF
SHOCK POSTW2 SLAY
TPINT POSTW3 STRESS
INT1 POSTW4 STRESX
INT2 POSTWS STRN1
WFZR POSTW6 STRN2
WFPKOD POSTW? STSET
WFPR PRESS TSTEP
WFPKV PREW VCs
WFDRMT SETW

WPRES
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TABLE 12
COMMON BLOCKS AND SUBPROGRAMS USING THEM IN NOVA-2S
Common Length
Block (Decimal) Subprograms
CDC 6600 CDC 176

FIRST 1L b NOVA*, DEPROP, DEPROB, DEFORM

CNOVA 546 605 NOVA, NIN, NEWSL, NOVSUM, RITC,
CSETUP, BLAST, XBLAST, PINIT, FPRES,
PRESS, PREW, WPRES, DEPROP, DSET1,
DSET2, DSET3, DERV1, DERV2, DTSTEP,
LIST1, LIST2, SIGMA, STIFF, DEPROB,
coMP1l, COMP2, COMSET, CYCLE, DEFORM,
EQUILP, EQUILX, FB, FINAL, PRINTI1,
READ1, STRESS, TSTEP

DNOVA 2858 2858 NOVA, BLOCK, NIN, NEWSL, NOVSUM,
RITC, BLAST, XBLAST, PINIT, FPRES,
POSTW1, POSTW2, POSTW3, POSTW&,
POSTW5, POSTW6, POSTW7, PRESS, PREW,
SETW, WPRES

CTLX 2 2 NOVA, BLAST, REFRA, FPRES, WPRES

CONSTC 15 15 HYDRA, IOPT1l, IOPT2, IOPT3

SCALEC 5 5 HYDRA, IOPT1, IOPT2, IOPT3, SHOCK

WFRT 13 13 SHOCK, WFPKOD, WFPR, WFPKV, WFDRMT,
WELL, WFPRMT, WFVRMT

REFRAC 7495 7495 REFRA, OPT1, OPT2, ADVANC, READ,
SKIP

PW1 23 23 POSTW1, POSTW2, POSTW3, POSTW4,
POSTW5, POSTW6, POSTW7, SETW,
WPRES

CBLK1 894 1159 DEPROP, BOLT, DSET1, DSET2, DSET3,
DERV1, DERV2, DTSTEP, LEGEND, LISTI1,
LIST2, SIGMA, SIGMAB, STIFF

CBLK2 4547 5487 DEPROP, BOLT, DSET1l, DSET2, DSET3,
DERV1, DERV2, DTSTEP, STIFF

*Underlined routine in each group owns that common block in
segmentation setup.
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f TABLE 12 (Continued)
Common Length
Block (Decimal) Subprograms
Scima
6600 176
b CBLK3 12 12 DEPROP, DSET1, DSET2, DSET3, DERVZ,
LEGEND, SIGMA
f CBLK4 589 589 DEPROP, DSET1, DSET2, DSET3, DERV1,
DERV2, SIGMA
CBLK5 1185 1185 DEPROP, DSET1, DSET2, DSET3, STIFF
CBLK6* 25270 29400 SIGMA
CBLK7 23 23 DEPROP, DSET1, DSET2, DSET3, LIST2,
SIGMA, SIGMAB, STIFF
CBLKS8 148 148 DEPROP, HIM
CBLK9 163 184 DEPROP, DSET1l, DSET2, DSET3, LISTI1,
LIST2
CBLK10 5415 6300 DEPROP, DSET1, DSET2, DSET3, DERV1,
DERV2, LIST1, LIST2
CBLK11 12 12 DEPROP, DSET1, DSET2, DSET3, DERV1
CBLK12 22638 22638 RELAXP
CBLK13 9 9 DEPROP, DSET1, DSET2, DSET3, DTSTEP,
STIFF
CBLK15 5755 10547 DEPROP, DERV1, DERV2, DSET1l, LISTI,
LIST2, SIGMAB, STIFF
.
b CBLK16* 2944 5376 SIGMAB
CBLK17* 7203 7203 DEPROP, DERV2, STIFF
l CBLANK* 14259 16501 DEPROP, DERV1l, DERV2, DSET1l, DSET2,
DSET3, LIST1, LIST2, SIGMA, SIGMAB,
; STIFF ;
|
*Assigned to Level 2 storage on CDC 176.
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TABLE 12 (Concluded)

Common Length
Block (Decimal) Subprograms
6600 176
% BLK2 12717 12717 DEPROB, COMP1, COMP2, COMSET, CYCLE,
? DAB, DEFORM, DPUR, EQUILP, EQUILX,
! FB, FBCTL, FBSET, FINAL, FSOL, PRINTI,
f READ1, RESD, RESET, SLAY, STRESS,
: STRESX, STRN1l, STRN2, STSET, TSTEP,
vCs
BLK3 466 466 DAB, DEFORM, DPUR, FSOL, RESD, RESET,
STSET
BLK4* 7216 7216 RLAXB
BLK5 21 21 RLAXF
BLK6 2369 2369 CoMP1, COMP2, COMSET, DEFORM, FB,
FBSET, PRINT1, STRESS, STRN1l, STRN2

| ——— g A

——— e e

*Assigned to Level 2 storage on CDC 176.




5.2 MAXIMUM PROGRAM DIMENSIONS

Nearly all of the dimensioned variables appear in labelled common,
and the current maximum dimensions are indicated in tables 13 through 15.
The variable associated with each dimension is listed in case the user
should want to change program dimensions. These tables should also be
consulted when making up input for the program to be sure the dimensions

are not exceeded.

There are a few other changes to be made when the dimensions are
changed, and these are listed in table 16. The new integer variables
which represent maximum dimensions, along with the list of dimensions of

the new program variables, make up table 17.
5.3 PROGRAM INPUT

Input instructions remain the same (reference 1), except for two

minor changes in the NOVA input, and a complete overhaul of DEPROP.

Groups 10, 27 and 28 of the NOVA data change (see the new instructions
in tables 18 and 19). Group 20 permits the user to make a respomnse rum,
yet still receive cutput indicating maximum response, or CRIT. For
KDAM = 100 (or 101) the program executes as if KDAM = 0 (or 1), except
that only one iterative trial is permitted; otherwise there is no
difference. For KDAM = 2, a response run without any iterative information

is made.

An extra input parameter, NU, is added to Group 27. This parameter
gives the user the choice of either a uniform load or a circumferentially
varying load on certain fuselage elements. Table 20 lists the new
options. Previously, radomes and frame elements received the varying

load; panels, stringers and longerons received a uniform load.

The parameter NFP locates the element longitudinally on the air-
craft, while THETAR (BR) locates the element circumferentially. Both
parameters should correspond to the center of the structural element, or
that point on the structure at which the loading is desired. See
figure 19 of reference 1 for the definition of eR in the Aircraft
Axis System (AAS), and note that the DEPROB coordinates (V, W) in the
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f TABLE 13
DIMENSIONS OF VARIABLES FOR NOVA ROUTINE

VARIABLE DIMENSION

i mvast 28

: NEL 20
NFS 20
NLE? 5
NLEHT 5
NLEVT 5
NLEW 5
Mass’ 40
NORMAX 30
NORMAX#NEL 100
NTE? 5
NTEHT 5
NTEVT 5
NTEW 5
NTP1+1 1000

]'M.BAR in DEPROP

zNLE must be largest of NLEHT, NLEVT, NLEW and NTE must be largest of
NTEHT, NTEVT, NTEW

3NMASS must be the largest of N in DEPROB and NBAR in DEPROP
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TABLE 14
DIMENSION OF DEPROB VARIABLES

VARIABLE DIMENSION
NX- 10
N2 40
a3 8
NLK 21
NSL 5
Nssc® 5
Nssct” 5

lThe program automatically assigns NX or fewer flanges to each layer,
so NX should usually be four or six since the sum of all flanges must
not exceed NLK .

2NMASS in NOVA

3For a uniform beam, the program may add one layer, so the actual
limit on input would ordinarily be seven

4The number of distinct slopes defined by NSSC and NSSCT, excluding
zero slope segments, must not exceed NSL
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TABLE 15
DIMENSIONS OF DEPROP VARIABLES

VARIABLE DIMENSION

6600 .| 176
LBAR 6 6
MB 13 13
MBAR 23 28
MBAR*NBAR*LBAR 1805 2100
MG 13 13
McmB> 49 49
NBAR® 23 28
NGNBT=MBAR*NBAR 361 420
NKP 46 46
NL 8 8
NSG 4 9
NSB 4 6
NSMAX 8 8
NSGAMBAR+NSBANBAR 92 168

LiMass in NOVA

2This constraint is only significant for an elastic-plastic run
(NDERV=2). Four possible combinations using maximum dimensions
on the 6600 are: (17x17x6), (19x19x5), (23x15x5), (15x23x5).
Possible combinations on the 176 include: (28x15x5) and (18x18x6).
3The total number of modes selected (MGMB) from the total possible
(MB*MG) cannot exceed 49

ANMASS in NOVA
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( TABLE 16
PROGRAM CHANGES REQUIRED BY DIMENSION CHANGES

Also Change the Fixed-Point Number in the
When Changing Indicated Statement
the Dimensions 1
Corresponding to: Routine Subroutine Location
NORMAX NOVA NOVA 51
NORMAX*NEL NOVA NOVA 570%0
NTP1+1 NOVA WPRES Y e
LBAR DEPROP LEGEND 300~
MG*MB*3 DEPROP RELAXP 20™1
NL DEPROB COMP1 50~/
NSLANLK#*2* (N+1) DEPROB comp1 506
NLK DEPROB COMP1 507>
NSL DEPROB COMP1 5074
N*2+2 DEPROB RLAXB 403
1 +n
The location code is read as follows: s refers to the nth line
after statement number s.
.
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AASB (NSEGB,NBAR,NSB)
AASG (NSEGG,NSG)

ALX (LXMAX)
ASB(NBAR,NSB)
ASG(NSG)

AU (MGMB ,MGMB)

AV (MGMB ,MGMB)

AW (MGMB ,MGMB)

*BETC (NBAR,NSB)

BEX (LXMAX)

*BIGJB (NBAR,NSB)
*BIGJG(NSG)

*BSTB (NSEGB,NBAR,NSB)
*BSTG (NSEGG,NSG)

CAl

CA2(NSG)

CA3(NSB)

C11G(NSG)

C22B (NBAR,NSB)

D11G(NSG)

TABLE 17

NEW DEPROP VARIABLES

Area of segment in B-stiffener, inz.

Area of segment in y-stiffener, inz.
Storage for stiffener stress-strain, .
Area of cross-section in B-stiffener, inz.
Area of cross-section in y-stiffener, inz.

Inverse of inertia matrix in u-direction,
[-M]-1, in%/1b-s2.

Inverse of V-inertia matrix, in4/1b-sz.

Inverse of W-inertia matrix, 1n4/1b-sz.

B-position for B-stiffener input, in or deg.

Storage for stiffener stress-strain, 8.
Torsion constant for R-stiffener, in4.
Torsion constant for y-stiffener, ina.
Width of segment in B-stiffener, in.

Width of segment in y-stiffener, in.

Constant equal to 2L2R.

Constant equal to 6L2(§;1)/a9 hHK at
the kth g-position of a y-stiffener.

Constant equal to 6L2(§;1)/2hH at the
jth y-position of a B—stiffene}.

*
Stiffness constant, Cllla, for a
Yy-stiffener, 1b/in<.

*
Stiffness constant2 C22/a for a
B-stiffener, 1b/in%.

*
Stiffness constantz D11/a3, for a
y-stiffener, 1b/in%.
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D22B(NBAR,NSB)

D33B(NBAR,NSB)

D33G(NSG)

EPOB (NSB)
EPOG (NSG)

*EPSB (NSB)

*EPSG (NSG)

*ESTRB (NSB)

*ESTRG (NSG)

*ETSTRB (NSB)

*ETSTRG(NSG)

EX1 (LXMAX)

F11G(NSG)

F22B (NBAR,NSB)

*GBARB (NSB)
*GBARG (NSG)
*HOB (NBAR,NSB)

*HOG(NSG)

*HSTB (NSEGB,NBAR,NSB)

TABLE 17 (Continued)

*
Stiffness constant:2 D22/a3, for a
g-stiffener, 1lb/in<.

*
Stiffness constant D33/33, for a
R-stiffener, lb/ini.

*
Stiffness constant, D33/a3 for a

y-stiffener, 1b/in2.
Yield strain for g-stiffener, in/in.
Yield strain for y-stiffener, in/in.

Ultimate tensile strain for g-stiffener,
in/in.

Ultimate tensile strain for y-stiffener,
in/in.

Elastic modulus, E, for B-stiffener,
1b/1in2,

Elastic modulus, E, for y-stiffener,
1b/4in2.

Strain-hardening slope, Eg, for R-stiffener,
1b/in2.

Strain-hardening slope, Et’ for y-stiffener,
1b/in2.

Storage for stiffener stress-strain, Ei.

Stiffeners constant, Flz/az, for a
y-stiffener, 1b/in2.

*
Stiffness constanté F22/a2, for a
B-stiffener, 1lb/in<.

2

Shear modulus, G, for a B-stiffener, lb/in°.

)

Shear modulus, G, for a y-stiffener, 1b/in°.

Gap between B-stiffener and panel, ho, in.
Gap between y-stiffener and panel, ho’ in.

Distance from inner panel surface to the
2th gegment of R-stiffener, ho’ in.
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TABLE 17 (Continued)

*HSTG (NSEGG,NSG) Distance from inner panel surface to
the 2th segment of y-stiffener, hy in.
*KCOUP Code indicating whether the full inertia
coupling is to be included: 0, only
diagonal terms; 1, yes.
*KPB (NKP) Mesh-point number (B), when paired with
’ ' KPG, specifies printout locations.
*KPG (NKP) Mesh-point number (y), when paired with
it i KPB, specifies printout locations.
*KSB(NSB) Gamma-point location of R-stiffener
(y grid-point number).

KSBX (MBAR) Beta-stiffener number corresponding to

each y grid point (zero for no stiffener).
*KSG(NSG) Beta-point location of y~stiffener
(B grid-point number).

KSGX (NBAR) Gamma-stiffener number corresponding to

; each B grid point (zero for no stiffeners).

KSTIF Total number of stiffeners in model.

KSUMB (NSGMB) Number of z points in stiffeners which
have not yielded during response.

*KSUPB(NSB) Support code for outstanding leg of
g-stiffener (0, 1, or 2).

*KSUPG (NSG) Support code for outstanding leg of
y-stiffener (0, 1, or 2).

KYX (LXMAX) Code in elastic-plastic response indicating
number of times a stiffener integration
point has yielded, unloaded, etc.

LXMAX Total number of integration points in
stiffeners, equal to

NSG NSB
MBAR ¢+ I NSEGG(I) + NBAR +* & NSEGB(J)
I=1 J=1
100




MFIRST

NFIRST

*NKP

*NSB

*NSEGB (NSB)

*NSEGG (NSG)

*NSG

NSGMB

NSMAX

*NSTB (NSB)

*NSYMB

*NSYMG

NUSE (NBAR,MBAR)

PRLU (MGMB)

PRLV (MGMB)

TABLE 17 (Continued)

Code indicating whether any stiffener has
yielded (0, no; 1, yes).

Code indicating first pass through
routine SIGMAB.

Number of spatial grid points for which
printout of strains, stresses, displacements,
and pressures is required.

Number of R-stiffeners (stiffener parallel
to the B-axis).

Number of segments (layers) in the
B-stiffener.

Number of segments (layers) in the
Y-stiffener.

Number of y-stiffeners (stiffeners parallel
to the y-axis).

Total number of grid points involving
stiffeners, equal to NSG*MBAR+NSB*NBAR.

Maximum number of segments in any stiffener -
gamma or beta.

Number of B8-stiffeners which define cross-
section for B-stiffener (<NBAR).

Symmetry code for panel model in B-direction:
O-symmetric; l-not symmetric.

Symmetry code for panel model in y-direction:
O-symmetric; l-not symmetric.

Use-code for the spatial integration
stations: O-not used; l-printout only;
2-integration only; 3-both.

Diagonal terms of wu-stiffness matrix,
in%/1b-s2.

Diagonal terms of v-stiffness matrix,
in4/1b-s2,
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TABLE 17 (Concluded)

PRLW(MGMB)

*RHOSTB (NSB)
*RHOSTG (NSG)

*SIDEB (NSB)

*SIDEG(NSG)

*SIGOBC (NSB)

*STGOBT (NSB)

*SIGOGC (NSG)

*SIGOGT (NSG)

SIX1 (LXMAX)
SX (LXMAX)
ZFB (NSMAX ,NSG+NSB*NBAR)

ZSTB(2,NBAR,NSB)

ZSTG(2,NSG)

Diagonal terms of w-stiffness matrix,
in%/1b-82.

Density of B-stiffeners, Py lb-sz/in4.

Density of y-stiffeners, Py lb-szlina.

Input code designating location of B-stiffener:
-1.0, inner (exterior to panel); +1.0,

outer; +2.0, internal (honeycomb only);

+3.0, inner with panel crimped at stiffener

locations. After input, variable takes on
a value of 1.0 unless crimped, when it is 0.0.

Same as SIDEB, only for y-stiffeners.

Compressive yield stress for B-stiffener,
1b/in2.

Tensile yield stress for B-stiffener,
1b/4n?.

Compressive yield stress for y-stiffeners,
1b/4n2.

Tensi%e yileld stress for y-stiffeners,
1b/in“.

Storage for stiffener stress-strain, ;1.
Stress in stiffeners, lb/inz.

z-position in stiffener for integration, in.

z-position on inner and outer surfaces of
B-stiffener, in.

z-position on inner and outer surfaces of
y-stiffener, in.

Asterik (*) indicates an input variable.
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TABLE 18
REVISION OF NOVA DATA GROUP 10

Group 10: (2I12) KDAM, KALT
Range iteration/damage code (KDAM)

o, iterate to determine range at which

permanent damage first occurs.

; iterate to determine range at which

catastrophic damage occurs.

2, determine structural response only at

specified range.

100, same as KDAM = 0, except only 1 trial

in iteration.

in iteration.

Constant altitude (KALT)

101, same as KDAM = 1, except only 1 trial i
0, no restriction on iteration. .

158 iteration restricted to constant altitude.

Note: KALT is not necessary for KDAM = 2, Otherwise
KALT must be 1 if both KB and KGRD are 1.

If KDAM = 3, skip to GROUP 12.
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TABLE 19
REVISION OF NOVA DATA GROUPS 27 AND 28

Group 27: (2I12) NFP, NU

The nuw.ber of the fuselage section (from the table
of values supplied in Group 24) at which pressures
are desired, i.e., the section at which the structural

element if located. (NFP)
Code for circumferential variation of load:
0 - circumferentially varying load.

1 - uniform load.

Note: If the structural element is a radome (KTYPE>7),
skip to GRCUP 29.

Group 28: (F12.1) THETAR

Angular location of the center of the structural

element on the circumference of the equivalent, circular
section for the fuselage (figure 19 of reference 1). For
a uniform load (NU = 1) this locates the point at which
the pressures are applied. (-m 0 m) (THETAR), rad.
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TABLE 20

GROUPS 27 AND 28 DATA OPTIONS FOR LOADING FUSELAGE ELEMENTS

Fuselage Group 28 data Group 28 data for

Element KTYPE for Uniform Load non-uniform Load
(NU = 1) (NU = 0)

Panel < 3 r r

Stringer 6 SR Not possible

Frame 7 BR eR can be anything#*

Radome 8,9 Not possible 6, not inputted¥*

R

*For these cases, the V, W coordinates (or el, 62) (LAS) in DEPROB

must locate the beam elements circumferentially.
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Local Aircraft System (LAS) align with (y, z) in the AAS. The DEPROB
angle 6, though, is not defined in the same manner as GR (page 274 of

reference 1).

The only input instruction which is modified in the DEPROB section
deals with the KSUP parameters of Group 1. KSUP is not needed for cases
where there is not a threshold-of-permanent change requirement; i.e.,
for KDAM = 1, 2 or 101.

The DEPROP input has been changed significantly, although much of
it remains the same. Even so, the entire set of input instructicus is
documented in table 21 to facilitate the preparation of an input deck.
Specific input instructions follow several paragraphs of general remarks.
The user is reminded to compare all input variables with the maximum
dimension provided in the program, as delineated in taple 15. This is
very important since the program hoes not attempt to check the input for

such violations.

Group 1 contains the number of modes to be used in the solution and
the number of integration points to be used. The accuracy of the
solution is based on the degree of convergence of stress and strain
quantities. These quantities converge less rapidly than the radial
displacement. Also, cases involving a clamped edge condition will
converge less rapidly than simply-supported cases. Since both computer
time and accuracy increase with more modes and points, a trade-off
usually becomes necessary. Although the program allows up to 13 gamma
modes and 13 beta modes to be used, only a small number of modal com-

binations are normally required, as will be discussed shortly.

The actual mode numbers are specified in Groups 2 and 3. The
maximum value that the mode numbers can assume in the program is 19.
When symmetry is taken in either direction (Group 4, or if the pressure.
loading is symmetrically oriented, only the odd numbered modes (1, 3,

5, «...) are required in that direction.
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In general, a minimum of sixteen modal combinations should be used
for a symmetric panel, and it is recommended that at least 25 be used
for clamped panels where edge stresses and strains are important. The
maximum number of combinations permitted is 49 (see the discussion of

data groups 6 and 7).

Spatially, the optimum number of integration points (MBAR and NBAR)
for a full panel should be approximately two times the maximum mode
number used in that direction, plus three. However, when NBN or MGM is
large, this condition may not be satisfied for nonsymmetrical panels,
since MBAR and NBAR are dimensioned at 23 (28 on the CDC 176) in the
program (see table 15). For symmetric solutions, MBAR (or NBAR) need
only be approximately one-half the value for a full panel since only
one-half (or one quarter) of the panel is actually analyzed in the
solution. For a nonsymmetric condition, MBAR (or NBAR) must be an odd
number. For an elastic-plastic solution, a minimum of four integration
points through the thickness is recommended, and a maximum of six is
provided in the program. The exception is a metal honeycomb panel where

only two points are used.

In Group 5, the user is given the option of a purely elastic
solution, or an elastic-plastic solution. The elastic-plastic option
will tend to be slower and require more computer memory. The second
option (elastic-plastic) must be used for metal panel solutions which
iterate to a catastrophic damage level (KTYPE = 1, 3; KDAM = 1, 101).

Group 5 also specifies the number of stiffeners in the model and
whether the full coupled mass matrix is used, or only the diagonal
terms. The advantage of only using the diagonal terms is to reduce the
computer time; however, the savings is not that much and it is recom-
mended that the full matrix be used for a more accurate solution
(KCOuP = 1).

A gamma stiffener is defined as a stiffener running parallel to the
(x, vy) axis and the beta stiffener is defined similarly. These stiffeners

must be located on either a y or B grid line and are assumed to be
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attached at each grid line intersection. If all the gamma stiffeners
are of identical construction, NSG should be inputted as a negative
number (i.e., -3 for three identical stiffeners) which will eliminate
unnecessary input. And the same instruction applies to NSB for beta

stiffeners.

Groups 6 and 7 provide a mechanism for selecting a maximum of 49
modal combinations from a 13 by 13 combination array (MG=MB=13). Thus,
the more significant modal combinations for an optimal solution with
respect to accuracy and computer time can be selected and the other
combinations eliminated. A general rule of thumb is to eliminate the
higher frequency modes which are usually associated with modal com-
binations having the larger MG+MB values. An example of this would be
the selection of MG=MB=7 for a symmetric problem, but eliminating
24 combinations as indicated in figure 41. The relative importance of
each modal combination can be evaluated by examining the response output

and comparing the magnitudes of the displacement coefficients.

Groups 8 and 9 are responsible for selecting the points in the
integration grid for which printout of strains, stresses, displacements,
and pressures is required. Strains and stresses are computed at the
inner and outer surfaces of the panel layers and stiffeners. Each point
in the grid is designated by a pair of integers, the first integer
referring to the gamma-position, the second to the beta-position.

Actual positions are found from

X = %- SL:LL I= 1,...,ﬁ

(symmetric in x~direction)

x = g AL Q0 W

(full in x-direction)

and similar expressions for y (or 8). Yor example, the corner point

in a symmetric panel would be numbered (l1,1); the center (MBAR,NBAR).
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Figure 41. Example of Modal Selection for a Panel
Exibiting Symmetry in both Coordinate Directions
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It should be noted that the maximum response values associated with
determining CRIT for an iterative run are calculated at every grid

point, independent of the printout selected in groups 8 and 9.

The length and width (XLP and THETAO) selected in Group 1l represent
the total dimensions of the panel, even if only 1/2 or 1/4 is analyzed

in a symmetric case.

Group 15 provides the data required for computing allowable
stresses for honeycomb panels. The core cell size (DC) is defined as

the distance between opposite flat sides of the honeycomb cell.

Groups 18-23 describe the gamma stiffeners and groups 24-29
describe the beta stiffeners. The code SIDEG (or SIDEB) indicates
whether a stiffener is attached on the inside, outside, or within the
panel, as illustrated in figure 42 (a-d).

The stiffener cross section is modellad in a manner similar to that
used in DEPROB for beam elements. The section is broken down into
rectangular layers called segments. These segments also serve the
purpose of flanges for integration through the thickness, so the analyst
must assign enough segments to be able to adequately model the cross
section for an inelastic problem. A maximum of eight segments is
permitted (NSEGG, NSEGB).

Although stiffeners can be of different material, any one stiffener
is assumed to be of homogeneous construction; i.e., each segment is
composed of the same material. It is further assumed that if the panel
is made of plastic material, the stiffeners are plastic, and similarly
if the panel is metal (or metal face sheets on honeycomb), the stiffeners

are metal.

Gamma stiffeners also must be uniform in the spanwise direction,
but beta stiffeners can have variable cross section. This is accom-
plished by specifying the cross-sectional shape at one or more arbitrary
beta locations (BETC). The program linearly interpolates between points,
if necessary, to provide data at every spatial grid point. Obviously,
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if only one cross section is specified, the stiffener is assumed to be
uniform and it makes no difference what beta location (BETC) is used.
Constant cross section is assumed for beta points outside the domain of
BETC.

Figure 42 illustrates the four types of stiffeners. Case (a)
represents an "outer" stiffener with a spacer of thickness ho (HOG,HOB)
located between the panel and the stiffener. This space might represent
insulating material or a gap created by another stiffemer running orthogonal
to the one being modelled. For simplicity the stiffener is modelled as
an "I" section with three segments; in an elastic-plastic model the web
(segment 2) should probably be broken down into three or four segments.

The input parameters HSTG(B) correspond to the hi’ h2 and h3 shown and

are measured relative to the inner surface of the panel.

Case (b) is nearly identical, except that the stiffener is called
an "inner" stiffener as it is located on the inside of the panel. The
h2 are again referenced relative to the inner surface of the panel, and

are also inputted as positive numbers, as is ho.

Cases (c) and (d) represent a panel of sandwich (or honeycomb)
construction. In the first case the stiffener lies within the panel and
the input parameters are defined as before. The second case, however,
considers the case when the panel is crimped in order to attach the
stiffener, and thus the stiffener may or may not lie totally within the
panel section. If not, the hz's must be defined in a different manner,
as shown in figure 42 (d). To begin with, the segments must be defined
so that there is a division between two segments at the imaginary inner
panel surface. The segments are ordered from that point outward as far
as possible until a switch over is required, as shown. In order to flag
this switch‘over, which occurs at the & = Lth segment, the parameter hL
is made negative. In this case, h3 would be inputted as a negative

number - all the others are positive.

Group 30 contains the modal componenté, Gmn’ for the initial

radial imperfections. The analyst must compute the Gmn's from measured
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Group 1:

Group 2:

Group 3:

Group 4:

Group 5:

TABLE 21

DEPROP INPUT

(5112) MG, MB, MBAR, NBAR, LBAR

Number of gamma modes to be used. (MG)

Number of beta modes to be used. (MB)

Number of gamma integration points actually used over
the portion of the panel analyzed. Must be an odd
number for full panel (see Group 4). (MBAR)

Number of beta integration points actually used over
the portion of the panel analyzed. Must be an odd
number for full panel (see Group 4). (NBAR)

Number of z integration points used through the thick-
ness. (LBAR) Should be 2 for KTYPE=3.

[Not needed for NDERV=1l (see Group 5)]

(6112) (MGM(I), I=1, MG)

Gamma mode numbers, m.

(6112) (NBN(I), I=1, MB)

Beta mode numbers, n.

(2I12) NSYMG, NSYMB
Symmetry code in gamma direction (NSYMG):
0, symmetry assumed (0 <y <1/2)
1, no symmetry O<y<m
Symmetry code in beta direction (NSYMB):
0, symmetry assumed (0<B8<m/2)
1, no symmetry (0<B<m
(6I12) NPLT, NBND, NDERV, NSG, NSB, KCOUP
Panel type (NPLT):
0, flat panel
1, cylindrical panel

Boundary condition code (NBND):
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Note:

Note:

Note:

Note:

Group 6:

DEPROP INPUT (Continued)

y-direction B-direction
1, clamped-clamped clamped-clamped
2, simple-simple; simple-simple
3, clamped-clamped; simple-simple
4, simple-simple clamped-clamped
5, clamped-simple; clamped-clamped
6, clamped-clamped; clamped-simple
7, clamped-simple; simple-simple
8, simple-simple; clamped-simple
9, clamped-simple; clamped-simple

Whenever a clamped-simple condition is selected, the full
panel is analyzed in that direction, and NSYMG, NSYMB, MBAR
and NBAR should reflect this.

Response option (NDERV):
1, elastic only
2, elastic-plastic

NDERV must be 2 for KTYPE=l or 3 whenever KDAM=1 or 101.

Number of y stringers (NSG)
Number of B stringers (NSB)

A negative value for NSG (or NSB) means that all y (or B)
stringers are identical. Only one set of input data will
be required in that case.

Mass-matrix coupling code (KCOUP)
0, no compiling
1, compiling

KCOUP will be zero if NSG=NSB=0.

(I12) NNOUT

Number of modal combinations to be eliminated from
solution (NNOUT).
(0 < NNOUT < MG*MB)

If NNOUT=0, skip to Group 8.

Group 7:

(2112) MOUT(I), NOUT(I)

Gamma mode. (MOUT(I))
Beta mode. (NOUT(I) )

Repeat Group 7 for I=1, NNOUT. The cards in Group 7 may be arranged

in any order. -
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DEPROP INPUT (Continueégd)

Number of spatial points at which printout of stresses,
strains, displacements, reactive forces and pressures
are requested. If NKP=0, all of the above information

Integration point in gamma-~direction at which printout
is requested. Points are ordered 1-MBAR, beginning at
vy=0, and evenly spaced from there. (KPG(I))

Integration point in beta-direction at which printout
is requested. Points are ordered 1-NBAR, beginning at
B=0, and evenly spaced from there. (KPB(I))

Group 8: (I12) NKP

will_be suppressed. (NKP)
If NKP=0, skip to Group 10.
Group 9: (2I12) KPG(I), KPB(I)
Note:

These two indices are taken as pairs where each pair desig-

nates a particular spatial point. The pairs may be specified

in any order.

Repeat Group 9 for I=1, NKP.

Group 10:

Group 11:

(I12) NL

Number of layers. (NL)

(NL must be 1 for KTYPE=l, and 3 for KTYPE=3)
(3F12.1) XLP, THETAO, A

Full length of panel, 2, in. (XLP)

Full width of flat panel, b (short direction),
in. (NPLT=0)

or (THETAO)

Full subtended angle of cylindrical panel, eo,
deg. (NPLT=1)

Radius of cylindrical panel, in. (A)
(Not needed for NPLT=0)

If NDERV=2, skip to Group 16.
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Group 12:

Group 13:

Group 1l4:

DEPROP INPUT (Continued)

(2F12.1) HM(I), RHOM(I)

Distance (h) from the inner panel surface to the outer
surface of layer I, in. (HM(I))

Mass density of layer I, lb-82/1n4. (RHOM(I))

(5F12.1) EX(I), ET(I), XXNU(I), THNU(I), GXT(I)
Modulus of elasticity in the x-direction, psi. (EX(I))
Modulus of elasticity in the theta-direction, psi. (ET(I))
Poisson's ratio in the x-direction. (XXNU(I))
Poisson's ratio in the theta-direction. (THNU(I))

Shear modulus, psi. (GXT(I))

(2F12.1) SAT(I), SAC(I)

Tensile yield stress of metal panels; tensile ultimate
stress for plastic panels, psi. (SAT(I))

Absolute value of compressive yield stress for metal
panels; absolute value of compressive ultimate stress
for plastic panels, psi. (SAC(I))

If KTYPE=1,2, or 5, skip to Group 18.

If KDAM=1,

2, or 101, skip to Group 18.

Group 15:

(3F12.1) EC,GC,DC

Core modulus of elasticity parallel to core depth,
psi. (EC)

Shear modulus of core, psi. (GC)

Core cell size, in. (DC)

Skip to Group 18.
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Group 16:

Note:

DEPROP INPUT (Continued)

(3F12.1) HM(I), RHOM(I), EM(I)

Distance (h) from inner shell surface in the outer
surface of layer I, in. (HM(I))

Mass density of layer I, 1b-32/1n4. (RHOM(I1))
Modulus of elasticity, psi. (EM(I))

EM(2) need not be specified for a metal honeycomb material
(KTYPE=3)

Repeat Group 16 for I=1, NL.

Group 17: (4F12.1) TNU, SIGO, EP, EPSIF
Poisson's ratio. (TNU)
Yield stress for a metal panel, psi. (SIGO)
Strain hardening modulus (Et)’ psi. (EP)
Ultimate strain, in/in. (EPSIF)
(Not necessary for KDAM=2)
If NSG=0, skip Groups 18-23, which pertain to gamma stiffeners.
Group 18: (6I12) KSG(I), I=1,/NSG/
Beta-point number corresponding to gamma stiffener location.
Group 19: (6F12.1) SIDEG(I), ESTRG(I), GBARG(I), RHOSTG(I),

SIGOGT(I), SIGOGC(I)
Code designating type of stiffener (SIDEG):

=1.0, Inner

+1.0, Outer

+2.0, Internal (honeycomb panel comstruction)
+3.0, Inner (crimped honeycomb panel)

Elastic modulus, E, 1b/in’ (ESTRG)

Shear modulus. G, 1b/in® (GBARG)
Density, pg, 1b-s2/in% (RHOSTG)

Tensile yield stress, 1b/in? SIGOGT)
Compressive yield-stress, 1b/in? (SIGOGC)

1f NDERV=1, skip Group 20.
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DEPROP INPUT (Continued)

Group 20: (2F12.1) ETSTRG(I), EPSG(I)

Strain-hardening slope, W i lb/in2 (ETSTRG)
Ultimate tensile strain, €4 in/in (EPSG)

Group 21: (2I12) NSEGG(I), KSUPG(I)

Number of segments (NSEGG)
Support code for outstanding leg (KSUPG):

0, no outstanding leg.

1, outstanding leg supported at one end.

2, outstanding leg supported at both ends or has
two corners.

Group 22: (2F12.1) BIGJG(I), HOG(I)
Torsion constant for stiffener, J, 1nA (BIGJG)
Gap between stiffener and panel, ho’ in (HOG)

Group 23: (2F12.1) HSTG(L,I), BSTG(L,I)

Distance from inner panel surface to the furthest edge of
the ¢th segment, hz, in. (HSTG)

width of 2D segment, b,, in. (BSTG)

Note - HSTG is always a pesitive number except for
SIDEG=3, for the %=L segment which causes HSTG to switch
directions. See figure 42.

Repeat Group 23 for all segments in the i stiffener.
‘Unless NSG was read in as a negative number, repeat Groups 19-23 for
‘each gamma stiffener.

If NSB=0, skip Groups 24-29, which pertain to the beta stiffeners.

Group 24: (6I12) KSB(I), I=1,/NSB/

Gamma-point number corresponding to beta stiffener location.

Group 25: (6F12.1) SIDEB(I), ESTRB(I), GBARB(I), RHOSTB(I),
SIGOBT(I), SIGOBC(I)
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DEPROP INPUT (Continued)

Code designating type of stiffener (SIDEB):

-1.0, Inner

+1.0, Outer

+2.0, Internal (honeycomb panel construction)
+3.0, Inner (crimped honeycomb panel)

Elastic modulus, E, lblin2 (ESTRB)

Shear modulus, G, 1lb/in (GBARB)

Density, pg, lb-s2/in% (RHQSTB)

Tensile yield stress, lb/in2 (SIGOBT)
Compressive yield stress, 1b/in2 (SIGOBC)

If NDERV=1, skip Group 26.

Group 26:

Group 27:

Notes:

Group 28:

(2F12.1) ETSTRB(I), EPSB(I)

Strain-hardening slope, E%, lb/in2 (ETSTRB)
Ultimate tensile train, €y in/in (EPSB)

(3F12.1) NSEGB(I), KSUPB(I), NSTB(I)

Number of segments (NSEGB)
Support code for outstanding leg (KSUPB):

0, no outstanding leg

1, outstanding leg supported at one end.

2, outstanding leg supported at both ends or has two
corners.

Number of B-stations used to define cross section. (NSTB)
NSTB should be 1 for a uniform cross section and BETC can be
anything. d
NSTB must be < NBAR.

(3F12.1) BIGJB(K,I), HOB(K,I), BETC(K,I)
Torsion constant for kth stationm, J, fa, (BIGJB)

Gap between stiffener and panel, h_ , in. (HOB)
Beta position of the kth station, In or deg. (BETC)
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Group 29:

Note:

DEPROP INPUT (Concluded)

(2F12.1) HSTB(L,K,I), BSTB(L,K,I)

Distance from inner panel surface to the furthest edge of
the £th gsegment, hg, in. (HSTB)
Width of 2th segment, by, in. (BSTB)

HETB is always a positive number except for SIDEB=3.0, for
the =L segment, which causes HSTB to switch directions.
See figure 42.

Repeat Group 29 for all segments at the ktP station of the Ith stiffener.

‘Unless NSB was read in as a negative number, repeat Groups 25-29

for each B-stiffener.

Group 30:

Group 31:

(6F12.1) ((FG(N,M), N=1,MB), M=1,MG)
Modal displacement coefficients for initial radial
imperfections, in. (FG(N,M))

(3F12.1) DELTIM, TSTOP, PRINT
Integration time increment, sec. If DELTIM=0.0, the
program determines the time increment required for
stability. (DELTIM)
Integration stop time, sec. (TSTOP)
Print frequency (integration steps per printout). If

PRINT=0.0, printout of intermediate data will be sup-
pressed. (PRINT)
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data using the integration technique applied to Fourier series coeffi-
cients. Generally, such data will not be available, and zero values
should be specified for the Gmn's. The capability of considering
initial imperfections also enables the analyst to determine the sensi-

tivity of panel response to initial imperfectionms.

Group 31 provides the integration time increment, the response stop
time, and printout interval. If the user specifies a zero time incre-
ment, the program computes an appropriate At which in most cases will
give a stable solution. It should be noted, however, that stiffeners
are neglected in the computation, so it is possible a smaller At will be
required for some stiffened panels. Because the At is approximate, the
analyst may want to make comparable runs using different At's. In
general, an elastic solution which is numerically stable will be accurate.
Hence, the optimum At is the largest which remains stable. For an
elastic-plastic solution, however, the accuracy of the solution may
deteriorate slightly as the point at which the solution diverges is
approached. Once a time increment is selected, it should be valid for

other orientations and moderate changes in response level.

Although the stop time can vary a great deal, the total number of
integration steps required to capture peak response will be roughly
between 500 and 1500. One exception to this may be a curved panel
experiencing '"snap-through" buckling, in which case considerably larger
response times may be required. A printout frequency of once every
20 steps is usually adequate for monitoring the response time history.

The program checks response values every ten time steps.
5.4 PROGRAM OPERATION

Two versions of NOVA-2S have been assembled due to the difference
in core allocation between the Control Data Corporation (CDC) 6600 and
the CDC 176 computer systems. The 6600 version has smaller dimensions
and only uses small core memory (SCM). The 176 version has somewhat
larger dimensions in DEPROP and makes use of large core memory (LCM) by

assigning 6 common blocks to LEVEL 2 (see table 12).
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Otherwise, the deck structure is the same for each version, using
segmentation as in the past (figure 43 and table 22). Logical files
TAPES and TAPE6 are used for input and output, respectively, and file
TAPEl is reserved for internal use. When the REFRA near-ground reflection
(blast) model is selected and ground reflection is to be included in the
b analysis (KB=1,KGRD=1), the REFRA data must be available on logical file
: TAPE10. This data is unformatted (binary) with record type S and block
type C. This record-type-blocking combination is compatible with
SCOPE 3.3 and possesses the important feature that the system copy
utility COPYBF can be used with SCOPE 3.4 to transfer the data to disk,
tape, etc. When used with the NOVA program under SCOPE 3.4, however, a
FILE card is required prior to loading to specify the record type and
block type. The REFRA routine will usually operate more efficiently

when the information is on disk, so a transfer to disk is recommended

whenever possible.

Using the FIN compiler on the 176, approximately 60,0008 cells of
SCM and 15 seconds of CP time is required, specifying the fast compile
mode (OPT=1l). .

The 6600 version of the program requires approximately 260,0008
cells of SCM to load; the 176 version needs approximately 172,0008 cells

of SCM and 255,0008 cells of LCM.
5.5 NOVA-2LTS

This special version includes the modifications made in previous
versions NOVA-2L and NOVA-2LT, where the "L'" refers to the fact that all
of the blast and aeronautical loading routines have been replaced by

user-generated functions or tape-supplied data (reference 2).

No other changes were made here, except to adapt the up-to-date
response codes in NOVA-2S to this special deck. Table 23 lists all the
subroutines in the deck, and figure 44 and table 24 document the proper
segmentation directives. Core requirements for this deck are approxi-

mately the same as for NOVA-2S, except for an additional LCM requirement
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TREE NV A
NOVA TNCLUDE PINIT,IODUM,SEC
LEVEL
TREE BLICK
BLOCK INCLUDE NINGNEASL NOVSUM,RITC,~1TE
TREE NEPROP
TREE VDEPHUR
DEPROB INCLUDE DEFORM,FR,FACTL,PRINT],RLAXF,STRr 2
TREE FPRES
FPRES INCLUDE PFiISE,PIJUMP
TREE WPRFS
NPRES INCLUDE INTSLO,PREN,SET®,POST1,PI3TaP,PuSTAZ,PNSTRU,P)STYS,P
e 0STAG,POSTHT
LEVEL
TREE D3ET1
OSETY INCLUDE DSETP.L.EGFNC,DTSTEP
TREE DSET3
0SErN3 INCLUDE AOLT
TREE STIFF
STIFF IMCLUDE MATXIN
TREE NDERVI
DERVY INCLUDE SIGMA,SIGMAR, HIM, DERV2,LIST1,I.IST?
TREE RELAXP
TREE CIvP1
comP1 INCLUDE COMPP,SLAY,STRNT,VCS
TREE NAg
DAB IMNCLUDE DPURLENUILX,F3SET,FSOL,<xES),RFSFT,RLAXR,STRFSA, STSET
TRFE CYCLF
CYCLE TINCLUDE EJUILP,STRESS,FINMAL
TREE CIMSET
COMSET INCLUDE READL,TSTEP
TREE BLAST=(XBLAST=(TiuT2,TPINT) ,REFRA«(QOPI,00PTR2,0PT4%))
LEVEL
TREE CSETuUP
CSETUP INCLUNE 1vTY
TREE SOLVF
TREE PRESS
PRESS IMCLUDE TuTP
TREE HYORA
HYORA INCLUNE AAT RS, TOPTY, JOPT2,10P T3, vEL L, tFIRVT, FNZR, \FPa )P, «FP
o KOD,BTR, NFPKV ,AFPR, VF2K , wFPIMT , NFVRMT , sF VLR, 3HUCK, 6 T4N5
TREE PISTAP
POSTAP [MCL IDE ADVANC o KEAD ,SKIP,RTISH
vOVva GLORAL FIRST,CHUUOVA,ONGVACTL X=NAVE
HYDRA GLOIRAL CUNSTC.SCALEC
NPRES GLOBAL PuleS8VE
RFFRA  GLOARAL REFRAC=SAVF
DEPRURB GLORAL RLXR,RLKS,RLCb6=SAVE
NEFPRUP GLDRAL CALK1,CRLK2,CBLK3,CRLAA)CaLKS,CRLK7,CuLYE,C5L4Y9,CnL1
v 0,CRLK11,C3LK13,C8LK1S5,CHLRK17,CRLANK=SAVE
DERVY  GLORAL CALKA,CRLKIR=SAVE
RELAXP GLOBAL CALK12=SAaVF ns-xquﬂslﬂmcrmm
END MOVA TH1S PAGE IS B 00
]nnlcoP¥lﬂﬂln*mD:n
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SEGMENTATION DIRECTIVES FOR NOVA-2S




TABLE 23

LIST OF SUBPROGRAMS FOR NOVA-2LTS (NOVA-2L)

NOVA DEPROP DEPROB
NOVA DEPROP DEPROB
SEC BOLT COMP1
RITER DERV1 COMP2
CSETUP DERV2 COMSET
PINIT DSET1 CYCLE
SOLVE DSET2 DAB
INT1 DSET3 DEFORM
PRESS DTSTEP DPUR
HIM EQUILP
LEGEND EQUILX
LIST1 FB
LIST2 FBCTL
MATXIN FBSET
RELAXP FINAL
SIGMA FSOL
SIGMAB PRINT1
STIFF READ1
RESD
RESET
RLAXB
RLAXF
SLAY
STRESS
STRESX
STRN1
STRN2
STSET
TSTEP
vCs
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TABLE 24
SEGMENTATION DIRECTIVES FOR NOVA-2LTS (NOVA-2L)
TREE Jva
\NOVA TMCLUDE OTNTT,SEC, 1ODUM
LEVEL
TREE RITER
TRFE VEPRUR
DEPROR INCLUNE NEFORM,FR,FECTL,PRTINTYL, WL AXKF,ST%D
TREE NEPROP
LEVEL
TREE DSeTI
DSET1 INCLUDE DS3ETA,LEGEND,DTSTEP
TREE D3ETR
DSET3 1ANCLUDE SOLT
TREE STIFF
STIFF INCLUDE MATXTN
TREE RELAXP
TREE DExRVI
DERV TNCLUDE HIM,DFERVR,LIST1,L1ISTR,5I54A,3516M8H
TREE covry
COMP Y INCLINE COMPRA,SLAY,STRNTL,VCS
TREE DAR
DAR INCLUDE DPURWEQUILX,FRSET,FSULYXES),RESFT, RLAXB,STRESX,3TSET
TREE CYCLE
CYCLE INCLUDE EQUILP,STRESS,FINMAL
TREE COMSET
COMSFT TaCLIIDE REANY,TSTEP
LFVEL
TREE CSETUP
CSETUP  INCLUDE InTt
TREE PRESS
TREE SOLVE
_NOva GLOBAL CMOVA,CLOAD,CRLK1=SAVFE
NOVA GLNBAL COM,CuM2
DEPROP GLURAL CALKP,CRLKZ,CRLKU,CHLADI CHALKT ,CALRB,CRLOG,CHILKTI,CL<
o 11,CBLK13,C3LKIS,CALL17,CRLANK=SAVE
RELAXP GLORAL CBLK1P=SAVE
DEPV1 GLOAAL CRALKA,CRLK)IK=SAVE
DEPROS GLORAL RLKP,ALKZ, 3 kpn=SAaVE
EMNG

THIS PAGE IS BEST QUALITY PRACTICABIR
FROM OOPY FURNLSHED 10 DDC o
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when the tape option is used for supplying pressure data, as before.
Appendix A contains a card listing of the appropriate UPDATE changes to
transform NOVA-2S into NOVA-2LTS.

5.6 EXAMPLE PROBLEM

An example problem is presented in this section to provide the user
with a test case for exercising NOVA-2S, and to also indicate the
modelling technique used in analyzing stiffened panels.

The panel modelled is the fin panel on the vertical tail of
the B-52 discussed in section 4. Figure 45 lists the input data
for an inelastic response run (KDAM = 101). The model contains one
inner gamma stiffener located at the 13th beta position, or

. 13-1) (32.1)
(19-1) (2) 10.9 inches, of a clamped panel exibiting

symmetry in both coordinate directions.

Figure 46 contains the time-history printout at time 1.75 milli-
seconds, approximately the time of peak response. A summary of the run,
including the maximum response compared with allowables, follows the
response output and is shown in figure 47. In this case, a tensile
strain at the clamped edge of the stiffener produced a CRIT of 0.539.
The maximum CRIT of 0.445 in the panel was also due to a tensile strain
at the same edge, at y = 11.81 inches.

Computer time for this relatively large structural model (30 modes
and 361 spatial points) was 403 cp seconds and 2 EC seconds on the
CYBER 176.
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B=52H FIN PANEL
1 0
1000, 525. 1000, 0,0
0,0 0.0 0,0 0,0
15 15 i
7000,
(BLANK)
2 0
101 0
-
e e
=426, 0,0
«12S9, 1110,
-783, 0,0
=1407 1110,
e e
=1493,5 0,0
-1774,5 309,81
-1825,8 0.0
«1859,3 309,81
e e
=1493,5 0,0
-1731,5 278,.8
=1795,5 0,0
=1851,7 278,83
9
=45, «1935,487
0.0 =69,1
"75. 300
=202,3 bd U
«538, 69,1
.807. bq.i
-1207, 69,1
=-1307, h6,.2
=1417, 59.5
-1462, S6.71
-1646,5 44,93
4 1 1
'1"’5. 0.0 35.0
0,0
7 7 19 19 S
1 3 S 7 9 11
13
1 3 S 7 9 11
13
0 0
0 1 2 1 0 1
19 :
3 11
5 13
7 9
7 11
7 13
Figure 45, Example Problem Input Card Listing
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#18 PAOR 18 BEST QUALTTY PRACTICABLY

9 7
9 9 oM CurY PURNISHED 10 DDC s
S it
3 1%
1 5
11 7
11 S
) v 11
11 1%
13 S
13 7
13 9
13 11
13 13
11
1
1 13
1 19
5 13
9 13
13 13
17 13
18 1
19 7
19 15
19 19
1
42,1 32,7
«032 «259 FE=3 1,95 E7
o35 50000, 1.24 £S 15
13
1.0 1.04 E7 4.0 Fe .259 E=3 70500. 70500,
5.0 F-“ .‘
] 0
«000393 N0
«Nhd 1.772
«2945 L1285
«325 .128
« 71555 ,128
ALY J1278
1.95 1.38
0.9 0e0 0.0 0.9 0ot 0.0
0,0 N0 0.0 N0 N0 0.0
0.9 6.n 6.0 N0 nn 0.0
0.9 g I n,n 040 Vel N0
0,9 N0 g B 0,0 N 0,0
. A0 n.0 0.0 0.6 0.0
0.9 o e 0.0 L 0,0
0. 00 G 0.9 0.0 040
0.9 N Not) 0,9 B0 0e0
0,0
- E=p 2,0 E=3 S0,
(BLANK)
Figure 45. (Continued)
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APPENDIX A

LISTING OF UPDATE CARD CHANGES
NECESSARY TO TRANSFORM NOVA-2S
INTO NOVA-2LTS (NOVA-2L).
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*PURDFCK NINLRITC
«PYRNECK [NTP
«PYKRDECK BLAST TPINT
*PURDECK TMTR2.PNSTANT
*PURNDECK PREwW, YPRES
«PURGF RBLOCK

|

| CINENT WALTS : THIS PAGE IS BEST QUALITY PRACTICABLE
’:\ *RIRNDECK BLOCK FROM COPY FURNKISHED T0 DDC

} *#PRNECK TODUM

)

] *PRGE 10DUM

P «PURGE NIM.RITC

b *PURGE INTP

b *PURGE BLAST, TPINT

*PURGE INT2.POSTA7
*PURGE PRFA,NPRES
*ADDFILE INPUYT,CNOVA
«COMDECX CLOAD
CUMMON /CLOAD/ PP1,PPO,TTO, TPRIME,AA,ANN,0TT1,0TT0,427,
1 JLNTIME,NLOAD,PT(20),TT(RP0), KTIME(L10,10), LTIMEC(41),ISP(40),
2 JLB(U1) ,NPS,TTP(6,10,10),PRT(6,10,10),PX, PY,XP(22),YP(22),
$ IXI(23),JYJ(23),JLT(10,10),PRTT(10,10),0%X1(23),0Y1(23),
4 NGSUM,DFL,MAXU2,YAXD,PS
*COMDECK COM1
COMMON /COML/ P(22.,1)
LEVEL 2, P
*CH4NECK COvP
CuvaN ycnNM2y/ 3(22,1)
LevEL 2, 0
*PYRCECK NOVA
«2IRGE MOVA
=ADODFILE TNPUT,CSLAMNA
#DFCYC NNVA
PROGRKAM NOVA (INPUT,0UTPULT, TAPES=TINPYT, TAPEG=CGNITPUT, TAPEL1=913,
1 TAPE10)

THTIS IS THE MNGVA«2 TS VERSTION OF ti0OVA, THE AERODYNAMIC AND HLAST
ROUTINES ARE ~EPLACED FY ISER=-DESIGNATED PRESSURE FUMCTICwS,
PRIVISTIOM HAS ALS) RFEN MANE FOR NEADING PRESSURFE [ATA FROM TaPk,
JUNE, 1978.

OO0 0

«CALL CLNnan
«=CALL CnOva

FORMAT (RT12)
2 Fhikval(sF12.1)
T FORMAT (P20k4)
MCASE 3 0
1Ny’ 2 1
RFR = 1.0
~Ean(S,1) “CaSE>
10 «EAN(S,8) (TITLe(l), 121,20
CASE 3 TASE ¢ |
Kbl =z 0
ITRIAL s 0
we AT IK,5) JEONWP  KTYPE "8, «NS, PR IG
[P (40S,BE0 1) noAv 2 2

138




Mi1S PAGE IS BEST QUALITY PRACTICABLE

[ FMCHPT = 0 FROM COPY FURNISHED TODDC ___

N IF (xDAM (L T,2) wCHPT = ¢
IF (KDAM, 6T ,.2) KUAM = KDAM = 1N0
[F(KNAM_LT,.2) READ (9,2) PDAMV
IFCIMOUT . ERL,0) GU D 1400
NRITE(H,3000) (TIILEC(CI),I=1,20)
IF (KTYPE LT.6 . URKTYPE . GT,7) 1ICOMP = S
IF (ICOMP,ER,2) ARITE (6,5000)
IF (NCHPT.,EQ.1) AKITE (K,3100)
IF (NMCHPT,.EQ,.0) arRITE (6,3200)
IF(KDAM,EQ,0) wWRITE(K,3300)PDAM
TF(kDAM ,ENQ,1) aArRITE(6,3400)PDAM
r GO TO (300,400,900,59%0,7060,800,900,1010,1000,1020) ,KTYPFE
3IN0 ARITE(H,3500)
GO TO 1080
400 ARITE(6,3600)
GO TO 10S0
S00 WRITE(6,3700)
GO TO 10S¢C
600 ~¥RITE(6,3800)
GO TO 10S0
700 MSRITE(6,3900)
GO TO 1090
800 4RITE(6,4000)
GO TO 1050
900 w“RITE(6,4100)
GO TO 1080
1000 ARITE{(K,4200)
GO TO 1050
1010 wWRITE(6,4700)
GO YO 10S0
1020 ARITE(5,4809)
1080 GO TO (1100,1200,1300), KCS
1100 wRITE(6,4300)
60 TD 1400
1200 ARITE(A,4400)
G0 10 1400
1300 ARITE(6,4500)
1400 NCALL = 2
IF(KTYPE . GT.S) CALL DEPROB
TF (XKTYPE.LT.6) CALL DEPROP
JF(RERR AT,.0) 30 T 1600
NCALL = 1
CALL PINITC(O)
IF(KTYPE,GT,S) CALL DEPROR
IF (KTYPE LT,6) CALL DEPWAP
IF(XNS,EQG.1) GU TU tkao
TF(KERR,GT ,N) U TD 1hA00
MCALL = 0
KK = 0O
CaLL PINIT(D)
TF (KERR . GT,N) GU T) 1700
RTRTIAL(1)=1,N0
1500 WTRIAL = NTRIAL + | .
IF(xDAM LT, 2) «RITE(R,4r00) NCASE,NTxTIAL,RTRIAL(Y)
IF (KTYPE. GT,9) CALL DEPRUS

- —
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e

1400
1700
c
INH0
3100
3200
3300
3400

3300
2600
3700
3200
3500
40n0
4100
4200
a3n0
4400
4590
4n”00

4700
4800
8000

THIS PAGE IS BEST QUALITY PRACTICABLE

IF (KTYPE.LT.6) CaLL NEPW(P FROM COPY FURNISHED T0 DDC

IF(KERR NFLN) GU T tR0O0

IF (NCHPT_EQ.0) GU Ta 1&0d

CALL RITFR (CRIT,~VRIAL,~TRIAL,R,x0K)
IF(XOX.EQR.0) Gu TUu 1541

TF(MCASF.LT.NCASES) 50 1D 100
sroe
FORMAT (1H1,30X,174N 0 v A = 2 L T §/7/1X,2044)

FORMAT (14H ITERKATIIN RuMN)

FORMAT (32M RESPONSE RuUn GNLY, #0 TTERATION)

FORMAT (4P2M NO UAMASE LEVEL, PROKASILITY OF EXCEENDING, FA,.3)
FORMAT (S2H CATASTRIPHIC NAMAGE LEVEL, PRIBABILITY OF EXCEEDINMG,

1F6.3)

FORMATY (PARHOSTNGLE=LAYFR METAL PANEL )
FORMAT (2OHNSINGLE=LAYER PLASTIC PANEL )
FORMAT (2SHOMONVEYCUMR METAL PANEL )
FORMAT (27HOHONEYCOYS PLASTIC PANEL )
FORMAT (29HOMULII=LAYER PLASTIC PANEL )
FORMAT (30HOMETAL STRINGER QR LONGEROQON )
FORMAT (1SHOMETAL FRAME ) (
FORMAT (16HOPLASTIC RING )

FORMAT (21HOSTATIC SOLMTION ONLY)

FORMAT (PPHODYNAMIC RESPONSE OGMNLY)

FORMAT (37HOSTATIC SOLUTICM AND DYMAMIC RESPONSE)
FORMAT (12HICASE WUMRER T2/

114+ TRTAL HUMRER 135, 10X, 13H RAMGE FACTUR = E14,.,6h)

FORVMAT(11HOMETAL RING)

FORVAT(13H40CTIR SUCKLTG)

FORMAT (6940GSTRUCTURAL ELEMENT DUES DERIVE ARDITIOMAL SUPPORT FrGM
FUSELAGE SKIN)

)
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*PHRNFCK PTINMTT

*PukRGE PINTT

*ADDFILE INPUT,C3ETUP
«DFCK PINTI

THIS PAGE IS BEST QUALITY PRACTICABLE
FROR COrY FURNISHED TODDC ____—

*CAlLL
«CaLlL
«CaLL
«CALL
sCaLL

OoOoOon

30

56
100
150

OO0

200

280

300

490

SURRNUTINE PINIT (M)
Cinhiva

CLUAD

CHLx

cnvy

COva

DIMENSTION ID(100),90(100),AT(1004),MORDER(4D)

EQUIVALENCE (IDC(1),00(1))

NDIVMENSION TTR(14,41),PRTRA(14,41),SP(41),35PS(41)

EQUIVALENCE (PrI(1,1,1),PRTB(1,1)), (TTP(1,1,1),TT6(1,1))

DATA TRD/1OWFFFFFFFFFF/

IF(Y.EQ.1) GO TO 209
PS = 0,0
1IF(KDS.FB.2) GO TU 150

STATIC

READ(S,2000) PS
¢RITE(6,2200) P3

NU=1

PPP=PS

IF (KTYPE,LT.,6) GU TO 150
IF (XTYPE_ LT.10) GO TQ SO
0l 30 I=1,NMASS

PB(T) = 0,

GO TO 150

0O 100 I=1,MNMASS

PR(TI) = PS

RETURN

NYNMAMTIC

IF(«NS.ER.L1) GO TU 400

READ (S,2050) ~LOAD

WRITE (%,2400) wLUAD

GO TN (250,500,500,5000), ~LOBD
READ(S,2000) PPL,PP), TTN,TPRIME, AR, ANN
A ITE(H,2500) PPL,PPY,TTL,TPRTMF , aA, 8N
ru=

IF(TRRIMF _EN,0,0) 30 TO 2eo
PPEIVEZPPOR( 1. = TORIME/TIO) wua if.
PPRIYF = PFRIME®EXP (=8A®iFRIVE/TTH
TT1=TPRTIMERPPI/ (PP LePPRT 4F)
OTT1=21,0/7TT

AR AN IVAREL

A7=AAx0)TTAO

RETURY

wFAD (5,2050) r[ME

READ (5,2100) (TT(I),PT(I),121, TTuF)
ANRTTE (h.?S"‘O) "'[‘ﬂgo(TT(‘).’T([’.’=10\’T] AE)
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400

H20

Aaan

LYY
AR0

9nn

9240
Q40

Q60

9Aan

1nne

THIS PAGE IS BEST QUALITY PRACTICABLE
2 FROM COPY FURNISHED TODDC __—

RETURN

IF (KTYPF _GT,.S5) GO TO 1000

PANFLS,

READ (5,205850) WPX,NPY

WRITE (Hh,2700) NPX,NPY

READ (S,2006) (XP([),TI=1,~PX)

ARITE (6,3100) (XP(I),T1=1,MPX)

READ (S,2000) (YP(J),J=1,00PY)

ARTITE (0,3200) (YP(J),J=1,NPY)

ARTTE (m,23300)

DO 820 T=1,MPX

READ (S,2090) (KTIME(J,1).J=1,MPY)

ARTTE (6,2800) (KTIVECS,I),J=1,nPY)

00 R40 I=1,NPX

DO &40 J=i1,MPY

NTIME = KTIMe(J, 1)

RFAD (S,2000) (TTP(K,J,1),Kk=1,MTI4E)
ARTTE (Ke3600) I,Jo(TTP(K,JoI),K=1,NTIME)
NRITE (&,2900)

RFAD (S,2000) (PRT(XK,J,T1),K=1,NTIME)
ARTITE (8e3000) (PRTI(X,J,T),K=1,NTIME)

SFATTAL TNTERPULATION=EXTRAPOLATION, INDICES ARE LOWER BOUND,

00 900 [=1,MGT

NO ReN III = 1,08PX

JF (XP(I11).GT.Xx53(I)) G0N TO 840
CONTIMUF

ITIT = NOX

IF (JII.6T.,1) TIU = [T = ¢
DX1(1) = (XG(I) = XP(ITI))/(XP(ITII+1) = XP(IID))
IRI(IY = 111

NO 960 J = 1,N8T

0N 920 JJJ = 1,nNPY

TF (YP(JJJ).GT . XxB(J)) GO TO 949
CONTINUE

JJJ = NPY

TF (JJJ.GT.Y1) JJJ = 1T - 1
DY1(J) (XR(J) = YP(JJIJINYZ(YP(JJJ+1) = YRP(JIN))
JYyJcl) JJJ

MU =0

DO 980N I=1,NPX

NN 980 J=1,nPY

JLYI(J,1) = 2

RETUIRN

HEAMS,

READ (S,2056) wPS

VRITE (ke 3400G) wPS

REAND (S,2000) (oP(Ll),I=1,MPS)
sTTE (6s3900) (SH([)DT=1aﬂpS)
ARTTE (h,3300)

READ (35,2080) (LTIAE(D),1=1,%PS)
NRTTE (k,2800) (LPIIME(TI),I=1,4PS)
N 1200 T=1,MPS

NMTIME = LTIMEC(CLD)

READ(S,2000) (TT3(K,[),x=1,NTIVF)
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esNeNeNe]

1200

1250

1300
1400
1500

1600

1700

1300

1850

1900

6000

a)S0

WRITE (6,3700)
kEaD (S,2000)
MRITE (6, 3300)
ARITE (6,3000)

To(TT3(K, T, K21,MTTHF)
(pg,"(<oT),K:l,’.!]’lmt‘)

(PRTA(K,T),4=1,MNTIME)

SPATIAL THTERPOLATION « FXTRAPOLATION,

DO 1500 I=1,NPS

FSP = SP(I)

IT = FSP + .00901

DIT = FSP = FLUAT(IL)
SPSX = 0.0

IF (I1.ER.0) GO TU 1400
00 1300 J=1,11

SPSX = SPSX + 0S0U(J)

THIS PAGE IS BEST QUALTTY PR CABLR
PRACTI
FROM COPY FURNISHED 10 DDC

—

INDICES ARE LJIwER nUUN),

IF (TU.LT.VUMASOS+1) 3PS(I) = SPSX + DIT#*DS50N(TT1+1)

CONTINUE

00 t1e6enn J=2,MMASS

0S00(J) = 0SNU(J=1) .+ NSON(CI)

D0 1R8N TI=1,"MaSS

00 1790 I1I = 1,4PS

IF (SPS(III).GT.DS0I(I)) GC TO 1800
CUNTINUE

IIT = WNPS

IF (IT1.G6GT.1) 111 = IIT1 = 1

DSoO0(T) =
ESPEIY = T}I

IF (NLOAD.EQ.4) GO TO 7100
NP0 1900 TI=1,NPS

JLBI(T) = 2?2

RETURN

LOAD OPTION 4 =« TAPE INPUT FROM TAPE1LON,

PROGRAMMED FOR 7690 INLY,

MAXD = 11914

MAXD? = S957 :

RFEAD (S,2000) TIM1,SKIP

TI“2 = TIML + TSTUP ¢ DELTIM

NSKIP = SKIP ¢ 0001

READ (S5,2050) NGAGE

READ (S,2050) (MNORJIER(TI),I=1,NGAGE)

(0SOU(I) = SPS(IIIN)/Z(SPS(ITI+1l) = SPS(IIL))

#RITE (6,3900) TIM1,SKIP,NGAGE, (NORDER(I),I=1,GAGE)

MGSUYM = 0
00 6080 I1=1,MGAGE
IF (NORDFR(I).GT.N)
CONTIVUE
TF (KTYPF.GT.S)
PAVELS.,
PrAD (S,2080) NPX,NPY
ARTTE (8.2T700) “PA,NRY
TF (NPX 5T 1,400 ,42Y 5T,.1) G2 TN RRoN
READ (5,2000) (XP([),I=1,0PX)
wEan (5,2000) (YP(I),I=1,0MPY)
MRITE (6s3100) (XP(IV,T=1,NPX)
NRTTE (643200) (YP(D),T=1,NPY)
Ju = 2
1

=
NIy S

NGSHM s NGSUM ¢+ 1

30 TO 7n00
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5320
65400

6500
L)

6700

HhROO

0900

7000

7100

7200

7240

7300

THIS PAGE IS BEST QUALITY PRACTICABLE

IF (NPX#NPY_EQ.1) GO Th 7100 FROM COPY FURNISHED T0 DDC

NU = N

IF (NPX2NBY NE.WGSUM) GO TN BeND
IF (NMPX,EN.1) GU TO 64600

N 6500 I=1,NGT

00 #4300 I11=1,nNPX

1F (XP(ITI).GT.XG(I)) GN TN 6400
CONTIVUE

ITI = NPX

IF (I11.6T7T.1) III = 111 = 1
DXI(I) = (XG(I) = XP(ITI))/(XP(ITII+1) = XP(III))
IXI(I) = II1

IF (NPY.EA.1) G0 TO 7100

DO 6900 J=1,N8T

00 6700 JJJ = 1,8PY

IF (YP(JJJ).GT.XB8(J)) GN TO 6800
CONTINUE

JJJ = NPY

IF (JJJ.GT. 1) JJJ = JJJ = 1|
DY1(J) = (XB(J) = YP(JIJ)I/Z(YP(JJI+1) = YP(JJJ))
JYyJaJ) = JJJ

GO TO 7100

REAMS,

READ (5,2050) WPS

ARITE (A,3400) NP3

KEAD (5,2000) (SP(I),I=1.,NPS)
AMRTITE (6,3500) (SP(I),T=1,NPS)
JL = 2

Ny o= g

IF (NPS,EGQG,.1) 59 TO 7100

TF (NPS NEJNGBRSUM) G) TO BRS00

MU = 0

GO TO 1290

DEL = 0,
TCV = 1. E=6
TIM1/TCV
KKKk = 0
MTIME = 0

RUFFER IN (10,1) (IDC1),IB(C100))
IF (UNITC10))Y 7200,7200,8300
RUFFER IN (10,1) (IDC1Y,IN(100))
IF (UNTT(Y0)) 7¢50,8100,R3300

IF (12(1)Y.ER.THy) 32 Tn =7nn
YAORDNS = ID(17)

NBOTINT = ID(18)

LY = waDRDS«NPOLWT

Mg oz NAORDSENSK]IP

K, = KK + 1

K3 = VYORDFR(%X)

IF (XKG.,6T.0) XXX = AKX ¢+ 1\

IL = YADRDS :

RUFFEI TN (19,1) (Al (1), Aa[(LRY))
JIF (uNIT(1I0)) 7400,9100,%300
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c

7400

7900

1A0O0

7700
71750
7300

7900

7980
R)00

IF (DELJEN.0.) DEL = (AT(1+ANNDORDS)
LOCATE FIRST TIL+E,

DO 7500 T=IL,Lr, ¥¥0R03

IF (AI(I=1).GE.TIM1) G50 TO
CUNTINUE

GO TO 73%0n

1F (K5.6T7.0) P(K5,1)
Tl = AJ(I=1)«TCv
IF (NTIME EQ.0)
IF (NTIME.GT . MAxD)
J =1

IF (K5,EQ.0) GO TO 7890

IL = VAS « LK ¢ 1

IF (IL.GT.9) GO Tu 7300

IL =1 ¢ N#S

DO 7700 I=TL,LR,NAaS

IX = 1

J = J ¢ 1

IF (J.GT,NTIME) GJ TQ 7700
P(KG,J) AT(T)

CONTINUE

IL = N#S =« LR + [IX

BUFFER IN (10,1) (AI(1),ALI(LR))
IF (UNIT(10)) 7990,3100,8300

IF (XKG.,EQ.0) GO TU 7800

IF (J.GEJNTIME) G0 TQ 7RON

D0 RNNO TI=IL,LK,NAS

Ix = [

JsJ ¢ 1

1IF (J.GT.NTIME)
[F (J.GT.MAXD?2)
P(kG,J) = AI(I)
GO 10 An00
R(KG,JemMAxD2) =
CNANTINUE

GO TO 7780

END OF GAGE DATA,

7600

AL(I)

NTI4E =
30 TO R400n

GO TO 8”000
GU TN 7950

ALCD)
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AL(1})#S<TRPaTCV

(TIM2-TIMI*#TCV)/DEL + 2

THIS PAGE IS BEST QUALITY PRACTICABLA
FROM COPY FURNISHED TO DDC
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8100 1F (MIBYG.GT.0) ARITE (6,4200) KK, «G,DEL,T1,NTI4F,
1 NAQRDS,NPOINT, (L)(T),T=1,9)
TF (kXK LV .NGSUM) G3) T 7200
C DATA READ,
8200 REAIND 10
~RITE (6,4800) VEL,NTIVE
IF (vOBUG.LT.2) GO TO R2SO
DO 8220 I=1,NGSuUM
NTY = MIMOCNTIME, MAXD2)
NT?2 = NTIME = 1AX1)2
ARITE (#,4900) 1, (P(I.0),J=1,NT1)
IF (NTR2,.GT,0) “RITE (&,4900) 1,(R(01,J),J0=1,uT2)
B220 CONTINUE
R2S0 RETURYN

C
C ERRORS,
€
2300 ARITE (6,4300) \ cﬂﬂﬁ
G0 TN R900 g BEST QUAL py FRACE
3400 SRITE (6,4400) NTIME, 4axD m1S PACE Y - ol
50 TO 8900 FROM COFY
8500 WRITE (6,4500) NPS,NGSUM
G0 TO R900
AR00 WRTTE (6,4900) NPX,NPY,NGSUM
GO TO 8”9eN
83700 AGRITE (6,4700) KX, V3AGF
GO TO 8900
8300 ARITE (6,4000)
C
RA9N0C KERR = P
NETURN
(o
2000 FORMAT(6F12.1)
2050 FURMAT (A112)
2100 FORMAT (2F12.1)
2200 FORMAT(24ANSTATIC PRESISHRE, PST = E15.A)
2300 FURMAT (R23HODYNAALIC LOAD CPNSTAMTS/
1 11H PP S E1S.6/
1 114 PPO = E1S.K/
1 11 TTO s C19.6/
1 “11H TPRIVE = £15.4/
1 11H  AA = 215.h/
1 11H  ANN s 215.4)
2400 FORMAT (21HOOYVAMIC LUAD NPTINN [4)
2500 FORMAT (1AHONUMAENR JF TIMFS = 14a/PRH TIYe, SEC PFwFSSuxF, FSI/
1 (PE1S5.A4))
270C FNRMAT (2dRONUARER JF ILhan STATIOMS/
1 12n NPX = L3712 Py = 15

AR00 FORMAT (Sx,1015)

2900 FNRMAT (19H PRESIURES (PS1) =)

¢nan FORMAT (SY,6E13.0)

3100 FORYAT (19mGx=PUuSITI)IS (1Y) =/7(85%,5E19.5))

3200 FORMAT (26HO0Y=PUSITLONS (1IN OR NDEG) =/(S5X,%5E135,6))
3400 FOSVAT (26H0NuvRex JF TARLE ENTRIES =)

3400 FOWVAT (2UHONUMBER JF LNAD STATINNS/Z12# iPS g IY)
350N FOQMAT (PSHOMEAIUS=YELT POSITINONS = /(3% ,3E13.A))

146




3RO FOPMAT (14dHOTICES (3EC) W 10X, AHEPX = 15,5X,5HNPY = T3/
| (SX,6FE15,6))
$700 FORMAT (14KROTIMES (SEC) s 10X, PHI=T3/(5XK,6E15.6))
IRNN FORMAT (19H PREIDUREY (SFCY =)
$900 FORVAT (9HOTAPE USE/ 34H START 1ImF, SEC (TIM1) = E15.6/
1 34+ SKIP FREJUENCY (MSKIP) = [e/
2 3um NOo OF GABES ON TAPE (NGAGE) = 16/
3T dSH LOCATIUN I) OF GAGES = /(S5%,1014))
4000 FOWMAT (33HOTAPE [NPUT TS ONLY 1 DIMENSTONAL/
1 28H ETITHER WPX UR NPY MUIST 8F 1)
4200 FORMAT (19HODATA FOR GAGE NG, Td, 1SH, LOCATION ID Tua/
1 14HW TIMF INTERVAL E1S.6, 13%3H, START TI[4F E1S.,k/
° 141 NUMRER OF TIMES TR/ 264 NIIMRER OF aNRNDS PER PUINT 14/
3 PAH NUMRER (OF POINTS PER RECORD IS/ 1%,9A10)
4300 FORVAT (26HOPARITY ERRNR ON DATA TAPRE)
4400 FORMAT (29+0DATA EXCEENS TARLE SPACE 215,
4500 FORMAT (32H0NUYSER JOF ACTIVE GAGES 1S AR NG 314)
4700 FORMAT (12HOENU UF TAPE 214)
4ANN FORMAT (P2mOTAPE 1) HAS REEN READ/ :
1 19K TIME [WTERVAL = E15.6/18H NO. OF TIYES = Is)
4900 FORMAT (SHO I = 13,4X,9HP (PSI) = /(1X,10E12.4))
FND

HIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURMISHED TO DD8
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THIS PAGE IS BEST QUALITY PRACTICABLE

{ «PVRNECK PRESS FROM COFY FURNISHED TO DDC
0 ———

A «PIIRGE PIFSS
- *ADDFILE TNPUT, TNTY
*)FCK PRESS

SUBROYTINE PRESS
«CALL CMNOVA
«CalLLL CLOAD
«CALL CHLX1

«CALL COM1
# «CALL COM2
DIMENSTON PRTTS(41)

DIMENSTION TTA(14,41),PRTR(14,41)
{ FOQUIVALENCE (PRT(1s1,1),PRTR(1,1)), (TTP(1,1,1),TTH(1,1))
EWUIVALENCE (PRTT(1,1),PRTTA(1))

JF(NCALL.GT.O) GU TD 9nnon
27= 1.,0/RTRIALC(Y)
GO TO (50,220,800,1000), NLOAD
SO0 IF(TIME.GE.TPRIHE) 30 TO 100
PPP=Z2xPP1w* (1,0 = TIME«QOTT1)
IF(PPP LT, N0.0) PPP=0,D
G0 TO 400
100 TF(TIME,.GE.TTQ) 60 TH 200
PPP=PPO«(1,0 o TIYEXDTTO)awAN\N
PPP=72«PPPxEXP (=A% [4F)
GJ TO 400
200 PPP=0_0
GO TNO 400

220 04U 249 J=JL,NTIvE
1F (TIYF.LELTT(J)) 50 70 269
240 CONTINUE
JL = NTIME
PRP = Z7«PT(JL)
0 T 400
PAn0 JL = J
FPP = PT(J=1) ¢ (TI1E « TT(Jet))&(PT(]) = PT(J=1))/
1 (TT(J) = TT(J=1))
PPP = 27«PPP

4n0 PPP = PPP ¢+ PS
TF (KTYPE LT.m) su Ti 9007
PX = PPP
JF (<TYPE_EWQ.,10) PX =2 0,
D SNG T=1,MMASD

Sa0 Px(]) = FX
Gl TU 9000

[
A0 IF (KYYPF GT,.S) 34 TO oo
c PEMELS s
il Axt 1=1,%NPX
Ny "emth J=1,%PY
[~ TUTF=POLATE ON Tlas,

PPR = 0,0
IF (TIMELLILTTP(1,J,1)) GO TA Apn
Ju o= JLT(J,1)
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NTIME = KTIME(J, 1) FROM COPY FURNISHED TODDC _——

HO 820 X=JL,NTI A

KK = X

IF (TIME.LE.TTPI(X,J,T1)) GC TO 840
CONTINUE

JLT(J, 1) = NTIvE

PPFP = PRT(NTIME,J, 1)

GU TO Ra0

JL = «K

Pl = PRT(JL=1,J,1)
Tl = TTP(JL=1,4d,1)

PPP = Pl ¢ (TIME = T1)®(PRI(JL,J,I) = FL)/Z(ITP(IL,J, 1) = T1)
JLT(J, 1) = JL

PRTT(J, 1) = PPP

INTERPOLATE SPATLALLY,

K = 8

DO BRO I=1,NGT
IT = IXICI)

0x = OX1(1I)

DO 8RO J=1,NRT
IF (NUSE(J,I).EQ,0) GO TO BAN

K = K ¢ 1

JJ = IYJCI)

oY = DY1(J)

Pl = PRTIT(JJIL,II) + DYR(PRTT(JJI+1,I1) = PRIT(JJ,11))

P2 = PRTT(JJ,I1l+1) + DYR(PRTT(JJ+1,11+1) = PRTT*°JJ,11+1))

PPP = P1 ¢ DXx(P2 = P1)

PaA(K) = PPPx27 + P>

CONTINUE

GO TC 9900

BEAMS,

DG 930 I=1,NPS

PPP = 0,0

IF (TIME. LT, TTe(1,0)) GO TQ 930
JL o= JLA(T)

NTIME = LTIMEC(CL)

NG 910 K=JL,MTIME

KK = X

JF (TIME_LE.TTB(K,I)) GO TO 920
CONTINUE

JLB(TI) = MNTIVE

PPP = PRTR(NTIwe,[)

G0 TH 935

JL = XK
P1 = PRTR(JL=1,1)
Tt = TTR(JL=1,1) :

PPP = P) ¢ (TIE=T1)x(PRTR(JL,T) = P1)/(TTA(JL,I) = T1)
JLACY) = JL

FRTTR(]) = PPP

K 8 0

VU Y949 T2 ,NMAa3y

11 = ISR(T1)

Nx = 2SJ0(1)

PPP = PRTITS(II) + DXa(PRTTR(TI+1) « PRTTI(IN))

PR(T) = PPPxl7 + P53

O TU 9000
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TaRE OPTION,

[F
(N
N
T
IF
cu
JL
IF
IF
60
JL
T
m
1F
P1
[F
PP
G
)
P2

(Mt g3,60) ) Td
1FNR4 LOAD,

1100 K=JL,NE19E
S DEL«FILUAT (=]
(TIAELEL.TY1) vu
WETVMUE

2 MT]HE
(MTIMELF Maxig)
(MTIE  GT MAaKI2)
T0 1300

<

Tl « DEL
(TIvE=T1) /0L
Ju=1.6T . MAxu2)
2(1.,JL=1)

-~~~

P(1,JL)
0 1280

"nn -0

J(1,JL=Max)2)

JLeGTo¥AXD2) &)

THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURMISHED TODDC _—

1san

rn 1260
PP P(1,MTTME)

ope = A(1,NT[MEevaAXD?)

30 T 1220

Ty 1230

J(1,JL=1=vaxu?2)

PPP = Py ¢ T1le(P2=P))
PPP = PPPeall ¢+ P3

IF
PY
1F
no
Pn
GO
w0
o
T

(KTYPE LT .A) by
= PPP

(KTYPE Fi,1)) Px

1400 [=1,VMaS>
(1) = Px

TD 9g00
NeGMTFIRM L0OA4U,
1600 K=JL,NT] 2E
S JEL#*FLOAT(K=1)

TO Qanogo

s 0

IF (TIME.LE.T1) GU T 1700

co
JL
GO
JL

Ty

T1
I1F
PA
1F
no
I1F
IF
Cll
s}
D0
1F
Pt
TF
P2
cu
F1

NMTINUFE

= NTIME

TO 1800
<

Tl = DEL
(TIME=T1)/0EL
(KTYPE.GT.S) wu
NELS.

T) 2400

(JL LT NTIME) G3) TD) 1900
1850 <G = 1,551

(WTIYE LE.™axD2)
(WTT4E . GT Maxue)
T TNUE

Ty 20¢0

1950 x6G=1,ma5U"
(JLel 5T vax02)
s 2(kK,JL=1)
JL
P(kG,JL)
Y 1980

(
T

PRTTR(KS)
P<TTR(L5)

B(KAB,NTTIE)
KRG, MTEVE~11X(2)

3 TD 1820

6T MAXD2) Y TH (azg

V(KG,JL=1=vax)2)
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193¢0
1959

2000

2080

2100

2200
2300

2400

2450

2500

252N
2530
2550
2600

2700

9000

PP =
PRTTR(KG)

A(KkG,JL=VMax)2)
= Pl + Tix(P2 = P1)

K= 0

DU 2300 I=1,NGT
IF (NPX,FJ,1) wvU T)
I1 = IXI(D)

Ox = OX1(1)

00 2300 J=t1,NRT

IF (NUSE(Jel)aRWa0)
K = K ¢+ 1

IF (MPYFGL1) Su TO
JJ s JvJe))

nYs DY1(J)

P1 = PRTTR(JJI)

PPP 2 Pt ¢ DYX(PRTTIA(JI+1)
PA(K) = PPPa2Z + P35

GO T 2300

IF (J.GT.,1) GO Tu 22990
P12PRTTR(II)

PPP = (Pl + DXw(PRTTI(IT+1) = P1
PA(K) = PPP « PS5

CONTINUE

GO TO 90nD

REAMS,

IF (JLLLT . NTIME) GI T 2500

ND 2450 kKG=1,v5G5u1

IF (NTIME  LE.MAXUZ2) PRTTRE(KG) =
IF (NTIME . GT MAXKU2) PRTTR(KG) =
COMTINUE

GO T 2600

D 2980 KG=1,853u~
IF (JL=1.6T.mAXD2)
Pl = P(KG,JL=1)
IF (JL.GT.MaxD2)
P2 = P(KG,JL)

GO TC 255¢

P1 = D(XG,JL=1=%aXD2)

P?2 = J(KG,JL=MAXV2)
PRITR(KG) = P1 + Ti1a(PP=P1)
ND 2700 1s31,V%A3S
11 I1SP(1)

0x ISO0CT)

Pt PRTTR(II)
FR(I) = 72#(P1 +

23480

30 TO 2300

2100

- P1)

30 TO 2Ssec

bd ) 2530

DA (PRYTR(TI+1)

RETU~Y
)
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YIx72Z

P(KG,NTIME)
Q(KG,NTIME=MAXD2)

- P1)) + PS
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