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Mechanics Section, The authors wish to thank Mrg. Margaret K. Bonnice

and Mr. Thomas R. Stagliano for their technical assistance furnished
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SECTION I
INTRODJCTION

The response of aircraft structutes to the blast overpressure
generated by a nuclear explosion is an important consideration of the
nuclear survivability for aircraft durilng several phases of its mission.
The computer code NOVA (Nuclear Qverpressure Vulnerability Analysis)
given in References 1 and 2 was developed by Kaman AviDyne for the Air
Force Weapons Laboratory (AFWL) originally to predict the dynamic
response of individual aircraft structural elements, such as stringers,
frames and unstiffened panels, to the transient overpressure loads
associated with a nuclear burst, The NOVA-2S version (Reference 3)
extended the panel response subroutine DEPROP (Dynamic Elastic Plastic
Response of Panels) to handle flat or cirecular curved stiffened panels
in both the elastic and inelastic response vegimes. Thus, NOVA-2S could
analyze stringers and frames in combinacion with the panel skin and,
thereby, represent major components of an aircraft, such as fuselage
sections and stiffened panels between spars and ribs of the
wing, vertical tail and horizontal stabilizer. While the NOVA-2S
computer code is used for nuclear overpressure loading, the special
version XOVA-2LTS is available for general pressure loadings and, in
particuls-, tor use with measured pressure test data stored on digitized

tapes.

The stiffened panel components of an aircraft can have arbitrarily
curved cylindrical geometry and nonideal boundary conditioms. To
provide better approximate techniques for analyzing these complex
stiffened panel structures, NOVA-2S was modified in KA TM-118* and

Reference 4 to include free and elastic rotationally constrained

xStagliano, T.R., Mente, L.J. and Lee, W.N.,, "Memorandum on the Support

Work for the STRESNO Phase 11 Test Program', Kaman AviDyne, KA TM-118,
March 1979,




boundary conditions, discrete linear elastic springs and forces, and a

method of analysis for an arbitrarily curved cylindrical panel by

specifying initial radial deviations trom a nominal circular shape. .
Thus, any ccmbination of clamped, pinned, free and elastic rotationally
constrained boundary conditions are permitted coupled with either fixed
or free inplane counditions. The translational springs and inplane
forces can be used in conjunction with the normal and inplane free
boundary conditions to represent elastic restrained boundaries with or
wi.hout boundary loading. These new opticns within NOVA-2S will allow
the analyst wmore latitude in representing the actual boundaries of

airccaft panels.

The NOVA-2 response results have been compared with experimental
data from unstiffened and stiffened panels that have well defined
geometry and boundary conditions. These comparisons are presented in
Reference 5 and show very good correlation between analytical and
experimental results from various panels loaded by pressure pulses.
These results gave a good indication that the theoretical tramework of

. 5 . . .
the panel analysis ia KOVA~25 for umstiffencd and stiffened panele in

both the linear and nonlinear response regimes was scund when the

geometry and boundary conditions are well defined.

The objective of this effort is to determine whether the NQOVA-2S
computer code is applicable for arilyzing actual aircraft stiffened
panels consisting of skin-stringer-frame combinations. Shock tube tests
were performed by the Boeing Wichita Company in 1978 on a section of the
KC-135A aircraft's fuselage for AFWL and on the aft fuselage and bomb
bay doors sectlons of the B-52 aircraft for Defense Nuclear Agency
(DNA). A NOVA-2S correlation with the B~52 tests results is given in
Reference 4 in which good strain response comparisons were obtained for
the B-52 aft fuselage. These B-52 correlation results will be
contrasted with the current correlation with the KC-135A data since the
common two types of fuselage construction ate -epresented; namely, the
KC-135A fuselage is a stringer-fuselage svs: 'm and the B-52 fuselage is
a longeron-fuselage system, The stringe. wnystem of the KC-135A fuselage

is charactevized by numerous stringers attached to the skin and

supported by floating frames (not attachad directly cto skin) while the




LR R

longeron system of the B--52 consists of four longerons supported by
frames directly attached to the skin, The frame spacing in the KC-135A
fuselage is double that of the B-52 fuselage which is a normal
difference between the two fuselage systems. Both these fuselage
sections provide a severe test of NOVA-2S capability to predict the
response of actual large alrcraft components to blast overpressure

loading.

The shock tube test program for the XC~1354 fuselage section was
used to evaluate overpressure damage to this structure with and without
internal pressurizatioun. Extensive pressure and strain experimental
data were obtained and documented in Refer:nce 6 for several
overpressure levels at two blast orientations. The measured pressure
data from these tests were stored on digitized tapes which are used

directly in this effort with the NOVA-2LTS code version.

Section II of this report presents a description of the KC-1354
tests and the overall test results. The NOVA-2LTS analytical models for
the KC-1354 fuselage section for the various loading cases considered
are presented in Section III. In addition, new modificatic.s of the
NOVA-2S computer code raquired to represent the actual structural
behavior are presented in Sectlon IIi and the Appendix. The cowmparison
of the analytical response results with the experimental results are
given in Section IV for the seven selected cases under investigation.
Section V presents an evaluation of the NOVA-2S (and NOVA-2LTS) computer
code for predicting the structural response and damage occurring in the

KC~135A fuselage section. The conclusions and recommendatiocns for this

effort are given in Section Vi.
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SECTION I1
DESCRIPTION OF THE KC-135A TEST PROGRAM AND RESULTS

1. GENERAL TEST PROCEDURES

The KC-135A test program was conducted by the Boeing Wichita
Company and documented in Reference 6. The overpressure blast tests
were performed at the THUNDERPIPE Shock Tube at Sandia Corporation in
Albuquerque, New Mexico., A "-~ft section of the KC-135A fuselage from
BS 980 to BS 1100 was sealed with end bulkheads and was placed in the
19-ft shock tube and subjected to generated biast waves. The upper lobe
compartment of the fuselage test section was instrumented with pressure
and strain gages and these measurements were recorded for all test
conditions covered. Since the lcwer lobe of the fuselage has
intermediate bulkheads to strengthen this compartment, the upper lobe
compartment was considered the structural component to be tested and
analyzed. There were 22 shots in the test series at the Sandia shock
tube at two hlast orientation angles, namely, 90 and 45°. The 90°
orientation corresponds to the blast wave intersecting the upper lobe
compartment «t the center of the crown (overhead burst simulation) while
the 45° orientation simulates a burst between overhead and side-cn.
Eight unpressurized test shots were performed at the 90° orientation
from overpressure levels from 0.3 to 3.5 lb/inz, and two unpressurized
shots were performed at the 45° orientation. Twelve pressurized test
shots were performed at the two orientations at various combinations of
internal pressure and incident blast overpressure. The upper lobe
compartment of the KC-1354 test section was pressurized for these test
shots. From these 22 shots seven were selected for the KC~1354
correlation with NOVA-2LTS and are given in Table ). There are four
test events at the 90” orientation and no internal pressure, one test
event at 90° orientation with internal pressure, and two test events at

45% orientation with and without internal pressure.

12

e




Meac ]

C gy

TABLE 1

SELECTED BLAST SHC S FOR CORRELATION

Shot No. Event No. Blast Incident Internal

Orientation Overpressure Pressure

(deg) (1b/1n°) (15/1n%)
6 78~112 90 1.52 0.0
17 78-130 90 1.95 " 0.0
5 78~105 9c 2.50 0.0
22 78-140 90 3.50 0.0
21 78-139 45 2.10 0.0
16 78-129 Q0 2.08 2.5
20 78-138 45 1.85 2.7

2. TEST SPECIMEN DESCRIPTION

The KC-135A fuselage is a stringer system type, that is, a large
number of evenly spaced longitudinal stringers are attached to the skin
and supported by circumferential frames attached to the inner flanges of
the stringers as shown in the end view photograph in Figure 1 and in a
more detailed view in Figure 2, The test section was six bays long from
BS 860 to BS 1100. End bulkheads were attached to the skin ard
stringers of the fuselage section by a series of angle clips around the

circumference of the section. This fuselage section consists of upper

and lower lobe compartments separated by a fioor system between WI. 202
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and WL 210 as illustrated in Figure 3. The upper lobe compartment can

be pressurized and was for some of the tests. The upper lobe

compariment of this truncated fuselage section is the component that was .
instrumented to measure the dynamic response from a simulated blast

overpressure. It should be noted that this fuseiage section was part of

an airplane that underwent full-scale fatigue tests prior to this 22

shot test series. Hence, the structure of the test specimen had been

worked and certainly represents Joint conditions common to those in

airplanes that have logged significant flight time.

Figure 3 shows two views of the KC-135A fuselage test section.
Figure 3b illustrates the side profile view of the upper lobe
compartment while a cross section view at BS 1040 is given in Figure 3a.
In the six bay test section, five Z-section frames of 7075-T6 aluminum
are spaced 20 in apart at the body station designated in Figure 3b.
These frames are attached by two fasteners (see Fig. 2) to each of the
3! hat stringers of 7075-T6 aluminum which are evenly spaced around the
circumference of the upper lobe. There are three types of hat stringers
and the number in parenthesis at each location indicates which type
exists at BS 1040. It shculd be voted that, in general, a stringer is
not homogeneous over the entire length of the fuselage section. There
are splices at which the cross section changes rrom one type to another.
The cross section dimensions of the Z section frame and the hat section
stringer are given in Table Z. The type of skin fastened tc the

stringers varied over the upper lobe compartment as shown in Figure 3b,

where the skin is divided into three areas indicated by the dashed ]

lines. In the crown area above stringer 5-7 the skin is 0.064~in
7075-T6 aluminum. Side skin of 2024~T3 aluminum below stringer $-7 and
between BS S80 and 1020 is 0.064~in thick while hetween BS 1020 and 1080
the skin is 0.0%1-in thick. Above WL 230 the fuselage cross section is
circular with a radius to the out-r skin surface of 72 inches. Below
WL 230, the cross section deviates slight.: trom a circular shape and

the frames are deeper in this region. Above WL 230 the cross sections

of the frames are constant. It is noted that the frame and stringer

cross sections are formed and, therefore, have rounded corners.
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TABLE 2

FRAME AND STRINGER CROSS SECTION DIMENSIONS

]

n—~/’ i
(TYP) t
Upper Frame Stringers
Dimension Frame Stringers
Type 1 Type 2 Type 3
A 2.44 2,24 2,76 2.76
B 0.6 0.76 1.0 1.0
C 0.9 0.74 0.38 0.88
D 0.33 ! 0.25 0.3 0.2
E 0.33 1.25 1.25 1.25
T 0.Co4 0.051 0.056 0.064
R i .25 L 0.13 .16 0.16

All dimensions are in inches
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3. TEST INSTRUMENTATION AND RESPONSE RESULTS

The test instrumentation consists of pressure transducers and
strain gages placed on the upper lote portion of the KC~135A fuselage
test sectlon. At BS 1038, 22 pressure transducers were mounted to the
fuselage at approximately 10° intervals, Uniaxial strain gages were
placed on the inner and outer flanges of all the frames of the test
specimen with major emphasis on the central frame at BS 1040, Shear
rosette gages were also mounted on the web of the frame at BS 1040. The
locations of all this instrumentation are given in Reference 6. Ip this
correlation effort, emphasis was placed on the regponse of the flanges
on the central frame at BS 1040, Thus, Figure 4 shows the approximate
locations of pressure transducers and the strain gages on the inner and
outer flanges of the central frame. The inner flange gage designated by
A is located on the inboard surface and the outer flange ga, designated
by B is located on the outboard surface. The rosette gages are not
shown since they were not used in the correlation. The more exact

positions of the pressure and strain gages are given in Table 3.

The pressure data for each shot was put on a separate magnetic tape
that could be used directly by the NOVA-2 LTS computer code to define
the loading over the upper lcbe fuselage section. These loading tapes
were used to create data files which were accessed through the AFWL
computer by designating the event number of the shot. The measured
strain time histories on the flanges of the frame at BS 1040 are
presented in plot form i{n Reference 6. The pressure time histories at
each position are also given in Reference 6. These pressure plots were
used to determine if any gage produced bad data, so that the
corresponding tape channel could be ignored in the pressure model. [t
was found that only very few pressure channels had to be eliminated from

all the data sets used in the correlation effort.
4, GENERAL RESPONSE BEHAVIOR OF FUSELAGF TEST SECTION

The test shots given in Table 1 were szelected for correlation

because they represent the various loading conditions covered in the

test series presented in Reference 6. In the test series the test
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TABLE 3

PRESSURE AND STRAIN GAGE LOCATIONS

. cromo

" Pressure Gages Strain Gages
f : BS 1038 BS 1040
Gage No. O-Position Gage No. G-Position
(deg) (deg)
pPs-1 2.64 G4-1 3.8
PS-2 13.28 Gh-4 21.0
PS-3 22,43 G4-7 37.1
pPS-4 32.58 G4-10 50.9
‘ PS-5 42.33 G4-13 65.1
1 PS-6 53.07 G4-16 78.8
PS-7 63.02 G4-19 91.4
- PS-8 73.16 G4~22 110.8
i PS-9 82.91 G4-25 126.2
: r5-10 22.02 G4-28 138.4
g ) PS~11 102.86 G4-31 151.2
PS-12 113.0 Gh-34 165.9
PS-13 123.91 Ga=37 179.3
PS~14 132.95 G4-40 195.7
PS-15 142.6 G4-43 213.3
PS-16 152.85
PS-17 162.74
PS-18 173.48
PS-19 182.89 .
PS-20 193.43 |
) pS-21 202.68 |
i PS-22 213.13
21
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specimen was exposed to blast overpressure loadings from directly ahove
the crown and 45° to the side as shown in Figure 3a. The longitudinal
axils of the test specimen was always parallel to the blast front. Tor
both orientatfons, four level: of staric internal pressure (0.0, 2.6,
5.9, 8.7) were investigated to determinec the effect of internal
pressurization. Except for the last shot (22), the measured strains in

the frame at BS 1040 remained in the elastic range.

For the blast orientation of 90° and no internal pressure, incident
overpressute levels of 1.52 lb/in2 (shot 6), 1.95 lb/in2 (shot 17)
and 2.5 lb/in2 (shot 5) produced maximum measured compressive strains
of 3200, 5000 and 6600 uin/in, respectively, at 18.25° to the right of
the center crown line. For the final shot, 22, at 3.5 1b/in2, the
maximum inelastic compressive strailn is estimated between 40000 and
50000 uin/in at 16.55° to the left of the center crown line before the
gage failed. Since the peak response is significantly off center in all
these tests and has switched sides during the final test, there are
probably anomalies in both the symmetry of the pressure loading and the
structure. If there are local weak points in the structure due to
fabrication procedures or the prior loading history of the fuselage,
these anomalies cannot be analytically modeled. For the blast
orientation of 45 to the right of the center crown line and no internal
pressure, an incident overpressure level of 2.1 lb/in2 (shot 21)
produced a maximum compression strain of 4200 pin/in at 30.45° to the
right of the center crown line. This peak response position 1s 14.55°
to the left of the loading line. It should be noted that for a slightly
higher incident pressure (2.1 versus 1.95 lb/inz), the 45° orientation
produced a lower peak strain level (-4200 versus ~ 5000 uin/in) than the
90° orientation loading. When internal pressurization was used in the
upper lobe compartment, the strain levels were significantly reduced for
the same incident blast overpressure. For example, with an internal
pressure of 2.5 lb/in2 and an incident overpressure of 2.08 lb/in2
(shot 16), the peak strains were reduced to -1080 and +1270 pin/in from
the -5000 pin/in in shot 17 (Ap = 1.95 lb/inz) with no internal

22
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pressure. The strain response time histories for the pressurization
cases exhibited higher frequency oscillations. Further increases in the
internal pressure to 8.75 lb/in2 from 2.5 1b/in2 only reduces the

peak strains by about 25% for the 2.0 lb/in2 blast overpressure level,

In the final shot, 22, (Ap = 3.5 lb/inz) significant permanent
damage occurred to the frames in the crown region of the upper lobe
fuselage section. 4 detail assessment of this permanent damage is given
in Reference 6, Briefly, in the crown region there was yielding in the
outer flange of the central frame. At several local positions in this
crown region severe yielding of the frame occurred which led to rupture
of the frame section. This severe damage was precipitated by local

plastic buckling of the outer flange of the frame and subsequent plastic

buckling of the web of the frame.




SECTION ITI
ANALYTICAL NOVA-2LTS MODELS FOR THE KC-135 FUSELAGt SECTION

Initially, a structural model of the KC-135A fuselage test section
was generated assuming that the pressure loading was symmetric for the
90° orientation case. This model took advantage of double symmetry and,
therefore, contained 16 longitudinal hat section stiffeners and three
circunferential Z section frame stiffeners. This first trial model used
34 modes and an integration net of 1% by 17, so that Central Processing
Unit (CPU) time on the CRAY computer was quite reasonable, From
response solutions for shot 5 using this model it was found that local
buckling of the skin between stringers had to be taken into account in
some manner that would not require a prohibitive number of modes and
integration points for an accurate solution. Furthermore, it was found
that the pressure loading for the 90° orientation was not symmetric
about the crown line and, therefore, a full model in the circumferential
direction would be required in all cases for an accurate s»lution.
However, the symmetric model was used to determine respon: sensitivity
to various parameters such as spatial loading distribution, boundary
conditions, buckling criteria and skin thickness. Thus, in this section
the general structural model, the skin buckling method, the response

sensitivity and the final model description are presented.

1. THE NOVA-2LTS STRUCTURAL MODEL FOR THE KC-135A FUSELAGE TEST
SECTION

The analytical NOVA-2LTS structural model for th2 upper lobe
compartment of the KC-1354 {uselage test section 1s based on the test
specimen description given in Section II--2, For the analytical model
the geometry, boundary conditions, skin thickness, stiffener cross
sections and material properties must be specified. For the actual
structure described in Section II~-2, it was apparent that some

compromises would be necessary in the modeling for NOVA-2LTS. 1t is

recalled that the crown section ot the upper lobe compartment is

circular above WL 230 and slightly deviates from c¢ircular between WL 230

and 2]0., Since the major strains occurred in the crown region of the
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fuselage, the modeling below WL 230 could be compromised. Hence, the
whole upper lobe compartment was assumed to be circular with a radius of
72 in to the outer surface of the skin. The subtended angle of this
stiffened fuselage panel was taken as 215.9° and the length of the six
bay fuselage test section 1is 120 in. 1In the NOVA-2LTS program the Y
coordinate refers to the longitudinal direction and the 8 coordinate
refers to the circumferential direction. In the y-direction the
boundaries are assumed to be simply supported along the circumferential
edges that are attached to the end bulkhead by angle clips. TIn the
g-direction the boundaries are assumed to be clamped where the frames
intersect the floor of the compartment. Even though these assumed
boundary conditions are probably not exact and could be modified by
allowing elastic torsional constraint at the edges, the boundaries are
far enough removed from the crown region so as not to have a significant
effect on the major strain response. In LIOVA-2LTS only one skin
thickness can be specified over the entire panel while from Figure 2 it
can be seen that the thickness varies over the panel. So again based on
the fact that the majur sitains cccurred in the crown region, it is
assured that the skin of this upper lobe compartment panel is 0.064-in
7075-T6 aluminum. The reference surface of the panel is set in
NOVA-2LTS at the midsurface of the skin, so that the radius to this

referance surface 1s 71.968 in.

The six bay test specimen panel was stiffened by five internal
frames and 31 stringers. The frames were spaced 20 in apart and the
stringers were evenly spaced around the circumference. 1In the final
structural model symmetry was assumed only in the y direction, sc that
the model required just three frames to be specified. The hat section
stringers are attached directly to the skin and the flanges of the hat
sections are attached to the Z section frames. Thus, there is a 1.25-in
gap between the frames and the lower surface of the skin. The stringers
are assumed to have ceonstant cross sections over the length of panel

based upon the cross sections at BS 1040. The type of cross section
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varies around the circumference as indicated in Figure 2 and Table 2.
The frames are 21l the same for the structural model. Their cross

sections are constant above WL 230 and variable below WL 230. Both the

stringers and frames are formed sectlons which contain rounded corners.
In defining the creoss sactions of these stiffeners for the structural
mocdel the rounded corners are approximately taken into account.

Table 4 gives the <ross section input dimensions for the three types of
hat section stringers and the variahle 7 section frame used in the
structural mode. For the variable section of the frames the cross

sections follow those given in Reference 6.

The stiifeners and the skin of the structural model are 7075~T6

aluminum. The material properties used in the model are as follows:

Modulus of Elasticity 10,3 x 106 lb/in2
Shear Modulys 4.0 x 106 lb/in2
. Poisson's Ratio 0.3
l -3 2. 4
; Mass Density 0.259 x 10 7 1b-s"/in
- Yield Stress (elasric model) 72000 1b/in’

Yield Stress (elastic-plastic model) 76400 lb/inz
Strain Hardening slope 1.85 x 105 1b/in2

SKIN BUCKLING CRITERION METIIOD

Fron the preliminsry model of the KC-135 fuselage section for

shot 5 it was found that if the skin between stringers was not allowed

to buckle, very large compression stresses were generated in the skin,

These 0.064-in skin panels between stringers are separated from the
frames and are about 8.5 in wide in the circumferential direction and
120 in long. They will buckle elastically in the circumferentiail
direction at a low stress level. Therefore, their stiffness
contribution in the preliminary model was much too high and this caused
a very low response level of the fuselage section as compared to the
experimental data, Since the buckling of these skin panels are very
important, a method of incorpotating this effect into the structural

model was established.




TABLE 4

STIFFENER CROSS SECTION MCDELS

g Stringers
Segments
Stringer 1 2 3 3
Type hi(in) bi(in) hi(in) bi(in) hi(in) bi(in) h, (in) bi(in)
1 0.051 0.76 1.0 0.102 1.199 0.183 1.25 1.33
2 0.056 0.935 | 0.95 0.112 1.194  0.201 1.25 1.58
3 0.064 0.985 | 0.95 0.128 1.186 0.201 1.25 1.58 ;
i Frames
(h = 1.25 1in) 3
o {
- 1
Segments
Posi~ 1 2 5
tion
(deg) hi(in) bi(in) hi(in) bi(in) hi(ln) bi(in) hi(in) bi(in) hi(in) bi(in)
0.0 1.322 0.872 (2.28 O0.l44 4,08 0.072 5.88 0.072 5.952 0.87
6.74687 | 1.322 0.872 ]2.28 0.144 3.84 0,072 5,40 0.0G72 | 5.472 0.87
13.4937 |1.322 0.872 {2.28 0.144 3.41% 0.072 4.55  0.072 | 4.622 0.87 '
20.2406 §1.322 0.875 [2.28 0.l44 2.965 0.072 3.682 0.075 | 3.754 0.87 1
26,9875 11.314 0.8866 1.58 0.1104 3.424 0.064 3.69  0.1104 | 3.754 G.8866
EP7.95 1.314 0.8866 {1.58 00,1104 3.424 0.064 3.69  0.1103]| 3.754 0.8866




A skin buckling criterion method has been developed and programmed
into NOVA-2S and NOVA-2LTS. This method provides a practical approximate
solution to a cemplicated local skin buckling response that occurs in
the fuselage section. The huckling of the thin skin panels between
stringers or/and frames of a fuselage section results from induced
compressive membrane stresses caused by the engulfing blast pressure
loading. To represent the local skin buckling modal patterns directly
into a NOVA-~2S structural model of an entire fuselage section would
require a prohibitive number of integration points and modes. A sr ‘ler
time increment for solution would also be required which would result in
additional computer time. It should be noted that similar problems
would also exist for nonlinear finite element structural models in that

many small elements would be required to represent the local buckling.

For structures in which the response ot the frames and stringers
are of prime importance, the skin buckling criterion method offers an
attractive alternative. In thics method a critical buckling stress for
the skin panels is selected and when the circumferential compressive
membrane stress in the panel reaches this value, the membrane stress is
reduced in some prescribed manner. This process is performed at each
integration point on the skin for each time step of the sclutien. If
the stress in the panel becomes lower than the buckling stress, the skin
becomes fully active again. This method requires the aefinition of two
parameters, namely, the c¢ritical buckling stress and the stress decay
constant. The selection of these two parameters were guided by static
buckling design procedures. Thus, the critical buckling stress can be
computed from various static buckling formulas for flat and curved
panels. It should be noted that panel buckling is influenced by
geometric imperfections (usually unknown), snap-through action (shallow
curved panels), dynamic effects and local panel boundary conditions.The
design procedure for fuselage sections (see Reference 7) indicates that
the effective area of the skin panels betwveen stringers is reduced after
buckling by the rario of the critical buckling stress (ncr) to the

applied stress (Oa)' Therefore, the stress reduction ratio evaluated

for this method in NOVA-25 is (Ucr/oa)n , wheren is defined as the
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the stress decay constant. For the 8.5-in x 120~-in panels between
stringers of the KC~135A fuselage section, the static critical buckling
stress was estimated from the following buckling formula for a clamped

flat panel compressively loaded along the long edges:

™k E h,2 2
C " 12(1-37) (;) 2100 1b/in

where
kc = buckling coefficient = 4 ¢ )
E = Mndulus of Elasticity = 10.3 x 10 1lb/in
v = Poisson's Ratio = 0.3

skin thickness = 0.064 in

fi

short length = 8.5 in

In the final NOVA-2LTS models, the stress decay factor (n) was set
at unity for the best correlation. The selection of n =1 is consistent
with static design procedures and the n used for the correlation with
the B-52 aft fuselage section data in Reference 4. Thus, nh was
permanently set im the program at unity and it was not introduced as an

input quantity.

To accomodate the skin buckling criterion methed additions in the
DEPROP subroutine of the NOVA-ZS and NOVA~2LTS versions, the following
modifications were made in the DEPROP input,

Group 10, p. 116 of Tleference 3, has been modified as follows:

Group 10 (3112) KL, NSHEAR, NBUCK
Number of layers. (NL)
(NI. must be 1 for KTYPE = 1 or 2; and 3 for KTYPE = 3 or 4 )
Core snear deformation option (KTYPE = 3 or 4) (NSHEAR)
0, no shear deformation
1, shear deformation included
Skin buckling criterion option (NBUCK)
0, no skin buckling

1, skin allowed to buckle

s A —— ity




If NSHEAR = O (Group 10) skip to Group 17K, unless NBUCK = 0

The following data group is included in Group 17.
Skip Group 17K if NBUCK = O
Group 17K: (F12.1) BUCKS
Critical Compressive Buckling Stress, lblin2 (BUCKS)

(shculd be a negative number)

The changes in the NOVA-2$ and NOVA-2LTS program listings to extend
DEPROP to include the aforementioned addition are presented in the
Appendix. It should be noted that the core shear deformation option for
honeyconb panels indicated in Group 10 is an in-house addition to DEPROP
that is not yet complete, Therefore, users should just set NSHEAR to

Zero.

Since the frames of the KC-135A fuselage are not directly attached
to the skin, the skin buckling criterion was applied to all integration
points. However, in the case of the B-52 aft fuselage in Reference 4
where the frames are directly attached to the skin, integration points
along the trames were excliuded from the skin buckling oprion iu ordes tou
allow for local fully effective skin. At present there are separate
options for each fuselage model which have been handled by internal
changes in the program. 1In the future, the fully or partially effective
skin options should become part of input groupings for specified lires

of integraction points.
3. STRUCTURAL RESPONSE SENSITIVITY TO VARIOUS PARAMETERS

In the preliminary phase of this effort many KC-135 fuselage runs
were made with the symmetry model at relatively low CPU time to
investigate the response sensitiiity to various parameters, especially
those parameters associated with the skin buckling criterion method. A
summary of all these xuns are given in Table 5 which was organized to
indicate the response sensitivity to the spatial loading distribution,

stress decay coanstant, critical buckling stress, boundary conditions and

skin thickness. All the coaputer results shown in Table 5 are for
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TABLE 5
KC-135A FUSELAGE STRUCTURAL RESPONSE SENSITIVITY

2
¢Shot 5, Ap = 2.5 1lb/in")

oad Model | Boundary Stress Decay| Buckling Skin Maximum
Conditions | Constant Stress (psi)|Thickness Strain
Code (in) (uin/in)
Loading Distribution
S Sym. 21 0.33 -2000 0.064 -6900
LS Sym, 21 0.33 -2000 0.064 ~5950
Full 21 0.33 -2000 0.064 ~5430
Stress Decay Constant
RS Sym, 21 0.0 -2000 0.064 ~5500
RS Sym. 21 0.2 -2000 0.064 -6500
S Sym 21 0.33 -2000 0.064 ~6900
S Sym, 21 0.5 -~2000 0.064 -7150
S Sym. 21 1.0 -2000 0.064 ~7400
Critical Buckling System
f.
Sym. 21 1.0 -2000 0.064 -7400
; yoi, 21 1.0 =2500 0.064 ~7500
Ro Sym. 21 1.0 -3000 0.064 -7900
RS Sym, 21 1.0 =3500 0.064 -7300
RS Sy- . 21 1.0 -4000 0.054 -7800
RS Sy 21 1.0 ® ¢.064 -1500
Boundary Condition
RS Sym., 11 0.0 -2000 0.064 -5000
RS Sym, 21 0.0 -2000 0.064 ~-5500
RS Sym, 22 0.0 -2000 0.064 =-5250
Skin Thickness
RS Sym, 21 1.0 -2000 0,064 -~5500
RS Sym. 21 1.0 -2000 0.0575 -5800

e o M L = =




shot 5 at an incident overpressure of 2,5 lb/in2 and no internal

. 1 e IrTewe] “eREE

pressure. The load medel, boundary conditions code, stress decay
coastant, buckling stress and skin thickness are the parameters that
were varied in the preliminary analysis. Table 5 shows the result of
varying one parameter at a time based on the comparison of the maximum
straln occurring in the flanges of the central frame. The load models L?:
considered are the symmetry structural case using the right side (RS) '
and left side (LS) loads and the full structural and load case. In the
boundary condition code the tfirst digit indicates the condition in the
Y~direction and the second digit the condition in the f-direction. A
number one (1) designates clamped-clamped and a number two (2)

designates pinned-pinned.

The differences in the spatial loading distributions represented by
the three load models for the 90" orientation in Table 5 are not
significant from cursory comparison of pressure time histories, yet the

change in maximum strain response can be as much as 27% by simplifying

the full loading case by assuming symmetry. If the stress decay con-
stants were varied {rom the linear reduction of stress (n = 1) case to
the constant stress (n = 0) case, the maximum strain decreased by about
26%. It was also found that if the skin membrane stress was allowed to -
vanish after buckling (n = =), the maximum strain increascd by about 30%
based on the n = 1 case. When the critical buckling stress was varied
from ~2000 to -4000 lb/inz. the maximum difference in strain response
produced only an 6.87% change. Thus, the maximum strain response 1s not
very sensitive to the critical buckling stress at this low stress level
regime., However, when skin buckling is ignored (cCr = o), the maximum
strain response reduced by about 80%. For the boundary condition sensi-
rivity evaluation tbhe conde 21 1s considered the base case, that is, pinned
in the y~direction and clamped in the B direction. If the boundaries
- are clamped in both direction, the maximum strain response increased by
about 9%. 1If the boundaries are pinned in both directions, the maximum

strain response decreased by about 4.5%. Since the location of the

maximum strain in the crown region is far removed from the boundaries,




this strain response was not very sensitive to the boundary condition,
Since the skin thickness varies over che upper fuselage compartment,
respouse sensitivity to skin thickness was considered. A structural
model using an sverage skin thickness of 0.0575 in increased the
maximum straln response by about 5.5% over the model based on the crown

region skin thickness of 0.064 in.

Based partially on these results, the final NOVA-2LTS models for
the KC-135A fuselage test section usied the full loading model (ie, no
symmetry about center of crown), a stress decay constant of unity, the
critical buckling stress of -2000 lb/inz, the 21 boundsryv condition
code and the 0.064-in skin thickness.

4. DESCRIPTION OF FINAL STRUCTURAL MODELS

The final structural NOVA-2LTS mcdels for the KC-135A fuselage
test section were cecustructed based on the information generated in
Sections III-l through III-3. In summary, the structural model uses

symmetry only in the y direction, so that the model has three Z-section

I
]

ame stiffeners in the R direction and 31 hat sectrion stringers
stiffeners in the y direction. A uniform 0.064~in skin was assumed to
"e attached to the stringers and the frames are attached to the inner
flanges of the stringers with a 1.,25-in zap between the frames and the
skin. All materials are assumed to be 7075-T6 aluminum. The fuselage
test section is 120 in long in the y direction and is assumed tc be
circular in the B direction with a radius of 71.968 in to the
midsurface of the skin and a subrended angle of 215.9°. The ¥
boundaries (circular edges) are assumed to be simply supported and the
8 boundaries (straight edges) are assumed to be clamped. The inplane
boundary conditions are assumed to be fixed in both coordinate
directions. The loading model used the appropriate data tape and

assumed that the loading distribution in the y direction was uniferm.

There are two basic NOVA-2LTS models that are representive of the
seven shots investigated in this effort. These two models are given in
Tables 6 and 7 and are based on an elastic response model (shot 5) and
an elastic-plastic model (shot 22), respectively. The data deck

listing for shot 5 given in Table 6 represents the model used for
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elastic solutions of the 90° and 45° orientation loading cases. This
basic model was used for shots 6, 17, 5, 21, 16, and 20, except for
minor changes in the pressurization cases, This model employed 7
symmetric Y modes and 20 B modes and used 73 modal combinations for the
solution., The model used an 19 by 635 cpatial integration net. The
time increment selected for solution was 10 ms. The leoading input
changes for the various shot events. The start times for shots 6, 17,
5, 2i, 16 and 20 are 0,3725, 0.3451, 0.3, 0.336/5, 0.3394, and

0.3458 s, respectively. In shot 17 channel 13 (123.9°) had to be
eliminated as bad data and in shot 5 channel 3 (22.4°) was also
eliminated as shown in Table 6. All the pressure data for the

renaining shots were fully usable.

For the unpressurized shots 6, 17, 5, and 21 the critical buckling
stress was set at -Z000 lb/inz. For the pressurized shots 16 and 20,
it was assumed that the internal pressure would prevent the skin from
buckling. Therefore, NBUCK in Group 10 was set to zero and Group l7/K
(BUCKS) was eliminated. In order to include the internal pressure in
shots 16 and 20, KDS was set at 3 in Croup 3 in both cases and Group 5

s os i 2 .
was added in vhich PS was set at -2.5 and -2.7 1b/in , respectively.

The data deck listing for shot 22 given in Table 7 represents the
KC-135A fuselage elastic-plastic structural model. In this model the
modes, integration net and time increment are the same as the previous
model tor shot 5. Since the critical buckling stress was set at
-2000 1b/in2 for elastic buckling of the skin, a large yield stress
value was inputted to keep the pseudo skin response elastic so that the
overriding buckling criterion would not be confused by inelastic skin
response quantities in the program. Therefore, only one skin layer was
necessary in the model. Since the stringers remain elastic during the
response, only a perfectly plastic material mcdel was inputted with the
yield stress at 72000 lb/inz. For the frames which went inelastic, a
more accurate bilinear representation was used by matching an actual
stress-strain curve for 7075-T6 aluminum. This curve fitting resulted
in a yield stress of 76400 lb/in2 and a strain hardening slope of

1.85 x lO5 lb/in2 for the frame materigl. The start time for

shot 22 was 0.2949 s and all pressure channels were usable.
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The NOVA-2S (NOVA-2LTS) program was redimensioned for the CRAY-1
computer at AFWL to accomodate the models given in Tables 6 and 7.

These dimension changes are indicated in the common block listing given

in the Appendix.

The preliminary runs for shot 5 using doubie symmetiy, 42 modes
and a 19 x 33 integration net used CPU tiwme on the CRAY-l computer st a
rate of 70 s/ms of response. Some runs were made at about 40 s/ms of
response by reducing the integration net to 19 x 17. The finzl runs
using 73 modes, a 19 by 65 integration net and symmetry in only one
direction used CPU time at a rate of 234 s/mws of respouse for shot 5
and 292 s/ms of response for shot 22. The final mocels used for
correlation are probably conservative relative to general accuracy. By
reducing the number of modes to about 60 and B integration points to
33, a good model for frame response could be run at a rate of about
100 CPU s/ms of response. It should be noted that peak respouse

occurred within 6 ms of response.
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SECTION TV
CORRELATION OF NOVA-2LTS RESULTS WITH THE TEST DATA

The experimental strain results of the central frame from the seven
selected test shots are compared with the corresponding results from
NOVA~2LTS. 1In reviewing all the data it became apparent that therz were
anomalies in the actual fuselage structure which could not be defined
for analytical modeling. Since strain response is very sensitive to
irregularities in a circular curved structure, position by position
comparisons did not make sense. Hence, for each test shot the overall
distribution of strain maximums around the circumference of the upper
lobe compartment of the KC-135A fuselage test section are presented from
experimental and analytical results. In addition, the strain time
histories associated with the largest of thc experimental and analytical
strain maximums are compared for the outer and inner flamges of the
central frame. These experimental and analytical strain time histcries
do not necessarily occur at the same circumferential position. The
elastic response cases at the 90° loading orientation (shots 6, 17, 5)
are presented first and then the 45° loading orientation case is
presented. Next the elastic-plastic response case of shot 22 is
considered. Finally, the correlation results of the pressurized cases

(shots 16 and 20) are presented.

For the 90° loading orientation and no internal pressure, shots 6,
17, and 5 produced elastic response of the central frame of the KC-135A
upper lobe fuselage section. In these three shots the fuselage test
section was subjected to engulfing blast waves at incident overpressure
levels of 1.52, 1.95, and 2.5 lb/inz, respectively, Figure 5 shows
the maximum experimental outer flange strain of the center frame at
three key positions in the crown region of the fuselage versus the
incident overpressure. These three measured strains from gages SG 19B,
SG 22B, and SG 25B indicate that the largest measured strain (SG 25)
occurred about 18 degrees to the right of crown center line. As the
incident overpressure increases the spread among these three

measurements also increases. The strain value for the measurement

6l
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SG 22B, three degrees rignt of the center becomes significantly lower
than the other two measurements. This drop in the center strain
measurement is not consistent with the expacted strain distribution for
a circular fuselage section or the analytically determined distribution.
This observation was the first indication that there may be structural
anomalies in the crown region of the fuselage. Furthermore, it will be
shown later that for the finel shot 22, in which the material behavior
was inelastic in the crown region, the largest stralns occurred on the
lefr side of the crown at gage positions GS 13B, GS 16B and GS 22B.
Thus, it appears that the experimental strain response in the crown
region did not follow a consistent deformation pattern as the level of
loading was increased. The maximum strains obtained from the NOVA-2LTS
analytical model are also plotted in Figure 5 for incident overpressures
of 1.52, 1.95, and 2.5 lb/inz. These maximum strains occurred at

about seven degrees to the right of the crcwn center line and compare
well with the corresponding maximum experimental values of gage SG 25B
(18 degrees to the right of center). Although the maximum experimental
and analytical strains compare very well there are differences in the
strain distribution patterns in the central frame. It should be noted
that shot 5 (4p = 2.5 1b/in2) represents a deformation condition that
is near the threshold of yielding for the frames of the KC-135A

fuselage.

A more in depth understanding of the strain pattern occarring
experimentally and analytically in the central frame is obtained by
examining the results generated in Figures 6 through 11 for shots 6, 17,
and 5. In Figures 6, 7, and 8, the circumferential distribution of
strain maximums for both the outer and inner flanges of the central
frame are given, respectively, for shots 6, 17, and 5. In thesa plcts,
the solid and dashed lines represent the strain distribution from
NOVA-2LTS analytical response calculations for the outer and inner
flanges, respectively, The circular and triangular symbols represent
the strain distribution from the various strain gage measurements for
the cuter and innex flanges, respectively. The results from these

comparisons ave consistent for shots 6, 17, and 5 and the following

observations are made:
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} (1) The largest compressive strains occur on the outer flange and
g in the crown region of the frawe and the analytical and

E . experimental values compare well even though they occur at

? different positions about 12 to 16° apart.

é - {(2) 1n the crown region the maximum strains distribution predicted

by NOVA-2LTS on the inner flange are much higher (about
double) than the experimental values. However, it should be
noted that the inner f{lange strains wculd not be a governing
factor in the damage criteria used in NOVA-2S.

(3) The irregularities in the analytical strain distributions
about the center line of the crown are caused by asymmetry of
the loading, while the uxperimental distribution
irregularities may also be attributed in part to structural

anomalies as well as the loading asymmetry.

| (4) In the crown region, the analytical results show stronger
membrane action across the frames cross section than the

experimental results,

In Figures 9 through 11, experimencal and analytical strain time

S N D

histories are compared for the outer and inner flanges of the central
frame. The analytical and experimental time historles are given for
positions at which the largest of the strain maximums for each shot
occurred in the previous figures. Experimentally, the peak strain
occurred at © = 126.2° {(SG 25) for all three shots. In thes NOVA-2LIS

results, the peak strain occurred at © = 114.7° f-~r shots 5 and 17 and

2t O = 107.95° for shot 6. The general shape of the time history curves
compare well, although the phasing of curves differed by about 2 ms,

The maximum compressive strains occurred on the outer flange and they
compare well in magnitude for all three elastic cases at the 9C° loading
orientation. Again these figures demonstrate that the NOVA-2LTS
analytical results show stronger membrane response across the frame

cross section. Possible explanations for the differences in the strain

distribution acrcss the cross section and the phasing are cousidered.
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Figure 9. C(omparison of Peak Strain Time Histories at the
%0° Loading Orientation for Shot 6
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Figure 10. Comparison of Peak Strain Time Histories at the 90°
Loading Orientation for Shect 17
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The most plausible explanation appears to be out-of-roundness of
the fuselage section in the crown region. Deviations from the assumed
circular shape would produce more bending action around the
circumference and also lower the frequency of response, since membrane
response is of higher frequency content than bending. Tt is well known
that the responses of circular shell structures are sensitive to
out-of-roundness (initial radial imperfections), unfortunately, the true ... 
shape of the fuselage prior to each test shot is not known. If
out-of-roundness information existed for this KC-135A fuselage test
section, such data could have been incorporated into the NOVA-2LTS
structural model through the initfal imperfection option in the code.
The inability of the NOVA-2LTS theoretical formulation to properly
predict the strain distribution across the frame's cross section given
the correct definition of the actual structure was discounted because of
the good results of previous correlation efforts in References 4 and 5.
In particular, the correlation of the B-52 aft fuselage results showed
that the frames exhibited very strong bending action in the region of
maximum strain which was predicted very well by NOVA-2LTS when the
actual geometry of the B-52 fuselage panel section was modeled through

the initial imperfection option.

In the KC-135A fuselage the frames are not directly attached tc the
skin as in the case of the B-52 aft fuselage. The NOVA-2LTS formulation
is based on the assumption that plane sections remain plane during
deformation of the whole cross section which includes the skin and
frames. If the attachments between the stringers and the frames became
very flexible (sloppy) during the response this assumption could be
violated. However, since the skin between stringers buckles at a low
stress level, the effect of such jolnt flexibility on the strain and
stress distributions across the floating frames should not be an
important factor. In any event, such undetermined joint flexibility
would be difficult to model accurately with any structural response
code, 1t should also te mentioned that errors in the experimental data

are not uncommon, in particular, phasing and polarity errors generated
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during the data acquisition and/or reduction procedures. When the
correlation of results are performed soon after the tests, systematic
differences between analytical and experimental responses can te

challenged and the experimental data rechecked.

Figures 12 and 13 illustrate the comparison of experimental and
analytical results for shot 21 which was for the 45° loading orientation
at the incident overpressure of 2.1 1b/in2. Figure 12 shows the
distribution of strain meximums which 1s different than those shown
before for the 90° leading orientation. The region of the largest
strains has shifted to the right towards the direction of the loading at
© = 153° for both the experizmental and analytical results. On the outer
flange of the center frame the largest of the strain maximums occurred
at © = 142° and 155° from the NOVA-2LTS calculations, while the largest
experimental strain occurred at © = 138°. This experimental position
favors the side where the waximum experimental strain occurred for the
90° loading case at O = 126°. This trend again indicates the
possibility of a structural anomaly on the right side of the crown
region. The largest experimental and NOVA-2LTS strains differ by about
10% on the outer flange. On the inner flange in the region of maximum
deformation the analytical values are significantly higher than the
experimental values in the same manner as the 90° loading cases,
thereby, indicating more bending action in the experimental resulcs,
Overall the distribution comparison for the 45° loading case is more
consistant than the 90° loading case. 1t should be noted that with the
loading direction nearer the floor support, the analytical strains at
the right clawmped edge are higher. Since the experimental strajins at
this boundary position are about the same as in the 90° loading case
(shot 17), the floor joint with the fuselage 1s probably somewkat
flexible. Figure 13 compares the experimental and analytical strain
time histories of the largest peak strains. The phasing differences are
less for the 45° loadlng case than the 90° loading case. The experi-

mental strain distribution across the frame's cross section exhibits

more bending action than the analytical results.
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Comparison of Peuk Strain Time ilistories at the
453° Loading Orientation for Shot 21
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In the final shot, 22, (90° orientation) at an incident over-
pressure of 3.5 lb/inz, the frames went inelastic over a large region
of the crown and at four poeitions severe plastic buckling of the
center frame occurred leading to rupture of the frame at three of the
positions. Figure 14 illustrates the distribution of strain maximums
over the circumference of center frame for the outer and inner flanges,
Aloug the position axis cross marks indicate the locations where plastic
buckling of the frame occuxred. The experimental strain distribution is
nisleading in that the severe plastic deformatinon at three ¢f these
positicns are not represented on the plot because the strain gages were
outside this local area of deformations, At O = 91.4° gage GA 19 was
located in one of the local buckling areas and large plastic strains
(over 4%) were measured before the gage became inoperative. The three
other positions (cross marks) would have shown similar plastic response
on both flanges 1if gages had been placed there. The yielding strain
value 1s indicated on the ordinate axis of Figure 14, The experimental
and analytical strain distribution are different, although both show a
large region of plastic deformation, from 43° to 145° experimentally and
from 60° to 216° analytically. Experimentally, the zone of maximum
response is shifted more to the left side of the crown which differs
from the previous elastic shots 6, 17, and 5. The experimental results
show concentrated locations (plastic buckling) of very large plastic
strains, (greater than 4%) while the analytical rxesults show a more even
distribution in the crown region reaching about 2.5% maximum strain.
The NOVA-2LTS model does not at present allow for local buckling of a
stiffener, hence without these local failures present in the response
calculation the energy is absorbed more evenly over the frames. A
methsd to account for local elastic or plastic bﬁckling of stiffeners in
NOVA-2S is discussed in Section V. Fohr those strain measurements not
affected by local frame buckling, ineiastic strains varied between 0.8
to 1.5%. Analytically, the strain varied from 0.8 to 2.5% in the
inelastic region. The analytical restlts in Figure l4 show that large

strains were generated at the right s.de clamped position. The

experimental values near this position are still quite low, as they were
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in the elastic cases. This indicates that for this large deformation
response case, the clamped condition does not properly model this
boundary. It appears the floor system does not proviae the rigidity
that was assumed and the frames may be primarily acting as full rings
around the entire fuselage. To remedy this situation in the future the
entire frame could be modeled. The clamped boundary may still not
significantly affect the strain response in the crown region. Figure 15
illustrates selected strain time histories on the outer flange of the
center frame, In this figure the two largest measured strains are
cormpared with the two largest analytical strains in the crown region.
The time of peak plastic strains compares better than in the elastic

response cases.

In shots 16 and 20 for the 90° and 45° loading orientations,
respectively, the upper lobe compartment of the fuselage was pressurized
at 2.5 and 2.7 lb/inz, respectively. 1In these two pressurized shots
the incident overpressure of the blast was at about the 2 lb/in2 level
which 1s comparable to the unpressurized shots 17 (90° orientation) and
2] (45° orientation). The pressurization in shots 16 zind 20
significantly reduced the strain response in the frames of the fuselage
both experimentally and analytically as predicted through NOVA-2LTS. It
is recalled that for the unpressurized cases of shot 17 and 21, the
maximum measured strains were at the -535000 and -4200 upin/in level.

Table 8 gives the maximum compression and tension strains measured in
shot 16 and 20 on the inner and outer flange of the center {rame. It
can be seen that these strains are significantly less than the
corresponding aforementioned values. Shot 16 gives maximum strain
values of ~1075 and 1100 pin/in while shot 20 gives values of ~1000 and
1300 pin/in. Table 8 also compares the maximum compression and tension
strains predicted by NOVA-2LTS with the corresponding experimental
ralues. It was found that on the inner flanges for both shots the
NOVA-2LTS analytical strain maximums were higher than the experimental
values, while on the outer flanges the analytical values were lower than
the experimental values. Both the experimental and analytical strain

d.stributions had irregular patterns which made a detailed comparison of
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STRAIN COMPARISONS FOR PRESSURIZED KC-135A FUSELAGE

TABLFE 8

TEST SECTION IN SHOTS 16 and 20

Shot 16 - 90° Loading Orientation
(sp = 2.08 1b/in%, P, = 2.5 1b/4n%)

+ Maximum Frame Strains (uin/in)

Position Experiment NOVA-2LTS
Inner Flange 1100 1740
-300 ~1085
OQuter Flange 700 540
-1075 =375

Shot 20 - 45° Loading Orientation

9
(Ap = 1.85 1b/in", P, =

2.7 lb/inz)

+ Maximum Frame Strains {(uin/in)

Position Experiment NOVA-2LTS
Inner Flange 1300 1925
-1000 -1570
Outer Flange 920 395
-800 =464




results unfruitfil. The importance of these results is that both the
experimental and analytical strains show a significant reduction in
maguicude from the internal pressurization. Many of the difierences in
the results may be the result of unknown structural and geometric
anomalies wnose presence were suspected from previous unpressurized cor-
relations. Figures 16 und 17 show cumparisons of selected analytical
and experimental strain time hist- .les for shots 16 aad 20,
respectively. In Figucre 16 for the 90° loading orientation, the
analytical strain time histories at the two positicus (6 = 87.7° and
67.5°) of wmaximum compression and tension strain on the Inner flange are
compared with the experimental strain time history at the position

(@ = 110.8°) for which both the maximur compression and tension strains
occurred. These strain responses exhibit higher frequency content than
found in the unpressurized response cases, The initial strains at zero
time indicate the static preblast state associated with only the
interaal pressure loadiag. In Figure 17 for the 45° loading
orientatisn, the analytical strain time histcry at the position

(C = 141.7°) where the maximum compression sirain occurred 1is compared
with the two positions (O = 179.5° and 195.7°) at which the maximum
compression and “2nsio experimental strains occurred. The positions of
the maximum evperimental strain are well away from blast loading
direction of © = 153°, while the analytical strain time history occurred

near the loading direction.

Although displacements of the fuselage test section were not
measured, it is informative to present some of the radial displacement
results from the NOVA-2LTS response calculations, Figure 18 shows the
maximum Iinward rad‘al displacement versus ‘he incident overpressure for
all seven test case considered in this effort. TFer the elastic
unpressurized case, the response follows a linear path with increasing
overpressure, but bacomes nonlinear as inelastic deformations occur.
The displacement for the elastic~plastic response case of shot 22 is
substantially higher tharn thact of shot 5 which produced response near
the threshold of yielding. The maximum displiacements of the pressurized
cases were low in comparison with the unpressurized cases. Figure 19

illustrates rh= differences in the radiel displacement distrivutions at
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Figure 13. Maximum Inward Radial Displacement Versus
Incident Overpressure ror all Selected Shots
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the time of maximum displacement between the 90° and 45° loading

orientations for shots 17 and 21. Both peak displacements are very near

to the respective positions corresponding to blast loading direction.
Figure 20 contrasts the radial displacement time histories for an
elastic response case (shot 5) and the elastic~plastic response case
{ » (shot 22). Aside from the peak response being much greater, the
elastic-plestic response case has a longer period to peak than the
3 ; elastic respense case.

e
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NOVA -2LTS ANALYSIS
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Figure 20. Radial Displacement Time Uistories ior Shots 5
(Elastic Response) and 22 (Inelastic Response)
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SECTIGN Vv
EVALUATION OF THE NOVA-2S COMPUTER CODE

In the past the panel subroutine DEPROP in NOVA-2S and NOVA-2LTS
has been evaluated successfully through comparison with available
experimental results and other nonlinear computer codes. It has been
established that NOVA-2S can accurately determine the response of well
defined structures within the framework of the theoretical formulation
currently programmed in DEPROP., These evaluations have been well
documented in References 2, 3, 4, 5, and 8 for unstiffened and stifferned
panels. Recently, the correlation of NOVA-2LTS with B-52 aft fuselage
results from blast tests performed in a similar manner as the KC-135A
fuselage tests has been completed in Reference 4. These results
together with the results from this current effort are now employed to
assess the validity of using the NOVA-2S stiffened panel option to
predict the response of large complex stiffened aircraft sectioms. It
should be noted that the B-52 and KC-135A4 fuselage secilons represent
the two major types of fuselage construction, namely, the longeron
system and the stringer system, respectively. Thus, the correlation of
blast test data from these two types of fuselage construction with
NOVA-2LTS structural model response results covers many modelirg
problems that can be anticipated for actual aircrafr sections. It
should be noted that some of these modeling problems also apply to any

structural code, such as finite element code representations.

From the correlation results of the KC-135A and B~52 fuselage test
sections, it was found that the strain response of the frames can be
significantly influenced by the boundary conditions, the initial panel
geometry, the spatial loading distribution and the local buckling of the
thin skin between stringers or frames., In the B~52 aft fuselage
correlation in Reference 4 the NOVA-2LTS structural model had to account
for the noncircular shape of the fuselage section (through tue initial
geometric imperfection option), local skin buckling between frames and a
boundary beirg close to the region of maximum strain. All these
ingredients were important in correlating successfully with the

experimentai data using the modeling techniques provided in NOVA-2LTS.
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In this current KC-135A fugelage correlation it was found that apparent
minor asyumetries in the spatial loading distribution for the 90°
orientation were important and therefore, the computer time advantage of
double symmetry could not be used. Furthermore, local skin buckling
between stringers was very lmportant. For the KL-135A fuselage the
panel geometry and the boundary conditions were not major factors in
influencing reasonable correlation. The designed geometry of the
fuselage was for the most part circular, although the deformation
benavior pattern indicated that perhaps out-of-roundness or other
structural anomalies were present in this fuselage section. Such
possible anomalies could not be defined for modeling by NOVA-2LTS, but
the absence of finer geometry definition did not prevent a reasonatle
correlation. The boundaries of the KC-135A fuselage section were far
enough away from the region of maximum strains that the assumed boundary
conditions were not an important factor for the elastic response cases.
For the inelastic respcnse case the assumed clamped condition at ihe
floor boundary appeared to be too severe. Whether the higher local
plastic strains generated at this boundary affected the strains
calculated in the crown region was not pursued further, since the more
important effect of local plastic buckling of the frames could not
presently be modeled by NOVA-2LTS. NOVA-2LTS should be modified to
account for local elastic or plastic buckling of stiffeners. This could
be accomplished in a similar manner that the skin buckling was handled
in NOVA~2LTS. Each cross section segment of a stiffener would have a
critical buckling stress parameter wmodified by a plasticity factor and a
stress decay factor, sc that the local stiffness of each segment could
be altered as buckiing progresses through the flanges and web of the
stiffener. This is a recommended modification for NOVA-2LTS and
NOVA-2S.

In both the KC-1354 and B-52 fuselage testing emphasis was placed
on measuring the response of the frames since they w:re the major
structural component of the fuselage panels. The thin skins of the
fuselages were undergoing bi'ckling or wrinkling during the deformation
of the stiffened panel. It should be noted that once the skin is

allowed t¢ buckle in NOVA-2LTS through the buckling criterion option the




true straln response of the buckled skin is uucalculable. If accurate
strain response of the skin was desired in these large structurally
stiffened panels a very fine rodel, probably producing a prohibitive
number of modes and integration paints, would result. Whether such a
solution would be reasonable on the computer would have to be

determined. The same yroblem faces the finite element method in that a

prohibitive numwbar of nonlinear finite elements are probably required to

simulate the local buckling patterns between stiffeners. If the
computer solution is unreasonable, the finire element method would have
to be modified by special birth and death options foi the elements to
approximstely account for skin buckling as was presently done in
NOVA-2S. 1t should be noted that even if the skin responses were
directly modeled, the undefined initial geometric imperfections of the
thin curved skin wculd probably prevent an accurate determ’nation of the

strain response of the buckled skin.

The correlation results from this KU-175A fuselage investigzation
and the previous B-52 aft fuselage effort demoustratad that the NOVA-2S
or NOVA-2LTS computer code can predict the peak response of actual large
stiffened aircraft sections with reasonable accuracy (errer less than
10X) in the elastic response region. Thus, for the threshold of
permanent damage criterion in NOVA-2S based on the onset of yielding,
the NOVA-2S peak strain response would result in a good prediction. In
the inelastic response region leading to catastrophic damage based on a
fracture strain criterion, the evaluation 1s more complicated. In the
B-52 aft fuselage tests, the frames failed under tension strain on the
inner flanges. This failure appeared (the strain gage failure at about
12 strain) to be premature for this fuseiage test section and resulted
from small holes that were present in the inner flanges which probably
held cable harmesses in the actual aircraft. One longitudinal set of
holes in the inner flanges of the frames was very near the position of
peak tension strain “nduced bv the blast loading and all fractures on
the frames occurre ' _hrough these holes, Tihus, the fracturing of the
frames occurred prematureiy as the result of stress concentrations
around the holes. How to account for such irregularities in the

structure (usually unknown) is a question thar can not be addressed in




this effort. If the holes were not present in the frame, NOVA-2S could
give a good prediction for the B--52 fuselage of the peak inelastic
response into the strain region where fracture would normally occur
through a tension mechanism. Experience is needed in selecting the
fracture strain for the catastrophic criterion. In the inelastic
deformation shot for the KC~1354 fuselage section, the severe damage to
the frames was caused by local compressive fallures (plastic buckling
of the frame) which l¢d to fractures after severe buckling deformations
had occurred across the frame's cross section. This catastrophic
compressive failure mechanism cannot presently be predicted by NOVA-~2S,
The NOVA-2LTS results of shot 22 showed peak compressive strains at the
2.5% level and no significant tension strains. Therefore, under the
present catastrophic criterion based or tension strains, NOVA-2S could
not predict this catastrophic failure of the KC-135A fuselage. Thus,
there is a real need for a compressive catastrophic failure criferion in

NOVA-2S along with a method to permit local buckling of the stiffeners

The usual clamped aund siaply supportec beundary conditions
permitted in any structural response code can culy approximate the true
boundary conditions found in actual large aircraft sections, Farther
refinement can be achieved by introducing o her flexibilities at the
boundaries through translational anu torsioral springs to simulate the
stifiness of the adjacent s ructure ovutside the boundary. TIa thils
method the difficulty is es: ‘mating aprior. the proper spring constants.
The other approach would entail modeling th structure beyond the
apparent boundary of interest. This wethod which is certainly mere
accurate has a signirficant computer time penalty. The NOVA-2S computer
code has presently the capability tc persue all of these options, 1f
required to obtain reasconable results. Fron the correlation efforts
involving the KC-135A and B-52 fuselages, it appears that good results
can be obtained if the boundary approahed either a clamped or pinned
condition, If the region of maximum s rain is far removed from the
boundary, the eff{ect of the boundary is minimized for elastic response
of the structure. If the peak responte is occurring near a boundary it

is important to know whether the actual condition approaches clamped or
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pinned. When the displacements of the fuselage sections hecome large
when inelastic deformations occur, the houndary conditions become more
significant, but more evidence is needed to assess the overall

importance in predicting peak response away from the boundary.

In analyzing large sciffened panel sections from aircraft

uselaces, it is lmportant to be able to handle noncircular geometry.
With the use of the initial geometric imperfection option in NOVA-2S,
arbitrary geometry ot a panel can be approximated. This wethod worked
well for the B-52 fuselage panel which had a very irregular geometry in
the circumferential direction as shown in Reference 4. The method for
computing the necessary radial displacement covefficients for a surface
which deviates from a specified circular shape should be incorporated
directly in the NOVA-2S code, It would also improve the gecmetry
capahility of NOVA-2S to introduce a conical panel option that would
permit better modelirg of a nose radome type of structure when used in
conjunction with the initial geometric imperfection option. The conical
shell theoretical formulation already exlsts as an oprion in the DEPICS
cylindrical shell code from which DEPROP was originally developed as a
cylindrical panel code.

With the increased usage of composite materials in ailrcraft design,
the elastic material model available in KQVA-2S could be refined to
include a more general anisotropic material. The present orthotropic
material mcdel has been adequate in the past since the material
properties for the composite material are usually approximated by
specifiying the material in terms of the orthetropic material constants.
A more accurate description of a composite skin would contain constants
beyond the five orthotropic constants and they could be computed 1if the
detsiled laminar construction of the skin is specified. It would also
be helpful in establishing better failure criteria for composites in
NOVA-2S, if the interlaminar shear stresses would also be computed for

the composite.

The pressure loadings on the panels generated in NOVA-2S from the
nuclear encounter should be reviewed and modified where necessary for

the varies aircraft components. At present, for panel analysis in
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NOVA-25 the pressure time history of the blast loading is computed at
the center of the panel and the distribution is assumed to be uniform
over the panel. This assumption was established when only small panel
components were being considered. Now for large stiffened fuselage
panel sections, the actual distribution of the pressure loading over the
panel becomes important. Thus, a new spatial loading distribution over

the large panel needs to be defined in NOVA-2S.
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SECTION VI
CONCLUSIONS ANC RECOMMENDATIONS

The general conclusions emanating from this NOVA-2S correlation

effort with the KC-135A fuselage test results are delineated as follows:

(1) It was found that the maximum strain response on the center
frame in the crown region of the KC-1354 fuselage was most
sensitive to the local skin buckling between stringers ard
the asymmetries In the pressure distribution over the
fuselage's surface. Both of these effacts were taken into
account in the NOVA-2LTS structural and loading model. The
skin buckling effect required a special modification to the

NOVA-25 program which is documented in this report.

(2) 1In the new skin buckling criterion option in NOVA-2S ir was
found that the peak strain response was more sensitive to
the stress decay rate in the buckled skin than the critical

buckling stres

n

(3) By examining the experimental strain behavior, it is
suspected that structural anomalies (most likely out-of-
roundness) were preseut in the crown region of this
fuselage test section which had previously beer subjected
to fatigue testing, Because such structural anomalies were
not defined for the fuselage, they could not be accounted
for in the NOVA--2LTS model; however, the assumed perfect
circular geometric shape still produced reasonable

analytical and experimental strain cowparisons.

(4) The mair difference between the analytical and experimental
results, which could be attributed to out-of-roundness, was

: that rhe experimental strain distribucion across the frames

had more bending content than the analytical results
exhibited.
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(5}

(6)

(7)

The structural model employed in this effort represented the
upper lobe coumpartment of the fuselage where the boundaries
at rhe floor intersection were assumed clamped. This model
was quite adequate for the elastic response cases, especially
since the maximum strains occurred in the crown region far
removed from these boundaries, However, in the inelastic
case where large deformations of the fuselage occurred, this
clamped condition appeared too rigid. It appears that the
floor system does not provide full rigidity, since the

main flcor beam members are longitudinally oriented. The
frames are continuous through this floor joint, so that the
assumed clamped condition is better than a pinned condition,
but there is an undetermined flexibility at this boundary.
This flexibility could be approximated by other boundary

options ia NOVA-2S, if the joint stiffness was known apriori.
The most accurate method would be to model the whole

fuselage and absorb the computer cost penalty.

[

NOVA-2LTS predicted the maximum strains which occurred on
the outer rlange of the center irame very well (within 10%) g
for the unpressurized elastic response case at the 9G°

loading orientation. For the 45° loading case, NOVA-2LTS
predicted the change in strain distribution along the
circumference and the maximum strain quite well. For the
pressurized cases, NOVA-2LTS indicated the significant
decrease in the strain level that has occurred experimentally.
At these lower strain levels the comparisons of the maximum
did not show the accuracy demonstrated in the unpressurized

cases. This is not unexpected since low level strain response

is usually more sensitive to structural anomalies.

NOVA-2LTS time histories of the maximum strains compared well
inr general shape, but the phasing was off by about 2 ms.

The experimental time to peak was always longer which could be
cauced by the greater bending content across the cross section
of ¢he frame in the experimental results. Bending is a lower

frequency response than membrane action.
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(8) For the elastic response case in which the frames failed,
NOVA-2LTS could not predict the local plastic buckling of the
frames. Analytically, the energy was absorbed morec even.y
over the frames and the compressive strain levels reached
about 2.5%, while experimentally strain levels become very
high at iccal positions and resulted in rupturing of the frame

at several circuwmferential positions.

(9) Overall, complex aircrafr stiffened panels can be modeled by
NOVA-2S or NOVA-2LTS with confidence provided the user can
define all important structural factors invelved ia the real
structure and has a thorough understanding of all the modeling
options now available in NOVA-2S and how to apply them to
represent the real structure. For these large structures the
dimensions of the program had to be extended and the computer

time for a response run increased.

Based on the results of this effort the following recommendations

,; : . are given as follows:

(i) With all the modificatioas introduced into NOVA-2Z5 over the

' : last few years, it is important to generate a new User's

i) Manual that contains 2 complete group listing, gives advice on
how to use the new modifications and gives information on how
to tedimension the program for modeling the larger complex

airc_aft components. In addition, some of the modifications

require that changes be made in the strain and stress output

format of the program.

(2) NOVA-2S should be modified to handle local buckling of the
stiffeners elastically and plasticaliy. 1In addition, the
criteria in NOVA-2S should be revised for catastrophic damage

. to include a compressive type of failure through buckling.

(3) The blast induced pressure loading formulation used in NOVA-2S

bl aah  iachhadlin s o ounicdusle Blaiodelonde it 06 i
‘

should be reviewed and modified if necessary, especially in
specifying a non-uniform pressure distribution for large panel
structures. There are other less important modifications that
could be made to NOVA-2S and these were discussed in

Section V.
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(4) Many of the new additions to NOVA-2S should be more thoroughly

checked out by benchmark solutions using other structural

codes.
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APPENDIX

CHANGES IN IHE NOVA-2S PROGRAM LISIING

This Appendix gives the routines in NOVA-2S and NOVA-2LTS that were
modified for increasing the program dimensions and incorporating the
buckling criterion method. The COMMON subroutine in the Appendix reflects
the dimension changes that were made to accommodate the structural models
generated in this effort. The inclusion of the buckling criterion method
required modifications in subroutines DERV1, DERVZ, DSET1l, DSET3, SIGMA,
and SIGMAB which are given in the Appendix.
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LUSE(10,10),KOHEAR,PESTZB(361;,FESTLG(361),PESXKZE(361},
PESXZG(361),kSL(19,10),RELP(10,10),REM{10,10),kSMP(10,10),
ALP7 , ALPE,XSTZ(361),XSX2(361)
*DECK DERVI
SUBROULTINE DERV]

[V B - IR VY RL T

N & e

*CALL CBLK}
xCaLl CBLK?
*CALL CHLK4
*CALL CRLKIG

#CALL CBRLKY}
~CAILL CBLK1S Reproduced From

*CALL CNMOVA Best Available Copy
xCALL CBLANK
*CaLL CBLK18

I=1
0O 100 V=1 ,MG
Ve 106 Mz, MR
TFIMESE(n, H) JENGD) GO TO 1060
Bult,»i=xx(1)
vy {N,MIsax (ihariie])
mr{Nygmjs KXIHGHEZ+])
i+l
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100

ano

CONTINUE
Ks0
DO S00 I=1,MGT
D0 S00 Js1,NBT
IF(NUSE(J,1).EG.0) GO TO 500
K=K+]
§S1=0.0
§s2=0.,0 )
$83=0.0 '
S$S§d4d=0.0
§85=0.0
§$86=0.0
§87=0.0
$58=¢,0
8$89=0.0
§S10=0,0
§511=0,0
§sS12=0,0
00 400 M=1,Mp
MMz (Mel)aNGT+I
Fuis Fut (mMm)
FU22 Filg (MM)
Fvil (M)
Fve (m)
= FP1(&M)

= FPR2(MM)
T3 = FPI(mM)
S1=0,0
S3=20,0
S$4=0.0
S6=C,10
S§S7=0.1
S$9=0.0
S11s(0,0
DO 200 M=t,MB
IF(MUSE (M, 1) JEa ()
NN (Nel)}aehBETeJ
UMMUU (N, ™)
VMNZSVV (N, V)
WMNSNW (H, M)
St UMM P LS (iure)
S3 UMReF LId (RIND
S4 VMNRF VI (M)
S6 VMEMaFyd (i)
S7 WMiItRFPY (i) 57
59 EMNERFFE (MNiv) sa
S11 = amtaFPT (iv) + 3511
CONTINUE
$51 = Si1=FU1M
S$Se SixFU22
$S3 S3aF1111
SS4 SuxFvVii
sS85 SuwfFvVe
S$S6 SAxFVIL »

Reproduced From
Best Available Copy

-
<
-
—
niHou

GN TO 260

51
S3
54
56

+ + 4+ 4+

881
&£Se
8§53
5S4
5$5%
S84

+ + 4+ 4+ +

§$57
$§8

S7T«7] +
ST+7e +

3S7
238k
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8§89 = §S9xT1 + 8§39
S$s10 S7+73 ¢ S310
§S11 S11=xT1 + 8511
8812 §9xT2 + $812
400 CUNTINUE
U(K)=581
UG(K)=SS2
UB(K)=5S3
V(K)=SSa
V6 (K) =SS5 ’
VB (K)=SS6 Reproduced From
W(K)=SS7 Best Available Copy
WG (K)=588
w8 (K)=589
wGG(K)=S510
wBB(K)=SS11
NGB (K)=8S12
S00 COMYINUF

COMPUTYE STRAINS ailD) STRESSFS

K=0

DO 700 I=1,MGT

K2 = KSRX(1)

D0 700 J=1,MNBT

IF(NUSE(J,1).EW,U) GO TO 760

K1 = wSGx(J)

K=K+

UGF=UG (K)

UBFsUR(Kk)

VF=VI(R)

VGF=Vv(G (KDY

VBF VK (k)

WF=n(r)

VEFENG (K)

NBF2nB (K)

NPAGF=0whG(x)

DnBF=CvR(IR)
EXXSXLI*#(UGF+XLIx (HGFaDWGF+0  S* (AGF 242+ VGEF2x2+ iGFrxp)))
ETT2XIa (VEBF+XJ2 (ABFRDONBF+0 . 92 (#BF %2 +VBF a2+ UBFax2)))
EXTEXJeIRFAXLIR(VOFR (1 . N+XJrVRF)+XJ2 (WhHF 2 (WHBFSDVRRF) +NLGF2r BF «UBF &

1UGF))

AC = xJevKF + ALLI*UGF + 1,0
*GGF = whGR(R)

#BRF = mKEE(R)

WHERF = whR(x)

XKXX = XL74wGF*AC

XKTT = xJP»vikRF=xal

XHXT 2 XISxv-GHFrLC

IF(NPLTY EG.NY 6L Ty AOO

ETTSETTauF # (] B+ XJdaVEFa Sy F)+VFe (XJanwBdF+0,5*VF
ETT=ET T+ Fa0{n)

EXT ZEXT+XLI*(LF2VYFaVGFasF)
YKTT2XKTT+XJdevhnF + ALV 2 UGF »wiF

XEXTSXKXT+XL Vovib

LC = XJxapF + YF




600

608

610

620

6295

630

1

XKXX = XKXX = XL7*WGGF ¥#WF
XKTY = XKTT ¢ XJaVRFw(XJaVRF « wF)

(XJAVBF o WF)an2d + ACK(AC + XJ*WBF)
XKXT = XKXT « XJH#WGBFaWF + XL3I*WGFxAC
1F (NSHEAR.EG.N) GO TO 605

X1 = XSx7(¥)
X2 = X§T2(Kk)

e XL1#WGF)
e XJ*wBF = CUR2VF)

EXX = EXX + X1x(0,9nX1

ETT = ETT + Xen(0.5%X2

ExT =

XKXX = XKXX = XL1*PESXZG(K)
XKTT = XkT71 = XJXPESTZA(K)
XKXYT =

XKXT = XJ*PESXZR(K) = XL1*PESTZGI(K)

1F (NDERV EG.2) GU TO 640

CS11 cr1t

0811 = O+t
FS11 = Fmi1
CSee = Cm2e
DS22 = Dvace
FS2e = Fr2e2
DS3I3=DpMm3R3

SIt = t.0

IF (K1.EQ.G) GU TO 610

CS11 = Crw1l + C116G(K1)
FS11 = FM11 & F1I6G(KRY1)
0S11 = OM1t + D11G(KN)

0S33=D0S33+N33G(n1)

SI6G = STNEG(KY)

IF (K2.EA.0) GU TOU 620
cSz22=Cmp2+lecB (J,K2)
FS2o=FMa2+Feen(J,n2)
NSe2=nwe2+0228(J,n2)
DS833=0533+N333(J,K2)
SIG = SIG2SIDER(K?)
S1A(x)
S2A (k)

S3IA(K) = CMITREXT & FMIZAXKXT
IF (MBUCK EG 0,0R.HNCALL.GT.D) GO T0O m2S
G2 = CMRP#ETT + CHI2xEXX + FMP2aXKTT + FM12+aXKXX

IF (G2.GT.BUCKS) GO TO

625

S1A(K) = CS11%xExX + FS11#XKXX

S2A(K) = 1CS22=CiHR2YRETT+(FS22=FM22) xXKTT+RUCKS+(RLCKS/G2)x»1,00

S3a(k) CM33xEXT

IF (SIG.EG.G.0) G6C TO 630

SGA(K)

e XJ2*WFawBBF <«

EXT = XLL#wGFaX2 + X1x(X2 = XJawBF = CURxVF)

Reproduced From
Best Available Copy

CS11aEXX & CMI2%ETT + FSI1#XRXX + FM12xXKTT
CSC2xETT & CM12*FXX + FS22*xXKTT + FM12xXKXX

CST1#XAXA & NDMI22XKTT + FSI11#EXX + FM12#FTT

SSA(K) = NS22#XKTT + OMI2#XKXX + FS22%ETT + FM12%EXX
SHEA(K)=NSE3xXKAT#FII3EXT
IF (MBUCK _EGQG 0 URJNCALL,GTL.0) GO TO 660
1F (G2.GT.RUCKS) 6O TO ebfn

Saa(K)
SSA(K)
Ser(K)
GU TG &
S4A(K)
554 (K)
S56A(K)

(

N gl
A })
0,0

nonTnau

105

DST12XRXX 4 FS11#oEXX + DMI24XKTT ¢ FMI12%ETT
0SP2xaXRl( + FS222FTT + UMI2RXKXX + FMrowe XX
NS3ITIwxXKXT + FMIZIXEXT




640

660

700

*DECK

®*CALL
=CaLL
=*CALL
xCALL
*CALL
*CALL
*CALL
*CALL
»CALL
*Call

9040

60 TO 660

CALL SIGMA (J,1,K)

1F (k1,6T.0) CALL SIGMAR (k1,0, JoI K)
IF (K2.GT.0) CALL SIGMAR (0,K2,J,1,K)

X1A(K
Xx2a (K
X3a (K
XUA (K
X594 (K
X6A(K

) = EXX
) = ETT
) = EXT
) = xr¥xX
) = XkYY
) = XkXT
3

COMNTINMI
RETURN

END
DERVE

SUBRGULTINE DERV?

CBLK1Y
CBLK?
CBLK3
CRLKY
CBLK1

0

CBLK1S

CBLK]
CMCOVA

2

CBLANK

CBLK1

12=0

b 14
MMOs(
Lty 18
IF (Mu
MO
12=12
SUKS=
SVRS=
SwkSs=
K=

oo 17

e

00 1e=1,m6

IR=1)»nGT

nn 1S=1,~E

SE(T1S.,1R)
15=1)*#MBT
+1

0.C

n, o

Ga9

60 131,167

MMMMG + T

Full
Fuee
Fvit
Fvee
T1
1e
3
Su
Sv
Sw
PRLM

PO tenc Js1, it
IF (mULSECJS, 1) KL

K = K

FH1 (M)
Fitd (M)
Fyt(iar)
Fya(dm)
FP1(tm)
Fr2 (M)
FRZ(IN)
n.

6.

n.

= prvA(I)

+ 1

«M) GO TH

Jeno
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1100

IF (NUSEFJ,1).EQ,1) 60 TO 1600
PRLN 8 PINA(J)

NNZNN(C e J

UGFEUG (k)

UBFxUB (X)

VFav(K)

VGFsVG (k)

VAFEVH(K)

wnFawir)

wGFENG (K)

waFEnE(K)

WEGF 2 GG (K)

wHBF = wRB(K)

4GBF T wha(K)

OnGFENWE (X))

DwRFzLwB(X)

IF(NU.EN,D) PPP=Pa(K)

PU = FUtieFUS(MNh)

PUG = FILI22xFUT (M)

PHB = FUL1#FUA (i)

PV = FV112FVI(hin)

PVG = FV22#FV3inu)

PVR = FViI1eFVa(hin)

P 2 T1InFPS(NN)

PrG = T2rEFS (i)

PwB = TI1#FPHLN)

PwGG T3IaFPS {¥il)

PiiKB T1xFPT(1N])

PHGB = TR«FPk("iv)
PEXXUSXLI*#PUGE (] ,0¢XLI%UIGF)
PEXXVEXLTxVGF#HVG
PEXXWEXL T+#PnGe (GF ¢+DNGF)
PETTU=XJ2wUBFabPUS

PETTIV = xJ2PVRa(1,0 ¢ XJ2vRF)
PETT#H = xJj22PwBa(RF ¢ Nhnkf)
PEXTUSXJ» (FUBR (1 CexLIwUGF)+XL 1 2UuBFePLG)
PEXTV 2 XL1a(PVGRa (1,0 ¢ XJeVHEF) + XJaVGFePVYB)
PEXTW = XJI3x(Prun({aGFeNWRF) ¢ PAGR(WBF*UWBF))
PRXXv,ExL7xFG6

PRKTTh=xJPaPhH

PR XTvisx JSaPuWizH

AC = xJeVRF + XL1=UGF

PREXXU = XLiaXL72vLGFaPIG

PRXXY = X jaeXL72a:60FePVR

PRXY™ = PKXYWw ¢ XLT#PeGGRRAC

PKTTD = XJ2aXL]lwunnFaPit B':::’I\Od':llced From
PRKTTV = PuRexJeaJ2evAdF vailable Copy
PrTiw = PTTy + PrBdReX]J29AC

PrXTU = sJdxallxuwGAF PG

PRYTV = jl 3aslexundFapVR

PRKXTL = PEKXTA ¢ XJSePAGRRAL
IF (MSHF Ak EH,Y) GU TO 1180
Xt s 2SX7(X)

X2 = ASTZ(K)

PEXRvt = PFAX.. = XL1eXToPH(
CETTVY = PFTIY = Cukax2epPV
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PETTH = PEWTW - XJeX2xPWB .

‘ P XTV SZFEXTV = CURAX1*PV

1136 $) = 0%

1200

1210

1

1

1

ﬁexrw,43vex7w = XL1#X2#PWG = XJ#X]#*PhB

9

§2=0, 0'

lF(NPb# £EG.0) GU TO 1200

PETTVSPETTVSFP VR (VF+XJa2WBF) « XJxwFaPVHB

PETTVHEPETTW = Pur(1.0+XIrVBF=F) + XJIxVFaPWB

PEXTVSPEXTV ¢ ALI®{WGFaPVerFxPVG)

PEXTWZPEXTH + XL1x(VFRPWG=VGFaPWK)

PKTTU = ¥L1»xPUG + PKTIHU

PKTTVEXJu»PVvEs ¢ PFKTTV

PKTTWaPKTTW « Puw

PKXTV=XL1*PVG + PKXTVY ,

PRXXW = PKXXw XL7x (PWGGRWF + PwaGGF)

PKTTV = PKTITV ¢+ AJxPVRR(U4_2XJrVRF = 3 *WF] +
PYn (3 . xxJswBF + 2_#VF)

PXTTH = PKTTwH + XJ22PABRAX(=iF + XL12UGF) + Pw*(e *F -
F.AXJAVAF @ XJ2xWBARF) + PuBeXJr(d xXJ*WBF + 3, %VF)

PKXTV = PEKXTV ¢+ XIL.3%xPVawWGF

PKXTW = PXXTin ® AJS*(PWGRewF + Pu»wGRF = PwuBawGF) +
PYHGRXLIx(XJnivBF ¢ VF)

S1 = DwWN(K) + wF

S§S2 = VF

Pl = XLPP2xPPP2PURX{AGF + D®GF)

PV = XLP1#PPPaPVE(XJx(MRF + [wBF) + S2)

Pr = XLPIaPPParax(8]1 » XL1*UGF = XJrvBF = 1,0)
FUX = o,

Fvx = 0,

Fux = n,

S$16=1.0

IF (MRERV EM,1) U T 1280

IF (KSTIF_EN u) GU TUu t270

STIFFENFRS.

K1 = RSGXx(J)

K2 = KRSBx (1)

IF (K1.,Fn_06) GUY T 1230 Reproduced From

SIG=SINEG(K]) .
IJ,: (Ki=1)xtrak « 1 Best Available Copy

KSUM = KSUME(TJ)

NS 8 MSFGOG(RY)

IF (KSUM_ LT.wS) o T t210

ELASTIC = Garrag

G = C1IG(RTI)2X1A(K) + FL1G(rh1)*XaA(K)
G4 = D11G(K1)24dR(X) ¢ F11G6(K1)aX12(K)
65=hH33G (K1) wxha(K])
FUXS(PEXRU*G1I+rRARXYxGE+GS*PKXTIN) «CAT+FUX
FYXRS(PEXXVGL+PRAXVAGA+GS*PRXTV)I*CAT+FVX
FOXS(PEXXAM*GI+PRALA2GU+6S2PRXTw)IxCA1+F WX
GO TO t23n

IMELASTIC = HA4NA

Fst N,

Fse o,

FS3 0.

LU = Svaxe{lJ=1]}
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oo

AR e A e, o 3 £ AT i T 0

1220

1230

1240

1250

1270

DO 1220 Kk=1,NS
L = LO + KK

61 =

21 = ZFR(KK,K1)
FS1

AASG(KK,K1j»SX(L)

Gl (PEXXU + Z12PKXXL) + FSY1

FS2 = GIwN(PEXXV + ZinPKXXV) ¢+ FS§2
FS3 = G1#(PEXXw + Z1aPKXXN) + FS3

Ge=CA{xNIIG (K1) xX6A(K)

FUXSFS12CAR2 (K1) +G2rPYXTU+FUX
FYX=FS2%xCAR(K1)+G2¥PKXTV+FVX
FRXSFSIACAR(KI)*GR2aPKXTNSFWYX

IF (K2.FR.0) GO TO 1270

SIG=SIGxSIDER(KE)

IJ = MSGMR + (R2=1)#nNBAR + J

KSUM = xSumMB(1J)
N§ = NSEGR({K2)

IF (XSuM_ LT ,nS) GO TO 1240

ELASTIC = BETA.

622C22B(J,K2)AX2A(K)+F22B(J,K2) 2X54(K)
6520228 (J,X2)#XxSA(K)+F22R(J,K2)xXx2A(K)

G6=033R(J,K2)x4bA(K)

FUXS(PETTUXGR+PKT THeGS+PK). TUxGA)*CAL+FUX
FVXS(PETTVU2GR+PHTTVRGS+PRKXTVRBa)RCAL+FVX
FOXS(PETTWAGR+PRTTWaGS+PRXTWaG6) kxCAY +F WX

GO TO 1270

INELASTIC - BETa,

FS1 0.

FS2 0,

FS3 0.
KKKINSG+ (K Qe ) ntiBARSJ
LO = m:SMAXx(IJ=1)

DG 1290 kKk=1,nS

L = Lo + Kx
Gi=AASB(KK, J,r2)*5X (L)
Z1=2Fis (KK, KKX)

FS1
FS2
FS3

wnan

JI = LRAR®{h=1)
KSUM = KSUMALK)
IF{KSUM LT .LSAK) 50 TO

IF(XTYPF EQ.3) GU A 1200

S1A(K)
SPA(X)
S3A(K)
S4a(n)
SSA(K)
Sha(r)

G1
Ge
63
Gu
69
6
Fi
Fp

0w isn

Gi=(PETTU + Z12PKTTL)
Gila(PETTVY ¢ ZixPKTTV) + FS2
GI*»(PETTHn ¢+ Z212PKTTH) + FS3
G2=CA12D3IIB(J,n2)¥XhA(K)
FUXZFS51xCAZ(RPI+LPaPKXTU+F UX
FVXSFS2aCAZ(K2)+GPabKXTVSF VX
FeXSFS32NA3(RZ) vl aP K XTiNeF uX

+ FS1

PEXX1xGY ¢ FelTUeG2 + PEXTH®GS
P XxtinxGd + PRTITHRBS + PKXTUxGS
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1300

1400

190¢

1e00

17v0

1710
1720

1729
17350

1740

L]

F3 = PEXXYRG] + PETTyYyxG2 + PEXTV=G3

F4 = PRYXAVHGY + PXTTVRGS + PKXTV%GE

FS = PEXXWaG] + PETTW#G2 + PEXTwaG3

FbO = PKXXN2G4 + PRTITWalS + PKXTwnGh

FU = ChnI10+F1 « CiNtiwF?

FV = CN10XF3 ¢ CwwllzFa

Fw = CN1g»FS ¢ CnltlxFe

60 TO 1500

TOTuM=0,0

TOTVM=0_0

TOTWM = O,

TOTUB = 3 . ,f', Reproduced From
TOTVR = 0,0 Best Available Copy
TOTw8 = 0_0

DO 1400 KK=1,LB8aAK

L = JI ¢+ KK

S1 = HGOQ(KK)

S2 = Gx(XKK)=251

Gl = Sxx(L)

Ge = STT(L)

63 = SxT(L)

TOTUM = TUTUI" + SLa(PEXXURGY + PETTU*GR + PEXTuxG3)
TOTUR = TNTURB + S22« (PKXXUxG1 + PXTTH#*G2 + PKXTUxG3)
TOTVM = TOTVH ¢ S12(PEXXVAG1 « PETTUxG2 + PEXTVAGR)
TOTVR = TGTVB ¢ 92+ (PKXXVxGY1 ¢ PRTTVRG2 + PKXTVYRG3)
TOTWM = TOTwM + S12(PEXXWRGY + PETTLxG2 ¢ PEXTweG3)

TOTWR=TOTHR+S2*x (PKXXAxGl +PKTTurGe +PKXTY%G3)
Fu CrhaxTOTUM + CNIaTOTUK=SIR
Fv CHNRRTOTV™ ¢ CHYTATVR=SIG
Fw CNRaTOTrm + CNO2TOTWHASTS

St + Py « Fux)«PRLNM + SI
+ FY + Fyx)aPRLMN + SV

+ P~ ¢ FAaXixPRLN 4+ Sw

(Fu
Sv (Fv
Sn = (Fw
CONTIMUE
Suk S SiS + PrRLMaSY
SVKS SYRS + PRL-A=3V
SWRS = SRS + FRL 4%xSwn
CONTIMNUE

ELASTIC SPRIANGS.

IF (NSPR_EWN.M) Gu Ty
DO 1730 112 = 1,v3Pw
L1 = NSEGTLI2)

L2 = uSPu(L1e2)

K = (L1=1YenedT + (2
BIGRL = AIGR(LL12)xXLP3

IF (Iulw(Ll2) = 2) 1710n,1720.1725

SHkS = RIGKL&O{n ) *FUL(MMO*L 1) RF U3 (NMO+L2) 4+ SURS
GO TN 1731

SVRS = SI6GXLaV{n])eFVY (MMOSLI)I*FYI3(MOSL2) + SVYRS
G0 TO 1730

SwRS = RIGKLAwW{An }&«FPL(MMOFLIYRFPS(i0+L2) 4
COMNTINUE

TURSTIN AL SPWInn5Yy,
IF (WNTSC.FH, u)} 33U

P n

1740

S YR8

fa 1750
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1742

1743

1744

1745

1746
1750

1752
1754

L1756
1758

1760

1762
1764
1766
1770
1780

1790

1300

1890

DO 1746 I=1,NTSC Reproduced From

J = 1sLocel) Best Available Copy

IT = XTSGR(I)

GO TO (1742,3743,1744,1708%), J

K = 11

SRS = SWRS+XLPUXBIGC(IIRWG(K)2FP2 (MMO+L ) *FPSINNQ+IT)2HK(TII)
GO TO 1746 ‘ ' ' '

K = (NGT=1)xNET + 1 .

SWRS = SWRS+XLPYAIIGC(II®NG(K) xFP2 (MMUSNGT) #FPS(NMO+IT ) *HK(TII)
60 TO 1746

K 2 ({I=1)aMBT « 1

SWRS = SWRS+XLPS+3IGC(T)#LB(K)xFP1(MMO+II)2FPe (NNN+1)aHJI(IT)
GO TN 174s

K = JI=NHT

SWRS = SuRS+XLPOS%R3IGC(I) 2B (X)AFPL(MMNLITIIFPH(MNDeMNT ) arJ(T1)
CUNTIHE :
IF (NIPF_EQ.0) 55U TO 1780

N0 1770 I=1,4

IF (MFT(I).EQ.7) 30 Tu 1770

IMePLANE FEXTERNAL FORCES.

CALL IWFORC (FIP(1,I).TIP(1,I),JLIP(T)NFI(CI).TIME,F)

IF (I=2) 1752,1754,1760

F = FaXLPoxFUL (MMel)

60 TUO 1756

F = «Faxi.PoeFll (M4D+NGT)

NO 1758 J=1,nHT

SURS = SRS = FaSFIPCJ,I)xFUSCMNO+])

GO YO 1770

IF (I.£65.4) GU fu 17k

F = FaXLPearFVI(uny+1)

60 7O 1764

F = aF«XLPoaFVvI(1NU+NART)

N0 1786 d=1,46fT

SVYKS = SVKRS = FaSFIP(J.T)xFVYI(H0+])
CONTINUE

IF (ABS(SsRS) . oT.1.,0E20) GU TOU 2180
IF (KCNhUP_.GT. ) GU T0 1790

YY(IZ) = SURS«PHLULLIZ)

YY(TZ+HMGHR) = oVRSaPRLV(IZ)

- -

YY(IZ+HGMR2) = JSanSePrRLnR{IZ)

GO TO 1809

RHS(IZ) = SukS
RHS(IZ+MGuR ) = SUKS
RHS(IZ+4G48B2) = 93RS
CONTIINUE

IF (XCOoupP EQ.0) 30 T 2200
00 1900 =y, MGAH

01 0.

e 0,

03 v,

ND 1840 t=1,i1G 414

DI = KHS(m)xa(inyg™v) & DY

2 = PHS({+eMLEn )Y (N,M) + D
D3 = PHESt(n+MBMA2)eAn (N ,M) + 3
YY(») = it
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YY({MeHMGMBY = D2 ‘
1900 YY(MeMGMB2) = L3 Reproduced From

60 TQ 2200 Best Available Copy

2150 XERR = 1
HRITE (6,2151)
2151 FORMAT (30HOSOLUTION DIVERGINMG IN DEPROP )

2enn RETURN
END
#DFECK DSET1
SUBROUTIMF DSETH

=CALL CBLK1
sCALL CBLKZ2
sCALL CBLK3
#CALL CRLKAa
xCALL CBLKS
*CALL CHULK?
*CALL CBLKS
aCAlLL CBLK1U
*CaLL CHLR1Y
*»CALL CBLK13
«CALL CHLK1iS
«Cal.lL CMOVA
*CALL CBL AWK
»CALL CRBLK18

INPUT DATA

READ(H,7000) MG, s, m3aR , NEBAR,LHAR
READ (S,7000) (G (I).I=1,+G)
READ (S,70060) (Gebsn (), TI=1,~B)
READ (S,7000) WiY:4G,MSYMB, NRLIY
IF (NFUV EG,.0) v = 1%
READ 1S,7066G) LPLT, UMD  NDFRY,MEG,MSH,KCOUP
READ(S,70GC) Moyl
JTFINMONT FL,0) Gu T 70
00 S0 I=1,.nt.uli]
S0 READ(H,7000) t0UT(L),wOUT (L)

70 READ(S,7000) anpP
IF (MRP.FQ.GY Lbu TU 99
o0 8n I:],"‘-KP

80 KEAD(S,7000) XPG(L),KPR(1D

90 IF(RDAM FR, 1,800 ATYPE_EQ.1) MUERY=p
IF (KOAV ELTAD KTYPE EG.3) ®MIEWY = 2
[F (NUERV_FR,.1) LBAR = §
KEAD(S,76000) NL,nSAEARLNBLCK
IF C(RTYPE+1)/2.0E.2) NSHEAR = n
LRBAR = %
IF (RTYPE.LT.S) LU =
IF (XKTYPF _ LT .3} L =
READ(S,71606) XLP,THET
IF(NPLY FRLLO) Azl .0
TE (LOEYY ROY) I TU 1S5S0
O0 190 I=9%,i-L

3
1
A0
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100

150

160

190
200
205

210
el

212
213

c1d
216

READ(S5,7100) HM{I),RHOM(I),EM(I) :

READ (5,7100) TNU,SIGO.EP,EPSIF BRe:’fd‘.'lce"’ From

60 TO 190 est Available Copy

D0 t1en I=1,ML ‘ '

KEAD (S,7100} HM(1l),RHOM(])

READ (5,7100) EX(I)L,ETCI) . XXNUCI),THNUCT),GXT(I)

READ (5,7100) SAT(I),SAC(I)

IF (KTYPF _ME.SAND KTYPEME.G) GO TO 190

IF (KCAM_NE,.0) GO TO 190

READ (S5,7100) EC,GC,0C

READ (5,7000) NSPR.NTSC.("FI(I).I=1.Q)

IF (NSPR.EG.D0) GU TO 208

00 200 I=1,NMNSPR _

READ (5,7110) TUIR(I), NSPG(IVY,NSPB(Y),BIGK(I)

IF (NTSC.EG.0) GU TO 211

00 216 T=1,NTSC

READ (5,7120) LSLOC(I),KTSGB(I),BIGC(T)

NIPF = 0

DO 213 1=1,4

NFIX = NFIC(I)

IF (NFIX_.EG.0) GO TO 213

NIPF = NIPF + 1

MEIXX = [aBS(NFIX)

READ (S,7100) (TIP(J,I),d=1,MFIXX)

READ (S,7100) (FIP(J,I),J=1,tFIXxX)

NSF = MRAR

IF (I1.GT7.2) &SF = mMBANW

NSFX = ISF

IF (MFIX, LT.C) W9FX = 1

READ ({S,7100) (SFIP(J,Y),J=1,M8FX)

IF (MSFX,.GT,1) GO TO 213

DO 212 J=2.NSF

SFIP(J,I) = SFIP(1,1)

CONTINMUE

KSTIF = IABS({NSG) + TARS(MSE)

IF (KSTIF_ER.0) KCOUP = 0

LSBAR = 1

IF (NSHEAR_FG,V) GU TO 216

KEAD (S,7100) C,66,GR

KEAD (S5,70¢00) LxBar,LSRAR,LOUT

READ (S,7000) (LKG(I),I=1,LREAN)

®EAD (S,700C) (LSB(I),I=1,LSEAR)

IF (LCNT.EG.D) GU TU 216

DO e2ta I=1,toud

READ (S,7000) LRUUT(I),LSOUT(T)

SUCKS=0.0

IF(MRUCK _GT, <) READ(S,7100) AUCKXS

IF (KSTIF_EGL,Q0)} GU TO 400

IF (HNSG.ER.O)Y GU 1u 260

NSGY = TARS(nS6)

READ (5,7060) (KSG(1),1=1,+SGY)

NSGXSSG

1IF (WSG.LT.0) idSHr = |

Ne 220 I=1,%8Gx

READ(S,7106) SIDEG(I),ESTRG(I) GRAMG(TI),RHOSTGC(1)Y,
SIGuLT(I),ST6GUGC(T)
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220

240
290,

260

Inn

Reproduceq From

ETSTRG(IY = 0. : : Best Available Copy
EPSG(I) = 0. L )
IF (NDERvV.EV,2) READ (S,7100) ETSTIRG(I),EPSG(I)
READ(S5,7000) NSEGG(I),KSUPG(I)

IF (SIDEG(I) .Eu,.2.0) KSUPG(I) = 0

NS = MSEGG(L)

READ (S5,7100) BIGJG(I) ., HOG(I),AWEBG(I])
DO 220 L=1,NS

READ (5,7100) HSTG(L,I),.B3TG(L,1)
CONTINUE

IF (NSG.GT.=2) GOC TO 260

DO 2S¢ I=2,NSGY

SIDEG(I)=S'DEG(1)

ESTRG({I)=ESTRGL])

GBARG(I)=GBARG(1)

RROSTG(IY=FHOSIG(1)

SIGOGT(I) = SIGUGT(1)

SIGOGC(I) = SIGUGC(1)
ETSTRG(II=ETSTHG (1)

EPSG(1) = EPSG(1)

NMBEGG(T)=nSEGSG(L)

KSUPG(I) = «SUPGI(1)

MSSASEGG(Y)

BIGIG(TI=6IGIG(1)

ROG(T)=HOG(Y)

D0 240 L=1,NS

HSTGIL,I)Y=-2TG(L,1)
BSTG(L,TI=5STG(L,1Y)

CONTINUE

IF (SR FA.0n) GUL TC and

MSA8Y = 1ARS{MS3)

~EAD (S,7000) (KSd(I),T=1,NSHY)

MSRX=NSR

IF (NSR.LT.0) wdBx =

0O 306 I=t1,783x

READ(S,7100) SIDEE(T),ESTRB(I),GRARB(1),RH0STB(1),
SIGUBT(I}Y,SIGORC(I)

ETSTRR(1Y = 6.

EPSB(I) = 0.

IF (MDEQV EN,2) REay (S,7100) ETSTRRII),EPSEB(D)

KEAD(S,700¢0) GSELGR(1),¥SUPB(I),NnSTA(T)

IF (SIRER(T).EV.2.0) KSUPB(I) = 0

NS = NSEGR(I)

MSTRX=4STRIT)

DG 300 k=t1,cSTax

READ (9,7100) olcd 3 (e [) o HIR{K, 1), BETC (K1), AvERB(K, 1)

ne 309 1.=1,%8

READ(S,7190) HOTB(L,K.I)e8STR(L,K,I)

CuRTIMNUE

IF (83, 6T.=2) GuU T0 4ann

N0 350 I=2,5i3uY

SINEH{1Y=S81D0E={1}

ESTRR(I)=ESTRA(1)

GBARB(I)=CGREewS (1)

REOSTR{TY=2&RS3T={1}
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330
350

400

1160

-

1149

1190

1eone
1210

teeo

$IGOBT(I) = SIGUBT(1)
SIGURC(I) = SIGOBC(1)

ETSTRB(IY=ETSTRE(1) | R |
EPSB(1) = EPSB(1) - SR Reproduced From

NSEGB{I)=NSEGB(1) ‘ : Best Available Copy
K8uUPB(I) = KSUPB(L1)

NSTB(I)=NSTB(1)
NS=NSEGB(1)

NSTBX = MSTB(1)

N0 330 K=1,N3TbHX
8I6JB(K,1)=BIGJB(K,1)
HOB (K, I)=HOB(K,1)
BETC(K,1)=RETCt(K,11)

DO 330 L=1,nN3
HSTB(L, K, I)=HSTO(L,K,1)
RSTB(L,%x,1)=8STB(L,X,1)
CONTINUE

READ (S,.7100) ((FG(I,J),I=1.MB),J=1,46G)
READ(S,7100) OVELT1IM,TSTOP,PRINMNT
IF(INQUT EG,0) GU TU 2100

PRINT QUT THE InPUT

WRITE(H,7170)

WRITE (6,7200) ~G,MB,MRAR,NBAR,LBAR

ARITE (6,7210) (M6GM(I),I=1.MB)

WwRITE (&6,7220) (vBN(1),1=1,MR) .

WRITE(6h,7229) ~3YPG,NSYMB,MPLT NRUV,NED,NDERV

RITE (6,7600) WSG,NSE,XCOUP

WRITE (6,7150) <nQUT

IF(NNOUT.GT,.0) ARITE(6,7180) (MOUT(I),NOUT(I),I=1,NuUT)

ARITE (b,7185) &KF

IF (NKP  GT,0) «RITE (5,7180) (KPG(I),KPB(I),I=t,NKP)

NRITE(6,11600) NL,NSHEAR,ABUCK,XLP

IF(NPLT.EN.0) vwRITE(6,7230) THETAO

IF(NPLTEQLL) wRITE(H,7260) THETLO,A

1IF (NDERV.EQ,2) GO TO 11890

00 1160 I=1,nNL

SRITE (6,11700) I,HMCI)RHOMCTYLEXCI)L,ETCI) o XXNUCI), THNI(T),
GXT(T),SAT(I),84C(1)

IF (KTYPE _ME.3.ANO XTYPE.ME.4) GO TO 1190

IF (KDam_nE .N) U TQ 1190

ARITE (6,11900n) EC,5C,0C

60 T0 1190

“RITE (#,7280) (N (D),RHOM(I),EF(I),I=1,nNL)

WNRITE (6,7300) TL,SIGO.EP,EPSTF

WRITE (be12000) nSPR

1F (NSPR_.EU.0) GG TQ 1210

WKITE (6,12200)

00 120y I=1,MSPk

WRITE (&,12100) ICIR(IV.NSPGCIY,NSPE(I),BIGK(I)

AakITE (n,12300) nlSC

*RITE (&,12690) (IFI{I),I=t1,4)

IF (NTSC.E@.0) Gu TJ 12295

wRITE (6,12490)

NN 12207 I=t,~nTsC

RITE (6,12506) ISLOC(I)KTSGR(I),RIGC(I)
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1225 IF (NIPF.ER.,0) GU TO j240 Reproduced From

1230
1240

1245

1250
1300

13549
14090

2110

DO 1230 I=1,4 Best Available Copy

NFIX = TABRSINFIC(I)) C

ARITE (6,12700) I, (TIP(J,1),J=1,NFIX)

WRITE (6,12800) (FIP(J.1),J=1,NFIX)

NSFX = NBAR

IF (1.6T.2) NSFX = MBAR

IF (NFI(CI).LT,u) nNSFX =

NFI(I) = NFIX

IF (NFIX.GTL,1) GU TO 1230

TIP(2,1I) = 1.Eb

FIP(e,1) = FIP(1,1)

CONTYINUE

IF (MSHEAKEW,0) GO TO 124S

wRITE (A,13000) C,G6,G8

ARITE (6,13100) LRBAR,LSBRAR,LNUT

WRITE (6,13200) (LRG(I).I=1,I.RRAR)

WRITE (6,13300) (LSB(1),I=1,LSRAR)

IF (LOUT.GT.0) WRITE (6,13400) (LROUT(I),LSOUT(I),1l=1,LCULT)
IF(NBUCK .GT, 0) ARITYE(6,13500) BUCKS

IF(NSG LEQ. 0) U TO 1300

wRITE (6,7700) (KSG(I),I=1,NSGY)

CO 12506 I=1,MS6X

WRITE(6,7800) SIVEG(L),ESTRG(I),GRBARG(I) ,RHOSTG(IY,SIGHGT(1),
1 SIGOGC(I)

IF (NDERV.EG.2) WRITE (6,7830) EYSTRG(I)LEPSG(I)

HRITE (6,7850) ~SEGG(I),KSuUPG(T),BIGIJGLI) HOG(1) ,AVERG(])
NS = NSEGG(I)

DO 1250 L=1,n8

WRITE (6,7900) HSTIG(L,I),BSTG(L,I)

CONTIMUE

IF (NSR_ER.0) GU Tu 14dne

NRITE (6,8000) (KSms(I),I=1,NMSHY)

DN 13590 I=t1,NS8X

ARITE(6,RN50) SIUER(TI)},ESTRR(IV,GRARR(I),RHOSTR(TI,SIGCRT(I),
1 SIGURBC(T]}

IF (NDERV,.EW,2) HHRITE (6,8070) FTSTRB(I),EPSB(I)

WRITE (6,80080) nNSEGR(1),KSUPB(1),nS8TAR(L)

NS = MSFEFGB(1)

NSTRBX=ANSTR{I)

DO 13950 x=1,~:3Tbx

ARITE (6,88300) KyBIGUR(X,I),HOR(K, 1), RETC(K,I),A%ERR(K,T)
DO 1350 L=1,m9

ARITE(A,790N) HSTHA(L,K,T),BSTR(L,K,1)

CONTINUE

WRITE (6,7400) ((FG(I.J)elIz1,mB),J0=1,M5)

I=¢

MGMRzZ

20 2150 m=1,i6G
MM = MGuM (M)

NG 2150 ~N=t, VR
Np = MENEN)
MUSE (M, M) =
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Reproduced From

IF(I.EQ.NNOUT) GO TO 2130 - - BeStA"a"ableCOPy
00 2110 J=1,NNOUT
IF (MM ED . MCUT(J) AND.NNLEQ, NOUT(J)) 60 TO 2120
2110 CONTINUE
G0 TO 21390
T 2120 MUSE(N,M)=0
: I=I+t
GO TO 2150
2130 MGMAZMGMR+1
2150 CONTINUE
IF (NSHEAR.£Q,0) GO TO 2500
I1=0 :
DO 2400 M=1,LRBAR
MM = LKG(M)
00 2400 Mz=1,LSBAR
NN = LSB(N)
LUSE(N,M) = 1
IF (1.£Q.LOUT) GO TO 2800
DO 2200 J=1,LO0UT
IF (MM _EQ.LROUT(J) JAND NN.ER.LSOUT(J)) 60 TU 2390
2200 CONTINUE
GO TC 2400
2300 LYUSE(M,M) = 0
I =1+1
2400 CONTINUE
2500 CONTINUF
MGEGMB2=2rMGMB
XJ=180,0/THETAQ
IF(NPLT L EQG.0) XJ=PI/THETAQ

NBNDL = MRND/LG

NBNDR = NRAD e 19xNBAND1
NBUVL = MBUV/LO

NBUVE = MBUV = 10xnNBUVIE
RETURMN

7000 FUORMAT(AI12)

7100 FORMAT(wF12.1)

7110 FORMAT (3112,F12.1)
7120 FORMAT (2112.,F12.1)
7150 FORMAT (9HONNQUT = 13)

7179 FURMAT(10neH1INVPUT DATA FOR DEPRCP (MONRIFIED TO INCLUDRE EXTRA B.C..,
1 ELASTIC AtD TURSIOWAL SPHINGS AND InN=-PLANE FURCES)Y)

7180 FORMAT (214)

7185 FORMAT (7HONKP 2 [3)

7200 FORMAT( {0OHOMG = I2/710H MR =1
12/10H MEAR = I2/10H NRAR = 2/10H LBAR = [2)

7210 FORMAT (10HOMGM = (1019))

7220 FORMAT (10HONSw = (1015))

1225 FORMAT (10R0WSYMAG = 12/710H NSYMAR = J2/10HONPLT s 2/
2 10n MBLY = 12/
3 101 MRBHND = 12/ 101 NDERV = [2)

7230 FORMAT (17 THETAY, [ = F1e.8)

7260 FORMAT(174 THETAG, DEG = EVAR.B271TH A, 1IN 2 ElR,.A)

7230 FORMAT (1pH( M, (N, 8X,21HRHOM, | ReSECew2/INxwd,dx,
1 THEM, PST/(3k17.3))

F300 FORMAT (1T7HOT 40 = E16.B/17H 3160, PSI S ElA,8717R EP,
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Reproduced From
Best Available Copy

1 PSI = E16,8/717H EPSIF, IN/IM = E16,8)
7400 FORMAT (6HOFG = /(SE14,.6))
7600 FORMAT (10HONSG S 12/10H NSR = I12/10H KCOUP = [2)

7700 FORMAT (10MOKSS = (101S)) .

7800 FORMAT (23WHOSIUEG = FU,.,1/
2 23H ESTRG, LB/livkx2 = F15,6/23K GBARG, LB/IN®x%2 = E15.6/
3 23H RKOSTG, LB/SEC2/ING = F15,6/23H SIGOGT, LB/InN%#2 z E15.6/
4 23K SIGOGC, LB/1lnxsp = E1S.6)

7830 FORMAT (23HOETSTRG, LA/INka? = E195.6/723H EPSG, IN/ZIM =
1E15.6)

7850 FORMAT (10H WSEGG = [3/10H KSUPG = 13/
1 23K BIGJIG, INwng, = E1S.6/22H HOG, IN SEl6.6/
e 22KHAWFHG, Inv+nxp S El16.6/ :
& 1SX,9H MSTG, Iw,21%,8HBSTG, IN)

7600 FORMAT (2(12X,E159.0))

8500 FORMAT (1nHOKSA = (101%))

8050 FORMAT (23H0SIUEY = F4a,1/
e 23n ESTRB, Lu/llhawx? = F1S.6/723H GBARB, (LB/INxxQ = E19.6/
3 23H RHNOSTR, LB/SEC2/ING = E15,6/723H SIGOBT, LH/INkxQ = E15,6/
4 23K SIGORC, Lu/lnNxx? = E15.6)

B070 FORMAY (23HOETSTRB, LR/IMxa? = E19.6/23H EPSR, IMN/IN =
1E1S.6)

8090 FORMAT (10H NSEGB = I3/10H KSUPR = I3/10H NSTBE =13)

8200 FORMAT(1SHODELTIM, SEC = E16.8/15% TSYOP, SEC = Elb.8/1SH PRINT
1 = F16,8)

B300 FOPMAT(9hOSTATIUN [2/SX,15HRIGJIR, It*xd = E15.6/
1 SX,14HK0H, I = E1S.6/5%X,14KBETC, IN = E19,6/
2 SX,1dH A¢EBB, luyex2 E1S.6/
2 15X,9n HSTR, IN,21X,8HBETR, I}

1600 FORMAT (10HL = 12/10HONSHEAR = 12/ -
1 10RONABICK = I2/71780XLP, 1M = E16,.8)

1700 FORMAT (6HOLAYERIZ/2TH M, 1M S Ele.8/
1 27H RuGM, LB=SECx%2/Ilxed = E16,.8/
e 27w Ex, PSI = Ele.8/
3 27H ET, P51 = Ele,.8/
4 P2TH XXy = Elh,8/
S 27H THNL = E16.8/7
6 Q7H GxT, Pol = E16.8/
7 27H SAT, P31 = El6,8/
LI SAC, Pl = E16.8)

1900 FORMAY (11KNEC, PSI = E16.8/11H GC, PSI = Elk R/
1 11H DC, 15 = El1s,.8)
2000 FORMAT (HHONSKFHR = 12Z)
2100 FORMAT (SX,%10,E1%.h)
2200 FORMAT (37h [DTR NSPHK  NSPRK K (LBsIN))
2300 FURMAT (8HOWNTSC = [73)
2400 FORMAT (11X, 44CULE,2X,BHLDOCATINM, X, 13HC (IN=LR/NALD)
2500 FORMAT (SX,2I53,E15,.4)
2600 FORMAT (HKHANFL = 414)
2790 FORMAT (QrmOBOLIKVOARY [B/12KH TTES = SE13, 4/(14X,%F13%,.4))
2RO0 FOKRMAT (1c¢H FUKCES = SE13%,.4/(11%,5F13.4))
2900 FikMaT (]19h SCALE FACTHRS = SE13,4/7(18X,56E13.41)

$000 FOKRMAT (8NMOC = EL1S.6/7801 16 = E1S.6/784 GR = E1S.m)
3100 FORMAT (10k0L~NBAR = T2/10HOLSHAR = I2/710HOLOUT = 12}
3200 FOWRMAT (RROLRG = (101%))
3300 FURMAT (mwh L3H = (191S))
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3400 FORMET (16HOLRUUT, LSQUT = /(S8X,215))
3500 FORMAT(10HOBUCKS = Et1S5.6)

2730

2740

2745

2747
2799
2800
3000

*CECK

*CALL
*CAaLL
*Cal L
xCALL
=CALL
=CALL
*CALL
=CaLl
*CALL

END ©

H s HM{NL)

F3=RHO/0H3

F1sDM22xAan3/F3

FesF/F3

F4 = FI3s(a2CM1 1)

FS = DMitxAxa3/F3
F3=F3/7(anCM22)

DY = DELTIM

CALL DTSTEP (F1,FR.,F3,Fu,fF%)
IF (DY .6T.0,0) CELTIM = DT
NELP = 1

NZP = 2

IF (KTYPE_EQ.S) U TQ 2730
NLZ(1) = ¢

2C(1) = «HBAR

NLZ(2) = 1

Zc(2) = z2c({1) + H

IF (KTYPE.LT,3) 6N TQ 2745
NLZ(2) = 3

ZC(1) = ZC(1) ¢+ .S=xHM(1)

ZC(2) = ZC(2) = S5« (HM(3) « HM(2))

GO TU 2748

HY = =sHRAR

HS = HM(1)

00 2740 TI=21,HL
NLZ(2*1T = 1) =}
NLZ(2xI) = ]
IC(2*1 = 1) = HY

IF (I.6T.,1) rS = HM(I) e HM(I=1)

HT = HT + WS
2C(2%xl) = HT

MZP = 2=nNl.

IF (KDAMEf,2) U TQ 2800
DO 2747 T=1,nL
TCRIT(I) = SaT(1)
CCRIT(1) = SAC(1)
CONTIMNUE

KETUR®M

KERR = |

RETURN

enD

NSET3

SURROUTIME DSETS

CHLK)
CRLK?2
CeLk3
CeLK4
CRLKS
cBLx?
Cat.xQ
CRLKLO
CHLK1Y
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*CALL CBLKI
«CALL CHBLX1S Reproduced From

«CALL CNOVA Best Available Copy

| *CALL CBLANK
| ~CALL CBLK18

PRIMNTOUT OESCRIPTION UF OEPRUP DATA

2800 ARITE(H,9300)

IF(NPLT.EN,.0) “RITE(6,9400)

IF(NPLT.EQ.1) #“rRITE(&,9500)

GO TO (2820,2840,2860,2880,2900), KTYPE
2820 WRITE (6,9600)

GO TO 2980
2840 ARITE (&,9700)

GO YO Pasa
2860 WRITE (6,9800)

GO TO 2950
2830 wWRITE (&.,9820)

GO T0 2950
2900 WRITE (6,9840)
29950 IRITE (6,13500)

IF (NBIVI . EW.1) “RITE (6,1360M)
| IF (HEBLUVY ER.3) wRITE (6,13700)
| IF (MBUVLFQ,S) wHITE (6,13800)
‘ WRITE (bh13900)
IF (MEUVP.EQ,Y) WRITE (&,13600)
IF (MBUVR.EN,3) “KITE (6,13700)
IF (MBUV2 . EG.9) wKITF (6,13800)
“RITE (6,14000)
IF (LBNDY Efi,1) WiRITE (6,9900)
IF (NRANT.EG.2) wrRITE (6,9920)
IF (MRNDY EL,3) “HITE (6,9930)
IF (NHND1EG.4) eKITE (6,9%40)
IF (NBMD1.ERL,S) “nITE (6,9950)
IF(NBMC1.GT.9) wRITE(K,9955)
IF (NBMDR.Ef,1) wRITE (6,9960)
IF (tisnD2 . ENR.2) #xITF (&,998n)
IF (NRNDRLEWL3) WRITE (6,9990)
IF (MRND2 . EQN.4) wRITE (8s100006)
IF (WRED2 . EN,.S) wwITE (6,100%0)
IF(NBrND2,GT,.S) =KITE(H,1005858)
IF(NDERV.IEU 1) wrlTE(6,10100)
IF(RDFRV E,2) wrITE(”,10200)
: IF (KCOUP_EG.1) ©RITE (6,1025¢)
; FRITE(6,10B00) #6,M8,9BAR, NAAK,LRAR

WRITE (6,108210)

60 2970 M=1,MG

MM = MGM (M)

DO 2970 n=1,MR

MM RN

IF (MUSF (i, M) Rw ) GO TU 2970

NRITE (6, 10830) mt b
2970 COMTINNE

IF (NSHFAR BN U, ath (KTYPE+1) /2 EG.2) WRITE (6,14100)

IF (MSHEAR MK ,6) RTIE (R,14200)
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e AW

33900

3400

3500

3600

4000

4020

WRITE (o,10850) XxLP

IT(NPLT.EQ.N) wWRIIE(6,10900) THETAO
IF(NPLT . EQ1) ARITE(6,11000)THETAQ, A
IF (NDERV.EG,2) GO TO 3500

ARITE (6012050) HBAR, (1,I=1,NL)
ARITE (6,12100) (RM(I),1=1,h0) od FIO
WRITE (6,12200) (KHO(I),1=1,N0) Reprodht | 1o CopY
WRITE (6.12300) (EX(I},I=1,NL) gest Aval?
ARITE (6,12400) (ETC(I).I=1,1L)

WRITE (6,12500) (Xxnuy(1),1I=21,NL)

PRITE (6.,12600) (THNUCI),I=1,mL)

NWRITE (6,12650) (GXT(I),I=1,80)

IF (KTYPF _MNE,1.ANU KTYPE.ME_.3) GO YU 3300

WRITE (6,12900) (SAT(I1),I=1,NL)

wWRITE (6,13000) (SaC(IVY,I=1,N0)

GO TOU 3400

WRITE (6,12700) (SAT(I),T=1,n0)

WRITE (6,12800) (SAC(I),I=1.MmL)

IF (KVYPE_MEL3LAND KTYPENE Q) GO TO 3600

IF (KDAM MELO) GU TO 3600

WRITE (6,13100) EC,GC,DC

GO TO 3600

IF (KTYPE.EW.3) WRITE (6+13300) HRAP

WRITE (6,11100) P,RHO,EL,THU,SIGO,EF,EPSIF

wRITE (6,13400) NSPR,NTSC

WRITE (6,11200) (lFG(NlM)0N=10MR11M=1|MG)

WRITE(6,11300) UELTIM,TSTOP,PRINT

1F (NDERV,EG.1) GU TQ anev

00 4000 K=1,LB8AR

IH(K)SGX (K )*HRL S

ZF(K)=ZH(K) /A

IG6(K)=GX(¥)xx2

CONTINIE

ZA(1) = Z28(1) /A
2A(2) = ZR({2)}/A
INZ(1) =t
INZ2(2) = 1.BAR
NNSYMG = 0
MNSYNK = 0

IF (NEND1.GT.3) wWiSYMG
IF (HRAD2.GT,.3) whiSYMA
IF{NBADY Fli,0) NRSYMG=20
IF(NBNC2.EN.B) NNSYMB=0
IF (NBUVYI GT . 3) WNnSYMG = 1

IF (LBLV2.6T,.3) nNusSYyMis = 1

IF (ANSYMG B 1o ANDJNSYMG EG.N) aRITE (0,13200)
IF (NNSYMRB . EG.1AND NSYMB BEL.0) #kITE (6,13200)
NGT = MBAR

NBT = NRAR

NG = MGT

MB = MBT

1F (SY2G €N 1) mi = (NGT+1) /2

TF (HSYMB _EN, 1) D = (MAT+1) /P

"o
—

NYZ2 = FwhGMp
PIM = PI/FLNAT (22 (M3aK=1))
Piti = PI/FLUAT(2x(NRAR=Y))
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IF (NSYMG_EQ,1) PIvM = 2, 2PIM
IF (NSYMB.EQ.1) PIN = 2.2PIN
R=A/H
BUCK = =«ARS(BYUCKS)
BUCKS==ARS (BUCKS) /R Erom
:L:XLP/(PI*M : Reproduced T v
L1s1.0/XL yailabte COP
XL2ZXL *#2 Best A
AL3=2.,0wxL1
xLas2,0*xL2
XLS=XL4nR
XL7=1.0/xLe
CNB = XlL=awxg
IF (KTYPE.EUW, 3,400 ., NOERV ,EQ.2) CNB = Z.0%xCN8
CNY = CNR/(2.0%KR)
IF (NDERV_EGQ.1) GEL TU 4040
CnN1O 2.0%®CNA
CN1t CHM9/ (3, Uunk)
60 TO 4080
4040 CNIG = 2.xChBxR
ChN1t = CH1O
4050 xJ2 = XJwwg
XJ3=XJ*XL1
XJas, 0% ]J
xJS=2,0xxJ3
OPRT1=PRINTDELT]IHM
XLP1=2XLS
XLP2=2.0xXLxR
IF (MSPR, EW,0) LU TO w0?7s
XLP3 = 2.0%XxJ/7(AxPIaraXLP)
IF (HSYMLGRIISYRbBENLL) RO 1IC 40789
ACCOUNY FUR SYMMETRY,
XLP3 = 4. 02XLP3/ FLOATC(NSYMG+Y ) x(NSYMB+1))
DO 4060 L=1,MSPK
1 = MNSPG(L)
J = HNSPR(L)
IF(I.EQ ., MRAK) 0lGhR(L) = 0,5%*RTGK (L) *FLUAT(NSYMNG+Y)
IF (J.EQ.mBAR) DIGKIL) = G.S*kBRIGK(L)Y*FLOAT(NSYMBe1)
4060 CONTINUE

4n7S IF (NIPF.EQ.0) Gu TU 4155
XLPG = 2.0 (PIxxL)2%2nR/ (AxTHETAOXXLPex3)
IF (kLT JEN, 1) XLP& = XLF&ae1RO_ 0/PT
D0 4182 [(=1.,4
IF (UFTC(1Y.EHNLY) GO TO 4192
TF (L LT . 3.8NDNSYMA_EN_N) SFIP(NHAR,T)
IF (1.6T.2.AnD.NOYMG EGQ.0) SFIP(MBaAK,T)
JLIP())Y = 2

4152 CONTIME

4188 CONTIMUF
SIMPSI'v S kRilLF.
MBAR a0 MBAK »UST dE 00D HUMHERS FOR FULL PAREL,
DO 4160 T=i,“HAK
F = [-1 ’
GAM(]) = FabPIV
XG(I) = GaM(1l)*xLP/PI

0.S*SFIP(MBEek, 1)
O.S2SEIP(eR, 1)
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4160

4200

4250

4300

4400

a410
d4a2n

4430

HJ(1l) = 2.0

PIMACI) = 2.C*PIM/ (3. 0xXLP2a22) Reproduced From
IF (NSYMG EG,.1) PIMA(I) = .S«xPIMA(I) Best Available Co
IF ((1+1)72.EG.i/2) HI(I) = 4.0 24
CONTINUE

HJ(1) = 1.0

IF (NSYMG.EQ,1) HJ(MBAR) =
IF (NSYMG_EQR.0) PIMA(MBAR)
D0 4200 I=1,NBAR

F = [ef

BETR(1) = FaPIN

XB(I) = RETR(I)xTHETAN/PI
HK(I) = 2.0

PINA(L) = 2.0xPIN/3 .0

IF (NSYMR_Efl.1) PINAC(I) = .S«PINACI)

IF ((I+1)/72.EH4.1/2) HK(I) = 4.0

GAMMA(I) = XB(1) = _S«THETAOQ

IF (NPLTLEM,1) GAMMA(I) = GAMMA({I)xRFR=PI/180,
CONTIMUE

IF (NPLT.FU,1) THETAND = THETAO«PI/Z1KO.

NMASS = NBAK

MMASS = IMHAK

HK(1) = 1.0

IF (MSYMR_EG.1) HKR(WBAR) = 1.0
IF (NSYMR_EG.G) PINAINKBARY = PIMA(NRAR)/Z2.0
DO 4250 I=1,MRAP .

PIMA(T) = PIma(llxnd (1)

DO 4300 I=t,DBAK

PIMACT) = PINA(L)«HK(T)

D0 4400 1=1,™BAk

N0 44060 J=1,kRAR

NUSEC(T, 1) = 2

11 = o

00 4430 [=1,wg}

DO 4420 J=1,hn

IF (11.EfR.iKP) GU TO 4a3zoe

00 43810 K=1,nKP

IF (I.EQ.KPGIN) JAGDLJLEQLPFB(K)) GO T 4420
CONTIHUKE

GO T qa4%o

NUSE(T,T) = 3

11 = 11 + 1

COMT IMHE

1.0
= PIMA(MBAR)/2,0

CALL STIFF(1)

IF (NTSC.EW.,0) LU TU 4700

TORSTOHAL SFEFRI&LY,

XLPG=F 1222/ (3 2tafF L AT (NBAKel )2 xLP2x3)

IF(MNSYMR FG,T) xLPd=2,.0eXLPd
XLPS=(PIxYJxXL)x22/ (3 aHaFLDAT(MEAKe ] ) *AXTHETAQRXLPx22)
IF(NSYRMG EN 1) ALPSz2,.02xLPS

TGt = n,

1Ge = o,
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781 = 0.
782 = 0, : Reproduced From

b0 a0ss 1 Best Avai
DO 4985 T=1,NTSC ailable Copy

J =1
Kk = ISLOC(I)
IF ((K+1)/72) 4080,8083,a085%
J MHAR
GO TO 4085
9408% J = NRAR
4085 NTSCX = WNTSCX + J
J = NTSCYX + 1
DO 4996 IT = 1,NTSC
1 = NTSC =« 1 + 1
K = ISLOC(I)
KK = |}
IF (K, LT.0) KK = «wHAR
IF (K. LT.=2) KR = Ma3AR
IF (K,.GT.0) KTSGB(J=1) = RTSGAR(I)
IAK = JawS(K)
DU a0Bag L=1l,kh
J =] -1
LL = ax &« L ¢ |
ISLOCtY) = Tan
IF (K LT.0) KTSGH(J) = tL
BIGC(JY = BIGC(I)
IF ((1akei)/2) d4194,4090,408H
4088 1F (IAK.FO_3) Thl = TBY ¢+ BIGL(J)
IF (Iax . FR,u) Tue = T8 + RIGC(I)
IF (KYSGR(J)E.™3AR) BIGE(JY = €,.95«BIGC(J)
G0 10 anQg
4090 IF (JaK . ENJY1) 161 = 161 + RHYIGLCCJ)
IF (lax,FQ.2) TG2 = Tge ¢+ nrIGC(J)

4080

IF (XTSGR(J) EN.vHAR) RIGC(JIY = 0,5«BT1GC(J)
4692 IF (X1SGR(J).E%.11 BIGC() = 0.5«816C(J) "
4094 CONTINUE
4096 CUMTINUE

NTSC = NTSCx

TF (NLUERY_BEGL1LURJXKTYPEEN %Y GU Tu <100

NG = ELrwexl/si2,

ce = G

GO TC att1y
4100 06 = PHileaned
OB = (.222%xaxx}
G110 iF (uSG Eu,0) u Tu 4120

00 a1:s I1=1,M86
4115 06 = DB & A*232011G( 1) emK(ASKE(I))/ (6, O&FLOAT (WE=1))
4120 IF (OSREnN.H) st (0 8135

Ny 4130 I=1,iSe

LCRX = o,

DO dtes J=1,6AT
412S 0OBX = BHx + peer(l, 1)

UHX = DRx/FLOAT (o T)
G130 DR = 'R + NExxare SaHJ(KSHITII/(ALORFLOAT (NG=1))
41 4S CHnTIHOE

TGl = TGYaXLen/{3«FL0ATHnaAR=1]))
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4600

4700

4800

5000

S100
5200

TG2
TB1
782
IF(NSYMG,
IF (NSYMR,
WRITE(6,4
FORMAT (1x

TC2aXL#A/ (NDGXFLOAT(NRAR=1))
TRI2A/(UBeAJ2FLOAT(MBAR=]))
TR2*A/(UBxX JaFLOAT(MBAR=1))

EQ.0) Tee=TG1
EAR,0) TB2=TR{

Reproduced From
Best Available Copy

600) T61,T81, TG2,TB2,0G6,0B,XLP&sXLPS

+8E1S.6)

CALL PLANE

CALL BOLT

K=0
QA=t u/A
00 Se260 1

:llftGT

D0 S200 J=1,n81

IF (NUSE(J
K=K+l

Nwo(X)zo0,
OnG(K)=0.
DnB(KY=0,
IF (NSHE AR
XSxZ(k)=o
XSTZ(r)=0
PESXZIG (X))
PESYZRIK)
PESXZIR(x)
PEST2G(K)
CONTINUE

+1).EVL.0) GO TO Seoo

7]
0
0
LEG.0) 6t TO sabe

=0,
=0,
=0,

=0.

DO 9100 mMz1,MG

MMz (M=l )e

tGT ¢ 1

0N S1r0 W=l ,%R
IF(MUSE(1s,M) EU,0) GQ TO Stno

NNS(N=1)»

aBT + J

FGMN=FG (N, ,M)2(A

FGMNRFP L ()Y 4FPSIINY + DG {K)
FGMurFP2 (MY &FPS (™) + [PGIXK)
FOMNRFP L (¥M) «FPH (M) + DWR{K)

LR Gras

Dw (k) =
OaG(K) =
OrB(X) =
CONT Iyt
CONT IV UE
NGHET = «
LMAX =

NGNB = NGaNB
CuR = mpPL

T

IF (aSHEAR B 1) 31 T0 S300

XLF8
XLP7
xLea

XL

[ ] ]

Pr/GG

XLF&/GE

SET ub ™MOPE SHaPES,

XK = 0

ne S230 1

Moz LRG(T
X = N

=1,LRULAX
)

00 S240 J=1,Nae¥

Gar(g)yexy
X = COSY

Y)
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5230

5260
5300

9300 FORMAT

940¢
asnn
9600
Q700
9800
3820
9840
9900
4920
994n
3940
9950
3995
9G960
9940
9999

uaag
3090
nass
4100
nenn
n2s0

53890

1

YA VI

[+

SNX =

SIN(X)

FXZ1(K)= XM«xCX
FXZ2{K)= =ShXaXtiux

FTZ21(K)
FT1Z2{K)
K = ¢

00 Seuno
N =z LUBID)
XN = L

DU Sesn
K + 1

K =
X =
Cx =
SHNX =

FX73(x) =
FxZa(n) =

CosS(x)

FTZa(n)=
CONTTINUE
RETURK

Shx
XMeCX

SIN(X)

Shx

XtieCh
FTZ3(R)=xN»2(CX
-Sl\’ltl'ﬁﬁﬁa

I=1,LSHaAR

S=1,NMBAR

BETR(J) »xN

(1#1,20%,3%10 E P R

1SHUPANEL AuaLYZED)

FORMAT (7w
FORMAT (O
FORMAT (22H
FORMAT (2aK
FORMAT (194
FORMAT (P21hm
FORMAT (27H
FORMRT (X7m
FORMAT (35K
FURMAT (31K
FORMAT (3RH
FURMAT (3%ah
FUKMATY (31 H
FORMAT (3nH
FORMAT (3an
FORMAT (3INnn

FORMAT (35k
FNRMAT (33k

FORRAT(30H

PLASTIC.

FLAT)
CURVED)

METAL,

METAL,
PLASTIC,
PLASTIC,

CLAPEDN « CLA®PED,
- SI’PLE-
- FkEE'
STIMPLFE,

S1#PLE
FREr
CLAMPED =
CLaAPED
TUR SPKI~NGS,
FREE =
CLAYPED =
CLAMPED

Tour IPRINGS,

- FkEtn
GaMMrA RIRECTION
CLAMPED = CLANMPED,
SIMPLE « SIPPLE,
FREE,

SIvPLE,

- FPEF,

0 P (EXTENDED NOV,.

SINGLE LAYEWR)
SIMGLE LAYEN)
HOMEYC (IR

HOLEYCU#E)
sl TILaYF&)
Gatma DIRECTION)
NIRECTIOMN)

GAMMA

Reproduced From
Best Available Copy

GAMMA CIFECTION)

HBE
RETA

KETa DIF

TA

GavrMa DIRECTION)
3AMEA DIRECTION)

)

BETA DIRECTION)
EETA DIRECTION)
FETa DIFECTION)

DIRECTIONG

HIRECTION)

ECTIuUN

FURMAT (2AHORESFUINSE GPTTION < FI_ASTIC)

FORMAT{ZUROKRESPUNSE

FORMAT

(26HGINERTLIA COUPLING

=cru

FORMAT (1 7=GSTIRulTuwal MOOELY/

a7m Llivitk ke
47m fMBEN
8710 NUvREW
47k Lt BE R

uF
Lt
]
0

vadma MODES
“ETA MODES
BaMy IRTEGRATION
nefa INMTELGRATION

(+6)
(~8)
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0820 FORMAT
0830 FORMAT

1850 FORMAT

S 47H

Reproduced From

Best Available Copy
NUMBER 1)F Z TATEGRATION PCINTS (LB&R) = 1I3)
(24HOMOOAL CUMBINATIGONS USED)
(3x,214)
(35H0 LENGTH OF PANFL, IN {XLP) = E16.8)

0900 FORMAT(3SH WIODTH OF PANEL, IN (THETAQ) s t16.8)

1000 FORMAT (35K SUBTENDED ANGLE, DEG (THETAQ) = EBE16.8/

e 3SH RADIUS, IN (A) =z €£16.8)
1100 FORMAT (35K THICKNESS, IM = E16,8/
1  3SH DENS1ITY, LB~SECre2/1hanra = E16,8/
2 35+ FLASTIC ~QouLusS, PSI = Ele,. 8/
3 3SH POISSUGNIS RATIO = Elb, 8/
4 3ISH YIFLU STRESS, PS] = Ei16,87
S 3SH STRAIN mMaRUENING SLOPE, PSI = Elb.8/
& 35H ULTIMATE STRAIN, I'/IN (EPSIF)T El16.8)

1200 FORMAT(26K0Inw1TIAL [MPERFECTIUNS, IN/(SEl4.6))

1300 FORMAT (17HOTIHE JHFURMATICMY

1

3

L,

2 42H

doH

2150 FORMA

cinn
2200
2340
2unn
2500
2600
2700
28ufn
2900
310¢0
2659

160

1

1
2

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FURMAT
FORMAT
FNRMATY
FURMAT
FURMAT

e PSI
63n

INTEGRATION STEP SIZE, SEC (NELTIM) = E16.b/
STOP TI~t, SEC (1STD0P) = Eth.n/
PRINT FREWIENCY (PHINT) = E16.AR)

(GORCCNCRUINATE SUFFACE POSTITION (HRARY, 1u Eln,a/
T3HOLAYER NMHER,22X,a11S5/(31X,4119)}

(P7+ CUMULATIVE THICKNESS, To,13%X,8E15.0)
(oK “ASS VENSTIT/(, LR=SEC*»2/IN22d,B8%X, 6615, 6)

(33TH ~BULYJS OF FLASTICITY =« X, PSI,7X,6E1%9.6)

(aam “uOULUS NF FLASTICITY - THETA, PST cE1S.h)

{ePkH PUOLSSONIS KATIU = X,18%x,5E15.6)
(PeH PLISSOM[S KaT[h - r'—'FTA,l“x'bE1S.6)

(31 TEWSILE ULTIHATE STRESS, PSIY9Y,6E15.m7

(354 CUMPRESSIVE LLTIvATE STRESS, P5J,S5%,H6E15.6)

(2RH TEvSILE YIELD STRESS, PSIs12Xx,6E15.8)
3Pk CU=PRESSIVE YIFLN STRESS, PSI[,8%,0E15.67
(et Sebkad MRl US, PSIL19%,6E19.6)

(67HGCNRE ~00uLBS OF ELASTINITY PARALLEL TO ClvE

= FiB.n/
SHEAR MitudbLt's (JF COFF (), PSY
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Reproduced From

Best Available Copy
3 Ela.e/
4 624 CORE CELL SIZE (DCY, 1IN
S E1S.6) :

3200 FORMAT (41HOxx nAnNING %® INCONSISTENCY IN SYMMETRY}
3300 FORMAT (42H0 CUURDIMATE SUKFACE POSITICH (KBAR), I Ers.8/73

3400 FOURMAT (3RHONUMHER UF CISCRETE ELASTIC SPRINGS = T3/ ‘
1 SZ2HNNUMBREKR QF BUUNDARY PNTHWTS wlTH TCORSIONAL SPRINGS = [3)

3500 FORMAT (37H0 IN=-PLANE (U=V) EDGE CNNSTRAINTS -« )
3000 FORMAT (21H CLAMPED - CLAMPED,)

3700 FORMAT (1SH FREE ~ FREE,)

3800 FORMAT (13H CLAMPEDN = FREE,)

31900 FURMAT (1H+,20X,t9nGadMa CIRECTION)

4nuyn FOKRMAT (JHe,2ua,1dnBETA DIRECTION/
1 33IHN  OuTeQF«PLANE (W) CONSTRAILTS -~ )

4190 FURMAT (3et0SHEAR QEFURMATION OF COXE KNEGLECTED)

42yh FORMAT (3SHOSHEAR NDEFURMATINN OF CORE INCLUODED)
END

*DECX SIGMa
SUBROUTINE SIGHa (1,JeM)

THIS S/R NETERNATAES THE STRESS=STRAIN RELATIOWSHIPS FOR
ELASTIC anD/Ow PLASTTIC RESPONSE,
SURKINITIHE CuMPLETELY REVISFD ™MAPCH, 1976.

K « JHDFx HF THE INTEGERATINON POIKRT Tn THE 72 DIRECT I,
I = InDEx JF Tiae [GTEGRATION POTHT Ih [HE HETA DIRECTIfN,
J = IuNFY UF TnE JoTEGRATIUON PUTHT 10 TKE GAr4a OIRECTIUN,
=CaLl CHLKI1
*Call CRLX3
=CAtL CBLxa
«xCALL CRLKSG
«CapLl CHLx?
sCALL CnQva
«CAlLL CBLANK
=Catt CRLX15

DATA TNL/S,NE-S/

IF{IFIRST . GT ) LJ TJ 30N
IFIFST = 1

EPQ=STGu/E L

EPP = 00

e = 4"

SIGHZ2 = 3[t)rx?
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79
110

330

350

40

430

CN1 = (0.5 = Tnu)/EL

TNUSE = ThlU=x#2

CNG = (1.0 « THUSUW)»22

CNi2 = (1.0 =

CN13
CNa
CN§
CNY
CNS
LC = 9
LCMAX = 1

DO 100 L=t,LuAaX

00

IF (NELP.EV.1) GO TO 70

ALXX(L)
ALTT (L)
ALXT(L)
BEI1(L) =
BE2(L) =
BE3(L) =
TTNUCL) =
EPRU(L) =0
KY(L) = |

KSUM = ¢

IJ = LBAQx(M=1)
DO 3050 x=1,L43ax

0.0
O
0.0
N.0
8.0
9.0
TNy

.0

L = 1J + K

Hl = ZF (X

)

Wy o+ TNUSG)/CNG

(1.0 = 4,0=«THU + THNUSH)/CNa
0.757C(1.0 + TnU)aw2)
EL/7C1.0 ~ THNUR%2)
EL29,5/7(1.0 ¢+ TNU)
1.0/CNT

NDETERAINE APPROPKIATE REGIDi,

XKEY = xv(L)

IF(xEY ,GT.3) G TO 350
GO 10 (400,609u,700), KEY

IF((KEY®1) /2. EQ3.KEY/2) 60 T 60

G Tnr 7n0

REGTO~ 1.

KSUM = xSti4 « )
IF(XSuUM T 1)

lr,

ELASTIC CyRrvVE.

61 TY 450
CNO®(FXX ¢ TWUXETT)
CHMa«(ETT ¢ 1i.yaExY)

CMAe (XKXX THUXXKTT)
CNax(XXTT +

TNUexXKXX)

D2 = AUCK*(BUCK/L2)2*1_0

0t =

Ng =

DI = CNTreEXT
Nd =

0sS =

N6 = CHT=YXXT
IF(nNRuCK

1F (G2 .GT.
CONTIIUR
St1a(mM} = ni
S2A(MY = p2
S3a(M) = N3
S4A(~M) = ny
SSA (M) = nS§

NCALL
G TO a0

.Grn
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2) 60 TO 430



Reproduced From

S6A(IM) = D6 A Best Av.

450 61 = D1 + H1#xD4 ailable Copy
62 = D2 + H1#DS
G3 = D3 + HiwDo

SIGBD = Gix(Gl = G2) ¢+ G2xx2 + 3, 0*63**2
IF (NELP.EG,2) GU TO 470
EPBO(L)=SIGAD

GO T0 3un0

470 IF(SIGBN,.GE,.SIGO2) GO TO SN0
EPBO(L) = 316dD
GO TU 3000

S00 KY(L) = XEY + 1

LINEARLY INTERPULATE UON SIGMA BAR TO CORRECT FOR OVERSHOOT,
8G81G = SNRT(S516KU)
B2 = SART(EPRNIL))

Bl = (SIGY = B2)/(S4QSIG = R2)

G1 = SXX(L) + B1a(Gl = SXX(L))
Ge = STT(L) + 1% (G2 = STT(L))
63 = SxT(L) + B1x(G3 = SXT(L))
SIGxX1 (L) s 61

SIGTTLI (L)Y = ;e

SIGXTL (L) = 63

Tt = CN3Ix(G1 = THUXGR)

T = CN3x(G2 = 1Nux31)

T3 = CNS*33

Exxi(L) = 11

ETTIC(.) = T2

EXTI(L) = T3

EPBD = SGRT(CNI2*(Ti#x2 + T2%42) « C13xT1xT2 + ChNUaT3ax2)
EPB(L) = EP3D

EPBOCI) = kP8

IF (JFIRST.EW.,N) JFIRST
GO 10 3n0u

1
T

REGIOHS 2 AMD 4, PLASTIC LOADTNG,

60N EPBDP = EPB(L)

He = EXX + Hix*Xdax « RE1(L)
H3 = ETT + HI12XKTT = BE2(L)
HU = SXT + H12X%)T « REZ(L)
CNe = TTwuH(L)
I1 =9

610 IX = 11 + 1

1
CNee = Cu2xx2
EPRAD = SURT(((1.? = Cup + Ci22)w(H2%2%22 + HIx%2) =
1 (1.) = d,02C2 ¢ CN22)%~2x13) /(1,0 = CN22)%xx2 +
2 N TSxHUx*2/ (1,0 + CN2)kx2)
DELEP = FPHD = EPHOLL)
EPP = (EP«UFLEP ¢ EL#EPRO(L))/EPRD
IF (THY GT,0,1) CH2 = S = EPPaCH)
IF (A3S(CHN2=TTHULL) ) LT . N,.00n8) 6N TN 620
IF {I1.67.29%) G IO o118
TTuir(l) = Cng
G0 TO B1v
519 WRITE (r,59500) crd, TInwpfL), TEvF
GO T 2100
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820 CN2 = TTNU(L) Reproduced From

IF (EPBD.LE.EPBUP) GO TO 650 Best Available Copy
630 EPB(L) = EPBO
IF (EPP.GT.EL.UR.EPP.LT.EP) GO TO 4000

S1 = EPP/(1.0 = CN2#xa2)

S2 = 0.5«EPP/ (1.0 + CN2)

61 = Si1w{He + CN2*HI) ¢+ ALXX(L)
Ge = SIx(H3 + CnexH2) + ALTT(L)
G3 = S2xHyg + ALXT(L)

G0 T0 3000

SECOMD TEST FOR UNLDANDING TN EITHER REGIOGN 2 IR a4,
650 Bi=X1A(MY=EXX1(L) + H12aX4A (M)
Q2=X2A(MY=ETTI (L) + HIwXSA(M)
D3=XTAM)«EXTI(L) + AlaXbA(M)
IF(EP.EN,0.0)GU TJ 640
PisSXX(L)=SIGXX1{L) + ALXX(L)
P2=STT(L)=SIGTTI(L) + ALTT(L)
PI=SAT(L)=SIGXTI(L) + ALXT(L)
GO TQ 70
660 P1=0,9
P2=0,9
P3=0,0
670 El=llyl = H2
E2=Re = H3
E3=Q3 = Hu
Giz=Pl=Choax(Ev+TtixgR)
G2=P2=Chbx (E2+THU%EL)
G3=P3=CNT2E3
A1=Gt=P1
A2=G2=P2
A3=G3=P3
SIGEND=AIx(A1=A2) +A2%x 2243 U%ATan?
IF (SIBRN.GELSISUR AND.NELEP.GELN.N)Y GU TO 6349

KY{L)=KFY¢1 ~
TINGOL)=THU
ERPRO(LI=S3IHERN
dET(L)=N1 + SE1(L)
BE2(L)=92 + 3€E2(L)
HREZ(L)=u3 + 3e3(L
IF(EP . EN.D.IGY Ty 3000
ALXx{iL)=P1t
ALTT(L)=P2
ALXT(L)=P3

GO 70 3000

REGIOY 3, ELASTIC UNLOADIWG = RELDADING,

700 E1 = 3E1(L) = EXA = Hi#sXKXA
E2 = HE2(L) = eTT = HI1xYKTTY
E3 = REZ(L) = EXAT © HIaXKXT
Ct = ALXX(L)
Ce = ALTT(L)
C3 = axTrL)
G} = r| = Cvan(FEL  + Traiwee)
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800

820

G2

330

835

340

430

Ge = C2
63 = C3
Al = Gt
A2 = G2
A3 = G3
SIGHD =
IF(SIGH
EPBO(L)=
GO TO 3

Ci
ce
C3

CN6x(E2 + TiVUxEL)
CNT%ES

Reproduced From
Best Available Copy

Atx (AL = A2) + A2%x22 + B .0%A3ax?

D.6T.3I502)60 TO 809
S168D
009

LINEARLY IMTERPOLATE ON SIGMA BAR TO CORRECT FOR OVERSHOGT,

82 = S50
§QS16 =
IF(B2.6
NE 9

B1
NC NC
IF(NC.G

RYCEPBO(L))
SART(S{GbO)
T.SIGU) GO TO &40

+ 1
T.5) G I0 830

DEL1 = B1x(G1 = SXX(L))

neL2
NEL3
61

Wou

G3
Al
A2
A3
SASI16G =

[Py 2R rp Bvy I ]
W =N e

GO T0 A

WRITE (6,

LC = LC
IF (LC
CONTInI
DEL1
DELE
DEL 3
Tt = X1
T2
T3 X3
GO T0 8
WwRITE (6,
T1 EX
T2 2 |
T3 T
LC LC
IF (LC
EXX1 (L)
ETTI (1)
EXTI(L)
He ]
H3 T2
Hy T3
EPBD =

EPBOCL)
EPRLL)

B1e(G2 = SIT(LY))
1% (G3 = SXT(L))
- DELLY

- DEL?

- DEL3

- ALXX(L)

o ALTT(L)

- ALXT(WL)

(SAS16 = SIGU)/(SASIG - R2)

SART(AI*(A1=a3) + A2%x2 + 3.0%xA3%xxD)
IF(AB3(SASIG=S1EUj/SIGN.GT.TOL) 60 TO R290

39

+ 1

«GT.LCHAL) 61 TO 4100

3

61 = Sxx(L)
Ge = 3TT{(L)
63 =« SXT(L)

S700) WCoeKeT,JoKEY,SOSIB,R1,B2, TIME

A(M) + CAN3x(DFLY = TRUXDEL2) + Hi=aX4a(+)

X24(M) + Co3&(DEL2 = TAHRDELT) + HI®XSA ()

A(H) ¢ CAD*DELS + HlxxpA (M)

an

52N9) KylpJyKEY, T
X # HImXXxX

T + HI®AKIT

T + Hlxanx|

+ 1

«GT . LCMAL) G TO 4100

Tt
T2
s
HFEL (L)
HEZ (L)
- nE3{Ly

t o

SAT{CHI2®{A2x%x2 + HZxap)

= F£P4hH
= EPHD

125316
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3000

3050

4000
4190

5200 FORMAT (22H IMMEUIATE RELJADING

SIGXX1(L)
SIGTTI (L)
SIGXTI(L) ,
KEY +

KY{L) =

60 TO 3000

SXX{L)
STY(L)
SXT(L)

CONTINUE

KSUMA (M

RETURN

)

- 0 in

Gl
Ge
63

K3uM

ERROR RETURN,

WRITE (s,5300) EPP,K,1,J,TIME,EPRN,EPBDP,EPBO(L)

WRITE (6,5400)

KERF =
RETURN

1

G1
Ge
63

Reproduced From
Best Available Copy

$413,3E15.6)

$300 FORMAT (24HOEPP 15 OuT OF RANGE, EPP = E14,6/
3I13,4E15,.6)
5400 FORMAT (21HOSOLUTIUN 1S UNSTABLE)

5500 FORMAT (26H VALIIE

5700 FORMAT (38H CAN WUT TOTALLY CORRECT FOR QOVERSHCOT/SIS,4EL15.6)

*DECK

*CALL
sCALL
«CALL
=CAILL
*CALL

190

500

1

1

£E1S.6

END
SIGMAB

SUBRRNUTINE SIuMAR (K1,K2,d,1:")
THIS PROGRAM CUOMPUTES IMELASTIC STRESSES FUR STIFFEwWERS,

)

Kl « 3AMMA STIFFEWER,

Ke = BETA STIFFENER,

J = BETA POHINT PUMBER,
I e GAMMA POInT HIJMBER,
M e SRIN POL1YT NUMBER,

ONLY UONF STIFFENER IS5 ANALYZED

CHLK1
CBLK?
CBLK1S
CBLK16
CoLANK

IF (NFIRST.GT,i1)

MFIRST

MAX = NSYAXR(N35ME ¢

t

DO 100 L=1,Ma4

ALX (L)
BEX(L)
KYyx(L)

KSitM =
IF (K1{,

n
£

0.
) o

i

D.1) GU
GAMMA DIRECT LM,

0 TO 300

iJ 329

1J = (Ktet)wvdAr ¢ 1

NSBeNBAN)

F NU WONT CO“VERGE02E1506IISH

PER CatLL.

TI™E,

SEC



NS = NSEGS(K1) | Reproduced From

KKK = K§ Best Available Copy
ELX = ESTRG(X1)

S$IG6X = SIG0GT(K1)

EPOX = EPOG(X1)

EPX = ETSTRG(K1)

EX = EXX

XK = XKXX

X1C = X1A(M)
X4C = X4A(m)

G0 TO 330

BETA DIRECTION,

320 1J = NSGMAR + (X2=1)*NBaAR + J
NS = NSEGR(KZ2)
KKK=NSG+(Ke=1)nvBAR+]J
ELX = ESTRB(Ke)

SIGX = SIGUBT(XzZ)
EPOX = EPOB(n2)
EPX = ETSTRB(KZ2)

EX = ETT
XK = XKTT
X1C = X2A(")
X4C = xSa(#)

330 LU = nSax « ([Jdet)
NN 3050 K=1,NS
L = L0 + X
H1l = ZFR(K,KKK)
KEY = xYX(L) _
IF (XEY EQ,1) v TO 400
IF {((KEY+1)/2.EH.,KEY/2) GO TO 600
GO TO 790

REGIUN 1., tLASTIC REGIOW,

400 KSUM = KSuUmM + 1
1IF (x3UM_.GT,1) 53U Td 4S50
D1 = EXAELX
NYd = (XagL X
490 61 = Nt + HixD4
1F (MELP.EN,Y) B3I TY 3nan
IF (ABS(G1) ., LT.3IuX) 60 T2 3nan
TRITIAL YIELDING,
KYX{L) = REYT + 1
Ge = S1InX
IF (G1.LT.,0.,0) b2 = =3IGX
61 = G2
SIx1(t.) = G
EX1(L) = GI1/ELX
IF (HFIRST EW,D) HMFIRST = 1
GN TO 3000

REGICGHS 2 AnD 4, INELLASTIC REGIONS,
A0 HP = EX + Higan = HEX(L)
H2() = X1, + HI«xJdC = RExX(1)

H3 = AHG(HE)

134



650

700

3000
3050

I1no

IF (H3_.LT.ABS(H2U)) 60 TO &S50
DELEP = HI « EPUX

EPP = (EPX»DELEP + SIGX)/H3

61 = EPPaH2 + ALX(LD

GO TO 3000

UNLOAD,

BEX(L) = 2.0-8EX(L) + H20 « EX1(L)
ALX(L) = ALX(L! ¢ SX(L) = SIX{(L)
Gl = (EX + HinfXK = BEX(L))#ELX + ALX(L)
KYX(L) = KEY + 1}

G0 70 3000

REGION 3, ELASTIC.

He = EX + HI®XK

Al {H2 =« BEX(LJ)=®ELX

Gt = A} + ALX(L)

IF (AHS(A1)  LEL.SIGX) GO Tu 30009
YIELD, .-

SXL = Sx(L)

Bt = ABS(SXL = ALX(L))

82 = (SIGx = B1)/(ad5(A1) -~ B1)
Gl = SxL + B2x{((1 = SxL)

8IXi(L) = 61
EX1{L) = XIC & H1«X4C + (Gl « SXL)/FLX

KYX(L) KEY + 1}
SX(L) = 6%
CONT TwIE
KSUMB(IJ) = KSum
RETURNM
END
o
¢
dugﬁd ooy
OY . o\e

ot B

Be
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