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CHAPTER I
INTRODUCTION

The purpose of this document is to present the results
of an anélytical and experimental investigation of a mono-
lithic trapezoidal shear panel under mechanical loading and
to recommend additional investigations which would extend
the field of knowledge about this important structural ele-
ment. The trapezoidal shear panel was chosen because limited
analytical work had been done on the stress or strain dis-
tribution in this configuration. Ayres (Reference 2} and
Stone (Reference 13) have considered multiweb monolithic
panels. Although Ayres has investigated the details of the
stress distribution within the individual web elements, his
- study was limitéd to réctangular elements.. Stone, on the
other hand, has.investigated a panel with symmetrical trape-
zoidal web elements, but the primary purpose of his inves-
tigation was extension of the force method. Figure 1 shows
the,geometry of the panel used in the investigation along
with a sketch showing where a panel of this type is used in.
an- aerospace structure,

The experimental investigation was intended to provide .
a set of data which could be used to verify not only the

analytical reSults of this investigation, but also refined
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analytical investigations in the future. Although the
investigation described here is limited to mechanical load-
- ing, additional experimental data could be readily obtained
for thermal loading to be used in verifying thermal analysis
methods.

In order to obtain the most accurate experimental data
possible, it was decided that the test panel should be mono-
lithic. This type of construction eliminates the difficult
to determine effects of joint and fastener friction. 1In
addition, the panel was made symmetric with respect to the
median plane of the web to minimize the effects of lateral
bending due to eccentricity of loading. This symmetric,
monolithic construction corresponds to the assumptions
normally made in developing methods of analysis. It should,
therefore, provide consistent experimental data that can be
vuSed to validate these methods. To the author's knowledge,
this was the first simulated built-up structural model con-
 structed in this manner.

The analytical investigation had a two-fold purpose:

1. To compare the two most commonly uséd

methods of structural analysis - the
displacement method and the force
method - and to determine the relative
accuracy of the methods for the struc-
ture being considered. The comparison
is made for a series of mathematical
-models of the panel with various sub- .
element sizes. It was expected that
the two methods would yield identical
‘'results for the larger sub-element
sizes but that, the results would
differ for the smaller sub-element
sizes.

2. To determine, if possible, the optimum
sub-element size for each method..



"Optimum" is intended to mean the
largest sub-element size that would
yield results of the accuracy re-
quired for both analysis. and design.

The most important consideration in the analytical
investigation was the selection of a mathematical model,
'orvmodels. In the past, the majority of the comparisons
of the two methods have been based on analyses of different
mathematical models of a specified structure. To insure
that the comparison to be made in this investigation would
be affected only by computational. accuracy, the same model
was used for both analyses. The model selected is the one
most generally used in displacement analyses, finite ele-
ments connected only at their common nodal points. The two
significant developments which were required in the analyt-
ical invéstigation.are:

1. The derivation of a stiffness matrix for
~a trapezoidal plate element. Previous

analyses of structures with this type
of element have used four triangles
joined at the centroid of the trapezoid
to approximate the element stiffness.
The  disadvantages of the four-triangle
method are that the size of the stiff-
ness matrix is increased and the stress
distribution within the plate cannot be
determined.

2. The derivation of a set of self-equilib-
rating redundant force systems for
plate elements which are not separated.
by stiffener elements. This develop-

- ment. was necessary in order to be able
to use the displacement-type mathe-
matical model for the force analysis.
This development not only increases
the accuracy of the force method for
sheet-stringer panel structures, but .
also makes possible the analysis of
shell structures by the force method.



The two methods of matrix étructural analysis - the
displacement and force methods - are discussed in Chapters
IT and ITII, respectively. The details of the development
.of the digital computer programs are given in Appendices
A and B. The experimental program is outlined in Chapter
IV and the results of this program are presented in Appendix
C. 1In Chapter V, the results of the two analyses are com-
pared and then the analytical and experimental results are
compared. The conclusions regarding the results-of the
investigation and the degree to which the objectives were .
attained are presented in Chapter VI along with recommen-

dations for additional investigations.



CHAPTER II
THE MATRIX DISPLACEMENT METHOD

Displacement methods of structural analysis are based
on the following premise: of all the geometrically compat-
ible displacement configurations of a loaded structure, the
correct configuration is the one for which every element of
the structure is in equilibrium, Although it is possible to
satisfy the above conditions at the infinitesimal level in
simple structures, most thin-web structures are far too
domplex for analysis at this level. Therefore, in order
to analyze structures of this type, it is necessary to sub-
divide theustructure into a number of relétively simple
elements (usually bars, beams, and plates). While equilib-
rium of each element is maintained, compatibility of dis-
| placements is enforced only at the assumed joinfs,‘or nodes.

Numerous methods have been developed for the analysis
of structures using the procedure outlined above. The large
scale digital computer has made the matrix methods the most
widely accepted for complex structures. Two matrix methods. .
are currently in use. The basic difference between the two
methodé,is'the way .in which the sdpport conditions, or con-
straints,»are taken into account. The methods and their

differences are:



1.

2.

The Direct Stiffness Method - The support

conditions are ignored until the stiff-
ness matrix of the unrestrained structure.
has been determined. This singular matrix
is then made nonsingular by taking the sup-
port conditions into account. The non-
singular matrix can then be inverted. to
obtain the flexibility matrix of the
structure.

The Indirect Stiffness Method - The con-

straints on the structure are considered
from the beginning. When the stiffness
matrix is determined it is already non-
singular and can be inverted immediately
to obtain the flexibility matrix.

The direct stiffness method was chosen for the analysis

presented here primarily because of the ease with which the:

method could be programmed for solution.on a digital computer,

This method was originally presented in a paper by Turner,

et al (Reference 14), which remains the best available docu-

ment on the method. A recent book by Martin (Reference 9)

presents additional information on the analysis of framed

- structures; however, thin-web structures are not considered.

An excellent exposition of the indirect method is presented

by Pestel and Leckie in Reference 10, Chapter 10.

The direct stiffness method can be stated in terms of

the two equations,

where

{p. }

{Vg}

Il

{pg}

{f}

[kg]{Vg} and (1)

[K] {4} , (2)

the column matrix of the internal forces

h

acting on the gt element,

‘the column matrix of the absolute dis-

placements of the gth element,



the singular stiffness matrix of the

gth element,

[Kg]

{f} = the column matrix of the external forces
acting on the structure,

{d}

the column matrix of the absolute dis-
placements of the structure, and

[K] = the singular stiffness matrix of the

structure,

If the element stiffness matrices are available, Equation
1l can be used to determine the force-displacment relation-
ship for each element of the structure. The force-displace-
ment relationship for the entire structure can then be
determined by combining these element stiffnesses. Since
the sum of the internal forces at a node must egual the
external forces, and the element displacements at a node
must equal the actual displacements of the node, the stiff-
nesé of the structure [K] can be obtained by summing the
element stiffnesses. Examples of this procedure are given
in Reference 14.

The singular stiffness matrix [K] can readily be made
nonsingular by striking out the rows and columns corre-
sponding to the constraints on the structure. The jﬁstifi-
cation for this simple procedure is given in Reference 14.
An alternate method of making the stiffness matrix non-

singular is discussed in Appendix A.



The Mathematical Model

In order to apply the direct stiffness method to the
experimental panel, it is necessary to replace the actual
- panel with a mathematical model composed of a number of
discrete elements joined only at the nodes. Since the main
purpose of the investigation is to determine the effect of
element size on the accuracy of the predicted stresses, a
total of seven models have been studied. The method of
subdividing the panel for each model is illustrated in
‘Figure 2. The subdivided panels will be identified both by
the model number (1-7) and the number of rows (M) and col-
umns (N) of nodes. The assumed support conditions and loads
are shown in Figure 3.

The first model (M = N = 2) contains the minimum number
of elements, four stiffener elements and one plate element.
It is assumed that these elements are connected only at the
nodés. Therefore the forces on each element are as shown in
Figure 4. Since there is no shear tie between the stiffeners
and the plate element, the load in each stiffener is constant
over the length of the member. A stiffness matrix for this
type of element is derived in' Reference 14.

A stiffness matrix was not available, however, for a
trapezoidal plate element; therefore, such a stiffness matrix
was derived for this investigation. The derivation is pre-
sented in a later section.

It is obvious that the results of an analysis of Model

No. 1 cannot accurately predict the stiffener stresses, and
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it is unlikely that the web stresses- can be determined with
accuracy except at points well away from the edges of the
element. Therefore, Models 2 through 7 are divided into
successively smaller elements in order to study the effect
of element size. The smailest element size, Model No. 7,
was dictated by two considerations:

1. Since there are two degrees of freedom at
each node, the stiffness matrix is of.
order 2 x M x N, For Model No. 7 this
necessitates the inversion of a 162 x 162
matrix. The largest matrix which could
be inverted on the available equipment
was - 200 x 200; therefore, it was imprac-
tical to use smaller subelements.

2, The derivation of the stiffness matrix for
a trapezoidal plate is based on the
assumption of a state of plane stress,
i.e.; that the thickness of the plate is
small in comparison to its other dimen-
sions. A finer element breakdown would
undoubtedly reduce the size of the

elements to the point where this assump-
tion would not be valid.

Trapezoidal Plate Stiffness Matrix

In order to derive a stiffness matrix for a plate ele-
meﬁt,‘it,is_necessary to assume either a stress distribution
or.-a distribution of the displacements throughout theiele—
ment. In Reference 14, a stiffness matrix for a triangular
plate was derived by assuming a constant stress distribu-

tion, i.e.,
cxx(x,y) = A, cyy(x,y) = B, and rxy(x,y) = C (3)

Although it has not been published, the same stiffness matrix

can be derived by assuming a linear displacement function of
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the form
u(x,y) = A+ Bx + Cy and v(x,y) = E + Fx + Hy (4)

However, in the case of a plate with more than three nodes,
different stiffness matrices result from what appear to be
equivalent assumptions for the distribution of stresses or
displacements., For instance, References 7 and 14 present a
rectangular plate stiffness matrix based on a stress distri-

bution described by

cxx(x,y) = Ay + B, cyy(x,y)-= Cx + D, and
(5)

TXY(X'Y) E .

In Reference 1, an equivalent matrix is obtained by assuming

linear displacements along the boundaries of the plate, i.e.;

u(x,y) A+ Bx + Cxy + Dy, and

(6)
v(x,y) = E + Fx + Gxy + Hy .

The resulting stiffness matrices appear different in either
symbolic or numerical form for a given plate element. It
has been shown, however, that for a typical sheet-stringer
panel with rectangular panel elements, the most significant_
stresses and displacements are essentially the same when
either stiffness matrix is usedv(Reférence 4) .

Another approach which has been used to derive a
rectangular plate stiffness matrix (Referehce 14) is to

assume an assemblage of four triangular plates joined at
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the four corners and at the center of the rectangle. This
method has also been the only available method for obtaining
the stiffness of a trapezoidal plate element up until this
time.

Recently (Reference 13), a flexibility matrix has been
derived for a trapezoidal plate; however, this matrix in-
cludes the flexibilities of the adjoining stiffeners and
cannot be used for the mathematical models shown in Figure 2,

The following derivation was developed to eliminate the
necessity of treating a trapezoidal plate element as a group
of triangles, There are two major advantages to this
approach:

1. It eliminates two degrees of freedom for
each trapezoidal plate and, consequently,
reduces the size of the stiffness matrix
which must be inverted. As an example
of the magnitude of the reduction - a
290th order matrix would have resulted if
each trapezoid of Model 7 had been broken
down into four triangles.

2, It allows the calculation of the stresses
at any point within the trapezoid, while
the triangular break-down method yields
four sets of constant stresses for the
four triangular elements.

In view of the above discussion of triangular and rec-
tangular plates, it is evident that a decision was necessary
as to the type of distribution to be assumed - stress or
displacement. Since the shear stress in a trapezoidal panel
must vary in the direction of the taper, Equations 5 cannot
be used. As will be shown later, the shear stress derived
using Equations 6 vary in both the x- and y-directions;

thereforé, Equations 6 will be used in the following

derivation.



16

In addition to the assumption of the displacement func-
tion, it is also assumed that the plate element is homoge-
neous, isotropic, and of constant thickness and that small
displacement theory holds. The element geometry and nomen-
clature is shown in Figure 5.

Equations 6 adequately describe the displacements
throughout the element; however, each of the constants is

a linear function of the displacements of the hodes, ie,

A

A(ul, Uy, g, u4)_, etc. , and
(7)
E.

E(vl, v v v etc.

2' 3' 4) ’
In order to simplify the derivation, Equations 6 are written

in matrix notation as

. - - : 1 r -
u(x,y) [ul U, u, u4] Al Bl Cl Dl 1
A B C D bid
2 2 2 2 (8)
A3 B3 C3 D3 Xy
By By Cy Dy LY
and
vix,y) = [vl vy Vg v4] rEl Fl Gl Hl- [ 1 ]
E F G H X
2 2 2 2 (9)
E3 F3 G3 H3 Xy
_E4 F4 G4 H4d i y |
where A = ulAl + u2A2 + u3A3 + u4A4 , etc. , and
E = VVE + v,E, + v,E. + V4E4 , etc.

1
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The coefficients in any row of Equations 8 and 9 can now
be evaluated by applying a unit displacement-at the corre-
sponding node. The first row of the square matrix in Equa-

tion. 8 can be evaluated by taking
u, = 1 and U, = uy =u, = o , (10)

then ul(x,y) =.[Al Bl Cl Dl]{l X Xy vyl
(11)

u

[1 x xy 'yl{a; B, C; Dy} .

The corresponding boundary conditions are (Figure 5)
ulxy,yq) =1,
u(leyz) =0,
(12)

' u(x3,y3) =0 , and

u(x4,y4) =0 .

Substitution  of Equations 12 into Equation 11 and rearrange-

ment in matrix notation gives

17 [1 o o 0 | FAl"
Ol=1}t1 x 0 0 B
2 1 (13)
0 1 %3 X3y3 v3| [C
_0_ ml x4 x4y3 y3- I_Dl_

since X = Y] =Y, = 0 and Yq = Y3 ¢

Equation 13 can be solved for the constants by premultiplying

both sides by the inverse of the coordinate matrix with the
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following result

Ty — p— R - —

Al x2y3 0 0 0 1 x2y3;
Bl ~Y3 Y3 0 0 0 1 7Y,
- = 1 o = = 1 (14)
c; 2Y3 [ 1 -1 -x 0 2¥3.| 1
_Dl_ _—x2 0 Ax4 -)\x3—~0J L—x2 ]
where A= x2/(x4 - x3) = x2/x43
if X = X. - X. .‘
1] 1 J

The remaining three rows of constants in Equation 8 can
be readily determined from a consideration of the boundary

conditions and Equations 11 through 14, For instance, if

u, = 1 and u; = ugy = U, = 0 (15)
then u(x,y) = [1 x xy y]{A2 B, C2,D2} ‘ (16)
where u(xl,yl) =0,

2y = 1 (17)

|
o
~

u(x3,y3) and

u(x4,y4) =0 .

The equivalent of Equation 13 is then

0 1 0 0 0 A,
1 1 x, 0 o | |,
= (18)
0 1 X3 X3¥3 Y3 C,
|0 |1 x4 %¥3 Y3| D] :
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It can be seen that only the two column vectors are different
from those in Equation 13 so that the second row of constants
in Equation 8 is equal to the second column of the coeffi-.

cient matrix of Equation 14, i.e.,

m A R
A, 0
B, 1 Y3
. = = (19)
c, 273 | -1
_D2J _O i

The same approach can be used to determine the remaining
two rows of constants in Equation 8 so that this equation can

be written as

1 _ 3

u(x,y) %¥; [u; uy vz uv,l |xy; -yy 1 -x, 1
0 Y3 -1 0 X
(20)
0 0 - Ax4 Xy
i 0 0 - —Ax3_ 'Ly |

Since all of the boundary conditions for evaluating the: con-
stants in Equation 9 are identical ‘to those used to evaluate

the constants in Equation 8, Equation 9 can be written as

vix,y) =‘x2y3k["1 Vy V3 Yl | Xp¥3 t¥y L % \l
0 y; -1 0 X
(21)
0 0] -\ - Ax4 b4
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In order to simplify future calculations the following

definitions are introduced

[ul u2-u3‘u4][J]{l X Xy vV}

u(x,y) =
Xy¥3
(22)
vix,y) = ¢ v [vy vy vy v, 1131{1 x xy v}
243
FX2Y3 —Y3 l _xz-
0 y; -1 0
where [J] = (23)
0 0 - Ax4
] 0 0 A —Ax3 }

With these constants evaluated, it is now possible to deter-
mine stress'ahd‘strain‘functions through the use of the
equations of elasticity. For the two-dimensional case, the

strain-displacement relations are

A%

€ = e £ = and ¢ = +
9X

xx = Tx ' Syy =y Cay (24)

1P

Substitution of Equations 22 'into these relations gives

1
exx(x,y) = 55 [ul u, u, u4][J]{O 1y 0},
_ 1 o
eyy(x,y) = %3%5 [Vl vy Vg V4][J]{0 0 x 1} , and
(25)
_ 1
yxy(x,y) = x2y3 [ul u, uj u4][J]{0 0 x 11}
o v, v, v, v,1[31{0 1y 0}
X.y. V1 V2 V3 Yy Y y

2% 3
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The stresses can be ‘determined from the- strains and the

equations of plane stress. These equations can be written

as
]
o =E (e, +ve_ ),
XX XX vy’
]
Oy = E (Eyy + v Exx) ’ and (26)
- (1 - V)E
Xy 2 ny
h ' z
where E = 5

I = Young's modulus
"v = Poisson's ratio .
‘Substitution of the strain equations into the plane

stress equations yields

Gxx(x’y):=‘x2y3 [ul u, u, u4][J]{O 1y 0}
'
+ x;§3 [vl Vy Vg v4}[J]{0'0 x 1}
'
cyy(g,y) ;.§§§;_[vl'v2‘V3‘V4]{Jj{0 0 x 1}
' (27)
+ ;ﬁ%; [ul u, u3‘u4][J]{0.l y-0} , and
'
TXY = 1£5%;§§54 [uiguz'u3“u4][J}{0 0 x 1}
: ‘
.+ iifi—XLE— [vl vV, Vs v4][J]{0 ly o0} .

2¥3
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The stiffness coefficients can be determined from the
stresses and strains by several metheds.  The 'method chosen
here is the unit displacement method.: The unit displace-

ment equation is (Reference 1, p. 49)

1l x k.. =‘[ (0. v e+ 0. . g o+ T_ . Yo..yav ,
: XxX1i TxXXJ yyi Tyyj xyi 'xyj

(28)

v
(i,3 = 1,8)

where kij is the force at i due to 'a unit displacement at j,
exxj is the strain due to a unit displacement at j, etc.

The use of the equation will be demonstrated by evaluating
klz' The stresses are obtained from Equations 27 with

u; = 1 and all other nodal displacements equal to zero. The

result is

E E
Y (x,y) = 2 (y - yy) == =— (1L -n) ,
XX X,Y 3 X,
] 1
6. (X,7) = —— (y = y3) = - =— (1 - n) , and (29)
yy ! X,y 3 X !
243 2
(1 - WE (1 - vE
: . - \)E_~ _ "'_'_'__ - v)E _
Ty (X,y) = 7X,7 5 (x - x,) = ———-——2y3 (1 £)
where £ = x/x2 and n o= y/y3 .
The strains can be determined from Equations 25 with u, = 1

2
and all other nodal displacements equal to zero, giving
1

(Y3_Y) =-g(l"ﬂ) ’

il

£ (x,y) .

XX X,Y3

and ‘ (30}

fl
o

Eyy (XIY) ? .
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=X -1

ny
Equations 29 and 30 can now be used with Equation 28 to give

! R 5. -
k = F [_..i.-(]_.. n)2,+l Vv
12 L2 o 2
X, v 2y3

(1 - g) glav (31)

The differential volume can. be expressed as
dv = t dx dy = t*xzyj dg dn ' (32)

and the limits of integration are, for vy,

y=0 to y-= Y3
(33)
or n=0 to n=1, and, for x,
X , X4
X = - y to x = 5+ —ﬁg y
Yg. ; .Y3
(34)
X X
or g = ] n =pn to £ =1+ —ﬁa.nz= 1 + Bn
X pYs
2 2
X X
where p = ;é and B = —%2 .
‘ 2 2
Equation: 31 now becomes
' 2 3
_ ' J1 - v 1 : B™ = »p _l §_B-
klzv"Et{_zﬁ'_['z'(l""B*"'—i"—") 34+
(35)

where m = y3/x2 .

Since there are thirty-six independent stiffness coef-
ficients, Equation 28 must be evaluatedithirty—six times.,
Although this could be done in the direct manner just illus-

trated, there is an approach which is better suited to auto-
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matic computation. The stiffness relation for the plate

element, Equation 1, may be partitioned and written as

Py ' Xu kxv d
_py  Tyu: yv v
where {px} = {pxl Pyo Py3 px4} ’
.{py} ='{py1 Py2 Py3 py4} ’
{u} = {ul u, u3'u4} , and
Avy = {vy vy, vy v,

3 4
The submatrices in Equation 36 each have a component due to
the direct stresses,"oXX and'oyy, and a component due to the
shear stress, Txy; For instance, the upper left submatrix

could be written as

] =[], * []. -

It can be shown, however, that the shear  components can be
written in terms of the direct components. 'The resulting

equations are

B - - r .

kxu] = kxuT t : 2 - |k v ’

I i a L YV1ig

— - - - l - v - -

kaV- = _kYV.d + =3 _kxu-d , and (38)
k v1 =k u - [kxv] 12— ~ [kxv]T

. XV | | YU d v 4
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The three four-by-four matrices in Equations 38 can

defined by

{Zm}

= [a 1{c.}

(m=1,21; n=1,6)

{2},

(39)

The matrices [Amn] and {Cn} are giVen as’Equations 41 and

42,

The equations which define the firect stiffnesses are .

Z a3
Zq
Symmetric
L
Z, Zs
~Z4 ~Zg
Zg Zg
:Z8 —Z9
215 Zq3
Symmetric

’ and (40)
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= _ B -» 1l _B8 =0
C, = {l 3 T~ T3
2 2
1 B - p 1 _B _BT -9
Tt —3 A A S— (42)
!'-+-B-+62-62 .].'.+E.+§3+63<—93
7713 3tz + 3 i)

A digital computer subprogram has been written to evalu-
ate the stiffness coefficients as defined by Equations 38
through 42, This subprogram was used in both the stiffness
analysis and the force analysis to calculate the stiffness
matrices of the plate elements.

The details of the matrix dispiacement prbgram are given
in Appendix A along with a programvlisting and the tabulated
results, The results of the displacement method and the

force method are compared in Chapter V.



CHAPTER III1
THE MATRIX FORCE METHOD

Force methods of analysis are essentially the inverse
of displacement methods. The force methods are based on the
premise that of all the possible distributions of internal
forces for which each element is in equilibrium, the correct
distribution is the one which results in a geometrically
compatible displacement'configuration.

As in the case of the displacement method (Chapter II),
the matrix force method is now an accepted method for ana-
lyzing complex structures. However, unlike the displacement
method, there is only one basic matrix force method - the
indirect method. A direct method is not possible because
the forces acting on a structure are not completely indepen-
dent. Both the applied loads and the reactions cannot be
specified arbitrarily. Therefore, the constraints must be
considered from the beginning. The matrix force equations
used 'in this investigation were originally presented by
Argyris -and Kelsey in.Réference‘l; however, the nomenclature
used is that of Pestel ‘and Leckie (Reference 10) .-

The two basic equations of the matrix force method are

{p} = ([By] + [By1[x]){f} , and | (43)
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{d}t = [Fd]{f} ’ (44)
where {p} = the column matrix of independent internal
forces,

{£f}

the column matrix of external forces,

[BOJV= the matrix of statically equivalent internal
forces due to unit values of the external.
forces,

[Bl] = the matrix of 'self-equilibrating' internal
forces due to unit values of the redundants,

[x] = the matrix of unit redundants,

{d} = the column matrix of the displacements at

the external forces, and

[F

i

d] ‘the flexibility matrix of the assembled
structure.
The equations used to determine [x] and [Fd] are given in

Appendix B.
The Mathematical Model

In the past;, the mathematical model used in a force
analysis has frequently differed from the model used in a
displacement analysis, especially in the analysis of sheet-
stiffener type structures. For a displacement analysis the
model is usually of the type described in the previous
Chapter - stiffener elements and plate elements connected
only at the nodes. On the other hand, the model for a force .
analysis has been obtained by assuming that the plate ele-

ments-are in a state of pure shear while the stiffeners
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carry the direct loads. In order to account for the fact
that the plate elements actually carry some of the direct
load, a part of the plate area is added to the adjacent
stiffener areas and this 'effective' stiffener area is used
in the analysis. Unless the stress distribution is very
nearly uniform, it is difficult to accurately determine the
plate area which should be assigned to each stiffener. An
even more difficult problem afises when all of the nodal
lines do not coincide with the stiffener centerlines, as is
the case with Models 2 through 7 (Figure 2). It then be-
comes necessary to assume 'effective' stiffeners along these
interior nodal lines. The purpose 6f this "lumped parameter"
type - of model is to reduce the number of redundants; however,
the accuracy of the results is also reduced. Since the pur-
pose of this investigation is to compare-the computational
accuracy of the force and displacement methods, this type

of model -is not used. The models used are identical to

those used in the displacement analysis (Chapter II).
Selection of Redundants

Another basic difference between the force and displace-
ment method is that in order to use the force method the
degree of redundancy of the structure is an important con-
sideration. There is no equivalent consideration in the
displacement method. As noted in the previous Chapter, the
order of the matrix which must be inverted in .a stiffness

analysis is a function only of the number of nodes and the
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number of degrees of freedom at each node.: On the other hand,
the order of the matrix which must be inverted in a force
analysis is equal to the degree of redundancy of the struc-
ture.

The degree of redundancy of ‘a structure can be deter-

mined from the equation

n £ - e +r (45)

where | ‘n = the degree of redundancy,
£ = the number of independent internal forces,
e = the number of nodal equilibrium equations,
and
r = the number of reactions.

The number of independent internal forces for a given
type of member must be carefully determined. For instance,
in Figure 4, four forces are shown on the leading edge and
trailing edge stringers; however, only one of these forces
is independent. That is, given any 'one of the forces, the
other three can be calculated using the equations of equili-
brium of the element. This is true for any axially loaded
element. Each trapezoidal plate element has five independent
forces, since there are a total of eight forces (Figure 4)
and only three available‘équations of equilibrium.

The number of nodal equilibrium equations is equal to
the number of degrees of freedom of the nodes which is equal
to the order of the '"unreduced' stiffness matrix of the
structure. The number of reactions for:the panel under

study here is three for all seven models.
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Table ‘I shows the redundancy of each of the models along
with some additional information which will be discussed
below. It can be seen that Model 7 requires a larger matrix
inversion for a force analysis (193 x 193) than for a dis-
placement analysis (162 x 162). This is not true for all of
the modelé, however. For Model 5, the matrices are approxi-
mately of equal size - 49 x 49 versus 50 x 50, and for Models
1l - 4, the flexibility matrix is smaller than the correspond-
ing stiffness matrix.

Once the number of redundants has been determined, it
is then necessary to select the internal forces which repre-
sent these redundants. For some structures, such as trusses,
this is a relatively simple task. Selected elements in the
structure are assumed to be 'cut' and the forces ‘in these
members are taken as the redundants. The matrix [Bl] in
Equation 43 can then be easily formed since each column of
this matrix consists of the internal forces due to a unit
value of one of the redundants. In a structure such as the
one being studied here, it is difficult to devise a stable,
statically determinate structure for- any of the models except
Modei 1. The four stiffeners of Model 1 could be ‘'cut' and
the plate element would be both stable and statically deter-
minate for the loads and reactions shown in Figure 3.

It is not‘necessary'tO'actually devise a single stabley
statically determinate structure for each model. It is only
necessary to find n independent sets of internal forces

which are themselves in equilibrium. This fact, although
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TABLE I

DEGREE OF REDUNDANCY

N L n NOA NOB NOC
2 9 4 4 0 0
2 16 7 6 1 0
3 28 13 8 4 1
3 52 25 12 ‘10 3
5 06 49 16 .24 3
5 184 97 24 52 21
9 352 193 32 112 a9

= number of rows of nodes

M
N = number ofvcolumns of nodes
» £ = number of'independent internal forces
number of redundants

S
]

NOA = number of Type A redundants
NOB = number of Type B redundants
NOC = number of Type C redundants

n = NOA + NOB + NOC
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previously known, was first used on sheet-stringer type
structures by Argyris (Reference 1l). Argyris derived a
self-equilibrating force system for the type of analysis
where the stringers carry the axial load and the sheet is

in pure shear (Two other systems were also developed for box
type. structures) . This self-equilibrating system could not
be uéed for the panel being studied here. It was possible,
however, to develop a series of three systems which uniquely
define the redundants. These self-equilibrating systems -
called Types A, B, and C - are shown in Figures 6 and 7.

The Type A system was suggested by a similar applica-
tion by Przemieniecki (Reference 11). A pair of equal and
opposite unit loads are applied at the nodes of each stiff-
ener-element. These loads are reacted by unit loads at the
same nodes on the adjacent web element. Since this system
is-in equilibrium no loads are transmitted to any of the
adjoining elements.

The Type B system is equivalent to the Type A system at
interior-nodal lines where there are no stiffeners. Although
the structure being studied here does not have any stiffeners
at interior nodal lines, when there are interior stiffeners,
two Type A systems are available for each:stiffener element
and a Type B system is not used.

The Type C system is similar to the system developed by
Argyris. The major difference is that Argyris' system in-
cluded interior stiffeners while the Type C system does not

utilize interior stiffeners even if they are present. . The
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Figure 7. Type C Redundant Force System
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Type A systems account for all of the redundants due to the
stiffeners.

The last three columns of Table I show the number of
each of the systems used for the various models. It can be
seen that thé total is exactly equal to the number of redun-
dants in every case.

The [BO] matrix in Equation 43 must also be given spe-
cial attention since a sihgle*stable, statically determinate
structure is not used to determine [Bl]. Each column of
[BO] represents a set of internal forces due to a unit value
of one of the external loads. Argyris has shown (Reference 1) -
that any set of internal forces that is 'staticélly equiva-
lent' to, i.e., in equilibrium with, ‘the applied loéd may be
used.

Since there are five external loads (Figure 3), it was
necessary to select five internal force distributions from
among fhe large number'ofbpossible‘ones. The selection, made
on the basis of ease of programming, is as follows:

F

U

1 1 The load is transmitted as compression
through the lower;rib (Figure 3) . None
of the other elements are loaded.

F, =1 The load is transmitted by the leading

edge column and the lower row of web
- elements  (Figure 8) . None of the
stiffeners are loaded.

F4'=»l‘The-load is transmitted as.tension by

the upper rib to point 3 and then
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transmitted to the supports the same
as F3.

Fo =1 The load is resolved into two compo-
nents, one along the leading edge
stringer and one horizontal. = The
diagonal component is transmitted to
the supports by the leading edge
stringer and the lower rib and the
horizontal component is transmitted
the same as F3.

F8 =1 Agaiﬁ the load is resolved into compo-
nents. One component is transmitted
directly down the trailing edge stringer
to the support. The-other‘iS'transmitted
by the upper rib to point 3 and then
through the plate elements.

Subroutine subprograms have been written to generate
the [Bl] and [BO] matrices using the force systems described
above and are listed in Appendix B. It should be noted that
these subprograms are not at all general, i.e., they were
developed for the specific structure being studied. The
redundant force systems developed here are general, however,
and should find application in future investigations.

The displacements and stresses that are calculated using
the matrix force method are tabulated in Appendix B. These

results are compared in Chapter V with those determined from

the matrix displacement analysis.



CHAPTER IV

THE EXPERIMENTAL PROGRAM

The three major segﬁents of the experimental program
are discussed in this Chapter. They are the design and
construction of the test panel, the test fixture, and the-
instrumentation.. The results of the experimental program

are given in Appendix C.
Test Panel

As outlined in the Introduction, the test panel was a
single-~-bay, monolithic, tapered shear web bounded by four
stiffener elements (Figure 1l). After the basic configura-
tion was selected; the primary decision necessary was the
selection of the material. -"Aluminum alloy tool and jig
plate was originally projected as a suitable material due
to its dimensional stability during machining. However,
the low strength of this material would have resulted in a
larger web thickness and larger stiffener areas than those
normally found in thin-wall aerospace structures. The
material finally selected was "aluminum alloy 6061-T6. This
alloy has good machining qualities combined with medium
strendth properties.

The web of the panel has an aspect ratio of approximately

41
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1.8 and a taper ratio of 2.0. The aspect ratio was chosen
as'represéntative of the shear panels of aerospace structures.
The taper is greater than that usually found in typical
structures; however, a relatively large value was used so
that taper effects on the stresses would be significant.

The leading edge sweepback angle :of 45° was chosen so that
the leading edge of the tip rib would fall aft of the trail-
ing edge of the root rib. Thus, vertical loads at either,

or both, of the upper nodes produce significant bending as .
well as tension in the panel. |

The web thickness and the stiffener areas were deter-
mined from a parameter study using the matrix force method
of analyéis. The programming for this study was performed
by Mr. Charles Cole of The Boeing Company and the program
was run on the Boeing 7094 computer. The original param-
eters were chosen as: web thickness = 0.125 in., stringer
area = 1.0 sqg. in., and rib area = 0.5 sqg. in. These were
later reduced to 0.096 in., 0.929 sg. in., and 0.462, re-
spectively, on the final test panel.

Three panels, two aluminum and one steel, were actually
constructed. The first aluminum panel was made in the Boeing
experimental machine shop and was used for preliminary stud--
ies. Since this panel did not have loading lugs it was sus-,
pended in the test fixture with wires. The second aluminum
panel was originally machined in the Oklahoma State Univer-
sity Mechanical Engineering machine shop. However, since

a mill was not available which would allow machining of one:
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entire side without moving the panel, the required tolerances
could not be maintained.- Preliminary tests indicated that
the eccentricities in the panel were too large for accurate
testing; therefore, the panel was*rémachined‘in the engi-
neering shop at Wichita State University. This remachining
resulted in the final web thickness and areas given above.
The steel panel was 'a one-inch thick plate which was milled
to thg.proper shape and then ground flat. It was used to
align the. supporting structure and the loading mechanism

prior to installing the final test panel.
Test Fixture

The basic test fixture used to support the panel is
described in Reference 2. The fixture was subsequently
modified by welding one-inch steel plate to the mounting
surfaces and then machining these surfaces flat and par-
allel. This improvement can be seen in Figure 9.

The original base support is also described in Refer-
ence 2.  This support was:designed with-a ball bearing
carriage for the roller support which could take either up-
loads or down-loads. In order to:incorporate the four ball
bearings, a built-up structure was necessary. As a result,
the two supports could not be accurately aligned and lateral
bending was induced in the:test panel. The entire base
support was redesigned as a two-piece structure with the
movable support sliding on the fixed support (Figure 9).

Although this support'was much easier to align than the



Figure 9. Final Test Panel and Loading Fixture

Figure 10. Close-up of Test Panel
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original one, the sliding friction between the two supports
was appreciable. This friction was eliminated during the
tests by vibrating the movable support-with a plastic mallet
just prior to recording load and strain data.

The loads were ‘applied to the panel with a dual-cylin-
der hydraulic jack through a 10,000-1b universal load cell.
Loads were indicated on a Budd P-350 portable strain indi-
cator. The loads were applied in nominal 500~1b increments
up to 5,000 pounds and then released in.the same increments.
However, no attempt was made to adjust the load to an exact-
value. The load was increased, or decreased, to approxi-
mately the desired value and then the movable support was
vibrated until no change in load occurred. The load and

strains were recorded.
Instrumentation

The final test panel-was instrumented with twenty-four:
axial strain gages ‘and eighteen strain rosettes (Figure 10).
The géges.were located along the centerlines and the quarter—
points of the panel. The axial gages were Budd Cl2-144B
medium termperature gages and all but two of the rosettes
were ‘Budd C12-144D-R3Y medium temperature gages. The two
outer rosettes on the horizontal centerline were Budd Cl2-
1210-R3Y room temperature gages. In order to eliminate the
effects of lateral bending of the panel, strain gages were
mounted on both sides of the panel and the strain readings

were averaged to obtain the strains in the median plane of



46

the panel.

The original gages were installed with ‘Bean BAP-1
cement. However, during the installation of the terminal
strips ‘and the wires from the terminal strips to the gage
tabs, the entire set of gages was destroyed byicorrosion.
It was suspected that this corrosion was due to either a
flux that was used during the soldering of the lead wires.
or a corrosive. K atmosphere in the furnace used to cure. the
cement., However, all attempts to reproduce the corrosion
on practice gages were unsuccessful.  The replacement gages
were installed with Eastman 910 cement and, therefore, did
‘not require curing in the furnace.

‘Three strain indicating systems were used to record
the strains:

1. 20=Channel Budd Model A-110 System with
automatic switching and balancing and
printed output,

2, 1l0-Channel Budd Model A-110 System with
automatic balancing but manual switch-
ing and recording.

3. 50-Channel Budd Model P-350 System with
manual switching, balancing and re-
cording. Two P-350 Strain Indicators
were used with 5 SB-1 Switch and
Balance Units. Two channels of one
of the SB-1 units were not used.

All circuits were three-wire quarter-bridge circuits. The

internal dummy resistors in ‘the strain indicators were used

to complete the bridge circuit. .



CHAPTER V
COMPARISON OF RESULTS

The following discussion presents two independent
comparisons of the results of this investigation:

1. A comparison of the nodal displacements,
stiffener stresses, and web stresses
as calculated by the two analysis
methods - the force method and the
direct stiffness method.

2. A comparison of the calculated and the

measured strains in the web and the
stiffeners.

Comparison of the Analytical Results

Excellent agreement was obtained between both the dis-~
placements and the stresses calculated by the two analysis
methods, Since there were a total of 105 displacements
(Tables IITI and VIII) and 2,907 stresses (Tables IV through
VI and IX through XI) calculated by each method, the only
feasible way to cbmpare these values was through the use of
the digital computer. A program was written for the IBM
1620 which read and compared each value obtained from the
analyses, The per cent variation was calculated by means of

the following equation:

Force Value

Per cent Variation = 100{1 - BTSplacerment Value

] (46)
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The displacement value was arbitrarily chosen as the base:
However, since the variations are small, no appreciable
change in the magnitude of the variation would result if the
second term of Equation 46 in the brackets were inverted.

The program was written so that variations which ex-
ceeded a specified per cent were punched into cards along
with the actual values of the stresses or displacements.
After a few trials, it was decided that only those varia-
tions equal. to, or larger than, 0.5 per cent would be con-
sidered.

There was less than 0.5 per cent variation between all
of the displacements. Only fourteen of the stresses differed
by more,than,thiS'variaéion; with a maximum variation of four
per cent. Upon comparison of these fourteen stresses, it was
discovered that their magnitudes were less than 0.02 psi per
pound and that the maximum absolute variation was 0.0001 psi -
per pound. These stresses are identified by asterisks in

the tables in Appendices A and B.
Comparison of the Analytical and Experimental Results

Since both therforce'and direct stiffness analyses give
essentially the same analytical results, the direct stiffness
method was used to calculate the strains for the comparisocn
of analytical and experimental results. The decision to
compare strains, rather than stresses, was based on-two
factors:

1. The measured quantities in the experimental
program were the strains, not the stresses.
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The strains were recorded to the nearest
microstrain (1.0 x lOfGZina/inc) with

an uncertainty of plus or minus 5 micro-
strain. This could result in errors as
large as 0.03 psi/lb in calculating the
normal stresses and 0.02 psi/lb in cal-
culating the shearing stresses from
strain rosette data.: It can be seen
from Tables IV and IxX that errors of
this magnitude are significant.

2. The calculation of the stresses at a point
from strain rosette data requires all.
three strains at the point. If one gage.
element is inactive, the strain gage is
entirely inactive for stress calcula-
tions. However, if strains are compared,
any active gage elements produce usable
results.

Figures 11 through 22 present both the analytical and
experimental results in graphical form. The first nine of
these figures present the web strains for the three loading
conditions (F3, F8’ and F7 + Fs)o‘ The last three figures
present the stiffener strains for these same loading condi-
tions. Each web strain figure compares the strains along
one of the horizontal rows of strain rosettes (Lower,; Center,
and Upper rows)..

Each graph (i.e., el)'in the web strain figures shows:
analytical curves for Models 1, 3, 5, and 7; The results
for the even-numbered models were omitted to improve the
clarity of the graphs. ' Since the strain gages did not, in
general, lie along the lines where the strains were calcu-
lated, it was necessary to interpolate between element
centroids in order to obtain the strains along the lines of

rosettes. Linear interpolation was used for these calcula-

tions. The resulting strains were connected with straight
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lines to form the curves in~the graphs: "The stiffener
strains did not require interpolation; - the calculated strain
in each element was assumed to be'thé‘strain*at the center
of the element, and these:strains: were connected with
straight lines from the curves shown in the last three
figures.

It can be seen from the graphs that, in most cases, only
the smallest element breakdown (Model No. 7) produced calcu-
lated strains that closely approximate the measured strains.
For all three loading conditions, the calculated strains
along the center row of-strain'roséttes are more accurate
than those along the upper  and lower rows. This is to be
expected; since this ‘row of rosettes is the most remote from
the boundary constraints.and the load points. It should
also be noted that the calculated web strains are more
-accurate near the reentrant corners  (upper right and lower
left) than they are near the open corners' (lower right .and
upper left). This is-attributed-to the  fact: that the short-
est distance between' the upper and' lower ribs is alcng a
‘line joining the cpen corners. '~This provides a direct load
path from the loads to the most highly locaded support. There-
fore the strain gradients in the wvicinity of these corners .
are undoubtedly quite high-and even the smallest element
size used is too large to produce éccurate strains in these

areas.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

The purpose and the‘dbjectives of the analytical and
experimental investigation described in this dissertation
are presented in the Introduction. The degree to which the
objectives were attained can be summarized as follows:

1. It has been shown that the symmetrical
monolithic shear panel .is a valuable
tool for obtaining accurate  experi-
"mental results which can be used to
verify new methods of analyses. The
results of the study described herein,
as well as the results obtained by
Ayres (Reference. 2) and Stone {(Refer-
ence 13) have demonstrated its wvalue
in-structural research.

2. The validity of the- trape201dal plate-
stiffness matrix derived in Chapter
IT has been demonstrated by the-
excellent agreement between the

v analytical: and experimental results.,

3. It has been shown that, provided the

: same mathematical model is used,
essentially identical results can be
obtained with either the force or
displacement method. This means that
the structural analyst can concentrate
on selecting the most accurate mathe-
matical model_of his structure. The
analysis method can then be chosen on
the basis of program availability; or,
if programs are available for both
methods, on the basis of the ease of
preparation of the input data. Analy-
ses by both methods could also be used
to: Verlfy the input data.

4, The comparison of the analytlcal and
experimental results has shown that
only the smallest sub-element size
resulted in calculated strains that
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are accurate enough for analysis -and
design. This is primarily a conse-
quence of the small size of the test
panel, Since all points in the panel
are relatively close to either a load
point or a free boundary, the strain
gradients are large throughout the
panel; therefore, small elements are
required in order to obtain the de-
sired accuracy.

5. The redundant force systems developed
in Chapter III have provided a sim=~
ple method for obtaining the elements
of the unit redundant force matrix.
The use of these force systems can be
readily extended to structures with
stiffeners along the interior nodal
lines,

Although the results have extended the field of knowl-
edge about the trapezoidal shear panel, much additional
information needs to be made available. Some of the more
immediate needs are:

1. The sub-element size effect on larger
structures with multiple trapezoidal
panels should be studied. The experi-
mental results of Stone (Reference 13)
could be used for experimental verifi-
cation. In addition, the box-type
structure should be investigated since
it is more typical of actual construc-
tion and the boundary effects are
minimized.

2. Additional trapezoidal plate stiffness
matrices should be derived using other
assumed displacement and stress dis-
tributions. The method used by Ayres
(Reference 2) for the rectangular plate
should be extended to include trape-
zoidal plates. The experimental results
of this investigation could be used to
evaluate these stiffnesses. It would
also be desirable to simplify the final
equations derived in Chapter II in order
to reduce the computer time required to

: evaluate these equations.

3. The present work, and that of Ayres and
Stone, should be extended to include
thermal loading. Although analysis



methods are presently available there
is no known experimental data. ’
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APPENDIX A
DEVELOPMENT OF THE MATRIX DISPLACEMENT PROGRAM

In addition to the generation and in;ersion of the panel
stiffness matrix [K], see Equation 2, it is also necessary
to utilize the elements of the resulting flexibility matrix
to. . determine the nodal displacements and the element
stresses., The digital computer program written to accom-
plish this result is described below. The program consists
of three parts:

1. Generation of the Stiffness Matrix.

2. Inversion of the Stiffness Matrix.
3. Calculation of the Displacements and
Stresses. :

Parts -1l and 3 (Table II ) were written by this author
in Fortran II for the IBM 7094 Operating System. The major
elements of these two programs will be described here. Part
2, written in the SOS language was available in the Boeing

Wichita program library and is not described here.
Part 1 - Generation of the Stiffness Matrix

The basic input to' the program consists of the follow-
ing:

The panel material and section properties.
The .coordinates of the corner nodes.

The constraint vectors.

The number of panel configurations.

O s

B W N
L]
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5. The number of rows 'and columns of nodes
" in each panel configuration, or model.

The constraint vectors are-used’ to indicate which nodes are

constrained. The vectors used for this analysis were

{Fx} = {1'0 1 1} and {Fy} = {0011} . (A-1)

"

A "one" indicates that the node is free to displace and a
"zero" indicates that the node is constrained against dis-
placément. Since the constraints are not taken into account
until just prior to the matrix inversion, the use of these
constraint vectors makes possible the investigation of any
desired conditions of constraint.

The first-two and the last bésic inputs are written on
the output tape for easy - identification of the final results.
Then several frequently used constants are calculated.

Since only the coordinates:-of the corner nodes are
specified, it is necessary to calculate and store the coor-
dinates of the interior nodes. These are stored in two
arrays, a square array [X] for the X-coordinates and a col-.
umn {Y¥} for the Y-coordinates.

The discussion of the generation of the 'unreduced’
stiffness matrix of the panel in Chapter II implies that all
of the element stiffness matrices must be developed and then
combined. -Although this approach is more straight-forward,
it is impractical ‘to store:all of the element stiffnesses.
In fact, it was necessary to store the: panel stiffness
matrix in -a condensed form in order not to exceed the capac-

ity of the available .core ,storage. Therefore, as each
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element stiffness matrix is. generated, its'coefficients are
added into the proper positions in the panel stiffness
matrix.

The matrix equations derived in Chapter II for the stiff-
ness of a trapezoidal plate were programmed and used to gen-
erate the plate element contributions  to the panel stiffness,
A relatively simple indexing system was developed to extract .
the nodal ‘coordinates 'and to place the plate element stiff-
ness coefficients in the panel stiffness matrix. Although
this indexing system was developed for a plane structure,
it could be extended for use with box-type structures. The
axial element stiffness matrix derived in Reference 1 was
used to calculate the stiffness coefficients of the stiff-
ener elements.

As mentioned above, the panel'stiffness matrix was
stored in a condensed form in order to conserve core storage
even “though all computations to this point were in single-
precision arithmetic., - Since the stiffness matrix is sym-
metric, only the diagonal and upper=right-hand coefficients

were stored. The storage format is shown in Figure 23.

11
12

22

Figure 23, Storage Format for the Stiffness Matrix
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Making the Stiffness Matrix Nonsingular - In order to obtain
the flexibility matrix; it' is necessary to make the 'unre-
duced' stiffness nonsingular. This can be accomplished by
striking out the rows and columns corresponding to the
external constraints.  In the current case, this would reduce
the size .0of the matrix by three rows and columns. It would
then be necessary to expand the matrix after inversion if

the indexing system previously mentioned were to be usable
for determining the stresses and displacements. This approach
was used in the first-version of the program. However, due
to the way in which the stiffness matrix is stored, the rou-
tines developed for this purpose were very lengthy. An
alternate, and equally valid, procedure" (suggested by Mr.
Winder) was used in'the later versions of the program.,  In
this procedure all of the elements :'in the row and column -
corresponding to a_constraint:are”set'tO“zero except the
diagonal element, which is set to one.- After-the inversion,
the diagonal elements-are set to zero.

The SOS matrix inversion program- used to obtain the
flexibility matrix required that the stiffness matrix be
stored on magnetic tape by columns; :Mr,'Issacs-wrote a sub-
program to extract each column from the array stored as
shown in Figure 23 and to write it on a scratch tape for
subsequent inversion. ‘Although the data was generated and
stored as single-precision words, the actual inversion used

double-precision words.
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Part '3 - Calculation of the Displacements and Stresses

Due to the fact that each of the three parts of the
total program are actually separate programs, the basic in-.
put data is reread for this part along with the flexibility
matrix. Another subroutine, also written by Mr. Issacs,
was used to enter the flexibility matrix in the format shown
in Figure 23. The frequently used constants and the nodal
coordinates were also recalculated.:

Thevflekibility,coefficiéntsyfor'the“corner_nodes were
extracted from the panel flexibility matrix and placed in
an 8x8 array. Since three rows and columns of this array
are zero, this array was later reduced to a 5x5 array and
only the nonzero elements are shown in- the tabulated results.
These results are shown in Table III,

The stresses,at any point in a plate element can be
determinedgfrom'Equatidn 27.  These equations relate the
stresses-at the point to the nodal displacements of the ele-
ment, the nodal coordinates:of the element, and the coordi-
nates of the point in question. These equations can be

combined into a matrix equation of the form
{o} = [z] {u} i (a-2)

The expansion of: this equation is-shown on the following
page.

For the models with relatively large subelement sizes
(Models 1 through 4), the web stresses are calculated at

five points in each web element. These points are .shown in
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Figure 24, For the other models, :the web stresses were
calculated only-at-the centroidS“of'the elements. These
stresses are given:in Table 1IV.

The stiffener stresses were calculated from equations
of the form of Equation A-=2.  Since the 'stress over the
length of each stiffener element is assumed constant, the
equations are much simpler than the corresponding web stress
equation. The expanded stiffenér*stress equations are  shown
on page 73. The rib stresses are tabulated in Table V

and the stringer stresses are :shown in Table VI.

/ /41 / /z / e
d/4 d/4 a/4 .- d/4

Figure 24. Location‘of Web-Stress Points for MN<15
‘Explanation of Tables

Table: II. ‘Matrix Displacement Program Listing

This program is listed as it-was executed with two
exceptions:

1. The operating system-control cards have
been removed. .

2. The "C" in column 1 of the comment
cards has not been printed.
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Table III, -Displacements of Corner Nodes:

The'displacementS“infthiS'table‘are'actually the
flexibility matrices of-the panel. ~In order to indicate
the relative magnitude-of “these-flexibilities, the computer

output waskmultiplied by lO6

“and the ‘results were printed
with the decimal 'point-in-the proper position. |

The first column in the table indicates the model num-
‘ber as identified in Figure 2. 'The second column and the

last five column headings indicate the displacements and

forces, respectively, as identified in Figure 3.

Table IV, Web Stresses

Since the web stresses are all of the‘ordér of one. psi
per pound, or less;~ it was-only necessary to print them with.
the decimal point in the proper position in order to permit
easy comparison.,

The first:column~in- the-table indicates the model num-
ber (Figure 2). Theisecondﬂcolumn'identifieé1the element
number. by row:and column- (Figure: 8).; - The-third column- -indi-
cates the points within ‘each’ element at which the stresses
were calculated.  For Models~l:- 4, the stress points are-
as shown in Figure 24, For the remaining models, the
stresses were determined:only at - the centroids of the ele-
ments. This is indicated by a "CG" in column 3. The fourth
column identifies the type of stress; i.e., SXX = ¢

xx'!

SYY = oyy,-and SXY,='rxy;' The remaining columns give the

stresses due to unit loads as indicated by their column head-

ing,
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Table V. Rib Stresses and Table VI. Stringer Stresses

These stresses are presented in‘the same manner as the
web stresses with the following exceptions:

1. Since the stress is assumed constant over
the length of each'element, only one
"stress is given for each element.

"2, 'The rib and stringer elements are numbered
as shown in-Figure 253,

‘Figure 25. Rib and Stringer Numbering System
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TABLE 11
MATRIX DISPLACEMENT PROGRAM LISTING

ISOTHERMAL DIRECT STIFFNESS ANALYSIS OF A TRAPEZOI!DAL
PLATE WITH BOUNDARY STIFFENERS = PART 1

DIMENSION X(9o9)oY(9)oA(2106)0C(6)oZ(21)oF(404)oG(4o4)o
1SM11(81+82)eSM12(81+82) +sFX(4)sFY(4)eH(444)
COMMON SM1]1.SM12

FORMAT STATEMENTS

FORMAT (6E1244)
FORMAT(215)}
FORMAT(1IH +6E19e8)

KIN=2
KOT=3

BASIC INPUT/0UTPUT

CALL TESTXS(5)

REWIND 5

CALL ENDFIL(S)

CALL UNLOAD(S) .
READ INPUT TAPE KIN+s200eEsVeTeSTAJRAIXT eX2eX3eX40Y1eY3
WRITE OUTPUT TAPE KOT+202+E+V1TsSTAWRA
WRITE OUTPUT TAPE KOT+202¢X1 eX2eX39X4sY]1eY3
READ INPUT TAPE KINe200+s (FX(I)eFY(I)el=1044)
READ INPUT TAPE KIN+201+NOPAC

WRITE OUTPUT TAPE KOT+201 +«NOPAC

NUM= 1

READ INPUT TAPE KINe201+MsN

WRITE OUTPUT TAPE KOT¢201+MeN

CONSTANTS

EP=E/(1le—=(V¥%2))
EPT=EP*T
GS=E/(2e¢%(1e+V))
AM=M-1

AN=N-1

M1=M-1

N1=N-1

MN=M#¥N

MNN=MN-N

MN 1 =MN-N1
M2N1=N*®¥(M=-2)+1
MN4=MN-1
MNO=MN+ 1
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TABLE 11 (CONTINUED)

NODAL COORDINATES

X(1¢1)=X1

X(1eN)=X2

X(Me1)=X3

X(MeN)=Xxa

Y(1)=v1

CY(M)=Y3
DELY=(Y3-Y1)/AM

DO &4 1=2,M1
Y(I)=Y(I-1)+DELY
DELXR= (X2-X1) /AN
DELXT=(X4~X3) /AN

DO 5 J=2N1
X{1eJ)=X(1eJ=1)+DELXR
X(MeJ)=X{MeJ=1)+DELXT
DO 6 I=2sM]

DO 6 J=1sN

XCToU) =X o)+ 0IXIMaU)=X (10 J) )/ (Y (MI=Y LI IH(YCII=Y(L)D)

PLATE STIFFNESS MATRIX

DO 7 I=1+MN

DO 7 J=1e+MNO
SM11(1eJ)=0e0
SM12(1eJ)=060

DO 23 lA=]1 oM}

DO 23 JA=1sN1
XA=X(ITAc¢JA)
XB=X{1AesJA+1)
XC=X{TA+1sJA)
XD=X(1A+1eJA+1)
YAzY(IA)
YC=Y(1A+1)
AR=(YC~=YA) /(XB-XA)
D=(XD-=XA)/ {(XB=XA)
P=(XC~XA)/(XB-XA)
TR=147(D-P)
B=D~1e

DO 8 [=1+21

DO 8 JU=1+6
A(leJ)=0s0
A(1+1)=AR
Alle2)=2+%aR
A(1+3)=AR
A(2+2)=-TR*AR
A(2e¢3)=A(2,2)
A{3¢3)=TR¥X2¥*AR
Alae1)=V
A(4e2) =V
Al(Gea)=V
A(g.5)=V



TABLE 11 (CONT INUED)

"A(S5ed)==V
A{S5¢5)=~V
A(6e1 )=—DHTR*Y
Al6e2)=A(6,1)}
A{6Ee4)=~TR*V
Al(60:5)=A(604)
A(T7e1)=P¥TR¥*Y
A(T7e2)=A(T0l)}
A{TelG)==A(Be4a)}
A(T7+5)=—A(604)
A(Be2)=A(6e4a)
A(BsS)=A(6.4)
A(9e¢S5)==~Al(604)
A(102)SDHTRREX2%Y
A(10¢S5)=TREX2H*Y
A(l1]l02)==PATR**2%Y .
A(1105)==-A¢1065)
A(l2+s1)=1e /AR
A(12¢4)=2s /AR
A(12:¢6)=A(12061)
A(13+4)=-A(1201)
A(1366)=~A(1201)
A(14¢1)=~D*TR/7AR )
A(14¢4)==(]1e+D)*TR/AR

T A(14¢6)==TR/AR
A(C1S5+1)=PRTR/AR
A(1564)=(]1+P)X*TR/AR
A(15+¢6)=TR/AR
A(16¢6)=A(12+1)
A(17+4)==A(l4s1}
Al17+6)=TR/AR
A(18¢4)==A(1541)
A(18+6)=—-TR/AR
AC19+1)=(D¥TR)I¥#2 /AR
Al19s4)=2s#DXHTRAEX2/AR
A(19+6)=TR*¥¥2/AR
A(20+ 1) =~D¥PXTR¥¥2/AR
A(2004)==(D+P)XTR*¥%2 /AR
A(20:¢5)==-A(19.856)
A(2161)=(PXTRI®X2/AR
A(2144) =2 %PRTRXEX2/AR
A(21+46)=A(19:6)
C(1)=1e+0e5*({B~pP)
C(2)=~0e5~(B-P) /30
C(3)=(1e/3)4((B=P)/4s)
C(4)=2=06e5~B/26~(BEA2-PRX2) /60
C(5)=0e25+B/3e+(BHA2-PH¥2) /84
C(B)=10/3s+4+B/2e+B¥A2/3o+(B¥XAJ=PEXT) /120
DO 10 I=1ls21

10 Z(1)=0,0
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TABLE II (CONTINUED?

DO 11 I=1.21
DO 11 J=1+6
ZOI)=Z(1)4+ACT e JIRC(J)
Flie1)=2(1)
Flle2)==2Z(1)
F(le3)=2Z(2)
Ftlea)==2(2)
Fl2e2)=2(1)
Fl2e3)==Z(2)
F(2:4)=2Z(2)
F(3s¢3)=2(3)
F(3e:4)==2Z(3)
Fl4e8)=Z(3)
Gl(1e1)=2(12)
G(1s2)=2(13)
G(1le3)=2(14)
G(1+4)=Z(15)
G(2+2)=2(16)
G(2¢3)=2(17)
G(2+4)=2(18)
G(3:3)=2Z(19)
G(3:4)=2(20)
Gl404)=2(21)
DO 15 I=1+4
DO 15 J=lea

HIT o J)I=EPTH®(F(loJ)+(1e=VIXG(IsJ)/2s)

IB=UA+N*(1A-1)

1C=1B+1

ID=IB+N

IE=ID+1

IF=IC+1

IG=IE+1
SMI1(IBsIC)I=SMI1(IBeICI+H(1061)
SM11(IBeIF)=SM11(1IBesIF)+H(1.2)
SMI1(IBeIE)=SM11(IBsIE)+H(1¢3)
SMI1(IBsIG)=SM11(IBeIGI+H(1+4)
SMI1(ICeIF)=SMI1(ICsIF)+H(2+2)
SMI1(ICsIE)I=SMI1(ICoIE)+H(2+3)
SM11(ICH1IG)=SMI1(ICsIGI+H(24+4)
SM11(IDe1E)=SM11(IDesIE}+H(3:3)
SM11(ID+IG)=SM11(1Ds1G)+H(3:4)
SM11(IE+IG)=SMI1(IE«IG)+H(4,48)
DO 17 I=1.4 -
DO 17 J=l+4

HIT o JI=EPTH(G(1eJ)+(1e=VIXF(1eJ)/2e)

H(Jes I )=H(I +J) :

SMI1(IBsIB)=SM11(IBaIB)+H(141)
SM11(ICeIB)=SM11(ICeIBI4+H(201)
SMI1(ICsIC)=SMI1(ICelICI+H(2+2)
SM11(ID+1B)=SM11(IDsIB)+H(3s1)
SM11(IDsIC)=SM11(IDsICI+H(362)
SM11(ID+ID)=SM11(IDsID)+H(34+3}
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23

TABLE Il (CONTINUED)

SMIIT(IE«IB)=SMI11(IE+IB)+H(441)
SMI1(IE«IC)=SMI1(IE+IC)+H(4,2)
SMI1(IE+ID)=SMI1(IE«ID)+H(4,.,3)
SMI11(IE+IE)=SMII(IEsIE)+H(4,:4)
Fllel1)=2(4)

Flle2)=2(5)

Fll1s3)=2Z(6)

F(led4)=2Z2(T7)

F(2:1)==Z(4g)

Fl(2e2)==2(5)

F(2:3)==2(6)

Fl2:4)==2(T7)

Fl3:1)=2¢(8)

Fl3:2)=2(9)

F(3:3)=2(10)

F(3+4)=2(11)

F(4s1)==2(8)

Fl4e2)=—Z(0)

Fl4¢3)==2(10)

Fl4es4)==Z(11)

DO 20 I=1.4

DO 20 J=1l+4

GlleJI=F(Jsl)

DO 22 'I=1.4

DO 22 J=1+:4

HUToJI=EPTH(F(IsJ)+(1a~VIXG(10J)/(2e%V))

SMI2(IB+IB)=SM12(IBs IB)+H(1e1)
SMI2(IB+IC)=SMI2(IBsIC)+H(142)
SM12(IB+ID)=SM12(IBe ID)+H(103)
SM12(IBsIE)=SM12(IBs IE}4+H(14+4)
SMI2(ICeIB)=SMI12(ICe IB)4+H(2e1)
SM12(IC+IC)I=SMI2(ICe ICI+H( 2,2
SM12(IC+ID)=SM12(ICe ID)I+H(2+3)
SMI12(ICIIE)=SMI12(ICeIE)+H(24+4)
SM12(IDeIB)=SMI2(IDe IB)+H(301)
SM12(IDeIC)=SMI2(IDs IC)4+H(3.2)
SM12(ID+ID)=SM12(IDe ID)+H(3e3)
SM12(IDeIE)=SMI2(IDes IE)+H(3:4)
SMI2(IE«IB)=SMI12(IEeIB)+H(4s1)
SMIZ2(IE+IC)I=SMI12(IEs IC)+H(442)
SM12(1E«ID)=SM12(IEe ID)+H(44+3)
SMIZ2(IEsIE)=SMI2(IE«IE)+H(4+4)

STRINGER AND RIB STIFFNESS MATRIX

LEADING EDGE STRINGER

DELX=X(2s1)=X(14e1)
SL=SQRTF (DELX*#2+DELY#*%2)
SLA=DELX/SL

SMU=DELY/SL
SLAZ2=SLA*¥2%STA¥E/SL
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SMUZ2=SMU##2¥STA%E/SL

SLAM=SLA*SMU%STA*E/SL

DO 24 JA=1sM2NL1sN

I1B=1A+1

IC=1A+N

ID=1C+1

SM11(IA«IB)=SM11(1A«IB)+SLA2

SMI1(IA+ID)=SM11(IA+ID)-SLA?2

SM11(IC+ID)=SMI11(ICsID)+SLA2

SM11(IA«IA)Y=SM11(TAsIA)+SMU2

SM11(IC+IA)=SMI1(ICsIA)=-SMU2

SM11(IC+IC)=SM11(ICsIC)+SMU2

SMI2(IA«IA)=SMI12(1A+IA)+SLAM

SM12(IA«+IC)=SM12(1A«IC)~-SLAM

SM12(1C+I1A)=SM12(ICes1A)=SLAM
24 SMI2(ICeICI=SMI12(ICeIC)+SLAM

TRAILING EDGE STRINGER

DELX=X(2sN)=X(1sN)

SL=SARTF (DELX*%¥24DELY*%2)

SLA=DELX/SL

SMU=DEL.Y/SL

SLA2=SLAX#2%STA*¥E/SL

SMUZ2=SMU* %2 #STA*E/SL

SLAM=SLA#SMU*STA*E/SL

DO 25 IA=N.MNNa«N

IB=1A+1

IC=TA+N

ID=IC+1

SM11(IA«IB)=SM11(1A.IB)+SLA2

SM11(IA«ID)=SMi11(1A«ID)=-SLA2

SMI11(ICeID)I=SMI1(ICsIDI+SLA2

SMI1(TA-IA)=SM11(1AsIA)+SMU2

SMIT(IC+IA)=SMI1(ICsIA)=SMU2

SMI11(IC»ICH=SM11(ICsIC)+5MU2

SM12(1A+IA)=SM12(1A+1A)+SLAM

SMI2(IAWIC)=SM12(1A«+IC)=SLAM

SMIZ2(IC«JA)=SMI2(ICsIA)-SLAM
25 SM12(IC+IC)=SMI2(ICeI1CI+SLAM

LOWER RIB

SA=RA¥E/DELXR

DO 26 1A=1,.,N1

IB=1A+1

IC=1B+1
SMI1(TA«IB)=SM11(1A.IB)+SA
SM11(IA+IC)=SM11(1A.IC)=SA

- 26 SM11(IB+IC)=SM11(IBeIC)+5A
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28
.29

30
31
32

a3

34
35
36
37

38

39
40
41
42

43
a4
45

46
47
48
49

50

TABLE 1@ (CONTINUED?

| UPPER RIB

SA=RA®E/DELXT

DO 27 T1A=MN1sMN4 .
IB=1A+1

1IC=1B8+1

SM11(IA«1B)=SM11(1A+1IB)+SA
SM11(IA«IC)I=SM11(1A,IC)-SA
SM11(IB+IC)=SMIL1(IBsIC)+SA

MAKING THE STIFFNESS MATRIX

IF(FX(12)30:284+30
DO 29 J=1s+MN
SM11(1eJ+1)=0e0
SM12(10J)=0e0
SM11(1e2)=160
IF(FX(2))35031+35
DO 32 I=1eN
SMI11(IoN+1)=060

DO 33 J=N+MN
SM11(NeJ+13)=0,0
SM11(NeN+1)=140

DO 34 J=1eMN
SM12(NeJ)=0,0
IF(FX(3))40036440
DO 37 I=1eMN}
SM11(1eMN1+1)=0e0
DO 38 JU=MN1 «MN ‘
SM11(MN1eJ+1)=060
SM11(MN1sMN1+1)=14,0
DO 39 J=1eMN
SMI2(MN1+J)=060
IF(FX(4))44041 44
DO 42 I=1+MN
SM11{1eMN+1)=0,0
SM11(MNsMN+1)=1,0
DO 43 J=1+MN
SM12(MN3J)=0,0
IF(FY(1))47:45447
DO 46 1=1sMN
SM11(1+¢1)=0e0
SM12(141)=00
SM11{(1+1)=140
IF(FY(2))52448452
DO 49 J=1sN
SM11(N+J)=0e0

DO S0 I=NeMN
SM11¢IeN)=0e0
SM11(NeN)=140

- DO 51 I=1eMN

51

SM12(1+N)=0e0

NONS INGUL AR
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/83
54
55
56
57

58
59

60
61

1000

10

20

30
40
50
60

70
80

90

TABLE 11 (CONTINUED!

IF(FY(3))57¢53:57
DO 54 JU=1e¢MN1
SM11(MN1:J)=060
DO S5 1=MN1 +MN
SM11(I«MN1)=040
SM11(MN1sMN1)=1,0
DO 56 I=1+MN
SM12(1 eMN1)=0.0
IF(FY(4))61+58461
DO 59 J=1+MN
SM11(MNeJ) =040
SM11(MN+MN)=1,0
DO 60 I=1eMN
SMi2(1 +MN)=0,0
CALL MREAR (MN)
NUM=NUM+1

IF (NUM~NOPAC) 2000420001
END

SUBROUTINE MREAR(N2)

DIMENSION A(B81¢82):8(81+82)+sTERM(170)+COLSUM(170)

COMMON A+B
FORMAT(SX+:6E18,8)

1D=0

N=N2+N2

WRITE TAPE SsNeNoID

L=N+1

DO 10 K=1sN

COLLSUM(K) =040

DO 210 1=1.N

IF(1=N2) 20+20¢110

J=1

M=1

IC=J+1

IR=1

KS=0 :
IF(IR+1~-1IC) 50440450

KS=1

TERM(M)=A(IRs IC) .
COLSUM(M) =COLSUM(M)+TERM(M?
IF(KS? 60460470

IR=IR+1

GO TO 80

IC=1C+1

M=M+1

IF{M=N2) 30¢30+90

IR=J

DO 100 IC=1sN2
TERM(M)=B(IRIC?

COLSUM (M) =COLSUM(M) +TERM(M)
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100 M=M+1
GO TO 190
110 J=1-N2
. M=
IC=J
DO 120 IR=1sN2
TERMI(MI=B(IR, IC)
COLSUM(M}=COLSUM(M)+TERM(M)
120 M=M+1
IR=J
KS=0
IC=1
130 IF(IR-IC) 15041400150
140 KS=1
150 TERM(M}=A({IR.IC)
COLSUMIM) =COLSUMIM)+TERM(M)
. IF(KS) 16041605170
160 IC=1C+1 "
GO TO 180
170 IR=IR+)
180 M=M+1}
IF(M=N}) 130¢1300190
190 TERM{L )=0e0C ’
DO 200 M=1oN :
200 TERM(L)=TERM(L)+TERM(M)
WRITE TAPE 5S¢ { TERM(M)oM=14L) :
WRITE OUTPUT TAPE 301000+ (TERM(M) eM=10oL)
210 CONTINUE e
COLSUMLL }=0e0 oo
DO 220 M=] N
220 COLSUM(L )=COLSUMIL }4+COLSUM(M]
WRITE TAPE Se¢{(COLSUM(M) +M=1,L)
WRITE OUTPUT TAPE 3+1000s {COLSUM(M? sM=1 4.}
END FILE S
RETURN
- END



TABLE 11 (CONTINUED?

ISOTHERMAL DIRECT STIFFNESS ANALYSIS OF A TRAPEZOIDAL
PLATE WITH BOUNDARY STIFFENERS - PART 3

DIMENSION X(9+9)4Y(9)sSM11(81¢81)4SMI12(81+81)
1SM22(81+81)+STRES(3+8)+DISP(848)
2XI(5)+ETA(S5)+SIGMA(348) +DELTA(B«8)»

DIMENSION FX(4)FY(4)+NODE(B)

COMMON SM11s5SM12s5M22

FORMAT STATEMENTS

200 FORMAT(6E12e4)

201 FORMAT(215)

202 FORMAT(1X+6E1848)

203 FORMAT(1H1) :

204 FORMAT(12H BASIC INPUT //)

205 FORMAT(//) ‘

206 FORMAT(30H DISPLACEMENTS OF CORNER NODES //)
207 FORMAT(13H WEB STRESSES //)

208 FORMAT(19H STIFFENER STRESSES //)

209 FORMAT(IX+E14e6+7E1566)

KIN=2
KOT=3

BASIC INPUT/Z0OUTPUT

CALL TESTXS(S5)
REWIND S
CALL UNLOAD(S)
1 READ INPUT TAPE KINs200+E«VsTeSTAWRA
WRITE OUTPUT TAPE KOT.203
WRITE OUTPUT TAPE KOTe«204
WRITE OUTPUT TAPE KOT+202+E«VeTe:STARA
READ INPUT TAPE KIN+200eX1eX2eX30X44Y1eY3
READ INPUT TAPE KINe200e(FX(1)sFY(I)el=1+4)
WRITE OUTPUT TAPE KOT«205
WRITE OUTPUT TAPE KOT+202eX1eX2eX3aX49Y1eY3
READ INPUT TAPE KINe«201+sNOPAC
NUM=1
2 READ INPUT TAPE KIN«201sMeN
WRITE OUTPUT TAPE KOT«203
WRITE OUTPUT TAPE KOT+201sMeN

CONSTANTS

EP=E/(1e=(y¥%x2))
GS=E/(2s%(1e+V))
AM=M~-1
AN=N=-1
M1l=M=1
Ni1=N-1
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TABLE 1I (CONTINUED?

MN=M#*N
MNN=MN=-N

MN T =MN=-N}
M2N1=N* (M=) 41
MN4 =MN~1
NODE(1)=1
NODE(2) =N
NODE(23) =MN1
NODE (4 ) =MN
NODE (5) =MN+1
NODE ( 6 ) =MN+N
NODE { 7) =MN+MN 1
NODE £ 8) =MN+MN

" NODAL COORDINATES

X€1al)=X1

X{1eN)=X2

X{Meo1)=X3

X{MeN)=Xa

Y(1)=v1

Yi{mMl=v3
DELY=(Y3~-Y1)/AM

DO 4 I=2sM}
Y{Id=Y(Il~1)+DELY
DELXR=(X2-X1)/AN
DELXT=(X4=-X3) /AN

DO 5 J=2sNi
X{1oJ)=X(1oJ=1}+DELXR
X{MoJ)=X (Mo~ )+DELXT
DO 6 [=2sM1

DO 6 J=1¢N

87

XCTod)=XCl o)+ AN IMa ) =X (L adII/LY(MI=YLIIIRLYLEID=YLCLD)D

DISPLACEMENTS OF CORNER NODES

CALL REARRIMN)

DO 8 1=104

IF(FX(1)) 80708
J=NODE (1}
SM11(Jed)=0s0
CONTINUE

DO 10 I=leg
IF(FY(1)}) 1049510
J=NODE([+4)~MN
SM22(JeJd)=0e0

CONT INUE
DISP{l1¢1)=SM11{1o1)
DISP(1¢2)=SM11{1o¢N)
DISP(1+3)=SM11(]1osMNL1)
DISP(l+4)=SM11(1sMN)
DISP(L+5)=5M12(1+1)



90

91
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DISP(1+46)=SM12(14N)
DISP(1+7)=5M12(14MN1)
DISP(1+8B)=5M12(14MN)
DISP(2+2)=SM11(Ns+N)
DISP(2+¢3)=SM11(N+MN1)
DISP(2+4)=SM11(N«sMN)
DISP(2:5)=SM12(Ns1)
DISP(2+6)=SM12(N+N)
DISP(2+7)=SMI12(N«+MN1)
DISP(2s8)=SM12(N«sMN)
DISP(3+3)=5M11(MN1+«MN1)
DISP(3+4)=5M11(MNI1+MN)
DISP(3+5)=SM12(MN1.+1)
DISP(346)=SM12(MN1sN)
DISP(3+¢7)=SM12(MN1 «MN1)
DISP({3+B8)=5M12(MN1 +MN)
DISP(4+4)=5M11(MN+MN)
DISP(4+5)=SMI12(MNs1)
DISP(4+6)=5SMI2(MNsN)
DISP(4+7)=SM12(MNsMN1)
DISP(4+8)=SM12(MN+sMN)
DISP(5¢5)=5M22(141)
DISP(5:6)=5M22(14N)
DISP(S+7)=8M22(1+MN1)
DISP(S¢8)=5M22(1+MN)
DISP(6+6)=SM22(N«N)
DISP(6+7)=SM22(N«sMN1)
DISP(6s8)=SM22(N+MN)
DISP(7«7)=5M22(MN1 +MN1)
DISP(7+8)=5M22(MN1 +« MN)
DISP(B+8)=5M22(MN:+MN)
DO 90 I=14+8

DO 90 J=1.8
DISP(Je1)=DISP(1+J)
WRITE OQUTPUT TAPE KOTs205
WRITE OUTPUT TAPE KOT«206

WRITE OUTPUT TAPE KOT+209+((DISP(lsJd)eJd=1e8)91=1+8)

WEB STRESSES

WRITE OUTPUT TAPE KOT«203
WRITE QUTPUT TAPE KOT+201sMsN
WRITE OUTPUT TAPE KOT.205
WRITE OUTPUT TAPE KOT.207
IF(MN-15)91+91+100

WEB STRESSES FOR MN=15. OR LESS

DO 99 1A=1.Ml
DO 99 JA=1,4N1
XA=X(1A+JA)

XB=X(1AsJA+1)
XC=X(1A+1+JA)
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XD=X(1A+1sJA$1)
YA=Y(IA)

YC=Y(1A+1)
D=(XD=XA)/(XB=XA)
P=(XC-XA)/Z(XB-XA)
TR=1e/(D=-P)

XBA=XB-XA

YCA=YC~-YA
XI(12=0625%#(P+0e75+0+25/TR)
XI1(2)=0e25#{P+2e25+0,75/TR)
X[(3)=050%{P+0e5+0s5/TR)
XI1(8)=0625%(3:#P+0,25+0,75/TR)
X1(5)=0,75#(P+0,254+0,75/TR)
ETA(1)=0,25
ETA(2)=0,25

ETA(3)=0,5

ETA(4)=0,75
ETA(S)=0,75
IBsJA4N¥(IA~1)

IC=1B+1

ID=1B+N

IE=ID+1
DELTA(3 o1 )=SM11(1IBel)
DELTA(1+2)=SM11(1IBeN)
DELTAL13)=SMI11(IBesMN1}
DELTA(1¢4)=SM11(IBsMN)
DELTA(1:5)=SMI2(IBs1)
DELTA{1e6)=SMI12(1IB«N)
DELTAC17)=SMI12(IBsMN1)
DELTA(1B)=SMI2{18BsMN)
DELTA(2:1)3SM11(1Ce1l)
DELTA(2:2)=SMIL1(ICsN)
DELTA(2+2)=SM11(ICeMN1)
DELTA(2+4)=2SM11(1CaMN)
DELTA(2:5)=25M12(1Cel)
DELTA(2:6)=SM12(ICsN)
DELTA(2:7)1=S5M12(1CoMN1)
DELTA(2¢8)=SMI12(1CesMN)
DELTA(3e¢1)=5M11(1Del)
DELTA(3:2)=5SM11(ID«N)
DELTA(3+3)=SM11(IDeMN1)
"DELTA(30¢4)=SM11(IDeMN)
DELTA(3:5)=5M12(1IDs1)
DELTA(3+6)1=SM12{1IDsN)
DELTA(3¢7)=SMI2(IDsMN1)
DELTA(3+8)=SM12(1D+MN)
DELTA(441)=SM11(IEsl)
DELTA(4¢2)=SM11(IEsN)
DELTA(4+3)=SM11(IEsMN1)
DELTA(4+¢4)=SM11(1E«MN)
DELTA(4¢5)=SMI2(1E+1)
DELTA(4+6)=SMI2(IEsN)
DELTA(4¢7)=SM12(IE«+MN1)
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DELTA(4+8)=SM12(I1EeMN)
DELTA(Se1)=SM12(1.1B)
DELTA(5+2)=SM12(N+IB)
DELTA(S5+3)=SM12(MN1.1IB)
DELTA(S5:4)=SMI12(MNsIB)
DELTA(S5+5)=SM22(1Bs1)
DELTA(S¢6)=SM22(IB«N)
DELTA(S5+7)=SM22(1BsMN1)
DELTA(S+8)=SM22( 1B sMN)
DELTA(64+1)=SM12(14+IC)
DELTA(6+2)=SMI2(NsIC)
DELTA(6+3)=SM12(MN1.1IC)
DELTA(6+4)=SM12(MNsIC)
DELTA(6+5)=SM22(1C+1)
DELTA(6+6)=SM22(ICesN)
DELTA(6+7)=SM22(1CeMN1)
DELTA(6:8)=SM22( 1C+MN)
DELTA(7¢1)=SM12(1+1D)
DELTA(7+2)=SM12(N+ID)
DELTA(7+3)=SM12(MN1+1ID)
DELTA(7+4)=SM12(MN+1D)
DELTA(7+5)=SM22(1Ds1)
DELTA(7+6)=SM22(1DN)
DELTA(7+7)=5M22( IDsMN1)
DELTA(7¢8)=SM22(IDsMN)
DELTA(B8e1)=SMI12(1+1E)
DELTA(B9+2)=SM12(NeIE)
DELTA(B+3)=SM12(MN1+IE)
DELTA(B04)=SMI2(MNs IE)
DELTA(8¢5)=SM22(IE«1)
DELTA(Be6)=SM22(IE«N)
DELTA(B+7)=SM22( IE+MN1)
DELTA(B+8)=SM22(I1E«MN)

DO 99 1=1.5
SIGMA(1e1)==(1e—ETA(I))/XBA
SIGMA(1e2)==SIGMA(1+1)
SIGMA(1+¢3)=-TR*ETA(I)/XBA
SIGMA(104)==SIGMA(1¢3)
SIGMA(]1+45)==V¥*#(1,=-XI1(1))/YCA
SIGMA(]1e6)==V%XI(]1)/YCA
SIGMA(147)=TR¥V¥(D=-XI(I))/YCA
SIGMA(1¢8)==TR¥V*(P=-XI(1))/YCA
DO 93 J=1lea
SIGMA(2¢J)=V*SIGMA(] ¢ J)
SIGMA(2eJ+4)=SIGMA (1 ¢J+4) sV
DO 94 J=1s4
SIGMA(3+J)=SIGMA(2+:J+4)
SIGMA(3+J+4)=SIGMA(1 )
DO 95 J=1:2

DO 95 K=1+8
SIGMA(J oK) =EP¥SIGMA(J oK)
DO 96 J=1.8

SIGMA(3e¢J) =GS*SIGMA(3eJ)
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DO 97 J=1+3
DO 97 K=1.8
97 STRES(JeK)=0,0
. DO 98 J=1+3
DO 98 K=1,8
DO 98 L=1+8 _
98 STRES(JsK)I=STRES(J+KI+SIGMA(JsL) *DELTA(L +K)
WRITE OUTPUT TAPE KCT+209+ ((STRES(JsK)sK=148)eJ=193)
99 WRITE OUTPUT TAPE KOT+205
. GO TO 109

WEB STRESSES FOR MN GREATER THAN 15

100 DO 108 1A=]1eM1

DO 108 JA=1Ni

XA=X(JAeJA)

XB=X(IAsJA+1?

XC=X(TA+14¢JA)
XD=X¢ A+ o JAS1)

YA=Y(1A)

YC=Y({IA+1)

D= (XD=XA)}/ {XB~XA)
P=(XC=XA)/ (XB~XA)
TR=1e/(D-P)

B=D=-1oe

XBA=XB~XA

YCA=YC-YA |
ETA(1)=(TR+26)/{3e#(TR+146))
XI(1)=0e5%(1a+(P+B)*ETA(1))
IB=JA+N%*(IA~-1)

IC=18+1

ID=18+N

IE=ID+1 :
DELTA(1+1)=SM211¢IB1) .
DELTA(1+2)=SM11(IBeN)
DELTA(163)=SM11(IBsMN1)
DELTA(1+4)=SMI1(IBesMN}
DELTA(1¢5)=SM12(1Bo1)
DELTA(1+6)=SMI12(IBeN)
DELTA(1+7)=SMI2(IBoMN1)
DELTA(L +8)=SM12(1BsMN)
DELTA(251)=SM11(ICs1)
DELTA(2¢2)=SM11(ICsN)
DELTA(203)=SM11¢ICeMNI1)
DELTA(24+4)=5SM11(1CsMN)
DELTA(2+5)=SMI12(1Col}
DELTA(2¢6)=SM12(1CoN}
DELTA(2¢7)=SM12(1CsMN1]?
DELTA(2¢8)=SMI12(1CsMN)}
 DELTA(3+1)=SM11(IDs1)
DELTA(362)=SM11(IDsN)
DELTA(3+3)=SM11¢(IDsMN1)
DELTA(3+4)=SM11{IDsMN)



TABLE 11 (CONTINUED)

DELTA(3+5)=SM12(IDs1)
DELTA(3+6)=SMI2(1D+N)
DELTA(3+7)=SM12(1DsMN1)
DELTA(3+8)=SMI2{IDsMN)
DELTA(44+1)=SM11(IEs1)
DELTA(4+2)=SMI11(1E«N)
DELTA(443)=SMI1(IE«MN1)
DELTA(444)=SM11(1E+MN)
"DELTA(4+45)=SMI2(IE«1)
DELTA(446)=SMI2(IEN)
DELTA(4+¢7)=SMI2(IE«MN1)
DELTA(448)=SMI12(1EsMN)
DELTA(S+1)=SM12(1+1B)
DELTA(54+2)=SM12(N+1B)
DELTA(5+3)=SMI2(MN1+18)
DELTA(S5+4)=SMI2(MN+1B)
DELTA(S545) =SM22(1Bs 1)
DELTA(S5:6)=SM22(1BsN)
DELTA(S+7)=SM22(1BsMN1)
DELTA(S54+8)=SM22(1B+MN)
DELTA(6+1)=SM12(1,1C)
DELTA(6¢2)=SM12(NsIC)
DELTA(6¢3)=SM12(MN1+1C)
DELTA(644)=SMI12(MNsIC)
DELTA(6+5)=SM22(1Casl)
DELTA(6¢6)=SM22(1CoN)
DELTA(6+7)=SM22(1CsMN1)
DELTA(G6+8)=SM22(1CsMN)
DELTA(7¢1)=SM12(1+1ID)
DELTA(7+2)=SM12(Ns1ID)
DELTA(7+3)=SMI2(MN1+1ID)
DELTA(7+4)=SMI2(MNsID)
DELTA(7+5)=SM22(1IDs1)
DELTA(7¢6)=SM22(1D«N)
DELTA(747)=SM22(1DsMN1)
DELTA(7+8)=SM22(1DsMN)
DELTA(B+¢1)=SM12(1+1E)
DELTA(B+2)=SM12(N»1E)
DELTA(B+3)=SM12(MN1s IE)
DELTA(84+4)=SMI2(MNsIE)
DELTA(B«5)=SM22(IE+1)
DELTA(B4+6)=SM22(1EN)
DELTA(Bs7)=SM22(1E+MN1 )
DELTA(8+8)=SM22( IE«+MN)
SIGMA(1+1)==(1-ETA(]))/XBA
SIGMA(1+2)==SIGMA(1+1)
SIGMA(1+3)==TR*¥ETA(1)/XBA
SIGMA(1+4)==SIGMA(1+3)
SIGMA(1+5)==V¥#(1s=X1(1)}/YCA
SIGMA(1+6)==V¥*#XI(1)/YCA
SIGMA(1+7)=TR¥V*(D-XI1(1))/YCA
SIGMA(1+8)==TR¥V*(P=XI(1))/YCA
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TABLE Il (CONTINUED)

DO 102 J=1.4
SIGMA{20:J)=VE#SIGMA (1 4J)
102 SIGMA(2:J+4)=SIGMA (1 +J+4)/V
DO 103 J=1.4
SIGMA(30J)=SIGMA (24 J+4)
103 SIGMA(3¢J+4)=SIGMA(1J)
DO 104 J=1,2
DO 104 K=1,8
104 SIGMA(J oK) =EP%SIGMA(JsK)
DO 105 J=1.8 ,
105 SIGMA(3+J)=GS*SIGMA(3eJ)
DO 106 J=1o3
DO 106 K=1.8
106 STRES(JoK) =00
DO 107 J=1,3
DO 107 K=1,.8
DO 107 L=1.8
107 STRES(JeK)=STRES(SsK)+SIGMA(JoL ) ¥DELTA(L oK)
WRITE OUTPUT TAPE KOTs209s ( (STRES(JsK)oK=148)0J= 103»‘
108 WRITE OUTPUT TAPE KOTs205 B

STIFFENER STRESSES

109 WRITE CUTPUT TAPE KOT+203
WRITE OUTPUT TAPE KOT2201eMoN
WRITE OUTPUT TAPE KOT.205
WRITE CUTPUT TAPE KOT+«208

STRESSES IN LEADING EDGE STRINGER

DELX=X{2¢1)=X(19s1)
SL=SQRTF (DELX*#24+DELY¥#2)
SIGMA( 1 o1} =—E*DELX/SL¥%2
 SIGMA(162)=-SIGMA(141})
SIGMA(193) =—EX¥DELY/SL*%2
SIGMA(1+4)==~SIGMA(]+3)
DO 112 1=1eM2N1sN
IPN=1+N
DELTA(1e3)=SM11{1e1}
DELTA(1+2)=SM11(]sN)
DELTA(1+3)=SM11(sMN1)
DELTA(1+4)=SM11 (] sMN}
DELTA(195)=SM12(1e1)
DELTA(1+6)=SM12(eN)
DELTA(1+7)=SM12(] «MN])
DELTA(1+8)=SM12(1 «MN)
DELTA(2+1)=SM11CIPNs1}
DELTA(2¢2)=SMI11{IPNeN) -
DELTA(2+3)=SM11(IPNsMN1)
DELTA(2¢4)=SM11(IPNeMN)
DELTA(2¢5)=SMIi2(IPNe1)
DELTA(2+6)=SMI12(IPNsN)



TABLE Il (CONTINUED)

DELTA(2¢7)=SMIZ2(IPN«MNI)
DELTA(2+8)=SMI12( IPN+MN)
DELTA(3+1)=SM12(14+1)
DELTA(3+2)=SM12(Ns1)
DELTA(3+3)=SMI2(MN1+1)
DELTA(3+4)=SMI2(MNs 1)
DELTA(3+5)=SM22(1+1)
DELTA(3¢6)=5M22(1 N}
DELTA(3¢7)=SM22(1+MN1)
DELTA(3+8)=5SM22(1 +MN)
DELTA(461)=SM12(1+1PN)
DELTA(442)=SM12(Ns IPN)
DELTA(4¢3)=SM12(MN1s IPN)
DELTA(4+4)=SM12(MNsIPN)
DELTA(4s5) =SM22(1PNs 1)
DELTA(4+6)=SM22([PNWN)
DELTA(4+7) =SM22( [PN+MN1)
DELTA(4+8)=SM22(IPN+MN)

‘DO 110 K=1.8

STRES(1+K) =060
DO 111 K=1,.8
DO 111 L=144

STRES(1+K)=STRES(1+K)+SIGMA{ 1 LI *DELTA(L oK)
WRITE OUTPUT TAPE KOT+209+(STRES(1eK}sK=10e8)

WRITE OUTPUT TARE KOTe205
WRITE CUTPUT TAPE KOT205

STRESSES IN TRAILING EDGE STRINGER

DELX=X(2eN)=X{1osN)
SL=SQRTF(NELX*#24+DELY*%2)
SIGMA(1 1) =—E*DELX/SL#%2
SIGMA(162)==SIGMA(1.1)
SIGMA( 1 03) =~E*DELY/SL#*%2
SIGMA(1+4)=~SIGMA{] ¢3)
DO 115 I=N.MNNeN

IPN=T+N
DELTA(1+1)=SM11¢fe1)
DELTA(1e¢2)=SM11(TsN)
DELTA(1+3)=SM11C(!eMN1)
DELTA(1:4)=SM11 (1 sMN)
DELTA(1+5)=SM12(1s1)
DELTA(1+46)=SMI12(1sN)
DELTA(1+7)=SM12(] eMN1)
DELTA(1+8)=SM12(1sMN)
DELTA(2+1)=SMI11(IPNs1)}
DELTA(2+2)=SM11{IPNeN)
DELTA(2:3)=SM11(IPNsMN1)
DELTA(204)=SM11(IPNsMN)
DELTA(2+5)=SM12(IPNe1)
DELTA(2+6)=SM12(IPNsN}
DELTA(207)=SMI2(IPNeMN1)
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117

TABLE 11 (CONTINUED)

DELTA(2¢8) =SM12 (IPNsMN)
DELTA(341)=SM12(141)
DELTA(342)=SM12(Ns1)
DELTA(3¢3)=SMI2(MN1+1)
DELTA(364)=SM12(MNy )
DELTA(3e¢5)=SM22( 11}
DELTA(3+6)=SM22(1 ¢N)
DELTA(3¢7)=SM22(1sMN1)
DELTA(3+8)=SM22(] + MN)
DELTA(441)=SM12(1 4+ IPN)
DELTA(492)=SM12(Ns IPN)
DELTA(443) =SM12(MN1 s IPN)
DELTA(444)=SM12 (MN+ IPN)
DELTA(445)=SM22( PN} )
DELTA(466)=SM22( IPNsN)
DELTA(4:7)=SM22(IPN+MN1)
DELTA(4+8)=SM22(I1PNsMN)

DO 113 K=1,8

STRES(1+K) =060

DO 114 K=1,8

DO 114 L=1.4 _ _
STRES(1+K)=STRES(1+K)+SIGMA (1L ) ¥DELTA(L oK)
WRITE OUTPUT TAPE KOTs209¢ (STRES(] oK) oK= 195)
WRITE OUTPUT TAPE KOT.205

WRITE OUTPUT TAPE KOT»s205

STRESSES IN LOWER RIB

SIGMA(1e1)=—FE/DELXR 3
SIGMA(1+2)=+E/DELXR e
DO 118 I=1sNti
PELTA(1+1)=SM11(1e1)
DELTA(142)=SM11(] N}
DELTA(143)=SM11(]eMN1)
DELTA(194)=SM11(1+MN)}
DELTA(1+45)=SM12(1+1)
DELTA(1¢6)=SM12(1sN)
DELTAC(1 +7)=SM12(1 +MN1}
DELTA(1¢8)=SM12(] +MN)
DELTA(2¢1)=SM11(I4+191)
DELTA(2¢2)=5M11(1+1sN)
DELTA(2+3)=SM11(1+1eMN1)
DELTA(2+4)=SM11(I+1eMN)
DELTA(2¢5)=SM12(1+1+1)
DELTA(2+46)=SM12(1+1+N)
DELTA(267)=5SM12(I+1e¢MN1)
DELTA(2:8)=SM12(1+1eMN)

DO 116 K=1.8
STRES(1+K)=0e0

DO 117 K=1,8

DO 117 L=1,42 ,
STRES(1+K)=STRES(1+K)4+SIGMA (1L I*¥DELTA(L ¢K)
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120

121

.10

" 20

TABLE 11 (CONTINUED)

WRITE OUTPUT TAPE KOT.ZOQ.(STRES(I.K)eK 108)
WRITE OUTPUT TAPE KOTs 205
WRITE OUTPUT TAPE KOT:205

STRESSES IN UPPER RI1B

SIGMAC141)=~E/DELXT
SIGMA(1 «2)=+E/DELXT

DO 121 [=MN!+MN4
DELTA(141)=SMI1(1+1)
DELTA(1¢2)=SM11(]+N)
DELTA(1¢3)=SM11(1+MN1)
DELTA(1e¢4)=SM11(]1+MN)
DELTA{(1e5)=SM12(1+1)
DELTAC(l1+6)=SM12(1+N)
DELTAC(L+7)=SM12(1+MN1)
DELTAC18)=SM12(] +MN)
DELTA(2+1)=SM11(I+]e1)
DELTA(2:2)=SM11(T+14+N)
DELTA(2¢3)=SM11(I1+1eMNI)
DELTA(2+4)=SMI1 {141 eMN)
DELTAf2+¢5)=SME2(1+1+1)
DELTA(2¢6)=SMI2(1+1eN?}
DELTA(2:7)=SM12{I+1+MN1)
DELTA(2+8)=SMI2(1+1 s MN)
DO 119 K=1.8
STRES(1:K)=0,0

DO 120 K=1,8

DO 120 =142
STRES(X@K)-STRES(lwK)+SIGMA(IoL)*DELTA(LeK)
WRITE OUTPUT TAPE KOTs209e (STRES(]1eK)eK=108)
WRITE OUTPUT TAPE KOTs 205
NUM=NUM+ 1

IF (NUM~NOPAC) 2+:241

END

SUBROUTINE REARR(N2)
DIMENS1ON A(BloBl)oB(BleBl)oC(BlaBl)eTERM(l?O)
COMMON A+B.C

N=N2+N2

DO 60 I=1N

READ TAPE S+NRoNC«NTYPE
IF(I=N2) 10010040

READ TAPRPE Se (TERM(L) ol.= loN)
IR=1

M=1

DO 20 1C=14N2
A(IRICI=TERM(M)

M=M+1
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30

40

50

60

TABLE II (CONTINUED!

DO 30 IC=14sN2
M=M+ 1
BUIRsIC)=TERM(M)
GO TO 60

IR=1-~N2

DO 50 IC=1sN2
M=N2+1

M=M+ ]
ClIRsIC)=TERMI(M)
CONT INUE

RETURN

END
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MOD FORCE
NO

F1
F3
Fa
F7
F8

F1
F3
Fa
F7
F8

F1
F3
Fa
F7
F8

F1
F3
Fa
F7
F8

F1
F3
Fa
F7
F8

Fl
F3
Fa
F7
F8

F1
F3
Fa
F7
F8

TABLE 111

DISPLACEMENTS OF CORNER NODES

INCHES PER MILLION POUNDS

£l

13888
* 9985
l1e2154
-« 0291
-¢6057

15600
l1e4853
le4821
—e2945
—«7983

17331
1.8883
18811
—-e3418
-10720

18779
201979
201999
-e4404
-12753

2.0157
205335
2¢5317
—-e5183
-14970

201086
207236
287246
-e5621
~-16134

21873
29076
29083
-e6101
=1e7345

F3

» 9985
Se1240
Se7372

-1.7008
~-3+8586

1+4E53
72103
Te2773
-2:7163
~-51704

1.8883
B8.2236
83337
—28418
=569655

2¢1979
95203
Q4757
=34357
-6e¢8437

25335
104360
103870
-3¢7124
=75003

27236
111107
10,9870
-40,0108
~7e9209

29076
116113
11.48B14
-401944
-8.2718

Fa

1e2154
S5e7372
649983
-2.0822
—-445743

14821
Te2773
82304
—-28358
-5:6905

18811
Be¢3337
93799
—29734
-6e¢6155

201999
94757
10.5412
=304387
=T75119

2¢5317
103870
114827
-3.7034
—842200

2¢ 7246
10,9870
120984
-39433
-B+6647

29083
11.4814
126035
-441182
-9.0340

F7

-e0291
~17008
-2.0822

1e5412

202442

-e2945
-2¢7163
~2¢8358

202354

206965

-e3418
~28418
-29734

202746

248307

-+4404
~-34357
~-3.4387

20 7682

31022

-¢5183
=3.7124
-37034

29390

3.3108

-e5621
-4,0108
-39433

3+2064

3.4587

-s6101
-461944
-4,1182

33345

3.5968

98

F8

-« 6057
—-3.8586
~45743

262442

407349

—e7983
~-5.1704
~56905

206965

S5.8838

=10720
~59655
-66155
28307
667343

=102753
-6¢B437
-7«5119
31022
765498

=104970
-7«5003
-82200
33108
Be 1383

-16134
=7¢9209
-8.6647
3.4587
B8.5124

=17345
-B.2718
=-9,0340
35968
88053



MOD ELEM PT
NO NO

; DR e (B |

STR

SXX
Syy
SXY
SXX
sSYy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
Syy
SXY
SXX
SYYy
SXY
SXX
SYY
SXY
SXX
SYyY
SXY
SXX
sSYY
SXY
SXX
sSYyy
SXY
SXX
SYY
Sxy
SXX
SYy
SXY
SXX
Syy
SXY
SXX
SYyy
SXY

Fi

-e6264
02410

-00619

-s 7272
-+0780
21205
-e3621
20183
s 0565
-e0102
«0730
20163
-20847
-e 1626
el512
-07320
e 4165
-2 1137
-e9277
—-e2026
e 2364
=05471
00482
« 0851
-e 1784
s2612
-00446
-e3501
-e2821
02625
20248
-00136
20026
« 0308
+ 0052
-e0071
0175
-s00ia
-s0028
e Q046
-9 0066
e 0005
20096
« 0091
- 0076

TABLE IV

WEB STRESSES

PSI PER POUND

F3

-e 1466
6321
6025

-65241

-e5623
8203

-2 1055

-e5009
05501
22638

-05956
«3083

-00150

-104780
04692

-51091

1.4827
03465

-09103

-10525
09642

-21320

—-e2718
5360
5971
s 3535
01456

-s 1057

-18709
06876
e 6861

-03160
e 7324
«6004

-e5870
5298
e 3565

-e6280
5196
01056

~s6910
«4930
20339

-e9179
03233

Fa

-e0201

07056:
04811

-94560
-e6738
08436
e 2535
-25314
+ 5389
e 9062
-e5693
e2816
5842
=-1.5884
05494
-0 1388
104656
23663
-09276
-140304
29530
-21819
-8 2682
05364
e5154
2 3409
01558
-e 1766
~108490
26706
29679
-e1495
5294
e 7602
-28067
6194
» 9050
-26733
05088
10329
-5934
s 4054
+ 8590
-1+1438
s 4808

F7

20034
e 3783
-¢ 1809
01264
07674
-e2561
-e0185
s 7447

-2 1684 -

-0 1475

7728
-30904
-+ 0566
10603
-2 1460
-5 1022
-s2121
-+0551

22675

9581
-23516
-0 1025
05942
-2 1512
-04500

23021

20308
-e 1255
103290
—-e 2292

-0 2408

12694
—e2240
—-s3903
0 7965
-00848
~e1919
9222
-a 1754
-20056
10096
-02548
-0 1307

06135
-0 1382

99

Fa

=oll41
-26488
-02790
03215
07298
-ad84761
-s0513
s 69239
-9 1607
=-03672
»8380
e 1289
-00453
1.8566
-00167%
-+0443
=11400
-6 1582
6577
1.0818
-94840
01817
04627
-8 1592
-e2512
-e0202
s 1455
03648
19292
-21403
-e6443
-e2212
-02769
-0 2776
s« 9390
-e3201
-a3866
0 7499
-01418
-0 4657
06551
0328
-0 1586
16269
-+0032



MOD ELEM PT

NO

3

NO

1-1

STR

SXX
SYy
SXY
SXX
SYY
SXY
SXX
SYyY
SXY
SXX
sSYyy
SXY
SXX
SYY
SXY
SXX
SYY
SXyY
SXX
Syy
SXY
SXX
SYY
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYY
SXY
SXX
SYY
SXY
SXX
3YY
SXY
SXX
Syy
SXY

TABLE 1V (CONTINUED?

=1

-e 7611
e 5759
-e 0746
-e9457
-+¢0080
¢ 1320
~eS5867 7T
e 0627
e 0205
-¢2010
s 0977
- 0782
-e¢ 3630
-e4147
e 1030
-e8579
01727
-+ 0523
-e9662
~-e 1701
e 1668
-e5439
-e0274
« 0835
-e 1281
20942
20137
—e 2232
-« 2065
e 2060
1193
« 0326
e 0464
« 0842
-+0785
00400
0581
-ell152
« 0053
e 0290
-e 1611
- 0299
-+0003
-e2541
-2 0352

F3

-e0494
19918
24908
-e6135
« 2065

+ 8591

« 0383
2638
24940
6557
2116
e1514

e 1607
-1e3547
24746
-e7321
02491
03782
-1+1888
~121961
7831
-924010
-e9081
04477

« 3588
-2 7086
e 1372
-20419
—1e9767
e 4924

e 8974
-e 2986
« 9580

s 7626
-9 7254
e 8567
4676
-29281
07014
01617
-1.1655
25378

« 0487
-1¢5230
04530

Fa

-21004
18979
e5314
- e 6369
« 2000

°8718 -

- 0358
e 2484
25236
«5323
e1928
e 1963
0616

-1+2968
04949

—-e 7627
e 3293
3913

~1.2254
=161349
« 7730

-24817

—eB603
04341
e 2335

—-e6755
e1186

-e 1724

—-1.9602
24535

11044

-e 2364
e 7493
9222

-«8130 .

«8028
10057
-e9345

e6472
10745

-141029
04960
09219
-15858
5408

|2

-2 0957
-+ 3829
-:0291
¢« 0680
¢ 1355
-e 1725
-+ 1908

« 0968
-+ 0698
-24398
¢ 0900
0239
-2 2960
5449
-s1018

« 0873
24530
-e2510

«a 3156
le1757
—-e4221
-s0182
1.0506
-02554
—-e 3382

e 9699
-e0991
-~ 1378
1.6039
-e2492
-8 1755
13669
—e 2847
-e2210
12230
-e2375
-s 1145
12198
-0 2667
-e0118
1e2048
-ea2921
-00499
10843
-e 2526

100

F8

0156
-1+3816
-e3079
24068
-e 1438
-e5027
s 0706
-e 1469
-0 2439
-22415
-e0741
e 0028
s1015
1e0119
= 1680
e 3957
-e 2234
-e 1830
8426
161909
-e 3849
04433
1.0264
- 0625
20713
29487
e2474
24635
201897
« 0703
- 7031
-+ 0903
-e5110
—e 4699
«6475
—e5641
-e5380
eB154
-¢ 3606
'05872
10431
-e 1615
-e3919
1e6612
~e 2060



MOD ELEM PT

NO NO
3 - 2=2
4 1=

=2

1

STR

S5XX
SYY
SXY
SXX
SYyyY
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
sSYy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
sSyy
SXy
SXX
SY¥
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
SYY
SXY
SXX
SYY
SXY

TABLE IV (CONTINUED?

F1

e 1082
-21104
-0 0844

e 1590

0502
-s1178

« 0806

20432
“.0743

¢« 0063

00492
-50335

e 0489

s 1839
-a0615
-e8721

28434
-21475

-1.1940
-s 1752
e1709
-eB302

e 1346
-20072
-e4760

04141
-e 1759
>y TTOT
-e 5439

s 1235

-10327

0 1695

- 0970
-11973
-e3512

22789
~-+8038
-00993

1201
—e4152

« 1370
-e0274
- 5699
—-e 3528

e 3262

F3

8149
-e4633
« 3098
«eB8416
-23788
1702
24913
-24801
«1781
01432
-a5746
el1747
« 1656
-+5038
« 0578
-e3535
202713

04243

-161125
-.1305
+ 8861
-e5228
e5153

e 5274
20443
10897
e1824

- 6695
-101693
6168
=-11210
e4007

+ 1362

-1e7846
-16991

8287
-e9619
-+9250

04125
-+ 1588
-e2133

«0170%

- 7829
-201883
6682

Fa

10956
-8 2285
02787
10075
-e5073
¢ 3067
10678
-¢5190
02276
1e1208
-e5534
e 1507
10470
=-e7870
e 1742

- 3546
22674
e 4256
=]191130
-0 1324
« 8883
-5227
05131
5296
0449
10874
» 1847

- 6682
-11697
26198
~1e1224
04079

s 1368
—167870
-1e6951
+ 8278

- 9653
-29205
04117
—e 1633
'02085
e0161

- ¢ 7884
-2e 1866
26660

7

-24389
9034
-e0814
-e5330
06055
20127
-8 3060
06444
-« 0640
-s0866
s 6590
-5 1330
-0 1655
04095
-o0541
00661
-e4130
-e0810

01975 .

20029
—-e 1816
s 0763
-01149
-21151
-2 0409
-02204
-« 0515
s 0827
e 1708
-2 1461
21997
2130
-« 1874
e 5861
1e4355
-e4808
« 2090
10170
~.2682
—-e 1564
06349
-2 0646
» 2068
107847
—-e 3403

101

Fa

-06540
-0 0964
-.0298
-o4d217
06386
-»0508
-0 8462
e 7120
01644
-04519
eBas52
03779
-e2573
14609
e 3604
e 2179
-104985
-e2470
06947
«0103
-e4933
0 3650
-23825
- 2772
0494
-e7305
- 06885
04978
« 6886
-8 3002
e6137
-22478
20035
12192
16681
-2 3745
« 7038
10361
-s0638
22064
04611
e 2355
07758
202632
-¢1200



MOD ELEM PT

NO  NO

a

2-1

STR

SXX

Syy -

SXY
SXX

- syy

SXY

SXX

Syy

SXY .

SXX
syy
SXY
SXX
SYY
SXY
SXX
(3'2%
SXY
SXX
SYy
SXY
SXX
sYY
SXY
SXX
SYY
SXY
SXX
sYY
sSXY
SXX
sYy
SXY
SXX

SYY

SXY
SXX
Syy
SXY
SXX

. 8SYY
SXY -

SXxX
SyYy
SXY

TABLE 1V (CONTINUED)

F1

-e 1349

02804

-6 0077

- 63050
-e2577

01161
-01450
-0 1230

20283

00092
-2 0064
-0 0552
-81493
—-+5082

s 0602
-e 1311
-e¢ 0334
~91119
-0 0990

s 0682 .

-s 0866
-e0801

20521
-e0802
~e0601

e 0394
-s0729
-e0301

01343
~60493

01054

-0 0075
e 0136
« 0845

~o 0737

~00053

-00729

-e0124
e 0427

-+ 0746

-~e0202
« 0234

-5 1356

—00377

F3

¢ 7695
1(3246
e 6060
01534
-e6252
« 8860
25552
-e1933
«5973

" 09362

1726
«3180
e3616
-1 6455
5791
05522
-e1812

e 0857

3237
~-29042
22152
e5152
~-e6867
+ 0949
26990
-8 4936
-e0209
e 4859
~1+1678
« 0998
13728
e 5089
5363
10454
-65270
e 5957
11578
-e3769
e 4409
12574

—02674

2884
09556
-1e2225
23431

Fa

07682
13018
06098

- 61587
- e6268
68939
65637

. =~e1973
06071
09481
«1671
03298

¢ 3798
-166313
05948

e 5297
-01564
1042

¢ 3032

 ~eB732

e 2095
04687
~e6653
20959
06266
-e4815
~e0141%
4153
-161500
« 0839
13357
#3511
e 5760
10482
- 05586
. ¢6309
11504
-0 4258
04947
162414
— e 3284
e 3605
9763

=101672

04112

- F7

—e2702

-e1370
-6 1005
-20206

¢« 6529

" —e2817

—-+2548
04554
-0 1530
-~24806
02845
-~+0303
- 2477
10213
-5 1993

. =e4785

06524
- 00489
—e 3665
1.0068
-6 1363
-+ 4855

08922
-20716
-~+6007

e 7897
~-20098
—-84963
11201
-90913

- =-e6830

04932
~20023
~65691

8534
- 0905
-¢6904

e 7753
~e 0284

-e8073
7112

00302
~e 7024
160433
~e0510

102

F8

—-e8466
~100715
-¢3588
20473
24918
-e5516
-e2413
| e1561
-6 3256
-e5134
~s1267
~e1061
-0 0527
13311
-6 2859
-22710
01163
«1118
00497
11315
20561
-20861
e 8681
01946
-e2113
e 6389
3311
'e0878
15856
02792
-o8677
—04948
-83522
-05474
05185
-04027
~e6482
23747
-02522
-67364
e 2704
=~e1037
~e4412
102047
-21503



MOD ELEM PT

NO NO
4 3-2
4-1

4-2

STR

SXxX
syy
SXY
SXX
sSYY
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX

syy

SXY
SXX
SYyY
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYyY
SXY
SXX
SYyy
SXY
SXX
SYyy
SXY
SXX
SYy
SXY
SXX
SyYy
SXY
SXX
Syy
SXY
SXX
SYy
SXY

TABLE IV (CONTINUED?

F1

-e0517
~-¢0387
-~ 0575
—-«0321
« 0235
-e0492
-6 0259
«0142
~s0420
-+0190
e 0073
-00345
-o0008
e 0647
-00268
00322
-s0104
20051
00302
-e0166
-00025
20193
-60198
-e 0031
00082
-20233
-00041%
s 0065
-2 0289
-00111
-50113
-60066
-e0152
-00072
s 0060
~e0129
-e 2045
0 0052
~00110
-20015
e 0050
-¢0091
00021
00166
-¢0070

F3

6562
—e8374
#3435

" e6376
-e8960
«2915
«5781
- 29042
« 2936
"¢5178
—-+9147
22936
05007
-09688
82457
« 6008
~13302
09786
07309
-e9185
206814
02954
-160757
0 7666
-91340
-12140
« 8381
-00159
~08403
25684
eqd422
~63901
04101
04517
-0 3600
02681
02455
-04291
s 2938
« 0397
-0 4969
23130
20483
-04695
01841

Fa

6675
~e5760
3364
5867
‘08318
«3100
5708
- 07906
¢ 2789
« 5517
-6 7594
e 2467
* 4772
- 09952
02224
10269
—161535
26801
160709
-1,0143
e 5694
10531
~10266
06934
10373
~10324
e 7169
160772
~-e9061
07072
29873
20412
03937
0o 7672
-06553
05567
10342
-04797
04154
102910
- 03364
02818
160912
-e9685
04296

F7

—-e4397

1.3022

—-e 1882
~e 5577
e 3289
~-21136
—24431
160326
-21817
-03332
161217
- 02469
-04419
e 7775
-0 1781
-60582
204807
- 3777
-9 3921
104240
-2 1570
-9 0561
105806
~-63470
02644
1.6883
-e5267
-+0385
07293
-0 3264
-6 2469
06769
-s1913
~03414
03777
-e 0795
-0 1665
24722
-0 1462
00039
5528

. —e2078

-+0818
02812
-0 1064

103

F8

-02972
23783
-00062
-e0858
10472
¢ 0386
~00736
29301
« 1248
-e0531
28392
2128
01417
104559
02542
~2 6989
05955
-8 4559
~ebH141
08639
-0 4635
-e6295
e 8462
-24178
~-06411
e 8409
~e3724
~e5641
10845
-9 3793
-e5370
-93182
-a0122
~0 1639
e 8622

=9 l1411

-04041
06317
00767

~06270
s 4558
s 2886

- 2885

1e5271
01716



MOD ELEM
NO NO
5 1-1

1-2

PT

CG
CG
ce
CG
CG

CG

cG

CG

CG

CG

CG

CG

CcG

CcG

CcG

CcG

STR

SxX
5yy
SXY

SXX

SYyY
SXY
SXX
SYy
SXY
SXX
Syy
SxXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
Syy
SXY

SXX

Syy
SXY
SXX
SyYy

SXY

SXX
SYy
SXY

SXX

SYy
SXY
SXX
Syy
SXY
SXX
SYY
SXY
SXX
Syy
SXYy

TABLE IV (CONTINUED?

Fi

-e8236
e 2073
~e0223
-¢8938
¢ 0268

 —00642

—e8693
-6 0769
60182
—e 7668
~e1697

01682
~e0295
-0 0964

« 0271
-e1190
~e1678

-20327 .

-e1031
-01458
-6 0755
e 0178
01457
-e15185
21176
-0 1354
e 0094
00764
—-e0793
-~ 00558
00353
« 03583
-00876
-0e0683
e 0166

-0 0225

e 0562
- 0277
-e 0093

e« 0199

e CO22
-e0164
-e0271
~00043

00012

e 0069

s 00185
-e0035

F3

-~¢3859

6390
« 6088
-¢8293
1734
2819
-29435
-02347
02746
~-+9601
~ 14324
5133
8195
e 0815
e 6699
6201
-6¢3110
- 03469
5135
~29369
2190
s 6806
-0 7865
—-01043
1e4127

~e1120
04546

160500
-08184
e4008
«8139
—-08383
« 2633

04346

-08666
e 2340
04377

-142913
«8807
¢ 3556

-0¢8044
06359
02291

-e5458
04331
e 2755

— 63469
s1923

Fa .

-e3927
e 6385
¢« 6099

~e8165
01773
02761

—e9477

~02403
e 2781

~e9779
—-144285
e5154
08491
«0918
« 6637

65996

—03470
e 3785
e 4652

~e9179
02439

6202

-0 7265

~-e1211

13537

~e2376
5279

10507

~e7693
04505
8098

—67026
¢ 2848
e 3505

- 07449
«1978

101268

—=102358
07415

161371

—e 7171
e 5474

10308

-6 4837
e 5538

10075

-e4340
03382

F7

0474
—e1143
—-e¢11009

01518

.0 0466
-e0978

e 1293

¢« 3008
~¢1958

e 1630

1e4164
~e4241
~e2341

¢ 2087
—~e¢ 1369
-0 3575

e 4734
-s0916
-e4136
160464
-e1734
~a6224

09829
-e0179
-a7793

s 5268

e 0536
~06135
161735
-9 1357
- 5578
10751
-2 1515
~e¢3783

e8611
~e1639
-¢0862
169850
-0 3960
~e1504
101363
-~ 63209
-6 1295

6447
~e 2235
-¢1903

e 3262
-e 0975

104

F8'

02787
-e4286
-~ 03579

e 5649
~e1382
-+0934

e 6577

2197
~¢0370

7173
15590
- 01389
~04431
-21369
~+ 3910
~e2333

e 25549
-8 1552
-+¢0803

9090
~s0116
-¢1753
10408

0 3966
~+8044

s 1279
-e3187
-s5176

26767
—-e2115
—-02852

e 7765

20284

01423

09636

2727
- 7274

9542
-0 5086
-e6795

06234
-6 3476
~ 84992

5222
-0 1447
—-¢3209

6364

« 2339



MOD ELEM

NO

6

NO

1-1

=2

4-3

CG

CG

cG

CG

CG

CG

CcG

CG

CG

CG

CG

CcG

CG

STR

SXX
sSYy
SXY
SXX
SYY
SXY
SXX
SYYy
SXY
SXX
SYy
SXY
SXX
Syy
SXY
SXX
SYY
SxyY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
sSvyY
SXY
SXX
SYY
SXY
SXX
Syy
SXY
SXX
SYyy
SXY
SXX
|YY
SXY
SXX
SYy
Sxy
SXX
Syy
SXY
SXX
SYy
SXY

TABLE 1V (CONTINUED)

F1

-1.0783
e 2634
-00621
-1.1774
« 0378
~21479
-101463
-00645
-90032
-10159
-23150
« 2868
-e4068
« 0548
-e0159
-e5596
- 1277
-2 0717
—e5203
-e 2625
—-e0100
- 2054
e 0756
-e0841
-s0792
- 0804
e 0171
-s 1616
~e2148
-2 0572
-oll188
-elll4
-el272
-e 1244
« 0852
-8 1086
0844
- 1472
20115
20243
-2 1439
-0 0808
-+ 0356
-s0396
-el1117
-2 0649
00572
-6 0695

F3

—-+8047
e 6806
« 5550

-143072
+ 1924
« 0667
-104548
-e0177
« 1800
=-1e5011
~1e7174
e 7582
2804
04162
«s6109

-e2621

-+0600
= g 1 g

-e4363

-e¢B8339
e 3334
00953

-s9101

-s0231 %
e 7734
02047
6638
e 4299

—-e4140
s 3749
04207

-e7414
1012
e 2779

-s 8605

-s0900

10691

-¢0373
e6402
«B637

-e4661
e 3131
e6710

- 7367
0«1017
04936

-e9075
«0190

Fa

-28046
« 6806
+ 5553

=13072
1919
« 0679
-1e4561
~e0179%
21820
=15044
-17134
s 7567
«2813
4152
e6115

—e2613

-e0615
s 2744

- #4386

-+8313
e 3369
« 0859

-e9020

-0 0249
e 7761
e2015
e 6652
04326

-e4164
e 3812
e4143

- e 7339
21102
0 2575

—eB8417

-00935

10767

-20456
e6441
«B699

-0 4706
e 3295
« 6588

-2 7154
e 1229
04441

- 8634
«0115

F7

e 1553
-0 1354
-s1022

e 2543
-0404
-e 0254

e 2942

20265
=e1701

04218
1.5788
—e 6030
-.0550
—-e0728
-01201

e 0391

e1233
-2 1259

«0493

e 7634
-8 31D
-e3473
1.0938
-9 1205
-8 2135

e 0787
-s1441
-e2107

04992
-2 1733
-2 3786

« 8581
-+ 1286
—e 3942
10130
-20251
-+ 4039

» 3481
- 1232
—e4797

26940
-s0871
-e5263

» 9380
-»0605
—-e5102

09995
-0 0597

105

F8

5161
-2 4357
-23314

«B364
-e 1548

» 0288

«9220
-e0476

s0173
10214
17454
-e3351
1191
-e¢3230
-a 3567

02692
-e0326
-20942

«4518

2 7099
-e1197

21042
11958

02548
—-+3838
- 2307
-03996
-+ 1050

e 2B02
-0 1856
- 0725

e 7465

« 0668

«+ 0637
1e1240

e 3732
-+5735
-e0478
-24006
-+ 3960

03877
-2 1376
-s2167

o 7737

01094
-s0111
1ol 117

+ 3543



MOD ELEM

NO

6

NO

=1

PT

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

ele)

CG

CcG

STR

SXX
Syy
SXY
SXxX
Syy
SXY
SXX
SYyy
SXY
SxX
sSYY
SXY
SXX
sSyy
SXy
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
SYyy
SXY
SXX
sSYy
SXY
SXX
Syy
SXY
SXX
sSyy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYyy
SXY

TABLE IV (CONTINUED)

=1

ellal
-e1179
-e¢0031

« 0442
-e0773
-s 0604
-¢0091
-a«0108
-+ 0668
-¢0309

e 0298
-¢0355

+ 0736
-e 0662
-4 0050

« 0288
-a0341
-+0331
—-s0022
-es0019
-e0316
-e¢0131

«e0132
-s0153

0354
-2 0292
- 0033

20122
-¢0131
-o0138
-2 0009

« 0007
-e0124
-«0048

« 0051
- 0057

+0108
-s0121
~-«0003

« 0039
-.0022
-+ 0053
-9 0000

¢ 0009
-+0045
-e0011

« 0011
-o0018

F3

11986
-e1619
5656
« 9869
-e5276
¢ 3056
«8605
-e8012
« 1688
6572
-+9905
«1703
1e1618
-e2690
«4914
11442
~-e6305
02944
8546
-1.0080
¢ 3550
«6325
~-e9159
e 2962
13731
—e3749
#4017
« 7887
-10.1807
«6482
«5145
-e8752
25427
¢ 3947
-e5562
«2910
« 0983
-1:8523
11391
«1027
-s6916
« 7838
01157
-22893
«4281
01224
-»1383
s 1535

Fa

1.2188
-.1348
e 5765
10116
- 5327
« 3463
« 8256
-e 7487
e 2204
«5708
-eB8873
215049
12349
- 3270
«5219
11660
=2 6392
e 3987
« 8602
—.8421
4177
e 5751
—-e7642
« 2668
1e4513
-s5501
» 4858
10655
-09964
« 7096
« 8085
-e6372
«6186
« 5173

=e4533

3193
10286
-126592
09266
1.1808
-e 5452
e8155
162223
-+2088
» 6488
11058
- 92949
e4120

F7

—e5662
« 5780
-+ 0553
- 6056
« 8674
-¢0321
—e6739
10256
- 0577
—-e5928
10192
-9 1523
-e6190
e 7988
«0192
—-eB029
1.0385
« 001 7%
-e6281
1.2087
-e2158
-e5018
28661
-e2318
-+9409
10224
e 0905
-0 4688
16046
—03875
-+ 3044
29542
-23787
-e2615
4571
-e 1956
e1432
26803
-e 7135
« 0036
« 8638
~s5225
-¢0470
02762
-0 2587
-a0671
« 0882
-« 0778

106

F8

—-e 7052
« 0885
—.3603
-e5082
e4761
=l 27T
-e¢3137
« B054
» 0809
-:0501
11038
2 2963
-e 7558
02227
-e 3261
-e6322
e 5722
-9 1531
-03109
« 8589
-s0434
e 0074
9781
22482
-.9509
« 4077
-e3112
-e5693
+B8321
-+ 3939
~e2522
6584
-0 1955
01254
6847
e 2463
-s6928
12448
-e6526
-e 7377
4573
—-e4922
-e6609
2566
~-e 2444
-e 3807
+ 4890
e 1986



MOD ELEM
NO NO

T 1=1

PT

CG

(o{c]

CG

CG

cG

CcG

CcG

CG

CG

CG

CG

cG

CG

CG

CcG

CG

STR

SXX
sSyy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
sSyy
Sxy
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYyy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYyY
SXY
SxX
sSYy
SXY
SXX
SYy
SXY
SXX
SYy
SXY

TABLE

Fl1

-10205
«3103
-e0491
-1e1566
« 1099
-e 1959
~-11982
« 0186
—e2082
~-1¢1973
-e0282
-2 1569
-1e1750
-+0600
-e20690
-11333
-80949
20496
-1.0537
-e 1615
02043
-s9041
-0 3965
3811
LT A i
00621
-00117
-e4160
-e0477
-s1012
= 5137
-.1172
-o1130
-e5513
-el672
-,0848
—05346
-22094
-00413
-84573
-02440
-+ 0087
—-03029
-.2259
-e0218
-00269
2211

- 1734

IV (CONTINUED)

F3

=+6065
7822
6646
-10652
03403
e 1775
- 162956
e 1345
«0010
-104184
« 0205

-s0168%

~-14785
-e0699
e 0686
=1:4963
-ea2062
22626
-1s44648
-e5754
06071
-13256
-202740
10466
06987
«4308

e 6877
02187
1610

« 3608
-+1037
-¢0390
22208
—-—22961
-e2207
«a1915

- +3863
-e4584
02417
-83540
-s8214
e3164
-01358
-1e3550
e 2672
24968
-aB8226
-e2872

Fa

- 6065
s 7822
6647

-10649
e 3402
e 1776
-102959
1341
«e0016
-1¢4180
20203

-e0159

=104790

-s0703
s 0701

-164978

-e2059

02642
-104487

-s5738

s 6074
-1+3286
-22701

10444
s 6993
4304
« 6878
«2187
01598
3615

*010‘7

—-¢0395
«2216

-0 2960

-e 2227
s 1944

'03876

-e4579
02451

-8 3568

-08178
«3190

-51417

-1e3487
2679
04871

-s8155

—-22900

F7

01154
-21491
-s 1242

2014
-0 0636
-20328

22432
-e0174
-e0083

22718

20208
-+0331

e2913

« 0684
-s1070

23110

» 1698
-0 2542

e3155

04915
-05174

23309
200746
—-28458
-01401
-+ 0709
-e 1299
-s0568

- 0087
-0 0797

20026

21001
-+ 0856

20267

02140
-21339

e 0279

04054
-e2310
-s0186

07380
-9 3492
-2 1704
142973
- 3748
-e6313
(9 B O e d

20423

107

F8

03891
-e4960
-04105
6816
-22279
-+0885
« 8290
—-e 1062
0493
s 9059
-20382
20946
9431
20241
20744
s 9563
21409
-00273
29330
5112
-0 2591
« 9083
203348
-e5730
-0 3946
~e3164
-04207
-2 0733
-2 1620
-51901
21513
-o0377
~e0729
e 3011
e 0996
- 0299
s 3920
3152
-0487
24068
s 7034
-+ 0980
e 2886
13788
-+¢0533
-e1953
12651

4798



MOD ELEM
NO NO

-

3-1

4-7

PT

CG

CG

CcG

CcG

cG

CG

cG

CcG

CG

CG

CG

CG

cG

CG

CG

cG

STR

SXX
Syy
SXY
SXX
Syy
SXY
SXX
sYy
SXY
SXX
sSYy
SXY
SXX
Syy
SXY
SXX
sSyy
SxY
SXX
Syy
SXY
SXX
sSYy
SXY
SXX
sSyy
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYY

SXY -

SXX
SYy
SXY
SXX
syy
SXY

TABLE IV (CONTINUED)

Fil

«0024
-e0427

« 0266
-e0845
~% 1371
“00300
-0 1342
-e 1955
- 0576
-e1480
-e2232
-e0757
-2 1295
-e2120
-el011
-2 0899
-«1302
-8 1440
-e0615

«0748
-elB822
-2 1626

01246
-«0833

01247
-e1202

20285

e 0787
- 1703
-2 0202

20478
-s 1824
-e0615

« 0270
-e 1553
-+0993

« 0062
-s0864
-e1294
“00287

« 0083
-¢1 329
-20855

«e0a12
-o0832
-+ 0594

e 0755
-a0469

F3

10032
«+ 3084
« 7270
e 7246
« 0174
5135
5444

-e2269
«e 3764
04212

-e4919
e 2997
« 3835

—-s 7463
02176
24335

-e9321
« 0687
50849

-e 7925

-0 1638
1771

-e9200 .

-01216

141727
e1178
s 7072

10467

-e1402
05263
s 8970

-e4114
«4038
« 8200

-e5867
e 2601
+ 7813

-8 7074
«1128
e 7099

-0 7590
0071
5218

-s9101
»0270
e 4785

-s9734
a0164%

Fa

10040
« 3063
7273
e 7295
« 0157
«5140
05445

—-e2328
e3817
e 4224

-04917
e 3055
« 3834

~—e7424
» 2248
24259

-89237
00772
« 4897

=TT 71

-e1592
«1501

-+8993

-01290

1.1809
21130
«7072

10460

-a1534
5342
29094

_.4123
4103
«8311

- 5896
e 2764
27762

-8 7026
01397
06818

-67330
20334
04721

-eB8619
« 0364
24145

-s9181

-s0047

F7

- 2527
20263
‘01381
-e2139
e 1686
-e1258
ool
« 3219
-2 1354
-e2358
s 5388
—e 1784
-02928
"e7813
-02042
-24080
1,0099
-2 1592
-25463
29881
-s 0037
-8 3621
10574
2 0053%*
-3 3872
e 2330
- 12249
-e4298
e 3974
-s1031
-e4225
06216
-e1243
-24762
s 7767
-+1043
~s5574
+ 9053
-s0612
-s6015
0 9657
-a0242
- 5272
10459
-9 OB5TS
-e5144
10162
-+ 0666

108

Fa

-e5455
-22912
-04506
-03417
-21010
-02926
-81933
« 0933
-01874
~00838
2 3395
-91223
-e0355
«6382
-s0511
-e0602
+ 9499
« 0895
-0 1276
10176
« 3530
elals
1e2491
04560
-e6484
-9 1857
-a4515
-e5336
20307
-» 3188
-a4165
e 2784
—e2160
-8 3463
e5017
-+0948
-+ 3009
e 7047
20491
-a2301
8477
e 2007
-s 0532
10607
22897
« 0248
12157
«4 185



MOD ELEM
NO NO

T B=]

PT

CG

CcG

CcG

CG

CG

CcG

CG

CG

CcG

CG

CG

CG

CG

CG

CG

CcG

STR

SXX
SYy
SXY
SXX
SV,
SXY
SXX
3YY
SXY
SXX
SYyY
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
sSyYy
SXY
SXX
SyYy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYY
SXY
SXX
Syy
SXY
SXX
SYyY
SXY
SXX
SYyY
SXY
SXX
sSyy
Sxy
SXX
SYY
Sxy

TABLE IV (CONTINUED)

Fl1

« 1435
-e1270
« 0136
«1100
-s1281
-e0274
« 0776
- 1034
-e0601
e 0427
-e0614
-e0793
00049
-e0185
-e0787
-+ 0266
« 0030
-9 0588
-20247
« 0290
-00434
-e0322
e« 0331
-e0205
« 0940
-20784
20018
s 0696
-20619

-e0217%

0« 0428
-90410
- 0345

s 0179
-e0220
-e0367

20008
-+ 0083
—.0318
-90045

«+ 0072
-e0267
-30133

20112
-e0160
-+0115

«0129
-+0080

F3

12944
-+0404
e 6299
1.0953
-s3154
«5163
10636
-e4105
« 3275
1.0295
-~ o S5T93
«2000
+ 3408
-e 7602
« 1570
« 8080
-e9270
+ 1768
e7240
-+9853
21753
«6034
- 100855
e1703
lell17
-8 2286
5859
1.2814
-02058
«3163
1e2314
- 5795
2777
10864
—-+8689
23249
«9232
=10014
. i e
e 7903
-e9966
3696
6644
-s9416
e 3335
e 5855
-+8498
2 2569

Fa

12974
-+ 0645
6354
11419
-s3219
5176
10964
—-ad4444
e 3639
1.0320
-e5921
22636
«+9120
—e7201
« 2236
e 7509
—+8351
e 2220
«6415
-e8671
» 1808
e 4985
-+9015
« 1256
1.2168
-.2628
5782
1.3202
—-:3284
s 3972
12485
-e6158
o 3889
10989
—-e7940
e 4306
«9304
-28440
« 4518
e 7807
—-eB8003
«4137
6235
-a 7554
« 3322
5046
-27329
2023

T

-e5741

4693
-+0580
-s5017

e 7019
-e0822
- 6087

e 7578
‘00103
-+ 6957

e 9024

« 0102
—e 7091
1.0359
—00300
- 6579
11101
—-e1027
-e6210
10637
-9 1435
-e5558

+ 9582
-2 1658
—-e4924
e 7806
—-e+0225
-5 8067
s 7079
01409
-eB8474
1.0509
« 0539
-e7711
12496
-+0958
—-e6648
12506
-e2126
- 5795
11120
-e2583
-+ 5053

» 9300
-8 2527
-2 4697

e 7342
-0 2068

109

F8

-8 7610
-+0406
-.4168
-e6247
«2014
-e3121
—-e5727
¢ 3638
-e1690
-s5074
5575
- 0503
-03962
07402
« 0404
-e2423
«9179
21 53
-el1211
10383
« 2309
+ 0253
11697
03649
- 7529
« 1400
-¢ 3869
- 7999
e 2456
=-e2200
-27135
«5223
- 1729
-e5624
e 7194
- 1526
-¢ 3886
« 8240
-+ 1060
-9 2238
« 8639
-+0507
e 9154
¢ 1501
« 0893
10083
3508



MOD ELEM

NO

-

NO

7=1

PT

CcG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CcG

STR

SXX
SYY
SXY
SXX
sSyy
SXY
SXX
Syy
SXY
SXX
SYY
SXY
SXX
SyYy
SXY
SXX
h
SXY
SXX
Syy
SXY
SXX
-
SXY
SXX
SYY
SXY
SXX
Syy
SXY
SXX
SYYy
SXY
SXX
SyYy
SXyY
SXX
SYY
SXY
SXX
Syy
SXY
SXX
SYY
SXY
SXX
Syy
SXY

TABLE IV (CONTINUED)

F1

00415
-e¢0310
-e0011

« 0269
-e0234
-+0088

«0147
-e0151
-a0123

« 0066
-+0074
=+0131

«0018

« 0002
-e0122
-9 0036

s+ 0023
-+0083
-+0035

20043
-e¢ 0055
-s0040

«0040
-« 0026

0107
~e0121

«0007

« 0070
-4 0067
-6 0025

«0043
—-e 0029
-40043

« 0021
-e 0004
-e0045
-+ 0004

« 0002
-+ 0035
-e G001

2+ 0009
-4 0027
~s0010

« 0009
-o0015
-+0008

« 0007
-9 0006

P Fa

16300 16180
+0073% -—,4,2985

2564 e 3677
12159 1.3482
-+ 9537 - 9530

«5198 « 5987

« 3179 141515
-11596 =-1.0053
6515 « 7172
7111 1.0006

-140759 —+8529
«6683 e 7356
« 5726 «8711

—-+9084 -e6652
26027 e 6787
e 4741 + 7317

=~ 1515 g o
« 4939 5741
«4183 e 5807

-e6136 -:4378
2 3591 s 4224

"« 3799 ¢ 3926

-e4970 -s4419
02216 2 2254

»1783 1.0351
=22405 =2.0236
12325 e 9621
+1309 11107
—-13368 =-1.1513

10951 29560
01146 11702
-e8127 -e6531
«9097 «8878
e1141 1.2130
-s5124 - 63749
e 7140 e 7999

1176 12325

—-e3423 -¢2280
5282 e 7133
« 1273 1.2286

-e2411 -e 1629
» 3593 « 6279
21298 lel742

-al1771 -~ 1785
s2150 5285
« 1281 1.0387

-2 1298 -e3424

0971 » 3495

F7

-11781
6724
e 3098
-«8073
1.6270
-+ 1248
-«5678
16496
- o 3657
-s4199
13650
-l 474
-« 3351
10344
- 4226
-4 2855

O = A
-8 3449

. —a2673

5392
—e 2447
—e2611

« 3722
- 1483

0« 1028
32921
- 7712

«+ 0518
1,8699
-+7500

20121
1.0596
-+6310
-e0192

e 6062
-s4812
-a0413

« 3560
-+ 3366
-9 0605

2147
-s2121
-e 0707

«1319
-+ 0754

s 0792
~+0487

110

F8

-1.0974
» 1944
-e 2422
-+ 8551
«+ 7318
-e3792
—-e6612
« 8157
-e4261
-2 4936
e 7445
-e 3890
- 3327
«5481
-s 2821
- 1525
« 5943
-s1215
« 0485
e 6056
« 0986
« 2850
« 71256
» 3851
b T (i J 4
15014
- 6960
- 1457
«B761
-« 6599
—-s 7568
05228
- 5H5718
- 7476
« 3318
- 4606
-+ 7093
e 2426
-9 3377
-e6370
22267
—-e 1949
-¢5020
e 3016
-2 0031
~e 2648
05677
2 3299



MOoD
NO

ELEM

NO

-
o

11

13

14 .

15

- 16

VONOOPOLUNDNIOPRPLPWNDNOADLWNH = ulu»-»(nn>~tv;-m -

Fl1

" =1e0372

e3012
~-11650
~-00043
-1+2988

+=1¢2898

00654
-2 0853

- =144045

~104003
e« 0057
-e0001

~-1e5724

~105040
~104554
-1¢4895
-+ 0058
~e0102
« 0087
-00028
~1e6603

- =1e5790

~1e5052
-1e5542
0 0035
«0018
e 0005
e 0000
~18003

=1e7447

-166657
=1e5937
—1e5437
~-1e5262
-1 05529
-166406
00028
e 0022
e0013
e 0007
00005
¢ 0000
e« 0000
-« 0000

- TABLE V

‘RIB STRESSES

PSI PER POUND

F3

~e 7456
«8513

=141092

e« 0930
~1e3127
-1e¢5077

02991

e 0066%*
-1e4568
-128258

-01361

0123
—16827
~18490
~1e¢9434
-260929

~02490
-e0953

e« 0369

e 0351
~168449
~260249
-20514
—262146

-e4438
-01879
- e 0520
-e0027
-20¢0448
-2¢1532
-2e1581
-21304
-201102
-2e¢1253
~2e2145
204347
'05795
—-¢3878
~o 2849
-sl1414

~-s0692 .

00248
~-e0009
20060

Fa

—e9077
17507
-1+1068
163231
~-1¢2859
~1¢5237
1e5449
13597
—1¢4574
~1e8283
103497
16088
—-146813
~1e8530
-1e9389
-200893
162596
led41a
1e6425
1¢74009
—168449
~260252
-20525
~2e2164
11981
164586
166721
108431
-2e0448
~-2¢1533
-2213580
-2061307
~-201106

~-2e1262

~22159
~2e4360
10936
12634
164071
1e5319
166447
1¢7475
18442
19293

F7.

20217

,—~e5295

02199
-0 1659
2720
s 2385
-¢2850
-90802
e 2806
e 3772
0174
-e0256
03206
23371
3878
05027
21001
« 0203
-60426
-60280
«3476
+ 3808
4080
5427
2567
00955
e0215
e 0009
e 3854
04052
04052
«4006
¢« 4059
e 4355
e 5165
e 6905
63773
02333
1341
e 0691
e 0287
s 0076
~00014

-e0026

111

F8

04523
-~e9934
s 5962
-e7220
e 7874
8137
~-10381
-0 7667
e 8971
160077
-e9167
- 9384
10487
161396

11407 .

11428
~-69048
-a9970
-160722
~100228
11505
102468

7 1e2108

1e2114
.—-s8646
-160273
-1e1210
~101174
162776
163442
‘143405
163074
162672
162375
1e 2467
1e3411
-e7991
—e9171
-1.0098
-1¢0813
~1e1354
~1e1707
~1.1854
~1e1661



MOD
NO

ELEM
NO

NN DPUNSONORPLWUNSDWN DW= -

F1

-01271
s 0671
-0 2295

e 0057

21143
-00028
-0 1542

s 0411

« 0874

s 0029
-0 2092

e 0220

¢ 0332

e 0079

51408

00262

o 0060

e 0004
-e1324

s 0727

e 0508

e 0081

01152

e 0284

20048
. « 0000

TABLE VI

STRINGER STRESSES

PSI PER POUND

F3

e 7347
~91189

8753

«9481
- 03989
~e1433
160527
160645
- 04928
-6 1669
161506
164017
142204

03383
‘06707
-6 5969
-22871
~20514
13386
165219
l1e2754%

9427
-e7878
-61086
- 2992
~-e0601

Fa

e 7392
-+0873

«e8818

09116
-04093
-0 0669
10587
10499
-e5204
~0 1359
161510
14017
162228

28753
-e6727
-e6087
-9 3269
-20016
103387
165217
102798
8921
-0 7885
-26284
-+3553
-00465

F7

-+ 0395
04108
-0 1590
e 04561
e5719
e 2335
-2 1660
e 0294
e 56082
02392
~-22179
~e 2458
- 0527
02412
e 7662
e 5733
02647
e 0570
-~ 2508
-02562
~00593
e 2571
e 8442
s 5684
e 2636
e 0604

112

F8

-9 30556

8176
-e5254
- 64900
1»1012

09272
-06294
—~e6207
12320
1,0338

—e7153

-6 8924
-0 7999
~-e5814
13847
1643441
161972
10506
—e8345
~29685
~e8485
-~s6117
14991
103792
12384
l1e1143
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TABLE VI (CONTINUED?

MOD ELEM Fi F3 Fa F7 F8
NO  NO x : '

6 1 -e1552 13999 13999 ~+2639 -~e8741
2 « 0232 146038 166038 = -3033 ~1¢0059
3 00837 146233 106230 ~e3024  —1,0351
4 0827 15436 15425 ~02543 ~140116
5 +0538 143929 13895 -01436 ~e9376
6 e 0262 142087 1+1988 - 40191 -e8282
7 e0102 10029 e 9777 62293 ~e6882
8 00033 ¢8336 0 7348 4320 —-e5251
9 01604 = ~48259 —e8272 «9228 145593
10 . e 0773 ~+8204 ~e8234 = 8113 . 145304
11 20423 -s7216 -9 7286 e 6665 104621
12 20199 ~+5883 -e6045  e5115 1.3884
13 e0082 = =e4126 ~24483 23353 13041
14 ¢ 0029 -e2222 ~-+2838 e1643 1e2271
15 s 0007 = ~,0754 ~s1436 ¢ 0490 11849
16 0000 -+0082 00132 00052 161409

7 1 -0 0916 105463 165463 -02914 ~09662
2 e 0661 17040 107040 - =+3207 ~160694 -
3 01027 16686 146684 - 63059 -10632
"4 00919 165646 105636 ~-e2523 ~100240
5 0 0586 104069 104039 -e1439 -9487
6 e 0271 12187 102087 e0171 -28395
7 00093 140060 e9808 2330 -e6957
8 0026 «8159  «7234 24586 -e5215
= e1362 ~29235 . =-99244 | 09981 166504
10 0804 -+8388 ~e8413 28278 165561
11 « 0436 ~e7312 ~e7378 e 6704 104759
12 00192 . =45936 -e6111 +5094 . 1,3981
13 s 0074 -+4150 -04543 3327 13133
14 #0023 -62270 ~02936 s 1672 102400
15 . 00005 -+0808 - 1585 00536 102046
16 0000 -+0108 ~e0121 00069 161755



APPENDIX B

DEVELOPMENT OF THE MATRIX FORCE PROGRAM

The matrix force analysis used here is based on the
formulation of Pestel and Leckie' (Reference 10, Chapter. 9).
Therefore, the basic equations of the method will not be
developed here but will be taken directly from Reference 10.

The basic equations are:

— T -

[D;] = [B17[F _1[B;] (B-1)
[Dyn] = [By1T[F_1[B,] (B-2)

10 1 v 0

-1 .

[B] = [BO]HBl] (X1 (B-4)
{p} = [BI{f} {B-5)
[F.] = (B]T[F.1(B] (B~6)

d v
{d} = [Fd]{f} (B-7)

where
[Bl} = the matrix cof internal® forces due. to unit
values of the redundants (1 x n);

[BO] = the matrix of internal forces due to unit

external forces (1 x m),

114
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[Fv] =.the flexibility matrix~of the unassembled
structure. This matrix is+a diagonally
partioned matrix with the flexibilities

+of the individual structural elements as
its diagonal subelements (£ x £),
[Dll] = the matrix defined by Equation B-1
(n x n),
[DlO] =" the matrix defined-by Equation B-2
(n x m),

[X] = the matrix of unit:redundants. Each col-
umn “of this matrix gives the values of
‘the redundants due to a unit value of one

- of the external forces (n x m),

[B] = the matrix of unit internal forces. Each
column of this matrix gives the values of
the internal forces due to a unit value

- of one' of the external forces (L x m),

{f} = the column matrix of external forces
(£ x 1),

{p} = the column matrix of internal forces
(£ x 1),

[F =" the flexibility matrix of the assembled

‘structure. The:elements of this matrix

“are the deflection influence coefficients

of the structure (m x m),

{d} = the column matrix of displacements

(m x 1),
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k = Ehe number ‘of: elements~=in~the structure
“(the number: of - submatrices in  the unas-
'sembled structure flexibility matrix is
equal to k), |
£ = the number of independent internal forces
(L < k),
“m =-the number of external forces, and
n = the number  of redundants
The  development of a program to solve Equations B-1
through'B~7-is-relatively'straight+forward; however, for
large structures; - all-of the -matrices in:these equations"
cannot be simultaneously stored in'the main memory of even
the -largest computer available~today. .The simplest method
of handling this problem-is to store-all of  the large
matrices:on-magnetic tape and to read them into main memory,
usually a row'or a’'column  at’a time, as they are needed.’
The  method used here does this;, in part; but two other tech-
niques are: used: to minimize- the number of matrices that must
be stored on tape, i.e.,
1. the-"Recurrence*Meﬁhodeor“Highly Redundant
‘ -Systems" of Pestel and Leckie’ (Reference

10, Section9=6) “is used to reduce. the
‘'size of the matrix [Dli]“which,musthbe

inverted, and
2, the large matrix [FV] is stored as.an £ x 5

array-instead of an £ x £ array.
The+~Recurrence Method

Pestel-and Leckie have shown-that a highly redundant

system can be analyzed by-subdividing the redundants and
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considering each subset of redundants separately. To illus-
trate, let us assume that the n redundants are subdivided
into three sets - a, b, and ¢ - with o, B8, and y redundants,

respectively, such that
¢« + B+y=n. (B-8)

We can now proceed as though there were only o redundants
and that there are B + vy + m external forces and calculate
the first o redundants in terms of these 'assumed' external
forces. The first o redundants are then eliminated from
further consideration. We next consider the b-set with B8
redundants and calculate these redundants as a linear com-
bination of the y + m 'assumed' external forces. Finally,
the c-set of redundants are considered. Since this is the
last set, the 'assumed' external forces are the 'actual'
external forces and all of the redundants have been elimi-
nated.

The primary advantage of the recurrence method lies in
the fact that several smaller matrices, [Dil], are inverted
instead of one, usually large, n x n matrix. However, in
attempting to write a program using this method, two diffi-
culties were encountered, i.e.,

1. extensive programming would be required to
accommodate unequal size subsets of re-
dundants, and

2. the storage required could become greater
than that required by the direct method
if the number and size of the subsets was
not chosen properly.

It was discovered that not only is the programming greatly

simplified, but the storage requirements are minimized if
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the redundants-are subdivided into n sets with one redundant
in each set. It is also-advantageous to store and manipulate
[Bl] and [BO] as a,s1ngle;matrlX'[BlO] and'[Dll] and [Dlo]

as a single matrix; also called [DlO]; The recurrsion

equations can then be written as

i _ i T i

i i i
]

[X = —[Dlo]/Dll : i =1, n) (B-9)

i+l _ ooi, . ooi

(BYg) = 1Bp) + (BIIX;)

i
11

i

lO]. Each recurrsion’ reduces the number of

where {Bi}'iS'the'first'column"of*[B161“and'D is the first
element of [D

101,“until‘after‘the nth ‘recurrsion, [ngl] is

an £ x m matrix and is the unit internal force matirx [B].

columns in [B

Equations B-5 through B-7 can. then be used to determine the
internal- forces:and the' displacements.

Equations B=9 show clearly that both storage and pro-

i

gramming are minimized sincea{DlO};:[xl], and' the matrix
. T . .
product {Bi} [Fv] are-all row matrices. ‘'Also, since Dil is

a scalar, all requirements:for matrix inversion are elimi-

nated.
‘Storage of: the Matrix [FV]

- Since'the-flexibility'matrix‘for'the unassembled struc-
ture can be very large, it is uneconomical to store it,
either in main storage or on- tape, as an £ x £ array. After

it was decided to program the recurrence method for n
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recurrsions with a single redundant per recurrion, it was
also noticed that it would be relatively simple to obtain
the product {Bi}T[Fv] if [Fv] were stored as an £ x 5 array.
The necessity for five columns is dictated by the fact that
the largest element stiffness matrix is the 5 x 5 array
required by a plate element.

In order to be able to obtain the product {Bi}T[Fv] for
any combination and arrangement of elements in the structure,
each element stiffness matrix must be right-justified in the
array. For an axially loaded element, the flexibility must
be entered as one row consisting of four zeros followed by
the element flexibility. A beam element would require two
rows each with three zeros followed by two flexibility coef-
ficients. A rectangular or trapezoidal plate requires five
rows for the twenty-five coefficients. It should be noted
that the routine used to form this product in the program
which follows has been simplified since the structure under
study here has only two types of elements, axially loaded
elements and plate elements. A general routine can be found

in Reference 8.
The Matrix Force Program

A program listing is given in Table VII, The program
is written in Fortran IV using the format specified for the
IBM 7044/7094 Operating System. It is written as a main
program with three subroutines which are used to generate

the matrices [Fv]' [Bl], and [BO]. Since each subroutine is
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called only'once,zthe*subroutineswcouid“have%been incorpora-
ted into the main program; however, this would have exceeded
the maximum number (200) of-'statements-allowed in this
operating system.

The input to the program:is identical to-that required
by the displacement:program ( Appendix A). The constant and
nodal coordinate routines are essentially the same as in the
displacement program except for some  rearrangement and the
addition of several constants.

The element stiffener: flexibilities are generated

directly, i.e.,

F =1 /A E - B-10
g = Lg/Pq Eg o (B-10)

and entered into the?[FV]'array;;LThevweb“flexibilities are
obtained by first generating-:the stiffness matrix for the
element using- the-routine described:in Chapter II and
Appendix“A: ‘This matrix - is then-reduced from'a 8 x 8 sin-
gular matrix to a5 x 5-nonsingular matrix by striking out
rows. and- columns 2, 5, and 6. This - corresponds to the
restraints shewn in: Figure 26. This matrix- is then inverted
and placed in [FV]'

‘The Bl’and B0 subroutines-afe“used to-generate the ele-
ments of [BlO] and to write these elements on-a magnetic
tape. Each colu@nrof*[BiO]-consisﬁsnof“the“internal forces
due to a unit value of eithef?a'redundant“or“an external

force. ‘The metheds of-calculating these internal forces

are given. in Chapter IT,.
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1 2
ZT;
5

"Figure 26. 'Pl&teﬁElementvewnstraints-

“‘Subsequent”to~the”generatipnﬁbf“TF;T%ancorgx,and [Blo]
(on° magnetic' tape); theM;ecurrénbe“methbdﬁ“ag*described
"previously,: isused torcalculate-the umit-internal force
matrix B Since“onlywonechiumnﬂbfrWBiﬁﬁﬁis@infcorerat
any one' time, it;iS“necessarymtb”tEE&”the?én%irewarray?twice
during“each”recurrsion;ﬁonceﬁtd“c&i@ﬁi@ﬁé“ﬁﬁi“qiand“again to

i+l
10

‘order to qenefatégT

calcﬁlété'IB ]w It is alsornecessaryTto use two-tapes in

i+l
10

column '(or tape record) -than"theprewvious one.

J'sincéieach_ngfTBTB@“hhS”dne less

“'“The”flexibility'matrixyMthEWdefiéctivﬂg“&uewtowunit ex-
ternal“forceé;'i§'calculated“tsingﬂﬁqua%inn”BﬁWW“fIt&should
" be noted that:Pestel and -Leckie-(Reference10%"page 255) do.
" not present the ‘equation for theflexibility: matrix. in. this-

- form. - They present the egquation
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- T o
[Fd] - [BO] [Fv][B] . (B-11)

It can be shown that Equations B-6 and B-1ll give exactly the
same results. The reason that Equation B-6 must be used
here is that [Bol is destroyed in the recurrence analysis.
The flexibilities are tabulated in Table VIII.

The web stresses are calculated at the same points as
in the displacement analysis, i.e., for Models 1 through 4,
the stresses are calculated at five points within each plate
element; but for Models 5 through 7, only the stresses at
the centroid are obtained. The equation for calculating the
stress, however, is a modification of the stress equation
used in the displacement analysis. This modification is
necessary because the displacement analysis is formulated in
terms of the absolute displacements of the element nodes,
while the force analysis uses relative displacements, or
deformations, in its formulation (See Figure 26 ). The
modification consists of striking out columns 2, 5, and 6
in the [I] matrix of Equation A-2 and replacing the displace-

ment matrix {ul with the deformation matrix {v} giving
{st = [zl1{v} (B-12)

The web stresses are given in Table IX. The format
is identical to that used in Appendix A for the displacement
method web stresses.

The stiffener stresses can also be readily determined.

Since the deformation is the relative displacement of the
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ends, measured along the length of the member, the stress is

given by this equation,
s = (B/L)v , (B-13)

where both the stress s and the deformation v are scalars.
The rib stresses ‘are given in Table X and the stringer

stresses are given in Table XI,
Explanation of Tables-

Tables VII through XI are identical in format to Tables
IT through VI inAAppendix A in order that the results of

the force and displacement analyses can be compared.
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TABLE VII
MATRIX FORCE PROGRAM LISTING
1SOTHERMAL MATRIX FORCE ANALYSIS OF A TRAPEZOIDAL PANEL

TYPE DECLARATION STATEMENTS

DOUBLE PRECISION B10(352)+FV(352+¢5)+B1TFV(352)
DOUBLE PRECISION D10(198)+FVB(35245)+FD(545)

DOUBLE PRECISION XI(5)+ETA(S5)+SIGMA(3+5)+STRES(3+5)
DOUBLE PRECISION B(352+5)

DIMENSION AND COMMON STATEMENTS

COMMON /PARAM/E+VeTesSTA'RAEPSEPT+GS
COMMON /PACON/MsNsM] N1 +sM2:N2eAMsANs AM2
COMMON /REDUN/KI+LIsMI«NIeNOAsNOBsNOC
COMMON /DELTA/DELXRsDELXTsDELY +DELLE+DELTE
COMMON /ZARRAY/X(9:9):Y(9)sB10sFV

FORMAT STATEMENTS

300 FORMAT(21S5)

301 FORMAT(6E126)

351 FORMAT (29X 11H PARAMETERS/)

352 FORMAT(8Xs16H YOUNG*S MODULUSE10¢30
13Xe16H POISSON*¥S RATIOsF6e3/)

353 FORMAT(3Xs14H WEB THICKNESS:F6e3¢2Xe14H STRINGER AREA»
1FBeS512Xe9H RIB AREA+FB8e¢5/)

354 FORMAT(S5Xs3H XAsFBe3+45Xes3H XBesFBe3¢5Xe3H XCeFBe3o»
15Xe3H XDesFBe3/)

355 FORMAT(SXs3H YAeFBe3:21Xe3H YCeFBe3/)

356 FORMAT(5Xs14H ROWS OF NODESs:I13+15Xs
117H COLUMNS OF NODES.I13//)

357 FORMAT(25X+19H FLEXIBILITY MATRIX/)

358 FORMAT(S5E14e6)

359 FORMAT(2B8X«13H WEB STRESSES/?

360 FORMAT(25X+19H STIFFENER STRESSES/)

NUMBER OF PANEL CONFIGURATIONS
READ (S« 300 )NOPAC

PANEL PARAMETERS

1 READ(S¢301)EsVeTsSTARA
READ(S5+301)X1eX2¢X3e¢X4:Y10Y3
2 READ(5¢300)MeN
WRITE(T7:351)
WRITE(7+352)EsV
WRITE(7+353) T«STARA
WRITE(7¢354)X1+X2eX3eX4a
WRITE(T7+355)Y1.Y3
WRITE(T7:356)MsN



TABLE VII (CONTINUED)

CONSTANTS

EP=E/(1e=(V¥#%2))
EPT=EP*T '
"GS=E/(2e% (1 e+V))
AM=M-1

AN=N-1

Ml=M~1

N1=N=-1

MN=M#*N

AM2=M=2

M2=M=2

N2=N-2
DELXR=(X2-X1) /AN
DELXT=(X4-X3) /AN"
DELY=(Y3-Y1)/AM
DELLE=SQRT ({X3=X1)#%24+(Y3~Y])*#%2) /AM
DELTE= soRT((xa-xa)**2+(v3-Y1)**2)/AM
K1=MN+M+N=-3

LI =S#MN~3%¥M—-3%N+1
MI=5 ‘

NI =3%#MN=3%M—-3%N+4
NOA=2%(M1+N1)
NOB=M2%N1+N2%M ]
NOC=M2%¥N2 '

' NODAL. COORDINATES

X{1+1)=X1

X(1aN)=X2

X{Mes1)=X3
“X{MsN)=X4

Y(1)=v1

Y(M)=Y3

DO 3 I=2.M1}
T YCI)=Y(I-1)+DELY
DO 4 J=2.N1
X(1eJ)=X(1eJ=1)+DELXR
X(MeJ)=X(MoJ—~1D)+DELXT
DO 5 [=2.M}
DO 5 JU=1.N
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X(loJ)"X(loJ)+((X(MoJ)-X(le))/(Y(M)-Y(l))*(Y(I)“Y(ID))

GENERATE THE ELEMENT FLEXIBILITY MATRIXVFV

CALL FLEX

GENERATE THE UNIT REDUNDANT MATRIX Bt
CALL B1i

GENERATE THE UNIT EXTERNAL FORCE MATRIX BO

CALL BO
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12

13
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TABLE VII (CONTINUED) .

RECURSION  ANALYSIS
MINI=MI+NIT

DO 16 IR=1 NI
REWIND 1

READ B10(IR)

READ(1)B10

Bl TRANSPOSE TIMES FV
DO 6 I=1sL1
BITFV(1)=0,0

DO 7 I=1,NOA
BlTFV(I)-BIO(I)*FV(Ieal
K=KI-NOA

J=NOA+1

Jaz=J+a

DO 9 1=1,K

DO 8 1A=1.5

[AJ=TA+J=-1

DO 8 JA=JeJ4

B1TFV(IAJ) BlTFV(IAJ)+B!O(JA)*FV(JA0IA)

J=J+5
Jé=J+4

CALCULATION OF D!O(FIRST ELEMENT IS D11)

DO 10 I=1+MINI

D10(1)=0e0

DO 11 I=1.L!
D10(1)=D10(1)4+B1ITFV(I)»*B10(1)
DO 12 J=2+MINI

READ(1)B10

DO 12 1I=1.L1
D10(J)= DlO(J)+BlTFV(H)*BIO(l)
REWIND 1
REWIND 8

CALCULATION OF REDUNDANTS (STORED IN D10)

DO 13 I=2+MINI
D10(I)=-~D10¢1}/D10O(1)

CALCULATION OF NEW B1O
READ(1)BITFV

DO 15 JU=2+MINI

READ(1)B10

DO 14 I=1sL1
B10(I1)=BI10(I}+BITFV(LII*DI0(J}
WRITE(B)B10

REWIND 8

REWIND 1
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16

17

18

19

20

21

22

23

TABLE VII (CONTINUED)

DO 85 KK=2+MINI
‘READ (8) B10O
WRITE (1) BlO
MINI=MINI-1
CONT INUE
REWIND 1

DEFORMATIONS

DO 17 I=1.L1

DO 17 J=1sMl
FVB(leJ)=040

DO 21 IR=1,MI

READ(1)B10

DO 18 I=1.L1
B(1:1R)=B10(1])

DO 19 I=1+NOA
FVB(IsIR)=FV(1+5)%B10(])
K=K I=NOA

I=NOA+1

14=1+4

DO 21 J=1.K

DO 20 lA=1414

DO 20 JA=1,45

JAI=JUA+1-1
FVB(IAWIR)=FVB(IA+IRI+FV(IAsJA)XBI10(JAL}
1=1+5

14=1+4

ODISPLACEMENTS

DO 22 I=1sM}

DO 22 J=1eMl

FD(1+J)=06e0

DO 23 I=1sMl

DO 23 J=1eMIl

DO 23 K=1.1

FOCTLoJ)=FD I+ J)4+BIKs I)¥FVB(KeJ)

WRITE(7+357)
WRITE(743S8)(FD(101)esFD(Ie¢2)eFD(Ie3)eFD(104)0e
IFD(1+5)s1=145)

WEB STRESSES

WRITE(7+359)

JJ=NOA

DO 36 I[A=1 M}
DO 36 JA=1,4N!

COORDINATES OF NODES
XA=X(1A+sJA)
XB=X(1AsJA+1)
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25

26

27

28

29

30

31

32

TABLE vII (CONTINUED)

XC=X(IA+19+JA)
XD=X(TA+1+JA+1)
YA=Y(1A).
YC=Y(1A+1)
D=(XD~XA) / (XB-XA)
P=(XC-XA)/(XB-XA)
TR=!e/(D~P)

 BX=D~1,

XBA=XB~XA
YCA=YC-YA
IF(MN=-15)24+24+25

" COORDINATES OF STRESS POINTS(MN=1%s OR LESS)

NO=S5
X1(1)=0e25%¥(P+0e75+0e25/TR)
X1(2)50e25%(P+2e254+0475/TR)
X1(3)=0eSO*¥(P+0e5+0e5/TR)
X1(4)=0e25%( 3¢ %#P+0,25+0e75/TR)
X1(5)=0e75#(P+0625+40,75/TR)
ETA(1)=0,25 ‘

ETA(2)=0,25

ETA(3)=0,5

ETA(4)=0,75

ETA(S)=0,75

GO TO 26

COORDINATES OF STRESS POINTS(MN GREATER THAN 15}
NO=1 : A
ETA(1)=(TR+2e)/(3¢%(TR+1e))
X1(1)=0eS5¥(1e+(P+BX)¥ETA(1))

SIGMA MATRIX

DO 35 I=1sNO
SIGMA(1s1)=-(1~ETA(I))/XBA
SIGMA(1+2)=-TR*ETA(])/XBA
SIGMA(1:3)==SIGMA(1,2)
SIGMA(1+4) =TR*¥V¥(D-XI(1))/YCA
SIGMA(1¢5) ==TR¥V*(P-XI(]))/YCA
DO 27 J=1+3

SIGMA(2¢J) =VHSIGMA( 1 +J)

DO 28 JU=4.+5
SIGMA(2+J)=SIGMA(1+J)/V
SIGMA(3+1)==(1e=X1(1))/YCA
DO 29 J=2+3
SIGMA(3+J)=SIGMA(2+sJ+2)}

DO 30 Jz=4g.+5 i
SIGMA(3+J)=SIGMA(1+J=2)

DO 31 J=la.2

DO 31 K=1.5

SIGMA(J+K) =EP#¥SIGMA(JeK)

DO 32 J=1+5

SIGMA(3eJ) =GSH*¥SIGMA(3+J)
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TABLE VII (CONTINUED!

STRESSES
DO 33 J=1.3
DO 33 K=145
‘33 STRES(JsK)=040
" DO 34 J=1¢3
DO 34 K=1+5
DO 34 L=145
LL=L+JJ
34 STRES(JsK)I=STRES(J1KI+SIGMA(JsL)I*¥FVBILL+K)
35 WRITE(7+358)(STRES(J+1)+STRES(Js2)+STRES(Je3)»
1STRES(J44) +STRES(JeS5)eJ=14+3)
JI=JJI+5 ‘ :
36 CONTINUE

STIFFENER STRESSES

DO 37 I=1sN1
J=I+N1
DO 37 K=14+5 ‘
FVB(1+K)=FVB(1+K)*E/DELXR
37 FVB(JeK)=FVB(JsK)*E/DELXT
DO 38 I=1oM1
J=1+2%N1
K=142%N1+M1
DO 38 L=1+5
FVB(JsL)=FVB(JsL)*E/DELLE
38 FVB(KsL)=FVB(K+L)*E/DELTE
WRITE(7+360) , A :
WRITE(7+358) (FVB(1s1)sFVB(I1+2)sFVB(1+3)sFVB(10a)e
1FVB(145) ¢ 1=14NOA)

NOPAC=NOPAC~-1
IF(NOPAC)39+3%9e2

39 STOP
END

SUBROUTINE FLEX

ISOTHERMAL MATRIX FORCE ANALYSIS OF' A TRAPEZOIDAL PANEL
SUBROUTINE TO GENERATE THE ELEMENT FLEXIBILITY MATRIX

TYPE DECLARATION STATEMENTS

‘DOUBLE PRECISION B10(352)+FV(352+5)
DIMENSION AND COMMON STATEMENTS
COMMON /PARAM/EsVesTeSTAIRAIEPEP TGS

COMMON /PACON/MsNeM1 oN1eM2sN29 AMs ANs AM2
COMMON /REDUN/KI oL 1 aMI NI «NOA+sNOBsNOC



TABLE VvII
COMMON /DELTA/DELXRDELXT+DELYsDELLEDELTE ~
COMMON /ARRAY/X(9+9)sY(9)B10+FV '
DIMENS ION A(21.6).C(6).z(21).F(a.a).c(aoaaon(a.e)

STIFFENER FLEXIBILITIES -

DO 2 1=1sNOA
DO 2 J=1.+5
FV(1eJ)=0e0"

RIBS
RFL=DEL XR/ (RA*E )
RFU=DEL XT/ (RA*E)
DO 3 I=14N1
J=NI1+1
FV(1+5)=RFL
FV(Je5) =RFU

STRINGERS

STFLE=DELLE/(STA%E)
STFTE= DELTE/(STA*E)

K=2%#N1+1
L=2%#N1+M1

DO 4 I=KelL
J=M1+1
FV(145)=STFLE
FV(J+5)=STFTE

WEB FLEXIBILITIES

KA=NOA

DO 26 1A=1 M1

DO 26 JA=1,4N1
XAz=X(IA+JA)
XB=X(1AsJALL)
XC=X{I1A+19sJA)
XD=X(TA+1eJA+1)}
YA=Y(IA)
YC=Y(]JA+1)
AR=(YC-YA)/(XB=XA)
D=(XD-XA})/ (XB-XA)
P=(XC~XA)/ (XB~XA)
TR=1e/(D=-P)
Bz=D=~1e

DO 5 1I=1,21

DO S J=14+6
A(loeJ)=0,60
ACle1)=AR

Al ¢2)=2¢%*AR
A(1¢3)=AR
A(2:2)==TR*AR
A(2:3)=A(2+2)

(CONTINUED)
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TABLE VvII (CONTINUED)

A(3+s3)=TR*%2%AR
A(441)=V

A(442)=V

A(444)=V

Al(4eS)=V

A(544) ==V

A{5:5) ==V
AlBe]l)==DFRTR*Y
Al(6¢2)=A(6E+1)
A(6e4)==TRXV
TA(BB)I=A(644)
A(7e¢1)=PRTR*V
A(T702)=A(741)
A(7e4)==A(He4)
A(7¢5)==A(644)
A(Be2)=A(644)
A(8+s5)=A(6+4)
A(9sS)==-A(6+4)
A(1042)=DETR®X2%Yy
A(10:5)=TRX¥2%V

A(l] e2)==PRTR**%2%V
A(l] 45)==A(10:5)
A(l124+s1)=106/AR
Al126¢4)=2e /AR
A(12:¢6)=A(1241)
A(13e4)==A(12+1)
A(13:6)==~A(1241)
A(14,1)==DX*TR/AR
A(l444)=~(1e4+D)I*TR/AR
A(l1446)=~TR/AR
A(15¢1)=PRETR/AR
A(1544)=(1¢+P)I*TR/AR
A(15¢6)=TR/AR
A(16:63=A(12s1)
A(17+4)=2-A(14+1)
A(17+6)=TR/AR
A(18e4)=~A(1541)
Al(18+6)==TR/AR
A(1941)=(D*TR) *%#2 /AR
A(19¢4)=2 HDHTR¥%2/AR
A(19¢6)=TRX¥2/AR
A(20¢1 ) =-DAPRTR* %2 /AR
A(2044)==(D+P) #TR##2/AR
A(2046)=-A(19:86)
A(2141)=(PX*TR)¥*#2/AR
A(21 44)=2:%PXRTR*%#2/AR
A(2146)=A(19:6)
Cl1)=1e+0e5%(B-P)
C(2)=~0e5~(B=P) /30
C(3)=(1e/3¢)+((B=P)/4Ga}
C(a4)==0eS5-B/2.~(BX#2-PA%2) /6,
C(5)=0e254+B/30+(B¥%2-PXX2) /8¢
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TABLE VII (CONTINUED)

C(6)‘lo/3.+B/2o+B**2/3.+(B**S-P**3)/120
DO 6 1=14+21

6 Z(1)=060
DO 7 1=1421
DO 7 J=146

7 ZO1)=ZCI)HACT 0 J)HC(J)
F(lel1)=2(1) .
Flle2)=-2Z(1)
F(l1e3)=2(2)
F(led)==Z(2)
F(2+2)=2¢1)
F(2¢3)==Z(2)
F(2+:4)=Z(2)
F(3¢3)=Z(3)
F(3+4)==2(3).
F(444)=2(3)
G(le1)=2(12)
G(142)=Z(13)
Gt1e3)=Z(14)
G(1s4)=2(15)
G(2+2)=2(16}
G(2¢3)=2(17)
G(2+4)=Z2(18).
G(3+¢3)=2Z(19)
G(364)=Z2(20)
G(4+s4)=2Z(21)
DO 8 I=1+a
DO B J=1l+4

8 H(1sJ)= EPT*(F(IoJ)+(1e—V)*G(I J)/a.)’
DO 9 I=14+4
DO 9 J=1l.4

9O HUl+4eJ+4)=EPTRIG(IsJ)+{1e~VI¥F(1oJ)/2s)
F(lel)=2(4)
F(142)=2(5)
F(1e3)=2(6)
F(le&)=2(7)
F(2s1)==204)
F(2¢2)==2(5)
F(2:3)==2(6)
F(244)==Z(T)
F(3s1)=2(8)
F(3:2)=2(9)
F(3s3)=Z2(10)
F(3s48)=2(11)
F(4e1)==2(8)
F(442)=~2(9)
F(443)==2(10)
Fl4e4)==2(11)
DO 10 1=144
DO 10 J=1lsa

10 Gl eJ)=F(Jel)
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TABLE VII (CONTINUED?

DO 11 I=1.4

DO 11 J=1l.a

HOT o J+a)SEPTH(F(1eJ)4(1e=VIHG(16J)/(26%V))
DO 12 I=1+8 '

DO 12 J=1+8

H(Je ID)=H(I 4J)

MAKING THE WEB STIFFNESS MATRIX NONSINGULAR

DO 13 1=1.8
DO 13 U=3+8
H(T s J=1)d=H(1eJ)
DO 14 1=1,8
DO 14 J=647
H(loeJ=2)=H(lesJ)
DO 15 1=3.8
DO 15 J=1+5
H(T=1eJ)=H(IcJ)
DO 16 1=6+7
DO 16 J=1+5
H(1=26sJ)=H(14J)

INVERT ING THE WEB STIFFNESS MATRIX

H(1e6)=160

DO 17 =145
H(14146)=0,0

DO 24 K=105

DO 18 JU=1+5
H(60J)=H(1 o J+1)/H(101)
DO 23 [=2+5
IF(5-K=1+2)19:194¢20
CONST=H(]Is1)

GO TO 21
CONST==H(1.1)
JCoL=1-1

DO 22 J=JCOL+5
H(I=16J)=H(T+sJ+1)+CONSTHH(GEsJ)
DO 23 J=1sJCOL

H(TsJ)=H(Je1)

H(S:S)=H(6+5)

TRANSMITTING THE WEB FLEXIBILITY TO FvV

DO 25 I=1e5
KA=KA+1

DO 25 J=145
FVIKAWJI=H(TsJ?

CONT INUE
RETURN
END



TABLE VII (CONTINUED)

SUBROUTINE B81
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ISOTHERMAL MATRIX FORCE ANALYSIS OF A TRAPEZOIDAL PANEL

SUBROUTINE TO GENERATE THE UNIT REDUNDANT MATRIX

TYPE DECLARATION STATEMENTS
DOUBLE PRECISION B10(352)+FV(35245)
DIMENSION AND COMMON STATEMENTS

COMMON /PACON/MsNsM1 ¢N1sM2¢N2+sAMo AN+ AM2
COMMON /REDUN/KI+L1sMI 4N ¢ NOA+NOB ¢ NOC

COMMON /DELTA/DELXR+DELXT+DELY sDELLEDELTE

COMMON: ZARRAY/X(949)eY(9)sB10sFV
REWIND 1
TYPE A REDUNDANTS

LOWER RIB

DO 3 I=1.N]

DO 2 1J=1.L1
B10(1J)=0.0
K=1

B10(K)=14,0
K=NOA+S¥(1~10+1
B10(K)=1,0
WRITE(1)B10

UPPER RIB

DO 5 I=1eN1

DO 4 1JU=1,L1

B10(1J)=0e0

K=N1+1

B10(K)=1,0 ,
K=NOA+S*¥ (N]1¥M2) +5%([~1)+2
B10(K)=1.0

Bl10(K+1)=~1e0

WRITE(1)B10O

LEADING EDGE STRINGER :
ALPHA=SATANC({YI(M)=Y (1)) /(X{Mec1)=X(10a1)}))
DO 7 I1=14M1 '

DO 6 lJ=1.L1

B10(1J)=040

K=2%N1+1

B10(K)=140

K=NQA+S*N1¥{(I~1)41

B10(K)=COS(ALPHA)

Bl1O0(K+1)==B10(K)



10

11

12

13

14

15

16

17

TABLE VII (CONTINUED)

B10(K+3)=-SIN(ALPHA)
WRITE(1)B10O

TRAILING EDGE STRINGER
BETA=ATAN((Y(M)=Y (1)) /(X(MeNI=X(14N)))
DO 9 I=1.M]

DO 8 IJ=1.L1
B10(1J)=060
K=2#N1+M1+1

Bl0(K)=1,0
K=NOA+S5%¥N1#[~2
B10(K)=-COS(BETA)
B10(K+2)==SIN(BETA)
WRITE(1)B1l0O

TYPE B REDUNDANTS
IF(NOB) 22222410

HORIZONTAL
IF(M2)14414011

J=N1*¥M2

DO 13 I=1.J

DO 12 1J=1.l_1
B10(1J)=060
K=NOA+S*#([-1)+2
B10(K)=—-1e0
B10{K+1)=1,0
K=NOA+5*N14+5% (1=1)+1
B10(K)=140 ’
WRITE(1)B10

DIAGONAL
IFI(N2)18.18¢15

DO 17 I=1¢N2

DO 17 J=1.Ml
GAMMA=ATAN((Y(M)=Y (1} )/(X(MeI+1)1=X(1ol+1)3)
DO 16 1J=1,L1

B10(1J)=040
K=NOA+S5#( ] =1 ) 4+5ENI#{(J=1)43
B10(K)=COS (GAMMA) '
Bl1O(K+2)=SIN(GAMMA)"
B1O(K+3)=810(K)
B10(K+4)=-B10(K)
BlO(K+6)==B10(K+2)
WRITE(1)B1o

135



i8

19

20

21

22

TABLE VII (CONTINUED)
TYPE C REDUNDANTS
IF(NOC) 22422419

DO 21 I=14N2

DO 21 J=1+M2
DOL=(X{J+142)=X(J+191))/DELY
DO 20 IJ=1.L1

B10(1J)=0e0
K=NOA+S5%*(1=1)+5%¥N1%(J-1)+3
B10(K)=-DOL

B10(K+1)=1,40

Bl10(K+2)==1e0
B10(K+3)=-DOL

B10(K+4)=DoOL

Bl1O(K+6)==140

Bl1O(K+7)=1,0
K=NOA+S*(1=1)+5%N1%J+3
B10(K)=DOL

B10(K+3)=DOL

B10(K+4)=~DOL

WRITE(1)B10O

RETURN
END

SUBROUTINE BO

136

ISOTHERMAL MATRIX FORCE ANALYSIS OF A TRAPEZOIDAL PANEL

SUBROUTINE TO GENERATE THE UNIT EXTERNAL FORCE MATRIX

TYPE DECLARATION STATEMENTS .
DOUBLE PRECISION B10(352) ¢FV(352+5)

DIMENSTION AND COMMON STATEMENTS

COMMON /PACON/MoNsM]1 aN1eM24sN2eo AMo ANs AM2
COMMON /REDUN/KTI oL I1eMI ¢NIsNOAsNOB»NOC
COMMON /DELTA/DELXR+DELXT+DELYDELLEDELTE

COMMON /ARRAY/X(9+9)4Y(9)sB10FV
Fl=1

DO 2 1J=1lsL1
B10(1J)=0e0
DO 32 K=1eN1
B10(K)=-1.0
WRITE(1)810



oM

10

1

12

13

14

1S

"TABLE VII (CONTINUED)
F3=1

NUMB=0

CONST=1e0

DO 4 1u=1s1
B10(1J)Y=0e0
IF(M+N-5)12+1146
IF(M+N=6)94Fs7

LEADING EDGE COLUMN OF WEB ELEMENTS

DO 8 1=z2+M2

K=NOA+S*¥N1#(]~1)+3

Bl1O0(K)=1e0#CONST

AMI=M1-1

B1O(K+1)=( (AMI*¥DELY) /(X (14+1e2)~X(1+11)))%CONST
B10(K+2)=-B10(K+1)

LOWER ROW OF WEB ELEMENTS

DO 10 JU=2+N1

K=NOA+5%* (J=1)+1

ANJ=N=J
Bl1O(K)=2(1e0—-(ANJX¥AM/AN) ) XCONST
B10(K+1)=(ANJ*¥AM/AN) #¥CONST
ANJ1=ANJ—-1,0 ‘
B10(K+2)=~(ANJ1#AM/AN) #*CONST

WEB ELEMENT 11

K=NOA+3

B10(K)==(AM2~(AM/AN) ) #CONST
B1O(K+1)=(AM2#DELY )/ (X(2e2)~X(21) ) *CONST
Bl1O(K+2)=-B10(K+1)

ELEMENT M~—1+1
K=NOA+5*¥M2%N1+2
B10(K)=1e0%#CONST
WRITE(1)B10O

NUMB=NUMB+ 1
GO TO(136¢16420024) s NUMB

Fa=1

CONST=1.0
DO 14 [IJd=1.L1
B10(IJ)}=0e0

UPPER RIB
DO 15 I=1eNI
K=N1+1
BlO(K)=1,0
GO TO 5

137



16

17

18

19

20

21

22

23

24

TABLE VII (CONTINUED])

F7=1

ALPHA=ATAN((Y(M)—Y(1))/(X(Mol)-X(lol)))
CONST=-COS(ALPHA) /SIN(ALPHA)

DO 17 1J=1,.L1

B10(1J)=0e0

LOWER RIB

‘DO 18 K=1N1

B1O(K)=CONST

LEADING EDGE STRINGER
DO 19 I=1+M1

K=2#N1+1
B10(K)=1+0/SINCALPHA)
GO TO 5

F8=1

BETA=ATANC(Y(M)=Y(1))/(X(MeNI=X(]eN)))
CONST=~COS(BETA)/SIN(BETA)

DO 21 IJd=1l.L1

B10(1J)=0e0

UPPER RIB
DO 22 1=1N1
K=N1+1

Bl1O(K}=CONST

TRAILING EDGE STRINGER
DO 23 I=1leMl
K=M1+2%N1+1
Bl1O0(K)=1e0/SIN(BETA)
GO TO &

RETURN
END
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MOD FORCE
NO

F1
F3
Fa
F7
F8

F1
F3
Fa
F7
F8

F1
F3
Fa
F7
F8

F1
F3
Fa
F7
F8

Fi
F3
Fa
F7
F8

F1
F3
Fa
F7
F8

F1
F3
Fa
F7
F8

TABLE VIII

DISPLACEMENTS OF CORNER NODES

INCHES PER MILLION POUNDS

F1

13888

¢ 9984
1e2154
-00291
~-e 6057

15600
14853
1¢4821
- 02945
— 87984

147330
1.8883
18811
~-~e3418
~1¢0720

1e8778
201979
201999
. =-e4405
-1e2754

260156
245335
265317
-e5184
-1¢4971

201085
207236
2e¢ 7246
~e5622
-16134

201872
269076
209083
-e6102
—~1e7345

F3

« 9984
Se1241
57374

~147009
‘3.8589

" 1e4853
762106
7e2776

—2¢7165

~-5¢1708

1 .8883
862240
863341
-2¢8421
~5e9660

. 2¢1979
9.5208
9e4762
—-3e4361
-6e8444

245335
1044365
103875
-3.7128
~T7 5009

207236
1101111
109875
~-4,,0112
-769217

29076
11.6118
114819
~401948
—8e2725

Fa

1e2154
57374
649985
~-2.0824
~445745

144821
Te2776
842307
~2¢8361
~566909

18811
843341
94,3802
~2¢9737
~6e6161

201999

Fe4762
10,5417
~3e4391
~-T745126

2¢5317
103875
114832
~3.7038
~842207

247246

1049875

120989
=3e9437
-8Be6655

29083
114819
1266040
~441187
~940348

F7

-~ 0291
—107009
-2,0824

15413

22443

~-02945
~-2e¢7165
~-2¢8361
242355
266967

- =e3418
—-2¢8421
-269737
262747
28310

~04405
~344361
=3.4391
247684
341026

~6e5184

-3.7128
-3+7038
249392
33113

-e5622

-4,0112 -

-3+9437
32066
304592

~e6102

~441948 -

-441187
3¢3348
345972
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F8

-e6057
~3.8589
~845745
262443
4,7353

~e7984
~-541708
-5.6909
2.6967
548844

-140720
-529660
~646161
248310
667349

-1e2754
~6e8444
~T7¢5126
361026
7¢5506

~144971
~7¢5009
-8.2207
343113
841391

~1¢6134
=T7e9217
-8,6655
3.4592
8+¢5133

-1e47345
-8e2725
-9,0348

365972
8.8062



MOD ELEM PT

NO NO

1

1-1

STR

SXX
SYY
SXY
SXX
SYY
SXY
SXX
syy
SXY
SXX
Syy
SXY
SXX
sSyy
Sy
SXX
sSyYyY
SXY
SXX
SYY
SXY
SXX
sSYyY
SXY
SXX
sYY
SXY
SXX
sYy
SXY
SXX
sSYY
SXY
SXX
sSYY
SXY
SXX
SYY
SxY
SXX
sSYyY
SXY
SXX
SYyY
SXY

F1

- 6264
«2410
- 0619
—-e7272
-+ 0780
¢ 1205
- 3621
«0183
« 0565
-e0102
+ 0730
« 0163
-e0847
-e 1626
18512
-e7320
24165
-o1137
-6 9277
—e2026
e 2364
-e5471
« 0482
« 0851
- 1784
e2612
-e0446
-e 3501
-e2B821
e 2625
« 0248
-e0136
s 0026
« 0308
20052
-40071
«0175
-e0014
-+0028
+ 0046
- 0066
« 0005
s 0096
« 0091
-« 0076

TABLE 1IX
WEB STRESSES

PSI PER POUND

el Fa
- 1466 -«0201
6321 e 7056
« 6025 24811
-e5241 - 64560
-e5623 -s+6738
« 8203 « 8436
-+ 1055 e« 2535
-e5010 -e5315
« 5501 ¢ 5389
« 2638 9062
-e5956 -e5693
«3083 «2816
-e0150 e 5842
=14781 =1,5885
e 4692 5494
-e¢ 1091 —e 1388
14828 14657
0 3465 e 3663
-e9103 —-e9276
-10526 =1,0304
09642 « 9530
-e1320 -01819
-e2718 —-e 2682
5360 5364
5971 e5154
e 3535 3409
e 1456 e 1558
- 1057 -e 1766
-1s8710 =1.8491
«6876 «6706
«6861 e 9679
-s3161 -0 1495
e 7324 e 5294
« 6005 e 7603
-e5870 -+8067
« 5298 e6194
e 3565 +9050
-e+6280 - 6734
5196 « 5087
«1056 10329
-e«6910 - 5934
«4930 e 4054
«0339 + 8590
—e9180 =-1.1438
3233 « 4808

F7

« 0034
« 3783
-21809
« 1264
+ 7674
-2 2561
-«0185
s 7447
—-e 1684
-2 1475
e 7729
-e0904
- 0566
1.0604
-e 1460
—e 1022
-e2122
~-e0551
» 2675
«9581
-e3516
-2 1026
5943
-e1513
—-e4500
«3021
« 0308
-g 1255
13291
—e2293
~-e 2409
12694
-e2240
-¢ 3903
e 7965
-s0848
‘.!919
9223
-0 1754
-+ 0056
1.0096
—-e 2548
—11307
e6135
—-e 1382

140

F8

-el1141
-06489
-e2790
3215
07298
—-e4762
-90513
6939
-e1607
-e 3672
«8381
« 1289
-.0Q53
1.8567
-s0166%
-e0443
-1+140]
-s 1582
«6577
1.0819
-s4841
1817
« 4627
—-e 1592
-e2512
—-¢0202
e 1455
e 3648
19294
-+1403
-e6443
-s2212
-« 2770
-e 2777
9390
-¢3201
—-e 3866
s 7500
-ela18
—-e 4658
« 6551
+ 0328
-+ 1587
146270
-¢0032



MOD ELEM PT

NO NO
3 1=
=2

2=1

STR

SXX
sYyY
SXY
SXX
SYy
SXY
SXX
SYY
SXY
SXX
SHY
SXY
SXX
5YY
SxXY
SXX
sSyy
SXY
SXX
sSYy
SxY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYyY
SXY
SXX
sSYy
SXY
SXX
SXY
sSyy
SXX
sSyy
SXY
SXX
S¥YY
SXY
SXX
SVY
SXY

TABLE

=1

-e 7611
« 5759
-e0746
-e9457
-+0080
«1319
-e5677
« 0627
« 0205
-2010
« 0976
-«0782
-13630
~e4147
» 1030
'.8579
1727
-e0523
—-e9662
-e¢1701
e 1668
~-e5439
-e0274
« 0835
-e«1281
¢ 0942
e 0137
—-e2232
—-e 2065
« 2060
1193
« 0326
e 0464
« 0842
« 0400
-+ 0785
« 0581
-es1152
+ 0053
+ 0290
-el1611
-+ 02990
~-¢0003
—e 2541
-+ 0352

IX (CONTINUED)

F3

—-e0494
19918
« 4908
-e6135
« 2066

« 8591
«0383

« 2638
«4940

« 6557
02115
1514

e 1607
=1e3548
«4746

- 7321
02492

« 32782
-1.1888
~-11961
7831
-e4010
-e9081
e 4477

+ 3588
-e7087
«1372
-e0419
-169769
e 04924

« 8975
-¢2986
« 9580

e 7626

« 8567

- 7254
4676
-e9281
« 7014
1617
-1e1655
«5378

« 0487
-145230
e 4530

Fa

—«1003
18980
«5314

- e 6369
« 2000
«8718
—«0358
e 2484
5236

« 5324

¢ 1928

e 1963

« 0616
=1e2969
e 4949
-e7627
e 3294
«3913
-1.2254
=161349
¢ 7730
-24817
-eB603
04341

e 2335

- 6755
e1186
-e1724
-19604
e 4535
11045
—-e 2364
e 7493
«9223
«8028
-«8130
10058
- 69346
6472
10745
-11030
« 4960
«9219
-1.5859
e 5408

F7

- 0957
-« 3830
-+ 0291

« 0681

¢ 1355
- 1725
—e 1908

« 0968
-+¢0698
-e4398

« 0500

« 0239
-+ 2960

5450
-+1018

« 0873

« 4530
-e2510

3156
11757
—-e4221
-.0182
10507
—-e 2554
—-e 3382
« 9699
-a0991
-¢1378
16040
- 2492
-2 1756
13669
—-—a 2847
-22210
-e2375
1.2231
-e 1146
1.2198
—e 2667
-«0118
12048
—e2921
-+ 0499
1.0844
-e2526

141

F8

«0156
-143817
-« 3079
« 4068
-e 1438
-e5027
« 0706
~e 1468
-2 2439
—-e2416
-«0740
+ 0028
21018
10120
-« 1680
¢ 3957
-e 2234
-+1830
«B427
141909
-2 3849
e4433
10265
- 0625
20713
e 9488
2474
s 4635
201898
« 0703
~-e7032
-+0903
-e5110
-e4700
—-e5642
6476
-+5381
«8154
- 3607
-+5873
1.0432
-e1615
-e3919
l1e6614
-« 2060



MOD ELEM PT

NO NO
b S
4. 1=1

12

STR

SXX
Syy
SXY
SXX
S5YY
SXY
SXX
SYY
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
SYyy
SXY
SXX
sSYY
SxXY
SXX
syy
SXY
SXX
Syy
SXY
SXX
SYY
SXY
SXX
SV
Sxy
SXX
SYY
SXY
SXX
=5 4
SXY
SXX
SYy
SXY
SXX
SYY
SXY

TABLE IX (CONTINUED)

F1

e1082
-e¢1104
-e0844
e 1590
20502
-e1178
« 0806
« 0432
~-e0743
20063
« 0492
-+0335
+ 0489
« 1839
-e0615
-es8721
«8434
-e1475
~-11940
-s1751
« 1709
-«8302
e 1346
“.0072
-e 4760
04141
-« 1759
“.7787
—e5439
01235
-10327
« 1695
-« 0970
=1.1973
-a 3512
2789
—-+8038
—-«0993
«1201
-e4151
« 1370
- 5699
—e 3528
« 3262

3

«8149
-e4634
« 3098
«8416
—-«3788
e1702
+4913
-e4802
«1781
« 1432
-e5746
1747
s 1656
-25038
« 0578
-9 3535
22714

.4243

-1s1125
-« 1305
«+ 8862
-e5228
251853
5274

« 0443
1.0897
« 1824

- 6695
-11694
6168
-1el211
« 1362
=1.7847
-1:6992
« 8287
-e9619
-e9250
«4125
-e1588
-«2133

«0169%

-e7829
—-21885
« 6682

Fa

10957
—-e 2285
02787
10076
-¢5073
e 3067
1,0678
-05191
e 2276
11208
- 5535
e 1507
140470
-e7870
01741
'.3546
202676
» 4256
=1e¢1131
‘01324
« 8883
—-e5227
+5131
25296

« 0450
1.0874
e 1847
-:6683
—-1.1698
+ 6198
—1e1224
e 4079
1368
—1.7871
—1+6952
«B278

- 9653
-69206
«4117
-+ 1633
‘02085
« 0161
-« 7884
—2.1867
« 6660

F7

-e4389
« 9034
-+ 0814
-¢5330
e 6055
«0127
-« 3060
6444
-+0639
-+ 0866
e 6590
-9 1330
- 1655
« 4095
—+0541
« 0661
—e4131
-.0810
s 1976
« 0029
-e1816
« 0764
-s1149
-e1151
-«0409
-e2204
-20515
« 0827
+ 1708
-e 1461
1998
« 2130
-2 1874
5861
1+ 4356
-¢4806
e 2091
10171
*02682
-2 1564
« 6350
-+0645
e 2068
17848
-+3403

142

F8

-e6540
-e0964
-9 0298
-e4217
« 6386
-+0508
-e4462
«7121
s 1644
-e4519
eB452
e 3779
- 2573
1e4610
e 3604
2179
14987
—-e2470
« 5948
«0103
-e4933
e 3650
-« 3825
~e2773
« 0493
-e 7308
-9 0685
e 4979
« 6888
-e¢3002
«e6137
—-e 2479
« 0035
1e2192
1.6682
- 3746
« 7038
10362
-+ 0638
« 2064
04611
¢ 2356
0 7759
202634
-« 1200



MOD ELEM PT
NO NO
a4 =1 1

STR

SXX
SYY
SXY
SXX
SYy
SXy
SXX
SYy
SXY
SXX
SYY
SXY
SXX
5YY
SXY
SXX
SYy
SXY
SXX
SYyY
SXY
SXX
SNY
SXY
SXX
SYyy
SXY
SXX
S¥Y
SXY
SXX
sSyy
SXY
SXX
syy
SXY
SXX
SYyY
Sxy
SXX
SYY
SXY

SXX.

SYy
SXY

TABLE IX (CONTINUED)

Fl1

-e 1349
+2804
—.0077
- ¢ 3049
- 2576
el1161
-e 1450
-e1230
« 0283
« 0092
-+ 0064
- 0552
—21493
-«5082
e« 0602
=s 1311
-+0334
-+1119
-+0989
« 0683
-« 0866
-+0801
« 0521
-+0802
-e0601
« 0394
-e0729
~e¢0301
e 1343
-e0493
01054
-20075
« 0136
« 0845
-o0737
-+0053
20640
—e0729
-e0124
00427
-e0746
-+0202
« 0234
-« 1356
-«0377

F3

« 7696
l1e3246
«6060
« 1534
-e6252
« 8860
« 5552
-e1934
« 5973
¢ 9362
«3180
3617
-1e6456
« 5791
5522
-el1812
« 0857
« 3237
-e9042
2152
«e5152
-a6867
« 0949
e 6990
-e4936
-s0209
24860
-1e1679
e 0998
143729
« 5090
5364
1.0455
-e5270
25957
11579
—~e3770
04409
12575
—e2674
« 2884
« 9556
-1e2226
e3431

Fa

« 7683
1.3018
«6098
1588
- 06269
«8940
« 5638
-+1973
« 6071
e 9482
« 1670
« 3298
« 3798
-16314
5948
» 5298
-0 1564
el1042
«3033
-e8732
02095
04688
- 6653
» 0959
e 6266
-s4816
—e0142%
4154
-161500
e 0839
13358
« 3511
« 5760
10483
-e5586
« 6309
11505
-0 4258
e 4947
l1e2414
- 3285
3605
09763
=-11673
e4112

F7

-22703
-e1371
—01005
-e0206

«6530
-e2818
-e 2548

04554
-e¢ 1530
-e4806

» 2845
-+0303
-e2478
10214
- 1993
—e4785

6524
-e0489
-2 3665
10068
—e 1363
-a 4855

« 8923
“00716
- 6007

e 7897
-+0098
—-e4963
11201
-e0913
-e 6830

24932
—e0023
- 5692

« 8535
-e 0905
—-e6905

e 7753
—-e0284
-e¢8073

e 7112

« 0302
-« 7024
10434
-¢0510

143

F8

-s4467
“100716
—e3589
20473
04919
-e5516
-22413
01562
-e¢ 3256
-e5134
-2 1267
-el1061
-e 0527
143312
-e 2859
-e2710
01163
21118
e 0497
11315
00562
-s0862
« 8681
e 1946
-a2113
6390
e 3312
e 0877
15857
2793
- 8677
-0 4948
-e3522
-e5475
5186
-+4027
- 6482
e 3747
-e2522
- 7365
02705
-+ 1037
-e4412
12048
-+ 1503



MOD ELEM PT

NO NO
4 3-2
a-1

4-2

STR

SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYyy
SXY
SXX
SYy
SXY
SXX

© SYY

SxY
SXX
SYyY
SXY
SXX
Syy
SXY
SXX
Syy
SXyY
SXX
syY
SXY
SXX
SYyY
SXY
SXX
Syy
SXY
SXX
sSYy
SXY
SXX
SYyY
SXY
SXX
SYY
SXY
SXX
b b
SXY

TABLE

Fl

-e0517
-+0387
-« 0575
~e0321
e 0235
- 0492
-e 0259
«0142
-e¢0420
-e¢0190
« 0073
-20345
“00008
« 0647
-¢0268
« 0322
-e0104
« 0051
«0302
-s 0166
-e¢0025
20193
-e0198
-«0031
« 0082
-+0233
-e0041
¢ 0065
-+ 0289
-20111
-e0113
-+0066
-s0152
-s0072
« 0060
-20129
*00045
« 0052
-«0110
-sN015
« 0050
-« 0091
« 0021
« 0166
-+ 0070

IX (CONTINUED)

F3 Fa
« 6562 « 6676
-«B8374 -e5760
« 3435 « 3364
6377 e 5867
-+ 8960 —-e8319
22915 «3100
«5781 « 5708
-e«9043 —-e7906
« 2936 « 2789
5178 «5518
-e9148 -9 7594
02936 e 2467
« 5008 04772
-e9688 - 9953
e 2457 02224

«6008 1.0269
=1e¢3302 =101535
09786 «6801

e 7309 1.0709
—e9185 =—1.0144
«6814 06694

' e 2954 10531
~10758 =140266
s 7666 « 6934
-2 1340 10373
~12140 =1.0325

« 8381 e 7169
-e0159 10772
-e8403 -+9062

«5684 e 7072

04423 e 9873
-+ 3901 e 0412

«4101 ¢ 3937

04518 e 7672
-+ 3600 -e6553

22681 « 5566

02455 10342
-e4291 - 4798

» 2938 e4154

e 0397 1.2910
-e4969 —e3364
«3130 «2817
«0483 140912
-0 4696 - 09686
«1841 e 4296

R

-24398
1+ 3022
-+ 1882
-e5577

« 9289
-e1135
-e4432
1.0326
-s1817
-« 3332
11217
- 2469
-e4420

e 7775
-¢1781
—-es058B2
204807
- 3777

. -.3922

14240
-« 1570
-+ 0561
15806
-+3470
e 2644
1.6883
-e 5267
-+ 0386
« 7293
- 3264
- 2469
e 6769
-el1912
-e3414
« 3777
-e0795
-+ 1665
s 4722
-e 1462
« 0039
+ 5528
- 2078
-e+0818
e2812
-9 1064

144

F8

-e2972
3783
-+ 0062
-¢0858
10472
« 0386
-2 0736
9302
e1248
-e0531
+ 8392
«2128
«1417
le 4560
e 2542
-e 6989
#5955
-2 4559
-e6141
e 8640
-e4635
- 6296
« 8463
-s4178
-a6411
«8410
-a3724
-s5641
1.0846
-+ 3793
-¢5370
-+ 31B2
-s0122
-e 1640
eB622
-sl4l1l
-e4041
«e6317
«0767
—-e6271
s 4558
2886
—-e 2885
145271
« 1717



MOD ELEM

NO

S

NO

1-1

3-4

PT

CG

CG

CG

CG

CG

CG

CG

CG

CcG

CG

CcG

CcG

CcG

CG

CcG

STR

SXX
Syy
SXY
SXX
SYY
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYY
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYY
SXY
SXX
SYY
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYY
SXY
SXX
SYyY
SXY
SXX
Syy
SXY

TABLE IX (CONTINUED)

F1

-e8236
2073
~-e0223
—-¢8938
¢« 0268
-e0642
-e8693
-e0769
0182
—s 7668
-e1697
el1l682
-e0294
-0 0964
00271

' —e1190

-01678
-00327
-2 1031
-0 1458
-6 0755
0178
01457
-91515
01176
-e¢ 1354
e 0094
e 0764
-e0793
-e0558
« 0353
« 0353
-0¢0876
-6 0683
e 0166
=a 0225
e 0562
-eC277
-¢0093
« 0199
00022
~-e0164
~-e0271
~+0043
« 0012
e 0069
«0015
-+0035

F3 Fa
-¢3859 =3 3927
6390 ¢ 6385
« 6088 26099
-e8293 ~e8165
e1734 o1 763
e 2820 2761
-e9436 -e9477
-e2347 -¢2403
02746 « 2781
-e9602 - 9779
~1e4325 =144286
5133 5154
¢e8195 e 8491
e0815 e 0917
«e6700 e 6637
06201 e 5996
-03110 -e3470
03469 e 3785
5135 0 4653
-e9369 -69180
02189 e 2439
e 6806 06202
-0 7865 —-e 7265
-01043 =e 1212
1e4127 13537
el 120 -e2376
04546 e5279
160500 10507
-e8184 -87693
4008 e 4505
e 8139 e 8098
-¢8383 -e7027
e 2633 e 2848
04346 e 3505
-e8667 —-07449
02340 01978

04377 11268

~162913 =1,2358
8807 e7415
e 3556 el 372
-e8044 -e7171
06359 e65474
02291 10308
-05459 -04838
4331 e 5537
e 2755 160075
~ 93469 -e4340
1923 e 3381

F7

e0474
~-e1143
-e¢1109
1518

e 0466
-e0978
e 1294
« 3008
—-e 1958

e 1630
1e4165
-04241
~e2342

« 2087
-e 1369
-0 3575

04735
-e0916
~e4136
10465
-e 1734
- 6224

09829
~-s0179
- 7794

05269

2« 0536
- 06138
1e1736
-o 1IDT
- 5579
160751
~o 1515
-e3783
e8611
-6 1638
-e0863
149851
-0 3960
-01504
11363
-e3209
-y 1295

e 6447
-e2235
-+1903
03262
-e0975

F8

e 2788
-04286
-03580

e 5649
-+1382
- 0934

e 6578

e2198
- 0370

e 7173
165591
- 1389
-e4432
-0 1369
-¢3910
-9 2333

e 2555
-0 1553
-0e0804

¢9090
-e0116
-e1754
10408

¢ 3966
-08045

¢ 1280
-e3187
-e5177

e6768
-e2115
—-e2852

0 7766

e 0284

01423

e 9637

02727
- 7275

09542
-e5086
-e6795

06235
~03476
-24993

05222
-0 1447
-0 3209

e6364

02339



MOD ELEM

NO

6

NO

=1

PT

CcG

CcG

cG

CcG

CG

CG

CG

CcG

CG

cG

CcG

CcG

CG

CG

CG

CG

STR

SXX
SYY
SXY
SXX
sSYy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
aYy
SXY
SxX
sSYyy
Sxx
SXX
SYY
SXY
SXX
SYY
SXY
SXX
SYyY
SXY
SXX
Syy
SXY
SXX
SYY
SXY
SXX
Syy
SXY
SXX
SYY
SXY
SXX
SYy
SXY
SXX
SYY
SXyY
SXX
SYY
SXY

TABLE

F1

~1.0783
e 2634
-+ 0621
~1e1774
«0378
-e 1479
-121463
-00645
-¢0032
-1.0158
-¢3150
« 2868
—e 4067
+ 0548
-+0159
-e¢5596
-3 k277
-e0717
“.5202
-e2624
-+0100
-e2054
« 0756
-« 0841
—-e0792
-«0804
20171
-s 1616
-e2148
~-e 0572
-s1188
—elll4
-s 1272
-el244
« 0852
-+ 1086
« 0844
- 1472
« 0115
« 0243
-e1439
“00808
-+ 0356
-+ 0396
—a 1117
-+0649
« 0572
—-e 0695

IX (CONTINUED)

3

-«8048
« 6807
«5551

-13073
+1924

« 0667
-14548
~e0177
¢ 1800
-1.5012
-1e7174
« 7582

« 2805
04162
«65109

-e2621

-+ 0600
02717

-e4363

-e¢8339
e 3334
« 0953

-e9101

~e0232%

oIS
2047
«6638
« 4300
-s4141
« 3749
24207
- 7414
1012
« 2780
—«8605
-+0900
140691
-« 0373
« 6402
«+ 8638
—e4661
3131
«5710
-2 7368
«e1017
24936
-e9075
«0190

Fa

-eB046
«6806
5553

=13073
«1919
« 0679
=1e4562

-+0180%

e 1820
=1.5044
=1 e7135
e 7567
«2813
04152
6115

—-e2613

~e0616
e 2744

- 4386

-+8313
e 3369
« 0859

- 49020

- 0249
e 7762
«2015
6652
« 4326

-e4164
#3812
e4144

—a 7339
1102
22575

—s8417

-+0935

10768
-20456
e6441
+ 8699
—e4706
« 3295
e 6588
-e 7154
e 1229
s 4441
—-e8634
«0115

F7

e 1554
—e¢ 1354
-e 1022

e 2544
-e0404
-+ 0254

02942

« 0265
=3 1701

04219
1.5788
-e¢6030
—-e 0551
-e0728
- 1202

« 0391

e1233
=y 1209

20493

e 7634
- 3155
~e3473
10938
—-e 1205
-s2135

« 0787
-s 1441
—e2107

¢ 4993
-e 1733
-« 3786

«B581
-e 1285
-0 3942
10130
-«0251
-e 4039

e 3482
-e1233
- e 4797

6940
-«0871
-s 5264

«9381
—-e 0605
-e5102

» 9995
-« 0596

146

F8

5162
-04358
-e3314

« 8365
-e 1548

« 0288

«9220
-e0476

20173
10215
1e 7455
-e 3351
-e1191
-¢3230
- 3567

2692
-e0326
-e0943

«4518

7100
-e1197

01042
11958

«2548
-e¢ 3838
-e2306
— 3996
-¢ 1050

«2803
-e 1856
-e0726

e 7466

« 0668

« 0637
lel241

¢ 3733
-e5T736
-20478
-e4006
-« 3960

+ 3878
-s 1376
-e2167

« 7738

« 1095
-e0111
1el1117

03544



MOD ELEM

NO

6

NO

i) |

Heg

PT

CG

CG

CcG

CG

CcG

CcG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CcG

STR

SXX
SYy
SXY
SXX
SYY
SXY
SXX
SYy
SXY
SXX
SYY
Sxy
SXX
SYY
SXy
SXX
SYyy
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
Syy
SXY
SXX
SYyY
SXY
SXX
SYyY
SXY
SXX
SYy
SXyY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYyy
SXY
SXX
sSyy
SxY

TABLE 1X (CONTINUED)

F1

el141
-e1179
-e¢ 0031

e0442
-+ 0773
-+0604
-e 0091
—-e0108
- 0667
-+0308

« 0298
—-e0355

« 0736
- 0662
-e¢ 0050

+ 0288
-e0341
-s0331
-o0022
-e0019
"’-0316
-e0131

«0132
-00153

« 0354
—-e0292
-e«0033

s 0122
-¢0131
".0138
-+ 0009

« 0007
-s0124
-+0048

« 0051
-e0057

«0108
-e0121
-+0003

¢ 0039
-+0022
-+0053
- 0000

« 0009
-+ 0045
-20011

«0011
-o0018

F3

11987
-al1619
5656
e 9870
-e 5276
« 3056
« 8605
-+8012
+ 1688
26572
-e9906
e1703
1e1618
-e 2690
«4914
1e1442
-.6305
02944
e 8547
—-1,0081
e 3550
e 6325
-a9159
02962
13732
-e3749
04017
e 7887
~-11807
6482
5145
-eB8752
5426
« 3947
-e5563
2910
«+ 0983
-1¢8523
11391
«1027
-e6916
« 7838
01157
—-e¢2893
e4281
1224
-¢1383
¢« 1535

Fa

12189
- 1848
e 5765
10116
-e5327
e 3463
e 8256
- 7488
22204
05709
—e8873
e 1504
12350
-e3270
25219
11660
-e6392
23987
e 8602
-e8421
04177
e 5751
-e7642
e 2667
14513
-s5501
« 4858
10655
- 09964
7096

+ 8085
-e6373
«6186
25173
- 4533
e3192
10286
-1.6592
s 9266
11808
—-e5452
« 8155
12223
—-e2088
« 6488
141058
—-e2949
4120

F7

- 5663
« 5780
-+ 0553
e 6056
e 8674
—-e0321
-e6739
10256
- 0577
-e5928
10192
=-¢ 1522
-s6191
e 7989
00192
-eB030
1.0385
«0018%
—-e6282
12087
-9 2158
-e5018
e B662
-e2318
~-e9410
1e0224
« 0905
- 4689
16046
-e¢ 3875
-0 3044
29543
-e 3787
-e2615
04571
-e 1956
s 1432
2.6804
—-s 7136
00036
« 8638
-e5225
-a0470
e 2762
-6 2587
-e0672
« 0882
-e0778

147

F8

- 7052
e 0885
-¢3603
-«5082
e 4762
-01270
-93138
« 8055
«0B09
-e0501
11038
02964
-2 7559
02227
-e3261
-e6323
5723
-2 1531
-e¢3109
e 8589
-e0434
« 0074
«9782
02482
-0 9509
4077
-s 3112
-e5694
e8321
-0 3939
—-e2522
06585
-2 1955
e 1254
e 6847
e 2463
—e 6928
12449
-e6527
- 7377
04573
-04923
-e6610
e 2566
~-e 2444
-+ 3807
s 4890
e 1986



MOD ELEM

NO

e

NO

1-1

1-5

PT

CG

CG

CG

CG

CcG

CG

CG

CG

CcG

CcG

CG

CG

CG

CG

CG

CG

STR

SXX
SYy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYy
SXy
SXX
SYy
SXY
SXX
sSyy
SXY
SXX
Syy
SXY
SXX

. SYY

SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYy

SXY..

SXX
Syy
SXY
SXX
Syy
SXY

TABLE IX (CONTINUED)?

F1l F3 Fa
—-140205° -e6065 ~-e 6065
«3103 e 7822 27822
~-e 0491 6647 06647
~1e1565 =1e0652 =10649
¢« 1099 ¢3403 ¢ 3402
-e 1959 «1775 1776
—1e1982 =1¢2956 =102959
e 0186 01345 01341
~+2082 «0010 « 0016
~1e41973 ~1e4185 -14,4180
-e¢0282 « 0205 « 0203
-~ 1569 ~e0167% =~40159
~1e1750 =~=164785 —-1464790
~e¢0600 -e0699 -s0703
- 0690 ¢ 0686 e 0701
~161333 =~1e64964 =—1¢4979
- e 0949 -e2062 —-¢2059
« 0496 02626 2642
—1e0536 ~1+44465 =-144488
~el1615 - 5754 -e5739
02043 6071 «6074
—e9041 ~13256 ~143286
~63965 ~242741 -22702
«3811 160465 1¢0444
~e 2375 « 6988 6993
e 0621 « 4308 04304
-e0117 e 6877 e 6878
~e4160 22187 «2187
-e0477 01610 01598
-e1012 ¢ 3608 03615
-e5137 ~-e1037 -s1017
-ell172 -+ 0390 - e 0395
~21130 02208 2216
-e5513 ~e2961 - 02960
-el672 —e2207 - 02227
-+0848 01915 - e1944
-05346 -¢3863 —~¢3876
—e2094 —-e4585 -0 4579
-+«0413 02417 2451
-e4572 —-e3540 -+ 3568
-02440 -e8215 ~e8179
-¢0087 03163 ¢ 3190
-+ 3029 —-+1358 ~s1417
—e2259 «~1¢3550 —1+3488
-¢0318 «e2671 02679
- 0269 e 4968 4871
2211 ~e8226 —e¢8155
-e1734 -e2873 -e2901

F7

e1154
- 1492
-e 1242
e 2014
—-e0637
~+0328
¢ 2433
~e0174
—-+0083
«2718
« 0208
-+0331
22914
- 0684
~e¢1070
«3111
1699
—~e2542
3155
04916
-e5174
e3310
2¢0747
-e8458
~e1402
—-e0709
—~e 1299
- 0568
s 0087
-e0797
e 0026
«1001
—-¢0856
e 0267
02141
-e 1339
00279
2 4054
-e2310
-e0186
¢ 7381
~e3492
-~e1704
162973
—e3748
-e6313
lel1117
00424

148

F8

¢ 3892
~e4960
~-e4105

6816
- 2280
-+0886

8290
-e1062

20493

e 9059
-.0382

e 0946

09432

00241

«0744

09563

¢ 1409
-e0273

¢9331

e5112
—-e2592

09084
23349
-95730
~03946
-e3165
-04208
-e0733
-e1620
~-¢1901

e1513
~e0377
“00729

23011

¢ 0996
-6 0300 -

¢ 3920

3152
~¢0487

6 4069

27035
-¢ 0980

2886
143788
-¢0532
-21953
102652

04798



MOD ELEM
NO NO

3=1

PT
cG

CG

' CG

CcG

CcG

cG

(oc}

Kele

CcG

CG

cG

CcG

CcG

CcG

CG

CG

STR

SXX
Syy
SXY
SXX
SYy
SXY
S5XX

. Sy

SXY
SXX
SYy
SXY
SXX
Syy
SXY
SXX
SYyy
SXY
SXX
SYy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
Syy
SXY

SXX

Syy
SXY
SXX
SYy
SXY
SXX
Syy
SXY
SXX
Syy
SXY

TABLE
F1
« 0024

-e0427
« 0266

- ~e0845

—e1371
~e¢ 0300
-e1342
-e1955
- 0576
- e 1480
-e2232
=~ 0757
~e 1295
—-e2120
‘01011
-00899
-e1302
—-e1440
-e0615

e« 0748
-el1822
~s 1626

01246
-+0832

01247
~-e 1202

e 0285

e 0787
—e1703
-¢0202

e 0478
~01824
-e¢0615

«s 0270
- 1552
-+0993

« 0062
~-e0863
~e 1294
-e0287

«0083
—e 1329
-e¢0855

« 0412
~+0832
- 0594

e« 0755
—-e0469

IX (CONTINUED)

F3

160032
« 3084
7270
07246
« 0174
05135
«e5444

— 22790
3764
04212

-e4919

e 2997
« 3835
—e 7464
e2175
04335
—e9321
« 0687
+ 5084
~e 7925
~-61638
1771
—-e9201
~el1216
1e1728
01178
s 7072
160467
-e1402
205263
« 8971
~e4114
« 4039
8200
-e5867
22601
e 7814
-2 7074
s1128
7100
-0 7590
s 0071
s5218
-e9102
s 0270
64785
-e9735
e0163%

Fa

10041 -

¢« 3063
7274
¢ 7296
¢« 0157
+5140
5445
—e2328
3817
e 4225
—-e4918
¢ 3055
¢ 3835
—~e 7424
02248
04259
- 09237
0771
04897
-~ 7771
-e1592
e1501
-48994
~e 1290
11809
¢1130
s 7072
10460
-e 1534
05342
» 9095
~e4124
«4103
8312
- 5896
02764
¢ 7762
—~e 7027
¢ 1397
6818
—~e7331
« 0334
4721
-e3619
s 0364
04145
-e9181
-~ 90047

F7

—e2527
« 0263
-2 1381
~e2140
e 1686
~e1258
—e 2224
e 3220
-e¢ 1354
~e2358
5388
~21784
-6 2929
«7813
~e 2042
—~e¢4080
10099
-2 1592
-05463
«9881
~-e0037
—-03621
10575
«a 0054 %
—-e¢ 3873
«2330
—-e 1224
-64299
e 3975
—-e¢ 1031
—e4225
06216
~e 1243
~e4763
« 7767
-01043
~-e5574
«9054
~+0611
—e6015
s 9657 .
~e0241
-e5272
10459
- 0575
-e5145
1e¢0162
-+0666

149

F8

~e 85456
~e2912
~e¢4506
~e3417
-+¢1010
—e2926
-91933
e 0934
~-e1874
-e0839
3396
-~e1223
-9 0356
6382
-e0511
—e 0602
09499
« 08985
—-01276
140176
¢ 3531
0el415
162491
04561
- 6485
-9 1857
~-245185
-e 5337
« 0308
-¢ 3188
-~e 4166
2784
~62160
-0 3464
5018
~e0948
- 3009
07047
00491

. =e2302

8478
«2008
-~e 0532
10608
s 2898
« 0248
12158
24186



MOD ELEM

NO

NO
5-1

64

PT

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

CG

cG

CG

STR

SXX

Syy
SXY

SXX .

Syy
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
SYy
SXYy
SXX
SYY
SXYy
SXX
SYy
SXY
SXX
Syy
SXY
SXX
SyYy
SXY
SXX
Syy
SXY
SXX
SYyY
SXY
SXX
SYy
SXY
SXX
SYy
SXY
SXX
SYyY
SXY
SXX
SYy
SXY
SXX
SYy
SXY

TABLE IX (CONTINUED)

F1

« 1435
~e1270
«0136
1100
~e 1281
~e0274
00776
-e1034
~e 0601
00427
-s 0614

~e0793

¢ 0049
~¢0185
-~ 0787
-e0266

e 0030
-e0588
-e0247

s 0290
-20434
-e0322

e 0331
~00205

e 0949
-e0784

e 0018

» 0696
-s0619

-e0216%

e 0428
~-e0410
-6 0345

20179
-e0220
~e 0366

e 0008
-¢0083
-+0318
-e0045

e 0072
-e0267
-¢0133

20112
-20160
-e0115

s 0129
-00080

F3.

162944
-e0404
6299
1.0953
-e3154
5163
10636
~e4105
3275
160295

~e5793

22000
¢9408
~e7602
¢ 1570
«8080
-69271
s1768
e 7241
—-e9854
01753
«6034
~1e0056
s1703
1el1117
- 02286
5859
12814
— 02058
03163
le2314
-65795
02777

1.0864

-~e 8689
e 3248
093232

—-140014
3713
e 7903

C —-e 9967

3695
6644
-e9416
e3335
5855
-08498
02569

Fé4 .

162974
- 00646

6354
11419
~e3219

5177
160964
- e 4445
¢ 3639
« 0320
5921
¢ 2636
¢9120
~e7201

02236

e7510
~-e8352
02220
6415
e 8671
e 1808
04985
—-e9015
e 1255
2168
¢ 2628
e 5782
03202
03284
03972
¢ 2485
6158
e 3889
1.0989
-~ 07940
e 4306
09304
8441
04518
« 7808
¢ 8004
04136
e 6235
—e 7554

¢ 3322

e5046
- e 7329

«2023

[

—

—

—

F7

~e5742
e 4693
~40580
-e¢5018

s 7019
—e0822
-~ 6087

e 7579
—-e¢0103
- 06958

e 9024

« 0102
—e¢ 7091
10359
—-e0299
—e 6579
1e1102
-e 1027

~e6210

160637
~e1434
~e5558

9582
—-e 1658
-e4924
¢ 7806
—-e0225
~e8067

¢ 7079

¢ 1409
—e8474
1,0509

« 0539
-e7711
12496
~-60958
-e6648
142506
—-e2125
- 5795

~lel121

-02583
-e5054

e 9300
—-e2526
-04697

07342
— 2068

150

2

-e 7611
~00406
~e4169
—-e6248
e2014
~-e3122
~-25728
e 3638
—e 1690
-e5075
5576
~e 0503
~9 3962
67403
¢ 0404
~e2423
e9179
21153
-el1212
10384
2310
20253
11698
e 3649
-e7529
1400
~ 63869
-28000
2456
-02200
- 7136
5223
—-e1729
-6 5625
07194
-e 1526
- e 3886
28241
-e 1060
-e2238
8640

. —e0013

- 0507
09154
e1501
¢ 0893

1.0084
¢« 3508



MOD ELEM
NO NO

7-1.

8-6

PT

CG

CG

CG

. CG

CG

CG

CcG
CG
CG
CG
CG
CG
CG
CG

CG

STR

SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
SYyY
SXY
SXX
SYyy
SxY
SXX
SYy
SXY
SXX
Syy
SXY
SXX
SYy
SXY
SXX
Syy
SXY
SXX
Syy
SXY
SXX
Syy
SXy
SXX
SYY
SXY

TABLE IX (CONTINUED)

F1

00415
~¢0310
~¢0011

« 0269
-e0234
-«0088

e 0147

-e0151
-e0123
¢« 0066
-e0074
-e¢0131
«0018
« 0002
—e0122
-e0036
0023
-+0083
~e¢0035
«0043
-~e¢ 0055

-+0040

e 0040
-~ 0026
«0107
~-+0121
¢« 0007
¢« 0070
- 0067
—~e¢0025
e« 0043
~e0029
- 0043
e 0021
-6 0004
~e 0045
~e¢ 0004
¢« 0002
- 40035
—¢0001
e 0009
~e 0027
-e0010
¢« 0009
—e0015
-¢0008
¢« 0007
—-e¢000s

F3

16300

e 00 72%

2564
1e2159
-e9537
«e5198
9179
-1¢1596
6515
e7111
~140759
e 6683
05726
-e9084
06026
04741
- 7515
«4938
04183
-e6136
3591
¢ 3799
-e4970
2216
«1783
~2e2405
1¢2325
s 1309
—~ 13368
160951
e1146
-e8127
e 9097
el1142
-e5124
«7140
01176
~e3423
05282
01274
-e2411
¢ 3593
»1298
-e1771
02150
¢ 1281
—-e 1298
20971

Fa

16180
- ¢ 2985
3677

13482

- 09530

05987:
141515

~140053
«7172
10006
—~e¢8530
¢ 7356
«8711

~ 66652
6787
«7317
- e5223
5741

« 5808
-0 4378
e 4224

¢ 3926
-04419
2254
140351
~2¢0236
09621
161107
~141513
¢ 9560
141703
-e6531
« 8878

162130

—e 3749
¢ 7999
12325
-¢2280
e7133
12286
~e1629
e 6279
lel742
~e1785
5285
10387
—e3424
03495

F7

-11781
6724
¢« 3098
-s8074
1e6270
—e1248
-e5679
1e6497
—-e 3657
~e4199
143650
~e4474
—e 3352
140345
—e4226
—e 2855
e 7572
- 03449
~e2673
5392
-0 2447
-e2611
3723
~e1483
01027
362921
—-e7712
e 0518
1648699
~e¢ 7500
0121
1605596
-¢6310
—e0192
e 6062
—e 4811
—-e0413
s 3560
—e 3366
~-e0605
«2147
—-e2121
-e0707
« 1319
-+1160
-e 0754
e 0792
-e0487

151

F8

-~140974
e 1945
-e2422
-a8551
«7318
-0 3792
~e6612
e8158
—-e4261
-e4936
e 7445
—e 3890
- 3327
26481
~e2821
-e 1525
¢«e5943
-e1215
« 0485
«6056
« 0986
¢ 2850
¢« 7256
e 3851
~-e7178
165014
—e 6960
-0 7457
- ¢8761
~e6599
—e 7568
5228
~e5718
- 7477
«3318
—-e4606
- 7094
02426
—-e3377
-e5371
« 2267
—e1949
-e¢5020
e3017
- 0031
~e 2648
58677
¢3300



MOD
NO

ELEM
NO

CONOU D WN=ONOUDPUN~DONOODWUN=DWN =D WN ==~

Fl1

~140371

3012
=141650
-60043
~1+2988
~102898

s 0654
—-¢0853

-104046._

~1s4003

2 0057
- 0001
=1e5724
~1¢5040
-1e4554
~164895
-+0058
-e0102

« 0087
-6 0028
~1e6603
~1¢5790
-1e¢5052
-1e5542

¢ 0035

« 0018

« 0005

¢« 0000
-148003
—1e7447
~1e6657
~15937
~1e¢5437
~-1e5262
-1e5529

~166405

¢ 0028
« 0022
0013
s 0007
e 0005
« 0000
« 0000
~-e¢ 0000

TABLE X

R1B STRESSES

PSI PER POUND

F3

~e 7456
8513
-1s41092
¢ 0930
~-1e3127
-145077
«2991
s 0065%
~144569
-168259
. —~e1361
0123
-146827

"=1¢8490

~149435
-2640930
-~ a2490
~60953

» 0369

e 0351 .
-~18450
~20250
—-2e0514

. =2e2147

-e4438

-s1879

-+ 0520

-e0027

-2640448
—241533
—~261581
~-26 1305
~241102
—2+¢1254
~2e2146
~204347
-e57G4

-+ 3878

-~82449

~-sld1a

~e 0692

~-e0248

-+ 0009

« 0060

Fa

-69077
17508
-11069
1¢3231
—1¢2859
~1e5237
165449
13597
~-1e4575
—-1¢8283
13497

146088

—166814
-18531
-1¢9390
-2+40894
142596
1ed414qa
166425
1e7409
~-1e8450

-260252

—20525
~262165
11981
144586
16721
18431
-2¢0448
~241533
~-261581
~-2+1308
-2¢1106
~2¢1262
-262159
-264360
10936
142634
164071
165319
1e6447
le7475
168442
19293

F7.

e 0217
-6 5295
e 2199
-+ 1659
e 2720
e 2386
-+ 2850
- 40802
e 2806
«e3773
00174
-60256
e 3207
3372
e 3878
e 5028
s 1001
« 0203
~00426
-+40280
e 3476
23808
24080
85428
e 2567
e 0955
«0215
¢ 0009
s 3854
04053
e 4053
e 4006
e 4059
« 4356
e5166
6905
03773
02333
s 1341
« 0630
e 0287
s 0076
-~e0014
-20026

F8

04523

- 69935
5962
-27220
e 7875

e 8137
-1,0381
-2 7668
~ «8972
10078
—-e9167
~-+9385
10488
101397
. 141408
141429
-09049
—e9971

(9,4

N

-10722

—-160229
161505
12469
12109
1¢2115
~e8646

=10274

~1s1211

-lel174
142776
13443
163406
1¢3075
1¢2673
12376
102468
1¢3412
—-87992
~e9171

~1,0098

-10814

~101354

~1e1708

—11855

-101661



MOD
NO

ELEM

NSO LU= A DW= DWN=PWON=N -

Fl

~01271
20671
~+2295
s 0057
01143
-0 0028
-0 1542
e 0410

- e0874

s 0029
-e2092
s 0220
0 0332
« 0079
« 1408
s 0262
¢ 0060
e« 0004
—-01324
« 0727
¢ 0508
« 0081
» 1152
e 0284
20048
s 0000

TABLE XI

STRINGER STRESSES

PSI PER POUND

F3

e 7347
~e1189
e 8753
¢9481
-~ ¢ 3989
~e1433
10527
100645
-~ 94928

-0 1669

161507
144017
12204

29383

‘36707.

-~ e5969
- 2871
-00514
13387
145219
162755

e9428
-07879
-e6106
- 62992
-e0601

Fa

0 7392
~s0872
« 8818
29117

~64093

-6 0669
10587
10499
~05204
~»2 1359
11510
104018
162229

e 8753
~e6728
-26087
—-03269

-00016 

1.3388
1¢5218
162798

8921
-0 7885
- 6284
-63553

~60465

F7

-~20395

«8108

-8 1590
« 0460
e 5729
02335

-0 1660
e 0294
e 6082

s2392

-02179
-0 2459
- 0527
02412
e 7662
e 5733

0 2647

» 0570

-e2508

-6 2562
-4 0593
0 2571
0 B442
e 5684
e 2636
e 0604

153

F8

- 83056
s8176

—e5254

- 4900
11012

09272
-66295
-05207
162320
10338
~e7154
-e8925
- 8000

" =e5814

103847
163441
161973
10506
-+8345
~s 9686
~e 8486 -
-065118
164991
13793
1,2384
161143
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TABLE X1 (CONTINUED)

MOD ELEM F1 F3 Fa - F7 ' F8

NO NO

6 1 ~e 1552 143999 14000 T —s2640 ~ea87462
2 e 0232 16038 16038 -6¢3034 -1¢0060
3 20837 146233 146230 ~+3024 ~1.0352
4 e0827 = 105437 165425 ~e2544 ~140116
=] 00538 13929 13895 -e 1436 -09377
6 0262 142087 11988 s0191 -e.8282
7 e0102 160029 s 9777 2293 ~26883
8 « 0033 «8336 07348 e 4320 -a5251
9 e 1604 - 8260 -e8272 «9229 15594
10 e0773 -6 8204 -e8234 «8113 15304
11 00423 -e7216 - 7287 s 6665 1e4621
12 20199 ~-+5884 ~+6046 e5115 13884
13 0082 -e4126 -2 4483 23353 103042
14 » 0029 —~e2222 ~22838 1643 162271
15 s 0007 -~ 90754 —~01436 e 0490 11849
16 ¢ 0000 -60082 00132 00052 181409

7 1 -40916 1.5464 165464 -e2914 -s9663
2 0 0661 17041 167040 ~-03207 =140695
3 01027 16687 16684 -4 3059 -100633
4 20919 1.5646 165636 —e2523 -1+0240
5 e 0586 = 184069 14039 -81440 -09488
6 e 0271 1,2187 1.2087 e0171 ~-08395
7 « 0093 1.0061 29808 2329 —e 6957
8 0026 e8159 e 7234 e 4586 -45215
9 «1362 -29235 -69244 29981 16504
10 0804 ~-+8388 ~e8413 + 8278 165562
11 20436 -s 7312 -e7379 e 6705 1e4760
12 00192 -+5936 - ~e6111 25094 163982
13 e 0074 ~-04150 -e4543 3327 13133
14 20023 -s2270 ~ 62936 01672 162400
15 0005 -20808 -2 1585 «0536 12046

16 ¢ 0000 -s0108 ~s0121 + 0069 101755



APPENDIX C
EXPERIMENTAL RESULTS

The experimental results of this investigation consist
of the strain per unit load at the seventy-eight strain gages

for the three loading conditions F, =1, F, = 1, and F, + F

3 8 7 8
= 1 (Figure 3). The average strain per unit load for the
back-to~back strain gages was also calculated.

As indicated in Chapter V, the loads and stralns were
recorded at load increments of approximately 500 pounds up
to a maximum load of 5,000 pounds. The strain per unit load
was calculated for each gage by determining the slope of the
least-square strgight line through a plot of strain versus
load., The slopes were determined analytically using a pro-
gram written for the IBM 1620. The average strain per unit
load for the back-to-back gages was calculated using the
individual gage readings rather than averaging the back-to-
back strain readings or averaging the slopes of the lines for
the back;to—back gages.

The strains per unit load are tabulated in Tables XII
through XIV. The strain gage numbering system is shown in
Figure 27. All even-numbered gages are on one side of the
panel while all odd numbered gages are on the opposite side,

It can be seen from the data, that although lateral bending
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Odd-numbered gages are
on the opposite side.

Figure 27. Strain Gage Numbering System

96T
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was present, the strains could be reproduced on subsequent
runs, with a few exceptions. In Table XIV, the data for the
last three rosettes is missing for Run 5-22 because these
three rosettes had not been installed at the time of the run,
In Table XII, the data for Gages 66-67 is missing because
Gage 67 had been damaged beyond repair prior to these runs.,
Due to the lateral bending, only the average strain per unit
load can be compared with the analytical results; -therefore,

the data for Gage 66 is not included,



GAGE
NUMBER

(o]
1

10
11

12
13

14
15

16
17

18
19

RUN NO -

- 6-25

-04218
-0+218
-0e218

~0e213
~04209
-0e211

-0e212
~0e207
-06209

O.178

Oel61
Oel170

0036
0+036
‘06036

0¢034
04033
0033

-0e046
-04048
-06047

0¢061
0058
04060

~00065
~-0e067

- ~0e066

~06067
~04066
-06067

TABLE XI1

STRAIN PER UNIT LOAD - F3
1

RUN NO
6~26

~0.218

-0.217
=0e217

~04213
-0e212
-0.213

-0e211
~0e207
-0¢209

Oe178
Oel61
06170

0+036
0037
0,036

0034
0033
0,033

-04046
-0.048
-04047

0s 056
0.058
04057

-0e064
~0¢067
~0e065

~06067
-0,067
~0es067

(]

GAGE
NUMBER

20
21

Lp2
23

24
25

26
27

28
29

30
31

32
33

34
35

36
37

38
39

‘RUN NO
6-25

~06075
~0¢075
~06075

0156
Oel147
00152

Oel110
Oe115
O0e113

06129
0.131
04130

~0e002
—06002
~0,002

~06076
~0e079
-06077

06093
0,092
0.093

.=0e020

-0s018
“00019

-0s106
~0es110
~-0s+108

-~0e012
~0.013
-0e013

RUN NO
6-~-26

—0e074
*0.076
-06075

Oe1l116
Oe147
00132

Oelll
Oel114
Oell2

0129
Oe131
0s130

-0e001
~06002
~06002

~0e076
-0s078
~0e077

06093
0092
0093

~0e6020
-0e018
—~-0e019

-0e¢105
-0olll
~0e¢108

-0,012
~0e014
~0e013
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GAGE

NUMBER

40
‘41

a2
43

a4
a5

46
47

48
49

50
51

52
53

54
55

56
57

59

RUN NO

6~25

~04050
-04051
—0,051

-0e034
-04035
-0e¢034

~0.008
=0e¢011

-0e010°

04002
-0e002
06000

0,031
0032
00032

—-0e¢003
-0e006
-0+004

~0e065
~064071
~-0e068

001085
00107

0106

~-06025
~-0025
-~04025

~0¢061
-0¢061
~-0e¢061

RUN NO
6-26

~04050
-0.,052
‘0.051

-0+,034
~04035
-0+034

-0e008
~-0e011
~0e010

04002

~-04003
-00001

0,032
0032
04032

=06003
~0e006
~00005

-06065
-0,071
~-00068

0,105
0e¢107
0e106

-0025
~0e025
-0.025

—0.06;
~0e062
~-0e062

TABLE XII (CONTINUED)}.

GAGE
NUMBER

61

62
63

64
65

66
67

68
69

70
71

72
.73

T4
75

76
77

RUN NO

625

06120
0e121
Oe121

-04021
-0e019
-0e¢020

-00104
=-0s111
-06107

0e022
0,020
0.021

~-0069

=0e064
-0.067

06095
0,097
00096

‘09045
-06048
~0e047

-0¢063
~0e061

~-0s062 .

‘RUN NO

6-26

00121
Oel21
Os121

~06021
~06019
~06020

~06104
-0ollt
-0.108

0,022
06020
0.021

-0e066
-0e064
-0.065

0,095
00097
0096

=06045
~06048
~00047

-04063

~0e¢061 .

—0.,062

159



GAGE
NUMBER

G
1

10
11

12
13

14
15

16
17

18
19

RUN NO
6-11

0el28
Oe134
06131

Oel124
Oel23
O0el123

Oell6b
Oell1
Oel11l13

-0e105
-0el101
-0e103

~0e¢006
-06006
~0.006

. =0e021

-~0e¢020
=~0e¢020

0e018
Oe017
0018

-0e¢028
-04029
-0.028

0¢08¢4
0.085
0085

0.052
06057
0O+ 055

TABLE XI11

STRAIN PER UNIT LOAD -

RUN NO

6—12 -

Oel129
0s133
Oe131

0e123

0e123

0e123

0.115
Oell1
Oell13

~0¢105
-06101
~0e103

~0e6006
-00006
~04006

-0e021
=0e021
~06021

0e017
0017
06017

-0,028

-04028
-00028

06084
0.085
0.084

0.051
04051
0051

GAGE
NUMBER

20
21

22
23

24
25

26
27

28
29

30
31

32
33,

34
35

36
37

38
39

F8

RUN NO
6-11

0el142
0e151
Qe 147

~-0e102
~0097
-06 099

-0¢078
-0e077
=0.078

-0s085
-0085
~0e 085

Oe0O14

0.014

0,014

0059
D¢ 060
04059

~0e034
~0s033
~04033

0+ 060
0057
0+ 059

0054
0056
0055

Oel119
Oe118
Oel18

RUN NO
6—-12

Oe142
Oe151
Oela6

-0e102
-0e 096
-0e099

-0e078
~0076
-0e077

-0 085
~-06085
-04085

0014
Qe014
0,014

04059
0059
0059

~0e034
~0e033
-0s033

04060
04057

04059

0054
04056
04055

0.118
Oell7?
Os118
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GAGE
NUMBER

40
41

42
43

44
45

46
47

48
49

50
51

52
53

55

56
57

58
59

RUN NO
6—11

0133
0137
0e135

~06094
~-06091
-0e092

~0,108

-0e106
~0e107

-0ell0
-0e 109
-00110

~0,003
~04003
~0e0023

0Oe013
06015
0e0Ol4g

0036
0039
0038

-0e¢056
-0e055
-0 e055

04046
0e047
0046

0e¢040
0e040
0040

TABLE XIIT (CONTINUED)

RUN NO
6-12

Os133
0,137
0e¢135

-06094
~04609]
—0e093

~0,4105
~0,103
—0+104

~0el110
-0,109
-0e109

=0,003
-0.,003
—04003

06013
06015
Oes014

0036
0.038
0+037

-06056
-0,055
~060559

0.046
0,046
0,046

06040
0040
0040

GAGE
NUMBER

60

61

62
63

64

65

66
67

68

69

70
71

72
73

74
75

76
77

RUN NO -

6—-11

~0e066
~0e066
~0e066

0,035
04034
00034

0071
0e¢073
06072

~06060

-0 059
-0e6060

=0,007

-0+ 006
-00007

0e041
0e039
06040

~0e047
~0+045
-0e046

0089
06,091
0090

06040
0,034
0,037

RUN NO
6-12

=0e066
~0+066
-06066

0035
0034
0034

0071
0073
Qe 072

~0e060
-~0e 059
-0.060

=0e007
=06006
=0+007

06041
06039
06040

—-0e049
-0e 046
-0e048

0089
06091
0090

0,037
0,034
06036
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GAGE
NUMBER

10
11

12
13

14
15

16
17

18
19

TABLE X1V

STRAIN PER UNIT LOAD - F7 + F8

RUN NO
5-22

0.085
0094
0e¢090

00086
04083
000885

04089
0073
06081

-0¢069
~0e073
~0e071

~0e010
-0e010
-0e010

-06011
~0e011
-0e011

0es018
06021
0s020

-0e047
~0e¢049
-04048

O0e¢067
0068
04067

04069
0.068
04069

RUN NO
6—04

0.083
0091
0.087

0083
0.082
0.082

0083
0073
04078

~0067
-0¢070
~0e¢069

—=0.009
~-06009
~0e009

~0s011

~0s011

-0e011}

06019
0,021
0,020

~0047
~0.049
~-0.048

06067
0.068
0068

06069
0067
0,068

GAGE
NUMBER

20
21

22
23

24
25

26
27

28
29

30
31

32
33

34
35

36
37

38
‘39

RUN NO
5-22
Os113
06110

" 0e112

-0¢062

~04051 -

~-0e055

-0.033
~0.036
=0+034

~0e 098
~0¢099
~0s 099

0051
06049
04050

06063
06065
09064

~0.054
~0,053
—04053

06047
0045
06046

O0e079
0080
0080

0.061
Oe 066
06063

RUN NO
6~04

00110
04107
06109

~-0s061
-06063
-06062

=0e¢033
~0s034
~06034

" =0e098

—06099
-0+098

0050
0049
0050

0.062
0065
00064

~0053
-0+053
~06053

0047
0044
06045

0079
06080
0080

06061
00066
0.062
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GAGE
NUMBER

40
a1

a2
43

aa
as

46
a7

48
49

51

52
53

54
55

56
57

58
59

RUN NO
5-22

0.089
0.089
0.089

~0e035
-0e042
-0e039

-0e052
-0e057
-06055

-06054
-0e060
-06057

-0e017
~0e018
-0e017

0e0O12
0.012
06012

06047
0050
0e049

-0e6071
—0e073
-0e072

06052
0.053
06052

0.052
0.052
04052

TABLE XIV (CONTINUED)

RUN NO
- 6-04

04088
0.088
0,088

~06035
=0e041
-0038

-0e052
-06055
-06054

~-06055
~04058
~-0,057

-0e017

T =0e017

-06017

0011
0e010
0s011

06047
0,050
0+048

-0e071
~0e073
-0e072

0053
0,053
0,053

0e¢051
04052
0052

GAGE
NUMBER

60
61

62
63

64
65

66
67

68
6%

70
71

72
73

74
78

76
77

RUN NO
5-22

RUN NO
6-04

-=04086

-0.087

~-0.,087

04051
04050
0+ 050

0s090
0093
0092

-0.068
~00066
=-0,067

06015
06015
0015

0s0448
0,043
06043

-06070
—06071
-0.070

0077
O.078
0077

06056
0,052
0054
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