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ABSTRACT 

The critical  loadings at   failure  of a  unidirectional   fibrous composite 
under any oblique   loading are   the most   important  results  obtained   in   this 
work.     For  this  purpose  the  von  Mises   anergy criterion was applied   to  the 
components  of  the   composite.     Dobonding  failures at   the   interfaces were 
aIso cons idered. 

Other  results of  this  research  include composite elastic  engineering con- 
stants   in any angular direction as a   function of  fiber density and  com- 
ponent  properties. 

Diagrams  are presented which exhibit  the  critical   loading and  the  elastic 
coefficients of a   series of composites as  a   function of  the  loading direc- 
tions,  component material constants,  and  geometry. 

The   fundamentals  to  this workare based on  the micromechanical  stress 
fields   in the  fibers and in the matrix. 
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In ideal cases only, the loading of a composite material is in the 
direction of the reinforcements. Normally, oblique loading is felt by 
the composite of which a structural component is made. Examples are 
materials consisting of laminates in which each laminate has a definite 
fiber orientation. Other examples where oblique loading is involved 
are the different kinds of mechanical and other joints. 

Therefore, the problem to be investigated is a unidirectional fiber 
reinforced composite under generalized oblique loading. 

To obtain the effect of an oblique loading in any direction to the fiber 
axis, six fundamental loadings have to be combined. Based on micro-
mechanical considerations and by linear superposition (References 1 and 
2) of stresses due to the six fundamental loadings, the combined micro-
stresses are then computed. References 3, 4, and 5 give the analyses 
of the following six fundamental loading cases: axial loading, trans-
verse normal (two cases), longitudinal shear, and transverse shear (two 
cases)*. Then, having the combined stresses which are acting on each 
particle of the reinforcement and the matrix, a failure criterion can 
be adopted. Here the von Mises distortion energy theory was used to 
calculate the critical loading in each element. For the points at the 
interfaces between fibers and matrix, debonding failures have to be 
evaluated in normal as well as tangential directions of the curved sur-
faces. It is self-evident that only the smallest critical loading of 
a composite has to be determined by the above outlined procedure. 
Which of the particles under stress will be first subjected to failure 
depends on geometry and material combinations and will be aut ;v.atically 
considered. Failure may occur anywhere at the interface, in the fiber 
or in the resin. 

The elastic engineering constants computed for each fundamental loading 
case will then be used to obtain, through transformation laws for fourth-
order tensors, the composite elastic constants in any directi n of the 
compos ite. 

* Later it will be explained why two cases are necessary in the 
transverse direction. 



TECHNICAL DISCUSSION 

In  the present problem  the   internal microstresses produced by external 
oblique   loading can be envisioned as  linear superimposed stresses pro- 
duced by  six  independent   fundamental  loadings.     It was assumed that the 
fiber packing  is hexagonal   since a model of such an array provides, as 
explained   in Reference 6,   better agreement with experiments  than any 
other model.     Therefore,   the  oblique  loading can  be produced by the 
following   fundamental   loadings: 

Transverse normal   loadings N   ,N & x    y 

Axial   loading N 

Longitudinal shear loadings       N     ,T 
jr Z Z A 

Transverse shear loading 
xy 

Figure  1  shows these  fundamental   loadings acting on the surface of the 
representative element. 

Figure 1.     Basic Representative Element and the 
Loadings on the Surfaces of the Element, 



The stress tensor is assumed to be symmetric, T„ = so that only 

six of the nine loads shown in Figure 1 have to be considered. Since 
external loadings are usually inclined at an angle with the fiber axis, 
the loadings as shown are the outputs of external loadings actually 
applied to the surface of the composite. For this purpose the trans-
formation law for rank two tensors (References 7 and 8) has been applied. 
At this state of manipulation, the transformation law is valid. 

Hiese so-obtained loadings are the load boundary conditions for the 
combined internal microstresses which they produce. In other words, 
these loadings are the inputs of the analysis of the fundamental cases 
for which the microstresses will be deduced. 

The microstresses are then added linearly in each particle of the rein-
forcement and matrix and introduced into the von Mises criterion so 
that the critical load in the constituents due to combined loading of 
a component is obtained. 

Instead of beginning with the transformation of the oblique load into 
fundamental loads, we present first the latter ones. Ihe finite element 
method itself will not be repeated here since this technique was already 
explained in detail in Reference 3. 

TRANSVERSE NORMAL LOADINGS, N AND N x y 

The fundamental load case N was solved by finite element methods as x 
a th ree-d imens iona l as we l l as a two-dimensional problem in Reference 
3 . I t was found t h a t accuracy of a two-dimensional a n a l y s i s i s s u f f i -
c i e n t fo r continuous f i b e r composi tes . In the p re sen t work, a d d i t i o n a l 
two-dimensional p l a n e - s t r a i n s o l u t i o n s have been obta ined s e p a r a t e l y 
for the N^ and N^ load ings . 

Hie boundary condi t ions used in the computation program a r e fo r t r a n s -
verse normal loading N^: 

1) Displacements in x - d i r e c t i o n a long the boundary 
planes pe rpend icu la r to x - a x i s a r e 1 and - 1 
r e s p e c t i v e l y ; i . e . , u = 1 a t x = % VTand u = - 1 
a t x = % \/T. 

2) Displacements in y - d i r e c t i o n a long the boundary-
planes pe rpend icu la r to y - a x i s a r e z e r o e s ; i . e . , 
v = 0 a t y = ±%. 

3) Transverse shear s t r e s s e s a r e zeroes a long a l l 
boundar ies . 

3 



Vor   transverse n^rnul   lo.ulinc case  N   : 
y 

1)       Di spliKomonts   in  x-iiirection along the boundary 
planes  pcrpi.nd icu la r  to  x-axis are zeroes;   i.e., 
u   =   0 at   x =   •', /I. i 

1)       Displacements   in  y-dircction along the  boundary 
planes   perpendicular   to  y-axis are  1  and -1 f    ' 
respect ivelv;   i.e.,ii=   laty=l2 and  v =  -1  at ' 
y   m   -K. 

i)       Transverse shear stresses are zeroes along all 
bi'unda r i es . 

In order to convert the stresses caused by the above boundary conditions 
Int ' the stresses correspondine to unity loadings in each case (N =N =1), 

i _ J x y 
the  normalized   ijctors   I Z  "    A      and Ji/ZT    A      were used   in  fundamental 

,     xi  xi j    yj  yj 

cases   N'    and   N     respectively.     The  conversions  tor  these  and  the  subsequent 
x y 

fundamrnta 1   cases  are deemed   to be  necessary for  the convenience of   linear 
supei p -s i t ion . 

The   resulting stresses  produced  for  case N    are S     ,S     ,S.   ,S,   ,?,-.. ,  and 

^61 i ^l=?5l = 0 I '  Jnc,   lv'r  CaSe  Ny'   ^12^22^2'^2 ^52'  and ^62 

AM   st res-  Cvvnponents   indicated  here and hereafter arc   in   their orders 
i    rresp   tuünp  l     I Ina!   mi cros l rcsscs:    '-,   ,:   ''■'  vz'zx'   anci 

xv 



AXIAL LOADING,  N 

The problem of an axially loaded composite was  solved   in Reference 4 
by an analytical method with the use of different coordinate axes of 
reference.    Therefore,   in  this analysis,   it must be solved numerically 
by applying the same  type of  finite elements used in the previous cases 
and using the coordinate axis of reference as  shown   in Figure  1. 

The present problem consists of two parts:(1)  a  two-dimensional plane- 
strain problem which  is   the same as  the previous cases except, of 
course,   for boundary conditions; and(2) a   two-dimensional problem which 
produces a unit strain   in the direction of fiber axis and is  slightly 
different  from the so-called generalized-plane-strain problem in that 
it does not produce stresses  in x- and y-directions. 

The equations used  for  calculation are presented as   follows   (most of 
the notations are the same as those used  in Reference 3): 

The displacements at the nodes are expressed as 

{u} =   [A]{a3 
or 

The strain components are 

{a} =   [Aj-^u] 

{£} =   [D][a} 

(1) 

(2) 

(3) 

However,  the strain column vector  is a combination of strain components 
for a  two-dimensional plane-strain solution and  of strain components 
producing unit strain  in  fiber axis direction;   i.e., 

where 
[e] - [ej + {e2} 

yy 

xyj 

(4) 

(5) 

and 
{e2} = (6) 

The stresses produced are  then 

[a] =  [ClfeJ =  [C]([e} - fe23) 
or 

{a} -  [C]([D][A]'1{u} - foj) 

(7) 

(8) 



The  strain energy   is 

W »///{e}T{CT}t dx dy de 

T 
Since [e] [a]  represents energy density per unit strain,   Integration 
over strain e must be carried out so that  the strain energy is 

W =  ^//([u}T([A]-1)T[D]T[C][Dl[A]-1{u} 

-2{u}T([A]-1)[D]T[C]{ea})t dxdy (9) 

Then  the   force corriponents at nodal points are 

{Px} -   [K]{u} -  {P2} (10) 

{?l]+ [P2].   [K]{u3 (11) 

where 
[K] «   ([A]"1)   [D]T[C][D][A]-1V (12) 

and 
fPa} '  (u)  ([A]-1)[D]T[C]{ea}v (13) 

The  rest of the equations will be as  in Reference 5 and will not be re- 
peated here. 

The boundary conditions used   in the computation program were; 

1) All displacement components are zeroes along the 
boundaries ;i.e.,u=0atx"±% \/Tand v - 0 at 
y = ^. 

2) Transverse shear stresses along the boundaries 
are zeroes. 

„  K - 
The normalized  factor used  in the present case was \/37(Z o    .A      ). 

k    z        z 

The  resulting stresses produced are S^iS«.,!--.!, _,"§,_, and S63(S,-"S53« 

LONGITUDINAL SHEAR LOADINGS,   T      and  T 
 '    yz zx^ 

The boundary value problem of a longitudinally shear-loaded composite  is 
quite different   from  the previous cases and the subsequent case, although 
they are all two-dimensional.    For the latter cases     the governing differ- 
ential  equation  for stress   function is biharmonic,while  for the  former 
it   is harmonic   (as a  torsional problem). 



The dltpUcement cütnponenti at cht nodal  points are expressed as 

(w) -   (AKa) 

In matrix   form,   the displacements   In  t!»e  z-direction are 

where 

1 0        0 i 

1        ?■      \ 
1        fa      \ 

{a} -   [Al^H 

"a 

«a 

(Al'1' 

Sa^i-ga^        0 0 

L T L 

and t - 5» VS»1!« 

The  strain components arr 

(Y) -   [D]fa} -   [DHA]-1^} 
or 

y* 

zx 

0 0 r l^l 
0 1 0 

«a 
«3 

and the stress components are 

M - [C]{Y) 
or 

[T] -   (CJIDKAJ-Mw} 

Therefore,   the strain energy Is given by 

w - Hffiyfi-rUxdy 

- ^//{w)T((Al-l)T[D)T(C)(D)[Al-1{w}dxdy 

By Costigllano's second principle, we have 

{P) -   [K]{w} 

[K]  -  ([Arx)TlD)T[C][D][Al-1C 

where 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 



The  rest  of   Lho  equations will be  similar  to  those  in Reference 3 and 
will not   he   repeated here. 

In  the computation program,   the  boundary conditions  used are: 
Fundamental  Longitudinal  Shear Loading Case  T     : 

yz 

)       Longitudinal  displacement  of  the  boundary plane 
perpendicular   to  the y-axis   in  the  positive 
direction   is  unity;   i.e.,  w «  1 at  y =  \, 

2)       Longitudinal  displacement of  the  boundary plane 
perpendicular   to   the y-axis   in   the  nCbative 
direction   is  negative unity;   i.e.,  w =  -1 at y «  -'j. 

Fundamental  Longitudinal  Shear Loading Case  T„ .: 

1) Longitudinal  displacement  of  the boundary plane 
perpendicular  to   the x-axis   in  the  positive 
direction  is  unity;   i.e.,  w =   1 at  x =   2 \/T, 

2) Longitudinal  displacement  of  the boundary plane 
perpendicular  to  the x-axis   in the negative 
direction   is  negative unity;   i.e.,  w «  -1 at x »  - 2 vT. 

The normalized  converting   factors  used   in  fundamental  cases  T      and  T 
yz zx 

J _ I 
were \/T/(E T       .A     .)  and  1/(E T       .A     .)   respectively. 

.    yz.J y.J i    zx,i x,]/ K J 

The  stresses  produced   for case T      are  S, , ,S0, ,5-,, ,3, , ,SC/,  and  S, , vz 14'   24'   34'  44'  54' 64 

(S14=S24=S34=S64-0)'  and     £or "se Tzx'  S15'S25'S35'345'S55' and S65 

(§15=125^35^65=0)- 

TRANSVERSE SHEAR LOADING,   T       xy 

The problem of a unidirectional   fiber-reinforced  composite  subjected  to 
transverse  shear  loading  is  the same as   fundamental  ca;?es   1  and  2,  except 
the  boundary conditions.     It was   found  that  the  boundary conditions   in 
the  present  ca?i  (see Appendix I)  are complementary  to those of 
fundamental   transverse   loading case  N   • 0 x 

In addition  to   the  study made  in Appendix  I on   the  boundary  conditions, 
an analytical   study  (see Appendix  II) as well  as a numerical analysis 
(see Appendix  III)  by   finite-element method  on  the  symmetry  relations 
in perforated  plates    has  been performed.     The analytical  study and  the 
numerical   analysis justify  the conclusions made   in Appendix  I. 
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The boundary conditions  used  in the computation program arc: 

1) Displacements   in the y-direction along the boundary 
planes perpendicular to the x-axis are   1  and -1 
respectively;   i.e.,  V =   1  at x = ^ \/Tanci  v ■   -1 
a t x = - ^ v/3. 

2) Displacements   in  the x-direction along  the  bounddry 
planes perpendicular to  the y-axis arc zeroes;   i.e.. 
u = 0 at y =  ±%. 

3) Normal   stresses along the boundary planes  .ire  zeroes. 

The normalized  factor for converting the  loading condition of   the above 

I 
boundary conditions, into  the unity loading condition was   1/(Z  "       .A    .). .     xy, i x, i 

The  resulting stresses  in this case are ^l(.^26'^3b,^U6'^56,  an^ ^66 

<W0)- 
PARAMETRIC STUDIES AND FINAL STRESSES  IN A COMPOSITE DUE TO A GENERALIZED 
PUNE OBLIQUE LOADING 

I 
Hie coordinate system of oblique  loading, which  in most cases may be 
parallel  to  the  surface of a  unidirectional composite,  will be  called the 
loading or structural geometry system.     The system with one coordinate 
axis parallel   to  the fiber axis will be called  the material  property 
system.     In the previous  studies of  fundamental   loading cases,   ehe 
material property system was adopted   for simplicity  in description oi 
the boundary conditions.    Both systems are  inclined  by angle b with their 
coordinate axis  (Figure 2);   therefore,   the  loadings applied on  such 
a c^nnosite must be transformed  into  the   loading corresponding   to  the 
material property system before  the  linear superposition of any desired 
quantitites  can take place.     Based on  the equilibrium conditi.ns  of load- 
ing and the transformation law  for  rank  two tensors,   the  three-dimensional 
equations of transformation have  the   following form: 

Nij^ikV^ (26) 

where a/,   are applied loads   in psi,  and N.. are  the  transformed   loadings 

in psi.    Further, t .,   and I .„ ,   the direction cosines  between  the  new 
ik yi 

coordinate axis  x y z  (material  property axis)   (see  Figure  2)  and   the 
original coordinate axis  x'y'2'   (leading coordinate axis), are  d^Iined 
in the  following table. 



X y z 

X ^11 tx. ^3 

y I* ^.t t,3 

z <*l ^1 ^33 

Equation  (20)  h»H  ms after sunanlng over k and (. 

x      * 

^l" ^ii^iv0!!* tii(-ia0xa+ tiiti30i3+ <'xatii0ai+ ^a('ia0a8+ ^la^ia^s"»- 
/'i3^av33i* ^ia^-ia^a* ^\3^\3a39 

xy      ^ ■ 

Nxg- ^i^ti0ii+ ^i<'aa0x»+ ^xx^aa^a-»- ^a^ax^x* ^X8^8aaaa+ "^8^33^3+ 

^X3^8X03X+   ^X3*'8«a3a+  ^X3^83^33 

T«,-   ^3 XZ 

N   ■ ^^3x0;!+ ^ii^aa^xa* ^xx^330xa+ ^xa^x^ax* ^X8^3808t+ '^8'^3<ya3+ 
X3 

^X3^3x03i+ •^3't-38<y3a+ ^13^33033 (27) 

V   ^88 

N     -  <'tl*'8XaXX+ ^•X^«80X8+ ^8X''33^X3+ ^88^8Xa8X+ ^88^8^88+ ^88^83^83+ 
aa 

^s3^ax03ii- ^a3^aacr3t+ tgs'tgaasa 

V v 
Na3"  ^8X^3lOii+ <-8X^38aX8+ ^8X^33ffX3+ ^a8^3XaaX+ ^88^38ffaa+ ^88^33^83+ 

^3^3lff3X+ ^83'^Ja038+ ^83^33^33 

\'**3 

N33-  ^3X^31^11+ ^31 ^-3 8^1 a+  ^31^33013+  ^38^3X081+ •t'38^38088+ ^38^33^83+ 

^33^31^31+ ^33^-3 a33a+  ^'33^33033 
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7n the present analysis,  only a plane oblique  loading p  is applied on 
the surface of the composite.    Uierefore,  the transformation is  two- 
dimensional and  is simplified as  (see Figure 2): 

N    - p sinse x 

N    »  p  cos 9 z        r 

T      -  1; p sin(2e) 

N    -   T      - T      *  ( 
y        yz       xy 

(28) 

(29) 

(30) 

(31) 

UUiiUU 

Direction of 
Fiber Axis 

ininiu 

Figure 2.     Loading (Geometry) Coordinate Axis and 
Material Property Coordinate Axes. 
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However,   in   the   fundamental  cases   the  inputs  (loadings)  used were N  , 

N   ,N   ,T     ,T     ,  and  T      respectively.     These  loadings are not 
y    z     yz     zx xy ^ 3 * 

completely   the  same as   those  of  the   left-hand side of equations   (27). 
From  the  obse'rvation of  the  boundary  conditions  of  fundamental  cases 
N N N   ,   it  can be   found  that  the   internal applied  loading  (macrostress) x y  z 
on  the  characteristic  element   in each  case  is not  one  simple   loading 
but a  combination of three normal   loadings   (although  the  other  tvo are 
comparatively  small).     In order  to  convert the  stress  components 
generated   in   these cases   into  those   really produced by N   ,N   ,  and N   , 

the   following manipulation must  be  taken  to obtain the   revised cases. 

For  revised  case N   ,  the  simultaneous  equations  used  to determine  the 
x ^ 

constants   in order  to calculate   stress S,., ,S01 ,8-, ,8,, ,8,-, ,  and S,, 
•       ,ii.       ,, i i    ^1     ji    ■■+1     JI oi due  to  loading N    are: 

x 

6 e 

i=l i»l 1=1 
(32) 

0 = AiE (S81).A     . + A,!! (^8).A     .    + AaZ (S83 ) A (33) 
i   =   1 -*   y*^ i   =   1 -'  ''J 1=1 ^   *' ■* 

0 = AjE58     (%i)k
A
a>k + A^56      (%a)kAZ)k    +AaZ

3     (^3)kAZjk    (34) 
K^i KRi K=J. 

Solving equations  (32)  to  (34), we get constants A.,A2, and A». 

Then we can calculate the  stresses  produced in the  revised   fundamental 
case N    as   follows: 

x 

Sn = ^   Sn + A, S12 + Au   S^a (35) 

s2l 'Al   Ssi + As, S22 + A,  "Saa (36) 

SQI = Ai  "Säi + Aa Sä2 + As  $53 (37) 

S«! = A!   ^i + A2 ^s + Ag  ^^ (38) 

and  St!   =   S5!   =   0. (39) 
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For revised  fundament.! case N  , we have the simultaneous equations 
y 

0 =  ^E        [(SuM    J + BgZ        [(^a)^  .] +  fcZ        [(^a)^    .       (40) 
1«1 1=1 1=1 

vT- ^z1    [(s«)^   J + B^1     [(ha)>\ J + ^     [(%*)*   *    (4i) 
i  »   1 -'   ''J i=l i  =   1 

0-BtZ8     t(%i)kA2 k] + %i: [(%a)kA2 k] +   %Z '      K&a),^^       (42) 
k =  1 ' k =  1 ' k =   1 

Solving for \ ,83, and  Be, we can find S1S,SS2,%2, and S92  as   follows: 

Sis  =  %   S^l  + Bs   Sl2 +  B; ^3 (43) 

s82 " %   ^81  + B2  S'aa + % S'aa (44) 

Sbs = %   %i  + Ba  %2 + % %3 (45) 

Sea ' A   ^1  + Ba ^8 + % ^3 (46) 

and 

Stg = 853  - 0 (47) 

For  revised  fundamental case N  ,  the simultaneous  equations aie: 

fi ß fi 

0 - qE        [(^l)/v  J + CflE [(Si2).Av   .] + C3Z [(^3).A       ]     (48) 
i»l ix,1 i=l ~ix,i i=l ix,1 

0 -  qZ [(S8X) A       ] + C^1        [(S22) A       ] +  CST!        [(Ss3) A       ]     (49) 
i ■ 1 J "'J i =  1 i =  1 

v^"-  qZ68     [(^i)kA       ] + C2Z5e     [(S32) A      ] + C3T
=6

      K^XA    ,]     (50) 
k - 1 K z,k k =  1 k z'k k =   1 K z'k 

After solving  for q .Cg ,  and Q3 , we can  get  the  stress  components   in  the 
revised case N    as   follows: 

z 

Si3   = q Sii + C8 Sia + Qä "^3 (51) 

Sg3  = q ?ai + C« Sfea + 03 s"a3 (52) 

833   " q %i + C8 %a + Qj "§33 (53) 

S83 = q ^1 + q ^ + q ^3 (54) 
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ana S43   -   Sfc3   -   0 (55) 

The stresses produced  in  the composite due  to shears T     ,T     and T K r yz    zx xy 
will be  the same as  those generated in the corresponding  fundamental 
cases.    Therefore,  no revision  for the shear cases   is necessary.    For 
easy  identification,   these  stresses are reassigned as   follows: 

Sx4 .Sa* .%4 ,S44 .%*  and %4  due to shear T    . yz 

Sis .Sas .SOB .S»5 .SBB  and %5  due to shear T2x, 

and Sis .Sa6 .Sbe .S»« ,h»  and Ses  due to shear T^. 

(Si4 sa4 §•4    -    Si, 3a5 S35 S*e  - Sfee - 0) 

After obtaining the stresses   4n   ^he revised  fundamental cases, we  then 
can get   the  final  stresses   by  the use of the principle of linear super- 
position, a-?  follows: 

{CT} =   [S]{N} 

Written out  in detail,  one gets 

(56) 

yzl 

T 
ZX 

xy/ LJ 

FAILURE CRITERIA OF  THE COMPOSITE 

S11   Si a   £>i3   0    0    Si 

Sai   Saa  8,3  0   0    Sg 

Ssx   %a  ^33  0    0    %i 

StsO 

P        0        0        S64SBBO 

«1   Sea  S»3  0   0    %< 

0      0      0      544 

/N 

N 

yz 

zx 

K 

(57) 

In  the present analysis,  the  failure (yield) criteria were determined 
by examining the constituents  themselves as well as   their interfaces 

Failure   in  the Constituents 

The von Mises Theory of Distortion Energy was adopted as  the failure 
criterion of the composite constituents.    This  theory states that  the 
load condition (p    )    is critical when the distortional  energy due to rcr c "•' 
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this load condition is equal to the distortlonal energy at failure under 
simple tension or compression.  In mathematical form: 

U 
i df , (p     )    occurs when ,,   <       v  -   I 

Ud(pcr) 

or 

1 -y2"af/[(ax - ay)2 + (ay - aj + (c z 

+ 6(T   a x T   = 4- T   a)) 
yz zx xy 

\ 
(59) 

where af is  the yield  strength of  the material  due  to *  simple  tcnsi>-<n 

or compression  test and   is equal   to a,    when o    +o    +0    iOoro, 

when a    + a    + a    < 0. 
x        y        z 

After obtaining the microstresses of each triangular prism  in both con- 
stituents  from the previous section, we can then  find the critical   load- 
ings  for all  finite elements by the above equation.    The smallent  one 
will be  the critical  loading of Che composite as   far as  the coopoaite 
materials are concerned.    However,   failure may occur at  the   Interface. 

Failures at the Interface 

Debonding  failure at the  interface between  fiber and matrix  Is actually 
a very difficult  "micro-micro" problem.    Many   Investigators have attacked 
it on different micro-levels.    Based on our survey of the  literature, we 
found that none of them have solved   it  successfully  in reality.    Here, 
in our study, we have used two criteria to determine the bonding  failure 
conditions.    They are normal bonding strength and   Interfacial  shear bond- 
ing strength between two materials. 

The stress vector associated with the direction normal d at  the  interface 
is 

or <TdI iTKdl (60) 

^v • 
O T T       ' 

x        xy      xz 

TOT 
xy      y        yz 

T        T        a 
.   xf      yz      z _ 

^osl-l 

• in« 

0 

(61) 
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w h e r e ? i s t h e a n g l e be tween d i r e c t i o n normal a t t h e i n t e r f a c e and x - a x i s 
of the basic representative element. 

There fore,the normal stress of the finite elements at the interface is 

• !Td)T'di 

= a c o s 2 ? + a s i n 2 5 + 2r s i n ? cos? (62 ) 
x y xy 

and t h e t a n g e n t i a l s t r e s s of f i n i t e e l e m e n t s a t t h e i n t e r f a c e i s t hen 

['i(cj - c ) s i n 2 ? - r c o s 2 £ ] 2 

x y xy 

+ (T c o s ? + T s i n ? ) 2 / 2 

xz yz ) 

(63 ) 

One can then define each critical load condition (p )• and (p ). as cr in cr is 
that for which a developed stress is equal to a critical stress; i.e., 

0 f 0 f o c c u r s when — = — = 1 (64 ) 
[ a n ( p c r ) 1 a v ( j n > a v 

T T 
t f t f o c c u r s when = 1 (65 ) 

|Pcrj in 

( P c r ) i s 
l T t ( " c r ) I . » < T t> av 

Here (CJ ) and (r ) are average values of o and T of neighboring n av t av n t ° ° 
triangular prisms at the interface respectively. 

From equations (59), (64), and (65), we can calculate different critical 
loads based on the criteria of the constituents strength and the normal 
and tangential bonding strength of the interface. These values will be 
automatically compared with other stresses in the material. The smallest 
of these values will be the critical loading of the composite as a whole, 
if there is no smaller value present elsewhere in the material. 

ELASTIC CONSTANTS E, G, v, and T] OF A UNIDIRECTIONAL COMPOSITE IN THE 
DIRECTION' OF THE LOADING 

For each fundamental loading case, N ,N ,N ,N ,N ,N , the correspond-° x y z xy xz yz 
i ng e n g i n e e r i n g e l a s t i c c o n s t a n t s and P o i s s o n ' s r a t i o s v h a v e been 
computed f rom t h e n u m e r i c a l s o l u t i o n s . As m e n t i o n e d b e f o r e , t h e l o a d s 
a c t i n g on s t r u c t u r e s a r e se ldom in t h e d i r e c t i o n of t h e f i b e r s , and t h e y 
a r e n o t a l i g n e d in t h e d i r e c t i o n of a C a r t e s i a n c o o r d i n a t e sy s t em as 
t h e f u n d a m e n t a l l o a d i n g c a s e s a r e . T h e r e f o r e , t he e l a s t i c c o n s t a n t s 
h a v e to be c a l c u l a t e d in t h e d i r e c t i o n of t h e l oad of i n t e r e s t . They 
can be found by t h e f o l l o w i n g f o r m u l a s " d e r i v e d t h r o u g h t h e u s e of t h e 
t r a n s f o r m a t ion law f o r f o u r t h - o r d e r t e n s o r s . 
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Modulus  of elasticity of a  composite  in direction  & ; 

V 
jj n*     /I 

E    "f  E    +\G r, "-z r     \ zr 7. 

zr rz m  n 

Shear modulus  of a  composite  in direction 9: 

(66) 

V 
'1+v 1+v i 

,   2  2 zr       rz      _ 
+4m n rr^+ -— F 

-i 

i-zr ^z r zr/J 

Poisson's  ratio connected with direction 9: 

(67) 

9    9 

v /l+v l+v i 

E \   E E G z \    z r zr, 

Shear coupling  factor connected with direction 6 

TJ = E mn . ,, 
9    6      LE 

\1T&       IT? /V v 1     \' 

L  z r \   z r zr/ . 

(68) 

(69) 
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WMERICAL RESUUS 

Once  the details of the  stress-strain fields are known for the  fundamental 
loading cases,  the  final stresses due to oblique  loading can be computed 
by usin^ equation  (57).     In this phase,  the obtained  stresses have been 
numerically  introduced   into the von Mises criterion    equations [(59),   (64), 
and  (05)]   for  the   finite  elements shown  in Figure 3. 

Figure 3.    The Finite Elements for Which  the Stresses Were 
Computed and  the von Mises Failure Criterion Was 
Applied. 
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In this manner,   the smallest critical   load pcr, which is  the critical 

load of  the composite,   is obtained  (Figure 4   through Figure 8).    Equations 
(66)  to  (69) have been used to calculate  the elastic constants  (Figures 9 
through 18),  Poisson's  ratio  (Figure 19 through Figure 24), and shear 
coupling factors   (Figures 25 and  26). 

The different combinations of computer inputs   that were used  in  the  funda- 
mental  loading cases are for vf = 0*2 and vf/vm ■ 0«5714  (see table  below). 

COMBINATIONS OF COMPONENTS, MATERIAL CONSTANTS,  AND VOLUME                j 
PERCENTAGES FOR WHICH THE COMPOSITE MATERIAL CONSTANTS                       | 

AND CRITICAL LOAD HAVE BEEN COMPUTED 

Vf 
EJE |       f    m v10"6 V

f 
Ef/E

m f   m 
i       Ef-10"6 

1 o 1 0.38 22 0.5 30 11.40 
|   2 0*5 2 0.76         j 23 O'S 60 22.80 

3 0'5 4 1*52 24 0*5 90 34*20 
4 0'5 6 2-28 25 0.5 120 45.60 
5 0-5 10 3-80 26 0-5 160 60.80 
6 0'5 20 7-60 27 0*6 30 11'40 
7 0*6 2 0'7b 28 0.6 60 22.80 
8 0'6 4 1-52 29 0*6 90 34-20 
9 0*6 6 2*28        | 30 0*6 120 45'60 
10 0*6 10 3*80        j 31 0.6 160 60.80 
11 0-6 20 7.60 i 32 0-7 30 11.40 
12 0-7 2 0*76 33 0*7 60 22* 80 
13 0*7 4 1*52 34 0-7 90 34.20 
14 0-7 6 2.28 1   35 

0*7 120 45.60 
15 0.7 10 3*80 36 0*7 160 60'80 
16 0*7 20 7*60 37 0-8 30 11.40 
17    | 0*8 2 0*76 38 0.8 60          | 22.80 
18   1 0*8 4 1.52 39 0*8 90          [ 34*20 
19 0*8 6 2*28 40 0.8 12J        i 45.60       [ 
20 0.8 10 3.80 41 0.8 160 60.80       | 
21 0.8     l 20        | 7*60 

1 1 1                           1 
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I n F i g u r e 4 the c o m p o s i t e c r i t i c a l s t r e n g t h p c £ . i s g i v e n a s a f u n c t i o n of 

fiber yield strength o ,, matrix strength o , component moduli Ec and E , t m i m 
and t h e a n g l e 0 be tween f i b e r a x i s and e x t e r n a l l o a d . A c o m p o s i t e w i t h 50 
p e r c e n t f i b e r volume and P o i s s o n ' s r a t i o s v , = 0 . 2 , v = . 3 5 i s a s s u m e d . 

t m 
The r e s u l t s shown a r e v a l i d f o r b o t h t e n s i o n and c o m p r e s s i o n , p r o v i d e d t h e 
c o r r e c t r a t i o crc/c? i s used ( i n some m a t e r i a l s , t h i s r a t i o may be d i f f e r e n t 1 m ' 
in tension and compression). Consider, for example, a case where = 

25 in tension and o = 12.5 in compression. Assume a load acting at an 

angle 0 = 50' to the fiber axis. The tensile strength in this case is P = 

0.04 a .. Ihe compressive strength, on the other hand, would be ^ = 0.08 

a f ' 

The d o t t e d c u r v e s in F i g u r e 4 i n d i c a t e t h a t f o r t h i s p a r t t h e c r i t i c a l 
s t r e n g t h h a s n o t been compu ted ; v a l u e s a r e p l o t t e d o n l y f o r c o m p o s i t e s 
w h e r e E../E > a c/o . t m t m 

In Figure 5 the composite critical strength is presented, like in 

Figure 4, as function of the components properties a^c^.E^.E^ and 9 for 

60 percent of fiber content by volume. Strength values are plotted for 
E . / E > c , / a and f o r E . / E < a r/o . At t h e a n g l e 0 = 0 o r c l o s e to ze ro , f m t m f m f m ° 
t h e s t r e n g t h c u r v e s f o r Ec/E £ 90 s e p a r a t e f rom t h e s t r e n g t h c u r v e s f o r r m 
v a l u e s E ./E 2 9 0 . Th i s f a c t i s i n d i c a t e d by an a r r o w f o r E , / E = 30 and t m J f m 
E r / E = 9 0 . 

f m 

Figure 6 shows the strength of a composite, like in Figures 4 and 5, but 
for 70 percent of fiber content by volume. The enlarged section at the 
top of the figure represents the curves on an extended scale from - = 0 
to 0 = 10°. 
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Figure 4.  Critical Load (p ) of a Composite (V =0.5) as a Function of 
cr i 

Loading Angle (Q), Fiber and Matrix Yield Strength,and 
Moduli of Elasticity (^, «,, ^ , and Er, E ). 
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Figure 6.     Critical Loading   (p    )  of a Composite  (V =0.7)  Under Obliqte 

Loading as a Function of Loading Angle  (9),  Fiber and Matrix 
Yield Strength, and Moduli of Elasticity  (0, rrr» cr   >  and E., E  ). 
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Figure 9.    Hijor Composite - Young's Modulus 
vs.  Fiber Orientation   (E./E   -  30) 
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Figure   10.    Major Composite -  Young's Modulus 
vs.  Fiber Orientation (E,/E   - 60). 
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Figure  11.    Mijor Composite -  Young's Modulus 
vs. Fiber Orlentetlon (E,/E   • 90) 

i    ■ 

-1 T 

\ U—- 

Figure 12.    Major Composite -  Young's Modulus 
vs. Fiber Orientation (E,/E   ■  120). 
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Figure  1J.     Major Composite -  Young's Modulus 
vs.  Fiber Orientation  (Ef/E    -   160). 

F;Ruro   :-.     (orp >s 11«.-  Shear Modulus  vs.   Fiber 
Oricntat ii'n   (E./K    -   J1'). 
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Figure 15.  Composite Shear Modulus vs. Fiber 
Orientation (Er/E « 60). 

r m 

Figure 16.  Composite Shear Modul us v.s. Fiber 
Oriental i.n (F. ./E - '•"). 
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Figure  17.    Composite Shear Modulus vs.  Fiber 
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Figure   18.    Composite Shear Modulus vs.  Fiber 
Orientation (E,/E    ■   160). 
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CONCLUSIONS AND RECOMMENDATIONS 

From the data presented herein and from comparisons with tests and analy-
ses performed by other investigators (References 10, 11, and 12). it can 
be concluded that this kind of analysis results in valid solutions for 
the strength criterion of a composite. The authors of the cited papers 
critically compared their results with test data stemming from a variety 
of sources. Furthermore, results obtained by Tsai (References 13 and 14) 
also contribute to the confidence of the values published in this report. 
The comparison could be made only for axial and transverse loading because 
the analysis and the tests published in the literature are concerned only 
with these two loading conditions while the present work contains all 
possible analysis of loadings. 

The combined stresses in each particle of the reinforcement and the matrix 
introduced into a strength criterion give a real picture of the strength 
of a composite. As can be seen from the curves, a composite loses much 
of its strength when the loading is not in the direction of the reinforce-
ment. When loading in the fiber direction is present, then the failure 

E f CTfer occurs in the f i b e r as long as — > ; o the rwise , f a i l u r e occurs in the 
fc. CT m mer 

m a t r i x . In cases where the loading i s i nc l ined to the f i b e r d i r e c t i o n , 
even a t very small a n g l e s , f a i l u r e occurs in the r e s i n , a t the i n t e r f a c e , 
and a t those p o i n t s where the s u r f a c e s of two a d j a c e n t f i b e r s a r e c l o s e s t 
t o g e t h e r . The s t r e n g t h of a composite obtained wi th t h i s a n a l y s i s i s on 
the conse rva t ive s i d e . In r e a l i t y , a composite loaded in the t r a n s v e r s e 
d i r e c t i o n , fo r i n s t a n c e , f a i l s i n i t i a l l y in the r e s i n but i s then capable 
of t ak ing twice the load of i n i t i a l f a i l u r e be fo re c a t a s t r o p h i c s t r u c t u r a l 
f a i l u r e occurs . The reason fo r t h i s i s t h a t the matr ix of most m a t e r i a l s 
becomes n o n l i n e a r , and ins tead of f a i l i n g , i t smooths out the s t r e s s peaks . 

An a n a l y s i s which t akes in to account a non l inea r s t r e s s / s t r a i n r e l a t i o n 
would be the n a t u r a l c o n t i n u a t i o n of t h i s work. I t would revea l h i g h e r 
s t r e n g t h of a composite in the t r a n s v e r s e d i r e c t i o n . A r e a l i s t i c non-
l i n e a r a n a l y s i s of a composite can be based only on micromechanics where 
the s t r e s s d i s t r i b u t i o n in the components and the d i s l o c a t i o n s of the 
f i b e r s due to loads a r e ob ta inab le in d e t a i l . The p re sen t a n a l y s i s 
possesses the above-mentioned c a p a b i l i t i e s . 
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APPENDIX I 

BOUNDARY CONDITIONS FOR THE TWO-DIMENSIONAL 
TRANSVERSE  SHEAR PROBLEM 

ANALYTICAL PART 

To  find the  stress distribution within a  typical micromechanical element 
of a   fiber-matrix configuration,  proper conditions at  its  boundaries must 
be established   first.    The objective of this  part of the analysis   is  to 
derive  the boundary conditions   from  the geometry aspects  inherent  to the 
load configuration.    In order  to define  the problem we  refer   to Figure 27, 
showing the assembly of   micromechanical   elements as  they would appear 
within a   fiber-matrix material  far away  from its edges and  loads.     Under 
this assumption we can consider  that  the  stress-strain distribution around 
each fiber center must be identical   for any arbitrarily chosen fiber 
center.    The external loads causing the so-called  "transverse shear de- 
formation" are applied force couples,  one acting in the ± x-direction and 
the other in  the + y-direction.    In Figure 27 the forces are denoted by 
Pt ,  - P1   and P8 ,  -  Pa, which we parallel  to the x- and y-axes, respectively. 
In general, magnitudes of the force couples are independent of each other, 
but are usually the results of some equilibrium conditions. 

In order to  find the boundary conditions  for the rectangle ABCD, we oust 
also consider the two adjacent rectangles A'DCB' and CEA"D" and investigate 
how the displacement vectors  in these  rectangles can be  related to each 
other.    For this purpose, we  introduce three local Cartesian coordinate 
systems with their origins at the  rectangle centroids M , M1  and M" .    The 

o      o o 
above-defined coordinate systems are the x, y - system,   the x'y'  "  system, 
and the x",  y" -  system.    The two latter coordinate axes are generated 
from the  former by translation;  i.e., 

x' « x (70) 

y' - y - b 

x" =  x -  2c 
(71) 

y".   y 

Let us now consider a point P within the boundaries of rectangle ABCD 
which has coordinates (x, y) with respect to the non-primed coordinate 
system.    We denote the displacement vector at P by u(x,y), which can be 
expressed by  its components as   follows: 

ü(x,y) - I u (x,y) + J u (x,y) (72) x y 
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Figure  27.     GeotncLry of  the  Basic  Represcntal ivj  ILlement. 
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The displacement u(x,y)   is  in reference  to point M , and we note  that 

u(0,0) -  0 

and  therefore 

u  (0,0) =  0 

u  (0,0) - 0 
(73) 

If we now look at the rectangle upside down,then we notice  that  the con- 
figuration as well as external   force geometry remains unchanged.    That 
means  that  the displacement vector at   the point P(-x,-y)   in the  180° 
rotated coordinate system must be   identical to the displacement vector at 
P(x,y).    Therefore, 

i u (x,y) + j  u  (x,y) - -   i u (-x,-y)  -  j u(-x,-y) 
x y x y 

or 

u (x.y) - -  u  (-x,-y) 
x x (74) 

uy(x,y) - -  u (-x,-y) 

Equation     (74)  shows the  fact  that within each rectangle  there exists a 
pair of points which are  located centrally symmetrical with   respect to 
the centroid and  for which the  relative displacements are also centrally 
symmetrical   with respect  to each other. 

Next we have to consider rectangle A'DCB' and  investigate  the  relative 
displacement vector with  respect  to centroid M'  at a point F^x^y") 

o 
within that  rectangle.    The  relative displacement at P'   is 

u'U'.y*) -   I u'U'.y') + j u^x'.y') (75) 

At the point M^x'-O.y'«0), we have 

u^O.O)  -  0 
x 

u^(0,0) - 0 
(761) 

The  fiber configuration within  rectangle A'DCB1   is   the mirror   image of. the 
fiber configuration within rectangle ABCD with  the mirror  line y' • - - 

b 2 
(or y ■ + T) •    However,   the mirrct-  images of the  external   force configura- 

tion become antidirectional but  collinear.    This means  that   by changing 
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the sign of all external  forces,  the  relative displacement vector In 
rectangle A'DCB

1
 will be the mirror  image of the relative displacement 

vector within rectangle ABCD.    The mirror lire is again y1 ■ - T.    Changing 

the sign of external  force  for rectangle A'DCB*  is equivalent to changing 
the sign of the displacement vector.    Let us consider point ^'(^»yJ^ being 

the mirror  image of point P(x,y) with respect to y ■ + —;  then 

XM-  X 

yM - y + 2(2 - y) - b - y 

or with   (70), 

XM-  X 

yM " yM "  b "  b '  y " b 

(77) 

The negative mirror image of vector u(x,y) will be u'CxA» y") as  follows: 
MM 

",(xM,yM) ' " K u
x
(x»y) "  3 uy(x.y) (78) 

Because of (77) and i ■  i',  j ■ j', 

i u^x^.y^) - i u^(x,-y) + j u'(x, - y) (79) 

Combination of (78) and (79) gives 

i[^(x. -y) + u
x<x«y)l + I [uy(x. - y) - uy(xiy)] - o 

(80) 
This vector equation can only be satisfied if each component becomes zero. 
Therefore,  the  following two equations are obtained: 

u^x, - y) - - ux(x,y) (81) 

u^(x, - y) - uy(x,y) (82) 

Equations  (81) and (82)     show   the relative displacements In rectangles 
A'DCB* and ABCD to each other. 
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In a similar fashion we can get a relation between the relative displace- 
ments  in rectangle BA"D"C and the corresponding relative displacements  in 
rectangle ABCD.    We make use of the mirror symmetry about the line x = c 
and apply the same line of reasoning as before  (to distinguish from other 
symmetries,   the sub-index M is primed). 

The  relative displacement at a point P" (x",y") within rectangle BA'^'C 
is 

Q-'Cx'-.y") = IVV.y") + J'VXx-'.y") (83) 

Since D'^x'^y")  is  in reference to M",  it is again 

u"(0,0) - 0 
or (84) 

u"(0,0) - 0 and u"(0,0) -  0 x y 

The mirror symmetric point to P with respect to line x « c has the 
coordinates xw, y„, as  follows: 

Xwi ■ x 4- 2(c - x) ■ 2c - x 
n. 

or with (71), 

V my 

X
M' - - *; TM' - y (85) 

We consider the negative mirror image of vector ü(x,y) with respect to 
line x * c and obtain 

""(XM" ?p "" r Iux(x'y) + J u
y(x'y)| c86) 

Because of (83) and i -   i",  j -  J",we get 

üM(x^,  y^,) -   i u^-x.y) +  j u^(-  x, y) (87) 

and therefore 

i[u;'(-  x.y)  - ux(x,y)l   + J [u^(- x.y) + uy(x,y)J - 0 

Hence, we get the desired relations: 

u^"x»y) " u
x<x.y) (88) 

u^-x.y) - - u (x,y) (89) 
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The  displacement vectors u'  and  ü" at  points P1 and P" are  in  reference 
to M1  and M" respectively.     In order to obtain the corresponding displace- 

ment vectors with respect  to M ,we must   introduce the   relative displace- 

ment  vectors  o£ M1 and M" with   respect  to M , which are denoted by U ,V  . 
0 0 K o' ^      O      0 

In general  the   relative displacement vectors  lor points along  the line x - 
0    and  y =   0 are as   follows: 

U(s,y) =   i  I' (y) + j U (y) (QO) 
•^ y 

VCN.V)  =   i   V   (x)  +   j  Vr{x) (^'l > 
x y 

Because I! (x,y) - const and V (x,y) = const and the symmetry relations are 
y x 

as follows, we have 

and 

Therefore, 

and 

Also 

and 

U(y) = - U(x,-y) 

V(x) = - V(-x) 

U (y) = 0 (92) 

V (x) = 0 (93) 
x 

U (y) = - U (-y) (94) 
x        x 

V (x) = - V (-x) (95) 
y     y 

U  = 1 U (0,b) (96) 
o     x 

Vo = j V (2c,0) (97) 
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The di.>placement vector at point P1   relai.ive   to M    is   therefore 
o 

uTOT(x''y) = 'u'{x''y) + 1'0 <98S 

and   the displacement vector at  point P"  relative  to M     Is  similar;   i.e., 
o 

u^C-x.y) = uH(-x,y) + Vo (99) 

With   (77), (83).   (96), and  (97), we get 

u^x.-y)  =   i Fu^x.-y) + Ux(b)J     +   j  u^(x,-y) (100) 

ü^0T(-x,y) =  i    u^(-x,y) + j [u^-x.y) + \y(2c)j (10]) 

These  two relations are meaningful only when  there are continuities  of 

the displacement vector at the  lines y =• r and x =  c. 

At these lines, we must have 

u^Xx, +| ) - G(x. |) (102) 

and 

77 "m'"--^-1^^'I' <103) 
By -,x 

(n =   1 ,   2 ,  3 , 

also, 

and 

u^0T(  -  c,y) = u(c>y) (104) 

u'^   -   c,y)  =—- u(c,y) (105) n     TOT J n 

From (102),  (100), and   (72), we get 

i [u^(x, - |)  -  u(x, |) + Ux(b)] + j [u'(x.  - ~) -  uy(K, |)] =  0    (106) 

49 



Because of  (81) and  (82) and  the   fact  chat each component of  Che vector 
equation above must vanish,   it   follows  that 

u(x,  2^ "  ^ Vb) (107) 

(107)_jrepresents one boundary condition along line y • b  (In Figure 28 
1 ine CD). 

From  (103)   (n ■   1), we have 

1 *>- - v ■ *>• v * J ,/(- - v ■ »x (x• * v •0 (,0,» 
From (9),  (10) ami their partial different let ion with respect to x at y • 

■j  . we get 

, bx  X/      bx (x, - -r) ■ - T—lx, r) 
ÄX dx 

and 

^U, b       Äuy       b 

(109) 

(HO) 

Equations   (108).   (109), and  (110) give 

^u    . 
(III) 

Di fferentiatlon of (82) with respect to y st y • - gives 

^"v    b   ^Uy   b 
(112) 

and with   (82)   follows 

^u b        ^uv b 
(113) 

or 
A'J 

^(x, f -  0 (114) 
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(Ill) and (114) issue the second boundary conditions along line y » b. 
For any two-dimensional problem, the normal stress is a homogeneous 

du du 
linear function of — — and — 2 . it therefore follows that 

dx ay 

ax(x, |) = 0 (115) 

a (x, \ ) = 0 (116) 

where (116) represents the second boundary condition along line y = b. 

Similar boundary conditions follow from (104) and (105). First we obtain 
from (104), (99), (87), (72), and (97) 

i [u^'(-c,y) - ux(c,y)j + J[u;( - c,y) - Uy(c,y) + Vy(2c) - J o (117) 

and because of (88) and (89), 

u (c,y) = % Vy(2c) (118) 

Equation (118) i s the f i r s t boundary cond i t ion a t l i n e x = c . 

S e t t i n g n = 1 in equat ion (105) and combining wi th (99) and (87) , we get 

- r*u"x aux i -Ru"v *u i 1 L~iy_<"c,y) ~ ( c ' y ) J + (•c>y) • 0 <119> 
Ihe p a r t i a l d i f f e r e n t i a t i o n of (89) wi th r e s p e c t to y a t x = c g ives 

*u" * 9u 

~5y ( • c'y) " 

From the vector equation (119), we obtain 

(120) 

9u" du 

V'"c,y) -sr<c'y) (121) 
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CONCLUSION 

Hie problem of the elastic medium under transverse shear load can be 
Completely attacked by solving a special problem of the basic representa-
tive element A.BCD of Figure 27. This rectangle has been reproduced below 
for convenience. 

-c 

F i g u r e 2 8 . R e c t a n g l e ABCD. 

From t h e a n a l y s i s , t h e bounda ry c o n d i t i o n s have been e s t a b l i s h e d f o r a l l 
b o u n d a r y l i n e s of F i g u r e 2 8 . For l i n e CD, from e q u a t i o n s (107) and ( l i b ) , 
we h a v e 

u x
( x , | ) =• k j (129) 

where k j i s an o r b i t r a r y c o n s t a n t , 

and 

O y ( x , | ) » 0 (130) 

- c x •£ + c (.111) 
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'Jlion 

r»U Su 
- - , - / ( < = . y ) (122) 

Bu 
C , y ) = 0 (123) 

P a r t i a l d i f f e r e n t i a t i o n of ( 8 8 ) w i t h r e s p e c t t o x a t x - c g i v e s 

?*u" Su 

" ( • c ,y ) = T7 ( c ' y ) (12A) 

A c c o r d i n g t o ( 8 8 ) , t he l e f t - h a n d s i d e f u n c t i o n of (124) can be r e p l a c e d ; 
t h e r e b y 

cKi du 
- ar<c"> =^r(c»y> <125> 

i s o b t a i n e d . Tliis means t h a t 

9u 
~ ( c , y ) = 0 (126) 

For the same r e a s o n a s p o i n t e d o u t a b o v e , and b e c a u s e of (123) and ( 1 2 6 ) , 
i t f o l l i e s t h a t 

a x ( c , y ) = 0 (127) 

o ( ° , y ) = 0 (128) 

I h e f i r s t r e l a t i o n , e q u a t i o n ( 1 2 7 ) , r e p r e s e n t s t h e second boundary 
c o n d i t i o n f o r t h e l i n e x »= c ( i n F i g u r e 27 i t i s t h e l i n e CB). (118) and 
(127) a r e t h e s e t of boundary c o n d i t i o n s a l o n g l i n e x = c . 
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Along l i n e CB we ob ta in the two boundary condi t ions from (118) and (127) 

u y ( c » y ) * k
2 ( 1 3 2 ) 

where i s another o r b i t r a r y cons t an t , 

and 

a x ( c , y ) « 0 (133) 

for a l l values of y def ined by the i n e q u a l i t y 

- 1 s y s | d34) 
In order to f ind the boundary cond i t ions along the l i n e s AD and AB, we 
make use of the c e n t r a l symmetrical p roper ty of displacement wi th respec t 
to the o r i g i n of Figure 28. Equation (74) expresses t h i s p roper ty in 
a n a l y t i c form and we ob ta in t h e r e f o r e from (129) , (130), (132) and (133) 
wi th (74) : 

for line AB, 

where 

and for line AD. 

where 

u
x(-x, - \ ) - - ki (135) 

CTy(-x, - |) - 0 (136) 

- c s x £ + c (137) 

uy(-c, -7) « " k2 (138) 

CTX(-C, -y) - 0 (139) 

b b 
- ̂  * y * 2 U40) 

With the boundary cond i t ions (129) to (140), the problem of e l a s t i c i t y i s 
de f ined and t h e r e f o r e unique s o l u t i o n s must e x i s t . The boundary condi t ions 
a r e e s p e c i a l l y wel l s u i t e d f o r the method of f i n i t e elements and, t h e r e -
f o r e , d i r e c t l y a p p l i c a b l e to the e x i s t i n g s tandard two-dimensional 
numerical program. 

In our Fundamental Case of transverse shear, we take k̂  * 0 and k2 * 1. 

54 



APPENDIX II 

SYMMETRY REIATIONS IN PERFORATED PIATES 

In the analysis of composite materials,   it  is necessary to consider a 
n nh nogenous medium consisting of a matrix &nd an array of fibers  (or 
flakes).   When the  fibers are collimated, equally sized, and regularly 
arrayed,  the symmetry of displacements  in the composite can sometimes be 
deduced without recourse to complete solutions. 

Figure 29.    Basic Pattern  for Fiber Spacing in Infinitely 
Urge Cross Section      (X, Y rasrk poles). 
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Let us consider a composite whose fibers are spaced in the hexagonal 
pattern shown in Figure 29. This pattern is repeated throughout the 
rectangular cross-sect ion shown in Figure 30. The axes of geometry and 
physical symmetry pass through point A. 

In many typical experiments performed on this model, the resultant 
loading is inevitably radially _symmetric with respect to point A; that 
is, the applied force vector F(r) at any point r is the negative of 
the force vector at (see Figure 30). 

F(r) = -F(-r) 
(141) 

In view of equation (141), the displacement response "u('r,lB) due to 
radially symmetric load system B is also radially symmetric; that is, 

u(r ,B) -u(-r,B) 

(142) 

In Figure 30, therefore, only elements I and II need be considered 
further. Responses in elements III and IV can be described using 
equation (142). 

y 

-TJL 

Figure 30. Cross Section Under Radially 
Symmetric Loading. 
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Another useful relation is obtained if the observer moves "behind" the 
section of Figure 30. Equivalently, the plate with its attached loads 
could be rotated 180° about the y-axis.* Since the ordinate is an axis 
of symmetry, the response of the rotated plate is the same as that of 
the original plate under a rotated load system B. See Figure 31 (a) 
and (b). 

(b ) R o t a t e d 180° ( a ) R e p e a t e d 
About O r d i n a t e 

-B 

J 
u 

w • 
( c ) R o t a t e d 180" With 

Loads R e v e r s e d 

F i g u r e 31. I l l u s t r a t i o n of R o t a t e d Sys t em. 

Due t o the s y m m e t r i e s , r o t a t i o n a b o u t t h e x - a x i s would y i e l d t h e same 
r e s u l t . 
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This can be expressed symbolical ly if we de f i ne the vec tor opera tor 
Ro t^ f f ] as the mirror - imaging process j u s t desc r ibed . In t h i s ca se , 

r e f e r r i n g to Figure 31, 

= Rot,. [ ~r" J 
y (143) 

V( w" ,"B ) = Roty l"u("r,B)J (144) 

B (w) = Roty B( r ) (145) 

Figure 31 (c) illustrates a consequence of the linearity condition 
imposed upon this system. The rather restrictive assumption of force-
displacement linearity requires the displacement field u(?,"fi) to be small 
in magnitude. In this case, reversal of forces results in the reversal 
of response displacements. 

vCw/B) = -"v( Tf, -*B ) (146) 

In order to determine symmetry relations, it is necessary to relate the 
response vector v(w,B) to the vector u(r,B) under thie same load system B. 

Any radially symmetric load system B can be resolved into two component 
systems: 

1. B , having loads symmetrical with respect to both x- and y-axes 
s 

2. B , having loads asymmetrical with respect to both x- and y-
a 
axes 

These systems are illustrated in Figure 32. 

C " 
B ^ s 

> 

4 
) i 

Figure 32. Resolution of Load System B. 
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If the rotation operations are performed on each component system, we 
find that symmetry or asymmetry of loading can be defined by equations 
(147) and (148). 

Symmetry: B S(T) = Roty [BS( r )] = BS("T) 

Asymmetry: = Roty [ B # ( T ) ] = -[B3(T)] (148) 

Upon application to equation (144), the following relationships are 
obtained 

(149) v(w,Bs ) = v"Cw,Bs) = Roty["uC?,Bs )] 

That is, 

•v("w»Bs) = Roty ̂ "u("?,Bs )| (150) 

"v("w,Ba) = v'Cw'.-Bg) = -^(^Bg) = Roty £"u("?,Ba )j 
(151) 

and 

"v("w,Ba) -Rot. ["u("f ,Ba /J (152) 

The response 'v at point w in element I is determined from the response 

if at "T1 in element II by rotating ufr) and then multiplying by ±1. It Is 
important to note that only one element need by considered under either 
load system. 

Some boundary conditions can be obtained by considering conditions along 
the y axis. In this case, equations (150) and (152) yield 

v(ry,Bs) 

v( r
y,B a) 

= *y, ttffy.B) = W y , B ) 

= Roty[Tft-fy>Bs)] = T*(fy,Bs) 

= -Roty [u"("fy,Ba )j = 1T(fy,Ba) 

(153) 

(154) 
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E q u a t i o n (153) i m p l i e s t h a t u ( r ,B ) i s p a r a l l e l t o t h e y - a x i s , w h i l e 
y s 

e q u a t i o n (154) i m p l i e s t h a t u("r ,B ) i s p e r p e n d i c u l a r t o ;he v - a x i s . 
y a 

Typical boundary conditions are illustrated in Figure 33. 

(a) Responses Along Axes due to 
Symmetric Load System B 

(b) Responses Along Axes due to 
Asymmetric Load System B 

Figure 33. Responses of Points on Axes of Symmetry. 

DISCUSSION 

The results of equations (149) through (154) hold true only if point A 
is (1) a pole of lead radial symmetry and (2) an origin of plate symmetry. 

In an infinite plate under uniform shear loading at the boundaries, an 
infinite number of poles of type A exist. In Frgure 29, these poles are 
indicated by X and Y. The coordinate axes (axes of symmetry) for points 
X are vertical and horizontal in this figure, while for points Y the 
coordinate systems are rotated. For the infinite plate only one sub-
element, such as the one shaded in Figure 29, has to be analyzed to obtain 
a complete response description. For the finite plate, on the other hand, 
an entire quadrant must be analyzed. In a practical experiment, such a 
point A must exist, and the symmetries of the loading must be known if 
adequate verification is to be performed. 
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APPENDIX III 

COMPUTER PROGRAM 

INPUT DECK SETUP 

In  this program the  six  fundamental   load  cases are  referred  to as   cases  1 
through 6 as  indicated  in the  following table: 

N 
X 

N 
y 

N 
z 

T 
yz 

T 
zx 

T 
xy 

case 1 2 3 4 5 6 

FUNDAMENTAL CASES ONE THROUGH FOUR 

CARD COLUMNS FORMAT CONTAINING 

1. 1-80 10A8 Run  Identification 

2. 1-10 E10.3 Vf 

11-20 E10.3 V
E
II 

21-30 E10.3 El 

31-40 E10.3 vl 

41-50 E10.3 vI/vlI 

Repeat cards  1  and 2 up  to  10 runs 

3.    Two blank cards end data 

FUNDAMENTAL CASES FOUR  AND FIVE 

CARD COLUMNS FORMAT coNTAixnxr, 

1. 1-80 10A8 Run  Identification 

2. 1-10 E10.3 GI 

11-20 E10.3 GII 

21-30 E10.3 V, 

Repeat cards  la  and  2  for  same  runs made  by cases one  through  four 

3.    Two blank cards end data 
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PftWAM FENL 

CARD COLUMNS 

I 

FORMAT 

II 

CONTAINING 

1. I for Ist 6 files 
2 for 2nd 6 files 

2. 1-10 E10.3 V 

11-20 E10.3 EI/EII 
21-30 E10.3 Ej 

31-40 E10.3 V j 

41-50 E10.3 vI/vII 

Repeat card 2 NS times, in the order the runs were made in Phase I 

3. One blank card ends the run 

Because of core size limitations, a limit of 10 runs of six fundamental 
cases can be run at one time. Also, because only 20 cases were needed for 
this study, Program FENG was written to accept only two sets of six files, 
these to be run separately. If more files are to be desired on one tape, 
appropriate tape spacing logic must be added to the program. 

PROCEDURE FOR WRITING DATA TAPE 20 

Before running Program FFNG, it is necessary to write a data tape con- 
taining stress values for each of 79 triangular segments. This is 
accomplished by running sequentially Fundamental Case 1 through Fundamental 
Case 6, one or more times. Each fundamental case generates one file on 
Tape 20 which Is an input to Program FENG. 

For each set of six files, the Program MAIN must be adjusted for cases 
1 through 4, and Program LONTUD must be modified for case* 5 and 6, 
as follows: 

* The first record of the first file on the tape must contain the 
integer N ■ number of runs per file. 

* Each Fundamental Case must space Tape 20 an appropriate number of 
files so as to leave room for files already written. 

62 



GENERATE 
MACRO STRESSES 

T 
READ NS 

READ CASE FLAG 

I 
CASE 2 

CASE 1 

MOVE TAPE FORHARD 
SIX PILES 

I  

READ ALL STRESSES FROM TAPE 

PRINT NODE NUMBERS 

I 
READ AND PRINT DMA 

FOR ONE RUN 

/PHASEV*. 

PRINT COORDS OF 
NODES AND 
CENIROIDS 

PROGRAM FENG 

63 



DERIVE orc, 3fl AS 

FINCTIONS OF y 

CALCl'UTC 
MICROS TRESSES 

CALOTUTE n 

flOFOÜ 

CENHRATE MODE SCMBERI.X FOR 
KAUt  1R UNCLE 

(REI\"RX] 

CALCULATE 3   , a     , 'r». ",. n      n       tt 

n., n   ,  n  , n11 AT INTERFACE 

PRINT INTERFACE 
VALUES 

FIND SMALLEST 
I       II 

n  , n     , n., n. 

WRITE RECORD ON 
SCRATCH TAPE FOR PHASE III 

GENERATE COOKDINATES FOR 
NODES AND CENTROIDS EACH 

TRIANGLE 

SI WKK TINES PHASE 2,  TOPOL, GEOM,   1NTERF 
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FIND AREAS OF TRIANGLES ALONG 
ENDS, ALONG TOP, AND OVER ENTIRE 

FIGURE 

CALCUIATE SUMMATIONS 
OF CT1*AREA 

SOLVE FOR A18,  B^ AND 

v 

CALCUIATE AND STORE 
NEW STRESSES 

READ DATA FROM TAPE 96 
FOR ONE VALUE OF S.V,, 

Y AND PRINT IT 

FIND SMALLEST VALUE OF 
N AMONG N, , N , N , N 

PUNCH N INTO CARD FOR 
PLOT PROGRAM 

YES 

SUBROUTINES FIXSTR  (KASE),   PHASES 
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PHASE ONE 

FUNDAMENTAL CASES ONE, TWO, AND SIX 
(TRANSVERSE LOADING) 

FUNDAMENTAL CASE 1 

PROGRAM *AIN 

C THIS IS THE EXECUTIVE PROGRAM USED WITH SUBROUTINE BIGMX AND SUBROUTINE 
C CHLSKY TO GENERATE AND SOLVE LARGE SYSTEMS OF LINEAR EOUATIONS 
C CA REWIND 20 

CALL TAPFSKIPi20,6.0) 
1 CONTINUE 
CALL INPUT 

c 
C NOW HAVE ALL K—PR I ME AND CDA MATRICES 
C 

CALL CHLSKY 
c 
C NOW HAVE SOLUTION U IN SP 
C 

CALL STRESS 
c 
C ALL STRESSES NOW PRINTED OUT 
C 

GO TO 1 
END 
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SUBROUTINE INPUT 

TRANSVERSE NORMAL CASE 1 

C THIS SUBROUTINE RtAUS AND PRINTS THE INPUTS FOR THE PLANAR FINITE 
C ELEMENT PROGRAM. ALL INPUTS NOT READ ARE GENERATED HERE. 
C 

COMMON /STRSS/ ALFI155). MSIZE. R. GAMMA. EI. GII.XNU(?) 
COMMON /l/ S(32.32.5).L(300.3>.GI32).SPACE(20> 
1 . NUF(3.314) »X(155I.Y(155)«CDA(3.6.250) 
2 . KPR(6.6.250).MSK(310).JTOTAL.N.KREM.M . IMP. IPL 
3 . P(155.2) .0(155.2) 
COMMON/LIM/ LIM1(101.LIM2<10) 
DIMENSION SPI32.10) 
DIMENSION NUYXI250).NUXYI250). GXYI250). EXI250). EY(250) 
DIMENSION BUMP!10) . BUMP 1(5) 
EQUIVALENCE (NUF.SP) 
EQUIVALENCE (C.CP) 
DIMENSION JLI79.3) 
DIMENSION COMtNTl10) 

C 
C NUYX * NUXY. THIS MODIFICATION 

EQUIVALENCE (NUXY.NUYX) 
DIMENSION TH(155) . CPI3.3) . T1(3.3.2).T2(3.3)»DTD(18). 
1 T(6.6).KMX(6.6). C(3.3).A(6.6t2).DO(3.6).DD(18).DTO(6.3) 
EQUIVALENCE (S.F) . (S(901).VF). (S(1801).PHI).(S(2701).ER) 
1 . (S(3001).EF),(S(3901).NUR) 
2 . (DO.DDI . (DTO.DTD) • (S(4356).TH) 
3 . (S(4511).CP) . (S(4521).T1). (S(4541)•T2I 
4 . (S(4551 I.CABC) • (3(4581).T) . (S(4621).KMX) 
5 • (S(4671)•A) 
TYPE REAL NUXY 
TYPE INTEGER BUMP, BUMP1 
TYPE REAL NUYX. NUR. NUF. KPR. KMX 
DATA (KTOTAL * 97) 
DATA(BUMP* 2.4.7.7.15.1 .9 .9 .12.-1) 
DAT A(BUMP 1* 5.7.7.7.5 ) .(PI- 3.1415927) 
DATA (RAD * 57.29578) 
DATA I XLIM»l.E-8) 
DATA (PK*999.) 
DATA I(DD(JJ). J J * 1 .18 ) * 0*. 0.. 0.. 1.. 0.. 0.. O*. 0.. 1.. 
1 0.. 0.. 0.» 0.* 0.. 1.. 0*. 1«. 0. I 
DATA (<DTD<JJ>.JJ*1.18) * 0.. 1.. 0.. 0.. 0.. 0.. 0.. 0*. 0.. 
1 0.. 0.. l.» 0.. 0.. 1.. 0.* l.« 0.) 
DATA!((JL(I•J).I*1.79).J«1.3) * 
1 1.1.1.2.2.3.3.3.4.4.4.5.6.7.7.8.8.8.9.10.10.11.11.12.13.13. 
2 14.15.15.16.16.17.17.18.18.19.20.23.24.24.25.25.25.26.28.29. 
3 29.30.30.35.21.21.21.21.22.22.23.23.27.27.27.28.28.36.46.37. 
4 47.38.48.39.39.40.41.41.41.42.42.43.43. 
5 2.3.4.6.7.7.8.9.9.10.11.11.13.6.14.14.15.16.16.16.17.10. 
6 18.18.2J.21.21.21.22.15.23.23.24.17.25.25.35.27.27.28.28.29. 
7 30.30.32.32.33.33.34.36.35.37.38.39.39.40.40.41.41.42.43.43.44. 
8 45.37.46.38.47.39.48.49.49.49.50.51.51.52.52.53. 
9 3.4.5.7.3.8.9.4.lu.l1.5.12.14.14.8.15.16.9.10.17.18.18.12. 
1 19.21.14.15.22.23.23.17.24.25.25.19.26.21.24.28.25.29.30.26. 
2 31.?9.33.30.34.31.37.37.38.39.22.41.21.41.27.42.43.28.44.32. 
3 46.36.47.37.48.38.49t40.59.50.51.42.52.43.53.44 ) 

READ 1000.•COMEN T(I).1*1.10) 
1000 FORMAT(10A8I 

PRINT 1001.(COMENT(I).I«1.10) 
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1001 FORMAT(1H1•1 UA8 ) 

ICTOTAL - TOTAL NUMBER OF NODES CONSIDERED 

C READ AND PRINT 

JTOTAL * 158 
READ 1003. VF• GAMMA.EI. XNUI. BETA 

1003 FORMAT(5E10.4) 
IF (VF.EO.O.I GO TO 950 
PRINT 1018 
PRINT 1016 
PRINT 1017. VF, GAMMA, bit XNUI. BETA 

1016 FORMAT(1H .13X.2HVF. 10X.5HGAMMA. 13X.2HEI. 11X.4HXNUI. 11X<.HBETA) 
1017 FORMATUH .5IE15.8)) 
1018 FORMAT!////) 

S3 = SORT(3.1 
S302 * S3 /2 . 
Ell * EI / GAMMA 
XNUII « XNUI/BETA 
Gil - EI I/(2•* i1.•XNU11)) 
XNU(l) « XNUI 
XNU(7T « XNUI I 

c 
EPI » EI CPII • EII 
XNUPI * XNUI 
XNUPM > XNUI I 
EPI » EI/11.-XNUI«2I 
EPII « EI I/(l.-XNUII»»2> 

C 
XNUPI ' XNUI/(l.-XNUI) 
XNUPM • XNUI I/( l.-XNUI I ) 
DO 200 I » 1.97 
THCI) * 1. 
ALF11)>0. 
Dlltll * 1000. 
0(1.2) « 1000. 
P( I .1 ) » 0. 
P(1.2) > C. 

200 CONTINUE 
I - 0 
DO 201 J« 1.10 
I « I •BUMP(J) 
PI I .21 • 1000. 
P198-I.21 * 1000. 
01112 I • 0. 
DI98-I.2) « 0. 

201 CONTINUE 
I • 0 
00 202 J » 1.5 
1 • !• BUMPI< JI 
P(Itl) • 1000. 
P(98-1t1> = 100C. 
D( I tl ) » 1. 
0(98-1.11 = -1. 

202 CONTINUE 
P(l.l) « 1000. 
PI 112> * 1000. 
O(ltl) « 1. 
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PI 3<.» 1 I >   lOvO» 
PM4t?l «   l.U'f. 
Df9«*l) «   U 
DI1«*?I <   >'. 
PlhAtl) •  inor, 
P(64»?l «   Kef), 
0«6*.n «   -1. 
0«64*2I «       . 
PI97.1»  « Iran. 
P«97»?l   «   1000. 
DJ97.1 I   »  -1. 
0(97.?l   ■     0. 
»■   S0PT«2.»S?»VF/P| ) 
KCH   «   SJO? 
r(l»   «   .5 
00   210   |«1.« 
X«IM»   ■   S302   -  RM.«CÜS(PI»1 I-ll/fc.l 
r«l*ll    •   .5   -     R/*.   »SINIPI»! 1-1 l/«-.I 

210   CONTINUE 

DO  220      |«1.7 
X(I*5)   ■   S302  -  R/2.»  COS(PI»<1-1 1/12.1 
V«I*5I   •   »b       - R/2.»   SIN«P!»( I-n/12.) 

X(I4J,?>   ■     S3Ü2  -   3.*R/<..»C0S<PI«( I-n/12.1 
yiI*i;M   •     .i    -     3.«R/«.«SIN(PI»( I-l)/12.l 

Xntl9»   •     S302  -  R  •  C0S(PI»( I-H/12.I 
r«I*19l   »     .5     -     R  •   SINIPI»«1-1)/17,l 

220  CONTINUE 
X04»   ■   S302 
VI3l»l   ■  -  .9 
XI31)   ■   S302 
VI31I   •   IV(26)*VI3«n   /   2. 
X(«»l   ■   -.5«   T*N(P|/6.I 
Y(49)   ■   .% 
OX   ■   (l«-RI/l2.*r0SIP|/6.l I 
X(36)   *   XI49I   ♦  DX 
Y«36l   ■   .5 
x(35» ■ m2(mxi36n/2. 
Y(39l ■ .5 

DO 230 I • 1.4 
X(1449) ■ I« -II« XI4*) /4. 
Y(I*45) r (4 -I»» Y(45» /*. 

230 CONTINUE 

DELX   ■   X(«6)   -X(4%l 
DELY   "   Y«46)-Y(4^) 
DO  240   I   ■   1.8 
XII-.36I   ■   XtU35»   ♦DELX 
Y(l*16»   ■   Y( U85J   ♦DELY 

240  CONTINUE 
XI32)    ■   X(4ft»   4lX(14)-X(44n/3. 
YJ32»   ■   -.S 
X(33l   ■   2.»XI32>   -  XJ44I 
Y(33»   ■   -.5 
X«27»   «   X(23»   ♦   (X(32l-X(23)1/3. 
YI27I   «   V(23l   ♦   (YI32l-Y(2?M/3. 
XJ28)   «   2.*X(27»-X<23> 
Y(28l   »   2.»Y«27I-Yi23) 
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X(29) =• X(28) •(X(31 >-X I 28 > )/3. 
Y (29) = Y(?8I *(Y(31)-Y(28))/3. 
XI301 = 2.*X(29)-X(28) 
Y(3 0 I = 2.*Y(29)-Y(28) 

C 
C 

DO 250 I=S0»97 
X(I I = -XI98-I ) 
Y( I I = -Y(98-I ) 

250 CONTINUE 
C 
c 
C PRINT OUT NODAL DATA 

I = 1 
12 CONTINUE 

LINE = 4 
PRINT 1010 

13 CONTINUE 
PRINT 1011. It X < I ) * Y(I>. P(l.l). P( I.2 ) . 11(1.1), 0 ( I * 2 ) • 
1 TH(I). ALF(I ) 
I - 1*1 
IFII.GT.KTOTAL) GO TO 14 
LINF « LINE • 2 
IFILINE.GT.56) GO TO 12 
GO TO 13 

1« CONTINUE 
1011 FORMAT ( 1H 14 . 7( 3XE11 .<> ) .5X . F 11 .2 / I 
1010 FORMAT(5H1NODE.7X.1HX.13X.1MY.13X,2HP1,12X.2HP2.12X,2HD1.12X.2MD2. 

I 8X.9HTHICKNtSS.9X.5HALPHA /) 

I - NUMBER OF NODE 
X - X- COORDINATE OF ITM NODE 
T - Y- COORDINATE OF ITH NODE 
P(l.l) - KNOWN AND UNKNOWN FORCE COMPONENTS ALONG 1 DIRECTION 
P(I.21 - KNOWN AND UNKNOWN FORCE COMPONENTS ALONG 2 DIRECTION 
0(1*1) - KNOWN AND UNKNOWN DISPLACEMENTS ALONG l DIRECTION 
0(1.2) - KNOWN AND UNKNOWN DISPLACEMENTS ALONG 2 DIRECTION 
ALFII) - ANGLE BETWEEN X DIRECTION AND I DIRECTION (POSITIVE WHEN 

COUNTER-CLOCKWISE) 
TM(I) - PLATE THICKNESS AT ITH NODE 

C GET MSK MATRIX 
JP » 0 
DO 27 J»l.KTOTAL 
DO 27 1*1. 2 
IF <P(J.II.GT.PK) GO TO 27 
JP • JP*1 
MSK(JP) * 2 • (J-l) • I 

27 CONTINUE 
C MSK IS MATRIX OF INDICES OF KNOWN FORCES 
C IF FORCE P IS UNKNOWN. IT IS INPUT AS 1000. 
C NOW READ IN TRIANGLE DATA 
C 
C JTOTAL - TOTAL NUMBER OF TRIANGLES 

DO 19 I»1.79 
DO 19 J.1.3 

19 L(I»J) * JL(I.J) 
DO 260 I« 80.158 
DO 260 J* 1.3 
L(I.J) = 98 - L( 159-1.J) 

260 CONTINUE 
C L(J.l) - INDEX OF THE FIRST NODE OF THE JTH TRIANGLE 
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C LIJ.2) - INDEX OF THE SECOND NODE OF THE JTH TRIANGLE 
C LIJ.3) - INDEX OF THE THIRD NODE OF THF JTH TRIANGLF 
C 

DO 20 I=l.JTOTAL 
IF(I.LE.36.0R.I.GE.123) GO TO 300 
EX(I) = EPII 
EV(I) = EPII 
NUXV(I I *XNUPI I 
GXV(I) = EPI1/(2.»(l.*XNUPIl)I 
GO TO 310 

300 EX(I) = EPI 
EY(I I = EPI 
NUXY(I> = XNUPI 
GXY(I) = EPI / <2.«(l.+XNUPI)) 

310 CONTINUE 
20 CONTINUE 

C PRINT OUT TRIANGLE DATA 
LINE * 4 
PRINT 1012 
DO 24 I*1.JT0TAL 
IFJLINE.LT.54) GO TO 22 
LINE * 4 
PRINT 1012 

1012 FORMAT(1H1»8HTRI ANGLE.4X6HN0DE 1.3X.6MNODE 2.3X.6HNODE 3.18X.2MEX. 
1 10X 2HE Y .16X.4HNUYX.17X.3HGXY//) 

22 LINE • LINE+-2 
24 PRINT 1023. I. IL«I.JI.J«1.3I.E*(I).EY<H.I*UYXCII.GXYIII 

1023 FORMAT C1H .5X* 13.7X.13»2(6X•13>*415X.E15.8I/1 
C 

MSIZE * 156 
KREM « 6 
N » 25 
M * MSIZE / N 
IF<KREM<NE<N) M • M*1 

LIM1(1) « 1 
LIM1 (2 I - 1 
LIM1(3) « 1 
LIM1141 » 1 
LIMK5I » 1 
LIM1(6) « 1 
LIM1C 7 I » 1 
LIM2I1I « 150 
LIM2I2) * 158 
LIM2I3) - 158 
LIM2I4) « 158 
LIM2(5I » 158 
LIM2I6) » 158 
LIM2I7) * 158 

C PRINT OUT PARTITION INFORMATION 
PRINT 1008 

1008 FORMAT!1H1.12X.20HTRIANGLES CONSIDERED) 
DO 31 I-l.M 
ISIZE » N 
IF(I.EO.lI ISIZE * KREM 
PRINT 1009. I»LIM1(I)<LIM2(I)» ISIZE 

31 CONTINUE 
1009 FORMAT!10H PART ITI ON «6X 5HFIRST.2X.2HT0.2X.4HLAST. 6X.9HDI MENS ION/ 

1 4X.13.11X.I3.6X.I3.10X.I3) 
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DO ? B I * X . I C T O T A L 
ALF ( 1 ) * ALF( 1 I / R A D 

?« CONTINUE 
ALL ANGLES NOW IN RAUIANS 

DO M>0 I»l. JTOTAL 
1 IS A TRIANGLE COUNTER 

1 •/EX I 1) 
-NUYXI I ) / t Y I I I 
1 . / E Y I 1 ) 
1 . / G X Y I I ) 
• B U » B 2 2 - b l 2**2 

* - Bl? / DELTA 
= 622 / DELTA 
= 0. 
CPI2.1) 
» B11/ DtLTA 

Bll * 
b 12 « 
B22 = 
B33 * 
DELTA » 
CP(2.1) 
CP(1.11 
CP(3.1 I 
CP<1.2) 
CP I 2.2 I 
CPI3.2) 
CP(1.3) 
CPI2.3) 
CPI3.3) 

- 0. 
• 0. 
* 0. 

= 1./B33 

C NOW IN C(3.3) . MATRIX I 

30 CONTINUE 
THOMEG = XILI I.2) )*YILII.3)) 

YILCI .1))*X(L( I.3) ) 
X«LiI.1))*Y(L1I.3)) 

• X(L<1.1)>•Y(LI I.2) ) 
-X(L(I.3))»YILfI.211 
-YCLII.1))*XIL< !.2) I 

THOMEG«<TMCLI I.1 I)*TH(L(I.?))«-THlLI I.3)> I/ 6. * THOMFG 
X 12 * 
X 13 = 
ETA2* 
ETA3» 
DELTA 
DO 36 
DO 30 

XILI1.2)) 
XCLI 1.3) )-
Y«LII.2))-
VILI1.3) )-
« X 12#ETA3 
II « 1.3 
JJ « 1.3 

XIL< I .1) ) 
XCLI I . 1) ) 
Y(LI I .1) ) 
Y(L11.1)) 
- X I3»E T A2 

38 

All 1*3. JJ.l) 
AI 11.JJ+3.1) 
A I I 1 + 3.JJ.2) 
A I I I.JJ+3.2) 
CONTINUE 
*11.1.1) 
A12 . 1 > 1) 
A13 .1 . 1) 
All.2.1) 
AI2.2.1) 
AI3.2.1) 
All.3.1) 
AI2.3.1 ) 
A13.3.1) 
DO 39 II 
DO 39 JJ 

: 0. 
: 0. 
> 0. 
> 0. 

1* 
-IETA3-ETA2) / DELTA 

39 

IXI3 - XI?) / DELTA 
0. 
F T A3 / DELTA 
-X I 3 / DtLTA 
0. 
-ETA2 / DtLTA 
X 12 / DELTA 
1.3 
1.3 

All I*3.JJ*3.1) = A(II.JJ.l) 
AI II.JJ.2) = A IJ J . I I.1 I 
Al11*3.JJ+3.2) = AIJJ.II.ll 
CONTINUE 

TRANSPOSE OF INVERSE OF A NOW IN All.1.2) . A INVERSE STILL IN A 

CALL MXMUI.T I DO.A .KtfXI 1 . 1 ) .3.6.6 ) 
CALL MXMULTIC.KMXI1.1) .CDA(1.1.1).3.3.6) 

PRODUCT C»D»IA»»-1) NOW IN CDA(l.l.I). ITH TRIANGLE 
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( 
r 

c 
c 
c 

c 
: 

CALL MKMULTCAI1tlt?l.OTl .A,6,6.3) 
CALL MXCOMIAtKMRdtl«! ).THC.^rG.6.? I 
CALL MXMULT(KPR( 1 «1t I > tCOAl1,1,1 I .KMX,6.3.tI 

40 

ITRIX IC( I I 
00 40 || 
DO 40 JJ 
niltJJ» 
CONTINUE 
Tll«ll 
TU*1I 
U2,2) 
Tl»fM 
rntji 
TC6.U 
Tllt4l 
TI4.4J 
T(2«»l 
II».M 
T(3.6» 
T«6»6I        ■ 
CALL  NINULT 
TU.IJ 
Tl9t2» 
TUtll 
TII.4I 
T(2t5i 
TO.»» 

NOW   IN 
>1«6 
■ 1.6 

>   0. 

KMX.   TRIANGLF   I 

COSIALF(LIItl)> 
SIN«ALfIL<I.ll) 
COSIALMt ( 1*21) 
SINIALF(L(I.?)) 
COSCALF(Lt1*311 
SIN(ALF(L( I.3M 

-r<A.n 
Tti.ii 

-TI5.2» 
T<2.2» 

-TI6.3» 
TO.3» 
«KNX.T,A.fc,6.6l 

rutii 
T(«.2I 
TU.3I 
TU.4 I 
T12.»> 
T(9.6) 

iNVfffSE Of T NOW IN T 

CALL NUMULT IT*A.KPR(1.1 .11 .6.6*6) 

«•»•IMC NOK   IN KP«   •  A    HAS BEEN CLOBBERED. 
«00 CONTINUE 

MTUM 
•00 MINT  1091.II.JJ.II 

1091   rORMATUHl.   9H     EFI*l3*lH*I3*7Ht 
110» 

«00 CONTINUE 
MINT  109U 

1090 rOHMATIlNl 
«90 CONTINUE 

REWIND 20 
STOP 
CNO 

•   J 
99HCOULD 

•  ERUI3.6H)   «   0«) 

NOT   INVERT MATRIX      Tl*TRIANGLE • 13 I 

CASE   1 
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SUBROUTINE   STRESS 
C 
C STRESS   SUHROUTlNt C*SE   I 
C 
c 
c    THIS SUBROUTINE DERIVES ANü PRINTS STRESSES 
c 

COMMON   /STRSS/   ALHIVM.   MSI2C*   R.   OAMHAt   El*   GII.RKUU) 
COMMON   /!/     SI32*92*bl«LOoüi)»iCli;tfSPACEI20l 

1 .   NUM1.3U» .X« l'>bl.YllS5).CUAIi,6f2SO» 
2 •   KPN(6*6*2b0ttMS^(11U)tJIOTAL«N«RRt'',|M   ,   |MR.    I PL 
3 t     PI1***2I      tüll'i.?) 
COMMON/L1M/     LIMK ICl.tIM?« 101 
DIMENSION     DVXI6)*   SIGOUTI63?) 
DIMENSION       SP(32«K'l 
EQUIVALENCEIStSIGOuTI   «INUFtSPI 
TYPE   REAL  XPR 
EQUIVALENCE     IStSIOl   t   « S« 931 I tPSTR )   .   ISUSfrl I «XOI • IS(21*11 *VOI 
EQUIVALENCE     I SI 2««1 ) iDEL I   t   ISI2761I*0XI 
DIMENSION       ERRISloi 
DIMENSION       DXI6I    «   SIGIV.Uei      *     PSTRI3*nOI 
DIMENSION     X0(30O|   •   VCDCÜI«   OELCin» 
DIMENSION    KS22(32.96) 
EQUIVALENCE        IKPRtKS22l 
TYPE   REAL  KS22 
DATA   IPK«999«) 

C     RcMOVE   CAPS FROM SP(32»1CI   *  DELI 310) 
DO  9   J«1*KREM 
OELIJI   •   SPIJtll 

9 CONTINUE 
KLOC   ■  KREM -N 
DO   10   I   ■  2.M 
KLOC   ■   KLOC   ♦ N 
DO  10  J  ■   UN 
DEL«KLOC*JI   «  SPIJtll 

10 CONTINUE 
PRINT   1010 

1010 FORMAT«lMli90X*l)HDISPLACEMENTS*//l 
NOEL   "  MSI2E/7 
JCNT   •  0 
DO   1»   J«I.NOEL 
JCNT   -   JCNT  ♦   1 
IFIJCNT.LE.il)     GO  TO  14 
PRINT   1019 
JCNT  •   0 

1*  JFIR   ■   7«U-I)   ♦   1 
JLAST   ■     JFIR  ♦  6 
PRINT   1011   t   «K.K-JFIR.JLAST) 

1011 FORMATIIM   t7(SX.4H0ELI•I3t1H)    )) 
PRINT   lC12t   (DELtK)tK«JFIR*JLAST) 

1012 FORMATUH   •7(2X tEU.7 I / ) 
IS  CONTINUE 

LOCI   ■   7»N0EL*1 
L0C2   •   MSUE 
IFIL0C1.GT.L0C2)      GO  TO 20 
PRINT   1011tlRtK-LOCl>LOC2) 
PRINT   1012.   <DEL(KltK*L0Cl*L0C2) 

20  CONTINUE 
DO   855      l«l.JTOTAL 
J   «   I 
KZ   -  0 
DO  811   KK   «1.1 
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0 0 832 KJ - 1 * 2 
U • K t • I 
IF I P U ( J * K K > * K J ) . G T . P K > GO TO 828 
I F ( 2 * ILC J t K K I - 1 1 •KJ—MSK I I PL I I 8 0 1 . 8 0 2 . 8 0 3 

802 112 = I PI-
GO TO 827 

806 1 M 2 « I L < J . K K ) ~ 1 ) +KJ -MSKCIMR)) 8 0 * . 8 0 5 . 805 
805 112 « IMR 

1 PL * IMR 
GO TO 827 

80* IMR = IMR - 1 
GO TO 806 

803 IMR = IPL • 1 . 
007 IF(2«(L(J.KKI-X) -MSK(IMR)) 805. 805. 810 
810 IMR * IMR • X 

GO TO 807 
827 OVX(K2) * DELI I I 2) 

GO TO 832 
828 DVXIKZI* DlLlJ.KKI.KJ) 
8 3 2 D X H C Z - n • D V X I K Z - X I « C O S I A L F I L I J . K K I I | - D V ! U K Z I * S I N I A L F I H J . K K I 1 1 

DXIKZ) - OVXIKZ-XI*SINIALFILIJ.KKII>*DVXIKZI«COS«ALF«LIJ.KK111 
831 CONTINUE 

DX2 » DX(2> 
0X121 » OX(3) 
DXI3I * DXI5I 
DX( 5 I * DXI4I 
DXI4I « 0X2 . . . 
CALL MXMULT(CDA(X.l.n.OX. SIGI X . 11 .3 .6. XI 
KK3 - X 
IFII.GE.37.ANO.I.LE.X22I KK3 • 2 
SIGI4.II « SIGI3.11 
SIGI 3. I I « XNUIKK3) •• SIGH.II*SIGI2.Ill 

SIGMA NOW IN SIGIX»I I » TRIANGLE I 
XOtll • 0. 
YOIII = 0. 
00 840 K - X.3 
xoin • XOIII • XILII.Kll 
roi 11_ » vol I I • YILI I »KI I 

840 CONTINUE' 
XOIII • XOII I / 3* 
YOIII » YOII I / 3» 

850 CONTINUE 

EN8ARX • R / 4 » < M S I G I X . 3 • • S I G H . 1 2 • • S I G I X » 2 4 I ' » S I G I X . 3 * 1 I 
1 • I l . - R > / 2 . • I S I G I X . 4 4 I * S 1 G I X » 4 9 I I 

ENBARX • X./ENBARX 
00 860 1 *X.632 

860 SIGOUTIII » SIGOUT(I I'ENBARX 
1 • X 

870 CONTINUE 
PRINT XOOu 

XOOO FORMAT IXH1.218MTRIANGLE.6X.8MCENTR0ID»9X•X2MVECT0R SIGMA.XOX)/) 
871 CONTINUE 

II - l*X 
DO 880 J-X.4 
GO TO 1873.874.875.8751. J 

873 PRINT 1001. I. XOIII. SIGIJ.I I.11.XOI11 I. SIGIJ.III 
GO TO 878 

874 PRINT 1002. YOIII.SIGIJ.il. YOIIII. SIGIJ.III 
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GO TO 878 
875 PRINT 1003. SIGIJ.I). SIGIJ.II) 
878 CONTINUE 
880 CONTINUE 

LINE » LINE • 6 
I « !• 2 
PRINT 1004 

1001 FORMATIlH 2C5X.13.F14.6. 7X , E15 . 8 . 1 OX 1 ) 
100? FORMATIlH 2I8X.F14.6. 7X ,E 15 .8 . 1 OX ) ) 
1003 FORMATIlH 2I29X.E15.8.10X)) 
1304 FORMAT I/) 
1069 FORMATIlH .3JX.E15.8) 

IF(I.GT.JTOTAL) GO TO 890 
IF (LINE.GT.54) GO TO 87o 
GO TO 871 

890 CONTINUE 
WRITE 120) ISIGOUTII 1.1 = 1,3161 CASE 1 
PRINT 8787. ENRARX 

8787 FORMAT I//23H NORMALIZATION FACTOR S.2X.E15.7) 
RETURN 
END 

2026 CAROS 

PROGRAM MAIM 
C 
C THIS IS THE EXECUTIVE PROGRAM USED WITH SUBROUTINE BIGMX AND SUBROUTINE 
C CHLSKY TO GENFRATE AND SOLVF LARGE SYSTFMS CF LINFAQ EOUATIONS 
C 

REWIND 20 CASE 2 
CALL TAPESKIPI20.6.0) 
CALL TAPESKIPI2U.1.~) 

1 CONTINUE 
CALL INPUT 

C NOW HAVE ALL K-PRIME AND CDA MATRICES 

CALL CHLSKY 

C NOW HAVE SOLUTION U IN SP 

CALL STRESS 

ALL STRESSES NOW PRINTED Ol,T 

GO TO 1 
END 

23 CARDS 
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FUNDAMENTAL CASE 2 

c 
r 
c 
r 
r 

SUBROUTINE INPUT 

TPANSVFRSE NORMAL- CASE 2 

THIS SUBROUTINE READS AND PRINTS THE INPUTS FOR THE PLANAR FINITE 
fcLEMfcNT PROGRAM.  ALL INPUTS "OT RFAD ARE GENERATED HtRE. 

IPL 

COMMON /STRSS/ ALFdS1.). M3IZE. R. GAMMAt El. GII.XNU(2I 
COMMON /I/  S^.^.M.Ld'H'.D.GM?! .SPACE(20) 

• NUF(3.3UI       .XI 155).y(lS5I.COA(3,6.250» 
I . KPR(6.6.250).MSKmO)fJTOTALtN.KREM.M . IMR. 
3 .  PI155»?I  .0(155.2) 
CCMMON/LIM/  LIMKlwl .LIM2(10) 
DIMENSION   SP(32.10) 
DIMENSION NUYX(250).NUXV(25Ü).  GXV(?50I» EX«250l. EY(250) 
DIMENSION BUMPdO» • BUMPm I 
EQUIVALENCE  JNUF.SP) 
EQUIVALENCE  (C.CP) 
DIMENSION JLI79.3) 
DIMENSION COMENTdCl 

NUrX » NUXY. THIS MODIFICATION 
EQUIVALENCE  (NUXY.NUVX) 
DIMENSION  TH(155) « CP(3.3I , Tl«3.3.21.T2J3.3 I .0T0(1«), 

1  T»6.6).KMX(6.6>. C(3.3».A(6.6.?).0013.6».001 IB ) ♦0T0(6.3I 
EQUIVALENCE  (StF) . (S(901).VF). (S(18011.PHI) . ( SI2701I.ER I 

1 
2 
3 
4 
5 

(S«300n.EF(»IS(39CH tNUR» 
(DO.DO) • (DTO.DTD)  . (SU356).TH) 

(S(<.521).T1)» 
« (S(4581l.ri 

>  (SUS11I.CPI . 
.  (S(4551J.CABC) 

.   IS(4671ltAI 
TYfE REAL NUXY 
TYPE INTEGER  BUMP. BUMP1 
TYPE REAL    NUYX. NUR. NUF. KPR. KMX 
DATA  UTOTAL » 97) 
DATA<BUMP>  2.4.7,7.15.1 .9 .9 
0ATA(BUMP1- 5.7.7.7.5 )  .(PI« 
DATA  (RAO > 97.295781 
DATA  (XLIM-1.E-8I 
DATA (PK>999*) 
DATA f<00(JJ).JJ«1.1B» 

(51*541).T2) 
« (S(4«2n.KMX) 

.12.-1) 
3.1415927) 

0.* 
0.» 

DATA ((0T0UJI.JJ*1.18I ■ 0.. 
0.. 

0.. 0, . 1.. 0* t 
0.. 0.. 0.. 0.. 
1•. 0.. 0.. 0*. 
0.. 1*. 0.» 0.. 

0.« 
1.* 
0.. 
1*. 

0.» O.t 1». 
0.. 1.« 0. I 
0.« 0«. o«. 
0.. 1.. 0.) 

OATA(I(JL«I.J)»J=l.79).J=l»3) ■ 
1.1*1.2.2.3.3.3.4 .4.4.5i6.7*7.8t8.8*9*10.10.11.11.12.13.13* 
14*15*15*16.16.17*17.18.18.19*20*23.24.24.25*25.25.26*28*29* 
29*30*30*35*21*21*21*21*22*22*23*23*27*27*27*28*28.36*46*37. 
47*38*48*39*39*40*41*41.41*42*42*43*43* 
?-3.4,6»7.7.6.9.9. 10.11.11.13,6.14.14.15.16.16.16,17.10» 
18*16*2^*21*21*21*22*15,23*23*24*17*25*25*35*27*27,28*28*29* 
30*30*32*32«33*33 •34.36,35,37.38.39.39*40.40*41.41.42*43*43*44* 
45*37*46*38*47*39*46.49.49.40.50*51*51*52*52*53* 
3*4«5 * 7*3•8.9.4.1U.11.5*12. 14.14.8*15*16*9*10* 17*18*18*12* 
19*21*14*15»22•23*23»17*24*25.25*19*26*21*24«28*25*29*30*26* 
31*29«33.30.34.31.37. 37.38*39*22*40*23*41*27*42**3*28*44*32* 
46*36*47*3 7,48*38*49,40,50*50.51*42*52**3*93*** ) 

READ 1000*(COMENT(I).I-1.1U) 
1000 FORMATI1CA8) 

PRINT 1301*(COMENT(I)*I«1.!0) 
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1001 FORMAT! 1H 1 . 1 'J A8 1 

ICTOTAL - TOTAL NUMBER OF NODES CONSIDFRED 

READ AND PRINT 

JTOTAL « 158 
READ 1003. VF. GAMMA.EI. XNUI. BETA 

1003 FORMATI5E1U.4) 
IF (VF.EO.C.I 60 TO 950 
PRINT 1018 
PRINT 1016 
PRINT 1017. VF. GAMMA. EI. XNUI. 8 E T* 11X4HHE TA) 

1016 FORMAT I1H .13X.2MVF. 10X.5HGAMNA. 13X.2HEI. 11X.4HXNUI. 11X4HBETA) 
1017 FORMAT(1H .5IE15.8)) 
1018 FORMAT(////) 

S3 « SORT 13.) 
S302 = S3/2. 
EII « El / GAMMA 
XNUII = XNUI/BET A 
Gil * EI I/I2.»l1••XNUII)1 
XNUII) « XNUI 
XNUI2) • XNUII 

EPI « FI 
CPU * EII 
XNUPI « XNUI 
XNUPII • XNUII 
EPI « EI /1l.-XNUI##2) 
EPII » E11/C1.—XNUII**2) 

XNUPI « XNUI/II.-XNUI) 
XNUPII • XNUIl/ll.-XNlllI) 
DO 200 I * 1.97 
THC1) >1. 
ALF(I)«0. 
011*11 » 1000. 
01 I (21 " 1000. 
PI 1(11 « 0» 
PI I(2) • 0. 

200 CONTINUE 
I - 0 
DO 201 J" 1(10 
J « I •BUMP I J) 
PI I (2) » 1000. 
P198-1(2) • 1000. 
011(2) * 1( 
DI98-I.2) * -1. 

201 CONTINUE 
I « 0 
DO 202 J = 1.5 
I • I* BUMP11J) 
PII.1) » 1000. 
P198-1(1) * 1000. 
01 1(11 " 0. 
Dl98- I •1) « 0. 

202 CONTINUE 
PI 1.1) * 1000. 
PI 1(2 ) • 1000. 
Dll(l) • 0. 
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c 

0 l»?l   •     u 
»(««•II   •   1000. 
Pl)4*?l    •   1000. 
o«i».n ■ o. 
0l««t7l   •  -I« 
•IIS4*II • inofl. 
»I64»?l •   1000. 
0144.11 •  0» 
0(*4*?l ■      1. 
»IfTtll •   1000. 
#l«Tt?l •   1000. 
OifT.ll •     0. 
0««T*7t •     -1« 
• • Mim*.*S9*W/»ll 
mi • sio? 
»in • •« 
00 210   1*1.4 
IIIMI   >   SlOi  -  l»/4.»C0SI»l»II-H/6.l 
*ll«ll    •   •§   •     «/4.   •Sll|l»l*ll-ll/*.t 

110 CONTINUC 

oo no   t>i.7 
■«l»»l • $901 - 0/2»* COSIPI*!1-11/12.1 
Tl|*tl ■ •«  - •/?.• SIN(»|4tl-l)/12.l 

111*1*1 >  S902 - 5.4«/4.K0S«H«U-ll/lJ.I 
Timtl • .» - ).*II/4.*SI«I((»I«( 1-1 l/U. t 

lll^lfl   •     $902  • K • C0S<»I*(I-11/12.1 
Tll«l«l   >.$-••  S|NIM*lt-ll/12.l 

220 CONTIMUC 
KMI • $902 
VIUI ■ • •$ 
lllll  •  $902 
mil ■ tmtwiHii / 2« 
llfttl   •   -•$•  TAHIH/».! 
»14*1   •   •% 
01 •  IU-«I/I2««C0$I»1/*.II 
119*1   • lf*«l 4 OR 
TIMI  • •$ 
119«!  ■  l«lttt|4felMII/2. 

VIMl   •  •% 
00 290  I  • It« 
|||4««|   •   U -11* H4»l   /4. 
»!!•♦$I  •  U •11« YI49I   /4. 

290 CONTIMUC 

OCLI •  ■<•*»  -«14»! 
Oft»  •  VI4*»-»«4$» 
00 2*0  I  • !•• 
«Ii*9*l   • It 14991  «OCLI 
Vt|49*l  • Tll«99l ♦Ofl.v 

2*0 CONTtaHJr 
11921   • ItMl «I«l9*l-ll4*ll/9a 
»1121   • -•$ 
11991   •  2«ni92l  - ll**l 
»1991   •  -•! 
II2VI   •  11291 ♦  III92I-K29II/9. 
»12?»   >  TI29I  ♦  tVI92l-TI29ll/9. 
■•201   • 2*»II2TI-II29I 
»•201   • 2.4»«?Tt-»fI9l 
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c 
r 

X(?9) -   X(?8» ♦IX(3n-X(28» )/3. 
Y(?9I = Yt28t ♦<Y(31 l-V(28n/3. 
xnri = 7.«XI?9)-XI 281 
Y(3 I « 2.«Y«29t-Y(28» 

DO 250 I«S0.97 
X(n • -X(98-1 I 
Y( I ) • -Y(98-l I 

2^0 CONTINUf 

PRINT OUT NOOAi. OAT* 
I » 1 

12 CONTINUE 
LINE • * 
PRINT 1010 

11 CONTINUE 
PRINT 1011. I. X(|). Yin« Plltllt P«U2). OlUllt DII.2)« 

1 TH(1). ALFI I I 
I » 1*1 
IFM.GT.KTOTAL»  GO TO 1* 
LINE ■  LINE ♦ 2 
IFILINE.GT.56J GO TO 12 
GO TO 13 

1* CONTINUE 
1011 FORNATUri  I4«7(3XE11.4I**X«F11.2/I 
1010 FORMAT I 5H1NOOE.7X» IHK. 13X.IHY»13X.2HP1,12X.2HP2,12X.2M01.12X.2HD2. 

1       8X«9HTHlCKNESSt9X*«HALRHA /) 

I - NÜHBER OF NODE 
X - X- COORDINATE OF 1TM NODE 
V - Y- COORDINATE OF ITH NODE 
PH.!« - KNOWN AND UNKNOWN FORCE COMPONENTS ALONG 1 DIRECTION 
PC 1.2» - KNOWN AND UNKNOWN FORCE COMPONENTS ALONG 2 DIRECTION 
0(1.1» - KNOWN AND UNKNOWN DISPLACEMENTS ALONG 1 DIRECTION 
0<I.21 - KNOWN AND UNKNOWN DISPLACEMENTS ALONG 2 DIRECTION 
ALFII) - ANGLE BETWEEN X DIRECTION AND 1 DIRECTION (POSITIVE WHEN 

COUNTER-CLOCKWISE) 
THJll - PLATE THICKNESS AT ITH NODE 

GET MSK MATRIX 
JP > 0 
DO 27     J«ltKTOTAL 
DO 27     I«l.   2 
IF   (PIJ.II.GT.PKI     GO  TO  27 
JP •  JPM 
MSKIJPI   •   2   •   (J-H   ♦   I 

27   CONTINUE 
C        MSK     IS  MATRIX   OF   INDICES OF   KNOWN FORCES 
C IF   FORCE   P   IS  UNKNOWN.   IT   IS   INPUT  AS   1000. 
C      NOW  READ   IN   TRIANGLE   DATA 
C 
C      JTOTAL  -  TOTAL  NUMBER OF   TRIANGLES 

00   19   I-1.79 
00   19   J»1.3 

19   Ld.JI   ■   JL( I.Jt 
DO   260   I«   80.158 
00  260   J«   1.3 
Ld.JI   ■   98   -   L( 159-1.JJ 

260   CONTINUE 
C      LIJ.ll   -   INDEX   OF   THE   FIRST     NODE OF   THE   JTH   TRIANGLE 

1 
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C L(Jt2) - INDFX OF THF SECOND NODF OF THE JTH TRIANGLE 
C L(Jt3) - INDFX OF THE THIRD NODF OF THE JTH TRIANGLE 
C 

DO 20 I«l»JTOT*L 
IF(I.LE.36.0R.I.6E.123)   GO   TO   300 
EX(I)   ■  EPII 
EYdl   «  EPII 
NUXVtll   "XNUPII 
GXY(I)   ■   EPlI/(2.•(!.♦XNUPII)» 
GO   TO   310 

300  EXU)   -  EPI 
EYII»   »  EPI 
NUXYII)   ■   XNUPI 
GXYCI)   >   EPI      /   (2.•(!.♦XNUPI) ) 

310   CONTINUE 
20  CONTINUE 

r      PRINT   OUT   TRIANGLE  DATA 
LINE   ■   * 
PRINT     1012 
00  2*   I«ltJTOTAL 
IF(LINE.LT.94)     GO  TO  22 
LINE  ■  4 
PRINT   1012 

1012   F0RMAT<lHlt8HTRIANGLE.*X6HN0DE   1.3X.6MNODE   2t3X«6HNODE   3*18X«2HEXi 
1        1SX   2HEY*16X«AHNUYX*17X*3HGXY//I 

22  LINE  ■  LINE*2 
24  PRINT   1023*   I*   (L«ItJ»»J«l»3>.EX(I).EY< ll.NUYXdl.GXVdl 

1023  F0RMATI1H   *SXt I3»7X*I3*2I6X*13 I.4I9X«E19.8I/I 
C 
c 

MSI2E • 156 
(CREM • 6 
N ■ 25 
M  ■ «ISIZE   /  N 
IFIKREM.NE*N>     M ■ M41 

C 
LIMKll   ■   1 
L1M1I2I   ■   1 
LIMIOI   ■   1 
LIM1U)   •   1 
LIMim   •   1 
LIMU6»   >   1 
LIM1(7)   ■   1 
LIM2III   >   198 
LIM2I2I   >   198 
LIM2(3)   >   158 
LIM2U»   •   158 
LIM2(5I   >   158 
LI*l2(6t   ■   1^8 
LIM2(7l   >   158 

C 
C  PRINT OUT PAKT IT ION INFORMATION 

PRINT 1008 
1008 FORMATtlHl.12X.20MTR|ANGLES CONSIOCREOI 

00 31  I-ltM 
ISI2E > N 
IF(I.EO.l)      ISI2C • KREM 
PRINT   1009«      I*LIMlMltLIM2lll«     ISI2E 

31  CONTINUE 
1009 F0RMATI10H PARTITI0N.6X   5HFIRST .2X.2HTO>2X>4HLAST *   «X.9H0IMENSI0M/ 

1 «X*l3*llX*l3*6Xtl3ilOX*l3l 
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DO 28 I * l.KTOTAL 
ALF( I ) « ALF II)/RAD 

2A CONTINUE 
ALL ANGLES NOW IN RADIANS 

DO <.00 1 = 1 . JTOTAL 
I IS A TRIANGLE COUNTER 

Bll « l./EXI I ) 
012 = -NUYXII) / E Y I I ) 
022 • 1. / EY( I ) 
033 = 1. / GXVII» 
DELTA = B11*022 -B12»«2 
CPf 2.1 I = - B12 / DELTA 
CPI1 .1 I = 022 / DELTA 
CPC3.1I * 0. 
CPI1.2) =• CP I 2•1 ) 
CP(2.2 I « 011/ DELTA 
CPI3.2) * 0. 
CPU.31 * 0. 
CPC2.31 • 0. 
CPC3.3) » 1./B33 

C NOW IN CI3.3) . MATRIX I 

30 CONTINUE 
THOMEG « X(LII.21 I »Y(L(I.3)> *XILI I.1 I)»YILI1.2 I) 
1 • YILII.1))»XILII.3)> -XILII.3))»YILII.2») 
2 - XILI I.11)*YILI I.3)) -riL([il)|iXILII>2ll 
THOMEG-ITHILCI.1))*THILI1.21l+THILII.311)/ 6. • THONFG 
X12 • XILII.21)- XILI1.1)1 
X13 « XIL11.3))- XILII.lll 
ETA2« YILII.2))- YILII.ll) 
ETA3* VILI1.311- YILII.ll) 
DELTA • X12*ETA3 - XI3»ETA2 
DO 38 II > 1.3 
DO 38 JJ » 1.3 
AI II*3.JJ.l) 
A111•JJ+3.1) 
A111*3.JJ.2) 
A111.JJ+3.2) 

38 CONTINUE 
All.1.1) • 1. 
AI2.1.1) 
AI3.1.1) 
All.2.1) 
AI2.2.1) 
AI3.2.1) 
All.3.11 
AI2.3.1) 
AO.3.1) 
DO 39 II 
DO 39 JJ 

0. 
0. 
0. 
0. 

-IETA3-ETA?) / DELTA 
IXI3 - X12) / DELTA 
O. 
ETA3 / DELTA 
-XI3 / DELTA 
0. 
-ETA2 / DELTA 
X 12 / DELTA 
1.3 
1.3 

A111*3.JJ*3.1) » Allt.JJ.l) 
AI I I.JJ.2) • AI JJ.11.1) 
A111*3.JJ*3.2) » A I JJ.11.1) 

39 CONTINUE 

TRANSPOSE OF INVERSE OF A NOW IN All.1.2) . A INVERSE STILL IN A 

CALL MXMULTIDO.A.KMXI1.1).3.6.6) 
CALL HXNULTIC.KMXIl.l) .CDAI1.1.I).3.3.6) 

PRODUCT C»D»IA»«-1) NOW IN CDAI1.1.I). ITH TRIANGLE 
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CALL MXMULT<A<1.1.2 I.DTO.A.6.6.3I 
CALL MXC0N<A.KF>R<1 • 1 • I > .THOMEG .6.3) 
CALL KXKULT< KPR< 1.1. I > »CDA( 1.1 . I ) .KMX .6.3.6) 

MATRIX K(I) NOW IN KMX. TRIANGLE I 
DO 40 II =1.6 
DO 40 JJ =1.6 
T(II.JJI 

40 CONTINUE 
T(l.l) 
T<4.1> 
TI2.2I 
T<5.2) 
TI3.3) 
T (6 .3 ) 
Til,4) 
T<4.4) 
T<2.5) 
T<5.5> 
T < 3 .6) 
T16.61 

= 0. 

COS(ALF(L(I.1))> 
SINIALFIL(I.1 > ) ) 
COS(ALFILI I.2)> » 
SIN<ALF<L<1.2))) 
COS<ALF<L<I.3))) 
SIN<ALF<L<1.3))) 
-T <4.1) 
T < 1 . 1 ) 
-T < 5 » 2) 
T< 2.2) 
-TI6.3I 
T< 3.3) 

CALL MXMULT I KMX »T.A.6.6.6) 
T <4.1) - " T<4.1) 
T < 5.2) * - T«5.2) 
T <6 .3) >= - T <6.3 ) 
T<1.4) = - T <1.4) 
T < 2 .5 I * - T < 2 .5 ) 
T < 3 .6) « - T < 3 .6 ) 

INVERSE OF T NOW IN T 

CALL MXMULT CT.A.KPRI1«1»II»6.6.6) 

K—PRIME NOW IN KPR . A MAS BEEN CLOBBERED. 
400 CONTINUE 

RETURN 
aoo PRINT 1051. II.JJ.I! 
1051 FORMAT<1H1. 5M EF<.I3.1M.I3.7H) 

STOP 
900 CONTINUE 

PRINT 1050 . J 
1050 FORMAT<1M1 35HCOULD NOT INVERT 
950 CONTINUE 

REWIND 20 
STOP 
END 

CASE 2 
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SUB90UTINE STRESS 

STRESS SUBROUTINE CASE 2 

THIS SUHROUTINF DERIVES AND PRINTS STRESSES 

COMMON /STRSS/ ALFI155). MSI2E. R. GAMMA, EI. GII.XNUI?) 
COMMON / 1/ S(32.32.5) .L(300.3).G(3?).SPACE(20) 
1 . NUFI3.314) .*(155 I.Y(155).CDA(3.6.250) 
2 . <PR(6»6.250).<1SIC(31O).JTOTAL.N.KREM,M . IMP. [PL 
3 . PI155.2I .0(155.2) 
COMMON/LIM/ LIM1(10)«LIM2(10) 
J1MFNSI0N 0VX(6). SIGOUT(6 32) 
DIMFNT I ON SPI32.10) 
EQUIVALENCE(S.SIGOUT) .(NUF.SP) 
Tvpf RE«L KPR 
EQUIVALENCE (S.SIG) . ISI931).PSTRI . ISI 1861 ).XO).ISI 2161).YO) 
EQUIVALENCE (SI 2*61).DEL) . (S(?761).DX) 
DIMENSION ERR I 310) 
DIMENSION DX(6) . SIGI4.168) . PSTRI3.310) 
DIMFNSIDN X0I3O0I . Y0I30C). DE L ( 31 f ) 
DIMENSION KS22I32.96) 
FOJIVALENCE IICPR . ICS 22 ) 
TYPE REAL KS22 
DATA 1PK»999.) 

C REMOVE GAPS FROM SPI32.10) = DELI310) 
DO 5 J»1.*REM 
DEL(J) * SP(J.l) 

5 CONTINUE 
KLOC « KREM -N 
DO 10 I * 2.M 
KLOC = KLOC • N 
DO 10 J = l.N 
DELIKLOC+J) « SP(J.I) 

10 CONTINUE 
PRINT 1010 

1010 FORMAT(1M1.50X.13MDISPLACEMENTS.// ) 
NOEL « MSIZE/7 
JCNT » 0 
00 15 JM.NDEL 
JCNT * JCNT • 1 
IF(JCNT.LE.18) GO TO 14 
PRINT 1010 
JCNT « 0 

14 JFIR » 7»<J-1) • 1 
JLAST » JFIR • 6 
PRINT 1011 . ()C.K»JFIR.JLAST) 

1011 F ORMATI1H .7(B X.4H0fc L(.I 3.1H) )) 
PRINT 1012. (OEL(K).K=JFlR.JLAST) 

1012 FORMAT I1H .7(2X.E14.7)/) 
15 CONTINUE 

LOCI « 7 *MDE L•1 
LOC2 * MSIZE 
IF(L0C1.GT.L0C2) GO TO 20 
PRINT 1011t(K.K*L0Cl*L0C?l 
PRINT 1012. ( DEL (K I .IC*LOC 1 .LOC2 ) 

2" CONTINUE 
DO 855 I'l.JTOTAL 
J « I 
Ki * 0 
00 831 KK »1 .3 
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DO M? «J "1.? 
Kl   '  K     *   I 
IF« PI  J*KKI*KJI.GT.PK) GO TO 828 
irC2«'MJ»KIC»-l )*KJ-MSIC(IPL) ) 801. 80?» 801 

80? 112 ■ IPL 
GO TO 827 

•01 IHR • IPL - 1 
806 ir(2«a«J»ICK)-l» ■HU -MSKIIMRM  80*. 80^. 805 
80s it? » im 

IPL ■ tm 
CO  TO 827 

80* IHR ■ IMP - 1 
Ca TO 806 

809 IMP « IPL ♦ 1 
•07 IF(2«<L<J.KKI-n ♦KJ -MSK(IMRI) 805. 805. 810 
• 10 IMR - IMR ■» 1 

GO TO 807 
827 DVXIKZI ■ DEL CM?) 

60 TO •« 
•28 DVX(K2l« DILIJ*KK)»KJ) 
832 CONTINUE 

DXIK2-n ■ DVX(K2-1I*C0S(ALF(L(J.KKI ) l-OVX UZ l«SIN( ALFIL IJ.KKM I 
OXIKZ» ■ DVX<KZ-1)*SIN(ALF<L(J.KK)) l4-DVX(K2)«C0SIALF(LIJ.<K)n 

•31 CONTINUE 
DX2 ■ OX«2» 
0X12) ■ 0X(3) 
0X131 ■ 0X151 
oxm ■ DXIAI 
DX(«) • 0X2 
CALL MXMULTICOAI1*1.1 t.OXt SIGI1.11.3.6.11 
KK3 > 1 
IF(I.GE.37.AND.1.LE.122)  KK3 > 2 
SI6I4.II   >  SlGO.tl 
SIG«3.n   >   XNUIKK3t«(SIG(l.n«SIG(2.II) 

:     SIGMA  NOW   IN  SIGU.I»      .   TRIAN6LE   I 
XOIIt   ■  0« 
rout > o. 
DO »40     K  "   1.3 
xom ■ xo«n ♦ xtLd.Kn 
VOdl   ■   Y0<II   ♦   VILII.Kn 

•40 CONTINUE 
xom ■ xom / 3. 
YO«I) ■ ro«n / 3. 

•90 CONTINUE 
•»9 CONTINUE 

ENBARY > R/4>4MSIG(2.1)+$1(>(2*4I*SIG<2.13I*3IG(2.25M 
1 ♦IXI20I-XI3S))«(SIGI2.37)4SIG(2.50)I 
2 ♦(X<36t-XI45n*(SIG(2.64KSI6l2.Mn 
3 ♦(XI54)-XI64))/3.*«SIGI2.96KSIG«2.1in«SIG(2.1I3)t 
ENBARY ■ SORT I 3.)/ENBARY 
00 860 I«1.632 

860 SIGOUTdl ■ SIGOUTI I|*ENBARV 
1 ■ 1 

•70 CONTINUE 
PRINT 1000 
LINE ■ 3 

1000 FORMAT(1H1.2(•HTRIANGLE.6X.BHCENTR0I0.9X.12HVECTOR SIGMA,1 OX»/» 
•71 CONTINUE 

II ■ 1*1 
00 ••O  J*1.4 
60 TO «•73.874.875.875». J 

• 73 PRINT 1001. I. XÜIII« SIGU.I».11.XOm». SIGIJ.II» 
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GO TO STB 
S74 PRINT 100?,   vn(tl.SIOIJ*!I«     VOIIII, SIGIJill) 

GO TO m* 
ms   PRINT lOCIt SIGU.II. SIGCJ.ll) 
S78 CONTINUE 
880 CONTINUE 

LINE • LINE ♦ 6 
I ■ I* 2 
PRINT 100* 

1001 FQRMATIIH 2( 5X111.FU.6* 7X,F15,8,10«M 
100? FO^MATJIH 7(8X»F14.6t 7* ,F15.«♦10X> t 
looi Fni»r/AT(iH 2(29x«Ei«*Siinxn 
100*   »■••4ATJ/) 
1069   •rjRMATIlH   i10XtE15.8l 

IFI UGT.JTOTALI     GO   TO   S90 
IF   (UNEaGT.S*)   GO   TO  870 
GO TO S71 

890 CONTINUE 
WRITE (201  ISIGOUTIl>,I-1.316t CASE 7 
PRINT 8787. ENBARV 

8787 FORMATI//21H NORMALIZATION FACTO« •.2l*EI9.7l 
RETURN / 
END 

PROGRAM  MAIN 

C     THIS   IS   THt   ExECUTIVt   MRUGRAM  uStü  WITH  SUBMUUMNt   ttlOMX   AND  SUBROUTINE 
C      CHLSKV      TO  GENERATt   ANU   SOL VI    LAWCf    SYSTEMS  (IF   L INI AR   fcüUATIONS 

C 
REWIND   20 CASf  6 
CALL   TAPFS«1P(?0.6.J) 
CALL   TAPESK|P(20*3t>! 

1   CONTINUE 
CALL   INPUT 

NOM   HAVE   ALL   K-PRIME  ANJ COA  MATRICES 

CALL CMLSKV 

NOW   HAVE   SOLUTION   U   IN  SP 

CALL   STRESS 

ALL   STRESSES   NOM   PRINTLO  ÜJT 

GO   TO   1 
22 CARDS 
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SUBROUTINE INPUT 

TRANSVERSE SMEAR CASE 6 

C THIS SUBROUTINt READS AND PRINTS THE INPUTS FOR THE PLANAR FINITE 
C ELEMENT PROGRAM. ALL INPUTS NOT READ ARE GENERATED MERF. 
C 

COMMON /STRSS/ ALFI155), MSIZE. R. GAMMA, EI. GI!.XNU(2> 
COMMON /l/ S<32.32.5),L< 300.3),G<32) .SPACE<20) 
1 . MUFI3.3HI .*(1551.*(1551.CDA(3.6,2501 
2 . KPRI6.6.250).MSK(310).JTOTAL,N,KREM,M . IMR. IPL 
3 . PI155.2) .Df155.2) 
COMWON/LIM/ LIM1(10),LIM2«10) 
DIMENSION SPI32.10) 
DIMENSION NUYX(250),NUXY(250), GXYI250), EX(250), EY(250) 
DIMENSION BUMP dot « BUMPK5) 
EQUIVALENCE (NUF.SP) 
EQUIVALENCE (C.CP) 
DIMENSION JL(79,3) 
DIMENSION COMENT(10) 

C 
C NUYX = NUXY. THIS MODIFICATION 

EQUIVALENCE (NUXY.NUYX) 
DIMENSION TH(155) • CP(3.3) . T1(3,3.2),T2(3.3).DTD(18). 
1 T(6.6).KMX(6.6). C(3.3).A(6.6.2).DO(3.6).DD(1#I,DT0(6.3) 
EQUIVALENCE (S.F) . (S(901).VF). (S(1801).PHI).(S(2701).ER) 
1 . (S(3001).EF).(S(3901),NUR) 
2 . (DO.DO) • (DT3.DTD) . (S(4396).TH) 
3 . ( S ( 4511) .CP ) . (S ( 4521 ) * T1 ) . (S(4941).T?) 
4 . (S(4551 ) »CABC) . (S(4581).T) . (S<4621).KMX) 
5 . (S(4671)•A) 
TYPE REAL NUXY 
TYPE INTEGER BUMP, BUMP1 
TYPE REAL NUYX, NUR. NUF. KPR. KMX 
DATA (KTOTAL = 97) 
DAT A(BUMP* 2.4,7,7,15,1 ,9 ,9 ,12,-1) 
DATA(BUMP1* 5,7,7,7,5 ) ,(PI» 3.1415927) 
DATA (RAD » 57.29578) 
DATA (XL IM*1 ,E-8) 
DATA (PK'999.) 
DATA ((OD(JJ),JJS1,10) * 0,, 0«, 0.. 1*. 0., 0,, 0., 0., 1 * * 
1 C». 0•, 0#, 0 • . 0•, 1«, 0., 1«, 0. ) 
DATA ((DTD(JJ)<JJ*1.18) = 0., 1., 0., 0., 0., 0., 0., 0., , 
1 0., 0., 1., 0., 0., 1., 0., 1., 0.) 
DATA(((JL(I,J),I*1,79)«J=1,3) « 
1 1>1.1.2.2.3.3.3.4.4.4.5.6.7.7.8.8.8.9.10.10.11,11,12,13,13, 
2 14*15.15>16.16.17.17.18.18.19.20.23.24.24,25.25.25.26.28.29. 
3 29,30,30,35.21.21.21,21.22,22,23.23.27.27.2 7,28.28.36.46.37, 
4 47.38.48,39,39,4J,41,41,41.42,42,43,43, 
5 2.3.4.6.7.7.8.9.9,10,11,11.13,6,14,14,15,16,16.16.17,10. 
6 18.18.2U.21,21.21,22,15,23,23,24,17,25,25,35,27,27,28,28,29, 
7 30,30,32,32,33.33,34,36,35,37,38,39,39.40,40,41,41,42,43,43,44, 
8 45,37,46.38,47,39,48,49,49,40,50.51.51,52,52,53. 
9 3.4.5.7,3,8.9.4,10,11,5.12.14.14.8.15.16.9.10.17.18.18.12. 
1 19 .21.14.15,22,23,23,17,24,25,25,19,26,21,24,28,25,29,30,26, 
2 31,29,33,30,34.31,37,37,38,39,22,40,23,41,27,42,43,28,44,32, 
3 46,36,47,37,48,38,49,40,50,50,51,42.5 2,43,5 3,44 ) 

READ 1000,ICOMENT(I),1 * 1,10) 
1000 FORMAT(10AS) 

PRINT 1001«(COMENT(I).1x1,10) 
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loni FORMAr(1H1»10A8I 

KTOTAL - TOTAL NUMBER OF .MODES CONSIDERED 

RFAD AND PRINT 

JTOTAL = lb8 
READ 1003. VF. GAMMA,EI. XNUI. BETA 

1003 FORMAT<5E10.<O 
IF IVF.EQ.u.I 00 TO 950 
PRINT 1018 
PRINT 1016 
PRINT 1017. VF. GAMMA. EI. XNUI. BETA 

1016 FORMATUH .13X.2HVF. 1CX.5HGAMMA. 13X.2HE1. 11X.<.HXNUI. 11X4HBETA) 
1017 FORMATI1H .5(E1*.8>) 
1 0 1 8 F O R M A T ! / / / / ) 

S3 = SQRTI3.) 
S302 = S3/2. 
Ell = EI / GAMMA 
XNUII = XNUI/BETA 
G11 * E I I/(2.•(1.*XNUI1)) 
XNU(l) > XNUI 
XNU(2) » XNUII 

C 
EPI = EI 
EP1I « EI I 
XNUPI » XNUI 
XNUPII - XNUII 
EPI « EI/CI.-XNUI»»2) 
EPI I * EI I/(l.-XNUII«»2I 

C 
XNUPI = XNUI/I 1.-XNUI ) 
XNUPII * XNUII/«l.-XNUII) 
DO 200 I * 1.97 
TH(I) >1. 
ALFI I>»0. 
0(1.1) * 1000. 
0(1.21 * 1000. 
P( I .1) » 0. 
P(I .2) * 0. 

200 CONTINUE 
I * 0 
00 201 J« 1.10 
1 • I »BUMP(J) 
01 I.1) * C. 
0(98-1.1) * 0. 
P(I.l) * 1000. 
P(98—I.1) = 1000. 

201 CONTINUE 
I » 0 
DO 202 J * l.S 
I * I• BUMP 1(J) 
D(I .2 ) = 1 . 
0(98-1.2) = -1. 
P( I .2 ) - 1001-. 
P(98-I.2) = 1000. 

202 CONTINUE 
D(1 . 1) » 
D( 1.2) - 1 • 
0(1.1) « luOG. 
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P(l»2) « 1000. 
0(34.1) '     Ü. 
DC34.?» - 1. 
P(34.1> - 1000, 
P(3*.2I » 100U. 
0164*11 « 0. 
0(64*21 « -1. 
P(64*l1 « 10'JO, 
P(64*2) • 1000. 
0(97*1) « 0. 
0(97*2) = -1. 
P(97*l) « 1000. 
P(97.2) « 10UG» 
P(64*2) ■ 1000. 
R» SORT(2.»S3»VF/PI ) 
X(l) ■ S302 
Yd ) ■ • K 
00 210 1 -1*4 
«IIMI « S302 - R/*. 
Y(I*ll ■ .5 -  R/*. 
CONTINUE 

•C0£(P|»(l-l)/6.» 
•SlN(PI«l1-11/6.) 

210 

00 220     I>1*7 
X(I*»I   •   S302   -  »/2.»  C0SCPI»(I-1)/12.- 
YU**»   •   »^        -  R/2.»   SIN(Pt«( l-D/l?.) 

X(l*12l   ■     S302   -   ).*R/4.*C0S(PI*(I-1)/12*) 
Y(I*12I   ■     •»     -     3.»R/*.»5rNIPI«(|-l)/12.) 

Ill^lfl   ■     S302   -  R   •  C0S(PI«(I-1I/12.) 
Y(|*19)   ■     .9     -     R  •   SIN(PI*(I-1I/12*I 

220 CONTINUE 
11941   ■   S302 
y«i4i • - «r 
XI911 • S3P2 
VI91I ■ IVI2«>«YI34iM   /  2* 
X(4»l • -•§•   TAN(P|/6.) 
TI4SI ■ •« 
DX   ■   IU-KI/I2.*C0SIPI/6*I) 
X()*l ■ XI4«I   ♦  OX 
VI3AI ■ .4 
XI99I • (XI20)*Xl36n/2. 
YIJ»I • ,9 

DO 290  I   •   1*4 
Xl|«49l   >    14   -II«   XI45I   /«• 
V(l«4«)   ■    I«   -II«   VI*«)   /«• 

290 CONTINUE 

OfLX   ■   XI4«I   -II4«I 
OCLV   ■   VI**I-VI6«I 
00 240   I   >   1*0 
XI|«MI   "   XI IO»t   «t>lLX 
YII«MI   •   VI l*9»l   *UELV 

240 CONTINUE 
XI92I   •   XI44I   «lll94l-XI44))/3« 
YI32I   •  -•§ 
XI99I   ■  2*«II92I   -  XI66I 
YI99I   ■  ••* 
XI2TI   ■  XI29I   •   iai92i-ll23»)/3. 
»1271   •  VI29I   ♦   IVI92l-VI23)l/3. 
XI20I   •  2««II27|-XI29I 
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V « 2 8 1 
x c 29) 
YC29) 
XC30) 
Y ( 10 ) 

c 
c 

00 250 1=50,97 
*11) 1 -XI98-II 
VCI) « -YC98-I) 

250 CONTINUE 
C 
C 
C PRINT OUT NODAL DATA 

1 » 1 
12 CONTINUE 

LINE » <• 
PRINT 1010 

11 CONTINUE 
PRINT 1011. I. XII). VII>. P(I.l). PCI.2). DC I « 1 > • 0(1.21. 
1 THI I). ALF(I I 
I « 1*1 
IF<I.GT.KTOTAL) GO TO 14 
LINE • LINE * 2 
IFILINE.GT.56) GO TO 12 
GO TO 13 

14 CONTINUE 
1011 F0RMATI1M 14.713XE11.4).5X.F11.2/1 
1010 FORMATI5M1NODE.7X.1MX.13X.1MY.13X.2MP1.12X.2HP2.12X.2HD1.12X.2HD2. 

1 8X.9MTMICX.NE SS »9X.5HALPMA /) 

I - NUMBER OF NODE 
X - X- COORDINATE OF ITM NODE 
Y - Y- COORDINATE OF ITM NODE 
PCI.ll - KNOWN AND UNKNOWN FORCF COMPONENTS ALOKG 1 DIRFC TI ON 
PC 1.2) - KNOWN AND UNKNOWN FORCE COMPONENTS ALONG 2 DIRECTION 
DC 1.1) - KNOWN AND UNKNOWN DISPLACEMENTS ALONG 1 DIRECTION 
DC 1.2) - KNOWN AND UNKNOWN DISPLACEMENTS ALONG 2 DIRECTION 
ALFIII - ANGLE BETWEEN X DIRECTION AND 1 DIRECTION CPOSITIVE WHEN 

COUNTER-CLOCKWISE) 
THII) - PLATE THICKNESS AT ITH NODE 

GET MSK MATRIX 
JP » 0 
DO 27 J«l.KTOTAL 
DO 27 I>1. 2 
IF IPI J.D.GT.PK) GO TO 27 
JP « JP*1 
MSK U P ) - 2 • IJ-1) • I 

27 CONTINUE 
MSK IS MATRIX OF INDICES OF KNOWN FORCES 
IF FORCE P IS UNKNOWN. IT IS INPUT AS 1000. 

NOW READ IN TRIANGLE DATA 

JTOTAL - TOTAL NUMBER OF TRIANGLES 
DO 19 1-1.79 
DO 19 J-1.3 

19 LI I.J) « JLC I.J) 
DO 260 I* 80.158 
DO 260 J« 1.3 
LI I .J) • 98 - LI 159-1.J) 

260 CONTINUE 

= 2.#Y C 27 I-*( 23) 
= X ( 28 ) •IXt'U ) -X I 28 I )/3. 
= Y(28 ) + < YI 31>-Y(28) )/3. 
= 2.»X<?9)-XI28) 
« 2.»Y(?9)-v(28) 
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C L(J.l) - INDEX CF THt FIRST NODE OF THE JTH TRIANGLE 
C LI J.2) - INDtX OF T Ht StCONU NODE OF THE JTH TRIANGLE 
C L(J * 3) - INDEX OF THt THIRD NODE OF THE JTH TRIANGLE 
C 

DO 20 1 = 1•JTOTAL 
IF<I.IE.36.OR.I.GE.123) GO TO 300 
EX<I) * EPII 
EY(I) = EPII 
NUXY(I) =XNUPI I 
GXY(l) = EPI1/<2.»<l.+XNUPII>) 
GO TO 310 

300 EX I 11 = EPI 
EYII) * EPI 
NUXY(I) •= XNUPI 
GXYII) = EPI / (2.*(1.•XNUPI)) 

310 CONTINUE 
20 CONTINUE 

C PRINT OUT TRIANGLE DATA 
LINE = 4 
PRINT 1012 
DO 24 I'l.JTOTAL 
IFILINE.LT.54) GO TO 22 
LINE » * 
PRINT 1012 

1012 FORMAT(1H1.8HTR1ANGLE.4X6HNOUE 1.3X.6HNODE 2.3X.6HNODE 3.18X.2HEX. 
1 18X 2HEY•16X.4HNUYX•17X•3HGXY//) 

22 LINE * LINE+2 
24 PRINT 1023* !• «LI I.J)•J = 1*3).EX 1 I)»EY(I).NUYXI I),GXY(I) 

1023 FORMAT<1N .5X.I 3 .7X.13.2(6X•13).4<5X.C15.8)/) 
C 
C 

MSI2E * 156 
KREM * i 6 
N » 25 
M « MSIZE / N 
IF(KREM .NE .N) 

LIMH1 ) • 1 
LIM1I2) m 1 
L IM1(31 = 1 
LIMlCt) s 1 
LIM1I5 ) X 1 
LIM1(6) = 1 
LIM1I7) s 1 
LIM2I1) E X58 
LIM2I2) B 158 
LIM2(3) • 158 
LIM2(4> 9 158 
LIM2(5) 3 158 
LIM2I6) 3 158 
LIM2I7) 3 158 

C 
C PRINT OUT PARTITION INFORMATION 

PRINT 1008 
1008 FORMAT!1H1.12X,20HTRIANGLES CONSIDERED) 

DO 31 1*1»M 
ISIZE * N 
IF<I.EO.l) ISIZE * KREM 
PRINT 1009. ItLIMKII.LIM2II). ISIZE 

31 CONTINUE 
1009 FORMAT(10H PARTITION.6X 5HFIRST,2X.2MT0,2X.4MLAST. 6X.9HOIMENS I ON/ 
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DO   ?B    :    •    1.KTOTAL 
ALFII)    -   ALF I I 1/RAU 

28   CONTlNut 
C      ALL   ANGLES   NOW    IN   RAUtANS 

DO   <.0C    I»lf    JTOTAL 
C       I IS   A   TRIANGLE   COUNTER 

Bll   *    1./EK1 I ) 
B12   *   -NUVX« II    /   EVI I I 
Ü22   •   1.   /   EVI I I 
833   •   1.   /   GXVJ I) 
OtLTA   >   bll«b22   -Öl2«»2 
CPJ2ilI =   -   812   /   DELIA 
CPIItll '   B22   /   DELTA 
CPI^tll »      0. 
CPIlt2l   »   CP«2tll 
CPI2t2l        »   Bll/   ÜELTA 
CPH»2l        •      0. 
CPU.3»      •    o. 
CPI2.3»        ■      0. 
CP(3*3>   *   1./R33 

f 
C  C HOm   IN CI3.3I   « MATRIX I 
r 

30 CONTINUE 
THOMEG      >   XILI l.2»»»VIHI»3n   »Xl L I I ♦ 1» ) »r IL I I .2 11 

1 ♦   VIL<l*in*XILII.3l)   -X(Ln.3l»»VILII.2ll 
2 -   X(LII«ni*VlLII«3n   -V<LIIt|l)«X(LI l*2ll 
THOMtG'tTHlLt l«lll*THaMi2ll*THIL(I*))l»/   6»   •   THOMFG 
XI2   •   X(L« 1*21»-   XILIItlM 
xn • X«LI l»sii- xiLtuin 
ETA2>   VILI Ii2))-   riLII.IM 
ETAi« vai ii3n- vjLiun» 
DELTA   •   XI2*ETA3   -   XI3*ETA2 
00   3«   II   ■   1*3 
DO  31   JJ   ■   1*3 
AllfOtJJtl»   ■   0. 
Altl«JJ«3*l)    •   0. 
»m»3.JJt2l   •   0. 
AIII.JJ*3»2I    ■   0* 

36  CONTINUE 
AU.l.ll   >    I* 
AI2.1.1I   >   -IEI*3-fcTA2l   /  DELTA 
AI3.1.1I   >    1X13   -   XI2>   /  DELTA 
All.2»ll   ■   0. 
Al2.2.n   •   FTA3   /   DELTA 
AI3.2»ll   ■   -XI3   /   DELTA 
All.3.1»   ■   0* 
AI2t3*ll   ■   -FTA2   /   DELTA 
AI3»3»H   ■   XI2   /   DELTA 
DO   39   II   >   1*3 
DO   39   JJ   <   1.3 
All lO.JjOtll   «   A« II.JJ.ll 
AIII.JJ.2I    -   Aijj.II.ll 
A« I l«3«JJO*2l    >   AIJJ.II.ll 

39 CONTINUE 
C 
C      TRANSPOSE   OF    INVERSE   OF   A  NOM   IN  All.1.2 I    •   A   INVERSE   STILL   IN   A 
C 

CALL   MXMULTIUO.A.KMK 1.11.3.6.61 
CALL   MXMULTIC.KMXI 1 «1 I      »COAI1.1»I I.3.3.6 I 

C      PRODUCT   C»0»IA»»-n   NOM   INCDAU.UII.    ITH   TRIANGLE 
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CALL  MIMULTl*lltl»?l*0Tn***«*«*1l 
CALL   MIC0MI*tKPIIIltltll*tH0«rG***1l 
CALL   MIMULTIKPIKlil*! I »CUAt 1 • I • I I •K''l*6* «*6I 

C 
C     MATRIX   Kill   MOW   IM KMIt   TR|*MoLt    I 

00  *U   II   «It* 
00 40   JJ  «It* 
TIMtJJI       ■  0. 

«0 CONTIMUC 
Tll.ll        ■    COSIALFILUdMI 
Tl»,n        ■     SINIALFILIU1III 
T(2.2I        •    COStALFILIUJIM 
TI».2I        ■     SINIALFILII.2MI 
Tei.SI        •    C0SIALFILIU1III 
TIA.JI        ■     SlMIALriLtUSlll 
TIltAI        •  •TUtll 
TI***I     ■   nun 
T(2*9l        • •Tl»t2l 
TI5.5I        •     ri2i2l 
TI9»»I        •  -TI**9I 
ri«««i        •     TlltSI 
CALL  MXHULT   UMI*tt**»*»*ftl 
Tl»tll   ■  • TUtll 
II».21  > - m*2i 
TI4.1I   •  -  TUtSl 
Til.41   ■  -  TI1.4I 
TI2.»I   ■ - TI2«»I 
TIJ.AI   ■  - TI9t*l 

C 
C      INVCMSC  Of   T MOM   IM  T 
C 

CALL  MKMULT   IT.*.KMI|.|.||.«.«.*I 
C 
C     K-#MIMC  NOM   IM KM   •  A     HAS KCM CLOttfRfO. 

♦00 CONTINUE 
NCTUM 

•00 MINT   IMl.ll.JJtll 
1091   FORMATIIMI.  »H    t» I . 19. |H. I I.TMI   •  IRI.I9.MMI   ■  0.1 

»TO» 
MOO CONTIMUC 

PRINT   1M0       .  J 
1090  rORNATUMl     99MCOULO NOT   INVffMT  MATRII     Tl .TP|MN6i( . I «I 
990 CONTIMUC 

RCMIMO  20 <AU   ft 
STOP 
CNO 
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FUNDAMENTAL CASE 6 

SUBROUTINE STRESS 

STRESS SUBROUTINE CASE 6 

THIS SUBROUTINE DERIVES AND PRINTS STRESSES 

COMMON /STRSS/ ALF(155). MSIZE. R. GAMMA« EI. GII.XNU(2) 
COMMON /l/ SI32.12»M.LI30().3).C.(32».SPACEI?0I 
1 . NUF ( 3*314) ,X ( IS1-) .Y ( 155 > »CDA( 3 .6.250) 
2 . KPR (6.6.250) .MSr. ( 310 ) .JTOT AL .N .KREM.M . IMR. IPL 
3 . PI155.2) «l> (155.2) 
COMMON/LIM/ LIM11101.LIM2(10) 
DIMENSION DVX(6 ) . SIG0'JT(632) 
DIMENSION SPI32.10) 
EOUI VALENCE(S.SIGOUT) .(NUF.SO) 
TYDf REAL KPR 
EQUIVALENCE (S.SIG) . (S(931).PSTR) . IS(1861).XOI.IS«2161).YO) 
EQUIVALENCE (SI 2461).DEL 1 . ISI2761I.DX) 
DIMENSION tRR(310 1 
DIMENSION UXI6I . SlG(4.168> . PSTR0.310) 
DIMENSION XOI 300) . Y0(300). DELI310) 
DIMENSION *322(32.96) 
EQUIVALENCE (KPR.KS22) 
TYPE REAL KS22 
DATA <PK«999.) 

C REMOVE GAPS FROM S P ( 3 2 . 1 0 ) = D E L ( 3 1 0 I 
DO 5 J * 1 .KREM 
DEL I J > * S P I J . l ) 

5 CONTINUE 
KLOC « KREM -N 
DO 10 I » 2.M 
KLOC « KLOC • N 
DO 10 J * l.N 
DELlKLOC*J> - SP(J.I) 

10 CONTINUE 
PRINT 1010 

1010 FORMAT I1H1»5UX.13HOIS^LACEMtNTS »//) 
NOEL " MSI2E/T 
JCNT « 0 

. 00 15 J-l.NDEL 
JCNT « JCNT • 1 
IFIJCNT.LE.18) GO TO 14 
PRINT lOlo 
JCNT • 0 

14 JFIR * 7»(J-1> • 1 
JLAST • JFIR • 6 
PRINT 1011 . (K.K.JFIR.JLASTI 

1011 FORMAT(1H .7(8X.4HOE L(.I 3.1H) I) 
PRINT 1012. (DEL(K).K=JFIR.JLAST) 

1012 FORMAT(1H .7(2X.E14.7)/I 
15 CONTINUE 

LOCI 1 7»NDEL*1 
LOC 2 * MSIZE 
IF1L0C1.GT.L0C2I GO TO 20 
PRINT 1011 .(K.K=>L0C! .L0C2 ) 
PRINT 1012. <DEL«K).K»L0C1.LCC2) 

20 CONTINUE 
DO 855 I'l.JTOTAL 
J « I 
K* » G 
DO 831 KK =1.3 
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» 
.  «32 KJ  «It? 

Kl  •  R2  «   1 
IF(   PlL«J»mt»»KJI.OT,PKI   GO   TO   fl?8 
Kl2«IL<J*R.KI-ll<»KJ-MSK(|Pl I )   831.  00?»   803 

80?   112   •   IPL 
60  TO  827 

•01   IMR  >   IPL   -   1 
806   IF|2«CLU*KKI-1)   ♦KJ   -MSKIlMRII     80*.   80)*   BOb 
80%   112   •   IMA 

IPL   •   I««« 
GO  TO 827 

•0*   l*R  •   IMft  -   1 
GO TO 806 

•0)   IMR  •   IPL   ♦   I 
•07   |Fl2*(L(JtKKI-ll   ♦KJ   -MSMIMRI)   80».   805»   810 
•10   IMR   ■   IMft   ♦   1 

GO   TO 807 
827 0VK(K2I   >  DELI 11? I 

GO  TO  832 
828 OVXIKZI«  OILUtKKl.KJ) 
•32  CONTINUE 

OXIKZ-ll   -  DVXCK,£-l)«COSIALML(JtlUII l-UVX U2 ) «SIN« ALFILIJtKKI I I 
OXIKZ»   ■  OVX<KZ-l>«SINIALMLIJ*KMII*OVX(lUl«CCSIALF(LIJtllKm 

•31   CONTINUE 
DX2   ■  0X12) 
rXI2l   ■  DX<3) 
DXI3I   ■ 0X151 
DXC5»   ■  OXUI 
0X1*1   >  0X2 
CALL MXMULT(C0A(l*l»Ilt0Xt   SIGI1ilr»3»6»lI 
KK3  -   1 
IF(UGE.37.AN0*ULfc.l22)     KK3  ■   2 
SIGUtl)   ■  SIG<3*n 
SIGI3tll   ■  XNU(KK3l*<SIGIltll«SIG(2*in 

:     SIGMA NOW   IN  SIGI1*1 I      •   TRIANGLE   I 
xom ■ o. 
YOIII   ■  0. 
DO l«U     K  ■   1*3 
XÜIII   ■  XÜIII   ♦  XILIltKM 
vom ■ vom ♦ VILI I.KM 

840 CONTINUE 
xom ■ xom / 3. 
vom ■ vom / 3. 

•SO CONTINUE 
•55 CONTINUE 

TAuaAR-R/***ISIGI**3l*&|GI«tl2l*SIGU*2*>4-SIGI**36M 
1    ♦ll*-R>/2«oiSIOI****>4-SIGU**9M 

TAUBAR  ■   l./TAUBAR 
DO MO   I»l»632 

•60  SIGOUTID-SIGOUTI II^TAUBAR 
I ■   1 

•70 CONTINUE 
PRINT   1000 
LINE  •   3 

1000  F0RNATIlHl«2l8HTRIANGLE*6X«8HCENTR0IDt«X*12HVECT0R  SIGMAtlOXI/) 
•71   CONTINUE 

II ■   1*1 
DO    880    J»l»* 
GO  TO   1873.874.875.875».  J 

873 PRINT   1001*   I.   XOIII.   SIOIJ.II.II.XOI III.   SIGIJ.III 
GO  TO  878 

874 PRINT   1002*       VUI I) «SIGI J* I I * VOIIII•   SIGIJ.III 
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SIGIJ.n. SIG( J*I1 ) 

♦ h 

GO TO 878 
B7S PRJNT 1001. 
8 78 CONTINUE 
880 CONTINUE 

LINF ■ LINE 
\   '   \*   2 
PRINT 1004 
FORWATI1H ^(bX.n.FU.6* 7X • b 16.8 11 OX t I 

?(BX.Fl«.b. 7x.£lb.B.10X| ) 
;i29x.ei6.e.ioxii 

1J01 
1U0? 
1001 
1004 
1060 

FORMAT«1H 
FORMATI1H 
FORMAT!/) 
FORMATUH   .30X.E1%.8I 
|F( I.GT.JTOT'LI     GO   TO   89J 
IF    alNE.GT.54l   CO   TO   871 
GO   TO   871 

890   CONTINUE 
WRITE   (2ü»    ISIG0UTI1I.I«1.316) 
PRINT   8787.   TAUHAR 

8787   FORMAT«//23M   NORMALIZATION   FACTOR 
RETURN 
END 

CASE   6 

-..?X.E15.7) 
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AUXILIARIES 

SU8H0UTINF  BIGMXnCVCLE» 
C 
C     THIS  SUBROUTINE   SEARCHES   THE   K-PRIME  MATRICES  BETWEEN  LIMHICVCLE) 
C     AND  LIM2(ICVCLEI   TO  SET  UP  THE   KREM OR N     ROWS OF   S«K«2?  REQUIRED 
C     BY   THE   EQUATION   SULVINÜ   ROUTINE   CHLSKV 
C 

COMMON   t\l     S(32t32»^) tLl 1UO,^),r,( ^7) ,SP*CE<2n) 
1 .   NUF0.3U) .xn^l.Yn«)»CDA«3,6»2«.n) 
2 t   KPR(6.5.2*0)tMSIC(3n»,JT0TAL,N.KRPM,M   ,   IMP,    IPL 
3 »     Pd^StD      tDCl*6.2) 

COMMQN/LIM/     Ll«jnO)»LlM2U01 
DIMENSION       SP(32*1U) 
EQUIVALENCE      (NUF.SUI 
DIMENSION    KS22(32«96I «     ICS21I32) 
DIMENSION     01*120) 
EQUIVALENCE     (S*KS22«0)      •   (OtKS21) 
TYOf  REAL  KPR 
TYPE  REAL     KS22   •   KS21 
DATA     (PK  -  999.) 
IFIICYCLE.GT.l)   GO  TO   1 
ISH1FT   «0 
JSHIFT  «0 
Kl   ■  KREM 
K2  > KREM ♦  N 
GO TO  10« 

1 CONT'NUE 
IF   MCYCLE.EO.M»      GO   TO  3 
Kl   * N 
K2  ■  8»N 
GO  TO     2 

^   CONTINUE 
Kl   > N 
K2   •  2»N 

2 CONTINUE 
IFIICYCLE*GT.2)      GO   TO   110 
JSHIFT  "  0 
GO TO  111 

110 CONTINUE 
JSHIFT  ■ KREM  ♦   nCVCLE-3l»N 

111 CONTINUE 
ISHIFT  •  KREM  ♦   ltCVCLE-?l»N 

C 
C     ISHIFT   IS  A BIAS  TO  FIT   THE   EQUATIONS     INTO   THE   CORRECT   ROWS 
C     JSHIFT   IS A BIAS  TO  FIT  THE   EQUATIONS     INTO  THE  CORRECT  COLUMNS 
C 

109 CONTINUE 
C     ZERO OUT     KS22»   KS21*     AS  REQUIRED 

DO 8     I-1.K1 
6(1)  •  0. 
DO I J  ■1.K2 
KS22(I«J)   ■   0. 

8  CONTINUE 
IPL  ■   1 
NLO ■  LIM1IICYCLE) 
NHI   ■  LIM2(ICYCLEI 
DO  100  J-NLO.NHI 
DO  100     t«l*6 
12  •   1 
11 ■   I 

I»   IFII1-3)   IT.   18.   19 
19   II  •   11-3 

12 •   12*1 
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f.O TO IS 
IS IS • 1 

IT > 12 
if  iiPiLU*ii«m-PKi«Gr.rui r.o TO 99 

HFRP IF FORCt IS KNOkN 
PI • P(L(J*3)«I2I 
GO TO 25 

17 IFM1-?» 20,21,21 
20 IS • I 

IT ■ 12 
IF (IPIL(J,II,I2l-PK).GT.O.) GO TO 99 
PI - P(UJ,n,m 
GO TO 25 

21 IS ■ 2 
IT > 12 
IF IIP(I.(J,2I,I2I-PKI.GT.U.) GO TO 99 
PI • P(L(J»2)»I2) 

2* IF (2*CLIJ*IS)-1IMT-MSKIIPLII 101,102,303 
30? Ill • IPt 

GO TO 327 
301 im  ■ IPL - I 
306 IFI2«(LU*ISI-II ♦ IT-MSKMMPII 304* 305, 305 
309 III ■ im 

IPt ■ IMP 
60 TO 9?7 

30* IMP • IMP-1 
GO TO 90« 

909 I»*» ■ IPL ♦ 1 
907 IF l2*tLIJ*lSl-n«IT-«SKIIMftn 909, 909* 910 
909 III • IMR 

IPt ■ tm 
GO TO 927 

310 IMP   "   IMR*1 
60  TO   907 

327   IFIII1-ISHIFT.GT.K1I      GO   TO   92P 
IFIIII-ISMIFT.LT.II     GO  TO  928 
IFIKSmill-ISHIFTI.NC.O.I   GO   TO     921 
KS21III1-ISMIFTI   ■KS2inil-ISMIFTI   ♦  PI 

921  CONTINUE 
00   100     KJ   •   1,2 
DO   IOC     KK   ■   1*9 
IF   (IPIL(J,KK)*KJI-PKI.6T.O.)   60  TO   28 
IF   l2<MUJ*KK)-l)«r.J-MSK(|PLn   lit   12,   19 

12   112   ■   IPt 
60 TO   27 

11   INN  •   IPt-l 
6 IFI2«IL(J*KKI-1I   ♦   KJ  - MSKIlMRII   4,5,9 
5   112   ■   IMR 

IPt   «   IMN 
GO  TO  27 

4   IMP   ■   IM»-1 
60  TO * 

19   IMP   ■   IPL   ♦   I 
7 IF   l2*(L(J*KM-n   *  KJ - MSKIIMPM     5*  it   10 

10   IMR   ■    IMR   ♦   1 
60   TO   7 

27   IFdll-ISHlFT.GT.Kll      GOTO     99 
IFdll-ISMlFT.LT.l»      GO  TO  99 
IFMI2-JSMIFT,GT.IC2»     GO   TO  999 
KS22(II1-ISHIFT,II2-JSHIFTI   ■  KS22( 111-ISHlFT«II2-JSHIFTI 

1 ♦     KPR(l,9*(KJ-n«KK,J   I 
60   TO   99 
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2t irioiUJ.Mii»KJi.eo.o.i uo »o •• 
IFltll.lSHlFT.GT.Kll     GO TO «« 
mm-ISMlFt.LT.ll     GO  TO M 
KS?iiiii-iSMirTi ■ KS?imi-iSHiMi -«»RII*)«IKJ>II«KK*J I 

1 •   DILUtKKI.KJI 
99  CMTINlE 

100 CONTINUE 
C      HAVE   EUtjATIONS»   NOH   SHIFT   THE   Sue<«*TR|CES   TO   THE   PftoPtR   POSITION  ►OB 
C      SUäROUTINE   CHLSKY 

IFllCTCLE.GT.lt     GO  TO 430 
C      Sll.ll    IS   (KREM   X   (»EMI.   SI1.2I    IS   tKIttm   I   Nl 

DO  410     J   •   1t   KPFX 
00  410   I   ■      l.N 
LOCL  •  J  ♦  ltl»EM«II-ll 
LOCR1  »  J  ♦     92*(I-1*KRCM| 

C      SET  UP  SI1.2I   IM   SU.1.41 
011.00.00721   >  0IL0CR1I 

410 CONTINUE 
DO 420     J  -   1*   KREM 
DO 420   I   •   I.KREM 
LOrx   ■  J  ♦  ltREt««MI-lJ 
L0CR2  ■   J  ♦       32»«I-H 

C     SET   UP  Sll.ll   IN   Sll.l.2> 
0II.0CLM024I   ■  OaOCR2l 

420  CONTINUE 
GO  TO 480 

430 CONTINUE 
IF   (ICVCLE.GT.2I     GO   TO 440 

C     SI2.1I   IS   IN  X  KREM)      •      SI2.2»   AND  SI2.3)   ARE   IN  X   Nt 
Kl   «  KREM 
GO   TO  4S0 

440  CONTINUE j 
C      SU.I-ll   t   SU.I»    «   Sll.l*l»     ARE   (N   X   Nl 

Kl   ■ N 
«90 CONTINUE 

C     SFT   UP  SIICYCLE.ICVCLEMI    IN  SI 1.1.41 
IF   IICYCLE.FO.M)   00  TO  461 
DO 460   I   »   l.N 
DO 460  J  ■    l.N 
LOCL  ■  J**»!I-I I 
L0CR1  •  J  ♦  S2»n-1*K1*N» 
0JL0CL*3072»   •  OILOCRll 

460 CONTINUE 
461 CONTINUE 

C     SET  UP  SMCVCLE.ICYCLE»    IN  SCI.1.3) 
DO «6S     I "l.N 
DO  66S     J»1.N 
tOCR2 ■  J*92»II-1*K1I 
LOCL  »  J ♦ N •   «I-ll 
OCLOCL*204«>   -  OILOCR2» 

«68  CONTINUE 
C     MOVE     SIICVCLE.ICYCLEI   TO  SI1*1.2I 

NSO ■ NP«2 
DO 470     11»I.NSO 
OMIM02«)   •  0m*?048> 

470 CONTINUE 
C     REARRANGE  S(ICYCLE.ICVCLE-1)   MITHIN  Sll.l.ll 

KLOC  •  0 
DO 480   I>2.K1 
KLOC  •  KL0C*N 
DO 480  J   >   l.N 
OIKLOC^JI   ■   SU.I.II 
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*80 CONTINUE 
RETURN 

999 CONTINUE 
PRINT 1000.ICYCIF 

1000 FORMAT IH1.3SH BANDWIDTH FXCFEDFD. PARTITION ROW•13) 
I ROW 1 » III • 1SHIFT 
JROW1 = 112* JSHIFT 
PRINT 1001, I ROW 1• JROW1 

1001 FORMAT! 1H .<.HROW=.I3.fcX.7HCOLUMN».!3> 
PRINT 9120. III. 112. ISMIFT. JSMlFT 

9120 FORMAT I 1H .4H I I 1 » • 1 3 »<»H I I 2« • I 3 17HI SMI FT * . I 3 . 7HJSMIF T » . I 3 > 
PRINT 9121. Kl. K2. kREM. N. M 

9121 F0RMATI1H .3HKl».I3.3HK2».I3.SHItL8EM».I3.2HN=.l3.2HM=,I3) 
PRINT 9122.1. J. I PL. I MR. IS. IT 

912? FORMAT <1H .2HI = ,I3.?HJ«,I3.<>HIDL = »I3.4HIMR=.I3,3HIS':.I3,3HIT».I3» 
STOP 
END 
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SUfU»ntlT IftlF   CNLStV 
f 
c    THIS »ouTimf  soivrs    su»f. . MMfur  s n » TMI-OIACONAL »«»TRI»   IN 

c    smM«*T»icts. HITM fir«HNTs of ouor» N, 

C      S   IS KmOHN 
C      SP   IS   *   VlCTO«   OF   PI*ttNSIO%   <NIM|    »HCRt    ¥   IS   THt    NtlMBtB  QT   DIVISIONS   or   S 
C     C   IS HRITTFN  ONTO   TAPi   «FTtP  OEPIVATIOM   ON   THE   FOWBABD  PASS* 
C      *NO  BEAD   HACC   IN ON   TH*   BACKSMEEP 

C      Sll.ltll      INITIALLY   CCNTAINS     Sll.l-D 
f      S«ltl.?l      INITIALLT   CONTAINS     Slttl      I 
C     S«l.It*l      INITIALLY   CONTAINS     Sll.l*!» 
C      SP  COUPESPONDS   TO   P   IN   THE   MRITFUP   BV   GATE WOOD   ON   THE   EOKWAftO   PASS. 
C     ON   THE  BACKSWEEP*   IT  COPNESPONDS   TO U. 

CONNON   /I/      SI);«1?*SI*L«10U«1I*GI)?).SPACEI^Ol 
1 .   NUFI3.3UI •XllS5l*VllSSI*COAI).6t?SOI 
2 %   KPP(6*6*?%Ol*MSKI?10)*JTOTAL«N*r.REM.M   «   |Mft,   |PL 

3 • P<J5%.?I      «OIIS^*?! 
CON^ON/LIM/ LIM1I1 >»,L|M?ll-i» 
OIMFNSION SPO?.|0| 
EQUIVALENCE      INUF.SPl 
TYPE   PEAL   KPN 
DIMENSION       C«102*1 
EQUIVALENCE      IS(*097I.Cl 
DATA   IILIMIT   «l.C-BI 
REWIND «6 
N2  >  2«N 
KREN?  >  2*KREM 
DO 50   ICYCUT   •!»»< 
CALL  BIGMIIICVCLE) I 
IFflCYCLE-21   1.2.3 

1   Kl   ■  KBEM 
K3  >  KBEN2 
GO  TO   10 

?  Kl   •  N 
Kl  ■  KREM 
K3  •  N2 
60  TO  * 

3 Kl  "N 
K2  >N 
K3  >N2 

A CONTINUE 
9   IF   (UNIT,961      6.7   .600.   600 
6 GO  TO  % 
7 CONTINUE 

CALL  NXMULTISU.l.ll   .   Sllil.»)   .   SU.l,3l    .Kl.K2.Kn 
C 
C  SIl.l.S) CONTAINS C FROM LAST CYCLE 
C 

CALL MXSUBIS<1.1.2I . Sd.l.S) . S(1.1.2I .Kl.Kl) 
10 CONTINUE 

C 
C  8(1.1)  NOW IN Sll.1.21 
C 

CALL INVERT (SO. 1.21 . Kl . K3. XLIMIT . FLAG) 
IF (FLAG.NE.O.) GO TO SOO 

C 
C  INVERSE OF 8(1.11 NOW IN  Sll.lt?) 
C 

IF (ICYCLE.EO.l) GO TO ?0 
CALL MVMULT(Sll.l.n .SP( 1 «ICYCLE-l ) • Sd.lO) . N. K? • 1) 
CALL  MXSU8   (G     •     5(1.1.3».  G.   N.   1) 

20  CONTINUE 
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CALL   NIMUlTlSI1*1*}I    •   O    .»P«».    ICVCLf       I    •   Kl    •   K)    «      II 
ir  (irTCLr.cr."»  r-c TO %% 
C*LL   MVMULf    ISI1*I*2I    •    Sll*l«*l    l.SIt«]««!*   Kl    •   Kl    •   «It 
NSQ   »   «1«N 
nurrra -»HT     i4fc.ii     «ctn. rts^o n 

v   CONTINUE 
)•<   CONTlmuC 

c 
C      HOm   IN  BACKSWCEP»   SOLVING  FO*   U 
c 

DO   AO   I   •   ?.•• 
jCrCLE   •  »»-I*! 
rnjrvrLf.GT.ji    PO Tn ^6 
Kl   •  KREN 
GO   TO   17 

9«  Kl   ■  N 
37   CONTINUE 

NSO   >   K1*N 
ir   IJCYCLE.FO.M-lt     GO   TO  *l 
BACKSPACE   «6 

Al   CONTINUE 
BACKSPACE   96 
BUfFER   IN        (9*«1)      ICdltCINSO   1) 

♦2   IPIUN1T«««!   A).   *A,TOO.TOO 
A) 60  TO A2 
44  CONTINUE 

C 
C     UIMIaSPIMl   «   CONSIOER FIRST   IM-liTH CVCLF 
C 

CALL M|NULTISU*lt«l   .SP« 1» JCYCLt»! » »SU . I » 1» »Kl .N»   II 
CALL NKSUBISPU.JCVCLE».   SU.l.l»   .SP11»JCYCLE » .   Kl   •     11 

60 CONTINUE 
C 
C     OINStll  NOW  STORED   IN   SPIN.II   t   I'ltM 
C 

RETURN 
«ftO CONTINUE 

PRINT   1000   .   ICTCLE 
1000 FORNAT   I31H1C0ULD NOT   INVERT   NATRIX   IN R0H*I2) 

STOP 
600 CONTINUE 

PRINT   1001*ICVCLE 
1001 FORNATOTHl ERROR   READING C   INTO CORE  ON   12«   7MTH  ROW.) 

.    STOP 
700 CONTIHUF 

PRINT   1002.   JCVCLE 
1002 F0RMATO7MI ERROR   WRITING C ONTO  TAPE  ON   12.   7HTH ROW.) 

STOP 
END 
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TMIS   SimROUTJNf    MUtflPLIF'i   vAlhi»    a   Hv   MATei«    H      AMt   STORl S   t Mf 
BBOOUCT    IN   C, fC   f«NNOT   «I    TMf    Sixf    *S   *   OR   H,) 

»   IS   (»«   i   Nl 
n is IN x Ki 
C     IS   |M   X   K t 

DIMENSION      «IM.NI    ,   HINiK)    .   CIM.KI 

00   1       1*1t* 
DO 1 L»1.K 
Cl I «LI ■ 0. 
00   1      J>1*N 
CCI.U    •   C«I»LI    ♦   AII.J1    •   «UJ.Ll 

1   CONTINUE 
RETURN 
END 

SUBROUTINE   MXSUb(A.b.C.M.N) 

THIS   SUBROUTINE    SUBTRACTS   MATRIX   B   f HOK   CATHIX   AtbTuR(S   RFSUt-T    IN   C 

A»   B*   AND  C   ARE    IM   X   Ml IC   CAN   Bt    THE    SAML   «S   A  OR   PI 

DIMENSION        AiM.NI   t  n<M,NI    .CIMtNl 

DO   1      1-1*M 
00   1     J«liN 
C( l«JI • Al I tJI - Bd.JI 

I CONTINUE 
RETURN 
END 

SUBROUTINE HXCONIA«UtXtM.N) 

THIS SUBROUTINE MULTIPLIES MATK1X A IMXN» BY CONSTANT X, RESULT IN B 
A MAY BE SAME AS B. 
THIS SUBROUTINE MULTIPLIES MATRIX A IMXN) BY CONSTANT X, RESJLT IN p 
A MAY BF SAMF AS B. 

DIMENSION  AIMfN) . BIMtNl 
00 1 I>1«M 
DO 1 J-l.N 
Bl l»J>« X»A(1tJ) 

1 CONTINUE 
RETURN 
END 
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SubRCiu Tl V I N v L R M : i » s « K 2 . ) l v I N t f L A G I 

I M I S SUHROUT ! N ' .-.i : iif A U N I » A D J A C E N T TO » < * . « « . ) 
C f L t ^ l N T A r f y «-iw -Of >• AT J . ' \ S ARE TH' S P. £)• 1R\»f ; JN; THf K X Jr. VAT 
C Tn REDUCE - < ! « . * I T A , \ | T »A 15 I * . 7 n I S * I L l t>L»C£ THf INVERSE CF 
C THE M A T R I X n i K . n l I * . TM? S I G H T M ^ L F o r 
C ON E X I T . I n t INVERSE Of H P f P L A C t J H 
C H"»*S N ARRAY O^ LOCATIONS C ONT AI Nl Mb li-t> VAI "5 I x 
C <C I S THE DIMENSION 0^ Tut S.JUAIU MATRIX H 
C I ? IS ? • * 
C MM|N IS THf SMALLEST ALL(.»AHIE VAGMTUDt CF THE PIVOT 
c F L A G W I L L riE R E T U R N E D AS . . I F T«E I N V A S I O N WENT OFF OK 
C FLAG WILL HE RETURNED AS I . IF A PIVOT F L E ^ E M wAs TriC SVALL 
c FLAG SHOULD BE TESTED AFTER EACH CALL TO THI«. ROUTINE 

DIMENSION H<«.K2I 

FLAG « C. 

C SET UP UNIT MATRIX 

IFIK.GT.lI GO TO 2J 
IE I ABS» bl I .1 M . L I .XMINI GO U> 10 
bit < 1 > * l./d<1•1> 
RtT URN 

20 CONTINUE 
DO 1 l « l . K 
0 0 1 J ' U K 
B 1 1 » K * J I • 0 . 
I F I I . E O . J I B ( | . K * J 1 « 1* 

1 CONTINUE 
C 
C F I N D LEADING E L t M t N T WITH GREATEST MAGNITUDE 
C 

DO 6 J « I # K 
M . J 
N • J * 1 
I F I J . E O . K I GO TO 2 1 
DO 2 I »N .K 
I F I A B S I B I M . J ) I . L T . A B S I B I L < J I I > M.L 

? CONTINUE 
2 1 CONTINUE 

IF I A B S I d l M . J ) I . L T . X M | N I GO TO 10 
I F I J . E O . K I GO TO ) 1 

C 
C I N T E R C H A N G E J T M ANO M T H ROWS 
r 

DO 3 L « J . * 2 
D • B< J . L I 
B « J . L I • B I M . L t 
B I M . L I • D 

< C O N T I N U E 
31 CONTINUE 

C ZERO OUT PIVOTAL JTH COLUMN. SKIPPING PIVOTAL JTH ELEMENT 
C 
C D I V I D E JTH ROW BV PIVOT 
C 

DO <• Mx*.IC2 
BIJ.MI = BIJ.Ml / H < J•J I 

u CONTINUF 
DO t> M. I 
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f 
C V DETERMINES HOW U t l N f i M O J I U l D i ONI hHOtt ROW A T A TIMf 

I f I M.fcQ.J ) GO TO 6 
DO 5 L = N . * 2 

C 
C L OF TFPM FL r M FMT 1% THr vTH P ">* c 

B ( M , L I * B<w.L» - R ( M , J I • H ( J , L | 
*• CONTINUE 
6 CONTINUE 

c 
C I N V E R S E OF B I S N C « I N «IC«MT M A L F 0 ^ H I K . K ? ) 
C NO* MOVE B INVFRSt TO «MfcRE t< WAS 

DO 7 l * l * K 
DO 7 J = 1 «K 
B ( I . J l « B I I * J * K ) 

7 CONTINUE 
RETURN 

10 FLAG « 10. 
RETURN 
END 
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FUNDAMENTAL CASE THREE 
(AXIAL LOADING) 

f 
C       TMIS    |S   T^    F«fCUtIV:    ^«(K.RAv   uSfO   *ITM   «.UHROUTINf    Plfi«X   AND   SUH«OUTINF 
f       CMLS«v       f"   «tiNKJATI     ANU   VJIA'     LAP(,t     SYSTt^s   OF    LlMAR   LOLIATIONS 

REWIND   ?^ CASF    i 
CALL    I APt in.lk't/U.b!. I 
CALL    rAPFSKIP(2Ut2ti'l 

1    CONTINUt 
CALL    INPllTA 

r       NOW    HAvf     ALL    H-PRIMf    AND   CPA   MATRICfS 
f 

CALL   CHOLA 

C 
C       NOW   MAVf    '.OiUTION   U    IS   SP 
r 

CALL   STRESA 
C 
C      ALL    STRESSES   NOW   PRINTtf)   OUT 

C 
GO   TO   I 

END 
23   CARDS 
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SUBROUTINE INPUTA 
C 
C   THIS SUBROUTINE READS AND PRINTS THE INPUTS FOR THE PLANAR FINITE 
c ELEMENT PROGRAM, ALL INPUTS NOT READ AR*-- GENERATED HERE. 
c 

COMMON   /I/      b(32.32tS) •L( UUtDtGC!?) tSPACk<20l .XNUf?) «ECZ I 
I •   NUFO.lbO) .XI l»ltVmSttCUA(3(6«160) 
I %   ICPKIb.6«16ÜI.MSKI31Ü)tJTUTAL*N.KRbM*M   ,    IHR.    1PL 
3 .     Pllb^.2)      .0(15^.21    .   tPTOI.   PT(6tl60l.   SITI3.160) 

COMMON   /STRSS/   ALK1Ü»    •   MSUE    •   R   .   GAMMA 
EOUI VALENCE (XNU(1I.XNUII. (E(l).EI) 
COMMON/LIM/     LIM1(1>)».LIM2UCJ 
DIMENSION        SP(32.1J) 
DIMENSION  NUYXI2%0l tNUXVI2l)U ) .      GXY(2^0)t   EXI2^0I.   EV(250) 
DIMENSION   COMENTUOI    , PTMI6) 
DIMENSION  BUMP I 10)   t   BUMPKS) 
EQUIVALENCE      INUF.SP) 
EQUIVALENCE      IC.CP) 
DIMENSION  JL(79.3) 

C 
C      NUYX   ■   NUXY.   THIS   MODIFICATION 

EQUIVALENCE      (NUXY.NUYX) 
DIMENSION     TH(155)    .   CPl3t3)    .   T M 3.3.2 ) .T2 ( 3 .3 ) .DTOUB ) . 

1      T(6.6>tKMX(6»6).   C«3.3)»AI6.6.2).D0l3.6)tODH8>»OTO«6.3> 
EQUIVALENCE     (S.FI   .   (SI901).VF».   (S( 1801)»PHI)* ISI27011 *ERI 

1 •   (S(3Ü01>.EF|.(S(3901liNUR) 
2 t     (DO.00)   «   (Dtu.OTOl     •   (S( <»356) .TH) 
3 .     (SUMll.CPI    .   IS<4921)tTl)«   (S(***1).T?» 
4 «     (S(*551).C*BC)    i   (S(4»«1).T)    .   'S(4621),KMX) ! 
5 .        (S(4671),A) 

DIMENSION  EPTU3.2) 
TYPE  REAL  NUXY 
TYPE   INTEGER     BUMP.   BUMP1 j 
TYPE   REAL NUYX.   NUR.   NUF*   KPR.   KMX 
DATA      (KTOTAL   «   97) 
DATA(BUMP>     2»4.7,7.15.1   .9   .9   .12.-1) j 
0ATA(BUMP1>   5»7.7.7.5   I      tlPI>   3*1415927) 
DATA     (RAO  ■   57.29578) j 
DATA     (XLlM«I.E-8) 
DATA   (PM999.) 
DATA   ((5ÖIJJI.JJ-1.18I   >   0..   0.*   0..   1..   0».   0«*   0**   0«*   Ui 

1 0.»   0.«   0.«  0..   0..   1..   0*.   1.«   0.   I 
DATA   ((DTD(JJI»JJ>1.18)   ■   0.«   1..   0..   0.«   0.»   0..   0«*   0»»   0*. 

1 O.t   0..   1.«   0..   0..   1..   C.«   1.*   C.) 
0ATAH(JL(I.J).l»l./9).J«l.3)   ■ 

1 1.1*1.2.2*3.3•3*4.4.4.5*6*7.7.8.8*8.9.10*10t11.11*12*13. 13. 
2 14*15.15*16*16*17*17*18»18*19*2a*23*24*24*2»*2»*2S*26*2S*29* 
3 29.30.30.35.21*21.21.21.22.22*23.23.27*27*27*28*28*36*46*37* 
4 47 *38*48* 39 * 39*4J*41*41*41*42*42*43*43* 
5 2*3.4.6.7.7,8*9.V.lo.U.U.13.6.14.14.15.16.16*16*17*10* 
6 18*16.20*21*21.21.22*15*23*23*24.17.25*25*35*27*27*28*28*29* 
7 30*30*32*32*33*33*34*36*35*37*38.39.39*40*40*41*41.42*43*43*44* 
8 45*37.46.38*47*39*48*49*49*40*50.51.51.52.52*53* 
9 3.4.5.7.3.6*9*4*1U.11*5*12*14*14.8.15.16*9*10*17*18*18*12. 
1 19*21.14.15*22*23*23*17*24*25*25.19*26*21*24*28*25*29*30*26* 
2 31.29.33.30.34.31.37.3 V,38*39.22.40.23.41.27.42.43.28.44.32» 
3 46.36.47.37.48»38.49*40*50*50*'>1.42*52.<.3.53.44   ) 

C 
READ  1000.(COMENT(I).I<1.10| 

1000 FORMATI10A8) 
PRINT 1001.(COMENTI D.I.I.10) 

1001 FORMAT(1H1.10A8I 
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c 
c     »TO i AI.   -   •(! »i   suMui 14  LI   «tout:   i   •«   lit-1: 
c 
c 
C       (»f»D   AND   PRIM 
C 

JTOTAL    •    ISi 
Wt A()    | JU^tVF tt>AM»*A.t  I | I «KNUI M »Hi  I A 
If     IVf.10.-.I       dC    T?    ^^ 
«NU I ? 1    ■    «HUl l Wöt T A 
Hi \     '    til t/oAMMA 
tPT 1 ( 1 » 1 I     »    -<NOI I I 
fPT U l»?>    »   -<M)i ^ i 
tPTUJ.l I   «   tPt J I l. I i 
tPT 11 2,? )    •   t -M U 1 ,? I 
f PT l ( -J, l I     •    u, 
e PT i i *,2 i   «  u, 
till    «    1(11    / ( l.-XNUI 1 I»«;t 
11?)    •    M ? I    /I l.-»NOliI••2 I 
XNUl 1 1     ■-    «NUI I > / I I . -»Nul 1 ) ) 
«SU12I     =    «Nul .''I / I 1 .-«Mi I ,') ) 

10P>   FORMAt «SF 1J.^l 
P»INT   inlfl 
PRINT    inih 
PRINT    1017.      Vf.   GAMMA,   tl.    XNUlt    btTA 

1016 FOUMAIUM    .n«*2HVft    IJX .bMoAMMA.     l3»»2Mtlt    I 1 « .<.MX Mj I .     UA^HutTAI 
1017 f ORMAt i 1H    »•»It IS.81 I 
1018 FORMAT I ////I 

S3 ■ SORT I).I 
Si02 - S^/2. 

C 
EPi • tin 
EPIl>E <2l 

f 
XNUPI  • XNUI1) 
XNUPII• XNUI2) 
DO 200 I ■ 1 »«»7 
TMIII •!. 
ALF I I 1«0. 
01 I «11 • lüOÜ. 
0(1.2 1 ■ lOJO. 
P(I.1) • u. 
PI 1.21 • U. 

200 CONTINUE 
P(6*.it »lona, 
P(64.2) «lOOO. 
0164. 1 ) «0. 
D ( 6 * . 2 ) » 0 . 
PI 97. 1 1 « 11*00 , 
PI97.2I «1000. 
0197.11 « J. 
0197.7 1 •  . 
PI H. 1 I «lOOu. 
P114.2) «1000. 
n i ^ *«t i • o, 
D ( J 4 • 2 I •  " • 
PI i. 1 i «i .•»;>.. 
PI  1.2) «Iwdi. 

,,  b i i»11 « J . 
Dl  1.2 I '       J« 
I • '1 
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00 201 j- 1 . i n 
1 * I •BUMP(J ) 
0 ( 1 . 2 ) « 0 . 
P ( I . 2 > » l v J ^ 0 . 
0 ( 9 8 - 1 . ? ) = 0 . 
P 1 9 8 - 1 . 2 > = 1 0 0 J . 

201 CONTINUE 
I » 0 
DO 2C2 J =• 1 . 5 
1 * 1 * BtlMPl< J ! 
0 ( 1 . 1 ) = 0 . 
0 ( 9 8 - 1 . 1 ) - n . 
P ( I . 1 ) « 1 
P ( 9 8 - I . 1 ) = 1 0 0 0 . 

20? CONTINUE 
R = SORT(2«#S3»VF/PII 
X<1 ) » S302 
rti) « .5 
DO ?10 1=1.4 
*(1*1) « S302 - R/"..»C0S(P1» ( I-i )/6. I 
Y ( I • 1 ) = .i> - R/4. • SlN(Pl*(!-1 I/6.I 

210 CONTINUE 

DO 2?0 1*1.7 
XU+51 * S302 - «/?.» C05IPI»( 1-11/12.) 
*(!•*> * .5 - R/2.» SIN(PI*I1-1 1/12.) 

XI 1*12 I = S302 - 3.*«/4.*C0S(PI«(1-1 1/12.) 
YII»12> » .5 - 3.»R/4.«SINIPI«CI-1)/12.) 

XI I*19 I « S302 - R • COSIPI't1-1)/12.) 
YU»19» « .S - R • SIN<PI«< 1-1 1/12.) 

220 CONTINUE 
X(34) * S302 
*(34) » - .5 
X ( 311 • S302 
VI 31 » « IY<26)*Y(34» ) / 2. 
XI45) < -,»• TAN(PI/6.I 
V(45) * .5 
DX » <l.-«)/<2.»COS(PI/f.)) 
X(36 > « XI45) • DX 
V(36) » .5 
XI35) = IX(20)*X(36 I)/2. 
Y<35) * .b 

DO 230 I x 1 .4 
X»I*4S) « (4 -!)• X(4e.) /fc. 
YII.45J • (4 -!)• Y(«5) / 4 • 

230 CONTINUE 

DELX * X146) -X(45) 
DEL* = YI46»-V145) 
DO 240 1 « 1.8 
X( 1*36 I • X( 1*35 » •OELX 
Ylt«36> « Yl1*35) *DElY 

240 CONTINUF 
XI 32 > • X I 44 I • (XC4)-X(44) |/3. 
VIJ2» « 
XI33) « 2.*XI 32) - X(fc4) 
YI33) » -.5 
X127) « XI231 • IXI32I-XI23M/3. 
Y1271 » VI23 > • I Y (-32 ) - Y123 I ) / 3 . 
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X(28) » 2.»X(?7)-X(23) 
Y(28) = 2.»V(27|-V(23) 
X(29) = X(28l ♦<X(3n-X(28U/1. 
V(29l - Y(2R ) ♦! V( ?! )-Y(28) !/■». 
XOOI = 2.»X(29I -X(28) 

c 
VO0I = 2.»Y(2'»(-VI ?e ) 

c 
DO 2^U 1=^0,97 
Xll) = -X(98-II 
Y«I ) « -Y(9fl-I ( 

c 
250 CONTINUE 

c PRINT OUT NODAL DATA 
I « 1 

17 CONTINUE 
LINE *   4 
PRINT 1010 

1' CONTINUE 
PRINT lull. It Xtllt Y(I)« P(l.ll. P(If2)t DM.11. 0(1,2». 

1            TH(1). ALF(I) 
I « 1*1 
IF(I.GT.KTOTAL)  GO TO 1* 
LINE '     I INF ♦ 2 
IFalNE.f.T.56) GO TO 12 
GO TO 11 

14 CONTINUE 
1 1011 FORMATdH  I 4 , 7( 3XE 11 ,4 » .%X.m ,2/1 
1010 FO*MAmHlNODEt7X*lHXtl3X«lHV(13X»2HP1.12X*2HP2tl2X*2H01tl?X*2H02t 

1        8X.9HTHICKNCSS.9X.5HALPHA /I 

I      - NUMBER OF NODE 
X     - X- COORDINATE OF ITH NODE 
Y     - Y- COORDINATE OF ITH NODE 
PI 1,1) - KNOWN AND UNKNOWN FORCE COMPONENTS ALONG 1 DIRECTION 
PI 1.21 - KNOWN AND UNKNOWN FORCE COMPONENTS ALONG 2 DIRECTION 
0(1,11 - KNOWN AND UNKNOWN DISPLACEMENTS ALONG 1 DIRECTION 
D(I.2I - KNOWN AND UNKNOWN DISPLACEMENTS ALONG 2 DIRECTION 
ALFdl - ANGLE BETWEEN X DIRECTION AND I DIRECTION (POSITIVE WHEN 

COUNTER-CLOCKWISE) 
TMd)  - PLATE THICKNESS AT ITH NODE 

OFT MSK MATRIX 
JP • 0 
00 27  J«l,KTOTAL 
00 27  l«l. 2 
IF (PIJ.D.GT.PKI  GO TO 27 
JP • JPM 
MSKUP) • 2 • «J-l» ♦ I 

27 CONTINUE 
MSK  IS MATRIX OF INDICES OF KNOWN FORCES 
IF FORCE P IS UNKNOWN, IT IS INPUT AS 1000. 

NOW nAO IN TRIANGLE UATA 

JTOTAL - TOTAL NUMBER OF TRIANGLES 
00 19 |«1»79 
00 19 J«l,3 

1« Ld,J) « JL 1 I , J ) 
00 260 !■ 80*196 
DO 260 J> 1,3 
L(I,J) ■ *S - L» IM-I »J) 
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■ ■■ —*   MI,..«,„,„ ,   jwivpj    .11 IB 

260 CONTINUE 
c L(J.l) - INDEX OF THE FIRST  NODE OF THE JTM TRIANGLE 
c L(J.2) - INDEX OF THE SECOND NODE OF THE JTH TRIANGLE 
r 
r 

LIJ.BI - INDEX OF THF THIRD  NODE OF THE JTH TRUNGLF 

DO 2Ü   I=I,JTOTAL 
IFlI.LE.Ift.OR.I.GE.12?) GO TO "500 
EX(I) » EPII 
EY(II » EPII 
NUXY(I) «XNUPII 
GXYdl « EPI 1/(2.•(!.♦XNUPII ) » 
GO TO 310 

300 FX(H = EPI 
EY(1) » FPI 
NUXYII I ■ XNUPI 
GXYd» • EPI  / 12.•( I.♦XNUPI») 

310 CONTINUE 
20 CONTINUE 

C  PRINT OUT TRIANGLE DATA 
LINE ■ 4 
PRINT  1012 I 
00 2* I-l.JTOTAL 
IFILINE.LT.S*)  GO TO 22 
LINE » * 
PRINT 1012 

1012 FORMAT(IHl.SHTRIANGLEt*X6HN0DE 1.3X.6MNO0E 2.3X.6MNODE 3.18X.2MEX. 
1   18X 2HEY,16X.4MNUYX.17X.3H6XV//) 

22 LINE ■ LINE+2 
24 PRINT 1023. It (L( I.J).J«1.3».EX(n.EYr n.NUYXin.GXYd) 

1023 FORVATdH «5XtI3«7X.I)*2<6XtI3).«(!iX«E19.0l/) 
C 

MSIZE • 156 
KREM > 6 
N > 25 
M • MSIZE / N 
IF(KREM.NE. 

r 
LIMKl) - 

H)      M ■ M*l 

1 
LIMl(2) • 4 
LIMIO) > 25 
LIM1C») ■ 50 
LIMH5» • 74 
LIM1I6I ■ 96 
LIMim ■ 120 
LIM2I7» ■ 150 
L|M2(6I ■ 139 
LIM2«*» > 122 
LIM2UI ■ 91 
LIM2«3) - 67 
LIM2«2) > 37 
LIM2in ■ 12 

C 
C  PRINT OUT PARTITION INFORMATION 

PRINT 1001 
1000 FORMATI1H1. 12X.2ÜHTRIANGLES CONSIDERED» 

DO 31  l*l*M 
ISIZE • N 
IFd.EO.ll  ISIZE • KREM 
PRINT 1009*  I.LlM|d»*LIM2d».  ISIZE 

31 CONTINUE 
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innq   FORMAKDH  PAHTITIONt6X   ^HF I RST »?X ,2HTO t 2X t4HL AST ,   6X t9H0IMFNS10N/ 
1       AX. n.ux, i3.6x, n.ivx.m 

DO  28   I    «   UKTOTAL 
ALP(I I   =   ALFI I)/RAD 

?8   CONTINUE 
C      AIL   ANGLES   NOW   IN   RADIANS 

DO   400   l=lt   JTOTAL 
C      V IS   A   TRIANGLF   COUNTER 

KK3   «   2 
!F{I.LE.36.0R.I.Ot.1231   KK3   =   1 
BU   «   l./EXt I I 
B12   «  -NUyX(II   /   fYl I 1 
822   •   1.   /  EY(I) 
B33   «   1.   /  GXYI I » 
DELTA   »   Rll«B22   -R12««? 
CPdtl )        »   B22   /   DELTA 
CP(2flI        =   -  812   /   DELTA 
CPn.l)        »     0. 
CP(li2)   «  CP<2.1 ) 
CP(2»2I        '   Bll/   DELTA 
CP«3»2»        ■     0. 
CPn.3)        »     0. 
CP<?.3)        =     n, 
CP(3.3»   «   1./B33 

r 
C     C  NOW   IN  C(3.3»      .   MATRIX   I 
C 

30  CONTINUE 
THOMEG     ■  X(L( l.2n»V(LI I»3n   *X( L I I • 11 >«V(L ( I t2 M 

1 ♦  V(L« l»l ))»Xa( It3H   -X>L<I»3n»YIL( It?» ) 
2 -   X(L(l»n»»YIL(I»3)|   -Y(L(I.1»)»X«L(I«2J ) 

THOMEO«»TH(L<I»H»♦TH(L(lt2)>*TH(L«1.3)»»/   6*   •   THOMFG 
XI2   ■   XILCI.2))-   X«L( 1.1)1 
XI3   «   XlLll.3»>-   X(L(1.1 )) 
ETA2«   Y«LtI»2lI-   Y(L( I.Ill 
ETA3«   YlLlUStl-   Ya< 1.1»» 
DELTA   »   XI2«ETA3   -   XI3»ETA2 
00  38   II   ■   1.3 
DO  18   JJ  «   1.3 
A(|I*3,JJ.lI    •   0, 
AtII.JJ*3.1»    «   0. 
AIII*3.JJi21    •   0. 
AIII.JJ4'3.2I    ■   0. 

38 CONTINUE 
Ad,1.11   ■   1. 
AI2,1.1»   •   -»ETA3-ETA2I   /   DELTA 
AI3.1.1I   »   (XI3   -   XI2I   /   DELTA 
A(1,2.1I   ■   0. 
A(2,2.1I   ■  ETA3   /  DELTA 
AJ3.2.1I   «   -XI3   /   DELTA 
A(1.3»ll   «   r, 
A(2.3»l»   ■   -ETA2   /   DELTA 
A(3.3.1»   •   KI?   /   DELTA 
00  39   II   ■   1.3 
DO   39   JJ   »   1 .3 
A«ll*3»JJ*3.l»   •   A(|I,JJ,1I 
Al l!.JJ.?l   •   AUJ.Ild» 
Ai|l*3.JJ«3.2)    ■   AIJJ.II.ll 

39 CONTINUE 
C 
C      TRANSPOSE   OF   INVERSE   OF   A   NOW   IN  Ad «It? I   *   A   INVERSE   STILL   IN   A 
f 
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«M ^w-^f , 

CALL   MXMULT(Dn,A,KVX(Itl1.3.6.6 ) 
CALL   WXMULTfCiFPTKl «KUD.SITd . I ) ,1.3.1    ) 
CALL   MXMULTK.KMXIl .1)       ,CDA ( 1 . 1 . 1 ) . 3 . 3 .6 ) 

f      PRODUCT   C»D»(At»-l)   NO»'   IN   CDA(l.l.I),    I TH   TRIANGLf 
r 

CALL   MXMULT(A(1,1,2 I,DT   .A.6.6.< > 
CALL   MXf1ULT(EPntl.KK3).CDA( 1 . 1 , I 1 »PTM, j ,3 ,h ) 
CA.L   MXCONlPTM.PTM.THCMFO.l .61 
CALL   HXCf)N(A.KPR( 1. 1 .1 i .TMOMF&.6.3 ) 
CALL   MXMULT(XP3(1.1.11.CDA ( 1,1.I 1 .KWX .6 . 3.K 

C 
C      MATRIX   Kfl)   NOW    IN   KMX.   TRIAN&Lf     I ' 

DO 4Ü II =1 »6 
DO ^.0 JJ =1,6 
T(II,JJ» «   0, 

40   CONTINUf 
T(l ,11 «     COSMLML (I,DM 
T(4.1) »     SINIAL^rL«I.ll ) ) 
T(?,2» «     COS(ALF(L( I.?l I I 
T(S,2I »     SIN(ALF(L(I,?1 I ) 
T(3,3I «     COS(ALF(L< 1.3») ) 
T(6,3» «     bIN(ALF(L< 1.3») 1 
Td,«» »   -T(<..ll 
T(4.4| ■      T(1.1) 
T(2,5I •   -TIS,2» 
T(S,5) «     T<2,2) 
T<3,6) •   -T(6,3) 
T(6,6» ■      T(3,3) 
CALL MXMULT (KMX,T,A,6,6,6) 
CALL MXMULT<T.PTr.PT(l.I).6,6.1) 
114,1) ' - T(fc.l) 
T(5,2) » - T(5.2) 
T<6,3) ■ - T(6»3) 
T(I,*) « - m»«) 
T(2,5) » - T(2,b) 
T(3,6» ■ - T(3.6) 

C 
C      INVERSE  OP   T   NOW   IN   T 
C 

CALL   MXMULT    ( T ,A ,KPR ( 1 , 1 ,1 I ,6 .6 ,*• ) 
C 
C     K-PRIME   NOW   IN  KPR   .   A     MAS  bEtN   CLOBHtRED. 

UOO   CONTINUE 
RETURN 

800   PRINT   1051,II,JJ.II 
1051   FORMATdHl.   5H     EF ( . I 3 , 1H, 1 3 , 7H )    «   tR(,I3.6NI   =   0.) 

STOP 
000  CONTINUE 

PffiNT   1050        ,   J 
1050   FOPHATUHl      35HCOULD   NOT    INVERT   MATRIX      Tl ,TR I «NC.LE . I 3 ) 
950   CONTINUE 

REWIND   20 CAse    3 
STOP 
END 

1<»06   CARDS 
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"    1. ! I'l.JM^Bpjp 

SUBROUTIMF   STRESA 
C 
C      THIS   SUBROUTINF   DERIVtS   AND   PRINTS   STRESSES 
C 

COMMON   /I/     SI32«32>^ItLl I60t3).0l12) tSPACEI20)tXNUI2)tE(2) 
1 •   NUH3.16vl .X( Ibb ) ,Y< 1«I%I.CDA13»6.160) 
2 .   KPRI6t6tl60) .M^KOlOI.JTOTAL.NtKREMi^   ,   IMR,   IPL 
3 i     PllS^.2t      tD(lc.S.2)    t   tPT(3l.  PT(6.160I.   S1T(3«160) 

COMMON   /STRSS/   ALF(1%5»    ,   MSIZL   .   R   .   GAMMA 
EQU I VALENCE UNUdUXNUl ) • (E( 11 tEll 
COMMON/LIM/      LIM1.I )) .LIM2I101 
DIMENSION     OVXIblt   SI00UT(b12l 
EQUIVALENCE   tS.SIGOuT) 
DIMENSION       SP(32tlJ) 
EQUIVALENCE      INUF.SP) 
TYPE   REAL  KPR 
EQUIVALENCE      (S.SIC.)   t   (ScmuPSTRi    .   ( S( 1661 ) tXO ) t ( S( 2 161 I tVO I 
EQUIVALENCE      ( S( 2461)tOFL)   •   (SI27bl)<0X) 
DIMENSION       ERR(310t 
DIMENSION       0X161   t   SIG(4t31fll      •     PSTR(3«310I 
DIMENSION     XUO0Ü)   •   Y0C30OI,   OELOIO) 
DIMENSION     KS22l32t96)   tPZ(16U> 
EQUIVALENCE        IKPRtKS22) 
TYPE   REAL  KS22 
DATA   (PK«999«I 
Elll   ■   EUI<MU-IXNüm/(l.*XNUIim*«3i 
E(2I   ■  E(2l«(l.-UNU(2>/lU*XNU(2m*«2l 

C     REMOVE   GAPS FROM  SP(32*IO>   >  0ELI310) 
DO  i   J>!l*ICREM 
DELtJi   ■   SPtJtl) 

%  CONTINUE 
KLOC   ■  KREM  -H 
00   10   I   «   2»M 
KLOC   •  KLOC   ♦  N 
00   10  J  ■   UN 
DEL (KLOC*J)   ■   SPIJ.I) 

10  CONTINUE 
PRINT   1010 

1010 FORMAT UMl t»OXt 1 3HDI SPLACEMENTS*// I 
NDEL   >  MSI2E/7 
JCNT   •  0 
00   19   J-ltNDEL 
JCNT   ■   JCNT   ♦   1 
IFIJCNT.GT.iat     GO  TO   U 
JFIR   •   7»(J-ll   ♦   I 
JLAST   ■     JFIR   ♦  6 
PRINT   1U11   t   (K.MJFIR.JLAST) 

1011 FORMATdM   .7(«X.4HDEL < f I 3 . IM »    1) 
PRINT   1012*   (OELtK)tK>jF!R»JLAST) 

1012 FORMATdM   •7(2X«EU.7 I / ) 
GO   TO   1» 

1«  PRINT   1010 
JCNT   >   0 

15  CONTINUE 
LOCI   «   7»NDEL*1 
L0C2   -   MSI2E 
IFJL0C1.GT.L0C2)     r«  TO  20 
PRINT   101UIK»K>LOC1«LOC2) 
PRINT   1012*    IDELUlflt.-L0Cl.LOC2) 

20  CONTINUE 
DO   899     I>1«J10TAL 
J   •   I 
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KIC3 • 2 
IF(I,U,36.0R.I.OE.123I KK^ • 1 
KZ • 0 
DO 831 KK '1«3 
DO 632 KJ '1*2 
Kl   '  Kl   *   I 
IFI P(i.(Jf*IC)tKJI.GT.PK) 00 TO 8?8 
IF{2«(L<JiKKl-l)*KJ-MSK(IPL)I 801. 802» 803 

802 112 - IPL 
GO TO 827 

601 IM* ■ IPL - 1 
606   IF(2«(L(J«<K>-1)   ♦KJ   -MSMlMfni     804«   80%«  80% 
80%   112   ■   IMR 

IPL  •   I MR 
GO  TO 827 

80*   IMK  •   IMP  -   I 
GO  TO 806 

803 IM«  •   IPL  ♦   I 
807   IF(2«IL(J«KK|-1)   *KJ   -M$K(IMR))   80%«   80%«   810 
8)0   IMP   «   IMP   ♦   1 

GO  TO  807 
827   0VXU2»   ■  OELIII?» 

GO  TO 832 
626  DVX(K2I«  0(L(J«KK)«KJ) 
632  CONTINUE 

OXIKZ-ll   ■  DVX(K2-mC0S(ALF(LU*KMII>DVXIKZI«SINIALF(LU«ICKm 
DXIKZI   ■ 0VXIKZ-1)«SINIALF(L<J«KKIM^0VXUZ)«C0SIALF(L(J«KK)I) 

831   CONTINUE 
0X2 ■ Dxm 
0X«2I   • DXI3I 
DX(3I   ■ DX(%I 
0X«%)   ■ OX(«I 
0X(4I   • 0X2 
CALL MXMULTICDAU«l,I J,OX.   SIGd .1J «3«6« 11 
DO  838  J«l«3 

838  SIGUtI)   «  SIGU.lt   -   SITIJ«I) 
SIGU«II   » SIG(3«I) 
Yl   •  VlLUtll) 
Y2   ■  riL(t«2ll 
Y3   >  Y(L(l*3n 
AREA «   (X(L« I»l))«fY2-Y3»*xa«l.2)l««Y3-Yn*xaU«3ll»<Yl-Y2n/2. 
StGZ  ■   ISIG(l»IKSIG<2»llt«XNU(KK3l/n*4XNU(KK3l l<»E(KK3l 
SIG(3«n   ■  SIGZ 
PZd) • SIGZ »AREA 

SIGMA NOW IN SICd.II  • TRIANGLE I 
XOdl • 0* 
YOin * o. 
DO 840  K ■ 1«3 
XOIII • xoin ♦ x(L(i«Kn 
YOdl '  YOdI ♦ Y<Lt I.Ml 

840 CONTINUE 
XOdl « XOdl / 3. 
YOdl ■ YOd 1 / 3. 

890 CONTINUE 
65% CONTINUE 

ENBARZ > U. 
DO 860 I»l.l%8 

860 ENBARZ > ENBARZ *  PZ( 1) 
ENBARZ ■ SORT(3.1/ENBARZ 
DO 66% I»l«632 

6*% SIGOUTdl • SIGOUT«Il»ENBARZ 
I > 1 
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!.■■       ■ *l.    .|.,|.IJ«J,..(   I.    Ill, 

871 PRINT lOülf 
GO TO 878 

8 7* PRINT 1002t 
GO TO «78 

»T> PRINT 1001« 
8 78 CONTINUE 
880 CONTINUE 

870 CONTINUE 
PRINT  inor 
LINE   ■   3 

1000 rORM*T(lHlt?(8HTRIANGLll6X.8HCrNTROIDt9Xtl2HVFCTOR   SIGMA.lnxi/ ) 
871 CONTINUE 

II    ■    1*1 
DO     880     J«lf<. 
GO   TO   (873«a7<t«87bt87S)t   J 

I« XUIII« sici j.i i .n txüi ii i. biGu.m 

VOI MtSIGUtl I t VO(II).   SIGIJtII) 

SIGUtfli   SIGIJtII I 

LINE   »   LINE   ♦  6 
I  •   I*  2 
PRINT   100« 

1001 FORMATUH  2« JX . I 3 .T U.6,   7X «El^.e 11 OX )) 
100?   FORMATdH   ?(8X.Fl*,fe,   7X tE I^.R 11 OX I    I 
1003   FORMATdH  21 29X.ri*.B« 1CX 11 
100«   FORMAT!/I 

IF(I.GT.JTOTALI     GO  TO  890 
IF   ILlNE.GT.»«)   GO   TO  870 
GO TO 871 

890 CONTINUE 
WRITE (201  (SIGOUTIIl«l«l*316l CASE i 
SIGMA > 0. 
DO 900 I-1.JT0TAL 
SIGMA • SIGMA4P2( I) 

900 CONTINUE 
EC - SIGMA/SORT I 3.I 
CHI • EC/Ell» 
PRINT 1017 * CHI.EC 

1017 FORMAT! 7H1  CHI>« tl3.6.<»X.6H   EC-»Fn,6) 
BRINT 8787. ENBAR2 

8787 FQRMAT(//23H NORMALIZATION FACTOR >.2X«E1%.7) 
RETURN 
END 
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SUBROUTINE CMOLA 
C 
c THIS ROUTINE SOLVES SU=G . WHERE S IS A TRI-DIAC.ONAL MATRIX IN 
C SUBMATR1CFS. WITH ELEMENTS OF OPDF » N. 
C SIS KNOWN 
C SP IS A VECTOR OF DIMENSION IN*«) »H[ Dt V IS THF NU^Bt ° 0 F DIVISIONS OF S 
C C IS WRITTEN ONTO TAPE AFTER DFPIVATIIN )N T tF FC3«iAPD PASS* 
C AND READ SACK IN ON THE BACKSWEEP 
c sii.i.n INITIALLY CONTAINS su.i-n 
C SC.1.2) INITIALLY CONTAINS SII.I ) 
C Sll.1.4) INITIALLY CONTAINS S<I.1*1 ) 
C SP CORRESPONDS TC, p IN THE .RITEUP pv OA Tf »COD ON F CPWARL. tASS. 
C ON THE BACKSWEE P• IT CORRcSPONDS TO U. 

COMMON !\/ SI 3? .32 «f) I »L I 160.' ) .C>( 3? I .SPACE t 2r ' .*NU 1 ? ' .F ( 2 ) 
1 • N u F I J . l f a U ) , x I !•>•< t .Y ' 15 5 ) .CDA ( 3 . 6 . 160 ) 
2 . K P K I 6 . 6 . 160 I .MSK I 31C I .JTOTAL .N .KRf " , i « P . I PL. 
? . P < 1 * 5 . 2 ) » D ( 1 5 * . 2 ) . t . P T H } i P T I 6 . 1 6 " ) . S I T I 3 . 1 6 0 ) 

COMMON/LIM/ L l M l ( 1 0 ) . L l M 2 ( 1 0 ) 
DIMENSION SP(3?•10 I 
EQUIVALENCE INUF.SPt 
TYPE REAL KPR 
DIMENSION CI102A) 
EQUIVALENCE (S»40<9/),Cl 
DATA ULIMIT -1. E-fl > 
REMIND 9* 
N2 • ?«N 
KK«? • ?>MEM 
00 30 ICYCLE «1«M 
CALL BIGMHAI ICYCLE ) 
IFtICYCLE-2I 1.2.J 

1 (1 • KREM 
K) • KBEN2 
CO TO to 

2 (1 • N 
K2 • KREM 
K) • N? 
GO TO * 

) Kl «N 
K2 «N 
K) «N2 

* CONTINUE 
*> ir I UN IT. 96 ) 6.7 ,600. 60(. 
* GO TO 4 
T CONTINUE 
CALL M«NULT(S«1.1.1 I . S<1.1.51 . S<1.1.3l .K1.K2.R1) 

c 
C S11.1.9 I CONTAINS C FROM LAST CYCLE 
C 

CALL MXSUBISI1.1.2) . S(1.1.?) . S<1.1.2) »*1.K1) 
10 CONTINUE 

c 
C Bll.lt NOM IN Sll.1.21 
c 

CALL INVERT I S I 1 . 1 . 2 1 . K l . K 3 . ( L I M I T , FLAG) 
IF IFLAG.NE.U.I GO TO 40J 

C 
C INVERSE OF Bll.lt NON IN SI 1*1.21 
C 

IF IICYCLE.EO.l) GO TO 20 
CALL MXNULTlStl.1.1) .SP«1.ICYCLE-1 ) . Sll.1.3) . N. *2 . 1) 
CALL MKSUB IG . S( 1.1.3) . G. N. 1) 

20 CONTINUE 
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■ i^w.ii i ■ vvtwnqpipnvqpip, 

CALL    MXMULt ( ',1 1 • I t^ 1     i    li    .J'MI.     ICYCLl        I    «    Kl     •    Kl    «        1» 
IF    I ICYCLCtGttM)   co   ro   It» 
CALL   MXMULI    (Sll,l.?i    t    '.(I.l.«.l    t   Sll.lt^l.   Kl    ♦   M    t   N( 

BUFFER   OUT      (96.1)       ICll»«   C(NSO   I) 
30   CONTINUf 
3S   CONTINUF 

c 
C  NO* IN HACKSWttH. büLVINt. f OR U 

C 
DO 60 I ■ ;.M 
JCVCLF ■ "-I*! 
If IJCrtLF.OT.l I      CO   TO   16 
Kl    •   KREM 
CO   TO   >7 

16 M    ■   N 
17 CONTINUE 

NSO   «   M«N 
IF    IJCVCLE.FO.M-l)      GO   TO   «1 
BACKSPACE   96 

61 CONTINUE 
BACKSPACE   96 
BUFFER   IN        196.11      ICIlltCINSO   II 

62 IFIUNIT.96I   63t   *4,7ü0.700 
61   GO   TO   6? 
66  CONTINUE 

C 
C      UINt»S«MtM   •  CONSIDER   FIRST   «M-llTM  CYCLF 
C 

CALL  NXNULT(Siltl.6l    .SP( 1 . JCYCLE*! .'.S< I . 1 . ll tK 1 tN.   11 
CALL   NXbUBISPU.JC   CLt >.   SU.l.ll   «SP| 1 • JCVCLE I t   Kl   •      11 

60 CONTINUE 
C 
C     UCNS.ll   NOW STORED   IN  SPINtll   t   l«l.H 
C 

RETURN 
»00 CONTINUE 

PRINT   1000   .   ICVCLE 
1000 FORMAT   I31H1C0UL0   NJT    INVERT   MATRIX   IN  R0M*I2I 

STOP 
600 CONTINUE 

PNtNT   1001.ICVCLE 
1001 FORMAT (17H1 ERROR   READING  C   INTO  CORE   ON   12.   7HTH   ROW. I 

STOP 
700 CONTINUE 

PRINT   1002.   JCVCLE 
1002 FORMATI37H1 ERROR  WRITING  C ONTO  TAPE  ON   12.   7HTH  ROta.) 

STOP 
END 
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SUBROUTINE   B ICiMXAl ICYCLE I 

THIS  CuBROUTlNf.   StARCMtS   THt   K-PP|Mk   MATRICES   BETWtfcN  UMHICYCEI 
AND  LIM2I ICYCLE)   TO  SET   UP   THE   KREM OR  N     ROWS Of   S>K«22 REOJlRLD 
BY   THt   EQUATION   SOLVINü   ROUTINE   CHLSRV 

COMMON   /!/     SIS2»32»*l»LiI*U.3UO(1?»tSPAC£«20»»«NU(2liE(2! 
1 •   NUFO«l6'J) •xn^'>l«Ymi>)tCOA(.)<6tl60l 
2 t   KPRI6«6»160)«MSK(31UltJTOTAL«NiKREM.v   ,   [MR,   IPL 
1 t     PI199*2I      •Oll**t2)   .   EPTIDt   PT(<Stl60l<   s:M3»160) 
COMMON/LIM/     LIMlllUI*LIM2(10l 
DIMENSION       SPI32tlOI 
EQUIVALENCE      (NUF.SP) 
DIMENSION     KS22C32t96l i     KS21l12i 
DIMENSION     0(5120» 
EQUIVALENCE      IS*KS22«OI     •   IG«KS2n 
TYPE  REAL   KPP 
TYPE  REAL     KS22   •   KS21 
DATA     IPK   ■   999.1 
IFdCYCLE.GT.l J   GO  TO   1 
ISMIFT   >0 
JSHIFT   «0 
Kl   ■  KREM 
K2  ■  KREM  ♦  N 
GO TO   109 

1 CONTINUE 
IF   MCYCLE.EO.MI     00  TO 3 
Kl   ■ N 
K: • 3*« 
60 TO     2 

3 CONTINUE 
Kl   ■ N 
K2  ■   2»N 

2 CONTINUE 
IF1 ICYCLE.CiT.21  GO TO 110 
JSHIFT ■ 0 
GO TO 111 

110 CONTINUE 
JSHIPT   ■  KREM  ♦   (|CYCLE-3I*N 

111 CONTINUE 
ISMIFT   >  KREM  ♦   (ICYCLE-2I«N 

C 
C     ISMIFT   IS  A  BIAS   TO  FIT   THE EQUATIONS     INTO   THE   CORRECT  ROMS 
C     JSHIFT   IS  A BIAS   TO FIT   THE  EQUATIONS     INTO  THE   CORRECT  COLUMNS 
C 

109 CONTINUE 
C     ZERO OUT     KS22*   KS71.     AS REQUIRED 

DO B     I-1.K1 
6(11   >  0* 
DO S  J  •ltK2 
KS22II.J»   ■   0. 

S CONTINUE 
IPL   "   1 
NLO >  LINK ICYCLE I 
NHI   >  LIM2(ICYCLEI 
00   100   JaNLOtNHI 
DO  100     I>1«6 
12  •   1 
11 •   I     . 

15   IFm-31   17.   IB.   19 
19  II  ■   11-3 

12 >   12*1 
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lüT,.),)   (,0   TO   99 

CO   TO   \b 
IB    IS   .   1 

tT    .   |? 
IF    ( (PlLlJO I t I? )-Plkl 

HFBt     IF   FO«CL    IS   KHO*N 
PI    «   P(l.< J.3 I . I? I 
CO   TO   ?•> 
IF( 11-2»   2yt2l,2l 
IS   •   1 
IT   >   12 
IF    MP1U Jtl I«l2t 
PI   »   P(U J.I 1*121 
GO   TO   25 
IS   .   2 
IT   .   12 
IF    nPIUJ.2l.l2l-PM.OT,ü.» 
PI    «   P(L(J.2».12 > 
CONTINUE 
IF    (2»(L(J.Ib> 
III    •   IOL 
00   TO   127 
IM*   «   I Pi   -   1 
ir»2«(L« I.ISI-ll    ♦   IT-MSKHMRM 
111   •   I"'* 
IPL    ■    IM» 
60   TO   1?T 
im > iMR-i 
GO   TO  306 
IMR   •   IPL   ♦   1 
IF   (2«(UJ*ISI-ll*IT-MSK(IMIIII 

17 
20 

:i 

301 
3 Of 
305 

30« 

303 
30 T 
309 

310 

327 

32« 

12 

11 
6 

13 
7 

10 

27 

-PKI.GT.O.I   ÜO   TO  99 

00   TO   99 

•n*|T-MS«MPL)»   30t«30?*3Mt 

30*.   30*.   ■»OS 

309.  309*   310 
IM« 
IMR 
327 

307 
ISHIFT.GT.KII 
ISHlFT.LT.il 

CO   TO   328 
CO  TO   320 

111 • 
IPL   • 
GO   TO 
IMR   > 
GO   TO 
IFllll- 
IFllll- 
KS2U II1-ISHIFTI    >KS21llll-ISH|FTt   ♦PT(|*JI 
CONTINUE 
00   100     KJ  •   1*2 
00   100     KK   '   1*3 
IF   (IP(L(J.ICKI*KJI-PKI.GT.C.|   GO   TO  21 
IF    l2*ILIJ.KKt-l l«iU-MSK(IPLn   ji,   p.   13 

112 ■   IPL 
CO   TO  27 
tm   '   IPL-1 
|F<2«a<J.KKI-ll   *  KJ   -  MSKdMRll   4.3.5 
112   >   IMR 
IPL   ■   IMR 
GO   TO  27 
|MR   ■   IMR-1 
CO   TO  6 ^ 
IMR   »   IPL   ♦   1 
IF    I2*ILIJ.KKI-1I 
IMR   =   IM»   ♦   1 

♦   KJ   -  MSKIIMRII     3.   3.   10 

GO   TO   7 
IF« III-ISHIFT.GT.KII      CO   TO     «9 
|F( Ill-ISMlFT.LT.n      GO   TO  99 
IF!II2-JSH|FT.GT,K2»      GO   TO   909 
ICS22«II1-ISHIFT.I I2-JSMIFT)   .   KS2?(in 

1 ♦     KPRIl*3*<KJ-ll«KK*J   I 
GO   TO   99 

|SHIFT.II2-JJ.M|FT| 

\ 
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20 I F I D 1 L I J .UK) • K J ) . t Q . O . ) GO TC <59 
I F I I I 1 - I S H I F T . G T . K 1 ) Gf TO 9° 
1 F I I I 1 - I S M F F T . L T . 1 ) GO TO 
KS2 1 ( 1 1 1 - 1 SHIFT) = K S ? 1 I ? I ! - l S H I F T ) -<f>R I I , ? • ( K J- 1 ) +KK . J ) 

1 • D I L I J . K K ) ,KJ ) 
9<J CONTINUE 

100 CONTINUE 
C HAVE EQUATIONS. NOW SH|fT T Ht SUHVA r H! C fc. TO Tr<f PROPER POSITION FOR 
c SUBROUTINE CHLSKV 

I F | I C Y C L E . G T . 1 ) C-T TO 430 
C S ( l . l ) IS IICRE" * KREM). M l , ? ) IS <««£« x N) 

00 «13 J - 1. KPfM 
DO 410 I = l.N 
LOCL = J • (CR£M»C1-1) 
L0CR1 -J * 3?»(l-l*<RFMI 

C SET UP SI 1.2) IN SI 1.1.4) 
QILOCL*3C72) * QILOCRl! 

410 CONTINUE 
DO 420 J * 1. KREM 
DO 4?0 I = l.KREM 
LOCL * J • HREM«< I -1 I 
L0CR2 » J • 32*( 1-1 ) 

C SET UP Si 1.1) IN SI 1.1 .2 I 
0ILOCL*1024) * QILOCO?) 

420 CONTINUE 
GO TO 480 

430 CONTINUE 
IF (ICVCLF.GT.2l GO TO 44C 

C SI2.ll IS (N X KREMI . SI 2.21 AND SI2.3) ARE IN X N) 
K1 « KREK 
GO TO 450 

440 CONTINUE 
C Sll.l-ll . St 1•1> . SII.I«1I ARE (N X N) 

K1 • N 
4*0 CONTINUE 

C SET UP SI I CYCLE .ICVCLE+-1 ) IN Sll.1.4) 
IF IICVCLE.EO.*«| C,o TO 461 
DO 460 I * l.N 
00 460 J • l.N 
LOCL • J»N«M1-I) 
L0CR1 » J • 32*1I-l+Kl+N) 
0IL0CL«)072> « 0IL0CR1) 

460 CONTINUE 
461 CONTINUE 

C SET UP SI ICYCLE »I CYCLE) IN Sll.1.3) 
00 468 I•1»N 
00 468 J«1.N 
L0CR2 • J*J2«I I-1-HC11 
LOCL • J • N • I I —1) 
0(LOCL*2048) « 0IL0CR2) 

468 CONTINUE 
C MOVE SIICVCLE.ICVCLEI TO SI 1.1.2) 

NSO * N « 2 
DO 470 I I•1.NSO 
0111*1024) > 01 11*2048) 

470 CONTINUE 
C REARRANGE SIICVCLE.ICVCLE-1I WITHIN SI 1.1.1 I 

KLOC * 0 
00 480 !*2.K1 
KLOC • KLOC*N 
DO 480 J * l.N 
OIKLOC+J) • SIJ.I.l) 
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460 CONTINUE 
RETURN 

999 CONTINUE 
PRINT 1000.1CYCLE 

1000 FORMAT (H1.35H BANDWIDTH EXCFFDED. PARTITION R0W.I3) 
I ROW 1 = Ml • ! SHIFT 
JR0W1 * 112 • JSHIFT 
PRINT 1001. IR0W1. JR0W1 

lk)01 FORMAT < 1H .4HH0W* . I 3 .6* • 7HC0LUMN* • I 3 I 
PRINT 912" • 111* 112» ISHIFT, JSHIFT 

9120 FORMAT I 1H .*HI II * • I 3 .<»H I I 2= . I 3 .7Hl SHI FT = 11 3 .7HJSH IF T* • 1 3 I 
PRINT 9121. Kl. K2. K«tM. N. M 

9121 FORMAT!1H •3HK1'.I 3.3HK2 =.I 3.5HKREM* .I 3.?HN*.I 3.2HM*.I 3 I 
PRINT 9122.lt J. I PL. IMR. IS. IT . . . . . 

9122 FORMAT I1M «2Hl*.I 3.2HJ*.13»«HlPL -.I3»4HI MR** I?.3HIS*«13.3HIT*. 
STOP 
END 

SURROUT I N F ^XMtJL T ( A . h . C . V > 

T H I S S O H R C U T I Nt M I L T I P L l f S VATrMX A r>Y M A T R I X ti AMI) STORES THt 
PRODUCT I N C . I C CANNOT RF THF S A T AS A OR 3 . 1 

A I S (M X N l 
H I S <N X IC) 
C I S ( M X K > 

D l M F N S I ON A ( M . N ) . H I N . K ) . C ( M . I C ) 

DO 1 1 * 1 . M 
DO 1 L = 1 . 
c n . L i * 
DO 1 J * 1 . N 
C ( I . L ) * C < I » L ) • A( I . J ) • b t J . L ) 

1 CONTINUE 
RETURN 
END 
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SUBROUTINE MXSUBIA.B.C.M.N) 

THIS SUBROUTINE SUBTRACTS MATRIX H FROM MATRIX A.STORES RESULT IN C 

A, B. AND C ARE I M X NI (C CAN ME THE SAMfc A3 A OR RI 

DIMENSION AIM.N) . BIM.N) .(.(M.N) 

DO 1 I * 1.M 
DO 1 J«1.N 
CI I.J> * A(I .J) - BI I.J) 

1 CONTINUE 
RETURN 
END 

SUBROUTINE MXCONIA.B.X.M.N I 

THIS SUBROUTINE MULTIPLIES MATRIX A (M**, flT CONSTANT X. HfHULt IN ft 
A MAY RE SAME AS B. 
THIS SUBROUTINE MULTIPLIES MATRIX A IMXN) (IT CONSTANT I* RESULT IN ft 
A MAY BE SAME AS B. 

DIMENSION AIM.N) . B(M.N) 
DO 1 IM.M 
DO 1 J«1.N 
B< I .J)« X»AII.J) 

1 CONTINUE > . 
RETURN 
END 
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bUBROUTINF INVERT(H*<«K?»XMIN«F|_AG) 

C THIS SUBROUTINE SETS UP A UNIT MATRIX ADJACENT TO B(K.K) 
C ELEMENTARY ROW OPERATIONS ARE THEN PERFORMED ON THE NtW K X 2K MATRI 
C TO REDUCE BIK.ICI TC A UNIT MATRIX. THIS MILL PLACE THE INVERSE OF 
C THE MATRIX BCK.KI IN THL RIGHT HALF OF BIK.2KI 
c ON EXIT. THF. INVERSE OF B REPLACES H 
C B9*S N ARRAY OF 2»K«»2 LOCATION? CONTAINING THf MATRIX 
C K IS THE DIMENSION OF THE SQUARE MATRIX n 
C K2 IS 2«K 
C XMlN IS THE SMALLEST ALLOWABLE MAGNITUDE OF THE PIVOT 
c FLAG WILL BE RETURNED AS O. IF THE INVFRSION WENT OFF OK 
c FLAG WILL BE RETURNED AS K . IF A PIVC-T ELEVENT WAS TOO SMALL 
c FLAG SHOULD BE TESTED AFTER EACH CALL TO THIS ROUTINE 
C 

DIMENSION BlK»K2> 
c 

FLAG • 0. 
c 
C SET UP UNIT MATRIX 
c 

IFIK.GT.II GO TO 2J 
IFIABStBI1*1M.LT.XMIN) GO TO 10 
Bll.l) » l./B'l.l) 
RETURN 

20 CONiiKUE 
DO 1 I «1 <K 
DO 1 J"1»K 
Bit *K+JI - 0. 
IFII.EO.J) U<I.K*JI » X. 

! CONTINUE 
c 
c FIND LEADING ELEMENT WITH GREATEST MAGNITUDE 
c 

Oct * J«1,K 
M « J 
N « J*1 
IFIJ.EO.KI GO TO 21 
00 2 L-N.K 
IF (ABSIBIM.J»).LT.ABS(BIL>J)11 M*L 

7 CONTINUF 
21 CONTINUE 

I F I A B S I B < M , J ) I . L T . X M I N ) GO TO 10 
I F I J . E O . K I GO TO 31 

C 
C INTERCHANGE JTH AND MTH ROWS 
C 

00 3 L-J.K2 
D • BCJ.LI 
BIJ.LI » RIM.LI 
BIM.LI » D 

3 CONTINUE 
31 CONTINUE 

C ZERO OUT PIVOTAL JTH COLUMN. SKIPPING PIVOTAL JTH ELEMENT 

C DIVIDE JTH ROW BY PIVOT 

DO 4 M*N»K2 
BJJ.MI * BIJ.MI / BCJ.Jl 

4 CONTINUE 
DO 6 M«1.K 
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c 
C M DE TE RMINtS KO«f b t I N C M O D I U L I ) . ONt WHOLI RU* AT A TI*fc 
C 

IE ( M.EO.J I GC TO ft 
DO •> L=N.K? 

C 
C L DETERMINES ELEMENT IN THF "TH ROW 
C 

B(M.L) = BIM.L) - • MJ.L) 
5 CONTINUE 
6 CONTINUE 

C 
C INVERSE OF B IS NC* IN RIGHT HALF OF fU<.(C2> 
C NO* MOVE B INVERSE To »MtRE H HAS 

DO 7 l«l«K 
DO 7 J«1»K 
BI!«J I « B<ItJ*K) 

7 CONTINUE 
RETURN 

10 FLAG • 10. 
RETURN 
END 
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FUNDAMENTAL CASES FIVE AND FOUR (LONGITUDINAL LOADING) 

FUNDAMENTAL CASE 5 

PROGRAM LONTUD 
C 
C      LONTUD   CASE % 
C 
c 
C      THIS  PROGRAM   SOLVES   TNT   LOMGTUOIRAL   SHEAR  PROdLCM 

COMMON   /I/   KUJOtt   VdOCIt   N0IR(2OOt4I.M«N.KREM*NM*NT*GI)0lt 
1 CAVO«)«20ll.CCNTC200*2i*AGI2l«  COAI2*9*200l • 
2 NTRKIOO.lOttNUOt  NKD*   SI 1O«30t9l »FODOI     •   SPDOtl«! 

COMMON/2/   VF 
DIMENSION   DUMUOI   •   OMITI«l«     DMXI6» 
DATA     (DMX   ■   0.«O.tl.*O.tfl«*l.l   »(OMIT  • fl.tl.*0.*0.*0.»1.I 

C        NOIP(I«4)   -  MATFRIAL*   1   OR   ? 
C        NDIRdtJI   -   JTM DIRECT I ON/NODE   IN   ITH   TRIANGLE   .U-ltU 
C        NT     -     NUMBER   TRIANGLES 
C        NN     -     NUMBER  NODES/DIRECTIONS 
C 
C 
C 
C       NUO -    NUMBER  UNKNOWN  DISPLACEMENTS 
C       NKD -    NUMBER       KNOWN DISPLACEMENTS 

REMIND  20 CASE » 
CALL  TAP£SKIP<20.*.ü» 
CALL TAPESKIPJ20.4.ÜI 

30 READ 1000.DUM 
PRINT 1001* DUM 
READ 1002*A6(n*AG(2ltVF 
IFIVF.EO.O.I GO TO ««0 CAM 9 
PRINT 1003*AG(n*AGf2l*VF 
M • » 
N > 17 
KREM > 19 
NT ■ 19« 
NN ■  «7 
NUO ■ •) 
NKD > 14 
CALL CONFIG 
PBINT 100« 
00 100 I>1*14 
J > •»♦I 

. PRINT IDlOtJ.FDtll 
100 CONTINUE 

LINE > * 
PBINT 100«*I.J«J>l*9l*(JtJ"l*9l 
00 190 l«l*I97.2 
|F(LINE«LT.9«I GO TO 120 
LINE • * 
PBINT 100«t(J»J>l*3l*IJtJ>lt9l 

120 LINE - LINE ♦ 2 
ll>I*l 

190 PBINT 1009*1* <N0IRCI.JI.J»|»4»*II.INDIR«II*JI»J«I**I 
C 
C   PRINT OUT NODE INFORMATION 
C 

1 ■ 1 
190 CONTINUE 

LINE  >  * 
PRINT   1007 

200 CONTINUE 
IFU.NE.97I   GO  TO 210 
PRINT   1008«   I.   Kill*   VU» 
GO  TO  219 
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? 10 If? » I*2 
PRINT 1018.!IJ.XIJ).YIJ>).J«I.IP2> 

215 I * I *3 
IF(I.GT.NN) 00 TO 220 
LINE = LINE • 2 
IFILINE.GT.5M GO TO 190 
GO TO 200 

220 CONTINUE 

DERIVE ALL MATRICES SMALL K 

DO 500 J=1.NT 
CALL KSMALL(J) 

300 CONTINUE 
DO 400 1 = 1 .NN 
NTRI I I.10)• 0 

400 CONTINUE 
DO 500 I « l.NT 
DO 500 J * 1.3 
K « NDIR(I.J) 
NTRI(K.IO) « NTRIIK.10) + 1 
L « NTRIIK.10) 
NTR I I K . L ) = t 

500 CONTINUE 

CALL PUCHOL 
GO TO 30 

1000 FORMAT!10A8) 
1001 F0RMATUH1.10A8) 
1002 FORMAT!3E15.4) 
1003 FORMAT IS0X.3HG 1.20X.3HG 2.20X.3MV F/10X.318X.E15.5»I 
100* FORMAT! 1H1 . 8HTRIANGLE.3(2X.5HN0DE .111.4X.8HMATERIAL•10X 

1 8MTRIANGLE. 3! 2X.5HN0DE .11).4X.8HMATERIAL/I 
1005 FORMATI1X.2I5X.I3.5X.I3.5X.I3.5X.I3 .9X.I 3.10X>/) 
1007 FORMAT!1M1.3(4MN0DE.12X.lMX.12X.lMy.8X1/) 
1008 FORMATI2X.I3.2(3X.F10.5)/) 
1009 FORMAT!/////.4X.15HN0N-ZER0 KNOWNS./l 
1010 FORMAT I5H ROW!.I2.2H)*.F11.4 I 
1018 FORMAT!IX.31 IX.I 3.3X.F10.5.3X.F10.5.8X)/I 
950 CONTINUE 

REM INO 20 
STOP 
END 
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SUBROUTINF CONFIG 

CONFIG CASE 5 

THIS SUBROUTINE GENERATES THE COORDINATE AND FORCE CONFIGURATION 
FOR THE PROGRAM LONTUD 

COMMON /}/ *(100), Y(IOO), NOIR ( 200.4 ) ,M,N.KREM.NN,NT ,G(30 ) . 
1 CAY I 3.3.2UI).CENT(200.2).AG<2). COAI 2.3.200). 
2 NTRI ( 1C0.1C) . N'JD . NK.D, S ( 30 . 30 . 5 ) .FD ( 30 ) . SPC30.15) 
COMMON/2/ VF 
DIMENS ION JNDIR < 158 ) «K.ND I R I 158 ) .LNDIRI 158 ) 
DATA (RAD = 57.29578) 
DATA (JNDIR = 

1 1. 2. 1. 1. 2. 2. 2. 3. 1, 9, 4, 4, 5. 6. 6, 6. 7. 8. 
2 8. 8. 9.15.10.10.11.12.12.12.13.14.14.15.15.21.16.20.20.20. 
3 21,21.21.25.23.24.24.25.25.28.28.17»17.17.18.18.19.19.22»22. 
4 22.23.23.29.29.30.30.31.31.32.32.33.33.34.34.35.35.36.36.38. 
5 38.39.39.4j.40.41.41.42.42.43.43.44.44.45.45.4 7.47*48.48.49. 
6 50.50.51.51,52,52.53.54.54.59.57.57,57.58.59.59.59.60.61.61. 
7 62.56.63.63.63.63.64.05.65.65.66.67.67.67.69.69.69.69.70.71. 
8 71,71.72.73.73.73.75.75,75,76,77,77,7R,79,79,81,81,92) 

DATA CtCNDIR = 
1 2 •> 3,85, 4, 5. 5. 6. 7, 7, 8, 9,86.10.11.11.11.12.13.13.13. 
2 14.15.15.87.16.17.17.17.18.19.19.19.20.14.21.88.28.19.22.23. 
3 23.24.25.89.26.26.27,27.90.29.30.30.31.32.32.33.33.3*.34.35. 
4 36.36.37.38.39 .39 .40.40.41 .41.42.42.43.43.44.44.45.45.46*47. 
5 <>8.48.49.49.50.50.51.51.52.52.53.53.54.54.55.58.61.61*62.62. 
6 62.65.65.66.66.67.67.67.56.97.97.59.60.60.96.95.63.63*63*64. 
7 64.67.95.94.69.70.7C.7C.71.72.72.72.73.74.94.93.75.76*76.76. 
8 77.78.78.78.79.80.93.92.81.81.81.82.82.82.83.92.91.91) 
DATA ILNDIR = 
1 84.84.84. 5. 2. 6. 7. 3. 8. 9.85.85.11. 5. 6.12.13. 7. 8.14* 
2 15. 9.66.B6.17.il.12.18,19,13,14.20.21.21.87.87.17.22.23.21. 
3 24.25.88.88.24.2 7,25.90.89.30.17.31.32.18.33.19.34,22.35.36. 
4 23.37.26.39.30.40.31.41.32.42.33.4 3.34.44.3 5.4 5.36.46.37.48. 
5 39.49,40,5o,41.51.42,52.43.53.44,54,45,55.46.61,48,62,49,$0, 
6 65,51,66,52,67,53,54,56.55.96.59.60.58.61.95.63.60.61.64.62, 
7 65.68.94.69.70.64.65.71.72.66.67,73.74.68.93.75.76.70.71.77. 
8 78.72.73,79.80,74.92.81.76.77.82.78.79.83.80.91.82.83) 
DO 10 1*1<36 
NDIR(1 ,4 ) = 1 

10 N D 1 R I 1 5 9 - 1 , 4 ) « 1 
DO 20 I i 1 , 8 6 
N D I R ( 3 6 * 1 , 4 ) * 2 

20 CONTINUE 
DO 50 1 - 1 , 7 
F D ( t ) > 1 

50 F D < ! • ? ) « - 1 
DO 100 1 * 1 , 158 
NDIRII.1) * JNDIR<I) 
NDIR(1,2) * KNDIRII) 
NDIRI1,3) » LNDIRII) 

100 CONTINUE 
S3 « SORT(3,) 
S302 * S3/2. 
PI « 3.1415927 
R * SORT(2,«S3#VF/PI) 
*(84) * S302 
Y(84> * .5 
DO 300 1*1,3 
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300 
X U ) = S302-R/4.«C0S(PI»(!-l)/b.) 
Y(!)= .•> -R/4.»SIN(PI»<1-1)/fc.) 

DO 310 1=1,6 
X(I+3) - S302 - R/2.» COS(PI«(1-1)/12.> 
Y U + 3) .5 - R/2.» S1N(PI»< 1-1>/12. I 

X1I+9) = 
Y(I+9) = 

S302 - 3.*R/4.»C0S(PI»( 1-1 )/12. ) 
.5 - 3.»R/4.*SIN(P!•(1-11/12.) 

310 

320 

330 

X(1*15) = S302 - R • 
- R • 

COS(PI»t 1-1 I <'12. ) 
S IN ( P I * ( 1-1 )/12. I 

340 

350 

Y(1+15) - .5 
DO 320 I =1.7 
X(83*I) = S302 
CONTINUE 
00 330 1 =1,5 
Y (83 + T) • .5- (1-1)/4.«R 
CONTINUE 
Y(90) = -.5 
YC89) = (Y(88)+Y(90))/2. 
X(38) • -.5 »TAN(PI/6.) 
Y(38 I « .5 
DX « (l.-R)/(2.«COS(PI/6.l> 
X(291 • XI38) • OX 
Y<29! » .5 
X»28) * (X«29)+X(16))/2. 
Y(28) = .5 
DO 340 I «1»4 
XII+38) » <4-11 • XC381/4. 
V<I*38 I • (4-1) • Y(38)/4. 
DELX * X(39) - XI381 
DELY = V139) - Y C 38 ) 
DO 350 I = 1.8 
XII•29) = X( 1+28) • DELX 
Y(1+29) « Y(I+28) + DELY 
XI26) « X137)•IX190)-X I 37))/3. 
Y(26) " -.5 
X(27) - 2.#X <26) - X(37) 
ft 21) ' -.5 
XI22 ) = X(19 I • IXI 26)—X(19)1 /3. 
Y(22) * Y119 ) + IYI 26)—Y(19)) /3. 
X(23) = 2«*XI 22)-XI 19) 
Y(23) « 2.#Y(22)—Y(19) 
X(24) « X(23)+(X(89)-X(23))/3. 
Y(24) = Y(23)+(Y(89)-Y(23))/3. 
X(25) • 2.*X(24)—X(23) 
Y(25 I * 2.*Y(24)—Y(23 I 

DO 360 I« 43,83 
XII) = -XI84-I) 

360 Y11 I « -YI84-1) 

DO 370 I« 1,7 
XI90+I) = -X(83+1) 

370 V(9C+I) = -YI83+I) 

RETURN 
END 
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SUBROUTINE FINAL 
C 
C     FINAL   CASF ^ 
C 
c 
C     THIS SUBROUTINF  CALCULATES  STRESSES  FOR PROGRAM  LONTUO 
C 
C 

COMMON   m   X(IUO),   Y(10u).   NOIRI200t«ttM«NtKREMtNN*NTiO(30>* 
1 CAY(3t3.2ül).CENT(20n.2)»Af.(;).   COA 12 13*200) i 
2 NTRKlÜO.lül.NUD«   NKDt   S( 30.30.5 » »FO ( 30 »      i   SPOOtDt 

COMMON/2/   VF 
DIMENSION   SIGI4.158) 
EQUIVALENCE      (SICSTRI 
DIMENSION     SlGOUT«632> 
DIMENSION    OEH200I.   OX ( 3 I .     STR(4.200) 
DATA     (PI»3.U159i7» 
R«SORT(3.l 
R»SORT«2.»R«VF/PI ) 
OEG  ■   57,29^78 
DO  10   J  ■   UKRFM 
OCLUJ   •  SPIJ«1) 

10 CONTINUE 
RLOC  ■  ICHEM  -  N 
DO 20   I   •  2.M 
KLOC  •   KLOC   *H 
00 20 J  >1«N 
OCLIKLOC^Jt   ■   SPIJ.M 

20  COMttMuf 
00 29   I   •   1«  NKD 

24  OtL«MUO*H   •  POIM 
PHIMT   1010 
NOCL  ■  NN  /   7 
XNT  •  0 
00 19  J •   UNOCL 
XNT  ■  XNT  ♦   1 
iriXNT.LEolBI   60  TO  90 
MINT   1010 
XNT  >  0 

90 JTIN •  T«IJ-1I*1 
JUST  •  JFIN  ♦  * 
»•INT   1011*   IKtR>JfINtJLASTl 
MINT   1012t   IOCL«RI*K«XiN*XASTI 

99 CONTINUC 
LOCI  •   T«NOft*l 
iriLOCl.OT.NNI  00 TO «0 
••INT   1011*   IK*K«LOCltNNl 
MINT   1011«   IOCLIKI*K>LOCl*NNt 

40 CONTINUT 
C 
C     PINO STRESSES 
c 

00 100 l«l*NT 
II • NOINMtll 
II • N0I*<I*2I 
IT • N0l»ll*9t 
Ollll • OfLllll 
bll/i • OCLI121 
oini • ocum 
C«il  *«(M.T|CO*l l.l*ll*0l.STRn.|l,2«3.n 
&TNI9«II   •   SORTI   S»»il.H«»2 *  STRl2*n**?l 

I*«)  9Ttlft.|l   •   Mb   •   AT*NIStRI|.|t   /   STRIl.ll    I 
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TAUXZ • R/*.«ISIG(l*9>>SICIl*12l«SIG(l«?«l*SIGIl*36n 
1    ♦ IU-Kl/l.'ISI6ll*«*>*->IG<l*49M 
TAUXZ ■ l./TAUXi 
00 110 Jal.lM 
STRO.J) ■ STRIItJI«TAUXZ 
00 110 1-1*2 
Km (j-n«?«i 
SIGOUTIK) • STR(|*JI*TAUX2 

110 STRIUJ) ■ SIGOUTIKI 
r 

LINE - * 
PRINT 1005 
DO 190 I »I.NT 
|FILINE«LT«M|   GO TO   1*0 
LINF  -  * 
PRINT   100» 

1*0  LINE  -   LINE   * 2 
150 PRINT   1006*l«(CENT(l«JI.Jal«2l.lsrRIJtM*J*l**» 

PRINT   8787.TAUXZ 
8787  F0RMATI//23H NORMALIZATION  FACTOR   •t2XtE15.7l 

WRITE   1201   (SIGOUTIIItlaltlSSI CASE 5 
1005 F0RMATt9HlTRlANGLE**X10MCENTROIO Xt*X*IOHCENTROIO T*6X*8MSIGI*A   XZt 

1 6X*8HSIGNA  VZt6Xt8NGRA0IENTi9Xt5HALPHA/) 
1006 FORMAr(6X*l3t2l*X*F10.*)»*l2X«E12.5l/l 
1010 FORMAT«lHl*50Xtl3HOISPLACEMENTS.//I 
1011 FORMATJIM   *7 iax**HOEL<•DflHl   |   I 
1012 FORMAT UM   •7(2X*EU.7|/| 

RETURN 
END 
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FUNDAMENTAL CASE 4 

PROGRAM LONTUO 
C 
C        LONTUD     CASE   U 
C 
C 
C      THIS  PROGRAM  SOLVES   THE   LOMOTUOINAL   SHEAR PROBLEM 

COMMON   /I/   xnOOlt   VdOOl*   NDtR(20n»*!.M,N»KREM.NNfNT,GOO)t 
1 CAYO.3.?01I.CENT(200i2)*Aä(2)*   COA I ? ,3t200) . 
? KTRitioo.iDtNuOt NKD. sno.io.MtFono»    . SPnO.li) 

COMMON/2/  VF 
DIMt'NSION   OUM(IO)    t   0MXT(6)t      OMX(6) 
OAT».  (OMX « J.f0..1..0.*0.«l.) .IOMXT ■ 0* 11 . .0* »0* «0. • 1 . I 

NOIRlIt«) - MATERIALt 1 OR 2 
NDIRINJI - JTH DIRECTION/NODE IN ITH TRIANGLE »«JMO) 
NT  -  NUMBER TRIANGLES 
NN  -  NUMBER NODES/DIRECTIONS 

NUD -  NUMBER UNKNOWN DISPLACEMENTS 
NKD -  NUMBER   KNOWN DISPLACEMENTS 

REWIND 20 CASE <* 
CALL TAPESKIP12ü,6.0> 
CALL TAPESKIP(20.5.0t 

10 READ lOOOiDUM 
PRINT 1001* OUM 
READ 1002*AG(1I*AGI2I«VF 
mvF.EO.O.I GO TO 990 CASE 4 
PRINT 1009*AG(1)*AGI2I»VF 
M ■ » 
N-19 
KREM ■ 11 
MUD ■ 71 
NT • 198 
MM •  »7 
NKD ■ 2A 
CALL CONFIG 
PRINT 1009 
DO 100 I«l»2« 
J ■ 7JM 
PRINT 10l0tJ*F0( II 

100 CONTINUE 
LINE ■ A 
PRINT 100*tlJ.J»lt3».«J.J«lt1l 
DO 110 l»l.)97,2 
IF LlNE*i.T*SAI CO TO 120 
LINE • * 
PRINT 1004.( J.JM.3».« J.J"l»3t 

120 LINE • LINE ♦ 2 
II»I»1 

110 PRINT 1001*1« «NDIRI t*J)«J>l*AI*IItlNDIRMI*Jt •J-l»*) 
C 
C        PRINT  OUT  NODE   INFORMATION 

c      , . ■ 
190  CONTINUE ( 

LINE  •  • 
PRINT 1007 

200 CONTINUE 
IF(I.NE.97» GO TO 210 
PRINT 1008« I« XU». Yd) 
GO TO 211 
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210   IP?  •   1*2 
PRINT   10iatMJtX(J|.VIJ|ltJ*l*t»2> 

21'»   |»I*1 
IFd.GT.NNI   GO  TO 220 
LINF   •  LINE  ♦  2 
IFlLlNE.GT.96l   GO TO   190 
GO  TO 200 

220 CONTINUE 
C 
C       DCftlVE  ALL  MATRICES SNALL  K 
C 

00   900   JaltNT 
CALL  KSMALLIJ» 

900  CONTINUE 
00  AOO   l«l*NN 
NTPIfl.lOl-   0 

400 CONTINUE 
00 900   I   >   I»NT 
00  500  J >   1*9 
K  >  NOIftllO) 
NTNIIKtlOl   •  NTRMK.IOI   ♦   1 
L   •  NTRIIKtlOl 
NTRIIKtLI   ■   I 

900 CONTINUE 
C 

CALL  PUCMOL 
GO TO  10 

«90 CONTINUE CAM • 
NEW I NO  *0 CAM % 
STOP CAM * 

1000 PONMATIlOAt) 
1001 FORMATflHltlOAlI 
1002 FORMAT(9E19.*I 
1009 FORMAT I 901 •9N6   1«20K*9NG  2f20I»9MV F/|0«.1tll.C 19.9M 
100*  FORMAT!IHlt   •MTRIANGLE.9I2I.9NN00E   * 111 .«I.CMHATERIAL.IOli 

1 •MTRIAM6LE.9I2I.5MN00C   tIII •«■••HHATBRIAL/I 
1009 F0RMATI1*.2I9«»I9.W»IJ»9K.I9.9«.I9   ««I.I9«10Il/l 
100T F0RMATIlHl*9UNN00E*12l*lMK»12RtlNVtail/l 
1001  F0RMAT(2X*l9*2l3X*ri0.9l/l 
1009 FORMAT I/////♦♦K.19MNON-2ERO KNOHNS./I 
1010 F0RMATI9M ROWI112*2H|>*F11.« I 
1018 FORMAT!lXt9llX*l9«9XtF10.9«9l.F10*9.811/1 

ENO 
•«0 CARDS 
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SUBROUTINE CONFIG 

CONFIG CASE b 

THIS SUBROUTINE GENERATES THE COORDINATE ANO FORCE CONFIGURATION 
FOR THE PROGRAM LONTUD 

COMMON / l / X I 100 I • * < 1 0 0 ) • N D I R ( 2 0 0 . 4 ) , M »N .KREM »NN . N T . G I 3 0 ) , 
1 CAYI3.3.201),CENTI200.2).AGI2), CDA12,3.200)• 
2 NTRI(100.10).NUD. NKD» SI 30,30.5),FDI 30) • SPI30,15) 
COMMON/2/ VF 
DIMENSION JNDIRI158).UNOIR(158).LNDIR1158) 
DATA IRAD * 57.29578) 
DATA (JNDIR = 

1» 1. 2. 4. 1. It 1. 1* 2. 2» 2• 3.10. 4* 4* 5. 5* 5. 6. 7. 
7. 7. 8. 9.16.10.10.11.11.11.12.13.13.13.14.15.16.18.19.19. 

2-.20.20.21.23.24.24.25.25.27.16.16.16*16.17.17.18»22.22.22« 
22.23.23.34.27.27.27.28.28.29.29.30*30.31.31.32.32*33.33.41• 
34.34.34.35.35.36.36.37.37.38.38.39.39.40.40*51*41.41*41*42. 
43.43.44.44.45.45.46.47.47.48.49.49.50.50.48.49.49.50.51.31• 
52.58.53.54.54*54.55.56.56.56.57.58*58.58.59.60.60.60*61.62. 
62.62.63*64.64.64.65.66*66*67*68*68*69*70.70*71*72*73 I 

DATA IKNDIR * 
74* 2. 3.75.75. 4. 5. 6. 6. 7. 8* 8*76*76* 10*10*11*12*12* 12* 
13*14*14*14*77*77*16*16*17*18*18*18*19*20.20.20*78*22*22*23* 
23.24.25.23.88.88.87*87*86*79*79*27*28*29*29*30*3.0*18*31*32* 
33.33.89.80*80*34*35*35*36*36*37*37*38.38*39*39»40.40*90»81* 
"81.41.42.42.43.43.44.44.45.45.46.46*47*47*91.82*82*51*32*32* 
52*56*56*57*57*58*58*58*92*49*84*50*83*51*53*53*54*54*56*55* 
55*93*59*59*60*61*61*61*62*63*63*63*64*94*65*65*66*67*67*67* 
68.69,69.69.73*95.71.71.72,72.72.73.73.73.96.97.97,97 I 

DATA (LNDIR « , 
75,74*74*76* 4, 5, 6, 2, 7, 8, 3, 9,77,10* 5*11*12* 6* 7*13* 
14* 8* 9*15*78*16*11*17*18*12*13*19*20*14*15*21*79*19*23*20* 
24.25.21*26*24.87.25*86»26*80*27.28*29*17*30*18*31*31*32*33* 
23*89*88*81*34*35*28*36*29*37*30*38*31.39*32.40.33*90.89*82 * 
41.42*35*43*36*44*37.45.38.46.39*47.40*91.90*83*31*52*42*43* 
56*44*57,45.58*46.47.92*91.85*85*84.84.83*49*54*50*31•35*52. 
56*92*54.60*61*55.56.62*63*57*58.64*94.93*60.66*67.61*62*68* 
69.63,64,70,95,94,66,72,67,68,73,69,70,96,95,72,73,96 I 

DO 10 I«1.36 
NDIRII*4) * 1 

10 NDIRI159-1*4 I - 1 
DO 20 I * 1*86 
NDIRC36-M *4) • 2 

20 CONTINUE 
DO 30 I - 1* 12 
FDI11 « 1* 

50 FDC1*121 • -1* 
DO 100 I • 1* 158 
NDIRI1,11 * JNDIRII> 
NDIRII.2) « KNDIRIl) 
NDIRII.31 » LNDIRII) 

100 CONTINUE 
S3 > SORT I 3 . ) 
S302 » S 3 / 2 . 
PI « 3.1415927 
R • SORTI2**S3*VF/PI) 
DO 300 1*1*3 
XII) * S302-R/4.»C0SIPI*I/6.) 

300 VII) * .5 - R/4.»SINIPT»I/6.) 
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00  310     I«l»6 
X(l*3»   •  S302  - R/2.»C0S<PI»I/12.) 
VII*3»   •     .5     • R/2**SIN(PI*1/12.I 

XtI*9J   •  S302  -  3.»R/*.»C0S«PIM/12.» 
Y(I*9J   ■     .5     -  3.»I«/4.«SIN«PI»I/12.> 

Xll^lS)*  S302  - R«CCS(PI*I/12») 
310  V«!*15»«   .5  - R»  SIN(PI*t/12*) 

DO 320   I   >  1*9 
X(l-»73)   •  S302  - R»(I-1)/*. 

320  Y(I*73J   •   .5 
00  330   I«It« 

330 yes**!» ■ -.5 
X(86)   «  S302 
XI26t   •  S302 
YI26I   ><VC21)>  VI06II   /2. 
Y(01l   >   .3 
Y(80l   ■   .3 
VI79)   •   .5 
XISl»   «  -•!  •   TAM(P1/6*I 
OX  >   U.-Rl   /   <2»»COS«PI/6.ll 
XI80)   •  X(81l   ♦ OX 
X(79)   •   (X(80l   ♦  X(78l)/2. 
DO  3*0   1«1»» 
Xtl*33»   >   U-II«   XI81IM. 

340  Yri*33l   "   (4-1)*  YI81IM. 
OELX  >  XI34l-X(81i 
0£LY  ■  VI34)-YI81) 
DO  350   I   ■   1.7 
XI1*261  • X«80»*0CLX*I 

350 V(i*26)   ■ y»80l*D€LY»l 
XI89)   « XI33I+DELX 
X(88)   «   XI89I*   IXt86l-X(89M/3. 
XI87I   •  2*ni88)-X(89) 
XI22I   - XI18)  ♦  IX(88I-X(18I)   /3. 
YI22I   > YI18I   ♦   IYI88I-Vll8i»   /3. 
X(23»   >  2.n<22»   - XI18) 
VI23»   ■  2»#r<22)   -  Y«18» 
XI24I   ■ X(23l*(X(26l-XI23n/3. 
Y(2»l   ■ Y«28l*IYI26»-Y«23n/3, 
X(29l   •  2.*XI24)   -XJ23» 
Yi25» ■ 2.»Y«24) -yeas» 
DO  960   f«  38»73 
X«!»   •  -XI74-II 

360 VI!J   ■  -VI74-1» 
DO 370  !> 1*  4 
XI89*II   > -XI82-I) 
YI89*II   ■  -.5 
XI9**!»  ■  -XI78-I) 
VI93*I)   •  -.5 
XI81*!)   -  -  X(90-II 

370 VI81M)   ■ ♦.S 

RETURN 
END 
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SUBROUTINE FINAL 

FINAL CASE 6 

THIS SUBROUTINE CALCULATES STRESSES FOR PROGRAM LONTUD 

COMMON /l/ XI100). Y(IOO). NO IRI 200.4 >«M.N.KREM »NN.NT «GI30). 
1 CAYI3.3,201).CENTI200.2).AG(2). CDA<2.3.200). 
2 NTRI(100.10).NUD. NKD• SI 30.30.5).FD<30) . SPI30.15) 
COMMON/2/ VF 
DIMENSION SIGIfc.158) 
EQUIVALENCE (SIG.STR) 
DIMENSION SI GOUT(632) 
DIMENSION DEL I200 It DXI3). STRI4.200) 
DATA (PI«3.1415927) 
RESORT I 3.) 
R»SORT(2.»R»VF/PI) 
DEG » 57.29578 
DO 10 J » l.KREM 
DEL(J) * SP(J.l) 

10 CONTINUE 
KLOC * KREM - N 
DO 20 I > 2.M 
KLOC * KLOC +N 
DO 20 J »1.N 
DEL IKLOC*JI • SP(J.I) 

20 CONTINUE 
DO 25 t > 1. NKD 

25 DELINUDM) » FD1I) 
PRINT 1010 
NDEL • NN / 7 
JCNT « 0 
DO 35 J » l.NDEL 
JCNT « JCNT • 1 
IF!JCNT.LE.1B) GO TO 30 
PRINT 1010 
JCNT * 0 

30 JFIR » 7»«J-1I*1 
JLAST • JFIR • 6 
PRINT 1011. <K.K«JFIR.JLAST) 
PRINT 1012. (DEL(K).K*JFIR.JLAST) 

35 CONTINUE 
LOCI » 7»NDEL*1 
IFIL0C1.GT.NN) GO TO 40 
PRINT 1011. (K.K*L0C1«NN) 
PRINT 1012. IDEL CKI»K»LOC1»NN) 

40 CONTINUE 
C 
C FIND STRESSES 
C 

DO 100 1*1.NT i 
11 * NDIRI1*1) 1 

12 > NDIRI1.2) 
13 * NDIRI1.3) 
DX(1) « DEL I 11 ) 
DXI 2) = DELII2) 
DXI3) = DELI 13) 
CALL NXMULTICDAC1.1.1).DX.STRI1.I).2.3.1) 

100 STR13.11 » SORT! STRI1.I)»»2 • STRI2.I)»»2) 
TAUV2 * R/4.»(SIGI2.1)*SIGI2.4)•&IGI 2.13)*SIGI 2.25)) 
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1 ♦   CX<78l-X<79)l»(StG(?»37l*5.G(2t50l» 
2 ♦   (X<80)-X(8in«<SIG(2fft4l4SIG(?i80n 
3 ♦   (X«82l-X<85l )/3.«<SI&(2i96)-fSIG(2.ni)*SIG(2,U3l) 

TAUVZ«SORT(3.»/TAUY2 
00  110  J.1.158 
IFINElOMBSISTRUtJ) ).LT.ABS(STR(2»JM t   GO   TO  80 
STIt(4>J)«DEG*ATAN(STR(2tJI/STR(ltJ| I 
GO  TO 90 

80  STftUtJI   •  90. 
90 CONTINUE 

STRJ3.JI • STR(3.J)»TAUYZ 
DO 110 1.1,2 
K« U-n«2*I 
SIGOUT(K) ■ STR( l*Ji*rAUV2 

110 STRIItJI ■ SIGOUTIK) 
: 

LINf • 4 
PRINT 1009 
00 190 I «ItNT 
IF(LINC.LT*94I GO TO 140 
LINE • 4 
PRINT 100» 

140 LINE " LINE ♦ 2 
190 PRINT 1006*l*<CENT(l*J),.i-I,2l,(STR(J«I)«J>l*4) 

PRINT 878T,TAUY2 
8787 F0RMAT(//?3M NORMALIZATION FACTOR >,2X*En.7) 

WRITE (201 (siGourin*i>itne) CASE 
1009 F0RMAT(9H1TRIANGLE«4X10HCENTR0I0 X*4Xtl0HCENTR0ID Y*6Xt8HSIGMA XZ» 

1     6X*8HSIGMA YZ*6X*8HGRA0IENT,9X,6HALPHA/I 
1006 FORMAT<6X»I9t2(4X.Flu.«»,4(2X,E12.5J/I 
1010 FORMAT« INI ««UXtlSHOlSPLACEMENTS*//I 
1011 FORMATdH •7(8X*4H0ELI • I3t 1H) I ) 
101? FORMATdH t7l2X,El4.7)/| 

RETURN 
END 
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AUXILIARIES 

SUBROUTINE PUCHOL 
C 
C  THIS ROUTINE SOLVES  SU»G t MHERC S IS A TRI-DIAOONAL MATRIX IN 
C  SUBMATRICES. WITH ELEMENTS OF ORDER N. 
C  S IS KNOWN 
C  SP IS A VECTOR OF DIMENSION (NXMI WHERE M IS THE NUMBER OF DIVISIONS OF S 
C  C IS WRITTEN ONTO TAPE AFTER DERIVATION ON THE FORWARD PASS* 
C  AND READ BACK IN ON THE BACKSWEEP 
C  Sd.Ull  INITIALLY CONTAINS  SCI*I-1I 
C  SJ1.1.2I  INITIALLY CONTAINS  SU.I  > 
C  SOdtO  INITIALLY CONTAINS  SU.I*!» 
C  SP CORRESPONDS TO P IN THE WRITEUP BY GATEWOOD ON THE FORWARD PASS. 
C  ON THE BACKSWEEP* IT CORRESPONDS TO U. 
C 

COMMON /!/ XllOOlt YIIOOI» NDIRI 200*4) tMtN*KREMtNN*NT*GO0l • 
1 CAY»3.3»2Ol)*CENT(20O*2».AG(2). CDA(2*3*200)* 
2 NTRII100*10I*NUD* NKD* SO0*30*9) *FD 130)  . SP«30.15) 
DIMENSION CI900I 
EQUIVALENCE  (SI3601)»C) 
DATA (XCIMIT >1.E-SI 
REWIND 96 
N2 • 2*N 
KREM? ■ 2*KREM 
00 10 ICVCLE »UM 
imCVCLE-21 1*2.3 

1 Kl • KREM 
K2 ■ KREM 
K3 • KREM2 
GO TO * 

2 Kl > N 
K2 • KRE«) 
K3 > N2 
60 TO « 

1 Kl >N 
K2 «N 
K3 •N2 

4 CONTINUE 
K« > N 
IFtICVCLE.EO.M»  K* ■ NKD 
CALL KLAR6E(ICYCLE.S.SI1.1.2».S(l.l»*»*Sn.l.3).Kl*K2.K*.NKD) 
IFCICYCLE.EO.l» GO TO 10 

5 IF (UNIT.96)  6.7 .600. 600 
6 GO  TO 9 
T  CONTINUE 

CALL  MXMULTlSU.l.ll   .   SO.1.5)   •   SU.l.S)   *K1*K2*K1I 
C 
C     SU*1.5)   CONTAINS C  FROM  LAST   CYCLE 
C 

CALL  MXSUB(Sll*l*2i   *   SU.1.3)   *   S(1.1*2I   *K1*K1) 
10  CONTINUE 

C 
C     8«I.I)     NOW   IN  SI 1*1*2) 
C 

CALL INVERTIS(1*1*2) * Kl » K3* «LIMIT * FLAG) 
IF (FLAG.NE.O.) 60 TO *f>0 

C 
C  INVERSE OF BII*I) NOW IN  S(1*1*21 
C 

IF (ICYCLE.EO.l) GO TO 2» 
CALL  MXMULTISI1*!*!)   *SP(1 *ICYCLE-1)   •   S(l*1.3)   .  N.   K2   t   1) 
CALL  MXSUe   (0     .     Sll.1.31*   G*  N*   1) 

20  CONTINUE 
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CAwk. MmifcT   '(l>     ":   •  ",  .s»a.   ICTCLC     I   • Kl   t  Kl   t    II 
IF   IICVCLf.Gr.MI   GO TO  M 
CALL MXMULT   fSll.l»2l   •  Sll«lt%l   •   SU*1*5I*  Kl   •  Rl   t  Nl 
NSO • Kl»« 
ttUFPER OUT      (9«*U      ICH)*  CCNSO   II 

90 CONTINUE 
99 CONTINUE 

C 
C     NOW   IN BACK SHEEP*   SOL V INC fOR U 
C 

00 »0  I   ■  2*M 
JCYCLE • «-IM 
IFtXrCLE.GT.l»  GO TO 96 
Kl • KREM 
GO TO 97 

96 Kl • N 
97 CONTINUE 

NSO > K1*N 
IF (JCYCLE.E0.M>1I  GO TO 41 
BACKSPACE «6 

«1 CONTINUE 
BACKSPACE «6 
BUFFER IN   («6*11  (C(1I*C(NS0 11 

62 |F(UNIT*96I 69* 64*700*700 
49 GO TO 42 
44 CONTINUE 

C 
C  U(MI-SP(NI * CONSIDER FIRST (M-llTH CYCLE 
C 

CALL MXNULT<S(1*1*9I «SPdOCVCLEM I *S( 1*1*11 *K1 *N* II 
CALL MXSUBfSPd* JCYCLE I* S(l*l*ll *SP(1 »JCYCLE I • Rl *  II 

60 CONTINUE 
C 
C  U(NS»1I NOW STORED IN SPIN.I» * l>l*M 
C 

CALL FINAL 
RETURN 

900 CONTINUE 
PRINT 1000 * ICYCLE 
STOP 

600 CONTINUE 
PRINT 1001.ICYCLE 
STOP 

700 CONTINUE 
PRINT 1002* JCYCLE 

1000 FORMAT (91H1C0UL0 NOT INVERT MATRIX IN ROH»I2l 
1001 F0RMAT(97H1      ERROR READING C INTO CORE ON 12* 7HTH ROW.I 
1002 FORMAT«97N1      ERROR WRITING C ONTO TAPE ON 12* 7MTH ROM.I 

STOP 
END 
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SUBROUTINE K S M A L L ( i i 
c 
C THIS SUBROUTINE DERIVES THE MATRIX SMALL tc AND THE MATRIX 
C C«D» A»«(-lI FOR THE TRIANGLE I. 
C 

COMMON /I/ XllOO). Y(100 ) . NDIR ( 200 .<») .M.N.KREM.NN.NT »G< 30) . 
1 CAY(3.3.2U1I.CENTI200.2).AG(2)t CDA(2.3.200). 
2 NTR I ( 100. 1UI .NUD. NK.D. S ( 30 .30.5 I .FD ( 30 > . SP(3C.15> 
DIMENSION D(6). AINVI3.3). C(4) .DMXT(6) 
DATA (DMXT = 0..1.•0.•0..0..1.) 
DATA ID=0•.0•.1•.0•.0*.1•1 » (C ~ 0«*0..0«.0.) 
A INV(1.1) >1. 
A INV(1.2) =0. 
AINV(1.3) -0. 

C 
INI • NDIR(I. 1 ) 
IN2 « NDIR(1.2) 
IN3 « NDIR <I.3) 
X12 » XI IN2) - X( INI) 
X 13 » X(IN3) - X(INI) 
ETA2* Y(IN2) - Y(INI) 
ETA3» YlIN3I - VI INI) 

C 
CENT(1.1) = (X(IN1) +X(IN2) • X»IN3) ) / 3. 
CENT(1.2) " (Y(INl) *Y(IN2) +YIIN3) ) / 3. 

C 
DELTA « XI2*ETA3 - XI3»ETA2 
IF(ABS(DELTAI.GT.l.E-13) GO TO 77777 
PRINT 88888.I 

••••• FORMAT(1H1.3HI >.13) 
77777 CONTINUE 
C 

A INV(2.2) « E T A3/DEL TA 
AINVI 2*3 ) •= -ETA2/DELTA 
AINV(2*1) « -(AINV(2.2) * AINVJ2.3) ) 
AINVI 3.2) • -X 13/DEL T A 
AINVI3*3 > « X12/DELTA 
AINVI3*1) » —I A INVI3.2) • AINVI3.3I ) 

C 
IMAT * NDIR(1.4) 
C «1 I «AG!IMAT) 
ci«> « c m 
CALL MXMOLTID.AINV.CAYI1.1.I).2.3.3) 
CALL MXMULTIC.CAY(1.1.I).CDA(1.1.I).2.2.3) 
DO 100 J>2.3 
JJ-J-1 
DO 100 K>1.JJ 
TEMP • AINV(J.K) 
AINVIJ.K) • AI NV (K. . J ) 

100 A1NVIK.J) = TEMP 
OMEGA * DELTA / 2. 
CALL MXMULTIDMXT.CDA(1.1.I).CAYI1.1.I*1).3.2.3) 
CALL MXMULTI AINV.CAY(1.1. 1*1).CAY(l.1.1).3.3.31 
DO 110 J • 1.3 
DO 110 K « 1.3 
CAY(J.K.I) = CAYIJ.K.I)« OMEGA 

110 CONTINUE 
RETURN 
END 
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SUBROUTINE K L A R G E ( 1 . S 1 M 1 , S I . S I P 1 » C A V 1 2 . I 1 . 1 2 1 1 3 • 1 4 ) 
C 
C THIS SUBROUTINE IS CALLED BY SUBROUTINE PUCHOL TO GENERATE THE I-TH 
C ROM OF SUBHATRICES S(I.I-l). S(I.I). S<I.1+1> AND THE PART OF THE 
C INDEPENDENT VECTOR REOUIRED BY THE CHOLESKI PROCESS ON THE I-TH PASS 
C 

COMMON /X/ X(100). Y(IOO). NDIR(200.4 I.M,N.KREM.NN.NT.G(30>. 
1 CAYI3.3.201) .CENTI200.2) .AG<2 ) < CD.« ( 2 . 3 .200 ) . 
2 NTRI(100.10).NUO. NKD. S(30.30.5)»FD(30) . SPI30.15) 
DIMENSION SI Ml ( 11 .12 ) . SI(Il.Il). S1P1(I1.I3> . CAY 12(11.141 
KS2« 4 
IF(l.GT.l) GO TO 10 
KS1 * 2 
IS = 0 
JS « - 12 
GO TO 40 

10 IFU.GT.?) GO TO 20 
JS « 0 
GO TO 30 

20 JS = KREM • (I-3»»N 
30 IS * KREM * II-2)«N 

C 
C IS - ROW BIAS 
C JS - COLUMN BIAS 
C 

KSl * 1 
40 JS1 « JS 

JS2 « JS1 • 12 
JS3 - JS2 + II 
JS4 * JS3 • 13 
IR0M1 » 1 + IS 
IR0W2 » II • IROMl - 1 
DO 300 KSS =KS1.KS2 

C 
GO TO (100.110.120.1301.KSS 

100 IC0L1 * JS1 *1 
IC0L2 • JS2 
GO TO ISO 

110 IC0L1 * JS2+1 
IC0L2 * JS3 
GO TO ISO 

120 IF(I.EO.M) GO TO 300 
IC0L1 « JS3+1 
IC0L2 = JS4 
GO TO ISO 

130 IC0L1 * NUD • 1 
IC0L2 * NN 

ISO CONTINUE 
DO 300 II *fROW1«IR0W2 
DO 300 JJ »ICOL1.ICOL2 
TEMP » 0. 
NTRI9 « NTRI(11.10) 
NTRJ9 - NTRI(JJ.10) 

C 
C NTRI9 - NUMBER TRIANGLES TOUCHING NODE II 
C NTRJ9 - NUMBER TRIANGLES TOUCHING NODE JJ 
C 

DO 200 K » 1.NTRI9 
NTRI I - NTRKII.K) 
DO 200 KK * 1.NTRJ9 
IF(NTRII.NE.NTRI(JJ.KK)>00 TO 200 
DO 180 L > 1.3 
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I F I I I . E O . N D I R I N T R I I . L ) ) I K » L 
I F I J J . E 0 . N 0 1 R I N T R I I . L M J K = L 

180 CONTINUE 
TEMP • TEMP • CAYI 1K.JK .NTRI I ) 

200 CONTINUE 
GO T0l210.220.230.240). KSS 

210 SIM11I1-IS.JJ-JS1) * TEMP 
GO TO 300 

220 SI(II-IS.JJ-JS2) * TEMP 
GO TO 300 

230 SIP1III-IS.JJ-JS3) * TEMP 
GO TO 300 

240 CAY 12( 1 I - I St JJ-NUO) =-TEMP 
300 CONTINUE 

C 
C NOW CALCULATE INDEPENDENT TERM G » K12 • (KNOWN DISPLACEMENTS) 
C 

CALL MXMULTICAYI2.FD. G,II.14.1) 
RETURN 
END 

SUBROUTINE TMXMUL IA.B.C.N.M.K) 

THIS SUBROUTINE MULTIPLltS MATRIX B BY THE TRANSPOSE OF. MATRIX A 
THE PRODUCT IS ADDED TO C 

A IS IN X M) 
B IS IN X K) 
C IS IM X K) 

DIMENSION A1N.M) . BIN.K) . CIM.K) 
DO 1 I«1.M 
DO 1 L«1.K 

C CII.L) « 0. 
DO 1 J*1.N 
C(I.L) « CII.L) * A IJ.I) • B(J.L) 

1 CONTINUE 
RETURN 
END 148 CARDS 

SUBROUTINE MXMULTI A.B.C.M.N.K) 
C 
c THIS SUBROUTINE MULTIPLIES MATRIX A BY MATRIX e AND STORES THE 
C PRODUCT IN C. IC CANNOT Bt THE SAME AS A OR B.) 

]C A IS IM X N) 
t C B IS I N X K I 
C C IS IM X KI 
C 

DIMENSION AIM.N) . HIN.K) . CIM.K) 
C 

DO 1 1*1.M 
DO 1 L = 1.K 
CI I.L) • 0. 
DO 1 J*1 .N 
CII.L) = CII.L) • All.J) • BIJ.LI 

1 CONTINUE 
RETURN 
END 
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SUBROUTINE MXC(-.;A,B,x.f<«.NI 
C 
C  THIS SUBROUTINE MULTIPLIES MATRIX A IMSN» RY CONSTANT It RESULT IN R 
C  A MAY BE SANE AS B. 
C  THIS SUBROUTINE MULTIPLIES MATHIX A (MXNI HY CONSTANT X. RESULT IN 9 
C  A MAY BE SAME AS B. 

OIMFNSION  AIMtN) « P(M(M) 
DO 1 I<»1.M 
DO 1 J>ltN 
B(I.JI> X*A(I.J) 

1 CONTINUE 
RETURN 
END 

SUBROUTINE MXSUB(A.BtCtM*NI 

THIS SUBROUTINE SUBTRACTS MATRIX B FHOM MATRIX A.STORES RESULT IN C 

A* B. AND C ARE (M X Nl       (C CAN Mt TMt SAME AS A OR 91 

DIMENSION   AIMfN) • B(M,N> •CIM.NI 

DO 1  I«1.M 
DO 1  J'ltN 
ClltJ) ■ A(I*J) - B(I.J) 

1 CONTINUE 
RETURN 
END 
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■»»—rip mi ,9mm ;■      ■   '-m^m*^- 

SUBROUTINE    INVf RT ( B.K .(t? »XV ' N»FLAG| 

C THIS   SUBROUTINE    iU i.   UM   A   UN I I   MATRIX   ADJACENT    TO   b(K«K) 
C ELEMENTARY  BOW   OMERATIONS   ARf    THEN  PEBEORMEO   ON   THE   Nt«  K   X   it   MATRIX 
C 10   REDUCE   R(IC.K)    TO   *   UNIT   WATBIX.     Tr»IS  WILL   PLACE    THE   INVERSE   OF 
C THE   MATRIX   Blik.m    IN   THE   RIGHT   HALF   OF   P«<»?lf) 
C ON   EXIT.   THE    INVFRSE   OF   R   REPLACES   P 
C        B9»S   N ARRAY   3F   ?•*••*   LOCATIONS  CONTAINING   THE   MATRIX 
C K   IS   THE   DIMENSION  OF   THE    SQUARE   MATRIX   R 
C K?   IS   2«»- 
C XMIN IS THE SMALLk'jT ALLOWABLE MAGNITUDE OE THE PIVOT 
C FLAG WILL HE HETuSI^EL- AS C. IF THE INVERSION WENT GEE OK 
C FLAG WILL BE RETURNFP AS 1 . IF A PIVOT FLEMENT WAS TOO SMALL 
C FLAG SHOULD BE TESTEC AFTER EACH CALL TO THIS BOUTINE 
C 

DIMENSION   6IK.«K2) 

C 
c 
c 

c 
c 
c 

ELAG  •   0. 

SET   UP   UNIT   MATRIX 

lEK.GT.H      GO   TO   20 
IMABSIBI 1*1 n.LT.XHINt     GO   TO   10 
Blltl)   ■   l./R( 1*1) 
RETURN 

20 CONTINUE 
DO   1      l»l.K. 
DO   1     J»UK 
B(I*K«JI   «   0. 
IFlt.EO.J)      8(I.IC*J»   •   1. 

1   CONTINUE 

FIND  LEADING  tLEKfNT   WITH  GREATEST  MAGNITUDE 

DO  6    J*l*K 
M   ■   J 
N   «   J*l 
IFU.EO.K»   GO   TO   21 
DO  2    L«N*K 
IF   (ABS(RIM«Jn.LT.ABS(B(L«Jm     K«L 

?  CONTINUE 
21 CONTINUE 

IF    (ABSiB(M.Jn*LT.XM|N)     GO   TO   10 
|F(J*E0.K)   GO   TO   31 

INTERCHANGE   JTH   AND  NTH   ROWS 

DO  ?    L"J»H2 
0  ■  BU.L1 
BIJ.LI   •   BIMtLI 
B<M,L)   «   0 

1   CONTINUE 
11   CONTINUE 

ZERO  OUT   PIVOTAL   JTH  COLUMN,      SKIPPING   PIVOTAL   JTH   ELEMENT 

DIVIDE   JTH  ROW   BY   PIVOT 

DO     <•     M*NtK2 
BIJtMl   ■   B(J.M)    /   B(J*J) 

A   CONTINUE 
or »>   «»:.«. 
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c 
c   M OETEWIAIFS ROW B» I«K. Mooirim* on» «»«on an« »i « Ti»r 
c 

If  I m.lO»J  I      (.0 tP 6 
DO  9     L•»«.«? 

c 
C     L  OrrFft*|*ES CLINCNT   IN   THT  «TM Ml« 
c 

%  CONTINuf 
6 CONTlHUf 

c 
C      INVERSE  Of  B   IS «KM   IN RluMf  H«I»   O»    pia.t/i 
C     NO*  MOVE  B   INVCHSt    ffc •MENI   n  «AS 

00  7     |*|iK 
00  7     J>l*r 
BlltJI   ■  Btl*J««l 

7 CONTINUE 
•ETUBN 

10 ft»0 >   10, 
BE T URN 
END 
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DECK SET UP FOR TEN RUNS OF FUNDAMENTAL 
CASES ONE THROUGH THREE AND SIX 

9JN 1 
.5 3::. 1.1AF*7 .'71428* 1 

PUN ? 
.*> A . 2.28F+7 .? .'71'.2HS ? 
RUN •% 
.•> »<:. 3.*?F*7 .2 .*71<.?fl5 7 

PUN u 
.5 12 • <«.5Ah*7 .? .">714285 4 

PUN K 

.b 16 J • 6 . ^ * 7 .2 .*714285 5 

Pl.'N A 
• 6 30. i. ue*7 .? .A71428S A 

PUN 7 
• 6 A-1. 2.28F+7 .? .5714285 7 

PUN fi 
• 6 o. . J.*2 f .2 .5714285 8 

BUN <» 
• 6 12-. <..*-AF-»7 .2 .5714785 9 

9U"! 1. 
• ̂ 1A~. A. (8F*7 .2 .5714785 in 

(BLANK) 
<BLANK) 
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DECK SET UP FOR TEN RUNS OF FUNDAHBNTAL 
CASES FIVE AND FOUR 

RUN              1 
4.7*F4A 1,4''74^4« ,«. 

PUV              ? 
o,e'*F4*, 1,4',74F4C ,6 

RUN               ^ 
14.?,iE46 1,4T74F4S .■j 

RUN              * 
19.00E46 1,4.:.74E45 .■j 

RUN             •> 
l,4r74F4S ,^ 

PUN              '• 
4,7^F4(S 1.4^74F4«. .«> 

»UN             7 

0.«iOF4fc l,4-»74F4r- .(^ 
RUN             8 

14.?5F4A l,4i,74E45 .6 

RUN             « 
19.00F46 1.4^74F4« ,f> 

RUN         r> 
l,4n74F4^ .A IRLANKI 

(BLAWt) 
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DECK SET UP FOR RUNNING PHASE TWO AND 
PHASE THREE PROGRAMS. THIS DECK ASSUMES THE 
SAME TEN RUNS AS THE SAMPLE DATA FOR THE 
FUNDAMENTAL CASES. 

• ' 1 . 1 u F • 7 . 7 . «• 7 ] 7 8 1 
• c 7 . " > B F * 7 . 7 7 
. * I.''?**-! .? . * 7 1 4 ? A $ 1 

1 ? " . <..SC.F*7 . 7 . C 7 1 4 7 f l 5 4 
• ^ If- • 6 . ° F * 7 . 7 .'tllUPB') 5 
• "* . l . U F * 7 . ? . * 7 1 < . ? 8 5 6 
. * ^ . 2 . ? f l F * 7 .2 . ' 7 1 6 7 ( 1 % 7 
.f> ° . 3 . ' . ? c + 7 . ? . ' iTlfc-'R'; 
. 6 12 . 4 . S A F * 7 . 7 . ' 7 1 4 7RS . Q 
. 6 ft. ' PF*7 . 7 10 

20 CARDS 
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PHASES TWO AND THREE 

MOOMM FENG 
COMMON  /I/ 

1 Sni6tlÜ*6>«X(*3l*VI*3l«  N0IR(79.4I. 
2 M*N«CENT(79t2)*   VF«E(2)tG<2)«XNU(2)      « 
9     SMAC(6«lSlt   SMIC(6«79ltEN(7«)   «GAM^A   ,HS 

DATA     IP10.141»9I 

IHIS   PROORAM  HEAU&   MRtSStS   FROM   TAPt   20   AöiUMfcU   WRITTEN   AS   FOLLOWS 

SIX   FUNDAMENTAL   CAStSt   EACH   OF   WHICH   MAS   RUN  CONSECUTIVELY 
MS   TIMfSt     FACH  RUN  PRODUCING  STRfSSES  FOR 
79   TRIANGLES. 

Ni   IS  THE  FIRST   RECORD ON   THE   TAPE   INS.LE.10) 
FOLLOWING ARE   N&  RkCORUS Of   316  STRESSES  FOR  EACH OF   THE 
FUNOAMLNTAL   CA&tS ONk   THRU   FOUR. 
FOtLOWiNG ARE   NS  RECORDS OF    158  STRESSES  FOR  EACH OF   THE 
FUNDAMENTAL   CASES FIVE   THROUGH  SIX 
•CMINP 20 

C 
c 
c 
c 

c 
c 
C 

c 
c 

00  10  I>2t0*2 
oo to jM.n 

to smciitJi • u. 
OCAO 1201 NS 
»I024-RI/24. 
00  I»  I'l.lS 
At» •  II-IIMU02* 
SMACtf.ll   ■  C0SIALPI««2 
S*«ACIl*ll   ■  SIN(ALI»t**2 

1« SHNCIftll  •  SINI2«*ALRI/2. 
•CAO 1020.IJUM» 

•   1* FIRST   TEN CA.^S 
■ 2«  SECOND  TEN CASES 

00  TO  Ht.Ui.tJUMP 
U •CtfINO 20 

CALL  tA»CUIRI2U**.JI 
It CONTINUE 
BIO K«|.* 

10 J*1.NS 
20 «CAO 1201   ISIItJtKI.I«I.S16l 

CNOSS OVER  THE   EOT   GAP 

•EAO 1201 EOF 
10 CONTINUE 

00 «0 R«tt* 
00 «0 J*1.NS 

«0 MAO  (201   ISU.J.KI.IM.IMI 
MAO 1201 EOF 

»0 CONTINUE 

NOM  NAVE   ALL  RAM  STRESS DATA  FOR  NS RUNS  OF   6   FUNDAMENTAL   CASES 
KAM  ■ 0 
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CALL TOPOL 
LINE ■ <> 
PRINT 100««(J«J«lt1t«(J*J>l*1) 
DO 110 I>l*)7f2 
IFILINE.LT.**! GO TO IJO 
LINE - * 

PRINT lOÜ*tUtJalt3l.(J*J«lt3) 
120 LINE ■ LINE ♦ 2 

ll-H-1 
1)0 PRINT 1005*1« (NDIR(I*J>*J>1«<>)*II.(N0IR(II*J)«J>1«<>) 

PRINT 1015«l*IN0IRII«JlfJ>l*4) 
C 

VF1 ■ 0. 
150 READ 1U0U* VF* GAMMA* El 1>*XNUI1>«BET* 

KASE • KA&E^l 
IFIVF.EO.O.I  GO TO 950 
EI2I ■ Ed l/GAMMA 
XNU(2I - XNUID/BETA 
GUI • E(ll/l2.4Ml.«*NUIini 
GI2I • E(2)/l2.Ml.*XNU(2m 
^PRINT 1001 •VF*t(ll*E(2l*6(ll«GI2)*XNUIll*XI»UI2l 
IFIÄBSTvF-VFll.LT.l.E-6)  GO TO 3^0 
VFl • VF 
CALL GCOM 

C   PRINT OUT NODE INFORMATION 
C 
 _J ■ 1. 

190 CONTINUE 
LINE  ■  A 
PRINT   1007 

200 CONTINUE 
IFII.NE.52I GO TO 210 
 IPlJ-   1*1 

PRINT ioia* I* xin* vni* IPI. XIIPII* YIIPK 
GO TO 220 

210  iP2  •   1*2 
PRINT   101t*IU*XUI*Yljn*J>l*IP2l 

219 I>IO 
 LIME. ■  URE ♦ 2 

IFILINE.CT.56I  GO TO   190 
GQ TO 200 

220 CONTINUE 
C. . 

250 CONTINUE 
 ERlULlftPJ. 

00 900   I-1.77.2 
II   •   1*1 
PRINT   1009*I«CENT 11*11*CENT(I *2 t * 11 «CENT(11*11«CENT(11*2) 

300 CONTINUE 
1 •   79 

_ PRINT   1009»l*CENT(l*ll*CENT(I.2) 
390 CALL  FIXSTRUASEl 

CALL  PHASE2IRASE) 
GO TO   190 

990  REWIND  20 
CALL  PHASE3 
STOP 

150 



looo raiMAmeio.si 
1001  F0iMAT(lHl»19X*2NVF*m«4HC(n«nXt*HE(2)tl3Xt4HC(ll*m**HC(2l. 

1       12X*9HNU(lltl2X»»HNUI2l/lX*7<«X*t:l).6) ///i 
100* rORMATUHl*   •HniIANCLEt3l2X*SHNOOE   *111 «AX «SHMAURIAUIOX* 

1 tHTRlAN(>LE*3(2X»iHNODE   • 111 *4X «SHMATERUL/I 
100» F(MMATIlXt2ISX*l3*»X*I3*»Xtl3t5X*n   t9X11StlOX )/l 
1007 F(IIWATIlHlt3UHMOUE*12X«lHX«12X*IHV.«XI/i 
100t F0RMATtlHlt2(»HTft|AN&LEt9XtlCHCENT*010  X tSX 110HCENTROIO  Yl/) 
1009 FORMATIIH   .2<5X.I3.5XtE10.J,5XtE10.3>» 
1019 F(MMATIlXt*(9XtI3>»9X*l3/l 

1018 F(MMAT(lX*3(lXtI3i3X.Fn.9.3X*F10.5*8X)/l 
1020 FORMAT« ID 

END 
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SUBROUTINE MXSOL IB.K.K2.XMIN.FLAG) 

C THIS SUBROUTINE SOLVES IK X K) SYSTEM OF EOUATIONS AND PLACES 
C THE RESULT IN THE (Kt-IST) COLUMN OF B. B IS A (K X K2I MATRIX. 
C WHERE K2 = K*l. 
C XM1N IS THE SMALLEST ALLOWABLE MAGNITUDE OF THE PIVOT 
c FLAG WILL BE RETURNED AS O. IF THE INVERSION WENT OFF OK 
c FLAG WILL 6E RETURNED AS 10. IF A PIVOT ELEMENT WAS TOO SMALL 
c FLAG SHOULD BE TESTED AFTER EACH CALL TO THIS ROUTINE 
C 

DIMENSION BCK.K2) 
c 

FLAG « 0. 
c 
c 
C FIND LEADING ELEMENT WITH GREATEST MAGNITUDE 
c 

DO 6 J'ltK 
M « J 
N « J* I 
IF(N.GT.K) GO TO 21 
DO 2 L«N.K 
IF (ABSIB(M.J)>.LT.ABS(B(L«J>)» M-L 

2 CONTINUE 
21 CONTINUE 

IF <ABS(B(M.J>i.LT.XMIN) GO TO 10 
C 
C INTERCHANGE JTH AND MTH ROWS 
T 

DO 3 L-J.K2 

8( J.LI » B(M.LI 
BIM.L) « D 
CONTINUE 

C 
C ZERO OUT PIVOTAL JTM COLUMN. SKIPPING PIVOTAL JTH ELEMENT 
C 
C DIVIDE JTH ROW BY PIVOT 
C 

DO * M-N.K2 
BIJ.Mt • B(J.M) / B(J.J) 

« CONTINUE 
DO 6 M-l.K 

C M DETERMINES ROW BEING MODIFIED. ONE WHOLE ROW AT A TIME 
C_ 

IF ( M.EO.J ) GO TO 6 
OO 5 L-N.K2 

C 
C L DETERMINES ELEMENT IN THE MTH ROW 
C 

BiM.LI » BIM.L) - B(M.J) • BIJ.L) 
5 CONTINUE 
6 CONTINUE 

C 
RETURN 

10 FLAG • 10. 
RETURN 
ENO 

152 



SUBROUTINE TOPOL 

THIS SUBROUTINE SETS UP THE TOPOLOGICAL RELATIONSHIPS FOR PROGRAM 
FENG. THESE REMAIN INVARIANT WHEN THE GEOMETRY CHANGES WITH VF. 

COMMON /l/ 
1 SI316.l-.fe).X(53).Y<53>. NDIR<79.4>. 
2 M.N.CENT(79.2). VF »E(2 )»G(21»XNU(21 . 
3 SMACI6.13). SMICI6.79).EN<79) .GAMMA ,NS 
DIMENSION JNDIRI79) . KNDIR<79) • LNDIRI79) 
DATA (JNDIR = 
1 1.1.1.2*2.3.3.3.4 .4.4.5 .6.7.7.8.fl.8.9.10*10.11.11.12.13.13. 
2 14.15.15.16.16.17.17,18.18*19.20.23.24.24.25.25*25.26.28*29. 
3 29.30.3u»35.21.21.21.21.22.22.23.23.27.27.27.28.28.36.46.37. 
4 47.38.48.39.39.40.41.41 41.42.42.43.43) 
DATA IKNDIR « 

5 2.3.4*6.7.7.8.9.9.10.11.11.13.6.14.14.15.16.16.16.17*10. 
6 18.18.20.21.21.21.22.15.23.23.24.17.25.25.35.2 7.27.28.28.29. 
7 30.30.32.32.33.33.34,36.35.37.38.39,39.40.40.41.41.42.43.43.44 
8 45.37.46.38.47.39.48.49.49.40.5C.51.51.52.52.53) 
DATA (LNDIR * 

9 3*4.5.7.3.8,9.4.10.11.5.12.14.14.8.15.16.9.10.17.18.18.12. 
1 19.21*14.15.22.23.23.17.24.25.25.19.26.21.24.28.25.29.30.26. 
2 31.29.33.30.34.31.37.37.38.39.22.40.23.41.27.42.43.28.'*4,32. 
3 46.36.47.37.48.38.49.40.50.5f).51.42.52.43.53.44 ) 
DO 10 1*1.36 

10 NDIRtI.4) « 1 
DO 20 1-37.79 
NDIRII.4) « 2 

20 CONTINUE 
DO 100 I • 1 . 79 
N D I R I I . 1 ) • JNDIR( I ) 
NZ>IR( 1 . 2 ) * KNDIR(I) 
NOIR(I .3 ) « LNDIR11) 

100 CONTINUE 
RETURN 
END 
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THlSUSUBROonNEE<IS CALLED TO GENERATE NEW COORDINATES AND CENTROIDS 
WHENEVER A NEW VALUE OF VF IS CONSIDERED IN PROGRAM FENG. 

C OMMON /1/ 
1 St 316.1^.6).XI53).YI53). NDIRI79.4). 
2 M.N.CENTI79.2). VF.EI 2 I.0121.XNU12) « 
3 SMACI6.13). SMICI6.79).ENI79) .GAMMA .NS 
COMMON 111 X1I6).VII6) 
DIMENSION NOTRl16.2) 
DATA INOTRI * 25. 2B. 29. 32. 33. 36. 
| 37. 54. 56» 38. 40. 431 
DATA (RAD • 57.295781 
S3 • SORT I 3.) 
S302 • S3/2. 
PI - 3.1415927 
R • SORT(2.»S3»VF/PI) 
XII) * S302 
VIII » .5 
DO 210 1-1.4 
XII•!> • S302 - R/4.»C0SlPl»l1-11/6.) 
Y«l*l) • .5 - R/4. •SINIPI*!I—1)/6.) 

210 CONTINUE 

DO 220 I«1.7 
X(1*5) • S302 - R/2 •• COSIPI»ll-l)/12.) 
n1*5) - .5 - R/2.» SINIPI'I1-1)/12.> 

X(1*12) • S302 - 3.*R/4.*C0SIPI»<1-11/12.I 
V<I*12> « .5 - 3.«R/4.»SINIPI«I1-11/12.1 

XII-H9) • S302 - R • COSIPI'I1-11/12.1 
V| 1+19) « .5 - R • SINIPIM 1—11/12.1 

220 CONTINUE 
XI341 « S302 
Y134) « - .* 
XI31) • S302 
YI31) « IVI26I+YI34)I / 2. 
X145) - -.5* TANIPI/6.) 
VI451 • .5 
0* • 11.-HI/12.•C0S(PI/6.»> 
1136) • XI45I • DX 
VI36) » .5 
XI391 • IXI20)*XI36)1/2. 
VI33) • .5 

DO 230 I » l . a 
X I 1>45) * 14 -!)• X 145) /4. 
YI I*45) « 14 -I)* Y145) /4. 

230 CONTINUE 

DEL X • XI46) -XI45) 
DELV • YI 461—V145) 
DO 240 I » 1.8 
Xl!*36) * XII*35) *DELX 
Vtl*36) " VI1*35) +DELY 

240 CONTINUE 
XI32) » X(44 ) •IXI34I-XI44))/3. 
Y(32) * -.5 
X(33) = 2.*XI 32) - X(44> 
Y(33) = —.5 
X 12 7) = X I 23) • 1X1 32 )—X(23))/3. 
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Y(2TI ■ Y«23» ♦ (Y(32»-y<2J)»/J 
X«28) > 2.»X(27l-X(23l 
Y<28) ■ 2.«V<27)-YI23I 
X<29l > X(28> ♦IX(31)-XI28l»/3* 
Y(29l ■ YJ28» ♦«Y(31)-T(28ll/3. 
X(30> > 2.*XI29)-X(28) 

c 
Y(30l • 2.»YI29»-YI28» 

c 
DO 200 1-1*79 
NDIRl > NDIRdtll 
N0IR2 « NOIR(l*2l 
NDIR3 • NDIRl1*31 
CENTII*!)   -   mNOIRmX(NDIR2l«-X(NOIR3l)/3« 

200CENT(I*2I   ■   (YINDIRn«YIN9IR2>4YINDIR3n/3. 
DO 300   t«1.6 
XllII   ■   (X<I«19>«X(I«20ll/2* 

SOOYKI)   -   tY<I-H9)*YII*20n/2. 
RETURN 
END 
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r 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE PHASE?(J) 

THIS SUBROUTINE CALCULATES AND 
IN PHASE II.  ONE CALL TO THIS 
SETS OF DATA.  ONE FOR EVERY 
ALPHA. 

PRINTS THE PARAMETERS REOUIREO 
SUBROUTINE PRODUCES 12 BLOCKS OF 79 

TRIANGLE FOR EACH OF 12 VALUES OP 

It COUNTS 
I COUNTS 
M COUNTS 
L COUNTS POSITIONS 
J RUN NUMBER 

ALPHA 
TRIANGLES 
FUNDAMENTAL CASES 

WITHIN MICROSTRESS VECTOR 

COMMON m 
1 SmfttlO.bl.XI^I.VIS^I* NOIRI79.«)* 
2 M.N.CENTI79.2). VF«El 2 I «Gl2)«XNUI2I 
3 SMACI6.13I« SM1C(6.79I»EN(79) «GAMMA «NS 
DATA (SIGFT2>70C0.) . ISIGFC2>17000.) 
IFIABSIGAMMA- l.l.LE.l.) GO TO 100 
IF(ABS(GAMMA- 3U.I.LE.1.I GO TO 120 
IFIABSIGAMMA- 60.I.LE.1.) GO TO 1*0 
IFIABSIGAMMA- 90.).LE.1.) GO TO 160 
IFIABSIGAMMA-120.I.LE.1.I GO TO 180 
IFIABSIGAMMA-160.).LE.1.I  GO TO 200 

100 SIGFTl 
SIGFC1 
GO TO 2 

■ 7000. 
• 17000. 
>0 

120 SIGFTl 
SIGPCl 
GO TO 2* 

• 160000. 
• 160000. 
JO 

160 SI6PT1 
SIGPCl 
GO TO 2 

• 200000. 
t 200000. 
»0 

160 SIGPT1 
SIGPCl 
GO TO 2' 

• 290000. 
• 29OÜO0. 
»0 

ISO SIGPT1 
CIGFC1 
GO TO 2' 

> 100000. 
• 100000. 
JC 

200 SJßFTl • 190000. 
SIGCTl • 150000. 

210 CONTINUI 
00 »00 1 
ALP " 7 
00 150 
16 • »• 
I2-2««!- 
00 260 1 
SMfCIL« 
DO 260 * 

1>1«11 
.»•u-n 
I«1.79 
1-1) 

-11 
.■1*6 
II • 0. 
4>1«6 

260 SMICIL« 
00 270 I 
SMICIL" 
00 270 » 

D» SMica 
>i.2 
>«l) > 0. 
'•S.6 

.ll*SIl**L«J«M|« SMACIM.KI 

?70 SMICIL*« »«II ■ SMICIL**«!I*SII?*L» J.M)«SMACIM«K> 
IFII.LE, ,161 GO TO 100 
SXY2 • SMlCn.l»*SMICl2«H*SMICl3 «II 
IFISKVi, GE.I.» or TO 280 
SIGF - ! >IÜFC2 ** 
GO TO 290 

280 SIGF « SIGFT2 
290 GO TO 1« »0 
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inn styl  • SMIC(i»n*SMicc?,n*s«MCM.n 
IF(SXY2.6E.O.) GO TO 310 
SIOF ■ SIGFC1 
GO TO 920 

310 SIGr ■ SIGFTl 
320 EN{lt>SIGF*SQftT(2./<ISM|Cll«n-SMICI2*lll"2 

1 ♦(SMlC(2*ll-SMICI3tm«*2«ISMICOtn-St(ICIl*m*«2 
2 ♦6.»«SMIC<A.n»«2*S»|!IC«S.!»»»2-»SMICI6»U««2m 

3)0 CONTINUE 
PRINT 10C2»*LP 
PKINT IOOC 
00 400 N-l.79 
IF(N*NE.94) GO TO 430 
PRINT 1003 
PRINT 1000 

400 PRINT 1001« N* ISM|CIJJ«NI«JJ>1*6I*ENINI 
CALL INTERFlKtJI 

300 CONTINUE 
1000 fORNAT<9M TRIANGLE«SX*7HSIGMA X«8X*7HSIGMA T.SX.TMSIGMA 

1     9X»6HTAU Xy»9X»6MTAU XZt9X«6HTAU r2*14K*lHN/l 
1001 F(MMAT(6Xtl3*TI«XElU.3)l 
1002 FORMAT I8HI THETA •»F1C.3/I 
1093 FORMATIlHll 

RETURN 
END 
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SUBROUTINE PHASE 3 
c 
C THIS SUBROUTINE READS AND PRINTS ALL PHASE III DATA FRO* TAPE 96 
C 

COMMON l \ l 
1 S<316.10,6) .XI S3 I.YI53). NDIRI79.4). 
? M.N.CENTI79.2>. VF.E(21»G(2 I.XNUI2) . 
3 SMAC16.13). SKIC(6.79).ENI79) .GAMMA ,NS 
DIMENSION ENS(A•%.13 > 
DIMENSJON :>*I6»4| 
REWIND 96 
IVF « 0 
VF1 * 0. 
GAMMAi • iono. 
PRINT 1000 
NPAOE *INS»13)/2 

C 
C NS ASSUMED EVEN 
C 

DO 300 IP"i.NPAGE 
PRINT 1001 
DO 300 J«1.2 
READ (96) VF.EI.EII.GI.GII.XNUI.XNUII.N.EN I.I SMI It .1).K*1>6). 
1 M.ENI I . I SMI IC .2).K*1.6). X1.Y1.EN1 . SNAV * 
2 X2.Y2.EN2.TAUTAV.I 
GAMMA * El/EI I 
IF(I.NE.l) GO TO 100 
IF(GAMMA.LE«GAMMA1*.5) GO TO 60 
IGAM • IGAM*1 
GO TO 100 

60 IVF » IVF*I 
I GAM • 2 
GAMMA1 • GAMMA 

100 ENST > EN I 
IF(ENST.GT.ENI1) ENST » ENII 
IF(EN1.LE.-1.E*6> GO TO 110 
IFIENST.GT.EN1) ENST * ENI 

110 IFIENST.GT.EN2I ENST « EN? 
ENSIIVF.IGAM.II « FNST 
A^P « 7.5»II-1» 
PRINT 1002 
PRINT 1003. VF.EI.EII.GI.GII.XNUItXNUII*ALP 
PRINT 1004 
PRINT 1005.ISMAC(K.I).K*1.6) 
PRINT 1006 
PRINT IOC7. N.ENI.ISMIK.ll.K'1,61 
PRINT IOCS 
PRINT 1007. M.ENII.ISMIK.2).K*1.6) 
PRINT 1009 
IF(EN1.LT.-1.E*S) GO TO 180 

150 CONTINUE 
PRINT 1010 
PRINT 1017. XI.Yl.ENI.SNAV 

181 CONTINUE 
PRINT lOll 
PRINT 1017. X2.Y2.EN2.TAUTAv 
PRINT 1CI3 

300 CONTINUE 
DO 400 I«l.2 
DO 400 J*2 «I GAM 
DO 400 K*l.I 3 
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C   INDEX 1 FOR GAMMA IS SAVED FOR HOMOGENEOUS CASE* RUN SEPARATELY 
C 

PUNCH 200OtI*J*R*ENSII*J*KI 
400 CONTINUE 
1000 FORMAT(lHl*S0Xf9HPHASE III) 
1001 FORMATUHl) 
1002 FORMAT(l)Xt2HVF.12Xt3HE I.11X.4HE tI*)2Xt3HC- I.11X.*MG II» 

1   11X»*HNU I.1ÜX.9HNU II*1ÜX*%HTHETAI 
1003 FORMATI8I9X«E10.3|/) 
1004 FORMAT(IXtl3X*2HNX»13X*2HNY>13X«2HNZ»12X»3HTXY*12X*3HTXZ> 

1    12X*3HTX2l 
1005 FORMAT(1X»6I5X*E10.3I/I 
1006 F0RMATI1X*8HTRIANGLE*4X*12HSMALLEST  NI   «SXtTNSIGMA  X*8X«7HSIGMA  Y« 

1 8X»7HSIGMA  Z«9X*6HTAU  XV*9X«6HTAU  XZf9X«6HTAu YZ» 
1007 FORMAT(lXt6X*I2*6X«E10.3»6(9X*E10*3)/) 
1008 FORMAT(lX«8HTRIANGLe»4X*12HSHALLEST   NI I t8X *7HSIGMA  X*8X*7HSIGMA  V« 

1 8X«7HSIGMA  2*9X«6HTAU XY*9X*6HTAU XZt9X«6HTAU  YZ) 
1009 FORMAT«50X»9HINTE»FACE) 
1010 F0RMAT(8X*1HX*11X*1HY«4X*12H SMALLEST NI ♦3X»liHAWERAGE SIGMA NI 
lull F0RMAT(8X*1HX»11X«1HY«4X*12H SMALLEST N2.3X»15H AVERAGE TAU T) 
1013 FORMAT!//) 
1017 F0RMAT(lX«F8*3*4XfF8*3*2E16*3/t 
1020 FORMAT(8XtlHXfllX«lHy*lX*I9HAVERAGE SIGMA NI 
2000 FORMATI3I?»F19.8) 

STOP 
END 
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SUBROUTINE F I XSTR (KASE ) 

THIS SUBROUTINE MODIFIES THE STRESSES SII.J.KI. 1-1.316. ICal.4 . 
RUN* K.ASE . PRODUCED UY THE NS RUNS OF FUNDAMENTAL CASES ONE 

THRU FOUR. 

COMMON /l/ 
1 SI316.1- .6) .XI53).Y(53). NDIRI79.4). 
2 M.N.CENT I 79.2 I » VF.E<2).Gt2).XNU<2) . 
3 SMAC(6.13). SMICIS.71).EN(79) .GAMMA ,NS 

DIMENSION A ( 3 .<• . 3 > .ABC I •> . 3 ) . AREA < 79 ) . 2 ( 3 . 4 ) . ARTOP<11>.AREND<6) 
DIMENSION PTC ND t 7)• PTTOP(13>.TRI TOP(11).TRI END(6 I. TEMPI316.4) 
TYPE INTEGER PTE ND.TP I END.PT T OP.TRIT 0° 
U AT A C TR I TOP= 1 .4. 13 .25. 37.*0.64. 79.6 3.46.'>8 I 
DATA <TRIEND=3.12.24.36.44.fc9) 
DATA (PTEND = 1.,J.12.19.26.31.34) 
DATA (PT TOP:-1.2. 6. 13. 20. 35.36. 45. 53. 44. 32.33. 34) 
DC '.0 1 = 1.7 
J1 = PT TOP(I ) 
J2 * PT TOP(1*1) 

50 ARTOP * I ) * XIJ1)-X»J2) 
DO Ui) J*9.12 
J1=PTT0PIJ) 
J2*PTT0P(J*1) 

ino APTOP(J-l) * X(J2)-X(J1) 
DO 110 I« 1.6 
J1 = PTENO(T) 
J2 « PTENDII+il 

110 ABEND(I)*Y•J1)-V(J2> 
C 

DO 120 I* 1.79 
J1 = NDIR(I.1 I 
J2 • NDIRI 1.2) 
J3 a NDIRI1.3) 

120 ARE A < I) * X(J1)•CY<J2)-Y«J3))*XIJ2>F<YtJ3)-Y(J1)) 
| *X(J3V»IY<J1)-Y( J2I) 
DO 130 1*1.3 
DO 130 J* 1.4 

130 211.Jl * J. 
DC 1)0 I« 1.6 
11 « TRIEND(I) 
12 * (11-1)»4 *1 
00 150 J« 1.3 

150 211.J>" Z • 1 . J '*ARE ND(I )«S<I2.KASE.J) 
C 

DO 160 I al.il 
11 • TRITOPI1) 
12 • 111-1)»4 *2 
DC 160 J*1.3 

160 Z12.J) » Z I 2•J > *ARTOP( I )»S( I2.KASE.J) 
C 

DO 180 I «1.79 
12 a (1-1)*4*3 
DO 180 J ®1«3 

180 Z < 3.J I * Zt3.J)»AR£A( I)»S(I 2.KASE.J I 

C NOTE THAT AREA ALRtADY CONTAINS A FACTOR OF TWO FROM ITS DERIVATION 

r 
DO 300 1*1.3 
DO 200 J*1.3 
DO 200 IC * 1 . 4 

200 A( J .K . I ) * I I J •* > 
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00  TOmn*m.230l.l 
210 *ll.*.ll   •  1. 

00  TO 2*0 
it"   M2.«t?l   •  SQKTD.I 

CO  TO  240 
210   «I)*4t9l   •  SOMTO.I 
2*9 CALL l»S0LIAn*l*ll*9.*.l.E- 

IFirLAC.NC.O.I   CO   TO  600 
00 240  J>10 

2>0  AKtJtll   •  «IJ**t|l 

ABCIItll  CONTAINS «III   .   I-I.20 
*ncii.2i CONTAINS em . i-i.?«] 
ASCII.1)  CONTAINS Clll   •   I>1»20 

7.FLAG! 

00  200  J>l.)l* 
200  rimUJtlf  ABCI|«ll*SIJ*KA»E*n4A8CI2fll*SIJ*KASE*2) 

1 ♦ ABCI9tll*SIJ*KASEt3l 
100  CONTINUE 

00 400   I«I«%16 
00  *00   J»1.1 

*00  Sil*KASE*JI   •   TEMPI|•Jl 
NCTUNN 

AOA »HINT   1000«  KASE*   I 
STOP 

1000  rOKMATIUHieUH  UP*     ltUN*ll*6X*16NfUN0AMENTAL   CASE« I 31 
tm 
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SUBROUTINE   INTtRMUll 
C 
C        I   --   INDEX   OF   ALPHA,        IMilS 
C     L     --   R.IN   NL'MBE«      (DETERMINED   BY   VF.EI   COMBINATION) 
r 

c riMMON  /1 / 
1 M 116.1...61 ,X(Ml(r(S1l.   N0IRI79.4I. 
2 M.N.CFNT(79.?).   VF,E(?).G(?» .XNU(2 I      , 
3 S«ACI6.m. SMIC(b.79) .ENI79I .GAMMA »NS 
C'JMMON /Z/      Xl(6l»Yl(61 
DIMENSION  SNl 16) .SMKfel. TAUT I (6 ) »TAUT I 116) i SNAV(6) ♦TAUTAV(6 ) 
DIMENSION  EN1I6). EN2I6;. K1I6). K2(6) 
DIMENSION  NOTRHS.2) 

C 
C  NOTRIIM.N» —  NTH INTERFACE TRIANGLE. MATERIAL M 
C 

DATA (SNF'imoo.). ITAUTF « lOOOO.I 
DATA  (NCTRI * 2*. 26. ?•• 3?« 33* 36» 

1 37. )«. )6* 38* *0. 031 
DATA  IPI-3.1*159   ) 

C 
DO 100 K*1.6 
KICK) « NOTRIIK.l) 
K2(K) * NOTRlm.2» 
LI ■ K1IK) 
L2 ■ I12IKI 
PHI ■ PI*(K-.91/12. 
CPHI > COSIPMI) 
SPHI • SINIPHI) 
S2PHI > SIN(2.*PHI) 
C2PHI - COS« 2.»PHD 
SMI IK I -CPHI**2*SM|C 11 «L1 )«SPHi ••2*SM|C( 2*L11 

1     ♦2.*SM|CI4*L1)*SPHI*CPHI 
SNII(K»«CPMI»«2*SM|C«1»L2»*SPMI»«2«S«IC«?.L2) 

1     ♦2.«SMIC«*.L2)»SPHI»CPHI 
TAuTIIIt).SQRTmSM|C(l.Ll)-SMIC(2.Ll) )»S2PHl/2.-SMIC<4.Ll )»C2PHI I 

1   ••2*«CPHI»SMIC(5.L1)*SPMI»SMIC<6»L1II»«2) 
TAuTI ICIO-SORTM ( SMICC1 .L2I<SM!C( 2*L2 M«S2PH|/2.-SMICI4*L2 I •C2PHI) 

1        ••2*«CPMI»SMICIS.L2)*SPH|«SMIC«6»L2»»»»2I 
SNAVIM    ■   ISNI IKI«SNIIIK)l/2. 
TAUTAW(IC)   ■   ITAUTIIKI^TAUTinKII/2. 
EMIKI   «   SNF/     SNAVIKI 
CN2IKt    *   TAUTF/TAUTAVIK) 

100 CONTINUE 
.    PRINT   1000 

PRINT   1001 
DO   140   K>l.ft 

1»0  PRINT   1002*KlllCI*SNIUI*TAuTI|KI.K2U).SNIMKItTAUTII(K) 
PRINT   1003 
irtSNII   11)210.190.190 

190  PRINT   100* 
DO   2U0   K>1.6 

20C   PRINT    1005.K.SNAV(K).TAUTAVU).EN1(K) •EN2IK) 
GO  TO   230 

?in   PRINT    1014 
00  220   01.6 

221   PRINT    lOOS.IC.SNAV(K).TAl)TAV«IC) .EN2(K) 
230  CONTINl'E 

C 
C        CALCULATE   AND   WRITE   ON   TAPE   THE   NECESSARY   PHASE   III   VALUES 
C 

N   *   1 
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DO 290 J»?.26 
IFIENIJI.GE.CNCNM M   TO 290 
N-J 

290 CONTINUE 
M « 37 
DO 260 J>98*79 
IF(ENIJ).GE«ENIMII GO TO 260 
MaJ 

26n CONTINUE 
LI • 10 
ENWUN > ICEMO 
DO 269 J»l»6 
IFIENIIJUCT.ENWUN.OR.ENIIJI.LT.O.» GO TO 269 
LI • J 
ENWUN • EN1IJ) 

269 CONTINUE 
IF(L1.LT.7I GO TO 270 
LI > 1 
ENKLII • -10.E*« 

270 CONTINUE 
L2  ■   1 
00 260  J«2»6 
!rjEN2CJI.G€.EN2a2n   GO  TO 210 
L2  ■ J 

200 CONTINUE 
WRITE   196)   VF*Em«E<2ltGm*GI2)*«Nuai*INUI2l* 

1 Nt ENINI*tSMIC(J*N).J-lt6l*    M»  CNIHI•ISHICIJ*ni*J«l»*l* 
2 XllLlttYKLlltENKLlltSNAvail* 

'     3    XI(L2ltVllL2l»EN2tL2l*TAUTAWIL2ltt 
1000 F0RNATI///90«t»MlNTE»rAC£l 
IdOl F(WMAri27X»9HPIBtft*S*Xt9HftCSIN/llt2<MfTftlMlfLC*«l«,?Nft|tMA N« 

1 10X«9HTAU  T«20XI/I 
1002  r0NNAT(lX*2(9X*I3*9X*E10.1*9K»rifl»9*20XI   I 
1009  F0RMATI/9CX*7HAVC*AGE/I 
100% FORMAT(IX••HROSITION. 19X*7NSIGMA N.l^K.SNTAU T.ltx*2MNl*1tl*2NN}/l 
1309  FORMATI1X»7X*11*«(1«>X*E10*9»» 
101* TOÜMATUXtiHPO&ITICNtllXtTNSIGMA N«l»Xt»MTAU  r*ltXt2MN2/l 

RETURN 
ENO 
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ENGINEERING CONSTANTS 

100 D I X K t t S l C K E33< 1 3 < 2 0 > . E l I ( I 3 . 2 0 > . G31 < I 3# 2 0 >. ANU31 < 1 3 . 2 0 ) . 
110 a AMU! 3< 1 3» S .0 ) . KP< I 3 . 2 0 ) . Gf-( 1 3 . f : 0 ) » AfcOPC 13» 20> » ETAC 1 3» 80># 
120 A C C C I 3 . 2 0 J . S S 1 < 1 3 . 2 0 > . S L < 1 3 « £ 0 ) , £ £ • ( 1 3 . 2 0 ) . O C C 1 3 . 2 0 > . 0 £ < J 3* 2 0 ) 
130 DATA £ 3 3 / 1 3 * 6 . 1 1 0 K 6 . 1 3 * 1 • 1 7 6 K 7 . 1 3 * 1 • 73SF.7# 1 3 * 2 . 3 0 3 f 7 . I 3 * 3 . 0 5 5 E 7 » 
140 i 1 3 * 7 . 2 2 9 1 * 6 . I 3 * 1 . 4 0 1 K 7 . 13*£.C7fcK7- . 1 3 * 2 . 7 5 4 K 7 . 1 3 * 3 . 6 5 6 K 7 * 
150 IS 1 3 * f i . 366F-G. 1 3 * 1 . 6 2 V E ? . 1 3 * 2 . 4 1 9 E 7 . 1 3 * 3 . S G B K 7 * 1 3 * 4 . S 6 0 L 7 « 
160 S I 3 * 9 . 5 4 B i : 6 . 1 3 * 1 .> -63K7 . 1 3 * 2 . 7 6 7 E 7 . 1 3 * 3 . 6 7 ( l E 7 » 13'. *, • 6 7 4 E 7 / 
170 i L I 1 / 1 3 * 1 . 3 6 9 * 6 . 1 3 * 1 . 9 4 5 i r 6 » 1 3 * 1 . 9 7 1 t o # 1 3 * 1 . 9 S 5 E 6 . 1 3 * 1 . 9 9 5 1 . 6 . 
160 « 1 3 * 2 3 0 7 E * . 1 3 M 2 . 4 3 9 E 6 . 1 3 »2.4{>7 r 6 . 1 3 * 2 . 5 1 1 r , 6 . 1 3 * 2 . 5 3 0 * 6 . 
190 6 1 3 * 3 ' 1 E 6 . 1 3 r>3.270r%6. 1 3 * 3 . 3 6 7 E f t . 1 3 * 3 * 4 1 ££.6. 1 3 * 3 * 4SBE6 . 
200 « 1 3*4»3 J4K6» 13*/|.9̂ I.?-6. 13*5»R37t6. 1 3*5-3S0E6# !3*5.492E6/ 
210 S G31/1 3 + 5.250K5. 1 3*5.449r.5> 1 3*5-51 91--5. 1 3*5. 555E5. 1 3*5. 562E5. 
230 a 13*6.74 9E5. 1 3*J. 1G2K5. 13**7.230? 5. 1 3*7 .295K5. 13+7.345E5. 
230 t 13*9.1 67K5. 1 3*9.86CK5. 13*1 .013E&. 13•» 1 .CS6E6. 1 3*1 .G37L6. 
240 * 13*1 .39dEf.» 13*1 .'J71E6. 13*1.641E6. 13*1 .67'>1>. 13* 1 • 709E6/ 
2 5 0 a A N U 3 1 / 6 5 * . 2 9 3 . 6 5 + » £ 7 2 . 5 5 * . 2 5 6 . 6 5 * . 2 3 2 / 
3C0 DO 10 1 = 1 . 2 0 \ 
310 DC 2 0 J = l . 1 3 
320 J - 1 
330 T i :STA=P.J *3 . 1 4 1 5 9 3 / 2 4 . 
3 4 0 CC («.'» I > =CCS C THKTA ) 
3 5 0 SS1 C J . I ) * S I N < TH ETA ) 
360 SC( J . 1 >=<COSCTKr: iA> > * * 2 
370 SSfJ. 1 )=C£l>J<ThETA>)**2 
360 0C( J. I >= (CCStTKr TA) )**.'! 
390 0SC«, I >=CSl.\'CThETA>>**4 
400 A.\-UI 3< J. 1 > = AA!t)31 (J. 1 >*i.l1 (J. I )/F33( J, 1 > 
500 KPCJ»I>=1./CCCCJ.I)/E33CJ.I>*CS<J.I>/El1fJ.I>• < 1./G31(J.X) 
5 1 0 « •AKU31 <0 . 1 J / E 3 3 C J . I ) - / X U 1 3 t w I ) / M 1 C J * I >>*SC< «i» I ) * S S C J . 1)3 
6 0 0 GPC J . 1 ) = 1 . / C I . / C 3 1 ( 0 . 1 ) + -'!. *SC< J . I > * S S C J . 1 > * < < 1 • •A :<U31 C J . I > J / 
6 1 0 % E33C J . I >+ ( 1 . + A \ U 1 3 U M > > / F 11 ( J . 1 > - 1 . / G 3 1 ( J . 1 > ) > 
700 AKUPCJ. I>«FP<J.IJ + CAXU31CJ.I>/E33CJ.IJ-SCCJ. 1 >*SSCJ. I )* 
7 1 0 ft CCI • • Af;U31 <vi. 1 ) ) / E 3 3 C J . I > +11 . • A X C I 3 C J . J > > / E l 11 J . I ) - 1 . / G 3 1 C J . I ) > ) 
6 0 0 ETAC 0 . I ) * E P < I )"CCC J . 1 X S S I C J . I > *C2 . *SCC J . I ) / t . 3 3 C J . 1 ) 
610 I - 2 . » 5 S < J . 1 ) / ? 1 I ( J . I >+<5CC J . I J - S S C J . I >>*<A.»L'311 J . I J / E 3 3 C J . I ) 
8 2 0 a / A K U I 3 C J . 1 ) / E l 1 C J , I > - 1 . / G 3 1 ( J , I >>> 
900 20 C C V T I M ' h 
910 PR INT* CEPCJ. 1 ) / 3 . t ' E 5 . 0 F ( J . I > / l . -107ES* ANUPC J * I J . E T A C J , I ) . J = 1 . 1 3 ) 
9 2 0 10 CONTI 
1000 30 STOP;END 
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