
LINEAR AND NONLINEAR ANALYSIS OF SPACE TRUSSES 

RELATIVE TO CYLINDRICAL COORDINATES 

by 

Jeffrey A. Perrier 

Thesis submitted to the Faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

MASTER OF SCIENCE 

in 

Civil Engineering 

APPROVED: 

S. M. Holzer, Chairman 

A. E. Somers, Jr. 

December, 1982 

Blacksburg, Virginia 

R. M. Barker 



ACKNOWLEDGEMENTS 

The author would like to gratefully acknowledge Dr. S. M. 

Holzer for his guidance, comments, and suggestions, and for his 

time in proof-reading parts of the thesis. 

Appreciation is given to Dr. L. T. Watson for his helpful 

suggestions, and to Dr. A. E. Somers, Jr. and Dr. R. M. Barker 

for their helpful comments and for serving on the committee. 

The author gratefully acknowledges the financial support 

provided by the Department of Civil Engineering and the use of 

the computer facilities of Virginia Polytechnic Institute and 

State University. 

Comments and assistance from fellow graduate students, 

particularly Edgar E. Lamma, III, G. Stuart Matthis, II, and 

Douglas G. Fitzpatrick, are also appreciated. 

ii 



TABLE OF CONTENTS 

ACKNOWLEDGEMENTS 

LIST OF FIGURES 

LIST OF TABLES .. 

1. INTRODUCTION. 

2. STRUCTURAL MODELS 

2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 

Cylindrical Coordinate Systems 
Radial Symmetry ... 
Linear Element Model 
Linear System Model .• 
Nonlinear Element Model 
Nonlinear System Model 
Stability of Equilibrium ...• 
Solutions of Systems of Linear Algebraic Equations 

3. DISCUSSION OF RESULTS 

3. 1 

3.2 

Linear Analysis .. 
3.1.1 Structure 1 
3.1.2 Structure 2 .•.. 
3.1.3 Comparison of Effort 
Nonlinear Analysis 
3.2.1 Structure 1 
3.2.2 Structure 2 

4. CONCLUSION AND RECOMMENDATIONS 

APPENDIX A - REFERENCES 

APPENDIX B - LINEAR PROGRAM 

APPENDIX C - NONLINEAR PROGRAM 

VITA ..• 

ABSTRACT 

iii 

ii 

iv 

V 

1 

3 

3 
3 
7 

18 
19 
30 
30 
31 

34 

34 
34 
36 
36 
42 
42 
47 

53 

57 

60 

89 

179 



Figure 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

LIST OF FIGURES 

Cylindrical Coordinate System 

"Pie Slice" of a Structure 

Linear Truss Element 

Linear Model Coordinate Transformations 

Nonlinear Truss Element 

Nonlinear Model Coordinate Transformations 

Structure 1 . . 

"Pie Slices" of Structure 1 

Structure 2 .. 

Percent of Effort vs. Percent of Structure 

Nonlinear Load vs. Vertical Displacement of Com-
pression Ring Curve for Structure 1 Showing 
Locations of Bifurcation Points .. 

Buckled Configuration of Structure 1 

Percent of Effort vs. Percent of Structure 

"Pie Slice" of Structure 2 

iv 

4 

6 

8 

12 

20 

27 

35 

37 

38 

41 

44 

46 

49 

51 



LIST OF TABLES 

Table 

3.1 Computational Effort Required in Linear 
Analysis .........•..... 40 

3.2 Computational Effort Required in Nonlinear 
Analysis. . . . . . .•.. 48 

V 



CHAPTER 1 

INTRODUCTION 

The purpose of this study is to formulate linear and nonlinear 

three-dimensional truss element models in cylindrical coordinates, 

to implement these element models using existing solution techniques, 

and to investigate the utility of such element models in the analysis 

of two radially symmetric lamella domes. The linear model is used 

to perform a joint displacement and element force analysis while the 

nonlinear model is used to trace the nonlinear load vs. displacement 

path, to locate bifurcation and limit points, and, frequently, to 

branch off of the fundamental equilibrium path onto bifurcation paths. 

The modified Riks/Wempner method [8,15] for tracing nonlinear equil-

ibrium paths is used in the nonlinear model because of its ability 

to trace equilibrium paths through limit points into the post-critical 

range and because of its good convergence characteristics. 

The reason for formulating structural models in cylindrical 

coordinates is three-fold. 

1. In the analysis of essentially round structures, generation 

of input data and interpretation of results is much easier 

when joint forces, constraints, and displacements are ex-

pressed as radial, tangential, or vertical rather than in 

terms of three arbitrary global directions. 

1 
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2. Under certain conditions, a cylindrical coordinate system 

allows imposition of the appropriate boundary conditions to 

use a "pie slice" of a radially symmetric structure to re-

present the entire structure. 

3. When existing methods for branching onto bifurcation paths 

fail, noting which bifurcation points are suppressed by which 

"pie slice" configurations provides, at least, qualitative 

information regarding geometries associated with bifurcation 

buckling modes. 

The only paper located by the author in which a similar model 

formulation is used is a dissertation by Jagannathan [9] who per-

forms a nonlinear analysis on radially symmetric structures using 

"pie slices" but does not include the details of his element model 

formulation. 



CHAPTER 2 

STRUCTURAL MODELS 

In this chapter, the linear and nonlinear truss models used 

in this study are developed. The cylindrical coordinate system is 

described and radial symmetry, stability of equilibrium, and solu-

tion of systems of linear algebraic equations are discussed. 

2.1 Cylindrical Coordinate Systems 

The system model is assembled in such a way that the joint 

forces, displacements, and constraints are expressed relative to 

distinct joint coordinate systems which together form an overall 

cylindrical, rather than cartesian, coordinate system. 

Fig. 2.1 is the plan view of a reticulated dome showing the 

orientations of the joint coordinate systems. The overall global 

coordinate system, shown in dashed lines, is still required to specify 

the joint coordinates and is used to calculate the element deforma-

tions. Since all coordinate systems used in this study are right-

handed, both the global and joint 3-directions are down. 

2.2 Radial Symmetry 

The degree of radial symmetry exhibited by a structure can be 

designated C after Glockner [4] where n is effectively the number n 

of identical "pie slices" into which the structure can be divided. 

3 
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Some structures exhibit several degrees of radial symmetry. For 

example, a structure which can be divided into four identical parts 

can also be divided into two identical parts. Therefore, such a 

structure would exhibit both c4 and c2 radial symmetry. The dome 

shown in Fig. 2.1 exhibits c6 , c3 , and c2 radial symmetry. Fig. 2.2 

illustrates a "pie slice" equal to one sixth of the dome in Fig 2.1 

which could be used to represent the entire structure provided the 

loading condition also exhibited c6 symmetry. Slices equal to one 

third of one half of the structure could also be used if the loads 

exhibited c3 or c2 symmetry respectively. For a "pie slice" to 

be used to represent the entire structure, both the loads and the 

structure must exhibit the same degree of symmetry and the "pie 

slice" itself must exhibit bisymmetry. This latter condition must 

be met to insure that the tangential constraints applied to the 

"pie slice" do not restrict any "twisting" of the entire structure 

which could result from non-bisymmetric slices. 

Note that, in Fig. 2.2, since its orientation is arbitrary, 

the joint coordinate system at the joint lying on the radial axis 

of symmetry is taken to coincide with the global coordinate axes. 

Joints 1, 2, and 3 are not constrained against motion in the 3-

direction and the original constraint conditions at joint 4 are main-

tained. For a rigorous discussion of the rules governing division 

of structures into symmetric parts, see Glockner [4] and Holzer [7]. 

Let it suffice to say here that 1) the cross-sectional areas of 

members lying on one cutting plane are reduced by one half, 2) the 

cross-sectional areas of members lying on the intersection of two 
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cutting planes (i.e. the radial axis of symmetry) are divided by the 

number of slices into which the structure was divided (the subscript, 

n, in the expression for the degree of radial symmetry, C ), 3) the n 

magnitudes of loads applied to joints lying on one cutting plane are 

reduced by one half, and 4) the magnitudes of loads applied to joints 

lying on the intersection of two cutting planes are divided by the 

number of slices into which the structure was divided. 

2.3 Linear Element Model 

The linear truss element model, Fig. 2.3, is from Holzer [5,7] 

and can be expressed in local element coordinates as 

where 

f = kd 

f = [::] 
k = y[ 1 -1] 

-1 1 

AE y = L 

d = [::] 
A= the cross-sectional area of the element 

E = the modulus of elasticity of the element material 

L = the element length 

(2 .1) 

(2.la) 

(2. lb) 

(2. le) 

(2.ld) 

The coordinate transformation process is a specialization of 
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that given by Holzer [7] for use in the analysis of problems with 

independent joint coordinate systems and similar to that employed 

by Jagannathan [9] in the analysis of geometrically nonlinear prob-

lems. 

Since the joint coordinate systems may be different at each 

end of the element (Figs. 2.1 and 2.2), two transformation matrices, 

A and A (which accomplish the transformation from local to cylindrical 

coordinates at the a- and b-ends of the element respectively), are 

required and are defined such that 

d = AD a a 

db = ADb 
(2.2) 

F = ATf 
a a 

Fb = ~Tf 
b 

where d a' f and db, fb are the element end displacements and forces a 
at the a- and b-ends respectively relative to local element coordinates, 

and Da, Fa and Db, Fb are the element end displacements and forces at 

the a- and b-ends respectively relative to cylindrical coordinates. 

Eqs. 2.2 can be expressed more compactly as 

(2.3) 

where 



D • [::J 

F • [::] 

A=[: n 

10 

(2.3a) 

(2.3b) 

(2.3c) 

Eqs, 2.1 and 2.3 can then be combined to form the linear truss 

element model in cylindrical coordinates 

F = KD (2.4) 

where 

(2.4a) 

The transformation matrices, \and\, are defined as 

(2.5) 

where ci and ci, i = 1,2,3, are the direction cosines of the element 

local 1-axis relative to the joint i-axis at the a- and b-ends re-

spectively. 

The direction cosines of the element local 1-axis relative to 

the global coordinate axes, c., i = 1,2,3, are defined as 
l. 

L. 
l. c. = i = 1,2,3 

i L ' 
(2.6) 
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where L. is the component of the element length vector in the global 
1. 

i-direction. 

Referring to Fig. 2.4, which is the projection of an arbitrary 

element onto the global 1,2-plane, expressions for c. and c., i = 1, 
1. 1. 

2,3, are easily formulated. The dashed lines represent the global 

coordinate system, the solid lines represent the joint coordinate 

system, and the arrowhead on the element indicates the direction of 

the element local 1-axis. Detailed formulations are given only for 

the expressions for c., i = 1,2,3. 
. 1. 

The direction cosine of the element local 1-axis relative to 

the joint 1-axis is the ratio of the component of the element length 

vector in the joint !-direction to the total element length 

(2. 7) 

where 

(2.7a) 

Noting that 

(2.8) 

and employing the angle sum relation for the sine function yields 

1 12 c 1 = -C- [sin 8 cos~+ cos 8 sin~] 

[[~:][:t2l + [:~aWi2l] 
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. ::[112] + ::[111 l 
Inserting Eq. 2.6 into the appropriate locations of Eq. 2.9 and 

rearranging terms finally yields 

Similarly, by definition 

(2.9) 

(2.10) 

(2.11) 

and employing the angle sum relation for the cosine function yields 

(2.12) 

Since the joint and global 3-axes coincide, 

(2.13) 

for all elements 

The computation of the joint direction cosines at the a-end 

can be represented in matrix form as 

cl xla x2a 0 

,..T 1 -x xla 0 (2.14) = C2 =-
R 2a a 

c3 0 0 R a 
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where 

R = [X 2 + X 2]~ a la 2a (2. 14a) 

Similarly, for the b-end 

xlb x2b 
cl =-e + ~ e2 ~ 1 

(2.15) 

-x2b xlb 
c2 =--e + ~ e2 ~ 1 

(2.16) 

(2.17) 

or, in matrix form, 

cl xlb x2b 0 
AT 1 

-X2b 0 A = c2 =- xlb 
~ 

(2.18) 

C3 0 0 ~ 

where 

(2.18a) 

Inserting Eqs. 2.lb and 2.3c into Eq. 2.4a yields 

K = (2.19) 

Finally, inserting Eqs 2.5, 2.13, and 2,17 into Eq. 2.19 yields 

the cylindrical element stiffness matrix 
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gl g2 g3 -g4 -gs -g3 

g6 g7 -g8 -g9 -g7 

glO -gll -gl2 -glO 
K = (2.20) 

gl3 gl4 gll 

gl5 gl2 

sym. glO 

where 

2 2 
gl = ycl g6 = yc2 gll = yclc3 

g2 = yclc2 g7 = yc2c3 gl2 = yc2c3 

A 2 
g3 = yclc3 g8 = yc2cl gl3 = ycl 

g4 = yclcl g9 = yc2c2 gl4 = yclc2 

2 A 2 
gs= yclc2 glO = yc 3 gl5 = yc2 

In radially synnnetric structures, certain regularly oriented 

members are frequently encountered for which significant simplifi-

cations can be made in the cylindrical element stiffness matrix. 

The first type of element considered is the radial element 

which is defined as any element which is parallel to or the exten-

sion of which intersects the radial axis of synnnetry except for those 

elements which have precisely one end point on the axis. Elements 

which lie entirely on the radial axis of symmetry, however, are con-

sidered to be radial elements. For radial elements, the joint 

coordinate systems at both ends coincide so that 
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(2.21) 

and there is no tangential component of the element length vector 

so that 

(2.22) 

Elements with precisely one end point on the radial axis of symmetry 

do not qualify as radial elements because the orientation of the 

joint coordinate system at the joint on the axis is arbitrary and, 

therefore, the two joint coordinate systems do not necessarily coin-

cide. 

Inserting Eqs. 2.21 and 2.22 into Eq. 2.20 yields the cylindrical 

stiffness matrix for a radial element 

K = 

sym. 

0 

0 

g3 

0 

glO 

-gl 

0 

-g3 

gl 

0 -g3 

0 0 

0 -glO 

0 g3 

0 0 

glO 

where the g functions are defined in Eq. 2.20. 

(2.23) 

The second commonly encountered element is the ring element 

which is defined as an element which has both end points equidistant 

from and lying in a plane perpendicular to the radial axis of symmetry. 

For a ring element, the joint coordinate systems are oriented rel-

ative to each other such that 
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e = 0 3 

Inserting Eqs. 2.24 - 2.26 into Eq. 2.20 yields the cylindrical 

stiffness matrix for a ring element 

K = 

sym. 

0 

0 

0 

gl 

g2 

0 

gl 

-g2 

-g6 

0 

-gz 

g6 

where the g functions are defined in Eq. 2.20. 

0 

0 

0 

0 

0 

0 

(2.24) 

(2.25) 

(2.26) 

(2.27) 

The third type of element, which is not as frequently encountered 

as the previous two, is the skewed ring element. This element is the 

same as a regular ring element except that the two end points do not 

lie in a plane perpendicular to the radial axis of symmetry. In 

this case, Eq. 2.26 does not hold. Inserting Eqs. 2.24 and 2.25 

into Eq. 2.20 yields the cylindrical stiffness matrix for a skewed 

ring element. 
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gl g2 g3 -gl -g2 -g3 

g6 g7 g2 -g6 -g7 

glO g3 -g7 -glO 
K = 

gl -g2 -g3 

g6 g7 

sym. glO 

where the g functions are defined in Eq. 2.20. 

2.4 Linear System Model 

The element models are then assembled to form the system 

model after Holzer [5,7] using the code-number technique to add 

(2.28) 

the appropriate entries of the individual element stiffness matrices 

into the appropriate locations of the system stiffness matrix, K. 

This then yields the system model 

Kq = Q (2.29) 

where q is the generalized displacement vector and Q is the general-

ized load vector. Q is specified relative to cylindrical coordinates 

and, when solved for, q will also be in cylindrical coordinates. 

The element forces are then easily calculated. Employing the 

code-number technique, D for each element is obtained from q. dis 

then calculated via Eq. 2.3. Finally, f is obtained from Eq. 2.1. 

The joint forces and reactions are just as easily calculated. 

Fis obtained via Eq. 2.3, then, using the member incidence informa-

tion stored in the computer, the total force at each joint is com-

piled. These joint forces and reactions are also in cylindrical 
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coordinates. 

2.5 Nonlinear Element Model 

The geometrically nonlinear truss element model used in this 

study, Fig. 2.5a, is directly formulated relative to global coordinates 

using the principle of virtual work after Holzer [6], Holzer et al. 

[8], Lamma [12], and Vu [15]. Since large displacements are con-

sidered, the virtual work equations must be formulated relative to 

the deformed element configuration. 

The virtual work associated with a virtual displacement is the 

sum of the external and internal work which must vanish at an equil-

ibrium configuration 

oW = oW + oW. = 0 e 1 
(2.30) 

The internal work can be expressed as negative the change in inter-

nal strain energy, U, which yields, from Eq. 2.30 

ow= ow - ou = o e (2.31) 

Referring to Fig. 1.5b, the element displacement can be broken into 

two components--a rigid body translation and a rotation with axial 

deflection about the a-end. Since, for a system in equilibrium, 

no work is required to accomplish a rigid body translation, the 

generalized displacement vector can be taken as u where 

u = D - D b a (2.32) 

and the virtual displacements need only consist of variations at 



20 

2 FS 

F2 

t 
Deformed 

F4 

a 

F3 
/Dl D5 

D4 
b 

1 

(a) 
3 

2 

Deformed State 

a 

Initial 

b 
1 

(b) 

3 

Figure 2.5: Nonlinear Truss Element 



21 

the b-end, ou., i 
l. 

1,2,3. The external work can therefore be 

expressed as 

ow = e 

3 
I 

i=l 
p. OU. 

l. l. 

and the variation in internal strain energy as 

oU = 
3 au I "' ou1.. 

i=l oUi 

(2.33) 

(2.34) 

where P. is the force in the i-direction at the b-end required to 
l. 

equilibrate the deformed state. The total virtual work associated 

with a virtual displacement can then be expressed as 

3 
ow= I 

i=l 
p --[ au] 

i aui 
OU.= 0 

l. 
(2.35) 

Since virtual displacements are arbitrary, for Eq. 2.35 to be true, 

the quantity in parentheses must equal zero for all i, yielding 

Pi = aa~. , i = 1 , 2 , 3 
l. 

(2.36) 

To trace a nonlinear equilibrium path requires that, given one 

equilibrium point, a load-displacement increment be taken yielding 

an approximation to the next equilibrium point. An iterative 

procedure is then used to resolve the force imbalances arising from 

the approximation and to converge on a new equilibrium point. The 

procedure is then repeated until a desired portion of the equilibrium 
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has been traced. To formulate the incremental load-displacement 

relation, a Taylor series expansion of P. at a displacement u + 6u 
1. 

is taken, yielding 

P. (u + 6u) 
1. 

3 aP. 
= P. (u) + I ~ 6u. + ... 

1. j=l uj J 
(2.37) 

Rearranging terms and neglecting those with higher order derivatives 

yields an approximate expression for the incremental force, 6P., 
1. 

associated with an incremental displacement, 6u, 

3 aP. 
6P. = P.(u + 6u) - P.(u) ~ 

1. 1. 1. I ~6u. 
j=l uj J 

Inserting Eq. 2.36 into Eq. 2.38 yields 

~P. ~ 
1. 

3 a2u I a a 6u. , l U, U, J J= 1. J 
i = 1,2,3 

Eq. 2.39 can be expressed in matrix form as 

6P ~ K6u 

where 

(2.38) 

(2.39) 

(2.40) 

(2.40a) 
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t.ul 

t.u = t.u2 (2.40b) 

t.u3 

~ 

[ a2u J K = [K .. ] 
= aui auj l.J 

(2.40c) 

Formulating an expression for U from the geometric and material 

properties of the element and assuming that Hooke's Law applies 

yields the terms of K for a general element 

hl h2 h4 

K = h3 hs (2.41) 

sym. h6 

where 

hl y[cl *2 e *2 ] = + * (1 - cl ) 
L 

* * (1 - ~,)] h2 = y[cl c2 
L 

h3 [ *2 e *2 J y c 2 . + * (1 - c 2 ) 
L 

* * - e*)] h4 = y[cl C3 (1 
L 

* * - e*)] hs = y[c2 c3 (1 
L 

= y[c *2 +~ *2 
h6 3 * (1 - c3 )] 

L 
AE y =-
L 

L = undeformed element length 
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* L = deformed element length 

* e = L - L = element elongation 

* c. 
1 

* L. 
1 

* L. 
1 = i = 1,2,3 L. 
1 

= direction cosine of the element local 1-axis in 
the deformed state relative to the global i-axis 

= component of the deformed element length vector 
in the global i-direction 

To formulate the incremental force-displacement relation for 

the entire element, the transformation matrix, C, is defined as 

C = [-I I] (2.42) 

where I is the identity matrix of order 3. The relationship between 

~u and ~D (an incremental version of Eq. 2.32) may then be expressed as 

~u = c~ (2.43) 

where 

(2.43a) 

To preserve equilibrium of the deformed element, the relationship 

between ~p and the incremental total element force vector, ~F, 

may be expressed as 

(2.44) 
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Inserting Eqs. 2.43 and 2.44 into Eq. 2.40 yields 

Af' = K~D (2.45) 

where 

K = CTKC = [_! ~] (2.45a) 

K is called the global element tangent stiffness matrix and will be 

used to trace the geometrically nonlinear equilibrium path of space 

trusses, 

Since the element tangent stiffness matrix was formulated 

directly relative to global coordinates, the coordinate transforma-

tion used in the nonlinear model must be from global to cylindrical 

coordinates rather than from local to cylindrical as was used in 

the formulation of the linear model. To accomplish this transforma-

tion, the transformation matrix, A, is defined such that 

(2.46) 

where ~D and tF are the element nodal displacement and force vectors 

relative to cylindrical coordinates. Note that A in this case 

differs from that used in the formulation of the linear model. 

A can be partitioned thus 
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(2. 4 7) 

where A and A perform the transformation between global and cylin-

drical coordinates at the a- and b-ends of the element respectively. 

A and A are defined as 

cl c2 0 

A = -c2 cl 0 

0 0 1 

(2.48) 

cl c2 0 

A = -c2 cl 0 

0 0 1 

where c. and c. are the direction cosines of the joint 1-axis at 
l. l. 

the a- and b-ends of the element, respectively, relative to the 

global i-axis. 

Referring to Fig. 2.6, which is the projection of an arbitrary 

joint coordinate system onto the global 1,2-plane, expressions for 

c. and c., i = 1,2, are easily formulated. The formulation which 
l. l. 

follows assumes that the joint coordinate system shown lies at the 

a-end of the element being considered. By definition 

(2.49) 

• 
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where 

R = [X 2 + X 2]~ 1 2 (2.49a) 

When the joint coordinate system lies at the b-end, the formulation 

is the same except that c. is substituted for c. in Eq. 2.49. When 
1 1 

the direction cosines are actually calculated in the computer, even 

though more than one element may be incident at a particular joint, 

the calculation is done only once for each joint and the general 

direction cosines are stored in vectors of dimension equal to the 

number of joints. These cosines are then accessed through the mem-

ber incidence information stored in the computer as either c. or 
1 

c. and used in the individual element coordinate transformations. 
1 

Inserting Eqs. 2.46 into Eq. 2.45 yields the incremental force-

displacement relation relative to cylindrical coordinates 

t:,.F = UD (2.50) 

where t:,.F and t:,.D are the cylindrical incremental element force and 

displacement vectors respectively and 

K = AK.AT (2.50a) 

K is the cylindrical element tangent stiffness matrix. Incorporating 

Eqs. 2.41, 2.45a, 2.47, and 2.48 into Eq. 2.50a yields 
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Hl Hz H3 H4 HS -H 3 

H6 H7 H8 H9 -H 7 

K = 
HlO Hll Hl2 -HlO 

(2.Sl) 
H13 Hl4 -Hll 

HlS -Hl2 

sym. HlO 

where 

2 + 2c 1c2h2 
2 

Hl = cl hl + c2 h3 

-clc2hl + (cl 
2 2 

+ clc2h3 Hz = - C2 )h2 

H3 = clh4 + c2hS 

H4 = -clclhl - (cl C2 + c2cl)h2 c2c2h3 

HS = clc2hl - (cl cl c2c2)h2 - c2clh3 

H6 
2 - 2c 1c2h2 

2 = C2 hl + cl h3 

H7 -c2h4 + clhS 

~ 

H8 = c2clhl + (c2c2 - clcl)h2 - clc2h3 

H9 = -c2c2hl + (c2cl + clc2)h2 - clclh3 

HlO = h6 

Hll = -clh4 c2hS 

Hl2 = c2h4 - clh5 
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A 2 
2c 1c2h2 

A 2 
H13 = cl hl + + c2 h3 

-clc2hl 
A 2 A 2 

clc2h3 H14 = + (cl c2 )h2 + 

H15 = 
A 2 
c2 hl - 2c 1c2h2 + 

A 2 
cl h3 

and h., i = 1,2, ..• ,6, are defined in Eq. 2.41. 
i 

2.6 Nonlinear System Model 

The cylindrical system tangent stiffness matrix is assembled 

from the individual cylindrical element tangent stiffness matrices 

using the code-number technique after Holzer [5,7]. A series of 

points on the nonlinear equilibrium path can then be generated 

after Holzer et al. [8] and Vu [15] using one of several methods. 

These methods are 1) the Newton/Raphson method, 2) the Riks/Wempner 

method, and 3) the modified Riks/Wempner method. Although the 

program listed in Appendix C is capable of utilizing all three of 

these methods, since the modified Riks/Wempner method without up-

dating has been shown to be the most efficient scheme (see Holzer 

et al. [8] and Vu [15]), it has been used exclusively in this 

study. 

2.7 Stability of Equilibriu~ 

For a conservative n-degree-of-freedom system, the total 

potential energy function can be defined after Holzer et al. [8] 

as 

V(q,A) = Q(q,A) + U(q) (2.52) 
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where q is the generalized displacement vector, A is the loading 

parameter,~ is the potential energy of the external loads, and U 

is the internal strain energy. If the loads are configuration 

independent, the stability of equilibrium can be determined from the 

second variation of V. Specifically 

2 o V(q,A) = 
n n 32u 
I I a a oq.oq. ' 1 ' 1 q. q. i J i= J= i J 

which can be expressed in matrix form as 

(2.53) 

(2.54) 

where K is the cylindrical system tangent stiffness matrix. Equil-

ibrium is stable when o2V > 0, critical when o2V = O, and unstable 
2 when o V < 0. These three conditions correspond to K being positive 

definite, positive semidefinite, and indefinite, negative semidefinite, 

or negative definite respectively. Correspondingly, equilibrium is 

stable when all eigenvalues of Kare positive, critical when at 

least one eigenvalue is zero, and unstable when at least one eigen-

value is negative. A critical point can be either a bifurcation 

point or a limit point. When, at a critical point, more than one 

eigenvalue vanishes, the critical point is called "coincident". 

Otherwise, it is called "simple''. 

2.8 Solution of Systems of Linear Algebraic Equations 

If a symmetric matrix, K, is positive definite, there exists 

a unique factorization (see Vu [15]) 



32 

(2.55) 

where Lis a unit lower triangular matrix and Dis a positive 

diagonal matrix. The half-band width of Lis the same as the 

half-band width of K, therefore, no additional storage is required 

to perform this decomposition. A system of linear algebraic 

equations of the form 

Kq = Q 

can then be solved using a three-step procedure as follows: 

1. 

2. 

3. 

Solve Lx = Q for x 

Solve Dy= x for y 

T Solve L q = y for q 

(2.56) 

Note that all three steps can be executed with very little computa-

tional effort and that the LDLT decomposition is not destroyed in 

the process, allowing later solution of subsequent systems of equa-

tions having the same coefficient matrix. This is especially use-

ful in the solution of linear problems where the results of several 

loading conditions are desired and in the solution of nonlinear 

problems where the tangent stiffness matrix is not updated with 

each iteration. 

When tracing a nonlinear equilibrium path into the unstable 

region, however, the tangent stiffness matrix is not always positive 

definite. In this case, the LDLT decomposition discussed previously 

may not exist or may be numerically unstable. Therefore, an un-

conditionally stable decomposition of K is required. In this study, 
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the LINPACK equation solver [3] for symmetric indefinite matrices 

was used. This solver decomposes K to the form 

K = UDUT (2.57) 

where Dis a block diagonal matrix with blocks of order 1 or 2 and 

U is the product of elementary unit upper triangular and permutation 

matrices. Regretfully, LINPACK does not have a routine capable of 

exploiting both handedness and symmetry of an indefinite matrix 

simultaneously. Therefore, with larger problems, the equation solver 

used with the linear model was also used with the nonlinear model 

unless difficulties arose which could be attributed to instability 

of the LDLT decomposition. 



CHAPTER 3 

DISCUSSION OF RESULTS 

Linear and nonlinear analyses were performed on each of two 

trusses. The results of the nonlinear analysis were compared to 

those in refs. 12 and 15. The results of the linear analysis were 

compared to those obtained using a program previously written and 

verified by the author. This earlier program operated solely in 

global coordinates and has been incorporated into the linear analysis 

program as an option. 

When analyzing "pie slices" using either the linear or non-

linear program, the member cross sections and joint loads were 

altered, where necessary, per sec. 2.2. 

3.1 Linear Analysis 

The computer program used in the linear analysis was written 

by the author and is capable of operating in either global or cylin-

drical coordinates. A program listing and users' guide can be 

found in Appendix B. 

3.1.1 Structure 1 

The first structure analyzed was a 24-bar lamella dome (see 

Fig. 3. 1). 2 All element cross-sectional areas were taken as 1.0 cm 
2 and the modulus of elasticity as 2,110,000 g/cm. The loading con-

dition consisted of a 1000 g downward load at each free joint. 

34 
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The structure and loading condition exhibit c6 radial symmetry 

1 2 5 and, therefore, five "pie slices" equal to 6, 6, ... , 6 of the 

structure (see Fig. 3.2) were analyzed. 

All "pie slice" analyses yielded results identical to those 

obtained from analysis of the entire structure. 

3.1.2 Structure 2 

The second structure analyzed was a 70-bar lamella dome with 

70 degrees of freedom (see Fig. 3.3). All joints lie on a spherical 

cap of 1200 in. radius with the first ring 10° from the radial axis 

of symmetry and the second ring 20°. All element cross-sectional 

areas were taken as 1.0 in. 2 and the modulus of elasticity as 

30,000 ksi. All joints on the outer ring were constrained in the 

3-direction, joint 16 was constrained in the 1- and 2-directions, 

and joint 31 was constrained in the 2-direction. The loading con-

dition consisted of downward 1.0 kip loads at joints 8, 9, 12, 13, 

15, 16, 17, 19, 20, 23, and 24. 

The structure and loading condition exhibit c10 radial symmetry 
1 2 9 and, therefore, nine "pie slices" equal to 10, 10, ... , 10 of the 

structure were analyzed. 

As with the 24-bar dome, all "pie slice" analyses yielded 

results identical to those obtained from analysis of the entire 

structure. 

3.1.3 Comparison of Effort 

A comparison of the relative effort required to analyze a 

"pie slice" of a structure vs. the effort required to analyze the 
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entire structure was made for structures land 2. Acknowledging 

that certain FORTRAN statements require more execution time than 

others, the number of statements executed in performing an analysis 

was, nevertheless, used as the criterion for comparison of computa-

tional effort. For a structure exhibiting C symmetry, a "pie n 

slice", n of which would form the whole structure, was considered 

l to represent - X 100 percent of the structure. Consequently, m of n 

these "pie slices" combined to form a larger "pie slice" we·re con-

m sidered to represent - X 100 percent of the structure. Since, n 

when analyzing a "pie slice", the joint lying on the radial axis 

of symmetry must be constrained in the 1- and 2-directions, for 

purposes of comparison of effort, this joint was likewise constrained 

when analyzing the entire structure. 

The number of statements executed for the various portions of 

structures land 2 are displayed in Table 3.1. The percent of compu-

tational effort is defined as the ratio of the number of statements 

executed in the analysis of a "pie slice" to the number executed 

in the analysis of the entire structure times one hundred. The 

half-band width and the number of degrees of freedom (D.O.F.) are 

included for reference. A "wave front" scheme [5] was used in num-

bering the joints. When analyzing a "pie slice", the "wave front" 

was taken to move in the direction of the axis of bisymmetry. 

Fig. 3,4 is a plot of the data in Table 3.1. As can be seen, 

for the two structures analyzed, the percent reduction in the amount 

of effort required was roughly equal to the percent reduction in the 

size of the structure. 
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TABLE 3.1 

COMPUTATIONAL EFFORT REQUIRED IN LINEAR ANALYSIS 

24-Bar Dome 

% of No. of Half-Band Statements % of 
Structure D.O.F. Width Executed Effort 

100 19 10 9965 100.0 

83.3 17 10 8541 85.7 

66.7 14 10 6684 67.1 

50 11 9 4842 48.6 

33.3 8 8 3380 33.9 

16.7 5 5 1641 16.5 

70-Bar Dome 

% of No. of Half-Band Statements % of 
Structure D.O.F. Width Executed Effort 

100 70 22 64211 100.0 

90 65 22 59207 92.2 

80 58 22 51409 80.1 

70 51 22 44681 69.6 

60 44 22 37792 58.9 

50 37 22 31637 49.3 

40 30 19 22295 34.7 

30 23 18 15582 24.3 

20 16 11 7694 12.0 

10 9 8 3484 5.4 
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3.2 Nonlinear Analysis 

The computer program used in the nonlinear analysis is an 

extension by the author of a program written by Lamma [12]. The 

program is capable of tracing the nonlinear fundamental equilibrium 

path of an arbitrary truss structure with arbitrary loads, converging 

on bifurcation and limit points, and, in many cases, branching 

off of the fundamental equilibrium path onto a bufurcation path. 

These varying tasks may be performed in either global or cylindrical 

coordinates. Either of two equation solvers may be used in tracing 

equilibrium paths. The first is a very economical solver after 

Cook [2] which exploits both handedness and symmetry of the tangent 

stiffness matrix, and the second is the less efficient LINPACK 

solution routine for symmetric indefinite systems of equations. 

A program listing and users' guide can be found in Appendix C. 

3.2.1 Structure 1 

The first structure analyzed was the 19 degree of freedom, 

24-bar lamella dome analyzed linearly in sec. 3.1.1 (see Fig. 3.1). 

This structure was chosen because it has been extensively analyzed 

in previous papers (see refs. 12 and 15) and a well-established 

basis for comparison of results exists. 

All members have the same cross-sectional area and modulus of 

elasticity. The loading condition, Q, is expressed as 

Q = AQ (3.1) 

where Q is the generalized loading vector and A is a scaling factor. 
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When incrementing the load while tracing the equilibrium path, Q 

is held constant while A is incremented. Load magnitudes for both 

structures analyzed in this study are expressed nondimensionally 

in terms of I where 

A = AX 104 
AE 

(3. 2) 

The generalized loading condition consisted of downward unit 

loads at joints 3, 4, 5, 9, 10, and 11. 

Tracing the fundamental nonlinear equilibrium path of the 

entire structure located three bifurcation points before reaching 

the first limit point. These three points occurred at values of 

~ equal to 7.592, 9.359, and 15.520 which are verified within a 

reasonable computational error by ref. 12 (see Fig 3.5). Branching 

onto the bifurcation paths at the first and second bifurcation points 

revealed that the buckling mode exhibited c3 radial synnnetry at the 

first bifurcation point and c2 radial synnnetry at the second. The 

program was unable to converge on a bifurcation path at the third 

bifurcation point. The buckling configuration at the first bifurca-

tion point consisted of a buckling of the compression ring with 

joints 3, 9, and 10 moving together as one group, and joints 4, 5, 

and 11 as another. This differs from the buckling mode described by 

Lamma [12] for this bifurcation point. The buckling configuration 

at the second bifurcation point consisted of a "tilting" of the 

compression ring around the global 1-axis. 

Tracing the fundamental equilibrium path of a "pie slice 11 

equal to one sixth of structure 1 located only one bifurcation 
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point before reaching the limit point. This bifurcation point dupli-

cates the first bifurcation point found by analysis of the entire 

structure. Branching onto the bifurcation path of the "pie slice" 

also duplicated the buckling mode revealed by analysis of the whole 

structure, with the single ring element "tilting" to one side. 

When extrapolating this buckling configuration around the entire 

structure, alternating "pie slices" tip in opposite directions to 

produce the overall "zig-zag" buckled configuration for the compres-

sion ring (see Fig. 3.6). 

Tracing the fundamental equilibrium path of a "pie slice" 

equal to two sixths of the structure located two bifurcation points 

before reaching the limit point. The first bifurcation point, as 

expected, again duplicates the first bifurcation point found by 

analysis of the entire structure. The second bifurcation point, 

however, occurred at X = 11.800 where none had been encountered 

in the two previous analyses. Although the program was unable 

to converge on the associated bifurcation path, the author strongly 

suspects that the buckling configuration consists of the entire 

"pie slice" tipping to one side. Since an odd number of these 

"pie slices" would be required to form the entire structure, this 

buckling mode would, therefore, be inhibited in an analysis of the 

·entire structure. 

A comparison of the computational effort required to analyze 

"pie slices" vs. the effort to analyze the entire structure was 

also made with the nonlinear model. However, due to high computing 

costs and difficulties which arose in the analysis of structure 2, 
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the comparison was made only with the 24-bar dome. The fundamental 

equilibrium paths of the entire structure and of five "pie slices" 
1 2 5 equal to 6, 6, ... , 6 of the structure were traced until the first 

bifurcation point was passed at~= 7.592. The initial load increment, 

~~ , was set at 0.800 and the tangent vector was scaled per refs. 
0 

8, 12, and 15 for four iterations. The determinant of the undeformed 

tangent stiffness matrix was provided before execution began. The 

results of this comparison are displayed in Table 3.2 and Fig. 3.7. 

The LINPACK equation solver was used to trace the equilibrium paths, 

so the half-band widths and the joint numbering scheme are of no 

consequence. Again, the percent reduction in the computational 

effort required was roughly equal to the percent reduction in the 

size of the structure. Note, however, that the data points may 

suggest a slightly parabolic relation between effort and size of 

structure. This is probably because, in a nonlinear analysis, a 

greater portion of the total computational effort is expended in 

solving systems of simultaneous equations than is likewise expended 

in a linear analysis, and that there is generally a second order 

relation between the size of a system of equations and the number 

of operations required to solve it [10]. 

3.2.2 Structure 2 

The second structure analyzed was the 70 degree of freedom, 

70-bar lamella dome analyzed in sec. 3.1.2 (see Fig. 3.3). All 

members have the same cross-sectional area and modulus of elasticity. 

The loading condition, Q, is as expressed in Eq. 3.1 and load mag-
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TABLE 3.2 

COMPUTATIONAL EFFORT REQUIRED IN NONLINEAR ANALYSIS 

24-Bar Dome 

% of No. of Statements 
Structure D.O.F. Executed 

100 19 431684 

83.3 17 353177 

66.7 14 275593 

50 11 198041 

33.3 8 128609 

16.7 5 69633 

% of 
Effort 

100.0 

81.8 

63.8 

45.9 

29.8 

16.1 
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nitudes are again expressed in terms of\, which is defined in 

Eq. 3.2. 

The generalized loading condition consisted of downward unit 

loads at joints 8, 9, 12, 13, 15, 17, 19, 20, 23, and 24. 

Tracing the fundamental equilibrium path of the entire structure 

encountered five bifurcation points before reaching the first limit 

point at A= 6.686. The first bifurcation point occurred at 

~ = 2.932. Due to problems with the solution algorithm in con-

verging on the remaining bifurcation points and to the high computing 

costs associated with a structure of this size, the remaining bi-

furcation were not determined to a high degree of accuracy. 

Analyzing a "pie slice" equal to one tenth of the structure 

yielded no bifurcation points before reaching the first limit point. 

Analyzing a "pie slice" equal to two tenths of the structure 

(see Fig. 3.8) yielded two bifurcation points before reaching the 

first limit point. The first bifurcation point duplicated the 

first bifurcation point found by analysis of the entire structure. 

The second occurred at a value of A~ 4.000 where none had been 

previously encountered. Again, the author strongly suspects that 

the associated buckling mode consists of the entire "pie slice" 

tipping to one side, which would be impossible in an analysis of 

the entire structure. 

The program was unable to converge on the bifurcation path 

at the first bifurcation point. However, suspecting that, as with 

the 24-bar dome, the associated buckling mode consisted of a 

buckling of the compression ring in a "zig-zag" fashion, a 0.001% 
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imperfection in the vertical coordinate of joint 6 was introduced 

(actually, since the joint coordinates were entered in spherical 

coordinates, joint 6 was placed on a spherical cap of radius 

1199.988 in. The resulting imperfection in the radial coordinate 

was negligible). Analysis of this imperfect slice yielded a limit 

point at~= 2.884, thus confirming the suspicion. However, the 

author is unable to offer any explanation as to why the one-tenth 

"pie slice" did not model this buckling mode as did the one-sixth 

"pie slice" with the 24-bar dome. 

Since no single bifurcation point was modelled by all "pie 

slices" of the structure, a comparison of effort was not made with 

the 70-bar dome. 



CHAPTER 4 

CONCLUSION AND RECOMMENDATIONS 

In this study, the element and system models for linear and 

geometrically nonlinear three-dimensional trusses were developed 

and implemented relative to cylindrical coordinates. These models 

were each used in the analysis of two radially symmetric domes with 

radially symmetric loading conditions. 

The most important benefits derived from using these models 

are as follows: 

1. Analysis of "pie slices" of a structure required consider-

ably less effort than did analysis of the entire structure 

in both computer time and in operator time to develop data 

files. 

2. Noting which bifurcation points were inhibited by which 

"pie slice" configurations provided qualitative information 

concerning buckled configurations when "branching" methods 

failed, and provided guidance in introducing imperfections 

to verify suspected buckling modes. 

The primary drawback to using these models was that if a 

buckling mode cannot be modelled by a particular "pie slice" con-

figuration, the bifurcation point corresponding to that mode will 

be suppressed in the "pie slice" analysis. Therefore, at least a 

rough analysis of the entire structure is usually required to insure 

53 
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that all of the bifurcation points have been determined and to 

permit identification of extraneous bifurcation points introduced 

by the "pie slice". 

The author would like to offer several recommendations con-

cerning the further application of the structural models developed 

in this study. 

1. Investigate further the suppression of bifurcation points 

by "pie slice" configurations. Primarily, try to offer 

some explanation for why some buckling modes which ex-

hibit c2n radial symmetry can be modelled with a "pie slice" 

th equal to one n of the structure (as with structure 1) 

th and others require a "pie slice" equal to one 2n of 

the structure (as with structure 2). 

2. Investigate the possibility of expressing arbitrary loads 

in terms of combinations of radially symmetric loads. 

In a nonlinear analysis, determine the effect this would 

have on the locations of bifurcation and limit points. 

If, indeed, such an expression is possible, investigate 

the economics of doing so. 

The author would also like to offer several suggestions con-

cerning further use of the nonlinear solution technique regardless 

of which model formulation us employed. 

1. A frequent problem encountered was that, when using the 

modified Riks/Wempner method, while solving the resulting 

quadratic equation (see refs. 8 and 15) the value under 

the radical would become negative, resulting in an error. 

The actual physical meaning of this should be investigated 
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so that ways to avoid the problem might be suggested. 

This would make the modified Riks/Wempner method more 

consistently reliable. 

2. Locate or write a solution routine for banded symmetric 

indefinite matrices with accompanying routines for cal-

culating the determinant and number of negative eigenvalues 

of the system tangent stiffness matrix. Implement and 

investigate this routine. 

3. The present method for converging on bifurcation points 

(see ref. 12) consists of noting, via the number of neg-

ative eigenvalues, when a bifurcation point has been passed 

and then reducing the length and changing the sign of the 

tangent vector until the bifurcation point has been located 

with sufficient accuracy. However, reducing the length 

of a vector inn+ 1 dimensional space (where n is the 

number of D.O.F.) does not insure that the resulting load 

magnitude does not fall in a region of the equilibrium 

path that has already been determined not to contain the 

bifurcation point. Therefore, the method often does not 

converge rapidly and, occasionally, with very tight con-

vergence tolerances, for all practical purposes, does not 

converge at all. The author, instead, suggests that the 

Newton/Raphson method (see ref. 6) might perform better 

in converging on bifurcation points. Decreasing the size 

of ~A rather than ~s systematically would provide absolute 

control of one of the parameters, thus insuring that the 
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method will converge on the bifurcation point directly 

and to any desired degree of accuracy. Although less 

computationally efficient per iteration, the author be-

lieves that the Newton/Raphson method would provide over-

all greater efficiency in locating bifurcation points. 

4. More often than not, the present branching technique is 

not capable of converging on a bifurcation path. More 

research should be conducted in an effort to improve the 

branching capabilities. 
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C THIS PROG~AM PERFORMS A LINEAR STRESS AND UlSPLACEMENT ANALYSIS ON SPACE 
C TRUSSES. IT CAN OPERATE IN BOTH GLOBAL AND CYLINDRICAL COORDINATES AND 
C ACCEPTS LOADS ANO JOINT CONSTRAINTS IN WrlICrlEVER COORDINATE SYST~M 15 
C tiEING EMPLOYED. THE CYLINDRICAL COORDINATE SYSTEM IS INfENDE:U FOK, bUT 
C NOT RESTRICTEO TO, RAUIALLY SYMMETRIC STRUCTURES AND ALLOWS FOR IMPOSI-
C TION Of THE APPROPRlAfE BOUNDARY CONDITIONS TO ANALYZE A REPR~S£NTAT1VE 
C "PIE SLICE" OF THE STK.LJCTURf.. 
C 
C THE GLOBAL COORDINATE AXf:S ARI: A RlGHT-tiANDtO SYSTEM. WHE:N WORKING 
C WITH A RADIALLY SYMMElRIC STRUCTURE lN CYLINDRICAL COORDINATES, THf GLD-
C BAL )-AXIS MUST BE PLACED ALONG THE AXIS OF RADIAL SYMMETRY WITH TtH:: 
C 1-DIRECTION BEING RADlALLY OUT. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

JOINT COOkDINATES MAY Bl ~NTERED IN TERMS OF CARTESIAN (Xl, X2, X3) UR 
SPHERICAL (R, TH~fA, PHI) COORDINATES. WHEN ~NTEKED IN SP11ERICAL CUOK-
DINATES, THE CARTESIAN COORUlNATES ARE CALCULATED THUS: 

Xl = R * COSlTHElA) • ~lN(PHl) 
X2 = K * SlN(THtTA) * SIN(PHI) 
X3 = R * (l. - COS(PHil) 

WHEN WORKING IN CYLINDRICAL COORDINATES, FOUR TYPES Of ELEMENTS ARE 
RECOGNIZED AND MUST Hi IDENTIFIED BY THE U5ER PRIOR TO DA.fA ENTRY. lrlE~~ 
TYPES ARE: 

1) RADIAL tltMENT~AN EL~MENT WHICrl LIES ON A LINE lNTERStCllNG THE 
AXIS OF RADIAL SYMMETRY OR WHICH IS PARALLEL TO OR LltS ON 
THAT AXIS EXCEPT FOR THOSE ELEM~NTS WHlCH HAVt PRECISELY ON~ 
END POINT ON THE AXIS. 

2) RING ELtMtNT~AN ELEMtNT WHICH rlAS BOTH END POINTS ~Q01DISTANT FRlJM 
AND LYING IN A P~NE PERPENDICULAR TO THE RADIAL AXIS OF SYMMLTRY. 

0\ ...... 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

3) SKEW RING ELEMtNT-AN ELEMENT WHlCti HAS 110TH END POINTS EQUliJIS-
TANf FROM BUT NOT LY!NG IN A PLANE PERPENDICULAR TO TH~ RADIAL AXIS 
OF SYMMETRY. 

4) SKtW EL~H~NT--AN ELEMfNT WHICH DOES NOT MEET ANY OF THE CRITERIA 
A~DVE, INCLUDING OTHERWISE RADIAL ELEMENTS WHICH HAVE PRcCl$cLY ON~ 
ENU POINT ON THE AXIS OF RADIAL SYMMETRY. 

DATA INPUT IS AS FOLLOWS (ALL DATA ARE UNFORMATTED): 

1) NUMBER OF ELtMtNTS, NUMBER OF JOINTS, NUMBER OF LOADING CUNOlllONS, 
A FLAG lNUlCATlNG WttETHER THE JOINT COORDINATES ARE IN SPl"it:KlC.AL 
OR CARTESIAN COORDINATES (1 = SPHERICAL, 2 = CARlESIAN), ANO A 
FLAG INDICATING WHETHER THE PRo:;RAM IS OPERATING IN ~LJHAL 0~ CYL-
INOKICAL COOROlNAlES (1 = GLOBAL, 2 = CYLINDR1CAL)l5 INlEbER). 

2) JOINT COUKDINATES FOR EACH JOINT IN TtRMS OF GLOBAL OR SPHtKICAL 
CUUROINAT~S. Xl, X2, X3; ORR, THETA, PHI. ANGL~S ARE IN ULGR~~S. 

R = RADIUS OF CUKVATURE 
THETA= ANGLE FROM THE GLOBAL 1-AXIS 

PHI= ANGLE FROM THE GLOBAL 3-AXIS 

3) FOR EACH ELEMENT, THE JOINT NUMSt:RS Al ITS ENOS (2 INTEGl:R). 

4) WHEN WORKlN~ IN GLOBAL COORDINATES--
FOR EACH tLEMENT, ITS CROSS 5~CTI0NAL AR~A ANO TH~ MUDULUS UF ~LA~-
TICITY OF lTS MATl:klAL (2 REAL). 

WHl:.N WORKING IN CYLINDRICAL C.OORDINATl::S--
FOR EACH E:.Li:ME::NT, ITS ID NUMBER, CROSS SECTIONAL AREA, ANU HI£ MOU-

a, 
N 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

5) 

6) 

ULUS OF ELASTlClTV OF ITS MAlERIAL Cl INTEGER, 2 REAL). 

lU=l kADIAL ELEMENT 
10=2 RING ELLMENJ 
1D=3 SKEW RING ELEMENT 
1D=4 SKEW ELEMcNT 

THE JOINT NUMB~R AND DIRECTION OF EACH APPLIED JOlNl. CONSTRAJNT 
R~LATIVE TO WHICHEVEK COORUlNATE SYS1EM IS BEING EMPLOYED. A UIR-
ECTION OF 4 INUICATES THAT ALL THREE UlRfCTIONS ARE CONSTRAINED 
FOR THAT JOINJ (I.E. THE JOINT IS PINNED)(2 INTEGER) AfTER 
THt LAST CONSTHAINT, ENTER ZEROS. 

THE JOINT NUMB~, OIRECTION, ANO MAGNITUDE OF EACH ~XTiRNAL 
JOINT LOAU RELATIVE TO WHICHEVER COORDINATE SYSTlM IS BEING lM-
PLUYtO (2 INTEGER, l REAL). AFTtR THl LAST JUINT LUAO, tNTtR 
ZEROS. 

C **•¥*~****""******:i,•* ******* *''t."'* *"'******" ,ot¥>Ot.;r:*• ****** •***:e:***+* ***•**"'""** ~._ **:,i::::. 
C SYNOPSIS OF DATA lN?UT ,;. 
C *****"'* *"' *'°'* ** ************* •*** ******* ***** *** *"'********"',.""',;.:*****';,*-'F*'°';)"":;r:* .«:. ,;c,..: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

l) 

2) 

3) 

NEt NJ, NACT, JOINTS, ICOORO 

FOR EACH JOINT --
Xl, X2, X3 (3 REAL) 

OR 
R, THETA, PHI (3 REAL) 

(ALL ANGLtS ARE lN DtGREES) 

(5 INTl::GtR) 

FOR EACH tLEMtNT ~ MINC(I,l), MINC(l,2) (2 INTEGER) 

C]\ 
w 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

4) FOR EACH ELEMENT~ 

WHEN WORK1NG IN GLOBAL COC.ROINATES --
A, E (2 RE:AL) 

WHEN WORKING IN CYLINDRICAL COORUINATES 
ID, A, E (l INTEGER, 2. REAL) 

5) FOR EACH JOINT CONSTRAINT --

JNUM, JDIR . (2 INTEGER) 
(AFTER THl LAST CONSlRAINT, ENlER ZEROS) 

6) FOR EACH EXTERNAL JOINT LOAD --

JNUH, JDIR, FORCE (2 INTEGER, l REAL) 
(AFTER THE LAST JOINl FORCE, ENTtR ZtKOS) 

C***~*****•************************************************~******************~ 
C DEFINITIONS OF OUTPUT PARAMETERS * 
C********************¥****>Plt•**********~****~*********************¥********~*~~ 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
(, 

AREA 

Cl 

C2 

THt CROSS SECTIONAL AREA OF THE H(MBER 

THE OIRtCTION COSINE OF THE MEMHER RELATIVE TO THE JOINT 
l-AXl!:> AT lHE: A-k:.ND ( THE fN) INCIDE:NT TO THE JOINT WH'.J~t-
NUMBEK. LIE:i IN THE: "FROM" COLUMN lN THE MEMlH::R PROPf:RlTt~ LI~T-
ING) 

THE OlRECTION COSINE OF THE M~MBER RELATIV~ 10 TH~ JOlNl 
2-AXIS AT lHE A-END 

Q"\ 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ClH THE DIRECTION COSINE OF THE MEMBER RELATIVE TU THE JOINT 
1-AXIS AT THE B-END {THE ENO INCIDENT TO THE JOINT WHOSE 
NUMBER LIES IN THE "TO" COLUMN IN THE MEMBER PROPERTIES LIST-
ING) 

C2H THE DIRECTION COSINE Of THE MEMBER RELATIVE TO THE JOINT 
2-AXIS AT THE 8-ENO 

CGl THE DIRECTION COSINE OF THE MEMBER RELATIVE TO THE GLOBAL 
1-AXIS 

CG2 THE DIRECTION COSINE OF THE MEMBER RELATIVE TO THE GLOBAL 
2-AXIS 

CG3 THE DIRECTION COSINE Of THE MEMBER RELATIVE TO THE GLOBAL 
3-AX IS 

E THE MODULUS OF ELASTICITY OF THE MEMBER MATERIAL 

ID THE ID NUMBER Of THE MEMBER 

IHBW THE HALF BAND WIDTH OF THE SYSTEM STIFFNESS MATRIX 

JCODE THE LISTING IN ORDER OF JOINT NUMBER Of THE SYSTEM GENERAL DIS-
PLACEMENT NUMBER CUKRESPONDING TO THE 1-. 2-,. AND 3-UIR.ECT ION 
IN TERMS OF WHICHEVER COOROINATf SVSTEH IS BEING EMPLOYED. A 
ZERO ENTRY INDICATES THAT THAT UIRECTION IS CONSTRAINED. 

LENGTH THE LENGTH Of THE MEMBER 

MCOOE THE LISTING IN ORDER OF ELEMENT NUMBER Of THE SYSTEM GENERAL 
DISPLACEMENT NUMBER CORRESPONDING TO THE 1-, 2-, ANO 3-0IR-

(j'\ 
\J1 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ECTION IN TERMS OF WHICHEVER COORDINATE SYSTEM IS BEING EM-
PLOYED. A ZERO ENTRY INDICATES THAT THAT DIRECTION JS CON-
STRAINED. 

MINC THE MATRIX CONTAINING THE JOINT NUMBERS AT THE ENOS Of THE 
ELEMENTS. 

NACT NUMBER OF LOADING CONDITIONS 

NE NUMBER OF ELEMENTS 

NEQS THE NUMBER Of DEGREES OF FREEDOM Of THE ENTIRE STRUCTURE 

NJ NUHBE~ Of JOINTS 

Q THE DISPLACEMENT AND LOAD VECTOR~WHEN THE DISPLACEMENTS ARE 
CALCULATED, THE LOAD VECTOR IS DESTROYED. 

SS THE SYSTEM STIF~NESS MATRIX Of THE STRUCTURE 

Xl JOINT COORDINATE IN THE 1-DIRECTION RELATIVE TO THE GLOBAL 
COORDINATE AXES 

X2 JOINT COORDINATE IN THE 2-DIRECTION RELATIVE TO THE GLOBAL 
COORDINATE AXES 

X3 JOINT COORDINATE IN THE 3-0IRECTION RELATIVE TO THE GLOBAL 
COORDINATE AXES 

NOTE: FOR RADIAL ELEMENTS (10=1), ClH=Cl ANO C2H=C2=0. 
FOR RING ELEMENTS tI0=2), CG3=0., ClH=-Cl• AND C2H=C2. 
FOR SKEW RING ELEMENTS CID=~l, ClH=-Cl AND C2H=C2. 

°' °' 



C c•••••••••••••••••••••••••••••••••••••••••••••••••••••************************* 
C SUBROUTINE DESCRIPTIONS * 
c•••••••••••••••••••••••••••••*********•••••••••••••••••••••••••••••••••••••••• 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ACT ION 

DATA 

FORCE 

LOKATE 

PROCES 

SOLVE 

STIFF 

THIS SUBROUTINE GENERATES THE EXTERNAL FORCE VECTOR FOR THE 
PARTICULAR LOADING CONDITION IN QUESTION. 

THIS SUBROUTINE READS AND STORES ALL INFORMATION CONCERNING 
THE STRUCTURE EXCEPT FOR THE LOADING CONDITIONS. IT ALSO 
CONSTRUCTS JCOOE AND PLACES ZEROS IN THE POSITIONS CORRES-
PONDING TO CONSTRAINTS BUT DOES NOT GENERATE THE NON-LERO 
TERMS. 

THIS SUBROUTINE COMPUTES THE ELEMENT ANO JOINT FORCES fOR 
THE STRUCTURE. 

THIS SUBROUTINE GENERATES THE OUTPUT PARAMETERS WHICH 
DEFINE THE LOCATION Of THE GENERALIZED DISPLACE~ENTS. 

THIS SUdROUTINE COMPLETES THE GENERATION OF JCODE AND GEN-
ERATES All Of THE PARAMETERS REQUIRED TO PERFORM THE ANALYSIS 
BUT WHICH ARE NOT READ DIRECTLY INTO THE COMPUTER. 

THIS SUBROUTINE SOLVES THE BANDED SYSTEM Of LINEAR ALGEBRAIC 
EQUATIONS FOR THE GENERAL DISPLACEMENTS. 

THIS SUBROUTINE GENERATES THE BANDED SYSTEM STIFFNESS MATRIX 
FOR THE ENTIRE STRUCTURE. 

°' --.J 



c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C MAIN PROGRAM * c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DIMENSION SS(19,19) 
DIMENSION Q(l9) 1 LOCATEl19,2J 
DIMENSION Al24),E(24),XL(24J,GAMHA(24J,CG1(24),CG2(24), 

lCGJ(24),Cll24J,C2(24),ClH(241,C2H(2~),MCODE(24,b), 
2MINC(24,2),10(24J 

DIMENSION P(13,3),Xl(131,X2(lll,X3(131,JCOOE(l3,3) 
C 
C READ ANO WRITE CONTROL PARAMETERS AND FLAGS. 
C 

READll,*) NE,NJ,NACT,JOINTS,ICOORD 
WRITE12,15J NE,NJ,NACT 

15 FORMAT(///' NE=',13,4Xa'NJ=',13,~X, 1 NACT=1 ,13//I 
CALL OATA(Xl1 X2,X3,A,E,JCODE,HINC,10,ICOORD,JOINTS,NJ,NE) 
CALL PROCES(Xl,X2,X3,CG1,CG2,CG3,Cl,C2 1 Cltt,C2H,GAMHA1 XL,MCOOE, 

1JCODE,MINC,1D,NEQS,NJ,NE,IH8W,A,E,ICOORD) 
CALL LOKATECJCODE,LOCATE,NJ,NEQS) 

DO 30 1=1,NEQS 
DC 30 J=l,IHBW 

30 SS(I,JJ=O. 
CALL STIFF(SS,CG1,CG2,CG3,Cl,C2,ClH,C2H,GAHMA,HCODE.1D,NEQS, 

llHBW,ICOORO,NEi 
NCOUNT=NACT 

100 LCNUM=NACT-NCOUNT+l 
WRITE(2,20)LCNUM 

20 FORMAT(///' * • • LOADING CONOITION1 1 13,2X,'* * *'I 
CALL ACTIONIQ.JCOOE,NEQS,NJJ 
CALL SOLVE(SS,Q,LOCATE,NACT,NEQS,IH8W,NCOUNT) 
CALL FORCEiCGl,CG2,CG3,Cl,C2,ClH,C2H,Q,GAMMA,MCOOE,IO,NJ,NE, 

1ICOORD,NEQS.P,MINC) 

0--
00 
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C****************************************************************************** 
C SUBROUTINE ACTION * c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SUBROUTINE ACTION(Q,JCOOE,NEQS,NJ) 
DIMENSION Q(NEQSl,JCOOE(NJ,3) 

OD l l=l,NEQS 
l QU )=O. 

C 
C READ AND WRITE THE EXTERNAL JOINT FORCES. 
C 

WRITE(2,41 
4 FORMATC///1 EXTERNAL JCINT FORCES') 

WRITEC2,5) 
5 fORHAT(4X,•JNUM1 ,3X, 1 JOIR1 ,oX, 1 FORCE'I 

~5 REAO(l,*)JNUM,JDIR,FORCE 
C 
C TEST FOR LAST CARO AND PLACE THE EXTEkNAL JOINT FORCES IN THE FORCE 
C VECTOR. 
C 

IF(JNUM.EQ.O)GOTO 50 
K=JCOUE(JNUM,JOIR) 
Q(K)=FORCE 
WRITE(2,20JJNUM,JOJR,FORCE 
GOTO 45 

20 FORMAT(217,Fl3.2) 
50 RETURN 

-..J 
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C****************************************************************************** 
C SLBROUTINE DATA * 
C*********************************************************~******************** 

C 
C 
C 

SUBROUTINE OATACX1,X2,X3,A,E,JCODE,MINC,1D,ICOORD,JOINTS,NJ,NE) 
DIMENSION XlCNJ),X2(NJ},X3(NJ),A(NEJ,E(NE),JCOOE(NJ,3J,MINClNE,21, 

110( NE) 
GOT0(21,22),ICOORD 

21 WRITE(l,23) 
GOTO 25 

22 WRITEC2,241 
23 FORMAT(' THE DISPLACEMENTS ANO JOINT FORCES ARE COMPUTEO RELATIVE 

lTO GLOBAL COORDINATES.•//) 
24 FORMAT(' THE DISPLACEMENTS AND JOINT FORCES ARE COMPUTED RELAJIVE 

lTO CYLINDRICAL',/,' COORDINATES.'//) 

READ ANO WRITE JOINT COORDINATES. 

25 WRITE(2,20) 
20 FORMAT(' JOINT COORDINATES') 

WRITE(2,1001 
100 FORMAT(' JOINT',5X, 1 Xl',8X,'X2 1 ,8X, 1 Xl 1 ) 

GOTOll,2J,JOINTS 
1 DO ~l I=l,NJ 

READll,*IR,THETA,PHI 
THETA =THETA*.01745J2q 
PHl=PHl*.01745129 
Xl(It=R*COS(THETAl*SINlPHIJ 
X2(l)=R•SIN(THETA)*S1N(PH1) 
XJ(l)=R*(l.-COS(PHI)) 

41 WRITE(2,101)1,Xl(l).x2,11,x3{1) 
GOTO 90 

2 DO 40 1=1,NJ 

....... ,_. 



READll,*)Xl(l),X2(I),X3(1) 
40 WRITE(2,10l)I,Xl(l),X2(1),X3(1) 

101 FORMAT(I4,2X,3f10.4) 
C 
C READ MEMBER INCIDENCE MATRIX. 
C 

C 
C 
C 

9 0 DO 50 I = l , NE 

50 

18 

61 
30 

63 
103 

62 
19 

60 
102 

REAOll.*l MINCll,11,MINC(l,2) 
IFIHINC{I,2).GT.MINC{I,l))GOTO 50 
TEMP=MINC<I,2) 
MINC{I 1 2)=MINC(I,1) 
MINC( I, U=TEHP 
CONTINUE 

READ ANO WRITE MEMBER ANO MATERIAL PROPERTIES. 

WRITEC2,18) 
FORMAT(/// 1 MEMBER PROPERTIES') 
GOT0(61,62),ICOORD 
WRITE12,JO) 
FORMAT(4X,'HEMBER 1 ,5X,'AREA 1 1 lOX, 1 E 1 ,7X, 1 FROM1 1 2X1 1 T0 1 ) 

DO 63 l=l.NE 
READ(l,*)A(J),E(I) 
WRITE(2 1 103)1,All),E{I),MlNC(l,1),HINC(l 1 2) 

FORMAT(l8,Fl2.4,fl4.4,3X,13,2X 1 13) 
GOTO 65 
WRITEC2,19) 
FORHAT(4X 1 1 MEMBER1 ,3X, 1 l0 1 ,7X 1 1 AREA',10X,'E',7X,'fROH 1 ,2X, 1 T0 1 ) 

DO 60 l=l,NE 
REAO(l,*) ID(I),A(l),E(I) 
WRITE(2,102)1,10(It,A(I),E(l),MINC(I,1),HINC(l,2) 

FORMAT(I8,17,Fl2.4,Fl4.4,3X 1 13,2X,I3) 

--.J 
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C 
C CONSTRUCT JCOOE 
C 
C INITIALIZE JCODE TO UNITY 
C 

65 DO 5 l=l ,NJ 
DO 5 J=l ,3 

5 JCODEll,J)=l 
C 
C TEST FOR LAST CARD AND PLACE ZEROS FOR CONSTRAINTS. 
C 

70 READCl,*) JNUM,JOIR 
lf(JDIR.EQ.~JGOTO 75 
lf(JNUM.EQ.O)GOTO 80 
JCODEfJNUM,JDIR)=O 
GOTO 70 

75 JCODE(JNUM,l}=O 
JCODE(JNUM,2)=0 
JC0DE(JNUM,3J=O 
GOTO 70 

80 RETURN 

-._J 
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C****************************************************************************** 
C SUBROUTINE fORCE * 
C*******************************•***********************~********************** 

SUBROUTINE FORCE(CG1,CG2,CG3,Cl,C2~ClH,C2H,Q,GAMMA,MCODE,10,NJ,NE, 
lICOORD,NEQS,P,MINCJ 

DIMENSION CGl{NE),CG2(NE),CG3(NE),CllNE),C2lNEl,ClHlNE),C2HlNE),Q' 
1NEQS1,GAMMA(NEl1 P(NJ,3),Dl6),MCODE(NE 1 6),IU(N£J,MINC(NE,2) 

00 10 l=l,NJ 
DO 10 J= l, 3 

10 Pll,J)=O. 
WRITEl2 1 99) 

99 FORMAT(/// 1 ELEMENT FGRCES1 /) 

WRITE(2, 101) 
101 FORMAT(4X,'ELEHENT1 ,6X 1 1 FORCE1 /) 

lf(ICOORO.EQ.l)IOI=5 
DO 20 1=1,NE 

C 
C COMPUTED FROM Q USING MCOOE. 
C 

DO 30 J= 1, 6 
K= MC COE: ( I , J ) 
lf(K.EQ.O)GOTO 40 
D(J)=Q(K) 
GOTO 30 

40 O(J)=O. 
30 CONTINUE 

C3I=CG3ll) 
GAMMAI=GAMMA(I) 
GOT0(200,210J,ICOORD 

200 Cll=CGl(I) 
C21=CG2( I) 
GOTO 220 

-...J 
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C 
C COMPUTE THE ELEMENT FORCES MAKING APPROPRIATE SIMPllflCAflONS FOR THE 
C VARIOUS IO NUMBERS. 
C 

210 

220 
60 

70 

80 

90 

100 

43 
44 

Cll=CU II 
C2I=C2I I) 
101=10(1) 
GOT0(60,70,80,90,100),IDI 
014=0(1 )-0(4) 
036=0(3)-0(6) 
fl=GAMMAl*CD14*Cll+036*C3I) 
GOTO 43 
014=0 ll H·O( 4) 
025=0(2)-0(5) 
Fl=GAMMAl*CD14*Cll+D25*C2I) 
GOTO 43 
014=0(1)+0(4) 
025=0{2)-0(5) 
036=013)-0(6) 
Fl=GAMMAl*(Dl4*Cll+025*C21+D36*C3I) 
GOTO 43 
ClHl=ClH( I) 
C2Hl=C2H(I) 
036=0 (3 )-0( 61 
fl=GAMMAl*(Cll*Dll)•C2I•Dl2)~C31*036-C1Hl*Dl4)-C2Hl*Dl5)> 
GOTO 43 
D14=0( 1)-0( 4) 
025=0(21-0(5) 
036=0(31-0(6) 
Fl=GAMHAl*(Ol4*Cll+D25*C21+036*C31) 
lf(Fl)44 1 48,49 
fl=-fl 

-..J 
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WRITE(2,45)1,Fl 
45 FORMAT(I8,4X,fl3.7,3X, 1 TENSION') 

Fl=-Fl 
GOTO 52 

48 WRITEC2,53)1,Fl 
53 FORMAT(l8,4X,Fl3.7) 

GOTO 52 
49 WRITE(2,54)l 1 fl 
54 FORHATlI8,4X,Fll.7,3X, 1 COHPRcSSJON 1 ) 

C 
C COMPUTE THE JOINT FORCES FROM THE ELEMENT FORCES AND MINC. 
C 

52 

55 

56 

57 

58 

J=MINC(I,ll 
K=MINCCI,2) 
P(J,l)=P(J,l)+Cll*fl 
GOT0(55,56,57,58,59l,IDI 
P(J,3)=PCJ,3)+C3l*Fl 
P(K,l)=P(K,1)-Cll*fl 
P(K,3)=PCK,3)-Cll*Fl 
GOTO 20 
P(J,2)=P(J,2)+C21*fl 
P(K,l)=P(K,l)+Cll*fl 
PCK,2)=P(K 1 2)-C2I*fl 
GOTO 20 
P(J,2)=PtJ,21+C21*fl 
P(J,31=P(J,J)+C31*Fl 
P(K,l)=PCK,ll+Cll*Fl 
P(K,2)=P(K,2)-C21*fl 
PCK,J)=P(K,3)-CJl*fl 
GOTO 20 
P(J,2)=P(J,2)+C2I*fl 
PCJ,3)=P(J,3)+C3I*fl 

-....J 
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PlK,l)=PlK,1)-ClHl*fl 
P(K,2)=P(K,2)-C2Hl*fl 
P(K,3)=P(K,3)-C3l*Fl 
GOTO 20 

59 PIJ,2J=P(J,2)+C2I*fl 
P(J,3)=P(J,3)+C3l*Fl 
P(K,l)=P(K,1)-Cll*fl 
P(K,2)=P(K,2)-C2I*fl 
P(K,3)=P(K,3)-CJI*fl 

20 CONTINUE 
WRITEC2.,46) 

46 FORMAT(///• JOINT FORCES') 
WRJTE(2,51) 

51 FORMAT(4X,'JOINT',6X, 1 l-DJR.•,11x,•2-01R.•,11x,•3-01R. 1 /) 

DO 50 J=l,NJ 
50 WRITE(2,47)J,(P(J,K),K=l,3) 
47 FORMAT{J7,2X,3fl7.7) 

RETURN 
END 

........ 

........ 



c•••••*************************************************************~*********** 
C SUBROUTINE LOKATE * 
C***************************•************************************************** 

SUBROUTINE LOKATE(JCOOE,LOCATE.NJ,NEQS) 
DIMENSION JCODE(NJ,3),LOCATElNEQS.2) 

DO 10 l=l ,NJ 
DO 10 J=l, 3 
JC=JCOOEll,J) 
IFCJC.EQ.O)GOTO 10 
LOCATE ( JC, 11=1 
LOCATE(JC,2)=J 

10 CONTINUE 
RETURN 

-..J 
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c•••*************•**************************************••••••••••••••••••••••• 
C SUBROUTINE PROCE S * 
C*************************************************•**************************** 

C 

SUBROUTINE PRDCESCX1,X2,X3.CG1,CG2.CGJ,Cl,C2,C1H.C2H,GAHMA,XL.HC0D 
lE,JCODE,MINC,IO,NfQS,NJ,NE•IHBW,A,E,ICOORD) 

DIMENSION Xl(NJt,X2(NJ),X3(NJ),CGl(NE),CG2(NE),CG3(NEJ.Cl(NEJ,C2(N 
lE),ClH(NE)aC2H(NE),GAMMA(NEJ,HCOOE(NE,6),JCODE(NJ,l),MJNC(NE,2t,ID 
2lNE),XL(NE) 6 AINE),E(NEl 

C GENERATE JCOOE AND DETERMINE THE NUMBER OF DEGREES Of FREEDOH. 
C 

NEQS=O 
DO 10 l:al,NJ 

DO 10 J= 1, 3 
NEQS=NEQS+JCOOE(J,J) 
JCOOE(l,J)=JCODEll,J)*NEQS 

10 CONTINUE 
WRITEC2, 1) 

l FORMAT(///' JCOOE') 
DO 20 l=l,NJ 

20 WRITE(2,2)(JCODE(l,J)•J=l,3) 
2 FORMATl315) 

WR I TE ( 2 , 50 l I NE Q S 
501 FORMAT(///' NEQS='•IJ) 

MAXID=O 
C 
C COMPUTE MEMBER PROPERTIES AND GENERATE MCDOE WITHIN THE SAME DO-LOOP. 
C 
C GENERATE MCDOE FROM JCODE WITH INFORMATION CONTAINED IN HINC. 
C 

00 40 1=1,NE 
J==MINC ( 1, 1) 

-...J 
\.0 



C 
C 
C 
C 
C 

41 

200 

300 

61 

65 

K= M I NC C I , 21 
DO 41 l::: l , 3 
MCODE(I,L)=JCOOE(J,L) 
HCOOE(I,L+3)=JCODE(K,L) 

COMPUTE MEMBER PROPERTIES~LENGTH, CGl, CG2, CGl, Cl, C2, ClH, C2H, 
AND GAMMA, TAKING 10 NUMBER INTO ACCOUNT AND MAKING THE APPROPRIATE 
SIMPLIFICATIONS .. 

Xll=XUK)-Xl(J) 
XL2=X2(K)-X2(J) 
XL3=X3(K)-X3(J) 
XL{l)=SQRT(XL1**2+Xl2**2+Xl3**2) 
XLONG=XU I) 
CGl CI )=Xll/XLONG 
CG2Cll=Xl2/XLONG 
GAHMA(l)=A(Il*E(l)/XLONG 
GOT0(200,300),ICOORD 
CG3 ( I )=XL3/ XLONG 
GOTO 110 
XlJ=Xl(J) 
X2J=X2(J) 
R=SQRT(XlJ**2+X2J••2) 
CG ll=CG l( I ) 
CG2I=CG2tl) 
IFCR.NE.O.JGOTO 61 
C lC IJ=CGll 
C2 (I) =CG2 l 
GOTO 65 
Cl(l)=X1J/R*CGll+X2J/R*CG2I 
C2(l)=-X2J/R*CGll+XlJ/R*CG2I 
IDl=ID(I) 

CXl 
0 



C 

70 

80 

90 

100 

GOT0(70,80,70,90) 1 101 
XL3=X3(Kt-X3(J) 
CG3 l I)= Xl3/ XLONG 
GOTO 110 
CG3(1 )=0. 
GOTO 110 
XL3=X3(K)-X3(J) 
CG3(1)=XL3/XLONG 
XlK=Xl(K) 
X2K=X2(K) 
R=SQRT(XlK**2+X2K**2) 
IF(R.NE.O.)GOTO lOO 
C lH ( I )=CGl I 
C2HCl)=CG2I 
GOTO 110 
ClH(l)=XlK/RtCGll+X2K/R*CG21 
C2H(l)=-X2K/R*CGll+XlK/R*CG21 

C COMPUTE ANO WRITE fhE HALF BAND WIDTH. 
C 

110 J-:Q 
42 J=J+l 

IS= MC ODE ( I , J ) 
If(IS.EQ.C)GOTO 42 
J=7 

44 J=J-1 
IL=MCODECl,J) 
IF(IL.EQ.O)GOTO 44 
IE=IL-IS 

40 IF(IE.GT.MAXIO)MAXIO=IE 
IHBW=MAX IO+l 
WRITE 12, 8) I HBw 

00 
I-' 



8 FORHAH/// 1 IHBW='ell) 
C 
C WRITE OUT MEMBER PROPERTIES. 
C 

WRITE( 2, 31 
3 FORMAT(/// 1 MCOOE1 1 

DO 50 l=l,NE 
50 WRITE(2,4l(MCODEfleJ) 1 J=l,6) 

4 FORMATl615) 
GOT0(51,52) 1 ICOORO 

51 WRITE(2,7) 
7 FORHAT(/// 1 MEMBER',3X, 1 LENGTH1 ,8X, 1 CG1•.1ox, 1 cG2•,1ox.•cG3 1 ,6X, 1 G 

1AHMA1 ) 

00 55 l=l,NE 
55 WRITE(2,161)1,XLCIJ,CG1(1),CG2Cl) 1 CG3(1J,GAMHA(I) 

161 FORMAT(I5,Fll.2,3Fl3.7,Fll.4) 
RETURN 

52 WRITE(2 1 6) 
6 FORMAT(/// 1 HEMBER1 ,3Xe 1 LENGTH'•8X,'CG1',10X, 1 CG2',lOX, 1 CG3 1 ,llX, 1 

1c1•,11x,•c2•,1ox,•c1H 1 ,10x,•c2H 1 ,6x,•GAMMA1 > 

120 

130 

140 

150 
1 

60 

00 60 l=l,NE 
IDI=ID( I) 
GOTO(l20,130,140el50),IDI 
WRITE(2,12l)I,XL(ll,CGl(l)wCG2(1),CG3(1) 1 ClllJ,C2Cl),GAHMA(I) 
GOTO 60 
WRITE(2,131JI.XL(ll,CGl(IJ,CG2(1),CG3(1J,Cl(IJ,C2(1),GAMMA(I) 
GOTO 60 
WRlfE(2,141)1,XL(IJ,CGl(l),CG2Cil,CG3(1J,Cl(l),C2(IJ,GAMMA(1) 
GOTO 60 
WRITE(2,151)1,XL(l),CGl(I)eCG2(1J,CG3(1J,Clfl),C211l,ClH(IJ,C2H 
( I) ,GAMMA (I) 
CONTINUE 

(X) 
N 



121 FOAMAT(15,fll.2,5fl3.7•6X, 1 RAOIAL ELEMENT',6X 1 fll.4J 
131 FORMAT(15,Fll.2,5Fl3.7,7X, 1 RING ELEMENT',7X,fll.4) 
141 FORHAT(15,Fll.2,5Fl3.7,5X,'SKEW RING ELEMENT',4X,Fll.4} 
151 FORMAT(15,Fll.2,7fl3.7,Fll.4) 

RETURN 

co 
l,.) 



C****************************************************************************** 
C SUBROUTINE SOLVE • 
C***************************•************************************************** 

C 

SUBROUTINE SOLVECSS,Q,LOCATE,NACT,NEQSeIHBW,NCOUNTJ 
DIMENSION SSCNEQS,IHBWJ,QCNEQS),LOCATE(NEQS,2) 
IF(NACT.GT.NCOUNT)GOTO 800 

C REDUCE THE STIFFNESS MATRIX. 
C 

C 

700 

750 

780 

00 790 N=l,NEQS 
00 780 L=2,IHBW 
IFCSSCN,L).EQ.O.JGOTO 780 
l=N+L-1 
C=SSCN,L)/SS(N,l) 
J.::O 
00 750 K=L,IHBW 
J=J+l 
SSCI,J)=SSll,JI-C*SS(N,K) 
SSIN,L)=C ' 
CONTINUE 

C REDUCE FORCE VECTOR. 
C 

C 

790 CONTINUE 
800 DO 830 N=l,NEQS 

00 820 L=2,IHBW 
lf(SSCN,LJ.EQ.O.)GOTO 820 
l=N+L-1 
QCll=QCl)-SSCN,L)*QCN) 

820 CONTINUE 

C BACK.:..SOL\IE FOR THE GENERALIZED DISPLACEMENTS. 

00 
.i:--



C 
830 Q(NJ=Q(Nt/SSIN,11 

DO 860 14=2,NEQS 
N=NEQS+l-H 
DO 850 L=2,IHBW 
IFISS(N,LI.EQ.O.)GOTO 850 
K=N+L-1 
Q(NJ=Q(N)-SSIN,LJ•Q(KJ 

850 CONTINUE 
860 CONTINUE 

WRITE12,6U 
61 FORMAT(///' GENERALIZED DISPLACEMENTS•) 

DO 900 l=l,NEQS 
900 WRITEl2,60) 1,Qlll,LOCATECl,1),LOCATE(l,21 

60 fORMAT(4X,1 QC1 ,13, 1 ) = 1 ,Fll.7,3X, 1 (JOINT 1 ,l3, 1 , 1 ,11, 1-DIRECTION)' 
1) 
RETURN 

CX> 
\Jl 



C**********~******************************************************************* 
C SUBROUTINE STIFF * 
C****************************************************************************** 

SUBROUTINE STIFF(SS,CGl,CG2,CG3.c1.c2.c1H.C2H•GAMNA,HCODE,IOeNEQS. 
llHBW,ICOORD,NEI 
DIMENSION SS(NEQSelHBWJ.CGl(NEJ,CG2(NE),CG3(NE),Cl(NE),C2(NEJ 1 ClH( 

1NE) 1 C2HfNE),GAMHA(NE),G(l5),INDEX(6,6 1 5),HCODElNE,6) 1 1D(NE) 
INTEGER INOEX/1,0,3,-l,0,-3,6*0,3,0•10,-3,0,-10,-1,0,-3,1 1 0 1 3 1 6*0, 

l-3,0,-10,3,0,10,l,2.0,1,-2,0,2,6,0,2,-6,7*0,1,2,0,1,-2,0.-2,-6,0,-
22,6,7*0,1,2,3,1,-2,-3,2,6,7,2,-6,-7,3,7,10,3,-7,-10,1,2,3,1,-2,-3, 
3-2,-6,-7,-2,6,7,-3,-7,-10,-3,7,10,l,2,3,-4,-5,-3,2,6,7,-8,-9,-7,3, 
47,10,-ll,-12,-10,-4,-8,-ll,13,14,11.-5,-9.-12,14,15,12,-3,-7,-10,1 
s1.12,10,1,2,3,-1,-2,-3,2,6,7,-2,-6,-7,3,7,10,-3,-1,-10,-1,-2,-3,1, 
62,3,-2,-6,-7,2,6,7,-3,-7.-l0,3,7,10/ 

00 1 1=1,NEQS 
DO l J=l,IHBW 

1 SS(I,J)=O. 
JFIICOORD.EQ.1)101=5 

DO 10 I=l,NE 
GAMMAl=GAMMA(I) 
C3I=CG3(I) 
GOT0(200,3001,ICOORO 

200 ClI=CGl(l) 
C2I=CG2(ll 
GOTO 100 

300 Cll=Cl(IJ 
C2J=C2(1J 
IOl=IO(I) 

C 
C COMPUTE THE APPROPRIATE G FACTORS FOR THE ELEMENT BASED ON ITS ID NUMBER. 
C 

100 G(l)=GAHHAl*Cll**2 

00 
0\ 



110 

120 

130 

140 

C 

GOTOCll0,120 1 130 1 140,130),IDl 
G(3)=GAMMAl*Cll*C31 
G(lO)=GAMMAl*C31*•2 
GOTO 150 
Gt2)=GAHMAl*Cll*C21 
G(6)=GAHMAl*C21**2 
GOTO 150 
G(21=GAMMAl*Cll*C21 
G(3)=GAMMAI*Cll*C3I 
G(6)=GAMMAl*C21**2 
G(7)=GAMMAI*C21~31 
G(lO)=GAHMAl*C31**2 
GOTO 150 
ClHl=CUH I) 
C2Hl=C2H(I) 
G ( 2 ) =GAMMA l *C 11 *C 21 
G(3J=GAMMAl*Cll*C3I 
G(4)=GAMMAI*C1I*C1HI 
G(5)=GAMMAl•Cll*C2HI 
G(6)=GAMMAI*C2I**2 
G(7J=GAMMAl*C2l*C31 
G(8J=GAMHAI*C2l*ClHI 
G(9)=GAMMAI*C21*C2HI 
G(l0)=GAMMAl*C3I**2 
G(ll)=GAMMAl*C31*ClHI 
G(l2t=GAMMAl*C3l*C2HI 
G(l3)=GAMMAl*C1Hl**2 
Gll~)-GAMMAl*ClHl*C2HI 
G(l5l=GAMMAl*C2Hl**2 

C PLACE G FACTORS IN BANDED SYSTEM STIFFNESS MATRIX USING INFORMATION CON-
C TAINED IN MCODE AND INDEX. 

00 
-..J 



C 
150 DO 20 JM=l,o 

J=MCOOE(l,JM) 
lf(J.EQ.O)GOTO 20 

DO 30 KH=JM,6 
K=MCODE(l,KM) 
lf(K.EQ.O)GOTO 30 
KB=K-J+l 
L=INOEX(JH,KH,IOIJ 
IF(U60,30,40 

60 L=-L 
SS(J,KB)=SS(J,KB)-G(L) 
GOTO 30 

40 SSCJ,KB)=SS(J,KB)•G(L) 
30 CONTINUE 
20 CONTINUE 
10 CONTINUE 

RETURN 
00 
00 



APPENDIX C 

NONLINEAR PROGRAM 
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C********************************************************************** 
C* GENERAL INfORMAT ION * 
C***********************************~********************************* 
C 
C 
C 
C 
C 
C 

THIS P~OGRAM USES THE MODIFIED RIKS/WEMP~~R METHOD TO TRACE THE 
EQUILIBRIUM PATHS Of GEOMETRICALLY NONLINEAR SPACE TRUSSES. IT 
IS ASSUMED THAT THE USER [S FAMILIAR WITH THE METHOO. 

c---------- -----------------------c 
C 
C 

THIS PROGRAM MAKES USE Of FIVE DIFFERENT FILES. 

C FILE 1 CONTAINS All INPUT DATA 
C 
C Fl LE 2 
C 
C 
C FILE 3 
C 
C 
C f I LE 4 
C 
C 
C 
C FILE 7 
C 
C 
C 

CONTAINS OUTPUT Of THE DATA ANO THE NORMAL VECTOR USED IN 
BRANCHING ONTO A SECONDARY EQUILIBRIUM PATH. 

CONTAINS OUTPUT Of THE LOAD LEVEL ANO DISPLACEMENT VECTUR 
OF THE EQUILIBRIUM POINTS. 

CONTAINS OUTPUT OF THE LOAD LEVEL ANO DISPLACEMENT VECTOR 
Of THE EQUILIBRIUM POINTS OBTAINED IN THE DET.ERMINATION 
OF THE CRITICAL POINT. 

CONTAINS OUTPUT Of THE LOAD LEVEL ANO DISPLACEMENT VECOR 
OF ALL EQUILIBRIUM POINTS IN A SUITABLE FORMAT FOR INPUT 
INTO A PLUTTING PROGRAM. 

c------------------------------------------~--c 

\.0 
0 



C 
C 
C 

THE EXECUTION OF THIS PROGRAM CAN BE BROKEN INTO SEVEN DIFFE~ENT 
CATEGORIES. 

C TYPE l N NUMBER Of POINTS ARE OBTAINED ON THE EQUILIBRIUM PATH. 

ONE REQUIRES THE PROGRAM TO EXECUTE UNTIL A STAliLE POINT 
IS ENCOUNTERED. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

TYPE 2 

TYPE 3 

TYPE 4 

TVPE 5 

TYPE 6 

TYPE 7 

N NUMBER OF POINTS ARE OBTAINED AFTER THE FIRST CRITICAL 
POINT. [TIS RECOMMENDED THAT N BE LESS THAN 5. 

BRANCHING ONTO SECONDARY EQUILIBRIUM PATHS. THE SEARCH FOR 
THE CRITICAL POINT Will BEGIN AT POINT N AND M POINTS ARE 
OBTAINED ON THE BRANCHING PATH. 

DETERMINATION OF A CRITICAL POINT. 
POINT N. 

THE SEARCH BEGINS AT 

RUNNING THE PROGRAM JO OBTAIN THE FIRST CRITICAL POINT. 
THE NUMBER OF POINTS, N, SHOULD BE LARGE ENOUGH FOR THE 
PROGRAM TO REACH A CRITICAL POINT. 

STARTING THE PROGRAM AT A KNOWN EQUILIBRIUM POINT ON THE 
EQUILIBRIUM PATH. THIS CAN 8E DONE IN COMBINATION WITH 
TYPES 1-6. 

I.O ,_. 



C THE FOLLOWING VARIABLES IN THE INPUT DATA ARE TABULATED TO AlO 
C THE USER IN DETERHINING INPUT VALUES. 
C 
C N E E B M B E E E 
C p N N R p p p p p L 
C T 0 C D 0 A 0 0 s s s A N D E D 
C y I 0 L s N I I L L L H N E X s 
C P N N I T C N N N N N D E T p B 
C E T T M B H T T 1 2 3 A G u 0 R QO 
C -
C l N 1,2 2 2 -# 4 2 s s al ... .. C C d + 
C 
C 2 :g} 2 2 1 -I# al 2 s s al ... + C C al + 
C 
C 3 N 1,2 l 2 -# al 2 s s iii ... + C C 41 + '° C N 

C 4 @ 1,2 2 2 N M 2 s s s + + C C s + 
C 
C 5 al 2 2 2 N al l s s s + + C C .. .. 
C 
C 6 N 2 2 2 -# d 3 s s s + + C C ~ + 
C 
C 7 (CAN BE USED IN 1-6) s s s s s 
C 
C WHERE N AND MARE DEflNEU ABOVE 
C S = SPECIFY 
C # = AROITRARY NUMBER 
C @=NOT APPROPRIATE, BUT SPEClfY 
C QO = INITIAL DISPLACEMENT VECTOR (NOT ENTERED IF ZERO) 
C +=ZERO IF NOT USING TYPE 7 
C C =CANOE SPECIFIED 
C 1.2 = l OR 2 



C 
(**********************************$*********************************** C* INPUT GUIDE * 
C**********************************~*********************************** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

FOR VARIABLE INPUTw (IJ REPRESENTS AN INTEGER VARIABLE 
(R) REPRESENTS A REAL VARIABLE. 

••••• All INPUT IS FORMAT FREE ***** 

DATA SET 

1 INPUT OF THE FOLLOWING VARIABLES 

NM 
NJ 

SYSTEM 
UPDATE 

IHBW 
SCALE 
LHAT 
LMAX 

NPOINT 
METHOD 

CONT 
ENDLIM 
ENDST8 
INTESJ 
BRANCH 

IMAX 
JMAX 

( I) 
{I) 
( I) 
(I) 
(I) 
( l) 
CI l 
U) 
( I) 
ll) 
( I) 
(I) 

'() 
( I ) 
'I) 
( I) 
Ul 

\0 w 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

2 

3 

4 

MPOINT U) 
IHELP (I) 

BPOINT {I) 
ICOORD CI) 
I SOLVE U) 

INPUT OF THE FOLLOWING VARIABLES 

EPSLNl (R) 
EPSLN2 (R) 
EPSLNl ( R) 
NDIGIT Cl) 

OS (R) (SPECIFY EITHEk OS OR OLAH~ 
DLAMD (R) AS NONZERO) 
LAMDA (R) 

NNEG ( I) 
DETO (RJ 
EXPO ( I) 
OSBR &RI 

JOINT COORDINATE DATA IN INCREASING JOINT NUMBER 

( X • Y , Z ) 
IR) lR) (R) 

OR ( R , THETA, PHI ) 
(R) (R) (R) 

IN SPHERICAL COORDINATES: 
R = RADIUS FROM THE ORIGIN 

THETA= ANGLE FROM THE GLOBAL 2-AXIS IN THE 1-2 PLANE 
PHI= ANGLE FROM THE GLOBAL 3-AXIS 

CONSTRAINED JOINT DATA. A JOINT DIRECTION OF 4 
INDICATES THAT ALL l DEGREES Of FREEDOM FOR THAT 

\0 
~ 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

5 

6 

7 

JOINT ARE CONSTRAINED. FOLLOW THIS SET WITH A 
ZERO JOINT NUMBER AND JOINT DIRECTION. 

JNUM, JOIR 
( I J ( U 

MEMBER DATA IN INCREASING MEMBtR NUMBER. A NEGATIVE 
AREA FOR MEMBER l INDICATES THAT A AND E ARE 1.0 FOK 
ALL MEMBERS ANU THE REMAINING MEMBERS NEED ONLY SUPPLY 
MINC. 

A , E , MI NC 
(R) (R) (l)(I) 

LOAD DATA. FOLLOW WITH A ZERO FOR JNUM, JDIR, AND Pl 

JNUM, JDIR , Pl 
(I) '1) (R) 

DISPLACEMENT VECTOR. fOLLOW SET 6 WITH A NEGATIVE 
JOINT NUMBER If THERE IS NO DISPLACEMENT VECTOR. 

'° \J1 



C********************************************************************** C* ARRAY OIHENSIDNING * 
C********************************************************************** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

COMMON /BLOCK!/ SSCNEQS,IHBW),DQ(NEQSJ,DQl(NEQS),DQIINEQS), 
DISTRCNEQS),LOAD(NEQS),Q(NE~Sl,R(NEQS),Ql(NEUS), 
Rl(NEQSJ,KPVT(NEQS) 
A(NHJ,CGl(NM),CG2(NH),CG3(NM},E(NM) 1 XL(NMJ, 
XLO(NMl1 MCOOE(NM,6)•MINC(NM,21 
X(NJJ,V(NJ),Z(NJ) 1 Cl(NJ),C2(NJ),JC0DECNJ,3J 
DIMENSIONS AKE THE SAME FOR ALL PROBLEMS. 

COMMON / BLOCK2/ 

COMMON /8LOCK3/ 
COMMON I BLOCK4/ 

FOR SUBROUTINE EIGEN: XTEMP(NEQS) 

AT THE BEGINNING OF MAINLINE, LOA= DIMENSIONED VALUE OF NEQS. 

NM : 
NJ= 

NEQS = 
IHB1i = 

NOTES: 

NUMBER Of 
NUMBER OF 
NUHBER OF 
HALF-BANU 

MEMBERS 
JOINTS 
EQUATIONS 
~IDTH 

COEGREES OF FREEUOM) 

Cl ANO C2 ARE ONLY USED WHEN THE PROGRAM IS OPERATING IN 
CYLINDRICAL COORDINATES. TO AVOID WASTING STORAGE SPACE 
DIMENSION (1) WHEN OPERATING 1N GLOBAL COORDINATES. 

KPVT IS USED ONLY WHEN USING THE LINPACK EQUATION SOLVER 
TO AVOID WASTING STORAGE SPACE, DIMENSION (1) WHENUSJNG 
THE BANDED EQUATION SOLVER. 

WHEN USING THE LINPACK EQUATION SOLVER, OIMENSJON 
SS(NEQS,NEQSJ. 

\D 
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C********************************************************************** 
C* PRCGRAH VARIABLES * 
C********~************************************************************* 
C 
C 
C 
C 
C 

******** FOR ALL VARIABLES, l=YES, 2=NO ~******* 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A ( I ) 
Al,Bl,01 

BPOINT 

13RANCH 

C CG1CI),CG2(1),CG3(1) 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 1 ( I ) , C2 ( I ) 

cmn 

0( I) 

OET 

AREA Of MEMBER I. 
COEFFICIENTS OF THE QUADRATIC EQUATION IN 
SUBROUTINE SPHERE. 
ALLOWS CONVERGENCE UN THE BIFURCATION 
POINT WITHOUT BRANCHING ONTO ANOTHER PATH. 
DETERMINES IF THE PROGRAM IS TO BRANCH Off 
OF THE FUNDAMENTAL PATH ONTO THE BRANCHING 
PATH. 

-# = 
0 = 
# = 

DEFORMED 
BER I. 

00 NOT BRANCH 
BRANCH IHMEOIATELV 
BEGIN BRANCHING ROUTINE AT POINT i 
GLOBAL DIRECTION COSINES FOR MEH-

THE GLOBAL DIRECTION COSINES FOR THE 1-AXIS 
FOR JOINT I WHEN WORKING IN CYLINDRICAL CO-
ORDINATES. 
DETERMINES IF THE PROGRAM SHOULD CONTINUE 
TO EXECUTE WHEN THE PROGRAM HAS BECOME 
HORE STABLE (ALL NEGATIVE EIGENVALUES HAVE 
DISAPPEARED). 
DISPLACEMENT FOR AN ELEMENT IN DIRECTION I. 
OR MEMBER END FORCES USEU TO COMPUTE R(IJ. 
THE DETERMINANT OF THE TANGENT STIFFNESS 
MAT~IX LESS THE SCALE FACTOR. 

\0 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

OETO 

OETNEW 

DETOLD 

DISTR(I) 
DLAMU 

DLAMDl 
DQ(I) 

DQl(I) 
DQ I ( I l 

OS 
DSBR 

E( I) 
ELONG 

ENDLIM 

ENDSTB 

EPSLNl 

EPSLN2 

EPSLN3 

DET FOR THE UNDEFORMED TRUSS. IF DETO IS 
INPUT AS O, IT ~Ill BE CALCULATED. 
(INPUT THE DETERMINANT WHEN STARTING AT A 
KNOWN POINT ON THE EQUILIBRIUM PATH) 
THE NEW DETERMINANT WHEN CONVERGING ON THE 
BIFURCATION POINT. 
THE OLD DETERMINANT WHEN CONVERGING UN THE 
BIFURCATION POINT. 
LOAD DISTRIBUTION VECTOR. 
CHANGE IN LOAO LEVEL. 
CHANGE IN LOAD LEVEL AT THE FIRST STEP. 
CHANGE IN DISPLACEMENT. 
SOLUTION TOK DQKI = DJSTR fOR ITERATION 1. 
SOLUTION TOK DQKI = OISTR. 
THE LENGTH OF THE TANGENT VECTOR. 
THE INITIAL CHANGE IN LOAD LEVEL WHEN 
BRANCHING. 
YOUNG'S MODULUS FOR MEMBER I. 
ELONGATION OF A MEMBER. 
STOPS EXECUTION AT NPOINT POINTS BEYONU THE 
FIRST CRITICAL POINT. 
STOPS EXECUTION WHEN THE TRUSS HAS BECOME 
STABLE. 
CONVERGENCE CRITERIA FOR THE UNBALANCED FORCE 
TO OBTAIN THE POINT ON THE EQUILIBRIUM PATH. 
CONVERGENCE CRITEKIA FOR THE CHANGE IN 
DISPLACEMENT TO OBTAIN THE POINT ON THE 
EQUILIBRIUM PATH. 
FOR CONVERGENCE TO THE BIFURCATION POINT, 
THIS IS THE TOLERANCE OF THE RATIO Of THE 
DETERMINANT OF THE STIFFNESS MATRIX AT SOME 
POINT TO THE DETERMINANT Of THE STIFFNESS 

\0 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

MATRIX FOR THE UNDEFORMED TRUSS. 
EXP THE VALUE Of THE EXPONENT THAT THE DETER-

MINANT OF THE TANGENT STIFFNESS MATRIX IS 
SCALED BY TO AVOID OVER/UNDERFLOW ERRORS. 

EXPO THE VALUE OF EXP FOR THE UNDEFORMED TRUSS. 
EXPNEW THE NEW VALUE OF EXP WHEN CONVERGING ON JHE 

BIFURCATION POINT. 
EXPOLO THE OLD VALUE Of EXP WHEN CONVERGING ON THE 

BIFURCATION POINT. 
Gl,G2 ROOTS OF THE QUADRATIC EQUATION IN SPHERE. 

ICOORU INDICATES WHETHER THE JOINT CONSTRAINTS, 
FORCES, AND DISPLACEMENTS AKE IN GLOBAL OR 
CYLINDRICAL COORDINATES. 
If ICOORD = 1, GLOBAL COORDINATES 

ICOORD = 2, CYLINDRICAL COORDINATES 
IfLAG INDICATES If THE ITERATION PROCESS HAS 

CONVERGED. 
IHBw THE HALF-BAND WIDTH Of THE SYSTEM STIFFNESS 

MATRIX. THIS IS INPUT TO VERIFY THAT THE 
MATRIX IS DIMENSIONED LARGE ENOUGH. 

IHELP 'TURNS Off THE AUTOMATION WHEN BRANCHING' 
NOTE: IF IHELP = 3 (YES) THE AUTOMATION IS 

'TURNED OFF• FOR ALL ITERA-
TIONS. 

IHELP: l (YES) THE AUTOMATION IS 
'TURNED OFF• FOR THE FIRST 
ITERATION ONLY. 

IMAX THE MAXIMUM NUMBER OF ITERATIONS TO CONVERGE 
ON THE BIFURCATION POINT. 

INTEST STOPS THE PROGRAM AFTER THE DATA IS INPUT. 
ISCALE RECORDS THE SCALE VALUE SO THAT THE ASSUMED 

DIRECTION IN SUBROUTINE EIGEN CAN BE DETER-

\0 
\0 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

I SOLVE 

ITRACE(I) 

JCODEll,J) 

JFLAG 

JHBW 
JHAX 

Kl5 
L 

LAMOA 
LAMDAl 

LOA 

LHAT 
LMAX 

LOADI I) 

MINEO AS COKRECT (IF INDEED IT IS). 
DETERMINES WHETHER THE BANDED EQUATION SOLVER 
OR THE LINPACK SOLVER IS USED. 
If !SOLVE= 1, 8ANOEO SOLVER 

!SOLVE= 2, LINPACK SOLVER 
RECORDS CRITITAL LOCATIONS IN THE PROGRAM 
FOR FUTURE REFERENCE IN TRACING THE 'PATH' 
THAT THE PROGRAM FOLLOWED. 
DEGREE Df FREEUOM (OOF) IN OIRECTIDN J FOR 
JOINT I. 
DETERMINES IF SUBROUTINE SOLVE IS USED TO 
PERFORM FORWARD REDUCTION Uf THE MATRIX OR TO 
SOLVE A SEJ Of EQUATIONS. 
If JFLAG=O, FORWARD REDUCTION 

JFLAG=l, SCLVE EQUATIONS 
VERIFIES THAT IHBW IS LARGE ENOUGH. 
THE MAXIMUM NUMBER OF ITERATIONS FOR THE 
UETERMINATION Of THE EIGENVECTOR USED TO 
BRANCH ONTO THE BRANCHING PATH. 
THE COUNTER FOR STORING VALUES IN ITRACE. 
NUMBER Of ITERATIONS JN A STEP. 
LOAD LEVEL AT POINT I. 
LOAD LEVEL fOR THE FIRST STEP. 
CONTROL PARAMETER USEO IN THE LINPACK EQUATION 
SOLVER wHICH MUST BE SET EQUAL TO THE OIMEN-
SIONED VALUE Of NEQS. 
NUMBER OF DESIRED ITERATIONS IN A STEP. 
MAXIMUM NUMBER Of ITERATIONS IN A STEP. 
THE FORCE VECTOR USED IN SOLVE TO OBTAIN 
THE DISPLACEMENT VECTOR. THIS VECTOR IS 
ALSO USED AS TEMPORV STORAGE THROUGHOUT THE 
PRCGRAM. 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

MCOOE(l,J) 
METHOlJ 

MlNClI.JJ 
MPGINT 
NCOUNT 

NDIGIT 

NEQS 
NJ 
NM 

NNEG 
NPOJNT 

PHI 

Q (I) 
Ql ( l) 

R(l) 
Rll Il 

RADIUS 
SCALE 

SSll,JJ 

SYSTEM 

OOF IN OIRECTlON J FOR MEMBEK I. 
PRGCEUURE USEO IN THE PROGRAM. 
l=NORMAL PLANE lfERATION 
2=SPHERE ITERATION 
J=NEWTON-RAPHSON 
MEMBER INCIDENCE FOR MEMBER I AT ENO J. 
NUMBER Df POINTS WANTED AFTER BRANCHING. 
THE NUMBER OF THE POINT ON THE EQUILIBRIUM 
PATH. 
THE NUMBER Of SIGNIFICANT DIGITS WANTED FOR 
THE EIGENVALUE IN SUBROUTINE POwlNV. 
NUMBER OF EQUATIONS. 
NUMBER OF JOINTS. 
NUMBER Of MEMBERS. 
NUMBER OF NEGATIVE EIGENVALUES FORSS. 
NUMBER Of POINTS WANTED ON THE EQUILIBRIUM 
PATH. 
ANGLE OF ROTATION ABOUT THE l-AXIS IN POLAR 
COORDINATES. 
DISPLACEMENT FOR OOF I. 
DISPLACEMENT FOR OOf I BEFORE THE FIRST STEP. 
UNBALANCED FORCE VECTOR. 
THE EIGENVECTOR USED TO OBTAIN THE NORHAL 
VECTOR. 
THE VECTOK LENGTH IN POLAR COORDINATE DATA. 
DETERMINES If THE TANGENT VECTOR IS TO BE 
SCALED. 
THE SYSTEM TANGENT STIFFNESS MATRIX. lSTOREO 
IN BANDED FORM) 
COORDINATE SYSTEM USED FOR INPUT Of JOINT 
LOCATIONS. l=SPHERICAL 

2=RECTANGULAR 

...... 
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THETA 
UPDATE 

XUJ ,V(I) ,ZU) 

ANGLE FRUM THE l-AXIS IN POLAR ~OORDINATES. 
DETERMINES IF THE STIFFNESS MATRIX IS TO BE 
UPDATEU EVEKY ITERATION. 
GLOBAL JOINT COORDINATES. 
RECTANGULAR: X=X, Y=Y, l=l 
SPHERICAL: X=R, V=THETA, l=PHI 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Xl(l),Yl(l),Zl(IJ 

XL( l) 
XLAMOA( I) 

VARIABLES USED FOR CALCULATIONS IN 
SUBPROGRAMS. 
UNDEFORMED LENGTH OF MEMBER l. 
TEMPORARY STORAGE FOR Q(I) FOR THE CASE 
WHERE THE ASSUMPTION IN SUBROUTINE EIGEN IS 
WRONG. 

XLD( U 
XTEMP 

DEFORMED lEN~TH Of MEMBER I. 
TEMPORARY STORAGE FOR LAMOA FOR THE CASE 
WHERE THE ASSUMPTION IN SUBROUTINE EIGtN IS 
WRONG. 

C********************************************************************* 
C* SUB~OUTINc DESCRIPTIONS * 
C********************************~************************************ 
C 
C 
C SPATH 
C 
C 
C 
C 
C 
C 
C 
C CUNVG 
C 

THIS SUBROUTINE flNOS THE CRITICAL POINT GIVEN THE TOLERANCE 
EPSLN3. IT IS ASSUMED THAT THE POINT FROM WHICH THE SEARCH 
IS MADE IS KELATIVELY 1 CLOSE1 TO THE CRITICAL POINT. THIS 
ALLOWS ONE TO ASSUME A LINEAR RELATIONSHIP BETWEEN OS AND THE 
DETERMINANT Of THE TANGENT STIFFNESS MATRIX. (AT A CRITICAL 
POINT, THE DETERMINANT IS ZERO.) EPSLN3 SPECIFIES THE LOSS 
IN STIFFNESS OF THE TRUSS. 

THIS SUBROUTINE DETERMINES If THt RIKS/WEMPNER ITlRATION 
HAS CONVERGED ON THE EQUILIBRIUM PATH. 

...... 
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C 
C DATA 
C 
C 
C DEFORM 
C 
C 
C DTNEGl 
C 
C 
C 
C 
C DTNEG2 
C 
C 
C EIGEN 
C 
C 
C 
C 
C F 
C 
C 
C 
C INIT 
C 
C 
C 
C 
C NEwTON 
C 
C 

THIS SUBROUTINE INPUTS THE DATA FOR THE PROGRAM FROM FILE 
NUMBER I. SOME INITIALIZATION OF VAKIABLES OCCURS HERE ALSO. 

THIS SUtlRuUTINE DETERMINES THE HEMBERS DEFORMED LENGTHS ANO 
DEFORMED COSINES FOR THE PRESENT CONFIGURATION. 

THIS SUBROUTINE CALCULATES THE NUMBER OF NEGATIVE EIGEN-
VALUES AND THE DETERMINANT OF THE TANGENT STIFFNESS MATRIX 
USING THE BANDED SOLVER. THIS IS PERFORMED AFTER THE FORWARD 
REDUCTION Of THE STIFFNESS MATRIX. 

THIS SUBROUTINE PERFORMS THE SAME FUNCTION AS DTNEGl USING THE 
LINPACK EQUATION SOLVER. 

THIS SUBROUTINE AUTOMATES THE PROGRAM SO THAT IT Will 
DETERMINE THE DIRECTION OF TRAVEL WHEN CRITICAL POINTS ARE 
ENCOUNTERED. SEVERAL CONTROL VARIABLES ARE USED HERE AND 
THEY CAUSE THE SUBROUTINE TO APPEAR COMPLEX. 

THIS FUNCTION DETERMINES THE DOT PRODUCT Of SEVERAL VECTORS. 
FOR THE ARGUMENTS IN THE ARGUMENT LIST 

F = Xl. l ¥1 + K ~ Zl ) 

THIS SUBROUTINE DETERMINES THE INITIAL TANGENT VECTOR fOR 
THE ITERATION TO BEGIN. IT ALSO CALCULATES OS OR DLAMD 
FOR THE INITIAL CONFIGURATION. (EITHER OS OR DLAMD IS 
SPECIFIED IN INPUT) 

THIS SUBROUTINE USES THE NEWTON-RAPHSON METHOD TO DETERMINE 
THE EQUILIBRIUM PATH. 

,_. 
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C NORMAL 
C 
C 
C POWINV 
C 
C 
C 
C 
C RESID 
C 
C 
C 
C RWC 
C 
C 
C SOlVEl 
C 
C 
C 
C 
C 
C 
C S0LVE2 
C 
C 
C 
C 
C SPHERE 
C 
C 
C STIFF 
C 

THIS SUBROUTINE DETERMINES DLAMD AND DQ FOR THE 'NORMAL 
PLANE' ITERATION. 

THIS SUBKOUTINE USES THE INVERSE POWER METHOD TO DETERMINE 
AN EIGENVALUE AND EIGENVECTOR OF THE TANGENT STIFFNESS 
MATRIX. THIS METHOO CONVERGES ON THE EIGENVALUE NEAREST TO 
ALPHA. 

THIS SUBROUTINE DETERMINES THE RESIDUAL FORCE VECTOR FROM THE 
APPLIED LOAD ANO THE jOINT FORCES OBTAINED FROM THE DISPLACE-
MENT VECTOR. 

THIS SUBROUTINE USES THE MODIFIED RIKS/WEMPNER METHOD TO 
OBTAIN THE EQUILIBRIUM PATH. 

THIS SUBROUTINE SOLVES A SET OF SIMULTANEOUS EQUATIONS USING 
THE BANDED STIFFNESS MATRIX. THE FIRST CALL TO SOLVE ,AffER 
THE STIFFNESS MATRIX HAS BEEN CALCULATED) DOES FORWARD 
REDUCTION Of THE MATRIX. ALL SUBSEQUENT CALLS TO SOLVE DO 
THE FORWARD REDUCTION Of CONSTANTS AND BACK-SUBSTITUTION 
(UNTIL STIFF IS CALLED AGAIN). 

THIS SUBROUTINE PERFORMS THE SAME FUNCTIONS AS SOLVEl EXCEPT 
USING THE LINPACK EQUATION SOLVER. SUBROUTINES SSIFA. SSISL. 
SSWAP, AND SAXPY ARE CALLED FROM HERE, AS ARE FUNCTIONS SOOT 
AND ISAMAX. 

THIS SUBROUTINE DETERMINES DLAMD ANO DQ FOR THE 'SPHERE' 
ITERATION. 

THIS SUBROUTINE CALCULATES THE BANDED TANGENT STIFFNESS 
MATHIX. 
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C 
C STORE 
C 
C 
C 
C VECTOR 
C 
C 
C 

THIS SUBROUTINE STORES A COMBINATION Of SEVERAL VECTORS INTO 
ANOTHER VECTOR. FOR THE ARGUMENTS IN THE ARGUMENT LIST 

Xl = Yl + V * Zl 

THIS SUBROUTINE DETERMINES THE NORMAL VECTGR fROM THE 
EIGENVECTOR IN POWINV. THIS ALLOWS ONE ro BRANCH ONTO 
SECONDARY EQUILIBRIUM PATHS. 
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C********************************************************************* 
C* MAINLINE * 
C********************************************************************* 

IMPLICIT REAL*8 {A-H,O-ZJ 
INTEGER SCAlE,SYSTEM,UPDATE,CONTeENOLIH,ENOSTB,BRANCH, 

1 EXP,EXPO,EXPOLO,EXPNEW,BPOINT 
REAl*8 LOAO,lAMDA,LAMCAl 
CHARACTER*2 ITRACE 
COMMON /BLOCKl/ SS(70,10),DQC70),0Q1(70),DQl(70),DISTRC70), 

1 LOA0(70),Q(70) 1 Rl70),Ql(70J,R1(70J,KPVT(70) 
COMMON /BLOCK2/ A(70),CGlflO),CG2(70),C~3f70),E(70),Xl(70),XL0,10) 

1 ,MCODE(70.6),MINC(70,2) 
COMMON /BLOCK3/ X(31),Y{31),Z(31),Cl(31),C2(31),JCOOE(31,3) 
COMMON /BLOCK4/ D{6) 1 DLAMD,DLAMDl,DS,cl0NG,EPSLNl,EPSLN2,EPSLN3, 

l OETO,DET,DETuLD,OETNEW,LAMDA,LAMDAl,DSBR, 
2 IHBW,JflAG,JHBW 1 L1 1FlAG,lHAT,LMAX,ITRACE(2000), 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPOATE,CONT,ENOLIM,ENOSTB,INTEST,~ETHOO,BRANCH, 
5 EXP,EXPO,EXPOLD,tXPNEW,IMAX,JMAX,MPOINT,NDIGIJ, 
6 IHELP,BPOINT,LFLAG,ICOORO,NUMBER,LDA,ISOLVE 

LOA=70 
CALL DATA 

C wRITE OUT THE INITIAL {STARTING) POINT DATA. 
L=LHAT 
Kl5=0 
LFLAG=2 
l=O 
NUMBER=l 
WRITE(3 1 1J 1,LAMDA 

l FORMAT(13,1 LAMOA =',G24.16, 1 1 ,83( 1 * 1 )) 

WRITE(3,2) 
2 FORMAT(' DISPLACEMENT') 
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WRITE(3,3) (Q{l),l=l,NEQSJ 
3 FORMAf(5G24.16) 

WRITEC7,42) LAMDA 
42 FORMAT(Fl5.9) 

WRITE(7,41) (Q(I),I=l,NEQS) 
NCOUNT=O 

C CHECK TO SEE IF THE PROGRAM IS TO STARf BRANCHING FROH THE 
C POINT ON THE PATH THAT WAS INPUT. 

IF{BRANCH.NE.O) GO TO 13 
C $$$A$$$ 

Kl5=Kl5f-l 
I TRACE (Kl 5)= 1 A' 
CALL DEFORM 
CALL SflFF 
CALL VECTOR 
IMETH=METHOD 
METHOD=2 
CALL RWC 
METHOD=IMETH 
GO TO 80 

C CHECK TO SEE If fHE DETERMINANT OF THE UNDEFORMED TRUSS WAS 
C INPUT. 

13 IF(DETO.NE.0.00) GO TO 10 
C $$$ B $i$ 

K 15:::K 15+ l 
I TRACE ( K 15)-= • B 1 

C DETERMINE THE INITIAL DETERMINANT. 
CALL DEFORM 
CALL STIFF 
IF(ISOLVE.EQ.l)CALL SOLVEl 
lf(IS0LVE.EQ.2)CALL SGLVE2 
CALL EIGEN 
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DETO=OET 
EXPO=EXP 
NCOUNT=l 
GO TO 30 

10 NCOUNT=NCOUNT+l 
C $$$ C S$S 

Kl 5=Kl 5+ l 
ITRACE(Kl5)= 1 C1 

C CHECK TO SEE IF THE BRANCHING ROUTINE IS TO dEGIN. 
lf(BRANCH.NE.NCOUNT-1) GO TO 15 

C $$$ D $$$ 
20 Kl5=Kl5+1 

I TR AC E ( K 1 5 J = • D • 
CALL SPATH 
CALL OEFGRM 
CALL STIFF 
CALL VECTOR 
IHETH=METHOO 
METHOO=l 
CALL R\~C 
METHOO=IMETH 

C CHECK TO SEE If OS HAS THE CORRECT SIGN. IDS HAS THE SIGN 
C Of DLAMD.) 

IF(DS.GT.O.OO.AND.LAMOA.LT.LAMDAl) OS=-OS 
IF(OS.LT.0.00.ANO.LAMDA.GT.LAMDAlJ OS=-OS 
GO TO 80 

C FIND OQKI FOR THE FIRST ITERATION. 
15 CALL DEFORM 

CALL STIFF 
C NOTE: CALLING SOLVE AFTER STIFF ONLY CAUSES THE FORWARD 
C REDUCTION OF THE CONSTANTS. 

If(ISOLVE.EQ.l)CALL SOLVEl 
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If(ISOLVE.EQ.2)CALL S0LVE2 
C CHECK TO SEE IF THERE IS A BIFURCATION OR LIMIT POINT. 

CALL EIGEN 
C CHECK TO SEE If THE CRITICAL POINT IS TO BE LOCATED. 

IF(LfLAG.EQ.2)GOTO 12 
DS=DS/2.DO 
BPOINT=l 
GUTO 20 

C $$$ E $$$ 
12 Kl 5= Kl 5+ l 

1TRACE(Kl5)='E' 
30 CALL STORE(LOAD,OISTR,LOA0,0.00) 

C SOLVE K OQKI = DISTR. 
lf(ISOLVE.EQ.l)CALL SCLVEl 
IFC1SOLVE.fQ.2)CALL S0LVE2 

C GET THE TANGENT VECTOR. 
CALL INIT 

C CALL THE SUBROUTINE THAT CORRESPONDS TO THE METHOD DESIRED. 
If(METHOD.EQ.3) GO TO 60 

CALL RWC 
GO TO 70 

60 CALL NEWTON 
C WKITE OUT THE POINT DATA. 

70 WRJTE(7,42J LAMOA 
WRITE(7,4L) (Q(I),I=l,NEQS) 

41 fORMAT(lJFl0.6) 
80 WRITE(3,l) NCUuNT,LAMOA 

WRITUJ,2) 
kR1TE(3,3) (Q(l),I=l,NEQSJ 
WRJTE(3,32) L 

32 FORMAT(' NUMBER OF ITERATIONS =',13) 
WRITECJ,31) OS 
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C 
C 
C 
C 

31 FORMAT( 1 OS =' ,G24.16) 
CONTINUE IF U 

OR 2) 
A STABLE POINT IS WANTED (ENDSTB=l) 
A LIMIT OR BIFURCATION POINT IS WANTED 
( ENOLIM=U 

OR 3) NCOUNT NOT=NPOINT, ENULIM:2, AND ENOST&::2. 
If((NCOUNT.NE.NPOINT.ANO.ENOSTB.NE.l.ANO.ENULIM.Nf.l).OR. 

1 ENDSTB.EQ.l.OR.ENOLIM.EQ.l) GO TO 10 
lf(ISOLVE.EQ.l)CALL OTNEGl 

11 
1 

1001 

1002 

4 
1 

IF(1SOLVE.EQ.2)CALL OTNEG21SS,LDA,NEQS,KPVT,DET,EXP,NNEG) 
WRITE(3,ll) NNEG,EXP,DET 
FORMAT(' NUMBER OF NEGATIVE EIGENVALUES = 1 1 13,/ 1 1 DETERMIN1 1 

'ANT* 1.0 1 ,13 1 1 = 1 1 G24.16 1 /) 

wRITE(2,1001) 
FORMAT(//,' TRACE OF PROGRAM PATH',/) 
WRITE(2,l002) (ITRACE(I),1=1,Kl5) 
FORMATl1X,10A2,5X,10A2,5X,10A2,5X,10A2,5X,10A2,5X1 
WRITE(2,4) NCOUNT 
FORMAT(////,• NUMOER OF POINTS = 1 ,14,//// 1 1 *****NORMAL•, 

'COMPLETION*****') 
s·roP 
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C***********************************************************~**•****•** 
C* HPATH * 
C********************************************************************** 

SUBROUTINE BPATH 
IMPLICIT REAL*8 (A-H,O-Z) 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENDLIM,ENDSTB,BRANCH, 

l EXP,EXPO,EXPOLO,EXPNEW,BPOINT 
REAL*8 LOAO,LAMDA,LAMOAl 
CHARACTER*2 (TRACE 
COMMON /BLOCKl/ SS(70.70),DQ(70),DQl(70),0Ql(70J,DISTRt70), 

1 LOAOC70),Q(70),R(70),Ql(701,Rli70),KPVT(70. 
CO~MON /BLOCK2/ A(701,CG1(70. 1 CG2(70),CG3(70J,E(70J,XL(701,XLD(70) 

1 ,MCOOEC70,6),MINC(70,2J 
COMMON /BLOCK3/ XC31J,V(31),Z(31),Cl(31),C2(31J,JCOOE{31,3) 
COMMON /BLOCK4/ D(6) 1 0LAMD,DLAMD1,US,ELONG,EPSLN1,EPSLN2,EPSLNJ, 

l OETO,DET,OETOLD,DETNEW,LAMDA,LAMDAl,DSBR, 
2 IHliw,JFLAG,JHBW,L,lflAG,LHAT,LMAX,1TRACE{2000), 
3 NCOUNT,NEQS,NJ,NM,NNEG,NP0INT,SCALE,SYSTEM,K15, 
4 UPOATE,CONT, ENDLIH,ENUSTB, INTEST ,METHOD, BRANCH, 
5 EXP,EXPO,EXPOLD1 EXPNEW,IHAX,JMAX,MPOINT,NDIGIT, 
6 IHELP,BPOINT,LFLAG,ICOOKD,NUMBER,LDA,ISOLVE 

C $$$ S $$$ 
Kl5=Kl5+1 
ITRACECK15)=1 S' 
KOUNT=O 
ISCALE=SCALE 
SCALE=2 
CALL DEFORM 
CALL STIFF 
IF(ISOLVE.EQ.llCALL SOLVE! 
lf(1SULVE.EQ.2)CAll S0LVE2 
lF(ISOLVE.EQ.lJCALl OTNEGl 
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C 

C 

C 
C 

IF(ISOLVE.EQ.2JCALL DTNEG2{SS,LOA,NEQS,KPVT,OET,EXP.NNEG) 
10 K=NNEG 

DETOLD=OET 
EXPOLD=EXP 

15 

1001 

1002 

11 
1 

20 

CALL STORE(LOAD,DISTR,LOAO,O.OOJ 
lf(ISOLVE.EQ.l)CALl SOLVE! 
IF(ISOLVE.EQ.2JCALL SOLVE2 
CALL INIT 
CALL RWC 
CALL DEFORM 
CALL STIFF 
IF(ISOLVE.EQ.l)CALL SOLVEl 
IF(ISOLVE.EQ.2)CALL S0LVE2 
IF(ISOLVE.EQ.lJCALL OTNEGl 
IF(IS0LVE.EQ.2)CALL DTNEG2(SS,LDA,NEQS,KPVT,DET,EXP1 NNEGJ 
CHECK TO SEE IF THE CRITICA~ POINT WAS PASSED. 
lf(K.EQ.NNEG) GO TO 10 

CHECK TO SEE IF THE CRITICAL POINT IS FOUND. 
ALPH=DABS(DET/IDETO*lO**(EXPO-EXP)Jl 
JF(ALPH.LT.EPSLNJ) GO TO 30 

CHECK TO SEE IF THE MAXIMUM NUMBER OF ITERATIONS 
HAS BEEN REACHED. 
IF(KOUNT.LT.IHAX) GO TO 20 

WRITE ( 2, 100 l) 
FORMAT(//,' TRACE Of PROGRAM PATH',/) 
WRITE(2,l002) (ITRACE{I),I=l,K15) 
FORMAT(lX,lOA2,5X,lOA2,5X,lOA2,5X,lOA2,5X,lOA2) 
WR I TE ( 2, 1 U 
FORHATUI,' ***** ITERATION LIMIT EXCEEDED TO LOCATE', 

1 THE CRITICAL POINT*****') 
STOP 

KOUNT=KOUNT•l 
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C 
C 

C 

l 

2 

3 

32 
l 

33 

34 

30 

PREDICT THE NEXT OS THAT WILL GIVE THE CRITICAL POINT. 
IT IS ASSUMED THAT EXPOLD=EXP. 
OS=-(OET*DS)/IOET-OETOlD) 
OETOLD=OET 
EXPOLD=EXP 
CALL STORE(LOAD,OISTR,LOAD,0.00) 
If(ISOLVE.EQ.l)CALL SOLVEl 
IF(IS0lVE.EQ.2JCALL S0LVE2 
CALl INIT 
CALL RWC 
CALL DEFORM 
CALL STIFF 
IF(ISOLVE.EQ.l)CALL SOLVEl 
lf(1SOLVE.EQ.2)CAll SOLVE2 
IF(ISOLVE.EQ.llCALL DTNEGl 
lf(ISOLVE.EQ.l)CALL DTNEG2(5S,LDA,NEQS,KPVT,DET,EXP 1 NNEG) 
WRITE(4,1) KGUNT,LAMOA 
FORMAT(I3, 1 *** LAMDA =',G24.16,' ',79( 1 *1 1) 
WRITE(4,2) 
FORMAT(' DISPLACEMENT') 
WRITE(4,3) CQ(ll,I=l,NEQS) 
FORMAT ( 5G24 .. 16) 
WRITE(4,32)NNEG,EXP,DET 
FORMAT(' NUMBER Of NEGATIVE EIGENVALUES = 1 ,13,/, 

'DETERMINANT* l.C',13,' :•,G24.l6,/) 
WRITE(4,331 DS,OLA~O 
FURMAT(' OS =',G24.16,/,' DLAMO =',G24.16) 
WR IT E ( 4, 34) L 
FORMAT(' NUMBER OF ITERATIONS =1 ,13) 
GO TO 15 

$$$ T 1$$ 
Kl5=Kl5+1 

...... ...... 
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31 
C 

1003 

I TRACE{ Kl 51= 1 T1 

SCALE=ISCALE 
WRITE(2,31) KOUNT 
FORMAT(///,• NUMBER OF ITERATIONS FOR 8IF. POINT = 1 1 13) 
STOP EXECUTION IF ONLY THE CRITICAL POINT WAS WANTED. 
IF{BPOINT.EQ.2) RETURN 

WRITE ( 2, 1001) 
WRITEC2,1002) llTRACE(I),I=l,Kl5) 
WRITE(2,1003) 
FORMAT{//,• BIFURCATION POINT FOUND') 
STOP 

..... ..... 
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C******************************************************************** 
C* CONVG * 
C*************~****************************************************** 

SUBROUTINE CONVG 
IMPLICIT REAL*8 (A-H,0-Z) 
INTEGER SCALE,SYSTEH,UPDATE.CONT.ENDLIM,ENDSTB,BRANCH, 

l EXP,EXPO,EXPOLD,EXPNEW,BPOINT 
REAL*8 LOAD,LAMDA,LAMDAl 
CHARACTER*2 ITRACE 
COMMON /8LOCK1/ SS(70.70) 1 DQ(701,D~l(70) 1 DQIC70) 1 0ISTR(70), 

l LOAD(70l.~(701,R(70),Ql(70J,Rl(701,KPVJ(70) 
COMMON /BLOCK2/ A(70),CG1(70),CG2(70),CG3(70),E(70),Xlf70),XL0(7UJ 

l ,HCOOE(70,6),MINCC70,2) 
COMMON /OLOCK3/ X(311,Y(31),Z(31),Cl(3ll,C2(3ll,JCOOE(31,3) 
COMMON /BLOCK4/ 0(6),DLAMD,OLAMDl,DS,ELONG,EPSLNl.EPSLN2,EPSLN3, 

l DETO,DET,DETOLD,OETNEW,LAMDA,LAMOAl,OSBR, 
2 IHBW,JFLAG,JHBW,L,IFLAG,LHAT,LMAX,ITRACE(20001, 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPOATE,CONT,ENDLIM,ENDSTB,lNTEST,METHOD,BRANCH, 
5 EXP,EXPO,EXPOLO,EXPNEW,IMAX,JMAX,MPOINT,NDIGJT, 
6 JHELP,BPOINT,LFLAG,ICOORO,NUMBER,LDA,ISOLVE 

IFLAG=2 
C CONVERGENCE OCCURS IF THE NORM OF THE REIDUAL FORCES IS LESS 
C THAN EPSLNl ANU IF THE NORM Of THE DISPLACEMENT VECTOR IS LESS 
C THAN EPSLN2. 

JF(DSQRT(FIR,R,R,01).LT.EPSLNI.AND. 
1 OSQRT(F(DQ,DQ,R,O)).LT.EPSLN2) IFLAG=l 

RETURN 

...... ...... 
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C********************************************************************** 
C* DATA * 
(*****************************************•···············$············ 

C 

SUBROUTINE DATA 
IMPLICIT REAL*8 (A-H,O-l) 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENULIM,ENOSTB,BRANCH, 

1 EXP,EXPO,EXPOLD,EXPNEW,BPOINT 
REAL*8 LOAD,LAMDA,LAMDAl 
CHARACTER*2 ITRACE 
COMMON /BLOCK!/ SS(70,70),0Ql70),UQ1170),0Ql(70),01STR(70), 

1 LOA0(70l.Q(70),R(70),Ql(70),Rl(70),KPVT(701 
COMMON /BLOCK2/ A(70),CG1(70) 1 CG2(70),CG3(70),E(70),XL(70),XL0(70) 

l 1 MCODE(70,61,MINC(70,2) 
COMMON /BLOCK3/ X(31),Y(31),Z(31),Cl(31),C2(31),JCODE(Jl,3) 
COMMON /BLUCK4/ 0(61,0tAMD,DLAMDl,OS,ELONG,EPSLNl,EPSLN2,EPSLN3, 

l OETO,DET,DETOLD,OETNE~,LAMOA,LAMDAl,DSBR, 
2 IHBw,JfLAG,JHBW,L,IFLAG,LHAT,LMAX,ITRACEC2000l, 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPDATE,CONT,ENULIM,ENDSTB,INTEST,METHOO,BRANCH, 
5 EXP,EXPO,EXPOLU,EXPNEw,IMAX,JMAX,MPOINT,NDIGIT, 
6 IHELP1 BPOINT1 LFLAG,ICOORD,NUMBER,LDA,ISOLVE 

INPUT PROGRAM CONTROL VARIABLES 
READ(l,*)NM,NJ,SYSTEM,UPDATE,IHBW,SCALE,LHAT,LMAX,NPOINT,METHOD, 

l CONT,ENOLIM,ENOSfB,INTEST,BRANCH,IMAX,JMAX,MPillNT,lHELP, 
2 8POINT,ICOOR0,1SOLVE 

WRITE(2,l)NM,NJ,SYSTEM,UPOATE,IHBW.SCALE,LHAT,LHAX,NPOINT,METHOO, 
l CONT,ENDLIM,ENDSTB,INTEST,BRANCH,IMAX,JMAX,MPOINT, 
2 IHELP,BPOINT,ICOORD,ISOLVE 

l FORMAT(' NM =',15,/, 1 NJ =',15,/ 1 1 

1 ' UPUATE =',15,/,• IHBW =',15,/,' 
2 1 LHAT =1 1 15,/, 1 LMAX =',15,/, 1 

3 1 METHOD = 1 ,15,/, 1 CONT = 1 ,15,/ 1 1 

SYSTEM 
SCALE 

NPOINT 
ENDLIM 

=',15,/, 
= 1 ,15,/, 
=',15,/, 
=•, 15,/, 

,_. ,_. 
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C 
C 

C 

C 

C 

4 1 ENDSTB = 1 ,15,/, 1 

5 1 IMAX = 1 ,15,/, 1 

6 1 IHELP = 1 ,15,/,' 
7 ' ISOLVE =',15,/) 

INTEST =1 ,I5,/, 1 BRANCH =1 ,15,/ 1 

JHAX = 1 ,15,/, 1 MPOINT = 1 ,15,/, 
BPOINT = 1 ,15,/,' ICOORD =',15,/, 

INPUT THc SOLUTION TOLERANCES, THE INITIAL DELTA LAHDA VALUE, 
LAMDA VALUE, AND THE NUMBER OF NEGATIVE EIGENVELUES. 
READ(l,*) EPSLN1,EPSLN2,EPSLN3,NOIGIT,OS,DLAMD,LAMOA,NNEG,DETO, 

l EXPO,DSBR 
WRITE(2,2) EPSLN1,EPSLN2,EPSLN3,NDIGIT,DS,DLAMD,LAMDA,NNEG,DET01 

l EXP0 1 0SBR 
2 FORMAT(' EPSLNl = 1 ,G24.16,/, 1 EPSLN2 

NOIGIJ 
OLAMD 

NNEG 
EXPO 

=1 ,G24.16,/, 
= 1 ,15,/, 

12 

13 

l I EPSLN3 =',G24.l6,/,' 
2 1 DS =',G24.16,/,' 
3 1 LAMDA = 1 ,G24.16,/,• 
4 • DETO = 1 ,G24.16,/,• 
5 1 DSBR = 1 ,G24.16,/) 

READ IN THE JOINT COORDINATES. 
READ(l,*) (X(l),Y(Il,Z(l),1=1,NJ) 
lf(SYSTEM.EQ.l) WRITE(2,12) 

= • , G2 4. 16 • / , 
= 1 ,15,/, 
= 1 ,15,/, 

FORMAT(// 1 1 J0INT 1 1 6X,'R',7X, 1 THETA1 ,6X, 1 PHl 1 J 
lf(SYSTEM.EQ.2) nRITE(2,13) 

FO~~AT(// 1 1 JO(NT 1 1 6X, 1 X1 1 9X, 1 Y1 ,9X,'l') 
WRITEC2,4) (1,X(IJ,Yll),Z(l),1=1,NJ) 

4 FORMATll4,2X,3fl0.4) 
SET JCOOE EQUAL TO ZERO. 
00 95 1=1,NJ 

uo 85 J=l,3 
JCODE(l,J)=O 

85 CONTINUE 
95 CONTINUE 

READ IN THE CONSTRAINT DATA. 
WRITE(2,86) 

...... ...... 
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86 FORMAT(/1 1 CONSTRAINED JOINT DATA'.,/,• JOINT NO. JOINT OlR. 1 ./) 

15 READ(l,*) JNUM,JDIR 
If(JNUH.EQ.O) GO TO 25 

WRITE(2,87) JNUM,JDIR 
87 FORMAT(I6,llll 

IF(JDIR.EQ.4) GO TO 27 
JCOOE(JNUM,JDIR)=l 
GO TO 15 

27 JCODE(JNUM,l)=l 
JCOOE(JNUM,2>=1 
JCOOE(JNUM,3)=1 
GO TO 15 

C (IF SPHERICAL COORDINATES CONVERT TO CARTESIAN CODRDINATES. 
C CONVERT DEGREE ANGLES ro RADIAN ANGLES) 

25 If(SYSTEM.NE.l) GO TO 35 
DO 70 I=l,NJ 

RADIUS=X( II 
THETA=Y(l)*.1745l29251994330D-Ol 
PHI=ZCl)*.17453292519943300-0l 
X(I)=RAOIUS*DSIN(PHl)*DCOS(THETA) 
Y(I)=RAOIUS*DSINCPHI)*OSIN(THETA) 
Zll)=-1.DO*RADIUS*DCOSCPHIJ 

70 CONTINUE 
C READ IN THE MEMBER PROPERTIES. 

35 WRITE(2,5) 
5 FORMAT(//,2X, 1 ELEMENT1 ,9X,'A',9X,'E',5X, 1 A-END1 ,5X, 1 B-EN0 1 ) 

REAO(l,*) ACl),E(l),HINCCl,l),MINCCl,2) 
IF(All).GT.O) GO TO 120 

DO 110 I= 1, NM 
A(ll=l.DO 
E(l)=l.DO 

110 CONTINUE 

,_. ,_. 
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RfAO(l,*) (MINC(l,1),MINC(l,2),1=2,NH) 
GO TO 130 

120 REAO(l,*) (A(l),E(l),MINC(l,1),MINCll,2),1=2,NM) 
C COMPUTE JCOOE AND NEQS. 

130 K=O 
DO 30 l=l,NJ 

DO 20 J=l,3 
IF(JCOOE(l,J).EQ.O) GO TO 10 

JCOOE(l,J)=O 
GO TO 20 

10 K=K+l 
JCOOE(l,J)=K 

20 CONTINUE 
30 CONTINUE 

NEQS=K 
WRITE(7,101) NEQS 

1 0 l f ORM AT (I 4) 
JHBW=O 

C CALCULATE MCODE, XL, A~O THE REQUIRED HALF-BAND WIDTH, JHB•• 
DO 80 I= 1,NM 

JA=MINCII,la 
J B= MI NC ( I , 2 ) 
XDlfF=X(JB)-X(JA) 
YDIFF=YCJB)-Y(JAI 
ZDIFF=Z(JB)-Z(JA) 
Xl(IJ=DSQRT(XDIFF*XOIFF+YOlff*YDIFf+ZDlff*ZOIFf) 
MIN=lOOO 
MAX=O 
00 90 J=l ,3 

MCDOE( I ,J)=JCOOECJA,J) 
MC0Df(1,J+3)=JCOOE(JB,J) 
lf(JCODE(JA,J).LT.MIN.AND.JCOOE(JA,J).NE.O) MIN=JCOOE(JA,JJ 

..... ..... 
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IF(JCODE(JB,J).LT.MIN.ANO.JCODE(JB,J).NE.O) MIN=JCODE(JB,JJ 
IFIJCODE(JA,JJ.GT.MAXJ MAX=JCODE(JA,J) 
IFCJCOOE(JB,JJ.GT.MAXJ MAX=JCODE{JB,JJ 

90 CONTINUE 
IFIJHBW.LT.MAX-MIN~l) JHBW=MAX-MIN+l 
WRITEC2,6J 1,A{l),E(IJ,MINC(l,l),MINC(J,2J 

6 FORMATC16,5X,2Fl0.2,16,110) 
80 CONTINUE 

WRITE ( 2, ll J NE Q S 
11 FORMAT(////,' NUMBER OF EQUATIONS = 1 ,14) 

C CHECK TU SEE IF THE SPECIFIED HALF-BAND WIDTH IS TOO SMALL. 
lf(IHBW.GE.JHBW) GO TD 100 

WRITE (2, 8) 
8 fORMATI////,' ***** HALF-SANO WIDTH IS TOO SMALL*****') 

STOP 
10 0 ( HBW=JHBi. 

WRITE(21 9) IHBW 
9 FORMAT(////,' HALF-BAND ~1DTH =',14) 

~RI TE(2, 7) 
7 FORMAT(//,' JOINT NUMBER JOINT DIRECTION FORCE'J 

C INITIALIZE THE DISTRIBUTION VECTOR, DISPLACEMENT VECTOR, ANO 
C JOINT DIRECTION COSINES TO ZERO. 

DO 40 1=1,NEQS 
0 IS TR (I l=0.0000 
Q(l)=0.0000 

40 CONTINUE 
DO 45 I=l,NJ 

CU I) =O.DO 
C21I)=O.DO 

45 CONTINUE 
C INPUT THE CONSTANT LOAD DISTRIBUTION VECTOR AND THE INITIAL 
C OISPLACfMENT VECTOR. 

...... 
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50 READll,*) JNUM,JDIR,Pl 
C CHECK TO SEE If THIS IS THE END OF THE LOAD DATA. 

lf(JNUM.LT.OJ GO TO 60 
C CHECK TO SEE IF THE DISPLACEMENT VECTOR IS TO BE INPUT. 

lf(JNUM.EQ.O) GO TO 200 
WRITE(2,l8J JNUM,JDIR,Pl 

18 FGRMAT(l8,115,G23.10) 
K=JCODE(JNUM,JOIRJ 

C CHECK TO SEE IF THERE IS A OATA ERROR. 
IF(K.NE.OJ GO TO 55 

WRITE(2,51) 
51 FORMAT(/,• DATA ERROR IN FORCE INPUT',/) 

STOP 
55 OISTR(KJ=Pl 

GO TO 50 
200 WRITE(2,21) 

21 FORMAT(//,• DISPLACEMENT VECTOR',//) 
READ(l,*) {Q(l),I=l,NEQS) 
WRITE(2,22) (Q(l),I=l,NEQS) 

22 fORMATl5G24.16) 
C STOP IF THE PROGRAM IS RUN FOR A DATA CHECK. 

60 IF(INTEST.NE.l) RETURN 
WRITE(21 19) 

19 FORMAT(/,' ***** PROGRAM IS STOPPED FOR DATA TEST ••~•••J 
STOP 

,-
N ,-



C********************************************************************** 
C* DEFORM * 
C********************************************************************** 

SUBROUTINE DEFORM 
IMPLICIT REAL*8 IA-H,G-ZJ 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENOLIH,ENDSTB,BRANCH, 

1 EXP,EXPO,EXPOLO,EXPNEW,BPOINT 
REAL*B LUAO,LAMOA,LAMOAl 
CHARACTER*2 !TRACE 
COMMON /BLOCK!/ SSl70,70) 1 DQ(70) 1 DQ1(70),DQ1(70),0ISTR(70J, 

l lOA0(70l,Q(70),RC70),Qll70),Rl(70J,KPVT(7J) 
COMMON /8LOCK2/ Al70),CG1(70),CG2(70),CG3(70),E(70),XL(70),XLDC70) 

1 ,MCOOE{10,6),MINCl70,2) 
COMMUN /BLOCK3/ X(31J,Vl311,Z(31),C1(31),C2(3l),JCOOE(31 1 3) 
COMMON /BLOCK4/ 0(6) 1 DLAMD,OLAMD1,DS,ELONG,EPSLN1,EPSLN2,EPSLN3, 

1 OETO,DET,CETDlD,OETNEW,LAMOA,LAMDAl,USBR, 
2 IHew,JFLAG,JHBW,L,IFLAG,LHAT,LMAX,ITRACEl2000), 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPCATE,CONT,ENOLIM,ENOST8,INTEST,METHOD,BRANCH 1 
5 EXP,EXPO,EXPOLO,EXPNEW,IMAX,JHAX,MPOINT,NDIGIT, 
6 IHELP,BPOINT,LFLAG,ICOORO,NUMBER,LOA,ISOLVE 

C CALCULATE THE DEFORMED LENGTHS AND COSINES. 
DO 30 I=l,NM 

DO 20 J=l,6 
lf(HCODE(l,JI.EQ.O) GO TO 10 

N=MCOOE(I,J) 
OlJ);Q(N) 
GO TO 20 

10 O(J)=0.0000 
20 CONTINUE 

JA=MINC(l,l) 
JB=MINC(l,2) 

,_. 
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063=0(6)-0(3) 
GOT0(21,221,ICOORO 

21 041=0(4)-DCl) 
052=0(5)-0(2) 
GOTO 23 

22 Cll=ClCJA) 
C21=C2l JA) 
ClHl=Cl(JB) 
C2Hl=C2(JB) 
04l=ClHl*DC4)-C2Hl•D(5)-Cll*D(l)+C2l*D(2) 
052=C2Hl*D(4)+ClHl*Df5J-C21*D(l)-Cll*D(2) 

23 Xl0l=X(JB)-X(JA)+D4l 
XLD2=YCJ8)-YCJA)+D52 
XL03=ZIJ8)-ZIJA)+063 
XLDll)=OSQRT(XLOl*XlOl+XL02*XLD2+XL03*XLD3) 
CGl(l)=XLD1/XLDCI) 
CG2(1)=XLC2/XLD(I) 
CGJ(lt=XLDJ/XLO(J) 

30 CONTINUE 
IF(ICOORD.EQ.l.OR.NUMBER.EQ.2JRETURN 
DO 40 I= 1, NJ 

RAD=OSQRT(XIIl**2+YCI1**2) 
lf(RAD.NE.O.DO)GOTO 50 
CU H=l.L)O 
C2(1)=0.00 
GOTO 40 

50 Cl(l)=X(l)/RAD 
C2( I )=Y( I )/RAO 

40 CONTINUE 
NUMBER-=2 
RETURN 

...... 
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C********************************************************************* 
C* DTNEGl * 
C********************************************************************* 

SUBROUTINE OlNEGl 
IMPLICIT REAL'*8 (A-H,O-ZJ 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENDLIM,ENDSTB,BRANCH, 

1 EXP,EXPO,EXPOlD,EXPNEW,BPOINT 
REAL*8 LOAD,LAMDA,LAMDAl 
CHARACTER*2 ITRACE 
COMMUN /BLOCKl/ SS(70,70),DU(70),0Q1(701,0QIC70),01STR(70) 1 

1 LOA0(70t,Q(701,R(70),Q1«70l,Rll70J,KPVTf10J 
COHMON /BLOCK2/ A(70l,CG1(70),CG2(70l,CG3(70),El70J,XL(70J,XL0(70J 

l ,MCODE(70,6J,HINCC70,2J 
COMMON /8LOCK3/ X(31J,Y(31J,Z(3l),Cl(31),C2(31),JCODE(31,3) 
COMMON /8LOCK4/ D(6J,OlAMD,OlAMDl,DS,ELONG,EPSlNl,EPSLN2,EPSlNl, 

1 DETO,OET,DETOLO,DETNEW,lAMDA,LAMDAl,OSBR, 
2 I HBW, JFLAG ,JHBW, L, If LAG, LUAT ,LMAX, I TRACE (2000), 
3 NCOUNT,NEQS,NJ,NH,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPCATE,CONT,ENOLIM,ENDSTB,INTEST,METHOO,BRANCH, 
5 EXP,EXPO,EXPOLO,EXPNEW,IMAX,JMAX,MPOINT,NDIGIJ, 
6 IHELP,BPOINT,LFLAG,1COORO,NUM8ER,LDA,1SOLVE 

NNEG=O 
EXP=O 
DET=l.00 
DO 20 l=l,NEQS 

lflSS(l,lJ.LT.O.DOI NNEG=NNEG+l 
DET=OET*S S (I, l) 
JFIOABS(DETJ.LT.l.030) GO TO 10 

EXP=EXP-30 
Ot: T=DET* l .D-30 
GO TO 20 

10 IF(DABSCDET).GT.l.0-30) GO TO 20 
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N 
.i:-



0 I"'\ 
0 

0 
• 

C
'l'I ... 

+* 
Q

. 
.... 

><W
 

W
O

 
" ,, 

0.. ... 
)( 

LU
 W

 
W

O
::> z: z 

-c:z:: 
I-

::, 
;z ... 
ow

 
u a: 
0 N

 

125 



C*****•****************************************************************** 
C DTNEG2 * 
C*******************************************************************•**** 

SUBROUTINE CTNEG2(SS.LDA,NEQS,KPVT,DET,EXP,NNEG) 
IMPLICIT REAL*8 (A-H,C-Z) 
REAL*8 SS(LOA,NEQS) 
INTEGER KPVT(l),EXP 
NNEG=O 
DET=l.00 
EXP=O 
TEN=l0.00 
T=0.00 

DO 130 K=l,NEQS 
O=SS(K,K) 
IFCKPVT(K).GT.OJGOTO 50 
Jf(T.NE.O.OO)GOTO 30 
T=DABS(SS(K,K+lJ) 
0=(0/T)*SS(K+l,K+lJ-T 
GOTO 40 

30 CONTINUE 
D=T 
T=0.00 

40 CONTINUE 
50 CONT I NUE 

IF(D.LT.O.OO)NNEG=NNEG+l 
DET=D*DET 
IF(DlT.EQ.O.OO)GOTO 110 

70 IF(DABS(DETJ.GE.l.OO)GOTO 80 
DET:.::TEN*OET 
EXP=EXP-1 
GOTO 70 

80 CONTINUE 
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C*********************************************************************~ 
C* EIGEN * 
C********************************************************************** 

SUBROUTINE EIGEN 
IMPLICIT REAL*8 (A-H,O-ZJ 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENDLJM,ENDSTB9 BRANCH, 

l EXP,EXPO,EXPOLO,EXPNE~,BPOINT 
REAL•8 LOAD,lAMDA,LAMDAl 
CHARACTER*2 ITRACE 
COMMON /BLOCKl/ SS(70,70),DQ(70),DQ1(70),DQll70) 1 DISTR(70J 9 

1 LOA0(70),Ql70),R(70J,Ql(70),Rl(70),KPVT(/O) 
COMMON /BLOCK2/ A(70),CGl(70),CG2(70).CG3(70),E(70),XL(701,XLDl70t 

l ,MCODEl70,6),MINC{70,2) 
COMMON /BLOCK3/ X(31),Y(31),Zl31),Cl(31),C2(Jl),JCODE(31,3) 
COMMON /BLOCK4/ Dl6),DLAMD,DlAMDl,DS,ElONG,EPSLN1,EPSLN2,EPSLN3, 

l DETO,OET,DETOLD,DETNE~,LAMDA,LAMOAl,DSBR, 
2 IHBW,JflAG,JHBW,L,IFLAG,LHAT,LMAX,ITRACE(2000), 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SVSTEM,Kl5, 
4 UPOATE,CONT,ENDLJH,ENDSTB,INTEST,METHOO,BRANCH. 
5 EXP,EXPO,EXPOLD.EXPNEW,IMAX,JHAX,MPOINJ,NDIGIJ, 
6 IHELP,BPOINT,LFLAG,ICOORD,NUMBER,LDA,ISOLVE 

DIMENSION XTEMP(70) 
C $$$ J $$$ 

Kl5=Kl5+1 
ITRACE{Kl5)='J' 
K=NNEG 
lf(ISOLVE.EQ.lJCALL DTNEGl 
IF(IS0LVE.EQ.2)CALL OTNEG2(SS,LUA,NEQS,KPVT,OET,EXP,NNEG) 
WRITE13,ll) ~~EG,EXP,DET 

11 FORMAT(' NUMBER OF NEGATIVE EIGENVALUES = 1 1 13,/, 1 DETERMINANT•, 
l '* l.D',13s 1 =',G24.16,/) 

C RETURN If BRANCHING IS TO OCCUR. 

...... 
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C 

C 

C 
C 

90 
C 

C 

1001 

1002 

4 
1 
2 

20 
C 

30 
C 

C 

IF(BRANCH.EQ.NCOUNT-1) RETURN 
RETURN IF THERE ARE (AND WERE) NO NEGATIVE EIGENVALUES. 
IF(K.EQ.O.AND.NNEG.EQ.O) RETURN 
$$$ K '$$ 
Kl5=Kl5+1 
ITRACE(Kl5)= 1 K 1 

CHECK TO SEE IF THE PROGRAM WAS RUN WITH ENDLIM=l. 
IF SO, BRANCH IF THERE IS (ARE) NEGATIVE EIGENVALUE(S). 
IF(NNEG.LE.O.OR.ENDLIH.EQ.2) GO TO 30 

$$$ L $$$ 
Kl5=Kl5+1 
ITRACE(Kl5)= 1 l 1 

STOP IF NO MURE POINTS ARE WANTED. 
IF(NPOINT.GT.O) GO TO 20 

~RITE (2,1001) 
FORMAT(// 1 1 TRACE OF PROGRAM PATH',/) 
WRITE(21 1002) IITRACE(l) 1 I=l 1 Kl5) 
FORMAT(lX,10A2 1 5X,lOA2 1 5X 1 10A2 1 5X,lOA2 1 5X 1 10A2J 
WRITEC2,4) NCOU~l-1 
FORMAT(//,' NUMBER OF POINTS = 1 1 13,// 1 1 ***** PROGRAM IS', 

' STOPPED AT OR PAST A LIMIT OR BIFURCATION', 
' POINT AS WAS REQUESTED*****') 

STOP 
NPO I NT= NPO I NT-1 

RETURN IF THE NUMBER OF NEGATIVE EIGENVALUES IS THE SAME. 
IF(K.EQ.NNEG) RETURN 
CHECK TO SEE If THE TRUSS IS BECOMING STABLE. 
IF(K.LT.NNEG) GO TO 50 

$$$ M $$$ 
Kl5=Kl5+1 
I TR AC E ( K l 5 ) = • M • 
WRITEC2,1) NCOUNT-1 

...... 
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C 

l 
l 

3 
l 

FORMAT(//,• AT POINT1 ,J3,',THE TRUSS IS BECOMING HORE •, 
'STABLE') 

STOP IF THE TRUSS IS STABLE AND CONT=2. 
lf(NNEG.NE.O.OR.CONT.EQ.l) GO TO 60 

WRITE(21 1001) 
WRITEl2,1002) (ITRACE(ll,J=l,KI5) 
WRITEl2,3) NCOUNT-1 
FORMAT(//,• ***** PROGRAM IS STOPPED AT POINT',13 1 1 , A•, 

1 STAdLE POINT*****') 
STOP 

C AT THIS POINT, A LIMIT OR BIFURCATION POINT WAS ENCUUNTEREO. 
50 WRITE(2,2) NCOUNT-2,NCOUNT-l 

2 FORMAT(!/,' A LIMIT POJNT OR BIFURCATION POINT WAS ENCOUNTERED',/ 
l ' BETwEEN POJNT',13,' AND POINT',13, 1 • 1 ,//) 

C CHECK TO SEE IF THE CRITICAL POINT IS TO BE LOCATED. 
60 If(BPOJNT.NE.3J GO TO 55 

LFLAG=l 
RETURN 

C $$$ N $$$ 
55 Kl5=Kl5+1 

ITRACE(Kl5)= 1 N1 

LflAG=2 
C RETURN IF THE NEWTON-RAPHSON METHOD IS USED. 

lf(METHOD.EQ.3) RETURN 
IF(NCOUNT.NE.l) GO TO 61 

CALL STORE(LOAO,OISTR,lOA0,0.00) 
IF(ISOLVE.EQ.l)CALL SOLVEl 
lf(IS0LVE.EQ.2ICALL SOLVE2 
DS=DLAMO*DSQRT(f(LOAD,LOA01 LOA01 0)+1.UOJ 

C $$$ D $$$ 
61 Kl5=Kl5+1 

JTRACE(Kl5)= 1 0 1 

,_. 
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IF(IHELP.EQ.2) GO TO 505 
lf(IHELP.EQ.3J RETURN 

IHELP=2 
RETURN 

C RECORD THE DISPLACEMENT VECTOR AND THE LOAD LEVEL. 
505 CALL STORE(XTEMP,Q,Q,O.DO) 

XLAMOA=LAMOA 
CALL STORE(LOAD,DISTR,LOA0,0.00) 

C SOLVE K OQKI = OISTR. 
IF(ISOLVE.EQ.l)CALL SOLVE! 
lf(1SOLVE.EQ.2lCALL S0LVE2 

C ASSUME OS= -OS. 
DS=-1.DO*DS 

C PkEVENT SCALING AND ENLARGE OS TO ENSURE THAT THE ASSUMPTION 
C THAT OS=-DS WILL PROVE WRONG If IT IS WRONG (THE PRDCEDU~E MAY 
C 1 BACK1 ON ITSELF). 

ISCALE=SCALE 
C PREVENT SCALING SO THAT OS REMAINS UNCHANGED. 

SCALE:2 
DS=l.100-*0S 

C GET THE TANGENT VECTOR. 
CALL INIT 

C RETAIN THE VARIABLES AS THEY WERE. 
SCALE=ISCALE 
CALL RWC 
CALL DEFORM 
CALL STIFF 
IF(ISOLVE.EQ.l)CALL SOLVEl 
JF{IS0LVE.EQ.2)CALL S0lVE2 

C CALCULATE THE NUMBER OF NEGATIVE EIGENVALUES. 
K=NNEG 
IF(ISOLVE.EQ.l)CALL DTNEGl 

..... 
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1f(IS0LVc.EQ.2)CALL DTNEG2(SS,LDA,NEQS,KPVT,DET,EXP,NNEGJ 
C CHECK TO SEE If THE NUMBER Of EIGENVALUES HAS DECREASED. 

If{K.LE.NNEG) GO TO 80 
C $$$ P $$$ 

Kl5=Kl5+1 
ITRACE(Kl5)= 1 P1 

C THE ASSUMPTION THAT OS= -OS wAS WRONG. RETURN TO THE 
C MAINLINE. 

CALL STORE(Q,XTEMP,Q,O.OOJ 
LAMDA=XLAMDA 
OS=-1.DO*DS 
NNEG=K 
RETURN 

C wRITE OUT THE POINT DATA. 
80 WRITE(3,9) NCOUNT,LAMOA 

9 FORMAT,13,' LAMDA =•,G24.16,' ',83('*')) 
~RITEl315l 

5 FORMAT(' DISPLACEMENT1 J 
WRITEll,6) IQ(l),1=1,NEQS) 
WRITE I 3, 1 7) L 

17 FORMAT(• NUMBER OF ITERATIONS = 1 ,13) 
6 fORMAT(SG24.16) 

WRITE( 3, 12) OS 
12 FORMAT(' OS = 1 ,G24.16) 

DS=DS/1.100 
WRITE(3,ll) NNEG,EXP,DET 
WRITE17,42) LAMOA 

42 FORMAT<Fl5.91 
WRITE(7,4ll (Q(It,l=l,NEQSJ 

41 FORMATl13Fl0.6) 
NCOUNT-=NCOUNT+l 

C $$$ Q $$$ 

..... 
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Kl5=Kl5+1 
ITRACE(Kl5)=•Q• 

C RETURN IF BRANCHING IS TO OCCUR. 
lF(BRANCH.EQ.NCOUNT-1) RETURN 

C CONTINUE If l) A STABLE POINT IS WANTED (ENOSTd=l) 
C OR 21 A LIMIT OR BIFURCATION POINT IS WANTED 
C (ENDllM=l) 
C OR 3) NCOUNT=NPOINT, ENDLIM=2, ANO ENDST8=2. 

IF(ENOLIM.EQ.l.OR.ENDSTB.EQ.l.OR.(NCOUNT-1.NE.NPOINT.ANO. 
l ENDSTB.NE.l.AND.ENDLIM.NE.l)) GO TO 90 

WRITE(2,1001) 
WRIJE(2,l002) (ITRACE(IJ,1=1,Kl5) 
WRITE(2,7) NCOUNT-1 

7 FORMAT(//,' NUHOER Of POINTS = 1 ,13,//, 1 *****NORMAL•, 
l 'COMPLETION****') 

~TOP ....... 
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C*************************************************************~****** 
C* f • 
C************$******************************************************* 

FUNCTION fCXl,Yl,Zl,KJ 
IMPLICIT REAL*8 CA-H,O-Z) 
INTEGER SCALE,SYSTEM,UPDATE,CUNT,ENDLIM,ENDSTB,BRANCH, 

1 EXP,EXPO,EXPOLD,EXPNEW,BPOINT 
REAL*8 LOAD,LAMDA,LAMOAl 
CHARACTER*2 !TRACE 
COMMON /BLUCKl/ SS(70,70),0Q(70),0Q1C70),DQl(70),0ISTR(70), 

1 LOAD(701,Q(70J,R(70J,Ql(70J,Rl(70),KPVT(70) 
COMMON /BLOCK2/ A(70),CG1(70J,CG2(70),CG3(70),E(70),XLC7u),Xl0(70J 

1 ,MCOUE(70,6),MINCC70,2J 
COMMON /BLOCK3/ X(311,Y(31),ll31),Cl(31),C2(31j,JCODEC31,3) 
COMMON /BLOCK4/ 0(6),DLAMD,OLA~Dl,DS,ELONG,EPSLNl,EPSLN2,EPSLN3, 

l DETO,OET,DETOLD,DETNE~,LAMOA,LAMDAl,OSBR, 
2 IHBW,JFLAG,JHBW,L,IFLAG,LHAT,LMAX,ITRACEl20uOJ, 
3 NCOUNT,NEJS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPDATE,CONT,ENDLIM,ENDSTB,INTEST,METHOD,BRANCH, 
5 EXP,EXPO,EXPOLD,EXPNEw,IMAX,JMAX,HPOINT,NDIGIT, 
6 IHELP,BPOINT,LFLAG,ICOORD,NUMBER,LDA,ISOLVE 

DIMENSION Xl(NEQS),Yl(NEQS),Zl(NEQS) 
C F IS THc DOT PRODUCT OF Xl ( Yl + K • Zl) 

F=0.00 
IF(K.EQ.O) GO TO 20 

DO lt> 1=1,NEQS 
F=F+(Xl(l)*(Yl(l)+DFLOATIKJ•Zl(II)) 

10 CONTINUE 
RETURN 

20 DO 30 l=l,NEQS 
f=f+XU I) *YU I) 

30 CONTINUE 

...... 
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C***************************************************************~****** 
C* INIT * 
C********************************************************************** 

SUBROUTINE INIT 
IMPLICIT REAL*8 (A-H,0-l) 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENOLIM,ENDSTB,BRANCH, 

l EXP,EXPO,EXPOlD,EXPNEW,BPOINT 
REAL*8 LOAD,LAMDA,LAMDAl 
CHARACTEK*2 !TRACE 
COMMON /BLOCKl/ SS(70,70),0Q(70),DQ1(70),DQl(70),DISTR(70), 

1 LOAD(70),Q(70),R(70),Q1(70),R1(701,KPVT(70) 
COMMON /BLOCK2/ Al70),CG1(70),CG2(70),CG3(70),El70) 1 XL(70),XLD(70) 

1 ,MCODE(70,6),MINC(70,2) 
COMMUN /BLOCK3/ X(31J,Y(31),Z(31),Cl(311,C2(311,JCODE(31,3J 
COMMON /BLOCK4/ D{6J 1 DLAMU,DLAMD1,0S,ELONG,EPSLN1,EPSLN2,EPSLN3, 

1 DETO,OET,OETOLD,OETNEW,LAHOA,LAMOAl,OSBR, 
2 IHBW,JflAG,JHBW,L,IFLAG,LHAT,LHAX,ITRACE(2000), 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPDATE,CONT,ENDLIM,ENOSTB,INTEST,HETHOO,BRANCH, 
5 EXP,EXPO,EXPOLO,EXPNEW,IMAX,JMAX,MPOINT,NDIG1T, 
6 IHELP,BPOINT,LflAG,ICOORD,NUMBER,LDA,ISOLVE 

C CHECK TO SEE IF THIS IS THE FIRST ITERATION FOR A POINT. 
IF(OS.EQ.O.OOJ GO TO 30 

C FINO THE INCREMENT IN LOAD LEVEL GIVEN OS. 
[F(SCALE.NE.l) GO TO 20 

C SCALE THE TANGENT VECTOR. 
OS=DS•DSQRT(DFLOAT(LHAT)/OFLOAT(l)) 

20 OLAMO=OS/DS~RTlf(LOAO,LOAD,lOAD,O)+l.00) 
GO TO 40 

C FINO THE LENGTH IN THE TANGENT VECTOR, OS, GIVEN THE INITIAL 
C INCREMENT IN LOAD ltVEL. 

30 DS=OLAMD*DSQRT(f(LOAD,LOAD,LOAD,O)+l.00) 
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40 DO 50 1=1,NEQS 
C FINO THE INITIAL DQ. 

DQ{l)=ULAMD*LOAO(I) 
50 CONTINUE 

C SAVE THE INITIAL Q VECTOR AND LAMOA FOR THE SPHERE ITERATION. 
LAMOAl=LAMOA 
CALL STORE(Ql,Q,Q,O.DO) 

C UPDATE THE VARIABLES FGR THE FIRST ITERATION. 
lAMDA=LAMDA+OLAMD 
CALL SJORECQ,Q,DQ,1.00) 
RETURN 

,_. 
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C***************************•****************************************** 
C* NEWTON * 
C***************************~**•********************•****************** 

SU8ROUTINE NEWTON 
IMPLICIT REAL*8 (A-H,D-ZI 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENOLIM,ENOSTB,BRANCH, 

1 EXP,fXPO,EXPOLD,EXPNEw,BPOINT 
REAL*d LOAO,LAMOA,LAMDAl 
CHARACTER*2 ITRACE 
COMMON /BLOCK!/ SS(70,70),DQ(70),0Q1(70) 1 0QIC70),D1STR{70), 

1 LOAU(70),Q(70J,R(70J 1 Ql(70) 1 Rl(TOJ,KPVT( 70) 
COMMON /8LOCK2/ A(70),CG1(7U),CG2(70),CG3{70),E(70),XLC70J,XLDC70) 

1 ,MCODE{701 61,MINC(70,2J 
COMMON /BLOCK3/ X(31),V(31),Z(3ll,Cl{311,C2C31J,JCODE{31,31 
COMMON /BLOCK4/ 0(6),DLAMD,OLAMDl,DS,ELONG,EPSLNl,EPSLN2,EPSLN3, 

1 DETO,DET,OETOLD,DETNEW,LAMDA,LAMOAl,DSBR, 
2 IHBW,JFLAG,JH8W,L,IFLAG,LHAT,LMAX,ITRACE{2000), 
3 NCCUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPOATE,CONT,ENDLIM,ENDSTB,INTEST,METHO~,BRANCH, 
5 EXP,EXPO,EXPOLD,EXPNEW,IMAX,JMAX,MPOINT,NDIGIT, 
6 IHELP,BPOINT,LFLAG,ICOORO,NUMBER,LOA,ISOLVE 

C $$$ H $$$ 
Kl5=Kl5~1 
ITRACE(Kl5)='H' 

C UPDATE FOK THE FIRST ITERATION. 
L=l 
CALL DEFORM 
CALL RESID 
GO TO 50 

C COMPUTE THE STIFFNESS MATRIX If 1) IT IS THE flRST ITERATION 
C OR 2) UPDATING IS DESIRED. 

20 (f(L.NE.l.ANO.UPDATE.NE.l) GO TO 30 

...... 
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C $$$I$$$ 
Kl5=Kl5+1 
ITRACEIK15l= 1 I 1 

C UPDATE THE STIFFNESS MATRIX. 
CALL STJFF 
IFCISOLVE.EQ.lJCALL SOLVE! 
lfCIS0LVE.EQ.2)CALL SGLVE2 

30 CALL STORE(LOAO,R,R,O.DO) 
C SOLVE K DQKI = R. 

IF(ISOLVE.EQ.l)CALL SOLVE! 
lfl1SOLVE.EQ.2)CALL S0LVE2 

C UPDATE THE VARIABLES. 
CALL STORE(DQ,LOAD,C,O.DO) 
CALL STORE(Q,Q,DQ,1.001 
L=L+l 
CALL DEFORM 
CALL RESIO 

C CHECK FOR CONVERGENCE. 
50 CALL CONVG 

IFIIFLAG.EQ.l) RETURN 
C CHECK TO SEE IF THE MAXIMUM NUMBER OF ITERATIONS HAS BEEN 
C REACHED. 

IFCL.NE.LHAX) GO TO 20 
JF(ISOLVE.EQ.l)CALL OTNEGl 
1FIIS0LVE.EQ.2)CALL DTNEG2(SS,LDA,NEQS,KPVT,DET,EXP,NNEGJ 
WRITEl3,ll) NNEG,EXP,DET 

11 FORMAT(' NUMBER OF NEGATIVE EIGENVALUES = 1 ,13,/,' OETERMIN', 
l 'ANT* 1.0 1 ,13,' = 1 ,G24.16,/J 

WRITEC2,1001J 
1001 FORMATC//1 1 TRACE OF PROGRAM PATH',/) 

WRITE(2,1002) f JTRACE(l),l=l,Kl5) 
1002 FORMAT(lX,10A2,5X,lOA2,5X,lOA2,5X,10A2,5X,lOA2,5X) 

.... 
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C********************************************************************* 
C* NORMAL * 
C********************************************************************* 

SUBROUTINE NORMAL 
IMPLICIT REAL*8 (A-H,0-Z) 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENDLIM,ENDSTB,8RANCH, 

l EXP,EXPO,EXPOLD,EXPNEW,BPOINT 
REAL*8 LOAD,LAMDA,LAMDAl 
CHARACTER*2 ITRACE 
COMMON /8LOCK1/ SS(70,70),DQ{10),0Q1(701,0Q1C70) 1 01STR(70J, 

l LOAD(70),Q(70),R(70),Ql(70) 1 Rl(70),KPVJ(70J 
COMMON /8LOCK2/ A(701,CG1(70),CG2(70) 1 CG3(70),E(70),Xl(70),XLD(70J 

l ,HCODE(70,6),MlNC(70,2J 
COMMON /8LOCK3/ X(31),Y(Jl),Z(31),Cl(311,C2(31J,JCODE(31,3) 
COMMON /BLOCK4/ D(6),DLAMD,DLAM01,DS,ELONG,EPSLN1,EPSLN2,EPSLN3, 

1 OETO,OET,DETOLO,DETNEW,LAMOA,LAMDAl,DSBR, 
2 IHBW,JFLAG,JHBw,L,IFLAG,LHAT,LMAX,1TRACE(2000J, 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPOATE,CONT,ENDLIM,ENOSTB,INTESJ,METH00,8RANCH, 
5 EXP,EXPO,EXPOLO,EXPNEW,IMAX,JMAX,HPOINT,NOIGIJ, 
6 IHELP,BPOINT,LFLAG,ICGORO,NUMBER,LOA,ISOLVE 

OLAMD=-FIOQl,DQ,DQ,O)/(f(OQl,DQI,DQ,O)+OLAMOl) 
CALL STORE(DQ,DQ,DQI,DLAMO) 

C UPDATE THE VARIABLES. 
LAMDA=LAMDA+CLAMD 
CALL STORE(Q,Q,OQ,1.00) 
RETURN 
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C***•**************************************************•*************** C* POW I NV * 
C***********************•*****~**************************************** 

SUBROUTINE POWINV 
JMPLICIT REAL*8 CA-H,O-Z) 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENOLIM,ENDSTB,BRANCH, 

l EXP,EXPO,EXPOLO,EXPNEW,BPOINT 
REAL*8 LOAD,LAMOA,LAMOAl 
CHARACTER*2 ITRACE 
COMMON /BLOCKl/ SS(70,70),DQ(70),0Q1(70l,DQl(70),01STR(70), 

l LOA0(70),Q(70),R(70),Ql(70),Rl(70),KPVT(70J 
COMMON /BLOCK2/ A(70),CG1(70),CG2C70),CG3(70J,E(70),XLl70) 1 XLDl70) 

l ,MCOOE(70,6),MINC(70,2) 
COMMON /BLOCKJ/ X(ll),Y(3l),ZC31),C1(31),C2(31),JCODEC31,3) 
COMMUN /BLOCK4/ D(6),DLAMO,OLAMD1,DS,ELUNG,EPSLN1,EPSLN2,EPSLN31 

1 OETO,DET,DETOLD,UETNEW,LAMDA,LAM0Al1 DSBR1 
2 IHBW,JFLAG,JHBW,L,IFLAG,LHAT,LMAX,ITRACE(2000J, 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT1 SCALE,SYSTEM,Kl51 
4 UPOATE,CONT,ENDLIM,ENOSTB,INTEST,METHOO,BRANCH, 
5 EXP,EXPO,EXPOLO,EXPNEW,IMAX,JHAX,HPOINT,NOIGIT, 
6 IHELP,BPOINT,LFLAG,ICOORD,NUMBER,LDA,ISOLVE 

C $$$ U $$$ 
Kl5=Kl5+1 
ITRACE(Kl5)= 1 U1 

IFIISOLVE.EQ.lJCALL SOLVEl 
IF(1SOLVE.EQ.2)CALL S0LVE2 

C THIS SUBROUTINE USES THE INVERSE POWER METHOD TO ESTIMATE THE 
C EIGENVECTOR CORRESPONDING TO THE SMALLEST EIGENVALUE. 

KOUNT=O 
C CALCULATE THE INITIAL EIGENVALUE APPROXIMATION. 

DO 10 1=1,NEQS 
LOAD(l)=l.00/DFLOAT(NEQSI 

...... 
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R lC I )=LOAD( I J 
10 CONTINUE 

IF(ISOLVE.EQ.lJCALL SOLVE! 
IF(IS0LVE.EQ.2JCALL S0LVE2 
TEMP=FILOAO,Rl,Rl•O) 
YSCALE=DSQRT(f(LOAD,LOAD,LOAD,O)J 
ES TOLD= 1.00/ TEMP 

C INVERSE POWER METHOD ITERATIUN WITH SCALING (ALPH=O). 
15 KOUNT=KCUNT,.l 

DO 20 1=1,NEQS 
LOAD(I)=LLJAO(IJ/YSCALE 
Rlll)::LOAO(I) 

20 CONTINUE 
lf(ISOLVE.EQ.l)CALL SOLVEl 
IFIIS0LVE.EQ.2JCALL S0LVE2 
TEMP=f(LOAD,Rl,Rl,O) 
YSCALE=DSQRTIF(lOAD,LOAD,lOAO,O)J 
ESTNEW=l.00/TEMP 

C SEE ff THI: NUMBER OF ITERATIONS IS THE MAXIMUM ALLO~EO. 
IFIKOUNT.GE.JMAX) GO TO 50 

ESTEMP=ESTNEW 
201 lFIOABS(ESTNEW).GT.O.DO) GO TO 202 

ESTNEW=ESTNE~•10.oo 
ESTOLD=ESTOLD*lO.DO 
GO TO 201 

202 ll=IflX(SNGL(ESTNEW*lD**NDIGITJ) 
I2=If1XCSNGL(ESTOLD*l0**NDIGIT)) 
IF(Il.EQ.I2J GO TO 30 

ESTOLD=ESTEMP 
GO ro 1s 

30 WRITE(2,1) ESTEMP 
1 FORMAT(//,' EIGENVALUE =',G24.16,//, 1 EIGENVECTOR1 1 /I 
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DO 40 l=l ,NEQS 
Rl(l)=LOAD(I)/YSCAlE 

40 CONTINUE 
G 10-= 0.00 
WRITEC2,2J (Rl(l).I=l,NEQSJ,GlO 

2 FORMAT(5G24.16J 
WRITEC2,39) KOUNT 

39 FORMAT(//,' NUMBER OF ITERATIONS TO FIND THE EIGENVECTOR=', 
l 13,///J 

RETURN 
50 WRITl:(2, 1001) 

1001 FORMAT(//,• TRACE LJF PROGRAM PATH',/J 
WRITE(2,1002) ({TRACE(lJ,l=l,Kl5) 

1002 FORMAT(lX,10A2,5X,lOA2,5X,lOA2,5X,10A2,5X,10A2,5X) 
WRITE(2,3) 

3 FORMAT(//,' ITERATION LIMIT EXCEEDED TO FINO THE EIGENVECTOR') 
STOP 
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C******************************************************************** C* Rl:SID * 
C*****************************************•*********************•**** 

SUBROUTINE RESIO 
IMPLICIT REAL*8 (A-H,O-l) 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENDLIH,ENDSTtl,8RANCH, 

l fXP,EXPO,EXPOLD,EXPNEW,BPOINT 
REAL*8 LOAO,LAMDA,LAMDAl 
CHARACTER*2 ITRACE 
COMMON /BLOCKl/ SSl70,70)•0Q(70),0Qll70),UQI170),0ISTR(70t, 

l LOA0(70),Q(70),R(70),Ql(70J,Rl(70),KPVT(70) 
COMMON /BLOCK2/ A(70),CG1(70)wCG2(70),CG3(70),E(70),XLl70),XL0(70l 

l ,MCOOE(701 6),MINCl70 1 2l 
CO~MON /8LOCK3/ X(31J,Y(31),ll3lt,Cll31J.C2131),JCODEl31,3) 
COMMON /BLOCK4/ 0(6),DLAMD,OLAMD1,DS,ELONG,EPSLN1,EPSLN2,EPSLN3, 

1 DETO,D[T,DETOLD,DETNEW,LAMDA,LAMDAl,DSBR, 
2 IHBW,JfLAG,JHBW,L,lFLAG,LHAT,LMAX,ITRACE(20001, 
3 NCOUNT,NEQS,NJ.NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPOATE,CONT,ENOLIM,ENDSTB,INTEST,METHOD,BRANCH, 
5 EXP,EXPO,EXPOLD,EXPNEW,IMAX,JMAX,HPOINT,NDIGIT, 
6 IHELP,BPOINT,LFLAG,ICOORD,NUMBER,LDA,ISOLVE 

C INITIALIZE THE RESIDUAL FORCES TO THE CURRENT LOAD LEVEL. 
DO 10 1=1,NEQS 

R(IJ=LAMDA•DISTR(I) 
10 CONTINUE 

C SUBTRACT THE FORCES JHAT COME FROM THE JOINT DISPLACEMENTS FROM 
C THE RESIDUAL FCRCE VECTOR. 

DO 20 I=l,NM 
ELONG=XLO(I)-XL(IJ 
PPl=A(l)*E(l)*ELONG*CGl(l)/Xl(I) 
PP2=A(l)*EII)*ELONG•CGlll)/Xl(I) 
PP3=A(l)*Ellt•ELONG*CG3Clt/XL(I) 
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0(3)=-l.OOO*PP3 
0(6)=PP3 
GOTO(ll,121,ICOORO 

11 O(l)=-1.000*PPl 
Dl2)=-l.OOO*PP2 
D(4)=PP1 
D(5)=PP2 
GUTO 13 

12 ll=HINC(l,l) 
12= MI NC ( I , 2 I 
Cll-=CU IU 
C2I=C2( 11) 
C1Hl=Cl(l2) 
C2Hi=C2 ( 12) 
D(l)=-l.OOO*PPl•Cll-PP2*C2l 
D(2)=PP1*C2I-PP2*C1I 
DC4)=PPl*ClHl+PP2*C2HI 
0(5t=PP2*ClHI-PPl*C2HI 

13 00 30 J=l,6 
lf(MCODE(I,J).EQ.O) GO TO 30 

N0="4C0DE(1,J) 
R ( ND)=R( NOl-0 ( J) 

30 CONTINUE 
20 CONTINUE 

RETURN 

..... 
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C******************************************~*************************** 
C* R~C * 
C*********~************************************~*********************** 

SUBROUTINE RkC 
IMPLICIT REAL*8 (A-H,0-Z) 
INTEGER SCALE,SYSTEM,UPOATE,CONT,ENDLIM,ENDSTB,HRANCH, 

1 EXP,EXPO,EXPOLO,EXPNEW,BPOINT 
REAL*8 LOAD,LAMDA,LAMDAl 
CHARACTER*2 ITRACE 
COMMON /BLUCKl/ SS(70 1 70),0Q(70J,OQ1(70) 1 0Qll70) 1 UISTR(70), 

1 LOAD(70),Q(70J,R(70J,Qll70) 1 Rl(70),KPVT(70) 
COMMON /BLOCK2/ Al70) 1 CGll70),CG2(70),CG3(70l,El70)~Xl(701,XL0(70) 

1 ,MCODE(70,6),MINC(70,2) 
COMMON /BLUCK3/ X(31),Y(31),Z(31),Cl(31),C2(31),JCOOE(Jl,3) 
COMMON /BLOCK4/ 0(6),DLAMD,DLAMOl,DS,ELUNG,EPSLNL,EPSLN2,EPSLN3, 

l OETO,DET,OETOLD,OETNEW,LAHDA,LAMOAl,OSBR, 
2 IHBW,JFLAG,JHBW,L,IFLAG,LHAT,LMAX,ITRACE(2000), 
3 NCOUNT1 NEQS,NJ,NM,NNEG1 NPOINT,SCALE1 SYSTEM1 Kl5, 
4 UPOATE,CONT,ENDLIM~ENDSTB,INTEST,NETHOU,8RANCH, 
5 EXP,EXPO,EXPOLO,EXPNEW,IMAX,JMAX,MPOINT,NDIGIT• 
6 IHELP,BPOINT,LFLAG.ICOORO,NUMBER,LOA,ISOLVE 

C $$$ F $$$ 
Kl5=Kl5+1 
ITRACE(Kl5)= 1 F 1 

C SAVE THE FIRST LAMOA AND Q VECTOR FOR THc NORMAL PLANE ITERATION 
CALL STORE(DCl,DQ,OQ,0.00) 
DLAMDl=DLAMD 
L=l 
CALL OEFORM 
CALL RESID 
GO TO 50 

C COMPUTE THE STIFFNESS MATRIX AND SOLVE K UQKI = OlSTR IF IT IS 
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C THE FIRST ITERATION OR IF UPDATING IS WANTED. 
20 IF(L.NE.l.ANO.UPOATE.NE.l) GO TO 30 

C $$S G $$$ 
Kl5=Kl5+1 
ITRACE(KlS)='G' 

C UPDATE THE STIFFNESS MATRIX. 
CALL STIFF 
lf(ISOLVE.EQ.lJCALL SGLVEl 
lf(IS0LVE.EQ.2)CALL S0LVE2 
CALL STORE(LOAD9 0ISTR,LOAD,O.D0) 

C SOLVE K UQKI = DISTR. 
lf(ISOLVE.EQ.lJCALL SOLVE! 
lfl1SOLVE.EQ.2)CALL SCLVE2 

C TEMPORARILY STORE DQKI IN UQI. 
CALL STORE(OQl1 LOAD,DQl,O.OO) 

30 CALL STORE(LOAD,R,R,0.00) 
C SOLVE K DQKII = R. 

IF(ISOLVE.EQ.lJCALL SOLVEl 
IF(ISOLVf.EQ.2)CALL SDLVE2 

C TEMPORARILY STORE DQKil IN OQ. 
CALL STORE(DQ,LOAD,DQ,O.DOI 

C CALL THE APPROPRIATE SUBROUTINE TO GET ULAMO. 
IF(HETHOD.EQ.l) CAlL NGRMAL 
lf(METHOD.EQ.2) CALL SPHERE 
L=L+l 
CALL DEFORM 
CALL RESID 

C CHECK FOR CONVERGENCE. 
50 CALL CONVG 

IF(IFLAG.EQ.l) RETURN 
C CHECK TO SEE If THE MAXIMUM NUMbEk OF ITERATIONS HAS BEEN 
C REACHED. 

,_. 
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IFCL.NE.LMAX) GO TO 20 
IF(ISOLVE.EQ.l)CALL OTNEGl 
(f(IS0LVE.EQ.2)CALL OTNEG2,ss,LOA,NEQS,KPVT,OET.EXP,NNEG) 
WRITE(3,lll NNEG,EXP,DET 

11 FORMAT(' NUMBER OF NEGATIVE EIGENVALUES =',131/•' OETERMIN', 
l 'ANT* l.0 1 1 13 1 1 =',G24.16,/J 

WRITEC2,1001) 
1001 FORMAT(//•' TkACE Of PROGRAM PATH1 ,/I 

WRITEC2,10021 (ITRACE(ll,l=l,Kl5) 
1002 FORMAT(lX,lOA2,5X,lOA2,5X,lOA2,5X 1 10A2 1 5X1 lOA2•5X) 

WRITE(21 ll NCOUNT 
l FORMAT(////,' NUMBER OF POINTS = 1 1 14,//// 1 1 ***** ITERATION 1 1 

l 'LIMIT EXCEEDED *****'J 
STOP 

~ 
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C*********************•***************************•••~•************** 
C* SOLVE! • 
c••••••••••••••••••••••********************************************** 

SUBROUTINE SCLVEl 
IMPLICIT REAL*8 IA-H,O-Z) 
INTEGER SCALE,SVSTEM,UPDATE,CONT,ENDLIM,ENDSTB,BRANCH, 

l EXP,EXPO,EXPOLD.EXPNEW,BPOINT 
REAL*8 LOAD,LAMDA,LAMDAl 
CHARACTER*2 ITRACE 
COMMON /BLOCK!/ SS(70,70),0Q(70),0Q1(10J,DQl(70),D1STR(70), 

1 LOAD(70J,QC701,Rl70J,Ql(10) 1 Rl(70J,KPVT,701 
COMMON /8LOCK2/ A(70),CG1(70),CG2(70),CG3(70),E(70),Xlf10),XL0,70J 

l ,HCOOEl70,6),MINC{70,2) 
COMMON /BLOCK3/ X(31J,Yl31),l(ll),ClC31J,C2(31J,JCODE(31 1 31 
COMMON /BLOCK4/ D(o),DLAMD,DLAHOl,DS.ELONG,EPSLNl,EPSLN2,EPSlN3, 

l DETO,DET,DETOLO,OETNE~,LAMDA,LAMDAl,DSBR, 
2 IHBW,~flAG,JHBW,L,lFLAG,LHAT,LHAX,ITRACE(2000)1 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT1 SCALE,SVSTEM,Kl5, 
4 UPOATE,CONT,ENDLIH,ENOSTil,INTEST,NETH00,8RANCH1 
5 EXP,EXPO,EXPOLD,EXPNEW,IMAX,JMAX,MPOINT,NOIGIT• 
6 IHELP,BPOINT,LFLAG,1COORO,NUMBER,LDA1 1SOLVE 

C FORWARD REDUCTION OF MATRIX 
lf(JFLAG.EQ.l) GO TO 40 

00 10 N=l,NEQS 
00 20 LL=2,IHHW 

IF(SS(N,LLJ.EQ.0.00) GO TO 20 
l=N•LL-1 
C=SSCN,LL)/SS(N,1) 
~o 
DO 30 K=LL,IHBW 

J=J+l 
SS(l~J)=SSII,J)-C*SSiN,K) 

..... 
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30 CONTINUE 
SS(N,LL)=C 

20 CONTINUE 
10 CONTINUE 

JFLAG=l 
RETURN 

C FORWARD REDUCTION OF CONSTANTS 
40 DO 50 N=l,NEQS 

00 60 LL=2, I HBW 
IFCSS(N,LLJ.EQ.0.00) GO TO 60 

I=N+LL-1 
LOAD(l)=LOAD(l)-SSlN,lLJ•LOAO(N) 

60 CONTINUE 
LOAO(N)=LOAD(N)/SSlN,l) 

50 CONTINUE 
C SOLVE FOR UNKNOWNS BY BACK-SUBSTITUTION -00 80 M=2,NEQS VI -N=NEQS-+1-M 

DO 70 LL=2,IHBW 
lF(SS(N,LL).EQ.0.00) GO ro 70 

K=N+LL-1 
LOAD(N)=LOAOCN)-SSIN,LL)*LOAD(K) 

70 CONTINUE 
80 CONTINUE 

RETURN 



C******************************************************************** 
C* S0LVE2 * 
C******************************************************************** 

C 
C 
C 

SUBROUTINE S0LVE2 
IMPLICIT REAL*B lA-H,0-l) 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENOLIH,ENDSTB,BRANCH, 

1 EXP,EXPO,EXPOLO,EXPNEW,BPOINT 
REAL*8 LOAD,LAMOA,LAMDAl 
CHARACTER*2 llRACE 
COMMON /BLOCKl/ SS(70,70),DQ(70),0Q1(70),0QI(70),DISTRC70) 1 

l LOAD(70),Ql70),R(70),Ql(70l,Rl(70),KPVT(101 
COMMON /BLOCK2/ A(70),CG1(70),CG2170),CG3(70),El70),Xll70),XLDl70) 

l ,MCOOE{70,6),HINC(70,21 
COMMON /BLOCKJ/ Xl31),Yl311,Zl31t,Cll31),C2l3l),JCOUE(Jl,3) 
COMMON /BLOCK4/ D(6),DLAMD,OLAHD1,DS,ELONG,EPSLN1,EPSLN2,EPSLN3, 

1 OETO,DET,OETOLO,UETNEW,LAMDA,LAMDAl,DSBR, 
2 IHBW,JflAG,JHBW,L,JfLAG,LHAT,LMAX,ITRACEl20001, 
3 NCOUNT,NEQS,NJ,NM,NNEG1 NPOINT,SCALE,SVSTEM,Kl5, 
4 UPDATE,CONT,ENDLIM,ENOSTB,INTEST,METHOD,BRANCH, 
5 EXP,EXPO,EXPOLD,EXPNEW,IMAX,JMAX,MPOINT,NOIGIT, 
6 IHELP1 BPOINT,LFLAG,ICOORD,NUMBER,LOA,IS0LVE 

lf(JFLAG.EQ.l)GOTO 40 

FORWARD REDUCTION OF COEFFICIENT MATRIX 

CALL SSIFA(SS,LOA,NE~S,KPVT,INFO) 
IF(INfO.EQ.O)GOTO 30 
WRITEl2, 50) 

50 FURMAT(///,'* •*MATRIX IS SINGULAR~EXECUTION STOPPED TO AVOID E 
lRROR ***'I 

STOP 
30 JFLAG=l 

...... 
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C 
C 
C 

RETURN 

DETERMINATION OF SOLUTION VECTOR 

40 CALL SSISL(SS,LDA,NEQS,KPVT,LOAO) 
RETURN 

...... 
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C******************************************************************** 
C* SOLVE2 * 
C******************************************************************** 

C 
C 
C 

SUBROUTINE SCLVE2 
IMPLICIT REAL*B (A-H,0-l) 
INTEGER SCALE,SYSTEM.UPDATE,CONT,ENOLIM,ENDSTB,BRANCH, 

1 EXP,EXPO,EXPOLD,EXPNEW,BPOINT 
REAL*8 LOAO,LAMOA,LAHDAl 
CHARACTER*2 ITRACE 
co~~UN /BLOCK!/ SS(70,70),DQ(70),0U1,70),DQl(70),DISTR(70), 

l LOA0(70),Q(70),R(70),Ql(70),Rl(70),KPVT(70) 
COMMON /8LOCK2/ A(70),CGlf70),CG2(70),CG3(70),E(70J,XL(70) 1 XL0(10) 

l ,MCODE(70,ot,MINC(70,2) 
COMMON /BLOCK3/ X(31),Y(31),Z(31J,Cl(31),C2(31),JCOOE(ll,3) 
COMMON /8LOCK4/ 0(6),DLAMD,DlAMOl,DS,ELONG,EPSLNl,EPSLN2,EPSLN3 1 

1 DETO,OET,DETOLO,UETNEW,LAMOA,LAMDA11 DSBR, 
2 IHB~,JFLAG,JHBw,L,IFLAG,LHAT,LMAX,ITRACE(2000), 
3 NCOUNT,NEQS,NJ,NN,NNEG,NPOINT,SCALE,SYSTE~,Kl5, 
4 UPDATE,CONT,ENOLIM,ENOSTB,INTEST,METHOD,BRANCH, 
5 EXP,EXPO,EXPOLD,EXPNEW,IMAX,JMA.X,"1POINT,NDIGIT, 
6 IHELP,BPOINT,LFLAG,ICOORO,NUMBER,LOA,ISOLVE 

lf(JFLAG.EQ.l)GOTO 40 

FORWARD REDUCTION OF COEFFICIENT MATRIX 

CALL SSIFA(SS,LDA,NEQS,KPVT,INFO) 
IF(INFO.EQ.O)GOTO JO 
WRITEC2,50) 

50 FORMAT(///,'*** MATRIX IS SINGULAR~EXECUTION STOPPED TO AVOID E 
lRROR * * *') 

STOP 
30 JfLAG=l 

,_. 
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C 
C 
C 

RETURN 

DETERMINATION OF SOLUTION VECTOR 

40 CALL SSISL(SS,LOA,NE~S,KPVT,LOAO) 
RETURN 

...... 
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c•••**********•*************•**********************•••••••~••••*•*•••~•• 
C SUBROUT !NE SSIFA * 
C*********************************************************************** 

SUBROUTINE SSIFA(SS,LOA,NEQS,KP~T,INfU) 
IMPLICIT REAL*B (A-H,0-l) 
INTEGER KPVT(NE~S) 
REAL*8 SS(LDA,NEQS),MULK,MULKMl 
LOGICAL SWAP 
ALPHA=(l.D0•DSQRT{l7.00)J/8.DO 
INFO=O 
K=NEQS 

10 CONTINUE 
IF(K.EQ.O)GOTO 200 
lf(K.GT.l)GOTO 20 
KPVT~lJ=l 
lF(SS(l,l).EQ.O.DO)INFO=l 
GOTO 200 

20 CONTINUE 
KMl·=K-1 
A8SAKK=DA8S(SS(K,K)) 
IMAX=ISAMAX(K-1,SS(l,Kl,1,NEQS) 
COLMAX=DABS(SS(IMAX,KI) 
If(ABSAKK.LT.ALPHA*COLMAX)GOTO 30 
KSfEP=l 
SWAP=.FALSE. 
GOTO '-'O 

.3 0 CONT I NUE 
ROWMAX=0.00 
IMAXPL=IMAX-t-l 

40 

DO 40 J=IMAXPl,K 
ROWMAX=OMAXl(ROWMAX,DABS(SS(IMAX,J))) 
CONTINUE 

.. 

...... 
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lf(IMAX.EW.l)GOTO 50 
JMAX=ISAMAX(IMAX-1,SSll,IMAX),1,NEQS) 
ROWMAX=OMAXl(ROWMAX,DABS(SS(JMAX,lMAX))J 

50 CONTINUE 
lf(DABS(SS(IMAX,IMAX)).LT.ALPHA*ROWMAX)GUTO 60 
KS TEP= l 
SWAP=.TRUE. 
GOTO 80 

60 CONTINUE 
IFCABSAKK.LT.ALPHA*COLMAX*(COLMAX/RO~MAX)JGOTO 70 
KSTEP==l 
SWAP==.FALSE. 
GOTO 80 

70 CONTINUE 
KSTEP=2 
SWAP=IMAX.NE.KMl 

80 CONTINUE 
90 CONTINUE 

lf(OMAXl(ABSAKK,COLMAX).NE.0.0-0)GOTO 100 
KPVHK)=K 
INFO=K 
GOTO 190 

100 CONTINUE 
IF(KSTEP.EQ.2)GuTO 140 
IF(.NOT.SWAPIGUTO 120 
CALL SSWAP(IMAX,SS(l,IMAX),1,SS(l,Kl,1,NEQS) 

DO 110 JJ=IMAX,K 
J=K+IMAX-JJ 
T=SS(J,K) 
SS(J,K)=SS(IMAX,Jl 
SS(IMAX,J)=T 

110 CONTINUE 

t-' 
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120 CONT I NUE 
DO 130 JJ:l,KMl 
J=K-J J 
MULK=-SS(J,K)/SS(K.K) 
T=MUL K 
CALL SAXPYIJ.T,SSfl,K>,1.ss,1.J),l,NEQS) 
SS(J,K)=MUlK 

130 CONTINUE 
KPVT(K)=K 
JffSWAPJKPVT(Kl=J~AX 
GOTO 190 

140 CONTINUE 
IF(.NOT.SWAP)GOTO 160 
CALL SSwAP(IMAX,SS(l,IMAX),1,SS(l,K-1),1,NEQS) 

00 150 JJ=IMAX,KMl 
J=KMl+IMAX-JJ 
T=SS( J,K-U 
SS(J,K-l)=SS(IMAX,J) 
SS(IMAX,J)=T 

150 CONTINUE 
T=SSCK-1,K) 
SSCK-1,K)=SS(IMAX,K) 
SS(IMAX,K)=T 

160 CONTINUE 
KM2=K-2 
IF(KM2.EQ.O)GOTO 180 
AK=SS(K,K)/SS(K-1,K) 
AKMl=SS(K-1,K-l)/SS(K-1,KI 
OENOM=l.00-AK*AKMl 

00 170 JJ=l,KM2 
J=KMl-JJ 
BK=SS(J,K)/SS(K-1,K) 

..... 
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BKML=SS(J,K-1)/SS(K-1,KJ 
MULK=(AKMl*BK-BKMlJ/DENOM 
MUlKMl=lAl<Ml*BKHl-BK)/DE:NOM 
T=MULK 
CALL SAXPY(J,T,SS(l,K),1,SS(l,JJ,1,NEQS) 
T=MULKML 
CALL SAXPYIJ,T,SS(L,K-1),1,SS(l,Jl,1,NEQS) 
SS(J,KJ=MULK 
S.S ( J, K-1) =MUL KM l 

170 CONT I NUE 
180 CONTINUE 

KPVT(K)=l-K 
IF(SWAP)KPVT(K)=-IMAX 
KPVT(K-l)=KPVT(K) 

190 CONTINUE 
K=K-KSTEP 
GOTO 10 

200 CONTINUE 
RETURN 

...... 
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(*********************************************************************** 
C SUBROUTINE SSISL • 
C*********************************************************************** 

SUliROUTINE SSISL(SS,LDA,NfQS•KPVT,LOADJ 
IMPLICIT REAL*8 (A-H,O-Z) 
INTEGER KPVT(NEQS) 
REAL*8 SS(LOA,NEQS),LOAO(NEQS) 
K=NEQS 

10 IF(K.EQ.O)GOTO 80 
IF(KPVT(K).LT.O)GOTO 40 
JF(K.EQ.l)GOTO 30 
KP-=KPVTC K) 
IF(KP.EQ.K)GOTO 20 
TEt-iP=LOAO( K) 
LOAO(K)=LOAO(KP) 
LOAO(KP)=TEMP 

20 CONTINUE 
CALL SAXPYCK-1,LOAD(KJ,SS(l.KJ,1,LOADllJ,1,NEQS) 

30 CONTINUE 
LOAO(K)=LOAO(K)/SS(K,K) 
K=K-1 
GOTO 70 

40 CONTINUE 
IF(K.EQ.2)GOTO 60 
KP= I AB S ( KP V T( K ) ) 
IF(KP.EQ.K-l)GOTO 50 
TEMP=LOAO ( K-1) 
LOAD(K-ll=LOAO(KP) 
LOAO(KP)=TEMP 

50 CONTINUE 
CALL SAXPY(K-2,LOAO(K),SS(l.KJ,1,LOAD(ll,l,NEQS) 
CALL SAXPY(K-2,LOAO(K-lJ,SS(l,K-1),1,LOAD(l),1,NEQSJ 

...... 
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60 CONTINUE 
AK=SS(K,K)/SS(K-1,K) 
AKMl=SS(K-1,K-lJ/SS(K-1,KJ 
BK=LOAD(K)/SS(K-1,K) 
BKMl=LOAO(K-lJ/SS(K-1,K) 
OENOM=AK*AKHl-1.DO 
LOAD(K)=(AKMl*BK-BKMlJ/DENOM 
LOAO(K-lJ=lAK*BKMl-BK)/OENOM 
K=K-2 

70 CONT I NUE 
GOTO 10 

80 CONTINUE 
K::: l 

90 IF(K.GT.NEQS)GUTO 160 
IF(KPVT(K).LT.O)GOTO 120 
IF(K.EQ.l)GOTO 110 
LOAO(K)=LOAO(K)+SDOT(K-1,SSll,Kl,1,LOAO(l),1,NEQS) 
KP=KPVT(K) 
IF(KP.EQ.K)GOTO 100 
TEMP=LOAO(K) 
LOAD(K)=LOAOIKP) 
LOAD(KP)=TEMP 

100 CONTINUE 
110 CONTINUE 

K=K+l 
GOTO 150 

120 CONTINUE 
IF(K.EQ.l)GOTO 140 
LOADIK)=LOAD(K)+SOOT(K-1,SSll,KJ,1,LOAO(ll,1,NEQS) 
LOAO(K+l)=LOAD(K+l)•SOOT(K-1,SS(l,K+l),1,LOAO(l),1,NEQS) 
KP=IABS(KPVT(K)) 
IF(KP.EQ.KJGOTO 130 

,.... 
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TEMP=lOAD(KJ 
LOAO(K)=LOAD(KP) 
LOAO(KP)=TEMP 

130 CONTINUE 
140 CONTINUE 

K=K+2 
150 CONTINUE 

GOTO 90 
160 CONTINUE 

RETURN 

...... 
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C*********•************************************************************* 
C FUNCTION SDUT * 
C*********************************************************************** 

FUNCTION SDOT(N,SX,INCX,SY,INCV,NEQSJ 
IMPLICIT REAL*8 (A-H,0-Z) 
REAL*8 SX(NEQS),SY(NEQS) 
STEMP=0.000 
SDOT=0.000 
IF(N.LE.O) GO TO 70 
IF(INCX.EQ.l.AND.INCY.EQ.l) GO TO 20 
IX= l 
IY=l 
IF(INCX.LT.O) IX=(-N+l)*INCX•l 
IF(INCY.LT.O) IY=(-N+l)*INCY+l 
DO 10 I= 1,N 
STEMP=STEMP+SX(IX)*SY(IYJ 
IX=IX+INCX 
IY=IY+INCY 

10 CONTINUE 
SOOT=STEMP 
GO TO 70 

20 M=liOD(N, 5) 
IF(M.EQ.O) GO TO 40 
DO 30 I= l ,M 
STEMP=STEMP+SX(IJ*SY(I) 

30 CONTINUE 
lf(N.LT.5J GO TO 60 

40 MPl=M+l 
DO 50 I=MPl,N,5 
STEMP=STEMP+SX(l)*SY(l)+SX(l+ll*SY(l+l)+SA(1+2J*SY(l+2J+SX,1+3J•SY 

1(1+3)+SX(l+4)*SY(l+4) 
50 CONTINUE 

...... 
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C*********************************************************************** 
C SUBROUTINE SAXPY * 
C*********************************************************************** 

SUBROUTINE SAXPY(N,SA,SX,INCX,SY,INCY,NEQS) 
IMPLICIT REAL*8 (A-H,0-ZJ 
REAL*8 SX(NE~Sl,SY(NEQS),SA 
lf(N.LE.Ot RETURN 
lf(SA.EQ.O.ODO) RETURN 
(f(INCX.EQ.L.AND.INCY.EQ.l) GO TO 20 
IX=l 
IV=l 
IFCINCX.LT.O)IX=(-N+l)*INCX+l 
IF(INCY.LT.OJIY=i-N+lJ•INCY+l 
DO 10 l=l,N 
SY(IYl=SY(IY)+SA*SX(IXJ 
IX=IX+JNCX 
IV=IY+INCV 

10 CONTINUE 
20 M=MOO(N,4) 

lf(M.EQ.O) GO TO 40 
DO 30 1=1,M 
SY(l)=SY(I)+SA*SXCI) 

30 CONTINUE 
IF{N.LT.4) RETURN 

40 MP l=M+l 
DO 50 I=MPl,N,4 
SV(I)=SV(IJ+SA*SX(ll 
SY(I+l)=SY(I+l) + SA*SX(l+ll 
SY(l+2)=SY(I+2) • SA*SX(l+21 
SYll+3J=SV(l+3) + SA*SX(l+3) 

50 CONTINUE 
RETURN 

...... 
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C*********************************************************************** 
C SUBROUTINE SSWAP • 
C*********************************************************************** 

SUBROUllNE SSWAP(N,SX,INCX,SY,INCY,NEQS) 
IMPLICIT REAL*8 (A-H,0-ZJ 
REAL*8 SX(NEQS),SYINEQS) 
JF(N.LE.O)RETURN 
IF(INCX.EQ.l.AND.INCY.EQ.l)GOTO 20 
IX=l 
iY=l 
lF(JNCX.LT.O)IX=(-N+l)*INCX+l 
IF(INCY.LT.O)JY=(-N+l)*INCY+l 

DO 10 l=l,N 
SJEMP=SX ( IX) 
SX(IX)=SYCIY) 
SY( IY)=STEMP 
JX-=IX+INCX 
I Y= IY+I NCY 

10 CONTINUE 
RETURN 

20 M=MODCN,3) 
IF(M.EQ.O)GUTC 40 

00 30 l=l ,M 
STEMP=SX(I) 
SX(ll=SY(I) 
SY(IJ=STEMP 

30 CONTINUE 
IF(N.LT.3)RETURN 

40 MPl=M+l 
DO 50 l=MPl,N,3 
STE MP= S X ( J ) 
SX(I)=SY(IJ 

...... 
°' °' 
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c••~***********************************************************•******** 
C FUNC TIDN I SA MAX • 
C*********************************************************************** 

1NTEGER FUNCTION ISAMAX(N,SX,INCX,NEQS1 
IMPLICIT REAL*8 (A-H,0-Z) 
REAL*8 SX(NEQS) 
ISAMAX=O 
IF ( N .LT. 1) RE TURN 
ISAMAX=l 
lr(N.EQ. l)RETURN 
IF(INCX.EQ.l)GOTO 20 
IX=l 
SMAX=DAHS(SX(l)j 
IX=IX+INCX 

DO 10 1=2,N 
lf(DAHS(SX(IX)).LE.SHAX)GOTO 5 
I SAMAX= I 
SMAX=DAliS(SX(IX)) 

5 I X= IX+ I NC X 
10 CONTINUE 

RE TURN 
20 SMAX=OABS(SX(l)) 

DO 30 1=2,N 
IF(OABS(SX(l)).LE.SMAX)GOTO 30 
I SA MAX= I 
SMAX=DABS l SX I U) 

30 CONTINUE 
RETURN 

...... 
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C********************************************************************* 
C* SPHERE * 
C********************************************************************* 

SUOKOUTINE SPHERE 
IMPLICIT REAL*8 (A-H,O-Z) 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENDLIM,ENOSTB,BRANCH, 

l EXP,EXPO,EXPOLD,EXPNEW,8POINT 
REAL*8 LOAO,LAMDA,LAMOAl 
CHARACTER*2 !TRACE 
COMMl]N /BLOCK!/ SS(70,70J,OQ(70),DQ1(70) 1 0QJ(70),D1STR(70) 1 

1 LOADC70),Q(70),R(70J,QlC70J,Rl(70J,KPVT(70) 
COMMON /BLOCK2/ A(70J,CGll70),CG2(70l,CG3(70),E(70),XL(701 1 XL0(70) 

1 ,MCOOE(70,6),MINC(70,2) 
COMMON /dLOCK3/ Xl31),Y(31J,Z(31),Cl(3lJ 1 C2(31),JCOOE(31,3J 
COMMON /BLOCK4/ D(6),0LAMD,DLAMD1 1 DS,ELONG,EPSLNl 1 EPSLN2,fPSLN3, 

l DETO,DET,DETOLD,OETNEW,LAMDA,LAHDAl,OSBR, 
2 IH8w,JFLAG,JHBw,L,IFLAG,LHAT,LMAX,lTRACE(2000), 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPDATE,CONT,ENDLIM,ENOSTB,INTEST,METHOD,8RANCH, 
5 EXP,EXPO,EXPOLD,EXPNEW,1MAX,JHAX 1 MP01Nf 1 ND1GIT, 
6 lHELP,BPOINT,LfLAG,ICOORD,NUMBER,LOA,ISOLVE 

C FIND THE CONSTANTS FOR THE QUADRATIC EQUATION. 
CALL STORE(LUAD,Q,Ql,-1.00) 
Al=l.OO+F(DQl,OQl,OQl,O) 
Bl=(LAMDA-LAMDAl•F(UQl,OQ,LOAD,lJ)*2.D0 
Dl=F(OQ,DQ,LOAD,2) 

C FIND THE ROOTS OF THE QUADRATIC EQUATION. 
G2=Bl*B1-4.DO*Al*Dl 
IF(G2.GT.O.OO) GO TO 20 

WRITEC2,1) G2 
1 FORMAT(//,' NEGATIVE VALUE IN SPHERE IS '•G24.16, 

1 1 PROGRAM IS STOPPED TO AVOID ERROR.') 

I-' 
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WRITE(2,100l) 
lJOl FORMAT(//,' TRACE CF PROGRAM PATH1 ,/) 

WRITE(2,1002J CITRACE(I),I=l,Kl5) 
1002 FORMAT(lX,lOA2,5X.lOA2,5X,lOA2,5X.lOA2,5X,10A2,5X) 

STOP 
20 G2=0SQRT(G2> 

Gl=(-Bl+G2J/(2.D0*Al) 
G2=(-B1-G2)/(2.00*Al) 

C CHOOSE THE RCOT THAT LEADS TO THE SMALLESJ INCREMENTAL VECTOR. 
DLAMD=Gl 
CALL STORE{LOAD,DQ,DQl,G2) 
CALL STOREtOQ,DQ,OQI,Gl) 
IF(DSQRT(Gl*Gl+F(DQ,DQ,OQ,0)).LT. 

1 DSQRT(G2*G2+fll0AD,LOAD,LOAO,O))) GO TO 10 
CALL STORECDQ,LOAO,LOA0,0.001 
DLAMO=G2 

C UPDATE THE VARIABLES. 
10 LAMOA=LAMDA+DLAMD 

CALL STORE(Q,Q,DQ,1.00) 
RETURN 
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(******************************************************************** C* STIFF * 
C******************************************************************** 

SUBROUTINE STIFF 
IMPLICIT REAL*8 !A-H,o~z, 
INTEGER SCALE,SYSTEM1 UPDATE1 CONT,ENOLIM,tNDSTB,BRANCH, 

1 EXP,EXPO,EXPOLO,EXPNEW,BPOINT 
REAL*8 LOAO,LAMDA,LAMDAl 
CHAKACTER*2 ITRACE 
COMMON /BLOCKl/ SSC70,70),DQ(70),DQ1(70),0Ql(70J,D1STRC70), 

1 LOAD(70),Q{70),R{70),Ql(70),Rl{10),KPVT,70l 
COMMON /BLOCK2/ A{70) 1 CG1(70J,CG2(10) 1 CG3(70) 1 E(70J,Xl{70J,XL0{70J 

l ,MC0DE(70,6J,MINC(70,2J 
COMMON /BLOCK3/ X{31),Y(31) 1 l(3ll,Cl(31l,C2(31),JCOJE(31 1 3) 
COMMON /BLOCK4/ 0(6J 1 0lAMD,DLAMDl,OS,ELONG,EPSLN1,EPSLN2 1 EPSLN3 1 

l DETO,DET,DETOLO,OETNEW,LAHOA,LAMDAl,DSBR, 
2 IH8W,JflAG 1 JHBw1 L,IFLAG,LHAT 1 lMAX,ITRACE(2000) 1 

3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SY5TEM 1 Kl5 1 

4 UPOATE,CONT,ENOLIM,ENDSTB,INTEST,HETHOD,BRANCH, 
5 EXP,EXPO,EXPOLD,EXPNEW,IMAX,JMAX,HPOINT,NDlGIT, 
6 IHELP,BPOINT 1 lflAG 1 ICGORD1 NUM8ER1 LOA•IS0LVE 

DIMENSION H(l5),INDEX16,6,2) 
DATA INDEX /1,2,4,-1,-2,-4,2,3,5,-2,-3,-5,4,5 1 6,-4,-5,-6, 

l -l,-2,-4,l,2,4,-2,-3,-5,2,3,5,-4,-5,-6,4,5,6, 
2 1,2,3,4,5,-3,2,6,7,8,9,-7,3,7,10,ll,12,-l0,4,8, 
3 ll,13,14,-11,5,9,12 1 14,15,-12,-3,-7,-10•-ll,-12, 
4 10/ 

JFLAG=O 
IF(IS0lVE.EQ.2)IH8W=NEQS 
DO 10 11=1,NEQS 

OG 20 JJ=l,IHBw 
SS(II,JJ)=0.00 

,_. 
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20 CONTINUE 
10 CONTINUE 

DO 30 l=l,NM 
AI=A( I) 
EI= E ( I) 
XU =XU I) 
XLDl=XLO(II 
CGl I=CGl l I) 
CG2I=CG2(1) 
CG3I=CG3(I) 
ELUNG=XLD 1-XLI 
H(lJ=Al*El*lCGll*CGll+(ELONG/XLUIJ*(l.00-CGll*CGll),/Xll 
H(2)=AI*EI*CG1I*CG2l*ll.DO-ELUNG/XLOI)/Xll 
HC3)=Al*EI*(CG21*CG2l+(ELONG/XLDl)*(l.OO-CG21*CG21)1/XLI 
H (4 )=AI *EI *CGll *CGl I• ( 1.00-ELONG/ XLO I)/ .XLI 
H(5)=Al*EI*CG21*CG31*(1.00-ELONG/XLOl)/Xll 
H(6)=AI*El*(CG31*CG31+(ELONG/XLD1l*(l.DO-CG31*CG31))/XLI 
IF(ICOOHD.EQ.l)GOTO 70 
Hl=HU) 
H2=H(2) 
H3=H(3) 
Hlit=H( 4) 
H5=H( 5) 
H6=H(6) 
ll=MINCCl,l) 
I2=MINCII,2) 
Cll=CUIU 
C2l=C2(I1) 
ClHl==CU I2J 
C2Hl=C2(12) 
Hll)=Cll**2*Hl+2.00*Cll*C2I*H2+C2l**2*H3 
H(2)=-l.DO*Cll*C2l*Hl+CC11**2-C21**2l*H2+Cll*C21*Hl 

..... 
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70 

60 
50 
40 

170 

H(3l~Cll*H4+C2l*H5 
H(41=-l.DO*Cll*ClHl*Hl-(Cll*C2Hl+C2l*ClHl)*H2-C21*C2Hl*H3 
H(5)=Cll*C2Hl*Hl-(Cll*C1HI-C2I*C2HI)*H2-C2I*ClHl*H3 
H(6)=C21**2*Hl-2.DO*C1I*C2l*H2+Cll**2*Hl 
H(7):-l.D0*C2l*H4+Cll*H5 
H(81=C21*C1Hl*Hl-(Cll*C1HI-C2I*C2Hl)*H2-Cll*C2Hl*H3 
H(91=-l.DO*C2l*C2H1*Hl+(ClI*C2Hl+C2l*ClHl)*H2-Cll*ClHl*H3 
H(lOl=H6 
H(ll)-=--1.DO*ClHl*H4-C2Hl*H5 
H(l2)=C2Hl*H4-C1Hl*H5 
H(l3l=ClHl**2*Hl+2.D0*ClHl*C2Hl*H2+C2HI**2*H3 
Hll4)=-l.DO*ClHl*C2Hl*Hl+(ClHI**2-C2Hl**2)*H2+C1Hl*C2Hl•H3 
H(l5)=C2Hl**2*Hl-2.DO*ClHl*C2Hl*H2+ClHl**2*H3 
GOT0(70,170),ISOLVE 
DO 40 JM= 1,6 

J=MCUDE(l,JH) 
IF(J.EQ.O) GO TO 40 

DO 50 KM=JM,6 
K=MCODE(l,KM) 
lf(K.fQ.O) GO TO 50 

KB=K-J+l 
IN=INOEX(JM,KM,ICOGROJ 
IF(IN.LE.O) GO TO 60 

SS(J.KB)=SS(J,KB)+HlIN) 
GO JO 50 

SSIJ,KB)=SS(J,KB)-H(-IN) 
CONTINUE 

CONTINUE 
GOTO 30 

DO 140 JM:1,6 
J=MCODE(I,JM) 
IF(J.EQ.O)GOTO 140 

...... 
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DO 150 KM=JM.6 
K=MCODE ( I ,KM) 
lf(K.EQ.O)GOTO 150 
IN=INOEX{JM,KM,ICOORO) 
IF(IN.LT.O)GOTO 160 
SS(J,K)=SS(J,K)•HCIN) 
GOTO 150 

160 SS(J,K1=SS(J,KJ-H(-IN) 
150 CONTINUE 
140 CONTINUE 

30 CONTINUE 
RETURN 
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C**************************************************************•***•*** 
C* STORE * 
C*************************************************************•******** 

SUBROUTINE STORc(Xl,Yl,Zl,V) 
IMPLICIT REAL*8 (A-H,0-Z) 
INTEGER SCALE,SYSTEM,UPDATE,CONT,ENDLIM,ENDSTB,8RANCH, 

l EXP,EXPO,EXPGLO,EXPNEW,BPOINT 
REAL*8 LOAO,LAMDA,LAMOAl 
CHARACTER*2 lfHACE 
COMMON /BLOCKl/ SS(70,70),DQ(70) 1 0Ql(70),DQ1(70),015JR(70l, 

l LOA0(70J,Ql70J,R(70),Ql(70J 1 Rl(70)•KPVT(70) 
COMMON /HLOCK2/ A(70),CGl,70),CG2(70),CG3(70) 1 E(70) 1 XL(70l,XLD(70) 

1 ,MCODE(70,6l,MINC(70 1 2) 
COMMON /BLOCK3/ X(31),Y(31),Zl31),Cl(31),C2(31) 1 JCODE(3l 1 3) 
COMMON /BLUCK4/ D(6l,DLAMD 1 DLAM01,DS,ELONG,EPSLN1,EPSLN2,EPSLN3, 

1 OETO,DET,OETOLO,OETNEW,LAMOA,LAMDAl,DSBR, 
2 IHBW,JfLAG,JHBW,L,lflAG,LHAT,LMAX,ITRACE(2000), 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEM,Kl5, 
4 UPDATE,CONT,ENOLIM,ENOSTB,INTEST,METHOD,BRANCH, 
5 EXP,EXP0 1 EXPOL01 EXPNEW,IMAX,JMAX,MPOINT,NDIGIT, 
6 IHELP,8POINT,LFLAG,ICOORD,NUMBER,LDA,1SOL~E 

DIMENSION Xl(NEQS),Yl(NEQS),Zl(NEQS) 
C STORE Yl + V * Zl IN Xl. 

IF(V.EQ.0.00) GO TO 20 
DO 10 l=l,NEQS 

Xl(l)=Yl(I)•V*Zl(IJ 
10 CONTINUE 

RETURN 
20 DO 30 1=1,NEQS 

Xl(l)=Yl(l) 
30 CONTINUE 

RETURN 
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C**************************************************************••~•••• C* VECTOR • 
C***************************************************************~***** 

SUBROUTINE VECTOR 
IMPLICIT RE:AL*8 (A-H,O-Zj 
INTEGER SCALE,SYSTEM,UPOATE,CONT,ENULIM,ENOST81 8RANCH, 

l EXP1 tXPO,EXPOLD,EXPNEW,BP0INT 
REAL*8 LOAD,LAMDA,LAMOAl 
CHARACTER*2 ITRACE 
COMMON /BLOCK!/ SS{70,70),0Q(70),DQ1(70J 1 DQl(70),DISTR(70l 1 

1 LOA0(70),Q(70),R(70),Qll70),Rl(70J,KPVT(70J 
CO~MON /BLOCK2/ A(70),CG1(70J,CG2(70J,CG3(701,El70),XL(70) 1 XLD(70) 

l ,MCOD£(70,6) 1 MINCl70,2J 
COMMON /8LOCK3/ XC31) 1 Y(31),Z(31),Cll31),C2(31J,JCODE(31,3) 
COMMON /BLOCK4/ 0(6),DLAMD,OLAMOl,DS,ELONG,EPSLNl,EPSLN2,EPSLN3, 

1 DETO,DET,OETOLD,DETNEW,LAMDA,LAMUAl,OSBR, 
2 IHB~,JfLAG,JHBW,L,lfLAG,LHAT 1 LMAX,ITRACE(20001, 
3 NCOUNT,NEQS,NJ,NM,NNEG,NPOINT,SCALE,SYSTEH,K15, 
4 UPDATE,CONT,ENOLIM,ENOSlB,lNTEST,METHOO,dRANCH, 
5 EXP,EXPO,EXPOLO,EXPNEw,IMAX,JMAX,MPOINT,NOIGIT, 
6 IHELP,BPOlNT,LfLAG,ICOORD,NUMBER,LOA,ISOLVE 

C $$$ R $$$ 
Kl5=Kl5+1 
ITRACE(Kl5)= 1 R1 

BRANCH=O 
CALL POWINV 

C FIND THE TANGENT VECTOR TO GET THE NORMAL VECTOR. 
CALL·STORE(LOAD,UISTR,LOAD,O.DOl 
IF(ISOLVE.EQ.l)CALL SOlVEl 
IF(1SOLVE.EQ.2)CALl S0LVE2 
IFCNCOUNT.EQ.OJ GO TO 70 

OLAMD=OS/OSQRT(f(LOAD,LOAD,LOA01 0)+1.DO) 
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GO TO 80 
70 DS=DLAMD*DSQRT(F(LOAD,LOAO,LOAO,O)+l.00) 
80 DO 90 I=l,NEQS 

DQ(l)=LOAD,I)*DLAMO 
90 CONTINUE 

LAMDAl=LAMDA 
CALL STORE(Ql,Q,Q,0.00) 
WRITE(2,32) 

32 FORMAT(//,' TANGENT VECTOR',/) 
WRITE ( 2, 2) lDQll),I=l,NEQS),DLAMD 

2 FORMAT(5G24.l6) 
DL TEMP=DLAMO 
CALL STORE(LOAD,DQ,DQ,O.OO) 

C CALCULATE THE NORMAL VECTOR. 
ALPH=-(FCDQ,DQ 1 DQ,Ol+DLAMD*DLAMD)/flOQ,Rl,Rl,O) 
CALL STGRElDQ,OQ,Rl,ALPH) 
OS=OSQRT(F(DQ,DQ,DQ,O)+DLAMD*DLAMD) ..... 

--.J 

Gl0=DS8R/OS --.J 

DS=DSBR 
DO 65 l=l,NEQS 

DQ( IJ=DQ( I )*GlO 
65 CONTINUE 

OLAMD=DLAMD*GlO 
C UPDATE FOR THE NuRMAL VECrOR. 

CALL STORE(Q,Q,DQ,l.001 
LAMDA=LAMOA+DLAMD 
NPOINT=MPOINT+NCOUNT-1 
WRITE(2,31) 

31 FORMAT(//,• NORMAL VECTOR',/) 
WRITEl2,2J (UQ(I),I=l,NEQS),DLAMO 
WRITE(2,49) OS 

49 FORMAT(///,' OS =',G24.l6l 



C CALCULATE THE DOT PRODUCT OF THE NORMAL AND TANGENT 
C VECTORS. 

GlO=f(LOAD,OQ,DQ,O)+OLAMD*DLTEMP 
WRITE(2,37) GlO 

37 FORMATl/// 1 1 DOT PRODUCT =1 ,G24.16,///) 
RETURN 
ENO 

,_. 
-.J 
00 



The vita has been removed from 
the scanned document 



LINEAR AND NONLINEAR ANALYSIS OF SPACE TRUSSES 

RELATIVE TO CYLINDRICAL COORDINATES 

by 

Jeffrey A. Perrier 

(ABSTRACT) 

The element and system models for linear and nonlinear 

space trusses were formulated and implemented relative to cylin-

drical coordinates. Nonlinear equilibrium paths were traced 

using the modified Riks/Wempner method. Two radially symmetric 

reticulated domes which exhibit snap-through instability and 

which were subjected to radially symmetric loads were analyzed 

both linearly and nonlinearly. Along with the entire structures, 

"pie slices" of the structures were also analyzed. Accuracy 

was observed by comparison of element forces or of critical 

load values to those previously presented for these trusses. 

Reduction of computational effort from analysis of "pie 

slices" was studied, as were suppression and generation of bifur-

cation buckling modes. 

Structural models in cylindrical coordinates were found to 

greatly reduce computational effort by analysis of "pie slices" 

of radially symmetric structures with radially symmetric loads, 

and analysis of "pie slices" provided qualitative information 

regarding buckling mode geometries when techniques for branching 

onto bifurcation paths failed. 
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