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Abstract. 

Subroutine nsTADET" analyzes a structure to find if 

it is stable and determinate. The structure must first be 

idealized as a rigid body supported by a system of links. 

The program checks on the arrangement and number of the 

support links. Flags are set so that this subroutine may 

be used to select whether to use simple statics or strength 

of materials methods in subsequent analysis of the problem. 

Testing of the subroutine is discussed. 

Two input-output programs are also described. One 

calculates the reactions in the equivalent support linkages 

from the resultant load; the other assumes that the pro~ 

perties of the links are known and calculates the allowable 

load. 
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1 . Introduction . 

Digital comput ers ha ve been extensively applied to 

the solution of mechani cs problemso However 1 these ap~ 

plications have been limited in s cope. The computer has 

been used as a "super slide rule " to solve a particular 

type of problem which was too time~consuming or too dif~ 

ficult previously. It is the intention of Professor Gilles 

Cantin to attack the problem of t he design of structures 

by a digital computer in a general r at her than a specific 

manner. 

One of the first routines needed fo r the Cantin Pro­

ject was a routine to reject unstable s tructures and, 

perhaps, make some selection as t o t he methods of analysis 

to be used in subsequent tests o The subroutine '•STADET 11 

analyzes an idealized structure to f i nd if it is stable 

and determinate. It sets flags which can be used to print 

out a description of the kind of problem involved. When 

the subroutine finds the first condition which would pre­

clude the solution of the problem by s imple statics, a 

flag is set and control returns t o the input-output program. 

If the "error" is caused by a redundant support system 1 

other methods of analysis may be available whereas there 

is no solution for an "unstable " pr oblem. 

The definition of s tabi l ity which is considered here 

is more restrictive t han t he question of stable equili~ 

brium usually encount ered i n basic statics courses. Here 

is meant, not the cr iterion of energy change with small 
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perturbations, but the geometrical stability of infinitely 

strong members. As expressed by Kinney, 1 

A stable structure will support any conceivable 
system of applied loads, resist ing these loads 
elastically and immediately upon their applica= 
tion the strength of all members and the capacity 
of all supports being considered infinite. 

Consider the two links supporting a weight shown in 

Fig. lo 

a 

Fig. 1. Support links before and after displacement. 

In Figo la, with the links horizontal~ there is no 

vertical component of the tension in the bars to support Wo 

Even with infinitely strong foundations and members, the 

geometrical arrangement precludes a verti cal component un­

til some downward displacement of W has occurred (Fig. lb). 

The methods of strength of materials are required to find 

the equilibrium position of the structure . Since W is not 

resisted "immediately upon its application," this arrange-

ment fails the test for stabilityo 

Both a structure and its support system must be 

stable. The problem which is examined here is limited 

to that of the external stability of a structureo The 

1J. Sterling Kinney, Indeterminate Structural Analysis, 
p. 20, 1957. 
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structure itself is considered to be a rigid body so that 

only the system of supporting l inks is of concern. No 

loads are imposed during the stability analysis since 

equilibrium is not involved . 

However, in some cases f orces such as gravity must be 

considered in order to have a s tructure which meets this 

restricted definition of stability. This is a familiar 

assumption in basic statics where, for example, the gravity 

force provides a reaction against upward motion of a roller 

nest. It is up to the user of this program to decide 

whether a "gravitational" restraint i s s ufficient or whether 

a positive restraint is needed. 

The user must first idealize his structure so that the 

subroutine can operate on i t . Appendix A, which shows the 

linkage diagrams of some common s uppor ts, may be helpful in 

this regard. However , it i s at this point that engineering 

judgment is required. Needless t o say , if the proper equi­

valent support system is not employed , no reliance can be 

placed on any answers whi ch are produced . 

Fig. 2 shows the decis i ons whi ch are made by the sub­

routine. The titles within the blocks indicate the basic 

sections of the subroutine . These titles are roughly indica­

tive of the purpose of the se ctions though more information 

is usually produced than the title would lead one to believe. 

For input the subroutine requires the direction cosines 

of the support linkages, the coordinates of the points of 

application of the links and the number of links. Appendix H 
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Figo 2 Simplified Flow Chart 

Points of a lication of links coincident? 
No Yes Unstable 

Points of a lication on a line? <3 Unstable 
No Yes 3 links? >3 Redundant 

Points of a lication co lanar? 
No Yes 

Links in same lane? 
No Yes 

6 links? 

Unstable 
3 links? >3 Redundant 

Yes 

Unstable 

arallel? 
Yes Unstable 

Unstable 

of 6 links arallel? 
No Yes Unstable 

Yes 

Links 
Yes 

arallel? 
Yes 
Unstable 

Lines of action of links intersect? 
No Yes Unstable 

Structure is satisfactor 
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shows how the input must be arranged to be read in by the 

input-output programs of Appendix C. The output consists 

of the two flag arrays~ KPROB and NOSOL. 

The subroutine first considers the points of appli= 

cation of the supporting links . If these points are along 

a line, the question of whe t her it is a two- or three­

dimensional problem depends on the orientation of the links. 

If the points are in a plane~ t he links must all be in that 

same plane for a two - dimensional problem to be involved. If 

the points are randomly located in space~ only a three= 

dimensional problem can be involved . The two-dimensional 

problem requires three linkages fo r stability; the three~ 

dimensional problem~ six . If t here are fewer linkages~ an 

"unstable 11 error print-out i s made; if more, an nindeter~ 

minate 11 one is made. 

When it has been determi ned t hat t he correct number of 

support linkages is involved~ the orientation of the links 

is considered. The following re str ictions apply to the 

three-dimensional case : 

l. All the links may not be parallel. 
2. They may not lie in parallel planes. 
J. The axes of the links may not intersect one 

straight line s i nce l imited rotation would 
be pos s ible about that line. 

4. The axes of the links may not intersect in a 
point or limit ed rotation is possible about 
that point. 

5. Four of t he six l inks may not be parallel or 
interse ct in any one point for~ in these cases, 
a straight l ine can be found through the point 
(or infinity) whi ch i ntersects the axes of the 
two r emai ni ng links and restriction J. is violated. 

In the t wo- dimensional case only restrictions 1. and 

4. apply . 
5 



Where the links are all parallel to a gi ven l ine, 

limited motion is possible in a direction perpendi cul ar 

to this line. 

In Fig. 3, where the pairs of links are in parallel 

Fig. J. Arrangement with links in parallel planes. 

planes, some motion is possible in a direct i on perpen= 

dicular to these planes before a restoring component i s 

developedo In Fig. 4 some rotation about the intersection 

7 

~ 

Fig. 4. Arrangement with intersecting lines of action 
of linkso 

of the lines of action of the links is ne cessary before 

a restoring couple is developed. 

The following section and the appendi ce s des cr i be 

the TTS TADET 11 subroutine, its auxiliary subrouti nes and 
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the Input ~Output Programs which were used to test 11 STADET 11
• 

Fortran language was used f or all the programso The testing 

was done on a Control Dat a Corporation 1604 digital computero 
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2. Method. 

Subtitles indicate the sections of the flow chart~; 

(Figs. 5 through 9) and the nsTADET'' list (Appendix J) 

under discussion. Circled numbers on the flow charts are 

used for two purposes. The first is to facilitate the 

comparison with the list of Appendix J; the second is to 

indicate a transfer to another section of the program 

when the use of a line to show the path would be cumber­

some. 

The subroutine only operates up to the detection of 

the first error. The appropriate flag is then set and a 

return is made to the Input-Output Program. 

a. COPLANARl 

This section of the subroutine generates the 

position vectors which give the locations of the points 

of application of the links. It checks to see whether 

these points are coincident, lie on a line, are in a plane 

or are randomly located in space. In the case where the 

points of application are in a plane, this section of the 

program checks to see if the links are in the same plane 

and so determines whether a planar problem is involvede 

After deciding whether a two- or three-dimensional 

problem is involved, this section counts the number of links 

to find out if the number is sufficient for stability. 

The computer operates with a binary approximation to 

a decimal number when it is used in the floating point 

mode. Each calculation is approximate and round-off errors 



Fig. 5 Flow Chart of COPLANARl 

NO 

Note: I i, j I k 

Note: At least one P must be non-zero 
or STADET wili not operate. 



can accumulate o For this reason the ''zero'' which must be 

used in the program is not the mat hematical zero but an 

allowable toleranceQ The first port i on of this s ection 

examines the coordinates of the points of application and 

determines the value of " zeron to be us ed throughout 

"STADET". Appendix 1 discusses the met hod . 

Vectors are generated between t he fi r st point of 

application and the other points . These vectors are ex­

amined to find the first non-zero one. If none of t hem 

is non-zero, there is only one point of suppor t, the st r uc­

ture is unstable, and a return is made to the Input-Output 

Program. 

If a non~zero vector is found, t he s ubroutine dete r ­

mines whether it is the last one or not. If it i s not 

the last, the other vectors are examined to find whether 

any others are non-zero . If the firs t non- ze r o vector is 

the last of the array of position vec t ors , or if all after 

the first are zero, the points of application of the links 

lie on one line. 

Having determined that the points of application are 

on a line, the subroutine considers t he number of links. 

A three-dimensional linkage system is unstable because the 

links intersect a line and only a planar problem has a 

unique solution. Therefore, if ther e are mqre than three 

links, the system is redundant . If there are less than 

three links, the system is uns t ab leo If the number of 

links is not satisfactory, the appropriate flag is set. 
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Where a second non~zero vector, £2 , is found, its 

cross product with the first~ ,E1 , is formed. The cross 

product vector, ! 1 , is examined to find out if it is zero. 

If it is zero, £1 and £2 are parallelv Since ~l and £2 

have the same initial point, this mades them coincident 

and indicates that the firs t three points of application 

are on a line e The subroutine then checks to see if all 

of the position vectors have been examined. If they have 

not all been examined, the search for another non~zero 

vector continues. If they all have been examined and all 

of the points of appli cation are found to lie on one line, 

an investigation of the number of supporting links is made, 

as aboveo 

If a cross product vector, as found above, is not 

zero, a check is made of the number of supporting links. 

If there are only three links, there are only two position 

vectors which (since they are not parallel) determine a 

plane. If there are more than three links, there are more 

than the two vectors that were crossed to fo-rm ~1 .- To 

check whether the points of application are in a plane, 

it is ne cessary t o dot these other vectors with ! 1 . The 

dot product, x
1

, a scalar, is compared with zero. If all 

the dot products are zero, the points of application lie 

in one plane o 

With the points of application of the links in a plane 

a stable sys tem is possible with either a two- or three­

dimensional linkage system. If all the links lie in the 

ll 



plane that contains the points of application of the links~ 

the problem is one in two dimens ionsQ To check for a two= 

dimensional problem, the vectors made up of the d1rection 

cosines of the links are dotted with !
1 

and the dot products 

are compared with zeroo Si nce the link cosine vectors have 

one point in the point-of~application plane 1 a zero dot 

product indi cates that the vector lies entirely in that 

plane. If a planar problem is what is involved, i.e., all 

the dot products are zero, the proper number of links is 

checked for, as before. 

When the points of application are not in a plane or 

when the links are not in the point~of=application plane, 

a three-dimensional problem is involved and six links are 

required for s t ability. Suitable error flags are set if 

there are not six supports. 

At this point it has been determi ned whether a two~ 

or three-dimensional problem is involved and that the 

correct number of supporting links i s involved for the 

type of problem. Next, instabili ty due to incorrect 

orientation of the links is investigated. 

bo PARALLELl 

This section checks to see if the supporting 

links are parallel or lie i n parallel planes. The first 

link cosine vector is crossed with each of the succeeding 

ones and the resulting cross product vectors are compared 

with zero. If all of t he cross products are zero, all of 

the links are parallel. 

12 



Fig o 6 Flow Chart for PAHALLELl 

NOSOL(2)=1 

NO 

NOSOL(6)=1 

NO 

GO TO PARALLEL2 
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The second portion of this section is concerned with 

discovering whether a situation similar to the one shown 

in Fig. 3 exis t s or nat o In t he above test a non-zero 

cross product will result if two of the links are not 

parallelo (If the situation is like that of Fig, 3, the 

cross product vector is in the direction of motion of the 

rigid bodyo) If all of the links are perpendicular to 

this cross product vector? the case is indeed similar to 

that of Figo 3~ This sect ion checks whether the links 

are perpendicular by dotting each of the link cosine 

vectors with the cross product vectors and comparing the 

resultant scalar with zero. I f all of the dot products 

are zero, all of the link cosine vectors are in parallel 

planeso If all are in parallel planes~ the appropriate 

flag is set; if not ? the program goes on to the next 

sectiono 

Co PARALLEL2 

Even though all of the links are not parallel, 

the supporting linkage system is unstable, by criterion 

J., if four of the six links are parallel. Therefore~ 

a separate check is made for this possibility. The cross 

product test is used along with a counting system. If the 

linkage system passes this test, the remaining check for a 

three-dimensional system is done by CONCURRENTl. 

d. PLANARl 

This section of the subroutine checks the three~ 

link cases to se e if the links are in a plane and if the 

14 



Fig o 7 Flow Chart for PARALLEL2 

COUNT 1 

NO 
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Fig o 8 Flow Chart of PLANARl 

Note~ All three B's parallel 

GO TO CONCURRENTl 
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links are parallel. In Fig o 2 t here ar e two paths from 

COPLANARl to PLANARlo The f i rs t of thes~ t hree-link cases 

has the point s of appli cat i on on a line. In the other 

case the points of appli cat ion are in a plane and it i s 

known that the links are in t he s ame pl ane. For this 

second case t here i s some duplication of testingQ but 

the extra operating time i s negligi ble and t here was some 

convenience in programming t his way . 

This sect ion crosses the f i rst link cos1ne vector 

with the second o If the cross product is zero, the firs t 

is crossed with the third l i nk cosi ne vector o If this 

cross product is also zero 9 the three links are parallel 

and the structure is unst able. If the s econd cr oss product 

is not zero, it is dot t ed with t he s econd link cosine 

vectoro If the dot product is zero, all t hree link co s ine 

vectors are in the same plane, a s t able pl ana r problem is 

possible and the program goes to CONCURRENT! . If the dot 

product is not zero, the t hree l inks are not co pl anar and 

the system is unstable. 

When the first cross product is not zer o, it is dotted 

with the third link cosine vec t or and the dot product is 

compared with zero. If t he dot product is not zero , the 

system is unst able , as above. I f t he dot pro duct is zero ~ 

the program goes to CONCURRENTl. 

e. CONCURRENTl 

The remaining check i s to find if the lines of 

action of the l inks interse ct at a point. In order to 

17 



Fig . 9 Flow Chart of CONCURRENTl 

PLANES 

SOLVE 
TRIAD 
SUBSET 

18 

YES 

The two lines 
are parallel. 



be able to operate mathematicallyj it is necessary to 

convert the link cosine vectors to lines in space. The 

line form which was chosen was that of the intersection 

of two planes e (See Appendix G for di s cussion of sub­

routine PLANE. ) 

All of the planes are determined and the coefficients 

are stored in the array PLA. The equations in PLA are 

examined four at a time but with an overlap, i.e., equations 

one through four are examined first, then equations three 

through six; and, if a six-link problem whi ch gi ves 12 

equations is involved, the process continues until all 

12 have been examined. 

The three-link system must have at least one inter­

section or the links would all be parallel, a possibility 

which has previously been eliminated. In a s ix-link 

problem at least four of the lines of a ction of the links 

must intersect to make the linkage sys tem uns t able . There­

fore, the system of examining pairs of lines whose equat ions 

are adjacent in the array PLA must find the i nvalidat ing 

intersection and a more complicated checking system is not 

required a 

The coefficients of four equat ions are treated as 

though they were the coefficients of f our simultaneous 

equations in four unknownsG They undergo the matrix 

singularity test of REACl (See Appendix F)o If the de­

terndnant of the matrix is not zero , th6 set of equations 

is consistent and the first two lines do not intersect. 
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If the next overlapping set of four is also consistent~ 

three lines do not intersect and the link support system 

is satisfactory, This would complete the checks by 11 STADETn. 

On the other hand, if the determinant is zeroj th8 set 

of equations is dependent or inconsistent and the two lines 

intersect or are parallel. If the lines intersect, the 

point of intersection can be found by solving three of the 

equations simultaneously. If the lines are parallel, the 

four combinations of these four equations, taken three at~ 

a time, are all inconsistent. No account is taken of this 

parallelism since it is already knovm that less than four 

links are parallel o The next overlapping set of four equa= 

tions is then consideredQ 

When an intersection is found, the coordinates are 

substituted into the equations of all the planes. The 

number of equations which are satisfied is counted~ In 

the case of a planar problem, if six are satisfied, all 

the lines of action intersect and the linkage system is 

unstable . In the three-dimensional case, if eight or 

more are satisfied~ the linkage system is unstable. Where 

instability exists, the appropriate flag is set. 

This completes the checks made by "STADET''. The 

rigid body is supported by a system of links whose re­

actions can be determined by simple statics or the appro~ 

priate flag has been set in NOSOL. 

The one remaining possible error, that of not having 

the load in the correct plane for a planar problem~ is not 

20 



strictly of concern in de ciding whet-he r the system of 

links is stable and determinateo The check for this 

error is discussed in Appendix C, I nput=Output Programs. 

21 



3. Testing of Program. 

In order t o devis e a logical sys tem of tests the sim-

plifi.ed flow chart of Fig . 2 was us ed" This shows the 

questions that the various sections of the subroutine 

answero In all, there are 25 distinct paths tha t can be 

followed. Only four of these paths lead to a satisfactory 

problem~ ioeo~ one whi ch can be solved by simple statics. 

Figo 10 lists the types of problems which were solved., Th€! 

complete print=outs of the solved problems are collected 

in Appendix K. 

Problems 26 through 29 are t he complements of the 

satisfactory problems of t he first 25. The "bar reactions" 

output of TESTlA was used as the nallowable bar l oadsn of 

TESTlB. The output of TESTlB ~ the nallowable loctd torsort.ttr 

should be , and is, the "resultant torsor 1
' of TESTlA. 

In problems 11 and 17~ where there are more than six 

links~ the storage process is such that the last link is 

stored on top of the first. This results in a nonsense 

print-out of the structure data " In problem 11, for ex-

ample~ the first link has two direction cosines of one~ 

In the use of TESTlA to solve a pl anar problem it 

is necessary to consider the possi bility of having an 

invalid problem becaus e t he load is not in the same plane 

as the structureg Since this possibility is caused by an 

*Torsor -- A coined word (combinat1on of torque and 
tensor) used to indicate a generalized r esultant whi ch 
is composed of a couple and a force. 
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FigG 10. List of Problems 
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1 X Points are conc:urrent 
2 X X Less than three links (supports) 
3 X X More than three links 
4 X X Links are parallel 
5 X X Links are not in one plane 
6 X X Lines of action of links intersect 
7 X X More than three links 
$ X X Links are parallel 
9 X X Lines of action of links intersect 

10 X X Less than six links 
11 X X More than s i x links 
12 X X Links are para_llel 
13 X X Links are in parallel planes 
14 X X Four of six links are parallel 
15 X X Lines of action of links intersect 
16 X Less than six links 
17 X More than six links 
18 X Links are parallel 
19 X Links are in parallel planes 
20 X Four of six links are parallel 
21 X Lines of action of links i ntersect 
22a X X 
22b X X Resultant force not in plane of 

structure 
2Ja X X 
23b X X Resultant force not in plane of 

structure 
23c X X Resultant force not exactly in 

plane of structure 
24 X X 

25 X 

26 X X 
27 X X Oblique plane problem 
28 X X Stable s patial problem 
29 X Stable spatial problem 
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error on the part of the one setting up the problem and 

is not strictly a factor in the stability of the structure~ 

testing f or t his possibility was made part of the Input= 

Output Programe The testing of a planar problem therefore 

requires one step beyond 0 STADETn~ The subcases of prob­

lems 22 and 23 show the results of such tests. 

It was not possible to get an accurate estimat~ of 

t he time required to s olve a problem. It takes roughly 

one second to solve an unsatisfactory problem and about 

t wice as long t.o solve a satisfactory oneo This differ~ 

ence is not in the computation time but in the time re­

quired to write the output on the magnetic tap~e. In fact~ 

when a series of problems is being solved~ only a slight 

pause can be detected between the end of writing one 

answer and the beginning of the output for the next. To 

these computing and writing times must be added the time 

t o compile the programo This is about 75 seconds for 

TESTlA and about ~5 se conds for TESTlBo 
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4 o Conclusiono 

When this project was undertaken~ it was und,er·stood 

that this subrout ine woul d eventually be used as part of 

a much more ambitious program o The ob jective of providing 

a routine which decides whether the structure ma.y be 

analyzed by t he methods of simple statics has been ach1eved. 

For the purposes of t hi s rou~ine a decis1on was made 

to have storage for only six equivalent links~ the maximum 

number compat ible with a solution obtainable from stat~c.s" 

This is the only restriction which must be removed in 

future~ expanded usev The arrays KPROB (kind of problem) 

and NOSOL (no solut i on ) were set up to be used as keys to 

select t he proper methods of atta ck o If NOSOL14) is set 

t o onej a redundant structur e is involved and more power= 

ful methods must be used to effect a solution. KPROB 

indicates whet her t he simplification of a planar problem 

is valido 

While i t i s probable t hat a bona fide planar problem 

would be set up i n one of t he coordinate planes, it might 

be advisable t o provi de a subroutine to transform the 

coordinate syst 6m so t hat an oblique plane problem is 

t ransferred to a coordinate planeo It may or may not be 

desirable t o t ransform t he results back to the original 

coordinate systemo 

The next st ep in t he generalized analysis of structures 

by digital comput ers could be along one of several pathso 

Since t his subroutine is concerned with only the ext~rnal 
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stabi lity of t he structure ~ a subroutine to examine the 

internal s tabi l ity needs to be written. Th~ simplifica= 

t ion of consi dering only s pace frame s might yield a good 

first approximat ion a 

Another path would be to either use a code or have 

an examini ng t ype of subroutine to decide t he t ype of 

problem and then jump to one of a set of subroutines 

designed t o s ol ve a gi ven class of problems. 

It i s f el t that thi s is one small step in removing 

some of the drudgery from engi neering design. 
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APPENDIX A 

Linkage Diagrams of Common Supports 

A link is a member capable of supporting only an 

axial forceo It has spherical hinges at both ends so 

that it cannot transmit any moments . In t he drawings 

below the link is shown t hus: " , where the dot indi~ 

cates the hinge at the point of application . The other 

end of the link i s to be understood to have a hinge which) 

in turn , is attached to a frame of reference. 

As discussed in Section 1, Introduction, some of 

these supports are no t the equivalent of a complete link. 

In these cases it is the userTs responsibility to either 

modify the support or to make sure tha t the reaction is 

in the allowed direction. 

Smooth plane support 

r 
PLANE 

Flexible cord 

CORD GROUND 
PLANE 

·---~-/ 

Because friction is neglected, 
a linkage system which only 
opposes vertical motion is 
obtained. The link shown may 
only have a compressive reaction. 

The reaction is along the cord. 
Only a tensile reaction is 
allowable. 
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Ball and socket 

Built~in support 

,.:;.----.r BODY __i.j£ BODY 

~0 
GROUND /j 

PLANE 

A ball and socket is the 
equivalent of three links 
acting a t a point. 

A built ~in support i s t he 
equivalent of six links. 
The transparent body is 
shown supported by one of 
many stable and determinat e 
arrangements of six links o 
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APPENDIX B 

Mathematical Tests 

The examination of the system of supporting links i s 

accomplished by the application of a fe w simple mathemati= 

cal tests t o the vectors which are part of or are gener ated 

from the input dat a . 

Ao The do t or inner product of two vectors A and ~~ 

neither of whi ch is zero, is zero if and only if A and B 

are perpendicular . 

A • B = I! I I~~ co s ex where a = included angle 

subscri pt s indicat e x, 
y, z components of A 
and B -

B. The cross or outer product of two vectors A and 

~~ neither of which is zero, is zero if and only if A and 

B are parallel or collinear. 

A x B = l!l 1~1 sin a ~ 

A X B 

where u is a unit vector per= 
p endicular to both A and 
B and with them fo rming 
a r i ght =handed set 

i, j and ~ are unit, ort?= 
agonal base vectors in tne 
x, y, z directions, re= 
spectively 

C. The question of whether of not lines intersect is 

solved by examining the equations of the planes determining 

the l i nes . If a set of four equations determining a pair 

of lines is inconsistent or dependent, the lines are parallel 

or intersecto The nmatrix singul arity testn of REACl (see 

Appendix F) is used to find if the equations are dependent 
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or incons i stent . 

If the lines i nt ersec t, t he point of i ntersection 

can be found by solving three of the four equat ions s imul­

taneously o 
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APPENDIX C 

Input~Output Programs 

These control programs provide for reading in data, 

operating the required subroutines and printing results. 

In both cases the first step is reading in the data on 

the equivalent linkagese Then nsTADET" is called and the 

stability and determinateness of the support system is 

examined" The rest of the data for that problem is then 

read in regardless of the results of 11 STADET". The 

intermediate operations of the two programs will be con= 

sidered separatelye 

TESTlA 

If the structure is stable and determinate) the re= 

sultant of the forces and couples acting on the structure 

i s calculated. This establishes the B vector in the matrix 

equation, Ax = B. The A matrix, that array which, when 

us ed to premultiply the link reaction vector, x, g ives B, 

is found next" If there are six links, A is six by six; 

t he six equations represented are independent and the values 

of the link reactions are found by subroutine REAC19 

In the case of a planar problem, nsTADETH has examined 

t he structure and found it satisfactory , but it remains to 

be seen whether the load is applied in the correct plane. 

Therefore, checks are made to see that the resultant force 

vector is in the plane of the structure and that the re~ 
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sultant couple vector is perpendicular to t hat pl ane" 

If there are only three links~ A is six by three; 

only three independent equations exist among the six, 

and it is necessary to solve various sets of three equa= 

tions until a consistent set is found (See Appendix F~ 

REACl). When a consistent set is found ~ the results are 

printed out as discussed below. 

TESTlB 

If the structure is stable and determinate~ the A 

matrix is calculatedo The allowable loads in t he various 

links are knowns in this problem. Therefore~ the x vector 

is multiplied by A giving the allowable load on the s truc= 

tureo In this case there is no question about the plane 

of the resultant load as in TESTlAo 

Output 

In both programs the intermediate calculations are 

suppressed if the structure is not s table and determinateo 

The printout then consists of the input structure~ a 

description of the problem type and the error. If the 

structure is satisfactory~ the input for the intermediate 

calculations and their results are printed. Slnce the 

case of coincident support points would be an unusual 

blunder, a special error printout was not used. Since 

nsTADETtt is not really operated in this case~ the print~ 

outs are : 
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NOT A PLANAR PROBLEM and 

STRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS 
INTERSECT A LINE 

(See problem 1.) 

Both programs reset conditions so as to solve the 

next problem and then continue until all solutions have 

been made. (See Appendix H for problem format. ) 
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PROGR~M TEST1A 

DIMENSION VB(6,3) ,8(6,3J,FORCE(l00,3J,COR0(1CC,3),COUPL(50,3), 
1 KPR CO ( 5) , NOSO L ( 6) , R F 0 R ( 3) , RCOP L ( 3) , BR EAC ( 6), C OMX ( 6, 7) , P S t 6, 7), 

2AR(3) ,RR(3J,CRCSS(3) ,VP(5,3J,POINT(3,4),PLA (12,4J,PL(4),PM(4) 

COMMON VB,B,FCRCE,CORD,COUPL,NFO,NCO,NBAR,KPROB,NOSOL,RFOR,RCOPL, 

lBREAC,COMX,VP 

5 FORMATCISJ 

1 0 F 0 R r~ A T ( I 3 , I 2 ) 

19 FORMATC3F10.8,3F14.7) 

20 FOR~AT(6F12.6) 

30 FORMAT(3F14.7) 

90 FORMAT{/////) 
'u.> 
\n 400FORfJA T (SOH 

///) 

101 FORMATCSX, 48HEXAMINE THE ST~BILITY OF THE FCLLCWING STRUCTURE//) 

1110FORMAT(11X,25HOIRECTION COSINES OF BARS,21X, 

121HPOINTS OF APPLICATION) 

121 FORMAT C8X,1HL,12X,1HM,12X,1HN,13X,1HX,16X,1HY,16X,1HZ) 

129 FORMAT(3(2X,F11.7),3(3X,F14.7)) 

91 FOR~AT(//) 

51COFORMAT(5X, 61HSTRUCTURE UNST~BLE LINES OF ACTION OF S~PPORTS ARE C 

lONCURRENTJ 



VJ 
()"\ 

5100FORMATC5X, 61HST~UCTURE UNSTABLE LINES OF ACTION OF SUPPORTS ARE C 

10NCURRENT) 

5110FORMAT(5X,59HSTR~CTURE UNSTABLE LINES OF ACTION OF SUPPORTS ARE PA 

1RALLEL) 

512 FORMAT(5X,50HSTRUCTURE UNSTABLE INSUFFICIENT NUMBER OF SUPPORTS) 

513 FORMAT(5X,49HSTRJCTURE INDETERMINATE EXCESS NUMBER OF SUPPORTS) 

5140FORMAT(5X,63HSTRJCTURE UNSTABLE LINES OF ACTION OF SUPPORTS INTERS 

1ECT A LINE) 

515 FORMAT(5X,27HREACTION MATRIX IS SINGULAR) 

516 FORMAT(5X,28HSUPPORT POINTS ARE ON A LINE) 

517 FORMAT(5X,29HSUPPORT POINTS ARE IN A PLANE) 

518 

519 

521 

522 

100 

11 0 

120 

130 

115 

125 

135 

FORMAT(5X,l4HPLA~AR PROBLEM) 

FORMAT(5X,43HRESJLTANT LOAD IS NOT IN PLANE OF STRUCTURE) 

FORMAT(5X,20HNOT A PLANAR PROBLEM) 

FORMAT(5X,51HSTRUCTURE UNSTABLE SUPPORTS ARE IN PARALLEL PLANES) 

FORMATC5X, 48HFI~D THE RESULTANT TORSOR OF THE FOLLOWING LOADS//) 

FORMAT(21X,6HFORCES,38X,10HAPPLIED AT) 

FORli.AT (8X,2HFX,13X,2HFY, 13X,2HFZ, 14X,1HX, 14X, 1HY, 14X, 1HZ) 

FORM~T(6{3X,F12.5)) 

FORMAT{24X,7HCOUPLES) 

FORMAT(10X 1 2HMX,15X,2HMY,15X,2HMZ) 

FORMAT{3(3X,F14.7)) 



51 FORMAT(5X,24HTHE RESULTANT TORSOR IS,//) 

50 FORMAT(SX,SHF = (, F14.7,7H) I + C,F14.7,7H) J + (,F14.7,3H) K) 

55 FORMAT(SX,SHM = (, F14.7,7H) I + (,F14.7,7H) J + C,F14.7,3H) K) 

134 FORMAT(5X,21HTHE BAR REACTIONS ARE) 

133 FORMAT(5X,6F14.7) 

136 FORMAT(1H1) 

NP=O 

READ S,NPROB 

520 READ 40 

READ 5, NBAR 

READ 19, ((VBCI,J),J=1,3),(B(I,JJ),JJ=1,3),1=1,NOAR) 

CALL STAOET 

w READ 10,NFO,NCO 
--.J 

IFCNFO) 590,600,590 

590 CONTINUE 

READ 20, ((FORCE( I,J),J=1,3),CCORDCI,JJ),JJ=1,3),1=1,NF0) 

600 CONTINUE 

IFCNCO) 610,620,610 

610 CONTINUE 

READ 30, ( C COUPL ( I, J), J= 1, 3) , I= 1, NCO) 

620 CONTINUE 

DO 1 I = 1 , 6 

NO= NOSOL(I)+1 

GO TO C 1 , 2 ) , N 0 



1 CONTINUE 

CALL RESl 

DO 200 I = 1,3 

DO 200 J = 1,NBAR 

200 COMX(I,JJ = VB(J,I) 

DO 2 0 1 I = 1 , NB A R 

COMX(4,I) = -VB(l,2)*B(I,3)+VB(I,3)*8(1,2) 

CDMX(S,I) = -VB(I,3)•B(1,1)+VB(I,1)*8(I,3) 

201 C0:-1X(6,I) = -VB(I,1)-ttB(l,2)+VB(I,2)•B(I,1) 

SUM = 0. 

DO 202 I = 1,3 

SUM = SU M + ~FOR( I l 

w 202 COMX(l,NBAR+1) = RFOR(l) 
():). 

SUM2 = 0. 

DO 203 I = 4,6 

SUM2 = SUM2 + RCDPL(I-3) 

203 COMX(I,NBAR+1) = RCOPL(l-3) 

IF (SUM-SUM2) 613,613,614 

614 ZR = (SUM/3.)-tt1.E-10 

GO TO 615 

6 1 3 l R = ( S U f~ 2 I 3 • ) * 1 • E- 1 0 

615 CONTINUE 

IF (KPROB(4)) 302,301,302 

301 NUNC = 6 

. . ~~ 



\..V 
\..() 

CALL REAC1(COMX,BREAC,NUNC,ZR,KPROBC3)) 

GO TO 2 

302 CONTINUE 

EP = • 00000001 

IF {NFO) 609,604,609 

609 00 601 I = 1,3 

AR ( I ) = VB ( 1 , I ) 

601 BR ( I ) = VB(2,I) 

CALL CROST (AR,BR,CROSSJ 

SUM = O. 

DO 602 I = 1 t 3 

6 0 2 S U r~ = S U M + R F 0 R ( I ) * R F 0 R ( I ) 

DEN = SQRTFCSUM) 

DO 603 I = 1,3 

603 AR(I) = RFOR( I )/DEN 

c = o. 
00 606 I = 1,3 

606 C = C + CROSS(l)*AR(I) 

IF (ABSF(CJ-EP) 604,604,605 

605 KPROB(5) = 1 

GO TO 2 

604 CONTINUE 

IF (NCO) 612,611,612 

612 SUM = O. 



+-
0 

DO 60 7 I = 1, 3 

607 SUM= SUX + RCOPL(I)*RCOPL(l) 

DEN = SQR TF ( SUr-1) 

DO 608 I = 1,3 

608 AR(I) = RCOPL(l)/OEN 

CALL CROST (AR,CROSS,BR) 

IF ( ( A B SF ( B R ( 1 ) ) +A B SF ( B R ( 2 ) ) +A B SF ( B R ( 3 ) ) ) - E P ) 6 1 1 , 6 1 1 , 6 0 5 

611 CONTINUE 

I 1 = 1 

J1=2 

K1=3 

NU ~ C =3 

303 DO 304 I = 1 '4 
PS(1,I) = C Dr'. X ( I1 , I ) 

PS(2,I) = COM X ( J 1 , I ) 

304 PS(3, I) = C 0 ~1 X ( K 1 , I ) 

CALL REACl(PS,BREAC,NUNC,ZR,KM) 

IF (KtJ) 306,2,30~ 

306 IF (Kl-6) 308,309,309 

308 K 1 = K1+1 

GO TO 303 

309 IF (Jl-5) 310,311,311 

310 Jl=J1+1 

K1 = J1+1 



GO TO 303 

3 11 IF CI1-4) 

312 11 = 11 + 1 

J1 =I 1 + 1 

K1 = J1+1 

GO TO 303 

313 KPROIJ(3) 

2 CONTI ~~UE 

PRINT 90 

PRINT 40 

PRINT 101 

PRINT 111 

t PRINT 121 

312,313,313 

= 

PRINT 12 9, ( ( V 8 ( 1 , J) , J = 1 , 3 ) , ( B ( I , J J) , J J = 1 , 3) , I= 1 , NO AR ) 

PRINT 91 

IF (KPROB(1}) 157,158,157 

157 PRINT 516 

1 58 IF (KPR0£5(2)) 1 59 ' 1 6 5' 15 9 

159 PRINT 517 

165 IF(KPROB(3)) 161,162,161 

161 PRINT 515 

162 IF CKPR08(4)) 1 63 ' 1 6 8 ' 1 6 3 

163 PRINT 518 

GO TO 164 

. 
' 



168 PRINT 521 

164 IFCKP R08 (5)) 167,166,167 

167 PRINT 91 

PRINT 519 

GO TO 320 

166 CONTINUE 

PRINT 91 

I1=0 

DO 102 I = 1' 6 
11 = I 1 + 1 

IF CNOSOLCI)) 112,102,112 

102 CONTI~UE 

+- GO TO 321 
N 

112 GO TO (500,501,5J2,503,504,505),11 

500 PRINT 510 

PRINT 91 

GO TO 320 

501 PRINT 511 

PRINT 91 

GO TO 320 

502 PRINT 512 

PRINT 91 

GO TO 320 

503 PRINT 513 



+-w 

PRINT 91 

GO TO 320 

504 PRINT 514 

PRINT 91 

GO TO 320 

505 PRINT 522 

PRINT 91 

GO TO 320 

321 CONTINUE 

PRINT 100 

IF (NFC) 316,317,316 

3 1 6 C 0 f'lT I f\ U E 

PRINT 110 

PRINT 120 

PRINT 1 3 0 , ( ( F 0 RC E ( I , J l , J = 1 , 3 J , ( C 0 R 0 ( I , J J J , J J = 1 , 3 l, I = 1 , N F 0 l 

PRINT 91 

DO 560 I=l,NFO 

DO 560 J=1,3 

FORCE(I,Jl=O. 

560 CORD(l,J)=O. 

317 CONTINUE 

IF (NCO) 314,315,314 

314 CONTINUE 

PRINT 115 



PRINT 125 

PRINT 1 3 5, ( ( C OU PL ( I , J J J) , JJ J = 1 , 3) , I= 1 , NC 0) 

PRINT 91 

DO 57 0 I= 1 , NC 0 

DO 570 J=1,3 

570 COUPLCI,J)=O. 

315 CONTINUE 

PRINT 51 

PRINT SO,CRFOR(J} ,J=1,3) 

PRINT 55,(RCOPL(J},J=1,3) 

PRINT 91 

PRINT 134 

+- PRINT 133,(8REAC(l),I=1,6l 
+-

320 CONTINUE 

PRINT 90 

DO 16 I= 1 , 5 

16 KPROB(I} = 0 

00 17 I = 1,6 

17 NOSOL(l) = 0 

DO 571 I = 1, NBAR 

DO 5 71 J = 1, 3 

BCI,J) = O. 

571 VBCI,J) = o. 
DO 572 I = 1, 6 



0 
0) 
IJ) 

0 
0) 
IJ) .. 
0 
N 
IJ) 

0 
co 

II 0 
-C) ~ 
I'() 0.. w - - z ::,) 

+ I z 
u 0.. 1- 0.. 
<: z z z ~ 0.. 
w II z 0 0 
('.(. 0.. cr: u. 0 1- z 
~ z 0.. - u V) w 

N 0 ,._ co 
IJ) IJ) 
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PROGR AM TESTl B 

DIMENSIO N VB(6,3) ,B(6,3),KPR OBl5),NOSOL(6),RFOR(3),RCOPL(3) , 

1BREACl6),COMX(6,7),AR(3},BR{3),CROSSl3),VP(5,3),P01NT(3,4) , 

2PLA (1 2 ,4),PL(4),PM(4),BFO RC EC6),PS(6,7 ) 

CO MMON VB,B, NBA R,KPR OB,NOSOL,COMX,VP,B FORCE 

5 FORMA TCI S) 

19 FORMATl3F10.8,3F14.7) 

20 FORMATC6F12.6) 

90 FORMAT(/////) 

400FORMATC80H 

1 ///) 

101 FORMAT(SX, 48HEXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE//) 

~ 1110FORMATC11X,25HDIRECTION COSINES OF BARS,21X, 
~ 

121HPOINTS OF APPLICATION) 

121 FORMAT l8X,1HL,12X,1HM,12X,1HN,13X,1HX,16X,1HY,16X,1HZ) 

129 FORMAT{3(2X,F11 . 7),3(3X,F1~.7)) 

130 FORMATCSX,19HALLOWABLE BAR LOADS//} 

131 FORMATC6F14.7) 

91 FORMAT(//) 

5100FORMATC5X, 61HSTRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS ARE C 

lONCURRENT) 

5110FORMATCSX,59HSTRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS ARE PA 

lRALLEL) 

512 FORMATlSX,SOHSTRUCTURE UNSTABLE INSUFFICIENT NUMBER OF SUPPORTS) 



+-
-..J 

513 FORMAT(SX,49HSTRUCTURE INDETERMINATE EXCESS NUMBE~ OF SUPPORTS) 

5140FORMAT(5X,63HSTRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS INTERS 

1ECT A LINE) 

515 FORMATC5X,27HREACTION MATRIX IS SINGULAR) 

516 FORMATCSX,28HSUPPORT POINTS ARE ON A LINE) 

517 FORMAT(5X,29HSUPPORT POINTS ARE IN A PLANE) 

518 FORMAT(5X,14HPLANAR PROBLEM) 

521 FORMAT(5X,20HNOT A PLANAR PROBLEM) 

522 FORMAT(5X,51HSTRUCTURE UNSTABLE SUPPORTS ARE IN PARALLEL PLANES) 

61 FORMATC5X,28HTHE ALLOWABLE LOAD TORSOR IS) 

50 FORt-1ATC5X,5HF = (, F14.7,7H) I + ( , F 14. 7, 7H) J + (,F14.7,3H) K) 

55 FORMAT(SX,SH~ = (, F14.7,7H) I + (,F14.7,7H) J + (,F14.7,3H) 

136 FORMAT(1H1) 

NP=O 

READ 5,NPROB 

520 READ 40 

READ 5, NBAR 

READ 19, ((VB(I,J),J=1,3),(B(I,JJ),JJ=1,3),I=1,NBAR) 

CALL STADEl 

READ 20, (BFORCE(I),I=1,6) 

DO 1 I = 1, 6 

NO= NOSOL(I)+1 

GO TO ( 1,2) ,NO 

1 CONTINUE 

K) 



DO 200 I = 1,3 

DO 200 J = 1,NBA~ 
200 COMX(I,J) = VB(J,I) 

DO 201 I = 1,NBAR 

COMX(4,I) = -VBCI,2)•B(I,3)+VBCI,3l•BCI,2l 

C 0 MX ( 5, I ) = -VB (I , 3) * B ( I , 1 ) +VB ( I , 1 ) * B ( I , 3) 

201 COMX(6,I) = -VBCI,l)•BC1,2)+VB(I,2)•BCI,1) 

DO 602 I = 1,3 

RFOR(I) = O. 

602 RCOPL(I) = O. 

DO 60 1 I = 1, 3 

DO 601 J = l , 6 

+- RFOR(Il = RFOR(Il+BFORCE(J}•COMXCI,J) 
ro 

601 RCOPL(I) = RCOPLCI)+BFORCE(J)•COMX(I+3,J) 

2 CONTINUE 

PRINT 90 

PRINT 40 

PRINT 101 

PRINT 111 

PRINT 121 

PR IN T 1 2 9, ( ( VB ( I , J ) , J = 1 , 3 ) , ( B ( I , J J ) , J J = 1 , 3 ) , I= 1 , NB A R ) 

PRINT 91 

IF CKPROB(l)) 157,158,157 

157 PRINT 516 



158 IF CKPROB(2)) 159,165,159 

159 PRINT 517 

165 IFCKPROBC3J) 161,162,161 

1 6 1 PRINT 515 

162 IF (KPROBC4)) 163,164,163 

1·63 PRINT 5 18 

GO TO 322 

164 PRINT 521 

322 CONTINUE 

PRINT 91 

I 1 =0 

DO 1 0 0 I = 1, 6 

+- 11 = 11+1 
' 0 IF (NO SOL C I ) ) 110,100,110 

100 CONTINUE 

GO TO 321 

110 GO TO (500,501,502,503,504,505),11 

500 PRINT 510 

GO TO 320 

501 PRINT 511 

GO TO 320 

502 PRINT 512 

GO TO 320 

503 PRINT 513 



GO TO 320 

504 PRINT 514 

GO TO 320 

505 PRINT 522 

GO TO 320 

321 CONTif\UE 

PRINT 91 

PRINT 130 

PRINT 131 , { BFORCE ( I ) , I = 1 '6) 

PRINT 91 

PRINT 61 

PRINT 50, (RFOR(J) ,J:1 ,3) 

\.11 PRINT 55, (RCOPL(J) ,J=1 ,3) 
0 

320 CONTINUE 

PRINT 91 

DO 16 I= 1, 5 

16 KPROB(I) =0 

DO 17 I = 1 , 6 

17 NOSOL(I) = 0 

DO 571 I = 1, NBAR 

DO 571 J = 1, 3 

B(I,J) = 0. 

5 71 VB ( I, J) = o. 
NP=NP+-1 



0 
ro 
U1 .. 
0 
ro 
U1 .. 
0 
N 
U1 

co 
0 

-o a:: 
l't') Q. w - z :::> 

I z 
1- Q. -z z 1- Q. - z 0 0 
~ u.. 0 1- z 
Q. - u V') UJ 

0 
ro 
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APPENDIX D 

Subroutine C.::\.OST 

The subroutine evaluates the cr oss product of two 

vectors expressed in rectangular coordinates. A Fortran 

expression is written for each term of the expansion of 

CROSS. 

i j 

CROSS - Ax Ay 

Bx By 

k 

A z 

= CROSS(l)i + CROSS(2)j + CROSS (3)~ 
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Vi 
\A) 

.. 
SUBROUTINE CROST (AR,BR,CROSSJ 

DIMENSION AR(3),8R(3),CROSS(3) 

CROSS(l) = AR(2)*BR(3)-AR(3J*BR(2) 

CROSS(2) = AR(3)*8R(l)-AR(l)•BR(3) 

CROSS(3) = AR(l)•BR(2)-AR(2J•BRC1J 

RETURN 

END 



APPENDIX E 

Subroutine RESl 

The subroutine finds the resultant of a system of 

f orces and/or couples by first adding up the rectangular 

components of either and then calcul ating the effect, if 

any, of the for ces on the result ant coupleo 

Fx = I: Fxi etcQ 
J. 

~ 
E Fxi etc .. i 

r = rx.!. + ryj + rz~ 

F = F i + F . + F k x- y.J z-

M - r x F 

= M_xi + Myj + Mz~ 

i j k 

= rx ry rz 

Fx Fy Fz 

Fxi i s the x component of Ii 

Mxi is the x component of Ni 

r is the radius vector to the 
point of application of the 
force 

rx~ ry and rz are the rectan­
gular components of £ 

F is the vector force 

Fx, Fy and Fz are the rectan= 
gular components of I 

M is the vector moment 

Mx' My and Mz are the rectan­
gular components of M 
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SUBROUTINE RES1 

DIMENSION V8(6,3) ,8(6,3) ,FORCE( 100,3) ,CORD( 100,3), COUPL(~0,3), 

1KPR03(5),NOSOL(6) ,RFOR(3),RCOPL(3),BREAC(6),COMX(6,7),PS(6,7), 

2AR(3) ,BR(3) ,CROSS (3) ,VPC5,3) ,POINT( 3,4) ,PLA ( 12,~) ,PL(4) ,PM(4) 

COMMON VB,B,FORCE,CORD,COUPL,NFO,NCO,NBAR,KPROB,NOSOL,RFOR,RCOPL, 

- 1BREAC,CO MX,VP 

DO 5 I= 1, 3 

RCOPL(I)= O. 

5 RFOR(l)=O. 

IF (NFO) 40,50,40 

40 CONTit\U E 

DO 1 0 I= 1 , 3 

' ·.n DO 1 0 J= 1 , NF 0 
\.)'l 

10 RFOR(I) = RFOR(l)+ FORCE(J,I) 

50 CONTit\UE 

IF ( NC 0) 6 0, 7 0, 6 0 

60 CO NTINUE 

DO 20 J=1,3 

DO 20 I= 1 , NCO 

20 RCOPL(J)=RCOPL(J)+COUPL(l,J) 



\J1 
0" 

70 CONTINUE 

IF ( NF 0) 80,90, 80 

80 CONTINUE 

DO 30 I=l,NFO 

RCOPLC1)=RCOPL(1)-FORCECI,2)•CORDCI,3)+FORCECI,3)•CORDCI,2) 

RCOPLC2)=RCOPLC2)-FORCECI,3)~CORDCI,l)+FORCECI,l)•CORO(I,3) 

3 0 R C 0 P L C 3 ) = RC 0 P l ( 3) - F 0 R C E ( I , 1 ) * C 0 R 0 C I , 2 ) + F 0 R C E ( I , 2 ) * C 0 R 0 C I , 1 ) 

90 CON TINUE 

RETU RN 

END 



APPENDIX F 

Subroutine REACl 

This subroutine is a modification of the GAUSS2 sub= 

routine used by C. B. Bailey2 in his program for solving 

simultaneous linear equations. Whereas Bailey was solving 

the matrix equation, Ax = B, with a maximum of 50 v~ectors 

B for each coefficient matrix A, nowhere in this program 

is more than one B vector involved with a given A. 

The routine locates the largest first co lumn coef~ 

ficient and, if necessary, exchanges the row containing 

this coefficient with the first so the largest element is 

A11 . Multiples of row one are subtracted from the other 

rows to make the column one coefficients below the fi rst 

zerog Next the column two coefficients below the first 

are examined to find the largest and rows are exchanged, 

if necessary, as before. This Gaussian elimination process 

is continued until all the elements below the main diagonal 

are zeroG 

At each reduction step, the value of the diagonal 

element is compared with zero. A very small diagonal 

element indicates ill-conditioned equations and causes 

an error output. This is the TTmatrix singularityrr test 

used in CONCURRENT!. If the matrix is non~singular ~ a 

back- solving process is used to find the unknowns . 

2c. B. Bailey, F2 UTEX LINEQN, COOP Manual, Dec.~ 1960. 
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\.n 
00. 

SUBROUTir~E REAC1CAA,X,N,FP,KER) 

0 I t-iE N S I 0 N A A ( 6 , 7 } , X ( 6 ) 

KER = 0 

DO 4 I = 1, N 

4 XCI}= 0. 

NPM = N + 

DO 34 L = 1,N 

KP ::: C 

l = o.o 
00 12 K = L,N 

IFCZ-ABSFCAA(K,L} }} 11,12,12 

11 Z = ~RSF(AA(K,L}} 
KP = K 

12 CONTINUE 

IFCL-KP) 13,20,20 

13 DO 14 J = L,NPM 

Z = AACL,J} 

AA(L,J} = AA(KP,J} 

14 AA ( KP , J } = l 

20 IFCABSFCAA(L,Ll }-FP) 50,50,30 

30 IF CL-N} 31,40,40 

31 LP1 = L+1 

00 34 K = LP1,N 

IF CAA(K,L}} 32,34,32 



32 RATIO = AACK,L)/AACL,L) 

DO 33 J = LP1,NP~ 
33 AA(K,J) = AA(K,J) - RATIO~AA(l,J) 

34 CONTINUE 

40 DO 43 I = 1 , N 

II = N + 1 - I 

s = o.o 
IF CII-N) 41,43,43 

41 IIPl = II + 1 

00 4 2 K = I I P 1 , N 

ll 2 S = S + A A ( I I , K ) * X ( K ) 

!1 3 X { I I ) -= ( A :\ { I I , f'l PM) - S ) I f'.. A [ I I , I I ) 

Vl RETUqN 
~ . 

50 KER = 1 

RETURN 

END 



APPENDIX G 

Subroutine PLANE 

Given a vector with direction cosines 1 1 m and n 

and one point, the problem is to find a pair of planes 

whose intersection is parallel to the vector and passes 

through the point. 

First, the subroutine checks to see if the vector 

is trnearly" parallel to a coordinate axis. "Nearly" is 

defined as having a direction cosine greate r than 0.8y 

i.e., lying within about 37° of the coordinate directions. 

If the vector is "nearly'' parallel to one axis ~ it is 

crossed with vectors along the perpendicular axes. 

If the vector is not nnearly 11 parallel, a check is 

made to see whether it lies within about 6° of a coordinat e 

plane, i.e., the direction cosine is less than 0.1. If 

it is close to a coordinate plane, one of the crossing 

vectors is chosen perpendicular to that plane. 

If neither of the above tests is met, the given 

vector is crossed with vectors in the x and z directions. 

There are now two cross product vectors of the form: 

!l Al + Bj + Ck 

Since these vectors are perpendicular to the planes con= 

taining the vectors which formed the cross products, the 

dot product of ! 1 and an arbitrary vector in one of the 

planes is zero. An arbitrary vector is of the form: 

(X-X 0 )i + (y-y 0 )j + (z=zo)t 
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where (x
0

, y ,z ) is the known point. The dot product has 
0 0 

t he form: 

A(X-X
0

) + B(y=y
0

) + C(z-z
0

) = 0 

This may be rearranged to: 

Ax + By + Cz = D 

where: 

The coefficients A, B, C, and D are stored in the array 

PLA. 

61 



SU RROU TI ~ E PLANE (CC,DO,PL,P~) 

0 I ME ~ J S I 0" C C ( 3) , 0 0 ( 3 ) , P l ( 4) , PM ( 4) , A A ( 3 ) , B B ( 3) 

DO 7 K = 1 ' 3 

1\A( K ) = c. 
Pl(K) = c . 

- p f·~ ( K) = o. 
7 BB(K ) = o. 

PL(4) = c. 
p ~1 ( ,, ) = c. 
DO 1 K = 1 ' 3 

lF(ABSF(CC(K ) ) -.8 ) 1 ' 1 ' 3 
COt!Tir\UE 

0' 00 1 1 K = 1 ' 3 
)\) 

I FL\BSFCCC ( K ) )- .1) 9 , 9 ,1 1 

11 CONTINUE 

5 t~A ( 1 ) = 1 • 

BB(3) = 1 • 

GO TO 4 

6 AA ( 1 ) = 1 • 

BB£2) = 1 • 

GO TO 4 

2 AA£2) = 1 • 

BB ( 3) = 1. 



0" 
'v.> 

4 CO~ T I NUE 

CALL CROST(CC,AA,PL) 

CALL CROST(CC,BB,P~) 

8 DO 10 K = 1 ' 3 

PL(4) -= PL(4} + PL(K)*DD(K) 

10 p f-1( 4 ) = p :~ ( 4) + Pt-1 ( K) *DO ( K) 

RETURN 

3 GO TO (2,5,6),K 

9 GO T 0 ( 6 , 2 , 5 ) , K 

END 



APPENDIX H 

Problem Format 

TESTlA 

Fortran Format Symbol{s) 

I5 NPROB 

Hollerith 

I5 

3Fl0o8,3Fl4.7 

I3,I2 

6Fl2.6 

3Fl4o7 

NBAR 

VB,B 

NFO,NCO 

FORCE,CORD 

COUPL 

Input data 

Total number of problems 

Problem title = up to 80 

characters 

Number of links 

Direction cosines, coordi­

nates of links 

Number of forces, couples 

Force components, points of 

application 

Couple components 

Repeats from the Hollerith title for each problem o 
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TESTlB 

Fortran Format 

I5 

Hollerith 

I5 

3FlOo8,3Fl4o7 

6Fl2.6 

Symbol(s) 

NPROB 

NEAR 

VB,B 

BFORCE 

Input Data 

Total number of problems 

Problem title = up to 80 

characters 

Number of links 

Direction cosines) coordi= 

nates of links 

Allowable link loads 

Repeats from the Hollerith title for each problem 
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KPROB = 

1 

2 

3 

4 

5 

Kind of Problem 

Support points 

Support points 

APPENDIX I 

STADET Flags 

are on a line 

are in a plane 

Reaction matrix is singular 

Planar problem (if 4 is 1) 

Not a planar problem (if 4 is 0) 

Resultant load is not in plane of 

NOSOL =No solution because: 

s t ructure 

1 Structure unstable - lines of action of s upports 

are concurrent 

2 Structure unstable - lines of action of s uppor ts 

are parallel 

3 Structure unstable - insufficient number of 

supports 

4 . Structure indeterminate ~ excess number of s upports 

5 Structure unstable - lines of action of suppor ts 

intersect a line 

6 Structure unstable ~ supports are in parallel 

planes 
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APPENDIX J 

STADET List 
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0" 
00. 

SUBROUTINE STADET 

DIMENSION VB(6,3) ,8(6,3),FORCEC100,3),CORDC100,3),COUPL(50,3), 

1KPROB(5),NOSOLC6l ,RFORC3),RCOPLC3),BREAC(6),COMX(6,7),PSC6,7), 
2AR(3),BRC3),CROSSC3),VP(5,3),POINTC3,4),PLA C12,~),PL(4),PMC4) 

COMMON VB,B,FORCE,CORD,COUPL,NFO,NCO,NBAR,KPROB,NOSOL,RFOR,RCOPL, 

1BREAC,COMX,VP 

C COPLANAR1 

4 01 

SUM = O. 

DO 401 I = 1,3 

00 401 J = 1' 3 

SU M= SUM+ BCI,J) 

EP = CSU~/9.)~l.E-6 
NBA = NBAR -1 

DO 11 I = 1 , NBA 

DO 11 J=1,3 

11 VPCI,J)=BCCI+1),J)-B(1,J) 

I = 1 

J = 0 

J 1 = 0 

23 IF CABSFCVP(I,l))+ABSFCVPCI,2))+ABSFCVPCI,3))-EP) 22,22,21 

22 1=1+1 

IF (J-NBAR 23,315,23 

21 IF CI-NBAR+1) 24,25,25 

24 K = I + 1 



0' 
~ 

26 I F ( A8S F(VP( K,l))+ AB SF(VP(K,2))+ABSF(VP(K,3))-EP) 32,32,31 

32 IF( K+l-NRAR ) 33 , 25 , 25 

33 K=K+l 

GO TO 26 

25 I F (Nf3AR-3 ) 4 1 ,4 2,43 

41 NOSOL ( 3 ) =1 

RETURN 

42 KPROB(1)=1 

KPR0 8 (4) = 

GO TO 74 

43 NO SOL(4)=1 

RET URI\ 

31 00 5 L = 1 , 3 

AR ( L) = V P ( I , L) 

5 BR(L) = VP(K,L) 

CALL CROST (AR,BR,CROSS) 

IF (ABSF(CROSSCl ) )+ABSF CCROSS(2 )) +ABSF(CROSS(3 ll -EP) 51,51,152 

51 IF (K+l-NBAR) 61,25,25 

61 K=K+1 

GO TO 26 

1 52 IFCNBAR-3)41, 156,52 

156 KPR OH(2) = 
KPR0 8 (4) = 1 

GO TO 73 



-.....) 

0 

52 J = J+l 

I F ( J- I ) 53 , 52 , 53 

53 IF (J-K)54,52,54 

54 C =CRCSS(l)*VP(J, 1)+CROSS(2)*VP(J,2)+CROSS(3)~VP(J,3) 

Jl = J1+1 

IF (ABSF(C)-EP) 62,62,81 

62 IF (J1+3-NBA~) 52,72,72 

72 KPROP.d2)=1 

I= 1 

73 C=CROSS( 1 )*VB( 1,1 )+CROSS(2)*VB( I,2)+CROSS(3)*VB( I, 3) 

IF (ABSF(C)-EP) 82,82,81 

81 IF ('JDl\R-6) 83,76,85 

85 NOSOL(4)=1 

RETURN 

83 NOSOL(3)=1 

RETURN 

82 IF(I-~GAR) 86,87,87 

86 I = I + 1 

GO TO 73 

87 IF(NBAR-3) 41,88,4) 

88 KPR08(4) = 



c PLANAR1 

74 1=2 

79 00 6 L = 1,3 

AR(L) = VB(1 , L) 

6 BR(L) = VB(I,L) 

CALL CROST (AR,B~,CROSS) 

101 IF (ABSF(CROSS(l) )+ABSF(CROSS(2))+ABSF(CROSS(3))-EP) 103,103,102 

103 IF(J-3) 104,105,105 

104 1=3 

GO TO 79 

105 NOSOL(2) = 1 

RET URI\ 

102 IF ( I-3) 106,176, 176 

106 C=CROSS(l )*VB(3,l )+CROSS(2)~VB{3,2)+CROSS(3)•VB(3,3) 

IF (ABSF(C)-EP) 77,77,41 

176 C=CROSS(l)*VB(2,1 )+CROSS(2)*VBC2,2)+CROSS(3)•VB(2,3) 

IF (ABSF(C)-EP) 77,77,41 



c PARALLELl 

76 I= 1 

1 09 I= I+ 1 

K = 0 

M = 0 

DO 7 L = 1 ' 3 
AR(L) = V£H1,Ll 

7 BR( L) = VBCI,Ll 

CALL CROST (AR,B~,CROSSl 

IFC ABSF(CROSS ( 1 ll +ABSFCCROSS(2) l+ABSF(CROSS(3) )-EP l 108,108,501 

108 IF(l-t\BAR) 109,111,111 

1 11 NOS OL ( 2 l = 1 

-...J RE TUq_N 
N 

501 c = 0. 

K = K+1 

DO 502 L = 1, 3 

C = C + CROSSCLl*VBCK,Ll 

502 CONTit\UE 

I F (ABSF(Cl-EP) 503,503,504 



l[) 

0 
l[) 

l[) ..() 

0 0 
l[) 1.() 

..() 

0 0 
1.() 1.() .. -co 
~ I'() II 
<! 

UJ co 
~ z ..0 ..0 

+ L I I L 
=~ ~ ::>::- ...J ~ 

~ 0 ~ 
II 2 V) 1-

0 u_ u.. 0 UJ 
~ u - z ~ 

I'() ..:t l[) ..() 

0 0 0 0 
l[) l[) l[) l[) 
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c PARALLEL2 

38 1=1 

J=2 

11 =0 

1 1 6 DO 8 L = 1 , 3 

AR(L) = VB(l,L) 

8 BR(L) = VB(J,L) 

CALL CROST (AK,B~,CRCSS) 

I F ( A B SF (CROSS ( 1 ) ) +A 8 SF (CROSS ( 2 ) ) +A B SF ( C R 0 S S ( 3 ) ) - EP ) 1 1 3, 113, 11 2 

113 11=11+1 

1 12 IF(J-6) 1 1 I~ , 1 l 5 , 1 1 5 

111.! J=J+1 

-....J GO TO 116 
+-

115 IF(I-5) 11 8 ,117,117 

118 I= I+ 1 

J = 1+1 

GO TO 1 16 

117 IFCI1-6) 77 '31 5 '3 15 



-....J 
V1 

C CONCURRE~Tl 

77 LL = 0 

402 LL = LL + 1 

DO 1 N = 1 , 3 

AR(N) = VB(LL,N) 

1 BR(N) = BCLL,Nl 

CALL PLANE CAR,e~,PL,PM) 

DO 316 I = 1, 4 

KO = 2*LL 

K I = K0-1 

PLA (KJ,J) = PL(I) 

3 1 t, P L A ( K C , I ) = P :~ ( I ) 

IF (LL-N BAR) 402,2,2 

2 CONTII\UE 

K 1 = 0 

K2 = 4 

204 .KL = 4 

DO 3 K = 1, 4 

DO 3 L = 1, 4 

3 CO MXCK,Ll = PLA(K+K1,L) 

CALL REAC1CCOMX,BREAC,KL 7 EP,KM) 

I F ( K fJ ) 2 0 1 , 2 02 , 2 0 1 

202 IF(K2-2•NBAR) 203,205,205 

203 K1 = K1+2 



K2 = K2+2 

GO TO 201~ 

2 OS I~E TUI't t\ 

201 CONTI !\UE 

KL = 3 

I 1 = 
I2 = 2 

13 = 3 

208 no 206 L = 1 ' 4 

PS( 1,L) = CON X ( I 1 , L ) 

PS(2,L) = COMX{I2,Ll 

PS(3,Ll = C 0 :·1 X ( I 3 , l l 

-....J 
2 0 6 C 0 N T I f\: U E 

()'\ 
CALL REACl(PS,BREAC,KL,EP,KM) 

IF { KM) 207,4,207 

207 CONTit\UE 

13 = 13+1 

IF ( I 3-4) 208' 208 '209 

209 I2 = I 2 + 1 

I3 = I2+1 

IF (1.3-4) 208,208,210 

210 I 1 = I 1 + 1 

I2 =11+1 

I 3 = I 2+ 1 



IF (13-4) 208,208,202 

4 CONTINUE 

15 = 0 

16 = 0 

213 IS = 15+1 

00 = o. 
DO 31~ K = 1,3 

314 DO =DO + BREAC(K)•PLA(IS,KJ 

RID= PLA(I5,4) - 00 

IF (ABSF(RIO)-FP) 312,312,311 

312 I6 = 16+1 

311 1Ff15-2•N8AR) 213,317,317 
......,J 
.....J 317 IF(NBAR-3) 318,318,313 

318 IF (16-6) 202,321,321 

321 NOSOL(1) = 1 

RETURN 

313 IF (16-8) 202,315,315 

315 NOSOL(5) = 1 

RETURN 

END 

. ,.... "' 



APPENDIX K 

Problem Type s 

In this appendix 11 bars 1l and ·r supports 1' are used as 

synonyms for nlinks". See Section 3, Testing of Program, 

for a discussion of the problems. 
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'-0 

1. UNSTABLE STRUCTURE - COINCIDENT POINTS OF SUPPORT 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES OF BARS 
L M N 

-.7388637 .6562276 .1531198 
.7388648 .6562286 .1531200 

-.7388637 .6562276 .1531198 

NOT A PLANAR PROBLEM 

X 
16.5000000 
16.5000000 
16.5000000 

POINTS OF APPLICATION 
y 

11.7000000 
11.7000000 
11.7000000 

STRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS INTERSECT A LINE 

l 
3.2500000 
3.2500000 
3.2500000 



():;). 
0 

2. PLANAR PROBLEM - TOO FEW SUPPORTS 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES OF BARS 
L M N 

.0591533 .4850570 .6543264 

.0915723 .9030155 .4197378 

NOT A PLANAR PROBLEM 

X 
1.3000000 
3.7500000 

STRUCTUR~ UNSTABLE INSUFFICIENT NUMBER OF SUPPORTS 

"' 

POINTS OF APPLICATION 
y 

25.2000000 
1.0400000 

z 
6.40000CO 

17.6300CCO 



00. 
1--' 

3. REDUNDANT STRUCTURE - MORE THAN THREE BARS 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSPH:S 
L 

l.OOOOOCO 
.oooooco 
.0000000 

1. 0000000 
.0000000 
.0000000 

fl 
.0000000 

1.0000000 
.0000000 
.oocoooo 

l.COOOOOO 
.0000000 

NOT A PLANAR PROBLEM 

JF BARS 
N 

.0000000 

.0000000 
1.0000000 

.0000000 

.0000000 
1.0000000 

X 
.ooooooo 
.ooooooc 
.0000000 

10.0000000 
10.0000000 
lO.OOOOOOC 

STRUCTURE INDETERMINATE EXCESS NUMBER OF SUPPORTS 

POINTS OF APPLICATION 
y 
.oooooco 
.oococco 
.0000000 
.0000000 
.0000000 
.oooocco 

l 
.oooocco 
.oooocco 
.oooooco 
.oooocco 
.00000(0 
.oooccco 



CX). 
l\) 

4. UNSTABLE THREE BAR STRUCTURE - BARS ARE PARA LLEL 

EXAMINE THE ST~BILITY OF THE FOLLOWING STRUCTURE 

OIRECTIO~ COSINES OF BARS 
L 

.oooooco 

.0000000 

.0000000 

t1 N 
l.OOCOOOO .0000000 
1.0000000 .0000000 

-1.0000000 .0000000 

SUPPORT POI~TS ARE ON A LINE 
PLANA~ PROBLE~ 

X 
.ooooooc 

10.0000000 
10.0000000 

POINTS OF APPLICATION 
y 
.oooooco 
.0000000 
.0000000 

STRUCTURE UNSTABLE LI~ES OF ACTION OF SUPPORTS ARE PARALLEL 

l .oooooco 
.oooooco 
.oooocco 



CQ. 
VJ 

5. UNSTABLE THREE BAR STRUCTURE - BARS ARE NOT IN A PLANE 

EXAMINE TH E STABILITY OF THE FOLLOWING STRUCTURE 

OIRECTICN COSINES JF BARS 
L .1ooocro 

.9000000 

.4246410 

M N 
.9000000 .4 242641 
.1000000 .4242641 
.1000000 .9000000 

SUPPORT POINTS A~E ON A LINE 
PLANAR PROBLE~ 

X 
8.900000C 
8.9000000 

16.5000000 

S T R UC T U R E U N S T A B L E I N S U F F I C I EN T N U i-1 B E R 0 F S U P P 0 R T S 

POINTS OF APPLICATION 
y 

8.900CCCO 
8.9000000 

11.1000000 

z 
s.oooocoo 
5.00000(0 

lO.lOOOOCO 



0). 

+-

6. UNSTABLE THREE BAR STRUCTURE - LINES OF ACTION OF SUPPORTS INTERSECT 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES OF BARS 
L 

1.0000000 
.0000000 
.4472136 

~ N 
.0000000 .0000000 

1.0000000 .0000000 
.8944272 .0000000 

SUPPORT POlNTS ARE ON A LINE 0 
PLANAR PROBLEM 

X 
1.2000000 
1.2000000 
3.2000000 

POINTS OF APPLICATION 
y 

3.6000000 
3.6000000 
7.6000000 

STRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS ARE CONCURRENT 

l 
7.2000000 
7.2000000 
7.2000000 



C» 
\..n 

7. REDUNDANT STRUCTURE - MORE THAN THREE BARS 

EXAMINE THE STABILITY OF THE FOLLOW I~G STRUCTURE 

OIRECTICN COSINlS 
L M 

1.0000000 .0000000 
1.0000000 .0000000 
l.OOOOOCO .0000000 
1.0000000 .oocoooo 
1.COOOOCO .0000000 
1.0000000 .0000000 

OF BARS 
N 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

SUPPORT POINTS ARE IN A PLANE 
NOT A PLANA~ PROBLEM 

X 
.0000000 

10.0000000 
10.0000000 
20.0000000 
10.0000000 
20.0000000 

STRUCTU~E INDETERMINATE EXCESS NUMBER OF SUPPORTS 

POINTS OF APPLICATION 
y 
.ocooooo 
.0000000 
.0000000 
.oooocco 
.cocoooo 
.0000000 

z 
.oooocc o 
• 00000( 0 

10.0000C(.0 
10.0COCCCO 

-1o.ooococo 
-10.00000(,0 



(X). 
()\ 

8. UNSThBLE STRUCTURE - SUPPORTS ARE PARALLEL 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTIO~l COSINES OF BARS 
L 

-1.0000000 
1.000 00CO 
1.0000000 

tt. N 
.0000000 .0000000 
.0000000 .0000000 
.0000000 .0000000 

SUPPORT POINTS ARE IN A PLANE 
PLANAR PROBLEIY 

X 
10.1000000 
8.9000000 

16.5000000 

POINTS OF APPLICATION 
y 

8.9000000 
8.9000000 

11.1000000 

STRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS ARE PARALLEL 

z s.oooocco 
s.ooococc 
s.oooooco 



00. 
~ 

9. UNSTABLE STRUCTURE - LINES OF ACTION OF SUPPORTS INTERSECT 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES OF BARS 
l 

.0000000 

.4472136 
1.0000000 

M N 
1.0000000 .0000000 

.8944272 .0000000 

.0000000 .0000000 

SU PPORT POINTS ARE IN A PLANE 
PLA NAR PROBLEM 

X 
1.2000000 
3.2000000 
3.6000000 

POINTS OF APPLICATION 
y 

3.6000000 
7.6000000 
3.6000000 

STRUCTUR E UNSTABLE LINES OF ACTION OF SUPPORTS ARE CONCURRENT 

·.":_•( 

l 
7.2000COO 
7.2000000 
7.2000000 



()). 
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10. UNSTABLE Slq_UCTURE- LESS THAN SIX BARS 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES 
L 

1.0000000 
.0000000 
.0000000 
.0000000 
.0000000 

t•' 
.0000000 
.0000000 
.oocoooo 

1.0000000 
1.0000000 

OF BARS 
N 

.0000000 
1.0000000 
l.OCOOOOO 
.ocooooo 
.0000000 

SUPPORT POINTS ARE IN A PLANE 
NOT A PLANAR PRO BLEM 

X 
6.3000000 
8.7000CCC 
5.2000000 
9.3000000 
5.4000000 

S T R U C T U R E UN S TABLE I N ~ U F F I C I EN T N U r~ 8 E R 0 r SUP P 0 R T S 

POINTS OF APPLICATION 
y 

8.300CCCC 
7.300CCCO 
8.5COOCOO 
2.1000000 
3.20000CO 

l • cooocc 0 
.oooccco 
.oooocco 
.0000((.0 
.OOOCClO 



CQ. 

~ 

11. REDUNDANT STRUCTURE - MORE T~AN SI X f\ARS 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTUKE 

DIRECTICN COSINES 
L 

-1.0000000 
1.00000CO 
1.0000000 

-1.0000000 
-1.0000000 

.0000000 

.0000000 

t'. .oocooco 
.00 00 000 .oocoooo 
.0000000 
.oocoooo 

1 .CO GOO OO 
1.0000000 

NOT A PLANAR PROeLEM 

OF BARS 
N 

1.0000000 
.0000000 
.ocooooo 
.0000000 
.0000000 
.0000000 
.0000000 

X 
9.100000C 
6.3000000 
8.7000000 
9.1000000 
5.20000CC 
9.3000000 
5.4000000 

STRUCTURE INDETERMINATE EXCESS NUMBER OF SUPPORTS 

PO I NTS CF APPLICATION 
y 

5.4000CCO 
8.3000000 
7.3000000 
6.40000CO 
8.5000CCC 
2.1000000 
3.2000000 

l 
3.20000(.0 
.oooocco 
.OOO CC(O 
.OOOOClO .oooocco 
.OOOOCLO . oooocc 0 
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12. UNSTABLE STRUCTURE - SUPPORTS ARE PARALLEL 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

OIRECTICN COSINES 
L V 

.ooooooo 1.0000000 

.0000000 -1.0000000 

.0000000 1.0000000 

.0000000 -1.0000000 

.0000000 1.0000000 

.0000000 -l.OOCOOOO 

OF BARS 
N 

.0000000 

.0000000 

.0000000 

.0000000 

.oooooco 

.0000000 

SUPPORT POINTS AqE I N A PLAN[ 
NOT A PLANAR PROQLE~ 

X 
.0000000 

10.0000000 
.0000000 

10.0000000 
.0000000 

10.0000000 

PO IN TS 

STRUCTURE UNSTABLE LI NES OF ACTION OF SUPPO~TS ARE PAR~LL~L 

OF APPLICATIO N 
y 
.0000000 
.oooccco 
.0000000 
.0000000 
.ooooooo 
.oooocco 

z 
.OOOOCGO 
.occocco 

1 O. OOOOOlO 
lO.OOOO OLO 

-1o.oooccc o 
-1o.oooccc o 



'.() 
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13. UNSTABLE STRUCTURE - SUPPORTS ARE IN PARALLEL PLANES 

EXAHINE THE STABILITY OF THE FOLLOWING STRlJCTU~E 

DIRECTION COSINES 
L 

1.0000000 
.0000000 

1.0000000 .oooooco 
.0000000 

1.0000000 

M 
.0000000 

1.0000000 
.0000000 

-1.0000000 
-l.COOOOOO 

.0000000 

OF BARS 
N .ocooooo 

.0000000 

.0000000 

.ooooooo 

.0000000 

.0000000 

SUPPORT POINTS ARE IN A PLANE 
NOT A PLANAR PROBLEM 

X 
.0000000 
.0000000 

10.0000000 
lO.OOOOOOC 
10.0000000 
10.0000000 

STRUCTURE UNSTABLE SUPPO~TS AQE IN PARALLEL PLA NES 

P 0 IN TS OF APPLICATION 
y 
.0000000 
.0000000 
.0000000 
.0000000 
.0000000 
.0000000 

l 
.0000000 
.oooccco 

lO.OOOCCtO 
lO.OOOOCCO 

-1o.oooooco 
-lo.oooooco 
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14. UNSTABLE STRUCTU~E - FOUR OF SIX SUPPORTS ARE PARALLEL 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

OIRECTICN COSINES 
L 

-1.0000000 
.0000000 
.0000000 
.0000000 
.0000000 
.0000000 

M 
.0000000 

1.0000000 
.0000000 .oocoooo 
.0000000 
.0000000 

0 F BARS 
N .ooooooo 

.0000000 
1.0000000 
1.0000000 

-1.0000000 
1.0000000 

SUPPORT POINTS ARE IN A PLANE 
NOT A PLANAR PROBLEM 

X 
9.1000000 
6.3000000 
8.7000000 
5.200000C 
9.3000000 
5.4000000 

POINTS OF APPLICATION 
y 

6.4000000 
8.3000000 
7.3000000 
8.5000000 
2.1000000 
3.2000000 

STRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS INTERSECT A LINE 

l 
• OOOOOL 0 
.oooocto 
.oooooco 
• 00000(,0 
.oooocco 
.oooocco 



15. UNSTAOLE STRUCTURE - LINES OF ACTION OF SUPPORTS INTERSECT 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES 
L 

.4472136 

.0000000 
-.4472136 

.0000000 
1.0000000 

-1.0000000 

M 
.8944272 
.8944272 
.8944272 
.8944272 
.0000000 
.0000000 

OF BARS 
N 

.0000000 
-.4472136 

.0000000 

.4472136 

.0000000 

.0000000 

SUPPORT POINTS ARE IN A PLANE 
NOT A PLANAR PRO BLEM 

X 
3.2000000 
1.2000000 
-.8000000 
1.2000000 
1.2000000 
1.2000000 

PO I NTS OF APPLICATION 
y 

7.6000000 
7.6000000 
7.6000000 
7.6000000 
7.6000000 
7.6000000 

STRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS INTERSECT A LINE 

z 
7.2000CCO 
5. 2 0 0 c c (. 0-
7.200CCCO 
9.20000CO 
7.2000CCO 
7.200CCCO 
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16. UNSTABLE STRUCTURE- LESS THA N SIX BA RS 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES 
L 

1.0000000 
-.5801556 

.0915722 

.9000000 

.9000000 

(I 

.000000 0 
-.4850556 
-.9030145 

.4242641 

.1000000 

NOT A PLANAR PRORLEM 

OF BARS 
N 

.0000000 

.65432c5 

.4197373 
-.10000CO 

.4242641 

X 
8.7000000 
1.300000C 
3.7500000 

l1.65COOOO 
.ooooooc 

STRUCTURE UNSTABLE I NSUFFICIENT NUMBER OF SUPPORTS 

POINTS OF APPLICATION 
y 

7.3000000 
25.2000CCO 

1.0400000 
12.9500000 

.oooocco 

z 
.OOOOCL O 

6.400CCLC 
17.630C OCO 
l6.300CCL O 

.OOOOCL O 
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17. REDUNDANT STRUCTURE - f-10RE THAN SIX BARS 

EXAMINE lHE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES 
L V 

.4242641 .9000000 

.0915722 -.9030145 
-.5801556 -.4850556 
1.0000000 .0000000 
1.0000000 .0000000 

-1.0000000 .00 0 0000 
.9000000 .1000000 

NOT A PLANAR PRO B LE~ 

JF Bf\RS 
N 

.1000000 

.4197373 

.6543245 

.0000000 

.0000000 

.0000000 

.4242641 

X 
.0000000 

3.750000C 
1.3000000 

.0000000 
6. 300.0000 
9.10000CO 

16.5000000 

STRUCTURE INOETERMIN~TE EXCESS NU~ A ER OF SUPP O ~TS 

POINTS OF APPLICATION 
y 

16.5000000 
1.0400CCO 

25.2000000 
.0000000 

8.3000COO 
6.40CCCCO 

11.1000000 

z 
11.100CCCO 
17.630CCCO 
6.40000(0 

.00000{,0 
• OOOCCl 0 
.oooccco 

10.10000CO 

',l 
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18. UNSTI\BLE STRUCTURE - SUPPORTS ARE PARALLEL 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTI ON CCSINES 
L 

.0000000 

.00000 00 

.0000000 

.000 0000 

.00000 00 

.0000000 

,, 
1.00 00000 
1.0000000 
1.oocoooo 
1.0000000 
1.00 00000 
1.0000000 

NOT A PLANI\R PROHLE~ 

JF BARS 
N 

.0000000 

.0000000 

.0000000 

.coooooo 

.0000000 

.coooooo 

X 
.0000000 

lO.OOOOOCC 
10.0000000 
20.0000000 
10.0000000 
20.0000000 

POINTS 

STRUCTURE UNST~BLE LI NES OF ACTION OF SUPPO RTS ARE PARALLEL 

• 

OF APPLICATION 
y 

4.1000000 
.ooc ccco 

4.100 0 000 
.0000000 
.oooooco 
.oooocco 

z 
.oooccro 
.oooccco 

lO.COOOCCO 
lO.OOOOCCO 

-10.00000(0 
-1o.oooccco 



'.() 
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19. UNSTABLE STRUCTU~E - SUPPORTS ARE IN PARALLEL PLANES 

EXA~INE THE STABILITY OF THE FOLLOWING STRUCTURE 

OI~ECTIGN COSINES 
L M 

1.0000000 .0000000 
1.0000000 .0000000 

-1.0000000 .ocooooo 
.1000000 .90COCOO 

-1.0000000 .0000000 
.1000000 .9000000 

NOT A PLANAR PROBLEM 

OF BARS 
N 

.0000000 

.0000000 

.0000000 

.'-1242641 .ooocooo 
• 4 24 2614 1 

X 
1.6500000 

12.0000000 
12.0000000 

.0000000 
8.7500000 
8.7500000 

STRUCTURE UNSThBLE SUPPORTS ARE IN PARALLEL PLANES 

POINTS OF APPLICATIO N 
y 

2.9500000 
29.0000000 
29.0000CCO .ocoocco .oooocoo 

.0000000 

z 
6.30000(,0 
• oooocc 0 .oooccco • oooccc 0 

6.66000(.0 
6.66000(,0 



'-.() 
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20. UNSTABLE STRUCTURE - FOUK OF SIX SUPPORTS ARE PARALLEL 

EXA~INE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIReCTION COSINES 
L M 

-1.0000000 .0000000 
1.0000000 .0000000 

-1.0000000 .0000000 
.0000000 1.0000000 
.0000000 .0000000 

1.0000000 .0000000 

NOT A PLANAR PROBLEM 

OF BARS 
N 

.0000000 

.0000000 

.0000000 

.0000000 
1.0000000 
.0000000 

X 
.0000000 
.0000000 

5.2000000 
9.3000000 
5.4000000 

.0000000 

POINTS OF APPLICATICN 
y 
.oooooco 
.0000000 

8.5000000 
2.1000000 
3.2000CCO 
.oooooco 

STRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS INTERSECT A LINE 

z 
21.3000CCO 
21.30000(.0 

• 00000(.0 
.oooocco 
.OOOOClO 
.oooooco 
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21. UNSTABLE STRUCTURE - LINES OF ACTION OF SUPPORTS INTERSECT 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES 
L 

1.0000000 
.0000000 
.4472136 
.0000000 

-.4472136 
.0000000 

M 
.0000000 

1.0000000 
.8944272 
.8944272 
.8944272 
.8944272 

NOT A PLANAR PROBLEM 

OF BARS 
N 

.0000000 

.0000000 

.0000000 
-.4472136 

.0000000 

.4472136 

X 
1.2000000 
1.2000000 
3.2000000 
1.2000000 
-.8000000 
1.2000000 

PO 1 NTS OF APPLICATION 
y 

3.6000000 
3.6000000 
7.6000000 
7.6000000 
7.6000000 
7.6000000 

STRUCTURE UNSTABLE LINES OF ACTION OF SUPPORTS INTERSECT A LINE 

l 
7.20000(0 
7.20000CO 
7.2000CC.O 
5.200CCC.O 
7.2000CCO 
9.2000CLO 



I-' 
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22a. PLANAR PROBLEM 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTICN COSINES OF BARS 
L 

1.0000000 
1.0000000 
.0000000 

tJ N X 
21.2000000 
35.3000000 
35.3000000 

POINTS OF APPLICATION 
y 

.oocoooo .0000000 

.0000000 .0000000 
-1.0000000 .0000000 

SUPPORT POINTS ARE ON A LINE 
PLANAR PROBLEF 

.0000000 
21.2000000 
21.2000CCO 

FIND THE RESULTA~T TORSOR OF THE FOLLOWING LOADS 

FX 
-692.17000 

17.02000 
1021.12000 

MX 
.0000000 
.0000000 
.0000000 

FORCES 
FY 

7 37. 2 1 OOQ 
7092.22000 

22 3. 2 4 000 

COUPLES 
MY 

• 000 0000 
• 000 0000 
• 000 0000 

THE RESULTANT TORSOR IS, 

FZ 
.00000 
.ooooo 
.00000 

NZ 
259.0000000 

52.4900000 
739.5000000 

F = 
M = 

345.9700000} I + ( 8052.6699998) J + 
• 0000000) I + ( • 0000000) J + 

THE BAR REACTIONS ARE 
-9385.2741888 9731.2441885 -8052.6699998 

X 
16.10000 
9.70000 
3.40000 

APPLIED AT 
y 

6.78000 
5.95000 
8.92000 

.OOCOOOO} K 
77956.8741989) K 

.ocoocoo .ccccooo 

l 
• 00000(,0 
• oooocco 
• oooocc 0 

l .oocco 
.oocco .oocco 

.ocooccc 
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2 2 b . P L AN A R S T R U C T U R E h I T H U1 P R 0 P E R L C A 0 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES JF BARS 
L 

.1000000 
-.1000000 

.1000000 

tJ. N 
.9000000 .4242641 
.9000000 .4242641 
.9000000 .4242641 

SUPPORT POINTS ARE ON A LINE 
PLANAR PRO B LE~ 

X 
1.3500000 
1.350000C 
9.7SOOCOC 

RESULT ANT LOAC IS NOT IN PLANE OF STRUCTURE 

POINTS OF APPLICATION 
y 

7.6500000 
7.6500CCO 
7.6500000 

l 
19.7300Cl0 
19.7300CLO 
19.7300CLO 



f---1 
0 
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23a. OBLIQUE PLANE PROBLEt-\ RESULTANT FORCE IS IN PLANE 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSlt~ES JF BARS 
L 

.738 8637 
-.5801556 

M N X 
1.3000000 

16.500000C 
3.7500000 

POINTS OF APPLICATIO N 
y 

-.6562276 -.1531198 
-.4850556 .6543245 

-.0915722 .9030145 -.4197373 

SUPPORT POINTS ARE IN A PLA NE 
PLANAR PROBLEtJ 

25.2000000 
11.7000000 

1.0400000 

FINO THE RESULTANT TORS01 OF THE FOLLOWING LOAOS 

FX 
-73.88637 
-58.01556 

9.15722 

FORCES 
FY 

65.6227~ 
-48.50556 
-90.)0145 

THE RESULTANT TORSOR IS, 

FZ 
15.3119R 
65.43245 
41.97373 

F ::: 
H = 

-122.7447C60) I + ( -73.1842410) J + 
2524.74c1C75) I + ( -1756.9239447) J + 

THE BAR REACTIONS ARE 
-100.0000000 100.0000000 -100.0000000 

X 
1.~ooco 

16.50CCO 
3.75000 

APPLIEO AT 
y 

25.200CO 
11.70000 
1.04000 

122.718156Cl 1\ 
1477.5325S81) K 

.0000000 .oooocco 

l 
6.400GCCO 
3.2500CGO 

17.63000CO 

l 
6.40CCO 
3.250(0 

17.630(.0 

.oooooo c 
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23b. OBLICUE PLANE PROBLE~i RESULTANT FOR.CE IS NOT IN PLANE 

EXAMINE TH E ST/\BILITY OF THE FOLLOHING STRUCTURE 

DIRECTION COSINES OF BARS 
L 

-.73886110 
-.5801557 

.09157 22 

r~ N 
. 65622 79 .1531199 

-.4850556 .6543246 
-.9030145 .4197373 

SUPPORT POINTS ARE IN A PL AN l 
PLANAR PROBLEM 

X 
16.500000C 
3.7500000 
1.3000000 

RESULTANT LOAD I S NOT IN PLA NE OF STRUCTURE 

' I 

POINTS OF APP LICATIO N 
y 

11.7COOOOO 
1 • C4 00000 

25.2000000 

z 
3.250CCCO 

17.6300C CO 
6.4000CCO 



j--J 
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23c. OBLIQUE PLA NE PROBLEM RESULTANT FORCE IS NOT EXACTLY IN PLANE 

EXAMINE TH E STABILITY OF THE FOLLOWING STRUCTURE 

OI RE CTICN COSINCS OF BARS 
L 

.738 8637 
-.5 801556 
-.0915722 

~~ N 
-.6562276 -.15311q 8 
-.48 50 55 6 .6543245 

.9030145 -.419737~ 

SUPP ORT POINTS ARE IN A PLANE 
PLAN AR PROBLE1v 

X 
1.3000000 

16.5000000 
3.7500000 

RESULTANT LO AD I S NOT IN PLA NE OF STRUCTU RE 

POINTS OF APPLICATIO N 
y 

25.2000CCO 
11.7000000 

1.0400000 

z 
6.4000CCO 
3.2500000 

17.6300CC O 



f-J 
0 
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24. STABLE SPATIAL PRCBLEM 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

OIRECTICN COSINES 
L 

.1000000 

.9000000 

.9000000 

M 
.90COOOO 
.lOCOOOO 
.4242641 
.9000000 
.10COOOO 
.9000000 

OF BARS 
N 

.4242641 

.4242641 
-.1000000 

X .ooooooc 
.0000000 

POINTS OF APPLICATION 
y 

-.1000000 
.4242641 
.4242641 

-.4242641 
.9000000 
.1000000 

SUPPORT POINTS ARE IN A PLANE 
NOT A PLANAR PROBLEM 

11.6500000 
11.6500000 .ooooocc 

.0000000 

FINO T~E RESULTANT TORSOR OF THE FOLLOWING LOADS 

FX 
84.27500 

MX 
78.3000000 

FORCES 
FY 

-10.10000 

COUPLES 
MY 

68.5000000 

THE RESULTANT TORSOR IS, 

FZ 
19.24000 

MZ 
87.1100000 

X 
-6.50000 

.oooocco 

.0000000 
12.9500000 
12.9500000 

9.7000CCO 
9.7000000 

APPLIED AT 
y 

5.14000 

F = 
M = 

84.2750000) I + 
192.3436000) I+ 

-10.1000000) J + 
319.9725000) J + 

19. 2 4 CO 0 0 0) K 
- 2 8 0 • 4 1 35 0 0 0 ) K 

THE BAR REACTIONS ARE 
39.0014903 82.3859488 44.5109861 -28.6600889 -39.1484822 

l .oooooc..o .oooooco 
16.300CCCO 
16.300CCCO 

7.900CCC..O 
7.9000CCO 

l 
l.SOCL O 

-47.350468L 
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2 5 . S T A B L E S P A T I A L . P R C 8 L E t-~ 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

DIRECTION COSINES 
L 

.9000000 

.1000000 

,.., 0 F BARS 
N 

.4242641 

.4242641 
-.4242641 

X 
.0000000 

11.6500000 
21.1200000 

.0000000 

POINTS OF APPLICATION 
y 

-.10000CO 
.9000000 
.4242641 
.4242641 

.1000000 

.<)000000 

.9000000 

.4242641 

.1000000 

.9000000 

-.1000000 
.9000000 
.1000000 

.0000000 
7.50000CC 

NOT A PLANAR PROBLE~ 

FIND THE RESULTANT TORSO~ OF THE FOLLOWING LOADS 

FX 
30.12000 

MX 
19.9000000 

FORCES 
FY 

39.79000 

COUPLES 
MY 

900.1500000 

THE RESULTANT TORSOR IS, 

FZ 
10.20000 

MZ 
10.2900000 

X 
-8.70000 

11.6500000 .ccooooo 
1.5000000 

.0000000 
9.7000000 
9.7000CCO 

APPLIED AT 
y 

2.13000 

F = 
M = 

30.1200000) 
1.8360000) 

+ 
+ 

39.790C000) J + 
1019.010C000) J + 

10.20C0000) K 
-400.0386 000) K 

THE BAR REACTICNS ARE 
-121.0548607 -106.1962450 -32.8508693 41.9365735 89.0738227 

z .oooocco 
.cooocco 
• cooocc 0 

16.30000CO 
7.900CCLO 
.oooocco 

z 
1.00CCO 

167.042 582~ 
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26. PLANAR PROBLEM 

EXAMINE THE STABILITY OF THE FOLLOWING STRUCTURE 

OIRECTICN COSINES OF BARS 
L 

1.0000000 
1.0000000 

.ooocooo 

~ N 
.0000000 .0000000 
.oooooco .0000000 

-l.OOCOOOO .OCOOOOO 

SUPPCRT POINTS ~RE ON A LINE 
PLANAR PROBLEf'l 

ALLOWABLE BAR LCADS 

X 
21.2000000 
35.30CCOCO 
35.3000000 

POINTS OF APPLICATIO~ 
y 
.oooocco 

21.2CCCCCO 
21.2COOCOO 

l 
.oooccco 
.CCOCClO 
.oooocco 

-9385.2741873 97~1.2441e7s -8052.6699986 .oococcc .oooccco .cccccoo 

THE ALLOWABLE LOAD TCRSOR IS 
F = { 345.9700003) I + C 8052.6699986) J + 
M = C .OCOOOOOJ I + C .0000000) J + 

• occo ceo J K 
77<;;56.8741760) K 
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27. OBLIQUE PLANE PROBLEV RESULTANT FORCE IS IN PLANE 

EXAMINE THE STABILITY OF THE FOLLOwi~G STRUCTURE 

OIRECTICN COSINES OF eARS 
L 

.7388637 
-.5801556 
-.0915722 

~ N 
-.6562276 -.1531198 
-.4850556 .6543245 

.9030145 -.4197373 

SUPPORT POINTS ARE IN A PLANE 
PLANAR PROBLEt' 

ALLOWABLE BAR LOADS 

X 
1.3000000 

16.5000000 
3.7500000 

POINTS OF APPLICATIC~ 
y 

25.2000000 
11.7000000 

1.0400000 

l 
6.400CCCO 
3.2500CCO 

17.630CC(0 

-10C.OOOOOOO lCO.COOOOOO -100.0000000 .0000000 .0000000 .coooooo 

THE ALLOWABLE LOAD TORSOR IS 
F = ( -122.7447060) I + ( -73.1842410) J + 
M = ( 2524.7461C74) I + C -1756.9239446) J + 

122.7181560) K 
1477.5325581) K 
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28. STABLE SPATIAL PROeLE~ 

EXA~INE THE STABILITY OF TrE FOLLOWING STRUCTURE 

DIRECTION COSINES 
L 

.1000000 

.9000000 

.9000000 
-.1000000 

.4242641 

.424261~1 

" .9000000 
.1000000 
.4242641 
.9CCOOOO 
.10COOOO 
.9000000 

OF BARS 
N 

.4242641 

.4242641 
-.1000000 
-.4242641 

.9000000 

.1000000 

SUPPORT POINTS ARE IN A PLANE 
NOT A PLANAR PROBLEM 

ALLOhAeLE RAR LOADS 

X 
.0000000 
.oocoooo 

11.65COCOC 
11.65CCOCO 

.0000000 

.0000000 

PCINTS OF APPLICATION 
y 
.0000000 
.0000000 

12.9500CCO 
12.9500000 
9.7000000 
9.7000CCO 

z .oooocco 
.oooccco 

16.3COCCC.O 
16.30000(.0 
7.9000CCO 
7.9000CCO 

39.0014903 82.3859488 44.5109861 -28.6600889 -3<;. 1484822 -47.3504682 

THE ALLOWABLE LOAD TORSOR IS 
F = ( 84.2750000) I + ( -10.1000000) J + 
M = ( 192.3436002) I + ( 319.9724995) J + 

1S.24COC00) K 
-28C.4134998) K 



1--' 
1--' 
0 

29. STABLE SPATIAL PROBLE~ 

EXA~INE THE STABILITY OF TrE FOLLOWING STRUCTURE 

OIRECTICN COSINES 
L 

.9000000 

.1000000 
-.1000000 

.9000000 

.4242641 

.4242641 

t' 
.10COOOO 
.9000000 
.9000000 
.4242641 
.1000000 
.9000000 

NOT A PLANAR PRGeLEM 

ALLOWABLE BAR LOADS 

OF BARS 
N 

.4242641 

.4242641 
-.4242641 
-.1000000 

.11000000 

.1000000 

X 
.0000000 

11.6500000 
21.120000C .occoooo 

.0000000 
7.5000000 

POINTS OF APPLICATIC~ 
y 

11.6500000 
.0000000 

1.5000CCO 
.cccocco 

9.7000000 
9.70000CO 

z .oooocco 
.oooccco 
.OOOCCLO 

16.3000CCO 
7.9000CCO 

.oooocco 

-121.0548607 -1C6.1962450 -32.8508693 41.93c5735 89.073e227 167.0425 8 23 

THE ALLOWABLE LOAD TORSOR IS 
F = ( 30.1200000) I+ ( 39.7900000) J + 
M = ( 1.8360000) I + ( 1019.0100006) J + 

10.20C0000) K 
-400.0385 996) K 



APPENDIX L 

Definition of 11 Zero 11 

The computer must convert any non-integer number to 

an approximate binary form which will fit its word length. 

The conversion and length limitation allow an accuracy of 

about ten decimal digits. With each cal culation round~off 

errors accumulate. Whereas the flow charts ask if a 

quantity is zero, what must really be considered is 

whether the quantity is less than the maximum expected 

round~off error. If there are no conflicting requirements~ 

the maximum round-off error may be e s timated and, with 

perhaps some leeway, defined as nzero TT. However, where 

different orders of magnitude may be involved in the same 

problem or in subsequent problems or where it is advisable 

to have a large tolerance for one calculation and a small 

tolerance for another, the situation becomes far more 

complicated. One cannot define the 11 zeros 11 in terms of 

t he number of signi ficant figures i n a n expression; a 

s pecific magnitude i s required. 

An at t empt was made to tie the s ize of the nzeron to 

t he size of the structure . It was felt that barring un­

reasonable compli cations, such as having a very small 

structure at a great distance from the origin 9 the system 

of averaging the coordinat es of t he points of application 

and multiplying this average by t he computer accuracy 

would give a suitable zero. However, instead of being 

111 



able to use 10-lO times the average coordinate~ it was 

necessary to use a "zero" 10,000 times as big to get 

proper answers. Further investigation revealed that 

the difficulty probably involved the use of subroutine 

REACl in CONCURRENTl. 

In subroutine REACl a small value of 1'zero" allows 

small diagonal elements which, during the back-solving 

process, generate large coordinates of the point of 

intersection. When these large values are then used 

in CONCURRENTl, the round-off error becomes much greater 

than the 11 zero" defined above. Unsuccessful efforts were 

made to modify the TTzero 11 obtained above in a logical way 

for use in CONCURRENTl and REACl. 

A multiplier of l0- 6 gives proper answers, at least 

for this set of problems, but there is no other justifi­

cation for its use. The author, regretfully , did not 

have sufficient time to pursue this investigation. 
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