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ABSTRACT

A method to program the structural analysis of -
building frames was developed in ﬁhis'thesis. Special con- .
sideration was given to the proﬁ]ems encountered by the engi-
neer with respect to the building éqdes. The program has |
béén made encompassing enough to handle practical engineering
problems while being shortienough to hold down computer ex-
~.penses. | | |

The dirvéct stiffness method of finite element a-
nalysis is used %o find nodal displacements and'member end
forcés, Sepa?éte dead, live, wind, ahd seismic load vectors
are generated by the program.’ Membér end fbrées are solved
for each loading condftfon. Maximum and minimum end forces,‘
are found for any possible pattern bf live loadings, thus
giving the'engfnéer.a complete frame analysis from whiﬁh Eoi‘
woﬁk;A } | |

"Théﬁprogwﬁm Qas applied to example problems and the
reéulté'compared by other methods of énalysfs. Computer
time to run the complete analysis of each example is<given'
andAconsider&b]e‘éavfngs in time and expense may be noted.
So?uﬁfdns were obtained using the CDC 6460 computer at the

Compate%'Csntér,‘University of Arizona, Tucson, Arizona.
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CHAPTER I
INTRODUCTION

The increasing a#ai1abi}ity of digital'compufefs is.
making access to programed analysis possib1e for even the -
smallest ehgineering office. To date, the emﬁhasis on com-
puter methods in structural engineering has been largely -
, pibneered by the aero-space industries. Desighs can be well
defined within rigid cptémizatipn requirements, by-the com-
jputer. Aéro-space industries, beiﬁg less oriented to tra-
_dftion, are willing to invest time and money for research
and deveiopment of computer programs; The building industry
on the other hand is steeped‘in.tﬁadition as exémpTified by
. the building codes. The need qu a highly refined structural
.sv]ﬁiion'is nof as critical, and few engineers can afford.to
develop computer programs except:for the largest structures.
Aéademic aﬁtempés to write a workable programthéve been so -
encompassing as to cause it to be uneconomical to run the
program. An attémpt‘is made here to develop a program of
practical significancg%“jﬁmphasis'is plaéed on_fhe maximum
‘amount of gignificant o§tputAfor'minimum amount b%Acomputer
time. The program is restricted to analysis qn]y, as pro-
grams_b?ganized for design opfimization take an inappropriate
ameﬁnt-of time. A workable pﬁogram to be of use to thé small
esgiﬁeering‘offﬁce isvherein'presenfed,

1



CHAPTER II.
THE DESIGN PROCESS

The development of a building from its conception to
the completion of the cdnstruction is a complex Brocess;
Thié-deve1opment procéss may be broken down fnto three major
stages: the design stage, thé analysis stage, and the éon-
structi0ﬂ>stage.' The prospective owner must first recognize
the need for'thé budeing and engage the professional person-
nel necessary to carry out'thé.design. Preliminary schemes
are pursued considering the physical énd economic Tihi-'
tafions, the legal reéuiTements, and the owner's des%?es: A
solutionAis reached'based on a qualitative analysis of thef
design criteria. In the second stage, the deﬁign ﬁolutiqn is
refined based on a quantitative analysis. ‘The architect co-
' ordihates.the,varﬁous efforts making certain all the piéces‘ '
of the plan fit together ahd conform-to the design sd1ution..

wo%king-drawings and‘specifications are préduced in this
 stage, Finally in the third stage, the contractof constructs
the building in}acéOPdance with the drawings and specifi-
cations unde% the supervision of the architect and his con;
su1tan£s. The aesthetic qualities, architectural and strué?
tural, and the éase of éonstrgction will determine the suc-
cess of the design in .the eyes of'fhe building téaﬁ§ however,

o



the real success can be measured onij by the satisfaction. of
those who must use the building. - . '

A computer program which handles the: des1gn stages
of an archztectural problem is 1mpvact1ca1 There are too
. many variables and the:txme 1nvestment for an analysis would
bereconomicai1y unfeasible. Designs of structures such as
highway bridges have been successful because of the limited
number of criteria to be satisfied. The so}e function of a
' bridge is to carry traffic.ovef some barvier. Other desigﬁ'
factors such as span Tengﬁh, soil bearing pressures, and ma-
terial to be used are limited in number. Programs have been
developed to desigh the structure for some specified optimum;
for examp1e; the most economical span length and membér sizes
as éompared to a specified matéria] and set o% loads. The
design of a.buiiding consists of the synthesis of many
Seemingiy unre1ated ériteria, The function alone can be com-
| plex and determinants such as esthétits are difficu1t tovdeQ
fine. ~Thé design soTutidn is based on subjectivé reasoning,
'nbt;Obj9ctiVe'reaﬁoning,,'The digital computer is not the
" appropriate tool for subjective logic for tﬁe intuition of
the designer cannot be programed.

The bui]ding design evolves as dictated by the owner
.and molded by the architect. Ideally the consulting engi-
. neers shouid-be~present-du?ing the planning stages to inf]U>'
ence the design toward a Togvcal eng1neer7ng sa]ut1on A1l

“too often, howevar, the structura] eng1weer is presented wwth
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the‘arch§tectura1 p}an and faces the'pFob1ém of providing an
, adequate!structure within the confines.of that plan. The
engineer's job becomes one of meréiy sizing the siructure al-
- .ready designaﬁed by the architect.
 Conventional methods of siructura1 analysis are based
on a prior knowfedge of the stiffness of the structure. The
-1 engineey must first cgmp1eteAan approximate aﬁalysis for the
stresses in the struc&ure to obiaiﬁ'éome‘idea as to the'éize'
' required for the members. The approximate ané?ysis is made
in part on the engineers' experience and intuition, and takes
a relatively short amount of time. Preliminary seTectionrof,'
member sizes is made and then a detailed analysis to de-
termine the'adequacy of the seleétion is app?fed. There are
various exact and approximate methbds of analysis available.
Exact ana1ys§s by c1as$ica1 %ethods such as slope deflection
~or moment distfibut%on may be used., These methods, though
‘somewhat cumberséme, work qd{te well for analyzing stresses:
due to gravity loads. Analysis of stresses due to lateral
Toads, however, is quite another matter.: Classical methods
are unacceptably tedious esﬁecia?ly in tai?rbuiidings. Ap-
proximate methods, such as the cantilever or portal me thods,
‘may be used and these‘wowk reasonably well excépt'fér tall
buildings or disconfinuitiés such as the top or bottom of the
Vfrahe or sétbacks An exact elastic analysis is a time con-
: suming nrocess which the campute? can be. pregramed to perform

vw1th much greater speed and accuracy The criterwa of the
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st%éss‘anaiysis'are a?i‘weTTIdefihab1e and fhﬁs the problem
is well sqited for prog%aming, The computer can be programed
to give exact soiutions fo%‘any loading condition and pro-
grams.can be dgve]oped to handle a pltane frame of the struc--
ture or the ehtire three dimeniibné] frame. Thus, torsional
effects on the frame‘due.to lateral loads may be haﬁd]ed° 

| Theaengineer's job does not end with the cqmpletioal
of the structﬁfa1 éna]ysis, Some members may prove to be fn~
adequate and wii] need to be resized. The cowmputer may be
used to reéna?yze tne ﬁodified strﬁcture. ‘When the member
sizes have.been'finalized,.ihe engineer hust design his de-
tails and produce the set of specifications and drawings re-
]ated to the structural portion of the building. During the
construction stage, pgriodic inspections to ensuré confor-.
matibn to the design will be carried out.

Computer programiné enters the désignlprocess in the

. analysis stagéu' Its primary function is to relieve the -engi-
neér:bf.thefmathematica1 calculations involved in the struc-
~tural -analysis thus freeing him from much of ‘the tedium of
aha1ysis, Hopefully, the time saved could be spent in the .
pre1iminary'siages.of the design helping to coordinate and
solidify the .architects ideas_résu?ting in an imp?bved over-

all solution.



. CHAPTER III

© THE PROGRAM

The Basic Theory

The program is based on a yariation of'fhe'dispTace-'
ment.method of aha]ysis called the Difect Stiffness Method
(Turner et al., 1956). The disp]écemént method considers
the strﬁctu?e‘as an assemblage of finite or iﬂdividuaIA" A
members . {See Fﬁg;'1). The connectihg ﬁoinis of the membersr
are called nodes and the unknowns are the displacements of
those nodes. ?or-the‘two dimensional or plane case, three -
displacements for éach node are considered: ﬁorizontal,
vertical, and rotational (See Fig. 2). |
| - Nodal displacements and the member displacements of
| thpse membérs associated with a particular node must be con-
sistant,‘}A ¢ompat§biiﬁty matrix corre?étes the dispiaéemeﬂis

" so that -
v=28D | (3-1).

“wheve:

¥V is the member displacement vector

B is the compatibility matrix

7 D is the nodal displacement vector

' At ﬁhe §ame_time; thé member displééemeﬁts are %eiétedAto‘jp

6
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member forces by a membe% stiffness matrix such that
F =KV L (3-2)

where:
K is the element stiffnecss matrix
_ F is the member forces vectoyr
Equilibrium must also be satisfied when the free body
of é typical node %s considered. External forces applied to
the node must'ba}ance the member forces at the node. The

forﬁés may be related thrdugh a geometry matrix C such that
P = CF (3-3)

where:
P is the externa11y dppl1ed force vector
C is. the equilibrium matr1x
The above equatlons may be combined by back substi-
tuting, yielding an equation relating the nodal displacements

to the nodal forces as follows:
fckal D
it can be>prdveh, using the principle of virtual diSplaéement
thgt ¢C = Bl. (the transpose of ?he B matriX), thus |
j'p z'[BTKBj;D'

or, letting BTKB = SK, the above»equation’may be writien in. .

.fihé f0rm'.



P = SK-D L (3-8)

thus, thé'nqdai forces are r§1ated to the nodal d%sp]acements}
by the system matrix SK. |

~ The SK matrix is obtained through a chain of matrix"
transformations of the individual member stiffnesses. Thé.
st%ffness component (BTKD) of each member is found in turn
‘and packed into thé larger system stiffness matrix. After
each member has been considered, the SK matrikjis.known;
thus, if the nodal loads (P) vector is known, the nodal dis-
~ p?acements.can be found. . |

The external P loads _are found by analyzing the
1oading; dead,‘live, wind, and seismic,‘ﬁhat occur on.the
strﬁcture. Loads are either placed directiy on_tﬁe nodes in’
the,direétfons of the nodalrdisplacements,.or,-in4the case of
-loads acting.on a member jtself, érerreduced to‘noda1 loads
by superposition. In the latter case, the nodes are first
-considered fixéd (He1d against rotation and trans)ation)° 
The “fixed end forces are then calculated and superimposed on
the nodes. The nodes are réleased ahd the‘structure is al-
"Towed to deform to .a position of GQUiIibrium.'

vThe‘deflections can now easily be found once the load

ve¢t0erP» and the*stiffness matrix SK >aré-kn6wn,
/ o ,

D = sKk-1p o (3-5)

The%e ére variogs method (a1gqrithms)'fqr s0]ving’thé abévé_1
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equation. Gauss Elimination ahd back sﬁbstitution have been
used here. | |

- The member forces can be found once D iswknown by

combining equations (3-1) and (3-2) so that
F = KBD f . (3-6)

The fixed end forces superimposed on the nodes must finally
be subtracted from the forces found above and thus, analysis

of the structure is completed.

The Computer Program

The combuter program consists of sub%outines, each
serving’a purpose of its own. In some cases a group of subj
routines will form a major elemént of the program such as as-
sembling the SK matrix (See the -flow chart in Appendix A).
Each segment of the -program is presented here with expla-
“nation o% the function and. methods used. Special iﬁformation,
such as input formats for'actua]_uSe of the program, are re-.
fefenced to the,Adpendix, whi;h_may‘Qerve as ah operators in-

struction manual.

Input Data

" The first.step in any progfam is fo read in and store
all kﬁown dqta pertinent to‘the'p'roblem° ~The structural analy-
sis»problem requires-information as to the geometry of the
Qtfuciure,vthe stiffhess of the ﬁtructure,-aﬁdrthe léadiné on

the structure. -The information is. read in as follows.
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‘Egg@gggx. The geometry of the stwucturenmustvbe con-
' sideved first'fn an idealized fo}m. Thé.number of node
points is read in. There is some leeway here for the engi-
neer. Aithsugh all the jo%ngs connecting members or any f%ee
ehds of ﬁembers must be consfdered as a hode, a pbint.a]ong .
‘a membe% could be of interest (the deflections mjght be use-
fuT) and that point can be considered as- a npde\(See Fig. 3).
Each hode‘point is numbered. This humbér along with the «x
and. vy coordinates of the node point are read into the com-
~puter. The coordinates are measuréd from an origin located
at the lower left-hand corner of the structure. Care shou?d'
be taken in humbering the ﬁadés to keep node separation to a
winimum. Node sepavation is the greatest difference.between 
the maximum and the minimum node poiht numbers of nodes con-
nected by any member (See Ffé. 4). A usual procedure is'tovv
number tﬁe nodes f%om left to right, a fioor ét a time, from»
bottom to top. A shaTl‘nbde separation will mean a compara-
'-tively smaller stiffhess hat?fx, thus C@nsérﬁing sforage
. space in the computer. |

Members. The number of members'mUSt be read-in as an
index to member operations. A member is defined by node
points and always términates ai a node; thus a beam with a
node in the middle is considered as’ two members. (See Fig. 5)(
‘The number ijmembers_includes,a11 thelmembers,'columns and .
beams, in the structure. A provision indexing the number of

T.columns has been added. These mémbérs, being numbered and
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14A
'placed'in the beginning of the:membef information data deck
are not considered to have any associated gravity‘?ive 1oa§s
and thus are omi%ted when the fixed end live loads are calcu-
,:Tated; » | | | |
o A separate data card is made for each.member, The -
daia conéisté of the member number, the nodes associated with
~the member, the section number. which refers to a library of .
standard shapes, and varjous dead loading and support infor;
mation regarding:that member (See Appendix for the specificsr
of the input data). Fixed end loads can be calculated for a
varﬁety'o? loadingVCOﬁditions~(See Appéndfx for }oad types).
For a load type not éovergdg the fixed end loads may be cal-
culated independently by the engineer and then read %hto_the'
program gnder the additional loading typés'discussed later in
this sectiqhﬂ
Library. Provisions for a library of data cards for
standard section.propefties have been included in the pfogram,'
At present only the'data>cards for the steel shapes Tisted in
the A. I;‘S.:C,AHandbook'ahd the U. S. Steel Cata?ogﬁé ﬁave
been made up and the example test problems use steel memberé
exclusively. Eéch'section has an assigned lfbrary number |
and ‘the "broperties for desfgﬁing" are listed Fpr that
Séction. A library of concrete shapes could be_deve1opéd
ﬁonsidering either ve]ativé stiffness of members or actbéi'
.properties of. the concrete'member;A |

Supports. The member wmust be supported and hence



support points must be read into the program. Estimated de-

flections of the support may also be considered. Each node
is capable of three deflections: horizontal, vertical, and
rotational. The nodal deflections are numbered consecutively

following the node point numbering. A rotational number is
always the node number multiplied by three. The vertical
deflection number is always one less than the rotational de-
flection number for a node and the horizontal deflection
number is two less (See Fig. 6). When a support is added to
the structure, one or more deflections at a node is re*,
strained. The number of the restrained deflection is read

into the program along with any previously calculated or

estimated deflection.

Node 1 Node 15

2 44

FIG. 6 DISPLACEMENT NUMBERING

Other Loads. Loading conditions other than those
dead loads on the member have been provided for. A dead
loading not covered under the load types provided, or two
more independent sets of loads such as wind forces may be
applied directly to the nodes. These loads are applied in

the same directions as the deflections of the node and are
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“numbered %n the same ordew.as,the defiectiéns as was ex-
.plained under the support conditions.. |

Live loading on the members is considered.sepawate1y
~from other lToading. Many.member§ in a structure will have
the same uniform live load as provided for by the codes. Thé
number of different live loads is read in, fhen each Tivei
}b§dia10ng with all mehbers subject to that 1ive load are
read into the computer, | |

Seismic Constants. Seismic constants as provided for

by the code have been considered by allowing input for: the
‘seismic zoné, the stiffness due to the building system; and

the base shear constant (Uniform Building ‘Code, section 2312).

Formation of the Stiffness Matrix

Once the input data is stored, the stiffness matrix
is calculated. As7préyious1y stafed,<the stiffness of the
structure 1is a'compdsite of the stiffness of all the membefs_°
:Each member is cdnsidered in %urn.‘ Subroutine SYSTIF (See
 flow diagram 1in Apbendix) zeros the stiffness matrix, sets
‘the index for a particular member, and then calls subroutine
ELSTfF which generates the member stiffness.

Influence coéfficiénts for actions at the ends of a
restrained piane frame member due to unit disp]acehents'of
. the ends of the member forﬁ the K matrix. The Ith eﬂd_
~d§splacements~are,shown-with‘the aCﬁibns due-to eaéh_of those
disblacements'(See Fig. 7)._'The Jth . end displacements a%é

similér. From this, the element stiffness matrix K  can be
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formed from equation 3-2:

AE

h L
=] 0
F3 0
F4 -AE
L

F5 0
Fe 0

where:

0 0
12El  6El
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The compatibility matrix relates

placements to the nodal

ously stated (equation 3-1)

\Y

thus, considering the diagram

may be written

where

BO

(See Fig.

L3

6 El
L2

1 2El
L3

inertia

(3-7)
0 'v f
6 El V2
TT
2El v3
L
0 V4

- 6'52 4El Ve
L

Area of the cross section

Modulus of elasticity
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the member end dis-

8),

system displacements as was previ-

the following
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(3-8)
'vf cos < sin < 0 D .
v2-= -sin < cos X 0 - 02
V3 0 0 1 03
Letting cos4= x/L and
si <= y/L

and considering the displacements at the Jth end which are
similar to those at the Ith end, the total compatibility

matrix may be written

(3-9)
X y 0 0 0 0
Vi L L DI
'V 2 -z X 0 0 "0 0 D2
L L
v3 0 0 L 0 0 0 . D3 -
V4 0 0 0 X 0 o4
L 1
Vs 0 0 0 y X 0 DS
L L

Vs 0 0 0 0 0 L 06
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Remembering that the equilibrium matrix is the trans-
pose of the compatibility matrix, the subroutine MXMULT may
now be called to obtain B*B thus forming the stiffness
component of the system due to the member being considered.
The coefficients of the six by six matrix formed are placed
in their proper position in the system stiffness matrix SK.
Proper placement depends on which nodes (hence which dis-
placements) are associated with the member (See Fig. 9).
Thus the placement of the member in the structure corresponds
to the placement of its stiffness contribution in the total

stiffnress of the system.

Node 10 Node 15
43
30
member i
FIG. 9 MEMBER PLACEMENT
Banding. The form of the SK matrix will often be

strongly diagonal as can be seen in the Figure 10. The di-
mension N is dependent on the node separation. The maxi-
mum difference between | and J for the member in the
structure will have that maximum difference. The matrix will
always be symmetrical about the diagonal axis shown for linear
systems. Thus to save storage, the full matrix is banded,
ignoring the zero terms and the identical terms on the lower

side of the diagonal, into the form shown in Figure 10c. The
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n savihg,of camputer‘space that is'reé1ized é110wsrfdr é much
larger structure simulation to be placed in the computer.
Banding vectors are generated in a separate subro&tine‘band _
and:thé stiffness coefficients are stored directly into the
banded configuration. |

| The stiffness of the structuré has now been gener-
ated. A finai operatipn is carried outAdecomposingAthe‘ SK‘”
maﬁrix prior to actually solving the eduations for the de-
f1ectiohs,, This opefation wi]] be .explained more fﬁi]y with
the equation solving method., The loading vectors'must now
be generated before contiﬁuing,' Two subroutines PLOADS and
GENLD accomplish this.

Formation of the Load Vectors .

The building. codes require that a structure be de-
-signéd~tc Qithﬁtand not.only the stresses due to the dead
1oéd—of the bui1ding'itse1f, but the stresses due to lateral
1oad$,such as wind or earthquéke and the maximum stresses due
to the critical Tive load%ng’hattern'caus{ng that stress. As
the'st%ess ai!éwabie,yaries with both the bui?ding*code'aﬁd
the loading case, each loading. case is considered séparately;
Six TGadingvvectors are generated to cover the static Toéd—‘*
ings and a separate method is employed to cover the live
grévity loads. A humbervof different member force combi-
“nations are available éﬂd those app?itabie to each ?oading
‘case are considered. .

 Dead Loads. The dead load assumed in the design
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sha?I consist of the weight_of the structure proper and all
mate?iaT»perménentiy fastenédrthereto‘or supported thereby
(A. 1. S, C. specifications). The P} vector is reserved
for the dead Tdads and the ﬁember forces due to the‘dead load
are printed out under the heading, load condition one. The
dead loading on each member must be determined by the,éngi—'
ﬁéer'and then may either be read in on the member itself (Seel
load types in Appendix A) or the fixed end forces may be
cé]cu?ated»by the engineer and read in on the nodes direct}y,
It must be remembered, however, if the -latier case is‘used,
the fixed end fO?ceé must be subtractéd from_tﬁe computed
meﬁber forces by the enginee%. The ]bad read in dirvectly on
the nodes are placed in the correct.qrdér in the P vector.
at the beginning of subroutine PLOADS, Each member is then
cbnsidered'in turn. The index is set for a particu]ér |
membe r qnd‘subroutiﬂe:GENLD is called. GENLD considers the
orientation o?Athe member; cdliculates the length of'the
member, considers the Toadé oﬁ the ﬁember including the
weight of the_member-itse1f, and then ;aicu]ates the foed
end forces fof the member. Those fixed end member fO?ées
are saved and the fixed end forces superimposed on the nodes
are added to any forces aﬂready on the nodes. When each
meﬁber in the structure has been ccnsidewed,vthe total Py
veétor.wi11 have been populated.

Lateral Loads. Analysis for lateral loads by con-

ventional methods differs from analysis for vertical loads. .
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:If tHé_ﬁotal structure were considered as a frée_sténdihg
coTumn;:the‘gravitylloéds wou]d,ﬁause only an axia]istress-
in that column, (See F1q 113) The structure, hdwevef,
aWOUTd act as a 'cantilever when horvzontal loads are applied.
VHence a moment and a shear would be created at any horizontal
icross section of the bu11d1nq (See Fig. le) . |

Lateral loads such as those due to w1nd or earth*
‘quake are of 1mporLance particularly in tall buildings.
Here the stresées due té horizontal loads may be critical,
éspecia11y is the 1ower members.'_As wind and earthquake need_
_not be assumed to act sihu1tanéously separate vectors have
been assigned for each. Other considerations in the code
such as load reductions make separate cons1dprat1on of each
horizontal load advantageous. Both horizontal 1oad1ng.con7
ditions are analyzed statically as provided for by the
present codes. |

Wind Loads. Two vectors, Pp and P3 have been

set aside for wind loads. If the building is symmetric and -
Ehe wind loading from either side is the.same, one vector
only need be used. The second vector is prévided sd winds
from either difection may be considered. The wind forces are
éa1cu1ated by the engineer and read in directly on the nodes.
‘The deflections and the member forces due to both sets of
wind loads (See Fig. 12) ére printed out under the headings
"]6ad;ca3¢$ two and three"respectiveiy

Seismic Loads. Every bu1}d1ng shall be deSTQned to
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"résist stresses produced by lateral forces due to earﬁhqdake,
Stresses shaT?lbe calculated as the effect of a force app1ied
horizontally qt edch'f]ob} or roof level above the foun-
dation. The force shall be assumed to coﬁe from any hori-
zdnta1 direction (Uniform Building Code). Vectors Py and
Ps have been set ande for thg seismic iéads coming from
efther.sidé of the plane frame. The magnitudes of the hori; -
zontal loads to be applied at each floor a%e célcu?ated in

accordance with Section 2313 of the Uniform;Bui1dihg'dee-v~

Fx = (ZKCW) Wxhy . The total dead load per floor is found
from the -??‘ vector prevfous]y calculated. .The dead Ioad' 
on -a particular floor MWy is multiplied by: the height of
'that‘ffoq? g, the seismic consténts~that were read in, and
the total sum of the dead loads . That product is divided
by the sum of the floor weights‘mu1tip1éed by their res
spective heights wh to obtain the force Fy to be applied
at the floor under'consideraiion. The force is_appiigﬂ,unif
formly-to“tﬁe nodes at that floor level. To properly con=
sider the tq%a] 1oads‘and the horizontal rotational effect of
thé seismic ﬂoad on the structure, all cf the parallel plane 
frames of the structure must'bé considered at the}same time.
An o%thog0ﬂa1 mu1tﬁsf6ry building may be considered as two
sets of parallel frames interacting at %ight'ang?es; Each
set of parallel frames being considered as a series of plane
frames in a single plane.  The fndividua] frames ére con-

" nected by rigid pinned bars represehting the floor system
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(See Fig. '!_3)° Thus lateral forces on one frame may be |
transferred to the néxt para?ie] frame‘throuéh the floor
_éysfem in proportion to the frame's relative stiffnesses.

'A set of ope%ations in subroutine PLOADS locates the
nodes associated with each floor and sums the vertical dead
loads on those hodes, The manipulations required to calcu-
late Fyx are carried out and two load vectors Pg and Pg
are formed. Pg consiéts of the seismic loads to the right
and member forces are printed out for the seiémfc loads.

Gravity Loads. A sixth vector is provided which is

the sum of the. dead loads Py and all of the live loads.
This would represent all of the gravity forces dead and live
én the strgciure; ‘Although the five-?oad vector is formed in
exactly the same manner as the dead load vector; the solution
of the max{mmm'or minimum member force due to.differeﬁt live |
loading pattérns is'quite differént from the solution for
 member forces due to dead 10@35. The 1ive loading condition
will therefore be exp]ained’after ihé dfscussioh on solving
member‘forces,_ wiéh,the sixth load vactor'pcpulgted, the de-
flections of the nodes may now be solved. |

Solution of the Equations

There are various methods for solving the set of

simultaneous equations (equation 3-4)
p ="SK-D

for the annowh deflections. One method would be to solve
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the equation in the form»(equatian,3~5)

D= sKk-lp

by invewfing the SK matfiﬁ. This hQQever takes ﬁime and
storage space,-botﬁ of which are at a pfemium. Another -
method which is used is Gauss Elimination and back¢sﬂbstitu—
tion {Uylie, 1966).- Given a system o? simultaneous linear

"equations

ap1%X]  *  appxp CF e .ot aggXpy = by
- am]X] + amgx-gf .. E +\ amnxﬁ = bm ’

a procedure consisting of a series of reductions will be ap-
plied. For the first reduétion_bf the equations, the firstf
equation is divided by Ajj and then in turn, multiplied by
the first term of each other equation and subtracted from

. thatléquation unt{1~tﬁé Mth edﬁation has.beeﬁ considered.
For the second reduction,.the'first'equati§n is left alone
and the seéond-equatiqn_ﬁs divided-b}'~A22“ and then in” turn
muTtip]fad by the first térm of each new equation and sub-
tracted from that eqUatfon. The result of. the second re-

duction is the system



UL PLUSEREL E L B *o Mg 7By
.XZ + 'A23X3 + + Aann = BZ
a”33X3 + L e s +al'3nxn ‘:: ) b'l3
- C . 'y . )
a X + ., . . +a X = b

m3 3 mn n m _7

The series of reductions terminates when the veduction on the
M-1. equatioh has been completed, yielding the following set

of equations:

‘X] + A]2X2 -+ A]3X3 e A1nxn' = B]
- ‘ X9 + A23X3 e Agnxn = 82
X3 * . .‘.’i + ABan = 83
" i
a gpXp 5 b

°

X, can be solved by dividing the last equation.by a on

Tﬁé rést‘of tﬁe unknowns caﬁAnow be found by a series of
back substitutjoné{’ It must be noted that there can be no
;éro terms on the diagonal (i.e.: a1i Fose.cea F 0), for
an equation cannét be dﬁvided through by:zero. Due to the
method of forming the stiffness matrix there caﬁ be no zZero
on its diagonal, A zero on the diagonal éould come about
only by an inconsisténcy in the structure or an ervror. in

the input data, vathis.hapbens, the program will print
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out which.te?m is equaﬁ.to zero and itvis'up to the engineer
to find the error, |
| 1t is noticed that the-stiffness'matfix is destroyed»
in the process of solving for the deflections. To save
'having to regenerate the stiffness matrix each time a set of
deflections must be solved, the stiffness matrix can be-
ba%tiaiiy.decomposed, vThe d{agonal térms are restored to
their original va]ﬁe and the def]ections may be solved by
workihg on the P vector separately without fﬁrther de=-
stroying the stiffness matrix. Thé stiffﬁess matrix is de-
composed at the end of subroutine SYSTIF. MWork on the P
 vector énd the backsubsti{utﬁon_are’done in subroutine EQSOLV.
_ Just prior tovso1&ing the equaﬁiens, the boundary
conditions (subpbrted points of known defiection)»mUSixbe
appf%ed. The matrix eqdations>may be written in the fo%m

— p — -— r

Pfree j SKeg | SK¢s Dfree - (3-10)

Psupported| | SKsf SKgs | Bsupported

where:
Pfree = loads at the unsupported nodes

Psupported =. loads at-the supported nodes

The équations may be rewritten as follows:
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and the tast term will drop out if the support deflection

vector Dg is null. Rather than rearrange the equations in -
the program, the support equations are zeroed out. No di-
agonal term of the stiffness matrix can equal zero therefore

the diagonal term is put at one (ajj = 1),
(sdpport equation) OX] * OXp * .. F Ixg F ... oxn=Djj

D]j is a known deflection replacing the ?, va]ue,' The above
is achieved by multiplying the diagonal term ajj and the

D]_ term by the large number 1015 . Whenlthe equation.is
di&idéd through by the'diééonal term for the Gauss Reductidn,
the above equation essentially is left. The suppo%t deflec-
tion xj' therefore will equal the read in deflection Dlj

and the deflections of the free nodes are affected only in as

much as the support deflects.

The Reactions. The reaction vector Psupported s

found by solving the complete equation 3-4

-

P = SK D-

wﬁere all of the nodal forces are faﬁnd° The stiffness matrix
must be regeénerated as it was destroyed in the equation solve
procéés. Any’fowées applied directly to the supported npde |
must be added to the support reaction for it will not be in-
éluded in ﬁhe'so]ution for the deflections. The reactions

for each load type'except'the live loading conditions are

printéd out along with an equilibr?um check,



34

The Member Forces. Once the deflections have been

vsolved, the member forces can be'found'?rom equation 3-6
“F = KBD

~ K and B are regenerated for each member'in.turn and multi-
plied by those node deflections associated with that member;
Any fixed end fo?ces bﬁ_the mémberbmust be subtracted from
the F forces. The member foréeé are then printed-out'and
Tabeled as to which loading coﬁditionrcaused them.

Live Load Considerations

The member forces due to the live loading will now be -
discussed. The codes state that the arwangement of loads re-
sﬂiting in the highest stresses in the. supporting member shall
 be used in design, The hiéhést axial force possible along
with the highest moment possib]e and its associated axial
force (See Fig. 14).

The program ana?yzes'the maximum and minimum_fofce
'conditicns due t0 any worst poésibie loading condition. Each.
iive loaded member ﬁg considered in turn. A ]bad vector of
Fixea end fbrées for the one loaded meﬁber is generated in
the same manner as the fixed end forces due to the dead loads.
The deflections and hence the mémbervfavces in all the members
in the st%ucﬁuwe are calculated due to the load on that one
member (See Fig. 15a), The member forces are stored in one
“of two columns. depending on the sign of the force.. The next - 

member is now considered and the process repeated (See Fig.



H14U AYIAL STRESS

FIG. 14

35

LIVE:
LOADS

-mqw &&NDINQ STRESS

MAXIMUM LIVE LOAD STRESSES

- MOMENT

FIRST CONSIDERATION
(a)

+ MOMENT

SECOND CONSIDERATION

FIG.

(b)

15 LIVE LOAD STRESS



| o _ _ . : : 36
15b). For each cycle the‘load vector is generated, the

nodal deflections are solved, and the member forces are cal-
‘cuﬁéted-usihg the process described before. The member |
forces are theﬁ summed for each Toad that ca@ses a similar
force. Those forces will be maximum after all of-the live
loaded members have béeﬂ considered., Other non-maximum
forces associated with the maximum forces are also calculated

and hence the requirement above is satisfied.

OQutput Data

The fiﬁa? step in the program is to print out all the
required data that has been found. The node deflections are 3
printed out in inches and are labeled as to the node. Re-
aétions are printed out for each loading condition. The
total weiéht of thé struétura?lmembers is printed dut'a]ong
with some other miscef]aneous by-products of the seismic
considerét%ons (See Appendix for éxact data output format).
.Aii of the member forces are printed'ouf in kips or foot«kibs,
A member js listed and then the forces according to the ]oa&-‘
iné conditiph aré'p?inted, Maximum and miﬁimdm moments with
their associated sheafé_and axial forces for each end bf_a
member are'érinted out under load cases seven and eight,
Maximum and minimum axial forces and shears are similarly
priﬂtéd out under load cases nine through twelve. The answers
are left as member forces rather than stresses for convenience.
: The various forces must be studied and the stress ca?cﬁ]ated

fb?'the worst combination of forces as required by the code.
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This process has not been included in the program because of
‘the variation in different codes and changes taking place as =

newer additions are adopted.

Information Eva]ﬁation'

The engineef,must now evaluate the information sup-
ptied by the pomputer'output and check the stresses‘of each
member against the sﬁresses a110wed'by the code. I% a
member is undersized a Targe%_section”must be used. Over-
sized members may also be altered. The p%ograh can be rerun
to'chéck the adequacy of the resized strucfu?e. Design of -

' connéctions and footings may how be carried éut in the con-
ventional manner. The program has relieved the engineer of
the:tedium of the actual stress analysis but has not re-

placed his judgment,



CHAPTER TV
EXAMPLES

Presented ﬁeréin is a list of'structural problems
analyzed by the computer program. Typical structures, with
loads, are shown ih the figures} Node def1e¢tion5.or member
end forces are given in the tables. | |

The firs# prqb1em is a_beam fixed at both ends with
the loading conditions shown (See Fig. 16)07 The beam was
used as the original test broﬁ]em during the deve]opmenf of
~the program. Exact solutions in the form of moment and.
.shear diagrams were qé]cu1ated by hand and compared with the
computer output} A few selected comparisons are given in
tables (1 and 2). | | | |
‘ .The remaining prcbiéms are‘eXamples taken from vari-
ous textbooks. These'prob1ems demonstrate the reliability of
the pfogram compared to the other methods»of.analysié noted
in the tables. Membér end moments due to 1éteré1 Tdads; c*Q
-gravity loads, and live loading patterns are tabulated and
compared. Two factors must be remembered hoWevef: the pro-
gram takes into account‘the effects of axial deformation and
the other methods of ané1ysis used are apprqximétiohs at
'best. As an added interest, the'computer time used for the -

complete analysis is given with each problem,
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EXAMPLE: PROBLEM NO. 1
BEAM FIXED AT BOTH ENDS

| =106.S
10.0"'
STRUCTURE
a.

1y (a.)
© , © © , © c
3 w 6
-z.0*-— 3.0' —-3.6* —-2 .8—

IDEALIZED STRUCTURE

(b)

IOKI
UNIFORM DEAD LOAD POINT LOAD
LOAD CASE | LOAD CASE 1
, oK' [*/FT.
POINT LOAD UNIFORM LIVE LOADS
LOAD CASE 3 LOAD CASE 4

LOAD CASE'S
Cc)

FIG. 16 EXAMPLE 1
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Loading

Load
Case

max
mi n
max
mi n

max

SELECTED DEFLECTIONS

Def. Exact Solution
5 .03002 :
8 .07329

11 .04122

5 .00765
8 .01027
8 .029195

TABLE 1 DEFLECTIONS Example

SELECTED MEMBER FORCES

Member-End
Force

Clr- 1

TABLE 2

Exact
Soluti on

-41.84
2 -20.92
1 -25.105
2 - 2.00
! +12.50
8.333

N
1

+

.3958

1 + .7291
+ .072

3.072

MEMBER FORCES Example

Computer Soluti on

030021

.073294
.041228
.007653
.010277
.029195

1

Computer
Solution

-41.842
-20.921
-25.105
- 2.00
+12.50
8.333

+ .39583

+  .72916

+ .072
3.072

1
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EXAMPLE:

SErEr

10O KPS

PROBLEM NO. 2
MORRIS AND WIL&U P. (iISGO) PP. 304 -311

X =160

30'

5TR.L3CTURB WITH LOADINQ

(a)

SEE: TA&LE THREE FOR. THE MEMBER.

MOMENTS NOTED ABOVE

(b)

FIG. 19 Example 2

20
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==<1&)
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SELECTED MEMBER FORCES

Portal Cantilever

End "Exact" Method Method Computer

Mom. Solution Solution Solution Solution
1 29.60 33.33 22.24 29.68
2 25.10 33.33 22.24 25.15
3 31 .60 45.83 30.57 31 .69
4 29.50 45.83 30.57 29.47
5 10.60 12.50 8.33 10.57
6 . 10.00 12.50 8.33 9.97
7 42.50 45.83 54.60 42.63
8 41 .30 45.83 54.60 41 .51
9 32.40 25.00 29.18 32.43
10 25.20 25.00 29.18 25.15
11 52.20 45.83 52.50 51 .96
12 53.60 45.85 52.50 53.59
13 68.30 66.67 77.92 68.32
14 76.80 66.67 77.92 76.74
15 40.10 33.33 38.20 39.97
16 45.60 33.33 38.20 .. 45.*50..
Computation Time For Complete Analysis 3.83 seconds

Table 3 END MOMENTS Example 2
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EXAMPLE PROBLEM NO. 3
5£B OULL AMD SVErD (M64-) P.P. 70-8C

HKIPS 10 I =sli UNIFORM LOAD AJ/FT.

UNIFORM LOAD 1.6%T.

UNIFORM LOAD I.6K/FT.

STRUCTURE: WITH LOADINq

@)
mnd> 1<D
(> (> @
(Ti>- A<D

(M>r

SEE TABLE FOUR FOR THE MEMBER.
MOMENTS NOTED ABOVE

(b)

FIG. 20 Examp 1e 3



SELECTED MEMBER FORCES

Due To Gravity Loads Due To Lateral Loads
Moment Moment

End Distribution Computer Distribution Computer
Mom. Solution Solution Solution Solution
1 +40.2 +40.94 - 1.84 -1.95

2 +33.9 +33.63 - 0.91 - 1.04

3 -27.7 -27.76 - 3.79 - 3.87

4 -23.7 -23.75 - 2.63 - 2.69

5 - 11,1 -13.14 - 1.97 - 2.01

6 - 9.5 -10.90 - 1.63 - 1.63

7 -60.8 -62.49 + 6.97 + 7.11

8 +82.2 +79.71 + 6.68 + 6.86

9 -39.9 -36.88 + 7.93 + 7.85

10 +16.6 +19.23 + 7.51 + 7.49
11 -18.4 -19.08 -11 .98 -12.01
12 -20.1 -20.32 - 9.79 - 9.88
13 +26.7 +27.24 -11.71 -11.89
14 +12.2 +12.87 -17.27 -17.47
15 - 6.1 - 7.04 - 8.15 - 8.06
16 - 3.7 - 4.01 -10.52 -10.44
Computation Time For Complete Analysis 4. 06 seconds

Table 4 END MOMENTS Example 3



EXAMPLE: PROBLEM NO. 4
SEE: MAMTELL AND MARRON (M 62) FR

2 22 23 24- 2E

© @ @ @ 1
© © © © @ 10
16 17 ia 14 20 -

© © @
© © 0 ® © 10'
Il D) 7] 14 IE

©
© © © © © W
Co 7 a io

@ @ © @
© © © © © Ko
1 2 3 4- S

. TV- 7777 7y~ —

QIVEN

MULTISTORY FRAME

COLUMN K's ~ A BEAM K's
DEAD LOAD = 'ZK/FT.
LIVE LOAD = SKFT.

FIND

MAXIMUM END MOMENTS IN THE BEAMS OF FLOOR 3

FIG. 21 Example 4

r§ FLOOR
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MAXIMUM END MOMENTS IN THE BEAMS OF FLOOR 3

23 30 31 . 32
CF::“'-‘ Vo y, \?’r .............. x'js o {)
45.0 72.0 72.0 76.7  76.7 105.1 105.1 70.3
31.0 73.5  66.1 74.0 80.6 102.8 109.5  49.5
33.0 71.5  68.0 73.6 81 .2 99.9 108.8  52.1

51 .57 69_.0Z 75 g4 .. 7_9%2J. 9088 98.60 104.98 ZX.29
Solutions in Kip-Ft

M - Method of Analysis
1 - Example 10-1 Moment Coefficients

2 - Example 10-2 Simplified Structure
Unit Loads

3 - Example 10-6 Two cycle method of
moment distribution

4 - Computer Output

Computation Time For Complete Analysis 13.64 seconds

Table 5 END MOMENTS Example 4



CHAPTER V
POSSIBLE ADDITIONS

A program of this type evolves with use. Manyr
changes and innovations could be made, some to fit individu-
al preferences, some to fit a parﬁicu]ar structure, some to
fit a particular building code, and some to fii a particular
computer{ A few'fdeas for further.investigation are Tisted
here,

a. A subroutine to automatically generate the geome ~
try of the structure wouid e]1m1nate the reading in of each
- node point with its correspond1ng X and vy coo.rdmates°
This would be particularly useful in 1ar§e,»unif6rm, grid
structures. A simple "if" statement could given tﬁe operator
a choice of input me thods or possibly a cbmbinat{on of
~methbds. |

b. A stress raut1ne cou]d be added and the output
would then be the max1mum stress ‘for each member rather than
the maximum force in the membery‘ |

c. A routine could be added to find the forces at
midspaﬁ or e&eh the quarter pqihts of-each member, by using
the known loading condition and the ca]cufated end forces for
that member._ This can be achiéved‘now by placing node points -
along thermember where fhe force§ are‘quted, however the

. 48
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input data is inC?eésed and thé inéreage in node points'wilT
decrease the sizé‘of the structure allowed. | |

d. A plotting subroutine could be added and the out;
put would include a -plot ofrthé,aéflecﬁed structure along
‘with the member forces listed_oh the member. An alternative.
would be to draw the‘mament diagram and/or shear diagram fbf.
each membér. ‘ |

| e, A joint stiffness factor could be incorporated
into the element stiffness mafrix} This féctor wouid con-
sider ﬁhe per cent rqtationa] stiffness of a joint from zero -
pér cent for a pihned éonnection td one hundred per cent fér'
an ideally fixed connection, Each end of & member would
have a factor thét_wdu?d be. considered wﬁen calculating end
actions due to end di$p1acements° Fixed end %orces super— 
‘1mposed'to the éodes.would alsb be modified.

T. Tape'storage is a must if a structure of any
sizeAis to be.aﬂalyzed° When using external storage, the
structure is broken down into substructurés (See.Fig. 22).
The stiffness for each substructure is calculated and then
stored on tape. £Each plane frame of the st%ucture would be .
considered as a substructure. For analyzing gravity loads,
‘each plane frame fs considered separately, bgt when ‘ana-.
1yzing'?aterai loading, all of the frames must be éonsidéred
‘_tegeﬁhér. Fﬁrther b%eékdoWn into substructures wod?ﬁ prove
difficult due to the method of éﬁa1yzihg'the ]ive'1padihg

and to the computer time invoived in switching from internal
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to external storage and back again. f _

‘-g.> The node poihts could be Eead‘in in their_three
~dimensional ]ocations.: The computer would then 5e brogramed
-to select the.frames parallel to the xy plane and arrange
‘them in the correct order as 5 set of plane frames connectéd
by inextensible links (See Fig; 23). The proéess would be
repeated for -the yz piane'frames. Each orfhogona] set of
frameé would be analyzed separately. ‘Thus the whole bui]ding‘
will have been analyzed. |

Some o% the above ideas must be added to bring the -
program from the role of an academic answer to the ro1e_of a
practical answer useful to the architect's office and.thé
affiliated structural engineer. Care, however, must bé
taken to keep the program'simp]e.and to keep coﬁputerrtime to
a minimum. The va]ge of any change must balance advantages

against cost.

0



CHAPTER VI
CONCLUSION

7 The program presented is noﬁ meant to replace the
structural engineer but is to facilitate the ma%hematica]l
‘calcu}ations'of-the design analysis. ‘A prime consideration
. has been to keep the'running ﬁime of the program as short as
possible, yét.still cover the areaé of analysis necessitated
by standavrd engineewing practices or required by the building
codes. éravity and lateiral loading conditions have each been
cons1dered and a freedom of structura] configurations has
begn allowed for, The program is not practmca1 for small
'singlé'étorylframes nor is it designed for nonframed struc;
tures. It has been designed to handle the intermediate
framed structures, two or more stories in height. Very
large sfructureé areAimpractical due to.the computer-storage
Timitations. The program at present is 11m1ﬁed to steel |
members. In time, var1at1ons either in the present program
or in sister programs allowing for analysis of concrete de-
signto% incorpqrat%on~e1@ments suéh as shear walls, cén be
added. - | | “

Using longhand methods, én engineer will spend ap-
_proximately foriy hoursianaiyzing the stresées fbr the
Single plane frame shown in Examﬁ]e qubef 3. Tﬁis time can"
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be translated to-aboutwfive'hdndred dollars in cdst of
analysis. The C6mputer can be programed to ana]yze:the_same
frame with the same loads, arriving at more exact‘answers
with no chance of error in about twe]vebsecoﬁds or for less
than five dollars in computer costs,  This represents a con-
~siderable savings. Based.on the above fough cost estimate,
programs of the type presented here definitely have a praé-

tical commercial value.



APPENDIX A

Flow Chart For Computer Analysis

PROqGAM FRAME.

READ IN
INDEX CONSTANTS
LIBRARY INFORMATION
NODE POINT GEOMETRY

MEMBER. INFORMATION
COLUMNS AND BEAMS
WITH LOADS

LIVE LOADS
NODE LOADS

SUPPORT INFORMATION
SUPPORT POINTS

DEFLECTIONS
SEISMIC CONSTANTS

CALL BAND ~>
(JANDIN4 VECTORS"”

NCALL =1
T~~
CALL SY5T1F- >

CSTIFFNESS MATRIXA-

~CALL PLOADS >
("LOAD VECTORS

CALL FRM5QL ~">

END
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SU&ROUTINe 6AND

FORMATION OP THE:
BANDINig V&CTOR.9

SUBROUTINE SYSTIF

ZERO SSK MATRIX

CALL ELSTIF >
S ("&MsER 5HFFNEST>*

M cALL MXMULT~>-

£  CALL STUP&O y
8} (ASYSTEM STIFFNESS *)-

— Q
A NCALL >

DECOMPOSE STIFFNESS
MATRIX PRIOR TO SOLVING
THE DEFLECTIONS

RETURN

SUBROUTINE ELS5TIF
FORM & MATRIX
FORM SK. MATRIX

RETURN

SUBROUTINE MXMULT

SK * b

<NcALU A

CALL FORCE
("gMSErR FORCES Y ~

-E{~mcah. y*~
6'*SK* 6

RETURN

SUBROUTINE STUF&D

FORMS SSK MATRIX
( STORES BOSKS')

RETURN



SUBROUTINE: PLOAD5

ZERO P VECTORS
PLACE NODE LOADS
ZERO MISC. VECTORS

Live LOADS
MCALL =1
NCALL =1t

CALL q&NLD >
(TIXEP END LIVE LOApir)-

5
d
CALL sSQsQLV
C DEFLECTIONS %>
ALL &L5TE
i utu © &L5TIS >
0 gij ,
) CALL MXM'JLT >
81 FORC8S2)
1
ZERO P VECTOR
= $
DEAD LOADS
MCALL = 1
wty T 1

w» CALL QENLD 'y

85 (FIXED END DEAD LOADS%)-

8 i I

QENERATE SEISM1C
LOAD VECTORS

FORM DEAD + LIVE:
LOAD VECTOR

WRITE P VECTORS

RETURN
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SUBROUTINE GENLD

MEMBER FUNCTIONS -

MCALL

DEAD LOADS LIVE LOADS

—<~LOAO TYPE:

LOAD TYPES

1 QENERATION
OF FIXED END

- FORCES FOR -
EACH LOAD
TYPE

N oP w=s

ORIENTATION
FORM PVECTOR
SAVE FIXED END FORCES

RETURN



SUBROUTINE: FRMS50L

CALL EQ5QLV
C DEFLECTIONS %

MCALLc |

NCALL = 2

CALL SYS5TIP \Y
(j>TIFF-M5%  MATRIX %)-

SOLUTION OP REACTIONS
(p=ssvC+D)

WRITE OUT DATA

MEMBER FORCES
BY LOADINC CONDITION

EQUILIBRIUM CHECK
PRINT REACTIONS

NODE DEFLECTIONS

MEMBER. FORCES
BY EACH MEMBER.

RETURN

SUBROUTINE EQS50LV

APPLY BOUWOXRY CONDITIONS

SOLUTION OP EQUATIONS

BY QAUSSIAN ELIMINATION

AND BACK SUBSTITUTION
(D SSK"'4* P)

RETURN

SUBROUTINE FORCE

S&L&CT D VECTOR.
FOR IT™H MEMBER

5K*5*0
LOAOINg CONDITION
1 G

SUBTRACT END
DEAD LOADS

MCALL >

SUBTRACT END LOADS
DEAD AND LIVE

SUBTRACT END LIVE
LOADS

STORE MAXIMUM AND
MINIMUM FORCES IN
VECTORS 7 THRU I

RETURN



APPENDIX B

INPUT INFORMATION

SPACE REQUIREMENTS -

~Size limitations for in core storage must be main-

tained as fol}oWs:'

No. of NODE POINTS

No.

Maximum NODE SEPARATION

of MEMBERS

100
200
19

Space requirements are dimensioned as follows:.

NAME
General Indexes
Work Arrays
Work Vectors
'Stiffness'Matrix
- Banding Vectors
Node Points
Library
Supporfs
Fldors'

Members
Memberrquces
Miscéllaneous

Miscellaneous

The limits of the CDC 6400 is 48,000 spaces.

"TOTAL SPACES

DEPENDENCE QUAN. SPACE/PER DIMENSIONED

. Nodes
_Nodes
Nodes

Library

Members

Member§

TOTAL

16
4

60,
20

27

72

58

1
36

300
300
100

50
100
30 .

200

200

100

16
144

9
18,000
6,000
400

400

700

120
5,400
14,420
100

. 2,000
47,639



INPUT DATA FORMATS

General Information

NO. OF NO. OF NO. OF NO-OP NODE NO OP
NODES COLUMNS MEMBERS SUPPORTS SEPARATION LIBRARY
10 -20 30 40 SO GO

Node Point Information
NODE PT. X -COORD Y-COORO

NO. (FT) (FT)
10 -z0 30

Library of Sections

CD. SECTION VVEICNT AREA DEPTH Ixx aY
NO. NAME (165/FT)  (SQ.IN.) (IN) (IN 4") (IN 4")
4 1 1 16 33 sl 34 (3 73
r~I r ~ | | -

Member Information

MEM P Q SECT LOAD UNIFORM LD. POINT LD.1  POINT 10.-2 A DIMENSION 6 DIMENSION END COHO.
NO., END END NO TYPE (KIPS/FT) . (KIPS) (KIPS) ( FEET) (FEET) s LS L
47, 1" 1 20 30 40 50 Ce0 70 It 74 70 78
coLs
4 a 1 16__ 20 30 40 o) co 70 72 74 76 73
BEAMS

Live Load Information

NO. OP
DIPFFSRtNT LIVE LOADS IF ZERO OMIT FOLLOWING CARD
LIVE LOADS NO OP THE MEMBER. NUMBERS

(KIPS/FT.) MEM.

10 13 10 23 30 38 40 48 50 58 6,0 os 70 7S

Loads At The Node Points

NO. OF LOS. NO.OP LOS. NO.CP LDsS. 2 CARDS BELOV/ FOR GACU LOAD VECTOR.
VECT. | VECT. z VECT 3 OMIT |IF Z&R.O NO OF LOS
10 -20 30

THE LOADED POINTS IN ORDER
5 lo 16 20 15 30 35 40 43 50 B @ 06 70 715

THE LOADS CORRESPONDING TO THE POINTS ABOVE
10 20 so 40 60 CO 70

SO



60

Support Information
THE SUPPOR.T&D POINTS

6 0 ® o T 0V P 40 49 0V 68 60 B3'0VD B &

THE D&F-L&CTION9 ASSOCIATED WITH THE POINTS A&OVE

10 60 30 40 80 60 70 BO

Seismic Constants

(see uniform euiLoiNg cooe)
ZONE K (of

(@) 60 30



LOAD TYPES

P5RHF DLD2 -
Jix-OLD i dittiiliin
© p m I 1X
aaal*- Abb>b H* M ItK A
CPLDI COMBINATIONS oP (T)
AS s A~ YLD
(z) P : N4 Q

PLDI - rPLD2

@ P f'fvr | 1A
H AAAM BBB (-

% 1

FyED “ A~ COS «

uLp
@ MEM6BR. ORIENTATION

/PLD2

< r4n QRAVITY LOAD AND
NORMAL LOADS

PLDI
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APPENDIX C

OUTPUT DATA

DEFLECTIONS

FOR. BACH NODE POINT

J— -6- \
Ly 1 ROTAT 1.0W
1
+X
MEMBER END FORCES FOR. EACH MBM&BR.
3
lr
p e.MD Q END
1 AXIAL FORCE: 4 AXIAL FORCE:
2 SHEAR, 5 SHEAR
3 MOMENT 6 MOMENT

LOADING CONDITIONS
deflections are given for loading conditions one thru six
member forces are given for loading conditions one thru
eleven

1 DEAD LOADING - generated from member loads or applied
directly to nodes in load vector one

2+ WIND LOADS - applied to nodes in load vector two
3- WIND LOADS - applied to nodes in load vector three
4+ SEISMIC LOADS - generated, load vector four

5- SEISMIC LOADS - generated, load vector five



GRAVITY LOADS - sum of dead plus live loadings.

7 MAXIMUM MOVENT DUE TO LIVE LOADING
with associated axial force and shear
-(TL 1) »
8 MINIMUM MOVENT DUE TO LIVE LOADING
with associated axial force and shear
4»_. . — " s
MAXIMUM AXIAL FORCE - COMPRESSION
with associated shear and moment
-&-L:_ i +
10 MAXIMUM SHEAR DUE TO LIVE LOADING
11  MINIMUM SHEAR DUE TO LIVE LOADING
REACTIONS

63

reactions are given and an equilibrium check is made for

loading conditions one thru six

TOTAL WEIGHT

of structural members is given
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