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INTRODUCTION -----
Presented in this paper is a brief description of STRBSS 

(Structural Engineering Systeas Solver) which is a system for struc­

tural analysis by digital computer. It consist■ of a language which 

describes the structuru pl'Oblea and a ~e■aor which produces the 

requested results. STUBS is a generifl purpose system in the sense 

that it is capable of analyz~ .. • willL•••i•tlf,19f structural types and 

situations. The input lanugJce ia problem-oriinted, i.e., the only 

problem·-4eacriptiea required ?is in eDS~in&ratb.er t.ban computer 

language. , i : t / 

On the ., • ..,uJ. ;~W i• NMlei ,, aet · ineer, a 

few words conierninc the 1•r;ral nature of the ■tructural dea1gn problem 

appear to be 4,n oner.•. For ~le, couider aiapl.e builiing 

frame shown if Fig. The +-bers ot this s_t · cturali ~ystem imay be 

of steel, rei · · · 
i ~ 

connected at ihe joints. Thi objectift ~f dea 

structure-whif wil-1 -npportj.the iapoaed tloada 

or deformatio1 and with --t+- econoay. . , 

evolvcf a 

t..bou.t.~cesst7e stress 

I ! ' l 
The an•l-•i• of the NJ.auvely-•iapl• trdn in Fig. 1 re11U1res 

the determination of 63 distinct force and _,..nt components. This is 

accomplished by the sd'llf'l11i bf.W"'8itl~r ol ..Wlt.ons. Forty-two 

of these are classified as equilibriua equation■• The remainder express 

the compatability of distortions between the various elements. The 

total set of equations may be subdivided such that analysis requires the 

solution of 21 aimultaneous equations. It should be apparent that 

rigorous analysis of a more sizable atructure (e.g., a 20-atory building 

frame) requires an enormous amount of computation and data processing. 

The problem is further complicated by the fact that the deformation 

of the individual members and hence the compatability equations depend 

upon the size and elastic properties of those members. Hence design 

must be an iterative process each cycle of which involves a new analy­

sis of the complete structure and a revision of the member sizes. 
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.··~.r-~':· . .:-t"'~ _,~ .·~·;., '.:<~ .• ~)4i .. , :e:,,·1r1 •)i..iT .• art:.t.~d . (; lt~ ... .L.uJ·;)l~, .. ~·1,: .:iJ..;_1..::-,·l: ,1..: 

" " l t 
• :· l ~;;. -~"~.i'.-~t o.la~J'fa1"811W•a.PJ!lMilf'flhaMW f~,,-•~?l.f:.,;;:; 
poa■i~MJ.~,jf\ tJW1.,~AH111, ,,,,"ifo1_11/1vfdr;pff'Vfllfj 011"1',Pf,f~l;d ,Z 

•iMI#IMf t'.YBt~IIIM:,f41M:.ffJIIW., ''lftNuJ1\,fal.r .FWitJ1.~ ~11:~,A:i~, 
stF1,1ctu-Na it was necea-.ry to ..,107 !IPPl'D&iute methods. Tbes!3,:!t.!.rv•b 

l~Jf! ~ _ . ..__.,,,_ ~ ~-1},,l,~ Y,t,H',f~~~h 

were M.U,IIIM.-., ~&~~~..f>lg Wftf1r:l~.fWi1°.11ffl.P.P:!: •;,c ,;,-1 \..:~ 

~'M:taf ~ ,~\lftt1~~1'Nffl~d' JIJW'MRf: :fi9Nt8~~~f 

UM,"'-!llh ~-Jl~1'F~-~.nftW\~11.«M 'l!»~t~-~,J il~?:_., ~ .z 

econQIIMi.-,:.~.elP~e-:t1tw.:~..t~-JFi-.NI\\M.~~1\M1!~d '! l j 

ff8Jt~~,~~~:.,a~ Mtl!tfl'-Jllftt,-J \APAVtfi/~,/1 ~\C~~ns1 

the 'f.llMt~-~ • Mwv,~~ ~-~.t'½M,41&~ r~P.~· ;: .. ,, . 
J~Jtf.18.._-11~~...,.?lM..MMAM-il~N~;Ji\,,,".t~<'I-';{/ 

id~\.14' ~~~-ff,,:~ .. ltiM:~t\M-!dtl\"'!fi~l.,~1~-l.,!j 
qu1ci. l~~-~ "'~~t .lVfl~ll»VA~Jl\!u:M\~d!M, ;0 tri~--,.,, :. 
putera OYr.P 1 ill8 oM8 t !INP.A-.:tl niHw\l:)IM'e ~ .,~~ rl&,,q\%9 :~ e\~111 

•l>Wlklni8tllltH•ol'fOl"'ll""•-ii1!• ulWJll1'ta~\\\\rJli:A- \1l8\YA1r'\tlt~;, , 
8 PM1~1,t~t~$l ,A,t,n~1fM!l~ \IILJ9'1\1' 4'\'fiWLl~h~"e\«JR.," 
8 D8'rlfrtlPW~~~~~t111'1~a'fillf*•~,~~f\t,!in ~\~ 1; ; ,1 

restri&~~~~IR!t:Jillo~l-91 '~"""~ II\ '1l8l~tf\~n. '°' 
solution to the general structq~-Ml"\-\W,.tlm\81!1.hh.- "·' 1,. 1 :~;, 

&bH@.ff 1Mff11 ~l'lllffl,Jla'!! Rl!ntt!llifttll-tB'+~"•,o•itq~•C?, ;r; 

restr1fUK•-½&--~t'TiMiellll)l. --UMStlM4a111T8 !~\;.,e tiiY~·c,'Jit 1:.,;, ,L~ 

stiw~ l•lh•-;;~0 Ma~uM&t;IB8i M1-•1tnRt~nb1~•11itJ~ .. ,}.~,~) 
ri&llhS~tB~~~•Ufck. '-IH! fH1lhSA11£ lhl.t~\1ffl}4t'Io~eii~8t 
of -t1.Na~,,ffi'P!'>~1ffasA}Y ~8Yl8R~t~~mlM::> 8M1~f; ~ ~y :,!~~;c 
-~~~ .. 111f.J'Mf 8ffuHffe~fl1KffJ,:rfflffMr:tgf.J~! mi1e!!ttad~~~e 
te~y ~>f.-~81~4,,l0<c~l~!!c:, •~ffWj tl~h, .1:n::½11~½· ~ff~rn--· 

Jll~,,r;>N IHJ-1~ Jlffd,RJeP.811 i 0eJ~f atfl.lff8:1f6.tmf .C~,,e c~~}T!s~~~; 
in -~~IPC~~1..H~ ti8,;!-U Bf fU.f:€1 a='~f f g~~t0 g1 ~~•~y''.f 
the engineer aa such and the •chine. The ~ff1ffl:'"hf! ~lg:1J~ ~~½~¥•: 
He could become a progrumer hi.Melt or he could turn the .. 1y■ia over 

to a middleman who was a coaputer expert but probably did not fully 
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understand the structural probl-. The ftnt cboice 1• illpraetical 

t>ecitiie'1 -\W,11,~tp\a~~~~iiWJ1al'ltiif11!fO~ --t--,.WW-)lM,aci ty 

leav'ih'.1 tt'ft1~) ttiM'-ro9itli•1osrita\i ~ftll.WV 'liMI" ~ilaeoq 

chi,1~' ta1~tri.utf ~, tlllf ~!ailllW' ~vt tifAtl--~ 1 ;! 

-,nikil·-~~i, atti"'\.~t11ir't8b ·iiflifflili1 ..,. .. ~,~1 
to aoae ~f•if't"I,l)~1\n'!~ al~1diiii¥~W.. ~• 91'.$v. 

{n'-"c~bt1)t~tt4t ,N ~-1:W~;,_t-1'fVllla ttiia --•~oE 

t■di?■ ~iiino' -~ lftW'ilN~W~'PiMD• ellb#Wi 
(l)'I,~_;·'ijiQ.-j'{~~,W~~~1tlach--no:>9 

1anauafi•--tt!hil •al:t\W ~--~Mti\wilW• ~sa.riWac'f.-,ttave 
not "tWlitil 'H'"-.. i't-Mit;MSf1?.t1r ,w,ewvltf,,._,.~..,.. '.)dj 

procl'IIIC·~w ~iW\.~'Vf ,._uf#usfdlla1611~ 
tM'~Jiftf \jf''~tW'~T~"flt~-t.Mill1 
ins r<~'1i)'1i»ltffis~V"-,i:I·--•~ 11itW~ljh• up 

lllide .'rtlaal ~~loii-'\wr.f.lW!.lit6f. ,,__: J ..... tUJl'O ,.: r~~J;1,1 

c_;libtiny"u .Wt ~iiii•"8i'VMI 1 'ill.&w.MV'llit~qs 
~ S.~{ci'.;ptMi'i~-~ tflaio ... ~:i:ftfiliitiW'liUH<I fl 

■it tr.is fl~t ;l0~i:; 1Vilifa,it ;~1JL'VMtlafdtrw,!ljllcllal .. °!lbit);, F: 

roliFoi•WafririiBtif ilW ~~~ u~~o;.-...i:iea-:t 
the data Oil w111af=''~iitiif4ili '1111.t~'I)J ::t ~;Wi j';::; i Il'~!,t' t>~ e> id d I o.t.t;; ; ') c_ 

'JMeifliff "'of •!j'ifwl~11ia!IJl41Ui fil"•~·l&,lp 1111 .-... 

tMM .~:Pi.w,;,; "wita~t:iN;~ w.Riir .. lii a.-~-xJc~•·i 

d~'toiM'S ·0J.a i1iai11J4t.u•t• iRBiiaiW~~• ii• I J"tWf l B 

trijjff~~OrU!lljj;;li,i' ~ 1ititi fNlt. 11~ 01,~-U~a,l~~L"! 
ut:ic ,:gi .; HiT r iG$cNia2WtlbiaWl,'<~litilit!gn11rtWlii8m -'to 

3jay-:be:ri:Ji··-.tiie f~illlif~6oMHthili~a?H.~tilulil IMiii'~~r 
· ,, · Jiiy · tie ''dii 1 iiiiil. i<lif J tW.~~<' ~ir°Wllit«'liMi n\t! ·ifflW191 

s•ne.:.i:tt,q~:·ajpi1gitti.a~1i;_;ti.,t~:i,iaii6 • 111iMtiill_ .a.rth 
Pie: r:-~re'1~iii1y""'~U.fia ti f.4 br'1i.'tW¥~11\t.I'; 

; ?f~~~t ;;ihi& ~t-da'ii!jif•~ 'fliT • ;(lJfi:'.)Si'l'J sr1r b,:.G rl,me -~8 '!!:H-'!;r_t},ftO ·3Il 
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A typical STRBSS probl- des~ription 18 shown in Pig. 3. Although 

the example is trivial it••"•• to deaonatrate the •illplicity o:f the 

STRBSS input language. The input, which 1a OOlllpletely alao1m in the 

figure, can. ?>9 be. ~ n,-n ..... •tter o:f 111.nutea. An analy•1• of thi• 

structure -~-~•tion would require approx.tately _one hour. 

Tbus, 8Y n for t!'-1• ••a•illpl• cue, the.•• o1 a eollp\lter beccJat9 

econollic • nptIUl'er •.twctuna - ~t~. -:?ft"17. 
b!r the 1uonai - , data -aired ~ 
more ad aceoul ,v l 

The illportant point to be ...Se in connection with he. 3 1• that 

the prograa ~n,.i•rt~y<>~ amr.f.neel'iJIS teZ"U auch ¥e~91'1Pet o:'ilP!allHi "....,.r", am.e"I .. ~:Ji~ -- .. 1) ~ 
etc. An engineer trained in •tractunl anaJ.:,•ia oan learn the srBa8 

languace in a :few boun. Ba 1• then in a position to anai,se by coa­

puter the 1111.jority o1 •tl"IICtUNtl which be ...,..ten 111 practice. In 

other word•, the engineer w.llo will 1111b tlle ctea_. deo.uiona 1• in 

direct coa.unication with the -.chine on bi• own tel'IIII. BJ thia -ana 

the use o:f coaputera in atructural eastneerina becc:aN econoll1oal, not 

abond tik...an&J.A~---lllla&IN·-,• 

network. l'enfta joined Bran1n(2) in foaul.aU,1111 and 

linear •t~.~nl analy:a1• p20bl• using network theor,. ~ ~~ o:f 
"~'l..:J ,, ~ &m.s"llll '10 aaU"IT t.O.fJqC:. 

analyals ua4'1t" 111 8~ ia baaed on this 110K, al tbollC)a the -tbod haa 

more recently been der1Yed •re explicitlJ by Coimor(3). 
The electrical netwo'rk c:ion9i•t~ of bzancluta ..Alld noclea, _with scalar 

2 sqi-r U'!'!JJ .. oD"ln··--s-~ ar11 
quantitiea being •••ociated with the properti.ea and Yariables. The 

atructural analogy to the brancb 1• the ....,.r, the jo~nt to the node. 

The unknown at a point in a aeaber is not a scalar, but a Yector. The 
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l •.ld .. T .a.ta'(iW ic» tMMU• ~ W. I 1111«.~ a lf&,t"teb.tuoO 
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aao.t.tau,- x.ta uo a.ta"(.(aaa -~ 'lot 
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-aan.t ·•11.t IIO'lt bet•l• . ..-Joo-._,.. ~.uoo ed.t bna~.-sw~v 

&aa.lq .e '101 atto.t.t•.t•b u;t 'llDNf HU•• ..... 4 ftaat'I ,. aao.tf&Ul"J01 
,. ':,. ' • • , ' : ~·,. • • > ' , ' 

o.t '('l••••oen asu).U•aupe ~ ~ lo ,....,_ ~ al tlao toM • M:ttt 
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lo :ta•bn~•ba.t el ••-saaxq NI to 1.1.11 .t....,_ $,N aJllllll14.la a ot blad ev.toa 

.ea.ta 'lOt::>SY j.allJBeHiqc.1b ta.tot NI ,,, - -a- --••lfl ,a.n.t .la'IJ:UiOU"U& 
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joint variable• alao are vectora •. The aeaber unknown at another point 

in the aeaber 1• related, not by a linear tranatozwation, but by a 

-trix tranatoraation. P:tcure 4 illuatntea the force ~~o~~ ,:;:.iu fJiJ>i re: 

:troa one end of a atraiellt 111811ber to the other, with no torcea:w.ittt. __ dlv4,'\J9 ::3q.,, ___ r 
c 2 T~ 1 o l. -l O q '3 ~l Mu iA 

in between. TIie s•neral force vector :tor the tllree cl14111D81f~~ -10 ;l 1 ht-'UVI 

ture cona1ata of three linear force OOlllpOMDta in aa o~<e~iiiwia :in 9-::ir::.,~,v\ 
r zo~ I oAu J ·-1u ~qH1>'~-'1'\ 

and three -•t coaponent• actlDS about the .... Tbe sen•~~r r2 '•OHr;:vl 

,. ) fonia~...,-~~..,~1• 6" •_• Sacll aoluan aorre~~1j6J>i~:):,.,T~'-lo~ 
1, l the _ 'f-ot a p _ · -o•.~~"t aide of the ...-tieh,.oc r •. ~ 

-r-each f. 1a uaed tor the coaputat ~. OM of the OQllpOnenta on the " i" s,; ~ ,i C ;.1 t .. ~"'! letti:,-__ ·. de. It can be ahown that t'J diaplac1■1nt trmtoraation 1~_.,2·:;~; :~:~~;, ~ ~ 
L aillil ."e,and. equal to tbe traupoae the ilrNZ'N of the to~~ n,q 'i'l;8~:1M 

•-- --· ~- . .,. . -_·_ I 

::: 

f OJ'MT.-,.Vft ,i '' , . C r· '~ 

~!t~rk co~~~!°. "'.8 -~ l'Nd1J.y deal conoeptuall.7 with ; : ~ 
vectors oi different aiw tor d:lffezient tJ'pe of ~~~ ;~r :;;JJ'V)~'.lq ,_, :W'••3M 

alalber of unknowns 18 tbeD a fwlction of tM t,-,e, wllile tbe ~ of l • ,: r X A 1 
.~cer ~I .rr ~~ ~ 

aolution 1• not. Wben atated ao aillply th1a nnlt..,. .... ~~~•S l •i: '. Y..A E 

but the fact is that tor band coaputatton clUf_...t Mtbocta ~w.len'-:. i .. '- 1 l X A +-
. O~lW J~lQAOJ 

~•d tor dlffennt structure ~pea. As a l'INUlt, ..., ~--~l»Pui:\(l j n~ l nt 

gnu haft been written for tbe linear ~/'IW)'t~ a~riaiOJ \ _ q:;pr,13f'l, 
i-;:v1~::.>AJ4cl0 ~~O!T")A3fi ,?,]J~O:t 31t,f10;.J 

each tnatina only oae of the typea lia 1n Table 1. 1 v • <>' 
Cons1der1ns a dlaplacaent ol" atitf-. Mdlod of ~•1•, Table 1 

alao ahan the 111.n:t- maber of IUllmolrn ftetor oa11:nr,Mnta per joint 

(~F). For atl'llCtural ... ..•lllftlll tie ..... tiou 

tor th• analyst• caa eM.lti~t~'iy CMiaiW-46. aix equations 

per joint required tor tile apace fnM. a., takias couiatent aea the 

force and di■placeaent co■ponenu not ahowa in Tabl.• 1 an alway• zero 

and. need not be couic:lend. These sen Yalue9 'a&7 becaitted froa the 

vector■ and the correapondlnc row• aad coluana deleted froa;the trana­

fol'll&tions. Figure 5 •how• scheaat1callJ tile cteletiou for a plane 

fraae. Not only ia tl:le maber ot aiartltaaeoua ..-t1ou neoea••17' to 

solve held to a 111.naua, but alaoat all of tu pftlCrall is independent of 

structural type, related only by JF, the Joint d1ap1ao1mernt YeOtor size • 

• 
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Table 1 Jle11ber and Joint Unknowml 

"1 
'ri F2 'N;J 
.l · U L 
F3 Jli ~ 
.l'J. •' I ; 

Fl F2 F3 141 '~ ~ 

JF 
Muaber of 
Joint Unknowns 

STRBSs"" i~!,'i~te~~ tJ i;.''~n 1~;~ti~f,~9~h,~aii! struc-

tural design tool. The de•.t.aner tJaen -t be able to atpeeUJ his 

probl- to the uchine eaau,, rapidlJ and ooaciaely. lie abould be 

able to apecifJ the problal u he tlainlul of it, not in U1'118 o1 bow 

the aachine aolYes it. He •~Ill~ f. &'1,•l)i:o~ifJJf a proft•• witllout 

per:foratng &DJ' C911P11tationa +a.•! •t• p.-....-~! . 'ftlia b.Pii•• . . l f ; •.~ ' : l ~ ; 

th11~ t~ . pl'O'Ce~r wif~rll~al f W#lt, .-Cb --",,., .. ~~ow:. ~Nl.J' ~'. ·.• c.~, · 
tfae_ geD4t1"iltton ·-.,id ao1,~n di~+....-•• ---~• ·· 1'0 •Mp\e;-· tlie /'· 

eq•tioui Ntate! illbala}Vced ~~.~ .,. --~--OOl-t4P;fl'Oll'·a '" )l 

,Yariet, ~f load-·~~ couid•~ :tJ. ltlMl d4lia•~ ufJae ~--J•ill 

operate OD joint coordinatell ~hile
1

't11e ..... I' •• "'-~ seoaetr, 

to bays and ator1••• or apana. In the P~•• of aeneratillS and solving 

the equations, and in· thia pre--and poat-proceuinc the aachine IIWlt 

deal with :_,.:,s:reft';""°8Dlvdf ,._·iit-·tdtlf·r1ar,a'#Hf3f4tila •. fhe}iJ\Gllber 

of arr•1• and their aiz•• are variable functiou of the input data, 

the atructural t,pe and ai&e. The fora and feature• of the STBSSS 

proceaaor are related to tbeae probl ... and a deaire tbat the proceasor 

be a dynamic entity expandable by engineers. 
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Table 2 

Program Blocks 

NAME PROCESS 

PHASE lA 

PHASE 1B 

MEMBER 

MRELES 

LOAD PROCESSOR 

TRANS 

ATKA 

JRELES 

SOLVER 

BAKSUB 

Top 

Translation 

Consistency check, Internal representation 

Compute member stiffness matrices 

Modify stiffness matrices for member end 
releases 

Process all types of raw load data into 
equivalent joint loads 

Rotate member stiffness matrices into global 
coordinates 

Generate symbolically structural stiffness 
matrix 

Modify stiffness matrix and joint loads for 
joint releases 

Solve, matrix equation for joint displacements 

Backsubstitute for other results and print. 

Monitor Use 
Scratch pad 

Fixed Location 
Variable Area 

Array 
Data 
Pool 

Programs 

!llonitor Use 

Bottom 

System scalars 

Problem scalars 

Array reference 
words 

Figure 7. Core l\lemory Layout 
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apace for, reference and uae the arrays witbout requiring the location 
~ u..tdaT 

of the array to be fixed or nen coutant during a part of the 110lutiou 

process. Ftsure 7 abowa the no~
16
co='la~nt for 8TW8 opera­

tion. A TerT saall area (about 300 wo:rda) of fixed location Tariablea 

18 included in upper ~Z~\i\'::i(ifi.~ of th_i• uu contaiu codeword•~ 

are uaed to reference the arrays. ;:.a, SY. awo...s. oontain nch U--id,.:;t,Jl'·l 

f<..s:m_.1..,, ..... , ---.J>--.:tlllflt"l:1~.iilOor out of oore. Anf C,,c}"-: 

the pertine~~ 1112,..n· l:=iib a.a• •- •~ncna coatrol. Tbe ~&ti 

aainSDF -,« dale. •• --.cap.e. ~i•t• of a pool for :cnu ::'. -rv 

arrays. When the pool 1a full, 1 t 8 ?jf~\.saniNd, uaiac aecond&17 

. i,;.J,1~0!,'rf~l) P.f~ At~~- flff11-:f.&, tlf,.:rll ... Jau aceeded CON ::;l,•ie.HT 

capacity. Procrua blocu aaat ....... a ■appeal dvrt• proceaiac. The 

POMaiUC~nl~ ................ CDl••a• ..... for 1:llia pu'p08e.AXTA 

With each prosrua block ture is a c:d-ir.-.t top of PJ'OP'IIIU, or 

~t~"'~r~ i,i,b11:"J'ffl.ig::,~\l•;iia:;~~. ~--Uy YUFins data ...f6W11', 
. ..~se..i..,"! '"~ 

"'~"P:~8~ntf:. ~•~H·T.,-, ~c.peri,M':)' l'JJ<'J bf ~mi .. ~Ra controller. A aU,eh~iJO" 

\i; di~/!-'?Q-~JflJl, p~~'.f.tM,~~~of-?~,,aJ ~Jll.1JJr-aMl'UC, but this ~j,: :N. 

conceptually no diff.erent. 

The use of explicit IOBIIAT ■tatalent■ requ4ft8 tut a prosruaer 

~ th~--t~~<~f -~~~.tnfut cn.t-•~~~~:__.___ the tir■t 
chalf&cftr ,-- In ad'Cl:l:tl~ 'ffr,' riaid ~U~*Jl on character 

' ;,:-, .·; .,2 f,'._sj · /3 , ; S~"t.A ~lld&.i:'t.&V 

posi~ion,_ Thia.~• ~na1•tent botb,.,. .. tl[...-ftliTlS!al!Clltll'JUI~, which 
• ,-···1. k~..4,u~)c m~J,;.,.1,.:--;t·-, '] , .. $· i . 

allCJ!t'~--·~·~,~--~~OII ~ AOIIJ'Ce ~-~ foniat ~'I~!- ~ 011tput, and 
the rn,f:iiier•·•~';oftcon~J!ll• It 1•i nec .. aar,aftoP . 1r• the en-

cin9!'r ~1_!!_~_ f~--~j~.-) fora of 1n;,ut, free f!lld fo;--t and 
great freedoa in atat...nt ordering. l ! 

' ' 
A single -11 subroutine WU wrif.'ten to-clo-ojeratlor■ on lc,cical 

(rather than phy'aical) input fielda, J>frfOl'NN~tionrr look-up, 

binary conTersion, etc. This routine i• called for eYe1"1log1cal data 

field during translation of input data 1bJ traulation ~raaa written 
" ......... ___,,............,_.__ '. in--• Tm prac.-r then bu + Dflff·,~?:!:c usually 

found only in a coapiler or otlwr uteu1ff-u~ e prograu. 
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Table_] 
Sample Problem Specification 

00010 STRUCTVRE ,~»,PL~ ,PRO"L£.f.! . 
00020 NUMSER. o·F JO.'fNTS ,ij ...... , . 

00030 NUM~ER OF MEMBERS 8 
0004U .~_~B,~R Of; S,Uf Pi~ijTS ,l 
00050 NUM~£R OF LOADINGS 2 
0006-V'. T¥P£ -·PlAffE?F;RAME"· ; 
00070 METH.OD SJ,lFFlt.ESS .. , , · . 
00080 tABULAtE FORc'Es, REActlONS ,,, 
000-90 ·Jot Jtl COORDIHATE:S .... ,.; 
00100 1 X -240, Y ~U, FR~~. 
00110 2 X -240. lOPPORT 
0012U 5 X O. S 
O 013 A.I ~ X 2 4 0 • S 
00140 4 Y 240. 
001°~ 0 7 X 2 40. Y 24 0. 
OO.l60 3 Y 420. 
00170 6 X 240. Y 420. 
OOlijU Ml:1-iiER HiC tOE~CES 
00190 1 2 l 
00200 '/. 5' 4 
00-210 · 3 8 7 
00220 4. 1 4 
00230 5 4 7 
0024U•:.t, 4 3 
00250 7 7 6 
00260 ij 3 6 
00 2 J.U · M'fMtiER · ~PERT I ES 
OU2ijU. ~ PKlS~l4C AX 10 •. LZ 3.UU,. 
00290 4 PRfSMAflt AX 1~. rz J~O. 
00300 MEMBiR P>MOP:EITTtES l"Jtt'SMA"ft,C 
00310 .1 AX ~o. 1z. 2;-00. 
00320 2 AX 20. IZ 200. 
00}30 3·,Ax .. ,20, •. IZ ZOO. 

-~~~~~ !'~~·tjo. '!>?1~: 
00·300·.1 ,z.··110. A-X· 20. 
00370 CON.STANTS E 30000. ALL 
00380. LOADING 1 lJNI FORM ALL BEAMS 
00390 MEMBER LOADS 
OU40U ~ FORCE Y UN~FORM -O.l 
00~10 4 FO~CE Y UNl~ORM -u.1 
OU 42:U 5 FORC:E Y UtUFOJtM -,.,o, l 
00430 LOADING 2 WIND FROM RJGHT 
004~u Jo1Nt LbAos · · 
OU450 ti FORCE X •20. 
UU~tiU 7 FORCE X -to. 
UOIUSO ~OLVE THIS PART 
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statements prior to this coaaand consti-t~t!•· ii Q<r-P,lete :•rid consistent 

problem.. 

For efficient use of time-sharing, t'8 ':1hRiJ·t' )a· typed tn '.tl81ng 
. .;. 'I.: i '•/: ; .,t .3.:... ; "'= ' - - • • • - :_, - ' 

the CTSS monitor input program in a form which ;~_iCH!all.' •cc,Jpt and . 
. __ ~ ' . .:- ·. ·-r ·.: ' -: ., ' ~ 

execute. The remote console 1• u•,~,JPf/!~ft~~ 
1

?•_;-l>~~~~~~r: 

and for immediate correction of errors so as Mt AW 4~::tJJ•· d•@ip,.: 

Answers to the specified problem are sho.~>~n, T~ 4. , · ,. :. 
i 'r'- ·-. --:, '. _-, ;~ : , • 

The results show the forces acting on the member e®s.~nd acti,ng , 

on the joints. W1 th the solution of the member end f Orce.a·, ·tiie 111eJllber 
J,: .? - ·' ;., .'. 

is statically determinate, so that the forces BQ4JCttJf•rm.~ttons in thee. 

interior of the member can be determined by ele•qtary .,thOds. Up' tb 

now the development of STRESS has concentrat---;~ •• .~l'JIJ~ ,problein;. 

We are now, however, attacking such problems as the interior forces to 

develop a more effective design aid. The joint loads on auru>OJ"t join~­

represent the reactions. While the difference between the caleu\ated 

joint loads and the applied joint loads gives a measure of i,be.sol~~ 

tion accuracy. 

The engineer may then wish to alter the ~Nbl.elf•,C.ihi• de¥Blop­

ing design. In most cases the al terati~, wi;U. twl' a:· t~l't~n' pf the 
. i : '. - ' "'· - . ~- i . . : ! 

obtained results which were not kn~ ~rj,ng .c.-.-UJ>ll, <ld tlae \ tnput 

file. He might then describe the differences in ~e-'. l)eW' pt"Oblem to 
e 

the processor and obtain results for immediate 991>a,::t.sop,Jnct ,ev~lua;.. 
: ; ; : ·-; ~ . {. i- ' 

tion of the merits of the tact of the design. ·f~e'.S .,.,.s the ' ,, ,., ,' 1 . 

changes necessary to analyze the same structu~,_"li th;,n~w, ~v proper-

ties as suggested by the first analysis·:; '!'.able 6 'show$ 
0

'thi, :$:ttects of , 

the changes. 

The STRESS system is in a continuing stat~ of ~.ev~la~•~mt: It i_s 

expected that its capability will be ex,:t9odedvto 1r1eiucte nn.-1c ana,"" 

lysis, investigation of structural •tab11ity/ ind the behavtor of in­

elastic structures. It is hoped that ultimately Jl!PSS. will become 

part of a larger system which will be an aid to automat~c:at:ructural 

optimization. 
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Table 4 
Sa,nple Problern Results 

STRUCTURE SAMPLE PROBLEM 
LUAUING l UNIFORM ALL BEAMS 

MEMBER FORCES 

MEMBER JUI IH AXIAL SHEAR 
FORCE FORCE 

l 2 lU.545 -1. 229 
l l -lU.545 l. 22 9 
2 5 3 8. 98 2 U. 48 l 
2 4 -38. 982 -U.481 
3 8 22. 473 U. 7 48 
3 7 -22.475 -u. 748 
4 l l. 22 9 lU.545 
4 4 -1. 22 9 13. 455 
5 4 -1. 846 13.366 , 7 l. 8 4 6 lU. 634 
b 4 12.161 -2. 5 94 
b 3 -12.161 2.594 
J 7 11.859 L,94 
J b -11. 839 -2. 594 
<i 3 2. 5 9 4 12. lbl 
8 - 2. 5 94 11. 839 

STRUCTURE SAMPLE PROBLEM 
LOADING l UNIFORM ALL BEAMS 

JOINT LUAUS 

JOINT X FORCE y FOHCE 

BENDING 
MllMENT 
-92.6U4 

-202.414 
44.045 
71. 498 
65.663 

113.813 
2U2.414 

-551. 69U 
628. 394 

-3U0.563 
-148.2U3 
-318. 751 
186. 750 
280.204 
318.751 

-n0.2U4 

r-:OMENT 
SUPPORT REACT I 01,S 

L l. 22 92 lU, 5447 -92. 6U44 , -U.4814 38.9819 44.0448 
8 -u. 7478 22.4734 65.6634 

APPLIED JUI IH LUA OS 
-u.uuuu u.uoou -u. ouuo 

) u. ouou u.uuuu u.uouu 
4 u.uuuu -u. uuuu -u.uuuu 
b -u. ouuu u.uuuu -u.uouo 
7 u.ouuu U,UUUIJ -u.uuuu 

STRUCTURE SAMPLE PROBLEM 
LUAlll,H; 2 Wli,ll FROM RIGHT 

MtllBER FORCES 

MEMBER JU I NT AXIAL SHEAR BENDING 
FORCE FORCE MOHENT 

2 11. 195 -13.534 -177G. 267 
l -11.19:, 13, 3.14 -1423, 9b9 

L 5 lU, 371 -14.732 -l89U,313 
L 4 -lU. 377 14.7.12 -lb4:,,392 
3 8 -21. 573 -11. 934 -lb59. 2U4 
3 21. 573 11. 934 -1194. 941 

" l U,334 11.195 1423. 969 
4 4 -13. 334 -11.195 1262,9U2 
5 4 lb. 467 13,385 1434.174 
:, 7 -16.4b7 -13.385 1778.188 
b 4 8.H8 -11.599 -1051. 684 
b 3 -8. lo8 11. 599 -1U.S6. 215 
7 7 -~.188 - ~. 4 U l -583,247 
7 b 8. ld 8 ,s_ 4Ul -928. 867 

3 ll. oOU 8,188 1U36, 215 
b ·-11. 6UU -8.1~8 928. 867 

STRUCTURc "AMI' LE PROBLEM 
LUAlllNG 2 W ! -!O f' ROM RIGHT 

JUINT LOADS 

JUI IH X FORCE y FORCE MOMEIH 
SUPPORT REACT I 01,S 

13.3343 1l.1953 -17/o,2675 
14. 7321 lU. 3774 -1890.3127 
11. 9.$39 -21.,727 -Hi69, 2U38 

APPLIED JOIIH LU/IDS 
u.uuuu -u.uuuu -u. ouuo 
U,UUUl u. -u.ouuu 

-U, UUU2 u.uuuu -u.oouu 
-2U. UUUl -u. uuuu -u.uuuu 
-2u.ouu1 u. OU UU -u.uuuo 

01-' PRO~ L Ell CUllPLETEO. 



Table 5 
r1odlfication Specifications 

" . - - ----~ ----- - -- --
STRESS IS READY FOR. INPUT. 
TYPE 
modification of first part - second cycle for member sizPs 
TYPE 
changes 

.. TYPE ______ . __ --·------·--··----···--------
member properties prismatic 
TYPE 
1 i z 800.6 
TYPE 
2 i z 889.9 
JYeE ~. 

3 i z 800.6 
TYPE 
4 i z 583.3 
TYPE 
5 i z 800.6 
TYPE 
6 i z 44G.3 
TYPE 
7 i z 339.2 
TYPE 
8 i z 446.3 
TYPE 
solve 
PROGLEf.\ CORRECTLY SPECIFIED. SOLUTION \JILL PROCEED. 
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Tilhle 6 

Morlifi~ation Results 

STRUCTURE SAMPLE PRORLEM 
~OOIFICATION OF FIRST PART - SECONO CYCLF. FOR MEMRER SIZES 
LOADING 1 UNIFORM ALL RFAMS 

MEMR ER FORCES 

MEMRER JOINT AXIAL SHEAR RENOI IIG 
FORCE FORCE llOMENT 

1 2 10,982 -1. 729 -127,062 
1 1 -10,982 1. 7 2 9 -287,964 
2 5 38,177 0. 712 68,235 
2 4 -38.177 -0,712 102.705 
3 8 22. 841 1.017 92. 710 
3 7 -22. 841 -1.017 151. 3 76 
4 1 1. 729 10,982 287.964 
4 4 -1. 7 29 13,018 -532.213 
5 4 -1.831 12,993 585,341 
5 7 1. 8 31 11. 00 7 -347.003 
6 4 12,166 -2.848 -155,832 
6 3 -12.166 2,848 -356. 873 
7 7 11. 8 34 2,848 195 .627 
7 6 -11.834 -2.848 317.079 
8 3 2,848 12,166 356,873 
8 6 -2.848 11.834 -317. 079 

STRUCTURE SM>PLF. PRORLF.11 
MOOIFICATIDII OF FIRST PART - SECONn CYCLE Foq :1E1rnFR SIZFS 
LOAOI NG 1 IINI FORM ALL 81:AIIS 

,JO I IIT LOA OS 

JOINT X FORr.F. y FORCE IIOII ENT 
SUPPORT REACTIONS 

2 1. 7293 10,9823 -127, 0625 
5 -0.7123 38,1766 68. 2353 
8 -1. 0170 22,8411 92,7096 

APPLIF.n Jfl I NT LOA OS 
1 -o, 0000 0,0000 0,0000 
3 0,0000 0.0000 0.0000 
4 -0,0000 -0,0000 -o. 
6 -0.0000 0.0000 -0.0000 
7 0,0000 0.0000 -0.0000 

STRUCTURE SAMPLE PRORLEII 
'IOOIFICATIOII OF FlllST PART - sern1m CYCLF. FOR 1-IEl!8ER SIZF.S 
LOADING 2 WINO FROM RIGHT 

IIF.IIRER FORCES 

IIEI-IBER JOINT AX I AL S'l EAR RF.IID I NG 
FORr.E FilRCF. M011F NT 

1 2 9,680 -12, 474 -1790,689 
1 1 -9.680 12,474 -1203. 048 
2 5 11. 910 -15 ,680 -2144.816 
2 4 -11.910 15,680 -1618.268 
3 8 -21.589 -11.847 -1760. 015 
3 7 21. 5 89 11.847 -1083.169 
4 1 12. 4 7 4 9,680 1203.047 
4 4 -12,474 -9.680 1120. 039 
5 4 16,769 14,103 1590,743 

7 -16.769 -14,103 1793.879 
6 4 7,487 -11. 384 -1092,514 
6 3 -7.487 11.384 -956,610 
7 7 -7,487 -8 ,616 -710, 710 
7 6 7. 48 7 8 • 616 -840.170 
3 3 11. 384 7. 48 7 956,610 
8 6 -11. 38 4 -7.487 840.170 

STRUCTIJRE SA.'-IPLF. PRORLF.11 
MOOIFICATION OF FIRST PART - SECONO CYCLE FOR MF.NRF.R SIZES 
LOAOING 2 111Nn FROI~ R1r,•n 

JOlfH LOADS 

JOINT X FORC[ y FORCE :IOIIFNT 
SIIPPORT ~EAn1or:s 

12.4739 9.6795 -1790,6894 
15 .6795 11.909G -2144.8164 
11.8466 -21.5892 -1760,0153 

APPLl>r JOINT LOAns 
1 o. oo o o 0.0000 -0,0000 
3 o. oo o o 0.0000 o. oo o o 
4 0,0000 -0,0000 o. oo o o 
6 -20.0000 -0.0000 o. 0000 
7 -20,0000 o. 0000 -0,0000 

P~ORLEII C011PLF.Hn. 
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