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ABSTRACT 

Tbe eomputer program'SAPJV'tor the natie and dynamte analysts 

ot linear stru~tural &ystems ts prese.nted.·_ 

The r"por~ is dtvtded'into three parts. In' the f1r_st part the 

.. ' . 

reader is tntroduced to the ·logtcal-constructton of the program,. the 

dynamtc high'spe':'d storage alloc!'tion, th" analysts capabiltties,·the 

f~nite element library and the numerteal technlques us.,d. .Typical 

running tillles ar::e gtven. In the second part o! the report severa! 

aa01ple analyses ar<> described." Thes" oroblems have been selected as 

standard problemS whose solutions are' pro\•ided ..-lth the progra<n. In 

th" last part of the rcport thc user s O,anual of the program 15 gtvcn. 

' 

.· 
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' 
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Th<! d<!velopm<!nt o! th., computer programs SAP tncluding SAP IV has 
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', 

Grants GI 36387 and GK 31586 from the National Sc~enc<! Foundation. 
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restrtcted to agcnctes whtch sponsored our research. We "are pleased 

that many tnstitutions fn Europe and the t"nited States responded 

positively and that today we can make the látest V<'rsion Of the program 

availabll.' !or duplication. and !:lailing costs only. By making our ~ork 

freely available, ~-., hope that all thosc tntcrested may p1·oflt !rnm 

the developmonts th3t have token place. 

We ·,.·ould like tO thank the rollowing ag..,ncies, ~nd in p"rt !<."u lar 

Engincerinii"/AnalyslS Corporation, Berkeley, !or their contributtons 

towar<Js tb., development. of thts program: 
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Krattwerk Unton, Erlangen; l!A:¡, MÜnchen 

t'ni ted States 
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Agbabtan and Aasoetates, Los An¡;<>les, Calif. Bechtel Corporation, 
San Francisco, Cal1!.; Beloit Corporatlon, Belolt, Wisconsln; 
By ron Jackaon Purnp Division oí Borg Warner, Los Ang.,l<>s, Caltf.;. 
Darnes and Moore, San Francisco, Calif.; Engtneering Mechonies Reaearch 
Corporation, Troy, Michigan; Fluor Corporntion, Los Angeles, c.,Jif.·: 
General Electrlc Con:pany, Snn Jose, Cali!.; Hor~a Enginecrin¡;, l"I\H"n~o, 
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l. IKTROOtCTIOS 

'nle develop01ent o! an e!!ective """'puter pro¡ram !or structunl 

analy~is requires a kna-ledge o! three scient1fic disCinlines --

atruct .. ral mechan~cs, numeric~l analysis aod computer ~Jlplication. 

'nle develop01ent o! accurate and effiCient struct.,ral elemcnts requ1res 
• 

a IIIOdern background in structural mechanics. The e!flCI';ncy o! a 

prograc depends largely on the numerical techn>ques e01ployed and on 

their e!lect1ve computer implemerltat1on. lhth re-gard to progracm1n~ 

techniques, an optimuc allocation of high and low speed storagc 1s 

Decessary. 

A 1110st important aspect o! a general purpo~e camputcr pro¡;ra::". 

1&, however, the ea~e with. 'OhiCh it cao be modi!l~d, '--'xtcndc•d an~ up-

dated; othei"Wise, it ll!aY very .,·ell be tllat the pro<¡ra:n IS obsolel•· 

within a fe,. years alter completion. This is because nc~· stn.octural 

elements are developed, better numencal prncedures are a.•ulable, or 

Dew co01puter equip.,ent "'h.ich requ1res ne"' coding techniqu<>s 1s produ~·,•d. 

The structural analys1s program SAP '03S designcd to be <lladi!Ied 

al>d extended by the user. Additional opt1ons and ne..- elements may 

easily be added. The progra"' has the <::anac•ty lo an>.lyzc \'tH"Y br~c 

tbree-diOtensional systems; ho~ever, there IS no loss Jn ef!;Cicncy 

in the solu!Ion of smaller problet!ls, Also, from the co"'pl<>tc progro:n. 

Slll&ller special purpose pragrams can easiltbe asscmbled by """Pl)" 

uain¡; only those subroutines ,.hich are actually nc-eded 1n thc c~t'<"U-

tion. This makes the program narticularly usablc on smoll siz~ 

c:omputers. 

. ' - ' 
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TJw current program verslon SAl'_IV tor the ~tattc and dynaatc analysU 

of 1111ear• structunl systems h the rcsult o! several years' rcsearch and 

de,...¡opment expertence. The pror¡:ram has prov_en to be a very flexible and 

.tflctent analysls tool, The program ts ceded in FORTRAN IV and operates 

eltbout modt!tcations on the CDC 6400, 6600 and 7600 computers. The ttrst 

• • 
-•erston ot progra"- SAl' was pui>Lhhed 1n Septe~~~ber 1970 [28], An iloproved 

etattc analysu progne~, namely SOLID SAP, or SAP 11, ... ,. presenud in 1911 

(29], Work was then started on a nee statlc and dynamic analysis prograCI, 

The progra01 SAl' III for sUttc and dynaalic analysh was r.leas.,d towat<ls 

the end ot 1972, but only to tb.ose agencies "'hich supponed our research. 

In relation to SAP III, the current verslon SAP IV has tlllprove.,ents 

throu,gltout, and in partlcul3r Itas av~ilable a new.varl.able•number·node~ 

tb.lck shell and three-<itmensional element, and out·o!-~ore dlrc~t 

lntegration !or tl.Joe ltlsto:y analysts: 

Tbe stnJctural systems to be analyzed may be compo~ed o! combln3tlons 

of • number o! di!!erent structurol ete•"'"ts. The pro¡¡;ram prc.,!ntly 

cont•lns the !ollowlng element types; 

<•l three·dtmenstonal truss element, 

(b) three·dlmensional beam el""'"nt, 

(c) plan" stress and plane straln element, 

(d) two-dtmenslonol adsymmetrtc soltd, 

(e) three·dtmensional solid, 

(f) vurtable·number·nodes thlck ahcll ond three·dimenslonal elemcnt, 

(g) tlttn plate or tltin sh.,ll element, 

(b) boundary elcment, 

(1) pipe .. tement (tongcnt and bend). 

' 



These atructural elementa can be used in a statlc or dynamic analysis. 

The capacity ot the program depends .. tnly on the tot~l number o! nodal 

• 
poiots in the system, the number ot aigenvalues needed In the dynam>c 

• 
analysts and the computer used. There is practtcally no restrictton 

.. oo the number o! eleiCents used, the number o! load cases or the onler 

• 
aod bandwtdth o! the sti!fness ma'trix. Each nodal p~i.nt In the systern. 

can have !rom zero to aix dlsplacernent degrees o! treedom. The elem<>nt 

atlf!ness and masa matrices are assembled in condensed !orm; there!ore, 

tbe program ls equally ef!iCient tn the anal}•sis o! one-, two- or thr.,e-

dlmensionsl systems. 

The !onoatlon o! the structu>e matrices •s carded out In the sa~., 

.-ay in a Uatic or dynamic analysu. The static analys1s >s continuPd 

by aolvlng the equat>ons of e<¡Ullibrlum follo~<ed hy tn;, <:oo.pu\.1\!<Hl of 

element stresses. ln ~ dynamic analysis '"' choice " bct•~~n 

'· t:requency calculations on ly, 

•• trequency calculations !ollo~e~ " response htstory analr~ts, 

3. trequency calculattons tollo,.ed " response spectru'" anal} ~\s, 

•• reaponse hist"rJ analysls by dtrect integratlon. 

To obUin '" !r<.•quencies '"' vibration '"ode shapes solution rout tn~s 

ara used whtch calculate the requtred eigenvalues and etgenvcctors 

directly wtthout a transfonnatlon of !he structure stirfness matnx nnd. 

•ass matrix to a reduced !orm. In the direct 1nte~ration an uncon~t-

tionally shble lnte¡;ntton sch:''"" l5 used, whlch nlso op.,rat"s on 

the original structure stif!ness 01atrix and 111ass 013trix. Thl$ •ny 11••• 

pror¡¡rn01 operation and necessary input data for a dyna .. >C analysis 15 

• 
a almple addltion to what is needed for a stntlc annlys1s. 

3 



· .'ni• purpo9<' In tll19 part ot th<' report 1s to present brletly the · 

ceneral pro1ram organtzatlon, tlle current <"lement library and the 

auaerical t<"chniquea used. The difterent options available !or stuic 

1nd dynamic analyses are descrtbed and typical running times are 

11ven. In the presentation, ""'pha,.te ls directed to the practlcal 

aapects of the program. For informattori•,;n the ·development o! the 

atructural elerncnts and the numertcal techntques userl the reader ls 

reterred to approprtate rc!erences. 

• 

• 
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-2. THE EQUlLIDRlt.'M EQI!ATIOSS FOR CO!>!PU:X STRt:Crt:R.\L SYST~l.S 

2.1 Ele10cnt to Structure Matrices 

Tbecodal poict equiltbrium equations tora linear system ot ~tructural 

elements can be derivcd by ~everal di!!.,l"ent approaches [1] [2] [9] [151 

[ 23] t 34]. All m<1thods yi.,ld a set ot4J.1De•r equations of the follo.,ing 

IIÜ+Cu+Ku•R "' 
eher" 11 is the mus matrix, C is the damping matrlx and K ts the sntr-

lless matrix of the element asscmblage; thc vectors u, U, Ü and R are 

t he uod a l d 1 sr>lacemen U , ve loe 1 t tes , a e ce lera ti ons a lld genera l ¡z.,d 1 n~~ s , 

respectively. The structure matrices are (orrncd by d1rect addltLOn 

ot the elcment catrtces; !or exao:ple 

' . ' L ' • 
ehe..., K

11 
111 the stifrness ~~~atrtx of the m'th elmo .. nt. ,\lthou¡:h K 

• 

'" 

1• rormally of th" samc orrler as K, only those terms in ~ ~h1ch p~•·toln • 
tO the element degrees of freedom are nonz.,ro. The add1t1on of t!le 

element mat.-tces can therc(Ore be per!ono~d by us1ng the demcnt matrices 

in compact form to¡¡ether with identlflcatton arrays wh1ch r"lst" ,¡,_,mc•nt 

to •tructurn degree,. or !reedom. The algonthm usl!"d In th" program lS 

described ln Sect1on 3.3. 

ID the program the structur~ stif!ness rnatrh and a dl3¡;o"al nonss 

aatrix are esscmbled. Therefore, a lumped rnass analysH is ass"m,•d, 

where the structure mass is the sumo! thc 1nd1vldunl elemc•nt mnss 

aatrices plus addittonnl concentrated masses which are Spcctficd al 

. ' 
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aelectcd degrees of freedom. The damplng h assurned to b.; propurtlonal 

""d ls sneci!led In !ormofa~:~odaldamnlng factor.· The assurnptlons 

used In lurnped mnss analyses and In the.use o!, proportlon&l dampln¡ have 

been dlscussed at V&rlous occaslons [9) [ ll J [ 17] [ 33 l . 
• 

2.2 Aotmda,.y C<>ndltlons 

1! a dlsplaccrnent cornponent ls zero, the corrcspond!ng equatlon 

ls not retained In the structure equlllbrium .,quations, E:q. (1), ond 

the correspondlng element stiffness and mass ter!!ls are disreg,rdcd. 

1! a non-zero dtsplacement ls to be specified at a degree of freedom i, 

say u,¡ - x, th<l equatlon 

k u = k~ • 
is ndded !nto Eq. (l), where k Thereforc, thc s<>lUtion n! 

¡;q; (1) must glve u
1 

r x, Physically, "this can bf' 1ntcrpretc'd os 

addlng at th<> degre" of freedom "¡"a spring of largc ~tiffne55 ~ and 

specl!ylng a load whlch, bccause of the relatively flpdblc structurc 

at this degree of freedom, produces the required dlspl.o.cci>ent ~. 

• 

• 



!1. PRCCR.\M ORCAlHZATIO~ FOR CALCULHIO~ OF T!l!: 

8TRlt:TURE STIFP.."ESS ~!ATRIX AND ~!ASS 11.\TRIX 

• 'l'tla c:alc:ulation ol tite atruc:ture stiffness 11atri:. aad 11ass OlalriJ< is 

aec:oaplislted ia tltree disttnc:t pitases: 

l. 'l'tle aodal point input data ts rea'!, and generated by tite DI"'ir311 • 
• 

In tltis pltlse tite equatlon nu11bers tor tite acti"e decrees of 

fraedom at eaclt nodal noint are establislted. 

2. Tbe ele10ent stHfness •nd mass matrices ar" calculat"d to¡;ctlter 

witlt tlletr conn.,c:tion arrays; tl>e arrays are stored ln sequen<:•! on 

tape (or otller low-speed storage). 

' '· Tl>e structure stl!fness !!latrix and mass rnalrix are !onncd by 
.. 

addttion ot tl>e elcrncnt Dlatrices and stored 1n block /urrn "" tap•!. 

lt need be notcd that thcse bas1c steps are inden<!n<l,nt <>f th" 

ele01ent typc uscd and are the same !or enher a static or dynamic 

3.1 tbdal Point Input Data and De¡:rees of Freedolft 

'Itla '"paclty of the progra11 is <:ontrolled by <he number of nodal 

points of the struetural system. ror ea<:ll nodal point sn boundary 

corodi tion codes (store<l in tlle arra) ID), tllree coordina tes {stored 

in the arrays X,Y,Z).and thc nodal point tempcraturcs(slor"d in t~c aruy 

T) are rec¡uired {gencration caoablli!y i~ pr-<>Vlded). 

1• rctatned in high speed storage during the fomation o! lhe el~mcnt 

at1ffness une! mus -.r.utrtces. Since the required hig~ spe<'d storogc 

for tite elcment subroutlnes is relattvely s11all, the rn>nimum rec¡u1n•d 

atorage for a Ktven prolllcm is a little laq;er than ten times thc 

• 

' 
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FIGURE 2: ID ARRA'!' QF TRUSS-EXAMPLE A.FTER 

ALLOCATIOtl OF EOUATlON NUMBERS TO 
ACTIVE OEGREES OF FREEDOM 

FIGURE 3: CONNECTION ARRAY (VECTOR LM) FOR A 

TYPICAL ELE!-'ENT OF THE TRUSS-EXA'.IPLE 
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f~ the ID m•trix and the spe~ified atructure nodal potnts perta1ntng 

to the element, 'Ihe cannectlon •.r:ray fo:r a typical ele.,ent of th" 

trua11 element ts shCJ'fln in Ftg. 3, 
• 

Tbe ele,.ent "'atrices are calculated in groups, t.e., always all 

ele,.ents in one group to1.,ther, thus cslltng the cor:respand1ng element 

• 
aub:routine only once tar each elemént gmup. Afte:r all element matriCes 

have heen established, the ID and X,Y~Z arrays are not n~eded any more, 

and the cor:responding storage ares is used !or the !ormatlon of the 

1 atructure matrices and later !or the salutton of the equatians of 

equilihrtu::>, 

3,3 Formatton of Structure Stif!n.-.s" nn<l ~\ass 

The !l!iffness rnanix and mass m~tnx of the struo:ture ""'' fonn<><l 

ill blo.,ks, as sh,..·n-ln Flg. 4 for the truss-exa~Cpl". 

equations per block depends on the available high spe~d stor3~~ ~nd 

1• calculated 1n thc program as lndlc3ted '-" f1g. 5. It lS note'<! 

that on reasonable si:ze computcrs ~cry large systcr.ts con b" nnalyzc·d 

for atatic and dynamic response. With the number o! cqu:>.tlons per 

block known, the stiffness and mass matrix are asscmbled t~o blocks at 

a time by dire<:t add1tion of the eleownt matnces. In thlS process 

1t is necessary to pass through thc clem,'nt matrices ~l>l<:h are storcd 

on tape. In arder to mint.mize tap<! rc•adlng, 10 each pass el~rncnt 

.. trices ~·h1ch pertah to tl>c next sev~r:>.l blocks ar~ ~rlttcn nn 

•nather tape. Thh ,.ay the tape readlng necessary !or the for.,3tion 

of these blocks is rcduced signiflcontly. 

A flaw d!agram of thc pro~ram organizntion fc>r the calcuht10n ,,! 

the atructure sti!!ness matrlx and mass matrtx is shown in f"ig. 6, 

n 
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With the ~•trices stored In block torm on tape either a static or a 

d)'D&mic analysis catl no• be carried out. 

4. TI!E EL~!E!\"t LIBRARV 

,, 
The element libraryo!SAPIV collsists o! ei¡ht di!!ercnt elem~nt 

tJpea. These elements can be used in either a ata tic or dynamic 

a11alys1s. They are ShQ'Wn 1~ Fl¡¡¡;. 7 and are brierly descrtbed be lo·•. 

4..1 Three Dimensional Tru5s Element • 

Tbe derivatlon o! the tross element Hi!!ness lS g1~cn In Refs. 

ua1 r 291 . The element can bc.subjccted to a un1form temperatur~ 

4.2 Three-D1mens1onal Rcam Elcn~nt 

The beam element 1ncludcd 1n the pr<>¡¡r~m consldcrs torston, 

bending about two axes, axial and sh. ... arin¡: defon<.at1ons. Th<! clcm,_r.t 

ta prisoatic. The development of its stlffn~ss pr-o,>artu's 1~ stat><lard 

and 1s given In Re f. [ 2J]. lnert.a lund1n¡; 1n thre<.' dt,-c•ct!ons •r.U 

apeCi!ied flxed-c~d-forc"s !urm the clernc•nt load cose~. Force·~ (J.,Jol 

and shear) and moments (bcndtng and torston) "-'" calculatcd tn the 

beam local co-on:hnate syste01. 

A typicml beam elem;:,nt Js shown in l'lg. "7b. A plan;:, whlch deflnc•s 

the prin;:,lpol ben<ling a:-ns of !he beam l5 spec1fled by thc plan" 1, J, h. 

Only the geom;:,try of nodal p<Jlnt k lS necdcd; thereforc, no adUitional 

de¡recs o! frcedom !or nodal pou1t k are used In t!le computcr pror:ram. 

A uniquc option o! the beam mcmber ls that thc ends of th•• bcam c·<ln 

be ¡eometrlcally constralned toa master nodc. 

freedOGl at the end of thc beta are elimin;Hed !roe: tbe !urroulotl"n 

atld rcplaccd by thc trans!ot"Tncd dc~rH•s o! !re<'dotn o! the mast"r n'-"1" 

(lBl [ 29). This technique reduce~ the total number of J<>ln! cq.,tllhn""' 

,, 
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•quation~ 111 th<1 synero (whtl<l possibly ino:~ea~ing th<1 b~ndwidth) al!d 

cre•tly reduces tbe po~sib1lity o! numerical sensitivities in ~any 

types o! struo:ture~. Also, the method o:an be used to speo:i!y rlgid 

~loor dlaphragms io building aoalysis. 

4.3 Plane Stress, Plane Strain and Aodsv,..,etrio: Element5 

• 
A pl•ne stress quadrilateral lor t~langula~) elecent with ortho-

troplc: cate~hl p~aperties 1s availab~e. Eac:h p_hoe stress ele=ent 

••Y be o! di!!erent thid<ness and may be located in an a~b1trary pl3ne 

w1th respeo:t to the three-dimens~onal o:oordinate systec. Tha plane 

atrain and axisymmotric alemants are restrlcted to the y-z pl~ne. 

<invity, · inertia ond temperature load1ngs may" be considere<.!. Stres~es 

111ay be computed ot the center o! the element and nt thc cen(er af each 

. aide. The cl.,mcnt 1s based on an lsopar~metrlc formulatlor. [19] [ J ~ 1 . 

Inc0111patible displace01ent 01odes can be tncluded in or<lcr to 1mprm•e 

tbe bending properties o! the eleOICnt [26] (29] [32]. 

4.t Three-Oimensional Salid Element 

A general eight nodal po1nt "brlck" element, wlth three transla-

Uonal degrcea of freedompernodal point can be used, Fi¡;:. 7d. lsot ro-

pie material properties are assumed and elemcnt toading consists of 

temperature, surface prcssure and inertia lo~ds in three dtrccti.ons. 

Str .. sses (~1x components) moy be computed at (he center of the elcmet\t 

and at the center of cach !ace. The elemen( employ~ :lncompatlbl" mod"'• 

whlch can be very eUective 1f rectangular elcments ore used [26]. 

4.~ V:~riable-llumber-Sodes Th1ck Shell and Thre,•-Dimens>on>l El":ot!nt 

A l:"'ncul three-dlmenslonal isopara01etric or subp~rat1etr1c ele.-.ent 

•h1ch "'"Y havo !rom 8 to 21 nades can be used !or thre~-dlmensional· 
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or thick lhell lnaly.Íis, Ftg, 7e {7] {8]. Generd orthotropic 

••terill properties can be ISSicni:d to the ele...,nt, Tha loadlng m~y 

consist of applied surfa~e pressure, hydrostatic loads, inertia loads 
• 

in three directions, and ther01al loads. Stx global stresses are 

output at up to seven locations ~lthin ao element, 
• 

4,6 Thtn Pl3te and Shell Elemect • 

The thtn shell element avatlable 111 the program ts a quadrilateral 

o! arbitrary geo01etry formed from tour compat~ble trhn¡Les. Tlle 

bending and phne str<!SS properties o! the element.are descrtbed i.n 

references [12] [14]. The shell element uses the constant stratn 

triallgle and tb.e LCCf9 ele.,ent to represent the Ole.,brane and bendlng 

behavtor, respecttvely. The central no<le 1s lncated at thc "'·er~¡;e '" 

the coord1natcs of tllc four corncr nades. Tlle e\<!men~ llns Slx 1nt~nor 

dc¡:rces ot trecdom whicll are eliminatcd nt the element ¡.,,,.,¡ pr1or 

to •ssctlbly; therefore, the rcsulting quadrilateral clemunt has t·•enty-

four degr<!cs ot fr<!edwo, Le., •1x deg.-ees of trecdor.~ p"r node '" the 

global COOrdinate systec. 

In tbe analys1s o! tlat pl8tes the stlffness associatcd ~ith the 

rotation normal to the shell sul"face ts not defined; therefore, the 

rotat1on normal degr<!e o! freedom must not be tncluded in the analysl>, 

For curved shclls, the no.-..al rot3t1on need be 1ncludcd as an extra 

degree o! frecd""'. In case thc curvature is very small, the dcgl"<'e 

" 



of freedom should be restralned by the addltion of a 
.. 
Bound~ry rlclllcnt" 

.•ltb a small no,.~l rotatlonal stit!ness, ssy or less or ~bout 10<;. ol 

tbe element bendlng stl!!ncss [¡JI [341. 

4.7 aoundary Elcment 

Tbe boundary element, sh~n In Flg. 7f, can be used for thc 

• • 
followln¡¡: 

l. tn the 1deal1:utlon o! an externa! elastlc support ·ata nodo: 

2. In the ldeal!zatlon o! an lnclined roller ~upport; 

3, to aPeclty a dlsplac~.,ent, or 

4, to eliminate th" numcrteal dlff\culty assocl~ted ~lth the 

'alxth' degree O( frecdom In !he analysls of ncarly flat 

The elcment lS one-dll:tcnsional ~tth an a~lal or torsinnal ottffn<'SS. 

The elemcnt sttffness cocffictt'nts are ~~d~d dlrc•ctly tu thL• tut"l 

atltfness Olatrlx (see Sectlon 2.2). 

The pipe element (F\g. 7g) can represen! a straight segmen\ 

• (tan¡:ent) ora c\rcularly curvcd ~egi:Ient (bo~<l): both ,,¡,,.,,•nt. reqult·c· 

a unifono. sect1on and unlfor<O matenal propcrtt"~- El"01ents c~n be 

direct~d arbi!rnt·tly in spaco. The member stt(fnc•ss mati·lc~~ a~count • • 

for bendin~, tors1onal, a~i~l and shE'arln¡; dc•!Ul'!ll~llans. In addttian, 

the effect of inter~al pressure on thc• Stlffness nf Clln'Pd pip" Pie:nL•nt< 

1• consldered. 

The typcs nf strueture loods contribu\c•d by tl1c nlll<' el~"'''"'s 

laclude ~ravity \oadtng In the global dln•ctlons. ond loads due tn th.,r:::nl 

distortions and d<.fol'tl1ntlons induced by lnl<>rnal prcssur<>. FQrccs ond mumo•nts 



-. -~ ~~--------

actinc at the 10ember enda (1,Jl and at the center of each bend are 

calc~latcd in coordinate syatema aligned with the member's croas 

· aect Ion . 
• 

Tbe pipe element st!Uness 01atrix h !ormood by lirst evaluatin¡: 

the Uu:lbility .,atril< correspondtnc to the stx degrees of tre.,dom o.t 

• 
elld j as ¡riY<!n by P<>l"Y (22]. With the correspond!ng stif!ness matnx, 

the equilibr!um trans!ormations outlined by Hall et al (161 are used 

to form the complete elemcnt stlffness matrlx. Dlstortlons due tu 

ele!a<!nt loads are premult!plied by tl\e stl!!ness motrix to compute 

ftltrained nodal torces duc to thermal, pressurc or gravtty loada. 

" 



5. STATIC ANALYSIS 

equatlons 

1t u • R 

!ollowed by the calculatlon of ele~ent 

:5.1 Solutlon ot Equllibrtu"' Equations 

• atreaaes. 

The load vectors R have been pssembled at the u"'e ti"'e as the 

"' 

atructure stilfness matrix and mass matrl;< ~ere !orn>ed. Th" solut wn 

o! the equations ls obtaincd Usíng !he lnr~·' capa~tn ltnear equatwn 

solver SESOL [Jll. Thts subrouttne uses Gauss eltminatton on th•• 

posltive-deftnite symmetncal system of •;quattons. lt1•; algortthm 

used, hence Eq, (4) can be wnttcn as 

'" 
'"' 

V : OLU '" 
..,he re lhc solutlon for v tn Eq. (5) ts Obtalned by n reduction oí tlw 

load vcclors; th~ dtsplacement vectors u Qre thc•n calcubt~<l b)' :> 

b•ck-substttutton. 

ln the solution, thc load vectors are reduc~d at lh<• eame tlm<• ,L-

)[ is decomposed, In all opcrations it ts nccessary lo hJ\'C al any on.• 

ttme tllc requlrcd matru elc.,.cnts 1n hich-spec<! stor~~c'. ln the 

" 
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• 

• 

nduction, two blocks are In 111&"11 apeed ,;ton¡e (as •as also t~<> ca•e 

1• tlle torn.atton o! tila atlffness ••trtx·and masa Ol&tr1~}.1.e., the 

"'leadin¡"" block, wlltell fln~lly stores th~ eleaents of L ~nd o, ~nd 1 n 

•uc:eeaaion thO$e blocks ..-1\ieh ~re atteete<l by tito de<>omposlt>on ot t.~ .. 

"'t.adln¡" block. Tabla 1 ¡ive;, so•• typical solutton tt .. es . 

• 5.2 Evaluatlon o( [le,.ent Stresse'!l 

Aftar the nodal p01.nt displaeam .. n.ts llave been evaluated,' sequen• 

tually the elel!lent stress-dlsplaeement matr>ees are read fro01 lo,. 

&Deed storage and the element stresses ara calcuhted. 

' 

TABLE 1 SOLtrrJON Or EQUATIONS USINC SESOL 

Htll~[R OF "-"' CENTRAL COMPUT[R' 

EQUATIOSS BANDWIOTif PROCESSOR USED 

"' -· 
8036 ... 1786 t CDC 6600 

" 

2696 "' l~UO CDt; 6600 . 
• 
; 

421~ '" " CDC 7600 

The lnner DO • loop 1n lh" f:"•torlz~t>Dn n! the Stlffness 

•atrix has been coded In OI~C~Inl' lan~ua¡::c for thls solutlun, 



11, CALCIJUTION OF FREQUENCIES Allll MOD!: SI\.\PES 

• poeition requtres as t~e ftrst step the aolutton O! t~~ generaltzed 

• 

"' 
wbere w .,nd t •re free vtbration freq-ncy •nd mode shape, respecttvely. 

As ••s descrtbed In Sectton 3.3 the progra~ stores thc stiftnes' and 

.... .,.trtx tn blocks on tape, Ftg. 4. 

wUh partly ZCr<l diagon~l elements. The program assumes t~at only 

the lowcst p eigenvalues and corrcsponding clg~nvectors ar~ nceded. 

The aolution or Eq •. (7} can thercrorc be "'"'ttcn as 

'"' 
wbere ts a diagonal ma~rix wtt~ the p smallest ctgenvalue•• 

ei¡¡:envectors . ) . TwO different solution procedurcs ore 

used in the pro¡;ram, a determin~nt search techntquc or a subsp.lCC 

tteration solutlon. The determlnant search solution is carrt"d out 

when the stttfness matrtx can be contatncd in hi~h-~p~"d storo~c tn 

oae block. T~ercfore, for systems of hrge order And b=tnd~tdt~ tllc 

aubspace tteration mf.'thod is used. noth solution tPchmques sohe 

the ¡;enerallzed o!lgenvaluf.' oroble .. direCtl}· wit~out ~ transforr~""" 

to u,., standard tonn [31. 

" 



8.1 Thc O.•t<'=tnant S~orch Solutton 

Tlle detenninant searcll techntquc ts best suitcd for the analysls 

ot large ayatems tn •hlch K ond W have se~all b&nd•tdths [4) • 

the !IO!utton algorithm combines tr1an¡uhr fa<:todzat1on and ~e<:tor 

tnverse !.terouon 1n on onttmum e~ann.,r to calculate tlle requ~red 

•1¡¡;envalues and e1genvectora; thes.; are o'btalned in sequence start1ng 

from th" leas! domtnant e1genpair ' "1'~1' An ef!>ctent accelcrated 

aecont iteratlon procedure whlch operates on the characterlsttc 

polynom!al 

' ' p(w) a det(l(- w U:) 

u uaed to obtatn a 'shift ncar the n~xt unkno~n e1gcnvaluc. Thc eq¡ün-

valuc scpar~t10n thcorcrn (Sturm scqu~nce prt>n,rty) lS u~<·U 1n tills 

lteratl<>n. Each dú!Cnnlnant c\·aluatlon -,..,qutr"s 3 trianguhr facturl~a-

tion o! !he matri~ K - Ooc" a shtfl ncar !he> unkno~n "'~··nt·:Jlu<· 

has bel.'n obtalncd, inv.,rs" 1teratwn ts used to calcula!<! \h" eq~cn-

vector; thc clgenvalue is obtained by addln~ th<> R.:lylct¡.:h quotlcnt 

correclion to the shHt value. Table 2 shows typ1cal solutwn t•m•'~. 

6.2 The Suhspace ll<>ra!ton Solut•on 

•peed ~torac:e, '·"· moreblocks thonone ·~·-., used, the subapace lleratton 

aolution is carried out. Th<> ttentton can bt• intcrprl'tt•d as a n•-

peated apollcation o! the Rltz mcth<.>d [$] 19], '" ~hlch the comput"d 

l!igenvcctors (rom "'''' step ar<• U5c'<! "" thc• tnol bost~ c-t•t:tors fnr t!h• 

rte><t tteratton cnttl conv<>rc:cnce to the required,p el¡:ent·alues ond 

' 

" 



TABLE 2 

SYSTEII 
SYSTEM ORDER n 

Pl.Ar.<t: 

"' fH!\.!G: 

PI PINO 
566 

SYSHM 

IJU!lJlJNG ''" 

CONTAINER 265 

CALCIIL\TlOM OF FREQUE:NCIES AND \IODE SHAPES 

USIMG DETERMINANT SEAHCII METI!OD 

MAXUIUM NLMJER o¡.· 
llr\LF flA~D REQ' D. FREQN. Cot.IPUTER 

WIDTII AND MOllE SIIAPES """ 

" ' coc 6·100 

. 

" ' CDC 660b . 

" ' coc 6600 

" '" ('IJ(' 7611U 

-

CENTML 
PROCESSOil 

"' 

"' 
• • 

" 

'" 

" 



eicenvectors is obtained. 

Tbe aolution is carried out by 1teratinc si~ultaneoualy with q 

llDearly independent vectors, where q :>p. ln the k'th iteration 

tha veetors sp~n the q-dimensional subspace tk and ·bese· eigenvalue 

aDd eigenveetor apprnxl~tions are calculated; i.e. when the vectors 

• apan the p-dimensional least dominan! subspace, the requlred el gen-

values and eigenvectora are obtained. 

Let V atore the startlng vectors, then the k~th iteratinn is 
o 

deacrlbed as follows: 

Solve for vectors Vk which span tk 

•, 

Solve for thc eigcnsyst~'" of Kk and ~ 

' ., 

(10) 

(11) 

(12) 

(13) 

and calcubtc the k•th hnprovcd appro~lmatlon to !he eq;,nn>Ciors 

(14) 

" 
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7, DYNAMIC A~LYSES 

l~ dynamic response anslysls_the solutton of the equat1ons 

MÜ .j. Cil -+JI: u '"R(t) (1.5) 

1• r~uired, where R(t) csn be • vector o! arbitrary time vsrying loads 
•• 

or o! effective loads wbich result from ground motion. Spec1fically, 

111 the case of ground motion, 1! it is assul:led that the structurc u 

UD1!ormly SUbjected to the ground acceleratton u [9), the e!l<nllbnum 

' equations considere<! are 

MÜ -+Cil ~Ku 

' ' ' 
= - M Ü 

' 
where u is the relative d;splace,.,ent of !he structur~ 'ollh r<•Spcct 

' 
to the ground, i.e. "r ,. u . " . 

' 'Iba prognm can carry out a history analys:is for solutlun of 

Eql. (1.5) or (16), ora response spectrurn onalysts for solutton o! 

(16) 

t:q. (16). Tl>e history analysh can be carrled out usu.g code super-

position or dlrect integra! Ion. Thc response spectrum onolysis 

Hcessitates, o! course, !lrst the soluuon or the re-quired ct¡;~n-

system. 

7.1 Response Htstory Anolysts bv l!ode Supcrpost!ton 

Jn the mode superpositlon analysls, it 1s asswr.~d that the 

atructural response "nn be descnbed ~dequntcly by th~ p lo~·cst 

.-tbratlon lllodes, "here p << n. Uslnc the transformnhon u: {X, 

where the column!l 1n tare the p M-orthonormnllzed •>t¡;env~ctors, 

Eq. (1~) can b<l written &S 

(17) 



1 
• 

(18) 

111 Eq. {18) 1t 1S assu!lled th.st the da10pin¡:; matrtx C satia!ics the 

.odal orthogonality conditton 

• • ·, (1 -1- j) (19) 

Equation (17) tll.erefore represents p uncouplcd S<'Cond ordcr d\ff<lrcn-

ttal equations. These are solved in the proil:>;alO using !he• Wtlson 

&-.,ethod, ~hich 1S an ':'""ondlttonally stablc stc•p-by-.~t"n 1nt•:~r3!1nn 

aell.,me [61. T:,., sa..., time step h uscd ln !he ln!cgrnltun ol :o\1 

In the CDSe o! and in E<i. ( l 7) 

the rlght hand side ls glven by T •. ' -o M u , .,.here th<• ground acc"•••rattun • • 

ia c:onstdcrcd as thc sum or the co,.poncnts In !he~. y and z dlrec-

tinos ss descdbe<l In S<'ctlon 7.3. 

Tbe soluuon of the equat lons of motton, EQs. (15) and (16), """ 

b., obtalned b)' direct lntc¡:;rat!on {6). 

&-01ethod is used, whlch ls uncondlti<Jnally st~bl.,. 

e111ploycd ls surnm~rized In T~blc ~. 

c;la10pin¡; ls assum~d. t.~. C =o M ~e K [ll]. This form of darnpin¡; i> 

eastly takcn accnunt o! in lh•• nn3lysis, bccousc no s!or3J:•" ond "" 

multipllcotton• !Or 3 dampin¡; m~tril< ~rc r<."Quln-<1. 

' " 
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TAIJLE .¡·, STEP-RY-STEP DIREcr lNTf.GAATION ALGORJTIIM 

' " . . .. . .. 
Jnitial Calcuhtions .... 
f. Calculate the follo~·in&·.,onstants (Assutoe e~ qM• fK) 

, 

. 
e -:.t.-4, _.,.- et.t .... 

' . . . • 
.... 2 - • 
a

0 
~- (6 +Ja-r)/(1 +J~r). 

b0 • a 
. ' .. - 2 . 

a .... 6/T + 311 ¡,. ,-1·--. o' .. ' . 
_, 

• 

• . 

• b, ·• ~a _,_ .. . 4 • ·' 

. . 

• 
"• - 6/(T6) . , • ' .. 
J·· .. .. , 

• • b '-r/2 • 1- J/8 
·' • 

. , 

"· . .. 

... 

. . , •• 
' 

• o</>. . .. 

'· 
'· 
~· 
L 

'· 

'· 

4 • : 

... - ' .. '• ,..a 
.- ~ "9 '-·····-·-

-. -.· .. .. ,- , ... 
~~ effc<Otive stiffness matrix 

• · Triangulari.ze ' • .' ~-

Ea <Oh Tl!•e Jncrc:-m~nt ·, • . 

Fonn-etfe<Otive' load • vector '• 
' •• 

'• • '• +9(R•-R) • ~~1 .-i"t • 8 2,_-,t • . ' t+tl! t -Sol ve ''" e!fcctlve displac~ment vector 
' 

• • • 
' "•. • '• 

' . 
. 

.Jüt] 

• o . ,. 

, ' . . , 
. ' 

' ' 
•, '.- . 

·-

Calcula te ••• acceleralion, vcloci 1)', and d>splacement '""ctors, 

• ; 

"t+t¡t 
.. a4ut +.a·u •• . a U • a ¡¡ . " ' ' '·' • • 

"t+t~t • • :e<iit•M • .--.- ) . , 
' 

'!t•At • ., • " o, • a9üt • 8 Jo"t•t.t • • 

Calcuhte element stresses " destre<!. 

• 
• 

' ' 
., . 

' 
" . . 

. .. 

.• .. 

. . 

.. 
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7.3 R<:sponse Spectrum Analysis 

Jn thh nnalysls !he gro\lnd accelerPtion vector in Eq. (16) is 

written as 

ti = u . " + ti .. (20) • •• " 

" " 
and Ü ore th~ ground ncceltlrat lons in the x, y and .. 

z directions, rcspect!vnly. The equation !or the response In the 

r'th 01ode is therefore 

,, , 
• • " • • " • • " • " • " " " " " " " "" "' "' 

~he re • ,. 
'"' r' th clcmcnt '" ' ""' " 

(2 l) 

' • •' M Íi " • -·' M¡¡ e • -·' MÜ . (22) 

'" " •• ,, 
" " 

.. 
"' " " 

Usin¡; th" dchnition of !he spectral dlsplacemcnt [lO). the 10axl10um 

absolute modal dlsplaccrn•.-n!s of thc structur<' subJ<!Cted to an nccclcra-

tion intu lhü x dlrüCtion are 

\l(mex) = 

"" 
MJjS(u;) . . " 

"hcre S (IIJ) ls the spectral displaccm<>nl loto thc ll direetion 
" e 

correspondlng lo th<' !rr.quency U." and 1 is a null vector exccpt · " . 
that tl!osoolemcnts are equal to on" "'hich correspond lo !he><-

t:rañslotlonal degr<'es of fl"eedom. Slmllarly, fur thc responses duo 

toa ground accel<'ratlon lnto tl!e y and z-dircctlons 

(max) 

"., S (<t ) 

' e 

(23) 

(2·1). 
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• 
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.. .. .. , 
... . . .. 

.. 

" ... .. , ...... ' . .. 
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• 

,- and the total ~naximum response in the r' th 100de 1a asaumed to 

.. 
'~ ' 

• 
Progra1:1 SAP 

. . .· -. '-' 

. . . . . -
' (mu)' 
"~ . 

IV calculateÍO the Olal<ÍIOUIO .. • . ·- .· ; - . 

' 

JI!Odes, wh_ere the spectra (disphcements .. 
the "• y and z-directions are assu.....::l, to be proportional 

• 

... 
·-· .? (25)· ' . . ' 

. .. 

to each other. -<: . . . . ,. for dhplace...,nts 'and stresa r"sultants is calculated -;~. · 
' . . ·- ~ . : 

aa.the square-root ot the sum ot the .s<¡uu·ee 
.:•-: .... • • •>: ~- • 

responses [loF,J36]:- ; • ·-· - ".:¡~.,.. ' ·. -~--~~,-.,·o-'-~""'-,~,-/. 
~- . . •' ,, 

• 

•.' • 

. -· ; 
·o!. the JIK)dal 

¡_ --~ . ' .. 
.7.4--~Restart Capabllity in ~lode Superposition Analysis·· 

->'" . .. •.• 
'· --

rnax:jmum : ~ . . . ~-

~-- . .-;;. 
:.~-~-

,;. .. 
. ·. 

,_ ... --
¿· •• --.:.:~_,-_ .. 

·:_:-;-~-;~,-~:~--~_:-,- -~ 
phase·in 'm<>de-superpoSitton a'nalysts ,. 

r· -. 
1s'.i:'' •• ~ 
;· :-; 

usually the calculatlon ol fre<¡u~nctes and modc shapes.- /Jowever, 'once --' . ' .., 
• "• ,.. - ·· the. re<¡ u:l red ·., j_ gensys te m· has- been · sol ved · !o~r , . 1 t ... 

·-·· the· structure for dt!ferent· loadlng•eondiltons.-' Al so, 1n' a deSign ._ 

., ~-procesa the htstory or spcetru.,;analysl5 'tor the•sa111e loading-can ~e 
•,. -• ..., ,..~ ~·· • -~ rr.·-..--~ ca rried •out ~economl call y-a -te'W • t 1 .,.. ,.,.f or, examplc , -to-s t udy ..th-s t rc&s __ ,._p -~ ·~ 

: .,, hi.itory -'ln,dt fferent-pi.rta. of ~ the.at ructure. • 

In the program,-ai'COIIIpletton of thc etgenaysteli,SOlution, all 

variables ·re<¡uired· for a· response h tstory or response spec!"""' analysls 

.tOgetber "'1 th !he- fr.-<¡ucne tes nnd ""'"" shapcs a re "rt t ten. on low spced _ 

• 
The program executton.may be &topped at thts.stage and,the 

• ·-··· -''"1nfonoat ton -~n ·lo._· speed · &torage" be·eopied ·to·a · physJeal t ape.--Later, ·------, 

'r • thh tape ..-ould be eopted!baek-to Jo,. speed stor_age be!ore,start;n¡;-a • 

• • J'!Sponse analysts.-· lf, .. after a:number of response analyses u~tn¡; the_ 

:·et&:;ensystem· on · the- tape·; 1 t"'ts· decided th•t .. 1110,... •fre<¡uenetes .. and-IIIOde 
' .... _, &hapes need be caleulated, the tnform•tion on the tape ean,bc used to 

' -.. . . 
" 

' 



• • 
-

r"duce thc co~t ot !he new eigcosystcm aolution as dcscrlbcd In 

Sectlon 6.:1. 

7,5 llode Superpositlon \'crsus Dlrcct Inte¡:ratlon 

For an effcctlvc response history nnolysis the uscr must decide 

approprlately wh.,thcr IO·Use mode supcrpositlon or din•ct Integral Ion • 

• 
lt should be realized that !he direct tntegratlon lS e<¡uivalcnt to a 

.,ode superjmsit10n analysts In ,..hlch all th<> .,;gen~alucs and ''ectors 

havc bcen calculatcd and the uncoupled eqllatwns in Eq. (17) ~lth p~n 

are lntcgrated ~ith a common lime step Ut. ~aturall"y, th~ lnte~ratlon 

con only be accuratc for those modcs for whiCh ,\t ls smaller !han a 

certaln fracoon of thc ponod T. Usln¡:: the ll"ilson €-al¡¡nnthm th<' 

~hlch ~t.T ls lar¡:e, mJt of th" solult<>n. 

valtoe probl<!m Indi<",J\L•d 16]. 

Tho offccl>\"c tlltcr•n~ o/ !he ltl¡.:h /n•quem·y l"c·~pnl1SC'.from !he· 

solulloo may be bcnef!cl~l. Inl~crallnn ~ccurncy cnnnot IJ<.l n\lt"in<•d 

Jo lht! response<>/ lht! IDt>d"s fur l<hlch .:,t. T i.~ lat·¡.:.., :Hld !he• !tltcrin¡.: 

proC<>~• ~!In,;" <>Ot! 1<> ubl"ln a tnt<ll ~y.qcm ~nltlliun 10 ~¡,,..¡, tlw 

l<>• m<>dc r<;spoon~c 1~ "cc·ur.llel) ob~c·t"\o·d. 

lt i.~ thcrc!orc note<l th~l thc t.!lrcct integt"n\toJt\ 1~ qullc 

equiv.>lcnt Ln "mn<le ~upc•rpo~1tion nnnlysi~. in"~htch onl.• thc loo>o·~• 

motot!S of thc ~J·stcm. hot ".~uffictc•nt llUotlJcr to tn~c pt·olpc•r ·""'"""'" "' 

thc :<ppllcd lu.l<lln~. Jt"<" cunsidc•rc•<l. Thc• cxcocl numhc¡· ()[ """le·' t!ll<'<"-

tlvely JnclutJCd tn lhc """IY~IS <lcpc•nds un tite time ~te¡o ~lzc f,l .•mi 

thc dlstrlhutlon 01 the pcri•>t1s. 
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n.e advantages o! modc supcrpoB1t1on Bre essentially lhat 

•frequencles and ll\Ode shapes are obtaincd and that A var1ety of 

response history and response spectrum nnalyses can be carrlcd out with 

relattvcly small'additional eost, Also, 1f the structure is $lightly 

eh8nged or more e>genvalues and vectors are required, i.e., the 

• 
frequcncy domain to be eonsidered shall be extended, the ei~ensystem 

solved for already can be use<! to reduce the eost of the new elgen-

aystem solut\on (see Seetion 7.4). 

The direct step-by-step lnte~ratlon, ho"'e,·cr, is 100re effecnvc, 

when many modes need be included In thc anslysls and the response la 

r<>qui.red over relat1vely fe .. · time steps, such as.in shoc~ probl~rns. 

It should be noted that the tape reading rcqutred 1n the dlrect lnt~-

gration analys1s of largP out-o!-eore systerns <:an be eostl:•; bcocnu•Q 

1ri tbe soluhon for the resp~nse in eaeh time step tMe trun~ulnriZ<'d 

effccuve stiffness matrix roust be taken into h>gh speed storage. 

8. MTA CI!ECK RUN · 

ln the analysts of large.structurcs tt is importan! to be able to 

~heck the dato rend and g~neroted by the program. For thh purposc &n 

optlon is givcn in whieh tMc program simply r~ods and generatcs all 

data, prlnts it and also wr1tes .thc Jull data on low speed storoge. 

At eomplction of data read and gencration the >nformat>on on Iow s¡•ced 

etorage can be copied to a physleal tape. Thls tape may then be used 

to plot the finite elcment mesh. 
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~atrix and rnain steps in the solutlon of thc cquations of motlon, nsrnely, 

the solution of Ku ~ R, the solution of the gcner~lizcd eigenvalue problem 

' Kt • u;~~~ and in the direct integration the solutlon o! the effective 

• displacements ut (soc Table 4). These calculations nced primarlly be 

performed In double prec>Sion because of truncation errors occurn<lg ,.hcn 

• too !cw digits are used, •hi<:h can cause large errors in the so!utJon and 

numerical instabil~tics [zo] [25]. 

liith regar<! to the use of back-up storagc, to kcep the program 

system lndependent scqucntlal accessing is uscd throughout. Thercfore. 

sincc no advantoge is taken of ef!iclent buf!cring and d:lrect access 

techniques, it ticed be notcd that the use of secondary Sloragc con 

be much improvcd v.hcn tailorcd toa spcc1!ic ~ystem. 
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TADLE 5 FOOCE E'lUILUllliUM 5L"l>!MAilY 

(SAP AliALYSIS OF ADLPIPE EXAMPLE 1) 

A. JU:AC'I'JO:\S 

NODE "' ADLPIPE 
>X IT " n IT '" 

' 5643.51 . .. 5659 . . . 
n . -4044.59 . . -~052 . . 

" 2350.08 4023.01 -4960.70 2361. 4026. -4966. 

" 10993.59 4505.61 2960.70 -11021. ·1509. 2966. 

TarAL -3000.00 4484.03 -2000.00 -3001. 4483. -2000 .. 

B. APPLIED L(}\05 

LOADING ' ' '" ' ' O N 
TYPE 

' ' ' 
CONCEI\T RA TED : 

" ""'' ' . 1000.00 . 
" ""'' < . -200.00 

" nodc ' 3000. 1000.00 2000. 

DISTRIIJUTED 
WEIGIIT: -628.1. OJ 

TarAL 3000. -4484.03 2000. 



-

• 

• 

• 

·. 

• 

.. 

'. 

• .. 
• 

... 
• 

·,." . 
• 

• 

• 

• 

'. 

'• 

• e 

' 1l . . 

' ' . 
• • 

' .. 
. -' . 
. . ' ' • 

.. 
•• 

. 

-2000 

.. 

· .. 
-6000 

1 
-8000 

, . 

... 

··-····•."1· . 
--~ 

' .. , '"' • 
. , ' 

• 

' 

.. 
; -:,-" :-.-

.• . 
., ' 

. ' • • .. 
' 

,. 
• 

.. 

" .. .. .. 
.. 

, {e)= EXTERIOR SURFACE . 

·, ( l) ~ INTERI.OR, SURFACE:· 

• 

' '-' -· 
•• 

' i ,., 
' ' • 

• .. .. 

• 

.. 

.. 

. _...._.--_ "~'- _, · FIGURE 10:_ DISTRIBUTJON ·aF "SURFACE STRESSES··· IN'' 

¡. .... .. ... • 

• 
• 

' • 

·A CLAMPEO SPHERICAL SHELL 

EXTERNAL 

' ... . . . - '.( . ... .. 
,• 

PRESSURE 

-. ~--· . . ' ... . . ... ·•r:-·;-.' 
• 

• • .... 
---·--·1 . .''; : ,,.: •. ·" 

--···'·" 

• 

· . 

• 

UNDER 

,, 

:/t 
.· . 

• 

. .. 

• . .i 

•• 

.· 
• • 
• 

• .. .. 
1 . 

',.; . 
.. . ' 

. .. 
.• 

·. 

' • .. 
• -.: 
'· • • 

• 
• 

.. 



-
thin.ahell element~ along !he thtrty-nine degree meridlan. '!'he <:urve9 

drawn' tn Flg, 10 are plots of meridian (t) and clrctimfcrential (6) 

direction sur!ace str.isses predi<:ted by the SAP ~rogra'" Bt !he ¡,lcment 

_cent rolda. 

, 'l'he solutlon of th15 problem 1s given In the text by Timoshen~o ( 27], 

. "he re the • stress distribution of Flg, 10 m~y be found for comparlson. 

1t ahould be noted that progra!ll SAP calculates me!llbrane o;trcsses (force 

per untt area) and bending resultants (!IKimcnt per un1t length) fmr.J 

whlch the surfacc stresses 10 the figure have been evaluated. 

3. Frequ~ncy and Mode Sha'pe Analysls of planc Frame 

The lowest three frequencies and corr<"Spondlng mode shapes uf tOe 

plane fra"'e sh.,.-n in Flg. 11 are calculat.,d. The results can he 

compared wlth. thc solutlons publlshed in rc!cren~es [4) [5]. X•·lc that 

dcpcndtn;: on thc hH:h S!>"Cd stora¡¡¡e avaliable either a d"!Cn:tlnant 

' s"arch ora subspace iteration solutwn rnay be performed. The thr~e 

lowest vihration pertods of the frarne are ;:!ven 10 Tablc 6. 

4. Response Snectrum Analysis of Pipe Net.,Drk 

A response spectrurn analysis of !he pipe assemblagc sho~ri In flg. 12 

la carried out. Thls ts cxample l in thc User' s Manual for !he "p!PDr:>" 

cornputcr program [361. Good correspondt•nc<> beh·een the SAP nnd PlPDYX 

solutions is obta1ned, Table 7 CO!Ilpares local z-dircct•on rnt•mb<>r end 

O>Dments calculated by thc t..-o programa. In lh<" analyslS !he lo"cst 

fiV<" modes are considercd. Both, horizontal an<i vertical (propor!l<>nal) 

apcctra are simult3nc•ously spedfled. 
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TABLE 6 PERIOOS OF PlANE FAAME 

""" PERIOO 

NIJMBER (SEC) 

' 8.183 

, 
2.~73 

' 1.543 

TABLE 7 CO~IPAR!SOli OF MOMENT PREDICTIO.~S 

(SAP ANALYS!S OF PIPIJ\'N EXAMPLE 1) 

MQMJ,::O'T IIZ (Klp ; n) ll' ELE:.lE~'T UX',\L 

COORDJ:>ATES ,., t,1e.,cnt en<;!§ ' . ... 'ELE!.!EI;1' Re!. " "' 
NUMBER 

"' PIPDYN 

' 376.9 377 .o , 30.67 30,68 

' 152.9 152.9 

• 100,6 100.6 

' . 83.27 83.27 

' 
. 46.17 46, 19 

' l.081 1,082 

' 21.59 21.81 

' 7.052 7.038 

" 7. 537 7,571 
u 160,3 160,4 

" 78.07 78.09 

" 26.08 25.80 

1 
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• 

!1. Mode SuperposltJon.TII'e History Respnns" Analysla of Cantllev<'r 

Ihe cantilever beam sh.O'Ion In Fig. 13 is nnalyzed !or thc ground 

aeceleration shown In the same flguru. Tlle solution to tllis problcm 

ta obtalned tndependently using the "nRA2" computer code [21]. This 

program ealculatea tlle dynamic response by dircct integratwn of the 

(coupled] cquations o! lliDtion using t"tle Wtlson !l-algorithm [61. 

Tlle respOnse history of the beam ~:~Odel ls e•·aluated In SAP ustng 

IIIOde s'!perposltion includlng all ~l~ht flexura! mo<fes dev<llopcd 1n tll., 

cantilever; Table 8 lists tllc penods of these cight modcs computcd • 

by SAP. F1gure H sllows the var>atlon of thc transn•rse d!splacements 

and of tlle [lxed-end momcnt calculot('d by SAP. Thc DRA2 nredH !lOO S 

agree ~·ith thc SAP re•ults to 5 or more dlpts and, conscqu..,ntly, ar" 

not shown for co10panson. 

'· Modc SUP<''1'0Sition Time Hhtory HeSpf))lSe An~lysis of Cyliodri<·nl "Jub,. 

TI!e response of !he si!:lply sup¡JOrted cyllndrical tube shu•n in f"lg. 15 

for a suddenly applied load ts calculated by mode superposlt!On. 

metry one llalf of_the tube is idealized asan aSBemblageo!nxi.syrnmetrlc 

elements .,·1111 a total of 61 degrees of freedo10. In the mode supei"J>OSI-

tlooaoslysisonly the lcwest henty modes are cona>dered; sorne of th" 

vibration perlods are l!sted in T~ble 9. F>gur" 15 sho•~ ll compar1s<>n 

Of the radial displacements calculated by !he program \l"lth a Timoshenko-

Love solutton {24] . 
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1. Dtre-:t In:.,~ro(\on 1'¡,..,. H!~torv Re~pon<e An~lysh o! Cylln~rlcal 

M• 

Tbe re~ponse o! the sl~ly supported tube shown In Ft¡. 15 for the 

eppl1ed load 1s ca.lculated by dlrect tnte~~:nt1on. The siuoe·!lnlte 

element tdea11Z3t1on •nd time step ;t as tn the mode superpos!t10n is 

111ed. Figure 15 shows the radial dl~phoements a9 calculated by the 

pr<>&ram • 

" 
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AI'PEl\"DlX- DATA INPUT TO S.\P JV 

l. JIEADJNG CAIU) (l2A6) 

notes columns variable 

(l) 1 - 72 UED(l2) 

XOTES/ 

~ntry 

Ent<>r !1\e head>ng Informal ton \o l>e 

print ... d ,..¡ th \he out pul 

(l) llvgin each new doto cnso with a n~w lwading cnrd, 



• 
) -

• 

.. 

"· 
nnto•8 

"' 
(2 ) 

(:!} 

(5) 

((i ) 

'"' 

~(1l'ES 

~t~sn;~ CONTROL CA liD !Bl5) 

columns ,-ar!Obln ent ry 

' . ' ~n1~r> 

' >O )IELTYP 

" 
1 ,, ~ 

Total numbc•r of noclol pOHlts (.jo• ni~) 

'" th,. rwdd 

~umb<•r "' -elemcnt ~rnup~ 

?>umtHJr "' S li'UC ( ll L'U to,.u C':lS<'." ' 

GE.!; st~tlc analy~•~ 

EQ.O; dynaOIIC analysiS 

¡¡¡ - ~o ~umbcr "' fr~qunnc1<;>s '" h·· lound 

'" t h ,. ~i~env"lu•• ~olut 1011; 

EQ.O; stotlc nnaly•1~ 
GE.l; dynamtc aMIY~•~ 

21 - 2f> An,dys1s 
EQ .IJ; 

m. 1 : 

typ<• c·ode: 

Eo.>.~: 

EQ.J: 

~tal\<: "n;dyoos 

"" ~''""" ¡,,., ;,.,, 1 nt· sol u l "'" 
fo<T<•d rlynomi<" l'l·•ponsc 1>;-
=de sup.,rpnslt wn 
rcsp<>OS!' ~pectr1110 nn;,ly~•s 
dlrcct stcp-by-,;to•p 111\,.¡:;rat!on 

26 - JO .lmm:x 
EQ .·1 ; 

PtXJ¡;r"m 

EQ ,O: 

X<'<:lll 1011 modo·: 

problo•m S<>i<lttnn 
dala <'hed< uniy EQ.l; 

31 - 35 Tntal nun'.b~•· ol v.,<-I<Ho t<> b•· uoed 

in n SL1JSPACE 1.~-~~;1(\TI()~ ,wlutwn l<>t" 
e •.-~nvaluoJS/l'c•<:l<> e~: 
EQ.O: def;wlt "C't tu: 

l>ll:i\~·.q·,.w~s) 

JG - ·.w ~umber <>f d<>¡(l'<'"$ of fre<•dom 
(Pqualt<>ns) pc•t' bl"d' nf_ "tol·a¡;e: 

"' 

(~) 

EQ.O; cnlcul~ted autnma l t<•all; 
by llw pror:r·c¡m 

" " !'n<lc•s are l:JIH"l"rl ~1111 rnt<·~er·s ,-,n~tn~ fn•n• 1 to 

tll•' total numller of nn<h·~ tn thc• sy~t<•m, q\¡~p" 
Thc• program e·-~• ts ~ 1 th "" <lla¡:nu~t ,, . .,,,~~.•!'•' 1 ¡ 

~r:.L~P ¡, ?<'r<> (ll). Th"~' '"" bbn~ ··nm' ,,.,. u,.•d 

to <'tld tiJc· ln~t.clala ,-,~·· '" n J'un: '·"'·· ''"'' h!Clnk 
l\c't"l>ng ('HI'\1 (~ce'! wn 1) t~nrl n•w bbnJ, < .1nl 1\H' 

thts se·~'""'· 

Por ea<:h di ff<'r,.nl 
nc•w clcment ~roup 

eh•m<>nt type(TR!:ss. Bf.~\1, ,,,,._]a 
nec'<l be def1ncd. ~;;J,•mc•nt~ u·1th1n 

~··oups nn• '""'!(tl<'d tnl<'~•·•· lc.~ds t',\tl!(llt~ 1 n•m 

to thc• tutal 11umlt<•r <>t e• le'""""\~ '" :IH• gn>llp. 
Eh•n.,•nt r:t'""P~ "'''' 1npul In ~c•<'1\\1tl \\", ¡,,.¡, •. 

1 l. l 

"1 " 
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11 . !.1,\STJ:R CO~TROL CAIUJ (<'O~ 1 l nued) 

Elell'ent nurn~•·nn~ mu.<t ~<'jl:ln ~lth ""'' (1) in """h <llff<'rQnt 
group. 11 ts pnssll>le lo use mnrn !han on(' ~roup tor an 
elcrnent !J'P"· ¡·.,,- <·xamplc•, oll columns Í''c•rt>cnl h••nrnsl uf 

a bulldln~ may b<• considürc•d """ ~roup and the ¡;irdc•rs 
(horHontal buarnsl rnay be constdcrc·~ anothcr group, 

(3) At l~ast un .. (1) lnad condlllon must be spec1f1ed for a 
static (:oiDY:oi,EQ.O) analys~s. lf thc data case calls foroncof 
the dynamic analys1s opt;ons (:>DY~.EQ.l, 2, 3, or ·1), no 
load cases can be requcstcd (>.e., LL is 1nput as "o"¡. 
The prugrarn ol•••Y• pn¡cesscs.Se<'tlons V (Cuncentrnt••n 
!.oad/Mass Onta) nnd 1'1 (Elemenl Load Multipllers) ;~n<l 

expects tu rcnd sr>me d3ta. for the cnse of a dynam!<; 
analys>s (:>!D>'!'l.(a:.l) only mass ~oeftldc•n<.' ean be Input 
In Sec!Ion V, ~nd une (1) blank elcment lo~d rnultiplto•t· 

card 1S expectc<l in Seeuon \"l. • 
(4) For a stattc anolysis, XF.EQ.D. lf .~DYX.EQ.l. 2 <>r 3, the 

lowest :->F Plgenvalues are dPterrntnc<l by lb•• pro~r.nrn. .~ole• 

that a dynam1c solutH>n may bo r••-starled after ei~Pnvnlue 
extract!on (providin~ a· prc•vwus e!~t·nvolue ~olUIIoll f<ot" 

the rnodel ~us ""Vt•d on ta.p<• as d""cr1b•·d 1n App>Jlltltx A) 

,, 
SF for tho.' original and re-start nms must be lile """""· 

lf I>DY/I.EQ.2 or .~DYS.EQ.J th<" pr<>grnrn f¡rq srolvo.-s I<>r )óf 
elgenvalues/vcctors and then periorms tl!t• Iorc .. d r•·~p<>n~o 

solut1on (or thc responso sp<>ctrum analys>s). •Tim~, lho• 
program e:.pects to read tht• control card ~o••c•rn1n¡: th<• 
eigensolution (Sc•Ctlon Vll.A) b~fore r<•adjn~ dnta In 
~ith~r S<"ctions Vli.B or VII.C. ror tlw ca~e .~ov:;.~Q.l ' 
the prograrn s<Jlves for :>!F eig~nvuluc•sh•.,ctors, pt·lnt~ t~o· 

results ond pru~eeds to the next <int~ cose. Thc• t"<••LLI!~ 

for th~ <"igc•nvalue solut1on pitase (NDYN.EQ.l) moy lw 
saved for In ter use 1n autunmtlc rc•-stan ( ,\ppend" ,\ 
llsts !he control cards that are requ11·t"d to affct•t"thts 
save opet"B!lon), !.e. a dynamic solutlon may be r<•started 

without rcpcatln¡¡ !he solut10n for modes and freqU<'11CH•s. 
lf thn datn cnso• IS a re-stnrt JOb, sct !\DY)ó.fQ.-2 !or a 

forced resp<>nsc S<'iut;on, Ol" se•\ Hl\"~.EQ.-J Iu1· n <"<'SI'"""" 

spect rurn analys1 "· 
a rnultlple •>I l!Tnt'S (to nm rllff.,n•nt ~l"Ound spuctrn m· 
dlfferent tin"•-o1o•¡wn(j,•nt IorO"In~ functJ,.nsl b<'Cau<o• tiT<• 

prograrn rl<"·~ ""' o!o•otruy the ,·,.nt,•nt" nf ;¡,,. r<"-SI~rt t~p<' 

! t :<DY'\. EQ .. ¡ t ht• prog-ram P<' r tur<::~ tlw respon~~ sol ut l '"' b)" 
d>rc<:t sto•p-b)"-Slt•p lnt.,¡:ratwn ~nd no c•>gc·m·aluc ~olutt"n 

control c~nt should b" prondcd. 

11.2 
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I 1. .\\ASTER OJ:.IROL C.\!W (con t lnuc<.l) 

(6) In th.e <.13ta-ch.cck-onl.• .• mo<.l~ .\~.IOVL\.EQ.ll. 'he pl"OO:I"310 
.. nt"~ only une ! de, TAPE8 , an<.l th.ts lile :oay be 

sa,·ed for use as Input to spec>al purpose pro¡:ra .. ~ ~uch. 

as ~~sh. plotters. etc. TAPES cont~•ns oll dota input 
1n tts cornpletely gencrnted lor01. l! ~lODEX.rQ.I, 0\0~t 

of the expensi\·e calculations rcquue<! <iunng norowl 
OllDEX.EQ.O} execUtlOn are pas•ed. TAPES, ho~ctcr, H 
not ~rittcn durlng nur .. al.problcm solution. 

:-lote that a ne~atlV" voluc tor :;ov:; ('-2"' or "'-3"), 
~hen exccutin~ in thc <.lot"-ctocck-only mo<.le, <.loe> not 
cause th~ prn¡¡r.1m t<l rca<.l tlle re-~ton tape ~hich 
contatns thc Cl~c·n~olutlon lnformotwn; lll~tcod, liHJ 

pro~rom JUIRps <l\¡""dly ft·om Uuo card '" Scction VII.B 
(or S~ctlon l'll.Cl .nul conttnu~~· rca<.l1n~ onc! ch~ckl!l~ 

data card~ ~•thout perlorm1n~ thu solution. 

(7) lf the progrom 1s to oolve for ci¡::cnvalueo Uoln¡; thc 
SUBSPACE ITERATIO.~ al~orlthm. thc cnt¡·y in c.c Jl-J~ 
con be us"d to chan~c th~ total. numhcr ol iteratlon 
vector" to lle uo.,d Jrom the <.l.,lault minimum ol 2•:.;r 
or :i\'+8 (~h.l<:h~vc¡· ls .< .. oii<Jr) to thu value ··:-..\D"'. 
The eftcct of lncrcastn¡¡ liAD ooer th" delau!¡; \"u!uc 
ls to acce\cratc convcrgence In thc ca\cubt IOn, tor 
the 10\l·est lif etgenvalucs. SAO i> pnnclpally a pro
gram te>tinll" paraOICI.Ct" ~n<.l should not"I'WII;- t.Je \cll bl.lltk. 

(8) KEQB ls a pr<>~:ram tc~tinl( porometer ~hich allo~·~ the 
user to test ,.ultlplo equat1on block solut1on~ u~1ng 
.mal! data case~ ~h\ch ~>oul<.l othor~be bn one block 
problems. KEQD IS nor,.ally left blank. 



ill. :.QUA!. POIST Ui\T.\ (Al~ 1·! ,Gi5 ,3FHl .U ,15 ,FlO .0) 

"' 

(2) 

(' ' 
( 5) 

"' 
SO'l'!>S/ 

' " " " 

' 

" 
"' 

' 
IX(.~,ll 

JX(.~,2l 

IX(S,3) 
IX(:S,4) 
IX(N,5) 
IX(/1',6) 

X (N) 

y (.~) 

2 (S) 

SymboJ d1>SCrlb1n¡: C<OOn:IIOale S\'S!<•!II 
for th» node; 
EQ. (bl3nk) 
EQ.C; 

)(ode number 
• 

cartCSlDO 
cyllndra•al 

(.\, "i, Zl 
(R,Y,E) 

X-translat><>n boundary conditton cod•• 
Y-translat!on baundary <·rmdltl<>n corlc• 

2-tran,;'lat Ion boundary c·ond '''''" c·<>dt• 
X-rotal Ion 
Y- rot at H>n 
Z-ro\atwn 
EQ.O; fro<J 

buundarr U>ndit¡on <"ode 
bnumiar) , . .,,.,¡,¡¡on 

boundary t"••n•ltll<>n 
(loads alluH•d) 

EQ.J; 
GT. 1 

!l><ed (no Juarl "llo~<·d) 

"'""ter rl<><lt' 11UIT.IJ<.'t" (l¡o•nm nnd"" 
onlyl 

-un:linato• 
Z (or El -or<:Jinate 

71 - ~() T (.':) )(odal teOlpe!·atut·e 

{l) A sp<JCial cyllndrlcsl coordinate sy"t"m 1s "llo-.ed 
!or \he global descr•pt><m of nodal potnt In<:"! ion~. If 
a "e" ls entered In card colum~ one (1), thc•n the omtrlt•S 
giv<Jn In n• J6-65 orP t,lken to h~ refurenees tu ~ 

global (R,Y,9) sy•tem rnt!wr th~n tu tl1<.' .«nn<lard 
(X,Y,Z) sy~t"~ .. Th~ pro~nm conv.,rts .,,·l•ndrl<"~l 

coon:l>natc' t·c•lc•ren<:<>~ to <:arteal•n C<~!!"<!ln.lte~ uotng 
the (ormui.J<•: 

x~R.,ne 

y "' \' 

7. "' R ~ose 

Cyl11l<lrH";tl <"<><!t"lllnnt<' tnn<>t 1~ ll'<'t"ely ~ ttsc•r <"<>tl<•'T11-
c•nce fnr l<Wnltn~ lWtlt•s 111 ti!<· ~tand;n·d (~.1".7.) >~""''''"" 

and no oth•·t· rel<'!"<'ll<"<'" In th..: t"}"lltldl">C;>I ,,.,,,.,. ,ot·c· 

ucpl!t•d; '·''·• botond;>O"\. c•nndtt!Un ~P<"<"lfH";>Il<!ll>o <!Lot

put tlt~pla<"<•trent t"<'mpOtl<'tlls, ,.¡,., are• t"el••l"•%"••<1 ''' 

the (.\,Y,Z) systc•no. 

(2) )(O<Jal ~n1nl d.1t" rnust l><• defin<•d roo· nll (Nl").ISPl nn~,·~. 

:<"<>d•• dota ma; b<' lt1p1Jl dln•ctll' (1.e., <'M"h IH>dc• t>n 
liS u~n !t>dll"I<I<>al ,·anl) <JI" th<' r;c•net·nti<>n upt¡un 

mny h,• '"''d tf ~¡>¡di<"",JIJ!" (S<"' nniP :;, b<•lu•) 

1 1 l. 1 
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JI!. ~ODAL p()l.~T !lATA (con! 111UO'tJ) 

lldrnt~stbh: nndol po1nt numbers rnn¡:e [rom "¡" to thr total 

nu~-~··r of nod"s .·~DIXP" Jlle~al reren"'''"s ~t·e: 
:;,I..E.O or X.GT.:<L':.~\"P. 

(3) lloundary condttton cnd<!S can only be a~Sl~ned th<> 
lollo~1ng vnlues (.'.1 ~ 1,2, .•.• ~); 

IX(.~,.\1) ~O; un,<pe<:tfle<l (fre<>l dlsplace~-··nt 
(or rota! ton) corr.ponent 

IX(S,~I) 1; del<>t<;d (fl~ed) dtsplacenent 
(or rotatwn) co.,ponent 

lX(N,M) K; no<:le numbur ''K" (l .: K o. -~nr:-;p 
and K ~ :<) ts the "m"" ter" ""''~ 
lo ~hicll lile :.tth' degree uf 1 , . .,,_ 
dom at noo., ":;" is a "s~a"," 

An unspeclft"d (IX(X,)I) ~O)<!<·~¡-,_ .. , ot frn<'dom ts [t't"-' 

t<> translat<• or :·otatu "s the ooluoon dt"lntes. 
Cuneen! ra tcd [<>rce~ (o r mo:nen l s) rr.ay be• nppl 1 ed (Se·~ 1 1 <>11 
\', b"lo~·) In llns de!l;re" uf ír~•·dom. Onu {l) ~yswm 

cqulllbrium c•qu,1t10n 1~ r~<]Ulr"d ["t' pach unsrc•octf>•td 
~"¡.:n•c o f f ,.,,,•dotn 1 n l 1!<• m<>de l . The "'""1m u m nun ¡,,,. l' 
o! ~·quillbr!nm equatl<>ns 1s uhoays les.< th"n "X (';) 

tim"s the tolal nu!l'.lmr uf nud"" In the mod••l. 

Delct~d (IX(:>,m ~ 1) dc•~rees of freodom n•·e rer.u>\'<"ll 

{rom tlw f>nnl set uf ef]Ullli><·¡um pquaii<>ns. Delel"d 
degrees of freC"dom are IIX<"d lpo1nts of rc:•ct•on), oncl 
any loads applied In th.!s., d•t~:r••e• of !ntcdom are 
ilil:nored by !he program. );odes that 3><' Ullc"<l for 
g"ometrlc r<tf.,l'ence only (l.<!,, node~ not assii\ned 
to any element) must have all s1x (6) de~r..,es ot frct•
dom deleted, )(udal dc•¡¡rees Of fn•edorn l>aVitl¡.: und<·tin<•<l 
at\!fness (~uch as rntations In an all Tlll'SS o><.>del, 
out-of-piane co01ponents 1n a t-..o-dim,:,ns\unal pbn~r 
mudel, etc,) should b~ delded. O..letions h"''" tlw 
ben<:'ficiHl dfcct uf reducing th~ s1z" o[ tlh-' se! "r 
e<¡uat10ns tll.'ll rcu.•1 1><• ,wl<·<>d, ThP t~bl<• (J<}lo~ 1'"'" 
the types o! de~n·<>s o\ freednm that 3r<} deftnc•d h)' 
each d1!ferent t•h•m••nt IYp•·· The table ~~s P"'P"'"•••I 

assumin~ th"t th,• L"lern••"t has ~"""rol ""''"'"""" 1!1 
(X,Y,Z) sp"c'c•, 

DEGI!EES OF FIU:EDilli \',J1'11 Dl.l'!.~tl' STlFI'~¡.;~"' 

ELO\E:>T TYp¡.; " ~y :z 
L ,TRUSS ' ' ' 
2 • UEAJ.l ' ' ' ' 
'· ~a:~.llllli~E ' ' ' '· :l!liQt'AD\!1 1.\TER.\L ' ' '· 3D 'llltl('~ ' ' ' ,, . PLnc:/Siif:I,L ' ' ' ' 
'· BOL~IlA TIY ' ' ' 

' ! 11.2 
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J It. NOOA.L POIM1" OA.TA (contlnued) 

DEGREES OF FREEDOM WITil DI':FINED STIFFI'<"ESS 

ELEME!IT TYPE 

8. THICK SI!ELL 
9. 3D/PIPE 

(<) 

• 

• 
Kence, for on all 30/BRICK model, only !he X,Y;z 
translatlons are dcflned at the !lodc, and !he number 
ot equat lona can be cut In half by 
(3) rotatlnnal components U evcry 

deletlng thP thrcc 
node. lf a nade 

lB common to two or more dlfferent elcrnent I)"P''"' th~n 

the non-trlvul dcgrees of frecdum are found by cornb•
natlon. for exa,.ple. all stx (6) comÍ>onents ar<• posstble 
•t a node cm:u:ton to both ~U.ll and TRt:SS ~lcrnunts; 1.e .• · 
the BEAM governs. 

A ",.aster/alave"" option ls allowed to !nod•.'i n¡;ld 

links '" thc '-Y"Iern. For th>S cnse, IX(:-i .. \1) -K me.>r.o 
that the Mth de~r<>e of fr•••.•dom 'H node "~"' " ",;),"•e"" 
to (dependen! on) the samc (l,:th) de¡:r<'•' <ir 1 reed<>m dt 

nade "K"; nade '"K"" is sa\d to be the master nade tu 
wh!ch node N 1S shve. N"tc that no actual beam n~cd to run 
from nodc K to node r;, how<>ver the followln~ rcs!rteuons hold. 

(a) Nod<! one (1) "cannot be a master nod<!; i.e., 

K ¡1. l. 
(b) Nodes "'¡¡"' and "¡.;"" must he beam-only nodes; 

i,e., no oth<lr ele!l".ent type n>ay be connect<>d 

to etther node Sor K. 
(C) A node "r;" <>an be slave to only one,master node."'K"; 

multlple nades, howcvflr, can he slav<' lo lh<' sam•' rrastc•r. 
(d) !f !he beam from ":;-'' to 'K" lS to !:lo.• " 

ri¡:;>d lin~ arbttrarily onen!ed in !he 
X,Y,Z space, !htm oll six (6) degref'S of free
dom ot node "N" rnust b" rnadc slaVPS to nmle "¡.;" 

Dlsplacement/rototton components for slav<' dc¡:re••s of 
freadom at node "N'" are not rc•cu,·ered f<>t" pr1nttn~; 

Le., zerous appear as ou\put fo1· sla••c <legt·ee" <>f 

froedom. 

When CT (Col. 1) is equal to the character "e", !he values 
Input In ce 36-65 are lnterpretc•d as th<> cyllndr>cal (ll,Y,el 

coordlnat<>s of nod<! "¡¡". Y ü th<! axis of symmctry. Ji ls 
the dlstonce of a polnt trom the Y-axis. The an~le € lS 
measured clockwla<! frorn !he posittve Z-oxls ~·hc•n lo<>kin¡: in !he 
posltive Y ~irection. The cyllnJI"Icnl coor<hn~tcvalut'SilO'•• 
prtnted aa ente red on th.c CBrd. but l~<>d htcly a!t<"r prtntln~ !he 
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III. NQIIAL POINT MTA (continued) 

1lobal carteaian values are computed fro,. th.e Input entrles . 
Note that houndary conditlon codes always refer to the 
the {X,Y,Z) syste~ even Ir !he node happens to be located 
,.lth cylindrlcal coord>n&tes, 

(5) Nodal polnt canis need not be Input In n<><l<•-on!er sequen" e; 
eventually, h""'ever, all nades In the 1ntegcr set (1, :o;L'lot~Pi 
must be detlned, Joint "ata !ora series of nades 

'" 

may be generated !rom lnformatlon ¡¡;!ven on t~o·(2) cards 
In sequence: 

~~L ·~,',"',,= .•. ~~.~~n.eration paramcter given on th~ ~econ<.l 
~~·u~ ~" ~~ The [¡¡·st ~encral<;<l nodc ¡s 

M¡+l ~KN2 ; th" s<~cond ~·mc•rated nod" ls ~ 1 +2 •KN2 , et~. 

()eneratlon conllnU<IS unttl nude nutlbcr .~.,-K:-;2 ls 
enablishcd. Sol<! that the nodc dif!en•ñce S~ -.~ 1 m11st 
be evenly dtvtsihl~ by K~;¡· ¡nt<!l"m~dl"l'" nodc'S bch'•••n 
N¡ and ¡;2 are locatcd al cqual tntcn•ah along thc 
straight llne bt!t~·een ttw l'-'o p<unts. fiuundarr condltton 
CO<Ies for the gcn<'ratcd data aru set equal tU the •alu,·~ 

given on tlle tir•t card. Node t~mpernturus ~ro fnund IJ)" 
linear >nterpol.atlon b<'l~""" T(N1 ) and T0>2 ). Coordina! o> 
reneration ls ahays performed tn !he (X, Y,Z) system, ~M 
no genera\ ion 15 pedormud if KN2 15 zcro (blank). 

Nodal temperatures describe th<' actual (phys•cal) 
temperature distribUt1on 1n the structure. Avcra~e 

element tc•mperaturus establiBhed !"rorn the nodal values 
are used to ~elect materlnl propcrtics 11nd lo .,.,.pule 
thermal strains in the mo<iel (static analysis only) . 
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IV. EI.EMENT DATA 

TYPE 1 - TIIR!:E-DIME~S!OSA!. TR!ISS E!.EMENTS 

Truss elements are id1>ntifted by the rm01ber l. Axial fo...,c~ and 
•tresses are calculat<>d for eaclt ""''"ber. A un>form temperature 
changc and inertia luRds 1n thrce directlons can be consid<>rcd 
as tite basic clement load condi.tions. -'lhe truss elcmcnts are 
describ<>d by the following aequ.,nce of cards: 

'· 

'· 

Control Card (31 5) • 

ColUJCns ' ' The number ' ' " Total numb<>r o< truss elc01ents · 
n " Number of material prop~rty card5 

Material Propcrty Carda (15,5FIO.O) 

'I'I!ere nced be as many o! thc followinJ cards as are 
necessary te define thc propcrties llsted b<>lo,. !or each 
elcment in the structure. 

Colu~ens ' ' 
5 r.Tatcrlal identifica! Ion number 

15 Modulu~ of clastlClty 

• 

16 25 Cocfflcicnl of th.,rmal "~!'"""""' 
26 35 Mass den~Ily (uscd to cah•ulatc .,ass Jf.antx) 
36 45 Cross-S<>Ctlunal arca 
4.6 55 We1ght dcnsltY (uscd lo calculat•• ~rovity 

loads) 

C. Elemcnt ¡.,.,d fOCt<>r~ (·lFlO.O) Four caros 

Tb.ree caros spec>fying the fraction of gradty {lll each 
o! the three global couro1nate directlons) to be addcd 
<o ea eh tJ lcrnent load cose. 

c. ro ' ' /llultlplier of gravlty load '" "" ., di.-.,ction 

Coluoms ' " Elemont load case ' n " Element load case ' " " Elen.,nt load case ' " 
., Elemunt loa<1 case ' 

Card ,. " above <oc ¡;ran ty '" t b.c ., direcl1on 

c. ro ' ' " abo ve '"" graVI ty '" "" ., dlreCtion 

Ooro ,, Th>s ind!cates "" fraC!Ion o< '"" tb.ennal load 

'" "" added '" .. a eh o< \1\¡_o e lerneo! load ca"us. 

O. Ele.,ent Data Cards (415,f'l0.0,15) 

One card p<•r element In lncrcastng numerical order.startin¡; 
with one. 

Columna ' - ' Element number 

IV,l.l 
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"· ELDIE:.'T DATA (conti~ued) 

Columns ' " Node number ' n " )lode number J 

" " Material property nurnber 

" " R<>ferenc., tt•~r.penture '"' ooro stress 

" " Opt 10nal parameter k u sed '"' auto~nattc generation of element data. 
NarES/ 

'" lf a series ofelements exist ~uch that th<.' element number, 
N

1
, is one greater !han tlu> pr<1vious clcm.,nt m1mber (l.a, 

N1 = N1_¡ + 1) and !he nodal, p<Hnt numbcr can be g1ven by 

then only !he flrst elcmcnt In the serieS need be prOvi~ed, 
Thc dement l<lentlficatwn nu~.ber and U\<! tcrnperature Jor 
the gcnerat•>d ele~nents aro• sct c•qual to th" va loes un ¡¡,,. 
hrst card, lf k (given on thc hrst can:!) ls input as 

zoro it la sct to l by thc program. 

(2) The element t~rnp<>raturc ¡ncreas" ,\T use<! l<> calcul~te 
thermal loa<Js is g•n:n l>y 

where (T 
1 

specifi<><l 

I>T ~ (T 

' 
+ T )/2.0 ;s the avera"e of th" nodal tc.,penturu~ 
on fhc nodal potnt data cards f<>r nodcs 1 and ;; 

and Tr ls th., zero stress r<.'fcrence teOipcratu,-., sp<>Ct!HJd 
on the element card, For truss clemcnt5 tt '" ¡¡.,n~rally 

more convenlenl lo se! T- "- T ~ 0.0 sucl> !Mal .jT = -Tr 

' ' (note the mino~ sigo). Othct· type~ of m••mhct" lua<lln~s 

can be •peclftGd usin~ an .,qu)vah•nt ,,T. Jf a truss 
member hu an tnitial lack of !ti by an amount d (posttn·o• 
if too lonll'l thcn t-T =d/(J;,L). lf an tnitial prcstress 

!orce P (poS! t lVC if tenst h') i s applicd tu ttw ""'"ber 
ends that >S r.,I.,ased after the """b"r ._.. conne<"led to 
the rest o! thc structun• then ;.:r =- P/(~A t:). In the 
above formlllns A= cm•s sc•cti<>n arca, L ~ mo'mbo>r lc·n~th 

and r> ~ C<>.,fficient of tht•rmal expan.,on. 
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"· EU:ME~í DIITA (contlnued) 

TYPE 2 - THREE-DI~!ENSIOSAI. nEA~! El.UtEN1"S 

Beam elements are ldenti!ocd by the number 2, rarees (axial and 
lhear) and ""'""'nts (bendln~ and torsion) are calculated (In thc 
beam local coor<hnatc system) for cach beam, · GravHy loadln¡;s 
in each coon:linat~ dlrectlon and specHicd fi><cd cnd torces form 
the baslc element load conditlons. ' 

• 
Tbe beam elcments are describcd by the !ollowing sequencc of 
cards: 

• 
A. Control Card (515) 

Column• ' ' The number ' ' w Total numbcr "' be a m elem<>nts 
u " Number "' elcmnnt propert~· cards 

" " Number "' fix<1d 000 forCt! se\5 

" " Number "' =tcrlal propcrty car<!s 

•• Mat<>r1al Propc·r·ty Cards (15,~Fl0.0) 

Colulllns ' ' Materul identt f ¡cat1Dn nun-.he•· 

' " Youn¡,;' & lll()dlllus 

" " I'OlSSOn ' ra t w 

'" " Mass dc•neity (us"d '" calcuht~ mo~s matrl,,) 

" " Vieight denslly (used <o calculatc ~ravity 
loads) 

C. Elemc•nt Propcrty Cards (!5,6Fl0,0) 

Columns ' ' Geometric propcrty number 

' " Axial area 

" " She~r nrea assoc1ated ~· 11 h shear !orces 
local ~-d>r~"tl<>O 

" " Shcar ar"a as~oelated ~ith shear forccs 

local 3-dlrCctlon 

" " Torsional incrt la 

" " Fle~ural '"~rt>J aiJout local ~-nxts 

" " Flexural lO'-'rt!n al;lout luc·al 3-oxl• 

One can! 15 requ1red for each untquc ~et o! propc•ri><'S. 

Shear areas need be Sfl"'Cifie<:l onl)' ¡f sh<>nr defornmtlntl~ 
are tu be ¡nciudod >n tlw analysls. 
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ELEME!o"T DATA (continued) 

K 
• 

j 

/., 
A -. 

' J NOTE' 
• K IS ANY NOOAL POINT 

WHICH LIES IN THE LO:::AL 
1·2 PLAN E (NOT ON THE t-AXIS) 

LOCAL COORD!NATE SYSTE.'Io FOR BEAM ELEME!H 
D, Elc!llcnl L<•~d Fact .. rs (·l!'ltl.O) 

'· 

Nudal pn1nt loaU" (n<> mom•n11>) <lue l<> ~n<VLIY are computed. 
Thrce caros n~c·d be suppl1cd "'htch ~pc•<:lf}' thc fraction uf the~<· 

loads (In ••ach uf the thrcc global C<><>rd¡natc ~•rectton~) t<> be 
addcd \u cach clen:enl load case, 

Card " Mult1plier "' grov1ty load '" t 11<1 " d!re~t1on 
Columns ' w ~lcmcnt load case ' H " Elemcnt 1 "" d ~ase " " " El e me n t load case ' " " ~lcm<Jnt load case o 
c. m " " above '"' gra~ity '" '"" 

., d>re<:tion 

O• m " 
,. abov<J '"' gravit¡.· '" th<· ., dlrectton 

flxcd-~nd Fnrce~ (15, 6FIO .IJ/15 ,GFIO ,IJ) 

'l\lo'o caros are rcoqu u·cd for each un1que ""t of flxcd-end for<"es 
occurring In tl1c• analys1~. Dl.,lrlbllled load~ <!nfl \hct'n<al l<>nds 
can be spectfled using thc fixcd-c•nd forccs. 

caro ¡, 

Columns ' ' fiXl'd-end forc" number 

' " ""'"d-end for~e '" lm•"l 1-titreetlon ,¡ N<>de 

" " F1 ~<>d-.,nd forc<' '" loco 1 2-dl~et>on " llode 

" " fix<>d-cnd fOl'C<! '" loen! 3-<! i re~ 1 ton "' ~odc• 

" " Flxc•d-cnd momc•nt nbm< t loca 1 l-<1 t re<"t wn "' ¡;,,¡., 

" " Fixcd-cnd JOOIO<!nl abOUt local 2-d t re e 1 1 nn " ' ,.,,¡(' 

" " flXCd-end momcnt ObOU! local J-d \ C<!C t lOO "' 'ioth• 

IV ,2 ,2 

' ' 



• 

"· 

NOTES/ 

ELD!ElóT DATA (conttnued) 

Card 2: 
Columns ' ' Bhni< 

' " Flxcd-cnd force '" local 1-d\rect\on "' 'oo• ' " " Flxed-cnd force '" local 2-d 1 re e t IOn .. !<od" ' " " Ylxed-end !orc<l '" local 3-d! re e !IOn nt No de ' " ., rtxed-cnd 100ment about local 1-dtrectton .. :>r>de .. " F1xcd-.,nd moment .. !>!·~"' 

" " Fixed-cnd OIOIOCOt 

about local 2-directlon 
about local 3-dtrect\on .. :-lode 

• 

1 he 
Note thn values input are literally !ued-pnd values. 
cor;:ections due lo h\ng;,s ond rollcrs are pcrfol"!!led wuh\n 
program. Olrectlons 1, 2 and J tndicatc p!·>nClpal dircc\¡ons in 
tl><l local hcam coordina tes 

F, Bcam Datn Cards (10!5,216,18) 

ColwnnS ' ' ' w 
H " " " " " " " 
" " 
" ·W 

" " " " " "' " " " w 

Element numb<'r 
Node nurr.b"r l 
Sode number J 
~'<>de n<Jmhcr K - "L'e accompanyin~ figure 
Materiol property numll<l!" 
Elcrnent prr>perty numbe>' 

' " ' o 

~l<>m<Jnt l<>ad 

resp"c 1 1 v.,J )' 

En<i •·eJeose C<><le ol nod,, 1 
End r"l~ase Code at nod<> J 
Optinnol parom•lter !< u~~d fur aUt<>mnt>C 
generatiUO of elemmlt dota. Thls opt10n ts 
descrlb.,Q belc,. undcr n separa\" hcadin!(. !f 
tlle Optlon is not 1.H.,d, th•• [1dd is lef\ blm1k. 

The end release Code al 
and/or zeros. The 1st, 

cach node 1~ 

2nd, • 
a slx dl~lt numb<lt' o! <>nes 
6th digits respectl<"ely 

correspond to the force ~ompunonts Rl, ll2, RJ, ~il, )\2, )~~ ot 
each node. 

l! any on., o! !he abov<> <>lemcnt o•nd forres lS knu~·n to be z~ro 
(tunge or r·ollo~r), the dtg¡t curresp<>Od!n~ to that compuru•nt >S 
B on.,. 

(1) 1J a sc•nes of elements occurs >n ~h\ch ••nCI! c•lcmt•nt nurnbel' !>E
1 

>S onr 

greater lhan the previnus n"rnber />"E , ·-· 
1. ... ' :.<: + l ,_, 

only the clem.,nt dota card for the (irst ele01cnt 1n thc s"ri<!S nc"d b,• ~"''" 

aa input, provided 
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IV, EL~IENT DATA (continuad) 

(1) Thc end nodal polnt numbers are JU 
1

- ~ JH i-l + k 

and the 

(2) 01aterial property numbcr 
(3) element property numb~r • 
(4) flxcd-cnd force identtfication numbers for each elemcnt load case 
(5) el~ent relense codo 
(6) orlentation o! local 2-axls 

are the same tor each clemcnt In th~ ~"rles. 

The valuc of k, 1l left blank, ts taken to be on<>. 
!or the last bea'" element must always be gnun, 

The element data card 

(2) Wh.en success\ve bearn elements hnve the snme stiffnes~. OrtGnl~tl<>n 

aM elemcnt loading, the program automat'tcally sklps recompulat ¡on o! tn<> 
stH!ncss. Note thls when numb"':'"~ thc• beams tu obtoun "'"X>"'""' cffH:H,Incy . 
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1 V • ¡;u:~a:;-;T !N\TA (e ont nw•·<l) 

TYP¡,: J - PLA;-;t: STIU:SS :.¡¡.::.1810\~ ELDU:.~TS 

Quadnlatur~l(and tnan~uhr)cl•Jments can b<• US<'<I for plan" 

strr,.~ membrnnp plo!m<Jnt~ o[ 5pec,fl••d thi<kfl<•bS ~h1ch are <>ru•nt<·d In 
an arbitrary pbnc•. All ele~o·nt' h~\'<! terr.p•-'r"tur•J·dep<md"nt o!"lhot<''>p<c 
nmt.,riol prnp~rtle~. Incon:pat¡blc dlsplacemcnt m<><l••s can¡,_, In~lud"<l ;ot 
1/Hl .,J,•m<!nt l~vel In ordur tu llnprove tlle h"ndtng pl'<>p<;rll• so! th" 

elem<•nts. 

• 
A general quadrilatcral clement lS sho~n be lo~· 

' " K iC\ __ , 
1 

A local el~'"ent coordina te aystem IS de[1ncd by a u-•· systo•m. The 1·-n~ts 

colncld<!S w1lh the 1-J HJde of th<! <•lemcnt. Tht• u a~¡,; 1~ nor·,nl to til<' 

v-a~ls and u In the planc d"fin"d by nodal po1nls 1, .J and L. '-;<•d" ~ 

must be 1n th~ sume pl~n<' 1! tl>a dement stlffncss c~lculat"'ns nn• to 
be corr~•ct. Th~ follo~·ing suquen~e of cards define tiH: input dato l'ol' 

a M•l of TYPE 3 elements. 

A. Control Card (61!'>) 

Columns 1 5 Th~ number 3 
6 10 Total nmr.b("r of plane str<>s~ elell'ents 

11 15 Number ol mutc•l'iul propel'ly <:ords 
16 20 lla~llllUIO numb••r <>.f t"mp.,ratu,.., potnt~ lor any 

one m~terial; S<W Section R bcl""· 
30 Son-zero numcnc~l pundl ~·¡ll ~uppre~" tl\c' 

tntrodmottnn of lncompat•bh• dtspl~c.•mc•nt 

"'"des. 

Orthotroptc, ¡,ymperature-dc¡wnd••nt n<Ol••rt~l propt•n••·~ .tl'•' 
possiblc•. F<>r '''"" dlflet·,•nl JO;>Ic•nal,tlw foil<>~ In!: ~n•up <>1 
cards mu~t bt> supplied. 
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IV • EU:MENT DATA (continucd) 

1, Material Property C3rd (2I5,3Fl0,0) 

Colu~~tna ' • 
u 

" " 

" L 

' 

1 

' " 

" 
" <O 

~ater>al idcntification nucber 
Number of d>fferent temp.,ratures tor 'Ohlch 
properties mre giv~n. Jf thh f>eld ts 
lcft blank, the number !s laken as onc, 
ll'e1ght density o! maten~! (used to 
cSlculate gravity loads) 
llass .densny' (used lo calculate mass O'.atri~) 
Angle e 1n degrees, measured count<>•·
clockw!se !rom the v-axts to the n-ax•s. 

K 

J 

The n-s axes are the pnnclpal ax"s for th~.orthotrnp>c mat<>nal. 
Weight and rnass den~lltes n<>cd b<1 l!sled only ,·f gravitY ond 
in<>rt.ia l<>~ds are to be <:ons1dcred. 

2. 'I'oo cards fnr each ternp<lratllre: 

O• ro 
' 1 

(8flO .0) 

Columns ' " Ternp•• ra 1 ur" 
n " ~odulus M Elast¡cllY - '" " " Modulus o' Ebstl<'>ty - E~ 

" '' Motl11l us "' Elnstl<'t!y o: 1 

" " Straln Ratio 'M 

" " Straln 1\;)tlo -
"" .. , Strain Rat "' - '-"st 

n " Shear ,llodulus - '"• 

IV.J.2 ' 
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IV, ELEMENT DATA (contlnucd) 

NOTES/ 

Card 2: (3Fl0.0) 

Columns ' " Cocfflcient o< thermnl expans!on 
u " Coef[!clcnt o< thermal expons10n 

" " ·Coefflcicnt M lhermal expsns 1on 

• 

All material constants must always be speclfied. For pian<' 
stress, !he program modifles the constitutlve relat1ona to 
satisfy the conditlon that the normal stress c1 equals zero. 

C. Elcment Load Factora (5Fl0.0) 

Four cards art> used to dellne th" elcment lOad Cnb"~ 1\, B, C 
andO as fract)on of thc basic thermal, pressure :tOO acco•lcrat1nn 
loads. 

Flrst car-d, lo"d case A: Sccund card, load casen, de. 

Columns ' " Fract1on "' !horma! load 
u " fra<: t 1on "' pressure ln~d 

" " Fraction o' grav•tY '" X-dlrectlon 

" '" Fract1nn o> ~ravlty '" Y-dlrectlnn 

" ;o F•·actlon o' gravi ty '" Z-dl!-cCil<>n 

O. El<!mcnt C"rds (6!5,ZFI0.0,215,Fl0.0) 

One card pcr ulcment must be supplied (or g<!nerated) ~>th the 
!ollo~itlg •nfurrnat•on: 

Columns ' ' Elcment number 

' " No<l<! ' H " ~od" ' " " !iodo ' " " Nod~ ' (Node ' mus! c•qu"l Node ' '"" triangular elcments) 

" , ~lai"I"ial ldcnllflcatton munbor 

" " !l~fer~nec• IPmp<!ratur" '"e ?ero H[r>'SS<-'0 

wllh•n elcmcnt 

" " l!o rma 1 pru~surc' 00 1- ,J 51<1 ,. "' <•lo•mcnt 

" " Str~s~ evaluali<m 
.. 

opllOO o ,. 
" Elemont <1 ~ t 3 ~cncralor .. , " 

" " Eh•ment th•cknc•ss 

(1) Element Data G<!ner&tlon - Element cards must be in elcmcnt numb~r 
sequcncc, 1 f 
be gencrated. 

cards ar" um•tted, data,fOl" !he "mitt<.'<l clcrnc•nto ~1ll 
Thc nodal numburs "''111 b<> generated ~itl> l"espcct tu thc 

first card In thc senes as follows: 

ln"ln-l+k 

Jn " Jn-1 + k 

IV.J.J 
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1\', f:l.f .. \;!,;~'1' lJATA (c·ont>nuo•<l) 

' • ' • ' " "·' 
' • ' . ' " "-' 

utll<!c o•l~ment .\ll tnforMtlun 
the last eard read, The data 
on that can!. 

~,¡¡he set c<¡ual to 

gen~ratlun paro"'eter 
• 

(2) 51 rO) SS Pnnt Optlon - See elerrent ty~e 4 

(4) Use of Trtanglrs - See elem~nt type 4 

(5) Use of Incompatible Modes - See <!leoaent type ~ 

1\' . :¡ . '1 

•nfo'"''"llon on 
1~ Spo•Cifled 



' 
ELEMEST DATA (conttnued) 

TYPE 4 - TWG-DIMENS!OML FIIHTE El,E!.\EN'TS 

Quadr!latenl ~nd trlangular)el~ments can be used as: 

(1) Axlsymmetrlc solid clements aymmetr1cal about the Z•axts. 
The radial dlrection lS spucified as tbe Y-axis, Caru mus! 
be exercised In co~binlng thls ele=ent with other types of 
ele10ents. 

• 
(11) Plane straln elements of unlt thlcknoss in the Y-Z plane. 

(111) Plane stress elementa of speC!fled thlckness In the Y-Z plano. 

All elemenU have tcmperaturo:-depend~nt ortl\otrnplc motunal 
properties, Jncompattble dlaphcement"modes can be Included nt !he 
elelll<!nt leve! in order to tmprove the bend1ng propert leS of th" ele~ncnt. 

A general quadrilatcrnl element 1s sl1own b~l<>w: 

L 

IL---....-->J 
L----------1~'·' 

A. Control Card (61~) 

Columno ' ' H 

" 

, Tho number ' w Total nmrber oC el~rnents 

" Number o< d1fferent r.ateruls 

" ~:~x1mum number "' tempera tu re car~" 
material - see S<>ctiOn [l b,•Jo,.. 

1 
O !or a~uyrn.,etrlc analyals 

2~ 1 for plane strain analysts 
2 for plan~ stress •naly~a 

!or .any 000 

30 No11-•.cro numcrieol puncl> ~11! supp!"l""' tho• 
1ntroduction of tncompatiblo• displ:>cernent 1:1odc•s, 

Incompatible modcs cannot be used for tnan¡:ular 
elements and are automatlc~lly suppres~c·d, 

IV.4.1 
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IV. ELEMENT DATA (continued) 

B. Material Property lnfonnation 

Orthot ro pi e , tcmpe ra tu re-dependen t material proper t ! '"' ·a re 
possible. For ea~h dlftercnt materl.al the !ollo~1ng group 
of cards rnust be suppl!cd. 

l. llaterial Property Card (.!J5,3Fl0.0) 

Columna 1 5 Materul !denttf!catton nu!'lber 

' lO Nu.,ber o! different temperaturc for ~h1ch 
propertu!s are g!ven. lf thiS field ls 

le!t bhnk, th" number ls takcn as "'""· 
ll 20 Welght dens1ty o! mater!al (u~ed to cnlcu-

late gravl ty loads) 
21 JO ~\ass den••ty (u~ed to calcula!" mass matri>:) 
31 40 Angle S In d"grPes, measurod cuunter• 

clock,.Jse from !he v-axis to !he n-axis. 

PRINCIPAL MATERIAL AXES 

111e o-s ax"s are !he principal axes !or the orthotroptc 
material. Weight denstty 1s nccded onl}· 1! grnnty ond 

inartia lo;,ds ar" to be conslU~red. 

2. 1\<o can:ls for t•ach teOlpL"t"alure: 

Con! 1: (8f)O.ll) 

Columns ' '" T••n:pL" r" tu rL" 
u '" Modulu" of t."bst tc"lt.v '" " " )!odulua "' ,•l.;stinty '· " " ~odulus "' elnsllCll)" ,, 
" " Straln rall<> " "' " " Stratn rat1n "-'nt 

" " Stra1n ratio ""'st 

" " Shear mudul us 
'"' 

IV.~.2 
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NOTES/ 

EWIENT DATA (rantlnued) 

o. ro ' . (3Fl0.0) 

ColUO!DS ' " Coet!ic>cnt o; tt>ennal e~panslon o 
u " th.e nnal 

o 
Cocfflc>ent o; <ll<pans>on '• 

" " Coefflclcnt o; th.,nnal O!Xpanslon o, 

All materi-al constants must ;tlways be spec1fled. Jn plane ~trc•s, 
the program rnod1f1es the c<>nstitutive r<JlalloOs lo satisty thc 
conditlon that the nonoal stress c 1 equals zero. 

C, Elemcnt Load Fnctors 

FOur caros are used to detlne the element load cases A, B, C 
and Das fractton o! the bas>C thermal, pressurc and acccl<!ro
tion loads. 

First card, load cucA; Sccon<1 card, load case B; etc. 

Colu10ns ' " Fraetlon "' t he =al load 

u " Fr3~lton o< pr..,ssure lou<l 

" " FraCllon "' ~rav!ty '" X-d¡r"C"\H>n 

" " FraCIIon "' ¡:rSVll_\' '" Y-dircct>on 

H " fractlon o< grav<ty '" Z-d>rcctwn 

• 
D. Ele~:~ent Cards (615,2Fl0.0,2!5,Fl0.0) 

One card per clerne~t must lJe supplied (<>l' generatedj Wl th thc• 
following in!orm~tion: 

Columns ' ' H 

" " 
" H 

" " " " 

' Element 

" No de ' " :>ode ' " No<! e ' " Node e 

number 

(Nmle L must equnl Node K for 

triangular dements) 
30 Matc•r~al lde~t>flcation nu110bcr 

Re fu rene" ternpet•ature for zeru stres""" 
withln elcrnl.'nt 
:>orrnal pressurc on 1-J sidc'of clement 

" " Stress c<•aluat•on optH>n n 

Elemcnt dota ge~erator "k' 
Element thlckness (for plane stra1n set 
equal to l.O by pro~ram) 

(l) Element Qata G<•neratton- Elcrnent cards rnust be In elcmcn! nurnber 
acquencc. lf cards u·c omttted thc omttted element data ,.tll be 
gcn.,rated. The nodnl nurnbers ~·1ll tw gcneratc•d w1th respect lo tlw 
flrst card 1n the series as follo,.·¡¡: 

1V.4.3 
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1 \' • • 

' ~ ' • ' " 
... , 

' • ' • ' " ... , 
' ~ ' • ' " 

... , 
' • ' • ' • 

" ... , 
w other elerocnt wformatinn 'Oill Oc M ,•qual '" '"" lnfonnat Ion 
on the last can:! reao:!. Thc data genera! IDO para<Octcr k ts gl\·cn on tha: 

~ard. 

(2) Streas Pnnt Opllon- The follo~·ing d"scnptwn of tl1e str••ss pnnt 
optton applies to both elcm<mt typcs 3 and -1, The ,-alue <>f ttw '1-n·s~ 

pnnt optwn "n" can~'' ¡pvon ns l, O, H, 16 or 20. 

' 
t 

L K=L 
4 

K 

l 
o 

2 ' 

' 
l ' J 1 

O ~ orl¡¡:tn of nuural s-1 <:<>ordlnat<'!l ü't¡¡:. S-2) _ P<>lnl~ 1, 2, 3 and 

1 aro_• rnt~potnl~ of stdes. The p<>int" nt ~h.tch stt•esscs Ol'<' <HltpHt 

dep•'"'' "" the vnlue ni'" as do•S<"t'Ji>t•<l 1n \1"• fodln~tn¡, t~hl<· . .. 

" St rPS>•'- nUlput ·" 
' ~"'"' 

" " ' o. ' " o. ' .. 
2, J 

" o. ' .. '· J, .., 

1 V . 4 . ·1 
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IV, EU~EXT IHT,\ (cont tnuud) 

Thc str<!~Se> ~~O ~re pru1\ed In a local y-z toonnJlnot<' ''''''"'· 
ft>r elcmHnt typc J, .Stde ¡-.J d,•flnus th<: local ¡·-z axcs 1n the 
plane of the cl<m<•nt. ¡•,.,. <>l<!m<_..,, typc ·l th<! Inca! _v•t. axc~ are 
parall<Jl l•> thc glub~l Y-Z axu~. 

-
L ' 'S22 

--!::: 512 

--~8\_.,, 
STRESSES AT ...---

-~ O FOR ELEME~JT 
TYPE 3 

' 1 LOCAL y-z 

COORDINATES 

GLOBAL ' 
COORDINATES 

L ' ¡s22 
--512 

.-JEJt-u 
~ STRESSES AT 

¡ O FOR ELE~:E.'JT 

TYPE 4 z 

1 

y 

LOCAL ANO GLOB.'I.L ,_, 

l\'.-1.!"> 
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1 
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1 
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IV. ELEME:o!T MTA (continuud) 

Fnr both elemunt types J and 4 thu stresses at uach edge mtdpolnt are 
output ;_n a rectangular n-p coordtnate systcm dcflncd by !he outwnn:l 
normal to the edg<> (n ax1s) and th~ edge (p ans). The po~ltive p 
8Jll5 for polnts l, 2, 3 and .¡ is !rom L to 1, J lo K, l to J an<l ~ to L 
respectiv.,ly ([,os1tlve d1rcctton ls counterclock\l·lse about <!le-nt). 

• 

' Lr---------~-4~-----------,K 
4 

1 
1 
1 

------+--
>./' 1 

1 
1 
1, 

' 

IV,4.6 

COOROlr<ATE SYSTEMS 
FOR OUTPUT M 
EOGE STRESSES 

POSITIVE STATE 
OF SrRESS AT 
THE MIDPO\NT 
OF A SIOE 

• 
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"· ELDIE!'iT OATA (C<mtlnucd) 

The strcsses for an element are outDut undcr the !ollOI'Ing headin¡:>:" 
Sll, 522, 512, 533, 5-MAX, s-~IJN, AI\GL!:, Thc n•>nnal stresse~ sll 
•nd 522 and thc shoar_strcss 512 are as descrlbUd above. S-M,\.X ant! · 
S-MI~ a~ the principal streases in the plana of the element and SJJ 
1~ the thtrd pr>nCipal stress actln¡: ~ the plane of the elernent. 
ANGLE ls the angle in dcgrees from (l) the local y ax1~ at po1nt O, 
or (2} thu n ax1s at the midpoints, tn the u la of the algchra!~ullv 
largest pnnclpal stress. 

For triangular 
above cxccpt that n 
be set to 16 by thc 

elernents the Stress 
=20 15 not valid, 
program. 

pnnt opnon 15 ~s de•cnbud 
lf n =20 is input, n ,.,¡¡ 

(3) The=al Data- :>odal te10peratures as sl>"ciflt.'d on the nodal polnt dala 
carda are used l>y elern~nt types 3 and ·l in th<1 fbllo~·in¡¡ t~o ~·•y•: 

{1) 'l"crnperatur<•-dcpendent matenal propertlea are approx1rnat~d hy 
interpolat1ng (or uxtrapolatin¡;) the inp~t .,ate na! propurtt"s 
at the t"'"P"rature 1"0 correspundtng to the ongtn of thu local 
a-t coor<Jinate syswm (s~e Ft~. 5.2 !or do,scnpt"'n of lo~al 

elcmcnt coordlnate•l. 'l"hu mat<,rlal propttrtlc•s thmu¡.;ltoul tiL<' 
element are assumcd cunstant corr.,spondln~ to thls tmnperntur·e. 

' L 
To 

' T1+TJ+TK+TL 
~ 

4.0 

K=L 

~GIN 

' 
., 

1 
J 1 

(2) For corr.putntton o¡ nodal lo~ds dueto tl"'rmal strotns in th•> 
clcm .. nt, blltn<>ar lnterpolatton úxpanswn for the t"mper"tllre 
chpnge t>T (s,t) ts us<>d. 

' I>T (s,t) ~ ' 
,.her<> T

1 
ar~ the nodnl te.,p~ratur~~ ~p~ctfied nn thc Jotnt 

data cai'ds, T,. ts thu ref<>ro>nce strcss freo t<'lOp<!rnturc• a!td 
hi (s,t) ar\! the lnterpolatton functlona gHcn by Lq, J.7. 

lV.4.7 



• 

1 
' 

IV. ELDIENT DATA (continuud) 

(4) u~e of Tria~~ le~ - In genero!, the elcments are most ef!ecUve ~·t>en 

they ar<: rectan¡.';ular, i.e. tite elemcnts are not tllstort.,d, Ther<~

fore, .regular and rectan¡;:ulor element mesh loyouts should b<l u~ed o• 
oruch as posstble, In !'articular, the trhngle used .s the c<>n><ant 
nrain triangle; and. 1t should be avoided, since its accurocy ts 
not sotis!octory. 

(5) Use o! lnco~:~patible !.!odes - lncOI!lpatiple displaceOlent modes h.a,·e 
been tound to be e!fect~ve only ~hen used in rectangular elemcnts. 
They should always be employed ~ith cure. Slnce incompatible mode> 
•re used for all elements of a group it h recommended t<> llSC 

aeparatc element groups for elements ~ith incompattble modes and 
elements "'ithout inco<~~patible modes, respectively. (See Sect1on 11, 
note (2)). 

-.-· 

IV.4.8 
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IV. ELE~.:DiT DATA (c,nntonuu~) 

TVPJ:: 5- TlliU:E-DJm::-;s¡o:-;.-\1. S(JI,Ill 1·:1.1:\u:~TS (E!GIIT SnllE lllii{'Kl 

Gen~ral thrce-tltnwn~ton"l, ct~ht-nod~, hoparJmetnc c\cmcnt-- "llli 
th.rec trans\atwnal dc~rces ni lrce<.lom pcr no<Je are tdcnttftctl by the r.umOur 
5. botroptc matcrtal propcrttCs ore "~~um<>d, The elcmcnt loJ•I ~a-•e~ (A, 
8, C ami D) are def1ned "'o cornblnatwn u! surlacc pressurc, 1\y<lro.Ha(lc 
load~. inerna loads lll thrcc dlrccttons and thermal ln;His. Th.c ''~ ~01:1-

poncnts o! ~trc~~ 3n<l threc prinCipal ~trcsses are compute<! at th<.> C<.>nter 
ol cach elemcnt. Abo, sur!acc stres~cs ar" cva\u,Jte<l. Stn<! tncornpattb\c 
dlsplacc~cnt ~odcs are assurncd in the formatton of clement ;ttlln~, matrtcc,. 
For 8-node eleii"Cnts ~lthout l.llCOmpalibl<! aoode~ u~e el.,ment type il. 

'· Control c. ro (415) 

Columns ' ' '"" nu¡r.b"r ' ' " ~urnlJer o; 11-n•>d" snlld dements 
n " ~umber "' dlff,.,.,.,, noat.,nals 

'" '" Numbu r "' ~lem•:nt tlistr1buted l" "d ~(' \ ' 

B. Maten al Property C"rd~ (15,•11-'l!I.O) On•· canl fnr "scil 
d>fferent r.1a\et"1al 

'· 

Columns ' ' 
'" " ,. 

' " 
" " 
" 

~lnlel'ial l<l<tnl!ll<:;1¡;on nuwiH·l' 
lolodulus <>1 ••laBll<;~ty (nnly da~ti< 
1sotrort" malo•r1al" at'" <"<>nS!dere<l) 

PolSSot\'H t''"'" 
.~c1¡;ht d<'t1"tt;· o! m"tenol (tor ~ai<·ul:.tL<nl 
of grnvlty loads O!' mas,; maln~) 
C<><'fÍ!Cient <>1 Uoernwl .,.,pan~i<>n 

",.¡:;;:.c;:;:-!;1":~ ' ;'~:': ~; :5 , 2 fl O , 2 , 1 5) On<• e" rd 1 5 n-q u 1 r<•d 
n set dlstnb,ted surlace loaoJo 

and for cach reh.'f'<.>ll~e for hydrostal1cally ,•aryln¡:: 
pt·.,ssurc load~. s.,., notc•s ~nd (5) fur st~n conc•ention. 

Column~ ' ' 
S Load sct tdcntlf>catlon nurnber 

10 LT (load lfpc) 
LT = l if thts Card spcclfi<'~ a uniformly 
d1stnb11tcd l<>~d. 

LT "':! lf tl\1~ <'ard sp•~'IÍI<'~" 

h}'dl'<lSIRlil'llil;• vor;·Jnr; pl'USSU!'o'. 

ll-20P 
11 LT ~ !, r ls tlw m~~nitwl" nr uw 
unlf.,,·ml;· dt~lo·tlo11i•·d lood 

11 I.T = ~. l' L~ tlw "'''~lot c1o•n'''" of IIH' 
!lu1d <'El11~ltll( liH· h)dt'<>>lOliL' pn~~~""' 

21 - JO Y 
lf LT = 1, hmvc• blotlk 
lf LT = :/, Y 1~ tlw r;lob.ll \' o'<l<lnltn"t" 

o! th" ~urfnc" <>1 fllli<l "~'"''"' h.rdt·u~t:ttlc· 
prt'ssure lood1n~ 

JI - J5 Elcmcnt fo<'" """'bc•r un v.hl<'h SLH'fo<'<' lo.ld 

a e ts. 

1\',5.1 
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lV, ELO!Em' OATA (cont>nued) 

descrtbed in note (5) for uniformly 
diatr\bul<!d loads and can be only faces 
2, 4 or 6 for hydrostat\cally vary1ng 
preasures. 

O, Acceleration duc to gravlty_(Fl0.2) 

• 
Colu10ns 1 • lO Acccl<!rauon due to gravtty (for calculatlon 

ot mass matri~) 

E. EleJOent l<lad Case llultlpllers (5 cards of <lfl0.2) 

Multlpltcrs on thc elemt!nt load cases ar ... scaling tactors 
~\o ordcr to provtde flo.:ll\billty 10 mod\fying applu:•d loads. 

Card 1: Columns 1 
u " " ~l load 

Card 

o. m 

o. m 

o. m 

PA i~ a 

sur tace• 

" " 
helor 
load.~. 

" :;;¡ Pre~sur<~ 

" 
rnult>plu•rs 

u~o.:d to .•c~lu tl!e ~<>mpldo.: "'t •>1 d>stnbut•.•d 
Th!s ,.,,.¡,J "''' uf loarl' ;, "'~1gncod tn 

ulu¡mnt l<>ad e"~" A. Nntc thal "'''"" 1~ a ''"l¡d rr.ult>plt,r. 
PB, PC and PI)"'''' ~imilor to P11 cxc~pt that ~cal<>d loaJs 
are asslgncd t<> <dcmcnt load ~a~··s ¡¡, C und D r''"P<>Ctl\'ely. 
For thc m~j<Jrlty <>f appl1~atwns thuse factors should be 

LO 

" Colurr.n~ ' '" "l H " '" Thcrmal load 

" 00 " mul tipl lers 

" " " 
" " • factor """d <o s~ale thc complete '"' o< thcrmal 

loads. TI\ e• scal"d 
"" 1 "' h•aós a ,.,, \hc•n assi¡;ned <o dc•n>ent 

load ca~c '· '"· " '"' m u ¡·e Slmllar '"' rcrer '" dcn>cnt 

load ca. e~ " ' an<l ' re SpN" 1 l vcly • 

,, Columns ' " OAA 

l " " GXll Gt·nn ty load 

" " GXC mul\lphcrs '"' • ' " ·'" GXD ~loba! dircctl<>n 

" Columns ' " GYA ) 
H " GYB Gran ty load 

" " GYC ¡ 01ult tpllers <o' ' " " GYD ~l.,bal dnectton 

,, Columns ' - : lll o~ 

l " - " GZB Gt·an ty load 

" " OIT multipl h•rs '" • ' " - " G?.D global d 1 re e t 10n 

.tv.~.2 
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C<;'Al 

·~¡u.><I•'F' :iUlP·'~->.~11" .10) p.>~ll Sl <un¡e~nllm.>¡ <1o11'S ':> 

'1"·'""'1·' ~u'r··~.~~d 
·"1' .l<>j 3>' p,>sn ;:u~ S<Hl~o>do~d -¡el~"'""' '"'"'S ·q 

( •¡ o¡ ¡cnb.-• p~ ~' 

.ln 'P••lltt<J<l JI) ·¡umu~¡ ~ :lu1p.~~<>~d •'>ll ¡o ·'""'ll 
<>1 J~] ~Ulppo Jq p<I)E~Clu,o~ i>.rE ~~o>QwnU 1Ul<>U ¡<:¡>•>.~ '" 

'pa)jj<IO <l~C ~p.10.> )Uoll1l<lj•> JO So>l.l;)S ~ jJ 

=~~o¡¡<>J s~ .qq1s~od St uot¡e,¡.ou;.~ ·r. 
~ap.r" :JutpU,..,Sf' Ul ,>q )"l\UI Sp.l~.> )U~Wo>¡;¡ 'J 

UOt)C.lolUol') )Uo>ru,-.¡~ (j) 

' 
·'~1\lP.~ad:uat 1""""'1" aa.q-ssa.o¡g OS 

¡nd¡no ss,;~¡<; ~<•J s~r~qwnu ''""·.¡ OL 

-'t"~''".-.ds"~ a pu11 J '11 " " 
sase:> pco¡ '""'""!" o¡ ~·'J"~ OS'l pun 

:Jsc¡ 'llSCI '\' ;»m:> pe<>¡ lU·'"'"l" o¡ 
pau:l¡sse aq 01 ¡u;owa¡a Sl'll uo 

1 

'~ 
lluq~~ pco¡ po¡nqp¡s¡p <>l.¡¡ ¡o 

'~ .o.><¡,Ul\U uo¡¡a:JlJJ¡U;>pT l•>S pco1 \IS'l 
<l~Ct.!HS 1'•~11\qT.'lSJp ,1~1 "! \'S"] \'!;"\ 

' ' o 

' ' 
' ' 
' 

(J'<I) ~·'1-""'UCd UOllC~au.>!} 

~·'~Wn¡.: l\'P.-1\UJV 

.«>r.>o uot¡~.r~~l"l 

((E) o¡ou ;>,>S) 

~apou ¡uam~¡.> o¡ 

:1 u ¡ puods a.o ~ "·' . s.1; '<i"'" u 
¡u-¡od ;>pou ¡ut¡o¡él 

~<>t¡rnnu ¡uürn~¡~ 

1!9 -L9 
99 -S9 
t9 -~9 

Z9 -19 
09 -9S 
S<; -!S 

os -9~ 

<;t -lt 

Ot -9~ 

<;?. -re 
o~ -9Z 
S?. -1?. 
0(. -91 
SI -11 
01 -9, 

' -' 
Su<ln¡OJ 

/S:U.O)I 

<z'o¡e~'uz'zn'~lzll sp.~~J <u<>or<>c:;~ 'J 

•Jt''·'''~.ods~~ ~uot¡~~~~P 2 pul! J.. ¡nqo¡~ '>41 o:¡ ~~~a~ 

\'/.!} puo! \'.\él ·f.1·"''l~odsa~ a puE J 'o saso~ peor lU""'"Ia 01 
-'•'l•'~ puc I'Xél 01 ~epm¡s <>~11 Cll"J pua JX!J 'OX!J ·~o¡:>u¡ pvo¡ 

pMtsap ÁUO pue (O"! o¡ 0'1-WO.rJ) sp<E ¡eqo¡ll X+ "'!1-~uo¡v 

.ht.\ll.tl! ¡o 1uauodwo~ ~41 JO ""'pwd "41 s¡ \'XCI f.t1UanbosUOJ 

·v ase~ p~o¡ "'""'"'" ¡o UO!l~;utp x • "'11 01 speor :.tull¡nsa.r 
atn .-~l!t~"E pun \'XCI .>q ¡1 s,,qdn¡nw 'lU·'"'"I" ~41 ¡o 

¡q)tt.-,~ <lL¡l sa¡11d.U<J~ WU.tl!O.rd ·'4~ 'P•'!lll S~Oj~l!J poo¡ ÁUI puc 
SJKE .i¡¡,oe~:l ·'41 JO UOl\~:>0\ ·'41 Sl:><liJ•>.I 1Pt4•· -'"1¡d¡¡¡ml! 

e >l \'Xél ')U<>lll•>l" •'4-1 JO .Ü1<>WOM! ·'41 WO.IJ pu~ ~~p~¡tmr 

•'<il JO :i¡¡su.lp 14~1•'/lo ú~l :UO.IJ P'qn<l"'o~ <>.lE "P""I Áll·'~.lé) 

(p-•nur¡u<>~) \'-1\'CI ~).:3:lH1:1 ',\] 

• 

• 

,, 
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IV. ELEW:NT DIITA (contlnued) 

d. lf on first car<l for the senes the lnte~rall<>n 
order is: 
>O Sa~ne value la used for succeedln~ ulem~nts. 
• O A new elenent stlffness 1s not form~-d. 

Ele01ent stlffneas ls assumed tobo> ldo•nttcal 
to that of the preccding ule01ent. 

<O Absolut,e value 15 used for the first c·l~n:••nt 

ot the ser1ea, and the sarr.e eleO\unt atl!tn,ss 
is used for S!lCCcedln¡; el~ments. 

e, If on first card !or the senes, the d1strlbute<l 
load number (for any load case) is: 
:>O Sarne load lS "ppll"ol to succuc:d1n~ clcment~. 
<O The load <:aso• ts "Pflli"~ to this elcmcnl IJ\11 

not lo suc~ec<llt\¡.'; derr.ents in_ the scr1es. 

3. Eleroent card for the last elPill.,nl ~.ust b<> suppllc'tl, 

(2) Intc~rat1on Or<l"r 

Co01putat Ion t '""' (for cl<>mc•nl st 1 f(nc'ss) 1ncreasns ~~ th 
thu th1r<J p<>wer o! thc i"tc·~ratlun or<Jer. Thnrd•>!o;, ,¡,. 
SrnlllleRI sal1sfactory ordCI' ~1\<>uld h" us~d. 1'1l1S '" l<>Hr:<i 

to be: 
2 !or r<•~tangular ~lcmnnt 
3 !or skew~d clcmcn t 
4 may be \JSHd H elemcnt Js c~tremdy disto¡·ted In ~bnp<', 

but nut recommcnded, 
Mesh should be selectcd to ~"'" "rcct<>ngular" <'l"Oients u~ for 
aa posslblc. 

(3) El<!ment Coon:llnate Systcm 

Local ~lcm~nt coordina! e systmo ls a natural systcm fOl' 
th!S clcm<•nt in ·•·h1ch th" ..,J.,ment 01aps ontu " cubc. 
elcment numbertn~ lS sho~n 1n the d>agram bcluw: 

' 

• 

• 



IV. El.EMENT DATA (continucd) 

(4) Identlficatlon of EleJDent Faces 

,,, 

Elernllnt fac~s aro numbered as follow;: 

rae e ' corresponds <o • • d1rect1on r:.Ces 1,3,5 "' 
' corresponds <o - " direction p<>Sl t1 V<! taces 

' corr~spnnrls w '" dlrcctlon 
2. ·1. 6 Faces an• • corresponds <o " dHCCtlOO , corr.,sponds 

ner;atl\'C faces 
<o • o Olrt!Ct!Oil 

• corrcsponds <o - o dlrcctlon 

' corresponds <o '"' centnr "' '"" dernunt 

Distrlbuted Surface Load~ 

Two typcs of surface loa<IJngs rnay be sp"eclf>nd: load 
type l (LT "' l), unifo1·mly di~tnbut~d sur(ac" load aO\d 
load type 2 (LT : 2), l\ydrost8tically varying sur:ae,. 
pressure (but not surface tension). !lO\h load in¡; t¡-p<'S are 
for lnads normal to th•: surf~c..., and de> no\ 1ndude •urtoce 
shears. Surfac" loadin~s tln1l do not Jall ltl\o th~so; 

cat.,gor\es ~nust be Input as nodal loads or. thn 
conc<!nlratcd load da! a cards (~ce So•cl 1011 n. 

(l) LT = l; ¡\ p(1Slljv<> ~llrfaCP i<>nd ocl~ Jll th•-' dll""c
tion of ti\" out~ord no1mal of n posH\V<' elcmcnt (,l<'<-' and 
along the ¡mo·ard normal of ~ ll<!¡;a\IW' ,,l~rrunt f~c·e dS 

shown 10 the !ollow1n~ d ia~¡·am, 

r-• 
1--> 
1--> 

""' 
' ") (PO '" NEGTI SIIE 

----l>oORbORc 
AXIS 

FACES 2,4,6 FACES 113 15 

POSITIVE SURFACE LOAOI NG P 

It th~ unifo1•mly d1strlhute<l S111"faco• \o>ad1ng P'" 1nplll ns 
a posltive qun<!\tty liH•n il d<·~cnlH-'~ pres~\Jt"o• loadin~ Pll 
faces 2, 4 or 6 nnd tomsih• I<>Ehl\ng "~faces 1, J or ~. 

l! p ts input as a ne~atb·c <¡uunti\)" lho•n 11 dPSCribc•s 

tens!lc lo~d\n~ on fnco•s ~. ·1 or 6 aJEd prPssun• "" he<'~ 
l,Jor5, 

tV.5.5 
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' IV. ELEJIEI>T DATA (contl~ued) 

(2) LT ~ 2: A hydrostatlcally varylnR sur{ac~ pr~ssUrt! 
on ele!nl!nt faces 2, •1 or 6 can be spec>fled b_v a rcf.,ronc~ 

fluid surta~e and a [lu1d wcight d"nslty y as input. Only 
one hydrost3t1C surt~ce prcssure card need be Input 10 
order to specHy a hydrostat>.c load1ng on '"" c<ornplct<! 
structurc, The consisten! n"olal l<oads ""' cal<:ulatcd 
by the program as foll.,~s. Al <!BCh numer1cal lnt.,gratlon. 
polnt "¡" on an cleownt surtace the pressure P¡ ls calcu
lated from 

- ' ) c•l 

whem Y
1 

ls thu glollal Y coordina In uf thc point in qu<,Stl<nl 
and Yref speCifle~ \he flul~ surhc!l assoming granty acts 
dong the -Y axis 

If P
1 

:>O, co.-rcspondln¡; lo Sllrh.:o l••nslu,,llw conlll
but>on ls 1gnored. lf an ,,J,•mo•nt Cace lS ~ucll that 

Y¡ > \"r,•f for all i (16 1ntc~ratwn p<Jtnts are llo••d b,1· 
pt·ugram) then nonnctnl 1"~'1" ~ill l>e upplto'<i tn tite· o·l<·~c·nt. 

1[ sume p
1 

>O .oll~ soOte P, ..: O (<l!" a part\cubr faCt', lhen 
approx>mate n<>~:tl loads are obta1ned for the parually 

loadod surtoco•, 

IV.5.6 
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IV. ELD!E/'IT DATA {continucd) 

'" Thcnnal Lúads 

Thennal loQdS are computud assum>ng. a constan! 
temperature lncrHas" t.T throu~hout the element. 

"' T avg 

• 
' o 

"' the averag., ot thc 8 nodal po1nt 
tempcraturcs sp••ciflcd un nodal 

point dota cards 

"' stress free clcment tcmperature 
ap.,C>f>ed on thu <>lenwnt e~,·~-

(7) Elcment J.-.ad CasHs 

Elcm,•nt lo"<l ~~se A ~onststs of all th'' eontniJUtl"'" 
!rom distrlbot<•d load¡n~s, thtHOial load in¡;~ and ¡;;t·a\"11)" 

loading lor all !he clcm••nts ta~cn collecll\"l;ly. 

'"" case ,, • ' ( p,\ pressuo·,. l<.o,ld 10~ 

• " ' th.,rm"l l<>;l111n¡.: 

• '"' • gl'dVIL.'" ' \,,,dlr.~ -"' • g•·avlty ¡.,,,,¡,,,~ 

-e~ • gra~1t;: ' lua~,n~) 
Elemcnt lo"d ca~c A f<>r the Stll o( thre" U"'·""~"'~~~ sol!d 
el<Jmcnts Js addHd to element load cas<> .; to•· tlw <Hher 
elemcnt IYp'-'S in !he anolysu. Th" t r<Jatm.,nt o! vlement 
load cas~s ll, C and D is analu~uus to t~ot of c•l••mcnt 
load .,ase A. Thc load in¡: caSN' (or !he structurv are 
obtained by addln¡: l1noar comb>natwns of <"lement load 
casos A, n, C and IJ to the nocla! l(!ads spectfH·d 
on the jolnt data cards. 

l. At thc C<>ntrotd of U>e el••mnnt, str<"sses ar;• r·efcrn•d to 
the global ax<!s, 

oresQnt,d. 

2. At tlw ccnt<Jr r>f an ••lement f~C<', ~lr<"•Ses ar.- r<>f<•l"r<'d 

toa set ot lo<,al """~ (.,,y,z). Tlwsü local"·'"" 
are lndlndual!y de(lned (ot· ""~h facc as tullo~s; 
Let nodal po1nts !, ,¡,K and l. b" !he !r>ur comc•l'S 
of the element fa<"tJ. Thc•n 

"is Spo.,i!llld by Ll- JK, ~<~here 1.1 al-.:! JK are• m1dpr>tn\" 
ot sldcs L-1 and .J-K, 

~ ls normal to x and to the line j0101ng mldp<>lnts I.J and 

" 
IV.5.7 
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EU:MENT DATA (contínued) 

' 
' 

L • 

K 

• 
1 ~ 

1 • 
1 

1 
• 

........... 
J 

The Curre~p<>ndinr¡ nod~l p<>lnts !, J, ¡.; ~n<.l l.'" eaeh la<·•• 
art• g1ven in Uw cable, 

~'A CE 
~OllAL PO 1 ~~S 

' ' ' ' 
' ' 

, 
' ' , 

' ' ' ' 
' ' ' ' ' 
' ' ' ' ' 
' " ' ' ' 
' 

., 
' 

, 
' 

1\l.o ~urr~cc• p<"tncipnl "'''"'~''S amt liH• ;>n~¡,. ¡,,.,,,.,., tilo• 

al~c·hraiCally lorgc•t prlnClpJl "''"''"" ;o11<1 the \u,·al x 
axis'"" pr1ntcd '""h. !he output, It •~ <>plwnal to chnn~c· 
onc OI' t~·o locat>ons o! an elem••nt v.hcn• ~••·esst•s ar<> tn .. " be c•omputml. !n the tH!Iput, fncc• 7<'ro <I<>SI,t:n:llc•s th<• 
ccntrotd o! thc el.,mc•n\, 

l\',5.tj 
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IV. ELEMENT DATA (ccntinued) 

TYPE 6 - PLATE ANO SI1ELL ELEMENTS (QUAnRTI.ATERAL) 

• 

A. Control Card (315) 

Columna 1 
6 

11 

'· 5 1'he number 6 
10 Number of shell elements 
15 Number of different materials 

B. ~~terial Property Inforcation 
• 

c. 

Aniaotropic material properties are possible. For 
each different material, two cards must be supplied. 

Card 1: (I10,20X,4Fl0.0) 

Colw:ms 1 10 Matedal identificatfon number 
31 40 Mass density 
41 " Th~rmal expanslon coefffcient " 51 60 Thennnl expansion coefflcie'nt < 

" 61 " 1'hercal expansion coefficient "' ,, 
Card 2: (6FlO.O) 

Columna 1 10 Elostldty el"'"''"t ' F.l<'m"nts lo plano str-=ss 
11 " Elssticity cl<'nent c'"'x 

r1r';'" !') r } 21 JO Elasticity eJ<'::ICOt e'' 
31 40 Elsaticity element c"s XX XX xy XS XX 

41 ;o Elastfc!ty ele:oent cYY oyy ~ cxy cYY cys . ~YY 
51 60 El<~stfcity element Gys 

'xs Cxs Cys Gxv yxy ,, 
Elel!lent LMd H.ultipliei"a ,, ca<ds) 

"'"' " {4F10.0) 

Columna 1 10 Dist<ibuted lattn.11 load multiplier ,, . load case 4 
11 " Distrlbutcd laternl load mllltiplicr ,,. load case ' 21 30 Distributed lateral load multiplier '"" load case e 
31 " Dis¡ributcd lateral load mul¡iplier '"" load case ' 

Card " (4FlO. O) 

Columna 1 10 Temperature l!lul¡iplier '"' load case ' 11 20 Tempe<aturc ~:~ultiplfer '" load case ' " 30 Te,.per3ture ~:~uJ¡iplier '"' load case e 
31 " Teroper3turc multiplfer '"' lo3d <:<!se o 

Card 3 ' (4Fl0.0) 

Colucns 1 10 X-direction accelcration ,,. load cas~ ' 11 " X-dircction acceleratioo '" load ~ase ' 21 30 X-direction a<:celcration '" load case e 
31 " X-direetion acceleration '"" load cose ' 

tv.6.1 
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IV. ELE!o!ENT DATA (contlnucd) 

Can! 4: (4Fl0.0) Same as Card J for Y-dircctlon 

Canl 5: (4Fl0,0) s~me as Card 3 !or Z-din:ct Ion 

D. El<.'IDerH Cards (8!5,Fl0.0) 

NOTES/ 

One cu·d tor each ele~nent • 
Columns ' ' " " " " " 

" " " " 
" 

' " " " " '" " 

Element numh<> • 

Nod<> ' Nodo ' Nod~ ' ~ode ' Nodo o 
Matenal 1dentlftcatlon (lf ldt blank, 
\alteo as onc•) 

Element data ~~<>•·rotor ~ 

" Elc~.cnt tbl<·~nc·~~ 

60 Ot•tnbut<•tl bt~rnl lo;O<I (pr••ssure) 
70 ~l<'an tc•mp<"rntur•• '';>rlotLOO T fr<>rn thc n•f<'r• nc~ 

l<wcl jn undcfor.,c<l posillun 
80 ~~"~" tcmpPraiUI'<' .:o·adH•nt ¿¡-,'"'· ac.-os~ (1¡,. 

sh~ll thickllPS~ (.1 po,;it iv•• \o.'m)>•'l';lt<Jo•· 

~rod1•mt pn><IIJ<'''~ o nc~ull\'c cur\•.oturo•). 

(1) Nodal [~nnt~ and Coordtnatr• S\'stems 

• 
The nodal notnt numl>e•·~ 1, .1, K and L ,.,-,. 10 ~~q"""'-''' tn" 
counter-clocl;wts~ dtrec•tum o•·nund th•• d••m''"'- Th~ ¡,,,.,¡ 
clement cooo·<linnt•• system (X, y, z) '' ,¡, J tn•·rl as follo~>: 

x Speclftcd by Ll -.JI(, ~lt.,r~ ¡,¡ nnd JI( ~r~ mtdputn\s o! 

Sld<>S L-J ot>d J-K. 

z 1\ornml to x nnd 1<> \IHo hne jutntng mtdpotnls IJ and KL_ 

y NofT.lnl tn x and '· l<> ec>mpl<'l'-' tlw n¡,:ht-h"ndoJ<l sySit•m. 

Thts sy5tcm ls us<>d lo expt·c~s ,11 pli\'Stt':tl and ki•wm~tlc 
shell pruper\l"s l>t•·e;ses. sto·~tns, m01\eo·~:d b~, Plc.), 
cxccpt tho\ th•· body fOIT<' d"nsny •~ ,.,,r,.,.,.,.d lo \he 

globo! coordlna\e ~y~t~m [)(,Y, Zl. 

lV.6.2 ' 
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IV. ELEMENT DATA (co~tlnund) 

' ¡ ' L 

" 
' 

1 • 

'-......_ " 
'-......_ 

• 

J 
For th<' analys»• of shnllo~ sh<:lls, r<>tatLonnl c'•>nstraLnts normal 

to !he surtacc mny b<' lmp<L~<>d by thH a!ldL!LOn ot houMn,-y ,_.¡,,,,_.nt~ ~t 

!he nod<'S (<:h•OI<'PI typ<J •7). 

(2) ~ode O 

When columns 26 - 30 "'"" lo•ft blanl<, "".l-n<.><h• pr<>p<n"t '"" 

are computcd by "''<:t·~~ln¡¡ th•• four nml•·•· 

(J) Ele,.ent Data G<•n••rot Lon 

El<'ment C8!'d~ must b•• In elo•o;o•nt nurnlwr s<:>([u<>ncc. lf 
elcrncnt car<.Js or" omltt..,d, lhe program outomollcally 
generotes th" omlttc•d lnformat•on "s !nllo~s: 

l. " . ~~: , • ~E + 1 
t +. 1 

Thc '"'rro•spundln~ In<:!""'"""' 

l. " . 

~J 1 +l • ", 
N)(i +1 • " ' 
NLi+l • NI. • 

. ' " 
• ' " 
' ' " 
• ' " 

Materlol ld<•ntlflcnti<>n, ,¡"""""! tllh"knc••s, dl"ll"ll>\1\c·•l 
later,>l lond," lürr.p••rotlu-" llPd to·n•n••J"alHt"c• ~radlPnl lur 
gcncrnt<td o•lenwnl~ ar<' the sorne. Al~ay~ incl10dc the 
compl<!lC l"~t <!lc•mc,t cord. 

Iv.;;.J • 



IV. EW!E.'IT DATA (continued) 

(4) Elcment Stress Calculoliot\~ 

Output are moments per unit lcngth and membrane strc"scs . 

• 

1 

1 1'!.6.4 

1 



IV, ELEMENT DATA (conttnu<.<ll 

TYPE 7 - BOUND/\RY ELU!f.)iTS 

Thls elc~nt is uscd to constraiO nodal dlsplacc~nts to spcclft~d 
vmlues, to computo support rcac!Ions and to providc linear clastiC 
aupports to nod<>s. lf the boundory condltion codc for a f>Ol"ticular 
degree of frcedoiO is specifl<'d as 1 on the structure nodal point data 
cards, the displaccmcnt correspondlng to that degrc<> of frwudom u 
:r.ero and no support reactlons are obtained With th.-. pnntmot. Alt<>rna
tlvely, a boundary cleonent can be UH'd to acco.,pl15h th<> same <·ff~ct 
e~cept that support reactlons are obtatned stncc they are eq~al to the 
member end [orcos of tho ll<>undary elem<•nts v.·hich aro pnntwcl. In 
additlon th" boundary clemcnt can be used to spectfy non-2..,ro nodal 
dlsplacernents in any dir~ction ~hicii IS not posuble estng the m>dal 

point data cards. 

Thc boundary elc,.<!nt ls defincd by a single directed ~"'~ through 

a tipectficd nodal pnint, by a l1nrar "·""""'"""! stofftH!SS o long th<l 
axis or by a ltnenr I'oiational stifi1le~• olw'll ti>•• aXl~. "liJe !mundno·y 
eletoent is essentully a spnng ~lnch ~an r.a,,. ~x:al <IIsplnc,•:o;e~t 

stiffnes~ and axial rotatl<lnal stlflnc·s~. Tlwr·u 19 no limlt '"lit<" 
numllcr of boundao·y ••l,,mrnts which can¡,., ~pplLo•d '" ""'" J<•lllt to produc" 
the dcs\red cffects. Bcundnry eJ,,...,nts han• nu eff• n nn th•' SI<-" of 
the stiffncss matrix. 

lNPl'l' DATA 

A. Control Cno·d (215) 

Coluoms ' 5 Thc number 7, 
6 10 Total numbcr of lxlllndary elor.-.c•nts. 

'· Elc,.ent Voad J,!ultipliQrs (H'IO.D) 

Columns ' " Multipli<"r" for lo~<l ~ ase• ' " " Multtpli<"r f o r load CaSt! ' " " Mult >pi ler f OI" lo~d case ' " " MultJ¡tlJe>" ["" ¡" lc>a<l case " 
C. Elcment Cards (S!5,3FID.D) 

Onu card per c'l<•mo•nt (In asC<•nding nodol point <>rdc•rl ""'ept 
y,hore autornat ic de.,ent geno•rBt IOn I$ usc·<l. 

Columns ' ' " " " 

Node 
Sodt! 
Sodu 
);ode 

Sode 

~.<'•""'-' cohn1ms ll - 35 bhnk 
It only n<~le 1 !s nco•dc•<l. 

26 30 Codo for d!splacc•ment 
31 J5 Codo for rotation 

36 40 Data &"'"'rutor Kn 
41 50 SJl"Ciht!<l dhplac..,onent alon~ .,¡,.,.,•ni axis 

51 60 Spoclficd rotation nbout c•l•·m<·llt "XI~ 

61 70 Spr\ng stlffnc•ss (s~t '" lOJ[) 11 le•!! blank) 
for both t!~lension and rotntlon. 
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IV, ELO!ENT DATA (cont!nued) 

NOTI:S/ 

(l) Oirnct!on or l>oundary .,¡.,,.,,t 

The dir~ctwn uf thc boundary elcment at nodü N lS spcci!led 
in on" or h·o "'ays. 

(1) A second nodal point 1 defines the direct10n of the 
element fro"' node N to no<Je I. 

(11) Four nodal po!nts l, J, K and L speclf}" the direct!on 
Of th<> clc]ll(lnt as th" normal to ti\ e plnnc do>f1ncd ~y tv.o · 
intersectlng straight hn<!s (,·ectors a and ~. see Fig: bdo~). 

b 

J o 

n=aXb 
ROTATIONAL CONSTRAINi 
IN THIN SHELL AtOALYSIS 

The four polnts_ 1, J, K nnd L ne~d not be untque. ,\ oscful 
applieatwn lor 11\•' an"ly~lS o! shallo~ th1n shells cmrloys 
the l>oundnry clcmo•nt to approxl.,atc rotatlonal constrtllnt 
•bout the surface normal n~ sh""'n abovc. 

~ 1~ ~1w•n ~y tlw vector cross pmduet n 

the dtrection oí the l>oundar}" e¡e¡nent. 

Note that nudo 1 in case (1) and no<! es 1, ,¡, ¡.; nnd L 
uscd only to define th" direc\lon of \~e d~o>~nt ~nd 

b., •ny nodcs uscd tu define othe~ clements. 

a \ b ;nU de! tnes 

in ~ase (li)'~rc 

j f com·otnie<\t Ola)-' 

'anlfJclal nodes' 
Jllay be cn•ated to dcf>nc dircctlons of bounóary Pl~mc•nt~. These 
'artiflcial nod<>s' on• 1npHt on the nodal polnt <l"t" cards 
~ith thcir coordJnatcs and "'ith all thc bounda•·r condlllOn <"Ol,!os 
spocified os l (one), 

IV,7,Z 
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IV, Et.EMENT DATA (contlnued) 

It should be notcd that node N ls the structure node to ~hich the 

boundarY element is ntached. In case (i), a positivc dlsplacc~nent rnoves 
node N to~ards oode l. Corrcspondingly, a posittvc force 1n the element 
means comprcsston in thc "lement. In case (11), o pos1t1ve dtsplocement 
moves node N tnto thC direct1ori!! (sec f>g.). 

(2) Otsplacement and rotntlon cudes 

Dtsplacement <!O<Ie • 1: When thi,¡ code is u.•cd, thc t!isplacernent 
~. ~pccitied 10 columns -ll-50, ond thc ~pring stlffncss k, spent1ed 
in columns 61-70, ore used by the progra10 10 the j'ollonn~ woy. The 
load P, evaluated !rolO P = k5, ls applled to nodc N In the directton 
node N to nade 1 1n c~sc {1) and into direct¡on n 10 cos•' (11), if ó 

1! k is much grcater than the sti!tncss of the ~tructure 
at nade!<" ~'lthout the boundary eleOlent, then thc n<:t clh:<:t lS to produce 
a dtsplacemen¡ very nearly equal to ~ at nod<: :;, 1! ó: O, thcn P =O 
ltnd the stif! sprlng opproxlmote~ a rlgi<l suppor:;. :>ot<: thot the load 
P ..-111 con tribute to th<: support reaction fo1· nonzero ó. The IDundar;
condition endes spccili<HI on thc Hructure nodal pulnt <lHo ~a'rd~ r:IU't 

be consistcnt wlth thc l.iCt that o lo•<l Pis b"'"~ oppl1e<1 tu node:.; 
to e!!cct the ticSlred <lisploc<:m<Wt {cven ~llen thl" dt"l>i~~ernent 1~ 

zero}. 

Rotatton ende= 1: Tlns cose lS onolu~uu" t•> tl1e ~Huotwn 
described above. A t<lt"qUü 1', <!VO\uot<:d from T =k a, is o!pp\Ied lU nuJe 
N abO<H the O;o;lS (dlr<:CtlOn) ot ~)le elemt:nt. rh~ rut;,tlon & h op.:~llle<i 

in cOlumns 51-6L'. 

(3) Data generHor K 

Whcn a series of nodcs are such that: 

(1) All have Identico\ houndary elemer.ts Htoched 
(11) All buund11ry clt:<ncnt• ha1•e same <lirecllon 
(iii}All specifictl JhplacemeLH~ and rotations Ot''-' identiCal 
(iv) The nodo! seqttcnce form~ on orlthmcttc se41«'nce, 1.e., li, 

!<" + K
0

, N + 2K
0 

et"., 

then only the !1rst on<l lust <tndc 10 ttle ~equen~c nee<l l¡e luput. The 
tncrement K is input in column• jf;-•!0 of the flrst c"rd, 

" 
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IV. ELEMENT DATA (contlnued) 

(4) 'Elcmcnt load mult!plicr~ 

Each or the tour posuble ~l.,mcnt load cas"s A, B, e and o 
assoclat"d •nth thc botondary clemcnts conststs of thc complete set of 
displacemcnts as speclt1cd on thc boundary cl<'m<•nt cards mult•plwd 
by thc "lemcnt load multlplicr for th" corr.,spondin~ load case. As 
an example, supposc that duplaecrncnt of nodc N ls spcClfied as l. O, 
aprlng stlffness as tolO and no othcr boundary clcrncnt d1Splaccmunts 
are spcclfl«<. Let case A multlpller ~e 0.0 and case B multlpller be• 
2,0. ~·or element load case A the speclflcd dlsplacen~cnt is 0.0 ' l. O"' 0.0 
wtnle that for B ls 2.0 • 1.0 "'2.0. L1ncar comb•nat!ons of ~l<.·m<•nt 

load cases A, ll, C and O for all IVpes of'clPm<!nts cnllerlh<>h· for a 
particular probl<lm are speeH!ed on the Hru<:tcr~ element load multipli••r 
card~. As far as the boundary element ts concerned, thi~ dev1ce ls 
use!ul \lo'hen a part•cular nod" ha~ a support duplac"m"nt in one load 
case bu! la fuwd 1n others. 

(5) lleCOmr.l<!Odatlons for use o! boundary elem<'nts 

lf a boundary element h ali¡¡ned with a ~loiJal displo~o•ment 

direction, only the correspond1ng diagonal elem~nt in th<' stlf!ness 
matrix !s modificd. Thereton-, no stiffO<'S~ !Mtnx lll-cnn<lltiontn~ 

reaults. l!owever, ~·hen the boundary el<•m<:"nt <:ouples d••gr<"•'" ot 

freedom, largo> of!-du¡:onal elemf'nts Introduce 111-cond~lloOlnf; lnto 
the attffness mntnx \lohlch <"an CMISc solut100 difflc!llt"•s. 

In !he analys1S ot shall"" sh.,lls boundary c•h•ments "'lth stlffn<:'sa 
a fraction of thu clcment bcndln~ S!1ffness should b•• used (say less 
than or about 10~). 

In dynamlc onalys!s "artlficlally st;u" boundarr elements !!hnuld 
not be csed. (S<'e note (S) In Scet!on VII.Al. 

IV.7.4 



' 
\ 

' 

¡ 

' 

' 1 
1 

1 
1 
¡ 

' 
' 
' 1 
' ( 
' ¡ 
' ' " ' ' 

• 
IV. ELHU:~"T !!ATA {contintH"d) 

TYPE 8 - VARIA[)U:-~1J)ffiER-NODES TlliCK SHf:LL AND THREE-DU!ENS!OliAL ELElltHS 

A mlnim<Om of 8 and ~ maxlmum nf 21 twd<'~ ar~ OJSed to de;cnbe 
a gencr~l thre•• ~lin<'n"'onal lSO¡>ararr.etrlc <'l<>101ent tiW do•mo•ot 1~ us~d 
to rcpros<;nt ot·thotrnpiL, ola.<!><: ~eed1a. Th•- do·ment t)'po• 1~ ldL'OIIfovd 
by th<• nuf'bcr c!¡:,l!t (8). Three translational degr .. e~ nf fr,.c•dom are 
assign<'d to uach node, and at lo·a~t tllo.J <•t¡;ht corncr nndcs !T.USt be Input 
to define a toexahedron. Input ol J1t>des 9 to 21 is opi>Onnl; tlw figures 
bclow illustrat" '""'"'o[ the 1110st co...,only uscd node C<>mtunatluns. 

Element load cases (A,B,C, --~l are forme<! rrom combinatlons 
of applied surrace prcssure, hydro~tatic loa<ls, incrtla lnads >n the 
three dircCIIons X,Y,Z and therrnnl loads. S1x 
output at up tu ~eVPn (7) Incatwn~ wlthin the 
locations ,., . ., sdedcd by m~an~ o{ nppropriate 

global SI r!'SSVS at·e 
dcm<>nt: th""" nutput 
data "ntr>,s. 

NO<Ic temperature~ tnput In Section III "re \IM•d lo f,.rm u~ 

average element lo•mperature,which ls thc basis of rnat.-rul pnopen.' 

selectlon for the clemcnt. lf thennal loads are appltcd, nnd•· l<""·P"ra~ 
tures are used t<> establish the temperature·fleld ~tlh.¡n thc· dNr.o·n,, 
and the temperature tnterpolatton funct¡on~ are thc sar.e ns thos<· 
assumed to repre~ent ele10ent displacements. 

notes 

"' 
,, 

"' 
(' ) 

,, 

l. Control Card (10!5) 

columns 

, 
' " H " " " 

21 - 25 

'" oc 

" 35 

" ·<O 

vnrtable entry 

NSOL2l 
n"le!AT 
MAXTP 

I'OIITHO 

NDLS 

MAXNOD 

:oiOPSET 

Enter thc numb~r '"s" 
lóu<r.ber of sohd elernen!~; GE.l 
IIUmb••r of diff<>rent mHer!als; GE.l 
llaxlmum number of tcmpcrature po1nt~ 
used in the table for: any matertal; 
EQ.O; default set to ""¡" 
llumber of different sets"" of O>Utenal axts 

orlcntatlon data; 
EQ.O•, all properties are Oeftned In 

t~e X,Y,Z, syst<•m 
Number of different dtstnh\Jt<•<l lo,lfl 
(l.<"., pro•~surc) oets 

Maximum nuinbcr of nodes \Jo<>d 1<> desc•rtbe 
any one element; 
GE.~ nnd LE.2l 
EQ.O; detault set to "21" 

.'iu~~:ber of sets of dat~ n>q<w~ttn¡: str.'>~ 
output 
EQ.ü; 

"t vanous cl~m~nt i<>catJons: 
ccntro1d output unly 

lV.B.l 
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IV. ELDI.Elo'T DATA (cont lnued) 

notes 

'" 

l. Control caro (1015) (contlnucd) 

columns 

u - 45 

<16 - 50 

variable entry 

JN'TRS Standard integral ion order !or the natural 
(r,s) dtrections; 
GE.2 and LE.4 
EQ.O; default set to ":;¡'" 

• 
Standan:l integratlon order for the 
natural Ctl.-dtrectton; 
CiE,2 and U:.4 
EQ.O; dcfault s~t to "2'" 

NOTES/ 
(l) Thc variable ~~\XTP lim;.ts !he number oí trrnperature potnts 

that can be Input for nny ooe of !he KL"liO.t.\T matenal s~ts; 

!.e., the variable ."TP tn Sectton 2 cannot exceed the ••aloe 
of ~~XTP. 

(2) NO!!THO specifH>S thc number of car<ls to be read in Sectton J, 
and if omlltc•d, all orthotropic mat~rtal "xns ar<> ~s~u~.ed lo 
coincide wtth the global carteSlltO ax"s X,Y.Z. 

(J) NDLS specifles thc number of card pülrs tn h•• read '" 
Scctlon 4. )(D!,S must be a positiv<.' tnl<l¡~vr tf any pres~u•·•· 

loads are to be applted to solid elc!l".ent !acc~. 

(4) ~lol.XNOO spectftcs the maxi.,um"nmcbcr uf non-zcro nod•• nu!l"be!·~ 
asslgned to any on<' or tl!e );501.21 "lelll<'nts 111put in s .. ct•on 7. 
Locatlons of th~ d"mcnt's 21 posslblc nodcs arf' sn""n tn 
the figure búlo~· In ,.t¡,ch the element is sho~·n ~.app<'d lOto 
lts natural r,s,t coo!"<ltnatc system. The <'tght corncr n<><I<.'S 
must b~ tnput f"l" every element, onó nod,;s 9 to ~~ nnl tnput 
optlonally. lf liAX.~O!J ts 9 or greatc•r, all 21 nodt~ entrt••s 
are rcad for each ••lcmcnt (Car<ls ~ a"d 3, Scct1on 7), bU! 
only ~he flrst MAX);OD oon-z.,ro cntrtes <.mcountcrod ~hcn 
readtng- in sequ,•nC<! fro~:~ l to 21 wtll be uscd for elemcnt 
descrtptton, A!l an exan:p1e, !or tl!e 16-17- and 20-node clcJI"'nts 
WAXNOD has va loes Of 16, 17, 20,. r<'Spect1ve1y. 

(5) As a means of <:<>ntrolling the arnount <>f solution output, 
stress out¡Htl lo<:nti<>n sds are dcfi<H'd tn ~cctton 5, on<l tll<l 
total number "f th~:w output reque~t~ ls speciftcd by tlw 
variable NOPSET. FUr the case uf ~OPSET.EQ.O, no ddto l~ 

Input in Section 5, and thc only strc•s output product·~ h.v 
the progra111 is at the cl<>ment centrold. 
output can be r<><¡uested at up to scvcn (7) locations (selectt•d 
!roma tabl<> o! 27 posstb1e loclltions) by r::eans of th~ datn 
entries ~:iven In s~ction 5, 

Iv.s.s 
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IV. ELEMENT DATA (continued) 

NOTES (continued) 

(6) The entries INTRS and INTT control the nu~ber of inte~ration 
points to be used in num~rical evaluation of integrals over volum~s 
in the (r,s) and (tl-coonllnate directions, respectlvc•ly. 
When solid elcments are used to rcp,...,sent slwll structures, 
the tbrough-thc-thickness >ntegrat>ons (l.e., in th" natural_ 
t-axis dircct>on) can be evaluateQ less accurately than !hose 
tn-plane (l.e., In the r,s p}une). for th1s case D"TRS 
might be J and l~TT ~-oulQ be chosen typH:ally as :!. Th•' 
entnes IN1"RS and lliir are standard or referencc v~luo)S ~~~~ 

are uscd i! the 1nte~rat1on nrder entnes on,the elerrent 
canls (Can! l, Secti<>n 7) are omitted. Non-zero entri"s (<lr 
integra! ion ordor(s) gtvo•n <>n th<> d~m<>nt cards over-rid" th<• 
atandard values pOSt<"d on lhts card. 

2. Material Property Cards 

Orthotropic, temperaturc d~p~ndcnt malenal properttcs 
are allo~·.,d. For each diffcrcnt m:1.teru.l that 1s request<!d on thc 
Control Card, the followtng set of data must be supplied (t.c., :>1.:!1~.\AT 

seta total): 

notes 

"' 

'" 

a. J.latenal identiftcutlon card (215,2Fl0.0,6A6l 

columns vanable 

' 
, " 

' " "' 

WTDEI> 

MAS SO~ 

31 - 66 

c•ntry 

Matet·ial tdetlt lf H'a t10n number; 
Gt: .l nml !.<: ,I>L').L\""T 
Numbcr "' dtffurent ten<per:lture~ 

whi<:b pro~c·rtieS ~re givcn; 

LE.Mi\Xl'P 
EQ.O; de!ault s"t to "¡" 

" 

ll'<!ight density ot' the rnalenal ""''d t<> 
computed statie grav1 ty load" 
Mass denst ty of thc matenal uscó \O 
compute the mass matr1x In a dynarntc 

analysu; 
EQ,O; detault set to "WTDE~/386.·1·· 
).laterlal <lc•sc·ription used to labcl lh" 

output, 

NOTES/ 
(1) Material numbers (M) mus\ bv 1nput In ascending sequ<'nc·c• 

bepnning V.lth "¡" "nd en!! In¡: With "¡;u~!MAT"; omissl•>ns •>r 

repcti\ions are illegnl. 

(2) Welght dcnsity is URüd \o compute stat\c nod'C forc<'~ !luc• lo 

appbed grav1ty load~; mnu dPnStty '" us('d to colculal•' 
elernent rnass matrices for use• In conncction W1th a dynamlc 
anslysis . 

IV.8.6 ' 



' IV. ELEMEN'l' DATA (contlnucd) 

b. Jtatcrlol cards {7Fl0.0,6FIO.O) 

!ITP palrs o! cards aro •nput 1n ordcr o! algcbralcally 
increaslng valuc o! tcmperature- • 

Flrat Card 

notes columns variable entry 
• 

"' ) " Tcmpcrature, ' "' u " " 'u ., '· " " ,, " '· " " ,, " '• 
" " ~, " '• 
" " ~' 

., '• 
" " ~' "' '• 

Sccond Card 

note~ colu~.ns varlablu ~nt ry 

' "' ,, "' '· u ~() o, " '• 
" " ,, "' '· " "· "> "' '• 
" " "' "' '• 
" " "' " '• 

NOTES/ 
{l) The 12 cntrlua !ollo~·ing the temperature valuc T, nrc phystcal 

propcrtlcs kno~n at T0 . ll'hen t~o or 10or" ternporaturo pu;nt!l 
describe a ~natcrlal, intcr-polation based on avcra¡:c c•h•m"nt 
tempuratur" 1s pcr!onned to establish a pruperty se'\ fur th•• 
elcmcnt, IJcncc, tl>c ran~e of temperaturc pc>tnts [()r D ,..atcnal 
tablc must span the expected range of average o•lcm<'nl terr.pc.ra
turcs !oral! clem<•nts associated ~ith th<:> rnatnrtal. 

(2) The 12 cnn~tnnts 1t: 11 ,F.:!~,.,., "'J} ar" d"fin<•d ~! th •··:~¡wct 

toa sct of oxo•s (X 1 ,X~,X~) ~·htch ar<> th<> pt·inclr"l tMto•t•iol 
dlrcctlons for un orthotropic, elaslt~ m~dtum, Tilo• sl••••s
straln n•l<itions •ith resp~ct to the (X1 ,.\ 2 ,x 3 ) s¡·u,•rn '" 
Wrltten as follows: 
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ELEMENT DATA (continucd) 

1/Eu - "l2/E22 - '.'].:¡/EJJ o o o 'n 
- '21/Eu l/E22 - •-:z:¡!E33 o o o ,, 

'':n''l:ll - V32/E22 l/E33 o o o ,, 
• 

o o o l/GI2 o o 
" o o • o o l/G23 o '23 

o o o o o 1 ,, 
' 11 ., 

wtwr<> f and 0; 1 "re normal atrains anó ~\r~s~es In ti"-' 

X¡ dlrccllon•: V1 J nn<l 'IJ "''" shnar ~traln!! <lO<I strnsses on 
the pnnc•lpal mal~·nal planc:>; o

1 
ar~ !he Cu<>fflc¡ent" <>f then'lal 

expanston, and ,\T ls \he increas<> in temperature·rrom "\r.,~s frc•" 
distTibutc<.l ooer the <1lcment \'olume. 

3, Motenal A-'"H Oncntatlon So.•ts (·11!",) 

se.,tion, 
wlth. the 

an<l all lllal11r>•i 
¡;loba! cact<:S!On 

axes (X 1 ,x
3

,x
3

¡ ~ill be• assm¡¡ed lo <"Oillcldc• 
syst~m X,Y,Z. Otho·J"WIS<l, .\OIITIIO <'<ll'd' "'ust 

b<1 Input HS f<>llo~s: 

note5 culumns vanal>h• "ntry 

m ' ' " ldcntlflcati<m nuraber; 

GE. l '"' LE. :>OIITI!O 
(~ ) ' " lil :;odP nomt¡cr f (),. p<nnt 

" " li ,¡ :olo<\n numllc' ¡· <oc ~''"" 1 
•• 

' " " />"K )lo<\ e numbut· <oc point 
.. , .. 

NOTES/ 
(1) Id~nltficattnn nurnber~ (~ll rnu9t be input 1n 1ncre~s!n¡.: 

sequo."OLP be~innin¡¡ ~1\h "¡'" uml und¡n~ ~ttb "':-;otrnto", 

(2) Orthot!~lp!C maturiol axrs odc•ntotinns a¡·,, ,;p~ctfwol ~~· 

"'"ans of the three no<lc numbt•!"S :->1,:->J,:-iK. f\1¡' tiH! spc•c¡al 
caso:- ~hure orthotl'o¡nc mat••rlul ;lXc·~ cotnnde ~\th thc• ~lobol 

axus (X,\',Z), 1\ 1" no~ n••cc•s~n>·y tn '"1'"1 <!"'" 10 thts 

secttnn: ~··e S••<'\1<>11 7, '"'''' (·1). 1.1'1 .!:J·_1_:!•_1_; ¡,,. tlw thro'<' 
ortlw~o11.ol vc•cl<>l'S ~IH<"It d<"lltle thc• ,JXc•,; <>1 ,,.,·:c·t·tnl <>rlllnlropy 

th<'n theil' dlrcctlons are as ~hu~n bclo~·: 
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IV. ELEMENT DATA (contlnucd) 

f, -!, • ,, 
- -!, • " ' " 

!, • ,, ~ _!¡ 

k 

!iode number9 NI,SJ,:>1\ are only us~d to lo<·ate polnl~ l,j,k, 
respecti.vely, alld ~ny convem<>nl nades may be used. 

4. Dlstr>bult•d Surface l.oad Data 

SDI.S ~nl!'S <>! cards are to> 1><• Input 1n this S<!~tl<H1 111 
order oí lncr<>asin~ ~c·t numbo•r (>;). Tla•S•• <l;,ta d!'scrll>e ~ll<'la<"<· loads 
~cting on elcment rac"s and moy _be p•·e~cnbed d1r<•ctly 1n terrns of 
r.ce carncr node prcssures or ind1rectly ~y "'"""S of a hydrosta!H' 
pressure tield, 

notes 

"' 
'" 

a, Control Card (315) 

columns variable 

, 
SFAC<: 

ll - 1:> 

cntry 

Load set 1d<•nttftcatwn n'lm~er: 
GE.l and U;.NlJLS 
Elemcnt tace nurnll"<" on ~h1ciL tlds 
dtstributcd l'""t 1s act1ng: 
GE.l and I.LG 
Load typ~ ~·ode: 
EQ.l; pr<!scnht•d norO\al pressurL• 

intnnslt><·s 
EQ.2; hydrost~tlcally \'arpn~: pr<•~sun• 

field 
EQ.O. defnult sd to "1" 
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IV. ELEMENT DATA (continued) 

NarEs/ 

FACE 

(1) The surface load data sets establhh~d in thh sectian ~ra 
ass>gned la the elements 1n Section 7. 

{2) ltexahedra have six quadrilnterol faces each unlqudy descnbed 
by !our node nutr.bers at thc carnera of the !ncc. 
number canventian establishcd far elementa 1S glven in !he 
Table belov.. 

• 
{l) 'I'o.o types of surface pressure loada may be applled la faees 

o! the elen:ents. lf LT.EI;l.O (or 1), a normal prcssure 
dlstribution lS prescrtbed dlrcctly by means of pressure 
lntenslties at !he f3ce corner nod<>s. lt LT.EQ.2, the 
lace lS exposed to hydrostatic prP~fiUrP dUPlo fluid hea<l. 

s.\Tl"R.\L COR.-.:En .'iODE .'it.,~ERS 

SUltBER COORDI.'iATES ,, -~2 ,, ' .. , 
' ' ' ' ' ' 

notes 

(ll 

'" 

( +1 ' '· <) ' ' ' ' ( -1 ' '· " 
, 

' ' ' ' r, +l, ' ) ' ' ' ' ' r, -1, " ' ' ' ' ' •• " • +l ) ' ' ' ·• 
' •• s,-1) ' ' ' ' 

TAilLE Corner Nod '-" .'illmbers f o r q,,. S<>l >el El<>nh•nt F:""'-'~ 

b. Sormal Pres.o;ure Unta (·lFIO.IJ) {l.'l'.EI/.1, <>nly) 

c<>lurnns variable untry 

' JO " Pre ss u re "' ( 3 ~" nod" .'i¡ 

" " " Pr<"~surc " {a~c nud<' ~~' 
I::Q.O; dcfault ~<· 1 "' "p¡" 

" " " Pressurc "' fncc n<>d'" :;J; 
EQ.O; d"hult ~L"l ... "'p 1 .. 

" " " Pressur<> " !a e" nu<l u ~ 1 '; 
EQ.O; dc•faul t se l ... "'p¡ .. 
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IV. ELEMENT DATA (cont lnued) 

NOTES/ 

"' The pressure dhtnbut!on act>ng on an elemenl hc:e lS 
deflned by spec!fying lntens>tH'S Pl,P2,PJ,P·l ~! the face 

corner nades as sh""'n below; 

. • --A>jP' ·~ 

ThP tace cornPr node nmnbcrs aro gH·en 111 t.~c Tabl•• 

and pos> ti V<! pressure ten<ls to compt·e~~ the ''"luone of 
the elemQnt, 

Thc variatlon of pnssure over th" ..,¡,'""'"' face, p(a,i>), 
1a gl ven as : 

whcre 

"• • (l/4) (l •a l (l • b) ,, • (1/·!l (1-n) (l•b) ,, • {l/4) {l-a) (l-b) 

"·• • (1/·1) (1 '~ l (l-b) 

'" quad ri l ~ lo•ra l natural faec coordinalt•o (a,ll). 

(2) lf any of tho entncs P2,P3,P! ar" OIH!t"d, t!h'S" L'alue~ 

are re-set 1<> the ,·aluc• nf PI; '·"·• for a unlf<H"mly dis
trlblfl<•d pre~~ure (p), W<' ha ve pl.l,</.p and ce 11-·!0 blank, 
l! P2 is 7c>ro •p<"Clfy o """'ll num!Jer. i 
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"· ELD\ENT DATA (contwued) 

'· Hydrostatlc Pre~aurc ~ .. (7fl0.0) CLT.tQ.2, on !y) 

Dotes COIUIIIOB variable entry 

'" ' " "'~ Welght dcnslty of the flu1d, " '"'"' '" " " " X-ordlnate o! polnt ' '" ... free surfacc 
o< '"' !lu1d 

" " " Y-onllnate "o! po1nt ' '" '"" free surfacc 
o< ... !lutd 

" " " Z-or<:llnate o( po1nt ' '" '"" f re e surfacc 
ot tho fluid 

" w " x-or<llnate of a point " "" thc normal 

•• '"" nutd surface 

" " 
,., Y-ordlnatc of • poi nt " .. the non~~al ,. '"' fluid surface 

" " ~· Z-on:llnate of a p010t " 00 '"" normal 

'" thc flu1d surface 

NOTES/ 

"' GAM!IIil is thc ~ei¡1;ht den"tty (i.c., units of f<>rce ¡¡,•r un1t 
of fluid volume) of tl\c J'luid,lll contact w1tb <•lcmnnt tace 

numbor l\FACE 

(2) Pt>lnt "s" lS any po1nt In !he fre<' surface of \he flu1d, 
•nd polnt "n" lS locntcd such thnt thc d1rcct1on frnm s to 
n ls norODal lo !he fr-ee &urhcc and lS posltlvc ~·1th wcrca~>ng 
dcpth. 
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IV. ELEMENT MTA (cont inued) 
.• 

Hydrostatic prcssure in contact ll'ith an .,}cment face causes 
element compresslon ¡ 1.e., pressure rcsultant acta tow&rd the 
ole!Dent centroid. liodes located above ,the fluid surfacc are 
auto!Datically assigned zero p~ssure intenaitles tf an element 
face :ls'not ·(or only'parttally) aubmerge<l in the fluid. 

•• ' . . -
Stress O<Jtput' Request Locatloll Sets (715) '· ., 

. ., • r 
It NOPSET is zcro on the Control Card, skip this section, 

and global stressea wtll be computed and output at the element centroid 
only. othe,...ise, NOPSET carda IOUSt bo input as !ollo ... a: 

' • notP.s columl 

' 
'" ' 

, 
. _, w 

• . : ~ ... 
variable ";entry 

~ .. 
=> . ' • ,L<>cat;ton . • coc, Location 

number M output 

number O( output 
point ' point , 

,. 
' ' ' 

·•u " coc' ~·...-1 .:: lLocation nu,ber O( output ·polnt ' ' 
' -

NOTES/ 
.•. ( 1) 

" " =·· • Locat1on nwaber o( output•potnt ' " " COC> •L<>catJ.on number O( output point , 
" -·Jo =,· ' Location llUJOber· ot'output- point ' -" - " =· Lo"atton number o( output point ' "· " • 

27 element locations are assigned numbers as shown in the 
Figure bolow. Locatlons l lo 21 correspond lo node numbers 

•1-to 21, respectively, Locations 22 to 27 are element lace 
"contro:lda. Tllc t;rat zcro (or blank) entry on a location 
card ter.tnatea readtng o! location numbera for the output 
10et ¡ _ hence, !.,....er,than.seven .loca t!ona cen.becr.,queated •In • 
an·:output se t.· , Loca ti on -numbers- muetobe·lnput in •or<ler o!
tncreaslng !Daj¡nt tude; !.a., LOC2 la greater than t..ocl, LOC3· 

. .• . .. 
la greater than LOC2, etc. In dyna,.ic analysts, FACE l, 

t'ACE.2, •.. , YAC!; 6-correspond to output locottons 22,23, ••• ,27 
respect1vely. {See Table Vll.l). 

... 

-6. • .Ele111eht Load Case )lultipliera~~ " • • 
F!ve {5) carda must be input in thia section epecifying the· 

fraction Of ¡p·avity (X;Y,Z), the fractton of thermal loada and tha 
fract)on O! presaure loods to be added to each of the element loading 
comb1nat1ona (A.,B,,,,), Load case multiplier data arfect atat!C 
analyais calculatlons only • 

Can! 1· X:dir<lction gravity (4Fl0.0) 

note• columna entry 

'" ' - " ·'"' FnctJon O( X-dtrection gravity to be 
.- ... applied in ._.¡e...,nt load caae A 

" -·40 = Fraction of X-dlrection grav!ty <o O. 

- applled In ele..,nt load t'aae D 
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!V. ELEIII~NT DATA (contmucd) 

Card 2 Y-directi<>n ~ravlty (4Fl0.0) 

Card J Z-djre<:tlon g:ravi"ty (41'10.0) 

Card 4 Tlwrrnal loads (4FIO.O) 

notes columns 

"' 1 - 10 

31 - 10 

variable cntry 

Fract10n of thermal loads lo be ap¡:l;cd 
In clement load case A 

rract>on of themal loods to IJü npplied 

in element load case D 

Card 5 Prossurc loads (4FlO.O) 

notes columns vnrlable cntry 

"' ) - " " Fractlon "' prcssurc loads '" '" applicd 

'" .,lement load case ' 
:n - "' "' )'raction M pressure lnnds '" '" applied 

'" clement load case ' J\"(JfES/ 

'" Gra.·ity lnads on thc atructure dueto statlc body forc<>s 
are computcd from thc weight dcnsity o! clem<!nt mntcrlals 
and the ülcment ¡¡cometry. Th<ls" loads are "ssigncd tn the 
elemcnt load cornhlnat1ons by mcans of !he entnes nn 
Cards 1,2 and 3 !or' !orces 1n \he X,Y,Z dlr-ections, 
respectlvely. 

(2) T~ermal loads are computcd kn<>wing the nodc temperatures 
lnput in Sectinn JJI, the stress frc<:' r()f.,rencc tcmpcrature 
(T0 ), input in Scctinn 7 and the elcment's !llatenal propertics 
and node coordinntes. Th<> temperature distnbution wtth1n 
the elemcnt l5 descrlbed using the same lnterpolatlon func
tions whleh describe the varhtion of displacementa "ithin 
the eh>m,,t. 

(3) Pressurc loads are flrst assi¡;nPd to elemcnt :load coacs 
(A,a, ..• ) by m"ans of the entrics {scalc factors) on Card $, 
and tbe dhtributed load sets which \lo'Cru tnput 1n Scct100 4 
are then applied lo !he clemunts individuolly for <"os,•s 
(A,a, ... ) by rncans of load Sül rcfcrencus givcn in S<·~tion 7. 

7. Element Cards 

Two c~r<ls (if MI\XNOD.EQ.8) <>r thrce C'ard~ (if MAXNOO.GT.~) 
mu~t be prcpared for each elernent that appears in the Input, and the 

1\1.8.1~ 
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JV. E!.EME~T DATA (continued) 

format fcH t))usu cards 15 as foll<>ws, 

Card 1 (G!:">,flO. ,4!5,412) 

notes cc>lurnns variable 

'" ' " 
(~) ' l\0]5 

Jl - 1 S NXYZ 

" 
" 

"' 26 - 30 '" 

" " n 

'" 
.({ " " 

e " - " :>RSI:O.T 

" - " l(fJ!,T 

'" '" - rHI lllliUSE 

'" " 6~ LSA 
63 64 LSII 
65 66 LSC 
67 68 LSD 

cntry 

EleJDent number; 
GE.l and l.E.NSOI2l 
l\umbcr of nodes to be used 1n d<.'aCribing 
the t"lcrnent"s displacernent field; 
EQ.O; dcfault set to ""!~\XNOD" 
~·uooer of nodes to be used in !ht• dcscription 
of nlemcnt geomctry; 
r:Q.O; rt,,fault sd to "NDIS" 
EQ.NDIB .. lsopararr.etnc elm,.cnt 
!.T.Nillll ·• subparametric elemcnt 
.\!ateriol Jdentlf>cation numbcr; 
GE.l and LE.Nt~IJ\T 
ldentl!icatton number of th., ntat<!rlal 
ax1s orlcntation set; 
GE.l and I.E.NORTHO 
EQ.O; rnnt<!rial axes default to thc 

global X,Y,Z srstem 
JdcntlficaUon nurnbcr of thc ~lr<!ss O\ltput 
locntton.sd; 
G!-:.1 nnd l.!::.NOPSET 
¡.;Q.O; c""ntl"nld output only 
Sir~~• fr<tc referencc ternpcrnturc, T0 
~odc munb<!r tncremcnt for dernent data 
gen.,ration; 
f:Q.O; d<.'faolt set to "1" 
lntegratton order for natural coordinate ~ 

(r,s) dircctlon~; 
EQ.O; dcfault ~et to "!NTRS" 
Integration order for natural coordinate 
(t) dln!Ctlon·, 
EQ.o; defalllt sct to "¡N"M"" 
Fla¡¡ inoll<·at!ng that tlle stiffn<!ss and 
mass m~trJc•os 1or thos clcment oru thc 
sorne ns lhoac for. tilo preceding ulument; 
EQ.O; no 
EQ.l; YM 
Prcssure ,,, ,,, ele~r.ent loa<l case ' Pressure ,,, ,,, elmoent load case ' Pressore ,,, ,., elernent load case e 
Pressuro '" 

,., el<.'mcnt load case ,. • 
LE.NDLS 
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"· ELDIENT M" (contlnued) ' 1," ' ' 
""' ' (16!5) 

' . 
not<JII columns varhble entry 

"' ' 
, Node ' numbcr 

' .w •oo• . ' number . • •• 
" " ·' • Node ' number 

" " No de ' liUmber 

" " Node , number 

" " )o"ode ' numbcr 

" " Node ' numbcr 

" " • Node ' nmober 
(lO) . " " ~ < ~' •• •oo• ' numbtlr. 

" >O -.Node w numbcr • ... " , • Node " numbcr • . . 
• 

" . " Node " number ' • 
" " Node " nu01bcr . ' ' " " ~" " number ' -
" , . Node " number - • .. 
" " Node " number • 

• 

""' ' (515) (T<'quired " W.XNOD.GT.8} -note columns variable entry 

) , Node " number 

' w Node " nmcber 

" " Node " number 

" " Node " nulllber 

" 
,. Node .21. number. 

NOTES/ 

~ ....... 

"(l) •• Element·cardS' mu~t-be ·tnput ·in·ucending elemcnt ·numbar · 
"onler begi1wing with "¡" and endtng wtth."NSOL2l". Repetitlon 

of element.numbers ls !Ilegal; but element carda may be 
omitted, and mlsalng element data are generated according 
to the procoodure described,in note (7). 

(2)'~NDIS l5 a count of the node numbers a"tually poBted on 
•' Cards 2 and 3 which must 1mrned1ately follo" Card l. 

NDlS must be ot least eight (8), but must be len thon 
or equ&l to the l!mit (MAXNOD) which was given on the 

•' Control Card;·section l. Elemont di&phcement& are 
• 

-· .. 
assignood at the NDIS non-zero nortea, and thus, the 
arder of the ele10cnt matrices h. tbree (i.e., tnna
lation& X,Y,Z) ti10es lilllS. -~The C.t¡:bt comer .nod<1a ot. 
the hexahedron must be input, but nodes 9 to 21 &re 
optional, and any or all of theao opt1onal nodea may 
be used to describe the element'e displaccmcnt ficld. 

• 
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ELE:IIl.El;T DATA (continue<l) ,. . . ,. 

Wh«n elernent edgus are straight !t 1s unnece~aory 
computationally to include sido nades in tha numarical 
evaluation of coordinate derivatives, the Jacobian 
matrix, etc., and Bince regular element shapes are 
com¡non; an option haB been included to use fcwer nodes 
in th<!se geometric calculations than are uscd to' 
describe elernent dtsplacements, Tlle first NXVZ non-
zero nodos postcd on Cards 2 and 3 are uscd to evaluate 
thoso pararneters which pertain to ~lement gcornetry 
only:·.-NXYZ must be'at·least eight-{8), and if omitted 
ts re-set to NDIS. A CollliiiOil application llight be a 

• 

• 

• 

20 node element (1.n. ,~NDIS.EQ.20) with,.s~.ralght edges ••• 
in whldt case NXY'l wouhl bo ente red. as 8 . · • 

(' ) ~lAXES (unless ornittcd) refers to one of tho materhl 

"" axes set def>ned In Sectlon 3, 
mster!al {~~T) orle~tatlon is 
axes Co>nCide with the {X,Y,Z) 

lf omH ted, 
such that the {Xl .x2 .x3

l. 
axes, • respect lvely; · 

,, ) IOP {unless omitted) refers~to one of the output locat>on 
S<lt~ given in Section.5. lf.IOP.E\¡.0, stress output'is 
qunted at the element ·centroid only. "Stre~s o"tput at • 
a point consiste of three normal and three shear 
co10ponents referenccd to the global· {X,Y,Zl ax.,a. 

.(6) When ele...,nt carda are omittcd, element data are generated 
automat>cally "" Iollows: 

{al-•all dota on"Card l.for.generated elements 
J.s.taken to be•the aam<Fll$ -that gtv .. n•on~~ 
the-ftrst element card in the·aequence; 

{b)"':-non~z<>ro node'numbera (j\iVen·on C•rdB'2 and 
3 for the ftr~ elemcnt) are.incre~ented by 
the,volue .''KG':. (.,·hlch la given on Card 1' of 
thc firat element) se ele10ent generstion 

-··---progreases; zero {or blank) nod<>.number,en-
trie$ are generated 1111 zeroes. ••• ·.• 

The l&st ele...,nt cannot be g<'n<'rated. 

{7) The !lag !REUSE allows the program to bypass llt1ffness 
ond 10ass matrix calculationa prov!ding th<' current 
elemcnt ·ts identical to the precedlng element: Le., 
tho·pr-eceding and cuirent·elemcnte are ld<>ntlcal exccpt 
for a 'r1g1d body translatton, lf IREUSE.E\1.0, new.• 
matrices are co~uted !or the currcnt element, 
If lREUSE.E<;¡,l it is also assumed that the node 
t<>mpcraturcs of the element (for calculatlon of thermal 
loads) are the snme as those ot the preccding ele01cnt, 

IY.8.18 

• 

.. 

• 

-

•• 

~--· 

•• 



ELE~ll.l>"T DATA (contlnued) 

(8) Proasur~ loads Pre asslgncd (i,e., app1ied)-to the 
elc~nen"t by 1neana of load sct references In ce 61-62 
for comblnstlon A, ce 63-64 for B, etc, A ze~ cntry 
mcans that no pressure acts on the clcment for that 
particular e1cment load comblnation. 

(9) The f!rst elght node numbors establlsh th~ cornera or 
verilees of a general hcxahedron and must be all non
zero, (see Figure in Section 1 on control cards), :>ode 
numbers must be input in the sequencc lndicatcd othel"'o'ise 
volutn<' and aur[ace arca int<>gratlons wlll be lndeflnlte. 

(lO) The number o! cards re<¡ u! red as Input for each elemcnt 
dependa on the ,·sriable W,X:>OD. For the case ot 
WI.XNOD.EQ.S, only Card 2 la re<¡mred. I! M.-\XIWD,GT,S, 
Cards 2 and 3 ore requirad for al! <>lcmcnts, 

liod"s 9 to 21 ore opt!onsl, and only thos~ nodcs actually 
uscil to describe the element are input, The prognm 
.,·jll read al! 21 entrles 1! ~1.\.XSOU IIIO.S given aa 9 or 
grcater, but only ~l)IS non-zero values are expected 
to be read on Cards 2 and 3. If for examplc onc element 
ls <lescribed by lO nodns, thPn ce I-40 on Card 2 would be 
the elght cerner nodo numbers, and the remainlng two 
nodc numbers ~·ould be posted some~·here on Cards 2 and ~. 

IV.S.19 
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ELEMENT DATA (contlnued) . , ' .•. 
• 

Matcrlol Propcrty Cards 
. ' . ' 

Tcmperaturc-dependent young's mudulus (E), Poisson's ratio 
(") and thennol e~panslon coefficicnt (o) are Bllowcd. ,lf more than, 
one (1) t~perature point ts·input for a material tsble, then thc program 
selects propertlca using linear !nterpolation between input temperaturc 
valucs. The temperatura used for propcrty selection iS the avengo 
element temperatura whtch is denolcd as T : • 

• 
where T 1 _a<;d T ar!; t,hc input 'nodal tempera tu res for ends "¡" and "J" 
of tlle-plpc. ~r each diffe:rent material, the tollow;ng set o1 carda 
must be input: -~ . . ·-. ' 
notes· 

Ol 

NOTES/ 

a, Jn8lerial idenl!f!cation card '(2!5,6A6)'_ 

columns 

' ' 
' . ---

• 

'' . ' ' . 
-variable. entry . ' -

• Material ldentlf!cat!on numbor¡ 
GE.l and LE.NL'MMAT 
Number o! dl!ferent telllperatures at 
~hich"properttes•are-gtven¡ 

EQ.O; one_, '""'J><!rature point· is 
aasumed to be input 

Material descrlptton used to label 
!he output for this material 

(') 

' '
• ' ' ("1") ~Motcrta • uent!ficat on-number must be input: ... e!wocn one. 

• &nd-the t otal-number.o! .m•terh U!apec!f ied ~ ('NUMMAT") · 

o. materhl cards (4Fl0.0) 

notes columna ·variable· ·ent ry ,. ' 
(1) ' . 10 T (N) Temperature, Tn 

• 

t"' ll·- " E (N) ... •Young;_a,moduluB, • E11 
Potsson's·utto, '>h -. - i"~ 

NOTES/ 

'" -
• 

' • ---- • 

" . " XNU(N) 
31'- " ALP (N) T!lermal exp•nston coeffictent, 

" 

• 

1 

' Supply one card for each tcmp<>rature potnt in .the material 
table~ B! least onc card la requlred, Temperatures mua! 
be input In increastng (algcbralcl order. lf '"'" or more 
polnts are used, cáre must be takcn to insure that the tablo 
covers !he "cxpected' range'of 'average tempet-atures•extating
ln the elCmcnts to ~htch thc material table la asstgned. 
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J\'. ELEM~NT DATA (continued) 

notes 

'" 

c:n 
"' 

liOTES/ 

Sect!on Proporty Cards (1~,5Fl0.0,3A6) 

columns variable entry 

' 
' " " :l6 

" " 

' Section property identilicstion numbor¡ 
Gf.. 1 and LE. NS~CT 
Outside dlameter of !he pipe, d0 
Pipe wall lhickness, 1 
Shape factor for shear dlstortlon, <>;,. 
1\'l'lght pcr unit lcng!h of sectton, l't 
Mass per Un1t length of sectlon, P1 
Section descript\on (us<'d to labcl the 
nutput) 

(1) Sectlon proporty identlf!cat!on numbers must be input in an 
ascendln~ sequcnce beglnning wlth one (''¡") ond endlng wtth 
the total numb<•r of. sect!on spccifted ("NSECT"), •· 

(2) Assu .. tng that (y,z) aro !he section axes and that the x-axis 
ls normal to th~ section, !he properties for thc sect!on are 
computad trom the innUt raraine1.,rs ld.,, t and ovl as tollows: 

(a) inner and <>uter pipe rad11; 

r • d /2 o o 
r ,. r - t 

' o 
(b) cross· sect tonal area (axial deformat1ons); 

' ' A,i .. " n(r0 - r 1 ) 

(e) principal JOoments of lnerlla (bendtng); 

' ' ly = (n/4) (r0 r
1

) 

. ' 
' '"' polar 111omcn1 of lnertia (lorsion) 

(<>) @ft.,clive ~hcar arcas (shear distortions) 

Note•thal the ~hape helor for she•r distortton (O'v) may 
be input dlr.,ctly. lf the @ntry 1& o101tte<l, the sh•pe 
factor ts computed ualng !he equation: 

"'v ~ (4/3) 

~ 2. (1 
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-
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" 
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" 
_,. 

' 
lUJO~ q:>uu~q 

" 
~aqwnu ~PU)I 

'" -' 
' 
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' 
-
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IV. ELF.MENT DATA (con\lnued) 

S. Elomcnt Load CaBe Multlpliers 

•·1vc (5) cards mus\ be 1nput tn t~ls secllon ~pccifyin~ 
the fractlon of gravlty (ln each of the X,Y,Z coordinate dlrcctions), 

the-tract\on nf 11\ermal lo"dln~ an<l !he fructH>O of tntcrnal plp<> 
prcssurt• loadtn~ lo b<! added to each of tour (4) possible el<'m<>nl 
loodinl: eombinatlons (A.B,C,lJ). 

Card ' 
notes 

"' 

Card ' 
Cord ' 
c. ro ' 
notes 

"' 

Card ' 
notes 

"' 

X-directlon gravtt)" 

colu1:1ns varloble 

' " 
" ~11 

" " 
" - ·10 

Y-últ·ectton gra\'i t:-· 

Z-directton ¡:ranty 

Therm~l loads 

colunm~ ""riabl<> 

' " 
" '" 
" "' 
" - " 

1 n te mal pressure 

coJumns vartable 

' " 
" ~() 

" 00 

" " 

(1Fl0.0) 

ent ry 

Fraction of X-dlt·<>ction gravlty to be 
applted In elemnnt load case A 
Frnction nf X-dlrectl<>n ~rovlty tn ll<! 
appl if!d In elernent load case 1! 
Fraction o! X-dlrc~tinn gravity to be 
appl¡ed In ~l~me11\ l<>n<l ~as~ C 
Fraction n! X-dlr<>c\t<>n ~ravlty lo \><• 
applicd ln element load case D 

(4!-"10.0) 

(4FIO.O) 

IH'IO.O) 

entry 

Frsction o! thermal loadlng to be 

applied in element load case A 
n·oc•tion o! thet·mal load1ng to be 
applied In clement load case 11 
Frnction of thcrmal loading tn be 
applied in elPm<•nt loa<l ~ast• (' 
Fraction nf thÜrmal lnadln~ \o be 
appl>ed In elemcnt load case I> 

{-lFIO.O) 

Fraction o! pressure->nduced loadin •. 
applled In olf'ment lORd case A 
l't·a e t ion o [ p r<> s~u re -1 n<l uced load in¡: 
applied In t•lemenl )oad case 11 
Fract>on of pressure..;nduced loadln~ 

appl1cd ln elern.,nt Jnn<l ""·"'' C 
Fractlun o[ prnasure--lnduced loadlng 
appl!ed In clemcnl load case D 

i\'.9.5 
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Y ( VERTIYAL) 

... 

. . . 
' 

z 
· GLOBAL AXES 

' 

. j 

......... , ..... . . ... . 
'~ ' >.,; ~ • 

,r,•."' • " 
NON-VERTICAL TANGENT 
:"'IN LOCAL AXES 

' 

- • -.o-. ' 
' ·. 

. ' . 

• 

. 
' 

" .. 

PARALLEL TO GLOBAL Z-AXIS , 

VERTICAL TANGENT 

'' . 
" 

• 

• 

; 

' 

R 

• 

CENTER OF 
CURVATURE 

' • 

LOCAL COORDINATE SYSTEMS FOR 

• 

• 

-.PIPE·ElEMENTS_~.; C .. .J'-.. •• ,. 
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• 

' ' 
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JV. ELOIENT DATA (cont1nued) · 

NOTES/ 

{>) 

5. Elemont Load "case Multiplicrs (conttnued) 

' No gravlty loads w!ll be produc<td lf the wught per 
untt length. was input as zer<> on alLsectlon property 
cards. Otherwlse, a omltlpllcr of 1.0 Input for an 
ele...,nt load cue means that 100% of dead..-e>ght "'111 
be assigned to !ha! load comblnation. 

• 

. ' 
(2), No !herma! loadlng wlll result if. thc coofflclent o! 

thermal cxpanslon has been omltted Irorn all thc material 
canls.· Othe,....!Se, thermal~loads ar<> compute<! fo~e each 
elcmcnt uain¡: the f,T;betW<>en the average element tcmpei-a-

...,,.,tul"e··(T8) and the st.-..ss-free te111pcrature (T0 ) pven _..,_.. '• 
w.lth each pipe element can! (S<>ction I\',L,6, belo.,.). 

' ' Ele10cnt distortlons are coJOputed for each element due,-
to lntcrnal pressure, and these loads are comblned iñto 
element load cases by.m~ans of appropriate non-zero 
<>ntr>es in Cai-d 5, < 

Gnvitjo; therrnal or pre~sure.lnduced loada canno-t act 
-~-_.;..on the structure unless·!lrst ,combinad -In one or more 

o! thu <>l<>ment load sets (A,II,C,D). once dcflned, 
ele..,nt load cases are asslgned (vla scale factors) 

·!' to the structure load cases by meana of Element Load 
•' Multtpllers glven In Sectlon VI_- An elmnent load 

.case COIIIblnatlon may be,used a multlple number of 
• t 1 mes: when od ef In i ng _ t he. v arlo u a" s t ruc t Urt! ,load lng -: 
condlt>ons. 

,, 

' ' ·6:-·• Plpe·Element,Cu·ds ·''- <rr':. • ' 
a. card type 1 

-

·note~ columns variable ent ry 

• {>) ' . • 
' " 

' 
' w 

n ,, 
" -·20 

' " " 
¡,¡ " " '" " " -~(4l.o -..¡...46 .-.. s:. . 

" 

" 
' ' ~' • 
ISECT :. 

' 
"' 

,..,.,. __ 

Pipe ela~ent number; 
GE,l and LE.I'IPIPE 
Geometrlc type Code! 
"T" (or blank); tangent sectlon 
:'s" ; ·bend {circular) 
Node l number 
Nodo J number 
Waterlal identlficat>on 
GE.l and LE.NID31AT 

" --· 
numb<>r; 

aect J.on 

Section prop<>rty ldentit1catlon number; 
GE. l and LE ,1'/SECT '• 
Strcss-!~e temperature, T

0 
Interna! pre55Ure, p 

' - J'Da1t !ve .projectlon ot •~loc•l• y-· 
v<-ctor on th" global X-axis; A(yX) 

IV.9.7 
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• 

!V. ELEMEiiT DATA (~nntinlled) 

notes 

(5) 

G. Pipe hlcrnent Can;l~ (o;-ontinued) 

variable 

'" 

entry 

P<>SltiV" pmjectir>n of a lo~Hl y
vector on the ~l<>bal Y-axis: A (J Y) 
Po si ti ve project ion of a local )'
vector on the ~lob•l Z-axl~ A (}7,) 
Node number 1ncrcment for tnngenl 
elemunt ~cncrotlon: 

EQ.O; default s<>t to "¡" 

liOTES/ 

(1) Card typ<> l is uso'd fur buth ton~;enl und bend d.,mcnts; 
a second card (card typ., 2, bcl<>") must be input immedi
ately !ollO\\·ing card type 1 jf thE pipe element ls a 
bend (i.c., "a" 1n ce 5). Note that el<!ment cards must 
be input in ascend¡n~ sequencc bcginnlng with onc (''¡"¡ 
ond ending w1th th" total numbcr o! pipe elements. 
l! tangent eieOlents are omittcd, generation o! the 
intermedia! e e1em~nla will occur; the general ion algorithn 

!s described below. An alternpl lo generate bend type 
dernents is constdered to be nn erro¡·, 

(2) The stresa-f>·pe t<>mperature, T0 , >S subtractcd !rorn 
the averag<' element \emperatur<', T

3
, lo co10pute the 

un1form te~pera!U)"(> difference act1ng nn the elemcnt: 

/JT=T T • • 
The entire ele~ent ls assumed to be at this unlform 
,.~lue o! lemperaturo differencc. 

(3) The value o! pressur<;> 15 used to comp.,tc a sel of 
5elf-equlllbrating jolnt !orces arising !rom mernbEr 
dlstortlons dueto pressllrl:r.atlon; Le., the mechanlcal 
equivalen! of !herma! loads. For bend elements, the preuurc 
h alsn used lo compute tho b<>nd flex\hility fnc:tor, kp. The 
curved pipe Sllbjected to bending is more flexible than ele-

" " mentary beam theory ""Ollld predlct. '!he ratio of actual 
!lexibility to tho.t predlct.,d by beam theory. !& denot<>d by kp' 
~·here 

k = (1.0~/11)/{l + Wp/Eh)(R/t)~/JJ ¡¡: 1 

' , 
h = tR/r 

rm(d-1)/2 
• 

lV.9.8 
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1\'. I:I.EMENT PATA (contillUcd) 

6. Pip" !:lcmcnt C•rd., (continued) 

""" 
' 

, pipe w"ll th1ckness 

' 
, rad1us M "" circular b~nd 

' 
, moan radiu~ "' '"" p1pe cross section 

'" 
, outside dlarneter "' 111" pipe 

' 
, Young' s onodulu~ 

' 
, interna! presscre 

The llexibdity factor b compute<! and appl!ed to al! 
bend .,lelllents; pressure st1IIen>ng ls negl.,ctcd 1! thc 
N>lry !or interna! prcssure (''p"l ls O!Dlltcd. 

(4) The global projection~ of thc local y-axis for a tangent 
""'rnbcr may be o,.itted (ce 46-75 blank); for thls cose, 
the follO\Io·tng convention for the local systcm 1s assumed: 

(a) tangents parallel to the global Y-nxls 
(vertical axis) have th~lr loco! y-axes 

directed parallel to and in thc• SIUO~ dlrec
tlon as the global z-axis; 

(b) tangent.' not porallel to thc glnb~l Y-nxls 
have thelr local y-oxos c()nt~ln"d In n vertical 
(global) plan~ such that local y pr<>.iccts 
poSI\ivdy on tl>e posithe ~lobnl Y-;>xts". 

ft>r bond nl~JOcnts, the global projcctions <>f \hu loonl 
y-aXIs are not used; inst<>a<l, tiW local axis oonv,.ntlon 
ts <letin~d as follows: . 

(a) the local y-aXls is d1rec:tcd pol'itl\•cly toward 
and intersects the C<>ntcr of curvaturc of the 
bend (l.e., rad>Usvector); 

(b) the local x-axis 1~ tongent lo the are of lh<> 
bend aocl >s dlrected posithely fro" node 1 
to nO<I<> J. 

:o<ote that for all elements, the local x, y, z &ystem 
1~ a rtght-handed set (see figure). 

(5) Jf a tongent elenent sequenc<> ex>sts such thBI cnch 
element number (:;E1 ) IS on<" (l) grcatur th~n the pre

vlous n<nnber (liE1 _ 1 ); '·"· 

:<E =NE +1 
l j -1 

<>nly the el«m<:nt <"ard for thc flrst tan~unl in thc 

1V.9.9 
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f:LDIENT DATA (contin'!;d) 

• 
·G. Pipe El"ment Car<ls (~ontinlle~) 

series need'be Input, The nade numbers for the misetng 
tangente are comp;tted uslng the formulae: ~ 

·, • • 
_ Nl

1 
• NI "< • " H 

NJ_ • _NJI-1 • " ' 
.,·here "KG" i5 !he nade numbcr tncrement input In 
ce 76-80 for the first element in_the series, and ... 

..... 

• 

• . . . ' . . 
(a) "t' ma te rl a 1 1 den t 1f 1 Cat ton • n umbe r -~ .. ·-· -~· 
{b) section property idcntiflcat•on number 

(e) stress-free te01perature • 
(d) lnternal pressure ~ 1 ~ 
(e) y-a><ls globd project;ons ·• - .. _ .... 

' 

.. 
• 

"for eech tangent In !he generat>oO sequence •re taken to 
be !he same as those Input on.the first card in the -
series, Th" nade number lncriOOtent ("J(G") tS reset to one 
(l) i!-left blank on !he flrst can! In the series. The. 
la&t (lllghest) elcme~\ can~ot be gener'at<>d: l.e., !t mun 
be Input. 

-

~nd element data cnnnot be generated becauae two input 
carda are required for each. bend. Also, the clement 
just-¡pnor .:.lo -a bend-ehnnent 'mus!- appear .. on. an 1 nput 
cerd •• " Severa! bend5 may be·input-ln·a ·sequence, but"'

•tt•Ch. bend must appear' (en two. cards) _ t n·thtt·tnput· U reem. 

b~' .card~type-2 (FlO.O ,3X ;A2 ,4Fl0 .o)~ ... - · 

• 
notes coltlmns variable entry_· ' 

' 

"' (2 ) 1 

1 -'•10 
14 - 15 

.· 
" " " " ·-- 36 " .. , -

• 

' - . . . •• -. 

Rad!us of the bend element, R -~. 

Thlrd potnt type code: 
"n" (or blank); thlrd polnt,ts.the 
tangent !ntersectlon polnt 
"ce" ; thl rd polnt la tlle 
Cttnter of curvature 
X-or-dtnue of the thlrd polnt, x3 
Y-ordlnate of the.thtrd polnt, YJ 

• Z·ord!nn., of the tlllrd polnt, z3 
Fractlon or ~•11 thlcknes• to be 
used•for.dlmenslonal tolennce tests;-, 
EQ.O: detau1t aet to "o.l" 

• 
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1\'. E!.D.I!::>T DATA (conllnuc<!) 

6. !'lpc Elemcnt Card~ (continucd) 

0) The radlus o! the bund (''](") 
uf th~ rcethod (''TI" or "ce") 
polnt for the bcnd. 

rr.ust l!e Input ru;:ar<lless 
used to <!<>fine !he thll"d 

(2) 1! tlle tangenl tntersectlon p<nnt ls used, thc progr;.m 
compute~ a radius for the ben<! an<! compares the compu
tcd \'alue •nth \he input raóius. An c•rror condttion 
ts dccbrcd tf thc (\Hl radtl are <!tfferent by more 
!han the spec1flnd fra~tion (or mu_!ttplc) o! the 
"''~!ion ,·all thtcl<n,s!l. Thc lc•ngths of tho two 
u.n~ent ltnes (l lo TI and J to Tll a¡·e compared for 
.,quality, andan error~-¡¡¡ be flaggnd lf \h" ho 
values are discrepan\ by more than thc <!tmenslonal 
tolerance. 

lf the center of curvature is input, thc dl~tances 
from thc third point to nodes I ond J are compared 
to the tnput radius; ~!screpane>es largcr thnn the 
user d~ftneJ tol.,ran<'c are noted a~ ermrs. 

'Jhis sccond ~l~ment carrl is only lo be Input for tite 

\)(!lld type elemcnt . 

Element Slr<!SS Output 

Stress output for pipe cle~nts conststs of !orces and moments 
acttng In the member cross secttons at the ~nd~ o! cach member and 
at thn mldpoints of the ares in bend ele..,nts, Output quantit1tes 
act on tho elem~nl segmcnt connccting the par\lcular out pul station 
and end 1; J.c.; j to 1, cent"r lo 1, or /::,.'<. to 1 (wh.,rc /;X -+0). 
POstttve f<>rce/mornent vüctors•are dll'ected inlo thc posltive local 
(x,y,z) dlroct1ons, as shown \n the ac~m:tpanying flgur.,. 

IV,9.12 
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o . CO~TE!<"TMTED J.OA!l/MASS DATA (2J5,6f)OA) 

notes col umns variable entry 

('l ' 
, 

' Nod al point number 

'" ' >o ' Structure lo nd case number¡ 

GE. 1 : ~tatic analysls 
l'Q.O; dyna,.lc analysis 

n " FX(N,L) X-d>rect>on force (oc translational 
mass coefficlent) 

" " FY(N,J,) Y-~lrechon fo¡·ce (oc trnnslatlonol 
· mass coefticient) 

" ., F'Z(Ii,L) Z-dlrection force (oc translatlonal 
mass coef!tch>nt) 

" '" MX(N,L) X-aus momcn t (oc rotal tonal 1nert1al 
,, 1 00 MY(~,L) Y-ans rnornent (oc rotntlunú lnertta) 

" ;o ~!Z 01, L) Z-axls rnom<•nt (oc rotatlunal lnertla) 

NOTES/ 

(l) rora static analy~ls case (NDYN.EQ,O), one card is requlred 

Ior each nodal polnt ("¡;"¡ havinr: appl;ed (non-?ero) conccntraled 
forccs or ~mcnts. All structurc load cases must be 
grouped togcthcr for !he nude ('li") be!or" dAta 1$ entcr"d 
for thc next (higher) n•><lt• -~t ~<hl<:h loads aro oppl1ed,. Only 
thc $nucture load case~ fnr v.h1ch n<•de :< is l<>ad"d n~cd b<:' 
¡:tvun, but thu structure load caso nurnbers (''L") ~·hich are 
r<'f.,renced must be supplied 1n ascending order. :>ode loadin¡;s 
must be def1ned (input) in increasing-node llU!Dber order, but 
a~ain, only t.hosc nodns actually loadcd are nJqu>red as input. 
1'11<.1 stat1c l•>nds def1n"d In this S<tCt>on ""ton the structure 
<'Xactly as input andar~ not scalud, factor.,d, etc. by the 

.,}e!Dent load case (A,n,C,D) multipl!crs (Suction VI, below). 
::;odal forces ar1sing from cle!Dent loadings Dre combined 
(;¡ddll>vely) with any C<>ne~_ntrated loads glven in thh 
se<:!ion, Appl¡~ó fon•e/momcnt V<'<:turs act 011 !he structure, 
pusltive 1n thc positiV<• global d!re<etions. Only one card 
lS allo~·ed por node l'"r load cas<!. 

For a dynamic analys>s <:ase ()iUYN,EQ.l,2, 3 or 4), structUI'<' 
l<Jad cases hnve no meaning, but !he pru~ram cxpocts tu,road 
~ala 1n thts section nl't1cthcless. lt1 pla<:u (lf Cot1centntcd 
loads, lu!Dp~d mass coofilcients for the nodal dcgrccs o! 
freedom may bu ,nput !or any (or all) nod<"S, The mass !Datri> 
ls automatlcally con~tructed b)· the pro~ram from elcmcnt 
~eomntry and associot<>d m•tenal d~no>ties¡ the mass coeffict~nts 
read 1n thls s<:"d>on nrc combine<l (odditiv.,ly) ~·tth the exist
ing elcrnent-bnsed lumpcd mass !Datrix. For mass 1nput, a nod" 
may only be specHi<>d once, and !he load case nuJOber ("L") 
must be ?.ero (or blank). 

V. l 
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CO~CE~"rRATEIJ UIIID/MASS DATA (2I5,6Fl0.4) (continuPd) 

The pn>~rum terminales r"n<lin¡¡ l<>a<ls (or mnss) d3tn wh .. n 
a 7.<>r<> (or blank) twde nmnber (''N") ís encountcred¡ i.e., 
ten:oinate this 5ect1on of Input wlth a blank card. 
FOr the apcC>ul case of a static analysis ~tth no 
concontrato<J loa<ls applicd, input only one (l) blan~ 

card in thl" scc!H.>n. Stmllarly, a dynumi<: analy•h 

in which the "'""" matnl< ls not to be au¡¡nwnt"d by ""Y 
entrics 1n this section r.-qu1res only onc (1) blank 
card as Input. 

(2) t"or a slatic anulysis, structurc• load cas" numbers 
ran¡;e !roe'"¡"" to the total nurnber o! load cases 
requested on thu Master Control Caro;! (''LL"); thu~, 

l ,; ), ,; LL, l'DYN.EQ.O. t"<>r a dynnm>C anslys1s, only zero 
(ll) ,.,,f,•relKüS are allov.·cd; tbus,!. ~O, ~OY;-I.L'Q.l,~ 

3, or 4 . 

V.2 



". ELEMEJ\T LOAP M\J\,TlPLll:HS (.Jf'lO.O) 

note§ columns varjablH cntry 

(l '2) ' " EM (l) lolultipllcr <o• ~lc-nt load CliS<! ' " " EM (2) Multipller for ~lcment load cas~ ' " " l:M(3) Mul tlplier <o• ~lemcnt load case e 

" " EM(4) ~lultlpller <o• element load case " 
lWTES/ 

(1) One card must be given [or cach static (NDYI\".EQ.O) structurc 
load case r<>qoested on the Master Control Card ('LL"). The 
cards rnu~t l'cfermwe loRd """" numl>c1'' in ascl'Oding ordf!r, 
The four (~) elerncnt load s<>ts (A,B,C,D),if created during 
tbe processing of element data {Section IV, above~ are 
emnbl,cd nth any conccntral<'<l loa<l" ;peC1!10d Jn S<'Clion V 

"' 

for the structure load cases, For ex•mple, suppose an analysis 
CBS<! calls fnr s"ven (7) stal>C sti-ucture loading condH1ons 
(l.e., LL = 7), tlwn tia•. pru¡¡rarn expccts to '"ad sevün (7) 
cards In thls soct1on. F\lrthe;, suppos" card number thr"" {3) 
in thts scctlon cunta1ns tb~ entrl~s: 

[DIO),):M{2),01{3),J:M(4)] ~ [-3.0,0.0,2.0,0.0] 

Struct\Jre lood case thro<' (3) will tht~n b<> c<>nstruc:ted 
uslns lOO';; of any concentrat"d loads sp~ci!lcd in 
Scctton \' JO!nus (-) 300\l, of the lo,.ds in elem.,nt aet A plus 
(+) 200~ nf the lnads in elnmunt S(!! C. l<;oad sets ll and 1! 
•ill not ¡,. nppli<•d 1n structure lu"ad cnae 3. Elemcnt lood 
scts may bn roferenced any number of tlmes 1n order lo 
con~truct ~lffel·ent structurc luadln~ cnndllH>nS. Elernent
basud load~ (gravity, tllermal, etc.) can only be applied to 
the structure by means o[.lh<! data .,ntr-iu~ in this section. 

If this case calla for on<:> of thc• dynamic analysis <>ptions, 
supply only onc blank card '¡"';, thls sect!on. lf the JOb 18 
"dynomic r('-~tart C"as~ (NDYN.EQ.-2 or -3), skip th\~ ;ection. 

Static analysis input !a complete ~1\h this scctlon. 
n new ~~t·,, cose with n ne~ li••·.•d1n~ ¡;,ord (ace ~cctinn 

1'' . l 

Begin 
n. 
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VII. DYNAMIC ANALYSES 

• 
FOur (4) types or dynamlc analysls can be per!o~ed by t~e program. 

The typc of analysta ls indicated by the nu01ber "NDYN" speclfled In card 
columna 21-2:; of thc Master Control Card (S~Ctlon ll), I! 

' 

~~YN.EQ.l; Determina! ion of system mode shapea and 
frequencle~ only • 
(complet~ lnput.Section VJl.A, only) 

NDYN.EQ,2;. 'Dynam>c Respons" Analysls tor arbitnry 
time depnndent loads uslng mode superposlllon 
{co~nplete both s.,.,tions VII .A and B be lo") 

NDYN.EQ,3;••,Rc•ponse Spectrum Analysls "' 
~-~o:.••"' (colllplete both Sections VII.'A'and C, below) 

• . , . . . .. . 
NDYN.EQ,4; Dynamlc ReapoDS<! Analysls for arb1trary time 

dependen! -lOsds uslng step-by-step dl:rect 
integral ion 

• (complete Section VII.B belowf 

In' any given -dyna11ic analyais caa" only on.,'(l) value of NDYN •ctll be 
considered. However, 1! liDYN.EQ.2 or 3, the progra11 must_- f1rst sol ve 

• 

-·"""the eigeniialue problem tor structure modes'and frequcncies. The~e 

eigenvalues/vectora are then u~<"<l as input to<elther the Forced Rc~ponse.¡o 

Analysts (I!DYN.EQ.2) Or·to the RespOnse Spectru11 Analysis (NDYN.EQ.3). 
Hence; opt1ons 1, 2 or-3 all .re<¡utre that the control parometers for 
eigenvalue extractton be supplic-d"in.Sectlon VII.A, below • 

In case o! a direct atep-by-atep 1ntcgrat1on analysis (NDYN.EQ.4) 
do not • provide--the · etgenvdue~solut ion. control-.card- of ·-Sectton VII .A. 

• 

For •the · spech 1 -e ase • of · dy namic. anely s 1a re-sta rt . (NDYN . EQ.-2 . o r . -3) , • 
dat8 input conslsU of the Hea<llng caJ.d (Sect1on I), the Master Control 

~.-· . 

Card .(Sectibn I J-}';tand· e! the..,..,r section8. VI 1 :n.(-2)~or ·VII .Cq(-3) , · .a, • 
be Iow :~ Re- a tart 1 ng · 1 s · poasible only ·- 1 f a -prev lo u a· aol ut ion • us in g o the -~ 
same model was per!ormed with NDYN.EQ.l, and the results from thia 

·- ...... tgenvalu~-solution "'ere aaved on the·,re-atart file. (See Appendix A.),, .. 

. .. Up to thls section the program proceasea (l.e:, expects toread) 
essent!&lly the same block& of <lata tor eithcr thc static or dynamic 
analysis"caaes; certa!n o! these preceding data carda, however, are•· 
read by the progr&m but are not u~ed in the_ dynamic analyaia phase. 

•In general, the purpose of the precedlng data aectiona is to provlde 
• info1"111atlon lea<ling to the fo1"111ation of the system atiffness and mua_ 
matrices (approp ria te l y mod 1 t1 ed lO r di sp la ce...,nt boun<l a ry eond 1 t Ion s l . 
For.example("elemcnt load Sets (A,B,C,D) msy.belconstructcd 'as,though 
a static case ~ere to.be considered, but these data are not used in a 
dynamic analyats; Le., the same <lata d01ck through Section J\' can be. 

"u5ed for either type Of analysia. The concept of atructure loading 
conditlons is not deflned for the dynamlc caae, and input for Sectiona 
V and VI muat be prepared specially. 

' • 
• 

'Vll.l 

• 
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VII. DYNAMJC ANALYSES (cont!nucd) 
' ; .f 

A diagonal (lurnped) mus rnatri:< ts fonned automOttcally ustng 
ele10ent geo¡netry and·aasigncd Olaterial denslty or denslties, The masa 
matrtx so dcfined contatns only translational mass coe!fictents 
calculated !rom tributory elernent volumcs cornmon lo cach node. Known 
rotal tonal inertias Otust be lnput tor the ind;vtdual nodal degreea of 
f reedom in Sect Ion V, abo ve, , . • 

N~n-~erO impressud dtsplacements (or rotattons} Input by'means of 
the BOUNDAR'i elcment (type "7") are ignoroxl; lnatead the componen! ts 
restrained agatnst .;ot!on during dynamtc motton of the structure, •' 

•• • 
The program doca not change !he order of the system hy perfonntng 

a condensation of those nodal.degreea o! freedo10 llsvlng no (zero) ---· 
mass cnefficients;.l.e.¡"a zero 11ass reduction is not perfo,.ed.- ~ 

No , d 19 t 1 nc t ion ~1 s' mad ~ b<'tween B t a tic and · dynamic de gree s of fre.,dom ; ..,. 
i.e., tlley are i<lentical in sequcnce, type &nd total number, 

• .. .. ' ' . 

• 
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VIl, DYI\AJ.llC ANALYSES (continu~d) . ' " . ·- ' . . .. , 

notes 

(l) 

"' 

A. MODE SI!APES AND FREQUENCJES (NDYN.EQ.l,2or3) (3!5,2FIO,O) 

columns 

) . .. 

' JO 
• 

• 
' 

variable 

• 1 FPR 

·~· .. 

entry 

Flag ror prlnt!ng lntermcdiate matrices, 
nor~s, etc, calculsted during'the 
eigcnvolue solution; 
EQ.O; do not print 
EQ.l; 'print · 

.~ Flag !or performlng 
check; • • 

the STURM SEQ\IENCE · 

<! EQ,O ¡ ·.check tQ see lf elgenvalues 

'-" • ;t' .... : ,.,.,,.., miued• · .. 
EQ.l ; pass on the check. • 

"<3¡·---u ,, 
""" )laxlmum·number of iteratlon• allowed~,..,~ .. -· 

to reach the convergence tolerance; 
EQ.O; default set to "16" 

(4)--- • ~ ;¡6 " RTOL··~- ' •Convergence;tolerance' (accuracy) !or 

'· . the hl&h.,st ("NF"l requested eigon-.... ' .. • ..... -' • v&lue ¡' • ' . • .. EQ.O ¡ delault ••• Jo "l,OE-5" 

"' " 35 .- ,COFQ ' Cut-off frec¡uency (cyclcs/unit t !me) 
.,;¡ll ' EQ,O; " ei¡;envalues "" ... • ' tracted .. • • 

' G't.O; "X trae! only !hose values 
· . below' COFQ 

• (6) " .. " ' NFO .. ' NUIOber o< starting lter¡otion Yector¡o, 
)O Oo read !rom TAPF.lO 

·' o. 

NOfES/ 

1 

• 
Extra outpllt.produced.by¡:tbc elgenv'alue solut!Ona can be 
rec¡u'ested : .oUtputlp-roduced~ by~ th 1a option,can ·be 'quite~ 
volumlnous. Normal output produced~by tho·prog~am conslsts 
of an ordercd llst of elgenvaluea followHd by the elgen
Vectois for .:.-eh moda. The nmober of·modes found •nd 
prlnted ls opecHÜd by the variable "NF"·glven i!''car<l 
coluoms'l6-20 of the llaster Control Card. 

(2) The program perfor~ the solution !or elgenvaluea/vectora 
• Uslng cither of t..-o (2) dlstinct,algorithms: 

. (a) ... ... 
. ,. • (b) ..-

the OETERMISAI'T SEAOCI!. algorithm requjrea that 
the upper triangular band of•the syatem stl!fncss 
10Í.trh flt"lnto hlgh apeed metoory (core); t. e,, 
-one equatlon "block", 
the SUBSPACE ITERATION algorlth• ls uaed lf only 
portlons (tnctlona) o! the systcm matrl~ can be 

·retained !n o:ore; Le., the m•trix (even though 
In b•nd form) must be manipulated In block•. 
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Vil. Dr.v\MJC AN.A.LYSES (continu"<l) 

A. MODE SHAPES A~11 FREQVEl'CIES (continued) 

••• 

The program w!ll aut~attcally select the SUBSRACE lTERAT!Ol' 
procedure for et~envalue solution if the model 15 too large 
for the in-core algorithm . 

• 
The entries ,"n'SS", "~11"E~1'' and "RTOL" are ignored ,_r ,the pro
gre., can use the DF.TERMJNANT Sf:ARCH to ftnd eigenvalues, 
l\'hether or not a modol is too large for the DETEIUUNANT SEARCH 
deptmds on the amount of coru allncated (by the progrnmmer 
and not the user)-for array atorage. The program variable 

• -~'loiTOT" equals the amount of wnrklng 11torage available, 

Define: 

• 

MBAND maxt~num equation barxh•idth (coeffiolents) 
~ (maxtmum element node number dlfference) 

X (average number of degrees of freedom 
per node) 

i'>"EQ total number of degrecs of frcodo:o in 
the model 

- (6) X (total numbor ol nodos) - [number ol 
Uxed (deleted) degrees o! freedom) 

NE'lB "'nurnbor of equations pcr block of storage • 
- ldTOT/ Jo!BAND/ 2 (for hrge.systems) 

If ~"EQB ts less than NEQ, tho eodel ta too large for the 
·- DETE~INANT ·su RCII 'algori thm, and .thc SU!ISPACE~lTERATION" 

procedure ~111 be usod. 

lf the SUBSPACE ITEIIATIO.'>·algorithm ts used tho user mey 
"''~request th&t..,tho .STURM SEQLIENCEc check.be. perlonood. By •-

expertC'ncc the algortthm has always produced tho•lowest NF. 
etgenvalues, but there ts no formal mothemattcal proof that 

.• the calculated Nf eigenvaluaa ,.·tll elwoya be the.loweat ones;"" 
~ • The STUR:>I SEQUENCE check can be used to vertfy th•t the· 

lowcst Nf <!igenvolues hove been obtained. Jt should be 
noted that the computatlonRl eUort expended in perlonotng 
thc STURM SEQUENCE check ts not trivial. . A fBctorization 
of the complete syatem mot~ix ts pe~formed at e,shlft just 
to the right of !he Nfth etgenvalue. 

~ -~~ lf during the SUBSPACE lTEHATION thc NFth elgenvalue fatl& 
~,.. •';- to.eon~erge -toa tolennce:ot·';RTOL': (nonoally LOE-S, or "'-'~ .,..-l 

5 slgntficant figures) wlthtn "NITE~" (normally '"16") 
. • ,.. Heratlons, then the STU~ SEQUENCE flag (''a:;s") ia •· 

lgnorcd. 
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1'11. DY!\AMJC ANALYSES (continued) 

'· MODE SIL'\PES M.U FRLQ~ENcu:s (cantinucd) 

The SUIJSPACE lTERATIO~ algonthrn terminntes caJ~uhtJ.on 
when the 1\th O>lgenvaluc !s accuratc {l.<>., does not change 
with il<>rallon) toa tolernnce of JtTO!,, As \Jefore, the Nth 
etgenvalue lS the n .. arl!st elgenvalue hi~her than COf'Q. lf 
!he SUBSPIICE ITERATIO.~ solution determines N elgenvohtcs 
l<!ss than COF'Q (~·here, N ..::>F) , the STUR!.l SEQIJENCE check' 
(1[ ,.,,queRted) ~s per!c>rrned UR!ng \he Nth (roth<>r than the 
¡;~·tn) eigenvalue as a shift. 

Only those Glodcs ,.hose fre<¡uencies are less \han COf'Q 
v.ill he URe<1 in thc TIME HlSTORY or llliSPONSE SPECTIIL"lll 
analyses (Sections \'II.B nnd C, belo\IO). 

(6) Tile start!ng Itera\ ion vectors, toge\her wlth control 
inJormatton, rnu~t be writt~n o11to TAPEIO bofor" thc prograrn 
executton is started. Appendix H deSCribes thn crnat10n of 
TAPEHl antl ¡pves the ,·~qnired control cards. 

{7) The program does not calculate rigid bodr rnodes, i.e. the 
systern mwst llave been reo.lrotnt so that no n~!d bodr rnodes 
are pn-sent. In cxact arlthrnetic th<' elemcnt dnn of lh<' 
rnatnx D !tl the tt·ian~ular fa<:torization •>f thc• stiffness 
matr!x, l.e. K=LlJLT, is ~ero if a rlGid body mode is present. 
In comp<lt<•r "rtthrnetlc thc• plo•n.ent d 110 1~ small when ~ompared 
Wlth the other ele,..nts or the matr!X lJ. lf Ibis condt!ion 
oc;curs thc prograrn stops wtth ".m<>ssa~n. 

Note: lf many "artlflctallr" sttff botmdary dements ar<' 
used, !he average or the clemcnts of D will be artlficially 
lar¡:e. Cnnscquently, dnn nmy be ~rnoll in cornpRrison, nnd 
although no rlgld l>ody 100dcs may be prescnt, lh<' progra!D 
will stop. In • dynamic anolysls 11 !s rccornmend~d no! 
to uae ver-y stlH boundary el~,..,nts. 

E~lJ 01-" DATA CASE INPUT (NDY.~.EQ.l} 
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VIl. JJYNAMJC ANALYStS (~ontlnu<.'d) • .. '· ;. l . . ' ' 

'· RESPONSE HISTORY ANALYSIS (NtJYli. Ei;l .2 or NDYN. EQ ,4) 

The NDYN.Ei;¡,2 option usas the ("NF") rnode' shnpes and 
frequenclea computed in the preceed!ng Section (Vll,A) to perform 
a 10ode superposition,solutton for'forced r"sponse: The NDYN.EQ.4 
option !nit!ates a direct step-by-step integra! Ion of the coupled 
syatem equations, !.e. no e!genvalue·snlution has been performed 
and no tranafo~ation tO the elgenvector basis is now,carrted out, 
The data input !s ldentical to the case NDYN.EQ.2 except tor thP 
dcf!nition of damp!ng', _Dynamic response can be prodUced by two (2) 
general types or forclng funct!on: 

and/or 

"' 

. -
ground,accele;&tion inp~t in any (or,all),of 
tbe•th...,e (~) global. (X, Y,~) dlrections; 

··-· ' ~-
ti~ varylng loads (forces/moments) applied 
(or all) nodal degrees of freedo~ (except 
degree!' of,fre~o~)· 

·" 
In any 
~'shve"-

Tl~c dependen! forcln¡¡; functlons (whether loads or ground 
acceleration componen!&) are descrtbed in two steps. Ftrst, a 
number (l or more are possible) of non-dimensional time tunctl~os 
are specl!ied tabulsrly by a seto! descrcte polnts: (!(t 1),t¡). 
where 1 = 1,2,. •. ,k. Each dlflerent time functlon IDBY have a different 
number o! de!lnitlon polnts (k). A particular forclng !unctlon 
apphed at some polnt on. the structure is th.en defined by a scalsr 
10ultiplier ("~", ny) and reference to one of the input time 
functlona (''t(t)",•aay). Th.e actual force (or acceleratlon) at any 
time (''T', say) equala e X!{~);· f(~) la found by linear lnterpola-
tlon. between. two.of -the.tnput ·til0e.po1ntsm{t 1 ,t 1 ~ 1 } '." ..-here 1¡ ~ ~ "-t 1 .. 1 • 

Asaumlng that the aolutton begtns·at·tlae zero·(O), en·tn
dependcnt arrivel ti..., (t

8
, where t 8 :1:0) may be;assign~d to each. 

-..o• ... ~ !ore 1 ng • !une t 1on .. • 'I1l e • tono ing . functl on '1s _ notl app lted to • the systell 
untll the solution time ("~". say)·equals thc srrival time, t •• 
lnterpolatton tnr function values 19 based on relatlve tille wtthln 

•-- ·•· the functton teble; !.e., g(1)·= f(~-t~).·~. •• ,~ 

.. , .. 
• 

'!'he structure lB ass~ed to be at real at time zern; l.e., 
zero lnltlal displacernenta.and valocltlcs are easumed at time o! 
solutlnn Btart. 

Anal ya! a: 

notea 

"' 

'I1le tnll""'tng data are.requtred for a f\::>rced Dynamtc fl<>aponse 

1. Control Card (515;2rl0.0) • ~ • 

' - ' '"' 

.-, 

entry • 

'Nurnber ot dtfferent time functlnna; 

"·' 
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Vil. DYNAMJC ANALYSES (continued) . .. . . ·" 
a. RESPONSE HISTORY ANALYSJS (contlnu~d) 

notes columns 

6 - lO 

'" n- " 

'" " 
_, 

variable 

"' 

" 

entry 

Ground motion indlcator; 
EQ.O; 
EQ.l; 

no ground ~otton !a input 
read ground motion control 
card (Sectton VII.B.3) 

Number of di!ferent arrival times 
for !he forcjng functlona; 

·, 

EQ,O; all arrival times are zero 
Total number o! aolutlon timo steps; 
GE,l 

'" 
. - " " • 'liOT ,,, Output print interval 

dlsplaccmcnts~ ate.; 
GE.l<and LE.l'!T .....__. 

Solutton tlme step, llt;' 

' • -· -· ,., " " 
(6)- '" " 

-
'" case ,, NDYN.EQ,4 

• ( 6) . ,. " 
(;) " " 

i'iOTES/ 

" 

"' 
'o.\.11\P 

" 

"'' ' 

""~ 
• BETA 

st reases, 

~,-.,_ 

GT .O • ' 
D•mp!ng· fnctor to be applied to aH 
Nr modes (!ractton or crlticall 
GE.O ~ .-

•• -
Damplng factor O'. 

Damping factor ~ 

• 
· (l) At ·Jeaat :one- (1) 't !me •!unction•mun. be ,Input·. 

'" .. 
• 

·Jf no ground eccel<>ration·acts·on the-structur ... , set "NGM" 
to·zero ud sklp·Sectton Vll.8,3, below. Both ground 

• a ce e lera tion, and. nod el .rore e' 1 nput-: are allo-..-;,d ' : ' -• .. 
functtons 

" 

-~--~ 

) 

• 

lf no arnval t illle values are· input', dl !orcini:-' 
begtn acttng'on the structure at tillle zero. The ...... ----

" .. 

arrival tll!le value '"8)' be referenced by dir!erent forcing 
functions. "W.T" determines the numbcr o! non-zero entries 
that the progra11 e~pects to road tn Scctlon Vll.8,4, beln". 

1 
(4) Th<' prograll.p<'rforms • step-by-step lntegntton o! the 

equations o!·motion uslng a scheme whtch is uncondltlonally 
stable ~ith respect."to time si<'P'size, [lt. •In caae·NDYN.EQ.2-" 
thc modnl uncoupled equat1~ns of motion are integrated, 
case NDVN.EQ.4 'tln! cnupled' systell .,quattons are Integral~. 
U "T".ts the perlod o! th<• hlghest numbered mode (nonnally 
thc NFlh mod<')• that la to be tncluded tn the respon!!e..._ 
calculotion, [11 should be cho9en such that [lt/T < O.l. A 

VII ,8 

• • 

• 

• 

' • T 

-· 

.... 



VJI. DYNAMIC ANALYSES (<·ontinucd) 

B. HESPOJ\SE HJSTORY A:\ALYSIS (continucd) 

lBrg.-r time step (l . .,., l)t >O.lT)willnot cauae htlur~ 
(instability), but part>clpBtion o! the higher modc~ h 
"tilt"r~d" from thc predict"d r"sponse. In general, with 
incruaslng time atcp si:-.e the solut!on ls capable of 
capturing less_of !he h!gher frcqucncy· parlicipatic>n. 

(5) The program computes system d¡splacmncnts at every sol 'Ilion 
time step, but print!ng of d!splaccm.,nts and rucovcry of 
element strcsses is only performed at solutlon step inter-

' " " ' .. , .. vo s of NOT • NOT mu~t be at east and is no!1!1ally 
selected In !he range of JO to 100. 

(6) The damplng factor ('11A11P") ls applied lo all Nf mod~s. 

The admissible ron¡:<" for DAMP ls betweun 0.0 {no damping) 
and 1.0 (lOO~ o! critical vlscous damplng). 

(7) In case NDYN.EQ.~ th<> damping matrlx used ls C ~O! M+ ~K, 
~·here 01 aud 8 ar<" dufin~d In columns 3G to 55. 

VII.~ 
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\'Ji. l!YNAMIC A~AJ,YSES kont1nued) 

!1. IU:SP0:1SE HISTORY ANAI.YSIS (~ontlnued) 

~. A~rl\'al Time Cards 

•• card """ (8FlO.O) 

notes colu10ns var)able entry 

"' ' " AT(l) Arrival ti'"" number ' u " AT(2) Arrlval time nul!lber ' 
" - "' AT (8) Arrlval t J,.o number ' 

'· e• ro '"" tsc·Jo.o> - (roqu1red " MT .GT .8) 

notes columns ''ariablc entry 

' - " AT (9) 'Ardval "~ nutcber ' 
u te. "te. 

~OTES/ 

(1) The t>ntry (":\AT") giv<•n in ce ll-15 <>n tiH• Control Cord 
(Section \'II.B.l, above) SJlOCl!ieS the total number of 
nrnval tlmn entrles tu bu read In th1s s~ct1un, Input 
as many cards as nre requlred to define "!\AT" diff<>rent 
arrivol tlm<>s, night (8) entncs p<lr canl. lf no arrival 
times wcr<> requl'Sied (NAT.I·.Q.O), supply onc (l) blank 
card in this scction, 
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Vll, DYNAMJC ANALYSES (continued) ; ' . ' ' r>.> •• ~ ,. 

B. RESPONSE t!ISTORY ANALYSIS (continued) ·r_ 

S. Time FUnct!oÍ> Oefinlt1on Carda 

. . 
Supply one sct (card l and card (s) 2) of input for • 

" " each of the NFN time !unctions requcsted j.n ce 1-5 of the 
Control Cartl (Section VII,B,l, nbove). At lcaat oné s"t of time 
ftmction cards ls expected In thls scction., The card sets are input 
in ascend!ng- !unctlon number order. .. 

notes 

"' 

a, ·can! 1 (IS,Fl0.0,12A5) 

" • 
• colurnns 

' - " 
.· 

" " • 

variable' 'e'ntry • 

'IT' 

HlJl (12) 

-~ Number·of~functlon deflnlt1on•po1nts; 
GE,2 
Sea le factor (O ,. applied ,, f (t) 
value's: , 
EQ,O; de!ault set 'to "I.o" 
Label lnfom.ation (<o " prlnted ,..lth 

output) descrl.bing this function table 

NOTES/ 

•. (1) " least ho points (Le.:· 2 palrs: f(t¡),tj) must "' 'speclfled <o e ea el¡ time tunctlon. 
~·· 

than two po1nts 

·' would preclude linear lnterpolatlon (O '"' t nble (o e l{t). 

(2), The scale !actor "SFTR" J.s used to mult!ply !unctlon 
values.only; ·1: e:,. Input-o t lme~val uescareonot -changed. ·lf
the scale !actor ls-o,.ltted, SFTR_• ls re-set by the-program 
to "1.0" thereby leavlng lnput-functlon.values'unchanged •.. 

·. 

-· 
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VII, DYNAMIC JU:SPONSE ANAL'iSES 
-~·-. 

'· 

. -· . • 

. -· RESPONSE HISTORY ANALYSIS. {continued) 

'· Time runction De!inition Cards (conttnued) 

,b .. - 'card(s) 2 ,(121'6.0) ·.¡ .... 
, . ~-

colUIIIDS vanable entry '• 

' 

' ' ' " " " " " , 

' T(l), 

F(l) 

T (2) 

F{2) 

etc.· 

Time values at potnt 1, t¡ 
1'\Jnctton value at po_!,_nt 1, :i(t¡) 
Time value at point 2, t2 
Function value at point 2, 'f (tz) 
etc, 

' NOTES/o,: • •. "o.l . .'• 
.. 

'• - i{ ' . 

• 

·' 

0) 

" 

.Input 
''!>1-.P" 

Pai rs 

• ¡ .• 
as many card (s) 2 as are requircd to define ., 
pairs of tt,fft;), s!x (6) patrs per card, 
must·be input in order of ascending time value. 

Ttnie at puint one must be .:uro, and care must be taken 
to ensure, t_hat thc llighest (lait) input ÚnÍe value'. ,; 

, (tm.p) is.at leasl e<¡ual to the value o! time at the 
~. •end o! solution;•t,e., the time span for all functtons 

must cover,thc solution t111H! period otheNise th" 
interpolat>on for funct:lon volues •dll fail. For 

.. the case of non-z"ro arrival times aasociateó with 
....._ a particular function, the ahortest arrlval time 
' <""> ,·, 'T -referenee· tA , Uy plus (~ "the ••st funHlon 

time (''tm.p").,ust at least equal the tte" at the 
end 'of the·.solutlon.pertod .. (tEND• say); ,i.e.,. 
tA -~-t ;, t, .. 

NLP "'' 

, 

.. 

VJJ,l4 
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VIl. DYNAMIC ANALYSES (continued) 
... _, ,, • • 
' 

B. RESPONSE HISTOI\Y AKALYSIS (continued) '" " 
6. Output Definitlon Cards 

,To minimize the amount'of'output Whlch would be 

produced by the program if all displacements, stresses, etc. 
were printed, output requests for ·speci!ic COI:Iponents 10ust be 
given in this scction. Time historiea for selected components 
appear in tablcs; the solution step output printing,tnterval 

' 

" " is specified as ,NOT ~hich is given in ce 21-25 of the Control 
·card (Section vii:B.l, 'abova). - . 

., a ... ~ disph~emeot 
{ ,. .. ..•. output requosts 

(215)''·-·: • {1)- cotltrol cu'tl --
" ·- ... •, ' • ' -

notes · · col umns variable' <!ntry 

• , , 

' 

"' 1•-' 5 '' KKK output type 1ndicator; • 
EQ.l; print histories and ~naxiloa , 

"' 6 -'lO "' 

EQ.2: printer plot h!stories and 
rccovery of maxims 

EQ.J: recover mu,im& only 
Printer plot spoctng indicator 

NOI'ES/ 
' 

(l) The-type o! Ol.ltput'.to ,be produced by,the progrsm 
ap¡'>lies·to·alhd isplac..,oent 1 re<¡uests. •- KKK. EQ, O'· 
ts !Ilegal. • 

.. 
·(2) ~"¡sp" c;;ontrols.the·vertical•{down.the page)- spacing 

c·-ror prtnter-plota •• · Output,points:ar.,,pr!nted,on • • 
every {ISP~l)\11 linc. The hori?.ontal (acroas tha 
pagel ~idth o! printcr plota ia a constan\ ten (lO) 
!nchcs· (100 pr!nt•positions). ISP 1& used'only t!• 
KKK.EQ.2. 

1 

, 

VTI.l5 
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Vil, DYNAMJC ANALYSES (cont>nued) • 

IlOt<!S 

0) 

,, 

6. RESPONSE HJSTORY ANALYSIS (contfOUed) 

' 

6. Output Defi~ltion caros 

a,. dlsplacement output n.><¡uests (continued) 

columns 

) - ' 
' - " 

(2} node dlsplacement request carda (715) 

variable 

" 
IC (l) 

.,_ 

entry 

);ocle number 
GE.l aod LE,NUM.~P 
EQ.O •last card only 
Dlsplacement component, ,..,que&t' 1 

-,.,.,ll·--15 1 e (2 ¡ • " Di spl acmoen t • component , reQuesl • 2 · 
Displacement component, request 3 
Di spl acement component; ' re<¡ue s t • 4 

.Displacement component, reQueat 5' 
Dlsplocement component, reQueat 6 

" " ·IC(3) 

" " !C (4) 

" " IC (5) 

" " IC (6) 

_GE,l and LE.6 ,. •· 
EQ,O . termina tes requests for the 

NOTES/ • 

(l l, 

. (2) ; 

Qnly those nades at whlch output is to be produced 
,(or at which moxima ar<> to be determlned) are entered 
In this section. Cords must·be input· in ascendlng 

number Onlf>r. Node numbers Ray 
section IOUst. be t<!rmlnated with 

not be rcpeated. 
a bhnk card. 

. . ~" .· ·-
Displacemcnt component-r.,quests ·( !C ) ·unge from 1 to 6, 
..-here lc6x,~~~Y,3~/fl.,4!"U;5:tv;s~tz. The Urst zero (or 

·" • bhnk) <!ncountcred whtle 're•dlngoiC(l) ;¡C(2), ••• ,IC(6) 
termino tes_, 1 n forma t ion olor' the < ca r<:l :-. ~ D15pl acem<!nt ,... .-;·· 
components at a node may be rec¡uested In any onler: As ·• 
an example, suppose that ~Y, tx an<f tz are to be output at 
node 34; the con! could be wrltten a• /34,Z,4,6;0/, or•-" 
/34,6,4,2,0/, etc. but only !our (4) flelds would have 
non-zero entrleo.¡ 

" 

• 
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VII. DYMMIC A1\ALYSES (ecnt!nued) 

notes 

'" 

B. RESPONSE f/ISTORY AMLYSJS (~ontinued) 

6. uutput u~Itnition Cards 

b. element stress compon~nt output r~uest~ 

~<,lunms 

' -

G - JO 

(l) control card (215) 

variable 

"' 

'" 

ont ry 

Output 
EQ. 1 ; 
EQ.2; 

type indicator; 
print histories and maxima 
printer plut of histories 

and recov .. ry of '"""'"'" 
F:Q.3; reco\ier rnaxlma only 
Plot spacin¡: indlcntor 

liOTI:S/ 

(l) S~e Sectlon Vli.[J.6.a.(l), HlJove. 

(2) el<•rn~nt stress componen! ro,q\lcst cards (13)5) 

Requests are grouped by nl=cnt type; 
"J;"ELTYP" groups must be Input. A group consist~ o! a series of 
t~lement stress componen! rcqucst cards terminatcd !Jy a blank cord. 
[l,rnent numb<>r rPícre!l~<'S WliiJin an den1ent ty~" (TJWSS, oay} 
~rouping must be in asccndJng or~"r· Elument numbcr referunces may 
be Olll:itte~ bul not rep••ate~. The program processus element groups 
In the same on:ler as orlglnally input In lhe Element Data (Sectlon )\', 
nbove). lf no output !H to be pro~uced for an elelll<lnt type, then input 
nne blank caro for 1ts gro<lp. 

notes c<>lumns variabl<> entry 

"' ' - ' l>TL F.lemcnt number 
GE,l 
f.Q.O; last card '" <>o group only 

(~) ' w 1 S ( l) St •·ess cornponent number '"" olltput, 
r~q\lest ' " " l S (~ l Stress componen! nurnber '"" outp"!, 
request ' 

"' - " IS(l2) Stress componen! number '"" OU!p"l, 
requcst " 

VlJ.l7 
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n l. UY.\.UIIC AMLYITS (Cont inut'd) 

!J. RESPO!\"SE HISTORY AMLYSIS (cnntlnu~d) 

6. Output Jlo.>flnition csrds 

b. elern~nt siros~ c·ornponcnt output r<Jqu~ot~ 

(2) requ~st cards (contlnued) 

KOTf:S/ 

{l) Ternunate each d!Íf<>rt.'nl element output group (typ<!) 
v.ith a blan~ caro. ln<:ments \Hihln a group mus! be 
10 element numbel" urde¡· (oscendin~); elmncnt nurnber 
rept,\ibons are ;lle~"l. 

'" The !1rst ?.ero (or blank) reQU<!Sl encount<!red v.·h1lc 
readtn~ IS(l), IS(2),,,., IS(l~) termJnates !nfor
matlon tor tl>u ~ord. ¡;,more tltnn twelve (12) dtffercnt 

components may be O\JlpUl for nny ono of tlle elements. 
Table \'1 J .l llsts the stress cnmponent numbers and 
correspond1ng dcscriptlons for \he var1uus element 
types. Soru> elmnent types (TRUSS, for exnmple) hove 
fP"<'l' !han 12 <'uonpon~llts deflll<•<l: <>nly ttw str~ss 
cornpollPnt munbvr~ listc•d jn Tnblv \'ll.l ar<> l<>gal 
re 1" rene e~ . 

El'U (Jl" DATA CASI: l.SP!IT (NUYN,EQ.2 or NUYN.EQ,4) 

• 
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.. llXI .. U'I 
- , .. F:L~ME 'H N\J"''!ER. " TYPF CQMDQN~NTS 

1 • TRCJSS • " . .. 
• •• ~ ... 
-· .2. ( 1 2 1' 
• ·. - ----

,, . : .. 
• 

.. ·-
• • • • 

~: . . .. • 
• 

~ . . . .. . 
••• 

• . 
• • . . • . • • ' 

· TABLE Vll.) 
.. .... !; .. 

• • - • . •• ·' ...... • . . •• '""'•-• . ' -_ ~ 

' • 
STRESS 
[')'IDQ"'~Nt OUTPUT ~ • -··"'~~-

NUMBER SV"'BDL o E S e ' • ' ' • o ' , . .. 1 P/A • AXIAL STRESS' 

• 2> " • AXIAL FQR!:E ! ' .. 
• . 

. •· . . . ... -···"'. ... ~· • • 
. ' . ' [ 
• • • , .. 

'· 
,. . " .¡ 5 J . 

•• - 1 b 1 

• 
!-FORCE., Al E"'D. 1 

• 

• 
_.,_; . 

2-SHEAR,• Al E"'O J- .,, 
3-SHEAR Al p.¡o""¡·;• 
f-TORCU¡:. U ENO 1 •· 
2-MOMENT. AT END-1 ¡. "• •• 

;-,3~'10"'-ENt·Ar:ENo rf-· A, __ 

1 p 1 1 1 1 1 , 
IV21Il J 
IV311l ]"' 
!Tllll 1 
IM21ll 1 
'"')(Jl~J 

' • 

-

_'/ 7J•• 
1 ~ l 

--CPIIJl ' • 1-FORCE .•. A T '"' ,. . ,. -- . 
( • q , 

1 1 o 1 
1 I lJ. 
l 1 2 ) 

" •• 
" . 

o 

lV21JJ ' IV31JI • ITliJl ' I"121JI ' P.niJl 

2-SHEAR " ENO' ' 3-SHEAR " -E "'O ,, 
1-TOROUE " E <O ' . 
2-MQ"1E"'T APE-'i:l• J 
3-MOMENT " '" ' 

~- ' ... • • • • ... ·- * •. , .. • • •• • • • • • • ...... o. • • •· 

• 

. . . . . .... 

3.·-PLAN<O-.
Sfii.F~S/·· 

• Plo\t.IE- >· 
STRII!"' •• 

4~ AXISY"'- 120)
"'~fii.!C 

• 

• . .. .' '"'-. ... 
• 

• 

• 

1 ·1 1 • 

'" '" -~- 1 4) 

" '" '" '" . " .1 1 o ) 
11 1 l . 
1 l 2 1 

(! ~ 1 
• lllol 

1151 
Cl61 

.. 
r 
' 

. ' 
. . 

111 -so:·J·'V- -S T RE SSi'A T •PO 1 NF'0"" 
122-SO J U- STRESS· Al POINT,O 
133-SO 1 T- STPESS Al POJNT O 
112-SO UV-STRESS'AT POI'IH O. 

111 -s 1 
122-Sl 
!33-Sl 
\12-Sl 

,_ 
STRESS ,_ 
STRESS ,_ 
STRESS 

UV-STRESS 

• 
" PO!Nf 

" POJNT 

" POINT 

" POINT 

111-52 1 V-· STRESS Al POINT . 
122-SZ J U- STRESS Al'POINT 
133-S2 J 'r'- STRESS AT POINT 
112-SZ J UV-STRESS Al POJNT 

111-53 • 
,_ 

STRESS " POINT 
122 -53 ' 

,_ 
STIIESS " PO INT 

(3J-S3 
,_ 

STRESS " POINT 
'112-53 UV-STII.ESS " POTNT 

1 
1 

• • 
2 
2 
2 
2 

3 
3 
3 
3 

• 
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"\AXI~U~ S HE SS 
hf ... fNT ·N'J'I<\~'1. " CIJMP{)'IJ~ "ll QIJTPUT 
TYP~ C. o "1'"1111 ~ •,¡t S N<J"16~R. 'SY".B•)l ' ' ' ' ' 1 ' 

1 1 o ' 
( 111 " ·S< 1 ,. STRESS " POINT ' 

' 
' 1 1 '11 1 ,, ·S< 1 V· STRESS " P!JINT ' ( 1 e ) 11 ·S< 1 1· STRESS " POINT ' - ( 2 o l tuv-St,~l UV-STI~ESS " POINT ' 

•• • ' ' • ' ' ' . • • • • ' ' • • • • • • ' • • • 
•• ~"JG'-IT 1121 1 " IXX-SLll XX-STRESS " LOCAT!ON l 

• 'IJDOE 1 21 IYY-Slll YY-STRESS " LOCATLJ"' l • 
~tl!(l( 1 3 , .. lll-SLll ll-STRESS " UIC 6.T 1 ON l 

1 • 4 ) IXY-Slll XV-STRESS .,. LOCATION l • 1 . S l IVZ-'illl Vl-STRESS L!JCATION • ••• ~- ~ .,, ' " l 
. ' • - _. . 1 " ~;.,_tn 7 SLII ·lX-:ST RE SS " LOCA T 1 ON l' • 

~-·--. .. -· • 
'. • ' 1 n • IXX-SLZI XX-STRESS " LOCA T ION ' • ' . 1 "' IYY-Sl21 YY-STRESS " LOCATION ' -· 1 " ··¡ ll-SL21 ll-STRESS " LOCATION ,. 

!lO 1 cn-stn XV-ST<I.E SS " LiJCATIUN ' .. . • (ll l 1Yl-Sl21 VZ-STRESS " LOCATION .2. 
, .-- ·' - . • !121 ... IU-SL2J. lX-STRESS " LOCAr ION 2 . 

' ' • • • • ' . ' • • . • • • • • • • • • • • • • 
.• '· ·PLAT~/ " 1 " .. •!XX-SIR! XX-STRESS RESULTANT ., ' SHELL ' 1 " ' 1 YY- S/111 YY-Sfi\ESS 'l.ESUL TA"lT .. ,. 1 " ,. IXY-S/RI XV-STRESS RESVL"TANT ' 

~~4~M- - ·t.xX-"'IR I;;.~X-"'O"'EIIIT.:~ESUL·TANT-- • 1 5 1 : ~ • 1 YY- MI 'l. 1- · YY- "'QMENT- RE SUL'T ANT-

' 1' td 1 ~V-'IIi\1 XY-'IQMENT"I\ESUL'TANT 

• -· -" ;,* •• • ' ' • • • • -· .o -·· ·' •• • •• • • •• • . '" • • • • • 
' . 'H'lJN- 21 1 " 13DRV-fl 13DUNOARV ~01\CE 

• "'A« y .. ... .1 " lfl'l~Y-MI dOUNDAIIY 'IU!o\ F.lll T 

" ' ' • '· o • • • •• ' • • • ·• • • • •• • • • • • 1 
' . THICK "1 " ISXXIOll XX-STRESS " C!:,.TRO!O 101 

SHELL. 142/ '1 " I$YYIOII VY-STRESS ., CENT<I.Oiil 101 
AND 1 31 !SlZIOII U-STRESS " CENTRO JO t a 1 . 
3-DIM. " ISXYIOII XY.-STRESS " CENTRI110 101 • .. -. -~ , ISYZ!.OII .Yl-STRESS " CENTRO! O 101 •. .. , . .•. :;.. • ..t 1 -61 ISZXIOII ZX-STREiS- " CENTRO ID 101 .. .. 

1 " ISXXtlll XX-STRESS " CENTER " FACE l 

• 

. . 
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~llXJ~:J'-1 STRESS 
ElE'IENT NUMBER OF [0'-\PONENT OUTPUT 
TYP!; CCl'IPON!:OITS NUMBFR. SYMBOL ' ' ; e ' ' ' ' ' o ' 

' "' ISYVI 111 yy-STRICSS " CENTE'l " FACE ' ' " ISU1!11 U-STRESS " CENTEJ.t " FACS:: ' 110 1 ISXYIIJ1 XY-STRS::SS " CF.NTER oc F ll[ E ' ( 11 l JSYlllll Yl-STRESS " CE N TER m F ll[ E ' ( 1 2 l ISZXI1l1 lX-STRESS " CENTER m FllCE ' 
1 1 3 1 ISXX/211 xx-STRESS " CENTER 01 FACE 2 
1 1 4 1 ISYY/211 yy-ST<~ESS " CHOE'I. o e FllCE 2 
1 1 5 ) 1Slll211 U-STRESS " CENTER 0' F llCE 2 
1 1 ó 1 ISXYI2l 1 xv-STRESS " CO:NTC'Il o e FACE 2 
1 1 7 1 ISYZIZ11 YZ-STRESS " CO:NT ER o e FACE 2 
( 1 ~ 1 lSl~l211 zx-STRESS " CE'ITER o e FACE 2 

1 1 " 1 csn/311 u-STRESS " CE'ITE'< o e FACE 3 
1201 ISYY!>ll YY-ST'l.ESS " CENTER 0' FACE 3 
1 2 1 1 ISUDJI ZZ-STRESS " CENTER o e F llC E 3 
1221 ISXY\311 xv-STRESS " CE N TER o e FACE 3 
1231 ISYZD11 yz-STRS::SS " CEr'ITER o e FACE 3 
124) ISZX11ll lX-STRESS " CS::NTE'< " FACE 3 

1 2 5 l TSXX/411 XX-STRESS " CENT ER o e FACE ' 126) ISYY/411 ·YY-Sl'l.E SS " CS:: NI ER " FACE 4 
1211 lSlll411 U-STRESS " CENTER o e FACE ' ( 2 ~ 1 JSXY(4)) XV-STRESS " CfNTER o e F ACE 4 
l2'l) ISYZP.Jl YZ-STRESS " CENTCR o e ~ACE ' (301 /~ZX/411 zx-STRESS " C::'HER " Fll[E ' 
( 31 1 ISXXISII xx-STRESS " CENT ER o e FACE ; 
!321 I~YYI5JJ \'Y-STRESS " CENTE.< o e FACE ; 
1 33 ) lS7.715Jl U-STR~SS " CE N TER " FACE , 
134) -¡sxY!S1 J XY-STR~SS " CENTEK " FACE 5 
( 3 5 1 ISI'll511 YZ-STRESS " CENTER " F ACE 5 
(161 ISHI51 1 zx~STRESS " CENTER. oe FACE 5 

( 3 7 1 1 SXXI/-,) 1 XX-STRESS " CENTEK o e FACE 5 
13B 1 ISYYI&JJ YY-STRESS " CENTE.! oe FACE 5 
1 3 '1 ) ISlllólJ Z(-STRESS " CENTER o e FllCE 5 
( '• o ) ISXYI6ll XV-STRESS " CENTEK o e F AC E 5 
( 41 1 1~\'Z(é) l YZ-STRESS " CENT ER "' FACE 5 
1421 ISZXI611 lX-STRESS " CENTER o e FACE 5 

• 
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• • ' • • • • • • • • • • • • • • ' • • • • • 
" . P 1 PE 

'· TA'<GE'H 021 ' " (PX!Jl X-FORCE " !:1\10 

' " IVVIII Y-SHEAR " '"' ' ' " IVllll ' z-s~jfAR " '"' ' ' " ITX!IJ ' X-JORQUE " CNO ' ' " l~V(l) ' Y-'10ME"'1 " ENO ' ' " ("'llll ' l-"O"'ENT " ENO ' 
" lPXIJ 1 X-FORCE " ENO " ' •. ' IVY(JJ Y-StiEAR " EN') " ' . ' IVZIJI Z-SH~AR H CNO " r 1 o 1 ITX{Jl ' X-10'\QUE " ~NO " ( ll 1 L'IYlJI ' V-~rJ~ENT " '" " 1 1 2 1 1'11/J) ' l-'IOME"'T H END " 

'· B~NO ( 1 8 1 ' " IPX(ll ' -X-FORCE " '"' ' ' " IVYIIJ ' Y-SHEAR " ENO ' ' " {Vllll ' Z-SMEAR " '"' ' ' " 1 1 X U 1 ' X-JORQUE " '" ' ' " IMY(ll ' Y- "'OME NI " END ' " IMZI!) ' l-MOMENT " CNO ' 
" IPXCCI X-FORCE " CENTER " "' . _..,_, 
" IVYICI Y-SHEAR " CE"'TER OF -ARC ., 

' " IVliCl Z-SHEAR " CE N TER O< "' 
,. __ 

1 1 o 1 ITXICI X-TC'ROUE " CENT ER oc "' 1 ll 1 IMYICJ Y-'IOMEI\/1 " CENTER " "' 1121 IMZICI Z-"'OME"'T " CENTER " "' 
1 1 3 1 IPXIJ) ' X-FORCE " '" " 1 1 4 1 1\IYIJI ' Y-SHEAR " '"' " 1 1 5 1 IVZIJI ' -l-SHEAR " '" " 1 1 6 J !fXIJI ' X-TOROUE " '" " ( l 71 4''\Y 1 J 1 Y-'IOMENT " '" " r 1 e r IMZIJJ Z-MOI'IENT " '"' J 

• • . , • • • • • • • • • • • • • • • • • • • • • • • • ' • • • • • • • • • • • • • • • • • • 
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VII. DY!VIMIC A:o<ALYSES (continued) 

C. RESPONSE SffiCTRUM AMLYSIS (continue<l) 

notes 

notes 

notes 

"' '" 
' 

NOTES/ 

'" 
'" 

2. Spectrum Cards 

a. heading can! fl2A6) 

col umns ''artable 

l - 72 IIED(l2) 

entry 

l!eadlng tnfo.,.ation used to hbel 
!he spectrum table 

. b. control card (15,fl0,0) 

columns variable 

' - ' rwrs 

6 - 15 

entry 

Number of dcflnit!on pointa in the 
spectrum table; 
GE,2 
scale factor uaed to adjust the 
dlsplace...,nt (or accelerat!on) 
ordlnates in the spectrum table 
EQ.l,O; no adjust...,nt 

c. spectrum data (2Fl0.0) 

' " 
lO ' 
20 · S· 

Perlad (reciproca! o! fr.,quency) 
Vnlue o! d!sphcet~<>nt (or·accclcration 

.H !ST,EQ,l) 

Inp!lt one definltion poi~t pcr 
are required In th!s sect!on. 
in ascendlng value of per!od. 

card ; 
Cards 

"NPTS" carda 
must be arra'ngcd 

"S" is lnterpr<.>ted to be n 
i! "IsT" ~·as i~put as zero, 
is an accelcration valuc. 

displnccmcnt quantity 
!'<Ir JST,EQ,l, "S" 

EJ\0 OF PATA CASE INPUT {NDYN.EQ.3) 

Vll.24 
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APPE)."UIX A - CONTilOJ, CAIUJS AlilJ llf.CK SET-liP Hl!l nYKAMIC A:-IALYSIS 1!!-:-STAirf 

The Durpuse uf !his app.,nd1x h to descnl:Je the procedure 
(;ncl\lding contml cards nnd do•ck sct-up) requ>red for pro¡¡ram re
star! follow1ng an cigenvaluc/e>gcnvector extraction analysis, Th!l 
re-start opoon hu been lncluded In the prograrn in order to makc 
a repeated forccd response or spectrum analysis possible Wl\hout 
solving .. ach tlroe for \he rcqulr"d elgensyste!D. For medium-to-hr~e 
size IIIOdels, elgcnvalu., solutlon h quite costly ~·hen comparad to ~he 
forced response calculatlons; hence, excessi;e costs may be !ncurr.•d 
1! !he entu·e job has lo be r .. -run due lo improper speCific¡o\lon of 
forcing functions or input &pectr&, inadequate requests, <>te. l'or 
small ,.,deis (less thnn 100 nodes, say) the extra effurt requircd 
!or re-stnrt 15 ~ormally not justified, 

A completo dynnmi" annlysls utlli>:>ng the r~-start f"aturo 
requires that the job b" run in t~u (2) steps: 

JOB(l): 

JOBS (2): 

Ei~etlval\le extractio11 solut1on only, .!ter wh1ch 
pn>gram file~ TAPt:l,TAPr:2,TAPE7,TAPE8, and TiiPEfJ 
ar<> save<l on th" l"e-start tBpe. 

Re-instntement <>f prog1·am files TAPF:l, TAPE~ ,TAPE7, TAPES, 
and TAPJ:9 from th~ re-star\ tape followed by a Dynamic 
Response Annlysis (l.'DYI'.EQ.-2) ora Respons<> Spectrum An~lyds 
(NDYI' .EQ.-3). 

For a g>ven mod~l, thc !trst JOb [JO!l(l)] creat1ng the r<>-stnn 
tape is run only once. The rc-start tape then conlains all the 
initial >nformalion rcqulred by thc program at th<' beginning of a 
forced response analrsts. ).!ore !han onc second job [JOBS (2)] may be 
run using !he re-start tape &S initial input; i.e., the re-start 
tape 1s not destroyed. ., 

Control cards and dcck set-up for execut 100 on the COC 6400 
cornputer at the Unlvorsity of California, Berkel<'y are glv<:>n bclow: 

,_, 
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JOD(l) - EIGEKVALUJ-: :;OUJ1'10VRE-START TAI'f. CJID\TION 

:-'OTES/ 

Notes caro D<1ck 

(1) Job nurnbcr, 1, 200, 120000,300, Uscr )';ame 
(2) REQUEST, TPI,I. Reel So., Tepe Utier )lame 
(J) CO'!>\'Df", TPI ,SAN 

!J}"L~O,TPl 
(4) I.GÜ,SAP4 

REWI KO, TAPE!, TAPE2, TAPE7, TAPt:S, TAPE9 
(5) REQUEST, JUCSTA Irr, 1 . R~~ 1 No. , Tape U ser N ame, 0UTPUT 

¡CÓPYilr, TAPt:l , RESTART 
CÜPYOF, TAPE2, RF.STAHT 

(6) C!lP\11 F , TA PE7 , RESTA JIT 
CÓP'íiiF, TA PE8 , llf.STA Rr 
CflPYIJF, TAPF.9, RESTH!T 

(7) 7-8-Y 

PllOBLL\l DATA OECK: 
1. HEADJ~G CAJU) 
JI. MASTER CO~TROL CA!ill wlth 

(I.J •. EQ.O) 
O>F.GE,l) 
(NllYl'.EQ.l) 
(MOOEX.EQ.O) 

1 I 1. JQJ);T DJIH 
]\', l:U:~!El'T DATA 

' . 
1'1. 
nJ. 

blank cord 
blank card 

{8) 6-7-B-9 

CONCF.)lTRi\TE:O MASS !J/11A 
EL~).!F;I/T 1.0.,\D ~\Ul,TJPI,JERS 

DYNAMIC AML\'SJS 
A. Mode Shapes and rrcquenC>CS 

(ll The job conlr<>l C~l"<l parameters are deflned as follows: 
"¡" '" Nur.1!Jer of t~pe drlves r,•qutrod for thí' JOb. 

"zoo" .. CPll t'"'" limit (In octol Büconds). 
"120000" • Cuntral mmnory field length (in octal}. 
"3oo" " Page lJmit for printing. 

(2} Tape coniatnln~ blnary ve1·sion ot prugram (TPI) is requested. 
(3) B•nary verslon o! th<1 program IS coplod onto a disk file (S•P1). 
(·!) Program ls loaded and executlon is lnlllated. 
(5) A blank tape (JlESTART) is requested, 
(6) The contcn\s of disk t1les TAPEl,TAPE2, etc. are copiod onto 

tape I!ESTAIIT. 
{7) End-of-r..,cord card: 7,8,9 punchcd in column l, 
(8) End-of-f¡le <·ard: 5,7,8,9,punched in column l. 

,_, 
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1 
1 
), 

1 ¡ 
1 

lit 
1 • 1 

1 

1 
1 

'f ¡ . 

1 
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JOB (2) - RE-START FO~ RESPOSSE HISTORY ASALYSlS (ND~.EQ.-2) 

or Rl'SPONSE SPECTRUJo1 AMLYSIS O>DYN,EQ.-3) 

NOTES/ 

"' 

Notes Card o~ck 

Job numbcr, 1,200,120000,300. User Narne 
IIEQUEST, RESTART, I.. Reel N<>., U"er Narnc 
COPYJIF, RESTART, TAPEl 
CCIPYBf', RESTART, TAPE2 
C0PYBF, RESTA liT, TAPE7 
C0PYB.', RESTA liT, TAPES 
COPlllf, RESTART, TAPE9 
RE'II' !NO, TAPE! , TAPE2, TAPE7, TAPES, TAPE9 
UJ\Ui-1.0, RESTART 

I
REQUEST,TPl,l. R<>el No,, Use:r Name 
COPYBF, TPl, SAP4 
lNí'J,SAF-1 
7-8-9 

"' 

PROOLEM.UATA.DECK. 
l, IIF.ADI)'iG CARD 

11. MASTER CO:.TROL CAFUI •·!th 
(LL.EQ.O) 
{NF,GE,l) 
(ND't'N,EQ,-2 or -3) 

{3) (MODEX.EQ,O) 
VI 1. DYIVIMJC ANALYSJS 

blank card 
blank-card 

6-7-8-9 

B. Dynemlc Rcspons<> Analysis (NDYN.EQ.-2) 

C, Response Spectrum Anslysis (NDYN,EQ,-3) 

The disk files TAPEl,TAPE2, etc. ore rc-ereetcd u~ln¡: thc 
informetion s~v<>d on tape JU:STORE. 

The blnary verston of the program ls a~atn obtalned from 
tape TPl. 

)';ormally, the nu,.bl.'r of frc<¡uencles (''¡¡y") entered on the 
MASTER CO:>TROL CARD for a re-star! "sse has the samc vsluc 
as '""S speclti<>d earlier "hen the ci¡wnvslue problem "u 
sol ved in JOB(l). 11 a valuc for th<> cut-off frequcncy ., " " .. ( CON ) ""5 cntercd on thc Müd<' Shapes and Frcqucn.,lcs 
control card !tn JOB(l)] and thc program cxtracted fcwer 
than "¡.¡r'" frcqucndes (eigcnvalucs), then only !he actual 

number of <>i~cnvalues "ornputed by !he program in JOB(l) 
is spe.,ifi<'d for "¡.¡r" in thls re-start run. 

,_, 
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AI'I'EKIJIX 8: CONTROL CARDS A~"D DECK SET-UP FOR USE OF STARTI!>G 

!TERATJON VECTORS 

In lhn dynamic analysis of hrGe-order systems, the solution o! 
th~ r"'l';'lrea t!lgunsystem is normally the most eJ<pensive phase. Th., 
opt!on describ<>d In this appendh deO>OnstratEs how 1t ts posslble to 

use !iFO p.-..viously calculated elgenvalues and vectors ~·hen the solu
tlon for l'iF "'- H'tl elgenvalues and elgenv.,ctors is requlred. 

Assurne that in Job(!), the solutlon for NfO ctsonvolues and 
nigenvectors was p<nformed. At !l1e un~ of this job, TAPE2 and TAPE7 
mus! have been ~a ved on o physical tape, say "llliSTA!tT". Assuming that 
in JOB(2) the solutlon of NF eigenvalues and eig~nvectors is requlred, 
then pnor to the execution of thls Job, tape RESTART needs to be 
cop1e~ onto TAPElO. 

Th>s procedure was perfom<>d with the follo..,ing control cards 
on the CDC 6400 oi the University of Cal1forn1a at Berkeloy: 

JOfJ(l) SOLUT!ON FOR NFÓ ElGENVALUES/RESTART TAPE CREATJON 

Notes 

0) 

( 2) 

"' 
(<) 

Card Dcck 

¡Job No., 1,200,120000,:.00, 
REQUEST,TPI,l. Reel J;o., 
CóPYOF, TPl , SAP4 
~'J;J,!lAD, TPl 

{ 
REQUEST,TAPE2,NB 
REQUEST, TAPE7, NB 

LGO,SAP4 
REW li>'D, TAPE2, TAPE7 -

User 1\a,.e 
Tap<' User Nam~ 

REQUEST, RESTA.RT, l. J\<oel :;o. , Tape U ser N ame, 0\ll'PL'T 
f CÓPYBR, TA.I'E2, RESTA. liT, l 
\ CóPYBF, TAPE7, TP3 

7-'8-'9 .. 
PROnLEM 'DATA" DECK 
6-7-8-9 

Notes/ 

(l) See Notes (l) - (4) in Appendix A. 

(2) The computcr la directcd lo write on disk files TAPE2 
and 1APE7 in an unblockcd formal, 

(3) A blank tope (RESTART) :1& requcsted onto ~·hich the contenta 
of f>lea TAPE2 and TAPE7 are to be written. 

(4) The contenta of files TA.PE2 and TAPE7 are written as one file 
onto tape RESTART. 
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JúD(2) - SOL!ITIO)I FOR ADDIT!úl<AL F.IGF.liVALIJES USI)IG Tfll: INHlRMATJO)I 

STORED o;-; TAPE f!ESTART" 

l'otes 

"' 
"' 

Car<;l Deck 

Job !>o. ,1,200,120000,500. User Name 

¡REQUF.ST,RESTART,I, R~el No., Tape Uscr :>ame 
REQUEST,TAPE!O,)Ill 
I!EQUF.ST, Ti\PE2, Nll 
RF.QUEST, TAPE7, Nll 
COP YBF, !tESTA liT , TAPE l (1 

IDILOAD , !tESTA RT 

¡ REW l~D, TAP!:lO 
REQUF.ST,TPl,I. 
CI)PYBF, TPl ,SAN 
LGO,SAP4 
7-8-9 

!!cel No., Tapo User Narne 

PROGMI.I DATA DECK 
6-7-8-9 

Notes/ 

{l) TAPEIO (as TAPE2 and TAPE7 ;r they are to be used !or 
further restarts,) is requested to be an unbl<>ekcd fi!<;>. 

(2) The conlü~ls <>{ tnp•• RESTART are cop1ed into 'J'¡\p¡.;J() as 
onc fll<i. 

(3) Program executlon, 
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Th< analy>ii of larg< and compln "'''"''.,roen ro~uir<> a 
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•oh«l in ¡><rform•n~ ohc redu,·u~n. ~h«h" bJ><d U('Un th< 
a>sumption ohao lor d>nami.: anal""· thc ~in<ttc '""~' ot 
th< lov.<r froqucn.;¡· rnodc, " 1<" '<"""'' w rno orun,·oo"'" 
than th< •inctoc cncr~> 01 oh< hichcr 1tc-qumc• mc><.l<>, V<h<l< 
the moin '""~~ ¡, P'""" oll olmm~h oh o 1 run.:ot l<>n. 

ln tlm procedo re, oh e rrnbi<'"" U>'<>l<eJ aro •~ n-h>lll: 1 i111. 
<h< rnula or< JcronJcnf on th< a~tiHV Olld npomn<~ ot oh< 
anal~it. lo orbnro11l> '<ht oh<"'"''' J.o 1. '" '"'h o""-'' 
lhat th< mooion ul tll< rnne~¡>:tl mo-J<"< can lo< ch>r>.:t<ril«l 
adn:¡uald) b• the rcoa•nod d.o.o .. ond "'""'"· ohot the 
rrun.;ation mo-Joli>"> lo an '"'"' th< dt•m~"'"'" ''' oh< 
incrllOI PfOf'<II>O< <>1 oh<'""""'"· ~h>.:h •n tom 1ntr<><iu"~ 
sorne error m lhc re>ulo, uOI.m><li. Funhcr, nn ""'"~ 
currentl) "''" '" ro·I:H' 11>< """'tocr .tr>J '"'"""" <'1 llw 
r01ainod el<' 1. JnJ thc '""' '"""Ju.:oJ O• thc """""'""· 
Common "''"'· ''f'''"'"''' ""d ¡,·,hnl<;,l """"''"' '" '""" 
"""' >r< aWuo lhc onl• f'<.'"'~k ,,,,,¡, 10 .:omo ur ~uh Jn 

effi,~enl """""""'· unl<"-• th< rrotolom '" """" ¡, loor!> 
Stmple. Ho"''"'· tur ru"'_,¡ ""'"'''"· ,.,"" thou~h '""' 

<:""'"'"'"' '' "' ''""" "''""""" n,.,_,.., or '"' '"''" .. ''" "" "' ......... " '"·'"'"' '"' "'""""""" "' ,.,.,,,. : ""'" 
T"'""'"" '""''" '''""'"'· '·'" ''·'""~" <•"•l '"' """· ''"'' 
"'"'~""' "''""' .. ""' "'""""""' "'"'· ""'' , ... ~, ~ .... e>•OII-"' 
c .......................... "'• , ... . 

tcchniqu., "" uwd. they proJu,< lim,<d '""'"" '""11< 
Tll< td<o ot mo¡m .:onJon>JIIon lcml> H•cll r.rHcul•rl• 

"CIJ lO lhO <on<Opl Ol >Ub<tfU>lUIIng_ ,.h1ch 1n<ul<c• 1h< 
•'\!am><lncrc\lial><>n'" oo a t~r~e ""'m tnlo ~ •« ot ,u~
')>t<m• ~"""" "' -..ub>oru,our<> ... n,,h tn '""' M< J"''"''"~ 
"""~a tinlle <kmcno moohoJ, h;,.n~ "'" m•m putpo'< •~ 
"'" "'' 11" n>0\1 ''~"" i.:ant nwJc·< dilO lll ""'"' Olo th<' ">l<:n 
a• a "holo in oetm• "' tho P'"'"''"i ""'J" ul '"'1' .ut-· 
"'"""'"· Th" ar<a '"'"'~ "~"llt.:>nl """"""" "' tC.o 
acrmpa.:r indu>l!) and" '"'11 J<>.:Um<ntcJ """'' ono '"~'''' 
ot "_\t.xJal S11uhe>i< Tcchm~u<> ... Hum 1:1. D•mourJ l!l 
anJ Gol~mari 1-11. amon~ o>lh<r>, ha>< Jo<elof'<.'d """'"' 
"""'<>'"oh" aroo anJ tho th<<>r) n«d ""' oo "~"'""" hcr·.-_ 

rho>< oo.;hmqu" h3>< ~"" \\cll aJJpt<J '" lh< r«'"" 
finiO< <~••mono r'"'"''· anJ ""'' •1 '"""· '"''h ., .'-.-\' TR. \:O. 
1\]. .->.~S)~ 1~1 ""~ SL'I'I:KII Fl. ""'""~ c••l>c•r<, c>lt<r lh< 
1 '"'""~ ut ">u~•llucoutin e'" """ "J< na m >e ·'-'"._¡,,,,,,, '"· · 

lo 1< ru b< """" ohoo >h< "'' "' "'"'' t<chmo:<«' ,, ,.,,,~,,¡, 
~"''''d ru~ ,~, thc J• n~m" 01>.>1' ,,, ,tr.:a. m "¡,,, h "''' o•o>h 

lh< ""'"'"' "'~"''¡,;,.,,,J.~ •• ,¡.,,~ <1:< "'""· ""J '" '''"'~ 
'"'"· lh< d~mrtn~ "'""'"~ "''' •h'••-.1. <hu• <cJu.-,,, tl'c 

rf<'OI<m "" mcmor> ''"'''"' '"""''" /<'~'"'""'''"'' '•' 
"'"""''' lhe ,·tornru,.·r ·"'·"' ''' "•'' •. 

Wil:k """"' n'<·tlwJ• ,•1 ,,,_,¡,.,, "·"'" ''>'""''·""" 
"'"'""""'J '" '"" J<'<'l''""''"' "' ,¡,, .•. tc.i'l'd"'·'"· 1'·"" 
,.,.-ulotl> oliO '"011<•'1 ~""'"'" \lo'11H•W' 1-•1. "~''" """!' ti1C 
11""' domont nwoh,•d h OJ.,'\1, oohcr n>c·:ho-.1• h»<' >'•'t "'' 

JO><~ lho '·'"" ~'~"' "t J~r"'""''"· o m "'"' J'<'""'••lh ,., 
pro•<J "'""! tur thc an.th·•• oo '""''"''"'- -'"'" '' ,,,. '"'' 
for lh< "fiJII>I" ~1'11" \lc¡lh>J" 1~]. ""''h <.tn i'>' • ,. • .,,J 
a• ~ <unllnllll) fueco""' '"' "" <n<lo,.·.J '""'" ""h 
ltJO<I<'IJ~Io• ~IIOUdJI>C,, j¡-.. ,Bh,l/11-"0' .\11.1 lr<1lll,1llllll< .IIC 
docUlll<l>lo'J b< PnH.O<o'""''·'' 1 llll JllJ bhkn'·"' 1111, ¡.,, 11 

h.>> I1JJ ,,,,.,,. """"'''"! "1'1'"'·"''"" "'' •m 1'·"'""1." ,.,.,., 
oo ~r<>Okm•.·•• h~>< ¡n,- ''"J'" t•uhl,,¡,.-.t 0< l't<•lol 11;1. 
L<c~i< [ 1 JI. .>nJ l.on ~nJ .\1, 1 )Jnod ll.lj. 

n; ...... '; "" "n rh ;, ,.,,,., "ill lw :l<"<'<'nlt•d :11 ·\ 'i \11-: 11 o·:ulnn:Irlt•r, "nr i 1 (k tu hu ~O, 1 •rsu 
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" '"·'"" ·'<IJ rur "''"'''"'' 11"'-"'' '4' ""·'"'!P 01 p><n 
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C 1>41" '""" llO!JOW 10 IUO!l"nh., ·'41 JU UOll<inWJOJ >41 

'4' ¡o <>¡•u.•nh>JII'"" >41 01 <punoq J>ddn >Jt UO!l<lnWlOJ 
I<TW IU>l'"UI'.' "4' ~UM p>U<<IOO <>I'U>nb>Jj )!Jnl1!tl 
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"'lJIOW ¡ruo;iorp" Ul >Jin<OJ UOliOIOIUWJ 1!4.l ")~¡) 
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>o>w>¡> "'"~ u¡ ""'"'"'·"'Q"~ pu• !W>)J"I~ <W>I•i~ 
llll.il • !.\"!LVI ... t,rl!Jrl 
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"J"O P"~l' 
JO (<IU>W»OJd"p "<UO!IOJ>J>>Otl JO JO)>>.< ; 

·J·o·pm••w 
JO (O!U>W»<I~I<p '<UOll"'>i>.>>ti JO JOl>>• a 

'""""""ld<lp '<UO!Itl>i>»~) pm¡<~>uoj 10 JOJ>" • 
uomun¡ UO!~UOlh1 • 

l>>JOI p>rt¡<J>U>:i: ~ 
<>=<U•pl<>O; P'"l"""'~ 

<>llL"'I" P»!]OJ>U>i 

>111!1 O¡ JO>d<>J 41"' "!ICA!J.>P )C!Il~ • 
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:UO!ll>ldg 
~UlMOIJOJ >41 J\q U>"!, (7) U0!1>UnJ UU!!IU~J!Iq >4l>l>4,\\ 

l1l '(} _, 'xr _ [E'..] " 1r 1e f 
·'""11"1 <o uonunb> >iuoJ!q >41JO 

ll!lOJ >JQOot¡dd• >41 WOJ) p>Ut.lqO >Q Ut:.' <>IIJ>dOid 1•!1»"! 

r•• '!"•1> 10 <w'" "' li:iJ>u> >~ot< o¡ '1~• ""'"""' '!'"P 
.\U. JO UO!IOW JO <UOrtonb> >4J "IO<o)l<Oj~ JO <Unp!nb-"J ·~1 

• ~~""' "'""' puo """11 ~1oq m ""Q!liUO> ·¡·o·p 
'~' 11• 1041 "'l~w< ><u>< "4' u< """"'"'P""J ")"O"¡> ¡>>1"" 
-unu JO >••1< <e W>OI ~UlpJOÓ>J U041 10~101 WJOJ J>~lll~ 
>JOW o OIUl p»U>ptlO) >Je ~"4" "J"O·p >l•tp>Wl>IU! >t¡l 
01 U>"~ IUOWI.:Oll >41" ·u•>J>4 p>uu:><:>p ">JnJ!>J 1•!»<1< V 
·>Jn)OU >WO< OlJI JO >q 01 <>Jnl'nU<qn< >~1 ~UH>!ll<>J lnOijJ\110 

'<>Jn¡onJ" 10 '~'1 >lii·Ul•4> 1111> Jn~ 'UO! ltJnihJUO> H!J!l>d>l 
·UOU >41 Uo Sl\eqdu<> l•">d< ~11"" p>JU><>Jd <1 po4~1U 

1~1·3~ >ql JO) uon•"l"''"" "4""1 ~ »~od <!ql UJ 
· uop .. uopuoo 1n0411" uour¡nm 

·JOJ JU>W>i> >llU!J '"102>1 qll~ p>lt~WOO <O 11141)101[• Oql 

JO üu><>tl!> ''"" ¡junn~wo' >Ul "' JJJ>W JO ""1"' i!>!J>IIma 
>W<» >••• pu• >Jnl'OJl< >JO¡d p>U>JJOI< O 10>11 O! 4>!0Jdd• 
lOJ!Wt< r 1"""01101 (¡q) >10>1»3 puo I''""G'I.,; "W>Idl ~ 
¡o <>•>U>nb>q 1"""'"" oq; 101 ><¡oo IÍI"""""' 01 p><n ,.., 
(¡ j(I>ZIOfl J(q p><(KlOJCI 1•41 01 lOilWO! W411JO~Ie UO puo("J 

0>1~»1 pu• l>l<>,.j hq p~qUO•>p 10 p>WJOU>~ '"' <>>!JI0111 JO 
UO<I.WJOj<UOJI 0 U>~l "1'041>W """"' J>)<U•II pJ!pU!II ~ 
Ul p>Uli>P n '\Jol;o;o, """ J(q P»U>l»J<4> '""' <>¡•rpunoq 
pU> "'04" pur p>D>UUOO 'I>Al<<>Dn< >l>., <>)lO¡>ImOQ 

>>04" """=1' 10 di!!< • lOJ "'"'"w ''"w pur H>UJJll< "'11 
m•1qo 01 p><n , • ., UOII•InWl<>! IU>W>I> ~IIUIJ o ·~>ro.o<ldo rrq 
U[ "'->10J~ JO¡oJU<J)>J JO ¡>>J>drl JO "''lt~O )lWOUJp >41 JO) 

P041>1\ 11\1 ·J ,¡ 1 """1\ '" '"" > l· '"'"''IJ '""'" p>u¡qwco 
• P>IU>I>HI 1911 41<U<qnn l>lfl ""JJOIU <<>U JJ 11< >~1 IU!<<>I4 

·» W ,;,.., IU>l>IJ'P • >< '""W "''""" PI"J >~1 P>ln.ll 
'1>1[ "1"1 puo l""<l "'P''4""' ~1oq JO """""P~ ~ 
~ututqwo> J<> .<lli•Q"'<o<l >~1 >~Un<>< U' 01 <J>~>Jr><>J '""!'U 
p>i~WOJ~ >fiOqi.>W .. >OJIOI\ I>)<UOlj., 041 pur .,<l>IIJJ!f¡; 
D>llQ, ~q¡ U».,I>Q UOliOf'JJO> JO »U>puodi>JJO) >qJ pul' 

po41.>W IU>W>J> >)lU~ >~1 .(q 1'">!4>• UOllOZ<IOl>WI >JU 
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\,."'. J ... ~.~" 

"'- ·. 
---~-------- --~-----

¡ ... , l !1, [x, J x, /, . 

[ M, J X, [ K, J • x, - ,, 
'" X, x, /, 

= n< = "' "' 
IX, jare thc degren cf frcedorn a<>oct~t<d with sub>!"<m 

.. /'' onl~ 1 - 1.2 and IX1 1 ~re th< éqr<O> of !reedom con
noaing thc '"0 sub"'"""'"'· 

,,..., ~ CONOoTCM<• For th< u~mple u>ed hcr<. 1he order o/ th< global mamco. 
Í$ 1i•en by the following rel~liomhtp . 

• R-r, -+-r1 -(d.o.f.)xN '" l'lg. 1 Mul!ldoqr .. ot '"'"""m gooo"i ''""''""' '""" <on"'"'".. "b<r<". -. .., """"'' .•...... """ ........... ,. 
r1 is ti>< ord<r of th< nh <ubmuoture matr~<, i ~ 1.2, ,V" 

and (K) • '" [
[•, ¡l.,[ J J l 

[ •• J 
~---------------Tho o>erlap between the hluds r<presen<> th< common 

boundaries b<tw«n l"'o adia.ont "'b"ructure>. Phy,.cally, 
lh< o><rlap b<l"«M "''""" roprc>eo" lhe de~r<cs of 
rrecdom c<Jnocc!ln~ lh< 1 wn '"""'""""· 

The erd<r ol lhe1c rnalU<<I " """''' ~iven by the total 
aumber of d.o.l. in lh< morall 'Y"""'· As ao e>amplc, 
consid<r lh< !lru,·turJI "''"" \h'"'" in l1~. t. 

lf o lump<J "'"" "'""" " u1ed, aod no dampon~ is 
auum«J. lhe <~uat "'"' de>m01ng lh< mol"'" ol lh< suucture 
under a harrnQmO dming loroe are., lolle"" 

[M],,.,, t.fl,,,, • [K], 1., 1 lXI,,,, • 1/1,1, 1 "' 
Ir th< •yotem •• shown in Fig. 1 " ""'mbl<d to anolher 

lliko ty>tom, as >ho"'n tn Ft~. l, such lhll sorne nodes are 
common te bol h >Y>!< m>, th< resul11ng equauon> bewm<". 

-----Nomon<IO!uro (<onl.) 

[F(r) 1 • ><t:tor of applied timedor<ndent fer= 
[F.] IF,I "'><etor of foro<> a>~o.:iat<d ~tth (ma><<r, 

ola><) d.o.f. 
rr 1 .. t«<u<:<d ><Clor of apph<d fotce> aft<r 

condenS:ttlon 
fFtiiF.I .. '<<t<>rs of to"<' for <he (Ioft, ri~hU 

boundat) d.o.f. 
[F1) • ><<tor of for<:" al lh< tntorm«loote d. o. f. 

[DJ • dynami< >tHrne" matti, 
rn_r 

ID .. ] [D .. J • partuiom of lh< ~lohol d)nOmt<: "iffoess 

[D.,] 

motri' cott<>pono.l<ng ro the mOit<r and 
oLived.e.f. 

(D"J • roduced d~namoc •tiffno>< matti' after 
conden>otton 

(T,J "'rransferm•tr"olsubmu.:tur<r 
[T, l 

(Tul [T., J •• pamrion• correspondin~ o o lh< overoll 
tronsfer matti' of a tul>lttucrur< wtrh 
acri•• interm«ltal< d.o. r. 

Joumalol Mech•nlcal Deslgn 

the number of nndes "' th< 1noerto« and J.o.f. "<he numbor 
ol degr<., ot lr«dum pet "oUe. 

In gen oral, thc ;ub""''"'" Jo nm ha~ e to be ol tho '"'m 
ordcr. and ><><r>l <ub>LrUOLU"' '"" b, ""rr.bi,,J tollo"'"< 
the >ame procedure. The -~""'"¡ "'P«>\IUfl tor thc "'~"' ul 
the ~lobal ma""" ol '"' 'haln·lú.c '-"'"" 1hu"n '" h~. J" 
¡¡i•en by: . . -' 

R=!:>.~[id.of.) <.V, 
'. 1 '- J 

Ir should be not<d that the mtert><<> m a> or m"' not h»< 
lh< "'m< number ol nodo,. Th' importont l,t<t lO no" l1e"" 
lhal Lh< moro submu,luf<\ lhere ar< ;, Lh< ''"<m. tho Joiger 
lh< or<l<r of lh< ')'!<m mO\rtco> ~111 be. lh"" nul lh< co>< 
f Ot the proposed m<lhod d<>mbeá In the toiJov. 1ng ><cttons. 

[T,] 
z. z, 

IAI [8] ICl 
IDIIEllil 

ICJ IHIIIJ 
1~ .. J 

[~,J l~d = 

IR,[ 

partltJon> of tll< global >ttflnc" r.l.H"' 
COrr<>pOndln~ lO the {iolt, n~ht ~nJ in
l<rm<dt>«l d.o. r. 

p>tttttom of th< t<duced "' of equo"''"' 
after th< intO(mc-.Jtat< J.~ l. ""'" "'"" 
<hmioaood in lhc ~I"Pol "'""' 

><CIOr> el remarnd" """' ~ltcr lhc· m
tormedt>!< d.o.f. ha'< be<n dtmLr<:llcJ 10 
!he ¡lobal >l >t<rtr 

IS,] • oompl<mont>ry· I<Clof> for thc <"<ndcJ 
tr1n1f<r "'"'"'uf •~"~lton (J~I 

[S,[ 
"' • frrquenoyofl!bratton 

' 
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'lo- 1 s.. .. ,.,,..,,~,, ......... or - '"'' _,.....,.,.... n- • - .... ~ ........... .., 

--- • 

1 
h."'' ..... 
fiq. ~ "'"""oomont .. '""""'"""'' w'"' "n" ""'''"<'•eo• ch.,n
ao-noc:"•- Tho '""''"'''"'"' ,,. ol o"""'"""''"''"""'' 

Co•dtft>Oii6n l«hni"""· "'' •131«1 <>tli<r, thc con· 
d011""1:on of d.o.f. ha> "' 11> P""'""' ObJcciO.e, thc maow 
•~• reduction and 11 c~n.:cp<u.11i) Jone 10 four "'P> "hi.:h ..... , 

1 S.ltction of m»l<f l<l of d. o. f. 
2 Par<ioion uf <he >)"'"' maine<<. 
l Obuinon~ 1hc ><>luooon tor ohc ma"''"' ofd.o f_ 

• Performin¡ o. pan> ion or rC'I:U•<ry lor sla•e d. o. l. 

The s<l.,;tion ol lh< mo>«r «< of d.o.l, i> ~cn<ralh' lo!! to 
thc •nal)>l, "ho d<>i~n.lt<'l """"' d o.f. as bci"~ thc "'"'' 
r<pr.,cnto"'' of thc rnollnn ni th< >)>Ocm. Once lho "'"'''' 
sct hao b«n IP<<i ti.,.j, f<Jrr Jn~"''""' of ro", and column> ,, 
porform«l on thc "'"" and "illn<" maom<'- on or<lor oo 
rnok~ oh< p.mioions ~l><n on lh< lolluv. '"8 <4uauon· 

["•• ·"""] [''"). [''"'" '""] [x"'j .í''")""' 
Msm Mu Xs í,"sm Ksm Xs lFs 

Whtr< lh< subo.:rort lml mJie.tt<s <h< ocrms ""O<iaa·d 
"llh th< '"nL>ot<r ><1'" ol do. f •• .tnd IUl".r>rt {S) ondtc•t<> 
the l<rm> "'"-'''"'',¡ v.uh lh< '"•l.t>< U o,_.. ~''""''"~ a 
hlrrn~ni< >olu.,un, th< fullo~ in~ <'Pr<>><Un .:an b< ortaone~· 

[[
Kmm K=] ·¡'·""''" Um•ll fx.] (''"¡ . . _,.. 1 ¡ ¡-~ . (IH 
/i.>m /i.u .lf<m ,lf»J J Xs J Fs j 

this «~uaoion can be "rollen .ts f<>llo"O: 

• 

[

Dmm 

D>m "'"'][''")·[''") 
Du XI fiJ 

( 1 ~1 

ID! lXI ~ IFI llll 

Wh<1< the malm ID!" lno"'n >< ohe'"D>umoc ~to(ln<" 
E>tp,andonJ'" equauon 11 :1. '"" '"~ r~r 1 .r, 1 and '""'"'""ro,_ 
~e><ral nmes, 1h~ follo,.in, 'l >l<m ol equarron> " obO>m«l; 

• 

/D"]IXml ~ IF'I .... 
• 

JD"I•ID"'"'I-IDm•l [Duf ., IDsmf lll) 

IF'I•IFmi~[Dm<f ¡o,¡·• IFtl 116) 

E~""'"'" 11~1 ,·on•ttiUt<< 'h< '"ReJu.:ed'" "' ol <GU>toons. 
10h0>< "'""" oroJ" i< derend,•r.t un th< number '" "'"''"' 
d.o.f. The <>p.tnd<d <ulutinn ,;_¡n be obooon<~ uoin¡ me 
r<em «) <quoLLun~; 1 h<•< <qu.lllom ore ~tl<n b) oh< 1 olio"'"" 
expre.,ion. 

• IX, 1• [DHI · 1 11 f', 1 -ID>mll."<m 11 '171 

A <pooial '"'"in lh< ,-.,n~cr""""" '"'"lt• ~n,-n 1ioo "'""" 
d.o.f. are eho"n on '"''"a~"' 1h.11 <he><,,,.."" dr1•1n; lo>r~c' 

' l<llng on th< 1l>• < d u. 1.: '" Lho> ,._,,. <4""''"'"' 11 hJ """ 11-; 1 
become· 

lf'] ~ lfml ( I•J 

an~-

11~1 

A<ide rr~m oh< '"""""' arr'"""'"''"'" m th< ~··· "''""'""" 
of the ')>l<m. rilo "'l"t"'" •·•r«""~ !>> "'~"""""' <1-<r """ 
( 17) do ""' 1 ulh •.ttr•l • <h,• 1 ~~~ .1rru <4U.IU<<r< < 1 1. '"'·' rhc 
;.m<tr< enor~) "nut """'"""·~. ,.,,,",¡"'"~ lh< •lo~> o do. l. 
Thi< "''""«nt >• ~ <11 d<>.:umonr.-.J ~~ l;.,, •n 1~ 1 1 •nd Cl<>u~h 
)22) • .tm<>ng oth<"- 1 h<r<l~>><. th< lrun,·•<run ul d u '- in
lroduc<> wme tuor rn tho r<>ulh obraon«<J. 

Tbt llnH< H¡•mt•m· 1 r~n•lt•r \l~lri\ A ppru~.-h 

Prror 10 th< do..:u"ion .tnd .!<"'"""" "' th,• r•<>r<"<J 
m<rhod. lh< lundamtntol '""«ro< "' '"'"'~"""f thc ltnuc 
<knocno and oh< tran•ler matr11 rnctloW '"11 bo '""""''" 
brl<lh. A >Mt< J<t>~I<J Lk•.riPUI>O >'.tn C< tc>und rn 
W"<n•·••lll, l~lanJIIHI. 

Th< appli··"'"" "' olt< J~r,·.·t •oirln«• "'"""" oo "'" d-''"· 
">l<m <ul,jc.:t '"u''"''' h•aJ ><·ctor "'"1" '" ¡h,· 1.•11»~"" 
<qU.ItoOn. 

1"-liXI • IFI 1 COl 

l'>u", lot ·, eun•lde< 1 h< """"' .¡,.,, rii•.;J l•1 ''''"·''""' 1 C<ll ·'' 
4 >l!UCIUr< >UCh lh"l lh<" J<1<>"<' 1>t l!ú"I-'L'l 1\Ul h' 1'-l![lii,'L d 
into "l<ft'" on~ '"1 i~hr" J.o. 1. Tho11 "''"·""'" 1 C<ll "'"'"'" 

¡ Au A", • l -.1', e¡-
• ' . ' ' 

' ' 
' .. 1;, 

lA'., A", ' ' ' ~ r, ' • • • 

By e.r•n~.n~ rhi• "'P"'"""" ·'"~ "'1"'" '·"' ).1,1 .Htd 
1 F, 1 rn t<"ft"• "' ¡.\'1 1 ""J 1 J , l. ,,,. '"!!"~ "'" ''""·"'"""' ··'" 
b<- ,,¡, '~""',) ' 

IX.I~[-[/1.'1 •[·' [A"uiii.I",I·IA',,I '11,1 ,;;, 

'"' rF.r -n~·.,r-r~-•• 1 t"-·,.¡ • rA-,.JJI-'", 1 

Tran•aclions cllhc ASME 
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• 

• 

+(K .. J (K,.)- 1 lFd 
-toich arnn¡ed in matri< lorm b<eomc: "" "h<rc l ~. 1 and 1 R,l are thc doort hand nototion of thc 

lllalrion in th< "1""-IC brackets ot <Quauon, ¡zij¡, 

{;:}· [ ~:z:::~:z:::¡,;;¡::¡,;;¡-.. .¡.-,,:;~;;¡'.--] G:l ,,., 
or simplifyin¡th< noution, it can be wnucn as follows: 

(Z.I~(TI!Z1 ( 

Equation 126) oon be r«:o~ntz..d as the transfer matrix 
rclation<hip b""''" th< """ 'w"" (Z,I and (Z¡_ 1. v.htoh 
...,.. dm•ed d~re"IY lrom <he "llfneSi rdauon>~IIP bet~«n 
llu: di>plae<ment 'o<tor 1 XI and for« '«ter 1 Fl. ¡¡i•en by 
rquation (20¡_ 

In this e<ample, only <he ftlcd lfansfor matra ~•• deri,·ed. 
lA a "'-milar manncr, th< pomt tran>fcr rt\a!fl> could b< 
ckri•cd. 

Tlac Propo,ed \lethud ol An~l)'i' 

Consider now, that the muitur< to b< anat~zcd" such tl>at 

itoan be brokcn down into <ub"'"''"''' "hrch "'' '"""'"''. 
connmed as'"""'" m~'>· J, Thc '""'''"""""' ""'"'"«ram 
numbor ofd o. f. "'""h ar< at thc '"""'"""'ami'""'' "h"h 
ar< intermedia,. bot'-'«n th< '"'" '"'"'"'"- Thon '"''"~ 11•< 
YC<tor of d. o. f. for uno sub"'"''"'"· and dt> nbng n onto tnrco 
oubocn: 

wbOf< 

(X, 1 are thc d.o.f. at thckft ont<rface 
IX1 ¡ are the onterm«ltat< d.o.f.. ""d 
1 X• 1 are thc d.o. f. at thc ri~ht intertacc 

Usin& this partLtion in cquotion 11)1 appltcd to onc sut>
struc:turc, th< following ''P'"'"""' can be wrutcn: 

"" 
ool~ins for th< X1 and sub>titutin~ in thc rem,ning 

-rquations, th< tollo" on~ <'P'"""n' aro obtaoncd. 

([AI-(BJIEJ·•¡o¡¡¡x, 1 

+-[(q- (Bl!EJ · 'lFJII X • 1 • \BJIEl 1 IF,I• IF, 1 

[(G]-(H]!E]·'!D[][X1 1 

+[(1]-(ll]IEJ·'¡f]JIX.I+lHllfl 'IF,I~IF,I 128) 

[ ... ... '"] {x, }• {''}· {''} 
~, S, R, F, "'' 

Journal el Mechanical Design 

-,;;::,-o=~=,:,:,:,:,-:,:,:,-:,.C,C,:,.:,;,;,:,:,-:,:,:,:,;.,:,:,-:"-.''''·-'''-':.,:,:c.,:,: 
llho>on alter unous matm manl~ulauon< tnat tho ku an~ 
riJIII botu~d>.n" can be rdat<d oy th< tollo~tng "P"'""" 

(JOJ 

or "mplifying thc notation: 

¡·x·¡. ['" 
F~ T, 

()l) 

.. hcr< T,, corr"r<>nd to '"' torm1 ,n.;ludcd '"lil< poctitiom of 
tll< m a"'' al cquollo" 1)(1¡_ 

,\~dtn~ oÓe domm,-<qu.H"'" LO Lh<"'l<m.',. 11 =11th< 
tollo~ Ln~ <quatwn c~n be obt•t nct.l' 

"hkh" thc 0,pondcd <ran>f<r "'""" rol"""~ th' """ ot <he 
left ond ngl>t bound>r«' Lhrou¡n th< '"'"mcdt>LC t.lcgr«' ol 
fr«dom 

For d)namtc •nal)>i<. rho mllnc" "'""' lKI can Oc 
substitutcd b; thc d; n.1mt<: ,,¡, t "'" "'""" ~"en "' 'quat '""' 
(JI) an.t (IJ) Thc proccdm' tloen '" obtom tll< tramlcr 
motnx" >nalo~t>ul to Lh>L ju>t d<><robcJ. 

Ono:c thc tronslcr motrL\ "" occn lormulooed lur '"'" 
subotructurc, t he "'""" h);· o f o 11<· > "'"" "' a ~.1ok " mode 
follo,.mg "onJard tram 1" """" me<hod rrc>.;·dur" 

Thc r<lauon b'"''"" thc loit ,,J rt¡ohL tnlcrl"'" ''"'' 
•mors, of a sub>tru<:tur< "'o choin-lo>< '"'"'''"·J "'"m" 
KOV<n b)' <qoaHon (}2), "h<'h '" >hOIL hond n<>to1non h01 lh;· 
form of oquatron (26) rep<.ll<d hoto tor '""""'""'" ot LIIC 
readcr. 

\Z,I.~lT.JlZ, l. (lli) 

When '"O sub>tru,·turo' .11< lm><d 10~coher th< rt~ht on· 
tcrfaoc of 'ub•ttwture 1 n 1, bccom"' ,¡,., tite lct' omcr 1 "'' "' 
sub.,ructure (n • ll, tltoroh'fe; 

!Z,I •. ,~IZ,[. (Jll 

The rclotion>hip bct>'<"<n """ '"'"'' tur <ubmu""" 
(~+l)i>lhcn 

tZ.I,. 1 ~!T •. 1JlZ,I,., (l4J 
Combming equatiun' 1~61. (_1_\ 1 onJ \l·ll <he cuuottun re,ult>. 

[Z.I,., ~!T .. ,IIT,liZ, l. (35) 

In thi• oo<e, thc s•ncrol "r""''"'n tc>r rn,- """' '"'""' ""h 
"n"' •ub>tructU"> a< shu" n m Fi~- J " "'""" 1'< 

lZI,~tT,l!T. ,IIT:J!T,II/,1 (361 

' 



' 

Jlt. • A cnOin-Uio connoetoO "'""'· comooooO ol """""'"'«"'" 
.. otoi!Ono. '"'" OOionOO '""""'"' l'lt onO 0001"0 "''" •ociO" 1Ft, 
- ....... .,,.,, ill ....... "'"' '"""""''"• .......... .. 

IZI,•IUJIZoJ '"' .... 
((!) • [T. JI T, _, [ .... ¡ T, J 

1t oho~Jd ~ nct«l that O y mu!topl;tn¡ the !lan•l<r m• trie« 
(T,J, the order of matn• lll dt><• nottnete>l< but renwn• 
compatih!c "ith the matn= b<Ong multoplied. !f thc """"'" 
I<ICb that a!! ,ubmu<turn ha•e th< "'"'' uan>!<r "'''"' th< 
ord<r of thc 'l"""' tran>l<r matrt' !l] r<m~•"' thc ><~m<. 

Thi• futurc r«ult> tn a r..-c:uod •i« mar m "hich cmbodoe-J 
1M Cnl!rc Oj!l<m. Thc end """ <CC!Of' JLJ, •nd JZJ 1 
contain thc boondar¡- conduium nt ohc '"""'"'"in tcrm• o/ 
d"1$plae<mcno; in thc du<ctmn o: oh< d.<>.'- ond lmc"' >< tho 
aodn l<><•«d in the in<ct lac·,., 
o- lhc 'l"'"' hJ> bcen .,,.mhl«l. '"" ¡, whcn all thc 

trarufer mJtrice• ho>e boxn multoplt<d ·" "P'"''ed b> 
equaticn ()~) Sub>equentl) lh< l>oundJII" ,-.,ndJI!UO> h••c «> 
b< ,..,;,¡,,a by •ol>~n~ 1or the un•"""" "'"" '" t~c en~""'" 
veao". Af<cr th< end ""'" """J" are kn""" ,he m· 
wmcdtaio stat< •C"t:tor> can be obtotncd bv r.xur~t«IY •P· 
plyin¡: cqu>tion (!61 ontol all stat< vccto" aro '"o""· 

for dynam.c analym. ti>< dynamt,; >ltttn<>• matri• con· 
tains thc froquency t<rm>. rhm< lroqucncy v.lucs ,.h;<h 
oatisfy lhc boundar) ,ondt!ton> "" thc natural lroqu<tltt<> 
for lhc •nt<m. Thc proccdut< lo obtatn tl1< n•toral 
frcqucncio• and the mud" ;, 1imilar to that proro><'<i b)' 
Holr<t [IJ]. In tl>i> mcth<l<l o natural lr<4U<ne> valuo " 
u.um<d fot "hi<h thc 'Y>t<m is "tr<ated." ~hcr< th< '"' 
con•im 10 mull!pl)ntg th,; tra>\sfcr manic<> and Ob•<r>lng 
wheth<r or not the boundatl condu,on> ar< >atM!<d, lf lh< 
boundar) condU1on> ar< tlOt •att,IO<d, a dtflcrenr ,.,., .. 
(rcquenc) "'"'' b< cho;cn: anJ cai,ulotton> mu!l b< r<p<>t<d, 
Wltil lh< boundary condtttons are IOHSiicd proJuctn~ an 
.aual n~tural lr<qu<nc) ol th< IYOI<m. Tl>i> ti<"Uil•< 

proc<du« ;, >huv, n ><h<matocally on t~ <om¡>UI<r !lo" ct>art 
U.Fi1.l. 
Oponulonal .-hp~<" or th• Finit~ l:tent•nt-TrJn,f•r 
ltlatrh ~lrthod 

Dueto the inh<rrnl •-omrlicari~it• of m•ui< Ol'<r>tton•. ir io 
D<C"'""'Y ro roint <>ul >omc un[>Ortant a,¡o.'<h 10 be con· 
sidcrN in cl"'elopmg a '"'"~"' comput<t al~ortthm. 

Thc pr<>r•»•"<~ nt<th<'d ;, omnt«< '"""~' thc onal)•i• ot 
comple. """"'' "hidt con ~. m.....Jd,-.J b\ mc•n• ul out>
llructUr<O """n"'o,;d ;n a .h.1in-li>< n10nn<r. lor '""""'"· 
b<atn• "Llh imemtedt~l<' "'rf'O'"· DnJ~<>. multl!ht<>" 
cranbhJft>. <t<. Th< oomrl;,~llon< in•ohod in obt>m;u~ thc 
ltiffn<">> anJ ma<> m~tr<e<> aro Jlf"'-tl•· ·'"'"''"''<<! '"'" thc 
tYp< of fmtt< ckmonb u><d :u""""~><; ti"· ,tru<rurc. ~''"·tal 
boo~• I~J. :-1 .tmon_~ <>th,·r~[ aro J>.ill.t"l" ""h J•'t4ti<J 
d<>t:tip<ton> ul the rruc<Jurc• requtrc<l tO obtJ>n th< ')"<m 
marrk<• of c~U31t0tl> (Jl an<l (J). 

• 

,_., 

.. 

"" 
'"''"''"' ... _ . '"'" 

"'V!8'<"0' 
l•" 

. ~ .. , .... ,, 
""'ICE',_,_., ,_, 

..... , . _, •.. ,,_., 

''"" ""'" ""'""' '" ""'""' """ 
"' ....... ,. 
~··"'"' ., >O.•t •ro • •• 
,,,.ME.C< 
'f"F·'''·'~' ~.· ¡:;¡,_, 

"V· 1 C<>mP"'" lmp!omontotton •'Oo<t!hm to• tho "'""'""" ltntto 
olomont '"""'' "''"" motnoo lo< tM "'"<"'"'"'m'' '"''"" ot 
..,.1~·"•••""''""' . 

T,.nsocllons ol!he ASME 



' ·:;" ..... , ... , ., ...... , -,.., . .,..,_, .,. ,-, ' _. .... , .. ,,. ~ .. ~ .... , -~"''" ... ,..,,, __ • 1 .......... ,' 

'" "'"""'" "' .,,.,," "'""''"'""'-'" '"'"'"' .. -'""''""' , .. ""'""' """"'" "'' ""'"•"d """"'' .. "·' """" '' . " " "'''""" ' 
'"""" ·~"'"''' 

••• '"'''"'' .,_., '·'"'" .... '" ~-······· '"'"' '"" ,.. 1 "' •-"'d --~-·"1 _, .. ., •• , ''""'" "' ................... -' -......... : "'' j·, .. , .,,-, .. , -, ,., ,. ...... , 
t t 1 .:U'"'" '"''' '" """'" '" "'"'"'"''" '1 .• '"""<> 1 

''JU.>W>p OIIU'I po¡<>< 

-tl; ''"" r·'I·'P·"" '·''""'"'''>ni"""'""''""" '•11'·'!1'-'><l' 
-"''''"'"'"' "4' '" "·'"'"~ '" •r'-"1' •! 1"'" 1141 ¡OO!IJC>S 

·n>•-'r'""'"' .•q '"" •"·'"" >41 
,, "'4'"''Q '" """"'"" ·'4' '"'""rrr '" ru" "">w-•p '""!' \O¡Jwu• u o•~ o.•;m•nH• "'' '-'"""w mWcJI ¡., uour¡n .. uo¡ 
-'4' .>rn¡.•u• 11'" >Jrq>>J O>>r ''"' uo >1U>W»oJ;luu >Jnm~ -' ' . 

· ''""-'UL wu <.>OP ""~w 

~""'""' ""' ¡o "P'" >41 .,_,mw '"1'""" •u• """l""'"w 
¡, W~l 1-'•l >Ul 111r.'I!IO>ÓI ·pOUJ>LIJ p»O<lOJU ,141 01 '1dd" 
<"1" PUUIOW ""<!~ I>J,UCJl_ >41 JO <>•rtur<p< 0'li 9 

·oo;¡ni.IOllU¡n• 

"""" """'' "" >u111!>"'''P ¡<> "'"·'1 "' poumu p,,.OdoJd 
>41 "' .1¡UUO poqJOw !U>W>p OltU!I >41 10 <000IUU.1po >41_ ¡ 

(~¡:1 UOOlOnb; 
,q U~OIJI <P W>UI UO "Ull.,. <POOl 10UJ.Il\> (u• 4""" ~uo¡t 
'P'"·'P"'" 1p . ..CoJd ;q uoo ·¡-n-p >•11'" ,,.,p>wmu¡ r 

·w;J;i, .11¡11<' ,.,,u; >!I>U11 >Ul OUIIOW"OJddr Ul p.,ln~J 
\1 O>OJL],I., "" puo "IUOIIUOb> f'>-'OP>l ·'41 JO UOIIOJOW 
-WJ ,,, "' r•rn¡•u• ,, wor»'l 1" """'P ·'4' 11\' r 

'W"'" >411<' ""''"'",'"'"·""w ¡o 
\liiiQh\Od 041 0UDOI"'l \04l "pOUJ>W l\'i·3~ >41 U! p;,;c.!>OJ 

,, "'"~"'-''l '" '-"''-'>P •••1~ pur '·'''"'..: oo """-"'>!>'> <>s ¡: 
.,,,,, e ¡o "'mnnJ l,qn< •'UI 01 4>1Wl<ld~ 

l\1 J1 ,~, fiu1\1d<~• <q r>»'4'" >q ""·' "''"-'"P" '!""1'0 1 

-,"""" P"""""' ·'1 '1-"'""' "'1 ,; 1J<1~ 4"4" """'P >q 
""-' '""""!'""-' '"' ""II~J >41 ·" ~u>J<I~ ·'"' Ul ""'' >]dw~» 
01.;1 UHO:) f'UF 'f"'"!·'P \UOfiPO.~> >1¡1 10 UOU»<l\UI WOJ~ 

"<O;<> IO.'IlOWOU JO <1<1'01"'1<.1 >41 >On¡»J 01 J>p.IO 
~' ··unro"J><I<> >1mw >UJ U• f''"IO<U1 "'><!<• ¡o>u>wnu >41 
''' pi N >q l\OW UOIIU'<" !OIO.'d\ l•UJ > IUU "' lUOJJo<IW! <J l] 

•uJ>l\ \< '""' ( 4d ¡on~ 
UO OJ ;u""r"¡J;, ]OOOJ>.JJ JO] f'OUO>W 1141 )0 UOII•IUOUI>]d 
-w1 mncwn_, JOJ f'.IJIOOOJ <d>" "''"' >41 fUI"""!< 
f''l"">Jd ••• 1; · .it p ""4'"0[1 W41tJOSI• mndwo> 10l3U>I, 
< P"' ·•row ·•~ ro•P>w p»O<JoJJ ,.,, "' 1'>'1o'ur •uorJO·nb> 
>t¡: 10 "'"'r"'•'P P>I<OI>p \" -¡·o·p 01110. >l"!P>WJ>lUJ 
i:JII"4 <>;monJJ>un< »1Jwm JO) po<Jol><>p \h \J>JUOO 
,,, 10 uoll<lll'""'~ r rur "P"'"·'"P '"" <1U>W>1> >¡dw" 
1<•1 """"' m<uPJJ puo "-"'"'" ·~· u:o;,.¡;q uon•¡>JJm~ 
-,pnl< 1141 Ul p>IYJppo >W>I>i> IU ><l\1 1mD• >41 01 .\¡d<lo 
i>U: ""4 pü> <OCboUU"l ><>4l JO <>JOIO>i Ul"W 041 JO~ 
'"" """"'od ·opo\u u.">q "4 »nbLU4»1 !ullnJ>nmqn• put 
""!'"'">pu<>> >iq"l'"'" '¡Ju>JJn> '4' J~ uo1id '""P P!lq y • 

'""!<npuo:¡ pu• u•ww"S 
• 

'UOIJ~Jtd>Jd U~ aoa 
>1• 4"4" <~>d•d 1\>U •no Ul P>UOJ>J >q 11'"' puo <IU>W:O!" 
P'l"' "JI>IJ.J<J.~0\1 (]·{ ~UI>I\ <10410• >41 ,\q >UOp U»q 

""~ '"'"'"-"'~~" 4>''~ "'""'""' """' pu• <<>UIII\1 ""''""' 
·~n' >41 "'"'4U <'l ~Ur ..,m¡;~J"qO\ >41 >tll>J"1P 01 p>m 
>e <>l •lU-"'l>i> >OJJWO.I >J<HU >~un• !'<>4l>W IU>W>i> ~l!U!J 
''' 1" ;,n >41 pu• >1<.1wn> "4' "' P><lll"·'P ••41 01 •nolo¡u--. 
" '-""''' "1"'""' """' pur J.<OJ<I o JO JU>WIO>ll. 

-o;, l IOJ 1\QO> 4\0'> j(l '·>'LJJrW J,IJ'UOJI 01¡1 

""''1""'""' •q """'""o" L71 ""•"' ,,,,,.,, l•qo¡! ·•u•ur~ 

~jO ]RU 

"l>l]lr> 1'1"1<>1 \IIIOUI <<.>uum >41 <>l (~f) r<Jr (()() '(fi) 
""'111"11~> ¡~ '""""liun¡,urll '4' :<m•¡JJo iq >JnJ.'nJJ<qns 

4-'"·' '"' f'-""1'""'"1 " lil ""'"'" J.ll'""" ·"1' •,;pu>nb,. 
·qn~ '1'<'4'"''" "·'"""' l-""1' pll"l'll\"l• >ql ~"!'" po¡qw><<1 
"'"' ru•• >•m'""'~'" "P "' "'""'1' 4'"' "'J f'>"~ 
'"" " ITI '"'"'" ''"'""'" >4J ·;¡~mr» "4' u¡ "f'>'"'"""' 
>11]·Uirq' ,, ruo ""P"'"'<l "~"'"'"-' < ·""11 11"4"' <>Jn~><Ulf 
_,¡n, ""1 J<> \u>m,.,,, ·'"' ""'""'"11' 1" ><nJmd '4' 111!_. 
\ lpu,¡Jr >41 Ul '\' "·' 1L 01JuJr_, >¡.lLUI< " "<>ml>nl 1< l>jdWOl 
0"''U 'P'""'"' !'-""'"'" '' P<"ll"" P·''''~'"J >41 ~'no~¡¡y 

· ·ti 11''' lnl·"l'>l ru~ IOI'>d •~ '""'"" 
ut '>·'"""'" 101 'P"""I ;;:¡ 10W "'"""-'''P ruo •u<>!lCOI]dd• 
IIJIPIU J>I>UOJI plt¡>UCII UJ l'>•IOI\UI >«'4l 01 J>III:J<d >JO 
W>ll\\ >41 10 U~I]O]"' >41 "liUlOlq<> lll ,,-,_,.¡,~ 1>410 >WOS 

· l~fl U~llcnh.• •q P"<-"P"' •r ''""'"-'!iJp¡nw 

""""' """"'""·' '""'-' "1""' )l ·'·'"" "" U! ··~"""! I~U <><>r l~l \LJlrW "I•UrJ! ¡oqn!ll >41 mq 'ÁJOW>w J>lnd 
-WI~' >~1 "' ooiowl• un1 ''"'"~J ruo p>~qnd<KI lillnJ " 1'-LJ 
\IJIOOU OJOJOOU<qn'-041 !X'4J>W 1\1·3~ >41 UJ '001 <><~>::>~~! 
<>.llliClli ¡oqO¡ó >Ul IU J>pJo >41 0\UI! ">IO>JOU! IIU>W>Jlnb>J 

•""""' '"1"'" '""' !OJn¡onJI•qn< '"""" >41 10 J¡qw;, .. 
>41" J] -.iJOW>W JOindwo>>41 Uf >oi<J<>l< 1101 >lJ~b>l10U <>Op 

11 pu~ r»P"~q '! hl '"'"w >41 lrq¡ p>\OU >q uo~ 1! '.111~"!~ 
'f'-'IJ>\UI><J 01 \IJICW >QI U! ~l>¡>J<UOl 

>J~ ")'O'P ••~•p;wmu1 >4\ i¡uu ""'' '>JnJ>nJllqn• uo..¡f 
• lOI >>:>IJJ•w I<OW puo 15>UI lll> >41 10 l>plO >41 U"4l J>I!'WI 

"'"'"'"w ><>41 lt> "PJO >41 10111 '"1" """' J>¡l 4""o"•l'll 
pu• •1••wc¡ Áq p>IO>JJ ,.."4' 10 4'"' <>mJ.•nm "f>O">d 
"' ~•> >4J" "41 '""""'""IJU<>' >w•• >41 >••4 <>Jni>IIJII 
-qn• >41 11• J' •u••»<<<> ·o~•ouo.rr u~'! "U ·•o•»• ¡n:0¡ 
>u• ;q f'>'·'-'11• oou ;;e ru• ""'-'""'qn• 4'"' ;o¡ »uo ~¡uo 
~uop ,_. <UOt>JOIU1 ><OUl "J>I>"PH "\lOll> l•·'ll>wnu >WOI 

¡o '"'"o' ,,. '""""'"' ><>41 'IOt l unllrnb; UJ i" 111 pu• (Lt) 
UOIJOOI!> Uf [?] >lll•Wqn> JO UOI!J>Wo >41 I>Jinb>J ' ...... 011 
">JnJ>nJl<qm ~ Jo) '"'"'" .~>J<U!ll ~UI JO uopo•!J•P ><u 

&"""'""'''""' <q '""'1"'',.,. ..... h .,,, .. ,,~,Old'"l~ '""~ 
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• 

·1 

• 

• 

• 

1 .. "'""'''· 0 H ''T"" ~A"U ~ '""'""'' •loo.ot:• ll .. <t 11 !0. no"'" ... ,, "''""~' < .. ,. ....... '"' ~·-"~-, • , •• , -· ... ·~-,.~ ... '-'""- ... ,. .... _ .. _, .. , 
J SI,JPUO, l'<' ""...al. "''~'""' (}. .. _, """''«"c.._,_, 

......... oo ..... , . 
1 c ... , •. O " • '"" ""'""'· J • o,..,..., 0/ .,,._.,_,, .... <;.oo •• H .. , 

"'-'--"''·• '" 1 1.«1~. >, A , .,. P.-<<t, E , "'""''" """' , ...... ,,.,,.,h," ¡,,_ 
J.,...., • .$<< • '"' ~- ..... '' 1 """'' 

10 Dom.,ooom, A. 0., V'""'""''""-'"'· ""' """'""'"' Co . N V., ,,._.-
11 t."""" .. · •. l . Flwl>l• ""'"' H"'""' s.u .... o, .. ...,_ "'-'-"E 

_....,,.,~,,0,,8ooO '" H'"U', .,·; 
u ,, .. ,, "· A , •• ,.. c..,,..,, "~""" '"' ,. "·~'""' e'"""' ,_, ot ......................... _,,.,_,._ .... ,_ , ... ,_"" "'"· ""' 
U a... o,., f. A, ''TO< """"'"- ol '''""" """'" "' I'Wo v .... __ .. ,, ... ....,.~,.•··· '"'- '-''"·'"'J.ro ,,,.._,,,_ 
l<l.>.o, Y.~ .. .,. "'D••~•- l. 1. ''O""""'"' B.om-T•r" """"'C 

s.n..,,,.._.. AS\tt. Jowoalof E"•-••tl""l••l•"" '''· '"''-o 11 JI 
, U'"'"· E. C .. '"" l"'"'- t.~,""'"'"""""'".,.,,..,,.,..,..,,, 

M<G"•-H"l.N,, .1%).0 '""-

lO o..o""""· "· "-- .. " ~·· Mo• .. ,• '"' "'"' ''''"""''-e""''""'"" 

Transfer Matri• derivaoion for lh< two wbmUcttll'C >Y"<m 

"""""· Fí1. 6. 
Stiffn<Ss .\lalru ol Sub>t<u"urc 1: 

-K, 
K, +K, -K, ' -K. K; l f~:)-[1:) L~, " 

Stiffnns Maui• of Submucouro 2; 

[ 
K, -:· 
K, -K, 

-K, K, +K, 

' -K, 

' ' 
' ' 

' -K. 
K • 

' -K, 

-K2+K1 

-x, 

' 

' 
' 

-K, 

K, +K, 

-x, 

' x, 

' x, 

' x, -
-K, x, 

x. x. 

or '""'" "'"" •"" '""' 1 ,_., r~oo..,-:· "'", ••~•·•• "' 
'"''"'""'"' {<>' '"''""" "" "''· rr •:• "" 

11 Hohn, H , "'""'K<'<~'"""'' On !~''""" ''"""'~ "''r<•••" '" ,, 
OHG. "'"'· r.:o. ·~-~- "' J ,. 1 J-.o;._ p,o . ,.., , ''" '"'~ _ -·· " ..,,,..,od, r _ 1 • ,.., '''"""' •. s _ -- ~ c ........ .... , .,,~.,·-
'""'" "'"" '""''""' '"''"" "n''"-" "~-' "' ~~--• """ v ...... ., •. '"'" '"' , •••. ,, .,,_,., 
• •• ""''"'""'·O f ''""'· H • '"" l<onm••- O • ,,...,..,""'· •J-
., .... ,.,..~, "'"''"'"'e' o , Jo, .l """"""'- "'" . "'' 

!O M""· l ; . "'\ '"'''"'"' "'" ""'" '"' """'""" "'"' ""<m• 
~--<><E.J·~'""'"'"''""''"""""'""'" '"' •• '·' '" ..... , .... 

:0 """· •- J ••. ,,., ... ,."'" .. ,"'""'"' ...... '"'""'"~'·"'·-
'"'"""'""'·A 1 < A J.,.,_,, "O' '"" e ''' _ 
:: ""'""·O, .... , .. ,,.., ... J.. 0•..,..~• u/ "'~•-. "·'"'" "'",. ~. ,., .. "'-
,_, z..o•,...•~ O. C .. ,-,.. F"'"' ""-' .,.,...,, \l..<oo··~"- '>

ron. 
'' ""''· o o. """'-' ood A""'"""""' of '"'"' !,_.., ,,....,,.,_ , ...... , .. •Son•. '"'- '~ > .. ,,., 
" ~.,,,,, • e.,.., "'"""''"·L.""""""""'""""''"'"''""'-" "-' ... ,,., .. 

Panilion< on Sub"'"""'" 1 Sr>lfn.-,; \131m fo< Tt30>W 
Mouu formulauon: 

[ 
---~·¡ __ :_', i.' .. ¡¡x,¡ 
-K,, K, ~K:, -ll, ·,X, . 
·····f········f·····'··l 
o : -~, : x, J ~x,; 

f 1" i 
• ' f' 

1 . ! 
e f : ; 

Therofore 

' -K, ' • - ¡,-, e -" D - K. - . e • '· .¡,·, F - - ¡,· • 
G -' H • - ¡,·. ' -K. 

¡, 

¡, 

¡, 

¡, 

• 

111m • .,_.;ng equ•Hon• (301 and 1 );') 

il-u .. K, K: 
K, +K, 

~,-
A' 1K-

'· • -
K,j, 

K, +K, K, • K, 

.¡, - - ~, .. K 1K, 

K, +K, 

... 
' •-(- K,•K•)( K,K, )•' 

" KK" ,. ,. 
!l ">*n: 

' ( K,K,) ( K,K 0 )('•'K•)( 
,•- ¡,·,.¡.;, + ¡,·,.¡,·, ¡,·,K, 

• 

'· • -

Tu•-

r,. 

' . ' ' 
K:f, 

K, .¡,-_ 

¡,-, • ¡,·. -¡,-, A: 

¡,·, •ll': 1 --- . _, 
A,A, 

t,.nsactlons ol t~e ASME 



- . . . 

( K,•K')( :S,---
K1K1 

• • 

Tbo T<&rufor M•~<i• ror Sub.,rucoure 1 ;, 

,_ K, +K, ¡, 
K, K, K, 

IT.J· ' 
_, / 1 (K1 -K,) 

(K1 •K1) 

' ' ' 

x, 

/, w o 

' 

Thorefore 

x, ,_ K, +K, 

¡, Jn K1K1 
¡,~;,-K, f, 

" ' 
_, - . ";·'·'] 1: j ' ' 

( K, +K,_ K, +K:) ( _ / 1 _ K 1 +K, e• iK1 -K,I )-!.e_ J' 
K1K, K,K, K, ;;,K, (A, ·A-,1 ¡.,·, ; 

' 
' X.,; 

(
- /, (K1 -K,I +[,lA', -A',¡) 

CK,•K,) A-,.¡;, 

' ¡ (! 

• 



RUJICION DC ~SISUNCIA r• H CURSO "EL HETODO DEl él"MCNTO f!N!TO 
EN~· IH~CHILR!A NECANICA" lLEVADO A CABO OH IZ AL 1~ Dl ABRIL· 
DE 1981. 

,,. 

,,. 

'·. 

MÚeo Antonio Alar<6n Ro•hn 
rrofC>o7 .,O<;odo ~~.T. 
faeulud d~ EHudloo Sup.rloru 
Cu•ut><Hn 
Carr<tero CuoutltUn Tooloyuou 
h. l 
871·Dl·<5 
OH·Dl·H 

M•Óndo 1ndude ·Gordo 
!eeorlo Teoh tleenolo<uu 
ln<tltuto de ln><•tltoolon•o 
EloctTi<" 
]nt«lor ]ntornodo P•lolro 
O·ll·11 

~u] lle"'o Can••co l6p<1 
Entorgodo de Jo Rno d• ln1<nletio 
Mo"nlc• 
Av: Jn>ur¡enHo Sur UD6, Oo. Ph0 
florido 
C.P. 03010 
Sll-11·!« 

4.• AleJ•nd<e Cuta~edo W. 
ln.tltuto Hod<&no del Petroleo 

Ave • .f)o C.nnol l.,aro Cordenu 
No. 1.\l 
C.P. UROS 
H1·0~·00 

101·91-~0 

5.· Jor~• c .. nuo Rlvn• 
Prof<Soc de ~>ignoturo ! 
ENEr Cuoutltlh 
Cuoutl<l'" fdo. de MI>. 

Ella• ba Colh 
Jefe Ofno. !n¡enlerh Meolnlea 
Co,.hl~n Fcdaal do Electrlddad 
h. ~pneo •In 
lupuato, Cto. 
1l1·ll 

7.· »••oberto de lo Sorno V 
Focultd h lnJ<nlorlo, OK'-" 

NoTte 9l t 0507 
Son redro El Ch\eo 
C.P. OHM 
700·54-.s 

Cn!mto de Contro 
r .. No. 1 -
Sto. Modo Cuorno .. 
e•, Morolo• -
c.r. 1200 
~-n-oo 

Rohol Olln ~o. JI 
Coyooeon 
C.P. OHlD 
SH·H·SI 

Dio• R\o Mo, 29 
Lo• porquH lrco\lJ 
Edo. do Mfxleo 
171-ll-00 

Pneo Hhodor do! 
Va!l• No. ssn ! 
lropuoto, Gto. 
6·65·!Z 

... 
1 D. · 

' 1 •• 

1Z •• 

lucio TOT<5B Hatu• Santona 
ProfesO' T.C. 
Unidod Prof••<onal de lngenloTio 
Qul~l<O o lndu,.rhl ••'- JPN 
Unidad rrofo<loo•l d< lngeni.rla 
del JPN fd¡flcio l 
llndovl"' 
7<4·<0-U 

Morgarito Navorrot< Honteoino• 
Ayu,lant< do lnv.otlgodor 
Cludod Un\ver>ltario 
lnotituto de ln¡enlor!& UNAH 

~rturo ~or!eoa Salgado 
EvoJuaol6n <n lngenlerlo moclnloa 
Co~hl6n Noo¡onol do Se¡urlóod 
~uol••r y Solvosuardla 
ln>u<ten<« Sur No. !RO~ 
Col. Florido 
C.P. ~10:\0 
;¡,.,,.¡,¡ 

l~nacl~ rhet Phe< 
ln~On!OTM (¡vjl" A•oclo<loo, S.A. 

~"'""' ~ •. 14S 
116·00·60 

Joaqu!n S~n<O<t Becerro 
Gcnnto do lngenJOT!o 
T"•i, S. A. 
Carrot<ro HIY-~onclovo !'JI 11.5 
El Car=<n N. L. 
16·>1·!! 

13.· feo. G•brlel S.incbbz Aldono 
Proyoctlsta 
Dl•o~o' Avanzado> 

10 •• 

Con<~ 9·102 
Anzure• 
515·>7·1' 

Jorte Silva Boll .. teroo 
J•f• de U ~u• de E"rocturn 
Cool>l~n Nodonol de S•8urldod Huelen 
]nsurgent<l Sur No. 1106 
Florido 
>24·26·61 

Pin6n No. l!O 
Nuevo Sonu Morio 
c.r. oZRlo 
116·16·l0 

Sur 119 f 110 
Col.•E«. Z01 
'"apdapa 
C.P. 09060 
SS1·60·J6 

Call• f.oil 2opate Edil. 
21·301 
Herofl de Jo Rnoluei6n 
(Huüachal) Edo. do Nh. 

lndopendonclo No. SS 
Zocohi u oc 
IH·Il·>O-

Av. Centro! No. 1211 
Control 
11·70·18 

lca:bolcoba No. 27 
Son Rafad 
Cuauhtemoc 
Hl·2l·39 

Maroolerlo No. 11• 
10 de Novioobre 
7U·19·7S . 




