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FACULTAD DE INGENIERÍA UNAJV1. 
C>l"VISIÓN DE EDUCACIÓN CC>NTINUA 

A LOS ASISTENTES A LOS CURSOS 

las autorldadas de la Facultad de Ingeniería, por conducto del jefe de la 

División de Educación Continua, otorgan una constancia de asistencia a 

quienes cumplan con loa requisitos establecidos para cada curso. 

El control de asistencia se llevará a cabo a través de la persona que le entregó 

las notas. Las inasistencias serán computadas por las autoridades de la 

División, con el fin de entregarle constancia solamente a . loa alumnos que 

tengan un·mrnimo de 80% de asistencias. 

Pedimos a los asistentes recoger au constancia el día de la clausura. Estas se 

retendrán por el periodo de un afio, pasado este tiempo la DECFI no se hará 

responsable de _este documento. ·. 1 

. ' . "' .' . . - ~' ~ '. --~ ' ¡; .¡ 
participár. a~tiif~;.,~~te con sus ideas y Se recomienda a los' asistentes 

experiencias, pues los cursos que ofrece .la División' están·· planeados para que 
' - : - ' . ' ' 

loa profesores .~pongan una tesis, pero. sobre todo, .. para ·que coordinen las 
- ' \,. ~ .... .... .. : . ' 

opiniones de todos los interesados, constituyendo ve~rdaderoa seminarios. 
• - ' • ' .' • ; • ' ~ .,. ·.... • 1 

.1. - 1 -.1 · .. : .. , 

. · ~ l , 1 e 'd' ~. ',...' , . -• 
Es muy importante que todos los asistentes llen'en;.y e~treguen au hoja de 

inscripción 'al inicio del curso, información que sa..Virá~ para . integrar un ---. 
directorio de asistentes, que se entregará oportunamente. 

Con el objeto de mejorar los servicios que la División de Educación Continua 

ofrece, al final del curso ·deberán entregar la evaluación a través de un 

cuestionario diaefiado para emitir juicios anónimos. 

Se recomienda llenar dicha evaluación conforme los profesores impartan sus 

claaea, a efecto de no llenar en la última sesión las evaluaciones y con esto 

sean más fehacientes sus apreciaciones. 

Atentamente 

División de Educación Continua. 

Palacio de Minería, Calle de Tacuba No. 5, Primer piso, Delegación Cuauhtémoc, CP 06000, Centro Histórico, México D.F .• 
APDO Postal M-2285 • Tels: 5521.4021 al 24, 5623.2910 y 5623.29n • Fax: 5510.0S73 
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GUÍA DE LOCALIZACIÓN 
l. ACCESO 

2. BIBLIOTECA HISTÓRICA 

3. LIBRERíA UNAM 

4. CENTRO DE INFORMACIÓN Y DOCUMENTACIÓN 
"ING. BRUNO MASCANZONI" 

5. PROGRAMA DE APOYO A LA TITULACIÓN 

6. OFICINAS GENERALES 

7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA 

8. SALA DE DESCANSO 

SANITARIOS 

* AULAS 

ler. PISO 

DIVISIÓN DE EDUCACIÓN CONTINUA 
DIVISIÓN DE EDUCACIÓN CONTINUA 
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STAADfPro •'I a suite of prnpr1<"1:uy compulcr prngrams of 

Rcscarch Eng1nccrs. lnc. ¡REll. f'.il1forn1a. ll S A ,\lthough 

cvcry cffon.has been madc 10 ..:n\11rc thc accuracy nf thc'ic 

programs. REI w1ll nol a.cccpt rcspnns1b1lity for any m1s1akc, 

error or m1srcprcscn1a11on 1n or .is a rcsuh of 1hc usagc of 1hc'ic 

progran1S 

RELEASE J.O 

Copyr1gh1 

Rcsearch Eng1ncer5, lnc. 
Publishcd Fcbruary. 1999 
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About STAAD/Pro 

-.;T\All/Prn thc nc11 lcvcl nr ST,\,\0-111. ,, •he leaJ1ng S1ruc.:1ur:il ,\nalys1s and 
()c,1in \oltw.irc lrnm RcscJrch Fng1nccr\ In Sf,\,\ll/Pro 1hc locus 15 on 
prnduct1v11y STAAOIPro .idJrc5\c..'\ 1he cn11re prn<.c\5 uf Struclural Eng1ncenng 
l·rom mnJcl Jcvelupmcnt 10 an:ily'9\ In Je<,1gn tn drafung tn dcta1hng - and evcn 
1..nmpnncn1 Jcs1gn - ST.\,\D/Pro •s Jcs1gncJ 10 work !he way the Stn.1ctural 
De\1f!n {)1111..c works 

ST \,\O/Pro 1..nnH\I\ .1f .i Cnrt p.11..k:igc .inll \c .. cral upnnnal F.w:lcnsion 

..:nmrnncn1\ Y11u m:1~ p11Kurc une •H more E,tcn<,111n ..:nmrnncnl<, Jlnng w1th thc 

Sf\,\D/Prn f:nrf r.111..ls.JRC fhc Cnrc and 1hc EtlC0\101'1 cnmpnncnl<; nr 
) r ,\,\[)IP:11 JIC dC\i;r1hctl 1n thc lnl\11w1ng p:u:igr:iph'i 

l he "iT \.\O/Pro Cort' p:ilkJfl!C 1..·on<;1\t'i of lhc fnllnw1ng 

fhc Sf.\,\DfPro º""if!n Sludlo. 1\ J pnwcríul W1nJow·.,, n;u1vc work1ng 
cnv1r11nmcn1 lnr muJcl hu1lding. vl\ual11Jhon JnJ rcsult vcriric.:n1un. 

Thc ST \ \() cng1nc rrnv1dc" gcncr:il.purpn"c -.lructural .1nalv..,,1'i :1nd 1n1egr:s1cd 
~TEEl..CONCRETE/Tl~BER drn~n 

fhc ST \ROV'."E cng1nc prnvHlc'i Jdv:in..:cd an.1l~<,1s fa.c1l111c" Bu1lt around a 
cnmprchcn\lvc finllc clcmcnt lihrary. 1hc ST,\ROY~E cngínc prnv1Jc<; 
powcrlul Dynam1c. Scl\mtc. Non·hncar. lhcrmal. Buckling and 01her advanccd 
Jnaly'i1s i:::ipab1l111ci. 

Thc f E\.tkil envuonmcnt olfcr'i gr;aph1cJlly nricntcd F1n11c Elcmcnl mndcling 

and vcnfi<.a1inn f.11c1li11c5 ·complete wi1h 20/JD mc'ih1ng tcchnolngic" and 
powcrlul mudcl vcnricat1on 1ools 

The Visual ORAW (,\O cng1nc ;11lnws gcncra11on oí Plan'i. Elcva11on'i. 

Sectíons and dctail draw1ngJ. Fully 1n1cg1JU~d 1n 1ttc ST ,\AD/Pro environmcnt. 
ViJual ORAW pro,..1dc" dr1wing gcncrauon. cdi11ng and plolling c.11pab1lihe'i 

Thc lollowing rr1odulc1 are l'tlilablc as STAADfPro Eatcn1ion componen!!: 

STRUCT.etc - a sui1c of 51ruc1ural componcnt dc'i1gn m· 
enginecr 10 complete the projcc1 by design1ng Found1111 
M11onry. Conncc1ion9 1nd othcr uulity slructurcs. 

"· allnw1 th~ 
1ining Wall1, 



Thc FabdCAO dctJ1llng cng1nc l'i Jn 1n1cgrJICll 1nnl lhJI rcrlorm'i rrt11J1JLl\On 
Stccl Octa1hng from lahru:a11on/crcct1nn calculat1on\ 10 Jc1a1ling lu 

gcncra11un oí shop draw1ngs. 

fhc .\DLPIPE cnmponcnt nHcr\ r"liahlc r1p1ng \y\tcm mudcling .inil an.1ly\1s 
Fully 1ntcgra1cd w1th 1hc ST,\,\O cnmponcnt. 1h1s ..:nmpnncnt ni fer\ J co1nplc1c 
plant cng1nccnng \Olu11on. 

Powcrful Jnt.I cnmprchcns1vc. ST.\,\0/Pro 1s b:i;cd on :in nh1cc1-nricn1cd dc\1gn 
that u1ili1es MFC IM1cro\olt Fnu11da11nn Classl tcchnology 1ak1ng lull .ulvanlagc 
of .l:! bit cnmpu11ng. ,\ livc rclat1nnal Jatahasc .1.t 1hc corc. w11h OLE anti DDE 
hnks. Jllowi smoo1h workílow 1ntcgra11on Jnd 'iCJmlc\s 1n1crd1'i..:1plin::uy 
inlormallon c:u.han@c w11h .111 W1ndnwo; hascd ,11l1warc • 

Wc welcnmc you 10 1hc wnrhl nf ST.\.\O/Pro 

3 - ~· 

About STAAD/Pro Core Documentatlon 

1 he ST ¡\,\ [J/Pro Cnrc dncun1cnt:1tinn consi\l'i nf a 'iCl of manuals as dc'icribcd 

hclnw Wc ~unngly rccnmn1cnd 1hal you go 1hrough thc Gr111nR S1arted manual 10 

gc1 .10 ovcrv1cw 111 S f,\,\O/Pto. 

Gctli'1R, Star-tcd and [:w.ample'I 

Th1o; manual is d1v1dcd 1nto thrcc pans Part·I c,;plains thc contcnts oí 1he 

ST1\1\D/Pro CD ROM. installauon procc'is. thc o;;.--;tcm rcquircmcnls. copy 
pr1111:c11on issucs. and dcscr1p11on nn how to "lan J1ffcrcn1 componcnls of 

S f,\,\D/Prn 

Pa11 11 11f th1o; hnuk pruv1dcs a "tcp by ... tcp 1utot1al lor lhc ST AA DI Pro 

cn•11rnnmcn1 as wcll JS thc ST,\,\O Cnmmand File. 

Pan-111nf1h1" hook oHcro; ,\ppl1cat1on E.tiJmplts. Thc C\amplc set cuvcrs a 

v111Jc rangc of Structural 1\naly'i1'i and Dc'i1gn facili11co; offcrcd by 
S f.\,\OIPro. Thc c .. amplc\ rcprc\cnt various Structural problcms 

cnmmunly cncountcrcJ by lhc S1ruc1ural cng1nccr'>. 

Graphical En.-irnnmcnt 
l'tn .. m.inual ..::11nta1n'> dc1a1lctl dc\1.:Tlpllnn of Gt..:I 1íiraphu;al C<icr 

ln1crt.it:cl of STA,\D/Pro. Thc 1op1t:" cuvcrcd 1ncludc \.tudel gcncration. 

S11w.:1ural ,\naly'>1\/Üc\ign. Rc'>uh vcr1rica11on. Rcpnrt gcncrauon. :ind 

Print1ng In 11dd111on. ¡ Qu1clr. Rcícrcncc Gu1dc o;cc11on prov1Jcs J "tcp.hy· 

stcp dc\cnp1ion íor 1he írcqucntly askcd mndclin! and posl·proccssing 

tas Ir. s . 
. 

• 'Y111e. PltaJt nore 1ha1 rhe ST1\1\D CommanJ File 1s e1pla1nrd 1n the 

STA1\D/Pro TcchnicJI Rcfcrcncc manual. 

Tcchnical Rrrrrcnct: 

This manual deals w11h 1hc 1hcnr)' hchi~d the STA AD Jnd ST ,\ROYNE 

an.;1ly'i1s cng1nc5 oíícrcd by S rA,\0/Pro 11also1ncluJc5 cJ.planalion ol all 

commands ..,hich you m1y uic 1n 1hc STAi\D Command File. 



lntl'..-n•tion•I 01'sign Codl'S 

ST,\AD/Prn \llpporls .111 m.l¡nr 1n1crn0111onal 1lc\lgn uulc., wh11:h .uc 

c1ph11Qcd 1n 1h1\ m01nual. You \hall rc1:c1vc 1h1s manual 1f you havc 

purchJ"Scd onc of 1hcsc 1n1crna1innal Jc.,,1gn codeo; 

STA AD/Pro Vl'rific•tinn 

STAAD/Pro IS Jcvclopcd Jnd mJ1n1a1ncd u">1ng Jn c~tcns1vc vcnl11::i1111n 

proccdurc. Thc STA,\DfPro Vcrif1ca11on manual cnn1..11n'> thc fHohlcrn'i 

uscd 1n lhc vcnficallon proccJurc. This is disl..-ibuled unde..- lhl' Qu•lity 

,\ssu..-ancl' pl'"ogram only. "ole 1ha1 1hc 'iCI nf vcrifi..:a11nn prohlcm'i I\ 

rcprcscn1a1ivc of v:iriou'> :\naly\1'5/Dco;.1gn f;u:d111c\ nlfcrcd hy S f,\,\OIPrn 

Thc\c prnhlcms havc hccn Jcnvcd frnm wcll knn...,n rcfcrcnLC\ Jnd 

tc1thouks. 

FE\lkil Grllin~ St•rll'd and Training 
Thn manual con1a1ns 1he dcs..:r1p1inn of lhc FE:'vtk11 fin1tc clcmcn1 

modchng cnv1Junmcn1 along wnh a \ICp·hy·\lCp TrJ1n1ng \Ct:llnn Thc 

sccond pan of 1h1s buok ::J.l~o i;nntJln\ 1hc ,\pp~nJu ~.J wh1ch Jtc rclcrrcd 10 

from 1hc FEMku Ll">crs mJnual 

FE\tkil Usrr• \tanu•I 
Thn mJnual 1:on1a1ns 1hc dc\Cr1p11on of thc FE:'vtk11 mcnu op11on\ Jnd 

comman~s. 

Visu•I ORA W t;srrs ~lanual 
Th1s manual dc-;cnhcs d1Cícrcn1 ícalurcs and fJcih11cs nf 1hc V1~u::J.I ORA\\' 

CAD '\oftwarc. 

Nolt: PltaJt nolt 1ha1 1ht abo\'t Jtt of manua/J l'omprur 1ht ST,t,tDIPro Corr 

documrnlal1on only. In 1Jddi11on. ·'ª" may rtctn't lht JcH·11mrn1a1111r1 {or 1ht 
STAADIPro Etltns1on ,.-ornponrnrs whtn .\'OU purcha.Jt 1ht1~ compontnt.J 
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General Description 

--------------- Section 1 

1.1 lntroduction 

STAAD/Pro nffcro; lwo J.nalys1s cng1ncs - thc STA,\D 

r\nalys1s/DC'i1gn cn~1nc and thc ST/\RDY~E /\Jv:t.nccd Analyo;1s 

cng1nc fhc ST,\,\O .111aly.-.is cng1nc 1s dc'>cnhcd 1n th111i 'CCl!on 

Thc ST ARDYNE 3.nalyo;1s cng1nc 1s d1scusscd 1n scction 6. 

Thn \cc1111n oí 1hc manual con1a1no; a general Jcscriptinn oí thc 

anJ.ly.-,1s anti Jc'>1gn fac1h11co;, ava!IJ.blc 1n STAAD. Spcciíic 

1nform:it1ons un S1ccl. Concrete. and T1mbcr dcs1gn are 3va1lablc 

1n Scctinns 2. l. 3.nJ ..a of th1s manual. rcspccuvcly. Dc1adcd 

cummand lnrmats anJ othcr spcc1fic uscr informa11on is prcscntctl 

1n Sc1;11on 5 

fhc ob1cc11vc of 1h1o; ..,cc11un L'i. tu íamd1ar11c 1hc uscr wuh 1hc 

bas1c principies invnlvcJ in thc 1mplcmcn1a11on of lhc var1ou' 

analys1s/dcs1gn íac1ht1cs oHcrcd hy thc ST1\AD cng1nc As a 

gcncr:1I rule, 1hc scqucncc 1n wh1ch thc íac1ht1cs are d.ucu~scd 

follows the rccommended seque ne e of 1hc1r usagc 1n !he input fik 

1.2 Input Generation 

Thc IJscr commun1Latcs w11h ST,\,\D through Jn 1npu1 file lhc 

1npu1 rile is a tc11 rile cons1s11ng oí a senes oí commands wh1ch 

are ciccu1cd •cqucn1ially. The commands con1a1n ci1hcr 

1nstructions ur dala pcna1n1ng lo analysis Jo••· - dcs1gn. Thc 
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t:.Cncnl I )c~cnplmn 

clcmcnl'> and con..,cn11on\ ni lhc '\T,\,\O comm:ind languagc Jrc 

Jc\Cr1hcd In Sc ... 11nn ~ni lhl\ rnJnuJJ 

Thc STAAO 1npu1 lile ..:Jn he ..:rc::ucd lhrnugh J ICll cd11or nr 1hc 

\.tnJcling ÍJctllly In general, .lTIY ICll editor rn.iy he Ulllitt.:d 111 

crcJIC 1hc input lile fhc .\.todcltng faci\11y l'fCJlt.:\ thc input ldl'. 

through .in 1ntcr;:u.11vc mcnu·drivc~ graphtc\ 1Htl'.ntctl prnLL·durr 

1.3 Types of Structures 
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,\ STRL;Clt;RE cln he 1lelincd JS .in as\cmbl.lgc 111 elcmcnt.. ,,,.,,,. 1 1 

f,ir '"PUi. 

\t't' Jt'CllOll 

j ~ 

'iTA,\D 1\ .. apahlc •11 Jnaly11ng Jnd dc\1gn1nl! ~11uc1tirc\ 

..:on\1\l1ng of ho1h lrarnc Jntl platc/.-.hcll dcmcnt\ :\lrno'I Jny !~pe 

ol \trUCIUrc t:JTI he 3n,¡fy1ed hy. S f •\,\0 ~n\I general t\ lht.: 

SPACE \lruc1urc. wh1ch" J thrcc J1mcn\111n.1I hamctJ ,11ui.:1urc 

.,..llh lu.:1Js lppllcd 1n Jny planc ,\ PL,\~E \Uuclurc "houn1I h~ J 

glohal X. Y cnord1na1c \y\ICm llnlh load\ 10 1hc \Jme pl.inc ,\ 

TRUSS s1ruc1urc 1,.UTI\l\I\ or trus\ mcmbcrs whu:h ..:Jn h.i'c .1nly 

J'1JI mcmbcr force\ JnJ no hcnJ1og 10 thc mcmhcr\ \ FLOOR 

\HUClurc is J lwo or thrcc d1mcn\1onal \lruclurc hav1ng no 

hon1.on1al lglnhal X or Z) apphcd load'> or ª"'." lnad wh1ch mJy 

cau'tc aoy h1u11on1.1il movcmcnl oí 1hc 'tlruclurc Thc ílunr lrJm1ng 

llo global X·Z plaoel nr .l building IS .lO 1deJI c1amplc ni J 

l;LOOR \lruclurc. (11lumns c:1n .:al\U be motJclcd w11h thc !loor 10 .1 

FLOOR structurc .:as long .:as 1hc \1Tuc1ure has nn h11r11ontJI 

loading. lf 1hcrc is any horilon1al load. 11 mus1 he .inaly1cd JS .i 

SPACE \lrUClurc Spcc1rica1ion or 1hc concc1 \lrUCIUfC typc 

reduces 1hc oumbcr or cquations to he •olvcd dunng 1hc .:in.:1ly\1\. 

Thn rcsulls 10 a ías1cr .iind more econom1c \olulion íor 1hc uscr 

Thc degrccs oí hccdom as1ocia1ed with h:imc clcmco1s uf 

diíícrcot typcs oí siructurci 1s 1llus1ra1cd 10 Figure 1 1. 

• 
• 1 J 
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• • 1 1 

• 1 ;1 

• 1 
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• f':1 

111= 
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1.4 Unit Systems 

I ,., 11111111 
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' 1 

Jhc u\cr 1s 31t11wc1J 111 1npu1 dJl.l .10J rcquc.-.1 nucput 1n Jlmoo;t all 

lnmmnn\v U\ctl cn!1occring un11 \y\ICm\ 1ocluJing \.tKS. SI ant.1 

¡;ps In thc 1npu1 lile thc uo;cr 'TIJ'." i.:h.ingc un1I\ JS mJn'." 11mco; as 

rc4uncd \11\ JnJ mJtch hcl14oCCn lcngth and furcc unll\ írom 

Jdfcrcnt un1t o;y\lcm\ 1<; Jl\n Jllowed. íhc 1npul·uoi1 for .:1nglc\ lor 

rn1a11on\) I\ Jcgrcc., llowc\'er 10 JOINT DISPLACE\1ENT 

ou1pu1 thc r111a1111n\ .irc pro.,1JcJ 10 raJiao\ Fnr J.11 outpul 1hc 

un1l'i Jrc ..:lcJ.rly 'pcc1ficJ h'." lhc prngram 

1.5 Structure Geometry and Coordinate Systems 

,\ \lructurc 1s an asscmhly oí 1ndi.,1dual componcots \uch ª' 
hcams. column\. slah,, platc\ c1c In ST AAO, hamc clcmcol'i 3nd 

pla1c clcmcnts may be uscd 10 moJcl 1hc \lruc1ural componcnls 

fyp1cally. mntJcling OÍ lhC \lfUL\UrC gcomelly CIJOSl\I\ OÍ twn 

sleps· 

A ldcnníit.:Jtioo Jnd clcscrtp1inn ní jo1nt\ or ondeo; 

B. ~odchng ol mcmhcrs or elcmcnlS 1hrough ,pcc1fica1ioo oí 

conncc1111ity lin ... i<lcnccs) hc1wccn jo1nl\. 
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In general. 1hc term \1EMRF.R wlll he uscd 1n relcr to lrantc 

elcmenl'§ JnJ thc 1crm ELEMENT wlll he u<ocd lo rclcr 10 

plate/\hcll clcmcnts Conncc11v11y lor ~EMHERs mJy he rrnvulcd 

.1hrough thc MEMRER INCIDENCE command wh1lc conncct1v11y 

·for ELEMENT .. may be prnv1Jcd 1hrough 1he El l:MEN f 

INCIDENCE command 

STAAD uses 1wo 1ypes uf coordinaic .. yo;tcm..; 10 Jcf1nc 1hc 

s1ruc1urc gcnmclTy ant.1 luading pattcrn<o_ fhc GLOO,\L .:nord1na1c 

syslcm IS an arh11rary i.:nnrdinalc \Y\ICm 1n .. pa1.:c wh1..:h 1 .. u1d11cd 

10 spcc1fy thc ovcrall gcomctry &. load1ng pa1tcrn uf 1hc ~1ruc1utc 

A LOCAL cnordinate .. ystcm u aso¡oc1;Hcd wllh c:i1.:h mcmhcr ttH 

elcmcnlJ antJ 1s u1ili1cd 1n MEMBER ENO fORCE output or 101.:JI 

load spcc1llca11on 

1.5.1 Global Coordinate System 

Thc follnw1ng coord1na1c sys1cms .ne avadahlc for <opcc1f11.:a11on ol 

1he s1ruc1urc gcomclry 

A Convcnuunal C.irlc\1an Coordinatc Sy11cm: fh1\ cunrd1na1c 

sys1em 1Fig 1 2) ,., J rectangular coordina1e "iy\lem 1:< Y. Zl 

whtch follow\ thc or1hogonal nghl hand rule. Th1s cnord1nale 

sy!lcm may be used 10 define thc JOtOI locauon\ anJ l11a1l1ng 

direc11nns. Thc 1ranslat1onal dcgrecs of frccdom Jre Jcn111cJ 

hy u1• u~. u1 and1hc ro1::u1onal dcgrees of frceJnm are Jcno1ed 

by u,, u, & º6· 

B. Cylindrtcal Coord1na1c Sy 1ucm· In 1h1s coord1na1c \y\lcm, 

(Fig. 1.3) 1hc X and Y .coordinates of 1he cnnvcnuonal 

c1r1csian sys1cm are rcplaccd by R Cr<1dius1 ind 0 fanglc 1n 

dcgrccs). Thc Z coordinale is idcn11cal to 1hc Z coordinatc of 

lhc cartcs1<1n \yslcm and its posit1vc dircct1on is de1crm1ncd by 

thc righl hand rule 

C. Reverse Cylindrical Coordin11c System: Thi\ io; a cylindrical 

typc coordinatc system IFig. 1 J) wherc lhc R· 0 planc 

corresponds 10 1hc X·Z planc of 1hc cancsian sys1cm. Thc right 
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1.5.2 Local Coordinate System 

.\ loc;sl conrJ1natc \y ... 1c1n is JSS1H:1atcd w11h cJch mcmhcr E.u.h 

J'-IS oí 1hc local onhogonal coord1na1c '>Y'itcm 1\ Jlsn h;i.,cd un 1hc 

r1gt11 hanJ rule. F1g. 1.5 \hows .l hca1n mcmbcr w11h '>IJ.rt 101nt 1 

.ind cnd ¡01nt ·¡- fhc [lO'iillvc duccunn nf thc lnc31 t. .1'1' '" 

dctcrm1ncd by 101ning ·¡· 10 ·;· and prn1cc1ini 11 1n thc \Jmc 

Juccuon. Thc righ1 hJnd rule may he .ipplicd to 1lhla1n thc po.,111vc 

J1rcc1ions of 1he loe.JI y .;ind /. 3.1.C\ Thc locJI '! anJ t·J1c" 

cn1nc1dc w11h thc a1.c\ ni 1hc 1wn pnm.:1p3I mnmcnt'i ni 1ncr11.1. 

:"ole lhat thc local coord1na1c sy<;tcm 1s .Jlway'i rcc1angular 

,\ w1dc r;sngc of cro\s·scc11onal shapcs may he o;pcc1ficd for 

11nalysis Thcsc includc rollcd stccl shapcs. u .. cr \pc..:1ficd 

prism11ic shapcs ele .. Fig. 1.6 shows local .a.1.1s sys1cmfsl for 1hcsc 
shapcs. 
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1.5.3 Relationship Between Global & Local 
Coordinates 

.S1ncc thc 1npu1 lor mcmhcr load' can he prn\/Hlcd 1n thc loc.d JnJ 

global coord1na1c \Y\tcm and thc 0111pu1 fnr mcmhcr cnJ fnrcc., 1o; 

prin1cJ 10 thc lnLJI cnorti1na1c \y\tcm. 11 1\ 1mpnr1an1 111 ~now 1hc 

rcla11on-;h1p bc1wccn thc 101.:al anJ gluhJI conrtl1nJtc .. y•1.icm\. 1 h1\ 

rcl.111un\h1p 1o; Jcl1ncJ hy an anglc mca\urcd 10 lhe lollow1ni; 

.. pec1'1cJ way fh1<; Jnglc wtll he Jel1ncd .is 1hc hclJ 1p1 ..ingle 

Beta Angle 

Whcn 1hc local l alis 1s parallcl tn 1hc glnh.:il Y J'I\. J\ 1n 1hc 

case uf .1 cnlumn 1n J \lrUcturc. 1hc hcta anglc es lhC' Jng\c 1hrnugh 

wh1ch 1hc lnc.:il L .J\15 has hccn rnt.:itcJ .1hout thc local ' Jll\ from 

a po\1lion oí hc1ng parallcl .1nd 1n 1hc ~ame p11 .. 111\c llHci.:11110 nf 

thc global Z·a11s. 

Whcn 1hc local l·a11s u nnt parallcl 10 1hc glnhal Y Jl1S. thc hcta 

anglc "1hc Jnglc lhrnugh wh1ch 1he loi.:.:il cn11rdin..11c ....... 1cm ha\ 

hccn ro1a1cd ahoul thc lucal ,.ali\ from J poo;111nn •ti ha\10¡; the 

local t·alu parallcl 10 1hc gluhal '<·Z rlanc anJ 1hc local~ ..111' 1n 

1hc samc poo;111-vc dircc1ion a\ lhc glnh..11 Yª'" l·:~urc 1 ! dcta1h 

1hc pos111ons lor bc1a cquals O dcgrccs '" ~I) J¡;grcc~ Whcn 

prov1Jing mcmbcr loaJs 10 thc local mcmbcr .&ti... 11 1"1 hclplul 10 

re fer to 1his íigurc lor J 4u1ck Jc1crm1na11nn ol 1hc loLJI ..1.-i.. 

syslcm. 

Rererence Point 

An ahcrna11-vc lo pro"tding 1hc mcmhcr nr1cn1a1111n 1s 10 1npu1 thc 

coordinatcs oían arh11rary rcfcrcncc point lo1.:J1cd '" thc mcmhcr 

1-y planc bul nol on thc 3liS oí 1hc mcmbcr. From thc locJtion oí 

thc rcfcrcncc poinl. lhc program au1oma11cally calt.:ul.i1cs 1hc 

oricn1a11on oí the mcmbcr l-Y planc 

,. = 
:a ~ 

:• ~ 

:• ·l 
:1 -, 
:11 1 

1• 1 

1• J 

1• 1 

ll ~ 

~· 2 

1•.Q 

z 

-

V 

Rrt.1/111"1/flp l'lrr>ort'fl f;/,,b1l oltld I~• al ,1u1 

11fl"T / 7 

., 

Sccllon 1 ') 

1.6 Finite Element lnformation 

F"r 1np111 

,,.,. lt'!lltll'IJ 

: 11 _< /J. 

5 I J. ~ ~ 1. 

' J ~ J 

ST:\ 1\0 •'i cqu1ppcJ wnh J 'il.Jtc of-lhc-art platc/shcll Jnd o¡oliJ 

finilc clcmcnt Thc fcaturcs of cach 1s Clpla1ncd bclow 

1.6.1 Plate/Shell Element 

Thc Pla1c/Shcll fin1tc clcmcnt is bascd on lhc hyhrid clcmcnt 

formula1ion Thc clcmcnl can he J-nodcd {ln;J •arl or 1 nodcd 

(quadfllatcral). lf ali thc ínru nodcs oí a qual. ti clcmcnl do 
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no1 l1c un onc planc. 11 is Jdv1o;ahlc 10 tnndcl 1hcm as 111.1ngul.1r 

clcmcnts fhe 1h1ckne\<; nf •he clcrncnt may he ddfcren1 lrom onc 

nodc tu annthcr. 

"Suríacc 'iHuclurcs" such JS w.Jlls. 'ilah ... plJtcs anJ 'ihdl<. m.i.y he 

mudelcd us1ng íin11..: clcrncnt\ Fnr cunvcn1cncc tn gcnctalL••n ol J 

fincr mesh of plalc/\hcll clcmcnts w11h1n .t 1.ugc .trc.J • .1 \1E~H 

GENER,\ TION fJc1l11y 1s a ... a1lahld Thc IJc1lity 1\ Jcsc11hcJ 1n 

dcta1I In Scction 5 1-1. 

Thc uscr may also use 1hc clcmcn1 tor PL1\~E S fRESS .1c1111n 
only The ELEMEN r PL,\NE STRESS .. :11mm.1nJ ..,houh.1 he 11\cd 

for lhts purpo\c 

Geomelry Modeling Consideralions 

· Thc fol\ow1ng gcomc1ry rclatcd mndcling rules \houlJ ;e 
rcmcmbcrcd wh1lc usang 1hc platc/.,hcll clcmcnl 

l) The progrJm autnmatically gcnctJlcs J fif1h nndc ·o~ (Ccn1cr 

nodc - 'iCC' Fig 1 !\)JI 1hc clcmcnl ccntcr 

:!) Whilc ass1gn1ng noJc'i to jn clcmcnl in !he 1npu1 tt.:11J. 11 ;., 

csscn11.:1l 1ha1 thc nodcs be <ipCt:1fi~ . .-d c11hcr clol·kw1,c 1ir 

countcr clockw1sc IF1g. l.9l For hc11cr clíil1cncy s1n11l.1r 

clcmcnts ,hould he numhcrcd ,cqucn11ally 

)J Elcmcnt Jspcct rJlhJ .. huuld n111 he ClCC\\l'f'C l"hcy ,huultJ he 

on lhc urdcr oí 1 1 . .:1nd preícrahly IC\'i !han l 1 

-ll lnd1 ... 1du.:1I clcmenls \hould not he distoricd. \nglcs hctwccn 

two adjaccnl clcmcnt su.les ~huuld not be much l.ugcr 1hJn qo 
and ncvcr largcr thJn 180. 
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• • 1 
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Sccuon 1 

Elemenl Load Specilication 

1:ollow1ng load \pct.:1fic:i.1Jons are J.'f'ai\ahlc 

1) Jo1nl load\ al clcmcnl nodcs in glnhal dircction'i. 

21 CunccnlrJtcd lnalls J.I Jny uscr 'ipct.:1íicd pu1nt w11h1n lhc 

clcmcnt 1n glohal or local d1rcclions. 

)) ün1f11rm prcssurc on clcmcnl o¡urfacc in glnhal or locJI 

d11cc1111ns 

.J) Part1al uniform prcs\urc nn uscr spccilicd porllon nf clcmcnt 

\urfacc 1n glohal or lo..:al dircctions 

5l L1nc:nly v;uying pre,.o;urc on clcmcn1 surí.:1ce 1n local 

d1Tcc11ono¡, 

fil Tc1npcr:11urc \nJd Juc In un1form 1ncrCl'>C or dccrca'ic of 

tcmpcr;:alurc 

i'l Tcmpcr:uurc load rJuc to d1ffcrcnc:c in !cmpcra1urc bc1wccn top 

and ho11om 'iurlaccs nf thc clcmcnl. 

t1. 
\ 
\ 

D 

D 
R.-110 

DD -­,..,,...... ' ' 

J;,....111 



12 1 SechOll 1 r~nc1~J f)c\rnp11on 

·rheoretical Oasis ~ 
The ST,\,\[) platc í111i1c clcmcn1 1\ ha\cd '" h h d 1 1 

• i Y r1 1n1ti: e i:mcn1 
formul:111on\ A cnmplclc n d _1· ,ua ra11c sirco;, u1o;lr1hu1inn I\ .l'\umcJ 
For planc 'ilrC\S ac11nn. thc ... ~umc' 

.. "" u \lrcss d"1nhu11on '' .I' 
.íollows 

a:: 
~ .,., 
LC 

t. 

1 1 

• 1 

• 1 

Complc1c 4uadra11c JS\Umcd \lrC\'i d1o;1rihu11nn • J 

• 1 
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[ ª· 1 '1 ' y tl 11 o o ~.y ,, ,, 
a, = 1 o ~ ': o o 1 y o ~ o 11 ~•y : " t,, to -y o o 1) -· -21y -y· o •I -· • J 

• ] 
ª' lhrough ª•i = constan1s nf \lrc:ss pi.ilynomials • : j 

• ·[ 1 

• = 
~J 

' " r, 

" "' " \t .. o " 
'l. 'n 
e¡' 11 o) 

S.Cct1on 1 1 1 1 

íhc follow1ng quadrat1c \HC!!.S dis1r1hut1on 1s assumcd \or platc 

hcnd1ng ac11on. 

(nmplc1c tlUJdf.JllC .J\\umcd slfc\, Jntr1hut1on· 

n " " " o ,, o o ,, 
" 

1 
,, 

• ,, .. ., " , 
1 

•• ,, y o " o o o ,, .. ., y [) " . ' 
" o o 11 y - ~y 1) o o o - 'Y .. . . ' 1 

o o o 11 ,, [) y o o o -· o . ' -Y ; 1 

11 o o 1) o ·y tl 1) o ,, 1) ' 
1 y l .J 11 

.J 1 1hrou~h .J 1 - = \.'.011\tants of i;trcs\ pnlynom1ah; 

rhc d1s11ngu1\h1ng fe atures of lht\ finilc clcmcnt .uc· 

11 01splaccmcn1 compa11h1l11y hc1wccn thc: planc 'itrcss \.'.nmponrn1 

nf onc clcmcnt and 1hc pla1c: hcnd1ng componcn1 uf Jn .Jd1accn1 

clemcnl ...,h1ch is al ::an anglc to thc íir 1U (\CC F1g bclowJ i.. 

ach1evcd by 1he clcmcn1". Thn compa11bili1y rcquucment 1s 

usually 1gnorcd 1n mosi ílal \hclllplatc clcmcnts 

21 

1 

--~ / 
/ 

The OUI or planc ro1a11onal sufínc-;s from 11'' ·•ane \líC'i, 

port1on oí cache leme ni is uscf1illy 1ncorp1 nd nol 
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trca1cd J<, a tlummy J, 1s usually done in mo'il C11n1monly 

avatlahlc com1ncrcial \oflw¡uc 
)) OC'iJHIC lhc 1nco1pora11on oí 1hc rol:Hional o;111ínc\'> mcn11nncd 

p1cv1ou<>ly, thc clc1ncn1s 'iatisfy thc patLh tes1 :ih\nlu1cly. 

4) Thr:sc clcmcnts :irc ava1lablc'as trianglcs and tlUadn\alcralo;, 

w1th corncr noJc<, only, w11h cach noJc h.iv1ng \t~ Jcgrccs of 

írccdnm 
' S) Thcsc clcmcn1s are thc ,1mplcst form, of llat \hcll/pla1c 

clcmcnts pn'i<,1hlc wnh corncr nodcs only .1nd \n, dcgrcc'i oí 

írccdom pcr nodc. Y.:t solu11ons lo \amplc prnhlcms converge 

rapidly to accuralc answcrs cvcn with a largc mc<>h \11c 

6) Thcsc clcmcn1s may he conncctcd to planc/<,pacc hamc 

mcmbcrs w11h full J1splaccmcnl compa11b1\11y No add111onal 

rcs1ta1ntsfrclcasc'i are rcquucd 

7) Out of planc 5hc;ir <;!rain cnergy 1s 1ncorpnra1cd 1n 1hc 

íormula11nn of thc pla1c bcnd1ng compone ni ,\s a rco;ult. thc 

clcmcnls rcsponJ to Poisson hounJary cnnJiuons wh1ch are 

considcrcd to be more accuratc than thc customary K1rchofí 

boundary condit1nns 

8) Thc platc bcnding porlion can hanJlc 1h1ck. .1nJ 1h1n pl.itc<,, thus 

c~1cnJ1ng thc uscfulncss of 1hc plate elemcn1s tnto a multiplic11y 

or prohlcms In .iddiuon. thc thu;kness oí lhc platc IS takcn into 

considcra11on in 'alcula1ing 1hc out oí planc \hcar 

9) Thc planc s1rcss tnanglc bchavcs almo'il on par wilh thc wcll 

koown linear 'ilrCSS tnanglc:. The uiangles nr moo;t s1m1lar ílal 

shcll clemcnls incorporate 1hc conslant o;ircss 1r1anglc wh1ch 

has ver y slow ratcs o( convcrgcncc. Thu'i 1hc triangular !ihell 

clcmcnl is very uscCul 1n problcms wi1h duublc curvaturc 

whcrc thc quadrila1cral clemcnl may nol he ~ui1able 

10) Stress rc1ricval al nodcs and al any po1nt w11h1n thc ciernen l. 

Element Local Coordinate System 

Thc precise oricn111ion o( local coordinatcs n detcrmincd as 

Collows: 

1) Dcsignatc thc midpoinls oí thc Cour or thrcc clcmcnt cdgcs JJ. 
IK. KL. LI by M. N.O. P rcspcc1ively. 
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Scc11on 1 

2) Thc vcclor pn1nting from P to N ,, llcíinctl to he thc local ~­

ai.1" lln a tr1anglc, 1his 1<> always parallcl to IJ). 

J) The cross-protluct of vcctors PN ;ind MO 1 íor a trianglc. ON 

and MK) Jcíinc'i thc local L-ai.is, i c., l = PN \ MO. 

·1) Thc crn""·produc\ uf vector" 1. anJ x defines lhc local y- axis, 
i e , y = 1. i. l 

fhe 'iign convenlion of outpul force and momcnt resUllann is 
illuslr3tcd in F1g. 1 1 J 

\10 "' ... 

' ,., ..... 

" 

Oulput oí Element forces 

ELEMENT F<JRCE ou1puls :1rc availahlc al lhc follow1ng 

loca11ons. 

¡\ Ccnlcr nn1Je nf thc clcmcnt. 

B. All corner noJcs of 1hc clcmcnl. 

C. Al any uscr o;pec1íicd po1n1 w11hin 1hc clcmenl. 

',,..,. 

Following are the 11ems includcd 1n lhc ELEMENT FORCE nulp111 

QX. QY Shear strcssts (í-orcc/ unil len /unll 1hk. ) 

FX. FY, FXY Mcmhranc 'ilfC\scs (Forcc/unll lcn /un11 thk) 

MX. MY, MXY BenJing momcnts pcr un11w1d1h1Momcn1/uni1 

SMAX. SMIN 
TMAX 

len.) 

Principal strco;ses (Forcc/unit arca) 

Ma1.im. 5hcar o;Jrcss (Forcc:/un11 are.a) 



Sc:cuon 1 

(Joc:rrtal 1 kl.l npunn 

ANGLE Or1cnta1111n of thc pnnc1pal planc !Dcgrcco;\ 

~n1es: 

/ 

I. Ali clcmcnl force nutpul 1s 1n 1hc local cunrtllnatc \y'i1C1n 

Thc lhrccllon anJ \cose uf 1hc clcmcnt force\ are 

c .. pla1ncd 1n F1g 1 1] 
2. To ob1a1n c\emcnl forces al J \pcc1ficd p1unt w11h1n 1hc 

elcmcn1. thc user must pruv1de thc LourdtnJlc ~v.,1cm l11r 

1he clcment ~ole 1ha1 thc or1g1n of 1hc lncJI coord1nJIC 

syo;tcm co1ni:iJc\ w1lh thc ccn1cr nodc o( 1hc clcmcnl 

J. Pr1nc1pal Hrcsscs ISMAX &t SMINl. 1hc ma11mu1n 'ihcar 

o;IJC\'i IT~.\Xl and 1hc oricntattun 11f thc pr1m.:1pJI plJnc 

1ANGLEl .JfC Ji<.o printcd for 1hc 1op .1nd bottom <,urlJi;c<o 

ol lhc clemente;. fhc top .1nJ thc bnllom \1.1rf:1LC\ .1rc 

llctcrm1ncJ nn thc has1'> 111 thc .tuc..:11un 111 lhc !n..::i\' .J•l'i 

Sign Convention of Element Forres 

, ....... .. 
'""'''" 

f,,.,~ I /J 

" 

/' 

P1casc note thc íol1owing fcw rcstric11ons in us1ng thc finuc 

clcmcnt portian of STAAO: 

1) 801h framc membcrs and rinite clcmcnls can be uscJ logcthcr 

in a STAAO analys1s. Thc ELEMENT INCIOENCES command 

must dircctly follow thc MEMBER INCIDENCES 1npuL 

2) The sclfwcigh1or1hc finitc clcmcnts is convcucd 10 Joint 

loads al 1hc conncclcd nodcs and is not uscd as an clcmcn1 

prcssurc load. 

• 1 
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it· a 
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1en 

,p 
1 1 ' ... ~ 
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3) Elcmcnl force<; are pnntcd :11 thc ccntro1d and nol a.long any 

cdgc 

·l) In ;idd1t1on 10 thc 'itrcc;o;c'i shown 10 Fig 1 13. thc Von Mises 

c;1rco;sc'> at thc top and hn11om o;urf:icc of thc clcmcnt a.re :1lo¡n 

printcd 

Element Numbering 

D11nng thc gcncra11on nf clcrncn1 s1iffnc'>\ ma1ru:. thc prngram 

vcnfic'i whc1hcr thc clcmcnt l'i '~une :is thc prcvious nnc nr not. tr 

ti 1s 'i.Jmc, rcpc1111vc c:alt:ula.11on'i :irc not pcrformcd. Thc '>cqucncc 

10 whu:h thc clcmcnl 'it1ffnc'iS ma1rix 1s gcncralcd is thc samc as 

1hc \cqucncc 111 wh1ch clcmcn1s are input 10 clcmcnt 1ncidcnc:cc¡ 

Thcrclorc. lo c;avc 'i.nmc Cllmp11t1ng time. <oim1\Jr clcmcnts should 

he numhcrcd o;cqucn11:1lly F1g 1. I-' 'ihnw'> c'amplc'i oí cfíicicn1 

'.1nd nun.cfl1c1cnt clcmcnt numbcnng 

ttowcvcr lhc u'icr ha'i 10 1Jcc1Jc hctwccn .itlopllng :i numhcring 

'i~'itcm wh1ch rcJui.:c'> !he c11mputa11nn time vcr<;uS J numhcring 

'Y'i.lCm whtLh IOt:TC:l<;C\ lhC Ca'C llÍ Jcfin1ng lhC 'iHUCIUrC 

gcnmcuy. 

L:fo.1111' ' 'nngy '"rT!CC .,. 

[¿]¿]212J 
IC!(th <;" 1 '"MI" >ll'tn o~ 

r., .. ,.. 1 '" 
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1.6.2 Solid Element 

Snlul clcmcnts cnahlc 1hc u1lu11on of 'ilruc1urJI prohlcm'\ 1nvolv1ng 

general thrcc dimcnHnnal <;lrcr,sc' fhcrc 1s .1 i.:las"' oí p1nhlc1ns 

,.uch as \lrC\S distrihu11on 1n concrete t.lams. 'illtl Jnt.I rock '>trata 

whcrc finitc clcmcnt .1naly'>IS us1n~ <;olit.I clcrncnts pr11v1dcr, a 

pnwcrful 1onl 

Theoretical Rasis 

Thc \olld clcmcnt U\Cd 1n ST ,\,\[)IS oí c1gh1 n111lcd 1sop.1r:unc1nc 

typc. lhcr,c clcmcnls havc lhrcc UJn'lila11on:il Jcgrccs.ní lrcctl111n 

pcr nuJc 

' ' 
'· . , .: .. 

' 
.. 

., 

By i.:ollapr,ing vanuu'i not.lcs 1ogc1hcr. an c1ght nodcJ ,o\1t.I dcmcnl 

i.:an he Jcgcncr:t1cJ tu 1hc lol10...,1ng forms w1th 1nur 10 "cvcn 

noJc .. 
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Secuon 1 

Thc <;t1ffnc'i'i mairi, ni thc <;olid c\cmcnt 1s cva\uatcd hy 

numcru:al intcgr:111on w1th c1ght fiauss-Lcgcndrc pnints. To 
facl11ta1e thc numcr1cal 1ntcgration, the gcometry of 1hc clcmcnt is 
c·qncs<;cd hy 1n1erpnlat1ng fum.:1100" us1ng natural cntirdinalc 

"Y'>lcm. fr.'i.ll of 1hc clcmcnt w1th it'i 11r1g1n at lhc ccnlcr oí 

grav1ty Thc in1crpnla11ng func11ons Jrc 'ihown bclow· 

• 
•=Ih·"· ,., 

• 
y= ¿h,v,. ,., 

whcrc '-'." and l. are 1hc c1111rd1n011cs ol anv po1nt in 1hc clcmcnt and 

•,.y,. 1,, •= 1 .... 8 are lhc i.:oord1n:11c.., 111 nodc" dcíincd 1n 1hc global 

COflfd1na1c <;y'ilcm fhc 1nlcrpolat1nn func11nns. h1 Jre dclincJ in 

1hc na1ural i.:oord1natc o¡yr,tcm. rr.s.tl Each oí r.s and 1 vnni:" 

hctwccn . \ 3nJ + 1 Thc íunJamcntal propcny of thc unknown 

1ntcrpnlatu1n íuncunn .. h1 '" thal 1hcu valuc" 1n natural coordina1c 

\Y\ICm 1~ un11y 31 nndc. 1. and 1cro .ti .tll 1J1hcr no'dc'i ni 1hc 

clcmcnl. Thc clcmcnt J1<;placcmcn1!. .:ne also 1n1crprc1cd thc \ílmc 

wJy ª" ihc gcumciry For cnmplc1cnc'>r,. 1he funcllons Jrc g1vcn 

hclow· 

• • u=Ih,u .. V: ¿h,v .. .. 

whcrc u. v anJ w are J1,.placcmcnt\ .11 .Jny p111n1 in thc clcmcnt an1I 

u,.v,. w,. i= l .!I are cnrrc .. pond1ng noJal Ji<iplaccmcn1\ 1n 1hc 

coord1nl1c <;ystcm U'\cd to Jc.,crihc 1hc gcome1ry 
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Local Coordinale System 

Thc lnc:il cnnrilin:i1c "Y"lcm uo:.cd in "nhd clcmcnt I'> thc ,Jmc JS 

lhc glohal sy,.1cm JS .¡hown hchiw 

/ 
' .. 

" 
; 

L_,, - . 

Properties and ConstanlS 

Unhkc mcmhcr, and .. hcll lpl3lc1 clcmcnts. nu prnrcn1c" Jrc 

rcqu1rcd ror \Ohd clcmcnlS. Howcvcr. 1hc COO'ilants ~ui.:h J<; 

modulu'> nf clastic11y and Po1sson's r;u1n .uc to he spci.:1l1cd 

Also. Dcn-;11y nccds 10 he prov1dcd 1f .. cHwc1gh1 1s 1n1.:luJcd 10 Jny 

load case. 

Output oí Element Stresses 

Elcmcnt "trcs,.cs m:.i~ flc ob1aincd at thc ccntcr Jn1I at 1hc JOlnts nf 
1hc solid clcmcnt. Thc 11cms 1ha1 are pnntcd Jrc 

~ormal Strcsscs 
Shcar Strcsscs 

SXX. SYY •nJ SZZ 
:SXY. SYZ anJ SZX 

Principal s1rcsscs S 1. 52 ;ind 53. 
Van ~iscs strcsscs . SE 
01rcc11on co11ncs .6 Jircction ..::os1ncs :uc printcd. follow1ng the 

cxprcssion OC. corrcsponding 10 1hc first 

two principal stress dircc11ons. 
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• 11 
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Secuon 1 1 

1. 7 Member Properties 

5,.,_. ff'CfllJl:I 

j :o 

Thc ín\lowing typcs ur mcmbcr propcny spcc1íications are 

availablc in STAAD. 

,\) PRISMATIC prnpcny 'ipcc1ficattuns 

8) Standard Slccl <ihapc'i lrom hu1h 1n o;cct1un lihr:ir~ 

C) LJ<;cr crcatcd <;lccl tahlcs 

0) TAPERED 'iCCllOO'\ 
E) Through ,\SSIGN commanJ 

1. 7 .1 Prismatic Properties 

~- .. ,. lf¡ /lfH' 

.• :o : 

Thc fullow1ng pJ1sma11c propcrllC'iO JfC rcquirctJ rnr .1n.1ly<;1s. 

1\X = Cros\ scc11nnal .1rca 

IX 

IY 
IZ 

T1H<;1unal con'ilant 

\.lumen! ni 1ncrt1a abou1 y .lll'L 

\.iumcnl of 1ncriia J.bnut / ª'IS. 

In addit1on. thc uscr may chon'\c 10 <ipcciíy thc fullow1ng 

propcr11c'\ 

AY= Effcc1ivc "hcar .:irca for <ihc:ir force parallcl 10 lncal y-a"" 

i\l = Effcc1ivc '\hcar arcJ. for <ihcar force parallcl to local '- a1H, 

YO= Ocpth oí scc11on parJ.llcl lo locJ.I y-a.r.i'i. 

ZD = ncplh or 'óCClltJO parJllcl lo local 1.-a1.1o;. 

To spcc1fy T-bcam or Trapc101Jal hcam. 1hc follow1ng aJd111onal 
propcnic\ must be providcJ. 

YB = Dcplh oí Web of T-scc11on (ScC figure bclowl 

ZB = Widlh of web of T -scc1ron or hottom w1d1h of 1 rapt:1111dJl 

\Ccl1on. 

To 'lpcc1fy T-bt:~n1. 1hc uscr mu\t ,pcc1fy YD. ZD. YB &. ZD 

S1m1lady for Trapc1oid.1I scct1on'ó. Y D. ZD J 'l mu-;1 he 

providcd 
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fjc,ncnJ l>ew:npuon 

lf thc •hcar Jrcas are 1npu1. 1hc program will J111oma1u:ally 

con~tdcr shcar dcformat1ons 1n 1hc analys1s. and 1f lhcy are lcll 

out,. shc:u dclormaliun w1ll he 1gnorcd In J framc s1rw.:1urc thc 

ra1io oí shcar dcflcc11on 10 hcnd1ng dcílcc1ion 1s "º '>mall 1ha1. 1n 

mos1 case\. 11 can he 1gnorcd. Thc dcplhs 1n thc twn majur 

d1rcc11ons (YO and ZDI are uscd 1n 1h.c program 10 cakulalc 1hc 

<,cc11un moduli íhcsc Jrc nccdcd only lo LJlcula1c mcmbcr 

\lrcsscs orlo pcríorm concrete dc!.1gn íhc uscr cJn omu lhc YO 
&. ZD valucs 1f <;Hcsscs or Jcstgn of thcsc mcrnhcrs are oí no 

1n1crcsl Thc Jcf.:iult valuc 1s 254 mm { 10 rnchc\) for YD and ZD 

All 1hc pr1sma11c propcr11cs are input 1n 1hc local mcmbcr 

courd1natcs. 

/11 11 

!·1J ¡ '" \71 ll 

\__f t 
......, 

---------/U :n 

To define 3 •. :onL·rclc mcmhcr. 1hc uscr must nol prnv1Jc ,\.'( hut 

1n'ilcad, prov1dc YO and ZD íor a rcc1Jngular·'icc11on JnJ Jº'' YD 

for a circular 'icc11on. lí no mumcnl of 1ocr11a nr ,hc;u Jrcas Jrc 

providcd. thc program w1ll automatically calculatc thc1c from YO 

and ZD 

T3blc 1.1 is ofícrcd to 3S'ilst thc uscr 1n 'ipcc1íying lhc ncccssary 

scclion va.lucs. lt lisis. hy structural typc. the rcquucd scct1on 

propcrlies for a.ny analy\ls For 1hc PLANE or Fl.OOR 1ypc 

analyscs, lhc choice of thc rcquircd momcnl of 1ncrha dcpcnds 

upan thc bcla anglc. lí BETA equah 7.cro, thc rcquircd propcrty 1s 

IZ. 

Table l. l Required properlies 

a:t:I 

-== 
• ·~ • ~ 
18 e 
111 1 

• 1 

• 1 

' 11'. 1 

Structural 
Tvoe 

TAUSS struclure 
PLANE 5tructure 
FLOOA 5tructure 
SPACE 5tructure 

Required 
Propertles 

AX 
AX, IZ or IY 
IX, IZ or IY 

AX, IX, IV, IZ 

S«uon 1 2J 

2 Built-ln Steel Section Library 1.7. 

St't' lt'CllO" 

~ : I und 

5 :o I 

e fy <;,cclion íh1<;, rca1urc or thc program al\ows the user 10 <;,pe 1 

namcs oí <;.tandard stcel <;,hapcs manufacturcd in 1.hfícrcnt . 
. s lnformat1on pcr1a1n1ng to ihe American stccl shapcs" cnun1nc 

availablc 1n <;,ec11on 2. 

ror iníormat1on on <;,lccl <;,hapc\ far Cont:icl Rc<;.CJ.rch Eng1nncr<;, 

othcr countrics. 

b 11 1n1n 1hc 1ablcs. shcar S1ncc 1hc \hc:ir arc3s of lhc \cc11nno; are u1 
dcfnrmauon is Jlway<;. cnno;1dcrcd for thcsc <;,cc11on5 

1.7.3 User Provided Steel Table 

j /9 1.1nd 

~ :o J 

fhc u<;,cr can prov1dc 3 CU\\nml'.ClJ o;tccl table w11h dcs1gnatcd 

n:ime5 and propcr corrcspnnd1ng propcrucs. Thc program can lhcn 

find mcmhcr propcrucs lrom thosc tablc5. Mcmbcr sclccllon may 

also be pcdormed w1th thc progrJ.m selcct1ng mcmbcr5 Crom the 

providcd tables only. 

The5e tables can be provutcd as a part of a STAAD input oras 

se aratcly crcatcd riles frnm wh1ch the program can rcad the 
p . Th uscr who Jocs not ust 'ltandard rollclJ shapes or 

propcrtleS e , 
who uses a hmitcd numbcr or spcc1íic shapcs may crcatc 

pcrmancnt mcmbcr propcrly riles. Analys1s and dc~1gn can be 

\lm11cd 10 thc .-;c...:t1on<; in ihcsc íilc\. 
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1.7.4 Tapered Sections 

;¡ 20 J 

Propcr11cs of tJpcrcd 1 <;cc1ions mJy he prov11lcd thrnugh 

MEMRER PROPERTY 'ipcc1ÍlcJ11on'i Givcn kcy 'it:Cllon 

d1mcns1ons. thc ptn!tJm is cJpahlc oí calculJt1ng cr11'is-<tci.:t11Jnal 

propcr11cs whu:h Jrc 'iuhscqucn1ly uscd 1n Jnaly"'" Spccll1t:Jllnn 

oí TAPERE[) <;cc11ons 1s dc'icnhcd ln Scct1on S ní 1h1'i manual. 

1.7.5 Assign Command 

Through 1his commJnd. thc uscr may in-s1ruc1 1hc program 111 

· .:1u1oma1ically 'iclect J \lccl -scct1on írom thc table ínr .inal~''" and 

-suh'icquent Jco¡1gn. Thc 'icct1on typc'i that may he .\SSIG'.'lcd 

1ncludc BEAM. COLL\rtN. CH,\:-.INEL. ANGLE and DtlLBLE 

ANGLE Whcn J BE,\"1 or COlt.:MN l'i \pcc1ficd. 1hc prngra.m 

wdl 3ss1gn an 1-hcJm '>CClion (Wf for AISC) .::ind 'iub,c4ucnt 

mcmber sclcct1on or op11m1ta11on w11l be perfnrmcd w11h .J '>1m1lar 

1ypc scc11on 

1.8 Member/Element Release 

s .. 
Jl'CllOfl l?2 

STAAD allow.¡ rclcasc' ínr both memhcr"i Jnd clcmcnl'i 

One or bo1h ends of a mcmber or clcment can he rclcascd 

Membcrs/Elcmen1s are .usumed 10 be rigidly framcd 1n10 Jnints in 

aecordance with lhc s1111ctural 1ypc "ipceiricd. When 1h1-s full 

rigidily IS nnt applicablc. 1nd1v1dual force componcnts JI c11her 

end oí 1hc member can be set 10 zcro wi1h member releasc 

siatcmenu. By ,pecify1ng rele:ue componenls. individual Jcgrees 

oí frcedom are removed írom 1he analy1is. Release components are 

Civen in thc local coord1na1c 1ys1cm for each member. Note 1ha1 

PARTIAL momenl rclcasc is also allowcd. 

-==-
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• 1 
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1.9 TrussfTension - Only Members 

~ .. I" 11"! "º" 
5 2 J 

For analy"c" whu;h 1nvnlve memhcr'i that carry Jlial lo:ids only. 

1 e lru<;'i mcmhcrs. thcrc are 1wo mcthod'i for 'ipcc1fy1og lhlS 

cnndi1ion. Whcn all 1he 1ncmhcro; 1n the <;tructurc are 1ruo;s 

mcrnhcrs. the lype oí 'itructurc l'i Jcclared as TRUSS whcre:is. 

·Nhen nnly ,.0 mc oí thc mcmhers Jre irus'i memhcrs (c.g. hrac1ngs 

oí a huilding). 1he ~EMHER TRUSS command can he u5cd whcre 

thn'ie mcmbero; will he 1dcn11íicd c;cparately A con'>idcrahlc 

amnunl oí analy"n and dco;ign 11me is 'iavcd hy declar1ng an axial 

mcmhcr JS a TRUSS mcmher. 'ipec1ficat1on of such memhcrs as 

frame mcmher'i w!lh hoth cnd'i pinncd o;hould he avo1dcd whercvcr 

pO!i'iiblc 

In STAr\D. a mcmhcr m.::iy he dcclarcd a"i a Tcn~ilnn-only mcmbcr 

Thc anal~,.¡.¡ w1ll he períormcd accordingly Refcr lo Scction 

5.~] 3 lor detall'> on 1h1'i facllity 

1.1 o Cable Members 

Sn 

Cahle mcmher'> may :-.e 'ipecificd hy using the \1EMRER CABLE 

cnmmand Wh1le .¡pcc1fy1ng cahlc mcmbcrs. !he 1n11ial 1cn"i1on 1n 

1hc c.::ihle mu'il he prov1d~d. The follnwtng par:igraph c:tpl:11ns how 

cable .. 11ffne,s is calculatcd 

The 1ncrcasc in lcnglh oí .1 loadcd t.:Jhlc is a comh1na11on llf two 

effccu. The íir'it componen! is 1hc Claslic sirctch . .::ind is go\'crncd 

hy thc í.am1h1r 'prin! rcla1ion'ih1p 

Thc sccond componen! oí 1hc lcni1hen1ng is duc 10 a change 1n 

gcomelry fas a c.ahlc 1s pulled 1aul. ,ag 1s rcduccd) This 

rcla1uinsh1p c:in be dcscr1hcd hy 
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f ::: K, h111 herc K,J~ = 

J:: C'omlo., Jefurma.c.io" 
. (Ca... 4eft:lf io.) whcrc wc1ght pcr un11 lcnglh ní ..::ihlc w = 

Thcrcínrc. 1hc '<;11Hncss· of a 1.·ablc'Jc¡icnds on thc 1n111.1l 1n .. 1.illcJ 

\cnsinn lnl '3&1 fhc\C 1wn cfícCI\ may be cnrnh1ncd .is lol\nw\ 

K,.,,..¡., = --------
11 K,..,( .. 11 Ktl.4.mc 

~'""'" 

~otc: Whcn í =O Kcomll = E,\/L 

lt may he nnticcd th31as1hc ICn'ii111n 1ncrcasc~ (<,:ig dccrc:i\c\I thc 

comh1nctl <illllncss J¡iproachcs th.it lll thc pu1c ciJ'lt1..: ,11u.i1111n 

Thc fnllow1ng pu1nl'i n1.·cd to be cunsu.JcrcJ "'hcn us1ng thc L.Jbh.: 

mcmbcr 1n Sr ,\,\O 

11 Thc cahlc mcmhcr is unly a uuss mcmhcr who\c prnpcr11c' 

acc111nuJa1c thc '"g factor anJ 1n111al 1cn'llun. fhc bchav11ir 111 

thc cahlc mcmbc:r is idcntical 10 1ha1 oí 1hc truss mcmhcr h 

can carry a1ial loads only. As a rcsult. 1hc fundamcn1al rule" 

involvcJ in moJcling truss mcmbcr\ haYC 10 he follnwcd whcn 

modcling cable mcmbcrs. For c•amplc. whcn two c:1hlc 

mcmbcrs mcc1 al a common JOint. 1f thcrc i'iin't a support or .1 

Jrd mcmbcr conncctcd to lhat 101nt, 11 is a point oí po1cn11al 

ins1abilily. 

2) Duc to lhc rcasons spcciíicd in 1) abovc. apply1ng a Hans verse 

load on a cable mcmbcr is no1 advisablc. Thc load w1ll he 

convcrtcd to 1wo conccnlralcd loads at 1hc 2 cnds of thc cable 

and 1hc true dcílcction paucrn or 1hc cable will ncvcr be 

rc1li1cd. 

( \ 

• il 

• :a 
Ki :a 

• lil 
• ; fl 
• 'I 
• ¡¡ 

• 1 

• l • 1 

• l . . ;. ~ 
1 4 

-

,/ . d.) 

., 

)) ,\ cahlc mc1n~cr nífcr-; no rco;;1o;;tancc to ;i cnmp1 co;;'iivc force 

appl1cd al ,,., cnJo;;. Whcn thc cnJ jnints qf 1hc mcn1hcr are 

\UhJcctcd In :i cnmprc-.o;;1vc ínrcc. thcy "g1vc 1n · thcrchy lfc1 lof'I~ • 
..:au.,1ng thc cable 111 sag l;nJcr thc'ic L'1rcu1nstanccs. 1hc cahlc 

mcmhcr has fCrn \ldínc\'i .1ntl th1" 'illuation has 1n he 

lLL·nuntciJ ínr 1n thc \llffnc.,\ m:ilt1• 3nJ lhc di.,pl:.1ccmcrus _ 

havc 111 he rccakulatcd. Out 1n STl\,\D mcrcly'Jcclaring lhc 

mcmhcr 10 he .i cahlc mc1nhcr Joc\ nul guarJ.nlcc Lhal this 

hchav111r wdl hc~cLoun1cli for h 1s .il\n 1mpor1an1 1hai lhc 

u,,., dcLl.arc •he rncmh{'t 10 he .i 1cn\1on only mcmhcr hy u\lng 

Lhc: \1E.\.1RER lENSl<)N .. 01nmanJ fh1s wdl cn\11rc that thc 

p1o~rJm wdl IC\I 1hc n.llutc of 1hc fort:c 1n 1hc rncmhcr JÍtcr 

1hc .an.Jly.,., .in1I 11 11 ,., l'.nrnrtc\\l"C. 1hc mcmhcr 1\ -.wih.:hcd 
nH JnJ lhc \ldfncs\ m;11r1, re calcul.1tctl 

·11 Duc 111po1cnt1.Jl1n\l.Jt11h1 ... prnhlcm\ ..:tpl.iincd '" ilcm 

Jho~c U\crs \huult) .lhn Jvn1J m0Jcl1ng l C.llCnJry by 

hrc:ik1ng 11 down 1n10 J nurnhcr ní ,1r:i1eh1 hnc ~crmcn1s Thc 

t::ihlc mcmhcr tn Sf,\1\0 ..::innn1 he ll\l"d tn \lmul~tc 1hc 

hch.1 ... 11ir ní l CJ\cnary R;.i l'.Jlcn:1ry. wc .i1c rcícrr1ng 10 1h1nc 

'">tructural c11mp11ncnl\ wh1ch havc a t:urvcd prolilc ..ind dcvclo¡i 

J"J\ hui.:c'I. tluc 1hc1r ~ctr wc1gh1 Th1\ bch:iv1or ,,, In rcah1y J 

:inn linear hcha ... uu whc1c 1hc at.1:il l11rcc 1\ cau\cd hccau\c ni 

cnhcr J chan~c 1n •he pn1lilc oí lhc mcmhc:r or 1nJuccJ hy 

l:irgc Jio;;pla1.c1ncn1\ ..nc11hcr 11í wh1t:h Jrc valid J~'umptanns 1n '"'.-vao¡ .ln cla\llC Jnaly~1s. 1' typ1t:a c':implc of a catcnary 1s lhc m:11 n 

L 'hapcd cable u.-.cd 1n \U~pcns1on bndgc\ 

5) Thc •ncrC.J'l.c nf .. urrnc~ .. ni 1hc cahlc as 1hc lcn., 111 n in 11 

1ncrcascs undcr appllcd load1ng 1s no1 accoun1cd fnr during lh• 
analys1s . 
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1.11 Member Offsets 

51'1' lrl'/Hlll 

j :5 

Sorne mcmhc-.r'i of a 'ilruclurc m3y no! he concurrcnt w11h 1hc 

1nc1dcnt ¡oinls lhcrchy crc3llng off,cls Th1'i llffscl J1\1ancc '" 

spcc1íicd 1n tcrms uf glohal coori.J1na1c sys1cm 11 e global X. Y 

and Z di<,tancc from thc 1nc1dcnt jiJ1nl) SccondJry lorcC'i 1nduccd. 

duc lo 1h1s offscl connccllon. JTC IJkcn 1nto Jccnunt 1n JnJly11ng 

1hc slructurc and Jl'io to calculatc lhc 1nJ1v11JuJI rncmbcr h1rcc'i 

The ncw offset ccn1ro1d oí 1he mcmhcr can be 31 the 'il3T1 ur cnd 

1nc1dcncc, and the ncw work1ng p111nt wdl Jlso he lhc ncw ''ª" 1ir 

cnd of thc mcmhcr Thcrcforc. any rcfcrcncc írnm 1hc 'ilJTI 111 cnd 

oí tha1 mcmhcr will Jlways be frnm 1hc ncw nlf\cl p111n1'i 
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1.12 Material Constants 

1r1 """ .' ~f> 

Thc material'"""'ª"'" are modulu'i oí cla•aicily IE): '4c1gh1 

dcnsit~ 1DENl: Po1so;on·., ra11n IPOISSI: co-clíic1cnt nfthcrmal 

C'Pª""'º" f ,\LPIL\ 1. ;ind hct.1 ln~lc 1BET\1 or cnord1n.1IC'i for 

.ln~ rcfcrcncc 1 REFl point. 

E valuc for mcmbcr'i mu'il he provuled or thc analy'iis will nnl he 

pcrformed. Wc1gh1 Jcn'illY (DEN) 1\ uscd only whcn 'clíwc1gh1 of 

1hc \Uuc1urc 1\ lo he takcn 1nto accnunl. Poasson·, rallo f POISS) 1\ 

uscd 10 c.llculatc thc \hcar modulu'i (commonly known as Gl hy 

thc rormula. 

G = 0.5 • El( 1 + POISS) 

Ir Po"'º"., r:1110 IS not providcd G w1ll be 11:! E. ~ocfíic1cnl ur 

lhcrmal c11pansion (ALPUA) is uscd lo c1lcula1e lhc c11p1n,ion of 

thc mcmbcrs ií tcmpcraturc load' are apphcd. Thc rcmpc-ralurc unir 

íor 1cmpcraturc lo;id and ALPHA has to be 1hr 
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BETA anglc :tnd REFcrcnl'C pn1nl Jrc di'>lll\~ct! 1n Scc I 5 J :iml 

are input as pan ol 1hc n1cmhcr con\tant\ 

1.13 Supports 

Sn 

flll'• 1111" j J.7 

STAAD allows spcc1f1cations uf supfHHIS thal .uc parallcl JS wcll 

as 1nchncd lo thc global allcs. 

Supporis are \pcc1ficd as PINNED. FIXED. or FIXED w11h 

t.hHcrcn1 rclca\cs A p1nncd suppon has rcs1ra1nn .1ga1ns1 .111 
1ransla11onal movcmenl and nonc aga1n"'t rota11nn.il movcrncn1. In 

olhcr words . .:a p1nncd \Upporl w1ll havc rcac11ons for all {111i:e., hui 

will res1\I nn momcnls. A fi•ed suppnrt has rcs11;11nts Jg:i1n,1 Jll 

d1rcc11ons of movcmcn1. 

Thc rcs1ra1nts of a Íl•eJ \upporl c:in al\o he rclcascd 1n anv 

Jcsircd dircc1ion as spccllicd tn \cc11un 5 

Translational and ro1a11nnal \pflM!\ can Jl\o he \flec11icd fhe 

o;pnngs are repre\cnted 1n 1erms of lhcir 'ipr1ng 1.:on\tJnt'i ,\ 

translat1onal spring conslant is Jcf1ncd as thc force 10 J1\plac.:c J 

\upport jo1nt onc lcngth un11 in thc \pc1.:ificd global J1rec.:11on. 

S1milarly. a ro1~11ional ... pring cons1an1 is Jelincd Js thc tnn:c In 

r111a1c 1hc ... uppurl jo1nt onc Jegrce .1rounJ 1he ... pec1f1cJ glnhJI 

Jirect1on. 

~ .14 Master/Sta ve Joints 

~ .. cuort J.!8 

The mastcr/slavc option is providcd 10 cnable thc uscr 10 mndcl 

rig1d hnks 1n 1hc slructural systcm. This facihly c.:an be uscJ to 

. modcl spec1al \lruclur.;il clemcnts hkc a rig1d nuor J1aphragm. 

Scvcral !lave joinl5 may be providcJ which w11l be 35s1gncd samc 
Jisplacemcn1s 35 thc masler jo1nl. The uscr is also allowed the 

Oe1tibility to choosc the 'ipccilic dcgrccs of frccdom for wh1ch the 

displ1ccmcn1 conslraints w1ll be imposcd on 1hc slaved joinls. lf 

all dcgrccs oí frccdom (fil. fy, F~ M1.. My and M1.) are providcd 
is cons1rain1s, the joints will be .usumcd 10 be rig1dly conncctcd . 
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1.15 Loads 

1.16.1 

~ J ~ 1 

1.16.2 

: J.: 2 

Loads 1n J structurc ~an he o¡pe..:1ficd as joint load. mcmher load. 

1crnpcr:11ure load :lnd li•cJ.cnJ membcr luad. STAi\D ~3n :ll'io 

gcncrJIC 1hc o:;clf.wc1gh.1nf1hc \ttuclurc and use 11 as un~lormly 
J 1o¡trihu1cil memhcr \oads 1n Jnaly\is. i\ny fracllon nf 1h1s \elf· 

wcight can Jl\ll he appl1ctl 1n any Jco;ircJ dncc11un 

Joint Load 

Joinl lo3d\, ho1h foH.C<; .ind momcnls. m:iy he apphcd 10 J.ny free 

pnnl of 3 \lru1.:iurc Thc..,c loads Jet in the global coofd1nate \Y'ilcm 

ní •he .-.1ruc1urc Posi11vc ínrccs ac1 1n thc po'i1t1ve conrd1nate 

JirccliOn\. 1\ny numbcr uf loads mJ.y he lppilcd on a \1nglc 1oin1. 

10 which i.:a.-.c the load.-. w11l he Jddi11ve on lh.11 JOlíll 

Member Load 

lhrce t~pc" <11 mcmbcr \oads may he applu~d Jircctly to J mcmhcr 

nf J .. 1rui.:1ure. Thc\e load\ are unilormly d1str1bu1ed ln::11J\. 

1.:onccnuJ1cJ \oJ.ds. and lincJrly v;u'."•ng loads f1nc.:ludin! 

lrJ.pctoiJal). Cn1form load\ act nn the íull or partia.1 lcng1h ni 3 

mcmhcr ConccntrJ.lcd luads .11.:I JI :iny 1nu:rmcd1a1c . .-.pcc1fictl 

poinl. L 1ncarly vary1ng luaJ\ .1ct ovcr thc full lcnglh 11{ J mcmhcr 

frapcLotdal hncarly vary1ng lna.Js J\:I ovcr thc full or par11al 

\cngih of J mcmhcr Trapc101dal loaih Jrc convencd into a 

uniform load and \cveral conccn1ra1cd load,. 

Any numher nf load\ ma.y be !.pcc.:1ficd 10 act upon a mcmhcr in_ 

anv indcpcndent \oad1ng c.:ondi11on. ~cmhcr loads can he !.pcc1f1cd 

10 .thc memhcr coord1natc \ystcm or 1hc global coord1na1e sy,1cm. 

Uniformly dl'•tnbu1cd mcmhcr load.-. prov1dcd in 1he global 

coordinalc \ystcm may he ,pcc1ficd 10 ªf' along 1hc full nr 

proJCCtcd mcmher length. Refcr 10 Fig. 1 3 lo íind 1he rclJ1111n of 

the membcr 10 thc @lnhal coordinate 'io)'\ICm\ far \pr.c1í'."1ng 

membcr \naJs Posi11vc force, acl in 1hc po\1t1vc coord1na1c 

direcilons. \ocal or global. ::as 1hc case may be 
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1.16.3 Area Load 

Srr 1rruo11 

Many timc'i a íluor thountl hy X-Z plJncl is suhJCClctl 10 a 

un1íormly tl1str1butcd load_ 11 could rcquuc a 101 of wurk 10 

c:llculatc thc mcmbcr load íor 1ndiv1dual mcmbcrs in 1ha1 llnor. 

Howcvcr. w11h lhc AREA LOAD command. thc uscr can spc1:1íy 

thc arca loads (unil load pcr unll "Squarc ;nea) íor mcmhcrs. Thc 

program w1ll calculatc lhc 1nbu1ary arc.:1 íor thcsc mcmhcr"S :1nd 

providc thc propcr mcmhcr loads. Thc íollow1ng assumpuons are 

madc wh1lc iransíc"ing lhc arca load 10 mcmbcr lnad: 

a) Thc mcmhcr load is assumcd 10 he a lincarly vJ.ry1ng load íur 

which thc slarl ant.I thc cnd valucs may be oí d1fícrcn1 

magn1tudc. 

b} Tributary arca of a mcmbcr wi1h an arca load is calculatcd 

bascd on half thc spac1ng 10 1hc ncarcn appro•imatcly parallel 

mcrobcrs on bo1h sidcs. lf 1hc spac1ng is more than or equal to 

lhe lcng1h of the mcmhcr, thc arca load will be ignorcd. 
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Sc::oum 1 

e) Arca load should nut he spcc1ficd on mcn1hcrs dcclarcJ ª" 
Ml'MBER CABLE. MEMAER TRUSS or MEMUER 

TENSION 

Figure 1.17 <;hows a íloor 'itructurc w11h arca load spcc1íica1 1on of 

11 1 

'" " 
,, 

''" '''" 

f1(urr/17 

Mcmhcr 1 w1ll havc a linc:1r load oí O J at onc cnd :1nd O 2 at thc 

u1hcr cnd Mcmhcr'i 2 and .S will havc 3 un1form load oí O 5 ovcr 

1hc full lcngth ~cmhcr J w11l h::ivc a linc1r load of 0.15 ando 55 
al rc'ipcc1ivc cnds. Mcmher 5 w1ll havc :1 un1íorm loador n 25. 

Thc rc\I of lhc mcmhcrs. 6 lhrough 13, w1ll havc no contnhulory 

arca load sincc !he ncarc11 parallcl mcmbcr\ are more than cach 11í 

the mcmhcr lcnglhs aparl llowcvcr, tht; reactions írom 1he 

mcmbcrs lo 1hc girdcr w1ll be cons1dcrc
1

d. 

Fixed End Member Load 

Load cffccls on a mcmhcr may ah;o he •pccificil in 1crms of 111 

fi~cd end loads. Thcsc loads are g1vcn in len he mcmhcr 

coordin11c systcm and thc rlirec11ons are oppo_ thc actual load 
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on 1he mcrnhcr Each l!nd nf 3 mcmhcr ¡;an h.1vc "ill lorcc<, a11a\, 

shcar y dicar 1. 11n<,1on, mnmcnl y, and momcn1 t 

1.16.5 Prestress and Poststress Member Load 

Sri' lll'CllOll 

J 12 J 

Mcmber'i in a "ruc1ure may he suhjcctcd 10 prc<,trc"i'i load lor 

which 1hc load d1s111bu11on 1n 1hc slructure may he invco¡11ga1cd 

lhc pres1rcss1ng load 1n a mcmhe; may be Jpplicd .1~1ally .ir 

ccccn1r1cally. Thc c1.:ccn1r11.:111cs tan be p1n111Jcd JI 1hc ~tal! 1n1n1. 

al 1hc m1Jdlc, and JI 1hc end Jº'"' Thcsc ccccn1r11.:111cs are only 1n 

thc local y-aiu5. A pos111vc ccccnlricny w1ll be 1n 1hc po'itl1vc 

luc'al y-d11cc11on S1nce cccen1r11.:111cs are only p1nv1Jcd 1n •he 

local y-alllS, can: shuuld he 13kcn whcn p1011uJ1ng pri\m.1111.: 

propcrt1c5 or 1n spcc1íy1ng 1hc currc1.:t BET \ .1ngle whcn 111ta11ng, 

1hc mcmbcr coord1na1cs. 1( nccc\sa.ry rwo 1ypco¡ 11í prcstrC\'i load 

spcc1ítca1ion are avail3hlc: PRESTRESS. whcrc. duc to 1hc load. 

rcaclions are gener:11cd during 1hc apphcation ul prcsires<> lc1ad and 

POSTSTRESS. assumcd tu be ,¡ipphed aíier thc prcstrc!i.s load is 1n 

place. wh1ch Jocs not gcner:11c rca1.:t1ons. 

1) Thc cable is assumed to ha11c a gcnerali1ed parahol11.; prufilc 
Thc equa11on oí 1hc parabola is assumcd 10 he 

r~ax?+ha+c 

whcrc 
1 

3 = z(!cs- -lcm +~ce) 
L 
1 

h = -(Jcm - ce -JcsJ 
L 

e= es 

whcrc es = cccen1ric11y oí t:ablc at s1ar1 of mcmhcr 11n lo¡;al 
y·,jUS) 

cm= ccccnlricily ofcablc al m1Jdlc oí mcmbcr lin 
local y·a1is) 

ce = ccccntrecily of cable al cnd of mcmhcr (in local 
)'·llÍS) 

L Lcngth ormcmbcr 

2) Thc anglc or inclinalion oí lhc cable with rcspecl to thc local 
1.·1Ii5 (a slraight linc jo1n1ng thc s1ar1 and cnd 1oin11 oí thc 

/ \ 
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Sc:cuon 1 

mcmhcrl al the <,lar! anJ cnd pt11n1s is '>mall wh11.:h g1vcs rJ'IC 

10 thc assumptton that 

sin O = O e;- dy I dx 

llcncc. if 1he axial íorce 1n 1hc cable is P. thc vcrlit:al 
componcnt oí the force at tbc ends IS Pfdy I Jx) an\J lhc 

hor11ontal componcnl oí 1hc cable íorce is. 

C\cr111 are adv1'icd 10 cnsurc th:u 1hc11 cable pro file mects th1s 
rcquiremcnt. An angle undcr S degrccs 1s recommendcd. 

)) Thc mcmbcr 1s analy1ed íor thc pres1ress1ng/pos1strc"5¡qg 
cffecis us1ng thc cquivalcn1 load mcthod. Th1s method 1s wcll 
do1.:umen1cd in mos1 reputed book1 on Analy'i1s and Oco;ign of 
Pre'ilrcssed ¡;oncrc1c Thc magn11ude oí lhc un1ínrmly 
d1s1nhu1cd load 1'i t:alt:ulalcd as 

KPc 
uJJ:::­

L' 

wherc r :: axial force 10 thc ~ablc 

(en ce) 
c=----cm 

' 
L = lcngth nf 1hc mcmhcr 

~) Thc force 1n thc cable io; assumcd 10 be "iamc throughoul the 
mcmhcr lcngth No reduc11un 1s madc 1n lhc cable forces 10 

account for fncllon or 01hcr 1o'i111c•. 
5) The lerm MEMDER PRESTRESS as uscd in ST.\,\D sign1fic~ 

thc follow1ng cond1t1on. Thc structure 1s construc1ed fir'il 
Thcn. 1hc prcs1re<,sing force IS applicd on lhc rclcvan1 
memhcrs. As a rc<,ult. 1hc mcmbcrÍ dcíorm and Jcpcnd1ng nn 
thcu cnd conditions. forces 3rc lransm111cd lo other memhcr<; 
in thc ~•ructurc In other words. ·PRE. rcferes 10 1hc 11mc ní 
placcment oí 1hc mcmbcr in thc •lructure rela1ivc 10 1hc 11mc 

or !olrcssing. 
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6) Thc lcrm Mí:MRER POS fSTRESS as u\cd in STl\1\D 
s1gn1l1c<¡ 1hc follow1ng cond111nn. 1 he mcmhcrs un wh1ch such 
load,, applicd .irc fir\I ca'il 1n the faclory Follow1ng tht'i. the 
prc<,1rc<;\1ng force'" appllcd on 1hcm Mcanwhilc. lhc rc'!I ni 
1hc <;lruclurc •S con\lfuclcd at thc con<;tructtnn \llC fhcn, 1hc 
pTC\lrC'iscd rncmhcr, are hrought Jnll placcil 1n pn\lllnn nn 1hc 
par113lly hu1lt srructurc Duc to th1s scqucncc. 1hc cHccl\ of 
prc'ilrc'is1ng 3rc 'c1.penenccd" hy only 1hc prc\lrc\'icd 
mcmhcr5 and nnt 1r3nsm11u::d tn 1hc rcsl ni thr \llUC\urc In 
olhcr wnrds, RPOS rR rcfcrs 10 thc time nf pl..1ccmcnt of lhc 
mcmhcr 10 1hc s1ruc1u'c rcla11vc 10 1hc nrnc nf \lrC\\1ng. 

7) As may he cvtdcnl frnm llcm lh) ahovc. 11 1, nol p~l\<,1hlc 111 

compu1c 1hc d1splaccmcnu r1f thc cnds i1í thc 

POSl STRí:SSEO mcmbcrs for 1hc cffcll\ of 

POSTSl RESS1ng. and hcncc are a\sumcd lo he 1cro As J. 

rcsull. d1 .. placcmcnn of 1n1crmc1..ha1c ,cc11nn'! 1Scc SECTH)N 

DISPL,\CE~ENT cornmand) .irc mca,urctl rcl.J1111c 111 1hc 

su:11gh1 hnc 101nrng 1hc uan and cnd 1oin1• nf 1hc mcmhcr\ as 

defined hy 1he1r 1n11i.1I JOINT COCJRDf:"I,\ TES 

1.16.6 Temperature/Strain Load 

Tcmpcra1urc diíícrcnce 1h,ough 1hc lcng1h of J mcmhcr .J\ wcll .JS 

Srt 1rt"11or1 d1íícrcnccs of bolh raccs oí mcmhcr'i and clcmcnl\ may al\o he 

J J2 6 spcc1ricd Thc program calculalc'i 1hc Jl.ial 'ilrain 1i:lnnga11on ..1nll 

shrinlr.agcl duc lo 1hc tcmpcralurc Jifíercncc From 1h1s 11 

calculatcs thc 1nduecd forces in 1hc mcrnhcr 3nd thc Jnaly\1'i 1\ 

done accord1ngly Thc 1Urilin intcrvals of clong:u1nn .Jnd \hrinkagc 

can be input Jircctly 

1.16.7 Support Displacement Load 

Loads can be applicd 10 lhe !ilruc1urc in lcrms oí 1hc d1spl3ccmcn1 

oí lhc supports. Displaccmcnl can be 1ransla1ional or ro1a11onal. 

Srr ircrion Translational displaccmcnu are prov1dcd in thc spccificd lcng1h 

~.Jl.a whilc thc rotational displaccmcnts are always in dcgrccs Note that 

displaccmcnts can be spcc1ficd oaly in dircctions in which lhe 

support is rcs1raincd and nol in dircctions in which it is rclcascd. 
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Section 1 

1.16.B Loading on Elements 

On Pl•lf/Shcll clcmcnls. 1he typc'i nf \oading lhal are pcrmiss1hle 

are· 

1) Prc••urc \oad1ng wh1ch con'il'il'i uf load'i wh1ch JC.::I 

prrpcntlu:ul:n 1n thc 'iUrf:u:c ol 1hc cle1ncnt Thc p1e'i'iure load\ 

can he 0 ¡ unifnrm 1n1en'iily or 1rapc1n1dally vary1ng 1n1en'i1ly 

nvcr a ,mall pClrlinn or ovcr 1h..: cntirc 'iurfacc of the c\cmcnt 

21 Joinl lnaJ'i which are fnrcc, 1H mumcnl'i 1ha1 are applied at thc 

punn 1n 1hc direct1un 111 lhc glnhal a•cs 

ll Tcmpcr:alurc load\ wh1Lh 1n::1y he cnn'ilanl .icrn\'i 1hc tlcpth of 

lh(' clcmcni 11:au'iing onlv 1n planc c\onga11on / \hor1cn1ng) or 

may varv acrn\S ihc dcplh oí thc elcmcn1 i.:au\1ng bcnd1ng un thc 

('lcmcnt fhc cn('fÍ1ricn1 11( thcrmal c1pan'1un ínr 1hc ma1e11al nf 

thc c\cmcnl mu\t he provuJcJ 1n nrdcr 10 IJ.cdi1a1c cnmputalu1n 

of thc'ic cffccl5 

4l fhc \cH·wc1ght of thc clcmcnls l'ln he J.pplicd us1ng thc 

SELFWEIGHT load1ng cond1t1on Thc Jcn'iily nf 1hc clcmcnl'i 

h;n 10 he provided in nn1cr In f:ic1li1:i1c compu1a1ion of lhc ~cll-

wc1ght 

On Solid elemfnls. 1hc only twn loaJing 1ypc'i availahlc are 

1) Thc 'iclf wcighl nf 1he o¡olld clcmcnl'> can he 3pplicd us1ng thc 

SELFWEIGHT loaJ 1ng cond111un fhc dcnsi1y oí 1hc clcrncnl'i 

has to be providcd in order to íacdi1a1c compu1ation of thc sclf­

wcighl. 

2) Joinl loatls which are forces or mom~nts 1hal are appl!cd at ihc 

JOÍnU ITI lhC d1rccllon of thc glohal a.tes. 
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1.17 Load Generator 

1.17.1 

Srr 1rc1tar11 

511.I anti 

j J2 11 

1.17.2 

Sr~ srclio"J 
.11.1 anti 

.12.11 

STAAO is cqu1ppcd ""•th huil1·1n .1lg1101hm\ to gcncrltc moving 

loads and lateral 'IC1sm11: loaJs lpcr thc Undnrrn ílullJ1ng CiJtlc 

anJ !he IS IK93 codcl nn l \ITUcturc U-;c ni thc lnaJ gcncrJlton 

fac1li1y consi-;1s of 1wo p:iru 

1) Dcfin11inn of lhc load -;yo;1cmf<;) 

2) Gcncr.:u1on of primary loaJ C3<;CS us1ng prcv111uo;ly .JcfincJ 

loJd \Y\lcmf\) 

Thc following scct1nns dcscrihc thc sal1cn1 fcaturc' nf 1hc muving 

load gcncrJtnr. the scnmu: load )!Cncralnr JnJ thc wind In.id 

gcncralor Jva1lablc. 

Moving Load Generator 

Th1s fcJ.turc enablcs the user to gcncrJle mo\1ng load\ on .1 

s1ruc1urc ~ov1ng load <;y\tcm(s) ..::on.s1s11ng 1>1 ..:onccnlfatcJ lnads 

ill fi1cd spccificd dis1:1ncc\ 1n bo1h Jircc11ons on J plane ..::.in h~ 
dcfincd by !he uscr. ,.\ uscr spcc1fied numbcr 111 primary lu3J ..;JSC\ 

will be suhscqucn1ly gencra1cd by 1hc program J.nJ taken 1n111 

cons1dcrat1nn 1n analy\1<;. Amcncan ,\\sociallun ol Siate Highway 

and Transpunalion Ofíic1als IAASHTO. 19831 loadings Jrc 

av:ulablc w11hin 1hc program and .:an he spcc1íiccJ using \landJrd 

AASHTO dcsignations. 

UBC Seismic Load Generator 

Thc STAAD scism1c load gcncra1or follows 1hc UBC proccdurc of 

c~u1val~n1 lateral load .Jnalytis. 11 1s assumcd 1ha1 1hc la1cral loads 

w1ll be c•cricd in X and Z dircclions and Y will he 1he dircc1ion of 

1hc 1ravi1y loads. ThUs. for a huilding modcl. Y a•is will be 

pcrpc~dicular 10 1he nonrs anti poinl upward c311 y JOlnt 

coord1~atcs posilivc). Thc uscr is rcqu1rcd 10 sel up his modcl 

accord1ngly. Total latcr:al scismic force or base shcar 11 
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autnmancally calcul.itcd hy ST i\i\D U\1ng lhc apprnprtJle UBC 

cquat1nn. Note hnlh \1.194 and 1985 spcclficatiuns n1ay he used. 

Fnr load gcncr:uion per thc l 9Q4 ende. thc user i<. rcqu1rcd to 

prov1dc o;,c1sm1c tone cocfficicnt. importance factor. co-cffic1cn1 

Rw and <;lle <;oil coclf1c1cnt For UBC 1985 loJd gcncra11on . 

sc1sm1c 1nnc cocfíic1cnl 1mpnr1ancc fac1or & h11r11.ontal force 
f3c1or k mu"it he provtded. Spccl11ca11on of .;itc characlcr pcr1od T\ 

is opllonal. 

lns1cad of us1ng approl..1m.11c UBC formulas IU co;limalc 1hc 

building per1od 1n J. ..:crtain dircc11on. thc prngram calcul:ucs 1hc 

pcriod using Rale1gh quo11ent tcchn1quc. Th1s pcnocJ 1s 1hcn 

Ulllitcd lo calculate \e1sm1C cncfficicnl C 

,\fter 1hc h.isc 'ihc:tr IS c:tlcul:1tcd from thc :tpproprialc cqua11on. 11 

i<. distrihutcd among 1hc variou\ lcveh :tnd ronf pcr GBC 

<;pcc1fica11on\. Thc d1s1nbu1cd hase shcars :uc 'iUbscqucntly 

3pplied 3\ lateral loads on thc struc1ure Thc\c lnads mJy then he 

u11l11cd .u nor1n.:Jl lnad case<; íor .1.naly'i1"i and Jes1gn. 

Wind Load Generator 

Thc ST,\,\O Wind Load gcncratnr t'i capablc of calcula11ng w1ntl 

loads on 1he \IJUcture frnm u\cr ir;pecll1cd w1nd 1n1cns111c"i and 

cxpo"iurc fae1or"i. Oifíercnt w1nd 1ntenStt1cs may he <;pcc1ficd fnr 

diHcrcnl hc1ghl tones ol 1hc \tructurc. Opcn1ng'I 1n 1hc ir;1ruc1urc 

may be modclcd using expo,urc factor' An cxpo\urc factor is 

Jo;sociau~d wi1h cach jo1n1oí1hc \trucrurc and is dcfincd as 1hc 

fracuon of 1hc inílucnce arca on which thc wind load act'I Ru1ll·1n 

algorilhms automa11cally calculale 1hc w1nd load on a SPACE 

siructurc and dislnbutc 1hc load\ :t' lateral JninlS lo1d'i 

1.18 Analysis Facilities 

Follow1ng analysis fac1li11c' are availahlc in S f AA D 
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1.18.1 

J J7 

1) S11rrnc.,s Analy.-.1., 

21 Sccond Ordcr An:ily'i1S 

P Della Analy'ii'i 

Nnn·Linc:ar l\naly.,1s 

'31 Dyn:amu: Analy.-.1s 

r~on;il lki<.:npuon 

Salient fca1ure1 or C3Ch lype of aru.ily'ilS are Jiscu'iscd 1n thc 
' follow 1ng sccllnns Dcta1lcd thcorct1c:il trca1rncnts of 1hc.-.c 

fcaturcs are av:ulahlc in st:indard s1ructural cng1nccr1ng tc .. thooks 

Stiffness Analysis 

Thc s11ffncss ;inaly\ls 1mplcmcntcd 1n ST ,\,\D is ha sed on 1he 

matri• displaccmenl mclhod In thc malll• analy.-.1s of s1ruc1urcs 

hy 1hc dHplaccmcn1 mc1hnd. 1hc .-.1ruc1urc is fir<>l 1dcali1cJ 1nl11 an 

asscmbly oí di1cre1c .,,1ruc1ural compnncn1s 1 framc mcmbcrs or 

íinllc clcmcnls). E;u:h componcnl has .ln assumc<l íorm uf 

di1placcmcn1 1n a manner which 'iatisfics 1hc force equdihrium and 

displaccmcnt compa1ibili1y at thc jo1nts 

S1ruc1ur:1.I systems such as slabs. pl:itcs. <>prcad fnolíngs. etc. 

which 1ransm1t loads 1n 2 Juec11ons havc 10 be J1scrc11Lcd 1010 a 

numbcr of 3 or 4 noded finue elcments connec1cd 10 each 01hcr at 

thcir nodcs. Loads may be applied 1n thc form of J1str1bu1cd loads 

on thc elcmcnt surfaces oras conccn1ra1ed loaJs Jl lhc 1u1nts. The 

planc stress cffccts as well as thc platc bcnd1ng cííects are 1akcn 

inlo cons1dcra1ion in lhc analysis 

As!umptions or the Analvsis 

for a complete anal y su oí the 11ructurc, 1hc neces5ary matrices are 

gcncratcd on thc basis of 1hc follow1ng assumpuons· 

1) Thc struclurc is 1dcalizcd into an asscmbly of bcam and plate 

type clcments jo1ned 1oge1her al 1hcir vcr1ices (nodes). Thc 

as.semblagc is loadcd and rcactcd by conccntralcd loads acting 

at 1hc nodcs. Thc1c load1 may be both forces and momcn11 

which may act in any spcciricd dircction. 
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2) A hc:im mcmher 1s J longitudinal s1ructural mcmher having :J. 

cnn<ilant. douhly c;ymmelric nr ncar-douhly .-.ymmclric eros.-. 

'iCtlion alnng 11.-. lcngth Bcam mcmbcr'i :ilway'i carry :ix1al 

forcc 5. Thcy may alsn he suh1cc1cd to shear :ind hcnding 1n 

1wo arhitrary perpendicular planes. Jnd thcy may also he 

\uh1ce1cd to 1or .. 1on From 1h1s po1n1 thc'\e hcam mcmbcrs are 

rclcrred 10 as "memhcrs" ín lhc manual. 

3) A pl:uc e leme ni 1s a thrcc nr four nodcd cierne ni hav1ng 

constan! 1hicknc<;s Thc\e platc clemcnts are reícrrcd 10 as 

~clcments'' 1n 1hc manual. 

J) ln1ernal and c•lernal loads acling on cach nodc ;irc 1n 

cqu1l1bnum lf 1ors1onal or hending propcrl1cs ;irc Jcfined fnr 

any mcmhcr. "'" dcgrcc'i oí frced1Jm are cnns1Jcrcd JI c:u.:h 
nodc (i e 1hrcc 1rano;lat1onal and thrcc ullalionall 1n lhe 

icncra11on or relevan! matrices. lf lhc mcmher is Jcfined as 

1ru'i'i mcmhcr f1 e carry1n~ nnly a .. 1.ll íorceo;) thcn nnly thc 

1hrcc def!:TCC'i flran-.la11onal) ní frccdnm are cnn<>idcretl at cach 

nodc 

5) Twn typc'i oí ..:nnrd1na1c <;y\ICm'i .uc U'ittl 1n 1hc gencrallnn nf 

thc requ1red ma111ec1 and are rcfcrrcd 10 ª"local Jnd gluh.1\ 

sy<>lcms. 

Local coordinalc .l•C'i are ass1gned 10 cach 1nd1v1dual clcmcnl Jnd 

Jrc oncntcd o;uch thal compu11ng clfort for clcmcnt <;llffne'i'i 

ma1t1cc\ are gene;ali1ed and m1nim1zcd. Global coord1na1e a•c<> 

are a common ila1um c\tabhshcd fnr ali idcalizcd elcmcnu o;o thal 

elc1ncn1 forces and Jisplacemenu may be rclaled 10 a commnn 

frame of rcferencc . 

Basic Equation 

Thc complc!e 'iliffncss matri1oí1hc ,1ruc1ure ,, ob1a1ncd by 

'iY\lcmat1c311y \Umm1ng the cnn1nbu11ons nf thc various rncmbcr 

and clcmcnt st1ffncss. Thc e11ernal loads on lhc slruclure are 

represenlcd as discrctc concentratcd load'i ac11ng only at che nntfal 

po1nts of thc structurc 
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r~n~nl ,~,.. npunn 

Thc s11Hnco;'i malri.r. rcla1c'i the\e loath lo 1hc d1o;placcn1cnto; nf 1hc 

nades by thc cquat1nn 

Th15 íormula11on 1ncltuJcs all lhc JOlnls of thc 'ilrUl'.luu:, whcthcr 

rhey .irc free lo displace or are rc"ra1ncd hy supports Tho"c 

cnmponcnls of 101nt d1~placcmcn1s th3t ;ne írcc tu movc are ..:allcd 

dcgrccs of lrccdom Thc 1111al numhcr uf Jcgrccs uf frccdnm 

represen! 1hc numbcr ni unknowns 1n 1hc analyHs 

'1rthod to Solve for Oisplacemenls 

fhcrc .irc many mcthods to solvc thc unknowns from a 'iCJIC'i of 

.imullaneous cqua11ons. An appro.ich wh1ch 1s í'Jrllcularly -;u 11cd 

for s1ructural analys1s is ..:allcd thc mcthnd of Jceompos11 1on This 

mcthod hais bccn sclcc1cd for use in STAAO S1ncc 1hc is11ffnciss 

mJtr1ccs of .111 lincarly clastic \lructurcs are alwayo; 'iymmc1r1c. an 

cspccially efficient form of 1hc dccompnsilion callcd Mod1íicd 

Cholcslr.y's mcthod may he applicd 10 thcsc ptobh:ms Th1s mc1hnd 

1s vcry accura1c and CO\I elfcct1vc and wcll su11cd ltu 1hc Gauss1.1n 

elimination process in solv1ng 1hc \1muhancous cqua1ions 

Consideration or Bandwidth 

Thc me1hod of dccomposiuon is partu:ularly eíí1c11:nt whcn 

applicd to a symmctncally bandcd matn.r.. For 1h1s 1ypc uf maln' 

ícwcr calculauons are rcquircd duc co 1he íac1 1ha1 clcmcnts 

ouuidc lhc band are all equal 10 tero 

STAAD lakes full advan1agc oí 1his handw1J1h during solution. as 

il is important 10 havc thc lcas1 handwidlh 10 obt.Jin thc most 

eHicicnt solu1ion. For 1h1s purpo,c. STAAO offcrs ícalures by 

wh1ch lhc program can in1crnally rcarrange thc 1o1nt numbcrs to 

prnvidc a bc11cr bandwid1h. 

Strudural lntegrity 

The inlcgrily of lhe Slructure is a vcry importaol rcquircment that 

musl be satisíied hy all modcls. Uscrs musl makc surc thal thc 

·~. 

.-
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mude! dcvclnpcd rcprc'icnls onc -;ingle 'itrUcturc nnly. nnt lwo nr 

more '\cparatc stru1.:1urcs. 

An "in1egral" 'ilruc\urc or ··une" "1ruclure may he dcí1ncd as a 'iySlem 

1n whu:h propcr ··-;11ífncss conncc1111ns" cxist hctwccn the 

memher<;/clcmcnts fhc cntirc mndcl fonc11ons as a single integratc1t 

load rc,.l\t1ng o¡y,.1cm fwo or rnnrc 1ndcpcndcnl .. 1ruc1urc\ w11h1n on• 

mndcl rcsults in erroncnus m;uhcmaucal formulat1on Jnd thcrcfore. 

generales numcucal prob\cms. S f1\AO checks s1ruc1ural tntcgnty 

U'iing a o¡oph1'it1ca1cd algonthm and reporls Jc1cc1ton of mulliplc 

""ucturc'i w1th1n thc mo1lcl. 

:\lodeling and '.'lumerical lnstability Prohlems 

ln.,13b1l11y problcm"S cJn nccor Juc to 1wo primary rcasons. 

l l ~odcling prohlcm 

Thcrc .irc J varicty nf mndchng prnhlcm'i which can g1vc ,.,.e 
to 1n<;lah1lity cund11ion'§. Thcy cJn he 1.:las<;1ficd 1nto twn 

group" 

al Local in'ilahilily ,\ lo..:al 1n-;1ah1h1y 1\ a l'.onJ111on whcrc 

1hc lixi1y conditions al thc cnJ(sl of .1 mcmhcr Jrc "uch J\ 

10 catJ'iC an 1n,1ahili1y 1n lhe mcmbcr Jboul onc \H more 

Llcgrees ol lrccdnm E,:tmí'lc" of local 1ns1ab1li1y are· 

(i) Mcmber Rclcasc· \.icmhcr" r('lca'icJ al bnth cnJ'i íor 

any or thc fnllow1ng tlcgrcc• oí írccdom 1FX. FY. FZ 

and MXJ wdl he <;uh¡cllcd to 1h1'§ prohlcm. 

{1Í) A framcd s1ruc1u1e wllh cnlumns and heam'§ where thl' 

cnlumn'i are dcí1ncd .i<;."TRL:SS · mctnbcJ\ Such a 

column ha" no capacity lo lransícr ishcan. or momcni. 

lrom 1hc ,upcr\tru..:turc lo thc •upport•. 

b) Global lns1ah1lity · Thc\e are causcd whCn 1hc .. upporl, of · 

,tructure are ,uch thal 1hcy cannol ofícr any tc\nlancc to 

\lid1ng or ovcnurning ní thc .. 1ructurc 1n onc or 1norc 

dircc1ions. For cxamplc. a 20 '>lructurc fhamc 1n the XY 
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pl.Jncl wh11.:h '"' Jcfined Js a SPACí: FRAME w11h ¡11nnctl 

c;uppons anJ \UhJcctcd 10 a íorcc 1n thc Z duccllon w1ll tnpplc 

nvcr Jhoul thc X-~x1s. 1\nnlhcr c~amplc 1s that od .1 '>pare 

fr:lmc wllh ;ill thc 'i_uppnris rclCJ'iCd lnr FX. rY or rz 

2) Ma1h prcc1sinn 

' A ma1h prcc1'!.1on error IS cauc;cd whcn numcrical 1ns1ah1Ji11c, 

occur 1n thc matnt 1nvcrs1on proccss Onc oí 1hc tcrms ni 1hc 

cqu1lihr1um c4uJ1ion 1akco; 1hc fnrm 1111 .,\). whcrc 

A=k l/fk l ... k1l: k 1 and k2 bc1ng lhc \l!Ífnc\s coclfic1cnts of two 

11d1accn1 mcmbcrc;. Whcn a vcry ··s1irr mcmhcr 1s ad1accnt 10 a 

ver y "lle x 1blc · mcmbcr, Vil . ...,hcn k 1 > > k ~. or k 1 • k ~ :::: k 1. A o:. 1 

and hcncc. 1111 ,\) :=l/O Thu\. hugc var1;111on'> 1n 'illlfncs\C'i of 

3J1Jccn1 mcmbcrc; are not pcrm111cd. 

MJlh prcc1s1on .:rrnr\ JTC Jls11 ..::iuscd '4hcn thc un1ts ul lcngth 

and force Jrc no1 Jcflncd corrcclly for mcmhcr lcnglh!I. 

mctnhcr propcrt1cs. constants etc. 

Uscrs :ihn h:ivc lo cnsurc 1ha1 thc modcl dcrincd represen!\ une 

single \HUclurc only. not 1wo or mure '>CparJIC <;1Tuc1urcs 1\11 

cx.:implc. 1n an cfforl to modcl .:in e1pans1on 101n1. 1hc u\cr may 

cnd up dcfin1ng scparJ.tc s1ruc1urco; w11h1n thc ~.1mc input lile. 

Mult1plc oaruclurcs dclincd 1n une 1npul file ..:Jn lc:ad 111 grn-.sly 

crroncous rcsulls 

1.18.2 Second Order Analysis 

STAAD ofícrs lhc c.:ipabilily lo perform ~ccond ordcr s1abili1y 

5,, analyscs Two mcthods are ava1lable . a s1mpllficd mcthod callcd 

ircuo" 5.17 P·Dclla Analysis andan claboralc mcthod callcd Non linear 

Analysis. Bolh mcthods are c1pla1ncd bclow. 

1.18.2.1 P-Delta Analysis 

Struclurcs subjcctcd 10 lateral loads oflcn c1pcricncc sccondary 

forces duc to thc movcmcnt oí thc point of 1pplica1ion or vcr1ical 

r• 'ds. Th1s sccoodary cffcct. commonly kno•n as thc P-Delta 
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cfíect. play.-. an 11npnrtant role tn the analy<;1o; of thc <;truclurc In 

S J',\,\D a uniquc procctlurc hao; hccn .1JoptcJ to incnrpor:llc lhe 

p.Dcha efíect 1nto the .inaly'i1S I'hc proccdurc con~isl'i oí thc 

fnllowing \ICfl\. 

1) f-iro;I. thc primary detlcc11ono; are calcula1ed hascd nn thc 

prov1deJ cxtcrnal lnad1ng 

~) p 11 mary Jcílec1u1n<; are thc-n comh1ncd w1lh thc originally 

applicd loiuling to crcalc 1hc <;Ccnndary loadings. The load 

vector is thcn revi'icJ to 1ncludc 1hc o;econdary cfíecls. 

No1c 1ha1 1hc la1eral \oad1ng mn'il he prco;cnl concurrcnlly wi1h 

1hc vcr11cal load1n~ íor propcr cons1dcra1111n oí thc P·Dclla 
eríecl Thc REPE,\ r LOAD íac:ility (scc Scc11nn 5 J'.! 11) has 

hccn creatcd wi1h 1h1" rcquircmcnl in mind Thi ... fac1h1y 

allow'i thc uscr tu ..:11mh1nc prcv1nu'ily Jcfincd primary load 

e:1sc\ 10 crcalc a ncw pr1mary luad .;ase 

JI 1\ new o;11Hncs'i JnJly\1<; 1\ ..:J.rr1cd out hJscd un 1hc rcv1scd 

loJd vector to gcncra1c ncw tlcllcc11nn5. 

J l Elcmcnll~cmhcr ínrCc-'i Jntl .. urpotl rcacunn<; are ..:alculatcd 

baseJ 11n 1hc ncw dcllccllon'ó. 

11 may he notcd that 1h1o; proccJurc y1clds very aceutJIC rcsults 

wilh ali ... mall Ji'>placcrncnt prnhlems ST ¡\,\O alluw\ 1he U'icr to 

go 1hrough muh1ple 11era1111n\ o( lhc P-Dcha proccdurc tf 
ncccs\:ny Thc u.-.cr 1'i .. lllowed 10 ... pcc1íy 1he numbcr nf 1tera11on<; 

h::iscd nn thc rcquuc1ncn1. 

Thc P·OcllJ analy'li1\ ,., rccommendcd hy thc ACI cndc !in heu of 

momcnt magn1fica11on me1hods) and thc AISC LRFD ende far 

ca.lculauon of more reahscie forcc'i 3nd momenl'I 

p. Delta cffccls .are c:1lcula1ed far frame mcmhcr'i only Thcy are 

nol calcula1cd for rin11c clcmcnls or snhd clcment'I 



General f)cu·nption 

1.18.2.2 Non Linear Analysis 

5,, 

STA AD also oHcrs 1hc capah1h1y to pcríorm non linear analy'ilS 

h:ncd nn gcomc1r1c non-hnearny Thc non-linear analy\n 

.' ;ilgor11hm 1ncorpnr::11cs bolh gcnmclnc \liffnc'is corrcc111111s J.nd 

sccondary load1ngs. 

11''"º" 5 17 Non linear analysn mc1ho<lology 11 gencrally adnptcd for 

11ructurcs suhjccl to large d1splaccmcnts As lar ge d1splaccmcnls 

gcncrally rcsull 1n 'i1gn1f1cJnt mnvcmcn1 of thc po1n1 of J.ppllcat1on 

of loads, cons1dcrat1on c>f ,econdary loadings hcr.:omcs an 

tmporlanl cn1cr1a In addit1on. gcnrnctr1c 'il1ffnc'i'i corrcc11ons are 

3pplled 10 1akc 1nto considera11on 1hc mod1ficd gcomctry S1nce 1hc 

gcometnc suffncss corrcc11ons are hascd nn gcncra1cd 

dnplaccments. thcy are diffcrent for diffcrcnt load casc5 Th1s 

makcs lhc non-hnc;ir analysn opt1on load dcpcndcn1 Thc STAAD 

non-linear analysn algor11hm consnts of 1hc folloWlng stcpo; 

1 J Fir51. pnmary displaccmcnlS are calt:ulatcd fnr the applicd 

loading 

.:!) St1fínco;s corrcct1ono; are applicd on 1he mcmhcrfclcmcnt 

suffneo;s malnces hased on obscrvcd d1splaccmcnu ~cw 

global s11ffness ma1ri~ is assemhlcd based un rcv1scd 

mcmhcr/elemcnl s11ffncss ma1ncc-. 

J) Load veclors are reviscd 10 1ncludc thc sccnndary cífcc1s Juc 

10 pnmary d1splacemcnu. 

4) The ncw set of cquallons are solvctJ to gencratc new 

displaccmcnls. 

S) Elcmcnt/Mcmber forces and support rcac1ions are calcula1cd 

from thesc ncw displaccmcnu 

6) The STAAD non-linear analysis algonthm allows lhe uscr lo 

go 1hrough muh1plc 1tcrallons of lhc abo ve proccdurc. Thc 

numbcr of i1era1ions may be specificd by thc user bascd on the 

requircmcnt. h may be noled, howcver, thal mulliple i1cra1ions 
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mav 1ncrcasc 1he compu1cr rc.,ourcc rcquucmcnts and 

c'~cu11on 11mc subs1an11ally 

So::uun 1 

Nutc Thc following points 1nay he notcd wnh rcspccl lo the non-

linear analys1<; íac1l11y 

IJ 

~) 

Sinl'.e ihc proccdurc 1s toad Jcpendcnl. thc user 1s rcquncd -~º 

h S[' r '11 ·nd CllANGE con1mands prnpcrl:-i íhc SE í 
U\C l C - • - " 

NL command mu<;t he pro\tllcd 10 spcc1ty lhc 1u1al number oí 

primary load cases Thc CIL\NGE cnm1nand should he uscd to 

rco;ct thc <;liíínc'i'i ma1nccs 

As ihc gcometnc i;orrcct1nns are hao;cd nn dio;placcmcnts. all 

loado; thal are capahlc oí produc1ng o;1gn1fican1 d1splaccmcnts 

must be par\ of the load cascl"il 1dcnt1íicd for non-linear 

anal)''>I\ 

1.18.3 Dynamic Analysis 

5 ,,, 

jJ2/115JJ 

Currcntlv av:lllahlc d:-inJ.mic analyo;1<; íac1Jt11e'i 1nclude '>olut1on nf 

ihc rrcc vihra11on prnhlcm 1 c1gcnProhlcm l. rco;ponsc ->rcctrum 

Jnalyo:. 1s and forccd v1hr3l1nn .Jna\y\IS. 

Solution or the Ei2enpr11hlem 

Thc cigcnprohlcm 1s snlvcd fnr \tructurc frc1,ucnc1cs Jn<l mude 

\hapes ..:nno;ulcnng J lumpcd mJ\'i ma1n1. 'Nll~ mas!.C'i .JI all acuvr 

d 1) r 1ncludcd. r .... o solut1on mc1hod'i are ,Jvallahle· thc 

dclcrminanl o;carch method. ;ind thc o;uho;racc iterat1on method. 

w11h \olullon selcc11nn bascd on prohfcm s11e · 

\lass \1odelini: 
fhc naiural frcqucnc1e1 and modc 'ihapcs oí .1 \UUcturc .Jrc 1he 

pnmarv paramc1crs that arrcct thc rcspónse ol a slructurc undcr 

dynam;c loading The free v1hrat1on problcm IS solvcd to c11rac1 

ihc\e ,..¡lues Sincc no c11crnal 1urc1ng lunct1on IS líl\olvcd. the 

nalural frcqucncic'§ and moJe ,hapcs are dirccl íunc11on1 of the 

\tiífness and mass d1s1nhu11on in thc struc1ure Resul1s of 1he 

frcquericy and modc \hapc calculJt1ons may vary s1gn1íic<1ntly 
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Jcpc:nding upon 1hc mas'i n1nJcling. Th1s vanat1nn. 1n turn . ..1/fcc1s 

lhc rc'ipnn'ic 'ipccuum anJ ínrccd v1br:111on analy'ilS resulto¡ rhu'i, 

c1trcmc caulion should he c1crc1'icd 1n mass mndcltng 1n ..i 

dynamic analysis problcm Acuve massc<> shnulJ he mn<lclctl Js 

(oads. Ali ma<>sc:s 1ha1 are capahlc of mov1ng 'ihould he 1nnJclcd a\ 

ln:1ds applicd tn all pns'i1blc dircc11nn'i of movcmcnl. In ri:'ipnnsc 

spc:clrum analyJ1s. as a barc m1n1mum. ali mas\C'i 1ha1 are L"Jpahlc 

uf mov1ng in lhc ducc1ion nf 1hc 'iRCClrum. mu'il he prov1Jcd JS 

load! ac11ng 10 that dircct100 

Rtsoonse Sptclrum Analysis 

This capah1li1y allnw'i 1hc uscr to aoaly1c thc 'ilruc1urc íor 'icH.m1c 

loading For any supplicd response spcctrum lc11hcr accclcra11nn 

V'i pcnod or tlisplaccnicnt vs pcr1od), 10101 d1'iplacemcn1' 

mc:mbc:r force-., and suppofl reac11ons may he ..::alcula1cd \indal 

re'iponsc; may be comb1ncd us1ng e1tbcr the ~quarc roo1 ni •he 'iUm 

o'r squarc:s (SRSS) or 1hc complete lluadra11c cnmb1oa11on 1CQCl 
method lo oh1a1n lhc resultant re<>ponses. Rc:sulls ol lhc rc'ipnnse 

spcclrum an:1lysu mav be comb1ncd w1th 1hc rcsults oí the 'ilJt1c 

analy 1us lo pcrform suh-;cquenl des1gn. Tu accoun1 for re,cr\1h1h1y 

of sc1smic act1vi1y, loaJ combina11ons !.'.an be crca1Cd to 1n!.'.ludc 

c:11her thc po<>itive or ncga1ivc con1r1bu11on of sc1sm1c rc-.uhs 

Response Time Hislory Anahsis 

STAAO is equ1ppcd wi1h a facihty to pcrfurm J response h1'itory 

analysis on a slructurc 'iUbJectcd 10 time vary1ng forc1ng lunc11on 

loads al thc jo1n1s andlor a ground mollon al 11s hase. Th1s analysis 

is pcrformcd us1ng 1hc modal superposition mc1hud. Hcncc. all 1he 

ac11ve massc-. should be modc:lcd u loads 1n arder 10 facilitalc 

dc1ermina11on of 1hc mude shapcs aod frc:quenc1es Picase re fer 10 

•he scc1ion ahove on ''mass mod~ling" for addit1onal 1nforma1100 

on lhis topic. In 1he modc supcrposition analysn, il u a-.sumed that 

thc slructural response can be obtaincd from thc "p~ lowesl modes. 

Thc cquilibrium cqualions are wri11cn as 

lmll;¡I • 1<11'1 + (k)l•I • IP.I ( 11 
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Us1ng thc transformation 

L!) 

í:qua1100 I reduces to p 'iepara1e uncouplcd cquat1on<> nf the 

form 

q, .. ~~1 W,ll 1 +-w,!q, =R,CIJ 

whcrc ~ 1<¡ the mnc.Jal 1lamp1ng rallo and w thc nalural 

írequcncy for lhc 11h modc. 

Thc-;e are 'inlved by 1hc Wihnn· O mcthnc.J whu.:h 1<¡ an 

unconc.J111nnally Hahle c;1cp hy c;1cp schcmc The time: \lep for thc 

relliponse 1s cho'icn a'i O 1 T wherc T 1s the pcriod oí thc h1ghes1 

mude 1hat is to he includetl 10 lhe rc'ipnn'ie. íhe q
1
s are 'iUh'iil11u1cd 

1n cquat1on 2 tu llbta1n thc d1splaccmen1-. ¡, 1 al cat"h time '>lep 

Time f¡islorv ,\nalysis for a Structure Subjecced 
to a llarmonic Loading 

,\ HJrmonil; loading l'i one in '4h1Lh can he Jc'it:rtbcd u~1ng 1he 

1nllnw1ng ~lltliJllon 

In 1he ahove cqua11nn. 

Ffl) = Value of 1he force ;u any ins1an1of11me "t" 

Fo = Peak value uí 1he force 

w = Frcquency of thc forc1ng !unc11on 

• = Phase Angle 

A plo1of1he abovc equa11on is d1nwn 1n 1hc: figure helnw 
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Forcin2 Function 

flmetll 

A• can he o¡ccn from 11\ dcrin111on. J ínrc1ng funLnon 1o¡ J 

con11nuou'I runc11nn lfnwcvcr. 1n S í1\.\D, J \CI ni J1.,¡;rc1c 111nc. 

force pair'I I'> gcncrJlcJ írnm lhc fclrL'1ng íuncl1nn Jnd J.n JnJly'll'I 

u prcíormctl U'>1ng 1hc\c Jiscrc1c 11mc·Íorc1ng pJir\ Wh.11 th.11 

mcans 1\ th.;u hascd nn 1hc numbcr ní cyclcs 1ha1 thc u\cr 'pc.:Jfic\ 

ínr 1hc lnading, ST .\,\() w1ll gcncra1c a 1ahlc cnn\l\l1ng ol thc 

ma1n11udc or lhc ínrcc :JI VlflOUS po1n1S nf 1imc Thc 111nc valuc'I 

Jrc cho\cn frnm 1h1s 11mc ·o· 10 n•1c 1n ~1cps oí ~STEP~ ...,hcrc n 1\ 

1hc numhcr oí cyclc\ JnJ 1c n 1hc Jura1ion oí onc cyclc STEr 1\ J 

valuc thal lhc U'ICr may prov1dc nr may choosc lhc JcfJull valuc 

lhat IS butll inlO thc prngr3m. Ü'>Cr'I m;iy re fer 10 \CCl1on 5 l 1 1 nf 

1hn manual íor a lisl of 1npu1 p1r:1mc1crs thal nccd 10 he \pcc1ficd 

íor a Time Hi111ory AnJlysn on a s1ructurc \UbJcc1cJ 111 J ltJrmunu.: 

loading. 

Thc rclationship bc1wccn variables 1ha1;;ippc:u1n 1hc S f,\,\D 

1npu1 and thc corrcsponJing 1crms 1n 1hc cquauun \ho.,..n abovc 1s 

c•pla1ncd bclow. 

F0 = AMPLITt;DE 

·"' = FREQUENCY 

• = PHASE 

1.19 Member End Forces 

s .. 
'1011 J.41 

Mcmbcr cnd j'.or-cc5 and momcnU in 1hc mcmbcr rcsuh írom loads 

applicd lo lhc suuclurc. Thcsc rorcci are 1n thc local mcmbcr 
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¿ .JO j _, t 

'~ .irtd 

J) 

1.19.2 

)rf' 1rc1101u 

j 40 tJ'1d 

541 

Soluonn nr ihc \t1rfnco¡\ cqua1 1on\ y1chl tl1\placcmcn1\ .1nd f,~,c~ h 
- nd p 11n1S of thc mcmhcr STA,\0 1\ cq111ppc wll 
JI thc 101nl'i nr e ' 
thc follow1ng \ct:ontJary J.naly\1\ cJpahihllc\ to ob1a1n rc,ults al 

intcrmodi31c poinl'i with1n a mcmhcr 

ll 
~) 

J l 
J) 

~cmhcr forces JI 1n1crmc<l1a1c \CCl111n\. . 

~cmhcr displaccmcnls :it 1n1crmcdi;11c o;cc11ons 

~cmhcr \HCSSC\ al \pcc1íic<l <;CCllon\. 

Force cnvclopcs 

Thc íollowing ,cc11on'I dc'lcflbc thc 'iccondary analy\I\ c:ipahill1ic'i 

1n Jctail. 

Member Forces at lntermediate Sections 

With ihe SECTION command. ihc uscr may choo'lc an~ nccd 
f ¡ n1cmhcr .. hcrc íu1cc\ and morncnl\ 

intcrmcJ1atc iiCCl1on o h d · 
lo he calcula1cd. Thcsc rorcci and momcnts may ¡f\o e u\c in 

. f 1hc mcmbcr• Thc m1:1.imum numhcr oí icct1nns 

~c:~~~:J may nol c:1.c~cd rivc, 1nclud1ng onc al !he \lart Jnd onc al 
P d r mhcr H no in1crn1cdiatc •ccnnn• are rcqucHcd. thc 

1hc en o a me 
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1.19.3 

s~~ U'CllO'U 

5 .J2 and 

5 .J5.:! 

1.19.4 

s .. 
Jecllons 

5 .JO 1Jnd 
J 4/ 

('..tllC'r.ll l\r'f11pUnn 

prngram w1JI cnn\idcr thc Harl Jnll cnd mcmhcr torce\ lor dc<;ign 

flowcvcr. ul lhc '\Ccllon<; prov1dct.I, lhcy are thc nnly nnc\ 10 he 

con!idcrcd dcs1gn 

Member Displacements at lntermediate 
Sections 

' L1kc íorcc'li. displaccmcnl5 of 1n1crmcd1Jtc \CCl111n~ nf mcmhcr\ 

can be prinrcd or plo11cd Th1s cnmmand may no1 he usct..I lnr tru\s 
or cable mcmbcrs. 

Member Stresses at Specified Sections 

Mcmbcr slrcsscs c.:1n he printcd al \pccificd 1n1crmcd1a1c \cc11nns 

as wcll as .JI 1hc s1ar1 and cnd 101nu. Thcsc \UC'i\C\ 1nt:luJc· 

., 
bJ 

<J 

di 

cJ 

Axial \lrcss. which is calculatcd hy div1d1ng 1hc a111al /011.:c by 

thc cross sccllonal arca. 

Bcndtng·y stress. wh1ch 15 calculalcd by J1v11J1n1 1hc mumcnl 
in loc.:11-y d1rcc11on by thc sccllon modulus 1n 1hc \ame 
J1rcc11on, 

Bcnding-1. slrcss, which is 1hc samc as abo\IC c1ccp1 1n ln..:Jl-t 
d1rcc11on. 

Shcar sucsses (in y and /. Jirci.:11ons1. and 

Combincd stress, whu:h 1s 1hc sum uf a11al. bcnding '! Jnd 
bcnding-1. slrcsscs 

All 1he s1rcsscs are cakulalcd as thc absolu1c \/Jluc 

1.19.5 Force Envelopes 

Srr srcuorr 

•J 

Force cnvclopcs oí 1hc mcmbcr forces FX (al1al force), FY (Shcar­

y), and MZ (momcnl around local z-aJ.is, i.c. urong aJ.1sJ can he 

printed for any numbcr of in1ermed1atc scctioos. Thc force valucs 

includc ma11mum and m1n1mum numbcrs rcprcscn1ing ma11mum 

pos11ivc and ma1.imum ncgativc valucs. Thc following is tbc sign 
convcntion íor thc maiimum and m1n1mum v1lucs: 

• ~ • :1 

• '1 

• 1 

• :_¡ 

•• :J 
•• -11 

•: ll 
• 1 

•; ,, 
•' • •• ~ 
. .. 
•·~CI 

1: 

., 
·--·- .... ----

Scc1mn 1 

FX A pn,. 1ovc ... aluc 1s comprcs"uln. and ncgativc 1cns1on. 

FY A poc;ill\IC valuc 1s shcar 1n 1hc po'iilll\IC y-dircc1u1n. and 

ncgat1vc 1n thc ncgauvc y-d1rcction. 

FZ Samc a.s abovc. cxccpl in local 1-d1rcc1ion. 

MZ A po\lllYC momcnt wlll mca.n a momcnl ca.u'iing 1cns1on al lhc 

top uf thc mcmhcr Convcrscly. a ncg;11ivc momcnt w1ll cause 

tcnsion at thc ho1tom of thc mcmbcr. Thc top of J. mcmbcr 1s 

dclincd as thc 'i1dc toward'i posit1vc local y-a1u. 

~y Samc as abo ve. cxccpl .1hou1 lo..: al l. aJ.1s 

1.20 Multiple Analyses 

J '·' 

Suuc1ural analys1-.ldcs1gn may rcqu1rc mull1plc analy'ic'i 1n thc 
\ame run ST,\AD allowc; thc uscr to changc 1npu1 such as mcmbcr 

propcrtic'i. \upporl ~ondi11ons et..:. 1n J.n input file lo faci111a1c 

muhiplc an:tlyscs 1n 1hc samc run. Rc'iulls from d1fícrcn1 analyscs 

may be comh1ncd for dc'iign purposcs. 

f'or \lructurcs w11h hrac1ng. 11 may he ncccs .. ary to m;ai.c ccrtain 

mcmhcr\ in;ac11vc for a par11culJr lo;ad cac;c Jnd suhscqucn1ly 

ac11v::11c thcm for anothcr ST,\1\D providcc; an IN.\CTIVE fac1h1y 

for ihis typc of analys1s fhc IN ACTIVE op11on 1s d1\cuo¡scd 1n 

dc1a1I 1n 1hc following paragraph. 

lnactive :Ylembers 

Wilh thc IN ACTIVE command. mcmbcrs can he madc inac11vc 

Thcse inact1ve memhcr'I w1ll not be cofsidercd in thc s1Hfncss 

analysis or 1n any pr1ntoul. Thc mcmbcr'I madc inac11ve hy !he 

INACTIVE command :trc madc active aga1n w11h thc CH1\NGF. 

command. This can he use ful 1n an analysis whcrc 1cns1on-only 

bracin& is dcs1rcd, 'iO 1 sel of mcmbcrs should be 1nac11vc for 

cerlain load cases, This can be accomplishcd t-·· 

al mak1ng 1hc dcsircd mcmbcr" inac11vc: 
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l~ntr.11 DcJCnpoon 

h) prov1ding thc relevan! lnad ca'ics lor ""'hu:h thc mcrnhcrs are 

inac11"c. 

e) pcrform1ng lhc Jnaly'i•'i: 

tll uc;ing thc CJIAN(if cnmmantJ In mJkc all 1hc 1nac11vc 

mcmhcr'i ac11"c: 

e) and mak1ng 1hc u1hcr \CI of mcrnhcr'i 1na..:t1vc Jnd provullng 

1hc prnpcr load cascc; ínr wh11.h 1hc mcn1hcrc; are mcan1 10 he 

1nac11vc, pcrform1ng lhc analy'i1°'i anJ rcpca11ng thc prn1.cdurc 

ª' ncccssary 

1.21 Steel/Concrete/Timber Design 

Sr, 11•ct11uu 

!. J ª"d" 

Et1cns1vc Jco¡1gn capahilt1ics JTC avJdJhlc 10 \)T.\.\D lnr -;tccl 

concrc1c JnJ 11mhcr 'ici.:11nns Octailctl 1nlorma1111n nn \lccl 

.;oncrc1c and llmbcr Jc .. 1gn •'i prcscntcd 10 Scc11nns ~. J JnJ -l 

rc\pcc11vcly 

1.22 Footing Oesign 

~'''º" j 51 

A íoo1ing dcsign íac1hty i.:apablc oí dc"gn1ng 1ndl\ 1dual ío1111ngs 

for uscr 'ipcc1ficd supp1nlls) is avadalilc. ,\11 Jt.:11vc ln;itl ..:J\i:'i Jrc 

l.'.hcckcd anJ Jcs1gn 1s pcrformcd for 1hc 'iuppon rca..:111101,1 '-"hi..:h 

rcqu1rcs 1hc ma11mum luu1ing 'il/C Paramclcrs .1rc .iva1l3hlc In 

1.'.0nlrol thc dc'iign. Output includcs fon11ng ~11mcn'i1nn'i Jnd 

rc1níorccmcn1 dcta1ls. Dowcl bars anJ Jcvclnpmcnt lcng1hs are 

also calcula1cd and 1ncludcJ 1n !he Jcs1gn ou1pu1 Dctadcd 

dcscr1p11on anJ ..:ommand 'ipcciíica11onrs¡ fnr í111111ng Jcs1gn 1s 

available in sccuon 5.5~ uf 1h1! manual. 

.23 Printing Facilities 

All inpul da1a and ou1pu1 may be prin1cd using PRINT commands 

ava1lable in STAAD. Thc inpul i! normally cchocd back 1n 1he 

ou1pu1. Thi1 i! impor1an1 rrom a documcn1a1ion point of v1cw 

However. ir rcquircd. lhc echo can be 1wi1chcd oír. 

• ,., • = • , • , 
• "2 

• , • 1 

• ;, 

• :' 
• 1 

• ., 

• • 
11~11 

1 1 

-:~.:1 

• • l • 

Set.uno 1 5' 

F,;tcnsivc l1">llng f;u:1h1ic'i are prov1dcd in almo'il ali PRINT 

,·ommands 10 J.llow ihc U">Cr to 'iclccl jo1nts or mcmbcrs (clemcnts) 

ínr which valucs are rcquirctl. 

1 .24 Plotting Facilities 

'lrr 11·< 11on1 

: '5 

r 1 
''

.,"º f·1Cilittc'i are 3v;ulablc '" ST ,\,\O Thc firsl 
Two 1ypes o P 0 !:: • h 
1 e allows the uc;cr 10 vicw 'ilrU..:turc gcnmcuy. tlcílcc1cd s apc. 

::nd1ng mo1ncn1/shcar force J1agrams. 'ilrCS'i l,'.on1ours c1..:. us1ng 

1 1. For ccnatn capahilltic'i d1kc deOcclcd 
thc Post Pruccs<¡1ng mtH u c . 

shape. bcnd'1ng moment diagran1s etc.) a PLC)T rile con1a1n1ng thc 

relevan! info mU\I fir\I he crcatcd 1hrough ST1\AD 

In :1dtl11111n tn thc graphu:\ capab1hl1c'i oí ihc Posl Ptnccs~1ng . 
f PRINTER Pll)T np11nns :1rc Jvatlahlc in 

module. a w1dc r.lngc o ' - RINTER 
ST \,\O fhcse c:1pah1li1ics may he u1ih1cd to genera1c p 
· ' J 11 ti h es hcnd1ng momcnl 
PLOTS oí 'i1tucturc gcnmc1ry. e cele 'i ap . 

JiagtJms ele .is part uf 1hc output. 

25 Miscellaneous Facilities 1. 

Srr 

.,, 110" 5 I 7 

s .. 
rrcllo" 5.15 

l'lllu w1ng in1sccllancuu'i f3cllit1c\ t11r prohlcm 
STAAD 11ffcrs 1he 

o;olu11on. 

Perform Rolalion 
Aíter 1hc gcnmctry ha'i heen spec1f1cd. 1h1s ..:ommand .:.ln be u~cd 
l l rolatc the \11uc1urc <ohapc thrnugh any desucd anglc ahoul any 

~lobal J.ll\S Thc rot.ltcd conlq~ura11on c:1n be used íor funhcr 

3 nalys1s anJ dcs1gn 

Substitute 
d Í1 J in STAAD 1hro11gh 

Jo1nt and membcr numbcr, may be re e inc 
r h SUBS ílTUTE cnmmand After a ncw ~el ol numhcr' 

1he use o 1 e d ce w1th 
re issi ncd input and output valucs w1ll he in accor .an 

a g ' .1 . Thl\ í..1cdil) 3 t1ow'i thc u\CT lo ~pcl"IÍ~ 
1hc new nu1nhcring 'iC icmc 
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l JI 

Su 

Jf'clio" J )6 

J JJ .! 

numhcnng 'ichcmco¡ lhal w1ll rc\Ull 1n 'i•mplc 1np111 'ipcc1íica11on as 
wcll as casy 1n1crprc1.itH1n nf dala 

Calculalion oí Cenler oí Gravity 

STA,\D is capahlc nf cah:ulat1ng lhc ccn1cr 111 grav11y ni thc 

11ruc1urc Thc PRINT CG command 1nay bc unltrcd for 1h1<; 
purpo .. c 

Prinl Problem Stalislics 

Thc U'iCT may 1akc advanlage of lh1s facd11y 10 rcvicw analy'i1s 

relaccd charac1cris11co; (si1c nf 1hc 'iliHncss matri•. t.J1sk 'iloragc 

rcquircmcn1 etc ) of thc prohlcm hcforc actually runn1ng 1hc Jºb 

Th1s op11on n cspcc1ally uscful for lhc C'il1ma11nn uf s1oragc 

rcqu1rcmcn1S bcforc runn1ng a J.;ugc prnhlcm whn.h m,;1y rc4u1rc 

largc amnun1s of s1oragc 

Input Memory 

This op11on may be uscd for problcms runn1ng "º •he re rcqu1nng 

a largc amounl of mcmory 11 should he rcmcmhcrcd 1ha1 thc u.-,c uf 

1his np11on may resuh 1n '!ilow prngram c1ccu11on. 

1.26 Post Processing Facilities 

.J .J.,t ond 

J.H 

All ou1pu1 írom lhc ST,\AD run may he u1ih1cd íor íurihcr 

proccs51ng c11hcr by other modules nr c11crnal prngrilms Files 

containrng rclcvanl 1níorma1ion mus1 be crca1cd through ST ,\,\O 

íor 1his purposc. Thc íollowing opltons are av3ilahlc. 

Sne/Restore 

The sa11c/res1ore ícalurcs cnablc lhc uscr lo savc all 1he dala and 

rcsulu assoc1a1cd w11h a prohlem and rcac1i11a1c frcs1orc) thc 

problem and resume prucessing al a la1cr time 

l:sd 

a= 

• 11 

• ·I • ] • !I • 1 

• , • 1 ., 1 

•• :1 

• 1 1 

a: ti 

·1· 71 

• , .. 1. 

-

American Steel Design 

Section 

2.1 Oesign Operations 

ST,\AD con1a 1ns a hroa<l set oí facil111cs for dcsigning s1ruc1urJI 

mcmher'i ª" 1ntlivuJu.1I i.:umponcnts of an an.1lyLc<l uructure. The 

mc:mher tle'iign f;u:ili1ies pro\lidc: lhe uscr w11h 1.hc ah1hty In carry 

nula numhcr of dilfcrent Jcsign opcra11ons Thc:se íacilt11c, may 

he u\cd 'iC:lecli\lcl~ 1n .1ccordancc w11h thc: rcquircmcnis oí !he 

dcsi!n prnhlcm. Thc opcra11ons lo pcrform a dcs1gn are· 

Spcctfy 1hc: mcmhcr• and 1hc load casc'i to he cons1dcrcd 1n thi 

dcs1 gn 

Spcctfy whcthcr 10 pcrform ende i.:hc:ck1ng or mcmbcr 

sclcctiun . 

Speciíy dc'iign paramc1cr \laluc!, ií d1íícrcn1írom1he dcfaull 

\l.tlucllií. 

fhcse opera11ons may be repca1cd hy thc uscr any numbcr of 11mc~ 

depcnding upon lhc tlc<1gn rc:quiremcn';!. 

Slec:I Design may he pcríormed ha~cd on thc íollow1ng cndrs· 

i\JSC.,\SO. ,\ISC·LRJ·D and Ai\SltTO A bncí dcscrip11on oí 

each is presenled in thc following pagcs . 

Curren1ly STAAO support! .icel dcs1gn oí \1: 

shapei, anglc. doublc angle. channel. doublc -

•ngc. S. M. llP 
· )1. heam, w11h 
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covcr plalc. cnmpo'illC hcam\ Jnd t:ude cht>cl1ng of pr1\1t1al1c 

propcr11cs. 

2.2 Member Properties 

For \pecifit:at1on of mcmhcr propertlc\ uf ~IJntl.1rd ,\mcric.tn \lec! 

\cct111n\, the s1ccl \Cctlon llbrary'avadahlc 1n SfA,\0 may he 

uscd Thc 'iyn1ai for spcc1fy1ng !he na mes of hu1h 10 ~•ccl 'hapcs 

is dcscrihcd 1n 1hc ncll \cc11on 

2.2.1 Built - in Steel Section Library 

Thc follow1ng scc11ons dcscnbc 'pcc1f1ca11on ol \lcel ~cr.:11ons 

from 1hc AISC f91h·Ed111on. 19Rl11 Stcel Tables 

A ISC Sleel Table 

Almosl ali AISC s1ccl shapcs are .1vailablc for 1npu1. Fnllowing are 

lhc dcscripuons of all lhc 1ypcs of \Ccllons availahlc 

Wide Flanges {W shapes! 

All widc flangc sccl1ons as hs1cd 1n AISC/LRFD-R9 are Jvadahlc 

lhc way 1hcy are wn11cn. e g. W IOX-t9. W2 I X50. ele 

·20 TO 30 TA ST W10X411 
33 36 TA ST W11XB8 

C. MC, S. M. HP Shapes 

Thc aboYe $hapcs are av;ulahlc as 11.'ilCd 1n AISC (91h Edi11onl 

w11hou1 decimal po1nis. For e-.amplc, C8X 11 5 will be input as 

C8XI 1 and SISX-t2 9 w1ll be 1npu1 as SISX.t2, om1tl1ng 1hc 

decimal wc1gh1s. {E1ccp1ion: MC6X J S 1 íor MC6X 1 S 1 a.nd 

MC6X 153 for MC6X 15 J ) 

(~ - \ 

a:t= 
s:= 
~ ., 
1 , 
• , 
• 1 ll 

• :3 

• 1 

• ' 
• 1 

·llbl 
:~ 
18'::1 
•

• 

' ' 
. 

lO TO 20 BY 2 TA ST C15X40 
1 2 TA ST MC8X20 

Oouble Channels 

~-

Sccuon 2 

Ra k 10 h:u:k douhlc channels. wi1h or w11hnut spac1ng hc1wccn 11 
' ·1 hl The lcttcr O in fronl ol ihc <;ccllon namc w1 

1hcm. are .:tv:i.1 a e 
<;pcciíy a douhlc cbanncl 

21 22 24 TA O MC9X25 
55 TO 60 TA O C8X1B 

Anglos 

f
. . 'iT \ \0 are d1ffcrcnt from ihoc;c in ibc 

1\nglc o¡pCCI IC3llOO<; In I ' 

AISC manual Thc following cJ.amplc illus1ra1c:1 anglc 

o;;pcc1 íica.tiuns. 

8 = L 4 x 3-112 x 318 

LThickne•• in 1/181h 
1nch 

Anglo symbolJ r 3 

J L----10 limes lenglh al 
10 11mes lenglh olher leg '" inch 
ol one leg in inch 

Similarly. L5050IO: L l '5 '5/8 ond L904016: L 9 'J' 

\t prcscnl ihcrc are 1wo way'l IO dcíinc thc local Y and, a1c"I íor 
' . . To ma.ke thc tra.nsi1ion from thc A ISC Manual to 
an angle :1ect1on 
thc program data casy. 1hc s1andard scc;t1on for an anglc l'l 

c;pcciíicd· 

. 51 52 53 TA ST l40358 

Th" spccification has thc local 1-all'l (1..e .. thc m1nor :,'") ~ 
d

·ng lo 1hc Z-Z aiis 1Jpcc1ficd in 1hc ,rccl ia e! .. any 
conespon 1 ~ 
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cng1nccr'1 Jrc famil1Jr w11h a convcn11on u'cd hy \nmc 1llhcr 

progrJm\ 1n wh1ch lhc loe.JI y a"s IS thc m1nor J.tl\ S r,\,\D 
prov1dcs lnr th1\ cnnvcn11on hy acccpllng 1hc cnrnrnand· 

54 55 56 TA RA L40356 (AA denote• reverse anglo) 

nouble Angles 

Shorr lcg hallt to h:u.:k or long lcg hack 10 halk dnuhlc .lnglc\ can 

he 1pec.1ricd hy 1npu111ng thc wnrd SD nr LD. rc\pcc11vcly. 10 lrnnl 

oí thc anglc \llC In case oían equal Jnglc cuhcr l.D or SD wdl 

1crvc lhc purpn'lc. 

14 TO 20 TA LO LJ5304 SP 0.5 Long leg back to back 
L3·1/2x3x!l-4 w1lh O 5 

!pace 

23 27 TA SO U04012 Shor1 leg back lo back 
L9x4xJ/4 

Tcci are nol inpul by 1hcir Jclual namc'I. as 1hcy are f1,1ed 1n 1hc 

,&.JSC manual. bu1 ins1cad by dcs1gnaung !he bcam .,h;apc\ • W Jnd 

S) írom wh1ch 1hcy are cul for ciamplc. 

1251 TA T W8la4 lee cu1 !mm W8X24 which'" WT4X12 

Two 1ypes oí 1pccifica11ons can be used íor pipe scc11on'> In 
general pipc:s may be 1npu1 hy 1heir ou1cr and inncr d1amc1cr\ For 

c1amplc, 

1TO1 TA ST PIPE OD 2.0 ID t.175 

. •' '. '":·~ • 1 -· 

1. :--:1 .. -~ .. 

1 
lrill mel\n a pipe 

wilh O.~ol 2.0 · Jll 
,·..id 1.0. 11.875 In~ 

1 

current i put unit1. t!l 

~ 

:a J 

'.I 1 

:1 1 

:• 1 

1 1 

11: 1 

:w1 :1 

•¡ :1 
,¡ il 

-~ • 

Sccuon 1 

. h AISC manual can he \pcc1íicd as 
Pipe scc11ons 11s1cd in 1 e 

follow\ 

5 TO 10 TA ST P!PX20 

PIP X 20 denotes extra strong pipe al 2 
in.die 

~
L10 x Dia. In lnches 

Pipe 1ymbo specily only portian befare 
· decimal point 

Slranglh spe 1 ng 0 • oouble extra-strong) 
(S • Slandard, X ,. Extra·t ro ' 

Tuba Symbol 

5 TO 10 TA ST TUB120BOB 

TUB 120 80 8 r J 11 Thicknes~ in 1/161h in. 

. W1dlh • 10 (in.) 
Heighl • 10 (1n.) 

lt h1 Width 
h onpul by ihcir Jimcns1ons 1 c1g · 

Tuhc\. llkc pipes. can e 

anJ fh1cltncssl as folluw\ 

TUBE OT • o WT a.o TH 0.5 
~. ! ~ub~Tthal has a hei~hl al 8, ª· widlh al 6, and a wall 

thickneu ol 0.5. 

crformcd on tuhc'> spcc1f1cd 1n thc 
~cmbcr Sclcc11on cann~t bkc pg can be 'pcrformcd on 1hcsc 
la1tcr way Only codc e ce '" . 

scc11ons. 

Wtldtd Plalt Girdtn 
. h \ISC manual · 

Wcldcd pla1c girdcr~ írnm t e , . 

íollo•s 
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B 61 

Buoll-up aection aymbolJ 

Nominal Depth in inches 

Eiamplc : 

201 
Thockness o; ttange on 
1nches X 101 (Only usa 
portian before decimal 

\ point} 

Nominal tlange Widlh 
(onches} 

1 TO tn íA ST 861"117 
11 16 L\ Sr 06K~1 lll 

2.3 Allowables per AISC Code 

For s1ccl dcs1gn. STAAO ..:ampares 1hc JCluill urc~scs w11h 1hc 
.1JlowJblc s1rcsscs as dclinct.1 by 1hc Amcric;an lns111u1c of Stccl 
Cons1ruc11on (AISCl Cot.lc Thc n1n1h cJition of thc ,\(SC l"1Jc. JS 

puhhshcd 1n 1989, 1s usr.:d as 1hc qas1s oí 1h1s dc\ign 1c1..:r.:pt lur 
lcns1on. stress). Bccausc oí !he si/e and complc111y ol thc ,\ISC 
codcs. 11 would not be pr;u;11cal 10 describe cvery 3spcct ,,f ihc 
slccl dc11gn 1n 1his mJnual lnstcad, a bricf Jesc 11 piiun lll ~orne ol 

lhc ma1or alluwablc suc~,c~ are JescnbcJ hcrc1n 

2.3.1 Tension Stress 

Allowablc 1cns1lc stress on thc ncl sccuun is cJlculatcd as O 60 Fy 

2 1.2 Shear Stress 

••• 

Allowablc shcar stress on thc gross scc11on, 

F,=Off, 

For shcar ºª thc web, 1hc gross SCClion is lakco IS the producl or 
lhc total dcpth and thc web thickncss. For shcar on 1hc Oangcs, 1hc 

gross scction is takco as 213 times lhc 10111 Oangc arcas. 

• l 
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Stress Due To Compression 

Allnwablc cnmprcss1vc 'ilrC'\s on thc gross scct1on of .1X1ally 

loadcd cun1prcss1un mc1nbers 1s ..:alculatcd basct.I on thc formula E­

l 1n 1hc AISC Codc. whcn 1he largcst cffc..:11vc slendcrncc¡s ratio 

IKl/1) i'i lC\'I than C~ 11 Kl/r cxccctl-. Ce. al\nwablc comprc'>sivc 

,11css 1., Jcl'.rcascd as pcr lnrmul.i \E2-Z uf lhc Cudc 

e = J1n'E r . ' 

2.3.4 Bending Stress 

,\\lowablc bcnding 'ilrcss lor tcns1on J.nJ comprcssion for a 

'iymmC\llC3( 1ncmbcr loadcd 10 lhC planc UÍ llS mlnor aIIS, as 81\ICO 

in Sccuun 1.5.1 -' ·~· 

tr mcc11ng 1hc rc4u1rcmcnts of 1h1-. ... cction of. 

.ll br /~tf is lcss 1han or cqual to 651.jt 
h 1 h¡ /1 1 i'i lcss 1han or cqual to 1 ~O/ F 
el illt1slc .... 1hanorc4ual106.t0(1·37-Hf 1 /F 1))J/fwhcntralf1) 

<O. 16. ur 1han 257/F 1í (ÍJ /FY) >0 16 
J) Thc la1cr.ally unsupportcd lcngth 'ihall not cir.cccJ 76 Ohr IF 1 

(c11.:cpt for pipes or tubcs), nnr 20.000/ldF Y /Arl 
e) Thc Jiamc1cr·tbu:knc~s rauo of pipes shall not CJlcccd 3300/fy 

lf íur 1hcsc symmctr1c.:r.I mcmbcrs. hr /21r c1cccds 65/F, but i! lcss 

than 951[1. 1:b=F
1
<0.19-0 0021b 11211) FI 

For 01hcr symmc1ncJI mcmbcrs which 40 not mcct thc abovc, Fb is 

cah:ula1cd as thc l.:r.rgcr valuc computcd as pcr AISC formulas FI ·6 

or f \. 7.:r.nJF1-8 Js appl1c.:r.hlc. hui not more th:in O 60F ~· An 

unst1íícncd mcmbcr subJCCI to a11al comprcssion or comprcssion 

duc 10 bcnding is cons1dcrcd íully clíectivc whcn thc w1dth-

1hickncss r:1110 is nol grc.:r.tcr than 1hc íollow1ng· 
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76 O/f', lor s1ngli: .ingles or douhlc anglcs w11h scparaiurs 
95 01/1. fur douhlc anglcs 1n i.:onl3l-I 

127 !JI. for slcm'> ul 1cc'> 

Whcn 1hc ac1uaJ w1d1h 1hn:kncss rallo c1.ccrds thcsc valucs, ihc 
allowablc slrcss IS govcrncd hy B5 of thc AISC cuJc. 

Tcns1on Jnd comprcss1on lor thc d"uhly symrnc111i; (1 & lf) 

scctu>ns w11h br /21r le .... lhJn 651[1 Jnd hcn1 .ihou1 1hc1r minor 

JI.IS, Fb =O 75FY 11 h1 /:!tr c1.cccJs 651/1, hui 1s lcss 1han 951F. 
Fb = Fy(I 075-00051b 1 1:!1,J/11 

For tuhcs. mcc11ng thc '>uhparagraph'> b Jnd..: ni thi! Scl-llnn. hcni 
Jbout thc m1nor J•1s. Fh= O tibF,. tJd1ng 1hc •uhpJragrJph~ h ..1nd 

..: bu1 a w1d1h th1cknc .. s rano lcss lhJn :!Jl!l/~'I Fb=ll.6F~ 

'.3.5 Combined Compression and Bending 

~. 

.\icmbcr!i sub1cc1cd to hoth a•1al comprcss 1on ..1nd hcnding '>lrC\SC'> 

~re propor11oncd to sa11sry AISC formula Hl 1 ..1nd Hl-:! whcO 
liF1 is grcatcr than O 15, u1hcrw1sc turmula lt l ·J 1s u sed h 

'>hould be notcd 1ha1 Junng coJf chcck1ng ur mcmber \Clcll1tin. 1( 
f,.,JF, cicccJs un1ty, thc prugrarh ducs nut compute 1hc \ccunJ .lnd 

thud pa~t of 1hc formula H 1·1, beca use 1h1s *ºUh.1 res.uh 111 J 

m1slcad1ngly liberal ra110 Thc valuc UI lhc -.::uclf1l-ICQI cm I~ takcn 

as O.SS íor odcsw.ay and O 6 · O .¡ 1 M l /M2). bu1 no1 les"> than o .¡ 
íor na sidcsway 

-=-
, . • • fl 
lil m 
•: ,. 
•; m 
111: 11 

•• ~ • 
·~ • •' , • 
~ 
-~· 

Secuon:? 67 

2.3.6 Singly Symmetric Sections 

Fur douhlc .ingles .1nd Tccs whu;h havc only onc a11s uf ">ymmeiry, 

thc KL/r ratio ahout thc local Y· Y axis i!i. dc1crm1ncd us1ng 1hc 

clau'iic\ -.pcc1í1ct.1 on pagc J-53 ol thc AISC Manual. 

2.3. 7 Torsion per Publication T114 

!'he AISC 89 codc ol <iipCi.:1fica11nns fnr s1ccl Jcs1gn ..:urrcntly dncs 

n1ll havc Jny prov1su1n .. <iipei.:1fically mcant for dcs1gn of 'iCClton~ 

lor l'or'ii1on ilowcvcr. AISC ha<ii puhltshcd a scparatc documcnt 

c.llkt.1 .. T1us1onal ,\nalys1s ot S1ccl Mcn1hcrs" wh1l-·h prov1dcs 

guulc\1nc\ un tran'iilnrnung t11rs1nnal m1>mcn1s 1010 normal slrC\SCS 

Jnd \hcJr '>lrcsscs whtch can 1hi.:n he 1ncorpnra1cd 1n10 thc 

1n1crac11on cqu:!llon .. c1.pla1ncd 1n Chap1cr 11 of thc .\ISC K9 ende. 

fhc gu1dcllnC'> ol thc pubhcation havc now hccn 1ncorp11ratcrJ 1nto 

1hc AISC-M9 s1ccl dcs1gn modules of STAAO 

í11 cnns1dcr 'itrcssc't duc 10 tors1on 10 thc 1.:odc chcck1ng or mcmhcr 

,clcc11nn prnt.:cdurc. ~pct.:1fy thc paramctcr fORSION w11h a valuc 

l11 1 U Scc ÍJblc 2 1 for more Jcta1ls. 

:\lethodology 

lf 1hc uscr wcre to rcquc'>l r.le<;1gn fnr tor<;1on, 1hc tor"onJI 

propcrt1cs rcquircd fur calcula11ng thc warp1ng normal urcsse!i, 

warp1ng shcar s1resscs and pure shcar s1rcs<;cs are firsl detcrmincd. 

fhesc dcpcnd of lhe 'ºboundary" cond1tions that prevall al thc cnds 

oí 1hc mcmbcr. Thcse boundary cond1l1ons are delincd as "Free". 

"P1nncd" nr ''F1-.cd .. Thcy are c1pl:11ncd bclow: 

Fr'E: "Free" reprcscnts thc bound3ry Condi11on such as 1ha1 wh1Ch 

c•1Sl!i at 1hc Cree cnt.1 of a cJnlllcvcr heam. ll mcans 1ha1 thcrc 1s no 

01hcr mcmbcr cunricc1cd 10 1hc he.un Jt 1hJ1 potnl. 

Plnotd: "P1nnc:d" rcprc:scnu 1hc: condi11on thal corrc:sponds to 

cllhcr J pinncd support JcfincJ JI 1hc 101nt through 1he Su¡Jpon 
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.1mand or J rclcasc ol any of 1hc momcn1s JI thc Jlllnl through a 
Mcmbcr Rclcasc ~pct:IÍ11:Jt1un 

fixtd: "F1tcd" rcprcscnts thc i.:onJ111un whcrc a íi1cd ~urp:Ht 
c11s1s a1 thc J01n1 In thc abscncc ola suppon al 1h 3 1 JUlnl. 11 

rcprcscn1s a conJ111un whcrc a ngu..l lramc conncc11on c 11 sts 

bctwccn thc givcn mcmhcr and a1 lcas1 une nlhcr mcmhcr 

conncctcJ to thdl 101n1 Also. no mcmhcr rclcJscs shuulJ he 
prcscnt 11 1hat jo1n1 on !he g1vcn mcmhcr 

A her thc boundary conJ111ons are Jc1crm 1ncJ. che normal .1nd 

shcis Slrcsscs are dc1crm~ncd Thc gu1dclincs \pcc1licd 1n thc 

pubhca11on TI 14 íor cunccnuatcd 1ors1onal momcnts ac1ing JI thc 

cnds oí thc mcmber are U!l.CJ 10 determine 1hcsc suc,scs 

Thc normal orcsscs are .1ddcd lo 1hc "lial sucsscs cau,cJ by .1iial 

load. Tbcsc are lhcn subs111utcd 1nto thc in1crac11on cqu:u 100, 
1
n 

Chap1cr H of 1hc AISC ~lJ codc ror Jc1crm1ning thc ratio rhi:: 
planc shcar and warp1ng shc:u Slrcsscs are addcd 10 1hc shc:u 

s1resscs causes by ac1ual <ohcar Corees anJ ..:omp;ucd aga 1n, 1 ihc 
allowablc >hcar s1rcs5.cs un 1hc cross sct:t1on. 

Restrictions 

Th1s fat:1hty 1s cuncnlly a\Jilable lnr Wide fl.Jnge shapcs 1 w.~ &. 

S). Channcls, Tec shapc<o, Pipes anJ Tubcs h 1s no1 Jv.:111 3b1c lor 

Single Angles. Doublc 1\nglcs, mcmbers w11h 1he PRIS~,\ flC 

propcny spccifica1ion, Composilc scc1ions (Wide F1 3ngcs wnh 

concrclc slabs or pla1cs on lop). or Doublc Channcls. Also. the 

urcsscs are t:alculatcd bascd on thc rules for concentrated 

torsional momcn1s acong at thc cnds of 1hc membcr 
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2.3.8 Design of Web Tapered Sections 

Appcnd1x F uf AISC-S9 rnovides 'ipccifica11ons lor dcsign of Web· 

r.1percd mc1nhcrs These spcc1ht::11ions havc been incorpor:ued 

1n10 STA,\D 10 pcrtnrin ende chcclung on web 1apcred w1de ílangc 

~hapes. Plca!.e note that 111cn1hcr ~clec11un ..:annot be pcrformed on 

wch·tapercd mcmbcrs 

2.4 Design Parameters 

~ -17 / 

Thc prngram conta1ns a large numbcr of parametcr natnes which 

are nccdcJ 10 pcrform dc'iign1ng anJ coJc ..:hccking. Thcsc 

paramc1er namcs, w11h thcir dcílull valucs. are listcd 1n Table 2 1. 
Thesc parametcrs comm1.0nica1e Jesign dccisions frorn the ong1nccr 

lo 1hc program . 

rhc JefJult raramc1cr vah~es have bcen ~elcctcd such thal 1hcy are 

lrcquenlly uscd numbers far convcnhonal Jesign. Dcpcnding on 

the par11cular dcS1gn rcquircmcnts of :rin analys1s, sorne ur all of 

thesc para.meter valucs may havc to be changcd to e11ctly modcl 

1hc physical <o1ruc1ure For e1ample, by Jcfaull thc KZ tk valuc in 

lot.:al l·.JllSI valuc ola membcr u set 10 1.0. wh1le in thc real 

,uucturc 11 may be 1.5 In thal case. 1hc KZ valuc 1n thc program 

..:an be changed lo 1.5. as shown in 1hc 1npul 1nslrucl1uns (Scction 

6). Sim11arly, thc TRACK valuc oí a mcmbcr IS sel tri O.O. wh1ch 

mcans no alluwable stresscs of thc membcr will be pnn1cd. lf !he 

allowablc strcsses are 10 be printed, lhc TRACK valuc muSI be sel 

\O J.Q. 

Nnlc 1ha1 paramctcr names PROFILE, DMAX and DMIN are only 

uscd for mcmbcr sclcc1ion. 



11 f-Scl1llllll -----------

2.5 Code Checking 

\rt Srt rro11 

l'i ,7 2 arid 

t. tumpl~ I 

Thc purpll'IC of codc i.:hcclung 15 10 t.'hcck whc1hcr thr.: providt.'il 

scct1on properl1cs ol thc mc1nhcrs :irc Jdcqu.uc Thc Jdc 4uJt.'Y ·~ 

t.:hcckcd as pcr AISC l'(IJ CotJc chci.:l.1ng *" Jnnc u<;1ng 1hc lnrcc<; 

and momcn1s al spcc1í1cd scc11ons "' 1hc mcmhcr<; 11 no ,cciions 
are spcc1f1ed, 1hc prngra1n uses 1hc ~tan and cnJ f•HLCS hir ._ 11dc 

t.:hcek1ng 

Whcn eodc chcck1ng a \Clcc1cd. 1he program ..:akula1c~ JnJ print~ 

whc1hcr lhc mcmbcrs havc passed !he -.:odc or havc failcd. ihc 

criu~al cond111on o( thc AJSC codc (llkc any of ihc AISC 

spcc1íica11ons ur -.:omprcss1un, tcns1on. \hcar. el-.: 1. thc YJluc ni 

the rallo of lhc t:rll1cJI ..:nndi11on (ovcrslrcsscd for 3 valuc mure 

than 1 O or any 01hcr spcc1ficd RATH1valuc):1hc 80 ..,ern•n!l, load 

c.:Jsc. and thc loca1111n 1J1s1ancc from the s1ar1 oí thc mcmbcrl uf 

forces 1n 1hc mcmbcr whcrc thc critu:al cond11 1on occurs 

Codc chcclr.ing can be Jnnc w11h any typc of uccl sct:liun 1i~ieJ in 

Se..:11on 2 2 of 1h1s manuJI 

2.6 Member Selection 

iec11()11 

17 J 

-

STAAD i1 c:ipablc oí pcrfurming dc'iign opcr311on'i on spci:ilu:d 

mcmbcrs. Once an analysu has beco performcd. ihc program ..:an 

sclcc11hc mosl cconom1c01.I sccllon, 1 c. lhc lightcH 'iCCllon. which 

íulíills 1hc codc rcquiremcn1s íor lhc spccificd membcr. Thc 

sccuon selcc1cd w1ll be oí ihc same lypc scc11on as ong1nally 

des1gna1ed íor 1hc mcmber bcing dcs1gncd. A w1dc 0.lngc w1ll be 

sclc.clcd lo rcplacc a w1dc nangc. ele .. Severa! paramctcrs uc 

ava1lable lo gu1dc ihis selcc1ion lí 1hc PRO FILE . · paramc1cr u 

prov1ded, 1hc search íor lhc hghlc!ll sec1ion is rcslriclcd to lhal 

profile. Up.to lhrcc (3) profilcs may he prov1dcd for any mcmbcr 

w11h a sccuon bc1ng sclcctcd from each onc Me b 1 . . m cr se cc11on can 

ah~ be cons1r:11ncd by 1he paramclers DMAX and DMIN wh1ch 

hmu lhe ma1.imum and m1n1mum dcplh of thc mcmbcrs. No1c 1ha1 
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1f 1hc PROl:ll.E par:1.1nctcr IS prov1dcd for spcc1íicd 1ncmbcrs, 
OM1\X or DMIN paramctcrs w1ll be 1gnorcd hy thc program in 

'\clcc11ng thcsc mc1nbcrc; 

~lcmhcr ~clcct1un i.:an be pcrformcd w1th :ill thc typcs oí stecl 

,ci,:t111ns lloi;,tcd 1n Scc11on !.! ol 1tl1s manual Nolc that for beams 

w
1
th c.ovcr platcs. 1hc oi;,i1.cs uf 1hc i;uvcr pl.itc are kcpt ..:ons1an1 

whdc 1bc hcam 'icctn1n 1s iteratcd 

Sclec11on of mcmbcrs. who<;c prnpcrt1cs are orig1nally input from a 

u<;cr ..:rca1cd table. w1ll be llm11cd to scc11ons 1n 1hc uscr 1ablc. 

\icmbcr <;clc..:1100 can nol he pcríormcd on mcmbcrs whosc scc1ion 

propcr11cs are input JS prtsma11c. 

2.6.1 Member Selection by Optimization 

5 J ;' ' 

S1ccl table propcrt1es oían cnurc 'ilruc1urc can be up11m1lcd by 
S f.\AD 1'h1s up11m1La11on mcthod 1nvolvcs a i;1atc-of.1hc·art 

1ccbn1quc wh11:h rcqu1rcs au1oma11c mull1ple analyscs. Thc uscr 

..:Jn start w1th no propcrttcs for thc mcmbers but prov1dc 1hc 1ypc 

t1i proíilc-c;pcc 1hcy havc lc.g. BE1\M. COLUMN. Cl·L\~NEL. 
\~GLE c1c Re fer 10 Sci.:11on ~.7 5 J Thc s11c~ nf 1hc mcmbers are 

~ip11mucd by thc s11ffne"" 1hcy are ..:untr1but1ng and thc .amuunl of 

tuads thcy Jre rccc1v1ng Bascd on 1h1s, a balanccd SILC is sclcc1cd 

1or cach mcmhcr. fh1s mc1hod rcquires -:s.1ens1vc compu1cr lime 

and hcncc should be uscd wi1h caution. 

2.6.2 Oeflection Check With Steel Oesign 

This facility allows thc uscr 10 considcr dcnccuon ;as 1 cri1cria 1n 

1hc CODE CHECK and ~ElllBER SELECTION proccucs. Thc 

Jcílccllon check m;ay be controllcd usi~g 1hrcc paramc1crs which 

are dcs.crihcd in Table 2 1 No1c 1hal dcncc1ion is uscd 1n addi11on 

tu 111hcr strength and s1ab1li1y rclatcd crilcna. Thc local dcílcclion 

calcula11un 1s bascd on thc latcst ;analysas rcsulu. 



2.7 Truss Members 

As mcn11oncd carlicr . .1 1rus\ mcmhcr 1s t:Jpablc 111 c.1rry1ng only 

a.11al forces So 1n dc'l1gn nu 11mc ts wasled ..:alcula11ng 1hc 

allowable bcnd1ng or shcar sucsscs,, 1hus rcduL1ng lics1gn 11mc 

consuJcrably Thcrcforc, 1f 1hcrc 1s any 1russ mcmhcr 1n JO 

Jn01lys1s 1 likc hra..:1ng or '1ru1, etc 1. 11 1s w1sc to dct.:larc 11 .i, .1 

truss mcmhcr r:uhcr lh.Jn .is .1 rcgul.u lramc n1cmhcr w11h hn1h 

cnd$ p1nncd 

?.8 Unsymmetric Sections 

For unsymmctrtc scc1111ns (11kc anglc. doublc anglc and 1cc1. 

s r AAD cnns1dcrs thc .. mallcr SCC\100 modulus for chcck1ng 

Jg:un•u bcnd1ng For sume c::1scs. thu :ipproach may produ..:c 

shghtly conscrvat1vc rcsulu. 

Appcndi1 e oí thc AISC codc has bccn 1mplcmcn1cJ lor HfC'>S 

rcduc11on oí uns11ífcncd cnmprcsi1on .clcmcnts In :1JJ111nn. 1hc 

AISC spcc1fii.:0111on íor SINGLE A~GLE Jcs1gn hJs h..:cn !ully 
implcmcn1cd 1ncluding la1cr01l 1or•unn01I buckl1ng .:1íct:1~ 

. .ible 2.1 - AJSC Parameters 

1 remeter Default Description 
,_me Value 

KV 1.0 K vaJue 1n local y-axas. Usualty, dus is 

m1nor us. 

~ 1.0 K value lf1 local Z-UI&. Uaually, ttvs IS 
mat0r .tJCIS. 

<.:. Meml>erLength lenglll in local y·am to c:aJculala 
sjendemess rabo. 

~ Member Length Same as above &ltC:ept 111 z-&.JUS (m8JC>r) 

•I ii 

•l • 
•: 11 

•i 11 

•: 11 

lli • .: 1 

l: 
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Table 2.1 - AISC Parameters Con! 

Parameter Delault Description 
Name Value 

ID 

~ 

CMY 

CMZ 

MAIN 

fil]FF 

PUNCH 

TAACK 

DMAX 

QM!N 

RATIO 

36 KSI 

1 o 
Member Length 

Memoer Length 

1 o 

00 

ºº 
O 85 lof s.idesway" 

and cak:ul&led 
lor no s1desway 

00 

Member length 

See sect 2 10 

00 

45 in. 

o o'" 
1 o 

Yteld slrength ol steel m cuITT!nt unrts 

Net sect1on lactar lar lensaon members 

Unsupported length ot lhe top !langa lor 
ca1Culat1ng allowable bendlng compressive 
stress Wdl be used only 11 flexura! 
compress1on IS on the top flange 

Unsupported length of the bottom llange 
lor calculatJng allowable bend1ng 
compress1ve stress Wlll be used only rl 
llew:ural compress1on is on the bottom 
ffange 

Cb value as used 1n sect1on 1 5 of AISC. 
O O = Cb value to be cakulared Any 0U1er 
value will mean !he value lo be used in 

design 

O O = Srdesway 1n locaJ y·ax1s. 
1 O =No SKSesway 

Same as above except 1n kx:.al z-BJUs. 

Cm value 1n local y & z u:es 

O O =check lar slendemess 
1 O = suppress s&endemes.s cnec.k 

Spac1ng ot sbffeners lor plata girder destgn 

Parameter lor punching shear 

O O = Suppress cnncaJ member srresses 
1 O = Pnnl ali cnocaJ member stntsses 
2.0 = Pnnt exparwJed output 

(see Figure2 1) 

Malomum aJtowal:We depth. 

M1n1mum aflowab'e depth. 

Perm1SS1ble ratJO of lhe actual IO aüowable 
stresse9. 
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Table 2.1 • AISC Parameters con! 

Parameter 
Name 

BEAM 

NMIN 

~A 

Qff 

lli 

uz 

!Q!JSION 

APEA 

Default 
Value 

1 lor closed sec11ons 
2 lor open sect1ons 

00 

1116 lndi 

O 4 JC FYLO 

None 
(Mandalory lor denect1on 

checkl 

S1art Jo1nt 
ol member 

End Joml ol member 

00 

1 o 

Description 

Wetd type. as explatned 1n sec11on 2 11 A 
11aJue ol 1 wdl mean weldlng 15 on one side 
onty er.cepl lor W1d8 llange or tee sections 
where 1he web is always assumed 10 be • 
wekJed on bolh sldes A 11alue of 2 witl 
mean welcJ1ng on bolh sietes Far ctosed 
secoons hke pipe 01 tube, lhe welamg wsll 
be on one sK1e only 

O O = des1gn onty lar ena momenlS or !hose 
a1 locations spec1hed by the 
SECTION command 

1 O = caleulate moments a.1 rwelfth points 
a.long the t>eam. and use !he 
max1mum. Mz loca11'Jn 101 aesign 

Allowat>le wefd1ng stress 

ºOeHection length· I Maim allowable local 
def1ect1on 

Joint No denobng slarting poinl lor 
caiculahon ol "Oeflecbon Length' ISee 
Note 1} 

Joint No denobng end point lor caJculatlon 
ol ·oenect1on Length" (See Note 1) 

O O : No lors.on check pertormed 
1 O = Perform tol'SK>n check based on 

rules ot AISC TI t 4 

O O : Oesign lapered l·secbon based on 
rules of Cha¡uer F aro Appendla B 
only Do not use the rules ot 
Appendl• F. 

. 1 O = Oes1gn tapaied 1-sacbOns based on 

• In the case oí no sidcs•:a •h· rules al Append11 F of AISC-89 
m •:alue is compu1ed bascd J~ thc1~b mme>IR~ thSc m~mbc:r is rcsuaincd a1 bu1h cnds. thc 

or u :a in cc11on 1 6 1oí1hc "ISC codc 
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NOTE o 

1) "Dcílcc11on Lcngth .. ts defincJ as 1hc lcngth thJ.l is uscd íor 

calcula11on oí lncal deílec11nns wuh1n .i mcmbcr. lt may he 

notcd 1ha1 for musl cases thc "Ocllec11on Length .. will be cqual 

to the length uf thc mcmhcr llowcver, 1n sorne s11uauons, thc 

"Deílec11on Length"' may be dtffercnt for examplc, refcr 10 

thc figure below where a bcam has bccn modclcd using four 

JOtnts .ind 1hrcc mcmbers Note 1hal thc "Dcílcction Leng1h .. 

for all 1hrcc mcmbcrs will be cqual 10 lhe total lcngth of the 

bc:un 1n 1h1s i;a~c. Thc parametcrs DJI and DJ2 should be uscd 

tu modcl th1s si1ua11un. Also 1hc 'itr:ught hnc jo1n1ng DJ 1 .ind 

DJ2 is used as 1hc rcfcrencc linc from which local dcílcctions 

.lrc mc.lsurcd Thus. for all thrcc mcmbcrs hcrc~ DJ 1 should be 

.. l .. and OJ2 ~hould be .. 4'' 

. !ID. r--::::::::=_· __ _.¿/::__1__L:' 

O "' Ma:.umum local de"ecnon lor membe~ 
12andJ 

EXAMPLE. PAR,\METERS 
OFF 300 ALL 
DJI 1 ALL 
DJ2 ~ ALL 

2) lf OJ 1 and DJ2 are nol uscd. "Dcllci:11un Lcngth~ will deíauh 

10 1he mcmbcr \cng1h and lui.:al deílci.:tiuns will be mcasured 

lrom oug1nal mcmbcr hnc 
)) 1l 1s 1mpor1ant to no1c lhat un\css a. OFF 11aluc ii ~pccificd. 

STAAD wall nol perform a dcílcc11on check.. Th1s 11 1n 

ac.corda.ncc w1th 1hc facl lhal therc 1s no dcíault valuc íor DFI:· 

t scc Table 2 1 ). 
4) A cr11ical difícrcncc cx1sts bctwccn thc paramctcr UNL :and 

1hc paramctcrs LY &. LZ. UNL rcprcscn11 thc latcrally 

unsuppoucd lengtb oí the comprciuon ílangc. h is dcrincd in 

Chap1cr F. page 5.47 of 1hc spccifica1ions in 1hc AISC 1989 

r\SO manual as thc dis1ancc bctt..ccn crosi scclions braccd 

against 1wu1 or lateral displaccmcnl of thc comprcssion 

llangc. UNL 1s uscd lo cah.:ularc 1hc allowablc comprcss1vc 

s1rcss (FCZ and FCY) íor bchavior as a bcam. LY and LZ on 

1hc othcr hand are thc unbrai:.:cd lcnglhs íor bchav1or as a 

column anJ J.re uscd 10 c3.lcula1c thc KUr riltios and thc 

allowablc axial comprcss1vc sucss FA. 



SSY and CMY are:.! paramc1crs whu:h JIC bJscJ upon 2 valt1C\ 

dcfincd 1n pagc 5·55. Chap1cr U ol 1hc ,\ISC Q1h cd. manual 

SSY 1s a variable wh1ch alluws 1hc uscr 111 Jclinc whc1hcr or 
nol 1hc mcmhcr l'l )UbJCCI lo '01tlcsway tn 1hc lc11.:al Y dHC(l1on. 

CMY IS a variable U!l.CJ lor Jcfin1ng thc c'prc'lilon (Jllcd C1n 

1n thc AISC manuJI Whcn SSY 15 \CI 10 11(which1\ ihc 

dcfaull valucJ. 11 mcJns 1ha1 1hc mcmhcr 1\ \uhJc..:110 ~•Jcsway 

1n lhc lncal Y J11cc11on Whcn "SSY is set 10 1 1), 11 mcans 1hJI 

che mcmbcr 1s nu1 ,uhJCCI lo ,1dcsway 1n 1hc local Y iJ1rc¡;11on. 

Thc only ..:rrc..:11ha1 SSY ha) ni 1ha1 1t ..:1usc\ 1hc pro~rJrn 10 

. calculalc thc apprupriatc valuc or C~Y H SSY IS 'lCI IU o .1nJ 

· C'.lo1Y 1s nol prov1JcJ. STAAD wdl cakul.11c CMY as O lt5 lf 

SSY 1s sel 10 1 anJ C~Y 1s not pruvtJcJ. S f,\,\O wlll 

calcula1c CMY hom 1hc cqu.iuon un p.Jgc S·55 fluwcvcr. 1f 

lhC USCJ (JIOVIJCS (_'~Y. thC progtJm .. 111 U\C th.11 "'llUC JOJ 

nul .::;akul.JtC CMY J.t .111. rcg;udlcss ol wh-11 1hc uscr Jclin..:\ 

SSY 10 he. 

'.9 Plate Girders 

Pla1c gudcrs m.Jy be dc\1gncd .Jccording 10 Chap1cr G of thc .\ISC 

spcc1rica11uns Thc gcncr:illlcd ISECTION \pci.:di..:a1inn ..:.1pJhd1t> 

ava1h1blc 1n che U1cr T.Jhlc faciluy may he uscd 10 \pcL1fy thc 

pla1c girdcr .. cc11ons Tht: ,\JSC wcldcd pla1c ¡1rJcr \hapc\tpagcs 

2·230 and 2·231·AISC91h Ed111on1 are avallahle 1n thc S1ccl 

Scc11on libr3ry oí thc prngrJ.m 801h CODE CflECKISG &. 
MEMBER SELECTION may be pcrformcd whcn ~cc11ons :irc 

spcc1ricd from .J uandard AISC platc g1rdcr scc11on tahlc or 

lhrough lhe gcncrahLcd ISECTION fac1lity. Paramclcr STIFF (scc 

T.Jblc 2.1) may be uscd lo spccify s11ffcncr spac1ng so 1hou 1hc 

nghl allowablc shear stress may be calcula1cd Thc progr.Jm 

au1omalically calculates thc ílange s1resses :according 10 thc 

requircmcn1s of scc1ion G2. 

( ~ 
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Punching Shear Check 

unch1ng 'ihcar n1ay be l:hcckcd according 10 

Fnr tubular rncmhcrs, p . ( API) spccifica1ions P::aramctcr 
1hc American Pcuulcun1 lns111.u1c hcrs fnr which punch1ng 
PUNClt may he uscd to 11Jcn11fy mcm hould al\o he uscd 10 

d rh1s paramctcr .. 
\hcar chci.:k ts rcquirc R fer 10 thc following iablc for 
spcc1fy Jº'"' typc .i:1d gco1ncuy e 
1hc v:aJuc uf parJmClCf IO fablc !. \. 

Typc of Jo1nt 

ilml~Li 

K Jovcrl.ipl 

K lgapl 

T&Y 

CROSS 1wl1it:iphragrn\) 

CRO'iS 1 .,..1 11 J1.iphr.1¡pn\I 

Rcq V Jluc oí 

r.Mamctcr PU:"ICH 

10 

! \) 
l ll 
1 o 
~o 



No1c: 
1) A valuc rcprcscnting 101nt 1ypc & gcomcuy mus1 he 

pru..,1dcd for paramc1cr PUNCll 

2) For dctailcd Jcscr1p1111n ol 101n1 typc & gcomciry. rf!fcr 10 

API codc 1Scc11un 2.5 51 

2.11 Tabulated Results of Steel Design 

Far codc chcck1ng or mcmhcr 'iclcc11on, 1hc program produces •he 

rc'!IYlu, 1n a 1abulatcd lash1on. Thc 1tcms 1n thc uu1pu1 1ahlc Jrc 

c1.pla1ncd as íollow\ 

a) MEMBER rcfcrs to che mcmbcr numhcr lur wh1ch thc Jcs1gn 

1s pcrlormcd 

b) TABLE rcícrs 10 1hc .\ISC llccl 'ccuon nJmc wh1Lh h.1'!1 bccn 

chcckcd aga1ns1 1hc '!llccl codc or has bccn '!lclcclcd 

e) RESLLT pnnls whc1hcr 1hc mcmhcr has P.\SScd ur F.-\IL..:d 

lí 1hc RESUL T is FAIL. 1hcrc will be an J'!llCll~k 1 •1 mJrk 1n 

hont of lh~ mcmbcr numbcr 

d) CRITICAL CONO rcfcrs 10 thc 'icc11on ol 1hc ,\ISC ..:lldc 

wh1ch govcrncd thc dcs1gn 

e) RATIO prints lhc rauu uf thc actual !i.Hcsscs 10 allow;ablc 
strcsscs for lhc cn11cal cond111un Normally a "aluc uf 1.0 or 

lcss w1ll mean thc mcmbcr has passcd. 

O LOADING prov1dcs thc load case numbcr whu:ll govcrncd 1hc 

dcsian. 

g) FX. MY and MZ providc 1hc 1xial force. momcnl in loc:il y· 
a1is and momen1 in local 1-a1is rcspectively. Allhough 

STAAD docs cons1dcr all 1hc mcmbcr íorccs and momcnts 10 

pcrfonn dcs1gn, only FX MY 1nd MZ are príntcd s1nce thcy 

ue 1be ones whicb are of inlercst, 1n mos1 cases. 

• ~ 
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• 1 

• .1 .: 
1 1 

•i • 
•* • 1 

-~"· 

Sttuon:? 79 

h) LOCATl<JN 'ipcc1í1cs thc ac1ual distancc from thc 'itarl oí thc 

mc1nbcr 10 1hc o¡,cc1ion whcrc Jcsign íorccs go'tlcrn. 

¡) 

JI 

T R \CK is 'iCI tu 1 o ihc prngram will block lf thc p.:uamctcr 1 • 

oul part of ihc tJhlc and will print ihc Jllowahlc hcnd1ng 

mprc s\ion (FCY & FCZl and tcnsuH~ tí-TY &. SlíC'!l'iCS IR CU 

FTZ). alluwablc Jx1al sucss in cumprcssion tfA). ~nd 
allowablc shc:u ,1rcss 1FVL JJI in k1ps pcr 'it.¡uarc .1nch. In 
Jddi11on. incmbcr \cng1h. a1ca. sccuon muduli. gu..,crn1ng KL/r 

rallo .and ce are 31<;0 pnn1cd. . 

f T R \CK ., 0 thc llcms Fcy and Fet are as 
In 1hc output or , - · 

follows: 
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:> 12 Weld Design 

5 Sec1io11 

7.5 

STAAO is ablc 10 sclcc1 wcld 1h1ckncss for conncclions and 

labulalc 1hc various sucsscs. The wcld dcs1gn 1s limilcd 10 1hc 

mcmbcrs having propcnics írom widc llangc. ice, single ..ingle, 

single channcl, pipe and tubc scc1ion 1ablc1 only. Thc paramclcrs 

WELD. WMIN and WSTR (as c1pl;1incd in Table 2.1) govcrn 1hc 
wcld dcs1gn. 
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S1ncc thc 1h1ckncss of a wcld is vcry small 1n comparison 10 ils 

Jcnglh, 1hc propcrt1cs of 1hc wcld can be calculatcd as linc 

mcmhcr Thcrcfnrc. thc cross-~cctional arca (AZ) uf thc wcld will 

actually he thc lcngth oí thc wcld. S1m1larly. thc units íor thc 

\cction moduh ISY and SZ) will he lcng1h-squarcd J.nd íor thc 

polar momcnts oí incrtia (JW) w11l he lcngth-cubcd. Thc following 

1ahlc show<¡ thc diffcrcnt availahlc wcld hncs, thctr typc .1nd their 

coord1na1c axes. 

""º 
""" ''"" WIOlA.u<.E "' "'~ "" ""' 

' 1... f -. f-. &· &· Ó-· 
' =ir- f-· =ff=-· ~· - -

t\clual llrC\\C\. cJkula1cd hum thc mcmhcr force\. i.:Jn he 

\pcctíicd by 1hrcc namc'io. h.1scd •In 1hc1r dircctions 

Uor11un1al Stre\<¡ as produccd by !he local t·,hcar force and 

1or\1nnal momcnt 

Vcr11c..1l SlrC\'io ·Ji. produccd hy lhc J\1.&I y-,hcar lorcc Jnd 

turs1un..1I momcnt. 

DHccl Stress· JS produccd by lhc a.111al force and bcnd1ng 

momcna in thc local y and t d1rcc11ons 

Thc Combincd Stress 1s calcula1cd by 1he !.quarc rool of thc 

'i.UmmallOR of lhC squarc.s OÍ thc JbnYC lhrce principal !.l1CSSCS 

Follow1ng are thc cqua11ons: 

MX = ·Tnr~1onal mnmcnl 

M..Y= Bcnding in local y 1.111'1 



.c~uon ! 

., 

MZ = Bcnd1ng 1n loc:tl L·ax1s 

EX= A11al lorce 

rr = Shcar In local y a11s 

Y_Z = Shcar 1n loc;il / .1.11' 

Propcr11cs o[ Wc!!I 

~=Arca oí thc wclJ as thc hnc mcmbcr 

ir = Sccuon mudulus .unund loi.:;il y-a11s 

iZ = Scc11on moJulus arounJ locJI L-ax1s 

~ = Polar momcn1 ni 1ncfl1J 

CH= D1s1ancc uf thc ..:11rcmc tibcr íor horiLon1.1I (loi.:.11 / J 

forces 

CY.:: DistJ.ncc oí th..: .:x1rcmc 1ihcr for vcr11i.:JI !local y 1 lnrccs 

S1rcss Equallons: 

VZ CllxMX 
Horuon1al stress. Fh = --+----

\.X JIN 

VY CVxMX 
Vcr11cal urcss. Ftv = --+----

\ '( J~ 

IX MZ
0 

\IY 
D1rcc1 ~ucss, FJ = -- • -- • --

.\X Sl SY 

No1c 1ha1 thc momcnu \1Y and \tZ .are 11kcn 111hc 1b1oh11c "'aluc,, 

wh1ch m•y rcsull 1• ,ame ... on1cu11uc rcsuhs lor .uymmctncal u:.;11un1 

hkc aoclc. lec a.ad channcl 

Comb1ncd force F ... umb = Jr~ - F,~ 

Wcld thickncss = F,_,imh .. 
'·• 

wbcre F • = Allowablc weld sucss, dcfauh -v:iluc is 0.-1 FY LO 

(Table 2.1 ). 
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fhc 1!11ckncs!!o t 1s roundcd up lo 1hc ncarC!iol lf16th uf an 1nch and 

all thc strcsscs are rccalculatcJ Thc 1abula1cJ ou1pu1 pnnts thc 

la11cr !l.trcsscs lí thc parame1cr TRACK 1s sel 10 1.0. thc oulpul 

will 1ncludc 1hc wc!J propcr11e<;.. :"!ole 1ha1 thc progr:11n Jocs nul 

LJ\culatc thc m1n1mum wcld th1cknc~s as nccdcd hy 'iomc codcs, 

hut chccks llnly aga1ns1 thc m1n1mum 1h1cknc~s as prov1dcd by thc 

u~cr {llr l/lbth 1nch 1f not prov1dcd) 

Whcn the TRUSS qualifier 1s used with SELECT WELD 

commanJ. 1hc program will dc<;.1gn thc wclds rcquucd tor truss 

Jnglc anJ dnublc anglc mcmbcrs tha1 are auachcd 10 gusscl platcs 

Thc program rcpu11s thc numbcr ol wclds (two for single Jnglcs. 

lour for Jouhlc anglcsl. J.nd thc \cng1h rcquircd for ~ach wcld. Thc 

1h1ckncss nf 1hc wclJ 1s 1akcn 1s l/4 1nch th mm) for mcmbcrs up 

111 11.t 1nch lfi mml thick, anJ 1116 inch t 1 5 mm) lcss 1h:on thc 

Jnglc th1Ckncss for mcmhcr'i grcatcr than 11-! 1nch (b mm) 1h1ck. 

vtin1mum wclJ lcng1h l'i takcn JS four times wcld th1cknc'iS . 

I V 

,_.__,_ ___ _ e --P 

2.13 Steel Design per AASHTO Specifications 

2.13.1 General Comments 

This scc1ion prcscn1-; "1mc general s1a1tmcn1s rcguding 1hc 

1 mplcmcnlz.lr""~ 'r •encan Assoc1at1on oí S1a1e lhghway and 

Transportal1nr. ,¡,. (AASHTO) spcc1íicallons for 'itructural 

s1ccl dcs1gn in STAAD Thc dc-.1gn phtlo,ophy and proccdural 

log1s11cs for mcmbcr sclcction and codc chcck1ng 1s bascd upon thc 

princ1plc'i uf allowablc sircss dcs1gn. Two maJOr ía1lurc modcs are 

rccogn11cd f;11\urc hy ovcrslrcs•j\ng and ía1lurc by s1abd1ty 



_, tJon ! 

2.13.2 

..:11ns1dera11nns Thc fullow1ng secllOn\ describe the ,3llcn1 lcaiurcs 

ol thc allowablc stresscs hc1ng r.:alt.:ul.ucd and thc ,1abd11y r.:tl\cna 

be1ng U\Cd Membcrs Jrc proport1oncJ to rc<;1st thc dc\1gn lnJd'i 

w11houl es.ccc1..ilng lhc alluwable .,1rc)\CS and thc musl ..:u1no1n11..·al 

sccuon 1s <;clcc1cd nn 1he has1s of 1hc le.isa wc1ght cr11cri.i rhc 

1.:oJc eheck1ng pan ol lhc program .ilso r.:hccks thc \lcndcrnc\) 

rcquucmcnts, thc m1n1n1um mct:1l 1h1cknc)s rcquucrncn1s .1nJ 1hc 

w1J1h-lhh:kncss rcquirc1ncnt h 1s gcncr;illy JS\umcd th.11 thc U\Cf 

w11l take c:1rc ni thc Jc1.11ling rcqu1rcmcnts llk!.! prov1s1on •11 

o¡,11frcncrs and check 1he hH::1I cHcc1s lilr.e llangc bu ... kling. wch 

erip(>hng etc 

Allowable Stresses per AASHTO Code 

A, men11oncd hcforc. lhc mcmhcr Jc,1gn ;inJ ... nJc ..:hcc\.1ng •n 

STAAD 1s hascd upon 1hc J.lluwahlc \HC\s Jcs.1gn mc1hoJ lt •s 3 

mc1hod fur propuruon1ng ,iructurJI mcmbcr'> u-,1ng Jc\l~n l11.1J\ 

:1nd forces. allowablc )lfcsscs. and Jcs1gn lim11311uns for thc 

appropriatc ma1cnal unJcr sCJ'VICC ..:und111ons 11 1) beyonJ 1hc 

)cope of 1h1s man u.al lo describe .:vcry Jspec1 uf 'l.tructurJI .. tccl 

Jcs1gn pcr ,\ASHTO spcc1Ílc:i11on' bcc:iusc of pr:a..:th:al rc.isons 

Th1s sccuun wdl J1scuss thc s:ahcn1 lea1urcs ul thc alluw:ablc 

strcsscs spcc1 licd by 1hc AASHTO 1.:udc T .ibl..: 10 J! 1.-\ lll thc 

AASHTO codc spee1fics thc ;illowable .. 1res .. .:'í 

A1i11I Stress 

Allow:ablc 1cns1on stress. as c:alculatcJ 1n AASHTO 1:. b:a)cJ lln the 

nc1 scc11on. Th1s tenJs 10 proJu..:c a .. hgtuly ..:onscr'Vallvc rcsuh 

Allowablc tcns1on iucss on thc nc:t sccuon is g1vcn by. 

Allowablc: comprcssivc stress oo 1hc gross scc11on of a113lly 

loadcd comprcss1on mcmbers is calcul;ucd bascd on thc fullow1ng 

formula: 

'-'hcnt¡.;,l;r)<C~ 

-

r 
1 

ri;:­r-r-
r1 ¡ 1a 

l1:t3 
fl9 tri 

11 i DI 

r1:1 m 

11 1 a 
ll, 11 

1 

1•1 • 

, 

Scc11on :! 

v.ht!ntt\.1 Tl>C\. 

JnJFS=2.12 

1t can be mcn11oned hcrc that AASHTO Jucs not ha'VC a prO'VIS&on 

fur 1ncrcJ.se 1n allowJ.blc strC'i'ies for a .;,ccondary mcmbcr and 

whcn lfr cxceeds a \:Cr!J.1n 'V3luc 

Bending Stress 

Allowablc \IJCSS. 1n hcnd1ng compress1on tor rollcd shapc girdcrs 

anJ bu11t- up .-.ec11ons whu.-.c ¡;umpress1un llangcs are supportcJ 

1.JICrJ.IJy lhrough 11s full Jcngth by cmbcdmcnt in concrete is givcn 
by 

For ,1mdar mcmbcrs w11h unsupportcJ or par11ally supportcd 

ílangc lcngtho¡,, thc allowahlc bcnt.hng compress1vc stress is gt'Vcn 
hy 

11 r l.! r, 
Íh=º"'ftl------ - ' -t rt :1 

\\Uhlr:t=b: 12 

Thc AASHTO codc doc' no1 ha'VC a o¡pcc1fica1ion for mas.imum 

J.llowablc tcnulc sircss in mcmbcrs sub1cc1 to bcnding Thc 

corrcspond1ng AISC spec1ficahon is O 66Fy for eompact hol rollcd 

or bu11l-up sccuons •ymmctneal about. and loadcd in. thc planc of 

lhc1r minor axe! and mcc11ng 01hcr rc~uircmcn1s oí Scc1ion 

1 S.1.4 1 of lhe AISC spccifica11ons A common praclice among 

bridge dcsigncri ii 10 use O S5F as 1hc allowablc hcnding tcnsilc 

strcs' for mcmbcr! meeting 01hcr rcquircmcnls of Sechon l .S.1.4 

of 1hc AISC spccirications Thi' practice ¡, !lightly conscrvati'Vc 

and 1s bc1ng uo¡,cd hcrc in 1hc STA AD implemcn111ion of lhc 
AASHTO stccl codc. 

1 85 
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Shear Stress 

Alluwahlc shcar \lrCss un h 
t e grns, scc11on IS g1vcn by 

F, :: JiF, 

,For shcar on 1hc w ·h h -:. e · 1 e grn-.s lCCl1on J J 
't~c IOIJI Jcp1h anJ lhc web h ·'- .LS crine JS lhc protJui.:1 uf 
~. 1 llanc•s lhc \ \Slll 

,5pec1fy any allowabl. · ' O 1.:1i.Jc doc\ 001 
. e llrcss Jor lhcar un ll~n es Th 

.Jssumcs thc \Jrn. 11 hl g e prngram 
e .1 uwa e lor 'hc.Jr si 1) J l -

~hcar on thc web. d h. íC'>\ 1 .1-~) lur no1h 
· ;in l car on 1hc llang ¡· 

llangcs ih cs. ·or ~hcar un 1hc 
. e gross 'Scc11on rs talen .as 'IJ 1 h 

.uca. - •mes 1 e 101.il 11.tngc 

Btnding-A •ial. Stress lnteraction 

.\fcmbers suh1cc1cd lo horh .J11al .ind h 
propor11oncd accord cnd1ng '1rcsscs Jrc 

d 1ng 10 'cc11on 10 J6 OI •he ,\ASU ro 1 
co c. Ali mcmhcr, suh1cc1 to bcnd1n and .ice 
rcquucd to ~arrsf .. lhc 1 11 8 JlllJl l.'.llmprc'"º" Jre 

1 0 ov.-1ng formula: 

~... L°,,Ulh\ (IYH ft... 

F,, 11- r,, F.:. 1r .. , 11 1· F. ,. 
,. - , n lrh, 

< 1 o 

< 1 fJ 

ª1 suppon po1nu. 

Thc AASHTO stccl codc docs 
combincd i11.1al lcns1on anJ be"¡.' pro\11dc .JR)' ~pcc1fic;111on lor 

proccdurc oí chccking bcndin ~ ·~11n1cr~cllon. Thc AISC 
thc AASHTO •mpl . 1 a1.1<1l 1cns1on 1n1crac11on Is uscd in 

. cmcn1a11on of STAAD All 
comb1ncd i111.:1I 1cns1on .and b d' . mcmhcrs 'iUhJcct lo 
provis1oas oí AISC 1.6 2. en 1n1 are rcquircd lo sa11sfy 

• iil • J 

• : 1 

• • 
• 1 •• 

• • 
•¡ 1 

• 1 

• • 
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2.13.3 Stability Requirements per AASHTO Code 

Accord1ng lo AASllTO codc, fnr comprcss1on memhcrs. thc 

'>lcndc1ncss ra1u1. KL/r. shall be llm11cJ to 120 íor ma1n mcmbcrs 

..ind 10 \.tO lor sccondary mcmbcrs Thc AASHTO codc defines 

'llccondary mcmhcr'i as tho'llC whosc pnmary purposc 1s lo bracc thc 

'ilructurc ag:uns1 la1cral or long11ud1nal lorcc. or 10 reduce thc 

unbraccd lcng1h oí cthcr mcmbcr-s, ma1n or sccondary. For lcnsion 

mcmhcrs. KL/r is 200 for_ma1n mcmbcrs and 240 for sccondary 

mcmbcrs 

2.13.4 Minimum Metal Thickness Requirement 

fhc A,\SlffO ende h.as .J m1n1mum 1b1ckncss rcquucmcnl for all 

'1ruc1ur:il \lecl 1\c1.:nrd1ng 10 1hu requiremcnt. ali 'itruc11.u:1l 'lllccl 

.:1ccp1 fnr wcbs of ..:cr1.a1n rollcd shapcs. closed nbs 1n or1ho1rop1c 

decks. lillcr'S and fa1hng'S. sh.111 no1 be lcss than 0.31 ~5 1n..:hcs 

fhc *Ch ihu.knc'>\ of rollcd bc..Jms or l.'.hanncls \hall he nn1 less 

than 1) ~l 1nlhcs. The\c rcquucmcnt'S havc bccn 1ncurpnra1cd 1n 

•he ,\,\SHTO 1mplcmcnta11on nf ST,\,\O 

2.14 Steel Design per AISC/LRFD Specification 

2.14.1 General Comments 

Thc Jcs1gn ph1lo'iophy cmbod1cd 1n thc Load and Rcsis1:1ncc 

Factor Dcs1gn (LRFD) Spcc1fica11on is b~1h a.round thc conccpt of 

limit s1a1c dc!lgn. lhc currcnt s1atc·nÍ·thc·a11 1n struCtural 

cng1nccr1ng Suucturc• are dcs1gncd and proport1oncd 1ak1ng in10. 

cnns1dcra11on lhc lim11 •ta1cs at whu:h 1hcy would bccomc unfil for 

lhc1r in1cndcd u•c. Two ma1or ca1cgor1c'I of llmll·slalc are 

rc:cognilcd-·ul11ma1c and scr\liccabil11y Thc pnmary 

1.:nns1Jcr11ion• in ult1ma1c limll \late Jcs1gn :uc strcngth lnd 

s1ah1hty, wh1lc 1ha1 1n scrvicc:ah1hly 1s dc:ílc:c11on Appropnatc 

load and rcsis11ncc faclors are usctl so thal a un1form rchab1l11y 1s 

11.:h1cvcd for Jll s1cel Hructurcs unJcr various loading cnnd111uns 
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.1.uJ J.I 1hc samc 1imc 1hc ·chJ.nccs of hm11s hcing surpasscd are 

acccp1ably remate. 

In thc STAAD 1mplcmcn1a11on of LRFD, mcmbcrs are 
propor11oncd 10 rcs1s1 1hc dcs1gn loads w11hnu1 c11cccd1ng 1hc hm11 
s1a1cs of 'iHcngch, oah1li1y and scrv1ccab1h1y. Accordingly, thc 
mos1 ccono1n1c )CCllon 1s sclcctcd ~n 1he ba)JS ol 1hc lc.ssl wc1gh1 

crncna as :augmcn1cd by 1hc Jcs1gncr 1n )pcc1lic:.11on of Jllowablc 
mcmbcr Jcpths, dcsircd sccllon t)'pc, or 01hcr ,uch parJ.mctcrs 

Thc i;odc chccking poruon of thc program ..:hccks 1b:.1 codc 
rcq~1rcmcnts for cach o;clcc1cd scc1ion .irc mcl and 1dcn11fics thc 
govcrning cn1cna 

Thc follow1ng scc11on~ Jcscnbc thc salicnl fca1urcs of 1hc LRFD 
'pcc1ficJ11ons .:as 1mplcmcn1cd 1n STA.\0 ,1ccl Jcs1gn A J..:1.:ailcd 
dcscnp1ion of thc dcs1gn proccss along wllh 1u undcrly1ng 
conccp1s .:and assump11ons !.! av;ul.1.blc 1n thc LRf=O manu.sl 
Howc ... cr. !unce thc dcs1gn ph1lo!.ophy 1s Jr.isucally diffcrcnl from 
1hc convcnuonal Allowablc Sircss Dcs1gn (ASDI. a bnel 
Jcscripuon of 1hc fundamental conccpls is presen1cd herc hJ 
in11ia1c thc uscr 1n10 lhc dcs1gn puu:css. 

2.14.2 LAFD Fundamentals 

The primary objcctivc l)f 1hc LRFD Spcc1fic311un 1s to pruv1Jc J 

uniform reliab1li1y for .ill 'Hccl -;1ruc1urcs unJcr various h1aJ1ng 

condilions. This un1form11y can not be obla1ncd w11h thc allowablc 
sucss ~csign (ASO) formal. 

Thc ASO mclhod can be rcprcscn1cd by 1hc incquality 

Thc lcíl sidc is thc rcquircd strcngth, which is thc summalion ar 
lhc load cííccls, Qi (Íorccs and momcnls). Thc righl sidc. 1hc 
dcsign sucngth, is lhc nominal strcngth or rcsistancc, R0, dividcd 

bY a r1c1or or safcly. Whcn dividcd by lhc appropriatc scction 
property (arca or scction modulus), lhc two sidcs of 1hc incquahly 

bccomc abe actual stress and allowablc stress rcspcchvcly. ASO, 

_, 

.-~ 
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• ~1 
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ihcn, is characlcnLcd by 1hc use of unfactorcd .. work1n8~ lo.ads in 
conjuncllon wuh a ~ 1 nglc factor uf safcty apphed to thc res~stancc. 
Bccausc of thc grcaicr variab1li1y anJ. hcncc, unprcd1c1ab1hty of 

thc livc load and l)lhcr luads 1n comparison w11h thc JcaJ load, a 

un1form rcliab1lity 1s nol pass1blc. 

LRFO . .as ¡15 namc 11nplics. uses ->cparatc factors for CJ.th load and 

rcsistancc. Bccausc thc d1ffcrcn1 1ac1ors rcllcc1 1hc dcgrcc of 
unccrt:unty of diffcrcnt loads and combina11ons uf.loa.d~ a~d of thc 
accuracy uf prcdii;tcll sucngth. a more uniform rchab1h1y 1s . 
pussiblc Thc LRFD mc1hod may be !l.ummanLcd by thc 1ncquahty 

On thc lcll ., 1Jc of 1hc incquali1y. thc rcquircJ s1rc.ng1h is lh~ 
;ummation of ihc variou!i load cffects, Q,. mull1phcd by 1hc1r 

respective load factor!i, y
1

• Thc dcs1gn s1rcng1h. on 1hc nghl ~tdc, 

15 
lhc nominal 'itrcnglh or resi~1:incc, Rn. mull1plicd by a rcs1s1ancc 

factor. 0 

In thc STAAD 1mplcmcnta11on oí LRFD. 11 1s J.ssumcd that thc 

uscr will use a.ppropria1c load lactors J.nd crc:llc thc l~ad 
combina&1uns ncccssary for an:.ilys1s. Thc Jci1gn poruon of lhc 
program w1l11Jk.C 1nto CllRSll)Cr3llUR thc load CÍÍCCIS ( IOJCeS and 

momcnts) l)btaincJ from analy-;is. In cal~ula11on of rcs1s~anccs oí 
vanou!i clcmcnts thcams. columns i:lc ), rcs1stancc 1nom1nal 
strcngth) and applicablc rcsis1ancc fac1or will be au1oma11cally 

cons1dcrcd. 
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'.14.3 Analysis Requirements 

Thc 1ypc1 of cons1ruc11on rccogn1zcJ hy AISC ipcc1llcJ11on hJvc 

no1 changcJ, c1ccp1 1h;n huth ~simple lram1ng · fíormcrly Typc 2) 

and ~scm1·rtg11J íram1ng' llormcrly Typc JI havc hccn comh1ncJ 

1nto thc samc catcgory. fypc PR lpar(ially rcstra1ncd). 'ºR1g1d 

Fram1ng" cformcrly Typc 11 u now Typc FR (lully rcslr:uncJJ 

Typc FR cons1ruc11on 1s pcrm111cd unf.'.'ond111onally Typc PR 
cons1ruc11on may ncccss11a1c sorne 1ncla!1otic. but \Clí·hm111ng. 

dcíor!nation of a uructural s1ccl clcmcn1 Thus. whcn spcc11y1ng 

Typc PR consuuct1un. thc dcs1gncr !iohould 1akc 1n10 cun)1Jcra11on 

thc cffccts uf p:n11al rc\11a1n1 on 1hc ,1ah11ity 01 thc ,1rur.:1urc. 

la1cral dcílecuons and ~ccund ordcr hcnJ1ng momcnu. As ;1a1cJ 1n 

Scc1. CI of lhc LRFD 'pec1íiea11un. Jn .lnaly\1i of )cconJ arder 

cffcc11 is rcquucd. Thus. whcn us1ng LRFD codc for slcel Jcs1gn. 

1hc uscr must use 1hc P Delta an;aly•1o1s lc::iturc <Jf ST .\AD 

'·· 14.4 Section Classification 

Thc LRFD spcc1fica11on allows inclasuc Jcform.111un ~r ,cc11nn 
clcmcnts. Thus local buckhng hccomcs an 1mpor1::1n1 .;n1cnon 

S1ccl -scc1ions are class1fied as compac1. noncompact or 1lcnJcr 

clcmcnt scc11ons dcpcnd1n1 upon 1hc1r local hui:khng 

ch1r:ac1cr1S1ics. Thu classihc:a11on u a lunc11on ol 1hc 1comc111c 

propcrtic1 of thc scclion. Thc dcsi,n proccdurcs Jrc J1ffcrcn1 

dcpcnding on thc scc11on class. STA,\D u capablc of dc1crm1n1ng 

lhc scc1ion classifica1ion for thc 11:andard shapcs :and \lscr spec1ficd 

shapcs and dcsign accord1ngly 

'. • 4.5 Axial Tension 

Thc crilcria govcrning lhe c:ipac11y of 1cns1on mcmbcrs is bascd on 

lwo limil 1ta1c1. Thc limn u:ue of y1clding in thc gross sccuon is 

inlcndcd 10 prcvcnt e1ccssivc clongauon oí 1hc mcmbcr. Thc 

sccond limil 1111c involvc1 írac1urc at thc scctioa w11h tbc 

minimum effcclive ncl arca. Thc ncl sccuoa arca may be spcc1ficd 

by 1hc uscr 1hrough 1hc use of thc parameter NSF (scc Table 2.2). 

ST~AO calculttcs 1hc lcnsion capacily uf a givcn mcmbcr bascd 

:a 1 
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:• 1 

:• • 
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un 1hesc iwo li1ni1 .,1a1c1 and procceJs wllh mcmbcr sclcction or 

eodc check accord1ngly. 

2_ 14.s Axial Compression 

' 

J in LRFD to takc 
Thc column sucngih cqua11ons havc bccn rc"IUC h . 
into ai.:cnunt 1nclas11c dcformauon anJ othcr rcccnt rcscarc hin 
. 1 mn bchav1or. Two cquauons govcrn1ng ¡;:u\umn 'iitrcngt are 

1,;u u d th othcr for clasuc or 
,i.vaalablc, une for 1nclasuc buck.hng an e 

1 
Eulcr buckhng. Both equ.i11ons tncludc thc clfccts of JC\ldUa r 

. h • Comprc~s 1un \trcngth or a 
s1rcs'i.CS :ind 1n1tlal out·ol-,1ra1g incss. . 

ar11cul:u membcr u calculatcd by STAAD .ii.:cord1ng 10 ihc 
p Ch E r thc LRí-D spcc1ficJllUnS. For 

roccdurc outhned 1n aptcr 0 

~lcndcr clcments, thc proccdurc JcscnbcJ in Appcndu. 85.3 is 

u~cJ. 

S 1 '"'mmctric and unsymmeir1c comprcsston mcmbcrs are 
1ng y . h b r 1he lim11 statcs oí ílexur.tl-1ors1onal and 

Ji:s1gncd on 1 e asis •l · m lcmcntcd 
•I bu··kl1n" Thc nrnccdurc of ,\ppenJ1' E3 is• p 1or\1on.. .... e· ,. . ¡ 

for thc Jc1crm1n;a11on <JI Jes1gn ilrcngth lor thesc 1m11·,1a1cs . 

Effecu"c \cng1h lor ..:.:ih.:ul::111on ol ..:umpressiun rcsis1.incc mla: be 
proviJcd ihrough ihc use •11 thc par:imctcrs KY. KZ .ind/or • 
LZ lí not pro111JcJ. ihc cntue mcmbcr leng1h.w1ll bc t.iken into 

.:uns1Jerat1on . 

In .tddi11nn tu thc comprcssion rc'it'i.&ancc cntcn~n. comprcss1on 
• .1 to -,ausf"' .,\cndcrncss hm11a11ons wh1ch are .1 

mcmbcr'S are rcquucu · 
r ( thc mcmbcr ( ma1n load rcs1s11ng 

f cuan of the na1urc o use o 
un b . ber etc 1 In both 1hc mcmbcr sclccllon 

¡;:omponenl. rac1ng mcm • · 
d codc chcck1ng pruccs1. STA1\D 1mmcJ1a1ely docs .1 • 

:~cndcrncss check on appropna1e mcmbcrs befare co~11nu1ng w~t~ 
othcr proccdurcs Cor Jc1crm1n1ng thc ;at!fquacy of ¡ 8'"'cn mcm e . 
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;:> 14.8 

fn LRFD, lhc Oc11ural dcsign s1rcng1h oí .J. mcmhc:r is Jc1crm1ncd 

hy lhc limi1 UJtc of la1cral 1ors1onal buckltng. lnclas11c hcnding is 

allowcd and lhc hasu: mcasurc 111 nc•ural i:.1pac11y is 1hc plas1ic 
momcn1 capaci1y of thc scction. The ncxural rcs1s1ancc 1s a 

func11on of plasi1c momcn1 capa..: u y. ac1ual la1crJIJy unhraccd 

lcng1h. hmi11ng la1c:ra/ly unbr3cc1~lcng1h. huckhng momcn1 and 

lhc bcnding cocff1c1cn1 Thc limi11ng l;uc:rally unhraccd lcng1h lr 

and buckhng momcn1 Mr are funct1nns of lhc scc11on gcomc1ry and 

aire calcula1cd as pcr 1hc proccdurc of Chaptcr F Thc purp,hc of 
bc~d1ng cocffic1cn1 Ch is 10 accoun1 for rhc 1nllucncc of 1hc 

momcn1 1~.:id1cn1 on la1cral-1orsronal buckhng Thn cocfíic1cn1 can 
be spcc1ficd by lhc uscr lhrough lhc use oí paramc1cr ce fscc 

Taiblc 2.2) or m.:ay be C31cula1cd by thc progr.Jm (Íf ce IS ~pccificd 
;as O.O) In 1hc ;absencc uf 1he pair;amc1cr CB. a Jcfauh valuc of 1 O 

wilJ be uscd. The proccJurc íor c;alcul.11ion ol Jcsrgn s1rcng1h lor 
nc1urc also accoun1s for 1hc prcscncc oí residual s1rcsscs ol 

rollina. To 1pcc1fy la1crally unsupponcd lcn11h. c11hcr of 1hc 
paramc1crs UNL and UNF rscc T3hlc 2 :!) c,;1n he U)cd. 

Comblned Axial Force And Bending 

Thc i'111cr1c11on or nc1urc 3nd :i11al forces In s1ngly .:and douhly 
'Ymmciric sh:i:pc) is govcrncd by formulas H 1-1 a .Jnd H J -1 h 

Thcsc in1cr;ac11on formula!» covcr 1hc gcncr.JI case of b1a11.:al 

bcndin1 comb1ncd wuh a1ial force. Thcy .Jrc also v;alid for 
un1a1i1I bending aod ai:1;aJ force. 
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2.14.9 Oesign for Shear 

2.14.10 

5,.,. Tllblt' 

1.2 IJfld 

St'1·11on 

h.n 1 

2.14.11 

- ., oí thc LRFD Spcciíic.;a11on is uscd in 
Thc proccdurc of Scc1. F.. mbcrs Shcar strcngth .:as 

D J ogn lor shcar (orces 10 me · E 
STA1\ 10 es . J b thc follow1ng limit \tates: ·q. d LRFD IS govcrne y . r 
c.Jlculatc in E Fi la by inclasuc buckllng o 
F2-I a hy yicl<ling of ihc web. q·kl . r thc web. Shc:ir in w1dc 

b E J='l.J.¡ hy clasuc bue ing o b 
thc wc . 4. - d b thc arca of thc wc . J h •I sccuons 1s rcs1s1c Y 
ilangcs an e annc 11 d plh limes 1hc web 1h1ckncss. which 1s takcn as ihc ovcr 3 e 

Design Parameters 

d b · . thc CODE FO 'i ccilica1ions is rcqucstc y us1ng 
Dcs1gn pcr LR p n 6 .¡7). 01hcr 3pplicablc paramc1crs ~re_ 
parame1cr (scc Sec110 - Th omctcrs commun1catc Jcs1gn . . T ble ., ., ese par -
'iummar11.ed in .1 - -· anJ thus allow thc 

- - he ..:ng1nccr 10 ihc program ' 
Jcc1s1ons lrom 

1 
_ • 

10 
suit an applica11on s 

. ccr 10 conirol thc dcs1gn proccss cng1n 

<ipccific nccds. 

havc bccn sclcclcd such th31 thcy are 
Thc Jcf.Jult param:c:c;:l~crsconvcnuon.;al dcs1gn. Dcpcn1..hng on 
frcqucn1ly uscd nu 

11 
of lhc'ic par:1mc1cr 

. 1 d s gn rcqu1rcmcnts. "orne or 3 
thc par11cu ar e 1 • 1 del lhc physical ,uu..:turc. valucs in.iy be chan!lcd 10 ..:1ac1 '! mo 

PROFILE. DMAX and DMIN moy only be ~ole ih:it par.;amctcrs 

uscd for mcmbcr 'iclcc11on. 

Cede Checking and Member Selectlon 

k d mcmbcr sclcclion opllons ire :1v11lablc in 
Bolh code chcc ing Jn . For general informa1ion on thcsc 
STA AD LRFD implc1ncn1a11on. . . 

S . ., S and 2 6 f&r 1nforma11on on . rcfcr 10 ccuons ... . . 7 1 
opuons, d cfcr lo Scc1ion S.4 .. "pccification oí thcsc comman s. r 

? 
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2:14.12 Tabulated Results of Steel Design IS • Table 2.2 LRFD Parameters Con t. 

Rcsulls of ~odc chcclong :1nd mcmbcr .. clcc11on are prcscn1cd 1n a a Parameter Oel3ult Oescnption 

labular Íormal. A dc13ilcd 1..hscuss1on OÍ lhc lurmal IS prnv1Llcd In 1•1 Name Value 

Scc11on 2.11. Follow1ng c•ccp11ons may be nn1cd CRITIC,\l. Member Length Unsupported length 14.) ot 
Id!:!!. !he 1op llange lor ctllculahng 

CONO rcfcrs lo 1hc sccunn oí thc LQl:o spci.:1fica11uns whu:h , •. 1 llexural strength. Wtll be use.d 
govcrncd lhc dcs1gn 1 only" llexural compress1on ts 

on !he top llange 

lf 1he TRACK 1s tcl 10 1.0. mcmhcr dcs1gn 1urcngths w1ll be lli 1 unsupported length 14.) ot 
\llill Membe• Length 

the oonom llange lor pnntcd out 
calculaUng lle.uraJ strangth. 

181 1 Will be used only d llexural 

Table 2.2 LRFD Parameters 
compreSSKJn is on lhe bottom 
llange 

Parameter Oelaull Oescnpl1on 1•1 
,, 

1 o Co-etticient C0 par Chapter F 

Na me Value 1 11 Gr, 1s sel to O.O. 1t will be 
calculate<I by the program. 

!U 1 o K vafue lor bendlng about Y· 

:•I • Any other value Wlll be dlrectty 
é1Xl9. Usualty 1t111 is minor used 1n deS1gn . ..... 

o o = Suppress ali design 
™CK ºº 1 o K value lar bend&ng aboul Z · 

1 strangttis 
am UsuaJty th11 11 m~of 1•:1 1 O = Pnnt ali des¡gn 
OJOS suengths , 

l 2 O , Pnn1 explll'ded design 
Member Langth Length 10 cu;ulale ' • outpul. 

slendemess rabO tor benamg '111 
about Y axis l 1 

45 o in. Mammum allowable depth. 
DMAX 

l.Z Member Length Length 10 cak:ulale • 
1• 

o O 1n. Mtnimum allowat>'e depth. 
slendemess rabo lor bena1ng 111 ·j OMIN 

aboutZ·UJS. ~10 1 o Pemuss1ble raoo of actuaJ 
load ettect and deSq1 

mo 38 o ksl Yield sueng1h ot Slee<. streng!h. 

!fil: 1 o Net secbOn factor lor lenSKJn ruM ºº 
o O s deS1gn or.ty lor and 

members. momentl and lhos8 at 
locations SIMIClfied by 
SECTION command. 

• 1 o = catculate momenl at 
twolve points aJong llle 
beam. and use 
maximum Mz for d8819"· 

For dcílcc11on check. par:1mctcr, OFF, DJ 1 and 012 from 
Note: h 
T:1blc 2.1 may be u5cd. Ali rcquircmcnlS rcmain 1 e 1amc. 
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American Concrete Oesign 

Section 3 

3.1 Oesign Operations 

ST,\AO has thc capahililics for pcrform1ng concrete Jcsagn. h will 

l..'alcula1c lhc rc1nforccmcnt nccdcJ for <he 'ipcc1ficd concrete 
o.;ecuun. ,\\l 1he conl..'rclc dcs1gn calculalions are bascd nn 1hc 

curren\ ACI J 1 ~. 

3.2 Section Types for Concrete Oesign 

D 
~ 

'" l'tl!\\1.\IM 

Thc folluwing types uf cross scc1iuns c11n be Jeíincd for 1.:oncrctc 

Jcsign. 

for Bcams 

For Columns 

For Slabs 

Wal1s1Flalct 

[ '" o 
ttlHll •I 

Prism111ic 1 Rectangular &. Squarc 1. 
Tr<1pc1.01J<1I ilnd T ·sh11pcs 

Pnsmauc 1 Rectangular. Squarc and Circular) 

Finilc clcmcnt wilh a 'ipccificd thickncss. 

'º 'º 

" 
'" 

.,., 
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3.3 Member Dimensions 
1 

Concrc1c mcmbcrs wh1ch w11l be Jcs1gncd by thc program must 
havc ccr1~1n \Cclion propcrt1cs input unJcr 1hc MEMBER 

PROPERTY ..:ommanJ. Thc folluw1ng .:1.amplc \hows 1hc rc4uucJ 
input: 

UNIT INCH 
llEllBER PROPERTY 
1 3 TO 7 ti PRISll YO 11. ZO 12. IZ 2918 IY 1298 
1i13PRY012. 
14 TO 11 PRIS YO 24. ZO 41. YB 11. ZB 12. 
17 TO 111 PR YO 24. ZO 11. ZB 12. 

In 1hc :abo ve input. the firsl set of mcmher\ Jrc rccL1ngul.u 1 l l'l 1nch 

Jepth ;anJ 12 1nch w1d1h1JnJ1hc ,c..:onJ \Cl ofmcmbcrs. 14-llh only 

dcpth :and no wuJth provuJcd, w1ll be J\sUmcJ to be circul;ar w11h 

1~ 1nch Ji:amclcr No1c 1h<1t no J.JCJ IAXI 1s pro111Jl.'d for thl.."\C 

mcmbcrs. For concrc1c Jcsign, thu propcny musl no1 be pruv 1Jcll. 

lf ~hcar arc;as .lnJ momcn1s of 1ncrt1.1s .irc not prnwuJcJ, the 
progr:am c:alcul:ucs thc\c valucs from Y D ;anll ZD. '.'11111..:e thJI 1n 
1hc ;;ibovc cs:ample lhc IZ JnJ IY v:aluc .. prov1dcJ Jrc ac1uJll)' ji)~ 

of lhc walucs cah:ula1ell u\1ng YO .anJ ZD fhu 111 .a ..:onvcn11un.al 

pr:acucc whu:h takcs 1n10 cons1dcr:a11un rcv1scJ \Cl.'.llua par1mc1crs 
Juc lo crai.:lung of SCl.'llon. 

No1c that lhc third :and thc fuunh set of mcmbcrs 1n 1hc ;abowc 

c1amplc rcprcscn11 T·shapc :and 1 TRAPEZOIDAL sha.pc 

rcspcc1ively. Dcpcnding un the propcr11cs (YD. ZD. YB. ZB. etc.) 

prov1dcd, 1hc program w1ll Jc1crm1nc whc1bcr 1hc scc1ion is 

rcc1angular. 1rapczo1dal or T·shapcd and thc BEAM Jcs1gn w1ll be 
done accordingly. 

• a 

• ll 
:• ' 
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3.4 Design Parameters 

' JI 

The pu!gram contains 3 numbcr ol parameters wh1ch 3JC nccdcd to 

pcrform Jcs1gn by thc ACI codc. Dcfauh paramclcr valucs have 

bccn \Clcc1cd such thal ihcy are frcqucntly uscd numbcrs lor 

cunvcn11onal Jcs1gn rcquircmcnls. fhcsc valucs may be changcd to 

.;011 1hc panicular Jcs1gn hcing pcrformcd. Table J 1 is a comple1c 

li'il of !he ava1lablc par;imclcrs ;ani.J 1hcir dcfaull valucs. 

Scc11on j 51.:! uf 1h1s manual Jcscnbcs 1hc commands rcquircd to 

prnvtdc 1hcsc paramclcrs 1n thc input lile. For cxamplc. 1hc valucs 

01 SFACE anJ EFACE lparamctcrs that are uscd 1n 'ihcir des1gn), 

thc diuanccs of 1hc tace llÍ 'iUppons from lhe cnd nodc\ of :a bcam, 
.1rc a'isigncJ valucs of 1cro by Jcíault bu1 may be ch:angcd 

..i~pcnding on lhc actual ,11ua11on. S1m1larly. hc:ams anJ columns 

are Jc'i1gncJ for momcn1s JHcc1ly llhta1ncd from 1hc an.Jlyscs 

w11hout .Jny magn1fic:a11un. Thc f:ai.:1or MMAG may be uscd for 

magn1fic:a11on of colomn momcn1s. For hcams. thc oscr m:ay 

gcncratc load c:asc\ wh1ch i.::on1a1n loJJs magn1ficd by lhc 

.1ppropriatc loaJ fac1or'i 

3.5 Slenderness Effects and Analysis 
Consideration 

Slcndcrncss cffcc1s are CJLHCmcly imponanl 1n dcsigning 

compression mcmbcrs Thc ACl-)18 cndc spcc1fics two options by 

whu:h 1hc slcnJcrncss cffcct can be accommod:ated (Scc1ion 10.10 
&. 10.11 ACl-318). Onc option is lo pcrform an c.1:ac1 analysis 

wh1ch will takc in10 accounl 1he inllucnce of axial loads and 

variable momenl of incr11a on mcmbcr suffncss and fi.1ed·cnd 

momcnls. 1hc cffcc1 of Jcílcctions on monlcnu anJ forces. :and 1hc 

cffcct of 1hc duration of load s. Ano1hcr opuon is to approJ1.ima1cly 

1natnify Jcsign momcnu. 

STAAD has bccn wrillcn 10 11low thc use oí bo1h 1hc oplions. To 

pcrform 1hc first type of :1nalysis, use thc command PDELTA 

ANAL YSIS inSlcad of PERFORM ANAL Y SIS. This analysis 



.i j S.Xu~ J---

. ~rholl w11l Jccommulla1c 1hc rcqu1rcmcnu as spcc1ficd 1n Scction 
, 10 of 1hc ACl-J 18 CuJc. c1ccp1 lor lhc cffccu of 1hc durat1on 

of thc loads. 11 ts fch 1ha1 1hn \!lfccl may be \alcly 1gnorcll bccausc 

c1pcrts bclicvc 1ha1 1hc cffcc1s·u1 thc durauon of loal.ls are 

ncglig1blc in a normal struclural confígura11un. Jf il is dcsucd, 

STAAD can also accummodatc any arhilrary momcnl magn1ficat1on 

íaclor ()ccond opuunl "~;in 1npu1. 1ñ urdcr to prnvidc )t11Jl\! ).Jlcty 

Juc to thc cffccts uf 1h..: Jura11on n~" lu.ad) 

Table 3.1 

Parameter Delaull Descriplion 
N•rrie Value 

UMA•N "60.000 p,s1 Y1ekl Slress ror main 
re1nfon::1ng s1eel 

~EC • 60,000 psi Y1ekl Stress '°' secondary 
steel 

EJ; • 4.000 ps1 Compreu1ve Slrenqlh ar 
Conc"'1e 

ru • 1S1nch Clear cover for IDP 
re1ntorcement. 

ill • 1 S1nch Clear cover lor bonom 
remtorcemen1. 

ru •tsinch Clear cover lar Mde 
remlo~men1 

M!NMAIN- Numt>er 4 bar M1n1mum ma1n flttnlon:emen1 
bar SIZB ¡Numoer 4 · 18) 

M!t!liEC •• Number 4 bar Minimum !econdary 
ra1nlorcemen1 bar saze. 

MAXMAIN - Numbef ! B bar Mamnum mBJn retmorcemen1 
bar SIZlt 

mee ·o o Faca ol IUIJl>On locabo<I a1 
Starl al bum. 11 opealied, lhe 
1hear force at start ss 
compuled at a dlstal1ce of 
SFACE+d lrom""' staJ1 fO•nt ol 
tha member 
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Table 3.1 Cont. 

P1rameter Oelaull 
Neme Value 

MMAG 1 O 
(lor columns only) 

'!'t!QTH ·zo 

12EfTH ·vo 

mcTION 12 

TRACK 00 

Oeacription 

A lac101 by whteh lhe column 
des1gn moments w1ll be 
magml1ed 

W1dlh of concrete member 
Th1s value delaults 10 ZO as 
proV1ded under MEMBEA 
PROPERTIES. 

Oepth ot concrete member 
Th1s value detauns 10 YO as 
provtdecl under MEMBEA 
PROPERTIES. 

Number ot equalty-spaced 
sect1ons 10 be coos1dered 1n 
findlng cntical mQmen1s lor 
beam destgn. 

BUM DESIGN: 

Wlll !RACK ... 1> O O, Cnocat 
M<wnert ...... be prY9J cu 
- - desq1""""' A val.11!1 d 1 O W1i tnl8l a ~ ..... 
A """"' d 2.0 ... pm CU __ .,_loral 

d&iilfdtd& SEIClcnl ~ 
byNSECTlON. 

COLUMN DESIGN: 
TRACJo: o o _cu_ 
'*""!J!-
TRACJo; 1 0-Q.f­
......... ~- n 
- .. TJlAO( o.o IJlJ¡U. 
TRACK 2.0-cu a --ciagam n 1e11e:iala rWaraaol 
-n-.l>ald-

• Thcsc valucs muu be prov1dcd in thc 1,:urrcn1 unu sysu:m bc1ng u5cd. 

•• Whca usin1 mctric unils ror ACI dcsi1n. providc 'lllucs ror 1hcsc 
paramc1crs in ae1ual ·mm· uni11 ins1cad of 1hc bar numbcr. Thc 
follo•1n1 mctric bar siles are awailablc: 6 mm. a mm. 10 mm. 12 

mm. 16 mm. 20 mm. 2S mm. 12 mm, ~O mm, JO mm .md 60 mm. 

'1' 

•' • •: • 
•: • 
•¡ 1 

•1 • 
•1 •• 
•i 

,. 
•• 1 • 
-~ • 
~ •·i. 
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.\lthough 1gnoring load dur:11ion c[ícc1s is som.cwhat uf an 
Jppro11ma11on, ll musl be rcalit.cd 1ha1 thc approx1ma1c cvalua1ion 
oí slcndcrncss cHccts is alsu an approx1ma1c mcthod. In 1his 
mcthod, momcn1-magn1ficallon is bascd on cmp1ncai formula and 

assump1ions on s1dcsway. 

Cons1dcnng all this information, it is uur bclicf. that a PDEL TA 

ANAL Y SIS, as pcrformcd by STAAD, 1s most appropri.atc íor thc 
dcs1gn oí cuncrc1c mcmbcrs. Howcvcr. lhc uscr must no1c, 10 takc 
advantagc of 1h1s analys1s. all combina1ions ol loadings must be 
prov1dcd J.S primary load cases and nol as load comb1nallons. This 
is duc to the facl that load combinat1ons :are jusi algchr:11c 

combinations of forces and momenls, whcrcas a primary load case 
1s rcviscd during thc pdclla analy"is bascd on the deílcctions. Also 
nn1c that thc propcr faclorcd 1oads (such as l..t for DL ele.) should 
be prov1dcd hy thc uscr STAAD docs not factor 1hc loads 

au1oma1ically. 

3.6 Beam Oesign 

Bcams :ne dcs1gncd for ílc1urc, shcar and torsion. For .111 1hcsc 
\nrccs. :111 a~livc bcam loadings are prcscanncd lo loc.:11c 1hc 
pu-.s1blc cr111c:1I ,,c..:11ons. Thc 101:11 numbcr oí scc1iun, ~ons1dcrcd 
1s 1 :! (twclvc) unlcss th1s numbcr is rcdcfincd w11h :1n ~SECTION 
paramctcr. All uf 1hcsc cqually spaccd scc11ons are sc:1nncd lo 
determine momcnt and shcar cnvclopcs. 

Desigo for Flnure 

Rcinforccmcnl for posilivc :ind ncg:uivc momcnls are c:alcula1cd on 

1hc bas1s of thc scction propcrtics providcd by thc uscr. lf thc 

scc1ion dimcnsions are inadcqu:uc to c:a.rry 1hc applicd load, that 1s 
1f thc rcquircd rcinforccmcnt is grcatcr'than thc maximum 

:allowablc for thc cross scc1ion, thc progr:un rcpons 1ha1 bcam faiis 

1n mu1mum rc1nforccmcnt. Eífccuvc dcpth 1s choscn as To1al 
Jcptb . (Clcar covcr + diamc1cr of uirrup .. half thc dia of main 

rcinforccmcnl), and a lnal valuc is obta1ncd by .::adop1ing propcr bar 
s1ics for 1hc surrups and main rc1níorccmcn11. Thc ·rclcvant clauscs 

., 
/ 
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.. ... tions 10.210 10.6 oí ACI 318 .lrc utiliLcd 10 ohtain lhc actual 

amoun1 of s1ccl rcqu1rcJ.Js wcll as thc ma1.1mum allowahlc .lnJ 

m1n1mum rcquircd uccl. Thcsc valucs .lrc reponed as Rl)W, 

ROWMX and ROWMN 1n thc oulput and c:i.n be prin1cd u\1ng thc 

paramc1cr TRACK 1.0 (\CC T:i.blc J 1) In addi11on, 1hc ma1.11num. 

minimum .lnd :i.ctual bar ,pac1ng ;uc Jlsn pnn1cd 

h is imporlant to note 1ha1 bcams :uc elcsigncd far llc1.ur.:il mnmcnt 

MZ only. The momcnl ~y 1s not consiJcrcd 1n 1hc llc1.ural Jc"1gn 

Deslgn for Shear 

Shcar rcinforccmcnt is c.:ilc.:ul.:11cd to rcs1s1 both shcar Coree\ and 

torsional momcnu .. She.ar forces o1rc ..:o.lcula1cd Jt .i J1s1ani.:c 

fd+SFACE) and fd+EFACEJ 3w.Jy lrom 1he cnJ nodcs of thc hcam. 

SFACE 1nJ EFl\CE hit.ve dcfo.uh valuc~ ol Lcro unlcss pro~1Jcd 

undcr paiamctcrs (scc Table l.1 ). :"1101c 1ha1 thc valuc of 1hc 

..:Cfcctivc dcpih ·d- uscJ lor th1s purpo!i>C 1s 1hc upJ.atc v3luc .anti 

accounu for thc actual e g. uf thc ma1n rc1nforccmcn1 c;1lculatl!d 
undcr ílc1ur:1I dcs1gn. Clau~cs 11 1 1hrough 11.6 of ACI J 1 ti Jrc 

uscd 10 cah:ulatc thc rc1nfurccmcnt for ~hcar forces :snd 1ors111nal 

momcnts Bascd on thc 101:11 \lirrup rc1nforccmcnt rcquircJ. thc 

si Le of bars, 1hc spac1ng. 1hc numbcr uf bart and lhe distancc 11vcr 

whicb they are proviJcd ;are calcula1cd. Sunups are Jlways 

oassumcd to be 2·1cgged. 

Design ror A nchorage 

In 1hc ou1pu1 íor íle1.ural dcsign. thc anchorage dc1aili are also 

prov1ded. Al any puticular lcvel. thc START and END coorJinatcs 

of lhc layout oí 1hc main rc1nforccmcnt is dcscribcd along w11h thc 

informalion whcthcr anchoragc in 1hc form of a hook or 

con1inua1ion is rcquired or nol at thcsc START and END po1nts. 

~ole tha1 1bc coordinatcs of thcsc START and END points are 

ob1aincd alter 1aking into account thc ancborage rcquircmcnts. 

Ancboragc lcngth is calculatcd on thc basis of t.hc Clauses 

dtscribcd in Chap1cr 12 o( ACI 318. 
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Description or Output íor Beam Design 

T Jhlc 3 2 shows a samplc ou1pu1 of an actual rc1nforccmcnt pallcrn 
Jcvclopcd by thc program. Thc follow1ng anno1a11ons apply to thc 

T•blc 3.2: 

IJ LE V EL Serial numbcr of bar lcvcl which may contain 

onc or more bar group 

~) llEIGHT Hc1gh1 ní bar lcvcl from 1hc bollo~ 11f hcam. 

31 BAR INFO Rc1nforccmcn1 bar 1nforma1ion spcc1fying 

numbcr nf bar\ and bar si1c. 

'1 FROM D1stancc from thc starl of thc bcam to thc start 

uf thc rcinforccmcnl bar 

~) TO D1s1ancc from thc slarl oí 1hc bcam 10 1hc end of 

thc rc1nforccmcn1 bar. 

"' ANCHOR Statcs whcthcr anchor:s@c. 

iSTA/ENDl c11hcr a hook or cununuauon. is nccdcd at sl.lrt 
(STA\ or at thc cnd . 

71 ROW A..:tually rcquircJ Oc1ur:il rc1nforccmcnt 
(,\s/bd) whcrc b = width oí ~ross \Cc11on (ZO 
fur rectangular and 'iqu:src ~cct1un) .lnd d = 
clfcctivc dcpth uf cross 'ic..:11on (VD· d1s1ancc 
from ..:1.trcmc tcnsion fibcr 10 thc c.g. uf ma1n 

rc1nforccmcnt J 

~l ROWMN ~1n1mum rcquircd nc1.ural rc1nforccmcnl 
t .\minlbd) 

•J 1 ROWMX ~a1.imum a.lluwablc llc1.ural rciniorccmcnt 

1Ama1/bd) 

111) SPACING Distani.:e bctwccn ccn1crs of adjai.:cnt bars of 

ma1n rcinforccmcnt 

111 Vu Factorcd shc:ir force 31 \cc11on. 

12) Ve Nominal shcar 'ilrcng1h prov1dcd by concrete. 

13) Ys Nominal shc.lr sucngth pruv1dcd by shear 

rcinforccmenl . 

I • l Tu Fac1orcd 1ors1onal momcn1 :st scc1ion 

IS) Te Nominal 1orsion.ll momcnl sucngth providcd by 

concrclc. 

16) Ts Nominal torsional momcnt urcngth prnv1dcd by 

1orsion rcinforccmcnl. ....... acr ....... 
·: .:.:"' .... 

r 
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Table J.2 

fActual Output from Dcsicn) 

~ .? A M ~ O ·4 :l ( 5 : C •¡ 111 !i S 0 :. - i 

lO JOF'T rt iOOOO ;e :COO '.>IZE ' " ' :¡ " :-..::,;:s 

l.iVD. " .1..-..::•0,{ .. , ..,. 
" ,.... 

l·...,. ' 1 · S1 I lO J º'º 
., 

1 • cu·:- :CAL ;ios 'D'tDr.'• : u. n e.> .- .-.T . 2 ;o ":' ~ 
1 U0D r.uL• J 41 .'«2. "l>f-0.00tD «:W(X•O Ol'.t OIMl•J OOU 
1 v.A•'U~I~ 1M _;plftC~• 1 :O· l l•• t ft :.'Oi 

JA.S: e lt.DlD. ::xYr....Di"'G~ .DC:"4 11 's, u t l ..:.e 1 

: . •·t •• . ......... . . , 1 º'º :1 J J, o 

::11:-:CAL ·:u:~' 1't.•• e:?.~ AT o.;o - . .r.NJ 
U'.Jl'.) T'!T"-• !I ., ··n "Dlr>O 1:n lCWOl•O 02' ICN"M•O 'JO!J 
i1AJ., "l.~11~ aM :.i>lllC:.-.C. t )J, l dl1 J lO ~.Ci 

».S:c uo::i '.JEllCDi9'<DIT ..... ~ ·• :o, :u tl .·c1 
¡ •••••••••••••.• 

: .. ,,. )~ ... , ., 10 J J, o 
1···································· 

CU":':CAL 'G:C lll>CDr.'• :OS 11 1:;;> r." AT 10 JO "f • .1:.11D 

UQ:l S":UJ.,<o : )~ :-a. «:i.·O JC&" OMl,0 Jl:~ ~-O JOll 
v.a 'L""t1~ IM sPac:~. 1 ~l ·s, s :1 ::c1 
MSJC. U00 Jl'VUOP"IDIT ~ • .• IQ, ll l!I ..'.Ct 

'"" 
·~!; 

11.-: STa.;r. SUPPOirt ·!JU• 11 to U;> :e• Js.:o 4;? .,,, H •: <:;> 
11WJY:x ..,._ • \US 11.T 1 o ~ CtC =U!. :c1 :~ 

AT !MJ Sl.. .. l"l»T · !JU• P S: 1t;;> le• U. :o 'l:i' J1• U l6 <:? 
M:JVtts ~- • w.s 11.':' t] :."t c:c "'CM ••. :.~ 
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3.7 Column Design 

Columns Jcs1gn in STAAD pcr thc ACI coJc is períormcd íor axial 

force :i.nd un1aJ;1J.l J.s wcll as b1a•1al momcnu. All aclive loadings 
.ire chcckcd to compute rc1nforccmcnt. Thc loading wh1ch produces 
thc \argcst amount uf rcinfurccment 1s callcd thc cnllcJ.I load . 
Column dcs1gn is done íor squarc, rectangular and circular 

~cct1ons. For rectangular and circular sections, reinforccmcnt is 
.1lways assumcd 10 be cqually d1s111butcd on .ill faces. Th1s mcans 
that 1hc 101:11 numbcr of bars for 1hcsc sccuons w1ll always be a 
muhiplc oí íour (4). lf the MMAG parametcr is spec1íicd. thc 
column momcnts are muhiplicd by 1hc MMAG villuc to :irrivc at 
1hc ultimatc momcnts on thc column. S1nce thc ACI i:odc no longcr 
rcqu1rcs Jny m1n1mum ccccntnc11y conditions 10 he \atisficd. such 

..:hccks J.rc not madc 

'1tlhod uscd: Brcslcr Load Contour Method 

Known Values: Pu. Muy, Muz. B. D. Clcar covcr, Fe. Fy 

Ult1ma1c Sua1n for concrelc: 0.003 

Sttpt in•olvtd : 

11 As\umc 'iomc rc1nforccmcn1 Mínimum reiníorccmcnl ( l 'li) is a 

good :1moun1 10 'ilólrl with. 
::!) Find an approJ.ima1c :1rrangcmcn1 of bars íor lhc assumcd 

rc1níorccmcn1. 
31 CaJculalc PNMAX = 0.85 Po. whcrc Po u thc maJ.imum ax.ial 

toad capaci1y or 1hc scclion. Ensurc 1h:i1 thc ac1u1l nominal 

load on lhc column docs no1 cJ.cccd PNMAX. Ir PNMAX is 

lcss than Pu/PHI. (PHI is thc sucnglh reduclion factor) 
incrcasc thc rcinforccment and rcpc,t.I sicps 2 and l. lí lhc 

rciníorccmcnt CJ.cccds 8%, 1hc column i:annol be dcsigncd with 

its currcn1 dimensions . 
4) For thc assumcd rciníorccmcnt, bar anangcmcnt and aJ.ial load, 

find 1hc uniaJ.111 momcnl capacilics oí lhc column íor lhc Y 
and 1hc Z 11cs, indcpcndcn1ly Thcsc valuct are rcfcrrcd lo as 

MYCAP and MZCAP rcspcc11vciy. 
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Ammcu Concrete Oes1p 

S) Solvc 1hc ln1crac11on c~uauon 

whcrc a =1.24 
lí lhc column is 'iuh¡cc1cJ 10 a UTI1a .. 1al momcnt, a t) ..:1111,cn J!i. 

1 o 
6) Ir thc ln1crac11on cqu..111on 1s 'i3ll!iolicd. íinJ Jn Jrrangcmcn1 

'Wllh ava1lablc bar \l/CS, (ind lhC uni:11.1al ClpaC1llCS JRJ \Olvc 

'thc 1n1;:r:1c11on cquauon Jg:un Ir 1hc cquauon 1s sat1s1icJ nuw, 

1hc rc1níorccmcn1 Jc1a1b are wrutcn 10 thc uutpul lile 

7) lí thc 1n1crac11on cquatio~ is nol \JllsficJ, 1hc .l!i.SumcJ 
rciníorccmcnl 1s 1ncrcascd lcnsuring th:u 11 1s undcr ll'l-1 Jnd 

1tcps 110 6 are rcpc:ucd. 

Column lnteraction 

Thc column 1n1crac11on valucs may be ob1aincd by us1ng thc Jc)1gn 

paramctcr TRACK l.l) or TRACK 1 Olor thc ..:ulumn mcmbcr 11 J 

valuc of ~.O is uscJ for 1hc TRACK paramclcr. 12 J1ffcrcn1 Pn·Mn 

pa1rs. cach rcprcscn11n1 .a J1(fcrcn1 po1n1 on thc Pn·Mn ..:ur"YC Jrc 

prin1cJ. Each uf 1hcsc pu1n1s rcprcscn1s onc of 1hc !i.Cvcral Pn·~n 

combinauons tha1 th1s column 11 C.lpablc of carry1ng abuu1 1hc 

g1vcn aa1s. for thc ac1u:1I rcinforccmcnt th•ll thc ..:olumn ha) hccn 

dcsigncd for. In thc c:1se of circular columns. thc vatucs .111! tor :any 

of thc radial axes. Thc values printcd for thc TRACK 1 O ou1pu1 

uc: 

PO = Maaimum purcly 11i1l load carry1ng cap1c1ty oí 1hc 

Pnmaa 

P·bal 
M·bal 
c-bal 

MO 
P·ICDI 

-

column (lcro momen1 ). 

= M11imum allow1blc aaial load on 1hc column (Scc1ion 

10.J.S ol ACI 118). 
= Axial load capacily al balanccd strain condicion. 

= Uni11iaJ momeal capacity al baJanccd str:un condition. · 

= M·bal J P·bal = Eccen1rici1y al balitn&.:cJ straia 

coaditioa. 

= Momcnt cap1ci1y a11cro a1ial lo1d. 

= Muimum pcrmissible 1cnsilc load un lhc column. 

~· 
•1 11 

•1 [I 

• • 
•: • 
-~ • 
•• • 
• • •: • . , • 
• 1 • 
•; • 
•; .• 
-fm 
:.: 

Sccúm J l 1&· 

Des. Pn Pu/PHI whcre Plll 1s thc S1reng1h Rcduc1ion Factor 
and Pu 1s thc axial load for lhc cnucal load case. 

Des Mn = Mu•MMAG/PHl whcrc PUi 1s 1hc S1rcng1h Rcduclion 

Fac1or and Mu 1s lhc bcnd1ng momcnt for 1hc 

appropnatc aau for lhc cr111cal loaJ ~ase. For circular 

columns, 

M" = J~!, tM!.a 

1!/h :: l~n/PnJ/h whcrc h IS lhC lcngth UÍ lhC Column. 

Column Design Output 

fhc follow1ng 1ablc 1llus1ratcs L11ffcrcnl leve Is of 1hc ..:olumn dcs1gn 

nutpu1. 

Table J.J 

Thc íollow1ng outpul u gcncr:ncJ w1thou1 any TR.-\CK 

ipCCIÍICJlllJR 

JO .( ·- :.l .:1c•1Es, -:-:E:> 
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TRACK 1 O gcncr:Jtcs •he follow1ng aJJ111on:Jl uu1pu1. 

CQU..')Oil '.~f.'.RAC"TION· 'fOMF.Nr A&OlfT Z Al!S ll;P -":"I 

.. "" M• ~' ' , .. ·-o.. .nc'll 

'" " '" " : .. ,, : ~ 1 " :o " " ~- l•n• '" .., : .. '" ... 
: ) 1 .. ·4U " ll J . ' ': .. o "' 

c:i:..w"'OI l MTt:R.Ac-:': o~ '''""" 'ac~"T ' .u:: s .. ' ,., 
" "" M• ~. ... o.: •·oe. . nc:-1 

"' :l 1:1 " ... •• . ; . •• " " ••• ft· t•n• , .. ,., ,., 
"" ..... 

: Jl .. .,, .. ll l ·' . ~· " ' "' ·········· 

TRACK 2.0 gcncr;ucs 1h.: follow1ng ou1pu1 in ad1.h11on 10 .di ol 1hc 
Jbovc. 

.., .., 
"" •• l: o .. : .. •O : )6 ,, . IO ,, 

"' :01 " : ... " ... ll •• ,, 
' lh " '.•t " 10 .. ... " '" ~· ... " .. , 

" : )l .. ... .. ,, ll 11 :u ~~ ... " ,., ,¡ " '. '' " ., .. 
'IOllllUJ. ,.., 

" "' "' •• ' .u:: A:. LO .. ... " . =• ,, 
" " C'ONPIC..SS:O)ll :01 " : .. " ... " .. .. .•. ···"lb .. " : ... " :u •• •• . : ·" " • ·o .. ·" .. . " " .. ~ : 11 ll ' .. :u " .. :o .. " '. :1 J " " " IDIOl>.w; 

p. ~·R· """"" 

Slab/Wall Design 

Slab and walls are dcsigncd per ACI spccirica1ions To dcs1gn .J. 

slab or wall, it mus1 be modclcd using rin11c clcmcn1s. 

Elcmca1 dcsign will be pcríonncd only íor 1hc momcn1s MX .J.nd 

MY ll lhc ~cn1cr or lhc clcmcnl. Dcsign will DOI be perfonncd far 

FX. FY, FXY, QX, QY or MXY. Also, dcsiga 11 not perfonncd at 
IRJ Olhcr poinl OD lhc suríacc OÍ lhc clemcnt. 

1 

llf=:ll 
•: • 
•: 1 . , • 
• , 1 

•: • •1 1 

•: 1 

•. ·11 
1 

•¡ .1 

•:• 
•;:11 
.;_,, 

" 

Scctiun l 11 l 

A lyp1cal cxamplc·of clcmcn1 dcsign ou1put is shown 1n Table l.4. 
Thc rc111forccment rcquHcd to rcs1sl Mx momcn1 1s dcnolcd as 

long11ud1nal rc1nfurccmcnl and 1hc rc1nforccmcn1 rcquircd lo rcsist 

My momcnl 1s dcnotcd as iransvcrsc rc1nforccmcnl (Figure 3.1 ). 

Thc paramclcrs FY~AIN, FC, and CLEAR listcd in Table 3.1 are 

rclcvan1 tu 'ilab dcs1gn 01hcr paramc1crs mcnt1oncd 10 Table 3.1 
are no1 appli¡;ablc to -.lab dcs1gn. 

' 
" 

Tablr J . .t 
1.\ctu•I Output r.-om Dirsi1nl 
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Timber Design 

Section 4 

4.1 Timber Design 

STAAD Timbcr dcsign module offers dcs1gn of Glulam 11mbcr 
~cctu1ns as per AITC Codcs (Timbcr Cons1ruc11on ~anual. Jrd. 
Ednion. 1985). h also conforms to thc :'lla11un:d Dcsign 
Spc1:1íicauon far Wood Construc1ion :and Supplcmcnt t~OS) :1nd 
hullding endes hite Unifurm BualJing Code tCBC). B.:is1c/Na1tonal 
Building Codc and S1andard Bu1ld1ng Codc. Sorne of 1hc m:un 
fca1urcs ur thc program are: 

I. Th11 fc:nurc is íor Glulam Timbcr only. 
1. Codc check anJ Jcs1gn uf mcmbcrs as pcr TC\I .. \ITC. 
3 Dcs1gn valucs for S1ruc1ural Glucd Lam1na1cd T1mbcr tables 

;uc 1n·bu1h in10 thc program. Thc program acccpts Table no., 
Combinalion and Spccics spci.:irii.:a1ions as 1npu1s (c.g, 1: l 6F· 
VJ-SPISP) and rcads dcsign valucs from 1n-bu1h tables . 

.i. Incorporales all thc íollow1ng Allowablc stress modiricr1: 
i} Dur:uion of Load Factor 
ii) Sizc Factor 
iii J Form Factor 
iv) La1cral s1ab1lity of Bcam1 and Column1 
v) Moisturc Con1cn1 Fa.ciar 
v1) Tcmpcraturc and Curvaturc fac1or1. 
Tbc allowablc sucsscs for bcnding. tcasion. comprcss1on. shcar 
and Moduli of clauicilics are modiíicd accordingly. ' 

S. Dclcrminc!. !.lcndcrnes' for bcam!. and column!. (Shon, 
1n1crmcdia1e and long) and check!. for min. ccccnuici1y, la1eral 

7 
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stab1li1y, huckling. hcnd1ng :i.nJ ..:omprcss1nn. bcnJing JoJ 

1cos100 .1nJ hor11untal .. hcar :i.ga10 .. l ho1h l•CS. 

6 Thc outpul rc .. ult) ,huw \CC\1on"> proY1JcJ tH ..:huscn, .1..:lu.11 

and Jllowablc strc'oscs, govcrn1ng ..:und1llllO aod tallos uf 

1n1cra1:11on l11rmul.1c JOd lhc rclt:\IJOI Al re ..:IJU\C no~ Cli..: for 

cach 10J1..,1dual n11.:1nhcr 

4.2 Design Operations 

E1pl•n•lion or Ttrms •nd Symbols Ustd in This Stclion 

Symbols __ 

r, 

FA 

FBZ. FBY 

JZ. JY 

í..,,. r.,, 
FVZ. FVY 
VZ. VY 
ZD, YO 

EZ.EY 
CFZ. CFY 

CLZ. CLY 

RATIO 

~· .. -
' " \~ 

Otscription 

A..:tual .;nmprcss1on or 1cn .. 1on ,ucs .. 110 PSll fur 

tcnsion. thc ;11.ial lu.1d '' rJi•tdcJ by nc1 \Cl.ttonJI arca 
l1.c. NSF 1. X-arcal 

Allowablc Jcs1gn •aluc lur comprc\SHJn ur 1cns111n 1 in 
PSI) moJ1í1cd w11h .1ppllcablc mod1ficrt 1H ..:Jl..:ul;11cJ 
bascd on slcndcrnc .. s 10 ..:ase 01 ..:omprc)s1un 

Ac1ual bcnd1og urcssc .. .1boul local Z .tind Y .111s 1 in 
PSI). 
Allowahlc Jcs1gn Yalucs far bcnJin¡; \Hc'>scs Jbuut 
local Z .tnJ Y .t1.1s lln PSI) moJ1ticJ hy thc JJlplii..:Jblc 

moJ1Ílcr .. 

Mod1íicr far P DELT,\ ..:ííccl .1bou1 1hc Z aod Y .1•1s 
rcspccllvcly as Clpl;uncd IR formula 5-1 g tJI fC~ 

Actual hor11.on1al shcar .. ircsscs 
Allow¡¡bh: horiLon1al >hcar )lrcsscs. 

Shcar in local Z and local Y d1rci.:11on. 

Dcpth oí iCction in local Z Jnd Y a1is. 

Minimum c1:ccn1ric11y alang Z .iod Y ali5. 

CFZ and CFY are Yalucs oí 1hc )ILC rac1ors in 1hc z. 
a1is and Y -alis rcspcc11vcly. 

CLZ and CL Y rcprcscnl thc f1c1ors of la1cral stability 

íor bcams .:aboul Z-a1is Jnd Y a11s rcspcctivcly 

Pcrmissiblc ralio oí thc s1rcssc1 as providcd by thc 

uscr. Thc dcf1uh •aluc 11 l. 

• ~ 
a::·s 
·1: '1 

1 1 ., , 
•• a 
• 1 

• 1 

• 1 

• 1 

• 1 

.1: .. 
:,11;:3 

~1-'~ 
1 

;. 

.,,.,J 

Sccuon 4 115 

Combined Bending and Axial Stresses 

Bcnding and -\x1al fcos1on; 

Thc íollow1ng intcractinn formulac are chcckcd: 

f IF \ • f l(FBZ 'CFll • r.,l(FBY 'CFYl =<RATIO 
1) 1 ' bt . . 
11) L.;ucr.JI ilab1hty ..:hci:k w11h ~el c1Jmprcss1vc s1rcss. 

IFB" CLZ)+f /iFBY,CLYl=<R1\TIO · f
1
1FA +- lb,-(· '-- l by 

Bcndin& anti r\lli:il Cumprcss1on~ 

i) í,/FA ... fb/(FBZ JZ \ Í2) • fbyl(FBY -JY \ f2) =<RATIO 

Applicability uf thc s11c fac1or· 

3 1 Whcn CF < 1 OO. 
if f:i > FBZ \ 11 CFZ). FBZ IS not moditicJ w11h CFZ. if ía 

> fBY t (l-CFY). FBY 1s not mod1íicd with CFY. 

if fa< FBZ' t 1-CFZl FBZ is takcn :t.s FBZ \ CFZ +fa bu1 

,hJll nut c'..:ccJ FBZ \ CLZ 

il la< FBY, t l·Cí-Yl FBY 1s 1ak..:n as FBY 

bul shall not caccct..I FB Y .. CL Y 

, CFY • ía 

bl Whcn Cf >= 1.00, thc cfícct of CF and CL are cumulauvc 

FBZ u takcn Js FBZ l CFZ 1 CLZ FBY as &al.en as fBY' 

CFY • CLY 

Min Ecccnujcily: 

Thc program chccks againsl m1n. ccccn\nclly in íollowing cases· 

• 
•) Thc mcmbcr is • FRAME mcmbcr and nol a truss mcmbcr 

anJ undcr comprcssion. 
b) Thc ••luc oí actual aa1al comprcssivc sucss docs nol 

c1cccd 30% oí ihc allowablc comprcssivc sucss. 

e) Thc actual momcnls about bolh ;a.tes are lcss 1han momcn1~ 
tha.1 would be «;auscd duc lo min. ccccnuicity In th1s 

' . 1 



o f Sa.uon • 

.--. 

13:proach. lhc momen1 Juc 10 m1n c!cccnu1c11y is lakcn aJ 

d e comprcss1vc load l1mc~ Jn ci.:ccnu1c11y of 1 in. or O 1 
cp1h wh1chcvcr n largcr JI 

In c:.sc of m1n ccccn1ric1ty. 

lb1 is lakcn as r. i: (6 .. J 5 • jz)ltFZ/ZDJ f k 
• JY)llEYIYO) - - by is 101 en as IJ t 16t-f 5 

lhc follnwing i.:onditions .ne i.:hci.:kitd 

~:;F:: ~;;,1~BZ-JZ. r,¡ :< R,\ rro •nd f,IFA. r.¡u'BY-JY. 

Shcar S1rcssco;; 

f_., :: J JI VY /( ~ 1 Arca -. !'ISFJ =< fVZJf _ 
NSF) =< FVY wy - 1 ' VZ /(~ t \rea, 

J.J Input Specification 

'

A lydptcal set of 1npu1 ..:ommands far STA..\0 TIMBER DESIGN 
ISIC bclow: 1 IS 

UNIT KIP INCH 
PAAAMETEA 
CODE TIMBEA . 

GLIJLAu 1:11F·Vl-DF/DF .;Eue 1TO14 
GLULAH 1 :22F·ES-SP/SP MEMB 15 TO 31 
GLULAU 2:l-DF MEUB 32 TO 41 
LAlllJN 1.375 LY 118.D MEUB 5 1 15 TO 31 

. LZ 171.0 MEMB 1 TO 4 11 7 8 10 TO 14 
LUZ 322.1 ALL· · 
LUY 322.8 ALL 
WET 1.D ALL •. ,~, 
coi 1".33 :: · · i .. _., 

NSF 1i:is . ,· 1 • ·'' 

BE.Ui"1.ó ALL"''' ' .... , .. 

-· .J-
'1 

"·-
,.. .... 

... 
·:t. 

. .... 

" '\ 
1 1 

'ad 
:•1 ¡] 

• ~ 
• l 

• _j 

• J 

• 1 

• .. 
•: 1 
•; 1 

' 

8*:8 

CHECK CODE 1 TO 14 
SELECT MEMB 15 TO 31 

Input Commands and Parameters Explained 

Sa:uoo' l 111 

Spcc1fy PARAMETER .snd 1hcn CODE TIMBER 10 s13.rt TIMBER 
DESIGN bcforc spcc1fy1ng 1hc 1npu1 paramc1crs. Thc uscr musl 

pruv1dc 1hc 11mbcr grade IGLULAM GRADEI íor cach mcmbcr he 

1n1cnds 10 dc~ign. Thc par:imc1crs c:in be spcc1ricd for ali or 

"pccificd hs1 of mcmbcrs. lf a paramctcr is no1 spcc1íacd. thc 

dcfault valuc iJ assigncd 10 il. Scc following INPUT 
P .\RA~ETERS LIST T .\BLE for dcscnpllon :ind Jcfauh valucs oí 

thc paramclcrs. 

Glulam Grade & Allowable Stresses from Table 

Thc ;i,llowable 'iHC'iSCS for GLULAM mcmbcrs are rcad in from 

Tablc· I anc.J Table·! 11f AITC for Jcs1gn valucs for S1ructural 

Glucd lJmtna1cJ T1mbcr Thc s1ruc1ural mcmbcrs are 10 be 

spcc1ficd 1n thc follow1ng manncr: 

r .lhlc • 1 :.tcmbcrs : 

T.shlc 
'.'lo. 

Comb1na11nn 
Symbol 

Spcc1cs 
( Outcr/con: 

~T? 
GLULAM 1 16F-VJ-DF/DF 



Table - 2 Mcmbcn: 

Table CL1mb1nahon 
No N'n 

~ll---J 
Gll!L.\~1 ~ J Df 

For TABLE·' m b h . 
- cm ers. 1 e apphcablc \lrcss "'3.lucs irc )clc..:1cd 

bascd o~ th~ dcp1h .tnJ thc numbcr i)Í IJ.m1na11un'lo Ple.ase n111c hi:rc 

lha~ lam1n;u1on lh1ckncss fin inch) ..:.in be prov1JcJ hy thc U"iocr .tnd 
~n i.;.isc 11 is nu1 prov1JcJ lhc Jclaull is l.ak.cn Jlo 1 5 in..:h L:,uall 
is cnhcr l 5 1nch ur 1 )75 anch. y, 11 

4.4 Code Checking 

Thc CHECK CODE comm;and cn;ablcs lhc uscr 10 check. ih..: 

J.doqu3cy uf thc UlC 1 YO X ZD J prov1JcJ in thc .\.tEMBER 

PROPERTIES íor lhc mus1 cn1ic:al forces :ind mumcn1s Th 
progr3m pnnu whc1hcr 1hc mcmbcr hJ!lo p •ss ·J e \IL e 

. ,..,, I; l)f ,. : .;J lht: 
cru1cal conJ111ons and thc v:iluc of ihc ratio. . 

·5 Orientation of Lamination 

Lamlnations are always assumcd to lic along ihc local Z·planc oí 
lhc mcmbcr. Thc uscr may picase note lh11 in MEMBER 
PROPERTIES · 

. scchon, YO always rcprcscots lhc deptb oí ihc 

scc~1on across lbc gr11n and ZD rcprcscn1s 1hc wid1h a.long •he 
gr11a. 

1 ·-= 
:• ·= 
~I 1 1 

11 1 

:• J 
;m a 
1 " • 1 

.11; 1 

•• 1 

•¡ • 
:•: • 
•• ' i f I 
:w), 11 

1 
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4.6 Member Selection 

Thc SELECT ~E~BER commanJ 'i.larts w11h 1hc m1n pcrm1isiblc 
Jcpth fur man. Jcpth providcd thru DMIN paramctcr) .1nd chccks 
thc coJc lf 1hc mcmhcr ía1ls with th1s Jcpth. thc thick.ncss 11 

1ncrcucd by une l.tm1na11on th1..:knc\s and 1hc i.:udal rcquucmcnts 
J.rc chcckcd aga1n. Thc proccss 1s ..:nnt1nucJ llil thc sc..:11on passcs 

:.ill 1hc .;oJal rcquircmcnls. Thu l!n,urcs thc lcast wc1gh1 scc11un for 

1hc mcmbcr lf !he dcp1h of lhc "cc11on rc:t.chcs ma1. allowablc or 
.i..,::ulablc Jcpth 3nJ 1hc mcmbcr •ai\1 íai\s. 1hc uscr can havc 1hc 
fnllow1ng opllons for rcJcs1gn: 

11 Ch.angc 1hc w1J1h or 1ncrcal>c 1hc mal Jllowablc Jcpth 
IDM,\Xl 

1i) Ch.angc 1hc umbcr ,radc 
1i1) Cha.ngc 1hc Jcs1gn paramch!r'\. 

Table 4.1 - Tlm~r Oesign Parameters 

Perameter Deleutt Deecriptlon 
Neme Value 

!.Z Lengtlt ol ; Enective lenglh ol lhe column 
tlle Memt>e~LI in Z-8XIS. 

!.! ·DO- Sama u aboYe 1n y-Ull. 

l.11.Z t.92'L Unsupponed eflectrve ktngth 
fOJbeam 1nz. 

!.ID'. t 92'L Unsupponed eHectava tength 
lol beam in y. 

" ·.' 
/ 
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Table 4.1 

Par11meter 
Na me 

!dlI 

CSf 
Q!,! 

~ 

f!MIO 

~INATION 

WM 

~01c: 

T1mbcf Ocs1rn 

Timber Oesign Parameters Conl. 

Oelaull 
Value 

00 

1 o 

1 o 
1 o 
1 o 
1 o 
1 o 

1.50 mch 

00 

Oescription 

O O · dry condtllon 
1 O - wel condrbon 
wet use tacior5 are 1n buill 

Net sect1on lactor lor tens1on 
memDe~ (bolh snear and 
tens1on s1reSSH am based 
on sect.1onal area • nsl ) 

Oura11on ol load !actor 

Form lacior 

T emp. factor 

Curvatura laC1or 

Perm1s111ble rabO of actual 10 

aJlowable stresses. 

Thickness ol tanunatJon 1n 
•nc:ll (1 50 or 1,3751 

O.O s clestgn IOf end lon::es or 
a1 1ocauons specd1ed by 
sectKlfl command 

1 O = cak:ulale momenls al 
tenth along the beam 
and use lh8 max. for 
des1gn. 

1. In c1sc 1hc column buckling is rcs1r:11ncd in Y aadlor Z 
dircclion providc L Y and/or LZ as zcro(s). Similarly, l:ucr:al 
bcam buckling in Y oandlor Z dircc1ion could be rcur11n.:J by 
providing LUY ;and/or LUZ 1s teros. 

ii. Siic fac1or, lateral s1abilily aad moislure con1cn1 ractors and 
ícw othcrs are ci1hcr calculatcd or rcad from 1ablcs w11h1n 1hc 
program. 

--

• ] 

• ·a 

• :J 

• , 
M' _! 

• 1 

• 1 

• 1 

•· 1 1 

•i 1 

-' 

; 
:r: 
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Output Results and Parameters Explained 

For CODE CUECKING and/or MEMBER SELECTION 1hc output 
rcsulu :i.rc pnn1cd JS ..;hown 1n 1hc prcv1ous sci:uon Thc 11cm\ . .uc 

c1pla1ncd as follow\. 

a) MEMDER rcícrs tu thc mcmbcr numbcr fur which 1hc Jcs1gn is 

pcrformcd 

b) .TABLE rcfcrs 101hc \lle ofthc PRISMATIC sccuon (0 X O or 

.zo X YDI. 
i;:) RESULT prints whc1hcr thc mcmbcr has P \SScd or F:\ILcd 

J) CRITICAL CONO rclcrs 10 1hc CLALSE or fORMt..;LA :-.lC). 

from 1ho TIMBER CONSTRt:CTION MA~UAL tlrd Ediuon 
AITC· 1'1115) wh1¡;h guvcrncd thc dcs1gn. Scc folluw1ng 1.1blc: , 

Crilic•I 
Coaditiaa 

CLAUSE 5. ¡9 

CLAUSE 5·1K 

. CLAUSE 5·42 
CLAUSE 5·24 

CLAüSE 5·•0 

Cowrrning Crileri• 

A11al Comprc\sion anJ Bcnding w11h 

\llNIMt:\1 ECCENTRICITY. 

A•1al Comprcss1on and Bcnding 

A111al Tcnsaon JnLI 8cnd1ng 
liuri.lon1al Shcar 
Lateral st.1b1h1y for nct cumprcss1vc \UCS!I. 
1n c;asc of Tcns1on and Bcnding 

e) RATIO prin1s lhc r:1110 oí thc actual urcsscs 10 allowablc 

strcsscs Cor lhc cr111cal condi11on. Th1s ratio ís usually 1hc 

cumulativc rallo oí 'itrcsscs in thc in1cr;1c1ion formula. In case 

OÍ shcar govcming lhC dcsiga, 11 mcans lhc ratio OÍ thc ilCIUill 

shcu stress lo allowablc shcar ~urcss. lí 1h1s valuc clcccds thc 

allowablc ra1io (dcíaull 1.0) 1hc mcmbcr is FA.llcd. 

O LOA.DING providcs 1hc load case numbcr 1ha1 govcrncd. 

g) FX. MY and MZ provídc 1hc dcsign a•ial Coree. momcnl in 

local Y ilACS and momcnt in loc.il Z .i•cs rc~pcclivcly FX valuc 

is followcd by a lcucr Cor T 10 dcno1c COMPRESSION or 

TENSION. 

r. :1 

i• : • 
~- 11 

1 11 

1 ' 
1: 

,, 
•• 1 

••• ¡ 1 

11 !I 

•1 a 

~ 
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h) LOCATION ipcc1íics thc actual distancc from thc start oí thc 

mcmbcr 10 thc 'iCCtion whcrc dcsign (orces govcrn in case 

BEr\M cummand or SECTION command as spcc1íicd. 

OUTPUT paramc1crs thal appcJr w11h1n the ho• are elplaincd as 

lullows 

•I 
MEMB rcícrs 10 thc samc mcmbcr numbcr Cor whach thc dc11gn 

1s pcrfurmcd 

hl GLL:LA~ GRADE rcfcrs 10 1hc grade of thc 11mbcr 

'1 
L,\M rcícrs to lam1na11on 1h1ckncss prov1dcd 1n thc input or 

Jssumcd hy thc program Scc lNPUT P.i\RAMETERS scc1ion. 

JI LZ. L Y. LUZ ind LUY are thc cíícct1vc lcngths ;is providcd or 

cJlculatcJ. Scc INPUT PARAMETERS scc1ion. ,, JZ :ind JY :uc thc modiíicrs íur thc P-DELTA cíícc1 aboul Z· 

atu :ind Y ·il•is rcspcclivel~. Thcsc are cJlculJted by 1hc 

prn@rJm. 

n CDT. CSF. WET. CCR. CT~ .are the :illowable 'ilrcss 

modificrs ..:•plaincLJ 1n thc l~Pt.:T P·\R,\~ETERS ~ccllon. 

g) CFZ and CFY ;uc valucs or 1hc Sl/C ÍJ..:lors 1n 1hc Z·JliS and 

Y ·.:t•<IS rcspcc11vcly CLZ and CL Y rcprcscn1 thc f:ictors oí 

J31cral 'il.:rib1li1y fur hcams .ibnul Z-.:ri•is Jnd Y-aAIS rcspcctively. 

Thc"c valucs .:are pnntcd to hclp thc uscr 'iCC thc 1n1crmcdia1c 

Jc .. 1gn v31ucs Jnd re-check 1hc dcs1gn i:ah.:ulauons. 

hl fa. fh,• rb .. · '~' and ry, are thc actual Jltal stress. bcnding 
'itrcsscs aboul l and Y a1cs Jnd honLontal shcar strcsscs aboul 

Z Jnd Y a1cs rcspcct1vcly tr 1hc bcnd1ng momcn11 :ibout both 

3.ICS are lcss 1hcn 1he ccccnu1c momcn1s bascd on m1n. 
ccccnlncity thcn bcnd1ng "ircsscs Jrc c:1lcula1cd bascd on thc 

m1n. ccccntncity Rcfcr DESIGN OPERATIONS .cction for 

dc1a1ls. 

1) FA. FBZ. FBY. FVZ Jnd FVY are thc Cinal allowablc a•ial. 

bcnding (Z and Y :llCS) J.nd horítán1al shcar (Z and Y a•cs) 

urcsscs. Rcícr DESIGN OPERATIONS scction ror dctails. 
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ST AAD Commands and 

Input lnstructions 

--------------- Section 5 
fh1s sccuon of thc manual Jcscnhci 1n Jc1a1I various commands 

Jnd rclatcd 1ns1ruc11ons lor STA,\D Thc uscr uuli1cs a command 

languagc form•I 10 com1nunu:;11c 1ns1ruc11nns 10 1hc program. Each 

OÍ thc'ioC •.:ummílnds c11hcr 'upphcs <¡,ame díll:J IU thc program or 
1nstrucu u 10 pcrform snmc c.ih:ulauons us1ng 1hc dat;a ahcady 

~pcc1ficd fhc command languagc furma1 ind con,.cn1ions are 
Jc\cribcd 1n Scc11on 5 1 Th1s 1s íollowcd by ;i dcsc11p11on of thc 
Jva1lablc cnmmanJ,,, 

,\l1h11uah ST AAO input can be crc;11cJ 1hrough 1hc MoJcling mude . 

h is "'cry 1mpurtan1 10 undcrsland thc ..:omm.1nJ languagc. With thc 
li.nuwl\."Jgc 11f th1s l.1ngu.1gc. 11 u ..::asy 10 unJcr\t.1nd 1hc problcm 

.1nd JdJ or ..:ommcn1 Jata as nc..:cs,ary fhc general 'iCqucncc in 

whu:h 1hc i..ummanJs \huulJ appc.1r 1n 10 •npul file ,huuld idc;illy 

fnllow thc samc \Cl4ucocc 10 wh11..h 1hcy 3Ic rncc,cntcd in 1h1s 

\Cl.'.llun. llowc .... cr. 1hc i.:ummanJs i...an he prnv1JcJ in any arder w11h 

1hc follow1ng cr.ccp11uns. 

1) All dcs1gn JCla1cd d•la can be pro .... 1dcd only ahcr the analysis 

i:ommand. 

1i) All lo.id 'ases ;ind load combi.niltions mus1 be prov1ded 

togcthcr, c1ccp1 in 3 c:asc whcrc t-c CHA.~GE and RESTORE 

commands are uscd. Addiuonal loaJ cases can be providcd in 

thc lancr part of inpul. 

All inpul data providcd 1s 'torcd by thc program. 011a can be 
addcrt. dclctcd or modificd w11h1n an e1is1ing da11 rile. 

/,' 



"..!b 1 Xcuon !I SIAAUf..:omm&ndJ and Input~ 

Input lnstructions 

5.1 Command Language Conventions ICC 
TI.is scc11on describes lhc command 1 
Fir11, lhc vanous clcmcnu oí lh 1 anguagc u sed in ST ,\,\O 
lhc command íorm d e anguagc ilrc t.lncusscll Jnd lhcn 

at is cscnbed 1n detall. 

1 t il 

•·_J 
1 T] 

• : ,¡¡ 
• :1 

• l 

• 11:1 

., 
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5.1.1 Elements of The Commands 

•) lnlcccr Numbt"rs: ln1egcr numbers are wholc numbers writtcn 
w11hou1 a Jccimal point. Thcsc numbcrs are dcs1gna1cd as i 1, 
i:?• cte., and shuuld nol con1a1n any decimal po1n1. Signs ( + or -
) are perm111cd 1n írnnl oí lhcse numbcrs. lí thc 'tgn is omiltcd, 
it 1s assumed 10 be positive ( +). 

b) Floating Poínt Numbt"rs: Thesc are real numbers which may 
contain a decimal poruon. Thesc numbers are designa1ed as r1, 
r:? ... etc .. Valucs may havc a decimal poinl and/or c1ponen1. 
Whcn spcc1íy1ng numbers w1th magnilude lcss th8n 1/100, it is 
adv1sablc to use 1hc E íorm:u to avoid prccision rcl:ucd errors. 

E••mple 

5055.32 0.73 -8.9 732 
5E3 ·3.4E-8 
etc • 

Whcn 1hc o¡jgn is om111clJ. il IS :issumcd lo be posjti\IC (+}. Also 
note that 1hc decimal po1n1 may be umutcJ, 1f 1hc decimal 
por11on oí thc numbcr is tero . 

e) Alph•numcric: Thcsc are charactcrs which are uscd 10 
cons1ruc::1 1he names íor data. tules or commands. Alphabetic 
charac1crs may be inpul in uppcr or lowcr case lcuers. No 
quo1a1ion marks are nccded 10 cnclose 1hem. 

Example 

' . •: .... 
llEllBER PROPERTIES 

· 1 T~ • TABLE, ST w.~x.3' ~ .... . .:..·-·' . '. ~ 

d) R~pcllliwc Dala: Rcpe1i1ivc numeric1I dala may be providcll 
by using 1hc following formal: 

\ 
} 
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STAADComrnands ud lnpu lnuructiom 

whcrc n = numhcr of umcs Ja1:a has 10 be rcpcatcd 

r = numcric d:ua, 1ntcgcr and íloaung po1n1 

Example 

JOINT COOROINATES 
1 3. o. 

Th1s jo1n1 coordinatc \pcc1lic;u1on 1s s;i.mc i.s· 

1 o. o. o. 

--.. ' 

:a 1 

• J 

• l 

•: i 

•: J 

• '.I 

•; '.I 

• 1 • 
llf::JI 

5.1.2 Command Formats 

\ 
\ 

"""'"' 5 l 129 

a) Frec-Form•l Input: All input to STAAD is in Cree-formal 
uylc. Input data 1tcms should be scpar:ucd by blank spaccs or 
commas írom 1hc othcr input data itcms. Quotation marks are 

ncvcr nccdcd to scpar:uc any alphabclic words such .is data, 
commands or 111lcs. 

b) Commcntin1 Input: For documcntalion oí a STAAD da1a file, 
1hc facili1y 10 prov1dc commcnts is availablc. Commcnts can be 
ini:ludcd by providing an astcrisk ( •) mark as thc firSI non­
blank charactcr 1n any linc Thc linc wilh thc commcnl is 
~cchocd" 1n 1hc ou1pu1 rile hut nol proccsscd by thc program. 

Eaample 

JOINT LOAD 
• THE FDLLOWING IS AN EQUIPll ENT LOAD · 
2 3 7 FY 35.0 
etc . 

e 1 ~e•nin1 of L.:aderllniag in tbe ~•aual: Exact .:ommand 
forma.Is .Jfc dcscribcd in lhc la11cr part oí 1h1s scc11on. ~any 
words in lhc commands and data may be abbrcvi:ucd. Thc íull 
word intcndcd is g1vcn in thc command dcscription wilh thc 
ponion a1:1ually rcquircd (thc abbrcviation) undcrliacd. 

For c1amplc, if thc word MEMBER is uscd in a command. only 

thc ponion MEMB nccd be input h is clcarcr íor othcrs 
rcading thc output ií thc cn1irc word is uscd, bul an 
cxpcncnccd uscr may dcsirc to use ~he abbrcviations. 

d) ~canina or Brices and P•rcntbcsl1: In somc command 
formats, braccs ene lose a numbcr oí choiccs, which uc 
anangcd vcrtically Onc and only onc oí lhc cboiccs can be 
sclcctcd. Howcvcr, severa( or thc listcd choiccs may be 
Klcctcd ií an astcrisk ( •) mark 11 locatcd outsidc lhc braccs. 

11 



ST AAO Comin&l\ds and 1np1.11 lnurucuooa 

E11mple 

{H} 
In 1hc abovc c•amplc, 1hc w~cr musa makc J 1.'."hou.c ni XY •H 

YZ or XZ ~ 

himple 

Hcrc lhc uscr can 1.'."hoosc onc or J.11 oí 1hc hs11ng f FX. FY .1nd FZl 
in J.ny ordcr Parcn1hc)C\. ¡ J, cni.:lu)1ng .a poruun ol .1 cummand 

ind1c11c 1ha1 thc cncloscd pur1ion is op11onal. Thc prcscncc or 

abscncc ul 1h1s por11on .iffcc1s lhc mcan1ng of lhc i.:ommand. Js is 

Clpl11ncd 1n 1hc dcscrip11un oí 1hc partu:ular commJ.ad. 

E11mple 

PRINT (llEllBER) FORCES 
PE~FORll ANALYSIS (PRINT LOAD DATAI 

In 1hc firsl linc, 1hc word MEMBER ~ay be om111cd ,..;,h no 

chan1c oí 1hc mcaning ol' 1hc command. In 1hc sccund linc. 

command may aho be omincd, in which case 1hc load dala w1JI nol 

be prin1cd. 

e) Malllplc Dala Separator: Muhiplc dala can be prov1dcd un a 

single line. if tbey are scparalcd by a scmicolon f ;) charac1cr 

•·: ·~ 
111 j 

fl ~ 

• ~ 
• J 

• -~ 

• ~ 
• 1 

11 ;1 
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Onc rcs1r1ction 1s that consccutivc cnmmands can not be 
scpara1cd by a scm1colon. Thcy musl appcar on scparatc lincs. 

Exomple 

MEllBER INCIDENCES 
1 1 2; 2 2 3; 3 3 4 
etc. 
Poaalble Error: 
PRINT FORCES; PRINT STRESSES 

In 1hc above case. only 1he PRINT FORCES command is 
procrsscd and thc PRINT STRESSES i.:ommand 1s ignorcd . 

n Lisling Data: In sorne STA,\D i.:ummand dcscripl1ons. 1hc 

word 'lisl .. it uscd to iJcntiíy .a lisa of ju1n1s, 
mcmbcrs/clcmcn1s or loading cases. Thc íormat of a lisl can be 

Jcfincd J.S [oJlows: 

liat = · {\;·~ü \:·úiv 1.i1 } 
!. ar ! or ~ 

TO mcans ali in1cgcrs from 1hc l'irsl li 1110 1hc sccond (i!) 

ini:lu~1vc BY mcans 1hal 1hc numbcrs are 1ni.:rcmcn1ed by an 

amoun1cqual10 thc 1hird data itcm (i 1). lf BY 11 tsomiucd,1hc 

incrcmcn1 w1ll be sel 10 onc. Somc11mcs 1hc lisl may be too 

long 10 fil on onc hnc. in wh1ch case 1hc list m1y be cofitinued 

10 1hc nc1l line by prov1ding a hyphcn preceded hy a blank. 

Also note that only a Jis1 m1y be continucd and nol any 01hcr 

typc: oí data. 

lnstcad oí 1 numcncal list. 1hc spcc1íic111on X ( or Y or Z) may 

be uscd. This spcc1íica1ion will 1ncludc JJI MEMBERs parallcl 

10 thc global dircction -spcciricd. Note 1hat this is nol 

applicablc to IOINTs or ELEMENTs. 

EHmple 



2 4 J TO 13 BY 2 19 TO 22 • 
28 31 TO 33 FX 10.0 

ST AAO Cornmands and Input lns_UUCbCIQ.I 

Thl• 11•1 ol ltem• lo the Hme H: 
2 4 7 9 11 13 19 20 21 22 21 31 32 33 FX 1 O.O 
PoHlble Error: 
35T011115· 
FX 10.0 

In this case, 1hc con11nuat1on mark for lisi itcms 1s uscJ whcn 

l_lsi i1ems are not con11nuetl. Th1s w11l rcsuh 1n "ª error 
mcssagc or possibly unprctlic101blc rcsults. 

. 1.3 Listing of Members by Specification of 
Global Ranges 

Th1s command allows 1hc uscr 10 ipcc1fy hsu t)f mcmbcrslclcmcn1s 

by pro'f'1ding global rangcs Thc general formal of 1hc spcc1fii:.;a1iun 

is as follows. 

Generel lormet: 

•hcrc, 

{
XRANGE} 
YRANGE 
:lÍfAHGE 

1,. •2 

XRANGE. YRANGE. ZRANGE = dircc1ion of rangc lparallcl 10 
global X. Y, Z tlucctions 

rcspccuvcly) 

n. rz = 'f'llues (in currcnt uni1 syucm) that defines 1hc spccificd 

rangc. 

~ i ., -...: 

11 1 

• J 

•: fl 

• 1 
1 

• 1 

•: 1 

11' 11 . : • 
•:• 

Suuon s l w 

Note• 

1) Only onc rangc 1.hrcc11on (XRANGE, YRANGE ele.} is allowcd 

pcr lisl. 

:!) Thc valucs dcfin1ng 1hc rangc (11. í21 must be 1n the currcn1 

unit systcm. 

Example 

lllElllBER TRUSS 
XRANGE 20. 70. 
CONSTANTS 
E STEEL YRANGE 10. 55 • 

In thc abovc Clamplc. a XRANGE 1s spccificd w11h valucs oí :!O. 
:snd 70. Th1s rangc w11l 1n..:lutlc .ali mcmbcrs ly1ng ..:nurcly within a 

rangc par:11lcl 10 thc global X-a11.1s and lim11cd by X=:?O :anti X:70 
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STAAD Commands 

.2 Problem. lnitiation And Title 

'-· 

·11011 l.J 

Purpose 

This command 1n11ia1cs thc STA AD run. allowt 1hc uscr 10 spcc1íy 
1hc 1ypc of 1hc struclurc .and .Jn op11onal 1itlc. 

Gener1I torm1t: 

n&AD ~e~ l IBUSS 
OR 

(•ny lllle • 1) 

Deocrlptlon 

Any STAAD inpu1 has to !13.rl wilh thc word STAAD Follow1ng 

lypc spccifications uc availablc: 

PLANE = Planc rramc s1ruc1wc 

SPACE = Space rramc SlrUClUIC 

TRUSS = Plane or spacc 1rus1 s1ruc1urc 

FLOOR = Floor siruc1urc 

a 1 = Any 1i1le íor the problem. This tille will appcar on 1hc top of 

every ou1pu1 page. To in..:ludc addiuunill 1nforma11on in thc pagc 

hcader. use a commcnt linc containing 1hc pcnincnl iníormation u 
lhc sccond linc of inpu1. 

• • ' -;=-
• ·= !R 

•t •• . , • 
• 1 

•3 1 

• 1 
1 .;. 1 

... , 
*' 

1<··¡,» .. f.'U' 

Sa:noq 5 IJS 

Notes 

1) Thc user should be carcíul about choos1ng 1hc 1ypc of thc 
siructurc. Thc choice 1s dcpcndent on thc various dc~rccs of 
írcctlum th.31 ncctl to be cnnsttlcrcd in thc analys1s. Thc 
follow1ng figure illustralcs thc dcgrccs of frccdoms considcrcd 

1n thc vanous 1ypc spccirlcations. Dc1a1lcd discuss1ons :irc 

avatlablc 1n Scc11on 1.3 

'>IR! 1 11 !SI J)rl'> 

l'l ,, • 

.... \1 l 

' •• ,, 11 11 

:?1 Thc 11p11on.1I 111lc prn.,1Jcd hy thc uscr" pnn1cd on top oí 

cvcry pagc of 1hc ou1put. Thc u~cr c3n U'IC th1s f1c1hty to 

cus1om11c his ou1pu1 

) 



STAADCammandl and lnpul lruuuctions 

Sc.c11on j 

5.3 Unit .;;pecification 

Purpoae 

Th1s command alhHN\ 1hc uscr 10 -.pcc11'y or ~hangc lcngth .1nJ 

force unns lor input Jnd nutpul. 

General formal: 

{
length-unil } 

force-unit 

~HES 
ruJorfI 
Q! 

length·unit :: Mfil:ER 
MM.S 
QM.li. 
l!.M 

lon»-unil ~ 

No1c: 

DME dcno1cs Occ1mc1crs. ~NS denotes mcg;a ~cw1ons 
( 1000 Ncw1ons) and ONS dcno1cs DccaNcw1ons ( 10 
newtons). MTON Jcno1cs .\1cuic Ton f 1000 k.ilograms). All 
01her unils uc sclí CAplana1ory. 

Deacrlpllon 

Thc UN!T command can be spcciried any numbcr of limes during 
an analysis. All data is assumcd to be in thc moSI recen• un11 
speciric11ion prcccding 1ha1 da11. r\lso nou: 1ha1 1hc input-uni1 for 

·i -

r~ 

• J 

• 'I 

• 1 

• J 

• 1 

• 1 

• 1 

• 1 

• 1 ., 1 

•: 1 

- ... ' l 1J1 

..ingles 1 ~ :.alway'i Jcgrccs. Howcvcr, thc outp~I un1t for JOIRI 
ruiauons ¡1n Jº'"' Jisplaccmcnl) is radtans l·or ali outpul, lhc un11s 

are clcarly ~pct:ilicd by th~ program . 

Example 

UNIT KIP FT 
UNIT INCH 
UNIT CM MTON 

No les 

fhis command may he uscd as frcqucn1ly as nccdcd 10 .;pcc1fy Ja1a 
or genera.te ou1pu1 in thc dcsircd lcnglh andJor force un11s." ~ole 
ihal mi\ anJ match hctwccn d1fícrcn1 un1t iy<stcms llmpcnal. 
"1ctric. SI c11.: 1 :ne .11lowcJ. 
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5.4 lnput/Output Width Specification 

·• 

Purpoae 

Thcse ..:ommands may he LISCd 10 )pCllÍY thc w1J1h(s) ni thc lincs or 

1hc input and/or oupu1 lllcts) 

General form•I: 

{
!tifUT } 

QYIPUT 
WJQTH i1 

For INPUT WIDTH. 

i 1 = Numbcr oí chv:ll:lcrs pcr hnc in 1hc 1npu1 file to be prn..:csscd. 

For OUTPUT WIDTll. 

i1 = 1'!. or 11 H dcpcnJ1ng on narrow ur w1de 11u1pu1. 

011criplion 

The uscr m3y spcc1fy 1hc rcquircd 1nputloutput w1J1h • .JS rcqu11cd, 

us1n11h1s command Far INPUT Wllhh. any nu1nbcr up to 19 n1ay 

be prov1dcd. Thc dc1aull 1npu1 wuJth 1s 72. lf 1hc input w1J1h •~ 

more 1han 72. 1hc ou1pu1 musa be prtn1cd on '4'1dcr papcr. un J 

p11n1cr ..:apablc of handling up 10 1 1 !I ..:har:1c1cr~. 11 should be 

rcmcmbcrcd 1ha1 a narrowcr inpul w1d1h rcsuh., 1n raster linc 

scanning .ind thereíore increases 1hc .. peed of c1ccu11on The 

program can crcale ou1pu1 using two d1íícren1 ou1pu1 w1d1hs · 72 
(defauh) and 118. Thc 72-characicr w1d1h may be uscd íor J1splay 

on mou CRTs and for pnn1ing un 8-1/.2" w1de papcr. Thc 118-

i:har1c1er w1d1b may be used for prin1ing oo 11'' widc paper. 

No lea 

This is a customizalion racilily thal may be uscd to improvc thc 

prcscntalion quali1y oí 1he run documenls. 

-r.!.;:~. 
-.;.-.1 .. _1 

1 

s=I 
11:::9 
111 1 

• 1 

• J 

• 1 

• 1 

• 1 

• • • • • • 
•1• 

1 

1-f:m 

:; 
...... \ ·~" ·¡ 
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5.5 Set Command Specification 

51'1.' 51.'CflOnf 

j 1 lt tJnJ j 1 

Purpose 

J •ll•1ws 1hc uscr lo sel vartous general ipcc1lica11ons 
Th1s ..:umman .. · 
tur thc Jnalys1s/dcs1gn run. 

General formal: 

NL i1 
CONNECTIVITY 12 
OISPLACEMENT 13 

~O t:F} 
whl!fC . 

= \13J11mum numher uf pumary load ..:aseo; 1~L1 
:~ = ~J11.1mum nu1nber of mcmhcr.., (or clcmcn1s1 ..:onnci:1eJ \O a 

1} = 
JOIRl. · h 
\taiumum .J!lowablc r.JisplJt:J1ncnl for Jn~ JUlnl tn l e 

~trUCIUJC . 

Oescr1ption 
Th SFT \IL i:omm.lnJ is uscJ in J muh1ple aoalysis run ií ihc user 

e . .JJ more pTlmarv load cases aftcr une analysis has bccn 
wan1stoJ / . 

r d Spcc lfiCallv ÍUT thU'iC cxamplcS, wh1ch USC' thc 
pcr arme . 1 • d 
CHA~GE or RESTORE commanr.J. ií thc user wanls 10 ad. more 

. 1 aJ c•scs thc NL valuc .,hould be set 10 thc ma1umum 
prim:1ry u .. • b bl 

b
. 'th the SET NL command. The progr:im w11l 1hcn e a e 

num cr wi . · b ddcd la1cr 
'J dd'111·onal core spacc ror iníormauon to e a . to sel as1 e a 

" h th s command should he prpv1dcd bcíorc any JOtnt, 
,-..ute 1 al 1 h Id 1 be 
mcmbcr or load spcc1íica11ons. The val~c for •1 s ou no 

grcatcr than 1hc ma•imum numbcr oí pnmary load cases. 

Thc SET CONNECTIVITY cummanJ may also be used to spcc1íy 

m nom bcr of mcmhcr\ (or clcmentsl 1ha1 may be 
1hc ma.w.1mu 

J lo. J
·o1nt Thc dcíault value is sel to lb in the program. 

coonct:tc · · 

\ 
/ 
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STAAOCornmandJ md lnpu1 lnsuucuons 

H 11 1s ncccs,ary 10 conncc1 more 1han 1 b mcmbcrs (l)r clcm..:n1s) to 

a p11nl. 1hc SET COnncc1iv11y upuon may be uscJ Th1s comn1and 

shouJJ be pos111oncJ hclorc thc JOINT COORDINATE 

,pcc1f1ca11ons. 

Thc SET DISPLACEMENT commanJ 1) u,cJ tu <i0pcc1ly thc 

lim111ng value of d1splacemcn1 lur U)C 1n convcrgcncc i.:h..:ck, of 

Ji!lplacemcnu whcrcvcr ..1pplicablc s~i.:h as 3. NON-LINEAR 

ANALYSJS Th1s commantl should he placed bclorc !he JOINT 

COORDINA TE <i0pcc1fic:111on. 

Thc SET ECHO ON i:utnmand w1ll ac11va1e anJ 1hc SET ECHO 
OFF comm¡¡nJ will Jca..:tiv.:uc thc c..:hu1ng of 1npu1 lile ..:om1nanJs 

1n thc ou1pu1 lile. In thc ab!lcncc uf 1hc SET ECltO ..:omm..1nJ. input 

l'ilc commanJs w1ll be cchocJ back 10 thc ou1pu1 file. 

By Jcfauh. 1hc Y -a•ts 1'l thi: vcruc¡¡I J1.1\ Hu...,cvcr. thc SET Z UP 
..:ommand may be uscd 10 muJcl s11ual1uns whcrc Z-a•1s rcprcscnu 

lhc vcrucal .11.1s ldircc11un uf gra,..11y lo .. J) of thc ,1ruc1urc. íh1, 

'l1lua11un m.iy ansc 1f thc 1npu1 gcumc1ry •!l. ..:rcatcJ through .. omc 

CAD soítw:uc. No1c thJI lh1s command w1ll :ifícc1 1hc Jcf¡¡ull 

BETA :ingle spcciricatu>n. Howc,..cr. BETA c:in he \Cl to J \'.crtain 

":lluc for Jll mcmbcrs parallcl 10 J parucular glohal J1.is hy us1ng 

the MEMBER X lor Y or Zl 1ypc ol hs11ng For J.Jd111onal 

1nform:i1ion. scc 1hc CONSTANTs ,pcc1fica11un 1Scc11on 5 ~hl 

·Nota 

Thc SET Z UP Command direc1ly inílucnccs thc v:alucs of 1hc 

íollo~ing input: 

1 l JOINT COORDINA TE 
·2) lnpu1 for 1he PERFORM ROTA TlON Command 
3) BETA ANGLE 

1~ ¡. . 
~ 

•1 11 

MI 1 

•¡ 1 

•1 • 
•i 11 

• 
11·1 • 

1 •• • 
• 

•.t. 
.1 

•·1 • 

•ir• 1 
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Thc (ulluw1ng ícaturcs oí STA.AD cannol be uscd w11h thc SET Z 

ur cummand: 

\) W1nd Luad Gcncr:uion 

~) Floor Load Gcncratinn 
) ) i\u1umJtac Gcncration oí Spnng Supports íor Ma~ FuunJaiions 
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6 Separator Command ' 1 

Purpoae 

Th1s command may be U!>cd 10 spcc1fy thc dcsircd scpara.1ur 

charac1er 1ha1 can be uscd 1u scpar.Jtc muh1plc llnc-. 11 1 J 31 a !ln J 

single line ol input. 

Gener1I formal: 

füARATOR 1 1 

Oeacrlplion 

Thc scmicolon (;) 1s 1hc Jcfault char.Ji:lcr which lunc 11005 Js ihc 

scpar.Jlor for muh1plc llnc J.1tJ on une hnc Howc..,cr. this 

scpara1or charactcr can be i:hanscd by 1hc SEPARA TOR ..:ommanJ 

to .Jny charactcr a 1, othcr 1han 1hc comma or il)lcnsk 

No lea 

Comma LJ or Jstcnsk ( •) m.Jy nol be uscd as a ,cpcra1or i:hJrJi:tcr 

• 1 -1 

• 1 .. i'I .. 111 

• 1 

• 1 

• 1 

• 1 

• .. 
• • • • • • •t:• 
• 
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5.7 Page New Command 

Purpose 

Th1., ..:ommand 1nay he uscd to 1nstruc1 thc program lo sia~1 .i ncw 

p 1gc of l>Utput. 

General formal: 

Description 

With this ..:omm.1nd. a ncw pagc of ou1pu1 \.:'an be 'ilartcd. Th1s 

..:ommand pro..,1Jcs thc tlcx1b1lity. thc uscr nccds, to Jcs1gn 1hc 

ou1pu1 formal. 

Holea 

Thc f11C'iCnlation qualit~ nr thc ou1pu1 Jocumcnt may he ·~prO\ICd 

hy using th1'i commanJ propcrly 
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5.8 Pag 

STAAlll'mnmanda and lnpu1 ln11ruction1 

_ength/Eject Command 

Purpoae 

Thcsc commands may he uscd 10 spcc1íy 1hc pagc lcng1h ni 1hc 

ou1pu1 anJ 1hc dc-.1u:c.J pagc c1cc1 charac1cr. 

General formal: 

fM¡E {

lll:IGTH 

illCT .,} 
Thc pagc lcnglh In s r \,\O lJUlpUI l!!o ha!loccJ tJn J Jcf;iull valuc llÍ 60 
hncs Howcvcr, 1hc u\cr rn:ay changc 1hc pagc lcng1h 10 any 

numbcr 1 (numbcr of llnc'O pcr pagcJ Jcsircd. 

DHcrlpllon 

Sloilndard pagc CJCCI ch.iractcr (C~TRL L ínr PCs and 1 íor 

~1n1/Mfrm1 is cmbcJJct.l 1n 1hc ST,\,\O progr:1m Thc PAGE 

EJECT command w11h thc 1npu1oí1hc ..:har:tctcr .J 1 will ahcr thc 

Jcíauh pagc CJCCI charai.:lcr In 1hc prugram A hl:ank charai.:1cr w1ll 

11upprcss p01gc cjccuon 

-.... 

" llfll 
•1 11 

•I lii 
llfll 
•i • : 

•1 111 

•l • 
•1 • 

1 •. , • 1 

:t: 
1 

•3 • _¡ 

:•i: • 1 

:•;;; 1 
1 

ar--
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5.9 Ignore Specifications 

Purpose 

Th1s command allows 1hc uscr tu prov1dc mcmbcr lisl5 in a 

convcn1cnt way wi1hou1 1nggcring error mcssagcs pcr1:un1ng lo 

nun-c111stcn1 mcmbcr numbcrs. 

General format: 

lfil!O RE !Ji T 

Oeacrlpllon 

IGNORE LJST may he uscd if 1hc use~ w:inu 1hc progr:im 10 ignore 

any nonc11s1cnl mcmbcr thal may be includcd in a mcmhcr hsl 

<¡,pcc1fication. For c1amplc, for 1hc sakc of i1mphc11y. a lisl of 

mcmbcrs may he '>pccilicd .as ~EMB J TO"º whcrc mcmhcrs 10 

Jnd 11 Jo nul c11\I. ,\n crror mc'io!!.agc can be avu1Llcd in th1s 

<¡,1tua11on by provit.ling thc IGNORE LIST ..:ommand anywhcrc 1n 

1hc hcg1nn1ng tJÍ input. ,\ warning mcssagc. howcvcr. w11l appc01r 

for c:1ch nunc11s1cn1 mcmbcr. 

1 _e:. 
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STA.AD C~ and lnpu1 ln11ruction1 

1 O No Design Specification 

Purpoae 

This command allowo¡ thc uscr 10 Jcclarc 1ha1 no dc~ 1 gn npcrallnns 

will be pcrlormcd Ju11ng thc run. The mcmory rc,crvcd fur dc ... gn 

will be rclcascd 10 accomnd.i1c largc? Jnaly'ii'i JOh'i. 

General format: 

l.ttfUT HQQESIGN 

Deocrlpllon 

STAAD always assumc'I lh:.it JI sorne pt11n1 1n lh\.' 1npu1, 1hc u~cr 
may w1sh 10 pcríorm Jcs1gn íor s1ccl or concrc1c mcmbcrs rhc\c 
dcs1gn proccs'ics rcqu1rc more compuu:r mcmorv rr mcmory 

av1ilab1l11y IS 3 problcm. 1hc abovc comm.;ind m.ay he uscJ lo 

clim1na1c c.11ra mcmory rcqu1rcmcn1s. 

;1 3 

:11·t~ 

•• :~ 
• 7' 

•• ~ 
•• .. f 1 

• ,, 
• J 

• ·1 E 

:• ~D 

1•¡ ,,, 
1 

11113 

• -Fa' 
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5.11 Joint Coordinates Specification 

Purpoee 

Thcsc commands allow 1hc uscr 10 spcc1fy and gcn~r:uc 1hc 

i:uurdinatc'i oí 1hc JOINTo; of thc 'ilruclurc. Thc JOINT 
CUORDINATES command 1ni11atcs 1hc spcc1ric:uion of thc 

coordinatcs. Thc REPEAT and REPEAT ALL commands allow 

casy gcncrat1on of coord1natcs using rcpc111ivc patlcrns. 

General lormat: 

,¡Q!NT COORDINATES 1rn1NDRICAL (fiSYERSE)) (~HECK) b•nd 0 1pec 

11 , x1, y1 , z1, ( i2 , •2• Y21 Z2, 13) 
B.EPEAT · n, xi 1, yi1 , zl 1 , (xl 2, yl 2, zl 2, ••. , xl0 , yl 0 , zl 0 ) 

B.EPEAT ALL n, xl 1 , y11 , zl1, (xl2, yi2, zl2,. •• , xl 0 , yi 0 , zi 0 ) 

band·spec = (NOREDUCE BAND) 

Srr Src11on 

1 l 1 

SOCHECK= Do not pcrlorm check for muh1plc itruc1urcs or 

orphan 101nts . 

Deocrlpllon 

fhc '-·omm:md JOINT COORDINA TES spcc1fics a Cancs1:111 Coordinate 

Syo;tcm (scc Figure 2.2). Jo1nts are dcfinct.J us1ng 1hc global X. Y :md Z 

<oordinatn. Thc command JOINT COORDINA TES CYLINDRICAL 
spcc1fics a Cylindrical Coord1na1c System fscc Figure 2.3). Joinu are 

Jefincd using lhc r. 8 and z coordinatcs. JOINT COORDINA TES 
CYLINDRICAL REVERSE spcc11ics a Revene Cylindrical Coordina1c 
o;yncm (s.ec Figure 2.4), Join1s are dcrincd us1ng thc r, y and 9 

coordinatcs. NOREDUCE BAND cause' lhc progr:un 10 c:.tc:culc wtlhou1 
pcr ronniag a bandwidlh reduction. 

Example 

JOINT COORDINATES NOREDUCE BAND 
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ST AAD ConvtWldl &Dd laput lruuucuona 

111c REPEAT commanJ causes thc prcv1ous line uf 1npu1 lo he 
rcpea1cd 'n' numhcr of times w11h )pec1fied coord1na1e 1ncrcmen1s. 

Thc REPEAT ALL command func11ons s1mll.ir 10 1hc REPEAT 
cnmmand e1.ccpt 1ha1 11 rcpcalS all prcv1ously )pcc1licd input hack 
10 the most rcccnc REPEAT All cummand, or Jll 101n1 JJla 11 no 

prev1ous REPEAT ALL cnmmand has heen g1vcn (Whcn u~1ng thc 

REPEAT :1nd RE PEA T ALL commands, 101n1 numbcnng must he 
consccu1ivc and shuuld hcgtn wi1h P~) 

i 1 :: Thc jo1n1 numbcr fur which 1hc coord1n;:ucs .uc 

prov1Jcd Any 1n1cgcr numbcr ffivc J1g11 mas..J is 

pcrm111cd. 

t 1, y1 anJ l 1 = X. Y & Z tR. 9 4 Z for cylinJncal ur R. Y & 9 lor 

cylindru:al rcvcr$c 1 cnordinatci of thc JOlnl 

For PLA~E analy,,cs l 1 is Jn optional Ja1a 11cm whcn Jcfin1ng 
input for 1ndiv1Jual jo1nu. L¡ 11 alw3ys rcqu1rcd for 101n1 
acncr:uion. Thc follow1ng :ne uscd unly 1f JU1n1s Jrc 10 be 
gcncra1cd. 

Thc $Ccnnd joinl numhcr to ,.h11:h 1hc 101n1 

courd1no11es ;are 1cncr31ed. 

11, Y?· and L! =X. Y 4 l 1R. 9 4 Z for cylindrical or R. Y & 9 for 

cyhnJncal revcrscJ coord1na1c" ul 1hc 101n1 I? 

n = 

Jo1n1 numbcr 1nt:rcmen1 by wh1ch 1hc 1cncra1cJ 

JOIRIS w11l he 1nt:rcmcn1cd Ocf1ulls 10 1 1f lcll out. 

Numbcr uf times rcpc.11 1s lo be t::1rncd ou1. No1c 

1ha1 ··n·· cannol eJ.cccll 'Jli 1n .J.ny onc 11n1lc 

REPEAT commaod. 

•i•, yi• .t. ti•• X, Y .t. Z (R, 8 .t. Z IR. Y &t 811 coord1n11c 
1ncrcmcn11 for k lh rcpca1. 

Thc X, Y 1nd Z (R, 8 .t. Z (R, Y .t. 8() coordino1c1 w1ll be cqually 
spaced belwccn i 1 and i 2. 

__ J 

• 111 

• 1 

:• 1 

•: !11 

•¡ 1 

•: 1 

~ 
' af:::I 
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Example 1 

JOIHT COORDIHATES 
1 10.5 2.0 8.5 
2 o.o o.o o.o 
3 5.25 o.o 8.5 8 50.25 o.o 1.5 

1 h
. le X y z coordinatcs of joinu 1 lo 6 are prov1dcd. 

n t 1s c•amp . . . 
:"!ole th.;al 1he jo1nts bc1wccn ] &. 6 will he gcncra1cd w11h 101nlS 

d r J lo 6 Hcncc ¡oint .i -..-111 havc coord1n:11cs oí 
i:4 ually <.;pace rom · · 
:o !5 o o g j and 10101 5 w1ll havc coordina1cs oí 35 :!5 O.O 8.S. 

Example 2 

JOINT COORDINATES 
1 o.o o.o o.o 4 45 o.o o.o 
REPEAT 4 O.O O.O 15.0 
REPEAT ALL 10 O.O 10.0 O.O 

Hcrc. ihc 2:!0 JlHnl ..:nord1na1c" oí a ten 11ory l X .i.ha~ ~uuc1úrc 
d Thc REPi= \ T t:ommanJ rcpc31'.i 1hc fir'.il 1npu1 linc .i 

JfC gcncrate ·' . 1 

Cnlln' c.lch l coord1na1c by 1 ~ fhus. 1hc tirst - hnc\ 
11mcs. 1ncrcm 
Jrc \ufricicnl to crc:atc a ·noor· of 1wcnty 101n1s. 

1 o. o. o. ; 2 15. o. o. ; 3 311. o. o. ; 4 45. o. o. 
5 o. o. 15. ; 8 15. o. 15. ; 7 311. o. 15. ; 1 45. o. 15. 

;;- Q, ¡¡:-60. ; 1a 15. cL eo. ,; 11 311. o. 60. ; 211 45. o. eo. 
·':. .. , .... 

Th RE PEA T ALL command rcpca1s :ali prcvious d11a (i.c. 1hc 20 
·e ·n · ")len iimcs incremcn1ing 1hc Y coordinalc by 10 cach 

101nt uor . 
umc. Thas crcatcs thc 200 rcma1n1ng 101n1s of 1hc structurc. 

!( .... 



ST AAO Command.J and lnpu1 lnstrucllom 

Example 3 

21 o.o 10.0 o.o ; 22 15.0 10.0 o.o ; .. , 
40 45.0 10.0 60.0 ; 41 o.o 20.0 o.o ; ···' ; 
200 45.0 10.0 60.0 ; 201 o.o 100.0 o.o ; ... 
219 30.0 100.0 60.0 ; 220 45.0 100.0 60.0 

Thc íollow1ng c.1amplcs 1llusHalc v;u1ous uses of 1hc REPEAT 

command 

REPEAT 10 5. JO. S. 

Thc abovc REPEAT command w11l rcpc:111hc lasl 1npu1 hnc 10 

limes using lhc samc sel ol 1ncrcmcn1S (i e .1 = S • y= 10, L:; 5.) 

REPEAT 3 2. 10. 5. 3. 15. 3. 5. 20. 3. 

Thc abovc REPEAT command w1ll rcpcal 1hc lasl 1npu1 hnc thrcc 
11mc1. E.;ach rcpcal opcration will use a diHcrcnt 1nc.-cmcn1 ~et. 

REPEAT 10 O. 12. O. 15º0 O. 10. 0.1º0 

The abovc.REPEAT command w1ll rcpc:u 1hc las1 input linc 10 

limes; si• times us1ng x, y and l. incrcmcnts oí O., 12. and O, and 

íour limes using incrcmcnts of O .• 10. and O. Each •·y and /. valuc 

oí O represcnts no cbangc from thc prcvious incrcmca1. To Crca1c 

lhc ?nd through 61h rcpca1s, fivc SCIS o( 0., 0. and 0. ( 1 S•O) ólre 

supplicd. The scventh rcpca1 is done with incrcmcn1s oí O., 10 and 

O. Tbe 81b through 1 Oth rcpcats uc done wilb lhc samc incrcmcn1s 

as 7, and is rcprcscn1cd 35 9•0. 

.:~ ---
~ \ 

'lf' 
-===' 
• !I 

• 1 11 

• , 
• 11 

•: 1 

•: :1 
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Notes 

Thc PRINT JOINT COOROINATE command may.bc uscd 10 vcriíy 

ihc JOint coord1natcs prov1dcd or gcncr:ucd by REPEAT and 

REPE,\T ALL commanJs 

Also. use thc Posl Proccssing facillly to vcnfy gcomc\ry 

graph1cally 
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5.12 Memoer lncidences Specification 

Purpoae 

This sc1 ol commands is uscd to i.pcc1ly ~EMBERs by dclln1ng 

conncc11v11y bc1wccn J(JINTs RErEAT and REPEAT ALL 
' commands .uc .1vJ1lahlc 111 ra..:1h1J1c gcncrJllon ,1¡ rcpc1111vc 

pallcrns. 

Thc mcmbcrfclcmcn1 1n1.:11Jcni.:cs mu\I he JclincJ \Uch thJI 1hc 

modcl devclopcd rcprcscn1s une unglc \lru..:1urc only. no1 1wo nr 

more separJtc s1ruc1urc\. ST ..\AD I\ ..:Jpablc ni Jc1c..:11ng mul11plc 
s1ruc1urcs .iu1oma1111;all'.' 

Gener•I formal: 

M..E.li!.BER lli!:.IDENCES 
11, 1,. 11, ( 14 , 15, 18 ) 

!!.EPEAT n, m .. 1. 
!!.EPEAT ALL n. m,. i, 

Deacrlptlon 

Thc REPE,\T commanJ ..:Ju)CS 1hc prcv1ous hnc 111 1npu1 111 h..: 
rcpca1cd ·n· numbcr ol 11mcs w11h 'pcc11icd mcmhcr .inJ Jlllnl 
1ncrcmcn1s. Thc REPEA T .\LL command íun..:11on\ ,1milar 10 1hc 
REPEAT command c1ccp1 1ha1 i1 rcpCJIS all prcvuJu)ly \pcc11icJ 
1npu1 b1ck !o thc mosl rccen1 REPEAT ALL command orto 1hc 
bcginning of 1hc spcc1fii.:.11ion if nu prcv1ous RE PEA r ALL 
command has bccn 1ssucd. (Whcn us1ng REPEA T anJ REPE,\ f 
ALL commands. mcmbcr numbcring must be cunsccutivc). 

_il = Mcmbcr numbcr for which inc1dcnccs oarc providcd. ,\ny 

inlcger numbcr lma1.imum si1. ·Jiglls) 1s pcrmincd. 

i? = Stan joint numbcr. 

i1 .: End 10101 numhcr 

¡r_:r~ 1• !I "1 

'lt 1 .• , 111 

li 1 

•: 1 
i ., a 

•• 1 a 
• • 

The following Ja1a are uscJ for mcmhcr gcncra1ion only: 

" 
'1 = 

Sccond mcmbcr numbcr tu wh1ch mcmbcrs will be 

gencratcJ. 

Mcmbcr numher 1ni:remcnl for gcncra11on. 

Scc.Uón S 15 

'• Jo1n1 numbcr incrcmcnl which wi\I be addcd to 1hc 1nc1dcnl 

ju1n1s. 11 5 anti 16 will delauh 10 1 if lch 1JU1.I 

n = ~u1nbcr of limes rcpc.it 1s lo be i.:Jrncd 001-

m, = Mcmhcr numhcr 1ncrc1ncn1 

J, Jo1nl nurnbcr inc.:rcmcnl 

Example 

YEYBER INCIDENCES 
1 1 2 
2 5 7 5 
7 11 13 13 2 3 

In 1h1s i:1.amplc. mcmhcr 1 gucs lrom Jt11n1 1 to!. \Jcmhcr ! 1s 

conncc1cd bctwccn JUITII:> S anJ 7. Mcmb.:r numbcr\ lrom) hJ S 
w11l be gcncrJlcd w11h 1 mcmbcr numhcr 1ncrcmcn1 ,Jf 1 .inJ a 1111nt 

numbcr 1ncrcmcn1 1 thy dcíaull1. Tha1 1s. mcmhcr 3 gocs from h to 

M. mc111hcr ~ hom 7 10 lJ. mcn1hcr 5 from i 10 10. S1milJrly. 1n 1hc 

nc11 hnc. mcmbcr 9 w1ll be from 1 J 10 1 b. 11 from 17 10 19 and 13 

from 20 lo 22 

Addltlcinel uemple 

llEllBER INCIDENCES 
1 1 21 20 
21 21 22 23 
REPEAT 4 3 4 
31 21 25 39 
REPEAT 3 4 4 
REPEAT ALL 9 51 20 

I :;l 
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'\ T AAU Cummuitls .&nd lnP'll lnunw;-uun.• 

Th1~ Cll3mplc crca1cs thc 510 mcmh..:rs 111 .11cn ''º'Y) X -t·h.iy 

\lruc1urc Oh1s is a 1:on11nuat1un ol lhc i:1amplc \l:u1c1t in Scc1111n 

5 12). Thc 1irs1 1npu1 linc 1.rc.11cs 1hc 1wcn1y .:ulumns oí thc 1ir\1 

íluor: 

1 1 21 ; 2 2 22 ; 3 3 23 ; ... ;\ 111 19 39 ; 20 20 40 

Thc 1wo commands 1'11 !I ~'.! '.!) .inJ REPE,\ f l} -ti cr~a1c 15 

mcmhcrs *hu:h are lhc ,ccnnd lluor .. lh.1111~ hc.!ms runn1ng. lur 

c1.iriiplc, 1n thc c¡sl·*C!i.I d11cc11un 

21 21 22; 22 22 23; 23 23 24 
24 25 26; 25 26 27; 26 27 21 

33 37 38; 34 31 311; 35 311 40 

Thc nc111wo i:ommands f )6'.!1 ~5 lll .inJ REPE.\ T l -t .t 1 1uni:11nn 

"m1l¡r 10 thc prc-viuu, '*º commanJs. bul hcrc .:rclh.: thc lt> 
scconJ nuor ~noor~ bc:t.ms runn1ng 1n 1hc nonh·,11u1h Juc..:1111n 

36 21 25; 37 22 26; 31 23 27; 39 24 21 
40 25 29; 41 26 30; 42 27 31; 43 21 32 

41 33 37; 411 34 31; 50 35 39; 51 36 40 

Thc preccd1ng commands h;ave crc;11cd ;i single lloor un11 oí bo1h 

bcams and i.:olumns, a 101oal oí SI mcmbcrs. Thc REPEAT ALL now 

rcpcals th11 unit n1nc tamcs, gcncrallng 459 ncw mcmbcrs anJ fin1shing 

thc ten slory S1ruc1urc. Thc mcmbcr numbcr 11 1ncrcmcn1cd by 51 (thc 

numbcr oí mcmbcrs in a rcpcating unil) óUld thc 1oin1 numbcr 1s 

1ncrcmcntcd by 20, (lbc number o( 1oints on onc noor). 

111 1 

11' 1 

Mi ' 
•· 1 ti ., '' 
111 1 

11\ :1 

11 ! ti 

•• 1 ll . . , " 

-r: ·~ • 
! 

= 

Sa.uon S 155 

Note• 

Thc PRINT MEMBER INFO command may he uscd 10 vcrify thl! 

rncmbcr 1ni:1dcni:cs prov1Jcd or gcncratcJ by REPEAT .ind 

REPEAT ALL comrnands 

.\lso. u!i.C 1hc Post Prnt:c<;stng ÍJ.i:ili1y 10 vcnfy gcomclry 

~rJ.phlt:J.lly 
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i.13 Elen._,1t lncidence Specification 

S,.CllOll 

I 6 

. , 

PUIJIOH 

Thn sel oí commanJs a uscJ to spcc1íy ELEMENTs by dcíin1ng 

1hc conncc11v11y bc1wccn JOINTs. REPEAT and REPEAT i\LL 
commands .ne avail.:1blc tu f.Jcil11a1e-.gcncrat1on ol rcpct 111vc 

pa1tcrns. 

Thc clcmcn1 1ncidcnccs must be dclincd such 1ha1 1he modcl 
dcvélopcd rcprcscnts onc 'lilnglc siructurc only. nol two or more 

scparatc siruc1urcs. ST r\AD is capa.ble oí dctcc11ng muhiplc 

uruc1urcs automatic.Jlly 

Plato l Shell Element (ncjdences 

Gener•I formal 

illMENT !IiklDENCES (~LL) 

BEPEAT n, e,. j, 
BEPEAT ALL n, e,.¡, 

Deacrlptlan 

ELEMENT INCIDENCES SHELL must be providcd immcd1a1Cly 

•flcr MEMBER INCIDENCES (if •ny) ore spccificd. Thc REPEAT 
commaad causes thc prcvious linc oí input to be rcpcatcd ·n' 

numbcr of limes wi1h spcc11icd clcmcnt and joint incrcments. Thc 

REPEAT ALL commanJ funclions similar 10 thc REPEAT 

comm~~· c•ccpl lbat it rcpca1s all prcviously spccilicd inpul back 

to tbc most rcccnl REPEA T ALL command; or to 1hc bcginning of 

1hc spccifica1ion if no prcvious REPEAT ALL command bad beco 

issucd. 

-· 

• ¡.g 

• 1 

• 1 • 
•; ;JI 

• 1 mi 

•¡ 111 

-,=-
-=-

' . 

S«úoo s l m 

., = Elcmcnt numbcr (any numbcr up la sil digi1s). lí 
MEMBER INCIDENCE is providcd. this numbcr must 

no1 coincide with any MEMBER numbcr. 

i
2 

.. i
5 

= Clockw1sc or countcrclockw1sc 101nl numbcrs which 

rcprcscnl thc clcmcnl conncctivuy Note that 15 is nol 

nccdcd for 1riangular (3 nodcd) clcmcnts . 

fhc íollow1ng Jata is nccdcd ií l!lcmcnts are to be gcncratcd: 

1
6 

= L.JSI clcmcnt numbcr~ to whach clcmcnls are gcncratcd. 
i
7 

= Elcmcnt numbcr 1ncrcmcnt by wh1ch .:lcmcnts are gcncratcd. 

Dcfaults 10 1 1f om1t1cd. 
'" = Joint numbcr 1ncrcmcn1 wh1ch will be aJdcd to 1nciJent joints. 

Dcíaults 10 1 if om111cd . 

Thc íollowing data 1s nccdcd 1í REPEAT or REPEAT :\LL 

i;ommanJs are uscJ to gcncratc clcmcn1s: 

n = Sumhcr oí times rcpcat is 10 be carncd out. 

.!
1 

= Elcmcnt numbcr 1ncrcmcn1. 

J, = Jo1n1 numbcr 1ncrcmcn1. 

Eumple 

ELEMENT INCIDENCE 
1 1 2 7 8 
2 3 4 • 
3 1 1 11 10 TO 1 
1 1 3 7 TO 14 

NalH 

Thc PRJNT ELEMENT INFO comman~ may be uscd to vcriíy thc 

clcmcnt incidcnccs providcd or gcncratcd by REPEAT and 

REPEAT ALL commands. 

Also. use thc Post Proccss1ng fac1lily 10 vcriíy gcomcuy 

graphically. 

I ,Y 
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'i L\,\ll C .. unnwiili ..wJ lnpu1 lnUf\llUun1 

Salid Element lncidences 

General formal 

Thc clcmcnl 1nc1dcncc\ lor snllJ dcn1cn1s J.rc 111 be uJcn11licJ u".>1ng 

thc cxprc\s1on SOLIO tu d1)11nguhn 1hc1n lrum PLA fE/Slll:LL 

clcmcn1s. 

ELEMENT INCIOENCES SOLIO 

REPEAT n, e,, j1 

REPEAT ALL n, e.,¡, 

Oe1cription 

ELEME~T INCIDENCES SOLIO mu .. 1 be prov1JcJ 1mmcJ1..111.:ly 

J.llcr MEMlJER INCIDENCES l1f Jnyl JfC \pc1..11icJ J~ .. cll .J) 

.r.llcr lhc El.EME~ r l~CIDENCES Sllll.L Id JRYI 

,, 
" Elcmcn1 numhcr 

,, •• Jo1n1 numhcrs oí lhc \oliJ ··lcmcn1 

"' : L.1s1 clcmcnt numbcr 1t1 he g.:ncratcJ 

" ' : Elcmcnt numh.:r 1n..:rcn1cnt 

· ·~ : Ju1n1 numbcr 1ncrcmcn1 

n : Numbcr ol 1imcs RE PEA T 1s. lo be .:.&rr1cJ uu1 

e, : Elcmcn1 numbcr 1ncrcmcn1 

¡, : Jo1n1 numbcr 1ncrcmcn1 

Spcc1fy thc four nodcs uf any of 1hc faces oí 1hc sohd clcmcnt 1n J 

i:ountcr-clockwisc dirccoon as vicwcd hom 1hc ouis1dc of 1hc 
clcmcna :and then go 10 thc oppo\ltl! (Je<.: Jnd lpcc1ty thc íour nodcs 

of 1ha1 facc in the samc duccuon U\Cd v.h1h: 11pcc1íy1ng thi: nuJc\ 

of 1hc rirst facc. 

-! 

• -, 
• ::1 

• 
• 
• 4 .1 

1 

•1 

•: 
•: 
•¡ .¡ 

' 

• 5 

1 

j 

l 

il 

11 

• 
:a 
1 

11 

• 
• 

,._;) 

Sccuon 5 

Example 

ELEMENT INCIDENCE SOLIO 
1 1 5 & 2 21 25 26 22 TO 3 

4 21 25 26 22 41 45 46 42 TO 6 
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Purpoae 

This ,el oí commanJs 11. uscd 10 gcncr:uc rini1c ..:lcm.:n1 mc\hc~. 

Thc proccdurc 1nvol ... cs 1hc Jcfin11111~ ol .. upcr-clcmcnts ...,.h1ch Jrc 

\Ubscqucn1ly J1v1Jcd 1n10 .. mallcr ch:nu:nts 

Oeacriplion 

T~IS is 1hc .¡ccond mcthuJ lor 1hc gcnc1a11un ul clcmcnt 1ncuJcnccs. 

lf 1hc uscr nccds 10 d1v1Jc J b1g clcmcnl 1n10 J numbcr of 1m.1ll 

clcmcnu. he mil)' use 1h1 .. f:u:1li1y 1i1rh11.:h gcncra1cs 1hc JOlnl 

numbcrs and 101nt coord1n.11cs, 1hc ch:mcnl nu1nhcrs Jnd 1hc 

clcmcnl 1nc1dcnccs ;¡u1oma11c.illy. L' .. c lll 1h1s h:.11urc .:on1.hlS ol 

1wo paru: 

Dcrini11on of lhc supcr-..:lcmcnl huunJ;uy p111nts: .\ .. upcr­

clcmcnl may be Jcfincd by c1lhl.'r-' bounJ.u~ pu1n1S ur 11 

hound.uy po1nu ( .. ce l·1gurc un ncu p.1gc1 \ huunJ.u~ p111n1 

is JcnutcJ by :1 un1'1ul! _ .. lphabc1¡,\·Z1n uppcr '.l>C ,,, J.·1 1n 

luwcr C:l>I!) .. nd ils i:orrc>ponJing i.:ourJ1natc> Ut:n.:c. Jny -1 ur 

g o( 1hc S2 char:1i;1crs may be U>CJ lu Jcíinc thc ,upcr-di.:mcnt 

bound.:uy lí -1 po1n1> Jrc useJ 111 Jcfinc thc .upcr .:lcmcn1 .:.u.:h 

>1dc oí thc 1UpCr·clcmcn1 w1l1 be assumcd hl havc a '"ª'thl 
edgc connccung 1hc :! po1n1s Jc1in1ng 1ha1 ,1Je. lf 11 po1nl') Jrc 

uscd, cach s1dc will he a smooth .:urvc .:onnc.:11n~ thc J pn1n1s 

Jcfin1ng 1ha1 s1Jc. 

2. Gcncrauon o( sub·clcmcn1s: define 1hc supcr-..:lcmcn1 us1ng 

bound;uy points (4 or 11 3S c.1pla1ncd .abovc1 JnJ ,pcc1fy thc 

total numbcr of sub·clcmcnls rcquircd. 

-

1 . ., 
-· ;1 

11 
1 

•• 1 

.,~ 

' 1 

i 
1•' al 

• 
~ 

Sectmn S 

General Formal: 

whcrc 

DEFINE MESH 
A1 •1 Y¡ Z¡ {

CYL } (•o,Yo.Zoll 
RCYL 

Al •1 Y1 '1 

GENERATE {

(OUADRILATERAL) } 
ELEMENT 
- IfilANGULAR 

MESH A1 Al ..... n 1 (n,) 
MESH Am A0 .•••• n3 (n 4 ) 

.\lphabcls .\ . Z llr ;1lphabc1s .J • /. That IS ma.r. 52. 

Coord1na1cs for bounda.ry po1n1 1\ 1• 

l 1 

H CYL or RCYL is dcÍincJ. ahovc cnord1na1cs w11l be 

IR i.:yllRJricJI or reverse ..:yhnJnc.al courd1Ratcs sys1cm. 

Opt10Ral cuurd1na1cs t
11

, y,1 .JRd 1 0 w11l he 1hi: ..:arlcsian 

c1111rd1na1c' lor 1hc nrig1n ni 1hc c~llRdri..::al -:uord1nalcs. 

Ocfauhs 10 O. O. O 1f Rol prov1dcd. 

.\
1
,A

1
,A._ .. =A rcc1angular ~upcr--:JcmcRI dcliRcd by four or cighl 

n, 

"' 

houRdary pu1n1S. 

; '.'lumb~r ol clcmt:RIS Jlung thc s1dc A1 ,\ 1 ol lhc supcr­

-:lcmcn1. 1Sh11uld no1 c.r.cccd 201. 

:"lumbcr of clcmcRtS .alung 1hc sidc A1 A._ oí 1hc ~upcr· 

i:li.:mcnt 1 Shuuld Rol .:1.cccJ 201 

lf n, is om111cd. 1ha1 1s. nnly n 1 1s prov1dcd. 1hcR n 1 w1ll 1ndi.c3lc 

. 1hc ;01al numbcr uf clcmcnls w11h1R 1hc ~upcr·clcmcnl. In this c:isc, 

n 1 musl be 1hc squarc of :an in1cgcr. 

Note• 

,\JI coordinaccs are 1R currcnl unll sys1crn. Whilc using 1h1s facili1y 

1hc uscr h3S 10 kccp 1hc íollowing poinls in mind: 

J) All super clcmcnn must be 4-nudcd ur 8-nudcd. GcR'cr<1tcd 

clcmcnu for .t-nodcd super-clcmcnts w11l rctain lhc ~tra1ghl· 

hnc cdgcs uf thc ,upcr·clcmcnt!lo, whilc jo1RIS of clcmcnu 

! t; 
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Sr AAO Cumn~ ant.1 lnpu1 lnsuucuun1 

gcncra1cll írom ti nudcd 'loUpcr·clcmcn1s w1ll lle on .1 curvcJ 
lf:IJCCtory. 

,-
1 

--¡ 
¡--; . . 

Wt1ll f""'º"' /"' ..i \.ft11! (t1Vru11J ¡ur .i 

~ • .,,J,J 111p,, ,¡, ....... , 4 11-kJ 111pu t/t,....•11 

~) 2 supcr·clcmcn1s wh1ch havc 1 common buundary muu h.avc 

thc sarnc numbcr or clcrncnu .1long 1hc1r ~nrnmon hound.1ry. 

JI Scqucncc of supcr·clcmcnu - :'YtESfl commJnds Jcfinc thc 

supcr·clcmcn1s. Thc .. cqucncc oí 1h1s :'YtESlt commanJ ,huulJ 

be such tha1 once .,ne is dcfincd. 1hc nc11 ,upcr·..:lcmcn1'Jo 

should be 1hc oncs conncctcd 10 1hn. Thcrcíorc. fur 

convcn1cn..:c. thc fir111 )upcr-clcmcn1 5hould be 1hc onc wh1..:h Í5 

conncctcd by lhc largcst numbcr oí 'iUpt:r·.:lcm<:nt 11 In 1hc 

c1:1mph: "hown hcrc fur 1hc 1.anL.. thc ho11om .. upcr ..:lcn1cn1 is 
spccilict.1 first. 

"' Th1s command musa he uscd :11'1cr 1hc ~E~BER INCIDENCE 

A ELE~ENT INCIDENCE scc11on .tnd bcfurc 1hc ~E~IBER 
PROPERTIES &. ELEMENT PROPERTIES scc11on. Tho 
clcmen1s thal are crcated intcrnally are numbercJ scqucn1ially 

wi1h an incn:men1 uf onc s1u11ng from 1hc las1 mcmbcr/clcmcnt 

numbcr plus onc. Sim1larly 1hc 1dd111unal jo1n1s ~rca1cd 

in1crnally are numbcreJ scqucn1iall)' wi1h an 1ncrcmcn1 oí onc 

Slllling írom lhe lasl joinl aumber plus onc. lt is ad vi sable 1ha1 

uscrs kccp thc join1 numbcrs anJ ffil mberlclcmcna numbcrs in a 

scqucncc wi1b an iocrcmcnl of onc uarung from onc. 

·111: :111 

• il 
• Oil 

•• ':JI 

•: ·:I 
•¡ 3 

•; a 
p; '.ll 

-r=-

Sccuon 5 

S) lf thcre are mcmhcrs cmbracing 3 supcr-clcmcnt which IS 

bc1ng mc!>hcd. thc u!>crs w11l havc 10 l3kc carc of lhc rcqu11cd 

atldition!>lmodillca1ions in 1hc MEMBER INCIDENCE scction 

1hcmsc\vc~ "1ncc J fcw more ncw jo1n1s m1ght appcar un thc 

c1.1!>11n¡; ~om11111n huuntlary J!> a rc\uh ol mci;h1ng lhc super· 

clcmcnt. S..:c 1hc lulluw1ng ligurc: 

1 
1 t-1 1 

1 
1 

~ 
1 ' 

" 
'"tllt lf l mcmbcr .:u U\ 1>r1wrcn ¡m1nt1 \ JmJ IJ lhc U\('f "'º" bf('3lup 

1h11 mrmbrr 1n10 1 p.uu \.tcmb('n w1ll no1 ">e mc1hcd Julom.auc.:ally 

hl Thc .. uh·t:lcmcnl'\ wdl havc 1hc .. Jmc Jarct:llon .1Cluckw1sc ur 

,\nt1 ch11.:kwisc1 JS 1hc i;upcr clctncn1s For J ~upcr·clcmcnl 

hountlcJ by four po1n1s ''· e. e :.tnJ o. IÍ ,\BCD. BCDA cte. 
are 1n clockwtsc Jircc11on. CB,\D ur DCB,\ ele .irc 1n anti· 

Lloi.:k w"c Jncc1111n lf thc par11eul.1r lUpcr·clcmcnl 1s dcnu1ctl 

Js .\BCD. JJl thc .. uh·.:lcmcnl!> 1n 11 wdl hJvc J i..lockw1sc 

l!lcmcnt 1nc11.Jcncc 1n 1h1s cx.1mplc. 

7 l Elcmcnt 1nc1Jcncc!> •>Í thc gcncra1cJ suh·clcmcn1s may be 

obt.J1ncJ by provH.llng 1hc com1n.and 'PRl!"T ELEMENT 

l="'FORMATION' allcr thc 'MESH .. .' cummanJ 1n 1hc 1npu1 file 

10 lf thc STA AD 1npu1 file con1:11ns commands for JOINT 

COORDINATES. MEMBER INCIDE:-óCES, ELEMENT 
INCIDENCES and MESH GENERJ.TION, 1hcy should he 
spccifícd in thc íolluwing arder: 

H,\,\D SP,\CE 

UNIT KIP FEET 
JOINT COORDINATES 

\IEMBER INCIDl'NCES 

' .. 
' 



• 
1 ·..tmn ~ .. 

"' li. 

.. 

• 

-------------- ~11\,\ll l'um111..w1h 11111 b1pu1 h11lru.hun1 

ELEMENT INCllJENCES 

DEFINE MESll 

GENERA rE ELEMENT 

Examplo 

T~c follow1ng scc11on ul input 1llus1r;ucs 1hc use uf \iESU 

GENERATION lilcllity. 1hc u-ser m3y i:omplrc 1h1s w11h 1hc 

gcomcuy 1npu1s fur E1.1mplc Prob "º 10 tn thc ST,\,\O c1amplc 

manual: 

-

STAAD SPACE TANK STRUCTURE WITH 
•MESH GENERATION 
UNIT FEET KIPS 
DEFINE MESH 
A o o o ; e o 20 o ; e 20 20 o 
O 20 O O ; E O O ·20 ; F O 20 ·20 
G 20 20 ·20 ; H 20. O. ·20 
GENERATE ELEMENT 
MESH AEHD 16 
MESH EABF 16 
MESH ADCB 16 
MESH HEFG 16 
MESH DHGC 16 

1 ., i 
1 

Jipi 
llJ 

1 71 

•: 1 

•1 1 
1 •• 1 

•¡ 1 

•: '.I 

•; J 
w; 1 

1 

:r: 
' ' 

Scc:uun S 11 

íyptCJI gcncralcd Qua<l and Triangular clcmcnls. 

r1p11 <1J ~t11ua1tJ 
l}iwd ,,,,,,.. .. u 

f•pu ul ft•Uroltd 
rnanrr1tlúr rlrww11u 
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-5.15 Redefinition of Joint and Member 
Numbers 

Purpoae 

Th1s command may be U')CJ 10 rcdcl~nc JlJIN f .1nJ ME~tBER 

numbcrs. Ong1nal JOINT Jnd ME~llER nurnbcr') are ')Ub')t11u1cd 
by ncw numbcrs. 

~eneral Formal: 

¡ {J.Q!NT } 

Mfil!IBER 

COLUMN . 

~ST 
{

XRANGE } 
YRANGE 
lfiANGE ) 

11, t, START 1 

whcrc, f 1 and f:! are 1wo rangc valucs of 1, y. l.)r /. Jnd 1 is 1hc ncw 

s1ar11ng numbcr. 

De•criptian 

Jo1n1 and mcmbcr numbl.!r'i can be rcJcíincJ 1n ST r\AD thrnugh thc 

use of thc SUBSTITUTE cummanJ Aflcr a ncw ,el oJÍ numhcrs are 

assigncd, input 3nd output valucs wdl be 1n accord:1ncc w11h thc 

ncw numbcring schcmc. Thc uscr can Jc'.l.1gn numbcring schcmcs 

lhat will rcsult 1n simple 1npu1 spcc1fica11un as wcll as casy 

1ntcrprc1auon of rcsuhs. Fur c1amplc, ali 101nts 1n íirsl flour of a 

building may be rcnumbcrcd as 101, 102 ... ,ali sccond Oour joinu 
may be rcnumbcrcd as 201, 202 .....• etc. 

Eumple 

UNIT FT • • -~ I • 

SUBST JOINT YR 1.98 10.0 START 101 
SUBST COLUMN START 901 

~ •·1. 
-~ • 

; 

•l 1.1 

•i 11 

•i • 
8' • 
•: • 
lli • 

Sccuon S 

Joinl!i. w11h Y L:o0Hhn:.11c.; r.inging fru1n 9 99 10 10 ft w1ll havc a 

ncw numbcr $l3rlrng hum 101. Columns will be rcnumbcrcd 

s1ar11ng wi1h 1hc ncw numbcr 901. 

Note 

Mcan1nglul rcspccif1c:1tion uf JOINT and MEMBE'R. numbcrs may 

s1gn1ficantly tmprovc case of 1n1crprc1a1ion of rcsul1s. 



ST AAO Cummands and Enpvt lruuucuons 
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.. 16 Listing of Members by Specification of 
GROUPS 

Th1s command allows thc uscr to spcc1fy J group uf mcmbcrs/Jo1n1S 

and s.avc thc 1nfurma11un 1.Htng .a 'group-namc·. fhc 'gruup·nJ1nc' 
may be subscqucntly uscd 1n 1hc 1np~ ítlc 1nstcld uí .1 

mcmbcr/jo1nt hsl 10 spcc1fy 01hcr a11nbu1cs. This caucmcly uscful 

fc;uurc 1llows Jvoiding 1Jf mull1plc ,pcc1ítc:ui11ns ul tbc samc 

mcmbcr/J01n1 hs1. Follnw1ng is thc 11:cncral form.11 rc4uucLI for thc 

GROiJP command. 

General lormat: 

illRT !IBQUP ~NITION 

(GEOMETRY) 
_(group-namej joint-llat 

OR 

JOINT 
_(group-namej joint-llat 

MEMBER 
_(group-name) member·ll•t 

ELEMENT 
_(group-name) element-llat 

SOLIO 
_(group-name) 1Dlld element-llat 

END GROUP DEFINITION 

-

/..:,;..~ 

1 • , 
' .,. 
~ 

' •I • 
·= • 
•1 • •• 1 • 
a: • 

1 •• • 
•i 11 ., 11 , 

·~ 1 
1 

whcrc. 

group-namc 

'l<ctim 5 1 1'9 

an alpha-numcric namc spccificd by thc uscr to 

idcn11fy thc group. Thc group-namc must start with 

thc ·_· (undcrscorc) char:actcr and is hmilcd to ctght 

charactcrs. 

mcmbcr-list/::: thc lisl of mcmbcrs/joints bclonging 10 thc group. 

Juint·list 

Notes 

11 Thc GROUP dcfin111on mu:,t 1tart w11h 1hc ST,\RT GROUP 

DEFINITION cnmmand and cnd with thc END command. 

!J ~ore than onc GROUP namc may be spcctlicd w11h1n thc samc 

dcnn111on spccif!ca1íon . 

3) Thc wmJs JOINT. MEMBER. ELEMENT .nd SOLIO may he 
proY1dcJ 1í thc uscr w1she1to1dcn11íy lhc group RilmC D'd lisu wuh 

tho\C ir;pcc11ic 11cms. Huwcvcr. ií thc group n;imc and hs11s mcn:ly a 

mc311s oí group1ng togcthcr more than onc 1ypc oí struc1ur.LI 

componcnt undcr a 11nglc hcai.hng. thc word GEOMETR Y may be 
proY1dcd. In 1hc abo;cm.:c oí any oí thosc livc words 1GEOMETitY. 

JOl!'IT. MEMBER. ELEMENT ur SOLIDl. 1he lisi is .ssumcd 10 he 
lhat for GEOMETR Y 

.~ ( 
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Example 

START GROUP DEFINITION 
_ TRUSS 1 TO 20 25 35 
_BEAU 40 TO 50 
END 
UEUBER PROPERTIES 
_ TRUSS TA LD L40304 \ 
_BEAU TA ST W12X26 

Example 

START GROUP DEFINITION 
JOINT 
_TAGA 1TO10 
UEUBER 
_TAGB 40 TO 50 
GEOUETRY 
_TAGC 101TO135 
END . 

UEUBER PROPERTIES 
_TAGB TA LO L40304 
_ TAGC TA ST W12X26 

ST AAD C~ and Input lnsuucuons 

•• 1 

• 1 

• 1 

•:: 1 

•: :1 

•: 1 
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5.17 Rotation of Structure Geometry 

Purpose 

Th1s command may be uscd to rotatc an exis1ing structurc geometry 
Jhou1 the global axes ' 

General format: 

. {! 
ffil!FORM BQIATION l 

whcrc. d 1, d:?· d1 are1hc rolations (in degrees) about the X, Y and 
7 global axes rcspcctivcly. Aftcr the Joinl Coordina1cs and Mcmbcr 
lm.:1dcnces are spec1fietl, thu command can he used 10 rolalc thc 
'itruc1ure gcomctry by any dcsirctl anglc abou1 any global axis. Thc 
rotatcd conriguration 1s uscd íor analysis and dcsign. Wh1lc 

.. pcciíying this ..:omm.ind. note that 1he scnse of the rol:u1on should 
coníorm to lhe right hand rule. 

De1crlptlon 

Th1s command can be uscd to rotatc thc gcomc1nc sh:1pc through 
any dcsircd angle .:1.bout any global axis. The rotatcd ~onfigur:11ion 
c:1n be uscd íor :1nalysis :1nd dcs1gn. 

Example 

PERFORll ROTATION X 20 Z ·15 

Note 

Thi1 command should be provided immedi11cly íollowing membcr 
1nc1dcnce1 1í thcrc are only mcmhcrs and ahcr clcmcnt inc1dcnces 
ií 1hcre are mcmbcr1 and clcmcnt1. 

.\ 
' 



5.18 In. .ive/Delete Specification 

Purpoae 

Th1s sel oí commanJs m;1y he u sed 10 tcmpur;irily INACTI V,\ TE or 

pcrmancntly DELElE spcc:1ricd J()INTs ar ME~BER~ 

General formal: 

tHACTIVE 

QilETE 

Oeacrlptlon 

~BERS 

{

n.!J!.BERS 

.LQ!NTS 

member-11•1} 

joinl-llal 

Thcsc commands i;.;J;n he uscd 10 ;pc-.:1fy thJI i.:cr1a1n 1u1n1s or 

mcmbcrs be Jcac1iv;11cd or complctcly Jclc1ctJ írum a ,uu..:1urc. 

Thc INACTIVE command makcs thc mcmbcrs 1cmpor:u1ly 1n.u:11vc. 

lhc uscr mut.1 rc-ac1iv:11c 1hcfn duun, 1hc la1cr pan uf 1hc 1npu1 fnr 

funhcr proccss1n1 Thc DELETE i.:ommand w1ll complctcly Jclctc 

thc mcmbcrs from thc uruc1urc: 1hc uu:r canno1 rc·ai.:11.,.:11i.: 1hcm 

Thcsc command1 mu11 be providcd 1mmcd1Jlcly Jllcr ¡ll 
mcmbcrlclcmcn1 inc1Jcnccs are prov1Jcd. 

Holea 

a) Thc OELETE MEMBER comm.:and wtll .. u1om;11ically Jclc1c all 

join1s associa1cd \lf'1th dclctcd mcmbcrs, proviJcd 1hc JO•nlS :uc 

no1 conncctcd by any othcr active mcmbcrs or clcmcnts 

b) Thi1 command w1ll aho dclclc all thc join1s which wcrc not 

conncctcd 10 thc struc1urc ia thc rirst piar.e. For c1amplc. tuch 

join11 may havc bccn gcncratcd íor case oí inpul oí ju1n1 

coordina1c1 and wcrc intcndcd 10 be dclc1cd. Hcncc, ií a 

DELETE MEMBER commaad is uscd. a DELETE JOINT 
command should not be uscd. 

e) Thc DELETE MEMBER command is applicablc íor dclclion oí 

membcrs 11 •cll as clcmcn11. lí lhc list oí mcmbcrs 10 be 

dclc1cd c•lcnds beyond onc linc. il should be continucd on 10 

., -

\ 

r _-=I 

·~··JI 

• il 

• ] 

• 1 

• 1 

• 1 

• 1 

• 1 

• 1 

•. '. - .. • 

S<cuoo S l 11 1 

ihc ncJ1.t Jinc by prov1d1ng ;i blank s.pacc íollowcd by a hyphcn 

(·I al 1hc cnJ.oí 1hc currcnt hnc. 

Example 

INACTIVE 
DELETE 

MEMBERS 
MEMBERS 

5 7 TO 10 
29 TO 34 43 

J) Thc INACTIVE MEMBER i;ommand cannot be uscd in 
s11ua1iuns whcrc in¡u:11va11ng a mcmbcr rcsulls 1n JOinls 

bccnm1ng unconncc1cd 1n spacc . 
i:i Thc IN ACTIVE ~EMBER command <ohnuld not be uscd if thc 

\tEMBER fí:'ISION command IS uscd 
n Thc INACTIVJtccJ mcmbcrs may be rcstorcd for íunhcr 

prucc"'cs (\uch asan anal~sis or dcs1gn íur a! ... <ocl uf load 
c1scs) by us1ng 1hc CHA="'GE comm.:1nJ. Scc Scc11on S.37 and 

E 1.amplc .t ror mure 1nform:at1on. 

1
1 Thc OELETE \1f.MBER cnmmanJ ~hould he uscd 10 Jclc1c 

clcmcn1s 100 Spcc1ry 1hc ..:ommand lS OELETE ~E~BER j 
whcrc J " thc l!lcmcnt numhcr of 1hc clcmcnl you w1sh 10 

dclclc In 1hc c1.amplc "hown lbovc. 1'110 ).& .:1nd ,¡) .1rc 

elcmcnl numbcr1 
hl Lo.1J'I. thal ha\c hccn JcíincJ un mcmbcrs Jci;larcJ Js 

l'.\l,\CTIVE mcmhcr" w1ll no1 he i;uns1JcrcJ 1n 1hc .1nalysis . 

Th" apphu 1u SELFWEIGllT. MEMBER LO.IDS. 
PRESTRESS >nJ POSTSTRESS LOADS. TEMPER.ITURE 

LOADs. cte. 
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STA.AD Curnmandl anJ lnpul ln1uuc11on1 

User Steel Tab.le Specification 

·~ 

Purpose 

STAAD allows 1hc uscr tu crcatc .and use cuslomlLCd S1ccl S.:¡:11un 

f:iblc (s) lur Propcrty 'pcc1fica11un. Codc chcck1ng and \1cmhcr 

Sclcc1ion. Th1s \Ct of ~om1nands maj' he uscd 10 crca1c 1hc tahlcf, 1 

and prov1dc ncccss:uy Ja1a. . 

Gener•I formal: 

whcrc, 

i, = 

lliAT !,!.gA IAl!.LE 
TABLE i 1 (In) 
aection·type 
aecllon·name 
property·1pec 
filiQ 

1ablc numbcr 11 lo :!01 Durin111hc analy\IS 
proccss, thc data 1n c::u.:h uscr pruv1dcd 1.:1ble 1s 
storcd 1n a corrcspond1ng file wnh an c1.1cnHon 
UO •. For c1..1.mplc. 1hc J:u.i oí 1hc S1h table 1s 

ston~d in UOS Thc IÍr\l p3.rl of thc input file n.amc 
is thc S.1.n1c .as th:u 1.JI thc ST A.\D input file rhc!IC 
files Jrc loc..11cd 1n 1hc 'ame worlung d1rcc1orv .is 
thc input file. Hcncc. lhcy may l.11cr he uscd ~' 
c11cm<1.I uscr prov1dcd 1ablcs íor 01hcr 1npu1 files. 

CJ.lcrnal file namc containing 1hc scct1on n.imc .anJ 

corrcspond1ng propcr11cs. 

scc1ioo-1ype = a slccl scc11on namc 1ncluding: WIDE FLANGE. 
CHANNEL. ANGLE. DOUBLE ANGLE, TEE. 
PIPE. TUBE. GENERAL. ISECTION .t. 
PRISMA TIC. 

scction-name = Any uscr dcsignated sec1ion namc. w11h1n 12 

charactcrs. Firs1 thrcc charac1crs oí Pipes :ind 

Tubcs mus1 be PIP a.nd TUB rcspcctivcly. Only 

31phaoumcric characters and dig11s are allowcd íor 

dcfiniog ~cction namcs (81ank spaccs. astcrasks. 

•: • 
111 • •: • 
·~ • 
:X: 
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qucs11on marks. colon, semi-colon ele. are nol 

pcrm111cd.) 
propeny-spcc = Propcit1cs íor thc scclion. Thc rcqu1rcmcnts are 

J1ffcrcn1 for cach ~cclion 1ypc as follows. Nolc that 

shcar :.ircls A Y and AZ musl he proY1dcd to cnsurc 

propcr o¡hcar slress or shclr strcngth 'alculalions 

Junng Jcsign. 

Oeacription 

Thc Jc(:?iult \cngth units íor propcr11cs are inch (íor 

American vcrs1on) and cm 1 for 01hcr vcrsions). 

Howcvcr. thc uscr may ipcc1fy thc dcs1rcd lcngth 

un11 by using thc UNIT comm.1.nd as 1hc firsl 

cummand 1n 1hc 1ahlc (scc cJ.amplc iollowing th1s 

Jc<;cr1p11onJ. 

Follow1ng 'iCCt1on 1ypcs are ;iva1lablc unJcr th1s np11on. 

Wide Flange 

1) AX = Cro~s scc11un arca 

! ) O = Dcpth of thc \CCllon 

J) TW = Th1ckncs'i ul web 

-t) WF = W1dth oí thc llangc 

51 TF = íh1ckncss uf llangc 
tu IZ = ~nmcnl llf 1ncr1ia abuut local l·..11.is (usually \trong axis) 

7) IY = Momcnt of 1ncrtia abuut local Y·.Jl.IS 

Kl IX = Torsional cons1an1 
9) AY= Shcar arca 1n local y-aJ.I\. lf tero. \hcar dcforma1ion is 

1gnorcd in thc analys1s. 

10) AZ = Samc as aboYc CJ.ccpt 1n local t-axis. 



ST AAO Commancu and lnpu1 lns11UC1Jon1 

Channel 

1
101 A~y· 21 D. 31 TW, 41 WF, 51 TF. 61 IZ, 7) IY HI IX 91 l'Z 

1 ~ • 11) AZ ' ' " 

!..1. 
' -· 

1 

~---.. 
1 

Angle 

I) D.!) WF, 3) TF. 4) R. 5) AY. 61 AZ 

Double Angle 

:~)D~~I WF. 3) TF. 4) SP, 5¡ IZ, 6¡ IY, 7) IX. di CY. 9) AY 

\ 
Wf • 

1 
J_ 
cv . z - i-

~ 

1- SP 

-

LJI 

• o 
•• 'ª 
81 " . " 

•:ti 
•i· 11 

:m;=m 

' 
1•ij,.;.1 

1 

l'VO l. 

"""º'" 1 177 

Tee 

1) AX. 2) D. 3) WF, 4) TF. 5) TW. 6) IZ. 7\ IY, 8) IX. 9) CY. 

10) AY, 11) AZ 

1) 00 ;:: Ou1er t..liamc1cr 
:!) ID;:: lnncrt..11amc1cr 
3) AY, 4\ AZ 

Tu be 

y 

z 

11 AX.! )D. ll WF.4\TF. 5) IZ. 6) IY. 71IX.8) AY.9) AZ 

General 

Thc íollow1ng cross-scctional propcr11cs shuuld be uscd for 1his 
sci;1ion-1ypc. !\!ole 1ha1 1h1s íacili1y allows thc uscr 10 spcc1íy ;a 

bu1h-up or unconvcn11onal Stecl Sccllon. 

1) AX =Cross scctíon arca. 
2) O ;:: Depth oí 1hc scc1ion. 
3) TO = Th1ckncss associalcd wi1'h scction clcmcnt parallcl 10 

dcp1h (usually web). To be uscd lo check 
dr.:pthlthickncss ra1iu. 

4) 8 = Width oí thc scc1ion. 
5) TB ;:: Th1ckncss assoc1atcd with scction clcmcnt parallcl to 

Oange. To ~e used to check wid1h/thÍckncss ra110. 



!: ., 

61 
]) 

K) 
9¡ 
1 O) 

111 
12) 

1J1 
I~) 

IZ 
IY 

IX 

sz 
SY 

AY 

AZ 

PZ 
py 

S T AAO Comm&nth .-1IJ Input lnltruCllOl'll 

;. Momen1 ol 1ncri1a ahou1 local l.·,u:is 

; Mumcn1t1f1ncr11a Jhuut lnt.:al }'·Jll\ 

= Tor!i.1onal Conslant. 

= Scetion modulus abou1 101.:al t·.a11s. 

= Scc1ion moJulus abou1 101.:al y .a.11 ... 

= Shcar arca lur shcar par.tlh:l 10 local y-a.11., 

= Shcar arca lor shcar par.:allcl 10 lol'll / a.11:1o 
:: Pl~h11c 1ncuJulus abuu1 101.:al L .11 1., 

:: Pla:1o11c muJuJus abou1 ha:al y .1.11, 
151 HSS = Warp1ng .:nns1an1 for l.11cral hH'i1on.1I buckllng 

cal1.:ula11un:1o 
lb) "DEE = Dcp1h of web For tollcJ 'cc11uns. JistJnce bctwccn 

fillcts .. houhJ be pruv1Jcd. 

'.'ilu1e. 

Propcr11cs PZ. PY. flSS .1.nd DEE mus1 he prov1JcJ f111 cuJc 
chcck1ng/mcmbcr ,clccuon pcr plas11c anJ 111n11 ,tate h.1.,cJ 

codcs IAISC LRFD. Brituh. Frcn1.:h. German .tnd 

Scand1nav1an cotJcs1 Fur codcs bascd on .tllowablc .,,,c.,s 

dcs1gn IAISC-ASD. AASHTO. lnd1an cnJc'lo), tero 11:1luc., 
may he prov1dcd lor lhcsc proper11cs. 

lsection 

Thu sect1on typc may he 1.1scd 10 .,pcc1fy a gcncr:1h1cd 

1-shapcd sc1.:11on. Thc ..:ros:1o- .. cc11on;JI prnpcnic'lo rc4uircJ are 1i .. 1cJ 

bcluw ~utc 1h31 th1s (3c1llt)' can be ut1h1cJ 10 spcc1f) 1apcrcd 1-
shapcs. 

11 DWW = Dcpth oí scct1on al H:ut nodc. 
!) TWW :;:; Thickness oí web. 
JI DWWI = Dcpth oí sccuon a1 end nudc. 

'l BFF = Width oí 1up íl1nge. 
5} TFF = Thickncss or 1op íl1ngc. 
6} BFFI = Widlh oí bouom ílan1e. 
7} TFFI = Th1ckness oí bonom ílangc. 
~, AYF = Shcar atea íor shear par3llcl to Y ·J.11s. 
9} AZF = Shcar area íor shear p1rallcl to Z-a•is. 
10} XIF = Torsional constanl. 

---~ \~\i.{ 

•1 • 
11' • 
1 • 
1:1 • 
1 • 
1 • 
ll • 

• :t ., ,. 
'' 

;~ 

•o IÍJ 

Sc:cuon 5 

111 r 

"' I ¡ ..... I\\ \\ 

lHI I 
11111 

"~" I DE b=='J I "~"' 
~OTE: 

1) OWW should ne ver be lcss 1han DWW 1. Thc 1.1scr should 

prov1Je 1hc mcmhcr 1nciJcnccs J.ccordingly. 

:!l Thc uscr 15 a\lowcd the follow1ng options for thc valucs AYF. 

AZF and XIF 

a) lf pos11ivc valucs are prov1ded. 1hcy are uscd. dircctly by 

1he progr:1m. 

b) lí 1cro u providcd. 1hc program c:ilculatcs thc propcrt1cs 
us1ng 1hc follow1ng rormula. 

,\ YF =O .. TWW (whcrc O =Dcpth :1.1 scc1ion undcr 

cunsiJcra1ion 1 

AZF =O 66 ((OFF' TFF} + (BFFI 'TFFI)) 

XIF = l/J ((BFF' TFF1} + (DEE 'TWW1) + (8FFI ' 
TFF 11}} 

(whcrc DEE = Dcpth oí web oí section) 

e) lí ncgativc valucs are providcdi. lhcy are applied as factors 

on 1hc concsponding value(s) calculatcd by thc program 

us1ng 1hc ahovc formulJ. Thc factor applicd 15 always thc 

absolutc oí thc value providcd. i.e. ií the user prov1des thc 

value oí XIF as -1.3. thcn thc program will multiply thc 

valuc oC XIF, calculatcJ by the above formula. hy a factor 

of 1 J. 

179 



rnn 5 

STAAO Co1111JW1ds and lnpul ln111ucliam 

Prisma tic 

Thc propcrty·spcc for thc PRISMATIC )Ccllon·typc 1s as fullows. 

1) AX= Cross-scc1ion :uca 

2) IZ = Momcnt uf 1ncrt1• .iboul thc lol:al L·a1.1s 

]) IY = Mnmcnl or 1ncr11a aboul lt\_c local Y·.11.IS 

•) IX = Turs1onal cons1o1nt 

SI AY= Shcar arca fur )hc:u parallcl to local y a1.1s 

. 6) AZ = Shcar arca for ~hcar parallcl 10 local t·a•ll. 

7) YO= Dcp1h uf thc 1cc11on 1n thc J1rcc11on uf thc lol::tl y-axis. 

8) ZD = Ocp1h or thc )Ct.:llon '" 1hc J1rcct1on ol thc loc:il t·a1.is. 

Example 

• 

START USER TABLE 
TABL!! 1 
UNIT INCHES 
WIDE FLANGE 
W14X30 
1.as 13.14 .21 1.13 .31s 211. 19.1 .31 o ~ 
W21X&O . 
14.7 20.13 .31 1.53 .535 114 24.I 1.14 7.112 O 
W14X109 
32. 14.32 .525 14.805 .88 1240 447 7.12 7.52 o 
TABLE 2 
UNIT INCHES 
ANGLES 11

: 

l25255 
2.5 2,11 0.3125 .419 O O 
l40404 
4. 4 •• .25 .115 o . o 

. " ~ ,. ' 

Note lbat thcsc scc1ion-n1mcs must be providcd in uccoding 
ordcr by wcight, sincc thc mcmbcr·sclcclion proccss uses thcsc 

tables and thc itcration 11u1s from 1hc top. Thc abovc c1.aD1plc 

can also be inpul as follows: 

--

START USER TABLE 
TABLE 1 TFILE1 
TABLE 2 TFILE2 
END 

\ 
r 

"""""' l 111 

Whcrc TFILEI and TFILE2 are namcs of files wh1ch must be 

1.:rca1cd prior 10 runn1ng STA,\D, and whcrc lhc lile TFILEI will 

conta1n thc lollow1ng: 

UNIT INCHES 
WIDE FLANGE 
W14X30 
1.15 13.14 .21 6. 73 .3as 291. 11.6 .31 o o 
W21X50 
14.7 20.83 .38 8.53 .535 984 24.9 1.14 7.92 o 
W14X109 
32. 14.32 0.525 14.805 .88 1240 447 7.12 7.52 o 

and 1hc file TFILE:! will con1a1n: 

UNIT INCHES 
ANGLES 
l25255 
2.5 2.5 .3125 .489 o o 
l40404 
4. 4. .25 .795 o o 

Notes 

Thc U11cr-Providcd S1ecl Tablcl '1) may be crc:.tcd and ma1n1aincd 

as scparale filc(s). Thc samc files may be uscd íor 111 modcls using 

seclions írom thcsc lables. These files should reside in lhe same 

dircc1ory whcrc tbe 1npul file is loc:ited. 

.~' C¡ 



ST AAD ComlNIMh uld tnpu1 tn11rucuon1 

uon 1 

•.20 Member Property Specification 

!: .,. 

Pur¡><>oe 

Thi! set of i:Úmmant.ls mJ.y he uscd fur \pcc1ficJt1on ,,f \c1..t111n 

propcrllcs for framc mcmbcrs. 

General format: 

Mil!BEA fBQPEATIES 

AUSTAALIAN 
~ADIAN 
!illflOPEAN 
FAENCH 
!.!!QIAN 
AMERICAN 
!IBfTISH 
!iffillAN 
mANESE 

member·ll•l 

IAllLE type-1pec table·nome 
(1ddilionel-1pec) 

e.filSMATIC property·opoc 
I.AfEAED argument-1111 
u.fIABLE 11 oecllon·n•m• 
WIGN prollle-1pec 

AMERICA!'-1. BRITISH. EUROPEA:"! ictc.I opuon w1ll 1n\1ru..:11hc 

program to pick. up propcrtics from 1hc :1.ppropn.llc \lccl 1ablc ·1 he 

t.lcfauh dcpcnds on thc .,;oun1ry of dis1nbu11on. 

Deocilptlon 

This commaod 1ni1ia1cs thc spccilica1ion oí MEMBER 

PROPERTY. following a.re 1he vanous op1ions a.vatlablc: 

a} Spcciricalion írom buih·io \lccl tables. fScc1ion S·l9. I) 
b) Spccificalion oí pnsmatic propcrucs. (Scclion S.19.2) 

e) Spccification oí 1apcrcd mcmbcrs. (Scc1ion 5.19.ll 

d) Spccificiltion from uscr prov1dcJ 1ablc. IScction 5 19 -1l 

e) Spccilication by ASSIGNiog a prolilc. (Scc1ion 5.19.5) 

.. 
•: :11 

a¡ ,. 
11 • 
ll • 
•·1 • 
P1 • 
• • 
•1 • 
11 1 • •• 3 • 
•1 • 
11 ~ 11 

! ••• ,~ 

1 • 

Scction 5 113 

Eai.:h spcc1fii.:al1on 1s Jcsi.:ribcd 1n dc1ail 1n lhc lollow1ng 'iCCl1ons. 

E-.amplcs J.rc ava1lablc 1n Sccuon 5 20 6. 
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5.20.1 

5T AAD ComrrW\ds ami Input lnuructions 

Spe<:lfylng Propertles from Steel Table 

Purpoae 

The following commanJs :irc uscJ for spccifyin~ .;cction propcrtics 
íro'm built-in s1ccl tablct~). 

General formal: 

lype-spec . lable-name addlllonal-apec. 

il 
!lA 

º LD 
SD 

type-apec = I 
~ 
!.!< 

lii 
ST specifics single scclion from 1he standard buih-1n tables. 
RA spcc1íics ilnglc anglc with reverse Y-Z J;(C'i 1 ... cc Sc1.:l1un 

1..5.~l. 

O spccifies Joublc channcl. 
LO spccifics long leg, back to back. doublc anglc. 
SO spcc1fics short lcg, back lo b11.ck. Joublc an"lc. 
T spccifics tec scction cut from 1 sh11.ped bcams. 
CM spccifics composilc scclion, ava1lablc wuh 1 shapcd bcams. 
TC spccifics bcams with top covcr platc. 
BC spccirics bcams with boltom covcr plate. 

TB spccifics bcams wilh top and bollom covcr platcs. 

table·ltame =Table scction namc likc W8Xl8. CISX33 cte. 
Thc documcntation on uccl dcsiga pcr individual country codcs 
COntains information rcgardin& thcit slccl section spccHicallon 
also. For dct:iils on spccifying scctions from thc American slcel 
tables, scc Scction 2.2. I of this manual. 

!~ 
' ~ 

l::ti 

1 .1 1 

1 El 

• 1 1 

• 1 1 

:• 1 .., .• 
.JI 

ag:I 

5,, 5,~·11011 
I -; ~ 

addltlonal·9Pet = 

SP 
WP 
!!! 
WT 
DT 
OD 
ID 
CT 
FC 

Scction j 1 ta; 

SP f1= Th1s sel Jcscr1bcs thc c;pacing (Í¡ 1 bctWccn 3nglcs or 
channcls ií Joublc anglcs or Joublc chánncls árc uscd. r1 
dcfaults to O.O 1f nol givcn. 

WP f?= WiJth (Í~) oí lhc covcr platc if ;t co .. er platc is tJscd wilh 1 

'hapcd ~ccllons. 
TH f1= Thickncss 1r31 of pliltcs ur luhcs. 
WTf.¡= WiJ1h IÍ.J) of lUbcs. whcrc Tt:BE:. 1s tht: tablc-namc. 
DT f5= Oepth !f5) of tUhcs. 
00 í6 = OutsiJc diamctcr lfti) of pipes. whcrc PIPE is thc t:iblc-

namc. 
ID f7= lnsiJc J11mctcr ( í1 J of pipes. 

CT fs= Concrete Lhtckncss tfa) for compus1tc scctinns. 
FC lq= Cumprcss1vc 'ilrcngth (Í~) oí thc conl.'.rctc fot compositc 

,ccllnns 

Example 

Scc Scction 5.:!0 b' 



ccuon 'i 

ST AAD Commands and Input lnsb'UClioat 

Notes 

All values r1_9 must be supplied in currcnt units. 

Sorne 1mportanl poi nis lo no1e in thc case of thc compos1tc scction 

are: 

1) Thc width of thc concrete slab is •ssumcd to be thc w1d1h uf 
thc top ílangc of thc s1ccl sccllon + 16 times thc thickncss of 

the slab. 
:!) In arder to calculatc thc ~ccllon propcrlics of thc cross-scction, 

the modular ratio is calculatcd assuming 1hat: 

\ 

Es= Modulus ol clasticily oí stccl = 29000 Ksi. 

Ei:= Modulus oí claslicity of concrete = 1802.5.JFC .Ksi 
whcrc FC (in Ksi) is dcfincd c:1rlicr. 

., --. 
.~ 

\~~ .~1. 

l&i- il 

1111 

!Mkº i1 

i•l '1 

:•1 fl 

.• , ,, 

5.20.2 

Sc::ction 5 

Prlsmatlc Property Specificatlon 

Putpose 

Thc following commands are uscd to spccify scclion propcrtics for 
prisma1ic cross-scctions. 

General formál: 

For thc PRISMATIC <tpccification. propcrtics ate providcd dircctly 
as follows: 

AX 11 
!! 12 
!Y 13 --"- ----'--
!Z 14 ! 11- ¡ º'" 

propérly-epec = Al '· g '• YO r, 
ZD '• ve r, ..... ,.-......... 
m 110 

AX f¡ = Cross sccllonal arca oí thc mcmbcr. lf nmlltcd, thc 
arca is calc:uloucd from thc YO and ZD d1mcnsions. 

IX f, Torsional constanl. 
IY f l Momcnt uf incrtia lbout locll y-atis. 
IZ f' = Momcnt uf 1ncrtia about loc.:al t·axis (Usu.:ally majar). 
AY r' = Efícctivc shcar arca in loc.:al y-axis. 
AZ r. = Efícctivc shcar arca 1n local z-axls. 

YD f 7 = Dcpth oí lhc' mcmbcr in local y dircclion. 

(Oiamctcr oí scction íor circul~r mcmbcrsJ 

ZD r, = Dcpth oí thc mcmbcr in local l dircction_ Ir ZD is nol 

providcd lnd YO is provid~d. thc scclion wilt be 

assumed to be circular. 

YB Í9 = Dcplh of stcm for T-scction. 

ZB f10 = Width of "ilcm ínr T ·scclion or botlom width for 

TRAPEZOIDAL scction. 
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s.20.3 Tapered Member Speciflcation 

s~ct1or1 

' , ' 

Purpoae 

Thc following commanJs lrc uscd to spcc1fy scction propcrlics for 
tapcrcd 1-shapcs. 

Generál formal: 

whcrc, 

1' 1 = Ocplh of sccliun JI s1ar1 noJc. 
f:! = Th1ckncss oí web. 

í 1 = Dcpth oí scc1ion 31 cnd nodc. 

fJ :::: Width of lop nangc. 

f5 = Thickncss of top llangc. 

f6 = Wid1h of bollom íl.:ingc. Ocfaults 10 f" if lcft out. 
f7 = Thickncss of bo11om íl.:insc. Ocfaults lo r5 lcll out 

EHmple 

llEMbER PROPERTY 
1 TO 5 TAPERED 13.98 D.285 13.98 8.745 0.455 8.745 0.456 

No lea 

l. AJI dimcnsions (f1. f:! ...... f7) 1hould be in cuncnt units. 

2. f1 (Dcpth of scction at starl nodc) should always be grcatcr 

than f1 (Dcplh of scction al end noJcJ. Thc uscr sbould provide 

thc mcmbcr inciJcnccs ilccordingly. 

Scction 5 

5.20.4 Property Speclfication from User Provided 
Table 

Srr Srl·tuu1 

1 7 J 

Purpose 

Thc following comm.:inds are uscd lo i;.pccify 'icction propcrtics 
from j prcv1ously crcatcd USER-PROVIDED STE.EL TABLE. 

General formal: 

member·llll UPTABLE 11 secllon-name 

UfIABLE stands for uscr-prov1JcJ t:ihlc 

11 = t.:iblc numbcr ils 'pcciíicd prcviously 1 I lo -1) 

'cclion·n::imc = seclion name as 'ipccifieJ in thc t:ihlc. 
1 Rcf cr to Scction 5 .19) 

Examphl 

Scc Scciion 5.20.6 

'J , • 
.• • ¡.., 
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:>.20.5 Assign Profile Speclfication 

'5 

Purpose 

Thc ASSIGN command may be uscd to instruct thc program to 

3.Ss1gn a su1tablc s1ccl "llCction to a fréme mcmbcr bascd on 1hc 

prolilc-spcc shuwn bclow. 

General formal: 

prollle-spec = 

Eumple 

Scc Secuon 5.10.6 

No leo 

¡illM ) ~UMN 

Q!ANNEL 
Mil!LE (OOUBLE) 

Scclions are 3.IW3)'S choscn from thc rclcv3nl bu1lt-1n slccl t3blc 

To find out thc detaih oí thc scctions th:il jrc choscn. thc comm:inJ 
PRINT ME:o.IBER PROPERTIES should he prov1dcd ohcr 
spccific:ition of all mcmhcr propcrtics.· 

•1 il 
•1 :1 

•1 :ti 

•1 1 

•• ; 1 

•1 1 
•; 1 

•1 1 

•1 1 

•1 ·• 
•1;1 

• 
¡'1·""'1\) ,. 1 ·~1 ¡ 

5.20.6 Examples of Member Property 
Speclflcation 

Scclion j t· 

This ~cctiun 11lus1ra1cs thc various oplions .ivailahlc íor MEMBER 
PROPERTY spec1fication 

Eumple 

UNIT INCHES 
MEMBEll PllOPEllTIES 
1 TO 5 TABLE ST W8X31 
9 10 TAllLE LO L403cM SP 0.25 
12 TO 15 PlllSMATIC AX 10.0 1% 1520.0 
17 18 TA ST PIPE OD 2.5 ID 1.ts 
20 TO 25 TA ST TUllE DT 12. WT 8. TH 0.5 
27 29 32 TO 40 -
42 PR AX 5. IZ 400. IY 33. IX 0.2 YO t. ZD 3. 
43 TO 47 UPT 1 W10X49 
SO 51 UPT 2 L404cM 
52 TO 55 ASSIGN COLUMN 
56 TA TC W12X26 WP 4.0 TH 0.3 
57 TA CM W14X34 CT 5.0 FC 3.0 

This cs.amplc show'i c3.ch typc of mcmbcr propcrly input. Mcmbcrs 

1 10 5 are wide nangcs sclccted írom thc AISC lables: 9 and 10 are 

double anglcs sclcctcd írom the AISC t:ibles; 12 lo 15 ate prlsmatic 

mcmbers with no shear Jeform.;1tion: 17 and 1 R are pipe scclions: 

20 to 25 are tubc scctions; 27, 21J, 32 lo 40, anJ .t2 ate pristnatic 
mcmbers with shcat Jcíormation: 43 lo .-1 .trc widc ílangcs 
'\clcctcd frorn the uscr input table numbcir 1: 50 and 51 ate single 

anglcs írom thc uscr input table numbcr 2: S2 through SS are 
JcsignatcJ as COLU\.iN memhcro; using lhe ASSIGN spccHicalion 

Thc progrom will assign a suitablc 1-scction írom thc stccl table íor 

cach mcmbcr. 

Mcmbcr 56 is a widcílange W l 2X26 with 11. 4.0 in. widc covcr plate 

of 1hickncss O 3 inchcs ;:U thc lop. Mcmbcr 57 is a composi1e 
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!l .. -tion wilh a concrete slab 1h1ckncss of S.O inchcs Jl thc 1op of a 

widc ílangc W 14X34. Thc compress1vc strcngth of thc concrete in 

lhc slab is J O ks1. 

-.> ' ---.., 

• 1 

• 1 

•: 1 

•1 1 
Wl 1 

5.21 Element Property Specification 

),.r 

Sl'Cll(Jll 1.0 

Purpose 

This sel oí commands may be uscd lo spcciry propcrtics oí platc 

linitc clcmcnts. 

t.:nlikc mcmbcrs anJ pl:Hc/shcll clcmcnts. no propcrtíc$ lrc 
rcquircJ for suliJ clcmcnts. Howcvcr, 'onst3nts such lS moJulus of 

clastic11y and Poisson'" t3lio are to be spcc1íicd. 

General Formal: 

fil..§.MENl PROPERlY 

elemenl-11•1 Il!lCkNESS 11 (1,, 11, 1,) 

t 1 = Th1ckness of lhe element. 
I:!. 1

1 
= Th1cknesses at other nades al the element, if 

dillerent lrom 11. 

Oucrlptlon 

Elcmcnts of unirnrm 1h1ckncss may be modclcJ lls1ng thl<i 

commanJ. ~ole that thc valuc oí 1hc th1ckncss musl he providcd 1n 

¡;urrcnl unils. 

Exampl• 

UNtt INCH 
l:Ll:MENT PllOPl:ltrf · 
1 TO 1 14 ll TH 0.25 

) ) 
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Member/Element Releases 

STAAD allows specification of rclc:tscs of degrccs oí freedom íor 
rramc mcmbers and pl:11c clcmcnts. Scction 5 22.1 describes 
MEMBER rclc:tsc opt1ons and Scct1on 5.22.2 c.Jcscribcs ELEMENT 
relcase options. 

5.22.1 

• 
.,. 
•• -1• .,. 

Scction ~ 

Member Release Speciflcatlon 

l'urpose 

Thu set of commands may be uscd to íully rclcasc specilic dcgrces 
of frccdom at thc cnJs of íramc mcmbers. Thcy may also be uscd to 
describe a modc of allachmcnt whcrc thc mcmbcr cnJ is connectcJ 

to thc joinl for spccific degrccs of frcedom through thc mcans of 

springs . 

Generlll lorntal: 

MEMBER Rl:LEASES 

member-Ust } {
STARTl 

ENO J 

whcrc FX through MZ and KFX through k~Z represen! force· JI 
through momcnl·l degrccs ar frccJom 1n lhc mcmbct Joc;il axes and 
11 through f6 :lrc ~pnng cunslants fur thcsc Jcgrccs nf frccJom. lf 

FX through ~Z is uscd. it ~1gnilics J full rclcasc for that J.o.f. ;tnJ 
if KFX through K~Z is uscd. it ,1gn1fics 3 ~pring allachmcnl 

Ellample 

MEMBER RELUSE . • 
13 TO 91112_START kFX 10011.0 llY.Mt 
11111113 TO 18 ENO MZ kMX 200.11 

1~ thc ibove eiample, for mcmbers 1, 3 lo 9. 11 and 12. lhc 

momcnts about lhc local Y and Z axes are rcleascd al lhc1r slarl 

joinl• (as spccificd in MEMBER INCIDENCES). Furthcr, thcsc 
mcmbcrs are a11achcd to thcir START joint ;slong thcir local " axis 

through a spring whuse sliííncs5 is 1000 O unlts oí íorcc/length. 

I! 
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f1.. .• nembers 1, 10, 11and13 to.18, the momcnl about 1hc local Z 

axis is relcascd :u thcir cnd joint. Al so, the membcrs are allachcd 

lo- their END joint aboul lheír local l axis through a momcnl -s.pring 

whose stiííness is 200.0 units of forcc-lcng1h/Deercc. Note that 

mcmbers 1 and 11 are rclcased at both slart :1nd cnd jo1n1s. though 

not neccs'iarily tn thc 'iamc dcgrces of frcedom. 

Partial :\-lomenl Release 

Momenu at 1hc cnd oí a mcmbcr m:iy be relcao¡cd parti;illy. This 

facility may be uscd lo modcl pariial lixily of .:onncctions. The 

followang formal m11y he uscd to providc 3 parti:il momcnl rclc:isc. 

No1e 1ha1 this facilily 1s providcd undcr thc ~EMBER RELEASE 

opuon and is in addiuun lo thc clisllng RELEASE c;ipab1li1ic!!.. 

General Formal: 

MEMBER RELEASE 

member-llal 

whcrc fl ::; rclcasc ÍílCIOT. 

{

STARTl 

END J 

Thc momcn1 rclated surrncss co-cfíic1cn1 will be multiplicd hy :1 

faclor oí ( 1-f1) al thc spcctíicJ cnd 

Example 

• 
llEUBER RELEASE . 
1s rq'25 srART MP o:U .. ·. . . 

Thc above RELEAS E command will apply a factor of 0.1S on the 

momcnl relatcd stifíness co-eíficicnts :u ST ART of membcrs 15 to 
25. 

,,.•,.. .... 

lf 1 
1 

• •4·• 
•• 1 • 
·~ • 
•; • • • 1 • •• a • 

""'º""' l u 

lt is importanl to note that the factor r1 indicátcs :1 reductlon iri the 

stiííeness corresponding lo the rotálional degrces oí frecdom MX, 
MY anJ MZ. In othcr words, thc uscr should nol c•pect the 

momenl on thc membcr to reduce by a íaclor oí r1 • IL may be 

neccssary far thc uscr to pcrform a fcw tri:t.ls in arder to :irriVc :ti 

thc righl valuc of f1 which rcsults in thc desircd rcduction in 

momcnt. 

Also. note th:ll START :lnd END is based on thc MEMliElt 

INCIDENCE specifica11nn. 

Al ady end ot lhe 1ne1nber, for any p•rtlcular llOF, tull, 
pártlál and spring release cadnol be applltd 
simulta11eously. Odly une out or the lhrte Is pttmllltd. 
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xnon!i 

e .22.2 Element Release Specification 

Su 
,. 'C/101' I IJ 

' ·:. 

Purpose 

This set of commands may he uscd to rclc:i.sc >ipccilicd dcgrccs oí 
írccdoms at thc cnd oí pi ate linilc clc .. mcnu. 

General Formal: 

illMENT B.fil.EASE 

~1 MY 
MI 

whcrc thc k.cywords J l. J::?. J3 and J-1 signify joints in thc ordcr oí 

thc spcc11icauun of thc clcmcnt incuJcncc. For c"amplc~. 1f thc 

incidenccs ol thc clcmcnt wcrc Jcíincd ;ss 35 -'::? 7663.J1 

rcprescnts 35, J2 rcprescnts 42. JJ rcprcscnh 7b. and l-' rcprcscnl5 
63. Picase note that clcmcnt rclcasc'i 3l multiplc Join1s ,;annnt he 
sJ>ec11icd in a single linc. Thosc mu'it be c¡pcc1ficd ... cparatcl:' .is 
shown bclow. 

FX through MZ rcprcscnts íorccs/momcnts to be relea.sed pcr local 
aJtis systcm. 

Cancel Usagc 

EU:UENT RELEAS!: 
1DTO 50J1 UXUY 
10T050J2 MX MY 
1DT050J3MY 
1DT050J4MY 

lncorrccl Usagc 

WUENT RELEASE 
1orosoJ1 .pux uv 
10TO 50J3J4 MY 

:a; 1 
111 11 

111 1 

li • 
;1~ • 
·~ 

Note• 

Ali rclc:i.scs are in thc lo~al allis systcm. 

\ 
•j 

Secúon !i 19! 
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Cb911 .S 

5.23 Member Truss/Cable/Tension/Compression 
Specification 

STAAD allows frame mcmbers to be Jesign.iled as TRUSS 

mcmbcrs. CABLE mcmbcrs 3nJ TENSION/COMPRESSION-unly 
membcrs. Scctions 5.23 1 1hrough 5.:!3.3 dcs~nbe thcsc 
spcciíic:uions. 

1ai 
:•1 
1·~ 

1•1 ,.i 
1•1 
!8i 

ll! 

'I 1 1 

:• 
• • 
• 
11 

• • 
• 
,1 

5.23, 1 Member Truss Specification 

1 ~ .1nJ 1_ 10 

Purpose 

This command may he Llscd to modcl a spccificd set oí mcmbcrs as 
TRUSS mcmbcrs. 

Desctlpllon 

Th1s spcciíic:uion may be uscd to spcc1íy TRUSS lypc mcmbcrs in 

1 PLA:-lE. SPACE or FLOOR structurc. Thc TRUSS mcmbcts are 
.:apablc oí carrying only axial forces. Typicalty, bracing mcmbcn1 
1n J PL .. \.~E in SPACE framc w1ll he oí 1his n.iture. 

General formal: 

MEMBER tRUSS 
member·llat 

Note that lhis commanJ iS supcríluuus whcn a TRl.;SS typc 
'ilructure hali alrc:idy hccn ipcc1íicd. 

Example 

llEllB TRUSS 
1 TO 8 10 12 1-4 1S 

NotH 

Thc TRUSS mcmbcr has only onc degrcc oí írccdom·lhc axial 
dcíonnation. lt is not cquivalcnl lo a íramc mcmber with momcnl 
relea.ses il both cnds. 
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5.23.2 Member Cable Speclflcatlon 

Sr!r Sr!cllon1 

!J, I 10. 

. , 

PUIJI018 

This command may be uscd to modcl a specificd set of mcmbcrs as 
CABLE membcrs. 

Deocrlpllon 

The CABLE members, 1n addilion lo elaslic axial Jcíormalu>n. are 
also capablc oí accommodating thc elTcct oí 1ni1ial tcnsion 
Theore11cal

1 

Jiscuss1ons oí CABLE mcmbers are prcscnted ;n 
Secuon 1 oí 1his manual. 

General format: 

Example 

Mfil!BER k!.!1.LE 

member·ll•I filSION f 1 

whcrc í1= ln1llal Tc:ns1on IR c::1ble mcmhcr 
(in currcnl uni1s> 

. UEUB CABLE 
20 TO 25 TENSION 15.5 

Note• 

Thc TENSION 1pccified in thc CABLE mcmbcr is applicd on thc: 

Uruc1urc as an exlcmal load as well as is uscd to modiíy the 
Stiííncss oí 1hc mcmber. Scc Section 1.1 O íor dctails. 

.. 
•j • 
llRll 
•1 11 

•1 • 
·~ 11 
•-1 • 

: 1 

••• • •. : . 
.q;t. 

5.23.3 Member Tension/Compression Speclflcatlon 

Sr!r! Srcllo,. 

1.9 

Pu111ose 

This c:ommand may be uscd lo dcsignale cerlain membcrs as 
Tcns1on-only or Comprcssion-only membcrs. 

General Formal: 

MEMBER Ifil!SION 
membet • llst 

~BER kQMPRESSION 
member • llst 

Oescrlpllon 

Ti:nsion-only memhcrs are ttuss mcmbers 1hal are capablc oí 
~arrying tcnsilc rarees only. Thus, thcy are aulomatic:tlly 
inactivatcd íor load cases thal :trc capablc uf c:tusing comprcss1on 

un thcm . 

Compress1un-only mcffibcrs are truss mcmbcrs that are capablc ur 
carrying comprcss1vc forces only. Thus. 1hcy :irc 3Ulomálically 
inactivatct.I ror loat.I c.:iscs that are cap.ablc oí c:ius1ng lcnsion nn 

thcm. 

Thc proccdure ror analysis of Tcnsion-only or Compression-only 
mcmbers rcquires itcr:llions for cvcry load case and thereíorc mil y 

be quite involvcd. Thc uscr may also considcr using !he INACTIVE 
spcciíicalion if thc solutlon time hccomes unacceptably high. 

ll is vcry lmportanl to rccognizc that thc input data must be 

provlded in such ¡ way that only onc primary load c:1se is provit.lcd 

for each PERFORM ANAL YSIS command. Also, thc SET NL and 

CHANGE commands musl be uscd to convcy to STAAD that 

muhiple onoly1es and muhiple slructurol cundilions ore involved . 



000 l 

·., 

ilEMBER TENSION 
25 TO 30 35 38 

Exa'mple 

MEMBER COMPRESSION 

43 57118 r2 145 

E .. mple · 

MEMBER TENSION 
12 17 11 TO 37 85 
MEUBER COMPRESSION 
S 13 48 TO 53 87 

Notea 

ST AAO Commancb and lnpul lnslnlctiont 

1 J Loads 1ha1 havc bccn Jcflncd on mcmbcrs dct:larcd .JS 

MBIBER TENSION ur MEMBER COMPRESSION will be 
ac1ivc cvcn whcn lhc mcmbcr bccomcs INACTIVE Junng 1hc 
proecss oí analysis. This 1pplie1 10 SELFWEIGHT. ME~IBER 
LOAOS. PRESTRESS & POSTST.RESS LOAOS. 
TEMPERATURE LOAD. ele. 

2) A mcmbcr dcclarcd as a TE~SION only mcmbcr ora 
COMPRESSJON onlY mcmbcr will carry axial forces only. h 
will nol carry momcnls or shcar forces. In olhcr words. 1t 1s 4 
truss membcr. 

l) Thc MEMBER TENSION and MEMBER COMPRESSION 
commands should nol be spccilicd if thc INACTIVE MEMBER 
command is spcciíicd. 

4) Thc íolloWing is the general scqucncc oí commands ia thc 
input lile ií thc MEMBER TENSION or MEMBER 
COMPRESSION commanJ is uscd. This CJ.amplc is for lhe 

~ 

•· 1 DI 

• El 

•• 11 

•i·· 11 

••• f,I 

• -

"""""' l !05 
MEMBER TENSION command. Similar rules are applicablc 
for 1hc MEMBER COMPRESSION command. Thc dolS 

indicatc othcr inpúl data itcms. 

STAAO ... 
SET NL .•• 
UNITS ... 
JOINT cooRDINATES 

MEMBER INCIOENCES 

ELEMENT INCIDENCES 

toNSTANTS 

MEIHIER PROPERTY 

ELEMENT PROPEllTY 

SUPPORTS 

MEMBER tENSION 

LOAD 1 

~ERFORM ANAL YSIS 
CHANGE 
lllEMBER T1:NSION 

LOA02 

~ERFORM ANAL YSIS 
cHANGE 
MEIHlER TENSION 

LOAD3 

J (j 
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PERFORll ANALYSIS 
CHANGE 
llEM.ÉIER TENSION 

LOAD4 

PERFORll ANALYSIS 
CHANGE 
llEllBER TENSION 

LOAD5 

LOAD COllBINATION 8 

LOAD COllBINATION 1 

PERFORll ANAL YSIS 
CHANGE'. 
LOAD LIST ALL 
PRINT ... 
PRINT ••• 
PARAllETEll 

CHECK CODE ••• 
SELECT lll!llBEll ... 
FINISH ' 

STA.AD Commamb and lnput lnstrucúont 

•) See Scction -'·5 ror e1.planation oí the SET NL command. 
The number that follows this command is thc lolal numbcr 
of primary load cases in tbe file. 

Section~ 201 

b) The principie uscd in 1hc analysis Is thc followi.ng. 

• Thc program rcads thc tisl of mcmbcts dcclarcd as 
MEMBER TENS!ON. 

• Thc analysís is pcrformcd for thc cntirc struclurc ttnd 
the mcmber forces ttrc computcd. 

• For the membcrs dcclared 35 ~EMBER TEllSION. lhe 
program chccks 1hc 111.ial rorcc lo detcnnine whcthcr il 
is !ensile or comprcssivc. Ir it is comprcssive. the 
mcmbcr is "switchctl orr from thc slructurc. 

• The :analysis is pcrformcJ :tgttin without 1hc swilchcd 

off mcmbcrs. 

e) In thc c~:tmple shown. only onc LOAD c:isc is spcclficd 
pcr ANAL YSIS. This is bcc:lusc. :t mcmbcr Wh1ch is 
unJcr tension far onc loatl case may be in comprcssion for 
anolhcr load case. Thc illlfncss matri~ for :ln analysis can 
accoUnl for thc sln.lctural condition uf only nnc of thcsc 

two loatl cases. 

dl llote that the ~E~BER TEllSION commaod >nd 1ts 
:1ccompany1ng list of mcmbcrs ¡; proviJcd :tltcr cach 
(ciccpl the lasl) CHANGE cotnmanJ. This 15 hcc:tuse. 
~:ich CHA:"IGE command signirics thill thc prc\IOIJS 
\IEMBER TE~SION cnmmant..I is Jcfuncl thcrcby 
nc1.:cssit.:11ing thc o;pccHi..::ition or thc M.EMBER TENSION 
command :igain. 

e) Thc MEMBER TENSION <OmmanJ should not be used ií 
thc íollowlng load cases are prcscnt : Response Speclrum 
load case, Time Hislory Load c:tsc. uec Load C!lSC. 

Moving Load case. 
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5.24 Element Plane Stress and Ignore lnplane 
Rotation Specification 

)t"CltVll /.6 

Purpoee 

' Thcsc commands allow lhc úscr to modcl thc follow1ng t.:nn1.h1ions 
on plate clcmcnts 

•l PLANE STRESS condition 
b) IGNORing 1hc in-planc rolalion 

Gener1I Formal: 

} 
Deocrlpllon 

Thc PLAN~ STRESS spcc1ílca1ion allows thc uscr lo modcl 
'clcc1ed elCmcn1s far Pl,\NE STRESS Jction only. 

Similarly, thc IGNORE l~PLANE ROT.\ TION -.:nmmand -:aulles 
1hc program to ignore Rin-plilnc rotalionN :lcllons. fhc STA:\D 
pliltc elcmcnt formulation includcs 1his imporlilnt ;1c1ion 
au1oma1ically. 

Hówcvcr, il may be nolcd 1hat sorne clcmcnl formulallons ignore 
lhis :t~lion by dcfauh. Thn uscr may úlili1.c 1h1s oplion lo compare 
STAAD results wilh solutions from thcsc progr:ams. 

--~ 
' \ 

"°"'"'' 1 2C 

•¡ :a Example 

ELEMENT PLANE STRESS 

•1 1 1 TO 10 15 20 25 35 
ELEMENT IGNORE 

•I 1 
30 50 TO 55 

•: 1 

•m-• •. , 1 
•·i • 
·= • 
·-~ ' 1 
w.: 1 

·=~ :• 

;,; 
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Sa:uun ~ 

;.25 Member Offset Specification 

r 

Purpoae 

This command may be uscd lo modcl thc oíísct conditio'ns c.xisting 
al thc cn~s of framc membcrs. 

' 
General formal: 

Mfil!BEA QffSETS 

member-1111 {:T} 
Deacrlption 

1 

1 

-· 

Ít• Í:?· anJ f1 cnrrespund In 

thc distance, measurcd in 

thc global coordinatc 

'iyslem, from thc joint 
1START or END as 
spcc1ficJ) to thc c.cntrn1J 
oí 1h~ st;art1ng or i:nJ1ng 

poi ni oí thc mcmbcr'i 
1i>1cd. MEMBER OFFSET 
command can be uscd for 

~ny mcmbcr whosc starung or cnding point is not concurrcnt wi1h 
thc givcn incidcnl joinl. This command cnables thc uscr 10 accounl 

for 1he sccondary íorccs which are induccd duc to thc ccccnlricity 

of thc mcmbcr. Mcmbcr ulfscts caa be spccificd in anY dircction, 

including thc Jircction which may coincide with thc local 1-axis oí 

thc mcmbcr. 

wp in 1hc diagram rcícrs to the local ion oí 1hc centroid oí the 

Slarling or cnding poinl oí the mcmbcr. 

Example 

MEMBEll OFFSET 
1 START 7.0 
1 END ..fl.O O.O 
2 END -6.0 -!1.0 

NolU 

Sc:ct.lon~ 1 

1 l Ir a MEMBER LOAD l«c MEMBER LOAD spccilicalion) Is 
applicd on o mcmbcr íor which MEMBER OFFSETS havo bccn 

s¡iccificd, thc location of thc load is mc:isurcd not from thc 

coordinatcs of thc 'il:lrting joint. lnstc:1d. il is mc:isurcd írom 

1hc oÍÍ'iCI loc:illon nf thc sharting joint. 
~) START and E:--10 is bascd on thc Uscr's 'ipccific:ition oí 

MEMBER INCIOENCE íor thc particular mcmbcr. 
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5.26 Constant Specification 

Sr~ S~cuo11 

. l.1 

Purpoae 

Th1s command may be uscd lo spccify thc ma1crial prapcrtics 
(Modulus of Elas11c11y, Poisson's ratio, Densily and Co-elfic1cnl ar 
linear cx°pansian) ar thc members a~d clcmcnts. In additiun, 1h1s 
command may also be uscd 10 speciry lhc membcr orientation 
!BETA anglc or REFERENCE poin1J. 

General formal: 

E 

kQHSTANTS 

¡bssoN] 
Q!¡HSITY 
!l§IA 
!!.e.HA 

!lEMBER memb/elem-1111 

spcciries Young's Modulus. Th1s valuc musl be 
providcd 35 thc lirst itcm in thc Conslants list. 

POISSON spccifics Poisson's Ratio. This value is uscd for 
calculating 1hc Shcar 

DENSITY 

ALPHA · 
\ 

BETA 

ModuluscG=O.hE/( 1 +POISSON)J. 

specifics wcight density. 

Co-efficienl oí lhcrmal expansion. 

spccifics mcmber rolation angle in dcsrecs 

(see Scction 2). 

Note : Single anglc seclions are oriented accordin& 
to thcir principal axes by dcfauh. lf it is necessary 

lo orient thcm such that their legs are parallcl to 
the global axes, thc BETA spccification must be 

--:1 

b 
•: • ., • •1 • 
•¡ • 
•g • 
11: ,. 

•• 

l. ... 

r' 

Sccoon J 

used. STAAD oífers the follawing additional 

specifications ror this purpose : 

BETA ANGLE 
BETA RANGLE 

Both of thc abovc options will rcsult in an 
oricnl3tion wilh the legs parallcl lo thc global a1is. 
The 'ANGLE' oplion rotales thc section through thc 

angle "theta" (wherc "theta" = :tngle betwccn the 
principal axis system and the glob11I :t1is system). 
The 'RANGLE' option rotales thc scction through 
an anglc cqual lo (180 - "thcta"). Bolh oplions will 
work thc same way íor cqual :tnglcs. For unequ11I 
anglcs, the right option must be used bascd on lhc 

required oricntation. 

V 3 1uc of thc corrcsponding conslánh. Far 1:. 
POISSON and OENSITY. maleri•I namcs can be 
prov1dcd instcad of r1. Appropriatc valucs will be 
automatically assigncd. Currcnt list or material 

namcs includcs STEEL. CONCRETE &. 

ALUMINUM 

Global X. Y. and Z coordínatcs íor 1hc rcícrence 

poinl, írom which thc BETA anslc cotn be 

calculatcd by the program . 

Example 

CONSTANTS 
· E 21000.0 ALL ·

1 
¡ 

. BETA •s.o MEMll 5 1 TO 8 
DENSITY STEEL MEMB 1• TO 2!I 
BETA 90 MEMll X 

' 
Note that 1he last command in thc above cxamplc wilt set BETA áS 

90Q Cor all mcmbers parallcl lo the X-axis. 

)2 
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Notet 

1) Thc v:1luc for E musl alw:1ys be givcn rirst in thc Const:1n1s list. 
2) All numcrical valucs musl be providcd in lhc currcnt unils. 
]) h is nol ncccssary nor poss1blc 10 spccify 1hc un1ts oí 

lcmpcr:11urc or ALPHA. Thc uscr musl cnsurc that thc valuc 
providcd for ALPH,\ 1s t::onsislcnt in tcrms of Unlls with thc 
valu~ prov1Jcd for tcmpcraturc Cscc Scclion 5.32.6). 

~J lf thc\POISSON RATIO is not <pc'tificd, th< program will us;a 
Jcfauh valuc oí O.O. 

-

,, .. ¡. 
Pi 11 

•J • 
•1 • 
•1 a 
Ml • 
•J • p: 'ª 
•: 11 

•1 • ;•a • 
1wJ a ., 

1•q .• 

-r-

"""'"'' 1U 

5.27 Support Speclficatlons 

ST A,\O support spcciric:1lions may be cithcr parallcl or inclincd to 
thc global axes. SpccHication of supports párallcl lo thc glohal 
axes is dcscribcd in Scclion 5.27 1. Spcciíic:llion oí \nclincd 

o¡upports is dcscnbcd in Scctlon 5.27.2. 
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IOn j 

i.27.1 Global Support Specificatlon 

ft Si-cflort 

/J 

Purpoae 

Th1s set oí commands may be uscd 10 spc1.:iíy thc SUPPORT 
con~ilions íor s11pports parallcl lo th'\global axes. 

General formal: 

~PORTS 

jolnt-llat {fll:!NED } 
f!l¡ED lB.YI releaae-1pec[aprlng-1pec.)) 

KFY 
m 

. ¡m 
aprlng-apec = KMX 

Deacrlptlon 

KMY 
KMZ 

PINNED support is a supporl which has lranslational, bul no 
rotalional restraints. In othcr words, the support has no momcnl 
carrying capacity. A FIXEO support has both translational and 
rolational rcstrainls. A FIXED support can be rcleased in the global 
directions as dcscribcd in rclcasc-spcc (fX ror raree-X through MZ 
íor momcnt-Z). Also, a lixcd support can have sprin8 constants as 
describcd in spring-spec (lranslational sprin& in global X-axis as 
KFX through rolational spring in global Z-ui• as KMZJ. 
Corrcspondíng spring conslanls are í1 through í6. Nole thal the 

SecUon 5 l u 
rotational spring constánls are always pcr degree oí rotation. No 
more than íive releases may be provided. Ir both release 
specirications and spring spccifications are lo be supplicd ror the 
same supporl joint, releasc speciricalions mlisl come rirsl. 

Examplf! 

SUl>POltTS 
1 TO 4 7 l>INNEO 
5 11 f:IXEO BUT f:X MZ 
8 1 f:IXED BUT MZ Kf:X SO.O Kf:Y 75. 
18 21 f:IXED 
27 _f:IXEO BUT Kf:Y 125.0 

In lhis c•ample. joinls 1 to 4 anJ joinl 7 are pinncd. No momcnls 
:trc carricd by thosc supports. Joinls S :ind 6 are rixcd for ali DOP 
c..:ccpl in force-X and momcnt-Z. Joints 8 and 9 3rc fixcd íor a.11 
DOF cxccpl momcnt-Z :lnd havc springs in thc global X and Y 
dircclions wilh corrcsponding spring constants oí 50 and 75 units 
respectívely. Joints 18 :>.nd 21 are lixcd íor áll translational and 
rotalional degrecs ar írccdom. Al joinl 27, all 1hc DOF are fi•ed 
cxccpl thc FY DOF whcrc il has a spring with 125 unils '>pring 
constant. 

Notes 

1 J Users :irc urgcd to rcícr lo Scction 5 38 ror informatiod un 
spccific•tion oí SUPPORTS •long wilh thc CHANGE 
command spccirications. 

2) Spring consta.nis must be prov1dcd in lhc currenl units. 

.. 

J.J 
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5.27.2 lncUned Support Specificatlon 

Purpoae 

Thcsc commands may be uscd Lo spcciíy $Uppurls that are im.:lincd 
wi1h rcspcct to thc global axes. 

General Formal: 

i.Y,fPORT 

ioinl-list lli,!;.LINED 11 12 13 {
fll:INED 

} 

~t"CllOll 1 I 1 

fl!ED !llllI ,._ tpec [epi~)) 

~hcrc í1, í1, í1 are coordinatcs oí ihc .. rcícrcncc potntN ncccssary 
lor lhc "lnclincd Support Axis Systcm" ($CC bcluw1. 

'.'401c thc rclcasc·spcc and spring-spcc are 1hc samc Js 1n thc 

prcvious scc11un (5 17. l J. Howcvcr. plc.1.sc note th¡U FX thrnugh 

~z and k.FX through KMZ rcícr to lorccs/momcnts Jnd spring 

cons1ants in lhc "lnclinccJ Support Axu Syslcm · (scc bclowJ 

A.n 1nclinc;d supporl should not be dcrincd al a joinl 10 which a 
linitc elcmcnt is conneclcd. 

., --.,.. 

J;)· 

+. 
~ • 
•1 11 

•I • 
·~ • 
•1 a 
11 ¡ 1 111 

·~ • 
·~ • 
•! • 1 

•• a • 
•j • •ct;• 
·=~;;· 
•a• 

Sc:clion 5 21 

lncllned Support Axis Svslem 

Thc INCLINED SUPPORT spcc1íicalion is bascd on thc ''lnclincd 

Support axis syslcm". Thc local 1-axts oí this syslcm is dcíincd by 

assuming thc inclincd support joinl as thc origin and joining it Wilh 

J "rcfcrcncc point" wtth co-ordinatcs oí f 1, I! :tnd f1 lscc ligt1rc) 

mcasurcd from thc ini.:lincd support juinl in thc global coordinatc 

'iystcm. 

Thc Y and Z axes oí lhc inclincd support axis systcm havc thc samc 
oricnlallon ;ts thc local Y and Z axes of 3n imaginary mcmbcr 

whosc BETA ANGLE is 1.cro 3nd whosc inc1Jcnccs are Jcíincd 

from thc inclincd supporl joinl to thc tcícrcncc point. l:scrs m11y 

rcícr to scclion 1.5.3 or this manual íor more iníormallon on thcsc 

conccpls. 

Example 

SUPPOFIT 
4INCLINED1.0 -1.o o.o t=IXl:D sut l=Y MX MY MZ 
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5.27.3 Automal~ Spring Support Generator for 
Foundatlons 

STAAD has a racility for automatic general ion oí spring supports 
lo modcl íoo1ings and lounda1ion mals. This command is spccilicd 
undcr 1he SUPPORT command. 

General Formal: 

lllf PORT 

. {EQQTING 11 1121} {I } jolnt-llal º1JiECTION mGRADE 13 
illSTIC MAI 

whcre 

íl, í2 = lcnglh :a.nd w1dth of 1hc footing. lí r2 is not givcn, thc 
íooting is assumcd to be a squ:a.rc wuh sidcs rl 

n = Soil sub-grade modulus in íorcc/are:a./lcngth uniu 
X, Y .z = Global dirccuon in which soil springs are to be 

gcncrated 

Tbe FOOTING optlod : lí you wanl to ~pcciíy thc innucncc arca 

of a joint yoursclí and havc STA AD s1mply mult1ply thc arca you 
sjlccilied by 1hc sub-grade modulus, use thc FOOTING oplion. 

Silua~i · • 'whcrc this may be appropriatc are such as when a sprcad 
f001in s locatcd bcneath a jo1nl whcrc you w:1n1 to spccify 3 
sprin support. Picase note that il is ;1,bsolutcly impcrative that you 

providc rl (and f2 ir its a non-square footing) if you choosc thc 

FOOTING oplion. 

Tbe ELASTIC MAT optloa: lfyou want 10 havo STAAD 
calculatc thc influcncc arca íor thc joinl (instcad of you spccifying 

an arca yoursclO and use thal arca along wilh thc sub-grade 
. modulus to determine the spring stiffncss valuc, use thc MAT 

oplion. Siluations whcrc this may be appropriatc irc such as whcn a 

dab is on soil and curies the wcight of 1hc struc1urc abovc. You 

.·"' ) 
S<ction l l 11 .. 

· may havc m
1

odelcd the entire slab as íinitc elcmcnts and wish lo 
gcncrate spring supports al thc nades of thc elcmcnts. Note that thc 

word ELASTIC is oplional. 

The OIRECTION optlon: The kcyword DIRECTION Is followed 
by onc of thc alphabcts X. Y or Z which indicatc thc dircctlon ~f 
resisl:1nce oí thc spring supports. 

the SUBGRADE oplion: The keyword SUBGRADE Is followed 
by thc valuc of thc subgradc rcaction. Picase note thc váluc should 
be providcd in thc currcnt un1t systcm slgnHicd by thc mosl rccenl 

UNIT statcmcnl prior to thc SUPPORT comrnand. 

example 

SUPPORTS 
1 TO 128 ELASTIC MAT DIREC Y SUBG 200. 

Thc abovc command instructs STAAD 10 intcrnally gcncratc 
supports for ali nodcs l 1hrough 126 with clastic springs. STAAD 
firsl calcul:llcs thc 1nílucncc arca pcrpcndicul<1.r to thc global Y 
axis of cach nade and thcn multiplics thc corrcsponding lnr1uence 
Jrca by the soil subgr:itlc modulus of :!00 U tu c:1.lcul:ite thc spring 

constanl to be applicd to thc nodc. 

J '( 
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..:7.4 Multl-linear Sprlng Support Specificatlon 

Whe~ soil is modeled as spring supporls, the varying rcsistance il 
offers 10 c~ternal loads can be modeled us1ng this facility, such as 
when its bchavior in tcnsion diffcrs from ils behavior in 
comprcssion. 1 

General formal: 

M.lll.TIUNEAA ~INGS 

Jolnt-llat SPRINGS d 1 a, d, a, ...... d 0 a. 

Whcrc (di si) pairs represen( disp,laccmcnt and spring constant pain. 

Eumple 

UNIT klP INCH 
SUPPOAT 
t PINNED : 2 4 FIXED BUT kf:Y 40.0 
llULTIUNEAA SPRiNGS ' 
2 4 SPAll~Gs -o.s 4a.a o.o so.a a.s as.o 

Load-Displacemcnl characlenstics of soil can be rcprcscntcd by a 
muhi-linear curve. Slope of this curve ..-ill rcprcscnt thc spring 

chuacteristic of the soil al diffcrcnl displacemenl vaJucs. A lypical 
spring characterisllc oí soil may be rcprcscnlcd as lhe step curve as 
sho..- in belo..-. In the above e"ample lhe multi·lineu sprihg 
corilmand specifies so1l spring at joints 2 and 4_ 

\. . . , ....._, 

1 
40 Kip/in 1 

·~· 1 . . 

.... ' 
. ·.E..:.1~--

Sectioa5 W 

1 Spri~g Constant 
11 

1 
so IGplin 

1 

' .1 Displacen i 
i 

' 
~ ~ 

i 
i 

Thc multi-lincar sPring command ..-ill lriggcr 3 mulllplc 3nalysis 
anc..I convcrgcncc check cyclc. Thc cyclc will ..:ontinuc till lhc 
.¡upport displacemcnts computcd in thc previuus ln.:tl ysi~ cyclc .:ltc 
clase cnough with lhc supporl displaccmcnts complllcd in thc 
cutrcnl analysis cyclc. 
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.28 Master/Slave Specification 

\tt s~clion 

Purpoae 

This set oí commands may be uscd 10 model rigid links 1hrough the 
spcc1fica11on of MASTER and SL,\ VE Jninls. 

General Jarmat: 

il,AVE MASTER j .IQ!NT joinl·apec 

jolnl·apec = !liii ) '" '· 1 
Deacrlpllon 

Thc maslcr/slavc opllon prov1dcd in STAAD Jllows lhc Uscr to 

modcJ ng1d links in lhc syslcm. Thc supporl spcc1fic:1.1ions must be 

pr!JYldcd bcíorc th1s command is useJ. Noticc thal instcad ol 

providing a jo1n1 list íor 1he slavcd JOlnls, a r11ngc of coordinatc 

v3lucs (in global systcmJ may be uscd. Ali jo1nt coordina1cs with1n 

a spccificd rangc are assumcd to be sl.:1ved joinlS. No flnile 

clcmenls may be connccted lo thc slavcd joinls. Thc joinl lisl or 
coordinalc r::ingc spcc1ficd for slavcd joints may includc thc master 

join1. Fl, Fy etc. are the dircctions in which thcy are slavcd to the 

master. lf ali dircctions are providcd, thc JOinlS are rigidly 

conncctc;d. Thc íollowing examplcs illustratc thc use oí this option. 

-

• J 

•: • ., i'I 
MI 1 

•¡ 1 

·~ 11 

•1 11 . ; • ., • 
•1 11 

•1 • ' 

Example 

SLAVE FX MZ MASTEll 9 JOINT 1 TO 15 -
17 19 20 
SLAVE FX FY MASTEll 37 JOINT YR 19.9 20.1 

S<ctioo l 1 2l5 

The SLAVE RIGID spcc1íica11on may be uscd to modela tigid 

dtaphragm dircctly. Ali Jcgrees oí írccdom w11l be taken inlo 

considcration íor slav1ng anJ 1hc rig1d body rolalion will be 

automa11cally considcrcd. 

Example 

SL.lVE RIGID MASTEll 22 JOINTS 10 TO 45 
SL.lVE lllGID MASTEll 70 JOIN VII 25.5 27.5 

Notes 

Propcr ,1iííncss conncction is ncccs<>ary betwcen thc m.astcr and thc 

~lavcd jo1nls íor this typc of moJcling. 
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" 
. J Draw Specifications 

)rrllo" 

Purpose 

This set oí commands m:1y be u sed to gcncra1c pnntcr plo1s of 

suucturc gcomciry :and rc .. ults Js pan ol thc ou1put. 

Oucrlpllon 

Bcs1dcs 1ntcractivc graph1cs. STAAD has fcaturcs to providc 

..:ommands to plot )lructural gcomctry. analy'iiS rc'iults etc. 3) part 

ul 1hc STAAD output rile 

~ole th.:111hcsc output rile) 1.A~L filcst "huuld be printcd only 

lhrouah 1hc Prin1 Ou1pu1 op11on of thc ma1n mcnu of STA.\D 

Plot! c:in also be d1spl:1ycd by lhc View Oulpul op11un of 1hc m:un 

mcnu uf ST AAD. 

Plots :irc oí h1gh-rcsulu11on :inJ mosl of thc 8/91~.t pin dot matrlll. 

:1nJ lascr printcrs are supponcd. 

Thc DRAW cummand 1s U)Cd to crcalc thc plots 1n thc output. íhc 

fulluw1ng 1s thc format ol 1hc DR,\W ..:ommand. 

.. 
• M·I 

• d 1 

• :a 

• ;;1 

• . ::-1 

• ;-. 
• ::1 
• . :1 

• ·~I 

• ti 
1: il 
W! 

1 1 
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ISOMETRIC 
ROTATE rotate-spec 
SEcTION secllon-1pec 
ZOOM l 1 
SHIFT X y 
JOINT 
MEMBER 
SUPPORT 
PROPERTY 
SHAPE 

DRAW HIDDEN • UNE • REMOVED (LIST llst-spec) 
SHRINK '2 
LOAD In 
DFDRAW In 
MODRAW In 
SCDRAW In 
Mfill.RAW In force-spec 
BMDRAW In force-1pec 
ENVELDP force-apee 
SCALE 13 
VAL U E 
STRESS CONTOUR In 

• {X xa} 
secllon·lpec= {~~} rolale-tpec = ! yá r 1 '2 

~ Zll 

. .... "" · I ~~ 1 
r' Zuum factor by wh1ch 'iln.lcturc l'i lo be rcduccd or 

cnlargcd. A valuc les! than 1.0 is far rcduc1ion ;1nd 

grcatcr thiln 1 O is lo cnlargc . 

r' = Shrink factor by which mcmbcr/clcmcnls be 'ihrinkcd. 

V:iluc varics from 0.1 lo O 9 ; 

r' = Scalc íactor by which dcílcctcd shapcs lo be 

multiplictl ~nrmillly ali 'it::Jlcs are autom:1tic:illy 

co1nputcd. llowcver, thc user may changc 1his by this 

command. 

'·Y = , and y shií1 values bascd on 'itructurc coordinates. 

In = Load numbcr to be cons1dcreJ 
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= Mode·shapcs numbcr lo be displaycd. 

xa,ya,La = X, Y and Z anglcs by which lhc s1ruc1urc is to be 
rotatcd 

r1.r} = Maxi1num anti min1mum vatucs dcfining thc rangc 1n 

thc ducc11on perpendicular lo thc spccificd scct1on 
planc. 

Notea \ 

1) Following commantls may be u sed anywhcrc in 1he 1npu1 

ISOMETRIC 
ROTA TE 
SECTION 
ZOOM 
SHIFT 
IOINT 
MEMBER 

= Draw isomctric view 

= Ro1a1c as specificd IR rotatc·spcc. 

= Draw scct1on as spcciíicd IR scclloR·~pcc 
= Draw Wllh a Loom factor ar valuc 1'1 
= Shifl thc ~lrUcturc lo thc spccifictl x, y valucs. 
= Display J01nt Rumbcrs. 

= Display mcmbcr Rumbcrs. 
SUPPORT = Display Hlppofl icons 

PROPERTY = Display propcrly namcs. 

SHAPE =Display thc shapc of 1hc mcmbcr propcrty w11h 

propcr BETA anglc oricRlalioR. 

HIDE = Rcmovc h1dJcR lines whcn clcmcRIS are prcscnt. 

SURINK = Shrink all mcmbcr/clcmcnts by thc faclor off, 

LOAD = Display load 1cons. Obv1ously. this i.:ummantl -can 

be uscd only aftcr thc loadings are providcd. 

2) FollowiRg commands are rclatcd to rcsulls aRd should be uscd 
only aftcr thc PERFORM ANAL YSIS command. 

DFDRAW = Draw dcflcctcd shapc. 

MODRAW = Drow modc shapc. 

SCDRAW = Draw section displaccmcRl. 

MSDRAW = Display force/momcnt diagram on lhe cnlirc slructurc 
for spccHicd In {load numbcr). 

BMDRAW =Display forcc/momcot diagram íor indcpcndcnl 

mcmbcrs as listcd in LIST No more thao 2 mcmbcr 

list.s are allowcd. Use mulliplc DRAW command.s to 

display íorcc/momcnl diagram.s far iRdcpcndcnt 

mcmbcrs. 

• 1 

• '1 
• 1 

• :1 

•· '.I 
•: 1 
•1 1 
•! 1 

•• 1 1 

Sccllon S } 2: 

ENVELOP = Samc as MSDRAW e:itccpt worst of ali active load 

SCALE 
cases. 

= Scálc factor by wh1ch dcflccled shnpcs to be 

multiplicd. 

V ALUE = Display valucs of Forcc/Momcnts. displaccmcnts. 

STRESS.CONTOUR =Draw slrcss·cnntour far finile clcmcnts . 

Exdmple 

Only the contour íor 1hc Absolutc ma:iimum pnncipal 

stress can he plollcd. 

ORAW ISOMETRIC MEMSER SUPPORT PROPEliTY 
ORAW SHAPE SUPPORT 
OAAW SECTION XV 14.9 15.1 
ORAW ROTATE X -20 Y 30 Z 20 HIOE 
ORAW ISOMET MSORAW 2 MZ VALUE 
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i.30 Cut-Off Frequency or Mode Shapes 

.• St>cllutt 

l.~ J 

Purpoae 

Thcsc commands :1rc U'>cd in conjuncllon with dynamic analy'>l'i 

lhcy may be uscd to spccify thc h1ghcs1 frcqucncy or thc nuinhcr 
uf modc shapcs tha1 nccd In he cons1dcrcd. 

General Format: 

M (OFF) 

Whcrc. 

J~aUENCY 11 } 

~E SHAPEl1 

f¡ = Highcsl frcqucncy fcyclc/scc) to be constdcrcd fur J)'namic 
analysis 

•1 = Numbcr of modc shapcs lo he cons1dcrcd lor dynam1c Jnalysis 

lf lhc cut off frcqucncy command 1s not prnvidcd thc ..:u1 off 

írcqucncy w11l dcfault to 108 ..:ps. lf 1hc cut ofí modc <ohapc 

command IS not prov1dcd. lhc l'irst 1hrcc mudes w111 he 

calcula1cd. Thcsc ..:ommanLls 1ÍloulJ be prov1Llcd prior 1
0 

thc 
load1ng "PCLifications. 

1 

:t .j 
1 11 
' •1 111 

·~ • ., • •• 1 • 
•• • 
•1 • ! 

,, ) 

SectJon S 11 

5.31 Definition of Load Systems 

'" 5r'c'rlfJrt 1. 17 

Purpose 

This 'icc11on describes thc 'ipcc1fications ncccssary íor Jcfining 

various load o;ystcmo; ror autnmatu: gcncr:Hion nf ~oving luads, 

lJBC Sc1smic loads and Wind loads. In addiunn, this ~cct1on also 

Jc.,cr1bcs thc spccific:111nn of Tin1c History load íor Time H1slory 

analys1s. 

Deacripllon 

STA,\D has built·tn algnnthms tn gcncr:llc moving load ... latcr:il 

..c11i.mic load .. !pcr thc Cniíurm Building Cotlcl. anti winJ loads on 

J slructurc. L.;-;c ní 1hc load gcncraliun f:tciluy i.:ons1sts uf lwo 

parts: 

l l Dclin1llon nf thc loJJ ~yc¡lcml<;I 
21 Gcncrallon nf pnmary luad cases us1ng prcv1uu-;ly Jcfincd 

luaJ systcm(., ¡ 

Dcfin111on 111 thc loaJ .. y.,tcm('il mu .. 1 he providcd hcforc :iny 

pr1m3t~ load 0.:3'iC i'i ~pcctíicd Thl" ~cct1on Jc<;i.:rihc\ 1hc 

~pccific11i11n of load <>yo;tcm(sl: lnfurmalion un huw lo gcncr:tlc 

primary load case'> using thc dcfincJ load 'iyo;lcm(s) IS Jvail:ihlc In 

Sccllon 5 J:!.12 

·'· ·I 
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ion S 

i .. 31.1 Definition of Moving Load System 

ief' 5t'Ctl0r1 

1 1:? / J 

Purpase 

This sel oí commands may be u sed to deíine the muving load 
system. "> 

General formal: 

12&.f.INE M.QYING l.QAD(f!l.E llle-namel 

{

J.QAD 1,.1 ... .1. Qll¡TANCE d,.d, •.. .í •. , lWIQTH WI } 
IlfEJ 

load-name (1) 

Note thal thc MOVING LOAD systcm m3y be dcfincd in two 
possible way5 · directly w11h1n thc input file or using an c-.tcrnal 
rile. 

The FILE option should be uscd only in lhc sccon<l case whcn 1hc 
data is to be rcad írom an e-.ternal file. The filenamc should be 
1 imlled to 16 characlers 

Mo\ling Loads can be gcncratcd íor framc membcrs only. They 
will not be gcncratcd íor finitc elcmcnts. 

Define Moving Load within inout file 

Use the first TYPE specification. 

!.!e.E j J.QAD 11,1 2, •• .1. Q!iTANCE d,,d2,dtn·1l 
(Yil!!TH w) 

Where, 

= moving load system type numbcr. (intcger) 
r, = value ar conc_ ¡th load 

d1 = distance bctwcen lhe (i+ 1 )lh load and the ¡1h load in the 
direction ar movement 

-~· •w• 
1 •1• 

Sectlon S 2" 

w = spacing between loads perpendicular to the direction of 
movcmenl. lí leít out, one din1ensional loading is assumed. 

Oenne Moving Load uslng an external Cite 

Use the sccond TYPE specification. 

TYPE j lodd-name (1) 

Wherc, 
load-name 
and r =: 

Is the name oí the moving load systcm 
Opt1onal multiplying íaclor to scale up or down thc 
valuc ar the loads. (dcrault = 1.0) 

Follow1ng is á typ1cal rile conlaining lhe dálá. 

CS200 
so. so 9o. too. 
7. 7. 9 
6.5 

'" 

namc oí load syslem (loaJ-namc) 
loads 
dislancc hctwcen loads 
w1dth 

"' "'' 1011 

.,[ 'º I "' I ··u I 
Note thal scvcral loaJ systems may be rcpeáled wilh1n the same 
lile. 

Ali loads and disl&hccs are in currcnt unil !iystcm. 

The STAAD mo\/Íng load generator :1sspmes· 

1) Ali loads are acting irt lhe rtegali\le global vertical (Y or Z) 
directiort. Thc user Í$ adviscd to sel up the slructure model 

accordingly. 
2) Resullant direclion or movement is dettrmined [rom 1he X, Y 

and Z incrcments oí movemcnls as providcd by the user. 
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ST AAD Conunands and Input lru1n1ction1 

Reíerence Load 

The fírsl spec1ficd conccntratcd load 1n 1he mov1ng load o¡ystcm 1s 
designated as 1he reference load. Wtulc generating subsequcnt 

pnmary loaJ cases, thc inllial posi11un or thc lo;id syslcm J.nd thc 

d1rcction of movcment are dcfíned with rcspect to the refcrcncc 

load localion Also note thal, when o¡;aJcct1ng l~c rcfcrcncc load 

loc:H1on. thc value of 1hc w1d1h must be posi1ivc 1n 1he apphc:.ihlc 

global X or Z dircction. Thc íollow1ng figures lllustr:lle lhc conccpl 
oí reíerencc load 

\ 
rclcrt=ncc fllllnl 

. 
X • X 

Tt,;------< 

JI 

\\ 

n:l~rcm.:c puint 

\\ z 

Specihing standard AASHTO loadlngs 

General rormat: 

!!fEI 

where, 

ÍHS20J HS15 · 
H20 
H15 

( 1 1 

· = moving load iyslcm type no. (intcgcr). 

(VI) 

= oplional multiplying íac1or (dcíault = l.OJ 

•4 :• 
• • : 

' 

·~ • 
•1 • •• 1 • 
•a • 
·= • •i• 
•Ar• 1 ... 

Scction S ti!I 

vs = variable spacing as dcfincd by AASHTO, far HS series 
trucks (deíault = 14 ft) 

Example 

UNIT kll> FEET 
DEFINE MOVING LOAD 
TYl>E 1 LOAD 10.0 20.0 15.0 DISTANCE 5.0 7.5 WIDTH 8.0 
TYPE 2 LOAD 20.0 20.0 DISTANCE 10.0 WIDTH 7.5 
TYPE 3 HS20 0.80 22.0 

Notes 

.\11 loads and distances musl he provided in 1hc cuncnl unil systcm . 

Etample 

When data. is providcd thrOugh :In cxlcrnal file c3lled \-IOVLOAD 

Data In Input lile 

UNIT kll> FEET 
DEFINE MOVING LOAD FILE MOVLOAD 
TYPE 1 AXLTYP1 
TYPE 2 AXLTYP2 1.25 

Dála In extetnll !lle MOVLOAO 

AXLtiP1 
10 20 15 
5.0 7.5 
6.0 
AXLTYP2 
20 20 ~·. 

I. 

"T ·"·' .. • 1 ;: 
···-l.! : .• .-.... ~';'-· 
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5.31.2 Definition of UBC Load 

')rr Sirc11ons 

'7 ! llrtd 

I! / 2 

Purpoaa 

Th1s set of commands may be uscd lo define 1hc paramctcrs for 

gcncration oí UBC-lypc equivalen! ~atic lateral loads for '>c1sn11c 
· analysis. 

Deacrlptlon 

Thc STAAD seismic load gcncra1or assumcs that the later:1l loads 
W1ll be cxcrted in X and Z Jirccllons and Y w1JI be 1he d1recllun of 
thc gravity loads. Thus. lora building 1nodcl. Y .1.1.is will be 
perpendicular to thc lloors and pu1nt upward (all Y coord1nalcs 
pos1tivc) Thc uscr is JJvisi.:d lo set up thc modcl :1i.:cordingly. 

Total lateral scumic force or base "hcar is :1u1om<llic:1lly cakulalcd 
by STAAD us1ng the 3ppropriatc UBC i:quationfs) 

V: 

V: 

:-.lote: 

llk 
Rw 

w 

ZIKCSW 

(per use 1994) 

(per use 19851 

1 J All symhols and notouions 3rc pcr UBC 

(1) 

(21 

:!) Base shcar V may be c:i.lculated hy STAAD using ci1hcr thc 
1994 procedurc (cqu.:11ion 1) or 1hc 198S proccdurc (cquation 
2J. The uscr should use thc appropri:1te ~ubc-spcc~ (scc 
General Formal bclow) lo instrucl thc program accordingly. 

STAAD/ISDS utilizcs lhc following proccdurc to gencratc thc 
la1cral scismic loads. 

1. Uscr providcs scismic zonc co-cHicicnt and dcsired "ubc-spcc" 
(1985 ol 1994) lhrough 1he DEFINE UBC LOAD command. 

2. Program calculates 1hc struclurc pcriod T. 

... 
• 11 

• 1 11 

• 11 

•: 'I 
M1 11 

.1 1 

• 1 11 
.;_ 1 

1 

~WJ;;I 

tRijjtl 
' ' .... 

1 

"""""' l u 
J. Program calculatcs e from appropriate UBC cquation(s) 

utililing T. . 
Progn1m calculatcs V from appropriatc equat1on(sl. W IS 

~-

5 

ob1aincJ from SELFWEIGllT, JOINT WEIGHT(sl and 
MEl<1BER WEIGllT(S) provided by lhe oscr lhrougb lhe 

DEFINE UBC LOAD commanJ. . . 
Thc total lateral .:;cismic load (hase shcar) is thcn d1stnbuted by 
thc program .:1mong diífcrcnl lcvels uf the slruclure pcr UBC 

proccdurcs . 

General formal: 

DEFINE use (ACCIDENTAL) LOAD 

ZONE 11 

SELFWEIGHT 

ubc-spec 

JOINT WEIGHT 
jolnt-llsl WEIGHT "' 
MEMSER WEIGHT -- --

mem-llsl 

ubc·Spec = 
for use 1994 

. {! '· } ubc-tpec = 1 17 
far use 1985 ¡ts fel 

whcre. 
= scismic zone cocííicient (0.2, ~-.l ele.) 

• r' 
r, 
r, 
r, 

:;:: importancc ractor . . 
= numcrical co-cfflcicnt Rw íar lalcrill load In X-d1rcct.1on 

. 1 rr·1c1cnl R for lateral loaJ in Z-dirccllons 

r' 
r. 
r, 

nttmcnca co-c w 

sitc ca-cffícicnl far so1I char:1cteristics 

= hnrirnn1al force faclor 
importani.:c fat:l?r 

!f 
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silc l:h:uactcrisuc penad 1Rcfcrrcd to as Ts in thc UBC 

coi.le). Dcfault valuc is O 5 
r9 opuonal CT valuc 10 calcula1c allcrnalivc pcrioJ pcr 

mclhod A of CBC. 

f10 = Pcriud of 'ilruc1urc (In scconds) in 1he X- dircction. 

f 11 = Pcriod oí ~truclurc (in scconds) in 1he Z- Jircclton 

w = 1oinl wcight Jssoc1atcd with hsl 
' 

U1il = spccifics a untfnrmly distrihuted load w11h ;i valuc ul v1 
start1ng al a Jistancc uf v~ ( írom thc slart of thc mcrnbcr) 

and cnd1ng :11 J <listancc of v3 (from thc stilrt of 1hc 
mcrnbcr). lf v~ Jnd v1 are om11tcd, thc load 15 Jssun1cd to 

covcr thc cnt1rc lcngth of thc mcmbcr 

~ = spccifics a conccn1ra1cd fon.:c with l v;iluc nf v~ lpphcd JI 

a Jistancc of v5 (from 1hc 'itart of thc mcmhcr} lf vi is 

nm111cd. thc lo.11..l 1s assumcd 10 act ;it thi: ccnlcr ,,1 1hc 

mcmbcr. 

Malea 

1) lf1hc optinn ACCIDENTAL is uscd.1hc Jcc1dcntal 1or'i1on will 

be calcul:11cd pcr CRC .¡pcc1Ílc.J1ions. Thc vJluc of thc 
accidental 1ors1on l'i hascd un 1hc 'ccntcr 11f mass~ for ~Jch 

lcvcl. Thc ~l'.cntcr or mass~ is l:J.lculJtcd trom 1hc 

SELFWEIGHT. JOINT WEIGllTs Jnd '.\IE'.\IBER WEIGllT, 

spcc11icd by 1hc uscr 

2) In '"ubc·'ipcc~ far 1985 codc, spcc1fication uí TS is np11onal. Ir 
TS is spccificd, rcsonancc co-cfficicnl Sis Jctcrmincd from lhc 

building pcriod T and uscr provtdcd TS us1ng lJBC cqua11ons. 

lf TS 1s nol spccificd, thc dcfault valuc ar µ.5 1s assumcd. 

3) By prov1ding citbcr PX or PZ ur bolh, you m3y ovcrndc thc 

pcriod calculalcd by STAAD and thc uscr dcfincd valuc w11l 

thcn be uscd far lhc base shcar calculation. H yau do nol define 

PX or PZ. thc penotl w11l be calcul3led by lhc program 

4) Sorne of 1hc itcms in thc output for thc UBC analys1s are 

c•plaincd bclow. 

•¡ • 
•t • .1 • • l • 
•1 • 
•-1 • 
• ii • 
•]' • 
• j( • ·--. 
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CALC / USED PERICO 

Thc CALC PER IDO is 1hc peri ad c:1.lculatcd us1ng 1he 

R•ylcigh mcthod (Mcthod B •s pcr UBC codc) For UBC 

in 1hc l-t.lircction, thc USED PERIOD is PX. For thc UBC 

1n thc 1-dirc..:tton. 1hc IJSED PERIOD is PZ. lf PX and PZ 

are nol providcd. 1hcn thc uscd pcriod ts thc 'i:1.mc JS thc 

..:alcula1cd pcnoJ for that Jircctinn. Thc uscd pcriod is lhc 

onc c;ubsiitutcd into thc critic.Jl cqua11on of thc uac codc 

to cJlculalc thc valuc of C . 

C, c-ALT 

According to thc URC codc. C in Eq 3.t-2 has to be 

cal..:ulalcd as pcr a pcnod calcula!cd hy mcthod B and a 

pcriod calculatcd by ~cthod A. Thc formcr is rcprcscnlcd 

in thc ou1put as C. Thc lattcr is multiplicd by 0.8 (80%) 
;ind 1hc rcsul!1ng valuc 1s rcprcscntcd as C-Al T 

5) fn thc 3 nalysts for CBC loads. ;ill 1hc 'iUpports oí thc c;1ructurc 

ha' e to be al thc 'i<lmc lcvcl ;ind havc ta be al thc lowcsl 

clcvation lcvcl oí thc <;tructurc 

Exemple 

So=c Sc..:llon S.):! 1 '.:! undcr Gcncra11un JI CBC Sc1smic Load. 

5.31.3 Colombian Seismic Load 

Pufl>OM 
fhc purposc oí this command is lo dcijnc and gcncralc slati~ 
cquivalent sc1smic loads as pcr Colombian -.pcctfica.11ons us1ng a 
static cquivalent :tpproach ,imilar to those outlincd by lJBC 
Dcpcnding on this dcfini11on, c4u1valcnl lateral loads w1ll be 

gcncr:atcd in X or Z Jircction(s). 
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'fiption 

Thc STAAD <ieismic load gcncrator assumes 1ha1 thc laléral loads 
will be cxcricd in X and Z J1rcctions. Y w1ll be thc dircct1on ul 
gravuy loads. Thus, for a building mudcl, thc Y :Jxis w1ll be 
perpendicular to thc Oours and poinl upward ( all Y coordinalcs 
positivc). Thc uscr is :idviscd to sel up 1hc modcl accordingly. 

Melhodology : 

Scismic Lonc coeffic1cn1 and paramctcr valucs are supplied by thc 
U!iocr through the DEFINE COLOMIB1\N LOAD command. 

Program c:alculatcs 1he natur:al pcri~1d uf bu1ld1ng T u11liL1ng clausc 
l62U.2 01 UBC 199~. 
Dcsign spcctral coeffic1cnl ( Sa) 1s calcul.;ucd t1111i1.1ng T :1s. 

Sa 

ICC 

whcrc, 

Aa 
s 
1 

= 

= 

r\J I el.O ... so TJ whcn. 1) s T s fl.J 'iCC 

! 5 ,\.¡ f whcn, 0.3 < T S O.·HI S 1n ~ce 
1.2 1\:1 S I / T whcn, O ..IM S < T S ! . ..IS 1n 

:\J 11 1 whcn. 2...1 s < r 

Sc1!>m1c Risk f.;1ctor íuscr 1nput) 
Sud S11c Coclíic1cnl íuscr input) 
C11cffic1cnl ni lmponancc t u ... cr 1npul J 

Base Shcar. Vs 1s calcul;11cd as 

Vs 
Whcrc. 

w 

= W • Sa 

= To1al wcighl on 1hc uructure 

Total la1cral scism1c load. Vs is dislnbu1cd by the ptogram among 
diffcrcnl lcvels as, 

Whcrc, 
Cvx 

= 

= 

Cvx • Vs 

( Wx • h•K) 1Ini=1 ( Wx 'hxK 1 

Whcrc, 

w, 
hx 
K 

= 
= 

Wcight at 1he particular lcvcl 
Hcighl of lhat particular lcvcl 
l _O whcn. T S 0.5 scc 

Section S ' ;M 

= O. 75 + 0.5 • T whcn. 0.5 < T S !.5 <ice 
2.0 whcn, 2.5 < T 

General Formát 

DEFINE COLOMBIA:-1 LOAD 
ZONE rt ubc-spec 
SELFWEIGHT 
JQ!NT~GllT 
Jo1111-lis1 WEIGllT w 

MEMBER WEIGllT 
Mem-/ist !UNI ...• ) 

ubc-spec = (1 11, S 13) 

Whcrc. fl, t"J. and f'3 are Sc1sm1c Risk í3ctor. Soil Sitc Cocffk1cnl 

Jnd Cocííicicnl oí lmpurtancc. 

General formal to provi<lc Colomb1:1n Sc1sm11.: lna<l in lny load 

i.:asc: 

LO/\Di 
COLMBIAN LOAD IX/Y/ZI líl 

whcrc ¡ .;1nd f :1rc thc load case numbct and (actor lo mulllply 

horiLontal scismic load rcspcctivcly. 

Examplel 

DEFINE COLOUBIAH LOAD 
zoNE o.n 1 1.0 s t.s 
JOINT WEIGHT 
!11 58 93 100 WEIGHT 1.t.40 
101-108 1U 150 WEIGHT 1000 
151158 113 200 WEIGHT 720 
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LOAD 1 ( SEISUIC LOAD IN X 
DIRECTION) 
COLOMBIAN LOAD X 

ST AAD Comnwids and lnpu1 lnsuuctions 

.31.4 Japanese Seismic Load 

Purpoae 

Thc purposc of 1his command is 10 Jcllnc and gcncralc -.1a11c 
equivalcnl se1sm1c loaJs :is pcr Japancsc -.pec1íic:i11ons us1ng J 

s1a1ic equ1valcn1 approach similar lo thosc oulhncd by UBC. 
Dcpcnding on 1h1-. dclint11on. cquivalcnl lalcr:il 103.Js w1ll be 
gcnera1cd in X or Z Jircclion(s). 

Deecriptlon 

Thc STAAD sc1smic load gcncralor Jssumes 1ha1 thc la1cral loads 
w1ll be c~cned 1n X .and Z Jircctions and Y Vr'ill be thc dirccl!on oí 
gravity loads Thus, ínr l building mo<lcl. Y .1x1s will be 
perpendicular lo thc íloors and po1nt upward 1 all Y coordina.les 
posillvc). Thc uscr is ac..lv1scd lo set up thc modcl :icr.:ordingly. 

Methodology : 

Scism1c .tone coefric1cn1 .tnc..I par:i.mctcr valuc~ .uc -.upphcd hy thc 
uscr through thc DEFINE AIJ LO,\D comm:lnd. 

Progr.am calculatcs thc nalural pcriod oí building T u1ilii.1ng thc 
following cquation 

T 

where, 

h 
11 

h ( 0.02 +o 01 11) 

heighl of building 
ratio oí slccl part 

Dcsign spcctral coefficienl ( Rt ) is calculatcd ulllii.ing T and Te 
as íollows 

• • • • 
• 11 

• • 
•: , 
• 1 ••• ¡¡ 

•1 • 
•j • .. 

R, 1.0 
1 · 0.2 ( Tff. · ll' 
1 6T./T 

ScctionS l4j 

when T <Te 
when T <; T <; 2T . ' 

when 2T, <; T 

a 1 is calculatcd from thc wcight providcd by the uscr in Define ,\JJ 

Lo:i.d command . 

Scismic coeHicient of íloor Ci is calculatcd using apprnpriatc 

cqua1ions 

Ci ~ Z RI A1 Co 

Whcre. 
z 
Co 

1one factor 

:\i ::: 

normal coeíric1cnt oí shcár force 
1 + l 1 I -Íai - a.i ) :!TI f 1 - JT 1 

fhe tot:il \atcr:il sc1sm1c load 1s distributcd by thc program :imong 

Jiffcrcrt lcvcls. 

General Fotmat 

DEFINE lli LOAD 
ZONE n ubc-<pec 
~ELFWEIGllT 
JOINT WEIGllT 
Join1·lis1 WEIGllT w 
\IEMBER WEIGllT 

M<m-lis1 ¡tJNI .••• ) 

ubc-spec: (1 12, CO 13, TC f4) 

Whcrc. fl, f'2. fJand f4 are Zone lactar. ft3110 oí S1ccl Parl, Normal 
cocfricicnt of shear force and Valuc ncaded for calculation of Rt. 

General íormál to providc Japancse Seismic load in 3.ny load case: 

LOADi 
AIJ LOAD 1 X/Y rz} 1 [) 
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Wherc, i and f are load case number J.nd íactor 10 multiply 
horizon1al seismic load respecrively. 

Ex1mple 

DEFINE AU LOAD 
ZONE 0.8 1 O.O CO 0.2 TC 9.6 
JOINT WEIGHT 
51 56 93 too WEIGHT 1440 
101106 143 150 WEIGHT 1000 
151 156 193 200 WEIGllT 720 
LOAD 1 ( SEISMIC LOAD IN X) 
AU LOAD X 

• J 

•• 4 • 
•1 • 
•i 1 

•1 1 

•1 1 
' •• 1 ·• 

-~ • 
·~ • 11 j 1 • •• 1 • 
•J • 
•1 • i 

.¡ 

•a • • 

Stttioo l l 14s 

5.31.5 Definitlon of Wlnd Load 

Purpose 

Th1s 'iel ní command'i may be used tu define thc parame1crs íor 
automallc gcncra11un oí w1nd loads un !he 'iltucture 

General Formal: 

whcre. 

J = 

DEFINE '!'mfD l.QAD 
TYPE 1 
INTENSITY p1 P2 P3 ... Pn l!filGHT h, h2 h3 ... hn 

EXPOSURE 

EXPOSURE 

EXPOSURE 

{
e1 ,lQ!NT jolnt-llst} 

e1 YRANGE 11 12 

-do-

•n -do· 

w1nd loád iys1em typc numher lintcgcri 

p1.p 2.p1 .. Pn w1nd 1n1ensitics (pre'i'iUrC'il in ínrce/árca. Up lo S 
diífcrcnt intensitic5 cán be dclincd 1n thc input íile. 

h1.h1.h1 .. hn corrcsponding hcights 1n glohál vcrtic:ll dircclion up 

joint-list 

r1 :>.nd f1 

to which thc abovc intcnsthes occur. 
cxposurc factor1. A value of 1.0 mcans thal thc wind 

force is applicd on the full inl1ucncc arca associatcd 

with thc joinl(s). 

Joinl list ássociatcd with ,cxposurc factor 

global vcrllc:ll coordinatc válucs to specify vertical 

rángc for cxposurc factor 

lf 1he command EXPOSURE i! not 5pcciftcd, thc cxposure factor is 

cho<en JS 1.0 
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Deacrlptlon 

All loads and heights are tn currc:nl unit systc:m. In thc: list ol 

intensilic:s, thc: íirst valuc oí inlcns11y acls írom thc: ground levcl up 

lo thc íirst he1ghl. Thc 'iccond intc:nslly (p2) acts in thc: Global 

venical ducclion betwc:cn 1hc íirsl 1wo hc:tghts 1h 1 and h2) Jnd so 
on. The program assumc:s that thc ground lcvc:l has 1hc lowcsl 

global vcflical coordinate. \ 1 

E1.posure íactor (e) is thc íraction oí thc: inílucncc arca associatcd 

wuh thc: joinl(s) on which thc load acts. Total load on a particular 

jo1nt is calcula1cd as íollows. 

Jo1nl load= (Exposurc: Factor) X (lnílucncc Arca) X (Wind lntcnslly) 

Thc c1posurc íactor may he o¡peciried by a jo1nt-list or by giv1ng a 

vertical rangc within whll:h Jll jo1n1s will have thc 'i3mc cxposurc 

Ir cxposurc íaclor is nol ,pcc1ficd. it defaults to 1.0 1n whu:h c.:ase 

the cntirc 1nílucnce uca as!IOCliUed with thc joinll '1) will be 

considcred. 

Far PLANE FRAMES. 1nílucncc uca íor cach JOIRI is calculatcd 

considcring unll w1dth f 1 1nch) perpendicular to thc plane of 1hc 
'ilruclurc:. '.'lote that lhe uscr can accomrnodate 1hc ;1c1ual wuhh hy 

1ncorpor;111ng 11 in the Ell.posurc Fa.c1or as follow'S. 

'E1.posurc Faclor j Uscr Spcciricd) = (fr;1cllon of tnlluence .1rcal X 

(inílucm.:c: w1dth íor JOtnlJ 

No lea 

All 1ntcnsities, hcigh1s and rangcs must be prov1ded in lhc currcnl 

unit system. 

•111 

·= • 
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s.31.6 Oeflnition of Time History Load 

5t"f' St"cflo"J 

I l.~ J and 

5 J~_lt):! 

where 

Purpose 

This -;el oí commands may he uscd to define paramctcr-; for Time 

11 1s1ory load1ng on the slrUclurc. 

General formal: 

' 

DEFINE !!ME l!JiTORY l!ll •) 
- {ACCELERATION } 
TYPE 1 (SAVE) 
- EQ.!l.CE 

l~tE:Dt:
0P2 .... t. Pn i 

lunctlon·1pec J 

ARRIVAL !!ME 

•1 82 lj ······· •n 
(12AM.PING d) 

= solútion time 'Slcp· úscd in thc stcp-hy-~tcp 
intcgratlon oí thc uncOupled cquátions. The 

dcíaull valuc oí DT is detcrmined 3s íollows-

a) lí thc h1ghesl modc to be includcd in thc 

response has a írcquency larger than 60 cps. 

DT = 0.0016scc. 
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b) líthc highcsl mude (Nílh modc) has il 

írcqucncy lcss than 60 cps. OT= l/lOth 1hc 

perioJ oí thc Níth mude. 

= typc nunibcr oí time varying load (intcgcr). Up to 

6 1yp.- may be providcd. ACCELERATION 

indic:ucs 1ha1 thc ume varying load lypc is J 

ground motion. FOR'CE 1ndica1cs that it is J 

forcing íunction. 

= Thc savc oplion rcsuhs in thc crcallon of J file 
(input rile namc w11h a ''Tim .. cxtcnsion) 
con1aining 1hc history of thc displ:u:cmcn1s .1f 
cvcry nodc of thc s1ruc1urc al i:vcry time stcp. 
Syotax: TYPE 1 FORCE SAVE 

= valucs uf timc(scc.) and corrcspond1ng force 

(curre ni force unit) ur accclcra11on fcurrcnt lcngth 

unillscc2) dcpcnding on *hc1hcr thc time v:iry1ng 
load is .1 forcing funclion or :1 ~round mution lí 

lhc Jata is speciricd 1hrough 1hc input rile. up to 
299 pairs can be providcd for l!ach 1ypc 1n 1he 

asccnding valuc of lime. More !han onc linc may 
be used 1f neccssary However. if thc Jata¡,. 
proviJcd through an c,;tcrnal íilc. an 11nlimi1cd 
numbcr or time-force pairs may he ~pcc1íicd 

a1 ª:? a 1 ... ª" = Valuc~ uf thc vanous possiblc 1rrival time~ 
(scconds) of thc vanous Jynam1\: load lypcs 
Arrival 1imc is thc time at whit:h a loaJ typc 

bcg1ns 10 act al a jo1nt (forcing funclion) or JI thc 
base of 1hc suucturc (ground motionJ. The same 

load typc may havc Jiffcrenl arnval times for 
differcnl joints and hcncc 1ll 1hose válaes m11s1 be 

speciricd hcre. Tbe amval times and thc limc­

force pairs for thc load lypcs are uscd lo crc:Ue 
lhe load vector ncedcd for each time uep of the 

analysas. Rcfer 10 Sectioo S.32.10.2 for 

infonnation on input speciricallon for applit:a11on 

of the forcing function andlor ground motion 

loa.ds. Up to 99 amval time vaJucs m1y be 

tpccified . 

d 

SecLion .5 24! 

=Modal damping ratio. Dcfauh valuc is 0.05. Gnly 
onc modal damping ralio can be uscd fur lhe 

cntirc 5tructure. 
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No1c lhal lhc "funclion-spcc" op1ion may be úscd lo spccify 

harmon1c loads. Both .. sine" and ~cosinc~ harmon1c íunctions may 

be spcciftcd. Thc program w1ll aulomatically calcula1c 1hc 

harmonic load time history bascd on thc following spccirications -

r1 Ampl11udc of motion 1n cuncnt units. 

f:! lf FREQUENCY, thcn cyclic frctlucncy (cydcs I scc.) 
Ir RPM: 1hcn rcvolutions pcr minute. 

f 1 Phasc .\nglc in dcgrccs. dcfault =O 

f_. No. of cyclcs of loading 

f.s 1imc 'l.lcp of loading, dcfauh = une 1cnth ar thc pcriod 

corrcsponding to 1hc frcqucncy of thc harmonic loading. 

Example 

UNIT FT 
DEFINE TIME HISTORV 
TVPE 1 FORCE 
O.O 1.0 1.0 U 2.0 1.1 3.0 2.2 
4.0 2.8 5.0 2.1 
TVPE 2 ACCELERATION 
o.o 2.5 0.5 2.7 1.0 3.2 1.5 3.1 
2.0 4.2 2.5 4.5 3.0 4.5 3.5 2.1 
ARRIVAL TIME 
o.o 1 .o 1.& 2.2 3.5 4.4 
CAMPING 0.075 

No tea 

The 'READ fn' command is to be providcd only 1f 1hc hislory of lhe 

time varying load is to he rcad from iln cJ.tcmal file. fn is thc lile 

namc. Thc dala in thc cxternal file mu!l be providcd u oac time· 
force pair pcr linc as shown in thc following c1amplc 

' 
' 

; 

Oata in Input lile 

UNIT klP FEET 
OEFINE TIME HISTORV 
TVPE 1 FORCE 
REA.O THFILE 
ARRll/Al TIME 
o.o 
CAMPING 0.075 

Data In lhe Extetnal lila '"THFILE" 

o.o 1.0 
1.0 1.2 
2.01.8 
3.a 2.2 
4.0 2.8 
5.d 2.1 

Exemple tor Harmonlc Loadlng Generátor 

UNIT KIP 
DEFINE tlME HISTORV 
TVPE 1 FORCE 

Scclion.S ~1 

'Fallo.itlrtll llrtel lar H11manlc Lntdln11 Genetalor 
FUNCTION SINE . ., 
AMPlltUDE 6.2831 FREQUENCV 80 CVCLES 100 StEP O.Di' 
ARRll/ Al TIME ,.,; .. , 
~ ·~ 
OAllPING 0.075 . .. 

·el 
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To define more than one sinusoidal load, the input speciíicalion is 
as íollows . 

DEFINE TIME HISTORY , · ! . ;. 
TYPE 1 FORCE. ·i·'" : • 
FUNCTION SINE .. ¡·, 

AMPlrTUDE 1.925 RPM 10794.Jl.CYCLES 1000 
TYPE 2 FORCE 
FUNCTIOH SINE · 
AMPLITUDE 1.511 RPM tlTIM.O CYCLES 1000 
TYPE3 FORCE 
FUNCTION Sl'1!', ... •.• _, 
AUPLfTUDE 1.488 RPM 1785.0 CYCLES. 1000 
ARRIVAL TIME 
o.o 0.0013897 0.0084034 
DAllPING 0.04 . 

Note 

The response (displacemcnts, rarees etc.) will contain the 

contri hui ion OÍ only lbosc modes whosc Írcquency IS (csS tban OT 

equal lo 60 cps. Con1Jibu1ion o( modcs wilh frcqucncy grcater than 
60 cps is not considcred. 

-

,. r: 

.. ,, 
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5.32 Loading Specifications 

Purpose 

This scction dc'icrihcs thc various loading options a.vailable in 

STAAD The íollow1ng command may be uscd lo initiatc a new 

load C3SC. 

General formal: 

b.Q!DIHG 11 (llny load tille) 

11 = any uniquc 1ntegcr numher (Upto íive diglls) lo idcntiíy the 
load case. This number need not be 'iequentia.I wilh the 

prcv1ous loac.J numbcr 

Thc LOADING command 1n11ialcs a ncw load case Undcr lhis 

hc:id1ng. all Jirícrcnt loads rclatcJ tu 1h1s loading numbcr can be 
inpul. Thcsc diífcrcnt kinds of loads are dcscribcd bclow. 



ST AAO ConurwxtJ &nd lnpu1 lns11Uctiow 

_ .32.1 Joint Load Specification 

~ Jt'C/lott 

'ó / 

Purpoae 

Th1s set of commands may he uscd 10 spcc1fy JOINT loads 011 lhc 
struclurc. 

' 
General formal: 

jolnl-llot 

FX, FY aod FZ spccify a force in thc concsponding global 
d1rci:1ion. 

MX, MY and MZ specify il momcnl 1n the corrcspo11d1ng glob.11 
dircc1ion. 

r,. f? .. f6 are lhc valucs of thc loads. 

Example 

JOINT LOAD 

3 TO 1 1 11 FY -17.2 UZ 180.0 
s •.. fX 15.1 
12 MX. 180.0 FZ 8.3 

Noteo 

Joint numbers may be rcpe:ucd where loads are meant lo be 
1ddi1ive in lhc joinl. 

1 -r-• 
·~ 

¡. 
•i ,. 
·~ • 
•a • 
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3 2 Member Load Specification 5. 2. 

Purpoae 

d ·¡" MEMBER loads on fhic; c;cl of commands may be use to <ipcc1 y 

íramc mcmhcrs. 

General formal: 

MEMBER LOAD 

member-llat 
{

UNI or UMOM 
i;Qli or CMOM 
LIN 
TRAP 

dirl!Cllon-apec 
dlrl!Clion-apec 
local-spec 
diíl!Cllon-tpec 

dlrectlon-apec = loce~ipec = {i } 

UNI or UMOM 

CON or CMOM 

spcc1rics a uniformly distnbutcd loador momcnt 
w11h a valuc of r,. ata dist.incc of f2 from thc 

sl.art of thc mcmbcr to thc starl of lhc load, and a 
distancc of f1 from thc sl:trl of thc mcmbcr lo thc 
cnd of thc load. Thc load is assumcd lo cover lhe 

full mcmbcr lcngth if f2 and f1 are omillcd .. 

spcci rics a conccnlraled rore e or momcnt with a 
valuc off~ applicd al J distancc of r6 from thc 

1tarl of thc mcmbcr. r6 will dcfault to half thc 

mcmbcr lcngth if omilled. 

Perpendicular distancc from thc membcr ~hcu 

ccnlcr lo thc planc or loading. Thc valuc IS 

. . . thc general dircction of lhc parállel {or pos1llvc In 

closc lo pirallclJ local uis. 
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spcciíics a lincarly dccrcasing or incrcasing, ora 

lriangular load. lí 1hc load is lincarly incrcasing 

or dccrcasing 1hcn r7 is lhc valuc al thc slart of 
thc memhcr and fa is thc value at thc cnd. lf the 

load 1s 1riangular, thcn f7 and fa are input as tero 

and f9 is the value 11f 1hc load in the m1ddlc of the 

mcmher 

spcctfies a lrapc101dal linearly varying load which 

may act o ver lhc full or par1ial lcngth oí a mcmbcr 

and 1n a local, global or projectcd dircclion. Thc 

slarling load valuc is givcn by r10 and thc cnding 

load valuc by r11 . Thc loading loca1ion 1s givcn by 

r12• thc lnading starting po1n1. and r11, 1hc 
slopping point. Bo1h are mcasured from thc slarl 
of 1hc mcmbcr. lf r12 and f¡J are not givcn, thc 
load is assumcd lo covcr thc íull mcmber lcngth. 

X, Y, & Z in thc direcl1on-spcc :1nd loc:1l-spcc spcclíy thc dircclion 

oí the load 1n thc local (mcmbcr) '·y and t-ai;cs. 

GX, GY, &: GZ in thc direction-spcc spccify thc Jirection oí lhc 

load in lhc global X, Y. and Z-axcs. 

PX, PY and PZ may be uscd if thc load is to be :ilong thc prnJCclcd 

lenglh of thc mcmber in thc correspunding global direcllon. Load 

sl:ut and cnd distanccs are mcasurcd along thc membcr lcngth and 

not thc projectcd lcngth. 

No tea 

Spccirication oí global axes is nol pcrmissiblc íor the linear load 

(LIN oplion). 

lf thc mcmbcr bcing loadcd has oífscl distanccs (scc MEMBE:R 

OFFSET spccification), thc location oí thc load is mca.surcd nol 

fr~m lhc coordinatcs of thc slartin& nodc hui from thc ofíscl 

distancc. 

·Trapezoidal loads are convcrtcd inlo uniíonn loads plus scvcral 

concenlratcd loads. 

c. ' ... 

. .• 

Example 

MEMBER LOAD 
819 CON GY -2.35 5.827 
88 TO 72 UNI GX -0.088 3.17 10.0 
186 TRAP GY -0.24 -0.35 O.O 7.96 
3212 UN X -5.431 -3.335 
41018 UNI Pl -0.075 

S.Cúon 5 1 2 

:'; ? 
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j.32.3 Element Load Specification 

Purpoae 

This command may be used to specify various lypes of ELEMENT 
LOADS on the platc clemcnu. 

' 
General formal: 

illMENT LOAD 

PAESSUAE {ll } 
elemenl-1111 

{~} IBAP 

Oeocrlplion 

Thc PRESSURE apitan shoulJ be uscJ whcn .t L.:NIFOR~ prc\surc 
necJs to be spcc1ficd_ Thc unifurm PRESSURE may be prov1dcd on 

thc cn1irc clcmcnl oran uscr specificd portian of thc clcmcn1 

(dcfincd by .t 1, y1 and '~·y~· scc Jcscr1p11on hclowl. lf 1 1• y1 and 

1:!. y2 are not providcd. thc prcssurc 1s applied nn 1hc cntirc 

clcmcnt. Jf only .t 1• y1 t~ prov1dcd. 1hc load IS .issumcd as 3 

conc~nlratcd load applicd al thc spccificd po1nl. 

:"101c 1ha1 thc PRESSURE mily be providcd cuhcr 1n GLOBAL 

(GX. GY, GZ) dircc1ions or in local Z dircction lnormal to thc 

clcmcnl). lf thc GLOBAL Jirection 1s omillcd, lhc applicd loaJ1ng 

is assumcd lo be in thc local Z dircction. 

GX,GY,GZ Global direction specification for prcssurc denotes 

global X. Y. or Z dirccllon rcspectively. 

• ' • 1 

• 11 

• (1 

• " •t t ti 

•1 1 11 

• •1 ~1 l 

•·: l\t 

Srt St'cllon 

J.6 

X or Y 

1 nl·JI Y 

l.ucal X 

Uniforml~ l.1ladcll 

\re:J 

Scction S 259 

Elemcnl pressurc (force/squ:ue of lcngth) or 

t 3,cd \o:uJ (íorce) '.'lote 1hat f, is ;issumcd 
caneen r · d 
as 3 concentr:uc<l load if t:! 3nJ y~ are om1llc . 

Co-ordinatc poin1s in locill co-ordinalc sys~c~ 

l'nlhKTnl' \'Joino; 

f'f~"\S 1 ltlfl \ 1 

(center nade is orig1nl dcí1n1ng 

1hc rcctangúlar •nea on which 

thc ptcssure is applicd . 

The TRAP option should be 
uscd when 3 linearly vary1ng 

prcssurc necds lo be ~peciri_ed. 
Thc vari:ition muc;t be prov1dcd 

uvcr thc cntirc clcmcnl 

D1rcc1ion of v3r1:J.tion of dcmcnt prcc;surc. . . 
Thc TRAI' XJY optiort indíc:J.tcs thill ihc vanallon 

oí thc Trilpczoid is '" thc lnt:al X or in the local ~ 
directinn. Thc load always acts in 1hc local z axis. 

Pressurc intcnsily al starl. 

Prcssure intcnsity at cnd 

Notc~:Start" ancl ~end" dcfincd abovc is,based on posilivc dircctions 

f1hclocalXorY:1xis , fh 
o y indicatcs thc <lirection of vanahon o t e 

2 Whtlc l~deaXI 1::d thc load itsclf acts in thc local z dircction. 
uapezo1 · 



!~uonS 
.nple 

LOAD 4 
ELEMENT LOAD 
1 7 TO 10 PR 2.5 

ST AAO Command.t .ind lnpu1 lnurucuons 

11 12 PR 2.5 1.5 2.5 5.5 4.5 
15 TO 25 TRAP X 1.5 4.5 ~ 
34 PR 5.0 2.5 2.5 
35 TD 45 PR ·2.5 

... 
•1 • •1 • 
•i ,. 
•1 • 
•: • 
•¡ :• 
•; • 
•1 • ., • •l• ' 

·. ,, 

""'""" l 1 u 

5.32.4 Atea Load/Floot Load Speciflcation 

I 16.J 

Purpose 

Tlicse i::omman<ls may be used lo "ipec1fy ARE,\ LOAD"i ur FLOOR 
LOADs on a structure. Thc AREA LOAD may be used for 
modchng onc-way distrihuuon and thc FLOOR LOAD may be uscd 
for modcling two-way distribu11un. 

Genetal lorrnat lor AREA LOAD: 

rnernbér·ll•I ALOAD 11 

r1 = Thc v:iluc oí thc arc:ti load t unit wcigh1 nvcr '§quarc lcngth 
llnll ). Th1s lo.ad .;il-w:iy! :tcU along thc posit1vc local y-axis. 

For thc mcmbcrs oí a FLOOR analysis. this Jircctlon will 
coincide with global vcrtic:il J:.:is in mo"il cases. 

(For Jclailcd Jcscripliun. rcfcr to Sccl1on 1.1 

Exarnple 

AREA LOAD 
2 4 TO 8 ALOAD -,250 
12 18 ALOAD -.500 

Note 

Arca lojd should not be spcciricd on mcmbcrs dcclárcd :1s 
MEMBER CABLE, MEMBER TRUSS or MEMBER TE:-<SION . . 
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General Formal lar FLOOR LOAD: 

FLOOR LOAD 

r' 

Note a 

11 12 FLOAD 13 (XRANGE 14 15 
ZRANGE 18 17 ) 

Global vertical coordinalc valucs lo spcc1fy vcr11cal range 

The íloor load w1ll be calcula1ed far all mcmber'I ly1ng 1n 

the global hor1Lontal planc wi1hin lhe ~pcc1ficd global 
ver11cal rangc 

The value of 1hc íloor load tuntt wc1ght ovcr squarc lcngth 

unil) Th1s load Jlways acts parallel 10 thc global vcrtu:al 

Jxts A pos1t1vc valuc s1gn1fic'I thal thc load is :acllng in 

thc pos111vc global Y direcllon. A ncga11vc valuc 1ndicatcs 

a load in thc ncgat1ve global Y d1rcc11on. 

Global X or Z l'.oordinalc valucs to dcíinc thc corncr points 

of thc :arca on wh1ch thc spcc1f:cd íloor load (í1) Jcts Ir 
nol spccificd. thc íloor load will be cakulalcd for Jll 

mcmbcrs in ali tloors w1th1n thc spccificd global vcrt1c:al 

rangc. 

1 J The structurc has lo he modeled tn such a w:iy 1ha1 thc ~lobal 
vcr11cal axis remains perpendicular to the íloor plancl s 1 

2) For thc FLOOR LOAD spcc1ficauon, a two-way dis1nbu1ton of 

thc load 1s considcrcd For thc AREA LOAD spcc1fica11on, a 

onc-way aclion is considercd 

3) FLOOR LOAD from a slab is distributcd on thc adjoin1ng 

mcmbers as trapezoidal and triangular loads dependin& on 1he 

lcng1h of thc sides as shown in thc diagrim. lnternally. thcse 

loads are convcrtcd to muhiplc point loads. 

>-----------< 

. 'I 

Mcmbers 1 and 2 get full trapezoidal 

.. ,.~ and tnangular loads rcspectively. 

Mcmbcrs 3 and -l gel partial trapeL01dal 

loads and 5 and 6 gel partial lnangular 

load. 

-=-
•¡ • 
-~ • ., • 
•·1 • 
•4 • ·= • 
•1 • •• ~ • 

Scc1ion 5 :U.; 

--! ) Thc load pcr unit arca n1ay not vary íor ll particular panel and it 
is assumcd to be continuous and without hales 

5) The FLOOR LOAD facility is not available 1! the SET Z UP 
command is uscd (Scc Section 5 5.J 

fhe load distribution patlcrn depcnds upon thc shape or lhc panel. 
lf the panel 1s Rectangular, the tlistribution w11! be Trapezoidal and 
tnangular as e.:plaincd in thc íullow1ng diagram. 

z 

X 

l 
6 

For á panel which is not rectangular. thc distnbution 1s descrihcd 

in following diagram. 

Fitst, thc CG of thc polygon is calculatcd Thert, cach corner is 
connected 10 the CG to form triangles as shown. For cach trianglc. 
:i venical line is drawn from thc CG t~tbe opposilc s1dc. Ir the 
point oí inlerscclion or thc vertical linc and the ~idc falls outside 
the trianglc. 1hc arca oí that tri:inglc will he calcul:itcd andan 
equivalent uniíorm dislJihuted load will be applied ~n that side. 
Otherw1se a triangular load will be applied on thc s1de. 
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' 
' ' 

' ' 
',. _I L _T_n_an_g_u_lnr_, 

... :/ 1 UDL 

2 

' .... ,, , 
' , ------------.......... :· ... -:::~----------r----~ 

1 rnangular 

Tnangular 1 

--- -- --
Tnangular --

1 

The Input lor FLOOR LOAD la explelntd through en 
•xample. 

Lat ua conalder the lollowlng lloor plan al y = 12'. 

1' .... 1···' 
' .. 

... 
•-i. 
·~· 1 

. .... ¡~; ~ "· 

Sccu~ s \ us 
11 the entlre !loor h8* a lo•d of 0.25 (lorce/unlt etH), 
then the Input wlll be H lollowa: 

LOAD 2 
FLOOR LOAD 
YR 12.0 12.0 FLOAD -0.25 

11 In lhot 1bove u•mple, panel A hH 1 hiad ol 0.25 lnd 
penela 11 and C have 1 load of 0.5, lh11n the Input wlll 
be aa followa: 
Note the UHge of XRANGE, YltANGE 1nd ZltANGE 
lpeclflcatlonl. 

LOAD2 
FLOOlt LOAD 
YR 11.9 12.1 FLOAD -0.25 XR O.O 11.0 Zlt O.O 18.0 
YA 11.9 12.1 FLDAD -0.5 Xl111.0 21.0 ZA O.O 18.0 
LOAD :t 

The progtam lhlernally ldentlll .. the p1nel1 (ahown ae 
A, 11 and e In the figure). The lloot load• ar• 
dlatrlbuted 11 trapHoldal and triangular loada H 
1hown by dottotd llnH In the t111ure. Thot negativa algn 
lor the lold 1lgnlllél lhal 1111 lppllad In the downwerd 
global Y dlrectlon. 
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i.32.5 Prestress Load Specification 

·r~ Secllon 

, l 

~: 

Purpoae 

This command may be uscd to spcciíy PRESTRESS loads nn 
mcmbcrs of Lhc slructurc. • 

General Formal: 

{:STRESS } 
~BER l!.QAO) 

TSTRESS 

. {~ '· } member-llat EQBCE f1 ~ 13 

'• 
r, = Prcstressing force. Th1s value is positive IR lhe dircc1ion oí 

1hc local t·axis. 
ES = spcciíics ccCcntricity of thc prcstrcss force al 1hc s1an oí 

thc mcmbcr al a distancc f2 írom thc ccntroid. 
EM spcc1íics ccecnlnctly oí thc prestrcss force at 1hc m1J potnl 

of thc mcmbcr al a dis1ancc r 1 írom thc ccntro1d. 

EE = spcc1fics cccentnclly of 1hc presucss force a.t the cnJ oí 
the membcr al a d1sta.ncc r, from thc ccntroid. 

Deacrlptlon 

Thc lim option, (MEMBER PRESTRESS LOAD). considcrs thc 
cíícct of tbc prcslrcssing force during its application. Thus, 

lransvcrsc shcar gcocratcd at thc cnds oí thc mcmber(s) subjcct 10 

thc prcslrcssing force is transfcrrcd to thc adjaccnt mcmbcrs. 

Thc sccond option, (MEMBER POSTSTRESS LOAD), considcrs 
thc cífcct oí 1hc cxisting prcstrcss load aflcr thc prcstrcssing 

opcra1ion. Thus, transvcrsc shcar at thc cnds of thc mcmbcrt sJ 

subjcct to the prcstrcssing force is nol transíerrcd to thc ad1accnl 
mcmbcrs. 

Example 

MEMBER PRESTRESS 
2 TO 7 11 FORCE 50.0 
MEMBER POSTSTRESS 
8 FORCE 30.0 ES 3.0 EM -8.0 l:E 3.0 

ScctionS 267 

In thc firsl cxample. J. prcstress1ng íorcc oí 50 kip'> 1s applied 
through thc ccntroiJ (i.e. no ccccntncity) oí mcmbcrs .1 lo 7 <lnd 

11 In thc second cxample, a poststrcssing force oí 30 k1ps is 
Jpplied wllh an ecccntricity oí 3 inchcs al thc starl, -6.0 1nches al 

1hc middlc, and 3.D JI thc cnd oí mcmbcr 8 . 

Onc oí thc limi1a11ons in using this command is 1hat under any onc 
load case. nn any givcn mcmbcr. a prcslrcss or po'>lstrcss load may 
he applicd only once. tí thc givcn mcmbcr carrics mult1plc 'ilrcsscJ 
cahles or has a PRESTRESS anJ POSTSTRESS load cond1tion • 
.;.uch 1 <;itua11on will havc to be spcciíicd 1hrough muhiplc load 
c;ises íor thJ.l mcmbcr. Scc examplc bclow. 

lncotrect Input 

LOAO 1 
MEMl!ER PRE!llRESS 
8 7 FORCE 100 ES 2 EM -3 El: 2 
6 FORCE 150 l:S 3 EM -8 l:E 3 
PERFORM AHALYSIS 

Corrécl Input 

LOAD 1 
MEllBER l>RESTRl:S!I 
8 7 FORCI: 100 ES 2 EM .3 EE 2 
LOAD2 
MEllBl:lt l>ltESTRl:S!I 
8 FOllCE 150 ES :1 Ell ..& EE :1 
LOAD COMB 3 
11.021.0 
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r'ERFORM ANALYSIS 

Examples ror Modeling Techniques 

Thc íollowing examplcs dcscnbc thc partial inpul Jata for thc 
mcmbcrs anJ cable proíilcs showri bclow. 

Exampla 1 

·r:=;·--f--=1 
r-·----

JOINTCOORO 
100;2100 
llEllBINCI 
1 1 2 

UNIT INCH 
LOAD 1 
UEUBER POSTSTRESS 
1 FORCE 100 ES 3 EU ·3 EE 3 
PERFORM ANALYSIS 

-! 

' .. 
• -t=-•·1• •• 1 • ' 1 

·~ • 
•1 • 
•·i • 
•1 • 
•-j • 
··'. • •• a • 
•: • . , . .,. 
.'1' 

j "~;: 

Example 2 

·~·------=r,- - -----~· 
,4,J 

JOINTCOORD 
100:2200 
llEUB INCI 
1 1 2 

UNIT INCH 
LOAD 1 
PRESTRESS LOAD 

¡ ~ ': 

1 f:ORCE 100 ES -3 EM ·3 EE -3 
PERf:ORM ANALYSIS 
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Eumpla 3 

JOINT COCAD 
1 o o: 2 5 o; 3 15 o o: 4 20 o 
MEMB INCI 
112;223;334 

UNIT INCH 
LOAD f 
PRESTAESS LOAD 

ST AAD Commands and lnpul lnsuuctiom 

1 FORCE 100 l!S 3 EU O EE ·3 
2 FORCE 100 ES ·3 EU -3 EE ·3 
3 FORCE 100 ES ·3 EM O EE 3 
PEAFOAM ANALYSIS 

••• 
1 .• 

Example 4 

-------- ~~ ·~ 

JOINT COCAD 
1 o o : 2 10 o; 3 20 o o 
MEUB INCI 
112;223 

UNIT INCH 
LOAD 1 
PAESTAESS LOAD 
t FORCI! 100 l!S :1 l!U O l!I! ·:1 
2 FORCE 1óO ES -3 EM O EE 3 
PEAFOltU ANALYSIS 

Sccrion ~ t. 

. ·, 
',./ 
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Ellomple S 

·lf=;--1,--~\1-'"-----=-:_~l· 
!----~ • ·- ----+----

JOINT COORD 
1oo;210 o; 3 20 o o 
UEUB INCI 
112;223 

UNIT INCH 
LOAD 1 
PRESTRESS LOAD 
1 FORCE 100 ES 3 EU -3 EE 3 
2 FORCE 100 ES 3 EU ·3 EE 3 
PERFORU ANAL YSIS 

' 

·-·-----j 

• 
m.+41.iitl 

•1 11 

•1 ~ 
•1 JI 

•• 1 1.1 

•l 11 

•l t:I . , r.1 

•1 CI 
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5.32.6 Temperature Load Speciflcatlon fot 
Members and Elements 

I 16 () 

Putpose 

Th1s command may be uscd to spcc1íy TEMPERATlJRE loads or 

'ilrain loa<ls on mcmbcrs and clcmcnls. 

General forrnat: 

TEMPERATURE LOAD 

{

TEMP 
memb/elem-llsl 

llJ!AIN 

r, 12 } 

13 

r1 = Thc changc in tcmpcr;Uurc which will cause axial dongation in 
1hc :ncmhcr<; ur un1fnrm volurnc c:..pans1on 1n clcmcnts. Thc 

tcmpcra1ure unit is thc 'iamc .is thc unil choscn íor che 

cocffit:icnt oí 1hcrm:1.I cxpansinn ALPHA undcr 1hc 

CO'.'JSTANT command . 

I~ = Thc tcmpcraturc J1ffcrcnt1al frnm thc top lo thc bottom of the 

mcmhcr or clcmcnt !T,0 p 1ui 11u· Tb0110,. ouirur)· Ir f~ 1s omittcd, 

no bcnd1ng w1ll he considcrcd. 

t 1 = ln111.1I Jxi:1I clongaltun ( +J/ .. hnnkagc 1 J in mcmbcr Juc lo 

m1slil. cte. in lcngth unit 

Example 

TEMP LOAD 
1 TO 9 15 17 TEMP 70.0 
18 TO 23 TEMP 90.b 88.0 
8 TO 13 STRAIN 0.45E--t 
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Note 

11 is not nci;cssary nor poss1ble to spccify thc units for tcmpcr:ilure 

or for ALPHA. The uscr must cnsure that thc v:iluc providcr..I lor 

ALPHA is consisten! in lcrms oí un1ts with !he v:iluc providcr..I tor 

thc lcmpcr:iturc loat.I (sce Scction 5 26) 

... 

.(. 
•a• 
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5.32.7 Fixed-End Load Specificatlon 

I 16-' 

Purpose 

This command may be uscd 10 spccify FIXED-END lo:iJs on 
rncmbcrs of thc structurc 

General formal: 

FIXED ( END) LOAD 

membar-llst I,, 1,. ..... 112 

f
1 

• r
6 

= Forcc-x. shcjr·y. shcar-1.. torsion. momcnl·y. momcnt-1. 

(Jll in 101.:;>.I .:oorJinalcsJ :ll thc .;Inri of 1hc mcmbcr. 
f 7 f

1 
~ ::: Samc as abo ve cxccpt ll thc enJ uf thc mcmbcr. 
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'i.32.8 Support Displacement Load Specification 

'º 7 

Purpoae 

Th1s command may be U'icd to 'ipct:tly SLPPOR r 
DISPLACEMENT load on <iupports nf 1hc struc1urc 

General formal: 

~PORT ~PLACEMENT ( LOAO) 

1upporl jolnl·lill ¡~ l '• 

Wi1h 1h1s i.:ommam..I. thc ~upport di'liplaccmcn1 l'li modclcJ J~ a load 
Sote that displaccmcnl cannnt be <ipcc1ricd in l Jnccllon in wh1ch 

lhc support is rclcascJ. 

FX. FY. FZ spcciíy tran'lilalional displaccmen1s tn global X. Y. Jnd 

Z directions rcspcctivcly MX, ~y. MZ ipcctfy ru1a11onal 
displ:1ccmcnts in global X. Y. and Z dirccllons 

f1 = Valuc of thc corrcsponding displaccmcnt For translauunal 
displaccmcnts, thc untt 1s 1n thc cuncntly ~pcc1ficd lcngth 

unll, whilc for ro1:111unal displaccmcnts thc unll is always in 

dcgrecs. 

------·-·· 

-

•::-• 
Er • 
·= • 
•:-:- • ._¡ • 
•a • 
•~ª1 • 
11-! • •• • 
-~ • 

11 

Example 

UNIT INCHES 
SUPPORT DISPL 
5 TO 11 13 FY -0.25 
19 21 TO 25 MX 15.0 

Scction S l' 

In this cxample, thc jo1nts uf thc lirsl suppnrt lisl ,.¡JI he displaced 
hy O ~5 im.:h 1n 1hc ncgative global Y dircction. Thc JOints of the 
sccond support li<it w1ll be rotatcd by 15 dcgrccs aboul the global 

X-aus 

Notes 

Support J1<iplaccmcnts can be applicd in upto .t lold t:3scs only 

Thc <;Uppnn Jisplaccmcnt load <;hould nol he jppltcd tJn j slructurc 

whu:h .:on!J1ns íin1tc clcm,cnls. 

,, ' 
: { 
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5.32.9 Selfweight Load Specification 

Purpoae 

Th1s command may be usctl lo calculatc and :ipply thc 

SELFWEIGHT oí thc ~tructurc íor aiaalysis 

General formal: 

illFWEIGHT 1, 

This command 1s uscd 11' thc sclí-wc1ght of thc struclurc is 10 he 

~ons1dcrcd. The sell-wc1gh1 oí cvcry :.lct1vc mcmhcr 15 ~akulatcd 

anti applictl as a uniíormly d1s1nbutcd mcmhcr loatl. 

X. Y,&. Z represen! 1hc global dircclion 1n wh1ch 1hc ~clfwc1ght 

J.CIS. 

r1 = Thc íactor to be uscd 10 muh1ply thc sclíwc1ght. 

This command m:iy also he uscd wi1hou1 Jny dircclion Jnd fJctnr 

ipccific:uion. Thus. 1í 'ipcciíicd Js "SELFWEJGHT". luads wdl he 

;ipplicd in thc ncga1ivc ~lnhal Y d1rcct1on w11h J raclor uf un11y 

No lea 

Ocnsily must be prov1Jed far calculation oí thc ielí wc1ght. 

Thc sclfwcight of finllc clcmcnts is convcrtcd to joinl loads JI thc 

conncctcd nades anti is nol uscd as an clcmcnl prcssure load 

• 'I 

•n~:1 

•1 1 

·~ • 
•w 1 

···: 1 

Scction S 279 

5.32.1 o Dynamic Loading Speciflcatlon 

Purposa 

Thc conimand spcc1fica'tion nccdcd to perform respon~c -;pe~trum 
ana\yc;is anJ 1imc-h1story analysis is cxphuncd in thc 1olluw1ng 

'iCCllORS. 
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>ccuon 5 

.i.32.10.1 Response Spectrum Speciflcation 

Purpoae 

This cnmmand may he uscd to speciíy and apply 1hc RESPONSE 

SPECTRUM load1ng 1ur Jynam1c Jnalys1s. 

General Formal: 

1,} 
1, 
13 

' 

{~} """ ~LEIJ lJ2AMPIJ 

Whcrc. í 1 ... f1 are thc lactors for input 'pcc1rum to he applicd 1n 
X. Y & Z Jirccllllns Any 1>nc nr 311 d1rct.:llons t.:Jn he input. 
Dirccllons nut prov1dcd w11l JclJult 10 tero 

Where, f..1 = Scale fa1.:1or hy wh1ch 1he response spcctrum 1.., 

modified Delaults to 1.0 1f nul spcc1íicd. 

Whcrc. r5 = Damping í-:aclor. Dclault valuc is O.U5 f5<t Jamp1ng) 
Th1s valuc ts ncccss;uy for thc CQC \.lcthud only 

Whcrc. ACC or DIS llanJ.., for ..\..:cclcration •Jr 01..,pl:u.:cmcnt. 

Whcrc. PI. V J, P2. V~: .. ; Pn. Vn = Valuc~ of penods tscr.:) and 

corresponding ilccclcralion fcurrenl lcngth unillsec:!) or 
displacemcnt lcurrcnt length unil) as thc case may be 

More than one linc may be uscd if ncccssary. Use nf 

hyphcns (-) at thc cnd of thc line is not pcrmillcd to 

continuc data lo thc ncll llnc. Spcctrum pairs should be 

provided in asccnding valuc of pcrioJ, with a m.aximum of 

99 'pcctrum pairs. 

L .. 
•'1 1 

•-1 • 
•'! • 
•q • 

' -•1 • 
• ' 
ll:fll· •-f. 

' 

; 
~ 

• a1:=a 
~ 

1 ·~~ 

~~ .;'\' 

!l°f!r Sf!cllonr 

//81.510. 

11nd 5 )4 

Scc1ion 5 

De•crlptlon 

Note that if SPECTRUM SRSS is uscd, modal combinations ate 

done .iccording to SRSS (<;,quare root of summation of sqUarc!iJ 
mcthod. Othcrwi'ic, lhc CQC (complete qu.:1dratic combination) 
mcthod is used. 

Th1s ..:ommand 'ihuuld appcar as part of a loading <;,pccilic:ition. H ¡¡ 
ts thc first uccurrcncc, it should be accompanicd hy thc load data to 
be uscd for frcqucncy and modc shapc caJcula1ions. AJdilional 
nccurrcnccs nccd no add111onal information. Maximum response 
spcctrum load cases ::illowcd in onc run Is -l. 

Rcsults oí frcqucncy Jnd modc '!:hapc c:tlculations mav varv 
.;.1gn1ficantly depending upan thc mass modchng All ~ctiv~ masscs 
should be modelcd as lo:ids. All masscs tha1 are c:ipablc of moving 
should be 1nodelcd as loi1ds, applicd 1n ali poss1blc dircctions of 
movemcnl. In response spcc1rum analysis. all n1assc'ii 1hat are 
capablc of moving 1n thc dircc11on of thc ~pcctrum mu">I be 
providcd :Is loads :icting tn that dirccllon ,\n illustr:111un of ma'is 
modcling is availablc. with cxpla.natory commcnts, 1n Etample 
Prohlcm No 11 

LOAD 2 SPECTRUM IN X-DIRECTIDN 
SELFWEIGHT X 1.0 
SELFWEIGHT Y 1.0 
SELFWEIGHT Z l.d 
JOINT LOAD 
Id FX 17.5 
Id FY 17.5 
10 FZ 17.5 ¡ 
SPECTIWM SRSS X 1.0 ACC SCALE 32.2 
0.20 0.2 ; 0.40 0.25 ; O.SO 0.35 ; 0.80 O.O ; 1.0 0.47 
1.2 0.5 : 1.4 0.85 ; 1.8 0.87 ; 1.1 0.55 ; 2.0 0.43 
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'.1-lultiple Response Speclta 

I! ~ere is mo~e 1han nne response spcctrum Jc/incd 1n 1hc inpul 

hle, lhe load da1a should accumpany thc first sel ni o¡pcc1rum .Jata 

unly. In thc 5Ubsequcnt load cases. only the spcctra )houJJ he 

Jcfincd. Scc examplc bclow. 

LOAO 1 SPECTRUM IN X-OIRECTION 
SELFWEIGHT X 1.0 
SELFWEIGHT Y 1.0 
SELFWEIGHT Z 1.0 
JOINT LOAD 
10 FX 17.5 
10 FY 17.5 
10 FZ 17.5 
SPECTRUM SRSS X 1.0 ACC SCALE 32.2 
0.20 0.2 ; 0.40 0.25 ; 0.80 0.35 ; 0.80 0.43 ; 1.0 0.47 
1.2 0.5; 1.4 0.85; 1.8 0.87; 1.8 0.55; 2.0 0.43 
• 
LOAD 2 SPECTRUM IN Y-DIRECTION 
SPECTRUll SRSS Y 1.0 ACC SCALE 32.2 
0.20, 0.1 ; o.4o 0.15 ; 0.80 o.33 ; o.ao o.45 ; 1.00 o.4a 
1.20 0.51; 1.4 0.63; 1.8 0.67; 1.10.54; 2.0 0.42 

LOAD 3 SPECTRUM IN Z-DIRECTION 
SPECTRUll SRSS Z 1.0 ACC SCALE 32.2 
0.20, 0.2 ; 0.40 0.25 ; 0.80 0.35; 0.10. 0.43 ¡ 1.00 0.47 
1.2~ 0.5 ; 1.4 O.IS ; 1.8 0.17 ; 1.8 0.55 ; 2.0 0.43 

··-· 1' ..!. 
5.32.10.2 

~t'f' ~rc/UHll 

J L~ J. 1JnJ 

! J 1 j 

Application of Time Varying Load for 
Response History Analysis 

PUrpose 

Sa::tion 5 18.1 

rhi
5 

set uf command'i may he u5cd to modcl Time Hi<;tory loa<ling 

nn thc structurc for Rc-;pnnsc Time Histoty analys1s '.'lote thal both 

nnt.lal nmc h1~1ur1cs 3n<l ground mollon time histories may be 

prnv1dcJ. 

General formal: 

!!ME l.QAD 

\il joint llsl 

!IBQ.UND M2IION 

Whcrc 1
1 

= typc numhcr ofllmc v3ry1ng lo3<l (scc Scct1on 5 31 l) 
la= lrnval time numbcr lsce Scct1un 5.Jl .111intcgcrJ. 

Th15 i'i thc <;cqucntial numbcr oí thc arriv31timc10 1hc list 

cxpla1ncd in scction 5.31 .!. Thus thc 3rrival 11mc numhcr 

of l) is 3 anJ of ªnis n 

'.'Jote that cithcr TIME LOAD or GROUND ~OTION ar bolh may 

he 
5
pccific<l un<lcr onc load case More 1han onc load c35e fot time 

htslor-J analysis is nol pcrmiucd. 
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E ••• nple 

LOAD 1 
SELFWEIGHT X 1.0 
SELFWEIGHT Y 1.0 
SELFWEIGHT Z 1.0 
llEllBER LOADS 
5 CON GX 7.5 10.0 
5 CON GY 7.5 10.0 
5 CON GZ 7.5 to.o 
TlllE LOAD 
23FX13 
5 1 FX 1 8 
GROUND llOTION X 2 1 

ST AAD Commands and lnpu1 lnstrucuons 

In thc abovc cxamplc. thc pcrmancnt masscs in thc \tructurc are 
providcd in thc íorm oí ~sclíwc1ght" and ~mcmbcr loads~ íor 

obtaíning lhc modc shapcs and frcqucncics. Thc rcsl oí thc data 1s 

lhc 1npul íor apphcal!on of thc lime varying loads un !he structurc 

Forcing runcllon typc 1 1s .ipphcd al JolnlS 2 and J start1ng .11 

Jrnval 1imc numbcr 3 CArriv:il 1imc numbcr] 1s 1.8 scconds in 
cxamplc shown 10 scclion 5 Jl . .t) Simil:nly. íorcing íunc1tun lypc 

1 is applicd at JOlnls 5 .ind 1 slarting at J.rrival time numbcr 6 1-t .t 

)cconds}. A ground mo11on llypc :!) .icts on thc ,uucturc 10 thc x­

dir~ction Slilrling al un val lime numbcr l !O.O ~ct:onJs l. 

·~ • ., • 
·~· 
•1 • 
•1 • 
·~ • 
•1 • 

' 

·~· • 
•; • 
•i• 
·~-·· • llf'I 

1: •.• i:-' 

5.32.11 Repeat Load Specification 

Purpose 

Thts cnmmand is uscd lo crcatc J. primJry load cílsc using 

comb1na11ons oí prcviously dcíincd primary load cases. 

General formal: 

REPEAT LOAD 

whcrc. 

11, ':? .. •n = prim:iry luad case numbcrs 
r1• I:? fn = corrcspnnding íactors 

Descripllan 

Stttion j l 285 

This command may he uscd lo crc:itc 3 primary load clsc using 

i:nmhin:U1ono; oí prcv1ously dcíincd primary load cascl'i). fhc 
REPE,\ r loaJ Jiffcrc; írnm thc luad COMBl:-.IATIO~ .:omm:ind 

1Sccllon 5 35) in'°""º way'i: 

1) A REPEAT LOAD 1s trc:Ucd as a ncw primílry load. Thcreforc. 

a P Delta analyo;1s w1ll rcílccl corrccl 'iccondary cffccts. 

!LOAD COMBl:'oiATIONS. on 1hc othcr hand. algcbroically 
combine thc clíccls oí prev1ously dcíincd primary loadings 

cv:iluatcd indcpcndcntly). 

2) In ;1ddition to prcviously dcíincd primiry loads, thc uscr c:tn 
also add ncw loading condit1ons. 

J) Thc REPEAT LOAD oplion 1s available with load cases with 
JOINT LOADS lnd MEMBER LOADS contlining UNI. 
UMOM and CON spcciíica1ions only. h is not availablc for 

MEMBER LOADS wilh LIN and TRAP spcciítcations. 11 can 

also be uscd on lo:id cases with ELEMENT PRESSl!RE loads 
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(wi1hou1 thc TRAP .¡pcciíicat1on). SUPPORT 

DISPLACEMENTS LOAD, TE~PERATURE LOAD on 

membcrs or clemcnts, RESPONSE SPECTRUM LOAD and 

TIME llOSTOR Y LOAD should not be uscd tn REPEAT 

LOAD. 1t is also no1 avallable for loads gcncratcd using thc 

program's load gcncrallon íacililics .;uch JS UBC LOAD 

Gencra11on, WINO LOAD Gencrat1on. ~IOVING LOAD 
Genera1ion, etc. 

Eumple 

LOAD 1 DL + LL 
SELFWEIGHT Y ·1.4 
llEllBER LOAD 
1 TO 7 UNIFORll Y ·3.5 
LOAD 2 DL + LL + WL 
REPEAT LOAD 
1 1.10 

5) Thc ma,.1mum numbcr uf load cases thal can he L:ombincd us1ng 
a REPEAT LOAD ..:un1manJ 1s 1 ~ 

•J • 
•d • 
11 j • 
•1 • 
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5.32.12 Generation of Loads 

Sa 
Sec1itJns 

/ 17 11nd 

; J 1 I 

Purposá 

Th1s cornmand is U<;cd to gcncralc Moving Loads. use Scismic 

loads and Wind Loads using prcv1ously spcciíicd load Jcfinilions. 

Primarv load case<; may he gcncratcd using prcviously Jcfincd load 

.¡ystcm~ Thc follow1ng <;cclion'i dcscrihc gcncr:U1on nf 1nnving 

lnads. L:BC scism1c loads and W1nd Loads. 

Generalion or \lo~ing Loads 

Prc-dcfincd moving. lnaJ <;y'>tcm typcs m.ay be uscd In gcncralc thc 

dcs1rcd numbcr oí pnmJry lo.:ad cJscs. c:tch rcprcscnhng J 

par11cular position oí thc moving loaJ systcm un thc 'ilrUc!urc. This 

proccdurc w11l s1mulatc thc movcmcnt of ;a vchiclc in a .;pccificd 

Jtrccllnn un 3 ipct.:llicd pl.:anc ~in the ~tructurc. 

Geneul lormel: 

whcrc. 

n 

!.QAO !i!iliERATION n (ADD LOAD 1) 

• {XINC 
j , 1 y 1 z1 YINC 

~e 
{

YRANGE} 
( r) 

ZRANGE 

= total no. oí primary loaJ c3scs lo bc.gcncr.:atcd. 

= load case no. for thc prcviously dcrincd load case to be 

addcd to lhc gcncralcd loads. 

= lypc no. oí prcviously dcri~cd load syslcm. 

: X, y and z coordínaleS (global) OÍ thc inili:iJ poSllion OÍ 

the refcrencc load. 

= x, y or L <global) incrcments oí posilion of load systcm 

to be uscd íor gencralion oí suhscqucnt load cases. 

= (Optional) define! scclion of lhe SltuclUrc a long global 
vertical dircction to carry movtng load. Th1s r value is 
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added 10 1hc reíerencc vertical coord1na1e (y1 or ll )in 
the pos111vc global vertical d1recllon. The moving load 

w1ll be cJttcrnally distrihu1cd among all mcmbcrs 

wi1t11n thc vertical rangc 1hus gcnerated. r alway'> 

'ihould he ::1 po'illtvc nurnhcr. In othcr words. the 

program always lqnks for members lying in the rangc 

Y1 and Y1..-r\BS(rl or Z1 :inJ Z,+ABS(r) 

Thc ADD LOAD spcciíic:Uion may be uscd to JJd a prcv111usly 

Jcfincd loaJ case lo all thc load casc'i gcncralcJ by thc L01\0 

GENERA TION command. In the c'amplc below, thc 
SELFWEIGltT spccificJ in load .:::isc 1 1s addcJ lo all 1he 
gcneratcd load cases. 

Sequential load case numhcrs will he aso;igncd 10 1hc o;cncs .1r 

gencratcd pnmary load Cjscs. Numhcring w1ll bcg1n at nne plus thc 

1mmedia1c prcv1ous loaJ case numhcr. 1\llow íor thesc whcn 
spcciíying load cases aftcr load case gcncrallon. 

No leo 

Primar-y load cases can he gcncr:ucd írom ~oving Load •yslcms íor 

framc mcmhcrs only. Th1s fcaturc e.loes nol work on finilc 
clcmenls. 

Eumple 

LOAD 1 Dl ONLY 
SELFWEIGHT 
LOAD GENERATION 20 ADD LOAD t 
TYPE 1 O. f! •. 10. XI 10. 
TYPE :t O. Ui..,.10. ZI 15. 
LOAD 22 UVE LOAD ON PAYEllENT 
llEllB LOAD :. 
10 TO 20 30 TO 40 UNI GY -5.0 
LOAD. COllBINATION 31 ... 
10, 0.15 22 D..71 r· · i>·J., 
PEflFORM ANAL YSIS , .• 

1 

~-~ 
; 

:~ 

•1 11 

•1 a 
li • ., SI 

•-1 111 

• 

St'e 5t"Cll011J 

I 17.? 1111J 

5 JI 1 

Generation or U BC Seisntlc Load 

Bu1h-1n algorithms will automatic:tlly dis1rihutc thc hase '>hcar 

a1nong appropriatc lcvcls and 1hc rooí pcr UBC 'ipec1fications. Thc 

lollow1ng general formal 'lhould be Used to generatc l:IlC load in a 
particular dircction. 

General Format: 

a} (1) 

whcre i = lóád CjSC numbcr 

r :; factor lo he Uscd lo multiply thc tJBC Load 
(dcr.ull = 1.0) 

E•dmpltl 

DEFINE uac LOAD 
ZONE 0.2 k 1.d 1 1.5 TS 0.5 
SELFWEIGHT 
JOINT WEIGHT 
1 TO 100 WEIGHT 5.d 
101 TO 20ó WEIGHT 7.5 . 
LOAD 1 UBC IN X-DIREérlON 
use LOAD X 
JOINT LOAD 
S 25 30 FY -11.5 
LOAD 2 uac IN %-DIRECTION 
uac LOAD% 
LOAO 3 DEAI> LOAI> ;: · 
SELl=WEIGHT. :· , 
LOAD COllBINATION 4''· 
1 0.75 2 ~.75 3 t.d .... 

.. , 

, .... 
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In the above cxample, no11t:c that thc first two load cases are une 
load cases fhey are spcc11ied bctorc any other load cases. 

Notes 

1) The UBC load cases should be prov1ded as thc íirsl set of 

load cases. Non·UBC primary load case ~pec1íied hcfnrc .:i 

UBC load case is not accept.Jblc. Addi11on.JI loads '\Ut:h as 

MEMDER LOADS and JOINT LOADS may be <pcCJJicd 
along w11h thc C BC load under the samc load case. 

lncorrect usage 

LOAD 1 
SELFWEIGHT Y -1 
LOAD2 
JOINT LOAD 
3 FX 45 
LOAD 3 
UBC LOAD X 1.2 
JOINT LOAD 
3 FY-4.5 
LOAD 4 
uec LOAD z 1.2 
UEUBER LOAD 
3 UNI GY -4.5 
PERFORM ANAL YSIS 

. ·' 

Correct uaage 

LOAD f·· 
uac LOAD X f.2' 
JOINT LOAD : ;;' 
3 FY ':.4:s : .. ;i•:. 
LOAD 2 · • ·"º· .. 

~ ...... ·~·~; 

UBC LOAD Z 1.? .· . 
UEÍiBER LOAD Vr. 

'· ' 

li • •:·-· 
1: • • • • • a: • 
• 1 

•:: 1 

• 1 •. ~. 1 

·= 1 

•:11 
•+;• 

1 

·-~;I 

IPF' 

3 UNI GY -4.5 
LOAD 3 
SELFWEIGHT Y ·1 

·LOAD 4 
JOINT LOAD 
3 FX 45 
PERFORM ANALYSIS 

2) All load cases 1nvolving CBC Load gcncra11on mú~I be 

provided bcforc thc AN,\LYSIS spectfication. In othcr 

words. mult1plc analy~cs in wh1ch 1he use load gcncralion 

i~ pcrformed 1n the scparalc analyses 1s nol pcrmitted. 

lncotrect ueage 

LOAD 1 
uac LOAD X 1.2 
SELFWEIGHT Y -1 
JOINT LOAD 
3 FY -4.S 
PDELTA ANALYSIS 
LoAIJ 2 
uec LOAD z 1.2 
SELFWEIGHT Y ·1 
JOINT LOAD 
3 FY -4.5 
PDELTA AHALYSIS 

Corree! usag• 

LOAD 1 
UllC LOAD lt 1.2 
SELFWEIGHT Y ·1 
JOINT LOAD 
3 FY -4.5 

-~· 
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LOAD 2 
uec LOAD z 1.2 
SELFWEIGHT Y -1 
JOINT LOAD 
3 FY -4.5 
PDELTA ANALYSIS 

ST AAD Cammands and biput lnurucuons 

J) REPEAT LOAD .;pccific:u1on cannol he uscd for load ..:a,cs 
involv1ng une luad gcncrauon. for e~:implc. 

lncorrect usage 

~) 

LOAD 1 
uec LOAD X 1.0 
LOAD2 
SELFWEIGHT Y -1 
LOAD3 
REPEAT LOAD 
11.421.2 
PDELTA ANALYSIS 

lí GBC load gcner:ilion 1s perlnrmcd for ihc X :ind thc z 
dircc1ions, 1hc cummand íor 1hc X dirccttun musl precede ihe 
command íor 1hc Z din:clion. 

lncorrect uaege 

1 

LOAD 1 
uac Lo.Ao z 1.2 
SELFWEIGHT Y- 1 
LOAD2 ... 

uai: LOAD X t .2 
SELFWEIGHT Y ·1 
POELT.A ANAL ys1s 
... C'...:!~ • "!.' ... ; • 

• • •1 .¡ 
1 

•1 ., 
1 

·~ 
•1 
•1 

--
1 

1 

1 

1 

1 

• • • • 
Sa 
S~t 11ons 
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Sccuon S l 19j 

Correct usage 

LOAD 1 
uac LOAD X 1.2 
SELFWEIGHT Y -1 
LOAD 2 
UBC LOAD Z 1.2 
SELFWEIGHT Y -1 
l'DELTA ANALYSIS 

Generation of Wind Load 

Thc hu1H·1n wind load generation facihly can he U'licd to calculate 

lhc w1nJ lnads ha sed 11n 1hc par:imclcrs Jcfincd in Scclion 5 J 1 3 

The ínllowtng general formal "houJJ be uscd to pcrform thc wind 
load gcncralinn. 

General Formal: 

LOAD 1 

WIND LOAO 

Whcrc 

{i} 
Load case number 

(IJ 

X or Z Dircction oí wind in global aJ.is sy\lcm. 

j Typc numbcr of prcviously Jcfincd sy\tcms 

f Thc factor to be uscd to mulliply thc wind load, Ncgallve 

sign! maybc uscd to indicatc opposilc dircction of wind 

rdcfault=l.0) 

? 
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Example 

DEFINE WIND LOAD 
TYPE 1 

INTENSITY 0.1 0.12 HEIGHT 100 200 
EXP 0.6 JOI 1 TO 29 BY 7 29 TO 
TYPE 2 

INT 0.1 0.12 HEIGHT 100 sbo 
EXP 0.3 YR O 500 
LOAD 1 
SELF Y -1.0 
LOAD 2 

WIND LOAD z 1.2 TYPE 2 
LOAD 3 
WIND LOAD X TYPE 1 

.\ 
' 

37 BY 4 22 23 

S«uon S 29S 

5.33 Natural Frequency Speclfication 

lrr s .. r1111n 

1 J.'f J 

Putpose 

íl11s command mriy he tJo;cd to 1.:ah:ulatc lhc nalural frcqucncy of 

!he <;tructurc for v1hratinn conc~pnnJ1ng lu 1hc general dirct.:lion of 

dcllccuon gcncr:ltcd hy 1hc \oJJ ..;:i..,c wh1ch precede-; thi" 

..:qmm:tnJ fhuo;. thi., cn1nmand 1yp1cally íolluw'> :t luad .;l~c. 

Geneuil formdt: 

CALCULATE NATUllAL (FllEQUENCY) 

oescription 

fh1'> cnmm:ind 1<; .;pcciíicd aftcr .111 111hcr load <;;pcciíic:ll1ons of Jny 

pnmary l11ad case for wh1ch thc natur:tl frcqucncy IS cakulatcd. 

rh1'> natur:tl frc4ucncy c.1li.:ula11nn ,.,, hascd ''" thc Rayli:::1gh 
itcration mcü10J. lf J luil-'icllc c1gcn-,oluth1n 1s rcquirc~. thc 
'vlOO,\l C,\LCCL,\TION cnmm:.10.J !'ice nc't 'icctinnl m:ty he 

U'icd. '101c th:11 Jn cigcn-.nlu11on '" .tutomat1c:illy pcrformcJ if :l 
RESPO'.'ISE SPECTRl:~ is <ipc1.:11lcJ 1n Jny load c:1sc 

Example 

LOADING 1 OEAO ANO uve LOAO 
AllEA LOAD 
1 TO 23 ALOAO -200.0 
CALCULATE NATUllAL Fllea 
LOADING 2 WINO LOAD 

In this cxamplc. thc nalural frcqucncy for load c:isc 1 w1ll be 

i.:::ilc:ula1cd. fhc outpul w1ll pro<lULt: 1hi: v3\uc ot 1hc natural 

frcqucncy 1n cyclcs pcr 'iCCond rcpo;J. thc maximum dcílcction 

:ilong w11h !he global dircction .tnd thc jo1nl numhcr whcrc it 

ULCUrs 
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Notes 

1"11is command IS hascd on Raylc1gh melhod nf lleration. Thc 

frcquency calcula1cd c:slimalco; frcqucncy far 1he d h 1 
mo e s apc 1 1a1 

correspnnds lo the stauc dcl1ec1cd 'ihape gencr:lled hy 11 1 d 
the load cao;e. le oa e; in 

-

~ 

l!i 21 

111 11 
IJ j ·i 

•: , 
a:~ il 

• • 
1 = 1 
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5.34 Modal Calculation Command 

Stt 5tr:11c1nt 

5 JI anJ 

:! IR.J 

PUrpose 

l'hi~ i.:om1nand 111ay he used tu \JbtJ.1n a full c;c.:ale c:igcnsolution to 

c.::1\culatc relevan! lrcquencics ,1nd mude c;hapcc;. 

General Formal: 

MODAL (CALCULATION llEOUESTEO) 

fh1c; i.::nm1nand 1c; lypu.:ally uscd 1n J. load i.::ase after all laads are 

~pec1í1~d. Thc lnatl., wdl he tre::itcd J.s mac;c;cs fnr eigcnc;olutions . 

Sl::it1i.:: Ji.,pl:iccmcnts and forces w1ll be ealcul:Hcd fot thc load case. 

fh1s cnmmand 1nust only be uc;cd far onc load case. and can-nol he 

uscd 1n cunjunclion wtth a response spectrum ana\ysis l<icc 

Vcnli1.::.1tinn Prohlcrn :"!u. ~ for ~:lmplc implcmcnt:Uion) 

Notes 

Thc c1gcnc;ulution 1ni11a1cd hy thi<; command wi\1 ucat thc loads 
-;pcc1íictl 1n thc lo:1d c:1sc :is m:1sscs. Thc u-;cr 1s adviscd to <;pcciíy 

thc lnaJc; kccping tl11'> in mind 



run 5 
ST AAD Conunanm ar.:t lnpu1 lnstrucuans 

15 Load Combination Specification 

Purpose 

rhis command may he u-.cd 10 comh1nc 1hc rc~ults ar thc :1nalysis 

Thc comb1nation may be algcbra1c. SRSS and :J ~ombinaiion ur . 
bo1h. 

General format: 

.bQ!D ~BINATION (~SI 1 •, 

1,, 1,. ;., '• ... <• .... 1 

= Load combina11on numhcr ( 3ny tntcgcr smallcr than 

IOUUIJO that is no1 thc samc Js any prc.., 1ously tlcíincJ 
pnmary load case number.) 

ª1 = Any lltlc íor thc load combin.:111on 

i I · i::! ··· represenu the load case numbcrs whh:h are to be 
combincd 

~I· Í! ... rcp~C'iCOIS COUC'iponding Í31.:lors to be applicd lo loaJings. 

SRSS = op11on3 I factor to be :1pplictl :1s a multiply 1ng factor un ihc 

comb1ncd rcsuh oí lhc SRSS load comb1natinn (~ce 
cxamplcs bclow 1 

Noteo 

1) 

2) 

In thc LOAD COMBINATION SRSS op1íon. íf the minus 
S1gn precedes any load case no., lhcn that load case will be 

combincd algebra1cally wi1h the SRSS combinallon of the 
resl. 

The tola) numbcr of combinalion load cases cannot cxcced 
150. 

... 

OeScription 

Rc .. ults from analyscs may be combined both 3lgcbraically and 

using thc SRSS (Squate Roul of Summation of Squarcs) mcthod. 

Thc comh1nation 'iChcmc may he mixcd 1[ rcquircd. For cxample, in 

thc 'iamc load cnmbinat1on c::i.sc. rcsults from load c3.scs may be 

co1nh1ncd in thc SRSS manncr Jnd thcn comhincd :1.lgcbr:1.ically 
w11h othcr load cJSC'i. Rcfer lo 1hc following Cli:amplcs for 

dlustration -

Eldmple 

Scvcr3.I comhin3.linn cx3mplcs Jrc providcd to iltustr:l.tc thc 

pnss1hlc combin:1t1on schcmcs · 

Shnolt .\lctbttlc •nd SRSS Comblnotlon1 

LOAD cOMlllNATION 7 DL+LL+WL 
1 0.75 2 0.75 3 1.33 
LOAD COMlllNATION SRSS 1 DL+sEISMIC 
1 1.0 2 o.4 3 o.4 

Thc fir"I itcm 3hovc !LOAD COMBINATION 7} 11lustra1cs ::t. 

'ilmplc algcbraic comhin:ilion. Thc sccontl itcm {LOAD 

COMBINA TION lt) illustratcs a purc SRSS load comhination with 

:1 dcfault SRSS Í3clnr of l. Thc following cumbination •chc:mc will 

be uscd · 

wherc v = the comhined valuc 3nd L l . L3 = ... alucs from !dad cases 

1.2 and 3. 

Note thal since a SRSS factor is not pro..,ided, thc dcf.:1ult value of 

l.O as be1ng used . 
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Algebraic & SRSS Comblnalion in the Samc Load Combinelion 
Case 

Example 1 

. '·~· 
LOAD COUBINATION SRSS 9 
-t 0.75 2 1.3 3 2.42 0.75 \ 

Thc comb1nal1on rnrrnula w1ll he a.; fnllows -

v = o.1s" Lr + o.1s-l1 J" L22 +- 2 .t2 "LJ2 

whcrc v == comhincd valuc 

L2 &:: LJ == valucs from lnad cases 2 &. J. 

.In 1hc ahove specificallon. nolc lh31 a minus Hgn precedes load 

case l. Thus. Load 1 is combincd algcbraically wilh the result 

ob1a1ncd from combining load cases 2 and 3 in thc SRSS manncr. 

Nolc 1ha1 thc SRSS íactor oí O. 75 is :ipplicd on thc SRSS 

comhination oí 2 and 3. 

Example 2 

. ·.··' 
LOAD COUBINATION SRSS 10 
-1 0.75 -2 0.672 3 1.2 4 t.7 0.83 

Hcrc, hoth load ca1c1 1 and 2 are combincd algcbraically wilh thc 

SRSS combinalion of load cases 3 and 4. Note thc SRSS fac1or oí 

O. 15 .. Thc combination formula will be a1 íollows_ 

• = 0.75 x LI + 0.572 x L2 + 0.6~ 1.2 x LJ' + 1.7 x L4' 

Nolee 

1) This op1ion combines lhe rc1ult1 of tbc analysis in thc spec1ficd 

manncr. ll does nol analyze the Uructure íor thc combincd 

loadiog. 

Section' 301 

2) lí 1he .;econdary eílecls oí co1nhined load cases is to be 

nbta1ncd through a !>DELTA ANALYSIS, the LOAD 

cOMíllNATHJN COfTIITland is inappropriá\C lor the purpose. 

Scc thc REPEAT LCJAD con1111and (scc11on 5.32.11) for dctails . 

)) In a load combinallon specification, a value oí O {1,cro) as a 

load factor is nol permittcd In othcr words, a o;pcc1ficalion 

such as 

LOAD coue 1 
1 1.35 2 o.o 3 1.2 4 o.o 5 t.7 

is nol pcrmittcd Whal happcns i1 that due to 1hc way the 
program proccsscs the data, as o;oon as it cncountcrs a O.O, it 

stops rcading thc data at thc O.O and does nol rcad any furthcr. 

Thus, 1n thc abo ve loading case, thc rcsults will consist .only of 

forces duc to load 1 muh1plied by a ractor or 1.35. The 

contribution írom 1.2 •load 3 and l.7 •load 5 will nol be 
thcrc bccausc thc program o;imply did nol read those data. 

6) All cnmbination load cases musl be providcd immcdiately aítcr 

thc last primary load case. 
7) Thc maximum numbcr of load cases thal can be combincd using 

a LOAD COMBINATION comn1and is JO. 

,. ( 
.. - I 
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Calculation of Problem Statistics 

Purpoae 

This command may be d f b . 
use or 0 la1n1ng run stal1s11cs hice 1 space requ1rcd, band-width info ele. s orage 

General format: 

f!llNT ff!QBLEM il!TISTICS 

Descrlption 

Th15 commnnd proYide-. an cstimalc of !he hard J1"sk ·pa . d 
1 fil b ' i.:c rcqu1rc 
o run a t e efore actually running it h is particularly 

recommendcd for PC 
uscr, runn1ng a largc problcm This co d 

should be uscd · 1 f mman 
JU!I a ter thc loading 'ipec1ficattons and in 1 f 

thc PERFORM ANALYSIS command. P acc o 

. ,_ .. 
1 , ... 

1 

; 
; 

Sccuon ~ 

5.37 Analysis Specification 

5rr 5rct1011 

1.18 

Purpose 

Sf,AAD analysis optinns incluJc linear stalic analysis. P-Dclla (or 
sccond ordcr analysis). Nonlincar analysis. anJ severa! typcs oí 
Dynam1c ánalysis 

Thi!I command jo; U'icd to 'lpccify thc analy•ds requec¡l. ln addition, 
th1c¡ command may be used lo rcqucst various analysis rclatcd data 
like load info, statics check info. modc shapcs ele. 

General formdl: 

f~FOAM } 
lNONLINEAR (ni ANAL YSIS lff!INT 

!.QAO DATA 
STATICS ~CK 
STATIC.S LOAD 
MODE SHAPES 
BOTH 
AL 

eQ!;LTA In! ANAL YSIS ~VEFIGE (mU (f!llNT J.QAQ l2A!AI 

Whcrc n =no. oí itcrations dcs1rcd (Jcfault v:iluc of n = 1 ). 

This command dirccts thc program lo pcrform thc ánalysis which 
includcs: 

a) Checkin& whcthet alt informalion is provided for lhc analysis; 
b) Forming lhc joinl stiffncss matrix: 
e) Chccking thc stabilily of thc structurc: 
d) Solving simultaneous equations, arid 
e) Computing lhc mcmbcr forcc!I and displaccmenls. 
O U P-Dclt1 analy!lis is speciricd, forces and displaccmenls are 

rccalculated, talr.ing into consideration thc P-Dcha cffccl. 

g) Non-linear analy!lls will takc lhc gcomclric non-lin~arity as 
wcll :is thc P-Oclta cffccls inlo accounl (Sec Section 1.18.2.2) . 
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h) lf a RESPC)NSE SPECTRllM 1~ ~pec1íied witt11n a load ..:ase or 

the MODAL CALCULATION command is used, d1nam1c 
analysis 1s performcd. 

i) In cach of 1he "n' i1crn1ions of 1he PDELTA analyrn. !he load 
vector w11l be modilicd 10 includc the sccondary cffccl 

gcncra1cd by thc dt~plat.:cmcnls causcd hy thc previous 

analys1s. 

Thcre are lwo options 10 c:nry out P-Deha analysis 

1) Whcn lhc CONVERGE comm:1nd ts nol spcc1ficd: Thc mcmher 
end forces are cvaluatcd by 11cr:1ting ·•n" limes. Thc dcfauh 
valuc ol "n" 1s 1 (onc). 

2) Whcn lhc CONVERGE command 1s includcd Thc member cnd 
forces :1rc cvalua1cd hy pcrfonning a convcrgcncc check on thc 
jo1n1 displac~mcnls In cach stcp. lhc displaccmcnl5 are 
comparcJ wuh thosc ol the prcvtous itcra11on 1n ordcr to check 
whcthcr convcrgencc is alla1ncd. In case ··m'' is spcc1ficJ. thc 
analysn will s1op :1ftcr that itcrallun cvcn 1f convcrgcncc hJs 
not bccn achicvcd. lf ..:onvcrgcncc 1s Jch1cvcd 1n lcss than m 
i1crat1on!l, lhc analy~1s 1s tcrm1na1cd. 

E••mple 

Followings are 'iomc c1Jmplc on use uf thc command for P Della 
analysis. 

PDELTA ANALYSIS 
PDELTA 5 ANALYSIS 

P~ELTA ANALYSIS CONVERGE 
PDELTA ANAL YSIS CONVERGE 5 

l ' 

11 .• 

S1..-clion S l(aS 

W1thout onc nf thesc analys1s cn1nmand'i, nn analyc;i'I will he 

pcrforn1cd Thcsc AN/\LYSIS con1111andc; can he rcpea1cd ir 

multiplc analysc'i are nccdcd al differenl pha'icS. 

Note that a PDELTA ANALYSIS will corrcctly rcílcct 1hc 

<;ccondary cffccts oí a comhinauon of load cases only if thcy are 

dcfincd u'iing lhc REPEAT L<JAD ~pccificatuin (Sccunn 5.32.11). 
Sccondary cffecls will not be cvaluated correctly fnr LOAD 

COMBINATIONS. 

lf thc PRINT LOAD DATA command is o;pecificd. thc prngram 

w11l pnnt an intcrprctation oí ali thc load data. 

PRINT STATICS CHECK will provide a 'iummation of the applied 

loads and o;upporl rc:iction• as wcll as a summalion oí momenls of 
thc loads and rcac11ons takcn :lround thc origin. 

PRINT ST/\ flCS LOAD pnnts cvcrything th:tt PRINT STA TICS 

CHECK docs. plus 11 pnnts a o¡umma11on of Jll 1ntcrnal :tnd 

C:ir;lcmal forces 1U cach joinl (generales voluminous outpul). 

PRINT MODE SUAPES prints modc shapc valucs 31 lhc joints íor 

ali calculatcd modc 10hapcs. 

PRINT BOTll is equivolent to PRINT LOAD DATA plus PRINT 

STA TICS CHECK. 

PRINT ALL ;, equivalen! to PRINT LOAD DATA plu• PRINT 

STATICS LOAD. 
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No lea 

STAAD allows mull1plc an:ily'lcs 1n 1hc 'lame run Muh1plc 

analyscs may be uscd lnr 1hc íollowing purposcs· 

1) Succcssivc analy'iis and dcsign cyclcs in 1hc samc run rc.t1ult in 

op1im1zcd dcsign. STAAO's livc rcla11onal datahasc 

aulomat1cal/y upda!C'i changcs in mcmbcr ..:ross-scct1on:.d \it.cs. 
Thus thc cnlirc proccss rs aulornb1cd. 

Rcíer to Examplc l 1n thc Gct11ng Startcd & Examplcs manual 

íor dc1a1lcd illusua11on. 

1) Mull1plc analyscs may be uscd lor load-dcpcndcnt slructtltc~ 

For cxample. Hruc1urcs wilh bracing mcmbcrs are analy1cd in 

scvcral stcps. Thc hrJ.cing mcmhcrs J.rc J.ssumed to 1akc 

Tcnsion load only. Thus. lhcy nccd 10 be ac1iva1cd 3nd 

1nactiva1ed bascd on 1hc dircc11on oí lateral luading 

Thc cnl1rc proccss can be modelcd 1n onc STAAD run us1ng 

muhiplc PERFORM t\N,\l YSIS comm:1nds Thc STA.\0 run 
da1abasc aulomallcally kccps ltJ.ck uf rcsulrs lor dilfcrent runs 

and is capablc of gcncrJ.hng a dc.;,1gn bascd on load 

comb1na11uns providcd. 

Rcfcr to Examplc ~ 1n the Gctllng Stancd &. Examplcs manual 
íor dc1a1lcd 1llus1ra11on . 

J) Thc user may also use Mulliplc Analyscs 10 muJcl changc 1n 

01hcr charac1cri•liC5 likc SUPPORTS. RELEASES. SECTION 
PROPERTIES ele. 

-l) '-tÚhiplc Analyscs may rcquirc use of addi1ional commands likc 

lhc SET ."ll command and thc CHANGE command. 

5) PDELTA cffci:ts are compuled for framc membcrs only Thcy 

are not calculatcd for rinilc clemcnls or soliJ t:lcmcnls. 
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5.38 Change Specification 

Purpoae 

This commnnd is uscd 10 tC'iCI lhc 'itiífncss matrix. Typícally. this 

comman<l is uscd whcn mult1plc analyscs are rcquired in the same 

run. 

General formal: 

This command indicatcs that input, which will changc thc 'lliftncss 

matrit. will rollow. fhl'I command <1huuld only be uscd whcn an 

a~aly<1is has alrcady hccn pcrformc<l. Thc CHANGE command docs 

1hc íollowing: 

a) 'ICIS 1hc 'ltiffnc'l'i matrix to 1cro. 
h) makes mcmbct'i active if thcy had hccn madc inaclivc by a 

prcvious INACTIVE command. and 
e) allowo; thc rcspccific:itinn of thc supporl~ with anothcr 

SlPPORT commantl wh1ch causes 1hc old supports to be 

1gnorcd Thc SL:PPORT spcciric:ition mU'll be <;Uch that thc 

numbcr oí "'rclcascs" hcfurc thc CH1\NGE. must be grcatcr than 

or cqual tu thc numbcr of Mrclcao;cs'' aílcr thc CH,\NGE. Also. 

1hc 'iUpports musl he o;pccificd in lhc samc ordcr befare artd 

artcr the CHANCE command. 

Edmple 

B cforc CH ANGE 

t l'INNEIJ . 
2 FtxEIJ llUT FX UY UZ 

: 3 riiEIJ BUT Fx MX MY MZ 

Allcr CHANGE 
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1 PINNED 
2 FIXED 
3 FIXED BUT FX llZ 

STAAD Com11W1dJ and lnpul lnstruclions 

Thc CllANGE command 1s not ncccss;ify whcn only rncmbcr 

proper11es are rcvised to pcrform 3 ncw 3n;ilysis Th1s is typically 

thc case in which thc uscr has asked for J membcr sclcction anJ 

1hcn uses lhc PERFORM ANAL Y SIS command to rcanalyzc lhc 

~1tuc1urc bascd on thc ncw rncrnbcr propcrtics. 

Notes 

1) lf ncw load cases are spcc1ficd :iflcr thc CHANGE command 

such as 1n a structurc whcrc lhc INACTIVE ~EMBER 
comml.lld is usct.1, thc uscr nccds 10 define 1hc lotal numhcr of 

pnmary load cases us1ng thc SET :-IL op1ion lscc Scct1on 5.5 

and E1amplc .! ). 

:!) ~ulliplc Analyscs us1ng thc CllANGE command should not be 

pcrformcd if thc input file conLains load cases involving UBC 
Analysu. Response Spcctrum Analy•>1s. Time lHslory Analys1s. 

Wind Load Gcncration or Mov1ng Load Gcncra11un. 

-
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Load List Speclfication 

Purpoae 

Th1s command allows ~pcciíication of a sel of active load cases. 

All load cases madc active by tb1s command rcmain active untíl a 
ncw load lísl 1s spcc1ficd. 

Generdl fotmat: 

LOAD ~T f ::Ld-1111 } 

Descrlpllon 

'f'his cornmand is uscd to actívate the load .::iscs listcd in this 

command and. in :l 'iCnsc. dcactivatc :ali othcr load c3scs nut listcd 

1n 1h1s command. In othcr word'i. thc loads listcd are uscd for 

pr1nt1ng ou1put anJ in design for pcrforming the spcciricd 

c:alculations. Note thal. whcn PERFORM .\:-.IALYSIS i::ommand is 

uscd. thc program intcrnally usc'ii all load cases. rcgardlcss of 

LOAD LIST command. cxccpt >Ílcr a CILl~GE or RESTORE 

command. In thcsc two cases. thc LOAD LIST comm;inJ allowt the 

program to pcríorm :analy'iis only on lhosc luads in thc lisl. lí thc 

LOAD LIST command is ncvcr uscd. thc program will assumc ali 
loád cases to be active. 

Example 

LOAD LIST ALL 
PRINT UEUBER FORCES 
LOAD LIST 1 3 

. PRINT Sl.ÍPPORt REACrlbNs 
CHECK CODI: ALL , 

~ 1 ~ ~;¡- '. . •' '' • • .•. J. ~ .. 

' 

.. -_'> ' 
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In this cxample, member force!I will be pnnted íor al! load ca<;c!I, 
whcrca!I loading 1 and 3 will be used far printing !lupport rcaction!I 
and code·chcc:king oí al! mcrnhcrs. 

Notes 

The LOAD LIST comrnand ma)' be uscd íor mulliplc .inalyses 
.01ua11ons when an analysis nccds to be pcrformcd wilh a sclcctcd 

' sel of load case<; only Picase note that all load case<; are 

au1omat1cally active before a Clf,\NGE or RESTO RE comniand is 
uscd. 

\. ·i 

. ~·' 
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5.40 Section Specification 

5,.,. Src11vnJ 

10 !.<Jnd 

f 19., 

Purpose 

Th1g command is uscd to <;pecify sections along lhe length oí frame 
mcmber for wh1ch force<; and mo1ncnts are rcquired. 

General fotmat: 

~ION t,. 11 ... 15 

Oeactiptlon 

{

M.fM.BER memb-llst } 

(fil) 

This command spec1íies lhc sections. in terms of íracllo~al membcr 
lcngths. al which lhc forces and momcnts lrc cnnsidcred íor rurthet 

proccssing. 

r1• f2 . f5 = Scction (in lcrm! oí thc fraclion of the member lcngth} 
provided for thc mcmbcrs. Ma~imum numbcr of sections is S. ' 

including onc :ll thc <;lart anJ onc 31 the cnd_ In olher word!. no 
more lh3n 1hrcc intermcdiatc sections are pcrmissiblc pcr 
SECTION rnmmand. 

Example 

SECTION O.O. 0.5 1.0 llEMll 1 2 
SECTION 11.25 11.75 MEllS 3 TO 7 
SECTION 0~8 · llEMS á.,. ·, · . '.. ~ 

In this cxample, firsl thc membcr! 1 ª"' 2 ire sel to !Cction values 
of O.O, U 5, and 1.0. i.e. at the •lart. mid poinl and end. The 
member, J lo 1 are ,pcciíicd hy lhc ncxl SECTION command 

whcre scclion! 0.25 and 0.75 are set. 

In the ncxl SECTION command. membcr A hu ill tcclion tpccined 
al 0.6. Thc rcmaindcr oí lhe members will bave no scclioni 
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providcd íor 1hcm. lí no section value is given ínr any memher. it 
dcíauh5 10 O O and \.O (i.c. start and end). For cxaniplc, the •aart 

and cnd íorces of thc mcmbcrs will be used for dcs1gn, tf no <>cction 

is spccificd. As mentioncd carher, no more than thrce intcrmediatc 
scctions are allowcd pcr SECTION command llowcvcr, 1f more 
than thrcc intermcdia1c scc1ionS are involvcd, lhcy can he cxamincd 
by rcpeating the SECTION comman~ aftcr complcling lhe rcqu1rcd 
calculations. The followtng cxamplc will clarily. 

E11mple 

. "" '' . ~.1 
SECTION 0.2 0.4 0.5 ALL 
PRINT SECTION FORCES 
SECTION 0.8 o. 75 o.a ALL 
PRINT SECTION FORCES 

In this cxamplc. fint forces at 3 intcrmcdialc seclions (namcly O 2. 
0.4 and O 5) are printcd and thcn forces al an additional J sccuons 
(namcly 0.6. O 75 and 0.9) :are printcd. This givcs thc uscr thc 
scclioa forces al more than threc inlcrmcdiatc scctions. 

NolH 

1) Thc SECTION command just spcc1fie1 thc scctions. l:se thc 

PRINT SECTION FORCES comm•nd •fler this command to 
print out the forces and moments :11 1he spccificd scclions. 

2) This is a secondary .:inalysis command. Note that !he ualysis 
must be performcd befare this command may be uscd. 

~ a;:-.··' • _is ., 
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5.41 Print Specifications 

Purpose 

Th1s command is uscd to direct the program to print vafious 
modcling information and analyc;is resuhs. STAAD offcr5 :1 numbcr 
of vcrsatilc print commands that can be uscd lo cu~tomizc the 

out pul. 

Genere! lormat lor dala ralated prlnt commanda: 

.!Q!NT kQ,QRDINATES 
MfiltBER !fil:ORMATION 
illMENT INFORllATION llQ!.10 
MfiltllER fBQPERTIES 
MATERIAL ff!QPERTIES 
~PORT Jtt.EORMATION 
or 

¡: llet ol llemo 
l.e. jolntt, 
member9 

A 

General formal lo prlnl locellon al cg: 

General formal la prlnl analy•I• reeull1: 

(JQINT) llllil'LACEMENTS 
~BER) EQfiCES 
AM!LYSIS ~LTS 
!MEMllER) ~ION EQBct:S 
(fgMllER) filBESSES 
WMENT (,IQINTJ filB,ESSES (AT lbl:i) 

MENT (JQINTJ ill:JESSES liQLl 
E~ES 

Uet·ei>ec = {~ itel ol flend.jolnta, } 
memberl ar alemenb 

Ual· 
apee 

) 



, uon j 
ST AAD Commands md !nput lnttnu:tiont 

General tormat to print aupport reactfon1: 

f!!!NT SUPPOAT REACTIONS 

General formal lo prinl enllre sleel lable: 

PRINT filillAE (TABLE) ' 

OeacrlptJon 

No1e that lhe lisl oí ircms are not applicable íor PRINT 

ANALYSIS RESULTS, PRINT SUPPORT REACTIUNS, >nd 
PRINT MODE SllAPES command. 

Thc PRINT JOINT COORDINA TES command prtnls ali 
1n1crprclcd coordrnalcs oí joinu. 

The PRINT MEMBER INFORMA TION command pnnls ali 

mcmbtr iníormarion, including mcmbcr lcngth. mcmbcr incidcnccs, 
bela anglcs. whc1her or no1 a mcmhcr is ;i lruss mcmber JnJ ihe 
membcr rclcasc corrdi1ions al uar1 anti cnd of thc mcmbcr 
f 1 =rclcascd. O = nol rclcascd). 

Thc PRINT ELEMENT INFORMA TION comm 3 nd pnnlS ali 

1nc1dcn1 joints, clcmcnt thickncsscs, and Poisson rallos íor 

Pl11c/Shcll clcmcnl5. Thc PRINT ELEMENT INFORMATION 

SOLIO command prin1s similar inform:u1on íor Sol id clcmcnts. 

Thc PR!NT MEMBER PROPERTIES command prinls all mcmbcr 

propeniet including cross scc1ion1I arca, momenls of incrtia. and 

seclioo moduJi in both bes. Uni11 íor the propcrt1es are always 

IN.CH or CM (dependio& on FPS or METRIC) regardlcss oí the 
unll 1pecified in UNIT command. 

Thc following dcsignation is uscd for membcr propcrty namc1: 

AX · Cross section uea 

AY 
AZ 

IZ 

Secuon 5 l15 

/\rea u<;cd In compute <ihcar deíormatinn in local Y-ax.is 
Arca u .. cd 10 compute shcar dclormalion in local Z-axis 

Mnmcnl oí lnenia aboul lhe local Z-ax.is 

IY Mo1ncnt of lncr11a aboul the local Y-ax.is 

IX 
SY 

sz 

Tor,ional conslant 
Srnallcsl <;cc11on modulus aboul the local Y -ax.is 

Smallesl section modulus aboul the local Z-alis 

The PRINT MATERIAL PROPERTIES command prinls all 

material propertics íor the members, including E (rnodulus oí 

claslicily). G (shear modulus), weighl dcnsily and cocíficienl oí 

thermal cx.pansion (alpha) íor framc mcmbcrs. This cornmand is 

availablc lor mcmbers only. 

The PRINT SUPPORT INFORMATION command pnnls ali 

<;Uppon iníormation rcgarding thcir fillily. rcleasc! ánd lpríng 

constan! v~lucs. ií ány The LIST oplion is nol available íor this 

command. 

The PRINT ALL command is equivalen! to lasl fivc print 

commands comb1ned Th1s commanJ pnnts JOinl cuordinatc!t, 
mcmber 1nformal1on. member properucs, material properlies and 

supporl 1nform~tion. in that arder. 

Thc PRINT CG command prinls out the coordinatcs of thc ccntcr 

oí gravity of thc structurc. Only thc sclíwcight uf the •tructure is 

used to calculate the C.G. Uscr dcrincd jo1nt lo1ds, mcmbcr loads 

etc_ trc nol considered 1n thc calculation or C.G. 

The PRINT (IOINT) DISPLACEMENTS command prinlS joinl 

displacemcnu in a tabulaled íorm. The displacemcnls far ali six 

directiont will be prinlcd íor all sp¡:cificd load cases. Thc lenR,th 

unit íor thc displacemcnls it always INJ=H or CM (depcnding on 

FPS or METRIC onit) regardless oí lhe uait specilied in UNIT 

command. 

Thc PRINT (MEMBER) FORCES comm&nd prinll mcmbcr rarees 

(Í.e. Ax.ial raree (AXIAL), Shear raree in local Y and Z ax.es 

(SHEAR· Y and SllEAR-Z), Torsional Momenl (TORSION), 

\ . ' 
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Momcnu about local Y and Z aJ:cs (MOM-Y and MOM-Z}) in a 
1abula1ed íorm íor the li'iled n1cmbcrs, íor all spcc1ficd load ..:ases. 

PRINT ANALYSIS RESULTS command is equivalen! lo the last 
lhrcc commands combined. Wi1h 1h1s command. thc join1 

displaccmcnls, support rcaclions and membcr forces. in 1ha1 order, 
are printcd. 

\ 

Thc PRJNT (MEMBER) SECTION FORCES command prin" 
member forces at lhc 1ntcrmcdia1c scctions specificd w11h a 
prcviously inpul SECTION command. Thc prin1ing is done 10 a 
1abul11cd íorm, by mcmbcr. íor ali spccificd load cases. 

Thc PRINT fMEMBER) STRESSES command 1abulatcs mcmhcr 
'ilrcsscs 11 lhc Slarl joint. cnd joint and all spcciíicc..I intermedialc 
scctions. Thcsc s1rcsscs includc aiial (i.e. a•ial force ovcr ihc 

:1r~1), bcnding-y {i.c. momcnl-y ovcr section modulus in lo..:;il y-

3lU}, bending-z (i.e. momcnl-z over 'icction modulus in local l­

a1is), thca.r !lrcsscs in bo1h local y :and l dircclions fFY/AY and 

FZJAZ) and ..:ombincd (absolu1e combinallon of aii:al. bending-y 
and bcnding-z) !lrcsscs. 

For PRISMATIC sections, ir AY and/or AZ it nol providcd, 1he 
íull cross-,ectional arca f AX) will he con$idcrcd 1n shcar sircs 5 
calculations. 

For TAPE REO sections, 1hc value, oí A Y and AZ are 1hose for thc 
loca1ion whcrc lhe !lrcss ts prinled. Hcnce ir 1hc sltcss is pnn1cd 
at lhe loca1ion O.O, thc A Y al AZ are bascd on the dimensions or 
1he member at thc start nodc. 

AY =Total depth • Thickness or web. 
AZ = 213 arca or both O anees pul togethcr 

Thc PRINT ELEMENT STRESSES command muSI be uscd 10 print 
Slrcsscs (FX. FY. FXY, QX. QY), momcnts pcr unit width (l\1X, 
MY. MXY) and principal strcsses (SMAX, SMIN. TMAX) for 
pl.ale/shell clcmcn1s. Typic:ally, thc strcsscs a.ad momcnts per unit 
w1dtb al lhc ccntroid will be printed. The Von Mises strestei 

(V.ONT'. VONB} u well as lhe anglc (ANGLE) dclining thc 
oncntauoo or thc principal pl1nes lle also printcd. 

-
·~· 
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Thc variables lhal appcar 1n thc outpul are thc fnllowing. Scc 
í-igurc 1.13 in Section 1 or this Rcícrcnce Manual íor more 

information rcgarding llicsc variables. 

QX = Shcar stress on !he local X facc in the Z dircclion 
QY = Shcar stress on thc local Y íacc in thc Z Jircction 
MX = Momcnt pcr unil width about thc local X racé 
MY = Momenl pcr unil widlh about the local Y facc 

MXY :;;:: Torsional Momcnt per unit width in the local X- Y planc 
FX :;;:: Axial !lrcss in thc local X dircclion 
FY = Axial stress in thc local Y dircclion 
FXY = Shear stress in thc loc:il XY planc 
VONT = Von Mises stress on thc top surface oí the clcmcnt 
VONB = Von Mises stress on thc bnllom sútídcc of thc clcment 
SMAX = Maximum in-planc Principal stress 
SMIN = Minimum in-pl:inc l>rincipal stress 
TMAX = Ma•imum in-planc Shcar slrcss 
ANGLE = Anglc which determines dircction oí ma:..imum principal 

stress with rcspcct to lnc3.l X axis 

tr the JOINT oplion is used, forces :tnd momcnts al thc nodal 
poinls are also printcd out in addition lo lhc ccntroid oí thc 

elcmcnl. 

Thc AT oplion may be uscd to print clcment raree! al iny !peciried 
point within the clcmcnl. The AT option must be accompanlcd by 
r1 and r1. Note that r1 and r2 are local X and Y coordinalc!I (in 
cu"cnt unils) or thc poinl where the slressct and momcnts are 
rcquircd. Far det.ailcd dcscriplion oí thc local coordinate tystem of 
the elcmcnls, refet to Scction 1.6 oí this m:anual. 

Thc PRINT ELEMENT (JOINT) STRESS SOLIO command 

enablct printing ar sttesscs at thc ccnleÍ" ar the SOLIO clements. 

Thc variablet that appear in the output are the followiat. 

Normal Strcssc; 
' Shcar Strcs~cs 

Principal Strcsscs 

Von Mise! Slre!!.tct 

: SXX. SYY and SZZ 

: SXY. SYZ and SZX 

: SI. 52 JnJ 53. 
: SE 

:117 
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6 dircct1on cosincs 3rc pnnled fnllowing 

1hc exprcss1nn DC. cnrrc'irnnd1ng In thc 

fir'il IWO flrlOclp:tl Sltc'i, dirccllnns. 

The JOINT option w1ll pnnl nul 1hc strcsscs al lhc norles ol' lhc 

sohd clcmenls. 

Thc PRINT MODE SHAPES comrn-.nd prin1s joint rJ15pl:u.:cmcnl'i 

for 111 c.alculatcd modcs 

The PRÍNT SUPPORT REACTIONS command prints support 

reactions in a tabulatcd íorm. by support. íor ::111 'ipccificd lo::1<l 

ca!.cs. Thc LIST opilan is nol avatlahlc íor 1h1s command. 

The PRINT ENTIRE TABLE command m.ay he uscd to ob1a1n a 

print-out oí 1hc contcnts of 1he slccl table from which mcn1bcr 

propenies .are bcing rcad. This command mus1 he prov1dcd 

followrng thc spccific;ition nr ;ill mcmbcr propcrt1cs. 

Eumple 

PERFORU ANAL YSIS 
PRINT ELEUENT JOINT FORCES 
PRINT ELEMENT FORCES AT 0.5 0.5 LIST 1 TO 10 
PRINT SUPPORT REACTIONS 
PRINT JOINT DISPLACEUENTS LIST t TO 50 
PR!f'!_ llEMBER FORCES LIST 101 TO 124 

Motee 

1) Tbc output gcneratcd by thesc commands are bascd on 1hc 

currea1 unit sys1em. Thc uscr may wish to vcriíy thc cunent 

unít tys1cm and change 11 ir ncccssary. 

2) Resuhs may be printcd for all joinls/mcmbcrs/clcmcnl.J or 

bued on a spccificd litl. 
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5.42 Print Sectlon Displacement 

Purpoae 

fhis command ¡, U'icd to calcul:llc and prinl displ<tccmcnts al 

'icct1ons fintcrmcdiatc points) of framc mcmbcrs. This providcs thc 

uscr with dcrtcclion data bclwecn the joinls. 

General fotmat: 

fH]NT ~ON lMMJ ~PL ~CT 11 !SA'LE •I {

t:!QeRINT 

~ memb-1111 } 

l ··-·-· 
Detctiptlon 

Thio; command prinls displaccmcnts 

al rn1crmedia1c points bctwecn lwo 

101nt• oí a mcmhcr. Thcise 
displaccmcnts Jrc irt global 

conrdinatc dircc1ion5 !'ice figure). Ir 
lhc :vfAX command i!. uscd. lhc 

progr::1m prints only thc nl;alimum 

local displaccmcnls among all load 

C35CS. 

i = numbcr oí 'cction'I lo be takcn. lJeíaults to 12 ií ~SE:CT is nol 

uscd and ahó 1í SAVE is uscd. 

a ::: l=ile name wherc displacc:mcnl valuc; can he slored and uscd 

by STAADPL graphic< program. lf NOPRINT cammand i• 
u!cd in conjunction wilh SA VE co¡nmand, thc proanun writcs 

thc data to file only 4nd docs not pr101 thcnt In outpul. The l'C 

version docj nol necd a íilcnamc and ií onc i; providcd, il will 

be ignarcd. 
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Example 

PRINT SECTION DISPL SAVE 
PRINT SECTION MAX DISP 

ST AAD CommandJ and lnpu1 lnslructioo1 

SECTION DISPLACEMENTS are mcasur<d 1n GLOBAL 
COORDINATES. Thc valucs are mc~surcd lrom thc original 
fundeílcc1ed) posilion 10 the dcílcclcd pos1tion Scc rigurc ahovc. 

The maximum local displaccmen1 is also prinlcd. First, 1hc location 
is de1crmincd :1nd lhcn thc valuc is measurcd from 1h1s loca11on to 
1hc linc join1ng .iart and end joints oí thc dcOcclcd membcr 

No leo 

1) Thc scction displ:1ccmenl values are availablc in Global 

Coordin:ucs. Thc unJcOcclcd position 11 used as thc datum ror 
calculating thc dcílcc1ions. 

21 This is 3 sccondary analysis command. An :1nalysis must be 
pcríormcd bcíorc 1hn command may be uset.I. 

-
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5.43 Print Force Envelope Speciflcation 

Purj>oae 

fh1s command is uscd to calculatc and prinl íorcelmomenl 
cnvelopcs lor íramc mcmbcrs. This command is not :tv:tilablc for 

finite clcrncnts. 

General format: 

{
f!IBCE } 

MMFORCE 
ENVELOPE llifiliCTION i) ll1t-1p. 

{!.!li,AI' T' ' } llsHpec= ~ 

Descrlpllon 

Whcn: 1 1s thc numbcr oí cqually ~paced scctions lo be considcrcd 
in print1ng maximum and minimum íorce cnvclopes. lf thc 
NSECTION i command n om1ttcd. i will dcfauh lo 12. 
MAXFORCE command produces maximum/minimum íorcc valucs 
only oí all <;cctions. whcrcas thc FORCE command prtnts 
maximum/m1n1mum raree valucs :11 cvcry \eclion as wcll as the 
maiúm1n íorce valucs oí .all scctions. Thc rorcc componcnu. include 

FY. MZ, FZ. and MY. Nolc lhal lhc SECTION comm•nd (as 
dcscribcd 1n scclion 5 . .tOJ does nol dcíinc thc number of sections 

íot force cnvelopcs. for thc sign convcntion of raree values, rcfcr 

to Sectíon 2.19 . 



curnn j 

Example 

... , 
PRINT FORCE ENV 
PRINT MAXF ENV NS 15 

ST AAO Commandl and lnpul lnstruciioru 

PRINT FORCE ENV NS 4 LJST 3 TO 15 

Noteo 
\ 

This is a ~ccondary analys15 command .ind 'lhould he uscd Jlt 
analy'l1S spcc1f1cation. cr 

ji 
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11 
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5.44 Post Analysis Printer Plot Specifications 

Printcr plots oí the analysis results may be gcncratcd aítcr 1he 

analysis has hecn pcrformed. Reícr to Scction 5 29 for thc various 

con1man<ls that can he prov1dcd in thc input file aflcr the 

PERFOR~ ANAL YSIS command. 
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'i.45 Post Analysis Graphics Display 

This part describes 1npu1 slylc 10 crc:uc plo1 files which can be 
acccs'icd hy STAADPL for graph1cs display on 'icrcen tH pcn 
ploucrs. 

-

I::...~ 

1 jjl 

a: ·:11 

•1 111 

11=1 
• •• 1 • 
11· 1 • 

...... --'-··-·--· 

5.45.1 Display Deflected Shapes 

Purpose 

rhis command crc:ites a rile with data con1:11ning the jnint 

d1splaccments. Tl11s file must be crcalcd in 1hc STA,\D 
<1n:1lys1sldcsign rlln so that the dcílecled shapc may he vicwcd in 
thc Post Pruccssing gr:tphics display in a later sess1nn . 

General formal: 

PLOT ~PLACEMENT f!.!..E 

Oucripllan 

Thu command creatcs thc dala requircd lo display thc Jcílcctcd 
~hapc for any load case :ll any 3ssoc1o11cd 'icalc Í:lclor. Thc 

dcílcctcd shapcs are displ::t.yed by Jr;1wing thc displaced pud1ions 

of joints and connccling thcm with 'ilraight lincs. 

Notee 

1) lt is nol ncccssary lo havc thu command in thc ST.\,\P 
analysis run ií thc dcílcc1cd shapc 1s vicwcd 1n 1hc ~ame 
\Css1on. ST1\AD', livc ~concurren! Ja1:1hasc·· <;lores thc 

disphtccmcnl dala hom thc latcst analysis run wh1ch.is 

:1u1omatic::i.lly útilizcd by lhc Posl Proccssing module. 

:!) This is a posl-analysis íacil11y. Thus lhis command múst be 

uscd aftcr thc :lnalysis spcciíicalion. 
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l5.2 Display Section Displacements 

Purpose 

This command crcalcs a lile with dala con1ain1ng thc o;cct1on 

d1splacemen1s Thts file must be crcatcd in thc STA,\D 

analys1s/dcs1gn run ~o 1h.:i1 1hc scclton Jio;placcmcnls may be 

v1ewcd in 1hc Post Proccss1ng graphtcs display in a latcr lCS~1on 

General Format: 

fl..QT ~TION E!J.E 

Oescription 

L:s1ng thc Scction Displaccmcnt command, thc U1iCf can display thc 

scction displaccmcnt for Jny load i.:3sc with ;in~ ;is,ocialcd lc:1lc 

factor. 

Motea 

1) h 1s not ncccssary 10 havc this ..:omm:snJ 1n thc STAAD 

:1nalys1s run 1f thc \ccuon J1~placcment is v1cwcJ In !he lame 

scssion. STAAD'1i livc ~concurren! databasc · slores thc 

Jisplaccmcnt dala frnm the la1cs1 :1naly,1s run ...,.h1ch 1s 

aulomatic:11ly ut1l11cd by thc Posl Process1ng mudulc 

:!} This is a pos1-an:1lysis facility Thus this command must he 

uscd ,;J.11cr 1hc analysis 5pcc1fic:a11on. 

.+-· 1. •:r• 
aijr. 

5.45.3 Displáy Bendlng MomenUSheát Force 
Diágrams 

Purpose 

Scction S ]27 

fhis command crcatc~ :1 file wnh dala con1;11ning thc hcnding 

momcnl and 5hc:tr lnrcc v:1lues fh1s file musl be crc:llcd in thc 

STAAD :1naly!ds run '>O that thc hcnd1ng moment J.nd 'ihe:1r force 

diJ.gr:uns may he vicwcd 1n lhc Post Proccssing gr:1phics display in 

a l:ucr sc~sion. 

General Form~t: 

e.!.QT !!filf 01 NG E!J.E 

Oeocrlpllon 

L:<>ing 1h1s i.:ommand. thc uscr can crcalc ncccss:try da13 lo display 

thc momcnt 3nd shc:ir force diagrams for cllhcr one/two mcmbcrs 

or ali mcmbcrs al a nmc. 

No tu 

11 lt 1s not ncccssary to h:1ve this command in thc STAAD 

:1.naly~i, run ir thc diagramo;. :1rc v1cwed in thc 'iamc sc111'iion. 

ST,\AD's livc ~concurren! da1abasc' 'ilorc5 lhc ncccssary dnt.11 

from the l1tcsl analy5n run wh1ch is autumatic:\lly utilizcd hy 

thc Posl Proce55ing modllle. 

2) Th1s is a post-analysis racility. Thus this command must he 

uscd aí1cr the .tnalys1s spccific:1t1on. 
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; 45.4 Display Mode Shapes 

Purpose 

rl11s comrnand crcalc\ .1 lile wnh Ja1a ¡,;ontatn1ng lhc moJc \h:ipcc; 

f'h1s file mu'il be crca1cJ 1n 1hc S L\AD Jnaly">1s/de.,1gn run '" that 

1hc modc shapes m.1y he 111cweJ 1n thc Post Prot:c">s1ng graph1co¡ 
J1'iplay 1n J laicr ,.c,. .. 1on 

General Format: 

PLOT MQQE filE 

Oeacription 

Ü\1ng lh1s commanJ 1hc u,cr i.:an ..:rcalc 1hc J.a1.a rc4uired lo J1splay 
lhl! motlc >hapc íor .1ny nurnhcr ti mude, wnh J ..:1irrc\pond1ng 
"cale fac111r 

Notes 

1 J 11 is no1 nccessary to h.avc th1'i ..:ommand 1n 1hc ST,\,\O 

analy\h run 11 1hc :nudc "hapc'i .uc v1cweJ tn thc ~ame ,c,..ion 

STAAÜ"• ltvc 'cnnc:.irrcnt Ja1ah.a\c" "lores thc Ji.,placl!mcnl 

Ja1a írnm thc 13lc'>I .1naly'ii\ run whu.:h IS JU1t1n1ahcJlly :.iti111ed 
by thc Po\t Proccs ... 1ng module 

! t Thas ts .a post-analy'il\ lac1l11y Thus 1hn cnmmanJ musl he 
uscd .aflcr 1hc analy'it\ ,pcciricauon. 

•111111 
•5 • 
•·1 11 
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5_45.5 Display Stress Contours 

Purpose 

This cn1nmand cre:tlC'\ :t file with dat;i con1a1ning thc ,trc'i<; valucs. 

l'h1" lile mu..¡\ he .:rcatcd in thc STAAD Jn3ly<>1s/dcs1~~ run "º '.h31 

h "lcwc1! 1n 1hc Po.,t Proccs .. 1ng gr3ph1cs lhe 'ilrc'>S contouro; rnay e • 

Jio;pl:ty in 3 l;J.lcr ~eo;'i!on 

General Formal: 

PLOT STRESS filE 

Oe.scriptlon 

L:s1ng th1s ..:ommanil thc uscr c:in display thc 

load c:tsc wilh J .:orrco;pond1n~ ,c:i.lc f3clor 

\lfC\S ..:ontourc; ·ror :1.ny 

Notes 

11 lt :'i n111 ncces,ary to havc thi~ comm3nd in thc ST \,\D 

1 Un .1 ·he ~tres<; .:onloUr'i are \lewcd 1n the ~jmc .10.1 V'il\ f · ' 

· ST \\O' 1i11c "cnn-:urrenl Jataha'iC · <;lores thc ilrcss 
'iC,.'>ltlfJ. / • \ 11 'J' d 
JJt:J. lrnm thc 1.alc\I .1nalyo;1 .. run wh1ch I'> JUlom:111i::t y LJIJ J/C 

by thc Po~t Prn1.:C\'i1ng module. 

r 1 rhu 'i tht'i 1.:ommand must be ~) This l'i J po<;l .1n:i.ly'iis ai.:1 1ty. 

uscd Jíter thc .1n:tly'i1s spcc1fica1ion. 
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.46 Size Specification 

Purpose 

Th1s cnmm<.1nd providc' .1n cs11ma1c fur rcquircd 'icct1on prnpcrnc" 
fnr J framc 111cmhcr hasct.I un ccrtaln Jnalysis rcsulls Jnt.I u~cr 
rcqu1rcrncnl'i 

General Format: 

. ¡~~~I~cr10N 
~E bfil:IGTH 

whcrc. 

BSTRESS 
SSTRESS 

f 1 = .\.iaxm JllowJhlc 1"rJ1h 

r,) '• r, 
'• '• 

{ ~BER member-llat } 

r, = \fa1m Jllnwabil: 1Lcng1h/\.1;111n locJI dc1lct:111in1 ra1111 

r1 = Lcng1h lor .:alculaung thc ahcnc r:1t10. 

Dclaull = actu;il mcmhcr lcnglh 

IJ = ~::11m. Jlli>wJhlc hcnd1ng 'ilrc'i'i 

f~ = \itaxm JJlnwahlc ,hcar 'ilrC'iS. 

De1cription 

Th1s command may he uscd 10 calculatc rcqu1rcd ,ccuon propcr11c~ lor 

a rncmbcr ba,cd on analy\tS rcsuhs and uscr spcc1ficd cnlcfla.'i fhc 

uscr spcc1ficd critcrias may rncludc ~lembcr w1dth, Allowablc 

(Lcng1h/MJ.1m. Dcílccuon) Ratio. ~3.-.:m. 3llo_wablc bcnding strc5s 

and \.i;1x1mum Jllowable ~hcar stress. Any numbcr oí 1hcsc entenas 

may he uscd ~•mullancously. The output includcs rcquircd Scc11on 

~odulus fabuul major JxisJ, rcquircd Shcar Arc3 ffor !hcar parJJlcl lo 

m1nor JliSJ, \.iJAm. moment capac1ly lahoul majar :1x1sl. MJ-1.m 'ihc:ar 

capaci1y (fur .ht:ar parallcl tu m1nor axis) :ind MaAm. (lcnglh/lucal 
maxm. deílccliunJ r:uio. 

li • 
li • 
I! ti 

ll 11 

li ti 

1 ! ti . 

J -==--.11 -

• 

Example 

SIZE WID 12 DEFL 300 LEN 240 asrn 38 ALL 
SIZE DEFL 450 Bsrn 42 MEMB 18 TO 25 

Sccllon .'i jjl 

Note: 
lt may he n1Jtc<l th31 'itz1ng w1ll be hased on only thc critcria 

-;pcciricd by ihc tJ'icr In thc relevan! Sl7~E command. 

In thc lit'il 1!1amplc Jhovc. <;111ng wdl be bascd nn uscr 'ipcciricd 

b 1 h r 1, Lcngth/Dcllcctiun ratio ní 300 (where mcm cr wu 1 11 -· 

Length= :?-IUI and rna~ :illuwahle bending stress oí 36. 

In thc .,ccontl ex;imrlc. ~it:ing wdl he hascJ un Lcngth/Dcílection 

r.lllO i1I -150 !whcrc 1..:ngth:= Jctu;il memhcr lcngth) .lnd maA. 

.illowahlc hcnd1ng ,1rc-.., c1r-t~ 

NoteA 

·•n.'1~, 1 ~ IJ.cililv. and mU'il be uscd Jíicr thc Jnalysis fh1s l'i J po'il .. " • 

, pee 1 tic a1111 n'i 
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cuon 5 

: .47 Steel Design Specifications 

This scc1ion describes all thc speciíicallnns nccessary for llrtu.:tural 
'lllcel dcsign. 

Sccuon 5 .11.1 drscussc'> -ipcciíic:it1on of all the paramctcrs 1ha1 

may be uscd to o.::on1rol 1he Jcsign. Scct1ons j .t7.2 and j J7 J 
describes thc CUIJE CllECK!NG and MEMBER SELECTION 

op11ons rco;pcc1ively. \icmhcr Sclcc1ion by op11milatinn is 
Jiscusscd 1n 5 J7 .i. STAr\D also providcs íac1li11cs íor Wcld 
Dcs1gn which are Jcscrihcd 1n 5 J7 5. 

-

·- .• 
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5.47.1 Parameter Specifications 

Purpose 

fhis "el ol command" rnay he u"cd lo spcciíy ihc paramctcrs 

rcqu1rcd rur .. tccl dc .. 1gn 

General format: 

PARAMETER 

COOE 

AASHTO 
AISC 
AUSTRALIAN 
BRITISH 
CANADIAN 
FRENCH 
GERMAN 
lliOIA 
JA PAN 
LRFD 
NRWAY 

J parameter-name f 1 } 

~FILE a,, (a,. 83) 
{

M_SMBEll m!mb-list } 

ALL 

Oe•crlptlon 

Par:imcter-namc relero; to thc .. PARAMETER :"ofAME~ (s) listcd in 

1hc paramctcr table o.::ont;uncd in thc Stecl Dcsign scction. 

For :1 list uf par:imCtcrs íor ,\(SC Alluwable Sttcss Dcsign, 11cc 

Table 3.1 uf tllis manual For :l list ur Paramctcrs for AISC LRFD 

Dcsign. ~ce fahle J ~ For -.Ice! dc~ign pcr othcr codcs, rcíet lo lhc 

rclcvanl documentat1on 

f 1 :::: Valuc nf 1he paran1cler 

....... 
·~· ( 
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STAAD Commamb óllld lnpu1 Jn~trucutms 

rhe U'iet e::i.n i.:ontrol the Jc<,tgn lhrough '>pcc1fic:J.IÍOn of ptnpcr 
p.u:unctcr 

rhc PROf-ILE paramctcr 1~ Jvailahlc lor thc AISC ASO t:odc only 

rhc !l'iet t:Jn ~rcc1fy up ro threc prnlilc~ IJ,, J:? and l1) Prnl1h:. J\ 

tlcc;cr1bcJ 1n l'.1hlc J 1 " thc lirsl thrcc lcllcrs of :in ,\JSC ,1ccl 
0

t:ihlc n:imc. e g WHX. W 12. CIO, L20 ele Thc PROí-11.E 

paramctcr·namc is uscd only lor mcmlicr sclccllon whcrc mcmhcrc; 

:.irc 'iclcc1cd lrnrn cach .11 !hose profile namc! The PROFILE lnr .1 

r.~cc11on i'> :i W-ihapc \lsn thc c;hapc ipccificd under PROFILE 

hJi lo be thc .. :.11ne as th:H 'pcc1fied 1ni1ially unJcr .\1EMRER 

PROPERTIES ~ntc 1h.11 thc PROFILE co1nmand can only he u.,cd 

tor thc: ,\~ERIC,\.'J ~1ccl table CODE paramc1cr lcl'i you ehno~e 

thc typc ol ,¡ccl cm.Je 10 he t:hcckcd lnr des1gn Thc dcfault ,1ecl 

.::ndc JcpcnJ, 110 the t:ountry nf J1s1rihu1u1n 

Example 

PARAMETERS 
COOE AISC 
KY 1.5 MEMB 3 7 TO 11 
NSF 0.75 ALL 
PROFILE W12 W14 MEMB 1 2 23 
RATIO 0.9 ALL 

Notes 

1, ,\IJ un11 'iCn\lt1vc valuc., ,hould be in 1hc cu~rcnl unil sy'itcm. 

~I For dcf:tult values of thc paramctcrs. rcícr lo 1hc appropnatc 

paramctcr table. 

JI PROFILE .:ommand 1s availablc wilh thc American AISC ASO 

ende only 11 is not availablc wilh thc LRFD or AASHTO 
ende!. 

I' 1 
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5.47.2 Code Checking Specification 

.'if"I" ~t'fllf)IT 

~.j 

Purpose 

Th1s i.:om1nand may he uscd to pcrlorm thc COOE CllECKING 
11pcrat1on. 

General formal: 

CHECK COOE 
{:~~aEh m@mb-llst } 

Oescriptlon 

rh1s eomn1and ¡;tJccks thc o;pecllicd mcmbcr'i ;1g¡Unsl thc 

.. pcc1fic:it1un oí 1hc Jc.,1rcd ende. Rcfcr lo Scction :! oi lhis manual 

ftu dclatlcd 1nlurma11un. 

Note& 

fhc output ol 1h1s i.:n1nn1and may be conlrollcd using thc TRACK 
p:iramctcr Thrcc le veis of dct;uls :.irc availab!C. Rcfcr to lhc 

.1ppropr1atc Stccl Dc .. 1gn iCction lor mure 1nlorma11on on thc 

rR.-\CK par:1n1ctcr 
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'.47.3 Member Selection Specification 

Purpose 

rhis command may he ll'icd lo pcrlnrm thc ME~BER SELECTION 

upcr:111on 

General format: 

illECT {

M.fil!!BEA memb-llsl } 

ALL 

Description 

fhis comm.1nd 1ns1rucb s·t .\AD to \clcct o¡pcc1lied memhers hascd 

nn thc par:imclcr v:iluc rc'>lric11ons Jnd .¡pcc11icd codc. Th..: 

~clccÍ1on 1s done us1ng 1hc rcsulls from thc mosl rcccnt anal~";l'i 

Jnd 1tcr:111ng un sei:t1ons un1il J. le3!1l weight si1c 1s nhta1ncd Rclcr 

to Scction ~ for more dcta1h 

Note• 

1 l Thc ou1pu1 oí th1.; command may be controllcd lH1ng 1he 

TR.\CK paramctcr. Thrcc lcvcls of Jctads J.te avJ1i.1hlc. 

Rclcr tu thc lppropriJtc Stcel Dcsign sci.:tion fur more 

1nlurma11on 0n thc TR.\CK paramctcr 

Mcmhcr o;clccllon c:in be done only aflcr Jn analys1s hao:; 

bccn pcrlormcd. Cunscqucn1ly. thc command to pcrlorm 

1he analyo:;is has to he specified bcíore thc SELECT 

~EMBER commanJ c:1n be \pccified. 

•-i a 
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5.47.4 Member Selection by Optimlzation 

Purpose 

fh1s cnn1mand pcrforms mcmher o;election using iln op1imizcd 

techn1quc hased un m11ll1plc analy .. is/dcsign 1tcrations. 

General format: 

füECT Q!!IIMIZEO 

Oescriptlon 

fhe prograrn "clcclc¡ all memhcro; h:ncd on ;a dale·oí-lhe·;&rl 

11ptim11:il1on 1echn11.¡ue. This methnd requirco;. muh1plc 3.n:1lyo¡cs as 

wcll as ller:it1on ol 'il.~e'i únlll ;an overall slructurc lc:tst weighl is 
nhl:iincd. Th1s command o;hould he uc;ed with caulion o;lnce il will 

requuc lnngcr procesc¡1ng time. 

Notes 

1 1 Thc oúlpul oí 1h1~ command may be conlrnlled usif!S the 

TR.\CK par:imelcr Threc le vele¡ nf det:tils :tre 1vaílable. Reícr 

to the approprlillc Steel Dcsign o¡eclion íor more 1nformalior1 on 

1hc fR,\CK p;arameler. 

! 1 fh1" command may rcqúirc multiplc 1terations involving 

analyo¡1c¡/dcor;1gn cycleor; and 1hcrcforc may be time consuming. 
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.47.5 Weld Selection Specification 

Purpoae 

fh1s command pcrlnrm~ ~clcc1111n ,,¡ Id 
J ' we 'HLCS for '>pC1..·1 li1..•tl 

mcmhers. 

General format: 

{ LLMBER memb-list } illECT WELD CTRUSS) 
A 

Descriptlon 

By th1s command, lhe program ~clccl! the weld '\llcs ol lhc 

->~cc1 ficd mcrnhcrs al s1ar1 and end. rhc ~clccuons are 1ahulJlcd 
wnh all 1hc necessary 1nforma11on /f the TRUSS d · comman I'> uscJ 
thc program w11l dcs1gn welds íor J.n~lc J.nd Joublc :1.nglc mcin~er,.· 
Jllachcd In gussct plalcs with lhc wcJJ Jfong thc length of 
mcmbcrs. 

Notes 

~he w~Jd si1c t::1.lcula11on mJy also he con1rnllcd parametnt:Jlly 

l·or 1nlorma11nn un :1.v:ulable raramc1cro¡, rcfcr 10 the .tpproprlJlt: 
S1ccl Des1gn ~cc11on. 

., 
•: 
lli 

·~ 
• ~ 
·~ ' 
•-1 

• 
!I 

1 

1 

• • • 
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5,48 Group Specification 

• 
Purpose 

f'ht~ t:nrnman1l may he U">cd to group mcmhcrs togcthcr for analysis 

.1nd ~Ice! dc~ign. 

General tormat: 

(.E.!XED GROUP) 
GROUP prop-spec MEMB mémb-llst (SAME AS 11) 

pro~spec = { ~ } 
OescriptiOn 

= Crou-sectlon Brea 
= Sectlon modulus In local y-1txls 
= Sectfon modulus in local z-1txlS 

rhis .:ornm:.1nd .:nlhlc\ iht: rnogr:im tu group ~pcciíicd mcmbers 

1ngc1hcr lur lnaly'ii'i ha'icd nn 1hc1r llrgest propcrty ~pcciíication. 

lf 1ncmhcr numhcr 11 '" prnvidcd 1n S.\ME :\S commanJ, 1hc 
prngrlrn will grnup thc rncmhcr .. h::t'icd on thc prurn:rtlcs of i 1 This 

.:omrn.inJ 1s u<;ually u .. cd .iticr !he mcmber '\clection, !J,,herc thc 

rncmhcr'> i.::in he grnupctl for lurthcr procc'i'>lng lí thc r-tXEO 

GROCP opt1on l'i u .. cd the ~pccdicd group1ng will he rct3incd in 

mcmory hy thc prngr:im .:tnJ w1\I he uscd 1n ~uh~cqucnl mcmbcr 

~clccl 11pcrll1on~ lnd !he re'iUlt~ ol 1hc .. GROL:Ping· w1ll nol be 

-.ccn unlc~'i l "SE.LECT \.iE.MBER · opcr:illon 1s pcrformed. 

Example 1 

GROUP SZ IU:MS 1 :1 7 TO 12 15 
GROUP Ml:llS 17 TO 23 27 SAMI: AS :10 

• 

In this cx.:tmplc, 1hc n1cmhcrs l. J, 7 to 12. :ind 15 are is•igned thc 

'.iamc propcr11cs bascd nn which of thcsc mcmhers has thc largcst 

~ct.:tion moJulus .. \.tcmhcr'> 17 10 ~3 :ind 27 :irc :issigncd thc !ame 

propcrlic'i J'i mcmbcr JO. rcgardlc'>'i oí whcthcr mcmbcr 30 has 3 
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.. mallcr or l:irgcr cro<;s-~cct1onal Jrc:i ,\X is thc dcíault propcrly 

upnn which grouping is hascd. 

Example 2 

FIXED GAOUP 
GAOUP MEMB 1 TO 5 
SELECT OPTIMIZED 

In thc lhovc .:'amplc. thc us:1.gc ol thc FIXED GROCP i:omm:.lnd 1s 

11lus1ra1cd. Thc SELECT OPTIMIZED command 1nvolvcs thc 3 
<;lagc proccss nr 

1 J :-.IEMBER SELECTION 
!) GROCP1ng oí mcnibcrs 1 TO 5 
lJ \N,\LYSIS 

l muhtplc numbcr oí 1irncs llnlll .1 ..:un\crgcm.::: 1n mcmhcr 

prupcnics 1s a11a1ncd bclwccn adja1:cnl cyclcs Thc FIXED GROCP 

..:ommand is rcquircJ for i:1.ccu11un ,,r llcp ~ 1n thc 1:yclc 

Notes 

fhis ..:ummanJ ,., 1ypi..::J.lly uscJ JCl.:r the mcmbcr -,cl.:c11on ltH 

furthcr Jnaly'iis :ind Jcs1gn Th1s f:J.c11ity m3y be vcry cííccllvcly 

u11litcd 10 Jcvclop a pr:.ict1cally orientcd Jcs1gn whcrc 'icvcr:J.I 

mcmbcrs nccd to be ol thc llmc s1.1c. 

-•·i al 
•-i • 
•1 • 
•i 111 

•4 • 
:!: 

! 

= 

5.49 Steel Take Off Specification 

Purpose 

This command may he uscd to oh1ain a summary oí all slccl 

o;cctiuns hcing uscJ Jlung with lhcir lcngths and wcighl5. 

General formal: 

Oescrlptlon 

Scc:uon 5 341 

rh1s cummunJ prov1dcs .1 complete lisling .1ccl 

1ahlc ~cctinns uscd '" thc structurc Thc tabulatcJ li5ltng will 
1n1:ludc total lcngth oí cach scct1on namc ánJ its total ..a.cighl. fhis 

..::an be hclpíul in i::'illmaling stccl quantitics . 

fhc \.IE~BER npt1on li~I c:1ch mcmhcr lcng . , · 

numbcr. prníilc-lypc, lcngth :1nd wcight . 

Notes 

fl11s (l.cili1y may he vcry cííccllvcly ut 

c~timl.tc uí thc ~cructur.11 'ilccl quanlily. 

lhlain J quick 
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50 Timber Design Specifications 

·~ 

This scc11on dc-;cribcs !he ~pec1íica11nno; rcqu1rcd lor 1inihcr 

dcs1gn. Dc1a1lcrJ Jcscr1p11on ol thc 11mhcr dc~1gn proLctltuc ... 1.., 

Jvailablc 1n Scction -1 

Section -1.50.1 dcscríbcs spcc1fica1ior1 oí parameters fnr 11mhcr 

dc'll1gn Sec!lons 4 50 2 Jnd ~ 50 3 J1-;cusscs 1he codc chcLk1ng ,ind 

mcmbcr 'iclcction íacilillc'll rcspec11vcly. 

Etll 
Scction j J.4j 

5.50.1 Timber Design Parameter Specificatlons 

Purpose 

fh1" ~et of command ... 1nay be uscd for 5pccific:Hion oí paramclcr5 

lor timhcr des1gn 

General Formal: 

PARAMETER 

COOE TIMl!EA 

parameter-narnf! f1 

Ducrlption 

{

MEMBER member-llat} 

ALL 

r1 = 1hc valuc oí thc paramctcr. 

:'\lote thlt thc paramclcr·namc rcícr" to the paramctcr• dcscribcd in 

Scct1un l 

l 1 Al! vJlucs mus! he prov1dcd in 1hc currcnl unit systcm. 

].) For dcíault valucs of paramctcr'>. rcfcr to Scction ..t 
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;.50.2 Code Checking Specification 

Purpoae 

rh1s command pcrlorms ..:odc i.:hcc~ing npcra11nn un c;pcc1licd 

mcmbcrs ba~cd un thc .\1ncr1can lns1i1u1c ol r1mbcr Cun~1ruct1nn 
11\ITC) endes 

General Format; 

!d:i.E.CK cooe {:;LMBER member·lisl} 

Descriplion 

íh1s i.:ommand t:hccks lhc ~pcc1íicd mcmhers 1ga1ns1 the 

rcquuerncnls of the ,\mcrican fns111u1e 11f Timbcr C11ns1rui;t1nn 

1.\ITC) codee;. Thc rcsuhs of lhc .:11<lc ..:hccking :.ne 'iUmmar11cd 1n 

a 1abular lorm::u Examplc'i and detaile<l explanat1ons oí lhc tahul.tr 
lorm;i1 are .tv;idablc in Scc11ur1 S 

Noles 

rhc •tUlpUI ••• thts ..:ommarid may he ..:nr11rollcJ h~ lhc TRACK 

paramclcr. Two lcvcls ol dcta1ls Jrc Jva1lahlc. Rcfcr to Scction 5 
for Jc1ailcd infurma11on on 1hc TR..\CK p3ramctcr 

Scction S :MS 

· 5_50_3 Member Selection Specification 

PUtpose 

rhis ..:nmmand pcrtorn1c; mcmhcr ">clcction opetation on <ipccir~cd 

incmhcrc; ha~cd no thc AmcricJn lnstitulc uf Timhcr Construc11on 

lr\ITCl i.:ndc~ 

General Formdt: 

{
MEMBER membet-lltt} 

lliECT 
ALL 

Oe~criptlon 

d m .. ., he uscd lo pcrrorm mcmbct !.cltc1ion :tccording rh1s comm:i.n .. ! h 
tu thc .\ITC i.:udcc;. rhc sclcction IS háscd on th.c rcsolts or 1 .e 
l:ucst 1nalv~1c; :J.nd itcrJt11u1s .trc pcrlormcd ont1l 1hc lc:tsl wc1g.hl 

rncmbcr '\~ll\l;.itng Jll lhc applicahlc codc rc4uircmcn1s IS oht:uncd. 

b "·cd to control thc Jcsign :tnd thc rcsults átc Paramctcrs may e u'i . 

JvJtlahlc in 1 tJbUIJr form:il. Dctatlcd cxplána.tions oí thc c;clcct1ort 

J d 'he ""iput :ne :.lvailahlc 1n Si!clion S. prni:c'i.., n ....... 

Nolu 

Thc out pul oí thts command may he controllcd by thc TRAC,K 

1 fwo te .. ele; nf dcta1li; :trc :lv:tilablc. Rcíct tn Sccl1un 5 par:lmc et. 

for dct:1ilcd infurmatiun on 1hc TRr\CK par:tmctcr. 

I'. , .. 
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Concrete Design Specifications 

rh ... 'iCCllon describes lhc '>pcc1fic:111nns for concrclc tlcs1gn Thc 

concrete dcsign proccdurc 11nplc1ncn1cd in STAAD consist" ni die 
follow1ng Slcp">: 

1) ln11ia11ng Lhc dcs1gn . 

.!) Spcc1/y1ng p~ramclcr'i. 
J) Spcc1ly1ng dcs1gn rcqu1rcmcn1s. 

~l Rcqucsung quan111y 1.dcc-uff 

5) Tcrmínat1ng lhc Jc'i1gn 

Scc1111n 5 51 1 Jcscnbcs thc Jcsign 1n11i:111nn ..:omm:tnd. Sc-.:11on 

5 51 2 díscusscs thc spccilication uf p.tramctcrs Dc .. ign 

rcquírcmcnl spccifica1íons Jrc Jcscr1hcd 5 51 J. fhc CONCRETE 

TAKE OFF cornmand 1s Jc.,cnhcd in; 51.' Finally. thc dc'iign 
tcrm1na11on cummand 1s Jc.,cnbcd 1n 5 j 1 5 

\ .. 

•: a 
•1 ti 
•1 Q 

• 
:t: 
•! 11 

·~ 11 

•tCI 

\. . 

Section S .147 

5.51.1 Design lnitiation _ 

Purpose 

Th1s -.:ommand l'i uscd 10 initiatc thc concrete dcsign. 

General formal: 

START CONCRETE DESIGN 

Descrlpllon 

r¡,¡., commantl 1n1ti:Hcs lhc concrete dcs1gn spcc1íic:llion. With 

th1s. !he des1gn r:u:imeteí'i :lre JUlomalically sel lo thc Jcfauh 

valucs (as shown un Tahlc .l 1 ). Withnul this command. none of the 

tolluw1ng cnn-.:rctc design cnnunands wtll he rccognizcd. 

No tu 

1 hi., command rnust be prcc;cnt bcforc ;iny concrete Jco¡ign 

..:111nmand 1~ úsctl 
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5.51.2 Concrete Design-Parameter Specificatlon 

Purpose 

fh1s set of i;omrnand., 1nay he uscd 10 i;pccily paramctcrs tu ...:ontrol 

thc concrete dcsign. 

General lormat: 

~ 
!IBJTISH 
CANADIAN 

~E FRENCH 
GERMAN 
INDIA 
JAPAN 
NORWAY 

{

Mfil!BER memb/elem 11•1 } 
parameter-name r 1 

( AIJ.) 

Oe1crlption 

PJramctcr·namc re ter\ 111 1hc cuncrclc par3mctcr\ Jc ... cribcJ 1n 

T Jblc .l. I. 

f1 = is thc valuc or thc parJmclcr. ~ole 1hal 1h1s v:iluc is always 

input 1n currcnt unu~ fhc Ll~IT command 1s also acccptcd 

during Jny phasc lll ..:um.:rclc Jcsign. 

NblH 

1) All paramctcr valuc ... Jrc proviJcd in thc current unil <;ys1cm. 

2) For dcíault valucs ol paramctcrs, rcícr lo Scction 3. 
•'• ! 

• 111 -ª' 
~ 
*" ' . 

5.51.3 Concrete Design Command 

Purpose 

fl11s ..::01nmand may he uscd to spcciíy thc typc of dcsign rcquircd. 

'>icmbc" may be drngncd as BEAM. COLUMN or ELEMENT. 

General lormdl: 

Qfil¡IGN memb·lltl 

Oucrlpllon 

\.icmbcrs lo be dcs1gncd must he o;pcciíicd ás BEAM. COLUMN or 

ELE~IE.~T ~ole lh:.tt mcmhcrc;. once dcsigncd as bcam. cannol he 
Ícdcs1gncJ JS 3 column Jg:11n. nr vice versa. 

No tu 

Only pl:.tlc clcmcnts may be dcs1gncd ás ELE~ENT 
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. 51.4 Concrete Take Off Command 

Purpoae 

fh1s cornmand 1nay he u,cJ to ~lhta1n an csl!matc ol 1hc 1n1JJ 

vo/umc u1· 1hc com.:rctc. rc1nlorccmcn1 hars uscd Jnd ihcir 
rc!ipcc11vc wc1gh1s. 

General Formal: 

l<QHCAETE TAKE Qff 
Oeacrlption 

fh1s ..:omrn.:ind ..:an he ""'ucJ lo print 1hc tut:il \Olu1nc of ..:nncrcic 

Jnd ihc bar nu1nbcrs Jnd ihcu íC'ipcct1vc wc1~h1 ror thc mcmhcr~ 
Jcs1gnctl. 

S,\.\tPLE OLTPUT· 

•••••••••••••• CONCRETE TAKE OFF •••••••••••••• 
!FOR BEAMS ANO COLUM:'IS DESIGNED ABOVEJ 

TOTAL VOLl!\tE OF CO~CRETE 
81.50 CL FT 

BAR SIZE WEIGllT 
:'IUMBER (in lbtJ 

4 805.03 
6 91.60 
8 1131.60 
9 653.84 

11 818.67 
············ 

•••TOTAL • lS06.U 

Notes 

Th1s comn1anJ may be usc<l vcry cffcct1vcly for quick quan111y 
cs11ma1cs. 

• -. •• 1 

•1 'I 
• j 1 

( ,, 
• 

1 5 Concrete Design Terminator 5.5 . 

Putpose 

s.xuon s Jst 

This commantl must he u~ctl to tcrminate thc concrclc dcsign. 

General lormat: 

E.lfil.. @HCAETE Dl:SIGN 

Descrlpllon 

T 111-; cnmmanJ 1crm1nalc'i thc concrete dcs1&n. aftcr which normal 

S r.\,\D cummand'i rcsu1nc 

Example 

START CONCRETE DESIGN 
CODE Acl 
FYMAIN 40.0 ALL 
FC 3.0 ALL 
DESIGN BEAM 1 TO 4 1 
DESIGN COLUMN 9 12 TO 18 
DESIGN ELEMENT 20 TO 30 
END 

Notu 

l. ST \AD command~ will nol he Without th1s i.:omntand. futlucr ' 

rccugn11cd. 
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5.52 Fool .. 19 Design Specifications 

\ 
', 

·,j 

Purpose 

This sel of i.:ommanJs rnay be uscd 10 spccify footing dc .. 1gn 

rcquircmcnl'>. Scc11ons 5 j2. I lhrough 5 52 . .t dc'J<..'rlbe 1hc procc1,c; 

ni dcs1gn 1n111a11un. p.uan1clcr spci:1fii.:a11on. Jc .. 1gn i:ornm.inJ :.inJ 
Jcsign lcrm1na11on 

Deacription 

Th1s fac1l11y may he u .. cJ 10 Jcsign 1sola1cd foo11ngs far U'>cr 

'ipcc1ricd ,upporl JOlnlc;. Once thc ,uppori is )pcc1licd. thc pro~ram 
Ju1omatically 1<lcn11lic'i thc support rcac11onts1 Jssoc1atcd wnh 1hc 

J<nnt. All JCllvc load C.t'>C\ are chcck..:d 1nd dcs1gn 1s pcrlnrmcJ lnr 

thc 'iuppoll rca..:tiun(\l lhal rcquirc'i lhc max1mum Jooting c;1.rc 

P:u:1mc1cr\ Jrc .t\·ail.ihlc In i.:nnlrol thc Jc.,1gn. Dowcl bar~ ;tnJ 

d~vclopm.:n1 lcngths are .ihu calcul.ttc<l and ini.:ludcd 1n thc Jcs1gn 
llUlpul. 

Design Considerallons 

Thc ST r\,\O isulatcd fon1ing dcsign i .. bascd on 1hc follu""'1ng 
1..uns1derJ.liuns 

1) Thc dcs1gn rcac11on load may 1ncludc conccnlrJ.lcd load .tnJ 
hiaJ11al momcnts. 

~) Thc vcrucal rcac11on load 1s tm.:rcascd by 1 O'l- lo accounl for 
thc sclfwe1gh1 of lhc fouting. 

]) Footing '>lah siLe 1s rectangular Thc ratio bctwccn the lcngth 

and 1he w1d1h of thc c;lab may be conlrolled by thc user thruugh 
a paramctcr. 

~ J Optional pedestal dcs1gn is áva1lable. 

5) Footings .:annot be dcsigncd at supports whcrc 1hc reacllon 
causes an uplifl on thc loutings 

.. -. 
e • 
11 ••• 
lt1 • 
I' • 
I:' • ... • ' ·=· 
1 ~·· 

S.Ctioo 5 1 J!J 

Deslg11 Procedute 

rhc following scqucnllal design procedure is followed: 

11 Footing ~11,e is calculatcd on the basis oí lhe load ditcctly 

ª\'Jllablc from the analy.,1s rcsults (support rcaclions) and User 

~pecl licd Al\owahlc So1l Prcssure. No factor is uscd on thc 

suppo11 re<1ct1ons. • 

~I Thc fuo1ing ~i1.c oht<11ncd frum l) J.nd the FACiORED LOAD 

1s u1ili1cd to calculalc soil reactions. 

F .\CfORED LOAD, ACTUAL REACTION X Paramcter FFAC 

~ole thJ.t the uscr may providc :t dcsircd value for para.meter 

FFAC. 

.11 Foo11ng Jcpth Jnd rc1nforccmcnt tlctJ.1ls :lrc ha.sed on soil 

reJ.t.:lions t.:ah:u\a1cJ per 2) .ibovc. 

" Dowcl bar rcqu1rcments antl Jcvelopmcnt lengths ;tre 

..::ilculalcd Jnd rcpotted in lhc oulput. 

Follov.1ng pJ.ramctcrc; .tre J.VJ.tlahle for fool111g dcsign. 

Deslgn Paramelers 

P~tametet Oefault Descripllon 
Neme Valua 

D'. 60,000 psi Yield strength lor 
re1nlarcement steel. 

FC 3.000 psi Compress1vé Strength of 
Concrete. 

Q&AR 3.0 10. Clear cover far slab 
~einforcemenl 

@NF Number 9 bar Main reinforcement bar size 
lor slab deslgn. 

FFAC 1 o Load ladar far concrete 
design. 

BC 3000 psi Soif beanng C8plK:r1y 

RATIO 1.0 Ratio between s1ab sidas. 
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Design Parameters Cont. 

Parameter 
Na me 

EM!jEDME 
NT 

ei;QESTAL 

.... 

-

Defaull 
Value 

1 o 

Calculaled by 
!he program 

Catculaled by 
!he program 

00 

O.O 

Sí \AlJ CJmmands .111d Input lnslnlctlons 

Descriptlon 

1 O = on1y numerical ou1pul is 
provrded 

2 O = numerical outpul and 
sketch prov1ded 

The m1n deplh al the looling 
base slab Program changes 
th1s va/ue .1 requrred lor 
des1gn. 

Size ol !he loo11ng base slab -
S 1 and 52 correspond 10 
column s1des YO and ZD 
respecfJve1y. E11her S 1 ar S2 
ar Oalh can be speclf•ed lf ane 
rs p1ov1ded. lhe other wiU be 
calculale<J oased on RATIO 11 
borh are orov1decL AA TIO w1ll 
be 1gnoreo 

The deprh ol the lootmg base 
lrom 1he support ;>omt ol !he 
column 

O O = no pedestal des1gn 
1 O = pedeslal des1gn W1lh 

program catculatmg 
oedestal d1mens1ons 

X 1 X2 - peoestal des•gn w1th 
user provided peaeslal 
dimens1ons X 1 and X2 are 
pedeslal drmensmns 
correspona1ng 10 slab s1des S 1 
and 52 respect1ve1y 

-=·=· 
1-:-~·· 

:; 
1 

·~1-• 

ltf-
• 

' 1-ª" 

+-

/ 
; 

;' 

Scction S j55 

5.52.1 Design lnltiatlon 

Purpose 

This command musl be uscd to initi:tlc thc íooting dcsigrt. 

General Formal: 

START EJ2.Q.TING 12.§IGN 

Descrlptlon 

This commam.J initiatcs thc íoo11ng <lcsigrt 'ipccifications. Wi1hou1 

this command. no furthcr footing dcsign command will be 

rccogni1.cd. 

Notes 
\lo foollng <lcsign .;pccifh:allort will he proccsscd ~ithout this 

i.:omm:in<l. 
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5.52.2 Footing Design Parameter Specification 

·,I 

Purpoae 

This command 1s U\Cd tu lpccily rar:unetcrs thal may be U'>cd 111 

con1rol 1hc foo1ing dc\1gn. f 

General Formal: 

parameter-name f 1 

Oescrlplion 

AMERICAN 
!IBJTISH 
CANAOIAN 
FRENCH 
GERMAN 
!liQIA 
JApAN 
NORWAY 

{

,!Q!NT jolnt-llot } 

( lli) 

Par:lmctcr·n.imc rctcr~ tn 1h..: par:un..:tcrs Jcscnhcd in Sc1.:11on 5 5~. 

. r1 15 1hc valuc of 1hc par:imct.::r. '.':ole thi1l lh1s valuc should he 1n 

thc currcnl units fhc L:~IT ..:ummand IS .also acccptcd Jur1ng 

any phase nf loo1in~ Jc.,1gn 

Notes 

J) All par;imctcr v:1luc .. must be rrovidcd in 1hc currcnl unit 

sys1em 

2) For dcfauh valucs uf parametcrs. refcr to thc paramctcr table in 

Scction 5 52. 

.... 
•j • 
•4 • ., 11 
•¡ 11 

•9 a 
•• 1 a 
11 a ., 111 

•• 1 a 
• i a 

• 

S«boo 5 1 j5 

5.52.3 Footing Design Command 

Purpose 

This cnmmand rnust be uscd to c1.ccule lhe fooling dcsign. 

Genéral Formal: 

DESIGN EQQ.TING Joinl-llsl 

Oesctiptlnn 

rhis comrn;,,ind may he Llscd to i;pccify thc joints far which the 

fool1ng Jcs1gns J.rc rcquircd. 

Notes 

The outpu1of1h1s ..:nmrnand mJ.y he conlrollcd by thc TRACK 
paramctcr 1,ce Sccllon 5 5~). 11TR.\CK1s ~el lo the Jcfault valuc 

,,f t O. only nu1neru:al output w1JI he prov1dcd Ir TRACK is set to 

; O. graph1i.:;il ou1put w1ll be providc<l in Jddi11on 
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EXAMPLE 

.START FOOTING DESIGN 
CODE AMERICAN 
UNIT klP INCH 
FY 45.0 JOINT 2 
FY 60.0 JOINT 5 
FC 3 ALL 

. RATIO 0.8 ALL 
TRACk 2.0 ALL 
PEDESTAL 1.0 ALL 
UNIT klP FEET 
CLEAR 0.25 
BC 5.20 JOINT 2 
BC 5.00 JOINT 5 
DESIGN FOOTING 1 2 3 5 
END FOOTING DESIGN 

... 
. ) ... : 

ST AAO Cocnm..ndl &Dd Input lnstrucuon1 

' 

5.52.4 

1:··· 

•·• 

·-· 
1 .¡. . , . 

S«üon 5 j: 

Footing Oeslgn Terminator 

Purpose 

Th1s comm:1nd must he used lo lerminatc thc íooting dcsign. 

General Fotrnal: 

END FOOTING !!UIGN 

Descrlptlon 

Th1s command tcrm1nates thc footing dcsign. 

No tu 

Ir thc íooling design IS nnl tcrm1nated. no rurthcr STAAD 
cnmmand w1ll he recngnitcd . 
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.53 Misct:11aneous Special Commands 

Following are two spccial commands that may be uscd 10 conlrol 

lhc prccis1on charactcnstics oí thc ~niííncss matnx clcments Jn<l 

mcmory rcquircmcnls lor a particular problem. 

~ 
:r: 

' 

'· 

Scction 5 J .:u;1 

5.53.1 Precislon Command 

Purpose 

Tl11'i i.:01nm::1.nd m::1.y he uscd In control thc prccision chccking 

.. ·har:ictcri ... 1ics or thc 'ilructur;il 'iliííncss m;llrix. 

Descrlptlon 

fhc global 'ittlfnc .. ~ malri't oí J corrcctly modclcd struc1urc is 

Jlway" J .. ymmclric matnx With posillvc clcmcnls on thc maitt 

J1agon::1.I. :"llcg:1t1vc or vcry 'imall positivc dcmcnls ::1.rc tJSU311y 3 

rcstJll ol 1ncorrcct modcling rcsult1n~ 1n ::1.n 1ll-cundit1oncd sliííncss 

matnx. In S [',\,\O. ::1.ll sltííncss i.:oclÍlc1en1s nllmcr1cally lcss than 

IJ.01 Jrc 1c.Jcnt1ficJ JS puo;stblc ~ourccs uf insl::1.bility 3nJ 1 Warning 

mcssage is l'isucJ ..:;1utinning thc u~cr. In ccrta1n spcc1ál silu:Uions. 

1hc ... c ~11líncss cnclficicnts may rcprcscnl J..:cur::1.lc numhcrs. To 
chm1natc thc warning mc~sagc 1n thcsc circum'ilanccs. thc 

PRECISION .::11mm;1nJ may he ll\Cd to rcsct thc valuc against which 

1hc ..:oclíit:lcnl'i Jrc ..:hcckcJ. r111 .. ..:nmmand .-hould be positioncd 

;'lc:lr thc bcg1nning 11f thc input lile 

Gener•I ldrm•I: 

Noto 

PRECISION 11 

whcrc. f1 nllmbcr Jgáinsl Whtch 'ilÍÍfncss 

cocííic1cnls are chct:kcd. 

(dcfouil = O.O 1 J 

fh1s comm:in<l -.hould he spccificd hcít;ue thc JOINT 
COOkDINATES spccificatiuns. 

/ . 
1 '" • 1 



ST AAD Conur~mh .utd lnpu1 lrumu.:Uons 

.... , 111111 5 

,.53.2 Input Memory Command 

Purpose 

l'h1s command may he uscd 10 ..:ontrol 1hc mctnory rcquucrncnt 1n 

thc case uf l CORE OVERFLOW pro.hlcm 

De1criptlon 

Thu command may he 11".>eJ 1n a CORE OVERFLOW o;1tua11on to 

dccreasc mcmory dcman<l by 1hc prnblcm. ,\ dcfault valuc 111 16000 

is presel 1n thc program A numhcr lowcr lhan 1h1s may dccrcasc 
memory requuemcnts Prnhlctns rcqutring more mcmory po\".>lbly 
can he solvcd us1ng 1h1 .. command L'.,c of this eommaRd w1ll rc:o;ult 
1R ,lowcr cxccu1ioR. fhu ... caulion -.hnuld be cxcrc1sct.l 1n us1ng 1h1s 

..:ommaRt.I. lncrcas1Rg 1hc numhcr may rcsuh in lastcr cxcculinR 1f 

rcsourccs are .ivallablc. fl'11s ..:nmmant.I \hould be plai.:cd ncar 1hc 

hcginn1ng of input. 

General Format: 

No leo 

llifUT MEMORY 11 

whcrc 11 = numbcr rcprcscn11ng mcmury J\Jil.ihlc 
1Jclaul1=lbOOO for PC vcr'!>IORI 

1 J fbis command 'lhouhJ he ~pcc1ficd befare lhc JOINT 

COORDINATES spcclfic.:it1uns 

2) ihe valuc of r1 may be spcctficd as Lcro. Thc command INPUT 

~EMOR Y O will rcsult in min1mum poss1blc cure mcmory dcmand 

by lhe problcm. Howcvcr, !he uscr is caulioncd in lls use .:1s th1s 

wtll reduce thc spccd oí cxccution. Thus, onc shuuld consulcr 

using this command unly whcn a CORE OVERFLOW messagc has 

appcarcd and all 01hcr means of rcducing thc e ore mcmory dcmand 
ha>tc ~en cxhauslcd. 

••• •1• 
Section S j6j 

5.54 save Speciflcation 

Purpose 

fhii;; comn1and may he uscd 10 .;ave run data .:and analy11cal rcsults 

fnr lunhcr proccss1ng in .i l.:alcr run. 

General formal: 

Oescriptlon 

:1.
1 

= Samc ol thc file 1n wh1i.:h the Jnályllc.:&I rcsults and d;tt:t Will 

he .;avcJ. ,\ny narnc up to 1welvc ch:uaclcrs, slarting w11h an 

.ilphabctil: char:ii.:tcr, 1s .:acccptcJ . 
J, = ~.imc nf J sccond lile IR wh1ch thc load d3ta w1ll he i¡avcd. 

• Any narnc. d1lfcrcnt lrom thc llrst up lo twclvc characlcrs. 

-.1art1ng wllh Jn Jlphahctic char:ictcr. 1s acccplcd. 

Note~ 

lf ihc !ilc namci¡ are nol prov1dcd. Jal:>. wlll be sávcd 1n 11lcs c3llcd 

íE~l 1nd !E~1:! rc~pcc\lvcly. 
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5.55 Restóre Specification 

• ,. 

Purpose 

íh1s command may be uscd 10 restorc !he run Jala ,aved hy 1hc 

SA VE con1mand 

General formal: 

f!ilTORE (•t· a2 ) 

Oeacription 

J 1 and J~ Jrc thc samc rilcnamcs Js .;pcc1íicd 1n thc SA VE 

'ipcc1lica11nn. This com1nand 1s U!i-cd to rcslorc J prcvious ST,\AO 

run wh1ch was o;avcd wllh thc SAVE cnmmand. lí thc namco; J 1 Jnd 

J ! Jrc lcft 11u1. thc program w11l J~sumc 1hc namcs TEM 1 Jnd 

TE~:! rcspcc1ivcly. S11 .a run 'iavcd wllh no rilcnamc can he 

rc~s1orcd in 1hc s:1mc manncr by prnv1ding no filcnamcs w1th thc 

RESTORE ..:ommand 

Example 

STAAD SPACE TITLE 
RESTORE FILE1 FILE2 

Notea 

l J Thas comm:i.nc.J wdl ;1Jsu rccngn1.te the Jcfaull lile namcs 

TEM 1 and TEM~. 

:!) Opcr:itions involving finllc clcments c:1nno1 be pcrfurmcd 

w11h 1hc rcstorcd rile . 

·-• !I • [J 

• CJ 

• =' ., i3 

•· 11 ., f'I 
• 111 

··¡ 11 

•.. ! 11 

• 

.... ~ ... ;~-.. _¡ 

Saotioo l l l6s 

5.56 End Aun Specification 

Purpose 

This r.:ummand musl be uscd to 1crm1n:i.le the STAAD run. 

General lormal: 

FINISH 

oescrlptlon 

Th1s command should be providcd as thc last input commánd. Thts 

terminales ;i STAL\D run. 
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STARDYNE Advanced Analysis 

Sectlon 6 

6.1 lntroduction 

S f,\,\O/Pro nffcrs two analyo;is cngincs - STAAD .and 

S f,\RDY'.'IE fhc ST:\,\O :>.nalyo;1s cnginc h4s hccn dcscribcd in 

~cction 1 of 1his mjnu:>.I fhc STARDYNE 1nalysis cnginc i5 

di .. cussctl in 1h1s ~cct1on. 

ST,\ROY'."E w<1i. 1hc liro;l commcrc1ally Jv:1.1l:>.hlc finilc elcmcnl 

,1n::dyo;1s 'ioftw.1rc for tlynamic lnalys1s anti has hcert in use 

1hroughoul thc wurlJ fur ovcr 30 yclrS. ST:\RDYNE l.)ffcrs thc 
~trut:lurJI Jn:>.lyst l rcliablc :lntl .::>.~y to use mctbod to >olvc arty 

problcm in ~1:1111.: .intl Jynam1c Jnal)"ilS. 

1'111s o;cr.:t1on nf thc manull contains a gcncr:tl Jcscripllon of thc 

Jnalyo;1s r.:ilpabiluic~ ava1h1blc In STARDY~E. Dctailcd commanJ 

tormtls and othcr spcciíic uscr informaban is lhc s•mc a5 in 

S f-\,\0 cnginc (scc Scct1un 5). In addition, scvcral an4ly5is. 

rclatcd opllons m:ty be spcciricd jusi befare thc Analysis 15 

pcrformcd. Far cxpl:ination of thcsc options. picase rcícr lo 

Scl'.l1on 3 of thc ST.\AD Graphu:cJ/ .tnvironment minUal. 

Thc oh1cctive oí this scction is to fa1niliar11c the U5cr with thc 

hasic pnnc1plcs in volved in thc implcmenlillon oí thc variou; 

anillysis capabilities. 

367 
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Sccuon 6 

6.2 Input Generation - STARDVNE 

lnpul 1s gcncratcJ through 1hc ST,\AD/Pro moJcl gcncr:.ttion 
f¡¡c1li1ics. Picase rclcr to thc ST,\,\D Graph1cr..1I En11uo11mt!nl 

manual lor JctallcJ Jc-.criplion 

6.3 Types of Structures - STAROVNE 

,\ STRL:CTURE ..:an he JclincJ :.t') J.n asscmbl:igc oí clcmcnts. 

ST ARDY~E is ..:..1p..1hlc: ol an::1ly11ng 'itructurcs consisling oí hcam 

..:lcmcnts. [lialc/shcll ..:lcmcnlS, -.uliJ clcmcnls. Jnd/or m:llrPl 

clcmcnh.. ,\lrno<,t Jn~ 1ypc uf .. tructurc ..:3n ac Jn'11ytctl hy 

ST ARDY:-IE. 

;.4 Unit Systems - ST ARDVNE 

Thc ST.\RDY~E JnalyH') may be r.:nnJuctcd 1n :tny cons1~1t:nL 
un1form unit .. ys1cm. ST,\RDY~E 1n1crmcd1a1c outpul files. 1f 

1nspcctcJ. w1ll he 1n J ..:on')htcnl un11 syo;lcm ..:ho')cn 1n Jny 

cnnsl!i.lcnt unllorm un11 'Y'tcm ST.\AD/Prn ¡nuviJcs J .. c:imlcss 

~rJnsla11un 10 .inJ írum thc Jnaly•.is cnuJules lll lhJt thc u .. er nccJ 

nol be cnni:crneJ w11h 1hc unit -.yHcm usctl in hy thc lran-.1.ilnr 

.. s Structure Geometry and Coordinate 
Systems-STARDVNE 

. ,\ ,tructurc is an assemhly of indivitlual phy\ical componenls 'iuch 
as beams. columns. slabs. pl:lles etc .. ln ST AROYNE. the linitc 

clcmcnt modcl will i:ons1sl ar 1hosc physical componen Is hcing 

subdiv1dctl 1n10 onc or more íinitc clcmcnls pcr componen!. 
Typtcally. modcling of thc ,lruclurc gcomclry consists of two 
o¡tcps: 

l 

li 

I' 

1 

• 
E 
li. 

•• 
1 

•· 
• 
I:' 

I:' 
1 11:' 

131 

.: 

.. 
11 

ti ,. 
CI 
CI 
CJ 

el 

A 

ti 

a 
;a 
g 

a 
;J 

B 

A. ltlcntifica1iun :.1ntl Jcscripllon of nodcs. 
9 MoJeling ni 1.!lcmcnls lhrough spccil'icalion uf 

cnnncctiv1ly lincidcnccs) bclwcen nodcs. 

Scciion 6 l69 

:-.lote 1ha1 ~ub<livi<ltng in<liv1<lual physic::&I componenls. súch asan 

1-hcam. in10 <>Cvcral hc:.101 finilc clcmcnls may improvc thc 
dyn:.1 1011; response Jntl .;nmctimcs tmprovc static response as wcll. 

Sil 1hc U.'lcr -.hnul<l not think lhat thctc must be á onc loe 

1.:orrcsponJcnce hctwccn phys1t;al components Jnd thc finite 

clcmcnl' 

ST,\RDY'.'-JE uses two typcs of ..:onrd1nate o;yslcms to <lerinc lhc 
,1ruc1urc ycomctr~ .1nd loa<l1ng patlcrns. Thc GLOB,\L i:oordinatc 
-.ystcm 1., Jn arb1tr.:iry ..:norJinalc iys1cm in sp.:1.cc wh1ch is tllilizcd 
to -.pct::ily 1hc ovcr:dl gcomctry & \oa<ling pattcrn of thc 'itructure 
.\ LOC.\L 1.:oortlin.1tc ,y<;lcm 1\ 1so;nc1.:l.tc<l wlth cach clcmenl anJ 

1,. u11Ji 1eJ 1n elcmcnl 11utput 11r local load .;pcc1ricalion. 

6.5.1 Global Coordlnate System 

lhc Convcnllonal CJrtc,i:in Coor<l1natc Systcm is uscd for 
spccifit:.it 1on 11í 1hc .;trui:turc gcumctry. rh1s coor<linatc systcm is 

J rcctangulJr ..:nor<lin:.11c .;ystcm 1 X. Y. Z) whu:h lollows thc 
orthueonal nght h:.1nd rule. Th1s cnurdinalc -.yi;tem may he uscd lo 
Jctin~ thc nodc loi.:::llions :.1nd loa<l1ng Jirection<;. T_hc lr:lnslatlunal 

dcgreco; ol' frecJom JTC dcnotcJ by U¡, U2, U1 anJ the rotational 

dcgrces ol frccdom Jrc Jcnotctl by U4, u~ &. u, . 

6.5.2 Local Element Coordlnate System 

,\ local t:oordinatc .;yslcm ts associatcd With each clcmenl. Thc 

\ocal 1 axis is írom the rirsl no<lc to thic sccond nade íor cach 

l!lcmcnt typc. A third no<lc Jetincs thc planc conta1n1ng thc: 
onhogon;il loc;il y :lxi.; and its po<;itive ditectiun. Thc loc:il t. :1xis 

is orthogonal to 1 an<l y and po!llive by the right hand rule. 
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Thc hcta anglc 1nc1hud ul ipccify1ng thc heam clcrncnl loc.11 

~y'itcm io;. dclincd 1n thc ílcam Elc111cn1 tnp1c 

j Finite Element lnformation - ST ARDYNE 

STARDY!'IE 1ncludc'> beam. platc/o;.hcll. o;.prinp. and matrl't linllc 

clcmc111s. Thc fca1urcs of cach is c'tplatned htlnw 

i.6.1 Plate/Shell Element 

" 1
, 

rhc Plate/Shcll finrtc clc1ncnt is hascd on 1he hyhrid clcmcnt 

lormulauon. rhc clcmcnl c::tn he J·nodcd (lriangular) or .J-ntu.Jc<l 

1 3--l nndc. i .. npara1nc1ru:. hyhfld. J., l'>ymmciric . .;nmposilc) 

1quadrila1cran. lf .111 thc lnur nodc .. of a quadrrlatcral clcrncn1 Jo 

nut he on nnc planc. ti t~ :idvi'>ahlc tu model thcm Js triangular 

clcment'i. ··surfacc .. 1ruc1urc'i .. '\Uch as walls. ·dabs. pla1es ,1nd 

,hclls may he m<HJcled us1ng lin11c clcmcnts. Thc uscr mav al'io 

U'>C 1hc clcmcn1 for PL,\."E STRESS J1..:tion only. -

Plate Geometry \fodelin~ Considerations 

Thc follow111g gcumctry rclatcd modcling rules ,hould be kcpl 1n 

m1nd whlle us1ng !he platc/\hell clcmcnt: 

11 Whilc J~s1gn1ng nodcs to .tn clcmcnl 1n thc input Jat.:i. 11 is 

csscntial lhat lhc nodes he .. pc1..:ificd c11her i.:lockw1sc or 

countcr clockw1'c 

:!) Elcmcnt aspcct ratio o¡;hould nol he cxcess1vc Thev ihould 

he on thc ordcr of l ·f. :ind prefcrably tcss than -l: l. 

3-) Individual clemen!.'l ~huuld not be d1slortcd. Anglcs 

bctwccn two ::1d1accnl clcmcnt sidcs 5hould no.t be much 

largcr than 90 Jcgrecs and ncvcr largcr than 180. 

Plate Elemenl Load Sp,cirication 

Fullowing load spcc1fications are available: 

1) Lincarly varying pressure on elemcnt o¡urfacc in local 

dircc11uns. 

' ' 
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:!) fcmpcraturc ln:id duc lo un1form in1..:re:isc or dccrease of 

lempcrature. 

J) Tcmpcralurc load duc to diffcrcnce in lempcraturc between 

top and botlom surraces oí thc clcmcnl . 

. t) Al so. Dcn'>lly nccdo¡; to he providcd if o;.elfwcight is 

1m.:ludcd 1n any load case. 

l'riangle Plaft! Theoretical Oasis 
l'wo typcs ol triangular plales are available: 

1 l 1\ linear curvaturc compa11blc tri:ingle wh1ch o;.imul:itcs 

tl11n plalc bchav1or (wilhout cons1derallon uf lt3nsvcrsc 

ihc:it cfíer.:tsJ /or nnn-s:indw1ch slructures; 

21 the '\'tJrttn · clcmcnl wh1ch o¡jmulalco¡; th1n nr thick platc 

bchavtor In a '\:lndwich ur homngcncous (solid) slructurc. 

S.thdw1ch Co1c 1hu:kncsi; and G for thc lransvcr'ic o;.hcar 

.trc Jdd111unal input opl1ons The "~artin .. platc musl he 

u~cd when lransvcro;.c shcar clfects ándlor lransvcrsc shc::tr 

.. trc'i'>CS Jre dco;.ircd 1n J J node ciernen!. ,\ dcn,cr nod:tl 

1nc-;h is de<;nahlc w11h 1hio;. clc1ncnl 

\o;.o;.timptlorts: 

• 
• 

Linc:::tr clasuc .. tntl hnmugencnus or <;:::tnJw1ch . 

Sn1:1ll .Jeforntations 

Cnn,tanl str;un ! linear v:::tn:::ttinn of tlispl:ixemcnl 1 for irt-planc 

fhuth TYPESJ JnJ '\.iarl1n .. platc bcnJing clcmcnl. 

• '.'Jormal ~trcss (O,J is ncglectcd. (Thin shcll thenry.) 

• ~n t:nupling ol 1n-planc and bending act1un 

• fhc J ... placement llf :::t triangular plate clemcnl is Jerined by 
lhrec 1ranslations and two rotal1nns al cách corner oí thc plalc. 

5 cqu:::ttions (dol) pcr node. 

• · ür1hotrnp1c propcrtics with :i:r:is ángle írom ptíncipal 

d1recllons to loc::tl axes 

Qoadrilatrral Plale Thtoretical Rasi5 
Severa( typcs of quaJrilatcr:::tl platcs are availablc 

11 QL:ADR QIJADS A ~tandard J . .t nade isopar:::tmctric 

1npl:inc elen1cnl Wtlh "huhhlc" function5. 
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~) QIJAD,\ A standard 3-~ notlc isopantmclric with 

.. bubblc" lunct1nns or hyhrid 3xisyn1mctrtc dc1ncnt. Thc 

cntire modcl musl con'i1st of Qt:ADA clcmcnls if uscd anJ 

thc muJcl Jclincd 1n 1hc X-Y plane with X bcing radial 
lpos111vc nnly) and Y hc1ng longitudin;1I. :! DlJF pcr nuJc 

3) QUADB ,\ bcnding plalc basctJ on .1 linear curvaturc 

comp:u1hlc tnanglc') Jround a ccntro1dal nade w11h 11 Jut 

pcr 1r1.1nglc 10 bcnc!ing wh1ch s11n~la1cs th1n platc bchav1or 

(w11hou1 cons1dcra11on ul transvcrsc shcar clfccts) 

~) QUADS A hybnd mc1hod Mindlin thick platc for bcnd1ng 
w11h lrln'iVCT'iC shcar cncrgy 1m.:ludcd. 

5) QUAOll. A hybricJ 1nc1hod th1n pla1c for in-planc and 

bcnding. 

6) QU,\DC Jnd QUAOC~. A hybnd mclhod thick platc for 

in-pb.nc :1nd bcnding •ll ..:ompos1tc orthotropu; 1nulti-ply 

clcmcn1s. QUADC~ lormulat1on supprcsscs thc 1ntcrnal 

kincma11c mudes oí Jclnrmations in thc clcmcnl. Thc 

Tsai-Wu failurc thcory critcnon ¡;an be calculatcd. Up lo 

100 laycr'i lplys} m:.iy he Jcfincd 

Assymplioos¡ 
• Linear. cla3t11:, ortho1rop1c 

• Sm:.ill Jcform:.ilions. 

• ~nrm:il slrcss 10,) is ncglcc\cd. 

• ~o coupling nf 1n-plane Jnd hcnding lclion. 

• Thc Jispla1.:i=1ncnt of J quadrila1cral platc clcmcnt i3 defined by 

thrcc lr:lnslallons and twn rotalions JI cach corncr oí lhc plate. 

5 c4uations 1dol) pcr nudc 

• Onhotropic properllcs w11h axis anglc from principal 

dircctions to local axes. 

Plale Elcmeal Local CoordinalE Systtm 
From nudc JA 10 nodc JB is 1hc local .t-axis wi1h original JA. 

Thc JC nodc lics in the x-y planc and is on 1hc posilivc y side of 

thc' JXIS. Thc local t-axis is íuund by 1hc right hand rule from x 
and y. 

·~ -

a 1 

l'.i el 

• 11 1 

• -·~ •:• 
·~ • 
1 

¡. 

l'lane Sttdin ,\nalysis 
1f thc user wishe'i lo use STARDYNE in an tn-planc only, 

ii;ntrnpic. plane 'itrain Jnalysis. 1he material propcrtics (~, POIS 12, 
,\LPllA 1) specifie<l for 1he tn-planc trianglcs and ClUadnlatcrals 

must he modif1ed :.is lollow'i: 

PR, 
PR =--~ 

(1-PR,) 

ALPllA¡ = ALPltAa 'C 1 • PRa) 

Where· 
Ea = .\¡;tual \otodulus of Elasticily 

PRa = ,\ctual Po1sson''i R:tllo . 
.\LPIL\ 1 = ,\Ltu:i.I Cucífi1.:1cnl uf Thcnnal E"-pans111n 

and 
E,. PR,. :tnd .\LPHA, :1.rc the valucs to be cntcrcd in thc material 

propcrty table lor tbe plane o;train án:ilysis. 

Uulput ol Piste Elemcnt Forces , . 
El..:incnt nutputs :ne :ivailable al thc fo\luw1ng locahons: 

:\. Ccn1cr of thc clcment. 
B ,\11 i.:orncr nudes ol" thc clemcnt. 

í-ollowing :lrc the items includcd in thc ELEMENT FORCE output. 

QX.QY 
FX. FY. FXY 
MX. MY. MXY 

SM,\X, SMIN 

TMAX 

VONMISES 
SQRTI n 5 

Shcar 'ilrcsscs (force/ uníl lcn./unit thk.} 
Mcmbranc strcsscs (For.cc/Unit lcn./Unit 1hk) 

BcnJing momcnls pcr Úníl width (MomcnUunil 

len.) 
Principal strcsscs (Forc:c/unil arca) 

Maxim. shcar stress (forcc/unit arca) 

~Hrcss (Fo1ce/un11 arca) = 
• l<St . s21••2 + 152. sJ1••2 .. csJ - 51>••2 1 
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s 1, s~. SJ are principal Slrcsses. 
.\~GLE 

Oricn1:.111on of lhc principal planc CDcgrccsl 

'.'Sn1cs: 

1\ll clcmcnl force output IS in thc local coord1natc systcm 

Principal 'ilrc.,.,cs <SM,\X & SMIN). thc max1mu1n 'ihear )lrc.,., 

fT~AXl Jnd thc oricn1a11on ol thc principal plane f ANGLE) 

Jre also pr1nteJ lor 1hc top Jnd hot1om 'iUTÍaccs ni lhc 

.:lcmcn1s fhc lnp anJ lhc bouom lllrlaccs are Jctcrmincd ,
111 

thc bas1s of !he tJircc1111n oí the local 1.-a1 1s 

Solid Element 

SollJ dcmcn1s .:nablc thc )nlu11on oí .,1ruc1ural prnhlcms involving 

gcncr:al thrcc J11ncns11Jnal >ITC!.!.CS fhcrc 1s a cla!.!. ni problcm!. 

'iUt:h Js 'ilrcss J1.,1r1hu11on 1n ..:om.:rclc Jams. soil JnJ rock strala 

whcrc fin11c l.'lcmcnt analy!.h U!!.lng \oliJ .:lcmcnls providcs ;t 
powcrful tonl. 

Solid E.lemenl fheoreticál Oasis 

Thc 'iolid clcmcnt U!.cd 1n S L\RDY~E is :tn ctgh1 nodc 

i!.opaT3ffiClric typc llT oplionally hyhnJ 1ypc. fhc l!.Up3ramelrlt: 

lype is !he samc .JS 1n ST,\.\D -..,j1h thc .1dd11ion uí J ·huhblc 

íunc1ions" lo trnprovc ~hc:H hchaviur íhc\c .:lcmcnh have thrcc 

tr:in .. la11onal Jcgrcc!.·t>Í·lrccLlom pcr nndc By coll:ip\ang variuu~ 
nuJcs togcther . .JO ..:ight noJc \Olid elcmcnt can he J.:gcncra1ed to 
Jn l.'!.:mcn1 w11h four 10 scvcn riodcs. 

Solld rlemcnl Local Coordinalc Syslem 

Thc local coordinatc syslcm LJscd in solid clcmenl is the samc as 

thc global systc1n, howevcr 'itrcsscs m.ay he prescnlcd <IS ir JA-JB. 
JC nodes dcfincJ a lncal systcm {sec plate local coordinate 
system). 

Solld elcmenl Properties and Constanls 

Full 3-D onhotrop1c propcn1cs may be uscd. Also, Dc:nsily nccds 

to be providcd if sclfwcight is includcd in :iny load case. 

Oulpul of Solid Elemeal Stresses 

·,f 

1:1 (] 

1,¡ a 
&l il 
ls1 ll1 
11 m 
ll • 
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1 1 
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Elc1ncnt strC!.!!.C'i rnáy he ohta1ned JI thc ccntcr anti :U thc nades of 

thc 'iolid clcrncnl. The 1lcms th:u .Jrc printcd are 

~nrmal Sttc!lscs: 

Shc:J.r Suc-;'\c'i: 

Pnnc1pal 'ilrc<;scs: 

Von \11scs 'ilrcs'ics: 

Onccuon cnstncs· 

SXX. SYY Jnd SZZ 

SXY. SYZ .1nd SZX 

S 1, S2 and S 3. 
SE 
6 Jircction CO'>iRCS are punlcd, following 

thc .:"tpre!.slon OC. corrcsponding to thc 

fir'il two principal .,1ress Jirections. 

llyhrid ElemeNt FormulaUON, Plate or Solid 
!STARDY~El 
In thc i.:lass1c;1I Jisp1'1ccmcnt tunnulatton. i1mple polynomials :ire 

uscd lo intcrpulJtc no<l:il v:irláblcs 1ntcrn:il to the .:lcmcnl. For 

ctJrnpl.:. J tJnll nod:ll ,J¡.,placcmcnt in 1hc 'Jitection, induces 

Ji-.pl3cemcnts ($10)1n the \ Jucc\\on 1nsiJc of th.: clcmcnl . 

Frcnn thc~c 10l1!rpola1cJ J1splaccmcnl!. thl! s1ra1ns C30 be round. 

íhcn. us1ng thc ma1cnal ..:nn~l'11115. thc .:lc1ncnl nodal surrncss 

..:oclfic1cnts Jnd '>lrc!.S m'1lr11.:es can h!! cumputcd. 

In thc hybr1J for1nulat1nn {WO <;el<; ul 1ntcrpul:it1nn runclions are 

tJ"cd Thc 1it'il tn 1ntcrpob.te Ji.,placcmcnts '1long thc clemenl 

huundJry 1nJ the <;ccund ltJ 1ntcrpO\:i1c \lrcss ficlJs insidc oí lhc 

cll!menl. (,>n.,c4uently. 1hcrc t!. J ralhcr i.:omplct relationship 

hctwccn 1hc nodaJ J1splJccmcnls :inJ .. tresscs 1ns1dc oí lhc 

i.!lc1ncnt. ST .\RDY:-.IE. utfers J cho11.:c hctween 1he classic::al 

Jt.,placcmcnt :lnt! 1hc hybrtd .:lcmcnts. fhc Ql,\DH hcadcr 

\Clects the hyhr1d 4uads JnJ CLHEH sclccts thc hybrid cubcs. 

Hyhrid clcmcnls, in general. yicld \lightly bcttcr accurac~ ir thcy 

:1re only slighlly dislortcd lro1n rcctJngular or parallclogram 

'i.hapcs. lí therc jre Jrc:is in thc moJcl wht!re sevcrcly dislorled 

.:lcments mllsl he uscd. sclcct thc QL:ADB ;tnd CUBEG typcs. 

fhc clássic:ll d1spl:iccmcnl clcrnents converge lo thc corrcct 

Jn~wers ·rrom hclnw~ fhis rncans 1h:ll as thc íinilc clcmcnt mesh 

gel\ Jcnscr thc 1nodcl gel\ rnurc llctihlc :inJ approacbcs to thc 

cnrrcct Jns.,.,cr'i l:is'ium1ng that load'i :tnJ houndary condilion:w ate 
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unch.1ngcd). Thc hyhnd clcmcnts. on thc othcr ttand, can converge 

cilhcr from :1bovc ur bclow ,\11 or thc finitc clcmcnts in 

ST,\RDYNE 3re convcrgcnl. 

Matrix (General Spring) Element 

~atrix clcmcnls 1rc direct 1dd111nns to th~ Global S11ffncss ma1r1' 

or ~ass m:urix. Thc uscr spcc1lics 1hc nudc incidcnccs Jnd thc 

mairu. valucs. 

\.tatrix rlcmtnt Local Coordinalt Systtm 
Thc local coord1natc sys1cm u~cd in thc matrix clcmcnt is thc 'i:unc 

as thc global sy'ilcm. howcvcr ... 1rcsscs may be prcscntcd lS 1f J \ 
JB-JC nodcs dc11ncd a local ... ystcm. 

\.tatrix clcmcnt Propcrtirs and Constants 

Nonc nccdcd. 

Oulput ol Solid Elcmcnt Sln:sses 
Elcmcnl forces may be obta1ncd :at 1hc nodcs o'r thc ma1r1x 

clcmcnl. 

4 Beam Element 

Thc bcam clcmcnl is ;issumcd to be 'ilr31ght ! nodc clcmcnt oí 

constant doubly '\ymmctric cro~s-'iccllon Thc bc:r.m is c:ipahlc 1Jf 

rcsisling 111:1.I !orce, bcnd1ng momcnl5 Jboul lhc two pnncipal 

:a:..cs fl.:oincidcnt w11h thc bc3m local axes), and twisling momcnt 

about ttic ccntroiJ3I axi!. Thc s1iíínc!s propcrtics íor a uniíorm 

bcam clcmcnt are Jcnvcd írom 1hc diíícrcntial cquauons for bcam 

Jisplaccmcnls 1n thc cnginccnng bcam thcory. Lateral dcílccllon 

is thc sum oí displaccmcnt Juc to bcnding slrain and thc 

displaccmcnt duc to shcaring itr:r.in (computcd using cfícc11ve 

shcar arca and G). 

Thc bc;m elcmcnl is n:ally thc sum oí-! uncouplcd clcmcnts. 

11ial. 1orsion, shcar & bcnding in :..-y, 1.nd shcar el bcndin1in1-1.. 

Any ~ombination c:in be crcatcd via mcmbcr rcleascs. or scll1ng 

cross-sc
0

ction propcrtics to Lera, or TRt:SS, cte. options. 

··I 

~ ., !W 

•1 • 
1 • 
11 tri 

IJ • 
1 • 
1_~ • 
m-; • 
' • ,, 
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Assumptions 

Linc3r. cla~tic. homugcncous. 

S1nall 'ilr.'.lins and displaccn1cnts. 

• Pl:inc <;cction'i rcmain plánc. 

No coupling of axial. lorquc anti bcnding 

Shcar dclorm3lion lrc 1ncludcd. 

• Gcomc1ric an<l clast1c prnpcrt1cs constan! J.lung lcngth. 

Aeum Local Coordinafe System Derinilion - fhc bcatn elcmcnl 
!cn;:il ,yc;tcn1 Jrc ~pcc1ficd thc lnlluw1ng lwo methuds: 

S f.\,\O Oearn element Beta .\ngle 

fhc rcla1ion ... h1p hctwccn thc local JnJ global coordinalc c;yslcm is 
Jcltnc<l hy J.n anglc mcasurcd 1n thc follnw1ng ~f>cc1íícd way. This 

Jnglc w1ll he tlclincd J.s thc bcl:l f Pl anglc. Whcn thc locál .t-a:..ls 
¡., pJr3llcl to thc global Y-axis. as in thc c:isc oí ;1 column 1n 3 

~1ructurc thc hcta anglc p; thc anglc 1hrnugh wh1ch thc loc2l 1.-áxis 

hJ'i hccn rutalcd Jhuut 1hc luc:il t-'1:us frnm á pos1tion oí bcing 

par:illcl :ind 111 1hc .;ame po'iit1vc dircct111n oí thc global Z-a:..is . 

Whcn thc lncll t-3XIS is no! p:u:illcl to thc glub:il Y -:lxls. the hcla 

Jngll: l'i thc Jnglc thruugh wh1i.;h thc lucal cnordinatc syslcm has 

hccn rnl:itc<l Jhnut thc lnc:.il ' Jti~ fron1 J positiun or having thc 

loc:tl 1.-Jtis pár:tllcl tu thc glohal X·Z plJnc :tnd thc lucál y-a11s in 

thc ~.une pu,i11vc 1lircct1on J~ thc glohal Y ·JXIS. 

Seam elernenl Reíererice Pnh1t 

,\n Jltcrnalivc 10 providing thc bcam clcn1cnl oricnlátiori is to 

input thc coordinatcs of án arhllrary rcícrcncc point lociltcd in the 

clcmcnl t-y planc but not on thc áxis ur 1hc clcrncnt. Fro111 the 
loc:il11u1 oí thc rcícrcncc poinL lhc program áutomal1cálly 

calt.:ulatcs thc tHlcntat1on of thc clc1ncnt ll-Y planc. 

./:..::' 
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'1.1 Beam Element Prismatic Properties 

SJmc .is STA.\D :\nalysis ..:nginc. 

·1.2 Tapered Beam Elements 

Prnpcn1cs of tapcrcd bc:im t!lcrncnls may he ~pcc1f1cd Givcn ~cy 

sct:1ion dimcn\1on ... 1hc prngram is capahlc uf t:alcul.111ng t:ross· 
sct:11on..1I propcrlics which Jrc iUbscqucn1ly uscd 1n Jnalysi5 

Tapcrcd bcam t!lcmcnl~ may not havc bcam clcmcnt loads applLcJ 
1.Hhcr 1han sclfwc1gh1 lump..:d .11 cnds. 

3 Pipe and Elbow Beam Elements 

Propcr11cs of pipe, pipe Ice . ..1nd clbow hcam .:lcmcn1s may be 

.. pcl'.1licd Gi~·.:n kcy 'iCLIHln Jirncn,1un ... thc program i .. t:ap:ihl..: 
uf ..:alcul:uing ..:to\<;-~cc11nn.1I propcrt1c .. whu:h Jrc .;uh.,c4ucn1ly 
u~cd 1n .1naly~1 .. Pipe lec inJ .:lhuw bca1n dcmt:nb may nnt h;l\c 

hcJ.m clcmcnl lnad'i ..1pphcd •llhcr 1han ~clrwcight lumpcd at thc 
cnJ, Jnd i::m.:lu .. cd l11.1u1d wc1gh1 lurnpcd JI thc cnds Thc clbow 

mJ.y opuonally Jllow thc ..:Jlt:ula11on of hcnJ1ng llc·uh1l11y 

tncrCJ.lroc Juc 10 1h1n wall t1vJll1J11un \ whllc ..:onlr.idcring 1hc 

oppo .. 1ng cfíct.:: .11 1n1crnJI ¡Hc .. -.urcJ 10 hc ..:ompulcLI 

1.4 Beam Element End Releases 

• .. 

ST ·\RDY~E alluw'i rclca!>CS lur bcam dcmcnl cnJ 1t1rcc'i and 

momcnts. Bcam clcmcnls .uc J!.sumcd to he rigidly framcd intu 

nades in accordancc with 1hc -.tructural 1ypc spcc1íicJ. Whcn th1s 

íull ri8idily is not applicablc. inJividu3I force compnncnts al 

cllhcr cnd of 1hc clcmcnt can he sel 10 1.cro with clcmcnl re le ase 

s1a1cmcn1s. By -.pcc1íy1ng rclcasc componcnLs, individual clcmcnl 

Jcgrccs of írccdom are removed from thc :lnalysis. Rclcasc 

compnncnts are givcn in thc local coon.Jinatc syslcm for cach 

clcmcñt. 

'¡( -

·=· 

'·'-ª 1 
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6.6.4.5 Tension - Only Elements 

STARDYNE doce; not havc a tcnsion only element. 

6.6.4.6 Cable Elements 

Sr \RDYNE dnco; nol havc J cable clcmcnl. 

6.6.4.7 Beam Element Offsets 

Sorne hc:im clcmcnls may no! he cum.:urrcnl w1th lhc inciden! 

nurJi:s thcrchy ..:rc3llng ofíscts Thts olíscl dist3ncc is spcciricd ih 

1erm .. oí gloh31 conrdinalc iy'item li e. global X. Y and Z dislancc 

lrom thc 1ncic..lcnl node l. Seconc..lary forces induccd. di.le lo lhis 

,1jf.:¡cl connei:tion. :ue 13kcn into :iccount in analyzing lhc ,lrtJcllltc 

.tnrJ .tlso to c.ikulatc the 1ndiv1dual ciernen! forces. Thc ncw oíísct 

i:cnlroic..I oí thc heam clcmcnl cJ.n he al thc .;tart ot cnd incrdcnccs 

JnJ the ncw work1ng po1nt w1ll also he thc ncw 'ilart or cnd uf thc 

hcam i:\cmcnt. fhcrcíorc. Jny rcfcrcncc l"rom the Sl3rl or 'end OÍ 

¡hJI ..:lcmcnt wdl Jlway .. he trom 1hc ncw olísct poinls. 

6. 7 Rigid System of Nodes - ST AADYNE 

S L\ROY:--.IE rrnv1c..les lnr rig:1d <;y<;terns <;1m1lar to STAAD's 

mastcr/slavc op11on wnh ali Jcgrccs of frccdom fF:t. fy. Fz. Mx. 
vty and MLJ pruvidcd :is constra1nts. Thc nodc:s ol a rígid syslc111 

will he 3ssumcd to he rigtdly cnnneclcd. Rigid syslcms ate 

Jcl1nsd using heams wlth thc rigid bc:im propcny speciíied. 

Thc Rigid Bcam c3n be uscd to modcl thosc clemenu of 4 

structurc which are vcty stifí in relation toJhc total SltUclUrc. Onc 

or more rigid hcams forma Rigid Systcm. 

Thc fiighcsl numbcrcd nodc in cach rig1d <;yc;lcm (indcpcndcnl 

noJc 1 w11l rcn131n á part uf thc elastii; structur21 modcl. Thc 

rcmaining nade'> in caLh rigid syslcm (Jcpendcnt nades) will not 

he rcprcscntcJ in thc stiííncss matrix lur thc cláslic modcl. 
1 
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lfnwcvcr. 1f ..iny -.1a1ic lo:ld!> Jrc :ipplicd tu thcsc dcpcndcnt nodc~. 

1hcy will be corrcctly transfcrrcd to thc cl:Jst1c modcl. 

In 1hc nodal cqu1librium .:hc.:k. lorccs Jnd momcnls will appcar JI 

1ho<,c nodcs con1aincd 1n J ngid 'iyslcm. A frcc-hody Jn:tlys1s 111 

1hc ng1d .. ystcm w11l ind1"·:i1c that 1h~s1.: lurcco; :tnd mumcnls wtll 

he 10 <;ta11c cqud1hrium wnh 1hc c1lcrnal loads Jcllng un thc rig1d 

<;ystcm. · 1 

\llaterial Constants - ST AROYNE 

Thc malcnal cnnstants are: moduli of cl.1sllc1ly (El E2. E3); 

wc1ght dcn.,11y. Poi!i>!lonn's r:11101POIS1 :!l. cocfficicnts uf thcrmal 

ctpansiun 1,\LPIL\l . .2.J1. GI:!. G23. GJI, composllc Jamp1ng 

1.:oc1fic1cn1. and co1npo!»llC clcmcnt la1Jurc t.:rllcrion cunstants. 

Wc1ght Jcn~llY ¡., uscd 10 ,1..111c analys1 .. wilcn sclíwcight of 1he 

i1ructurc H 10 he lakcn 1n10 .1ccuun1 anJ tn Jynam1cs tu i;alcul~tc 

1hc.n0Jal masscs .. Poissun, rallo 1POISI:!) may be LlscJ lo 

c:akulatC thc shc:u mudulu'> 1 G I .!), 11 G I .! 1s lcll blank. by thc 

formo la. 

Gl.!=0.5 tEl/11..-POISl.!1 

Cuclfic1cn1s uf 1hcrmal c1p.1n .. 1un (,\LPIL\ l . .!.J) lrc u sed to 

cah.:ulatc 1hc c:s.pan .. ion 01 :he clcmcnt .. 11 tcmpcraturc luads are 

.1pplicJ. Thc tcmpcraturc un1t tnr tcmpcraturc load JnJ :\LPHAi 

ha\IC to be thc -,ame 

Thc matcnal constant Jirect1ons are assumcd to be pr1nc1pal 

J1rcc11ons. Far bcams thc m.itcrtal alC'i .uc thc bcam local 3l.CS. 

Fur iolid clcmcnl'> thc matcnal :1xcs are thc global .txcs. For platc 

clcmcn1s. the material a::s.cs Jrc thc samc as thc loc21I plale i::s.cs 

unlcss an a::s.1s anglc 1t spcc1ficJ far a plalc. 

: 
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6.9 Supports - STAROYNE 

S í ,\ R D Y~ E Jl!ows 'ipec i rica! ions oí 'iUppotls that are parallcl as 

wcll Js 1nclincd lo lhe global a::s.c'i. Each of thc poss1blc si::s. nodal 

~upport ducct111ns may be rc'ilt:11ncd or rcleascd. Boundary nodc 

)upport dof loc:lltons must he o;pccilicd 1n order to impose known 

J1spl.1i.:c1ncnts .ti those loc:111uns in a .;latic :1nalys1s. Thc actual 

J1splacemcnt is lpcciíicd 1n c:J:t.:h loaJ c:1se 1npul. 

6.1 O Loads (STAROVNE) 

6.10.1 

LtHh.l~ in :J: ->lnJclurc 1:an be <;pcciíicd :J:s nodc loador lcmpcr:J:IUrc, 

Jnd ciernen! lo.id nr tcmper:iturc ST,\RDY~E c:in :tlso gcncr:J:lc 

1he -;clf-wcighl 1.>f tbc strUclurc and use il as uniíormly distr1hutcd 

clcmcnl loa<ls 1n lnalyo¡1c;. ,\ny mult1plc oí 1h1s 'iclí-wcight can 
thn he lpphcJ 1n :1ny Jcsncd Jircct1nn. 

Node Load 

'odc loaJs l1ucc .. &. moments 1.u tc1npcraturc. rñay he applicd to 

Jny lrcc nutl.: ,,¡ J .;1ruc1urc íhcsc loads act in 1hc global 

..:nnrd1nate .. y.,1cm ol thc itructure. Pos111vc íorccs a.et in thc 

po .. 111vc i.:01Ht!1na1c Jirccuon<; ,\ny numbcr of loads may be 

JppllcJ on J ~•n~le nodc. in which i.:ase lhc loads will be additivc 

•Jn that noJc 

lt dnc.; nol maller which typc or lypes oí clcmcnlt are conncctcd lo 

thc nade clcept thal if thc clcmcnts cannol cany loads in that 

Jirccllon. thc luaJ 1n thc unsupportcJ Jircction will be ignorcd. 

Loads at suppurl'i will nol contributc to dcíbrmationt or clcmcnl 

results. 
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i.2 Element Loads 

Beam Element load 
Thrcc types ol lnads may he Jpplicd ducclly 10 hcJm clcrncnls in J 

slruclurc. Thcsc loads are un1lnnnly d1o;1ributcd loado;, 

conccntratcd loac.Js, and lincJrly vary1ng loa<ls (inc;luding 

trapc11udal). Cn1forrn lnads Jt:l on thc lull ur pan11al Jcngth nt J 

hcJ1n clcmcnl. Conccn1ra1cd loads act JI any 1n1crrncd1atc, 

:>pccilicd point. L1ncarly vary1ng loads Jet ovcr thc lull lenglh ni 

J hc:un clcmcnt. Trapc1cudal hncarly v::iry1ng loads act over thi: 

lull ur par11al lcngth 11f a hc:un clcmcnl Up to 10 load 

Jcscrip11ons may he spcc11l..:d to act upon J bcam clcmcnl in any 

intlcpendcnl loaJ1ng condi1111n Bcam ..:lcmcnl loads can he 

'ipec1ficd in lhc ..:lcmcnt t:ourdin.ilc o;ys1c1n nr ihc global coordinalc 

'\ystem Un1formly dis1r1hu1cd clcmcnt ln:lds prov1dcd in 1he 

glnhJI t:oordina1c \y'\tem mav he specilied 10 Je! Jlon~ thc full 1ir 

proJCClcd clcmcnt lcnglh Pn'\lltve forceo; .1c1 1n lhe positive 

cnnrdinalc d1rccllnn"". loc:il ,H global. as lhe i:asc may he. 

Tcmpcra1urcs may he spcc1l1cd 11n -t po1n1s uf cross·~ccllon and Jrc 

J')sumcd ..:on')IJnt .alung lhc l..:nglh. Thc J11 lcrcncc hclwccn 1hc 

'ipc~ificd tcmpcr.aturc .an<l th..: .imtncnt 1cmpcr:11urc w1ll cause 

1n111al Ji11al '\lr:un and/or hcnt.!1ng .. 1ra1n 1n prop1u11on 10 thc 

lhcrmal .:.1;pani.1on coclfic1..:n1. Jlph..i. lnr lhc material .1nJ 1hc 

clcmcnt gcometry 

Plate Element load 
On Plalc/Shcll clcrncnls. thc typcs uf loading 1hat :irc pcrmissiblc 
are: 

~: 

1
, 
" 

1 J Prcssurc loading wh1ch consisls of loads which act 

perpendicular lo thc ~urfacc oí thc elcmcnl. Thc prcssurc 

loads can be of uniform intcnsily or lrapczoiJally varying 

inlcnsily ovcr thc cn11rc 'iurfacc of thc clcmcnt. 

~) Tcmpcra1urc loads wh1ch may be constan! across thc dcpth 

of thc clcn1cnl (caus1ng unly in-planc clanga11on / 

'ihOrtening) or may vary <1cross thc Jcp1h oí thc clcmcnl 

c:1using hcnt.ling and .:lungation un thc clcment. The 

\ 

+ 
~ 

' 
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cocl ficicnl of thcrrnal cxpa.ns1un. :ilpha. far thc material 

ul 1hc clcmcnl rnusl be providcd lor compulation of thesc 

cffccts Orthotropic prupcr11co; pcrmillcd. Tcmpcraturcs 

may vary from no<lc to nade. 

3) fhc "clf-wcight oí thc clcments can be applicd using lhe 

SELFWEIGHT load1ng con<lition. The dens11y of lhe 

clcmcnb has to he prov1dcJ lor con1putatiun af the sclf­

wc1gh1. 

Salid Eletnent load 
On Snlid ..:lcmcnls. thc lnading lypco¡ availahle :lre prcssurc 

varl:.ll1un normal to cach íacc, lcmpcraturcs 3l thc nades. ánd lhc 

.cll-wcight us1ng 1hc SELFWEIGllT lnading condillon. Thc alphli 

Jndlor r.icn<;1ty oí the clc1ncnls hac; tn he provided for computatiun 

111 thco¡c load, fhrcc.J1mcnsional orthotropic properlies 

rcrrnittcd. 

6.10.3 Node Temperature Load 

r cmpcr:lturco; mJy he 'ipcc1ricd :11 noc.Jco,¡ or on clcment sutfáccs. 

'\ndc lcmpcrltllrcs 3rc lranslerrcJ lo clcmenl lcmpcratures befare 

prncc .... 1ng. fhc Jiffcrcncc hclwcen thc spcc1ficJ tcmpcraltJrc ánd 

;h..: .1mh1cnt tcmpctJlurc will i.:auo¡c ini!i;.11 ;.txtoll ~1ra1n :lndlur 

hcnd1ng '>lrlln 1ur In-axial or 1ri-a.1;1al .. 1r:11n for ~d and 3d 
i.:J.:mcnts) 10 prnport1on to the thcrmal cxpansion cocfricients, 

Jlph.is. for thc m:i1cr1al ánd 1he clcmcnt gcornclry. Orthatropic 

material propcrt1..:s may he u .. cd. Thc progr:llTI calcula.tes thc 

.. 1r;i1ns lclongallnn :tnd shrink3gc) duc lo thc lempcralUre 

Jllfcrcnccs. From this il ca.lcul:1tcs thc induced forces in the 

.:lcmcnl .:1nd thc analy"is is done accordingly. ~odal lempcralurcs 

wdl not induce hcnding in1tial 'ilrain in bcams ot plátes 



STARDYNE for STAADIPro 

n 4 Support Displacement Specification 

Dhplaccmcnls cJ.n be spcc1ficd :11 boundary supporl nodcs 1n 
.;pct:ificd Jircc11ons Displaccmcnt can he uanslational or 

ro1a11onal. Thc rotational J1splaccmcn1s are 1n rad1ans. Nu1c th.tl 

Jispl:u:cmcnts can he spccll icd only in JVcctions 1n wh1ch thc 

boundary support noJc Jirct:lluns are Jclincd 

STARDYNE Analysis Capabilities 

C..irrcnlly av:ulable analysi!io capabili11cs includc 

l J S1a11c r\n31ys.is 

Stiffncss \.fudcling 

Applicd Li..1.td ~udcling 
Stallc E4U.J.l!Un Solu1ion 

~' S.:cond Ortlcr Static . ..\nalysu: 

P·Dclt:i Analysis 

Slrcss S111fcncd stallc Jnd c1gcnsolu11on 
Buckling 

31 Dynam1c R.:sponsc ,\nalys1s (Modal)· 

\tJ.ss \tuJcling 

'.'latural lrcqucncics 1nd modcs anaJyc¡is 

Response Spcctrum analysis 
Linear Time Hislory J.nalysls 

K..:v feahues of cach lypc of anal y sis lrc discussed in thc 

folÍowing scc11ons. Det01iletl thcorctic31 lrcalmcnts of thcse 

fcature) are ª"ailablc in stanJ.ud strw.:tural cnginccring tcxtbooks 

1 
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6.11.1 ST ARDYNE Static Analysis 

STIHNESS \IODELl'.'IG The general sololion proccdure 
...:nnsi'its of lnrmulating J 11odal ~tilfncs!> malrix from thc fin1lc 

.:lc1ncnto; 1hc:lm'>. platcs. Jnd sohds1 and performing one or more 

ol thc follow1ng opcraunns .. 1atic :inaly-;is. c1gcnv:i.lue/eigenvcclor 

..:'lraction .. 1nt1 dynamic response analys1s. The slalic ana.lysis ánd 

modal citlracllon ph:iscs :irc hascd on thc "Sliffncss '.'Acthod" also 

known as thc 'Displ.:u:cn1cnt \icthoJ" fhc assumpt1ons and 

tnrmulauons :irc cons1stcnt wtlh "Small Displaccmcnt Theory". 

E:1ch linilc i:lcmcnt contnbutcs o;tiffncss to the nades to Which it it 
..:nnncctcd E:ich clcmcnt typc has 1n .issumcd form of 

Ji..placcmcnl 1n :1 manncr whh:h sat1'illcs thc force cquilibriurn :lnd 

Ji..pl:tccmcnt ..:ompat1hdity JI thc nodcs Thc notl.:11 sliffncss 

rnJIJlccs al 1hc 1ndiv1du:1I lin1lc clcmcnls are íirsl compu1cd :i.nd 

1hcn translurmcJ lrom thc luc;sl clcmcnl ¡;oord1nollc syslcm lo thc 

~lohal coord1nalc o;yslcm. Finally. thc 1ntlividual stiffncsscs 

.1~'oc1a1cd w1th c:ich nodal po1nl ;!re "Y'ilcmalic:tlly summcd to 

11h1au1 1hc tol.:ll lgloball ,111íncs~ matnit 1 K l. This squarc 

-.y1nmclric cnatri' has llp tu h cqua1u1n' pcr nodc. 

\.;sumplion!l Df the Sliffncss .\fethod 

Fnr J ...:nmpli:lc Jnalysh 111 thc dructurc. thc nccess3ry m:llnccs are 

gcncratcd un 1hc basis 111 the fullow1ng Jssumpllons: 

1, thc slructurc 1s 1dcali1.:cd 1nlo :in :isscmbly of bcam. platc, 

, 0 1id . .;pnng. anti matri~ typc clcmcnts joincd togcthcr al thcir 

"cruces 1 nodcs) fhc asscmblagc ts loadcd ánd rcadtcd by 

..:onccntratcd loads :.1ct1ng al thc nodcs. Thcsc lnads may be 

hoth forces and mamcnt~ wh1ch rnay :lcl in :tny specHied 

dirccllon. 

~) ,\ bcam clcmcnt 1s J longt1udin:il ... tructural clcmcnt hávinft a 

constant. Joubly symmctnc or :1 lincarly Lapcred cross scctiort 

along 1ts lcngth. Bc:11n clcmcn\s may carry aitial forces, shci.r 

and bcnJing 1n two :nhitrary pcrpcndu:ular planes. and are ilso 

suh1cctcd In torsio.n. 



STARDYNE for STAADIPro 

JI \ plalc di.:rncnt 1s .t thrcc or lour nodc llal clcmcnl having 

constant 1h11.:kncss .1nd •Hlh11trop1c propcrtics; or compositc 
L1ycrcd propcr11cs; or may he a11!lymmc1nc 

.- ) t\ sol id dcrncnt is a /out 10 c1gh1 nodc thrcc Jimensional 

dcmcnl hav1ng unlform ur1ho1ropu: propcr1ics. 

51 ,\general malrix clcmcnl may he a 'ipnng or gcncrated 

clcmcnt malru:cs or J!:i'>cmhlctl 'illlfncss I mass malnccs horn 

Jn c11crnal 'iource 

111 Bcams havc 1 lo 6 dcgrcc.¡ tJÍ frccdnm (00FJ JI cach nodc. 

platcs ha,·c 5 DOF· .1ntJ ~ollds havc 1 Ü()f Bccausc of 1hi::. 

m1sma1i:h in DOF. 1hc .:nnncc11on hctwccn salid clcment~ Jnd 

platcs or hcam3 nccds ~rcc1al mudcling. 

71 Thc solvcd 1ntcrnal i.:lcrncnl lorcc ... .ind thc apphcd cxlcrnal 

loads 3.t:llng 110 i.:ach nndc .ne in .:qu1lihrium CH:cpt al 
'iuppurls 

~l Two lypc!r. •Jf cnurdinJl..c ~yc¡lcms Jrc uscd in 1hc gcncr:Uton of 

thc rcquircd ma1nccc¡ JnJ Jrc rclcrrcd 10 as locJI Jnd gluhal 

o¡ystcms. LtJcal coord1na1c .txcs Jrc Jo;s1gncd 10 cJch 1nd1vuJual 

clcmcnt Jm.1 Jrc oncn1cJ ... uch 1ha1 ..::n1nput1ng .:tTurt íor 

clcmcnl 'il1lfnes5 matrto.:co; lrc gcncr::ili1.ed lnd minimill:d. íhc 

nudal o.:oordinatc 1npu1 J.ua .ne by ~clin1tion 1n 1hc Global 

cuurd1na1c JXI\ 'iystcm íhc lS\CJnblcd íurccs .inJ 'l>llffncss 

and thc ... ulvcd thsplaLcrncnls lrc 1n th1s Global ..::uordinatc 

'Y'lcm 

APPLIEO LO \O \100ELl'lG - luaJ, may he applicd 1n 1hc 

furm OÍ JistnhutcJ loaJ!> un lhc clcmcnt lUffJCCS or JS 

conccntratcd load\ JI thc nudc'i. clcmcnt thcrmal gradicnts. 

prcssurcs, 1ncr11.1 fselí-wc1ghll luads and imposcd nodal 

displaccmcnls Us1ng 'itandard fin11c clemenl mcthods the 

load1ngs are J\Scmbled into J nodal force vector 

ST.\ TIC EQt:,\ TION SOLt:TION . Dunng 1 uallc Jnalym, this 
matrix c4uauon 1s solvcd: 

1 K 1 • 1 li 1 : 1 P 1 

Whcrc 

1K1 = thc stiffncc;s malrix 

,:·¡ 
~. ' 

• • .,. 
1 

• ·' CI 
j 

1 O 1 = 1hc rcc¡uh1ng nodal di'iplaccmcnl vcclor'i 

{ p J :::- lhc .!pplicd nodal force VCCIOt'i 

S1at1c c4uat1on "olu11on uses onc ol two mcthods: 

Section 6 ltl7 

1 l Prcconditinncd cnnjugatc grad1cn1 '\nlvcr 1Turb0Solvcr). This 

,ni ver l'i 1nuch faslcr 1han mcth11d ! .1nd U'iC'i much lcss disk. 

rhc TurhuSolvcr ¡, U\Cd whcncvcr po\sihlc lno inclincd 

-..t.ppnrts f,\SYSGI. <;pring 'iUpports. ur rigu.! c;y-;lcms 

lrna<;lcr/<;lavct :Jlluwcdl: othcrw1-;c 3 

2.) ~odificd Gauss. LDLr. variable bandwidth ,olver is uscd. 

1 his ~olvcr 1s alway'i u sed 1n the cigcnsolu1tons. 

Considr:r:alion or 1K1 \tatrix 8111ndw•d1h 

\icthuti 2. 1LOL fJ 1'i mure clficicnl whcn thc cqua1ions are 

rcurdcrcd to havc 1hc non-tero lkl milrix lcrrns fornt i 

narrow h:inJ .ihnut 1he d1a~11nal. ST,\RDY~E 

Jutomatic;illy i:n1nputcs :1 ncarly optimum nodc ordcr. l==or 

lhh 1ypc ul m:.Hn' fcwcr cakulat1uns 3rc rcquircd duc to 

thc !Jet that tcrm'i oul\1dc tbc hanJ .irc Jll cqual to 1.cro. 

ST \ROY:"/E takc.., full Jdvantagc oí 1hc variable 

h:Jndw1dth Juring 1hc 'inluti11n. 

lndr:pr:ndr:nl -'Oic;joint" Slruclur'" IStruc:tural 

lnlr:grityl - t.:nhkc ST,\~\D twn or more indcpendenl 

slTUt:lurcc¡ may he 'iolvcd Check 1hc ··mcssage rile·· íot 

Ji<;Ju•nl Hructurc rncssagcs to 'ice 1f indcpcndcnl dructllte! 

wcrc JctcctcJ. Solv1ng mult1plc structurc'i in onc inaly!IS 

l'i nnt rccummcndcd and is usually thc rcsult of :l modeling 

error 

~umierical lo!t•bility Problr:ms . Bha1t.1l•tlUit: 
lno;tabiltty problcm-; can occur duc 10 two primary rca!ons. 

1 J ~oJcling problem fhcrc :lrc i varicty oí 

modcling problcms wh1t:h can givc rise lo 

1no;1:1b1li1y cundillon\. Thcy can be classHicd inlo 

lwo groupc;. 
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STARDYNE fur STAADIPrn 

a) Local 1ns1ab1líty . ,\local 1ns1abil11y is a 
condit1on whcrc thc fixity condit1ons atan 

clcmcnt nodc are such as to c::i.usc an 

1nstah1li1y tn thc clcmcnt about onc or more 

dcgrccs nf trccdom Examplcs uf po!>Slblc 
lu..:al 1n.,1abdity are: 

li) Bcam Rclcasc: Bcam clcmcnts rclcascd JI 

both cn<ls for any of thc following de gr ces 

ol lrccJom {FX. FY, FZ and MXl may he 

.,ub1cctcd to this problcm. 

li1) TRLSS ur axial unly bc:ims havc no 

cap .. u:1ty to tran.,lcr shcars or mnmcnts 

from thc súpcr\tructurc to thc .¡upports. 

Ocn.:nt..ltng upon thc load carry1ng cap.:1c11y 

o! ihc rcsulting <;lructurc thc1c may be a 

lot.::il 1ns1ab1lity 

tii1)ST.\RDY~E platcs Jo nol h3ve 1hc 6'~ doi' 

t rot::i.t111n about thc normal 10 thc iUrfacc 

J1rci.:11nnJ 11 c:u:h nodc. 

:-IOTE 1: 

Zcru S11ffncss JI l nade 1n onc or mure Jircction .. 

¡, OK. ltl.1J.., .al 1hosc Jircc11ons '4'111 he ignorcJ. 

:-IOTE 2: 

For thc LDL T .. ulvcr. ·"udc Point S1ngularilics .are 

corrcctcd 1but not íor 1hc TurboSolvcr). This 
~1ngularity occurs whcn thcrc is a tero stiííncss 
Jirccllon othcr than a global dircctton. 

b) Global lnstab&lity - Thcsc :trc .:Juscd whcn thc 

SUpports OÍ thc SlfUCh.lfC MC SUCh thal tbcy 

cannot 11fícr any rcsislancc to molion, diding 
or ovcrturning oí thc structurc in one or more 
Jircct1ons. An c1:ainplc 1s that oí a sllucturc 
wi1h all thc supports rclcascd íor FX, FY or 

FZ. 

Scc1ion 6 1 jl9 
2) ~ath prct:ision - A math prccis1un error is causcd 

whcn nurncncal inslabiliucs occur 1rt thc matrilc. 

Jccon1p11-;111on proccc;s_ Whcn :1 very "stifr 

clc1ncnt l!. aLljaccnt ltJ a vcry "ílcx1blc .. clcmenl, 11. 

m:Hh prci.:1sion error rnay occut. Rcplacc sliíf 

i:lc1ncnts w11h J r1g1J 'iystcm or artificially soítcn 
1hc clcn1cnt. 

1 he loads JnJ 'ilrcs!ICS 1n thc clcmcnts a.re computcd using thc 

..:01npu1cd noJal Jispla\.'.c1ncnl vector 

6.11.2 STARDYNE Second Otder Static Analysis 

Stress Based Slllfness Modelinq !Slatl 

S f,\RDY~E ..:jn cn1npt.1lc j¡.JJillonal hcnding -illfíncss íor bcams 

Jnd pla1c'i g1vcn thc ;ix1al tH inplanc 'ilrcsscs. Thcsc matrices ate 

1..nnwn J'i gcnrnctrit: 'illlfnco;'i matru.:c .. \Kgl Whcn :l Hrcss 

~tdícncd rcla1cJ :tnal~"i\'i 15 chno;cn l'iláltc. cigcnsolution. 

huckling. or P·Dcll.1) 1hcn J .. 1ándar1I .. 1atiL· an:ily'iis is pcríormcd 

l1r'>I to compute thc platc & hcjm ,1rc .... cs. From thosc slrcs.scs 

JnJ thc clcmcnl ~cometry. 1he :iddiltonal hcnding o;tiífncs~ h 

..:nmputcd. rhcn 1hc JnJly .. i.¡ is pcrfurmcd wilh thi: áddilional 

,uffnc!i'i ini.:luJcJ. 

ílu\.'.kling :1naly'ic'i rcquirc L,\:-.ICZOS 1DY:-.S.\~IC cntry) not HQ1t 

''" the ict:nnJ run. Strc .... ··,1ifícncJ .. na1ur:1I írcquencics may use 
.:ithcr cigcnv:1luc mcthoJ. 

.\ll ~u3J pi.te clcmcnts 1Qt;.\DB. Ql:ADll, Qt.:ADS. QUADCJ 

1ncluding c111npno¡1les c:1n he JccommoJatcd. allhough lhc 

gcumctric ,tilfncss maln' w1ll he 1hc 'i:lmc .ror all types. Ali 
triangulat pl:itc typcs may :ilso be :1ccommÓJátcJ includin& l-nodc 
mcmhranc qt.1.1.J platcs 

Bcntling only platcs :inJ/nr hcams. ur 'iolid clcmcnls, or milrii 

clc1ncnts prntJw.:c no sttc'is ~tiíícning and lhcrcfotc do nol 

contributc In huc1'.ling. Po-.iliv.cly 'ilrcs'icJ clcmcnts bccomc Sliífcr 
anJ Acg:1tivcly .. 1rcsscd clcmcnls bccomc more ílcxíblc. 
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Thc lullow1ng ST1\RDY'.'IE lcaturcs .. hou\J nul bc u .. ctl, or -.houlJ 

b~ ..:nn.,1dcrc<l ..:arelully whcn uscd in .. 1rcss "s11ffenc<l" or buckl1nJ:! 

:inJlyscs: ASYSG, ·\XIS \NGLE. SohJ Elcmcnts cln he used hui 

no 'lrcss s11ffcn1ng wtll rc~ull lrom thcm an<l thc~ w1ll not cn1.:r 

ITIIU JO)' buckhng l.'.JlcU\JtlllnS. 111 ÍScl bc:.lln'>. clbow>;, p1pcl . .1nJ 

p1nncJ bcam .. Jrc 1re:itc<l 1~ ,1.1nda1d .. tr:.i~ght bc.1nh ..:nnncc1eJ 

w11h h DOFlnoJc .u .:ach i:nJ ni thc h.:.11n 

P-Delta (P-61 or Nonlinear (Star) 

WHA T: This is an 1terattve. geomelnca/ly non-linear slalic analys1s. 
ll 1s ohen useo as pan al an analysis of a building lo accounl lor lhe 
moments 1nduced alter la1eral d1splacemenl ol the ong1nal applied 
forces. 

WHY Pnmanly used as pan al an ana/yslS ola bu11chng lo account lor rne 
moments 1nduced aHer laJeral dlsplacemenl ol 1h6 onginaJ dppl1ed lotees. 
WHY STARDYNE. Two optrons: (1} upda1es noae coorU1nales with each 
1leration. (2J sctve 1ncremen1ally 

HQW· Select iJ11/y one star.: 1oad1ng case lhen sslecl P·Della dnafySIS 
spec1fy1ng wfl.:h op11on. and number ol 1terat1ons. 

-..:111c that ihc :ull load ..:.:i .. .: mu!>l he •• 1lvc<l .. 1multJnc1111..,ly lur 1h1' 

1~pt.! 111 Jnal~ ''"· 1.: thi: '..11cr:il luad1n!,! rnti..I be ¡lfC'ICnt 

..:un..::urrcntly ""lth lhe vcr111.:JI loading ltH propcr -·11n!>1Jcra11un .il 

1hc P·Dclla .:1íct.:1 Othcr Jnaly!>C!> thJI 1h1!> pru..::i:Jurc rnay he u~cd 

íor :uc: 

JI probh:ms w1th lar~cr Jisplai.:i::mcnts whilc tht.! .:lcmcnl~ .uc 

undcrguing small ,1r:i1n, 

hl por11uns or all <Jf thc .. 1rui.:1urc are nc;u bui.:kling orare into 

\Imple po\l·bucldinG hke \n.1p through. 

You rirsl spcc1fy thc numhcr uf iterauons or luaJ ,1cpo; (Jefault ¡,. 

.t). Thcrc 1s no check for t.:onvcrgcnl.·c. Nc1.I, chuo~c hctwccn thc 

iollowing optmns: 2a. ORIGINAL· ,\pply lhc lull load on c3<h 

11cra1lon anJ .1Jd thc <lc111rmo11ion to 1hl! or1g1n;1I nudc ..:oordinaic., 

to use as thc Aude cuord1na1es for thc ncxt 1tcrat1on. ~b. 

·~· •.; . 
1 •·i • 
~ 
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CIJRRENT · Solvc inc<emcntally Apply thc loads 1n incrcmenls 

iapplicd lo:::ttl<; div1<led hy t# of 1ncrements+I)). Solvc #-oí-

1ncrcmcn1 times wtth coordinates :tnd deformations áccumuláted. 

rhc dclaults nf 1 itcrallonc; Jnd or1g1nal cnordinatcs (2a), should 

hc :1dcqua1c lur P·tl cífcc1s in hu1ldings. For othcr, more complcx 

.1n:ily,c-,. ihcn more itcr:it1uns .:tnd option :!.h m.:ty he ncccssary. 

LJrgc dcfnrm3t1ons cnuld 1nvalid.:tte hcám \ocll t.:nnrdinale 

dctin111nns JnJ w.:trp platc clc1nents. fhe local bcam coordinatcs 

'.O 1hc intcrmcdiatc 1ncrcmcn1s are Anl muving w11h 1hc bcám but 

.ne ha,ed on cllher mov1ng nuJes wh1ch prohably are not moving 

wtlh che hc:im nt on jn Jnglc uf thc hcJm to thc íixcd global ;1xes. 

Dclnnncd JnJ Ji'iplaccJ rt:.tlC'i often hcc.:nmc w:npcd or distortcd 

wh1..:h Jcgr:idc.; the :lccuracy or thc clcmcnt. 

rhe ·..:urrcnl · cn11rtJinatc<; oplion lwh1ch 1s an incremental load 

wllh uptlatcd l!nordina1es .ilter each 11cr:111on) should havc good 

lin.11 Jisplacc1ncnts. Thc Jic;placcmcnls. clcmcnt loads and 

~1rc,,c.,. and noJal cqtJ1hhr1um check rc'iults output árc thc 

.. u1n1n.11ion 111 thc rcsults lrom ca.ch oí thc incremental itcrations. 

!'he clcmcnt .1nd noJal .:~udihr1um rc.;ults Jre Jpprnximatc to 

1naccur:itc Jepcnd1ng nn the :imnunt uf Jispl:iccment ilnd rolation. 

Bcllcr rc .. ul!, lnr 1he clcmcnts wnuld he tlbta1ncJ by applying lhe 

lin:.11 Jispla..:cmcnts a~ .1 'il<&t11.: luad case un 1hc modcl wnh thc 

.n1g1nal t:oordin:::ttes. 

Stress Sliffened Slallc 11nd Eiqensolullon /Starl 

WHA r· Tñ1s is a load case specdK: analysis. Compression 
stresses in beam and plate elemenls are used to detennine a global 
additional st1ffness malnx (/kg]) to add to lhe global st11fness maltix 
1n e1lher a stat1c ar e1gensolution. 
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WHY· Pnmanly used when lhe tens1on ar compress1on in beam or 
plate elements w1/I contnbute s1gn1ficantly lo those elements 
bend1ng sl1ffness and that the 1ncrease/decrease in st1ffness is 
1mpoáant to the sofut1an. 

HOW: Select only one sta11c loading case then sf!lect Stress 
Stilfened SlatlC ar Eigensolut1on. Other 1nputs ar8 the same as 
normal analyses. 

The 'tatic global matrix equation becomcs: 

I K • Kg I • 1 S I = 1 P 1 

The e1gcnsolu11on global malrix equalion becomes: 

ui' 1 m 11 q 1 · 1 K + Kg 1 I q 1 =o 

Slrcss 
0

)1iíícncdº' nalur:il írc4ucncics may use ci1hcr ..:1gcrn•aluc 

mcthud. 

Bucklinq IStarl 

WHA T· Euler buckling caJculation based on a single static load 
distnbut1on. Compress1on stresses 1n beam and plate elements are 
used IÓ delermrne a global slab1l1ly malnx ((Kg}) lo use rn place ola 
mass matnx 1n an e1gensalut1on. The w2 resutts are the buckling 
factors. 

WHY· Pnmanly used lar slab1hly analysis ol parrs al structures ar 
mechanical parts. 

HOW: Select only one sta11e loading case lhen selecl buckling 
anal sis. 

Thc proccss of calculaling 1hc ~yslcm buclding factor anJ bucllcJ 

shapc involvcs firsl 5olvinR lhC slalic )oaJ C3SC ÍOf Jisplaccmenls 

and bcam ai;ial strcsscs and plillc inplanc slrc§scs. from thcsc 

strcsscs, additional be:lm aod pl;Ue bcnding s11Hncss ..:an he 

·, ,' 

... 
• 1 

•··¡ti 

• 
•lrl 

' •1• -• t 1:1 
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1 1 • 
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..:nmpulcd. [ Kgl Thc .. nlullon of lhc íulluwing cigcnproblem will 

rc5ult 1n thc amount 1ha1 lhc .ipplicd load case would have lo be 

1;:1ctnrcd ( BF) to he at thc en he al Eulcr buckling load. Thc 
hucklcd shapc 1s norm:1liLcd to <1. m;:iximum disPlaccmcnl oí onc. 

ÍU gel thc lCIUal Jísplat.:cmcnl5 and ~líC5SCS <i.l thc critical 

bu..:kling load. rcpc:it thc 'itatic analysis with thc original loads 

rnull1plicd by HF 

BF 1 Kg 1 1 q 1 · 1 K 1 1 q 1 =o 

Whcrc 

: Kgl 
BF 
1 q 1 

= thc gcnmctric 'il1Hncss malrix 1bandcd symmctricl 

= Buckllng Factor 

= thc normaliLed hucklcd shapc 

For buciding :inalys1s. thc L:int.:lUS cigcnvalucs ;irc crhical 

huckling factors. fhc ..:ri11cal buckling loaJs ;trc (all oí thc loads 

:h:ll you há\C Jpplicdl time\ llhc fir'il huckling raclúr). A ¡:Josllive 

huckhn~ factor thál 1s lc'is than onc 1nd1catcs thc 3pplicd loa.J is 

.!fC:Hcr thán thc huckling lnaJ. A ncg311vc buckling raclor 

~nJ 1 c:llcs th.al 1hc Jppllctl luaJ ..::1sc 1s in thc upposllc dircction of 

1hc loaJ1n~ that wuulJ ...:JU"lc buckling . 

-.; 0 1c 1ha1 Jil lo:iJ!t Jrc ..:on .. 1JcrcJ to be faclotcd. lf sclí wcight 

1nJ ..::omprc .... 111n Jtc JpplicJ. thcn thc buckling factor would be íot 

hoth thc curnprc,\IOn JnJ thc sclí wc1ght. 

lluckhng 1naly<es rc~uirc LA~CZOS. nol HQR . 

STAROYNI:: Oynamlc Response Analysls 

Currcntly :iváilablc dynamic :inalysis c:ipahilitics inclúdc 'olutiori 

uf 1hc rrcc vibraliun problcm (cigcnproblcn1) and scvcral forccd 

vibr<i.llon c•cllalion analysis typcs: response s¡:iccltllm analysis. 

linc:ir time histury :1naly<iis. :1nd slc:idy <itále hMmonic analy'llis: ali 
u11liLing mod:il 'iUpcrposition melhods. Thc dynarnic response 

rcsults are prescnlcd as dructutal dcíorrnations (displaccmcnl!, 

vcluc1tu:s. ur Jccclcr~t1un .. 1 Jnd as lnlcrnal clcmcnl loit.ds iinJ 

<;lte'iSCS 
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Mass Modeling {Star) 

The nalural lrequencics anti mude shapes of 3 slructure :ne thc 

prtmary parame1ers 1hal Jlfecl thc re"'p;1nse lll a -.trut.:lure undcr 

dynam1c loadin~. Thc free v1bral!on problem is ~olved to cxtr:u..:t 

thcsc valucs Sincc no C'tlcrnal forc1n~ (unction i1s 1nvolved. the - ' 
nalur:il frcqucnc1cs antl mude \hapes J.re Jircct luncuons oí 1hc 

sllfíness Jntl rn.i..,s J1s1r1hu11un in the ~1ructurc R~\ulls of thc 

frc4ucncy antl rnoJe shapc ..::tkula11un"' may vary .1gn11ican1lv 

tlcpcnd1ng upnn 1hc mas'lo mudcling Tl11s vana1111n. 1n turn. ;lfccls 

1hc Jynamic .1naly'i1s resull<; fhus. C"t\rcmc cau11on 'ihuuld he 

c"tcrci..,cd 1n mass modchng 1n J JynJ.mu: .1.nalys1s problcm .. .\t:llvc 

ITIJ'losc-. ~houltl he muJclcJ Js lnads \11 massc'lo 1hat are capablc 11f 

mu\'tng ihuulc.J be motlclctl .1.-. lnatls .1.pplictl 1n Jll po ... s1blc 

Jirct.:11ons of movcmcnt. In rc,ponsc ~pccuum .1.naly,1s. as .J harc 

m1n1mum. J.11 masscs thJ.I .irc c.ipablc ol mov1ng 1n thc dircct1nn ul 

1hc 'ipccuum. muH be pro\1tlcd J.s loJ.tls acting 1n :hat J1rcc11un 

1t 1~ 'ilrungly rc..:om1ncndcd that llntl ;cll wc1ght he .1.pplicd 1n 1hc 

X. Y. J.nd Zdirec11ons In ali ST.\RDY\IE E1gcnprohlcmldynarn1c 

3nalyscs i:vcn lur :!-D frarnco; or '>lructurcs loaded 1n onc or two 

gluh:il Jircct111n<; This w11l gencra1c 1udal mas-;c<; hJ'>cd nn 

Jcn ... 1ly Jnd clcn1cnt volUlllC\ .\~In 5 f \,\0 lhc .iJJ1t1onal TTIJ'.lo\e\ 

al J ptnnt cJ.n he spec1ficJ .1.s 1urccs 

Gt:YA'.'j St:PPORT DOF 
Ir lhe UQRll-Guyan c1gcn!'.>ulu11on mc1hod !!'.> choscn. 1hcn you 

~hould selcct ... orne mass dof ~ Guyan Ju O to be reta1ncd 1n 1hc 

c1gcn'.l.olu11on. fhc othcr rnass dol w1ll be slallcally rcdistnbu1cd 

(transfo1mcd) to add to thc sclcclcd mass dof rcsulting in á full 

mass matnx f non-d1agon:il 1 Th1s mcthod 1s d1rcctly analogous tu 

1hc s1a11c condcnsation oí s11ffncss at tnlcrior nades to stiffncss at 

boundary nodcs uscd in suhstructurcs or tn sorne íinlle clcmcnts. 

No slifíncss is lost or changcd but 1hc k1netic cncrgy uf thc mass 

1s modifieJ. Howcvcr if .'.'-1 rc:isonably Jistrtbutcd Guyan Jof are 

choscn. thcn .'.'-11 2 oí thc lowcst cigcnvalllcs will be aceuratc. 

Th1s procedure 1s only usetl by enginecrs who know how 10 use 
Guy:1n dof to cllm1natc unwantcd loeali1:cd modcs . 
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Damplng Modellng !Starl 

In thc mod.il dynamu.: rc-;pnnsc mcthud. damping is entered as a 

d:imp1ng ratio (as :l fr:icllon uf crillcal damp1ng; 5% damping is 

cntcrcd as .05) for each cigcnvaluc/mode llscd in the response .. 

.\n Jllcrnauvc lo the user 'ipcciíying J valuc for cilch modc is thc 

i.:umposite modal damp1ng mc1hud of assigning tlamp1ng for each 

mude. l"ht<; mcthod is hascd on 1hc conecpt of diffcrcnl matcrials 

h:i.v1ng diíícrcnt Jamp1ng rallos and thal 3 particular modc·'I 

J:i1np1ng ratio -;hould he a wcighted average oí thc strain cncrgies 

• Ja1np1ng ul thc matcr1.1b usc1.L 

Solutlon ol lhé Eiqenproblem (Slarl 

íhe ..:1gcnpruhlen11s ~olvcd íor !'.>lruc.:turc frcqucncics ind mude 

\hapcs con.¡1Jcring ;:1 rnass rnalnl. lurnpcJ at 1hc nodcs (Sce ~as! 

\1o<lcling JhovcJ. -..fas'c" at all ac11vc 1111 f. ma}- be i.:onsiJcrcd. 

\ny '>lructural model wh1ch cunslsts ul a s11ffne'i! matrix. anJ N 
rn;:i.,., c.Jcsrcc-; ni írccdom i.:11nla1ns :-.l normal mode'i oí v1br:11ion 

l.'.Jt.:h norn1al mndc u1:cur~ .1\ J ~pc..:1l1c frcqucncy of vtbr::al!on 

~nown as :.1 n..itur;il lrc~ucni.:y lor c1gcnv:duc1 Al thcsc 

irc4ucnc.:1c" thc noJ;il di...plai.:cmcnh. known a'i thc mode <i0hape (dr 

eogc,,cclnn omllm frnm P"""" lo ncgati'c Jhout O.O Thc 
.1Jvan1agc nl modal mcthuJ.¡ :lre 1ha1 only a small numbcr al thc 

luw frequcnL:y mtJJes are ncccssary to obta1n good dynam1c 

response rc .. ults 

!"he proces'> qf calculat1ng the syste1n cigcnvalues and 

..:1gcnvector~ 1'> known l'> \-tndal E1tract1on Jnd ts pcríormw::d by 

.;nlv1ng thc cquat1on: 
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111= 1 m I I q I · I K 1 I 4 1 = o 

Whc1c 

1 111 1 = 1hc ma .. ., malrlll. (as .. umcd lu he tliagnnal, i e, no ma~s 

lOUpl1ng) 
10 = lhc natural frc4ucncics (c1gcnvaluc..,) 

1 4 1 = thc norrnali1cd modc shapc., {cigcnvcclfH'>) 

Frcqucncy (llZ) = oll2n 

Twn "11lu11nn mcthod'> ate availahlc: lhc Lanc1os l"Lan Cho~ .. ) 
mc1hud (rccommcntlcd) anti thc llQRll-Ciuyan mclhod. 

Plca\c n111c 1hat vadous nomcnclaturc is U'>cd to rcícr 10 thc 

nurma\ modcs u( v1bration. (l:igcnvaluc, Natural Frcqucncy, 

Muda\ Fre4ucncy and Eigcnvcc101, Gcncrali1cd Coordinatc, f\.todc 
Shapc. !\.1udal Vector. Normal f\.tndcs, Normalltcd Mode Sho.pc. 

GENF.RAl.IZEI> WEIGllT ANll GENERALIZEll MASS 
E.1L·h cigcnvcctnr (ql has nn ac;soci:Hcd gcncrah1.cd mass dcfincd 
by 

Gcncralit.cd f\.1ass (GM) =1 q I' \ M 11 q J 

Gcncrnli1cd Wcight (GW) = GM • g 

PARTICIPATION FACTORS - A participation factor (Qi) is 
con1putcd for cach cigcnveclnr for cach of thc lhrcc global (Xi) 

1ran~la11nnal dircct1nns. Nis thc numbcr of nodcs 

!\10DAL WElGllTS ··¡he summa\ion of modal wcights for a\I 

mm.lelo in o. givcn dircction is cqual to thc Base Shcar wh1ch would 
rcsult lrom o. onc g hase accclcra1ion Thc modal weight for cach 
modc = (GW)(Q,1 ). rhc sum of thc modal wcights íor lhc 

computcd modc9 may be comparcd to thc total wcight t 

structurc (lhal has not hecn lompcd al supporls). ihc d11 ... .:tencc j5 

the amounl of mas9 missing from a dynamic, base c1tcit:llion, 

modal rcspon!lc ana\ysis tr too much is missing, thcn rcrun thc 

eigcnsnlution asking íor a greater numher or modes or rcad nbotH 

how lo cmploy the Missing Mass Corrcction method. 

Lanczo1 Mtlhod and Frtc-l"ttt Structurcs - An unrcstraincd, 
hcc-frcc model has 1.cro cigenvalucs lhat may be sol ved in 

L~NCZOS Howcvcr you tnusl know that 7-cro eigenvalucc; are 

cxpcctcd and select the Frce-Pree oplion. lntcrnally thc program 
will compute a shifl frcquency, w-1, which will be uscd to crcatc a 

matrix, IK1 J, to be addcd to the stiííness matrix, lkl. prinr lo thc 

eigensolution <!Ktl = w-1 !Mil. Thc eigcnvectors of thc shihcd 

cigenproblcm are cxactly the same and thc írcqucncics are shiflcd 
by w-1 from that or thc actual eigenproblcm. So wc sin1ply add w-1 
lo each computed frequency and we havc completcd an othcrwisc 

unso\vable singular cigenproblcm. lf, howevcr, a singularity is 
still dcteclcd during decomposition. il is an indicalion that thcrc is 
11. portian oí the structure withoul mass that is írcc to movc 
!ltatically relative to the restar the strocturc. Such a structurc 
could not be sol ved statically cithcr. for examplc, a frcc-íree 

hcam which has Arca, 12 and 13 propcrtics, but has masscs in only 
the transversc directions does not havc mass in lhc axial direction 
and con!lcquently will be singular in thal direction. The rcmedy 

would be to set Area=O.O or restrain the axial direction, since 
without mass, no axial modes can e1.ht. 

-··--···----··-·-·--------------------------
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tl.11.3.1 STARDYNE Response Spectrum Analysis 
(Dynre4J 

WHA T.- Approx1mate modal ana/ysis wh1ch compules the "Modal 
Responses" due lo a given dtrectional, base exc1tation, response 
speclrum Each made's response to a g1ven exc1lat1on d1rection are 
then comb1ned, us1ng one of lhe many methods ava1/able, /o form 
/he tata/ response far /ha/ input direct1on. 11 lhere is more than one 
d1recl1on of input. /he to/al responses of each direct1on are lhen 
comb1ned by the SRSS melhod. 

WHY Pnmanly used far se1smic slruclural eng1neering of 
bu1/d1ngs. 
WHY STARDYNE: supporls Nmiss1ng mass"; mu/tiple base 
exc1lation. distnbuted force exc1lallon: the SRSS. CDC, Gupta, 
Doub/e Sum, NRL, Ten Percent, closefy spaced graup, etc. 
methods In add1t1on, a more real1stic method is avaifable. we1ghted 
average of CQC (or Gupta) at low lrequencies (-3ffz) and a/gebraic 
sum at h1gher lrequenc1es (-20 Hz). 

HOW. First perlorm the Mass Modeling step carefully, not1ng that a 
rev1sed node/element model w1th add1lional mid-span nodes with 
masses 1nay g1ve befler dynamic and e/ement results Next, decide 
d M1ss1ng Mass modes are to be computed Then select the 
number of e1genmodes andlor frequency range required Next, 
perlorm the e1gensofut1on and ensure that the des1red frequenc1es 
were computad. Now you are ready far the Response Spectrum 
Analys1s Step. 

Response Spcctrum Analysis allows thc u<;ct to anal y le thc 

rc .. pono;c ni muhi-dcgrcc-of.frccdnm linear c\ao;lic <:lructurc 
modcls suhJci.:1crJ toan arhitranly nncntcd loundat1on o;hoc.:k 

rcspon<:c o;pcctrum inpul. You may cnlcr Response Spcctra versus 

Frcqucncy tahlcs cir sclcct "orne ral1t1 of thc avcragcd rc .. ponsc 

spcctra !>hapcs computcd from thc 1940 El Ccnlro, 1934 El Centro, 

19·19 Olymp1a. and 1952 íaft carthquakcs for any of thc dircct1ons 

of motion 

\) 
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Fot any supplied response !>pcctrum (accelcration ot vclocity ot 

displaccmcnl vs. írcquency) thc following may be caku\alcd: nodc 
displaccmcnt, vclocity, and accclcration; clcmcnl force<> and 

strcsscs, and supporl reactions. Results of thc response o;pcclrum 

analysi<: may be combined with the re§ults of thc slatic analysis to 

pcrform .. ubscqucnl dcsign. To áCcounl íor tcvcrsihility nr 
scismic aclivity, load combinations can be crcatcd lo include 

eilhcr lhe positivc or negalive conlribution of sci<;mic rc<;ulls 

Thc Rc .. ponsc Spcctrum Analysis appcndix contains: a complete 

malhcmatical dc<;ctiption of thc 20 modal comhinalinn mcthods; a 

dcscription of thc U.<1ct furnishcd force or multi-hasc cxcitalion 

analysis procedurcs; and the spectra for thc NRC SSE Safc 

Shutdown Eanhquakc. 

6.11.3.2 STARDYNE Llnl!at llml! Hlstory Response 
Analysls (Dyntl!1) 

WHAT: Modal dynamic analys1s which computes the "Modal 
Responses" versus time due to forces ándlor ground molions lhat 
may vary with lime. t:ach uncoupled mode's time history responses 
are summed to form the total strucfure response versus time. 

WHY: Used for sny time varying force-motion analysis including 
seismic, torced vibration, etc. 
WHY STARDYNE: supparls "m1ssing mllss·; mu/tiple base 
excitatfon; solution method máy be more accurate for high 
frequency input forces like eárlhquakes, whole structure response 
al specif1c times using nodal forces (F = Ma.) rather lhan 
d1splacement, select times far who/e structuro response basad on 
times that specific stresses or displacements reach peak. values. 
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HOW. F1rst perlorm the Mass Modeltng step carefully, not1ng that 
a rev1sed node!element model w1th add1/1onal mtd-span nades w1th 
n1asses may g1ve'tJetter dynamic and element resul/s Next, decide 
1! M1ssrng Mass modes are to be compuled fhen selecl the 
number af e1genrnades andlar frequency range requlfed Nexl, 
perlorm the e1gensolut1on and ensure that /he des1red frequenc1es 
were computed. Now yau are ready far the Lrnear Time History 

Analysis Slep 

S l'ARDYNE ha\ 1hc t.:apabtlily lo pc1form a linear modal rcspon!'>c 

hislory analy~is nn a \lructurc subjccted tu time varying forcing 

func11nn loads al the nodes, ground motion al ils ba<;c; initial 
disp\aLcmcnls and veluciltes, and multiplc base acce\crat1ons. 
Oulput con~•sts of nodal displacemcn\<;, velocit1es, accclcrat1nns. 
e\cmcnl loads and strcsses 1 Picase sce the Non-Linear Modal 
Time U1s1ory Response Analys1s if you need to ntodcl simple 
non\inearities wilh your analysis There i<> also a "dirccl 
integralion" mcthod time hislory method if you havc a spcc1ali1ed 

prnhlcm rcquinng that mcthod\ 

Thc Linear Time f11s1ory analysis is pcrformed using the modal 

superpo<;ition mclhod. Hcnce, a\I the active masscs should he 
included in thc detcrmination or the mode shapcs and frcqucncies. 
Picase re fer to lhc c;cction ahovc on "mass modeling" for · 

additional information on this topic. 

In 1hc modc superposition method, it is assumcd thal thc structural 
respnnse can be nbtaincd írum "p" modcs (usually lhc lowesl 
rrc 4ucncy modcs). The cquilibrium cquations are writtcn as: 

(m ¡¡,}+(e]{,}+ (k H•} = {r, l (1) 

Equalion ( 1) reduces to ''p" separalc uncouplcd cquat1ons oí 

thc form· 

(2) 

where ~ is !he modal damping ratio and ro thc natural frcquency 

íor thc i th modc. 

Thcsc uncouplcd modal equalions oí motion are sol ved by thc 

LaPlace transform method írom one solution-time-point to thc ncxt 
solution-lime-point (lhis is not a numerical integralion mcthod likc 
lhe Wilson - 9 melhod) Thcrc is a solution-limc-point al cach 

time that any load curve changes slope as wcll as at thc requestcd 
outpul times. Wilh the assumplion that lhe load curves are linear 
betwccn solution-lime-poinls this method h cxael and stahlc. 
Unlike in STAAD. this method does not requirc an inlegration 
lime step far solution aceuracy hui does nced the uscr lo specify a 
suffieicnl number o[ output times to allow liriear X-Y plots to 
rcasonably show the peaks and shape uf lhe response curves. 
Thcrc is no advantagc in having thousand!I of output time polnts 
however. 

Output consists oí "relative" and "absolulc" nada\ displacemcnts, 
velocilies, aeeclerations, elemcnt loads and strcsscs. For sclccled 

clemenl stress locations and/or selecled node-direction 
distJlacements or accclerations, lhat response value may be 
distJ!ayed as 11. íunction of time. "Rclative" re!lponse h (for the 
case oí base ground molion) the nodal response relativc to thc base 
molion (basically the elastie párl of the response). 

Thc user may also select times (and/or ha ve the tirogr11.m sclect 
peak times) al which the response uf the complete structurc is 
computcd. The tcsults and displays that are thcn made possihle 
are similar lo !hose in ll static solution. Thc U!lcr may selcel to use 
cither nodal forces (F::: Ma) (recommended melhod) or 
displacemcnls al thc selected times ror the calculation uf cierne ni 
forces and strcsscs and the support reaclions. 

Lcss frcqucnlly used íealures including: enforced nodal 1notions, 
individual modal results, large mas1 and relative motion mcthods 

:;> {' 
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tor mul11.ha\c C)(Cltul1on; are dcscnhcd in thc Lincur Time lli!>lory 
uppcndt)(. 

1.11.3.3 STARDVNE Steady Slate Harmonic 
Frequency Response Analysis (Dynre2) 

~r11AT: Modal analysis which computes the "Modaf Responses" 
due to a given direct1onaf, base exc1tat1on or dislributed forces w1lh 
theír magn1tude vary1ng over the selected frequency range. Each 
forc1ng direclion can be out ol phase w1th the other direct1ons by a 
phase lag angle Each mode's response is compuled and then 
summed to form the total response for each frequency 

WHY: Used to understand the response of a structure lo a broad 
ranga of lraquenc1es. Could be usad as a basis lo tune a structure 
lo m1nimize response orto modify the frequency ol lhe forces to 
avoid resonance. 
WHY STARDYNE: supporls "miss1ng mass"; mufl1ple base 
excitation, more accurate and srraightforward than a sine wave 
input to a tima history anafysis. 

HO~· Fírst perform the Mass Model1ng step carefufly, not1ng that a 
revisad nodelelement model with additional míd-span nades w1th 
masses may g1ve better dynamic and efement results. Next, decide 
íf M1ss1ng Mass modas are to be computad. Then sefecl the 
number of eigenmodes andlor frequency range required. Nexl, 
perlorm the e1gensolution and ensure lhat the deslfed frequencies 
were computad. Now you are ready far the Sleady Stale Harmonic 
Frequency Response Analysis. 

Stcady •stalc harmonic frcqucncy response to slcat.ly stalc 
sinuso1c.Jal dynamic \nadings using thc 1nudal supcrposit1on 
mcthoc.J. This is a "sine swccp" approach whcrc thc rcspono;c is 
calculalcd for thc givcn loadings applicd al a scqucncc of 

frcqucncics Naturally, Cor lightly dampcd structurcs, thc 
rcsponsC!I will peak al thc natural (moJal) frcqucncics of thc 

structurc. 

~ 
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Input forcing funclions may be in thc form ot distributcd forces, 
hase cxcllations (displacemcnl!, velocilics or accelcrations) and 
unit sinusoidal excitation!I (displaccmenU, \/Clocities, accclcnHions 
or íorccs) al spcciíied nodcs. Output consi!lh of "rclativc" and 
"absolutc" nodal tcsponses and elemenl loads and slrcsscs versus 
frequcncy (X· Y plot displays of selectcd nodc tcsponscs or 
clcmcnt forccs/stresses). The response of thc complete sttucturc al 
particular point in the overatl cycle may be computcd as wcll. Thc 
results and displays that are lhen made possihlc are ">imilar to 

thosc in a slatic solution. 

Thc use of Frequcncy spacing critcria and output frcqucncy input 
to imprnvc the quality oí the results versus frequency graphs and 
the probabilily of identiíying thc peak response írequcncics is 
dcscribcd in the ltarmonic tesponse appcndix. 

6.11.3.4 STAl'IDYNE Mlsslng Mass Method 

Cottectlon Modll ~In slruclural dynamic analy!lis by modal 
supcrposilion il is somctimes nccessary to havc a mcthnd to 
account for thc stalic cífects oí !hose higher frequcncy modes 
which wcre nol calculated in the cigenvalue analysis and thcreforc 
Will be omittcd írom thc response solution. These omillcd highcr 
frequcncy modes should have natural frequcncics wclt abovc thc 
range oí dynamic input so they would acl in a static manner. 

The missing mode approach cxactly accounts íor thc static cffccl 
oí ali missing modes and will exactly calculate thc corrccl rcsults 
in all modal dynamic response programs as long as thc missing 
mass modcs are truly well abo\le the forcing frequcncy range. 

The missing mass mcthod descrihed hcre is forclng Cunclion 
specific. That Í5, thcre is one additional missing mass mode for 
each diíferenl (does not have the same spatial distribution pattern 
of force: proportlonal forcing íunctlons are not diffcrcnl) forcing 
function oí inlercst. Thc method is quite simple. Firsl, thc uscr 
calculates as many modcs as desited. Thcn. In thc samc analysis, a 
static analysis or each íorcing function is calculated. Each Static 

displaccmenl is orthogonalized to thc computed modcs to 

-·- -.------
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:rminc lhc 1111sc;ing mass modc (lhat part uf ihc slatic 

llíc;pla1.·c111cnt 1 hal can not he rcprc!icntcd hy thc computcd modcs) 
lor llll'i lore1ng funct1on. 

Thcn, run thc <lyn11m1c analysis hy c;clcctmg ali real co111pu1cd 

tn1Jtlc\ and dc\ucd darnp1ng ac; usual whilc al!io sclcc11ng which 

mic;c;ing rnac;'i modcc; are associatcd w11h cach ílHcing function. 

Note 1hu1 thc mic;c;1ng maso¡ modes are nol normali 1 cd to one :is 
. wouh.I he thc 1.·ac;e lor an eigenmodc !.hapc i 
Addi11onal detads of the Missing Mass mclhod are in thc Missing 
Mac;o¡ appcndi~. 

MISSING MASS Al'l'ENDIX 

"DVNAl\1JC" and "STATIC" Mlsslng l\1as5 Methods. The 

"dynamic" mcthod uc¡cs a pseudo dynarnic mode approach The 

misc;ing mac;c; modc ic; given an eigcnvalue. Thcn the gencrallt:cd 

wcight and participaliun raetors are computcd from lhe mtssing 

mas!! mot.lc c;hape. Dcpcnding on lhe eigcnvaluc/ forcing function/ 
spcctn:i/ llamping givcn. thc dynan1ic response is computcd íor this 
rnodc as ir 11 wcre an cigcnmodc. These modcs may be 

dynamically amplificd as wcll as statically amplified. In sorne 

cases lhc "dynnmic" mcthod improvcs lhc dynamic portiun of thc 
response hui should nol be a substilutc for includíng cnough 

cigcnrnodes to describe the dynamic accclcration and vclucity 

response lo thc input forcing functions. Thc "dynamic" mcthod is 
nul docu1ncn1cd in 1hc litcraturc so it is not known whethcr thc 

mc1hod always has 1hc cffect oí improving thc dynamic response. 

Thc primary function of missing mass modcs should he to dcscnhc 
the addit111nal de1ailcd static dcformation and stresscs oí the 

omi11cd cigcnmodcs (i.c. mudc!I thal would have no dynam1c 

response lo lhc forcing functions). The missing mass rriodcs 

usually providc D localizcd but somctimes signiricanl improvement 

in displaccmcnts, clemcnt forces and strcsscs; usually nenr thc 
supports. 
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In the classic "static" mi5sing mass method thc extra sil\ 

residual vcctors may only be ampliíied statically. In this mcthod 

only di!lplaccmenU, clcmcnt force! and stre5scs are changcd. This 
mcthod is well doclimentcd in the literaturc and does (in the lime 

history solutions) cxactly supply thc missing static "mass" effccl 

thet thc lower eigenmodcs selccted do not supply. 

Tlmt lllstory Response (Oynre1)· The missing mass modcs can 

he referenccd by any of the íirsl 300 forcing functions. A misc;ing 

mas.'i mode n~mber may he reíerred to by more than onc forcíng 

íunction. llowcvcr each íorcing function may only refer to onc 

missing ma!'ls mode. Thc "dyn.amic" missing mass method is the 

default method. 

Slt'ady Statt ltarmonlc frequtncy Re5ponse (0ynrt'2) - This 
program only usc5 the "dynamic" missíng mass method. 

Re5pon1e Spectrum Response (0ynre4) • The "dynamic" missing 

mass melhod will he used ª' thc deíault. The Missing mass 
method will generally improve the Rc5ponsc spcetrum solution 
Howcvcr (unlike time history 11olution1) it will not givc the same 

deformations and elemenl rcsults as a modal solulion using ali of 
the possiblc cígenmodes. Thc Missing mass method should nol be 
used with User Furnished Force or Multi-basc Input. 

lf you are running only 1 global shock dircction with onc missing 

mass mode and while using the "dynamic" missing mass mcthod; 

thcn therc j5 no nced to indicatc that thc mode is a missing mass 

modc. 

In the "static" mcthod thc spectra will be chosen al thc ZPA 

frequcncy. In CQC, DBLSUM, or GUPTA, the eoupling of thc 

missing morles to other modcs and lo themselves is ignorcd. 

For the "slatic" melhod or for multiplc shock directions it Is 

nccessary to sclecl each misslng mass mode scparately and to 

lndicatc which ditection5 thc tníssing mas5 modc is llQl to be used 

(e.g. for X dircction shock mode: IMX=O, IMY=l, IMZ=I). 

!, (l 



."}J.\!</)~ !H.:. lui .', l A,\lJ/l'ru 

J\ltcrna11vcly a ncw nplion allowo¡ you lo set IMX=2 and lcavc 
IMY=IM/.= blank 

For rnulliplc \hock dircclions. thc RSS=l4 to 20 combinalion 

mc1hods ~hould work propcrly with thc multiplc missing mass 
modc'i. 

For RSS=t 10 5, unly une dircclion l'i uscd by taking 1hc indica1cd 

vector sum oí lhc bao¡c shocks bclorc thc '1odal comb1nations. For 

mis .. 1ng mas<;, plca'ic run your static 1 g ruri in 1hc samc non-global 
dircction lo crcalc thc onc missing mass modc Thcn sclcct a1l 1hc 

modcs w11hou1 dcclaring nny modc lo be a missing mass modc. 

For RSS=6 lo 13, multiplc indcpcndcnt shock dircctions shou\d be 

po'isihlc lluwcvcr RSS=2 lo IJ are unlcsted and lhcrcfore not 
rc1.:ommcndcd for U'ic with miss1ng rnass modcs. 

6.12 References (STARDVNE) 

The ha.,ic thcory oí lhc Finilc Elcmcnt Mcthod i<; presentcd in 

many 1c,nbooks. Thc íollowing publicly availablc documents 

describe many oí lhc lechnical aspecls of the STARDYNE finitc 
clcments. 

• Bram rlrment 

PrLcm1cniccki, J. S. Thrqry ot Afalrlg Struccural Analysís. 
McGraw-llill, Ncw York, USA, 1968 

• Triangular Platr 

Clough, R. W. and Tochcr, J. L. ffnlte Elrment Stirrnrs$ 

Malrices for the Analysb of Plate Bendlng. Confcrcncc on 

Matrix Mcthod5 10 Slructural "'1cchanics, Wright Pallcr5on, AFB, 
1965 (thin platc) 

Marlin, H. C, Slllfness Malrl11 for g Ttiangu!gr Sandwich 

Element in Bendlng JPL No. 32-1158, Jrl Propulsion Lahoratory, 
Pasadcna, Californ!a. Oclobcr, 1967 (lhick platc and 5andwich 
option) 
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Sl!clion 6 4ft1 

Quodrllalorol (QUADBJ A A Btflncd Ouadrllal•Ul 
CI h R W and Fellppa, C. . 3 6RS F!:~.~ f;,,·rne~t tor thc Analr•f• ot Plate ~tndlne. A? 70 - • 

d. r lhc 2nd Conícrcncc on Matru: Method5 In Procce 1ngs o . 
Structural Mcchanics, 1968 (th1n plate) 

• Solid llr111:ahedron Ell' 
hons, B. and Ahmad, S. l'trhnl(JUts o( Flnltt fi:lttntnls . 15 
Horwood, Su5sex, UK, 1980. 

I R L Doherty w. P .. and Ghahous<;i, T. 

r.~::~~i~~ ~;:.1~~ • .;..~·I Modtb

0

4 N~~,~~ca~ •;~n~:~~~l:I'.. Mcthods in Structural Mcchantcs, PP 3- • .tl . n ihlc by 
. p 1973 (8-nodc cube can be ma e more ex Acadcm1c rcss, · , , 

h . p 1·1hlc modes·- 'huhble funcltons ). t e 1ncom a 

r d p J Wilson, E.L. A NnH-Conformlne Taylor R L Bcrcs or • . ., f N . 1 , f St Analyslt lntcrnational Journal o umcnca 
Eleptent :-or __ ~ess . 10 ¡976 (make!l lln clcmcnt wlth 
Mcthods 1n Eng1necring, • 

incompatible modc5 lo flB!l!I thc pntch lcst). . 

;. H~h:i'tt c;~;r~;~~~c~;.ldN~:·e~~~~~t:;:•:~:~utcr Mtlclh~ds in 
ian, . M. h . pp58-78. cd. S. Fenves, et al., Aca cm1c Structural ce an1c!I. 

Prcss. 1973. 

d Ah d S Technigues oí ('inilt E.lcmcnts. lron!I, B. nn ma • - Elli5 
Horwood, Susscx, UK, 1980 (Chapler 15). 

. M H b "d Membtanes. Solids and Plales Systcm Lo1kkanen, · Y n 1·r · 
e tion Santa Monica, Ca 1 orn1a. Devclopmcnl orpora • 

• Pipio~ d" u e Vessel Codc, Scclion 111., 1971. ASME Bo1lcr an rtcss ' 
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.ommtnded Overall Readlng 
Conk, R D., et.al. Conccpu and Applications o( Fjnilc Elcmcnt 

Analy!>l!J John Wilcy, 1989, Third Edition 

Bathc, K -J Finitc Elcmcnl Proccdurcs in Enginccring i\na\ysis. 

Prcn1kc Hall, l YK2 

llughcs, T. J. R Thc F1nitc Elcmcnl Mcthod. Prcnticc.Jlall. 1981 

Zicnkicwic1, O.C. Thc í-jnjtc Elcmcnt Mcthod McGraw-llill. 

1911, Third Edition. 
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