-
sIframe

vl.5

This Computer program (including software design, programming structure,
graphics, manual, and on-line help) was created and published by
STRUCTUREPOINT, formerly the Engineering Software Group of the Portland
Cement Association (PCA) for the engineering analysis, design and investigation of
buildings, bridges and structures.

While STRUCTUREPOINT has taken every precaution to utilize the existing state-
of-the-art and to assure the correctness of the analytical solution techniques used in
this program, the responsibilities for modeling the structure, inputting data, applying
engineering judgment to evaluate the output, and implementing engineering
drawings remain with the structural engineer of record. Accordingly,
STRUCTUREPOINT does and must disclaim any and all responsibility for defects
or failures of structures in connection with which this program is used.

Neither this manual nor any part of it may be reproduced, edited, transmitted by any means electronic
or mechanical or by any information storage and retrieval system, without the written permission of
STRUCTUREPOINT, LLC.

All products, corporate names, trademarks, service marks, and trade names referenced in this material
are the property of their respective owners and are used only for identification and explanation
without intent to infringe. spFrame™ is a trademark of STRUCTUREPOINT, LLC.

Copyright © 2002 — 2009, STRUCTUREPOINT, LLC. All Rights Reserved.






_
sIframe

Chapter 1: INTRODUCTION

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

INEEOAUCTION ...ttt ettt sttt st et 14
SPFTAME FEALUTIES ...coouuiiiiiiiiiiiiiiie ettt st 14
SPFTAME FEALUTIES ...coouuiiiiiiiiiiiii ittt et 14
Program CaAPACILY ......coeerieriiriiiieeieeit ettt ettt sttt st 15
System REQUITEIMENLTS ......cc.oviiriiiiiiiiiiiieriecieet ettt sttt 15
TEITIIS ettt et ettt et be e st naees 16
CONVEINTIONS ...ttt ettt ettt ettt b et sae e bt et e s bt e be e st e sbeetesatenbeennens 17
Installing, Purchasing and Licensing SpFrame ..........cccccovcuieiiiiiiiiiiniiieiee e 17

Chapter 2: MODEL STRUCTURES IN spFrame

2.2
23

24

2.5

2.6

2.7

2.8

2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23

IMIOAE] ...ttt ettt ettt b e et a et eneees 21
Global Coordinate SYSEIM .........cecuieriiriieitieeieesee e et et e eteesteeebeesaeessbeeseesssessseesseesnseens 21
Local Coordinate SYSIEIM.......cccuiiiiieeiieeiieriieeieeriee et esteeeteeteesaeeteessaeesseensaesnseeseessseenseas 22
2.3.1  OTIENLALION ....eineieeiiieiie ettt et ettt et e et e et eeabeesbeeesbe e seeenbeenbeesnseeseesnneens 23
NUMDETING SCREME......c..iiiiiiiiiiiiite ettt 24
UNIES OF IMEASUIC......eeeutieiiieitieiee ettt ettt ettt ettt e ettt e st e e bt e sebeenbeesateenbeeneeas 25
STIUCTUTE TYPES ..ttt ettt sttt e sae e st be e st ereesaneens 25
Material PrOPEILIES. ....cueiiuiiiiieiie ettt ettt ettt et eebe e e 26
SECHION PrOPETLIES ...ttt et 27
JOINES <.ttt ettt ettt e et e ht e e be e bt e et e e bt e sateenbeenneas 28
COOTAINALES ..ottt ettt ettt ettt e et e bt e e ae e eabeesseeeabeesaeesabeesseesnseeseasnsesnseans 28
JOINE GENETATION ...ttt ettt ettt ettt e et e bt e st e e bt e enbeenseesabeenseenseas 28
FIXTEIES .ttt ettt ettt et e st e et esae e e bt e st e eabe e bt e enbe e bt e sateenbeenneas 29
INCHNEA SUPPOTLS ...ttt sttt 30
SPIING SUPPOTES..c..entiitiiieieeit ettt sttt ettt et s a e bbbt et s e b eae e 30
1Y 5330 o) SO SPRORUSI 31
MEMDBET GENETATION ...ttt ettt ettt et e bt e st e eabeesseesnbeebeeenseenseas 31
MEMDBET ASSIZNIMENLS ...eeuuvieitieiieeiiesiie et esiie et e st ee et ebeesateebeesaeeebeessteenbeesseesnseeseesnseenseas 32
RefINe MOAEL........ooiiiiiiie ettt st e 32
NON-PIISMATIC TEMDELS ... eeiutieiiiieiieeie ettt ettt ettt et e st e et e sabeebeessbeeseesaeeenne 32
Partial REIEASES ......ccuiruiiiiiieiieiecee ettt 33
SREAT COITECHIONS ...ttt sttt ettt ettt et et e bt et sbeebe e 33
RigIA-ENA OFFSELS ....veeiieieiieiiecie ettt ettt et 34
Rigid DIapRragim.......cccuieiiiiiieiii ettt ettt sttt ebee e 35




2.24
2.25
2.26
2.27
2.28
2.29
2.30
2.31
2.32
2.33
2.34

LLOAAS ..ttt ettt e esbe e tae et e e baeesbeeteeeabeenbaeneas 35
IMEMDBET LOAAS ....veiiiieiiieciie ettt et ettt be e b e esbe e taeebeeeabeesbeenneas 35
JOINE LOAAS ...ttt ettt ettt e et e e tbeesbeebeeesbeeseeeabeenbeennnas 37
SOIVET .ttt ettt ettt e be e et e et e e st e enbeeeaaeenbee st e enbeensaeesaeenraen 37
OPUIMIZALION ...evvieeiieiiieeiie et eete et ertteeteeteeesaeesseeesseesseessseesseesssessseesseessseeseessseesseesssenseens 38
PIECISION. ...ttt ettt ettt e et e b e et e et e e beeesbeesaeesbeesbeeesbeenseeeabeenbeenneas 39
SOIVET MESSAZES ....veeuvveeirieiieeiieeitieeieesteeeteeteessaeeseessseeseessteesseesseeasseesseessseesseasssessseesssaens 39
RESULILS ...ttt ettt et s e et e teeesbeessbeenbaeseeesbeesaeenseenseenneas 40
ComPIeNENSIVE TESUILS ......iiiieiiiieiieciie ettt ettt e et e s e ebeessaeesbeesseeesseeseens 40
INAIVIAUAL TESUILS. ..c.evieiiieiii ettt et b e e b e seb e e e e saseesbeeeeas 41
SUPEriMPOSEd GIAPNS ......viiiiieiiieiieeie ettt ettt e e e e e be e taeennaens 42

Chapter 3: OPERATING spFrame

3.1 INEEOAUCTION. ...ceiiiiiiiie ettt ettt e et e et e e e ta e e eabeeesaaeeesaseeesseesnsaeesaseeessseeesseenns 47
3.2 SPFrame WINAOW ......cc.eoiiiiiiiiiiiiiieiteteeit ettt sttt ettt st sae e 47
3.3 spFrame Menu DESCIIPHIONS ....c.eeeiieruiieiieniieeieeiie ettt ettt et see et e st e eee e b e snseeeeas 49
34 FIle MENU ..cuiiiiiiiieciie ettt et e et e et e e e ta e e s ateeesabeeesaseeesbeeensseesasaeesnseeeseaeans 49
3.5 ACCESS MENU.....uiiiiieeiiiieeeeiete ettt e et e e ettt e e e et e e e e s abaeeeeessaaeeeesnsseeeeanssaeaeeannsaaeeensseeeanns 50
3.0 DETING IMEINU ...ociiiiiiiiiciie ettt ettt e et e e et e e ssteeesaaeeesaseeeaseessaeesnsseessseeensseenns 51
3.7 PrOCESS IMEMU ......oiiiiiiiiieeeeiiee e ettee e et e e ettt e e e sttt e e e e baeeeesnsaaeeeessseeeeanssaeeeenssseaesnnssneeeanns 52
3.8 ANALYZE MEMNU......eiiiiiiiiiii ettt ettt et ettt et e sttt et e ebeeeaeas 53
3.8.1 MemDber LOads ......ooveiuieiiiieiieieeeteee et et 53
3.8.2  JOMNE LOAAS ...ttt et 53
3.8.3 Known DiSplaCemEnts .........cccueeiuieiiieiiiiiieeieeeiie ettt ettt 54
3.8.4 SEIf LOAAS ...t 54
3.8.5 Load CombINAtiONS.......cc.eeiiriieriieieniieieetesttee ettt ettt ettt sb et sbe e e eae 54
30810 SOIVE et e e et e e e b e e e aa e e e bae e e beeetaeeeaaeenraeeans 54
3.8.7 JOINE RESUILS ...cuiiiiiiiiieee ettt 54
3.8.8  SUPPOIt REACTIONS ..c.uvieiiieiiieiiieiieeiie ettt ettt ettt et e e e e s e seaeenee 54
3.8.9 MembeEr RESUILS ......ooiiiiiiiiiicieece e e a e e aae s 54
3.8.10 ENVEIOPES ...vieeiieiieiieeieeie ettt ettt ettt et et e e et eebae et e enbeeetaeesaeenbeenbeenneas 54
3.8. 11 Group RESUILS ...c.eeiiiieiiieiieeieeeee ettt et be e e eneeas 55

3.9 SROW MENU ...ttt ettt ettt ettt bt ettt sb et e st e sbe e bt satesaeenten 55
3,10 OPLIONS MEMU ....ooiiiiiiiieiiieiie ettt ettt ettt e et teete e beesabeesbeessbeesseessbeenseessseenseasssesnseens 56
31T HEIP IMENU .ttt ettt ettt et st e et e et e e b eeesbeesbeeesbeenseesnseenseanssesnseens 57
3,12 Creating NEW File....ooiiiiiiiiiieecee ettt ettt et et e e ene e 57
3013 OPENING FIlE ..ottt ettt ettt e et e s e et s nbeenbeeenaeenbeen 57

| 4 |



-
sIframe

314 SAVING .viiiiieiieeie ettt ettt et ettt e e e bt e tae e beeetaeebe e taeenbaeetbeenbeeasteebeenraeesseenseens 58
3.14.1 Saving your data with the same filename ..............cccoeevvieiiiniiiiienieee e, 58
3.14.2 Giving your data a different filename.............cccceeviiiieriieeriieceeee e 58
3.14.3 Saving data in a different format ............cooceeviieiiieiieiiieeee e 59

3015 IMPOTEING FILE c.uviiiiiiiiicii ettt ettt ettt et sia e e beessaeebeesaaeesseessneensaens 60

3,160 EXPOTE FIL woviiiiiiiiiiiieceee ettt ettt et et e et eesbeesaesnbeebeeenseenseens 61

3.17 Printing RESUILS .......eoiiiiiieiiicieeeie ettt ettt ettt ebeesteeenaeesaesnseesseessseensaens 62
3.17.1 Printing results for all JOINES........cccuieiiieriiiiiieie et 63
3.17.2 Printing results for selected joints only...........cccocieriiiiiiiiiiiiiiiieee e, 63

3. 18 PrINtING SCIEEM....couiiuiiiiiiiiiiiitieteet ettt ettt ettt ettt b et eat e sbe et e eae e bt et e b enees 64

3019 AULO INPUL ..ottt et ettt et e st 65

3.20 Working With LIDTari€s. .......ccocuiiiiiiiiieiiiiiieiee ettt 65
3.20.1 Creating a New Library File ........cccooviiiiieiiiniieiiccieceeeeeee e 66
3.20.2 Opening a Library File.........cccooiiiiiiiiiiiieiecieeeee ettt 66
3.20.3 Saving Items from an Open Data File to a Library........c.cccccoveviiiiniiniincncncenns 66
3.20.4 Reading Items from a Library to an Open Data File ...........ccccoeevievieniiinienieeieee, 67
3.20.5 Deleting a Library Iem..........ccocveeiiieriiiiieiieeie ettt 67

3.21 Copying Graphics to the CHPbOArd ............cocveeiieiiiiiiieiieeieeee e 67

3.22  DEfiNING SELHNES ....eeruiieiieiieeiieiie et eiteeteette et e ettesteesbeesaaeesseessbeesseesssesseessseenseesssesnseens 67

3.23 Define StrUCtUIE TYPC..ccuuieiieeiieiieeiieite ettt et ete et ettt e site bt e s saeeseesaseesbeessneenseens 68

3.24 DefINe UNIES ...eeiuiiiiiiiiiieitieie ettt sttt ettt st st e bt e sbe et beenees 69

3.25 Define Defaults ......cccuiiiiriiiiiiiiieeeee e e 69

3.26 Define MAterials .....ccueeiiriiiiiiiieieeieeieecest ettt 70

3.27 DEfINE SECHIONS ...cuviiuiiiiiiiiieeitett ettt ettt ettt ettt b et st be et sete bt enteeaeenees 71

3.28 Define NonprisSmatic MEMDETS........c.ceiuiiiiieriieeiieriie et eiteeie et e ete e seeesreesieeebeesseesnseens 72

3.29 DefiNe LOAAS...c.eiiiiiiiiiiieeiecteeeee ettt 73

3.30 Define Load Cases .....cc.eevuiriiriiiiiniieiieieeit ettt sttt sttt et sttt 75

3.31 DfINE JOINES ...oviiniiiiiieiieieete ettt ettt ettt et ettt et st b et nnes 76
3.31.1 Generating JOINTS ....cc.eevueriiriieiinienieeientet ettt sttt ettt ettt et et eaesanenaeens 77

3.32  DEfINE FIXIIES...ueiiiiiieiiieeitiie ettt eeieeeeie et eestte e et e e e taeeeateeesabae e saeeeaseeensaeesssaeessseeenaseennnns 78

3.33 Define Inclined SUPPOTLS ...c..eeuviriiiriiiiiniieieieeiteeeteet ettt 79

3.34 Define SPring SUPPOIS.....cccuertiriiiriirientiete ettt ettt ettt ettt ettt sae et sbe et eaaenas 80

3.35 DefiNe MEMDETS .....oeiiiiiieiiieeiiee ettt e e et e e s tbe e e beeeaseeesaeesasaeessreeesaseeennes 81
3.35.1 Generating MEMDETS.........cceiuiiiiiieeeieeecieeeciteeeiee st e e saeeeeaeeeteeesbeeessseeenseesnneeesnnes 82

3.36  ASSIZN MEMDET TYPES ..viieiiiieiiieeiie ettt ettt e et e st e e e e eaaeeeraeessaeesnseeesnseeennns 82

3.37 Define Partial REICASES .......coiuiiiiiiiiiiiiiiie e 83

3.38 Define Shear COTTECLIONS......ccuuiiiuieiiieiieiteeiee ettt ettt ettt ettt et e sbe e bt e s sbeebeesaeeens 84




sIframe

3.39 Define Rigid-end OffSELS ......ccouiiiiiieiieiieeiiciieeie ettt ettt ve e ae b e ssveennaeas 85
3.40 Define Rigid DIaphragms ..........ccceeovieiiiiiiieiiieieeriie ettt ettt aeeveesaeebeessneenseens 86
3.41 Define MemDETr GIOUPS ......veieiuiieeiiiieeiiieeeiteeeieeesteeesteeesteeeeteeeereessseesssaeessseesnsseesnsseennns 87
3.42 ApPPLY MemDBer LOAdS .....oeviieiiiiiiieiieiieeie ettt ettt et ae e e sbeennaens 89
3.43 APPLY JOINE LOAAS ...iiiiiiiiieiiiciecieeee ettt ettt ettt ebe et e b e eseeennaens 90
3.44 Apply Known DiSplacements ..........c.ccoieriieriieeiieriieiieeieeeteeieesiee e sveeveesaeeseessneenseens 91
3.45 Include Self LOads .....ooueiiiiiiiieiieeeee ettt sttt 92
3.46 Define Load COmDINAtIONS ........ccuviriieriieriieiieeieerieeeteeteeeeeeteeeteeseessreeseessseesseesssesseens 93
3.46.1 To Add a Load Combination ...........ccceeeueeriieeiieniieeieeniieeeeerieesieeieeseveenseesneeenseenenas 93
3.46.2 To Modify a Load Combination ...........cccceeereriiniiiinieneiicnicnieeieeeeie e 94
3.46.3 To Delete a Load CombInation..........c.cecvieruieriieniieiieeieesieeieesee et eseeeeveesseeesveeneees 94
34T SOIVE MOMCL ...ttt ettt ettt nees 94
3471 SHIFINESS MALTIX...eieitieiiieiiieeieeiee ettt ettt ettt e eteebeeeaaeeseesabeesbeessseenseesnseenseansnas 94
3.47.2 Forces and DiSplac@ments ..........cccueeiuieriieiiieniieiieeie ettt 95
3.47.3  SAVE MALIICES ..cuveeueieuietieieeiiesttete ettt ettt et et e et e bt et e saee bt eseesneebeentesbeenseeneeeneensens 95
3474 SOIULION ..ottt ettt et sbe et st esbe et e e e sbe et st e nbe et 95
347.5 OPHIMIZE...ccueiriiiieeieeit ettt ettt ettt ettt sbe e et st esae et e e e sbeentesatesaeentens 95
BUAT.0 SOLVE ettt ettt h et sttt a et et e nae et et 96
3.48 VIeW JOINt RESUILS .....oouiiiieiiiiieiieee et 97
3.49 View Support REACTIONS .......cccuieiuiiiiieiiiieiieiieeie ettt ettt ettt eaesbe e reeesbeesaeenseens 97
3.50 View/Print Member RESUILS..........c.ccoiiiiiiiiiiiiciieiecieeee e 98
3.50.1  SUMMATY ..eeiiiiiieiie ettt ettt e et e st e e st e e s bt e esabeeensbeesaseesnnneens 100
3.50.2 PIINE.uiiitieiicieeiee ettt ettt ettt ettt e et se e st e beenteesaeneenteeaeeseeneenns 100
3.51 View/Print Result ENVEIOPES ....c..cooiriiriiiiiiiiieieeicccet et 101
35101 VAAIUES oottt ettt naes 102
3512 PIIN .ttt ettt ettt ettt 102
3.52 View GIroup RESUILS.....cccuiiiiiiiiiiieie ettt e 102
3.53 Define Zoom COmMMANA .......cccueriiiuiriiniiriinieniteie ettt et et 103
3.53.1 USING the IMOUSE.......oruiiiiriiiiieiieeiiete ettt ettt sttt et be et sbe et st eaeenaes 103
3.53.2 UsSIing the KeyDOArd ........cceoviiiiiiiiiieiiecie et e 104
3.53.3 T 1eSet the ZOOM....ouiiiiiiiiiiiiiciiete e 104
3.54 Rotate Graphical IMAZE .........cceeeiiiiriieiiiiiieeieee ettt st e e 104
3.54.1 USING the IMOUSE.......eruiiiiriiiiieiieeiiete ettt sttt ettt et sbe et s aeeae e naes 104
3.54.2 UsSing the KeyDOArd ........cc.eeviiiiiiiiiieiiesie et e 104
3.54.3 TO reset the TOTAtION ...c.eievieiiieeiieiie ettt ettt ettt e eseaeeteeseae e 104

6 |



-
sIframe

3.55 Translate Graphical IMage.........cccueecvieriieiiiiiiieiiecieee e 104
3.55.1 USING the MOUSE.....cueeieiieiieriieeiieeite ettt ettt et ete et e s e eteesabeebeessseenseesnseenne 105
3.55.2 Using the Keyboard ...........coooiiiiiiieiie ettt 105
3.55.3 To reset translation.........cceeeiieciieiiieieecie ettt ettt et et eeae e ene 105

3.56 View Stere0SCOPIC MOAE .....cocuiiiiieiiieiieciie ettt ettt e eveeaeeesseenneas 105

3.57 Define Reset COmMMANG........cccuieiiiiiiiiiiieiieeieeeieeee ettt ee et esaee e e e saeeesareeens 106

3.58 Define Freeze/Thaw Command ...........c.ceecueeriieriieniieniieiiienieeieesiee e ereesneeseeseneesseeseas 106

3.59 View Selected Graphical IMage .........ccceeviiviiiiriieiieiiecieeceeeieeee e 106

3.60 Define Preferences Command ............ccceeeeuieriieiiienieiiiienieereeriee et esieeeveesieesveesaeeesveenes 107
3.60.1  JOINE NUIMDEIS .....eiiiieiiieiieeiie ettt ettt ettt ettt e et e et e sabeebeessbeeseeseaeenne 107
3.60.2 Member NUMDET .........cooiiiiiiiecciie ettt e eere e e e e e ae e e s veeesareeesaaeeens 108
3.60.3  FIXIEICS .veeeuiieiieiiiieiiieeie et eett e et e st e et esteesbeeteaesseeseesssaesseessseenseessseesseesssennseensseenns 108
3.60.4  OFICNEATION ..eovviiiiieiieeiieetieeiie ettt et esteeebeebeeeaaeebeesabeenbeessaeenseeseeenseenseesnseenseennns 108

3.61 Superimpose Loads on Graphical Image ............ccccveeviiiiiieniieiienieeiieeeeie e 108

3.62 Superimpose Results on Graphical Image..........cccceeviiviiiniiiiiiieeeceeeee e, 109
3.62.1 TO ShOW defIECHIONS .....ccuiieeiiieciiie ettt ettt e e e e e e sareeeaaee e 109
3.62.2 T0 ShOW ShEar TESULLS.....ccueiiiieiiieiiecie ettt et e e baeaae e 110
3.62.3 To ShOW MOMENE TESUILS ....c..eeriieiiieiieiie ettt ettt 110

3.63 Access Member INfOrmation ...........cccecueerieeiiiinieeiiieiie e 111

3,604 SAVE SEENES ..ecuvieiiiieiieeiieeiieet ettt et e ete et e ett e e bt esteeeabeesaeessbeeseesaseenseesnseeseesnseenseenseas 111

N S T 0] [ ) OO PO PP 111

3.00  AULOSAVE .uevieeiiieeitie et ee ettt e ettt e sttt e st e ettt e ettt e s et e e eabteesabee e abeeenabeesateesbteesabeeeenbeeenareeeas 112

Chapter 4: TUTORIAL
A1 TNEEOAUCTION. ..c.etiitieeiieiie ettt ettt et ett e et e e st e sbeesteeesbeessaeensa e seessseenseessseenseessseensaens 114
4.2 Define Labels and Structure TYPE ..ccccveeevierieeiienieiieeiie et eve et eeve e sveeveessneennaens 117
4.3 DEfINE UNIES...c.eiiiiiiiiieiieciieiteeie ettt et stt et e s e steesaeeesbeessaesssaeseeesseenseessseesseessseesaens 117
4.4 Define Defaulls ......cccieiuiiiiiiiieieeieece et ettt et esbeenaeenaeen 117
4.5 Define Section PrOPEILIES ........cccvieruieiiieiieiieeieerie et eiee e este e e ereesteeebeesaeeesseenseesnseens 118
4.6 Define Member LOads ........coocviiiiiiiiiiiieiieeieeeie ettt sbeesee s s 120
4.7 Define Load CaSES .....cccuiiiuiiiiieiieeiieiteeteeteeste et e st e et estaesbeebeeesseesaessseesseessseeseessseans 120
4.8 DETING JOINTS ...eviiiiiiiieiieciie ettt ettt et e sbe et essbeetaessbeesseessseenseessseesseessseensaens 121
4.9 DEfING SUPPOTLS ..veeeeiieiieeiiieiieeieecteesteeteeeteeebeesetesteesseeesseesseesssaesseessseesseessseeseessseenseens 122

4.10 DetiNe MEIMDETS ....c.uviieiiiiiiiieeiieeeieeeeieeesteeetteesteeesteeessbeeessseeesseessseesnseeesnsaeessseeensses 123

411 ASSIZN MEMDET TYPES c.eviiiiiiieiiie ettt ettt ettt e et e et e et e e stae e e e e snseeesnseeenneas 125

4.12  Assign Shear Correction FACtOTS ........cccuiiiiiiiiiiieciie e 125

4.13  Assign Rigid-end OffSEtS.......eeiiiieiiiieiie et e 126




4.14 Define Rigid DIiaphragms ........c..cccueeviieiieeiiieiieeieeieeie et ere et ere e seeereeseaeenseeseeeenne 127
4.15 AsSIZN Member LOAdS .......coviiiiiiiieiieiieeieete ettt et ettt enne 128
4.16 INPUt JOINt LOAAS ..uveieiieiiieiiieieee ettt ettt e e et e eebeesee e 130
4.17 Assign Member Self Loads........cccieriiiiiieiiieiieieeeeeee et 131
4.18 Define Load COmDINAtIONS .........ccviiiieriieriieiiieeieeieeeveeieesteeseessseeseessseeseessseenseessseenns 132
4,19 SOIVE MO ...ttt ettt e et e et e et e rbeebe e staeensaenaneenne 133
4.20 MeEMDET GIOUPINE.....ccuiiiiiiiiieeiieitieeteesteeeteesteesteeseessseeseessaeesseesssessseesseessseesseesseesseensns 134
421 VIEW RESUILS ...ooiiieiiieiie ettt ettt et st e et e e b e e teessbeesbeessseensaennneenne 134
422 Print RESUILS ....couiiiiieiii ettt sab e esbeesaseebaesaseesseessseenseenns 136

Chapter 5: MODEL STRURCTURE IN spCad

5.1 INEEOAUCHION......ciiiiiiiiie e et e e e et e e s te e e s b e e e tbeeesseessseesssaeesnseeenseeas 139
5.2 Plane EdItOr......cccuiiiiiiiiiie ettt et e et e e s a e e baeeaaeas 140
5201 PLANES weteiieeeee e sttt b et s h et et et enaea 140
5.2.2 JOINES .ttt sttt sttt h et sate b ne 140
5.2.3 IMEIMDETS ....veiiiiiieiiieeiiee ettt et et e et e e et e e e aeeeeaaee e sbeeesaseeessaeesasaeesaseeensseeensens 141
5.2.4 Joint and Member GEeNEeTatioN. .........c.eecuerueeriirierienieeiesieeieeteseeteeeeseeeseseeesieeneens 142
5.2.4.1 (a) Selecting items to be generated...........cceeeeeriieiiienieeiiieie e 142
5.2.4.2 (D) BASC JOINL.....ueeiiieiieeiiieiieciie ettt ettt ettt et e sta e nneas 142

5.2.4.3 (c) Generation diStANCE .........cecveeruieeiiieniieeiieriie ettt ettt seeebee e e 142
5.2.4.4 (d) ROTATION c..eeiniiiiiieiieeitee ettt ettt et ebeeennes 143

5.2.4.5 (€) INCTEMENL......uiiiiiiieeiieeeiie ettt et e e e s e e sabeeenneeas 143

5.2.4.6 (£) NUMDET Of COPIES...ceeuiiiiiiiiieiiieieeeiie ettt st 144

5.2.4.7 (g) Connecting generated JOINTS .........ccoeerieeriieniieeiieenieeieeiee e e eseeeeeeeeees 144

5.2.5 Generation by MIITOTING ......cc.eeruiriiriiiiinienieeieett ettt ettt s 145

5.3 Joint and Member Labels and NUMDbETS ..........ccccooiieeiiiiiiiiiciee e 146
5.3.1 Relabeling JOINTS.....cceecciieiiieiiieiiecie ettt ettt eve e tee e estae b e eseessseesaeenneas 146
5.3.2 Relabeling MEMDETS ........ccueeruiiiiiiiiieeieeiteeie ettt ettt sieeebeesseeenseens 147

5.4 Assign Member and JOINt PrOPerties ..........ccevveeriiieiieriienieeieeie et 148
5.4.1 Rotating, Zooming, and Translating while ASSIZNING.........cccceevveierieriiienieniieaen. 148
54.1.1 USING the MOUSE......eeiuiieiieiieeiieiieeieesteeeteeteeeteeeseeseeesreesseeesseenseessseesseessnes 148

5.4.1.2 Using the keyboard ...........cccoiiiiiiiiiiiiiiiiie e 148

5.5 Lateral LOAdS ...cc.veiieiiieiiie ettt et e e e e eba e e raeeaaeas 149
5.6 SUITACE LOAAS ..ouvviiiiiii ettt e e e et e et e e e e e baeenaaeas 151
5.7 Working With GraphiCs........cceeiiriiiiiriiniiieiiee ettt sttt 152
5.8 SPCAd WINAOW .....eiiiiiiiiiiiiitcceee ettt ettt et aes 153
5.9 Main Window COmmandS ............cccuieeiiieeiiieeiiieecieeeiee et e et e eeveeseeeessaeessreeesaveeesaneas 155
5100 FIIE MENU....oiiiiiiieiie ettt ettt e et e e et e e e beeesabeeesabeeeaseessaeesnsseessseeeanseaans 155

| 8 |



-
sIframe

S.TT ACCESS IMEINU.....eiiiiiiieeiiie ettt ettt e ettt e et e st e e s bee e aaeeeabeeenaseesnsneesnseeennseeennseenns 156
512 DETINE MENU ..ttt et e e e st e e st e e e beeesabeeeaseesnsaeesnneeennseeennseeens 157
503 EdIt MENU .oueiiiiiieiieiiecte ettt ettt ettt et s e e sbeessaeenbe e seeenbeesaeenbeenneensaas 158
S.14  ASSIZN IMEINU ..c.uviiiiiiiiieiieeieecite ettt ettt et e et e e et e sabe e beessbeeseessseesseassseensaensseenseenseas 159
S.I5 SROW MENU....ccuiiiiiiiiiieciieeieeciee ettt ettt e et e et e et e e st e ssbeeseessseesseessseenseessseenseenseas 160
S5.16 OPIONS MEMU ....eeiiiiiiiiiieiieciie et eete et eete et et e e beesteesbeesseessbeeseessseesseessseeseessseenseenseas 161
ST HEIP MENU .ttt ettt et ettt e b e et e eabeebeeesbeeseessseesseessseenseessseenseanseas 162
5.18 Working in the Main WIindOW .........c.ccccieeiiiiiiiiieiienieeieeeee et eee e s eeeeseeeesve e 162
5.19 Working With FIles ......cccooiuiiiiiiiiiiiiieiiceee ettt 162
5.20 Create and Edit P1anes ..........cccoeviiiiiieiiiiieeiieicceeeese et 163
S5.21 EdIt JOINES Loouiiiiieiiiieiieeie ettt ettt ettt e e v e et esbeesbeessseesaessseesseassseenseessseenseenseas 163
5.22 Add and Delete MEMDELS .........cccuieruiieiieiieeieeiie ettt et essaeeteessaeesbeesenas 164
5.22.1 TO Add MEMDETS ....eeeeiieiiiiiieiieeie ettt ettt et e et e esbeessaeenseeseeenne 164
5.22.2 To Delete MEMDETS ......ccveieiiiiieiiieeiieeciie ettt e e e et rae e s e e e e svaeesasaeenaee s 164
523 ASSIZI SUPPOIES ..cuveiurieitirtieienitenteete ettt ettt st e et sbe et eatesbeenbesasesbee bt estesbeebesanenbeeseeneens 165
5.23.1 ASSIZN MOAE ...cceiiiiieiiieiieciie ettt ettt ettt e et e esbeesseesebeebeeesbeeneeenseenns 165
5.23.2 ShOW MOQ@ .....iiiiiiiiieiiictiece ettt ettt ettt e et e e b e e seeenaeenne 165
5.24  ASSIZN SPIING SUPPOTLS ..eeevviiiiiiiiieiieeieeriie ettt te et et e et e et e steebeesaeeesbeessaeenbeeseessseenseas 165
5241 ASSIZN MOAE ...ttt ettt et sttt e e e abe e b e 166
5.24.2 ShOW MOGC .....coiiiiiiieiiieiiecie ettt ettt ettt et e et eesbeesteesabeesseeesbeenseeenseenns 166
5.25 AsSign MemDer PrOPEITIES. ....c.cievuiiiiieiieiieeieeite ettt et ste et e e e ssaeebeeaeeesseenneas 166
5251 ASSIZN MOAE ...coueiiiiieiiieiiecieeiee ettt ettt ettt ettt e et e e eneeenaeenne 168
5.25.2 SHOW MOME .....oiiiiiiiiiiie ettt ettt e et e e e bae e s aaeeesveeessbaesssaeensaeeas 168
5.26 Apply Member Loads ......cccueiiiiiiiiiiiieiiee et 168
527 APPLY JOINE LOAAS ..cuviiiiiiiiiiiiiieecee et 169
5.27.1 ASSIZN MOAE ....ceviiiiiiiieiiecieeiee ettt ettt et et e et eesbeesteesabeesbeeesseenseessseenns 170
5.27.2 SHOW MO .....oiiiiiiiiiiiieiieeie ettt et ettt e et e et e e abe et e enbeeseeeeseenne 170
5.28 Include SeIf LOAdS ...ccueeeuiiiiiiiiiieiieeie ettt et ettt e 170
5.29 Rigid Diaphragms ASSIZNMENL .........c.cccuiiriieiiieriieeieeiieeteenieeeieerieeeeeereeseaeeseesseeenseeseas 170
5.29.1 To Attach or Detach Individual Members ............cccueeeviiiiiiieeiieecieeeee e 171
530 GIoUP MEMDELS .....eoviiiiiiiiiiiiiiriteeete ettt ettt sttt ettt et st sae et e b enea 171
5.30.1 Defining Member GIOUPS........ccueeevieriierieeiieerieeitiesiteeteesteeeaeesseesseesseessseenseessseenns 172
5.30.2 Adding Members to a Defined Group .........cccceeeviierieeiienieeieeiieee e 172
5.31 Create and Edit Surface Loads..........cccceeriiiiiiiniieiieieeieee et 172
5.32 Apply Load ReAUCION......ccuiiiiieiieiiiieiiecie ettt ettt e e e 173

| 9 |



rame

5.33 Compute Lateral Loads.........cccieiiieiieiiieiiieiieeie ettt eve e ssveesseeeenas 174
5.33.1 FLOOT DALA .....uviiiiiieciieeeee ettt et e e etbe e et e e e re e e e aeeesareeeeaneeens 175
5.33.2 UBC Wind Parameters. ..........cccueiiieiiiiiieeeiiiee et eeieee et e e e e eanee e e 175
5.33.3 NBC Wind Parameters.........c.occevuiiiiiieeiiiieeiieeeiie et eeve et eeveeeeveeeeveeeeaeeeeeaeeens 177
5.33.4 NBC SeiSmicC Parameters.........cccveeeuiieiiieeiiieeeiieeeiee ettt ereeeereeeeveeesareeeeanee e 178
5.34 Relabel Joints and MEMDETS .........c.cccoouiiiiiiieiieecie et e e e ere e e eareeens 179

Chapter 6: spCad PLANE WINDOW

6.1 Plane Window Commands.............cocuerieruirienienieeiesieeie ettt st 183
6.2 OPHONS IMENU ..c.vviiiiieiiieiie ettt eeiteete et e st e ebeestaeebeessaeesseesseeesseesaeesseeseessseenseensseenns 183
0.3 Edit MEINU ettt ettt et b et sh ettt ettt et naeenees 184
6.4 DUPLICALE IMENUL....ccuiieiieiiieiieiie ettt ettt e et e eeeebeesteeeebeesseessaeenseessseenseenssesnseenseennns 184
0.5 SROW MENU ...ttt ettt et sttt et e e b et e eaeesaeebesseesaeenseeneenees 185
6.6 Working in the P1ane WindowW...........cccoveriiiiieniiiiieiiecee et 185
6.7 CRANEE PIANE ...cuviiiiiiiieiieceeeee ettt ettt ettt sttt e e e staeenbeeesaeenne 186
6.7.1 To Create @ New Plane ..........cccoceeviiiiiiiiiiiiiicieceeeeee e 186
6.7.2 To Start Drawing in @ Plane.........c..ccccoviiiiiiiniiiiieneeeecceee e 186
6.7.3 To Modify a Plane Label or Coordinate .............ccceeeveerieeciienieeiienieeieesiee e e 186
6.7.4 To Delete @ Plane.........ccoeiiiiiiiiiiieiicieceeeceee ettt 187

0.8 DIFAWING ATCa......uiiiiiiiiieiieeiieiee ettt ettt et e et e et e e bt e s teeeabeesaeeesbeeseesnseenseessseenseenssennne 187
6.9 Working With JOINES ......cooiiiiiiiiiiiiieie ettt s 188
6.9.1 AddING JOINTS ....eitiiiiiiiiiiiiesteeet ettt sttt ettt sbe e 188
6.9.2 DEIEtiNg JOINTS ...c.veeiiieiiieiieiie ettt ettt et e et e et esebeesaeessbe e saeesseesseessseensaens 188
6.9.3  MOVING JOINES ...eeviiiiieiiieiieniie et erite et estteete et e eateebeessaeesteesaeesnseesseesnsaeseessseesaens 189
6.9.4 Editing JOINTS ....coouiiiiiiiiiiiiiiieeetee ettt ettt 189

6.10 Working With MEMDETS ........ccuiiiiiiiiiiiiiie ettt st e 190
6.10.1 Adding MEMDEIS ......cocuiiiiiiiiiiiieeiiecte ettt ettt ea et sveebeeesbeenseesnsaeseenns 190
6.10.2 Deleting MEMDETS. .....c..coiuiiiiieiieiie ettt et siee e sseesbeebeesnbeeseeseaeenne 190
6.10.3 MOVING MEMDETS .....eeiuiiiiieiiieiieiie ettt ettt ettt ettt ebee st eebeesneeenne 190
6.10.4 Members 0N @ CirCle......c.uiiuieiirieiieieceeee et 191
6.10.5 Selecting Items for DUPliCation ..........ccccveeiiieriieiieiieeiieee e 191
6.11 GeEneration DY COPY ...veeeiieiieiiieiieeiie ettt et tte ettt st e et estaeebeesaeeesbeessaeenseeseesnseenseas 193
6.12 Generation by EXEIUAE ......cceiiiiiiiiiiieie e e 194
6.13  GENeration DY MITTOT ........ccuiiiiieiiieeiieeieeeie ettt et ette st e et e seteebeesaeeesbeessaeenbeenseesnseenseas 195
6.13.1 MIITOT Ho.oooooeeieeee ettt e et e e et e e et e e s reeesasaeesnneeens 195
0.13.2 IMIITOT V ..ottt ettt ettt e bt et e e et e bt e st e sseeseeneesseenseennenees 195
0.14  SUPCTIMPOSE. ..cuevieeirieeiiiieeiiteeetteeeitteesteeessteeassseeassteesseaeasseeessseeessseesnsseesnsseesssseesssesssseesns 196

| 10 |



_
sIframe

Chapter 7: spCad SURFACE LOADS WINDOW

7.1 Surface Loads Window Commands ...........c..cecuiieiiiiieiiieeeiie e sree e e 198
7.2 OPLIONS MEMNU ...cueiiiiiiiiiiiiieiierteet ettt ettt sttt eb ettt sbe et sbe e s bt et eaeeees 198
A T 276 110\, 1<) 110 RO USRS RPSRP 198
T4 SHOW MEINU ....coiiiiiiiiii ettt et e et e et e e et e e e aeeeeabee e tbeeesbeeeseeesssaeesssaeensseeessens 199
7.5 Working in the Surface Loads WINdOWw .......c..cccoeviiriiiiiiiniiniiiceeececseeeeeeeeee 200
7.6 Copy Panels to Other LeVeIS ......cc.cocueiiiiiiiiiiiiiiceeeeeeeese e 200
7.7 Add Panels and OPenings ..........ccceeueriiriiriiniiiienitenieeesie ettt ettt st 201
771 AddING PAnCIS .....cveiieiiieiiiieciie ettt et 201
7.7.2 AddiNg OPENINGS ....cveeeeiieiieiiieiiieeiieeieesteeteeeteebeestaesbeesseessseesseessseesseessseeseesssens 201

7.8 Edit Panels and OPENings .........c.cecverieeiieerierieeiieeieesiteseeeteesseessaeeseeseeeseesssessseesseesnns 201
7.8.1 Adding Panel NOdES .........c.coiuiiiiiiiiiiiiieieee ettt 202
7.8.2 Deleting Panel NOAES.......c.ceeeuiieiiiiieiieeieeee ettt 202
7.8.3 Moving Panel NOAES........cceeriiiiiiiiieiieiecie ettt eve e e s ae s 202
7.8.4 Editing Panel NOAES........cccueeiiiiiiiiiieie et 202

7.9 Attach Members to Panel...........cooooiiieiiiiioiiicceeee e 203
7.9.1  SeleCt PANEl.......coiuiiiiiiiiieeee et 203
7.9.2  SElECt MEIMDET ......eouiiiieniieiiesiieie ettt sttt ettt e st entesaeennea 204
710 LoAd PaAn@IS.....coeiiiieiieiieiieieee et ettt 204
7.11 Distribute Panel Loads to MEmMDETS.........cc.ceuerieriiiiiniieieiieieeie e 205
7.11.1 To Edita Member Load...........ccouviiiiiieiiieeieeeie et 205
7.11.2 To Add a Load to the Member Loads Definitions.............cccceevieniiiiinniiiieenneene 206
7.11.3 To Assign All Loads to MEMDEIS.........cceeviieiiiiiiiiieiecie et 206

Chapter 8: spCad TUTORIAL

8.1 Problem DESCIIPLION ...c..eeeiiieeiiieeiie ettt e e e e ste e e beeeeeseeesaeeennaeesnneens 208
Bl ]l PrOCEAUIES ..o e e e eeannenen 208
8. 1.2 ProDIemm DEIINItIONS «..uuneeeeeeeeeeeeeee e e et e e e e e e e e e e e eeaaeeeeeeeeeaaraaaeeeens 209

|11 ]



8.2 Drawing the First FIOOT........c.ccciiiiiiiiieiiecit ettt e 213
8.2.1 Generating Floors 2 through 13 ........cccoiiiiiiiiiiieceee et 213
8.2.2 Generating F1oors 14 through 17 .........oooiieeiiiiiie et 213
8.2.3 Generating Columns Below 18t FIOOT .......ccccooviieiiiiiiiiiieiieieecieee e 214
8.2.4  ASSIGNING SUPPOTLS ...eeouvieniieeiiieiieeiteetie et eteeeteesteessteenseessseeseessseeseessseeseesssesnseens 214
8.2.5 Assigning Member Properties .........ccccueviieiiiiiiiiieeieeiesieeeesee et 215
8.2.6 Assigning Member Loads........ccceeviiiriiiiiiiiiiciieieee e 215
8.2.7 Assigning Self Loads .......ccceeiiiriiiiiiieiiiciiee e 215
8.2.8 Assigning Rigid DIiaphragms.........cceouieiiiiiiiiiiieiieie et 215
8.2.9 Inputting Lateral Loads.........ccecuieriiiiieiieeiieiecee ettt es 215

8.2.10  SAVING FIlE ..uviiiiieiieie ettt ettt e aeas 217
Chapter A: APPENDIX
A.1 Conversion Factors - English to S@.......ccccooiiiiiiiiiiiieeeee e 220
A.2 Conversion Factors - ST to English..........ccccoeviiiiiiiiiiiiiiececeeeee e 220
A3 Contact INfOrmMation ........cceeiuiiiiiieie et 221

| 12 |



-
sTframe

CHAPTER

INTRODUCTION

1.1 INtroducCtion ........ .o 14
1.2 spFrame Features ... s s s s s r s s e 14
1.3 spFrame Features........ s 14
1.4 Program Capacity ........ccceeeriiiiiiiiininiissssssssssrs s ssssssnnnnes 15
1.5 System Requirements ..........oooiccciciiciiir s e e e e e nnnnnns 15
T 1T 4 T 16
R A O o 4 V7= 1 oY 17
1.8 Installing, Purchasing and Licensing spFrame...........cccccceiiimieeeccccnceeeeennen, 17

| 13 |



—
INTRODUCTION S fra me

1.1 Introduction

spFrame is a general purpose structural analysis program for two- and three-dimensional
structures subject to static loads. Written for the Microsoft Windows 3.x environment, it utilizes
pull-down menus, push-button icons, and dialog boxes for ease of input and clear output
presentation.

1.2 spFrame Features

spFrame offers flexibility through its impressive array of features which include

* Practically unlimited number of joints and members.
* Second or (P-A) effects and tension-only members.
* Proper shear wall modeling.

» Hinged or partially-fixed element ends.

* Shear deformations.

» Translational and rotational elastic supports.

* Inclined supports.

* Rigid-end offsets.

* Rigid diaphragms.

* Non-prismatic members.

* Loads may be applied to

Members—as point (force or moment), uniform, and triangular loads.
Members—as caused by temperature effects.
Joints—as forces, moments, and known displacement

spFrame has a fast sophisticated graphic interface that displays the modeled structure, the input
loads, the deflected shape, and the resulting moment and shear diagrams. The graphic interface
allows zooming, translating, rotating, and selective viewing of the graphical image.

1.3 spFrame Features

spFrame includes a graphic editor that allows you to prepare input for the spFrame program. It
enables you to generate the model by drawing it directly on the screen and, using the same graphic
interface, assign all joint and member properties and loads quickly and easily.
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spFrame has a sophisticated graphics interface that allows you to create the modeled structure
using a planar editor, generate more planes at any offset or any rotation, and then graphically
assign joint and member properties.

spFrame offers the option of generating lateral loads (wind and seismic) for a building structure in
conformance with the three major U.S. codes and the Canadian code. In addition, surface (area)
loads may be graphically input to be converted to uniform member loads. The tributary areas and
the live load reduction factors for the members can also be computed.

1.4 Program Capacity

The size of a problem that can be solved using spFrame depends on the available amount of
memory and hard disk space. However, the following limitations are set in the program.

¢ Maximum number of joints: 30,000

e Maximum number of members: 32,767

e Maximum number of material entries: 1,000

*  Maximum number of section entries: 1,000

*  Maximum number of nonprismatic entries: 1,000
e Maximum number of load entries: 1,000

e Maximum number of load cases: 120

1.5 System Requirements

Any computer running Microsoft Windows XP or Vista is sufficient to run spFrame. Please refer
to our Setup and Licensing Guide for instructions on how to troubleshoot Vista related issues.
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1.6 Terms

The following terms are used throughout this manual. A brief explanation is given to help
familiarize you with them.

Windows refers to the Microsoft Windows environment as listed in Operating
System section of System Requirements.

1 indicates equivalent value expressed in metric unit or CSA code
requirement corresponding ACI code requirement

Click on means to position the cursor on top of a designated item or location and
press and release the left-mouse button (unless instructed to use the right-
mouse button).

Double-click on means to position the cursor on top of a designated item or location and
press and release the left-mouse button twice in quick succession.

Marquee select means to depress the mouse button and continue to hold it down while
moving the mouse. As you drag the mouse, a rectangle (known as a
marquee) follows the cursor. Release the mouse button and the area inside
the marquee is selected.
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1.7 Conventions

Various styles of text and layout have been used in this manual to help differentiate between
different kinds of information. The styles and layout are explained below...

Italic
Bold

Mono-space

KEY + KEY

SMALL CAPS

indicates a glossary item, or emphasizes a given word or phrase.

All bold typeface makes reference to either a menu or a menu item
command such as File or Save

indicates something you should enter with the keyboard. For example type
“or\*Lotxt”

indicates a key combination. The plus sign indicates that you should press
and hold the first key while pressing the second key, then release both
keys. For example, “ALT + F” indicates that you should press the “ALT”
key and hold it while you press the “F” key. Then release both keys.

Indicates the name of an object such as a dialog box or a dialog box
component. For example, the OPEN dialog box or the CANCEL or MODIFY
buttons.

1.8 Installing, Purchasing and Licensing spFrame

For instructions on how to install, purchase and license StructurePoint software please refer to our

Setup and Licensing Guide.
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2.1 Model

spFrame is used to analyze two and three-dimensional frame or truss structures subjected to static
loads.The structure to be analyzed must be reduced to a mathematical model represented by
straight lines. These lines are referred to as members. Member ends are referred to as joints or
nodes.

Joints and members are assigned physical properties to simulate the real structure. A joint can be
assigned properties such as restraining its rotation about a particular direction, restraining its
movement in a particular direction or to a certain path, controlling the magnitude of its movement,
or rotation, if a force or moment occurs at that joint. A member is assigned location, orientation,
material properties and section properties.

Further refinement of the mathematical model can be achieved by the simulation of non-prismatic
members, applying member end partial releases, accounting for rigid end offsets, shear
deformations, and the stiff diaphragm action.

Loads are applied to members (in the form of forces, moments, or temperature effects) and to
joints (in the form of forces, moments, or known displacements). Loads are categorized into load
cases that can be factored and combined under load combinations. The modeled structure is then
analyzed under these load combinations and the resulting forces, moments, displacements, and
rotations are presented for each load combination.

2.2 Global Coordinate System

Joint definitions, assignments, and results (such as coordinates, fixities, inclined supports,
reactions, displacements, rotations, etc.) are based on the global coordinate system. spFrame uses
the right-hand rule convention to define the global coordinate system. Looking at the display
monitor, the origin of the global coordinate system is located in the bottom left corner of the
screen. The positive X axis points to the right, the positive Y axis points upward towards the top
of the monitor, and the positive Z axis points out of the screen. Thus, the XY plane is defined as
being the plane of the display monitor.
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— Monitor screen
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Figure 2.1 Global Coordinate System

The right-hand rule states that if the thumb, index finger, and middle finger of your right hand are
all positioned at right angles to each other, they form the X, Y, and Z axes, respectively. It is
evident that this system can be rotated in any direction, and the XY plane does not necessarily lie
in the plane of the monitor. However, the direction of the axes relative to each other must always
remain the same.

For moments and rotations, if the thumb of your right hand points in the positive direction of an
axis, curling the rest of your right-hand fingers defines the positive moment or rotation about that
axis.

2.3 Local Coordinate System

Member definitions, assignments, and results (such as orientation, moments of inertia, deflections,
forces, moments, etc.) are defined based on the local coordinate system. spFrame uses the right-
hand rule convention to define the local coordinate system. A member location is defined by a
start joint and an end joint (a start joint is sometimes referred to as J1 or i-end, and an end joint is
sometimes referred to as J2 or j-end). The member positive local x axis points from its start joint
towards its end joint and the local y and z axes are defined using the right-hand rule.
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Figure 2.2 Local Coordinate System

For example, for a horizontal member (positive local x-axis is parallel to the positive global x-
axis) in space, the positive local y and z axes are parallel to the positive global Y and Z axes,
respectively.

For moments or rotations, the right-hand rule explained in Global Coordinate System applies.
2.3.1 Orientation

The position of a straight prismatic member in space is therefore defined by the global coordinates
of the joints at each end, and its orientation in space is defined by the orientation angle, . For a
horizontal member in space (a member whose positive local x axis is parallel to the positive global
X-axis), the positive local y axis is defined as the vertical axis perpendicular to the local x axis
pointing up. The local z axis is the axis perpendicular to the local xy plane. The orientation angle
is the clockwise angle, measured in degrees, between the default local y-axis that spFrame
assumes and the member minor axis, yo.
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Figure 2.3 Member Orientation Angle

Figure 2.4 Member Orientation Angle

24 Numbering Scheme

spFrame must keep track of all input joints and members along with their properties and loads. For
this reason, each entry (joint, member, property, load, etc.) must be identified with a unique
identifier or label. In most analysis programs, this is usually done by assigning sequential numbers
to the different entries. However, spFrame allows you to assign meaningful labels (alpha, numeric,
or alpha numeric labels), to the entries. You can assign a “Bm12” or Col51” label to a member,
“Cornerl” label to a joint, “Point12” or “Snow1” labels to a load, “D+L+W” label to a load
combination, and so forth. Note that labels are case sensitive, “SELF”, “Self”, and “self” are three
different labels.

By default, spFrame uses numerical labels for joints and members. The program increments the
number value of the label by one, after you add a joint or member.
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2.5 Units of Measure

spFrame gives you the flexibility of selecting the units of measure to be used for input and output.
You can choose either the English (U.S. Customary) system or the Metric (SI) system. For either
system, select the units to be used for member length, section dimensions, area, moment of inertia,
spring translational stiffness, spring rotational stiffness, modulus of elasticity, material density,
point load, moment load, distributed load, known displacement, shear or axial load results,
moment or torsion results, and deflection results.

If units are changed during the course of inputting a problem, or after solving it, spFrame makes
the necessary conversions to the already input data and the output results.

2.6 Structure Types

The structure type is determined by the type of members used to model it. There are four types of
members in spFrame. Members include 2-D Frames, 3-D Frames, 2-D Trusses, and 3-D Trusses.
They differ from each other by the number of degrees of freedom per joint. A degree of freedom

refers to the direction in which the joint can move or rotate.

Two-dimensional plane frame members have three degrees of freedom per joint displacement in
the global X direction, displacement in the global Y direction, and rotation about the global Z-
axis. Plane frame members can be subjected to in-plane loads that can cause axial, shear, and
bending stresses.

Three-dimensional space frame members have six degrees of freedom per joint displacements in
the global X, Y, and Z directions, and rotations about the global X, Y, and Z axes. Space frame
members can be subjected to forces and moments in any direction.

Two-dimensional plane truss members have two degrees of freedom per joint— displacement in
the global X direction and displacement in the global Y direction. By definition, trusses are loaded
only at the joints so that members are subjected to axial forces only (no bending moments or
shears). Although member loads can be applied to truss members in spFrame, these loads are
converted to equivalent joint loads before the structure is solved.
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Figure 2.5

Three-dimensional space truss members have three degrees of freedom per joint displacement in
the global X direction, displacement in the global Y direction, and displacement in the global Z
direction.

2.7 Material Properties

Materials are defined by inputting their properties. These materials can then be assigned to the
various members. A DEFAULT material, whose properties are assigned to all the members that do
not have any materials assigned to them, can also be defined. Each material has the following
properties

Material density, d, is the unit weight of the material. It is used to calculate the self weight of the
members.

Modulus of Elasticity, E, represents the behavior of a material in the linear region of its stress-
strain curve.

Poisson’s Ratio, v, is the ratio of the strain in the lateral direction to the strain in the axial direction.
A typical value is 0.20 for concrete, 0.30 for steel, and ranges between 0.25 and 0.35 for most
metals.

Thermal Coefficient, a, is a measure of the degree of expansion or contraction of a material when
subjected to a unit change in temperature. This coefficient is needed when temperature loads are to
be considered.
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2.8 Section Properties

Sections are defined by inputting their properties. These sections can then be assigned to the
various members. A DEFAULT section, whose properties are assigned to all the members that do
not have any sections assigned to them, can also be defined.

The section properties needed depend on the type of section selected. Figure 2-6 shows the
available section types and the associated properties needed. Note that section properties can be
saved in libraries to be shared by other files. Therefore, even properties that may not apply to the
current structure type must be input.

The analysis is done based on the properties of the gross section. However, in concrete structures,
you may want to base the analysis on the cracked section properties. In this case, you may input
cracked-section coefficients that will be multiplied by the applicable section area (A), in-plane
moment of inertia (I,)), out-of-plane moment of inertia (1), and the polar moment of inertia (J).
The resulting properties are then used in the analysis. Note that the self weight of a member is
based on its gross sectional area regardless of the coefficients input.
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Figure 2.6 Section Properties
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2.9 Joints

The first step in defining the model geometry after selecting a structure type is inputting the joints.
Joints are defined by their coordinates and properties. It is recommended that joints be defined
starting with the lowest plane, moving in the positive global X direction until a whole row or line
of joints is defined. Then move towards the positive global Z direction, one row at a time, until the
whole XZ plane is defined. Move up in the positive global Y direction, one plane at a time, until
the whole model is defined.

2.10 Coordinates

Joint coordinates are referenced from the global coordinate system. For plane (2-D) structures, an
X and a Y coordinate are needed to define a joint location in a plane. For space (3-D) structures,
three coordinates (X, Y, and Z) are needed to define a joint location in space.

2.11 Joint Generation

After the first joint is defined, a whole row of joints can be created by generating multiple copies
of the first joints while incrementing one or more of its coordinates. Similarly, a row (or line) of
joints can be copied several times to generate a plane of joints. For example, joints 2 through 5 in
Figure 2-7 Joint Generation (a) are generated by copying joint 1 four times while incrementing its
X coordinate by the value Ax. Similarly, joints 6 through 15 in Figure 2-7 (b) are generated by
copying joints 1 through 5 twice while incrementing their Z coordinate by the value Az. Joints 16
through 45 are generated by copying joints 1 through 15 twice while incrementing their Y-
coordinate by the value Ay.

Generated joints are labeled with sequential numbers starting with the number of joints already
input prior to the generation process. If for some reason, a generated joint label is already used, an
underscore (_) followed by a number is appended to the label.
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Figure 2.7 Joint Generation

212 Fixities

Initially, all joints are assumed to be free. In other words, they are free to move along or rotate
about the active axes. A fixed or restrained joint (support) is a joint that has one or more of its
active degrees of freedom restrained.

For 2-D truss structures, joint displacements along the X and Y axes can be restrained. For 2-D
frame structures, joint rotation about the Z axis, as well as its displacements along the X and Y
axes can be restrained. For 3-D truss structures, joint displacements along the X, Y, and Z axes can
be restrained. For 3-D frame structures, joint displacements along the X, Y, and Z axes, as well as
its rotations about the axes can be restrained.
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2.13 Inclined Supports

Fixed joints (supports) are assumed to be vertical or horizontal (parallel to one of the global axes).
There are cases, however, when the support is inclined, e.g., when the foundation of a structure
rests on a sloped surface rather than on a flat surface.

To define an inclined support, its inclination angle(s) from the global axis (or axes) must be input.
The joint specified as an inclined support will then have its global axes rotated by the specified
angle(s), and the support reactions will be presented with respect to the rotated axes.

For plane (2-D) structures, an inclination angle measured clockwise from the global X axis must
be input. For space (3-D) structures, two inclination angles, measured clockwise, one from the
global X axis and the other from the global Z axis must be input.

Line of Inclined

support - -»X

O\ _JAnglex

Figure 2.8 Inclined Support Angle

214 Spring Supports

Structural supports that can deform are referred to as elastic supports or spring supports. When
designating spring supports, the program will add the appropriate stiffness terms, representing the
spring stiffness, to the global stiffness matrix directly.

Spring supports can be translational (linear) or rotational. They are defined by inputting their
corresponding spring constants related to the active degrees of freedom. kx, ky, and kz denote the
translational spring constants in the X, Y, and Z directions, respectively. kRx, kRy, and kRz denote
the rotational spring constants about the X, Y, and Z axes, respectively. Truss structures can have
translational spring supports only, while frame structures can have both translational and
rotational spring supports.
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2.15 Members

Member connectivity, i.e., the location of the member in a plane or space, is defined by inputting
the two joints that the member connects. These joints are referred to as the start joint, J1, and the
end joint, J2. The start and end joints of a member are used to define the direction of the member,
its local coordinates, the direction of the local loads, and are referenced in presenting the member
local results.

For ease of input and result interpretation, it is recommended that you try to define members in
such a way that the positive local X axis of a member is parallel to one of the positive global axes.
This way, horizontal members will have their x axis pointing from left to right (parallel to the
global X axis) or out of the monitor (parallel to the global Z axis). Vertical members will have their
X axis pointing from bottom to top (parallel to the global Y axis). Note that this is just a
recommendation and not a rule. For inclined members, judgment must be used in defining the
members, but try to keep the member definition consistent for the whole model.

The order in which members are input can simplify or complicate the process of member
assignments, member grouping, and interpretation of results. It is good practice to define all
vertical members in sequence, then define all horizontal members in sequence, and finally define
any inclined members.

When defining the horizontal members, start at the bottom of the model, moving towards the
positive global X direction first, until a whole row of members is defined. Next, move in the
positive global Z direction, one row at a time, until a whole plane is defined. Finally, move in the
positive global Y direction, one plane at a time, until all vertical members of the model are
defined. Define the vertical members, followed by any inclined members if they exist, in the same
order, moving in the positive X direction, the positive Z direction, and finally in the positive Y
direction.

2.16 Member Generation

After the first member is defined, a whole row of members may be created by making multiple
copies of the first member while incrementing its start and end joints (J1 and J2). For example,
members 2 through 5 in Figure 2-9 are generated by copying members 1 four times, while
incrementing its J1 and J2 by the value 1. Similarly, members 6 through 10 in Figure 2-9are
generated by copying members 1 through 5 once, while incrementing their J1 by 31 and their J2
by 19.
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Figure 2.9 Member Generation

Generated members are labeled with sequential numbers starting with the number of members
already input prior to the generation process. If for some reason, a generated member label is
already used, an underscore (_) followed by a number is appended to the label.

217 Member Assignments

Material properties, section properties, and non-prismatic member definitions are defined, stored
in databases, and then, along with an orientation angle, are assigned to the members. The
DEFAULT values of material properties, section properties, and orientation angle are assigned to
those members with no such assignments.

2.18 Refine model

In spFrame, the structure is reduced to a model consisting of joints and members. Joints represent
the intersection of the geometric centers of the structural members, and members are straight lines
representing the centerlines of the structural members. The analysis is then performed on this
centerline-to-centerline geometry and the resulting end forces are presented at the joints. spFrame
allows you to apply some refinement to the model to compensate for these approximations.

2.19 Non-prismatic members

The formulation of the member stiffness matrix is based on prismatic members (members of
constant cross section along the member length). The stiffness coefficients of the flexural member
matrix Kii, Kjj, and Kij are 4, 4, and 2, respectively. spFrame gives you the option of modifying
these stiffness coefficients to model non-prismatic members. The stiffness coefficients for non-
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prismatic members, such as arched or haunched beams, can be obtained from various engineering
publications dealing with the subject.

2.20 Partial Releases

Frame members are assumed to have complete continuity at their end joints (rigid joints) so that
the bending moment at the joint is fully transferred to the other connecting members based on their
relative stiffnesses. There are cases, however, when the connection may not be able to develop full
continuity of the connecting members, or when the moment at a connection must be distributed to
the connecting members in specific pre-determined ratios.

v;=0 |@ O] v;=100
| ]
(fxed) (hinged)

Figure 2.10 Member-end Releases

Such cases can be modeled by assigning a release factor at either or both ends of a member to
specify its continuity or how much moment release should be allowed at its end. The release factor
can be any value between 0 and 100, where 0 denotes a fixed end condition and 100 denotes a
hinged end condition. A fixed member end (release factor equals 0) allows distribution of the
moment at the joint to the connecting members based on their relative stiffnesses. A hinged
member end (release factor equals 100) allows free rotation of that member at that end and no
moment will be transferred to the connecting members. A partially released member end (release
factor greater than 0 and less than 100) allows some rotation of the member at that end and the
specified amount of moment will be released to the connecting members

2.21 Shear Corrections

Both flexural and shear deformations may be considered. Flexural deformations are more
significant in members with large shear span-to-depth ratios (long members), while shear
deformations are more significant in members with small shear span-to depth ratios (short or
stocky members).

For most cases, shear deformations can be ignored. However, in members such as shear walls or
deep beams where the depth of the member is significant in comparison to its shear span (M/V),
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shear deformations become more significant. Shear deformations are based on the effective shear
area, As, which is equal to the area of the member cross section, A, divided by the shear shape
factor, B. Shear shape factors are presented in Figure 2-11.
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Figure 2.11 Shear Correction Shape Factors

2.22 Rigid-End Offsets

In general, ignoring the finite dimensions of structural members may result in overestimation of
deflections and underestimation of member end force. Rigid-end offsets of a member may be
included by inputting the half-widths of the member supports (See Figure 2-21). These halt-
widths of the supports are taken into consideration when calculating the clear span. The portion of
a member within the wide support is considered infinitely rigid. The results of a member with
rigid-end offsets are output at the face of the designated supports (rather than at the end joints).
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Figure 2.12 Member Rigid-End Offsets

2.23 Rigid Diaphragm

In structural analysis of buildings subject to lateral loads, concrete floor slabs are usually
considered to be infinitely stiff in their own plane. This assumes that floors displace as rigid bodies
and the story shears and torsional moments are distributed to the vertical members (columns and
walls) in proportion to their relative stiffnesses.

Modeling of rigid diaphragms in spFrame may be done by attaching infinite in plane stiff beams to
the floor diaphragms. These members will share the same in-plane degrees of freedom and will
move as a rigid body in the X-Z plane.

2.24 Loads

Loads can be applied to members in the form of forces, moments, and temperature effects, and to
joints in the form of forces, moments, and known displacements. All applied loads must be
categorized into load cases that can then be factored and combined into load combinations. The
modeled structure is finally analyzed under these load combinations and the resulting forces,
moments, displacements, and rotations are presented for each load combination.

2.25 Member Loads

Member loads (see Figure 2-13) can be point loads, distributed (uniform), moment (concentrated),
left triangle, right triangle, and temperature loads. For the first five types, the orientation,
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direction, magnitude, point of application, and length of load (if applicable) must be defined. For
temperature loads, the change in temperature and the distance between two surfaces must be input.

Member loads can be defined in the local (member) coordinate system, the global coordinate
system, or acting on the global projection of the member. The direction of a load is one of the axes
in reference to the orientation that is specified. Loads are considered positive if they act in the
positive direction of an axis regardless of the orientation. In the local orientation, a rule of thumb
is that positive loads tend to rotate the member counter-clockwise about its end joint (J2).

The intensity of a load is its magnitude. For left- or right-triangular loads, it is the magnitude of the
load at the right end, or at the left end, respectively.

The point of application of a load is input as a ratio of the load location from joint J1 to the
member length. Similarly, the length or extent of a load (uniform and triangular loads) is also input
as a ratio of the load length to the member length. This way, a load can be applied to several
members regardless of their length, and no change to the load data is required if the member
length changes.

Temperature loads can be used to analyze the behavior of the structure when members are subject
to a change in temperature. Change in temperature can be uniform on all the surfaces of a member
(e.g. when the ambient temperature around the member changes). In this case, the member is
subjected to axial stresses caused by its expansion or contraction. The change in temperature can
also be different for opposite sides of a member (e.g. when the sun shines on one surface while the
other surface is in the shade), in which case the member is subjected to bending, in addition to
axial stresses due to the differential expansion or contraction of the two surfaces.
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Figure 2.13 Types of Member Loads

To define a temperature load, you need to input the member thickness or the distance between the
two surfaces that experience change in temperature, the top or right surface (Atop), and the bottom
or left surface (Abot). The top surface refers to the member side that has the lower local y-
coordinate. The right surface (for space frames only) refers to the member side that has the lower
z-coordinate.

2.26 Joint Loads

Joint loads can be forces, moments, known displacements, and known rotations. All joint loads
can be applied in the direction of or about the active axes of the global coordinate system.

2.27 Solver

spFrame has a two-pass solver using the stiffness method of analysis. The first pass can be
performed after the model geometry is defined. The program computes the element stiffness
matrices and builds the associated global stiffness matrix of the whole structure. The element
stiffness matrix is a square matrix proportional to the member degrees of freedom (e.g. a plane
truss element stiffness matrix is 4 x 4, whereas a space frame element stiffness matrix is 12 x 12).
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The element stiffness matrix is then multiplied by the applicable transformation matrices to
account for member orientation and any special corrections.

The second pass can be executed after the applied loads and the corresponding load combinations
are defined. The program builds the load matrix, inverts the global stiffness matrix, builds the
displacement matrices, and solves for the joint displacements, joint reactions and member end
forces. Therefore, the structure can be analyzed under different sets of loads and/or load
combinations without having to recalculate the stiffness matrices again

When executing the solver for the first time for a particular problem, a first-order analysis is
performed and the resulting joint displacements, joint rotations, support reactions, and member
end forces are computed. To compute secondary P-A effects or to solve for tension-only members,
a second run must be executed. This second run is necessary because the solver needs some results
from the first run. In a second-order analysis, members designated as tension-only members will
be removed from the model if they are subjected to any compressive loads.

2.28 Optimization

The size of the global stiffness matrix, and consequently the time needed to solve the problem and
the amount of memory and disk space needed, is proportional to the number of joints in the model
and the degrees of freedom per joint. The global stiffness matrix is symmetrical about the
diagonal, and many of its terms away from the diagonal have a zero value. These zero-value terms
are ignored in the calculations, and only the terms within a narrow bandwidth of the diagonal are
hence used. The bandwidth is in turn proportional to the maximum difference between joint
numbers of any two joints connecting a member and the number of degrees of freedom per joint.
The equation describing this relationship is

Bandwidth = dof (1 + nd) where,

dof = the number of degrees of freedom per joint,

nd = the maximum difference between joint numbers of any two joints connecting a
member.

For example, if a space frame (dof = 6) has several members, one of which connects joints 3 and
12, nd would be 9, and the resulting bandwidth is 60. On the other hand, if the joints of the same
frame are to be renumbered so that the same member connects joints 3 and 5, the bandwidth will
be reduced to 18, less than one third the original bandwidth. Note that a joint number refers to the
order that a joint is input and not the label of the joint.

You can instruct the program to optimize your model prior to executing the solver. Optimization is
done by selecting a starting joint, assigning the number 1 to that joint, and building the rest of the
model from there. All subsequent joint numbers will be assigned as needed to keep the bandwidth
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to a minimum, i.e., joint numbers will be chosen in such a way that the difference between two
joints at each end of a member is kept to a minimum. Selecting the starting joint can be left to the
program, in which case it will select the joint with the smallest X, Y, and Z coordinates, or by
designating a particular joint as a starting joint.

Note that the renumbering of the joints during optimization is an internal one and will not affect
the labels of the defined joints or members.

2.29 Precision

spFrame uses double precision numbers. Double precision numbers have 15-digit accuracy and
their values can be between 1.7 x 103% and 1.7 x 1038,

2.30 Solver Messages

spFrame’s solver has several built-in checks that are performed before and during the solution
process. These checks are

» Joint consistency—The program checks to make sure that each joint has a unique label
and no joint is input more than once.

* Member consistency—The program checks to make sure that each member has a unique
label and unique start and end joints.

+ Valid fixities—The model must have at least one defined fixed joint. If no fixed joints
were defined, the model will be unstable and an error condition will occur.

» References—All referenced joints, members, fixities, physical properties, loads, load
cases, and load combinations must exist.

* Definitions—All defined properties (materials, sections, and non-prismatic members),
loads, load cases, and load combinations must have unique labels. Blank labels are not
permitted.

* Loads—Member loads direction must be legible within the structure type. Out-of plane
loads are not allowed in plane structures.

» Single structure—The model being analyzed must constitute a single, independent, and
stable structure.

*  Weak Structure—It is possible to combine the various features of spFrame in such a way
that the resulting model would be unstable despite passing all the built-in checks
mentioned above. A Weak Structure error is usually caused by very small numbers in the
diagonal of the global stiffness matrix. Incorrect assignments of joint fixities, partial
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releases, inclined supports, physical properties, etc., can cause such an error. In this case,
the input data must be checked for any flaws that cause instability.

2.31 Results

After a successful solution of the model you will be able to view and/or print the results in text or
graphical format. Comprehensive text printing can be done from the File/ Print Results command.
Viewing and printing of summaries and individual tables and graphs is done using the Joint
Results, Support Reactions, Member Results, Envelopes, and Group Results commands from the
Analyze menu. Viewing results diagrams superimposed on the graphical model can be done from
the Show/Result Diagrams command, and printing those superimposed results can be done from
the File/Print Screen command.

The active printer or printer settings can be changed from the File/Printer Setup command. The
available options depend on the printer/plotter drivers that were selected during Windows
installation. You can change the resolution of your printout (dot matrix and laser printers), the
page orientation (landscape or portrait, laser printers only), or define the media and pen types
(plotters). Note that the higher the resolution, the longer it will take to print a page.

Joint displacements, rotations, and reactions (forces and moments) are referenced in the global
coordinate system. Member end forces and moments as well as the segmental values of member
forces, moments, and deflections are referenced in the member local coordinate system.

When interpreting member results, the member should be considered as a free body and the forces
and moments calculated at its ends are the member reactions to the applied loads. For example, a
positive axial force, Fx, at joint J1 and a negative axial force at joint J2, indicate that the member
is in compression. Moments of opposite signs at each end of a member indicate that the member is
bending in single curvature while moments of the same sign indicate double curvature bending.

Static equilibrium of the members and the structure as a whole must be maintained. The
summation of all the end forces (or moments) of all the members framing into a joint, keeping in
mind the different orientation of the framing members, must be equal to zero (within the bounds of
round-off or truncation errors)

2.32 Comprehensive results

Text results that include an input echo may be printed using the File/Print Results command.

Input echo consists of three options. These include definitions, geometry, and loads data. The
definitions option includes the applicable of the following: general information, units, defaults,
material definitions, section definitions, non-prismatic member definitions, load definitions,
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defined load cases, and defined load combinations. The geometry option includes the applicable
of the following: joint coordinates, joint fixities, inclined supports, spring supports, member data,
member partial releases, member shear correction factors, member rigid-end offsets, rigid
diaphragms, and member groups. The loads option includes the applicable of the following:
member loads, joint loads, known displacements, and member self loads.

The results option includes the applicable of the following: joint displacements, joint rotations,
support reactions, member end forces, member end moments, diaphragm displacements, member
summary, segmental values, envelope results, and group results. All or each of these results
options can be printed for all or just selected joints, members, load combinations, or member
groups.

2.33 Individual results

Text and graphic results for individual members under each load combination may be viewed and/
or printed using the Joint Results, Support Reactions, Member Results, Envelopes, and Group
Results commands from the Analyze menu.

Joint results include the applicable joint displacements (Dx, Dy, and Dz), joint rotations (Rx, Ry,
and Rz), end forces (Fx, Fy, and Fz), and end moments (Mx, My, and Mz) at all joints.

Support reactions include the applicable reactions, forces and moments (Fx, Fy, Fz, Mx, My, and
Mz), at all supports or fixed joints.

Member results include the applicable segmental values of the forces, moments, and deflections
along the member length with their corresponding diagrams as well as a member summary.
Segmental values are obtained by dividing the member into 100 segments, taking the values at the
start joint (J1) as the initial values, and, using trapezoidal integration, calculating the forces,
moments, and deflections at each location. Member summary is a one-page information sheet that
provides all the input information for a member along with its end forces and moments and the
maximum and minimum values for the member forces, moments, and deflections.

Envelope results include, for each member, the maximum and minimum values of the member
forces and moments resulting from all defined loading combinations along with the corresponding
diagrams.

For each defined member group, results include maximum and minimum values of the force and
moment envelopes for all members in the group with the corresponding diagrams.
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2.34 Superimposed graphs

Result diagrams superimposed on the displayed model can be viewed using the Show/ Result
Diagrams command and printed using the File/Print Screen command. Superimposed results can
be deflections, shear diagrams, or moment diagrams.
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3.1 Introduction

This chapter is divided into sections that follow the order that commands and options appear under
the menu items.

3.2 spFrame Window

Most windows have certain components in common, such as a title bar and menus. Not all
windows, however, have every component. To learn more about how to use window
components, refer to your Microsoft Windows manual. The following is a list of the spFrame
window components.

Control-menu box

Control-menu box is located in the upper-left corner of a window and includes commands for
sizing, moving, enlarging, restoring, and closing the window, as well as switching to other
applications. To access the Control-menu box using the mouse, click the left-mouse button on
the box. To access the Control-menu box using the keyboard, press ALT + - (hyphen).

Minimize/Maximize buttons

These buttons are located in the upper-right hand corner of a window. Minimize button
(represented by a flat line) shrinks the spFrame window to an icon. Maximize button
(represented by a square) enlarges the window so that it fills the entire desktop.
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Figure 3-1 spFrame Window
Title Bar

Title bar displays the name of the application or document (spFrame in thiscase) along with
the name of the current data file you are using. If the data you are working on have not been
saved into a file, the word “Untitled” is displayed in the Title bar.

Menu Bar

Menu bar is located directly below the Title bar and lists the available menus. A menu contains
a list of commands and options you may execute using the program. In spFrame there are eight

main pull-down menus. Menus include File, Access, Define, Process, Analyze, Show,
Options, and Help.

Tool bar

Tool bar is located on the left side of the spFrame window and contains a collection of icons

(or buttons) that provide you with a shortcut to accessing the various commands and options.
Tool bar consists of three major sections. The top section shows the global axis orientation of
the structure, the middle section contains eight icons that represent the pull-down menus, and

the bottom section contains up to twelve icons that represent the commands or options
available.

Graphics area

Graphics area covers most of the spFrame window. This is where the graphical model of the
structure will be displayed.
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3.3 spFrame Menu Descriptions

spFrame uses pull-down menus that access commands and options for modeling the structure,
manipulating the look of the program window, running the program, and reviewing and printing
the results. If you are using a mouse, you will be able to access these commands and options by
clicking on the icons located in the Tool bar. This section gives you a summary of each command
in all the pull-down menus.

34 File Menu

File menu is used for opening, saving, and retrieving data files, printing

Mew
results, and exiting the program. Open...
New Save
Save As ...
Clears any input data and returns the program to the default values so
that a new data file may be started. Import...
Export...
Open
Allows you to load an existing spFrame data file. Prink Resulks, ..
Prink 5
Save rink Screen

Exit
Saves the changes you have made to the current data file under that

same filename. The new data overwrites the old data, and you cannot retrieve the old data.
Save command will only be available if the file has been modified since the last file save. If a
data file is untitled, the SAVE AS dialog box will appear.

Save As

Allows you to name or rename a data file. Use Save As when you want to save both the
original data and any changes you’ve currently made to the data. The original data remains
under the old filename. If a file of the same name exists, the program will ask if you would like
to overwrite the file.

Import

Imports an existing drawing created or edited using AutoCAD with a .DXF file format into the
file being edited

Export

Saves the model geometry defined in the current data file to an AutoCAD file (with a .DXF
extension).
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Revert

Used to discard any changes to the data and return to the version of data saved in the original
file. This option will only be available if the file has been modified since the last file save and
the file has been saved prior to editing.

Print Results
Allows you to send the results of a successful run to the printer.
Print Screen

Allows you to print the graphical image displayed in the Graphics area of the spFrame
window.

Exit

Ends the spFrame session and returns you to the Program Manager. If you have made any
changes to your data and have not saved them, spFrame will ask whether you want to save or
abandon any changes you’ve made before you exit.

3.5 Access Menu

Auto Input
This command is designed to make the input process easier. By selecting Auto Input
Auto Input, a logical sequence of dialog boxes will automatically be _
displayed allowing you to enter data needed to model your structure. Library...
Library
Setkings...
Creates new libraries or includes existing libraries in the current file for Statistics. ..

materials, sections, member loads, and non-prismatic members.
Copy

Sends a copy of the graphic image displayed on your window to the Clipboard.
Settings

Allows you to change the settings for the angle of separation used while viewing the structure
in stereoscopic 3-D format.

Statistics

Provides information such as the structure type, number of joints, number of members, amount
of memory used, and the amount of memory available.
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3.6 Define Menu

Define menu contains commands that define the databases of the

Twpe...
physical properties of the structure and the applied loads. Urits. ..
Defaults. ..
Type
Materials. ..
Allows you to define the structure type (2-D or 3-D frame or Seckions. .
truss), and input labels for the project and the engineer. Monprismatic Members. ..
Units Loads...
Load Cases...

Allows you to select a system of units to be used. Your choices
are English or Metric. For the system selected, specify the units to be used with the different
input and output parameters.

Defaults

Allows you to input the default values for the material and section properties. These default
values will be assigned to members with no defined material or section properties.

Materials

Allows you to define new materials, or edit existing ones, and input their properties. A
material entry consists of label, density, modulus of elasticity, Poisson’s ratio, and thermal
coefficient.

Sections

Allows you to define new sections, or edit existing ones, and input their properties. A section
entry consists of label and, depending on the section type, section dimensions or properties.

Nonprismatic Members

Allows you to define new non-prismatic members, or edit existing ones, and input their
properties. A nonprismatic member entry consists of label, the stiffness factors at member
ends, and the carry-over factor.

Loads

Allows you to define new loads to be applied as member loads, or edit existing ones. A load
entry consists of label, orientation, direction, type, intensity, and location.

Load Cases

Allows you to define the load cases under which the member loads, joint loads, and joint
known displacements, will be defined. Each load case should have a unique label.
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3.7 Process Menu

Process menu contains commands that enable you to create the

Jainks. ..
model geometry, assign the physical properties to its members and Fixities, ..
joints, and apply some refinement to the model. Inclined Supports. ..
. Spring Supparts, ..
Joints
Mermbers...
Allows you to define new joints or edit existing ones by inputting Member Tvpes...
their labels a.nd coordinates. Joints ‘ca'n also lf)e 1.nput by g(.eneratu'lg Partial Releases.
multiple copies of already defined joints while incrementing their Shear Correchions. ..
coordinates. Rigid-end Offsets. ..

Rigid Diaphragr. ..
Fixities
Member Group, ..
Allows you to define supports by fixing the degrees of freedom of

some already defined joints.
Inclined Supports

Allows you to define inclined supports by inputting the angle of inclination of already defined
fixed joints (supports).

Spring Supports

Allows you to define elastic supports (springs) by inputting rotational and/or translational
stiffnesses at already defined joints.

Members

Allows you to define new members, or edit existing ones. A member is defined by assigning
to it a label, a start joint, and an end joint. You can also specify the member to be considered as
a tension-only member. Members can also be input by generating multiple copies of already
defined members while incrementing their start and/or end joints.

Member Types

Allows you to assign material properties, section properties, a nonprismatic member
definition, and an orientation angle to the defined members.

Partial Releases

Allows you to define hinged or partially fixed member ends by assigning moment release
coefficients to already defined members.
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Shear Corrections

Allows you to assign section shape factors to already defined members to account for shear
corrections in members such as shear walls and deep beams.

Rigid-end Offsets

Allows you to account for the finite width of a supporting member by inputting the half-width
of the support that a member is framing into at either of its ends. If a member is specified to
have a rigid-end offset, the portion of this member within the offset is considered to be
infinitely stiff.

Rigid Diaphragms

Allows you to specify the horizontal members (beams) to be connected to a rigid diaphragm
(slab) at any already input elevation (floor levels). Diaphragms are assumed to be infinitely
stiff in the out-of-plane direction and flexible in the in-plane direction. Members attached to
the same diaphragm will have the same horizontal displacement.

Member Group

Allows you to define member groups by inputting a member group label and selecting the
members to be included in that group. The output results for each defined group represent the
maximum values of each member in that group.

3.8 Analyze Menu

The Analyze menu contains commands that enable you to apply the
defined loads to the members, input joint loads, combine load cases,
solve the problem, and view the results.

3.8.1 Member Loads

Allows you to apply the loads defined using the Define/Loads
command to the defined members under defined load cases.

3.8.2 Joint Loads

Allows you to input joint loads by specifying the joint to be loaded,

the load case under which the load should be included, and inputting

the forces and/or moments acting at the joint.

Mernber Loads. .,
Joink Loads. ..

known Displacements, .,
Self Loads. .,

Load Cambinations. ..

Solve. ..
Local Process. .,

Joint Resulks
Suppart Reactions
Mernber Fesulks
Envelopes
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3.8.3 Known Displacements

Allows you to input prescribed joint displacements by specifying the load case under which this
displacement should be included and inputting the translational and/or rotational displacements
occurring at the joint.

3.8.4 Self Loads

Allows you to select the members whose self weight should be included in the predefined SELF
load case.

3.8.5 Load Combinations

Allows you to factor the defined load cases and combine them into load combinations under which
the structure will be analyzed.

3.8.6 Solve

Allows you to start the solution process. You can choose to optimize the model, specify the order
of solution (first order or second order), and whether to save the matrices or not.

3.8.7 Joint Results

After a successful solution, this command allows you to view joint displacements, joint rotations,
member end forces, and member end moments under any specified load combination.

3.8.8 Support Reactions

After a successful solution, this command allows you to view the fixed joints (supports) reactions
under any specified load combination.

3.8.9 Member Results

After a successful solution, this command allows you to view graphically and in text format, the
local results of any member under any load combination. Local results may include in-plane and
out-of plane moment, shear, deflection, as well as torsion and axial force. You can also view a
member summary. All viewed graphs and results may be printed.

3.8.10 Envelopes

After a successful solution, this command allows you to view graphically and in text format, the
local results envelopes (maximum and minimum values for all load combinations) of any member.
Envelope results include in-plane and out-of plane moment and shear, as well as torsion and axial
force. All viewed graphs and results may be printed.
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3.8.11  Group Results

After a successful solution, this command allows you to view graphically and in tabular format,
the local results envelopes (maximum and minimum values for all load combinations for all the
members in a group) of any member group. Group results include in-plane and out-of plane
moment and shear, as well as torsion and axial force. All viewed graphs and results may be
printed.

3.9 Show Menu

The Show menu options and commands enable you to control and

Zoarm
manipulate the graphical display of the structure as well as graphically Rotate
display loads and global results. Translate

Skereo
Zoom Reset

Allows you to magnify or reduce the graphical image displayed in the Freeze|Thaw
Graphics area. Select

Hide5how
Rotate

Preferences. ..

Allows you to rotate the graphical image displayed in the Graphics Load Diagrams...

Resulk Diagrams. ..

area about the X-axis or the Y-axis. By combining the rotation about
Member Info

the two axes, you will be able to view the structure from any angle.
Translate

Allows you to translate or move the graphical image displayed in the Graphics area.
Stereo

An option that toggles the Stereoscopic viewing mode On or Off.
Reset

An option that resets the graphical image to its original position, scale, and orientation.
Select

Allows you to select (tag) or deselect a portion of the structure to be made visible.
Hide/Show

An option that allows you to show or hide tagged members and joints.
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Preferences

Allows you to specify what is to be displayed in the Graphics area. You may select from joint
numbers, member numbers, fixities, and member orientation.

Load Diagrams

Allows you to view the input loads (point and distributed) superimposed on the model
graphical image. You can also specify the magnification factor of the displayed loads.

Result Diagrams

After a successful solution, this command allows you to view the global results (deflected
shape, moments, and shear) superimposed over the model graphical image. You can also
specify the magnification factor of the displayed results.

Member Info

Displays a member information window over the spFrame window that allows you to get
important information about the defined members.

3.10 Options Menu

The Options menu allows you to change the startup options of the spFrame program to suit your
needs. These changes are saved in the Windows registry file and they become the default settings
when spFrame is executed.

Save Settings Save Setkings

Allows you to save the defaults and settings of the current file into the Colar, ..
Windows registry file to be used in future input sessions

Autosave, ..
Color
Allows you to modify colors of the graphical image.

Autosave

An option that, if selected, causes the data to be saved periodically without selecting the Save
command. You can also specify the Autosave time interval.
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3.11 Help Menu

The Help menu includes commands that enable you to obtain on-line Manual

help for the spFrame program. The help screens in the programs are

closely related with Chapters 3 and 4 of this manual. About spFrame. .

Check for Updates, ..
Manual

Opens spFrame Manual in the default PDF viewer..
About spFrame

This command displays a message box that gives you copyright information, the version
number of the spFrame program, your firm name, city, and state.

Check for Updates

Checks if a newer version of the program is available. Internet connection is required.

3.12 Creating New File

When spFrame is first loaded, it is ready to obtain input for a new file. The data will not have a
filename associated with it, therefore, Untitled appears in the Title bar.

From the File menu, select New. This clears the screen and returns to the default settings of the
program. If existing data have been changed prior to executing the New command, spFrame asks
if you want to save the data. At any time after starting a new file, use the Save As command to give
the file a name.

3.13 Opening File

spFrame data files are stored as binary or text (ASCII) files.

* From the File menu, select Open. The dialog box of Figure 3-2 appears.

* From the LIST FILES OF TYPE drop-down list, select the type of file to be opened.
spFrame files are saved in binary format with an FRM extension, while spFrame text files
are saved in ASCII format with a TXT extension. All files with the selected extension
contained in the current drive and directory are displayed in the FILE NAME list box.

» To open a file that exists in another drive or directory, select the drive or directory from the
DRIVES drop-down list or the DIRECTORIES list box, respectively.
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spkrame Open File
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Documents

=

Desktop
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My Documents
tdy Computer
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Flaces |—I
Cancel

Files of type: |spFrame File *.fim

Figure 3-2 Open dialog box

* From the FILE NAME list box, select the file to be opened, or simple type its name in the
text box.

e Choose the OK button

3.14 Saving

In spFrame you can save the data in the spFrame format with the same filename or with a new
filename. You can also save the data in a different format

3.14.1 Saving your data with the same filename

If you are editing a data file that has previously been saved under a filename, select the Save
command from the File menu to save the changes under that same filename. Selecting the Save
command before giving the file a name causes the SAVE AS dialog box to appear

3.14.2 Giving your data a different filename

* From the File menu, select Save As. The dialog box of Figure 3-3 appears.
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spFrame Save File
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Figure 3-3 Save As dialog box

* From the SAVE FILE AS TYPE drop-down list, select spFRAME FILES. All files with
an FRM extension contained in the current drive and directory are displayed in the FILE
NAME list box.

» To save the file to a drive or directory other than the default, select a different drive from
the DRIVES drop-down list or a different directory from the DIRECTORIES list box.

* In the FILE NAME text box, type a new filename. You do not have to specify a file
extension, .FRM will be appended to the specified filename.

*  Choose the OK button.
3.14.3 Saving data in a different format

spFRAME allows you to save you data in a format other than its own. ASCII (or text) is the only
other format that has been implemented. The advantage of saving data in text format is that you
will be able to edit or view the input data file using any text editor or word processor.

If you edit a spFrame text file using an editor or a word processor, it is your responsibility to
maintain the data structure and format. Make sure that you save the file as a pure ASCII file (or
nondocument format) otherwise, spFrame will not be able to open it again. We advise that you
save a copy of the file in binary (FRM) format before you save it in text (TXT) format. This way
you will have a backup of your work if something goes wrong in the TXT data file.

Note: Only input data information is included in files saved in text format. No output data or
graphics information are saved.

* From the File menu, select Save As. The dialog box of Figure 3-3 appears.
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3.15

From the SAVE FILE AS TYPE drop-down list, select spFRAME ASCII. All files with a
TXT extension contained in the current drive and directory and are displayed in the FILE
NAME list box.

To save the file to a drive or directory other than the default, select a different drive from
the DRIVES drop-down list or a different directory from the DIRECTORIES list box.

In the FILE NAME text box, type a new filename.
Choose the OK button.

Importing File

If you create the model geometry using AutoCAD (Release 9 or later), you will be able to import
those files into spFrame using the File/Import command. Imported files must be saved in the DXF

format.

The drawing should be generated in AutoCAD in the 3-D mode using 3-D lines, with the

DXFOUT option selected. Also note that the Z and Y axes are switched in AutoCAD.

From the File menu, select Import. The dialog box of Figure 3-4 appears.

From the LIST OF FILES OF TYPE drop down list, select DXF FILES. All files with a
DXF extension contained in the current drive and directory are displayed in the FILE
NAME list box.

To open a file that exists in another drive or directory, select the drive or directory from the
DRIVES drop-down list or the DIRECTORIES list box, respectively.

From the FILE NAME list box, select the file to be opened, or type its name in the text
box.

Choose the OK button.
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3.16

spFrame - Import @
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My Mebwark File name: | j Open

[

Places \—I
Cancel

Files of type: | DXF File *.DixF

Figure 3-4 Import dialog box

Export File

The model geometry created in spFrame can be exported to AutoCAD (Release 9 or later) using
the File/Export command. You may have to scale or zoom the drawing in AutoCAD to view it at
a suitable scale.

From the File menu, select Export. The dialog box of Figure 3-5 appears.

From the SAVE FILE AS TYPE drop-down list, select DXF FILE. All files with a DXF
extension contained in the current drive and directory are displayed in the FILE NAME
list box.

To save the file to a drive or directory other than the default, select a different drive from
the DRIVES drop-down list or a different directory from the DIRECTORIES list box.

In the FILE NAME text box, type a new filename.
Choose the OK button.
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3.17

spFrame - Export
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Figure 3-5 Export dialog box

Printing Results

After performing a successful run, you may view or print individual member and group results in

text or

graphical format using the Joint Results, Support Reactions, Member Results,

Envelopes, and Group Results commands from the Analyze menu. You may also superimpose
results diagrams on the model image using the Results Diagrams command from the Show menu.
To print comprehensive text results and input echo, use the File/Print Results command. Your
selection of printout can be applied to all or selected members, joints, load combinations, and
member groups.

From the File menu, select Print Results. The dialog box of Figure 3-6 appears.

To print an input echo, select the check-box options in the INPUT ECHO options group.
You can select to print DEFINITIONS (all data input through the Define menu
commands), GEOMETRY (joints and members data and their assignments and
definitions), and LOADS (applied member and joint loads and load combinations).A

selected option contains an v in its check box.
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Figure 3-6 Print Results dialog box

» To print the messages generated during the solution process, select the SOLVER
MESSAGES check-box option.

* Inthe RESULTS options group, select the output options to be printed. A selected option
contains an X in its check box. You can print the applicable options from the various
Results options. These include joint displacements, joint rotations, support reactions,
member end forces, member end moments, diaphragm displacements, member summary,
segmental values, envelope results, and group results.

* Inthe SELECTION options group, specify whether the results printing applies to all or
selected joints, members, load combinations, or member groups.

3.17.1  Printing results for all joints
* Select the check box next to the JOINTS button.
3.17.2 Printing results for selected joints only

* Clear the check box next to the JOINTS button.
* Choose the JOINTS button. The dialog box of Figure 3-7 appears.
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Figure 3-7 Joint Select dialog box
» From the JOINT LIST list box, select the joint whose results you want to print.

» Choose the ADD button. The selected joints are added to the SELECTED LIST list box on
the right.

* Repeat the two steps above until all the joints whose results you want to be printed are in
the SELECTED LIST list box.

» To remove a joint that has already been added to the list box, select that joint from the list
box and choose the REMOVE button.

*  Choose the OK button

The selection procedure described for joints above applies to members, load combinations, and
member groups.

* Choose the PRINT button.

* A message box appears informing you that the output is being sent to the active printer.
Choose the CANCEL button to terminate the print job.

3.18 Printing Screen

You may obtain a printed image of whatever is displayed in the Graphics area of the spFrame
window by using the File/Print Screen command. The graphical printout is a copy of the image
displayed in the Graphics area of the window with whatever settings are selected such as joint
numbers, member numbers, fixities, orientation, superimposed diagrams, etc.

* From the File menu, select Print Screen.

* A message box appears informing you that the image is being sent to the active printer.
Choose the CANCEL button to terminate the print job.
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3.19 Auto Input

spFrame has an automatic input feature that walks you through the input process in a logical order.
Selecting the Access/Auto Input command opens the necessary dialog boxes to complete the

input of a problem.

From the Access menu, select Auto Input.
The TYPE dialog box is the first to appear in an input session.
Complete the input fields in this box and choose the OK button.

Consequently, other dialog boxes appear in the order they are displayed in the Define,
Process, and Analyze menus. Complete the input needed in each dialog box and choose
the OK button.

To abort auto input, choose the CANCEL button in any active dialog box.

3.20 Working with Libraries

Defined material properties, sections, non-prismatic member entries, and loads can be saved in
library files to be accessed by other files. Saving entries into libraries and retrieving entries from

libraries can be done using the Access/Library command.

From the Access menu, choose Library. The dialog box of Figure 3-8 appears.

You can create a new library, open an existing library, read library definitions into your
current file, save definitions from your file into a library, or delete definitions from a
library. These procedures are explained below. Note that you can perform more than one
procedure in one session. For example, you can read definitions from your file to a library,
read other definitions from the same library to your file, and delete some definitions from
the library without having to close the dialog box after every operation.

Choose DONE to close the dialog box.
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Figure 3-8 Library dialog box
3.20.1 Creating a New Library File

* From the TYPES drop down list, select a library type. You may choose from materials,
sections, nonprismatic, and loads.

» Inthe FILE NAME text box, enter a filename (FTM, .FTS, .FTN, or .FTL extension will
be appended to it).

* In the DESCRIPTION text box, enter a brief library descriptive label.

» To save the library file to a drive or directory other than the default, select a different drive
or directory from the PATH list box.

* Choose the SAVE button.
3.20.2 Opening a Library File

*  From the TYPES drop down list, select a library type. You can choose from materials,
sections, nonprismatic, and loads. The library files of the type selected are displayed in the
FILES list box and the definitions of the selected type that are contained in the file are
displayed in the INCLUDED ITEMS list box.

» From the FILES list box, select the library file to be opened, or type its name in the FILE
NAME text box. To open a library file that exists in another drive or directory, select the
drive or directory from the PATH list box.

* Choose the OPEN button. This opens the selected library file and displays its definitions
in the LIBRARY ITEMS list box.

3.20.3 Saving Items from an Open Data File to a Library

* Open a library file.
*  From the INCLUDED ITEMS list box, select the definitions to be saved.
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* Choose the "<-" button. The selected definitions are added to the LIBRARY ITEMS list
box.

*  Choose the SAVE button.

3.20.4 Reading Items from a Library to an Open Data File

* Open a library file.
* From the LIBRARY ITEMS list box, select the definition you want.
* Choose the "->" button. The selected definitions are added to the INCLUDED ITEMS list

box.

3.20.5 Deleting a Library Item

* Open a library file.
* From the LIBRARY ITEMS lit box, sclect the definitions to be deleted.

* Choose the DEL button. The selected definitions are removed from the LIBRARY ITEMS
list box.

e Choose the SAVE button.

3.21 Copying Graphics to the Clipboard

In spFrame, you can copy a portion of the graphic image displayed in the Graphics area to the
Window’s clipboard. This image can then be pasted into any other Windows application using its
Paste command (usually located in the application’s Edit menu).

* From the Access menu, select Copy.

*  Within the Graphics area, using the left-mouse button, marquee select the portion of the
image you want to copy.

* You may view the copied information by opening the Clipboard Viewer, located in the
Main program group of the Windows Program Manager.

3.22 Defining Settings

* From the Access menu, select Settings. The dialog box of Figure 3-9 appears.

» Enter the distance from viewer to monitor screen and half the distance between viewer’s
eyes (in pixels) in the corresponding text boxes. Default values are 3000 and 50,
respectively.
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Figure 3-9 Settings dialog box

* Choose the far and near line colors whether red and blue, respectively, or blue and red,
respectively.

* Enter the DXF data import accuracy in the corresponding text box. This value is the range
within which two joints will be considered as one when encountered in a DXF file. Units
are length units.

e Choose the OK button.

3.23 Define Structure Type

*  From the Define menu, select Type. The dialog box of Figure 3-10 appears.

* From the STRUCTURE TYPE options group, select a structure type. Options include 2-D
frames, 3-D frames, 2-D trusses, or 3-D trusses. The availability of other commands and
options depends on the type of structure selected.

» Enter the project and engineer labels in the corresponding text boxes. These labels help
organize and identify data files.

Type X

Structure Type Froject

" 2-D Frame |

* 3-D Frame |

2D Truss
Engineer

I
s | LCancel |

3D Truss

Figure 3-10 Type dialog box
* Choose the OK button.
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3.24 Define Units

*  From the Define menu, select Units. The dialog box of Figure 3-11 appears.
» Select a system of units to be used, ENGLISH or METRIC.

» To change the units of an input or output parameter, open the list box associated with that
parameter and select the appropriate units from the drop-down list.

* Choose the OK button.

3.25 Define Defaults

Every member must have a defined material, section properties, and an orientation angle.
However, if for some reason a member was not assigned any properties, spFrame assigns default
values to that member. You can set or change these defaults to suit the most common members in
the structure.

* From the Define menu, select Defaults. The dialog box of Figure 3-12 appears. Some text
boxes may not be available, depending on the structure type selected. In the corresponding
text boxes, enter the values of modulus of elasticity (E), material density (d), member
cross-section area (A), section moment of inertia about the local z-axis (Iz), section
moment of inertia about the local y-axis (Iy), section polar moment of inertia (J), material
Poisson’s ratio (v), material thermal coefficient (a), and member orientation angle (b).

*  Choose the OK button.

Units PZ|
Length ft hd Paint Load kips %
Section Dimensions | h Moment Load kips-ft hil
Area in"2 hd Distributed Load kips/ft &

Moment of Inertia in"4 i Krnown Displacements in i
Linear 5 pring kips#in = Shear, Awial Load kips -
Rotational Spring kips-indfiad ¥ Moment, Tarsion kips-ft i
Moduluz of Elasticity ’m Deflection in hi
Material Density Ib/t™3 il

' Englizh 7 Metnic (] 4 | Cancel |

Figure 3-11 Units dialog box

The values entered here are assigned to a DEFAULT material, a DEFAULT section, and a
DEFAULT orientation angle. They may be saved in the Windows Registry file using the Options/
Save Settings command and will be read in future input sessions
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3.26

Defaults g|
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Thermal Coefficient () 1]
Orientation Angle [B] 0 Cancel

Figure 3-12 Defaults dialog box

Define Materials

Material properties are first defined using the Define/Materials command and then assigned to

the different members using the Process/Member Types command.

From the Define menu, select Materials. The dialog box of Figure 3-13 appears.
Enter a material label in the LABEL text box.

Enter the material density (d), modulus of elasticity (E), Poisson’s ratio (v), and thermal
coefficient (a), in the corresponding text boxes.

Choose the ADD button or press ENTER. The data entered are added to the list box at the
bottom.

Repeat the three steps above for each material entry you have, making sure that no
duplicate labels are entered.

To edit an entry that has been added to the list box, select that entry from the list box,
modify its values in the text boxes, and choose the MODIFY button.
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Figure 3-13 Materials dialog box

» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

* Choose the OK button.

3.27 Define Sections

Cross-section properties of all members are defined using the Define/Sections command and then
assigned to the different members using the Process/Member Types command.

* From the Define menu, select Sections. The dialog box of Figure 3-14 appears.

Sections rz|
Eizaneisy Type Uszer Defined
Label ’7 Crack Coefficient
Section&eald] | "2 & o
Momert of Inetia(lz2) | ™4 lz [0 fdd

Maoment of Inertia (Iy] in"4 Iy 1.0 Dielete
Palar Mam. of Inertia [J) in"4 J 1.0 Modity

ILabel Tuoe Paraml Paramn2 Param3 Paramd

QK | Cancel |

Figure 3-14 Sections dialog box
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* Open the TYPE list box and select a section type from the drop-down list. Available
sections are user defined, rectangular, circular, T-section, and L-section. The remaining
text boxes change depending on the section type selected.

» Enter a section label in the LABEL text box.

* For a USER DEFINED section, enter the area, moment of inertia about the local z axis
(Iz), moment of inertia about the local y axis (Iy) and the polar moment of inertia of the
section (J), in the corresponding text boxes.

» For a RECTANGULAR section, enter the width (along the local z axis) and depth (along
the local y axis) of the section in the corresponding text boxes.

» For a CIRCULAR section, enter the diameter of the section in the corresponding text box.

» For an L-SECTION section, enter the flange width, flange thickness, web width, and web
thickness in the corresponding text boxes.

» For a T-SECTION section, enter the flange width, flange thickness, web width, and web
thickness in the corresponding text boxes.

» For any type section you select, input the cracked section coefficients in the CRACK
COEFFICIENT group text boxes. You can input coefficients that will be multiplied by the
area, moment of inertia Iz, moment of inertia Iy, and polar moment of inertia, J. The
values entered must be between 0 and 1.

» Choose the ADD button or press ENTER. The data entered are added to the list box at the
bottom. Note that the cracked section coefficients will not be shown in the list box,
however, their values are saved by the program.

* Repeat the steps above for each section entry you have, making sure that no duplicate
labels are entered.

» To edit an entry that has been added to the list box, select that entry from the list box,
modify its values in the text boxes, and choose the MODIFY button.

» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

* Choose the OK button.

3.28 Define Nonprismatic Members

Nonprismatic members are first defined using the Define/Nonprismatic Members command and
then assigned to the different members using the Process/Member Types command. Non-
prismatic members can be defined for frame structures only.
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* From the Define menu, select Nonprismatic Members. The dialog box of Figure 3-15
appears.

* Enter a non-prismatic member label in the LABEL text box.

» Enter the in-plane stiffness factors at the start joint (J1) and the end joint (J2), Kii and Kjj
respectively, and the carry-over factor, Kij, in the corresponding text boxes under IN-
PLANE ABOUT Z.

» Enter the out-of-plane stiffness factors at the start joint (J1) and the end joint (J2), Kii and
Kjj respectively, and the carry-over factor, Kij, in the corresponding text boxes under
OUT-OF-PLANE ABOUTY.

Nonprismatic Members g|

In-plane Out-of-plane

About Z About
o [ed ]

Stiffness Factor @ J1 [Kii]

—
Stiffness Factor @ J2 [Kjj) l— Delete
Camp-Over Factor — [Kij) [ - :

M odify

Label Kiiz Kiiz Kiiz Kiiw Kiiw Kiiw

QK | Cancel |

Figure 3-15 Nonprismatic Members dialog box

* Choose the ADD button or press ENTER. The data entered are added to the list box at the
bottom.

» Repeat the four steps above for each non-prismatic member entry you have, making sure
that no duplicate labels are entered.

* To edit an entry that has been added to the list box, select that entry from the list box,
modify its values in the text boxes, and choose the MODIFY button.

* To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

e Choose the OK button.

3.29 Define Loads

Loads can be applied to joints and members or input as joint known displacements. The loads
defined using the Define/Loads command can be applied to members only. They can be assigned
to the different members using the Analyze/Member Loads command. Joint loads are input using
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the Analyze/Joint Loads command and joint known displacements are input using the Analyze/
Known Displacements command.

From the Define menu, select Loads. The dialog box Figure 3-16 appears.

Loads g|
Label r
Tupe Intersiufw) [ b
{5 Point Load Distance from J1/Length ’7
" Distributed Load
» Mt Leed) Orientation Direction T
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oK | Cancel |

Figure 3-16 Loads dialog box
Enter a load label in the LABEL text box.

From the TYPE options group, choose a load type. Loads can be point (concentrated),
uniform, left triangle, right triangle, moment (concentrated), or temperature. The
remaining text boxes change depending on the load type selected.

From the ORIENTATION options group, choose a load orientation. Load orientation can
be local, global, or projection.

From the DIRECTION options group, choose a load direction. The direction chosen is
related to the orientation and can be X, Y, or Z.

For a POINT load, enter the load intensity and the ratio of load location from member start
joint (J1) to the member length, in the corresponding text boxes.

For a UNIFORM load, enter the load intensity, the ratio of load start location from the
member start joint (J1) to the member length, and the ratio of load length to member
length, in the corresponding text boxes.

For a RIGHT TRIANGLE load, enter the load intensity at the left, the ratio of load start
location from the member start joint (J1) to the member length, and the ratio of load length
to member length, in the corresponding text boxes.

For a LEFT TRIANGLE load, enter the load intensity at the right, the ratio of load start
location from the member start joint (J1) to the member length, and the ratio of load length
to member length, in the corresponding text boxes.
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» Fora MOMENT load, enter the load intensity and the ratio of load location from the
member start joint (J1) to the member length, in the corresponding text boxes.

* For a TEMPERATURE load, enter the distance between the two surfaces subject to
temperature change in the MEMBER THICKNESS text box and the temperature change
at the top and bottom of the member, in the corresponding text boxes.

* Choose the ADD button or press ENTER. The data entered are added to the list box at the
bottom.

» Repeat the steps above for each load entry you have, making sure that no duplicate labels
are entered.

» To edit an entry that has been added to the list box, select that entry from the list box,
modify its values in the text boxes, and choose the MODIFY button.

» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

e Choose the OK button.

3.30 Define Load Cases

Every applied load, whether a member load, joint load, or known displacement, must belong to a
load case. Load cases are defined using the Define/Load Cases command. Loads are assigned to
members and joints under the defined load cases, and the load cases are then factored and
combined.

* From the Define menu, select Load Cases. The dialog box of Figure 3-17 appears. Note
that the SELF load case is already added to the list box.

* Inthe LABEL text box, enter a load case label.

Load Cases g|

Label

Delete
HModify

DK | LCancel |

Figure 3-17 Load Cases dialog box

* Choose the ADD button or press ENTER. The data entered are added to the list box at the
right.
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3.31

Repeat the two steps above for each load case entry you have, making sure that no
duplicate labels are entered.

To edit an entry that has been added to the list box, select that entry from the list box,
modify its label in the text box, and choose the MODIFY button.

To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

Choose the OK button.

Define Joints

The first step in defining the structure geometry is inputting the joints. Joint coordinates are
defined using the Process/Joints command.

From the Process menu, select Joints. The dialog box of Figure 3-18 appears. Some text
boxes may not be available, depending on the structure type selected.

Joints

Label it

1| ™ Show Tag

®oin Yoin Zin
0 0 o

Delete

I adify

Search

sl

Label b N d Tao

oK |

Cancel |

Figure 3-18 Joints dialog box
In the LABEL text box, enter a joint label.

Enter the joint X, Y, and Z coordinates in the corresponding text boxes. Joint coordinates
are referenced in the global coordinate system.

Select or clear the SHOW TAG check box. If this option is clear, the joint will be shown or
hidden when you toggle the Hide/Show command ON or OFF, respectively. If this option
is selected (i.e., the joint is tagged), the joint will always be shown regardless of the Hide/
Show status.

Choose the ADD button or press ENTER. The data entered are added to the list box at the
bottom.
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Repeat the four steps above for each joint entry you have, making sure that no duplicate
labels are entered.

To edit an entry that has been added to the list box, select that entry from the list box,
modify its values in the text boxes, and choose the MODIFY button.

To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

Choose the OK button.

3.31.1  Generating Joints

Joints can also be generated by duplicating an already defined joint (or a group of joints) a number
of times, while incrementing its (or their) coordinates.

In the JOINTS dialog box, choose the GENERATE button (this command button will be
dimmed if no joints are input). The dialog box of Figure 3-19 appears. Some text boxes
may not be available, depending on the structure type selected.

Joint Generation E|
Frorm Jaint To Joint Quantity
1 1 I
Drelta Delka v DeltaZ
[10 [10 [10
1] 3 | Cancel |

Figure 3-19 Joint Generation dialog box
In the FROM JOINT text box, enter the label of the first joint to be copied.

In the TO JOINT text box, enter the label of the last joint to be copied. If the last joint
label is the same as the first joint label, only that joint will be affected by the copying
process.

In the QUANTITY text box, enter the number of copies to be generated.

In the DELTA X, DELTA'Y, and DELTA Z text boxes, enter the increment to be added to
the X, Y, and Z coordinates, respectively.

Choose the OK button. The generated joints are added to the list box of the JOINTS dialog
box.
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3.32 Define Fixities

All defined joints are assumed to be free to move or rotate in the direction related to their degrees
of freedom. Fixed joints (supports) are defined using the Process/Fixities command.

» From the Process menu, select Fixities. The dialog box of Figure 3-20 appears. Some
options may not be available depending on the structure type selected.

Fixities 3
Jaint List o
— Fixities i
% De Dy Dz
4 I
Delete
g Fx Ry Rz 4
r r
7 ¥ Madify
Jaint Dx Du Dz Rx Ru Rz

Ok | Cancel |

Figure 3-20 Fixities dialog box
» From the JOINT LIST list box, select the joint whose fixities you want to specify.

* In the FIXITIES options group, select the joint displacement or rotation to be fixed.

An v in a check box denotes that the displacement or rotation associated with that box is fixed. A
clear box denotes that the displacement or rotation associated with that box is free.

* Choose the ADD button or press ENTER. The data entered are added to the list box at the
bottom.

* Repeat the three steps above for each fixed joint entry you have.

» To edit an entry that has been added to the list box, select that entry from the list box,
modify its values, and choose the MODIFY button.

» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

*  Choose the OK button.
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3.33 Define Inclined Supports

All defined supports (fixed joints) are assumed to be horizontal or vertical (parallel to one of the

global axes). There are cases however, when a support is inclined. Such supports are defined using
the Process/Inclined Supports command.

* From the Process menu, select Inclined Supports. The dialog box of Figure 3-21
appears. Some options may not be available, depending on the structure type selected.

* From the FIXED JOINTS list box, select the fixed joint to be specified as an inclined
support.

* Enter the inclination angle measured clockwise between the global coordinate axis and the
rotated axis, in degrees. For two-dimensional structures, enter the X-axis rotation in the
ANGLEX text box. For three-dimensional structures, enter the X-axis and the Z-axis
rotations in the ANGLE X and ANGLE Z text boxes, respectively.

Inclined Supports P§|
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Figure 3-21 Inclined Supports dialog box
* Choose the ADD button. The data entered are added to the list box at the bottom.
* Repeat the three steps above for each inclined support entry you have.

» To edit an entry that has been added to the list box, select that entry from the list box,
modify its values, and choose the MODIFY button.

» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

e Choose the OK button.
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3.34 Define Spring Supports

You can define elastic supports (springs) using the Process/Springs Supports command. You can

specify translational (linear) springs for truss structures, and both translational and rotational
springs for frame structures.

* From the Process menu, select Spring Supports. The dialog box of Figure 3-22 appears.
Some text boxes may not be available, depending on the structure type selected.

» From the JOINT LIST list box, select the joint that you want as a spring support.

» For frame structures, enter the translational and rotational spring constants for the active
degrees of freedom (Kx, Ky, Kz, KRx, KRy, KRz) in the corresponding text boxes.

Spring Supports PZ|
Joint List kipsdin kipg-indrad
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Figure 3-22 Spring Supports dialog box

» For truss structures, enter the translational spring constants for the active degrees of
freedom (Kx, Ky, Kz) in the corresponding text boxes.

* Choose the ADD button. The data entered are added to the list box at the bottom.
* Repeat the steps above for each spring support entry you have.

» To edit an entry that has been added to the list box, select that entry from the list box,
modify its values, and choose the MODIFY button.

» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

*  Choose the OK button.
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3.35

Define Members

After defining the joints, you will be able to define the members using the Process/ Members

command.

* From the Process menu, select Members. The dialog box Figure 3-23 appears.
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Figure 3-23 Members dialog box
In the LABEL text box, enter a member label.

Enter the start joint of the member by either typing its label in the START J1 text box, or
by selecting it from the START J1 list box.

Enter the end joint of the member by either typing its label in the END J2 text box, or by
selecting it from the END J2 list box.

If the member is to be considered a tension-only member, select the TENSION
ELEMENT check-box option.

Select or clear the SHOW TAG option. If the option is clear, the member will be shown or
hidden when you toggle the Hide/Show command ON or OFF, respectively. If the option
is selected (i.e., the member is tagged), the member will always be shown regardless of the
Hide/Show status.

Choose the ADD button or press ENTER. The data entered are added to the list box at the
bottom.

Repeat the steps above for each member entry you have, making sure that no duplicate
labels are entered.

To edit an entry that has already been added to the list box, select that entry from the list
box, modify its values in the text boxes, and choose the MODIFY button.
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» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

* Choose OK when done.
3.35.1  Generating Members

Members can be generated by duplicating an already defined member or a group of members, a
number of times, while incrementing its or their start and end joints.

* In the MEMBERS dialog box, choose the GENERATE button (this command button will
be dimmed if no members are input). The dialog box of Figure 3-24 appears.

* In the FROM MEMBER text box, enter the label of the first member to be copied.

» Inthe TO MEMBER text box, enter the label of the last member to be copied. If the last
member label is the same as the first member label, only that member will be affected by
the copying process.

Member, Generation P§|

From Member To Member
[

Delta J1 DeltaJ2

1 1

Quantity 1

ak | Cancel |

Figure 3-24 Member Generation dialog box

» Enter the increment to be added to the start joint and end joint of each specified member,
in the DELTA J1 and DELTA J2 text boxes, respectively.

* Inthe QUANTITY text box, enter the number of copies to be generated.

* Choose the OK button. The generated members are added to the list box of the
MEMBERS dialog box.

3.36 Assign Member Types

Material, section, non-prismatic member, and orientation angle member assignments are globally
defined using the values entered in the DEFINE/DEFAULTS dialog box. Members that do not
have DEFAULT material, DEFAULT section, DEFAULT nonprismatic member, and DEFAULT
orientation angle assignments can be assigned their properties using the Process/Member Types
command.
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» From the Process menu, select Member Types. The dialog box Figure 3-25 appears.
Some options may not be available, depending on the structure type selected.

» From each of the MATERIAL TYPE, SECTION TYPE, and NONPRISMATIC
MEMBER dropdown list boxes, select a material type, section type, and nonprismatic
member to be assigned.

* In the ORIENTATION ANGLE text box, enter the member orientation angle (in degrees)
if other than zero.

* From the MEMBER LIST list box, select the member to assign the selected properties for.
* Choose the ADD button. The selected member is added to the list box at the bottom.
» Repeat the four steps above for each member type entry you have.

» To edit an entry that has been added to the list box, select that entry from the list box,
modify its values, and choose the MODIFY button.

Member Types ]
tember List
Material Type - v A Add
Section Type ,m i
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Figure 3-25 Member Types dialog box

» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

*  Choose the OK button.

3.37 Define Partial Releases

All frame members are assumed to have full fixity at their ends. To define hinged or partially fixed
member ends, use the Process/Partial Releases command. This command is available for frame
structures only.

* From the Process menu, select Partial Releases. The dialog box of Figure 3-26 appears.
Some options may not be available depending on the structure type selected.
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» From the MEMBER LIST list box, select the member to specify partial releases at its

ends.
Partial Releases gl
Member List
In-plane Out-of-plane
2 About Z About QAdd
3
g Wi T i Delete
B vi | Jo i
7 ¥ Moy

Wi

Cancel |

Figure 3-26 Partial Releases dialog box

In the corresponding text boxes, enter the partial release factors at the member start and
end joints, Vi and V] respectively, about the local z axis and, for 3-D frame structures only,
about the local y axis. The values input must be between 0 and 100, where 0 represents a
fixed end, 100 represents a hinged end, and any value in between represents the amount of

moment to be released.

* Choose the ADD button. The data entered are added to the list box at the bottom.

» Repeat the three steps above for each partial release entry you have.

» To edit an entry that has been added to the list box, select that entry from the list box,

modify its values, and choose the MODIFY button.

» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

e Choose the OK button.

3.38

Define Shear Corrections

By default, shear deformations are not included in computing a member deformation. To include
shear deformations for a member, use the Process/Shear Corrections command. This command

is available for frame members only.

* From the Process menu, select Shear Corrections. The dialog box of Figure 3-27

appears.
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3.39
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Figure 3-27 Shear Corrections dialog box
From the MEMBER LIST list box, select the member to input a shape factor for.

In the SHAPE FACTOR text box, enter the shape factor. The value entered must be
between 0.1 and 10.

Choose the ADD button. The data entered are added to the list box at the bottom.
Repeat the three steps above for each shear correction entry you have.

To edit an entry that has been added to the list box, select that entry from the list box,
modify its value, and choose the MODIFY button.

To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

Choose the OK button.

Define Rigid-end Offsets

By default, the member length used in stiffness computations is the start joint-to-end joint length
(center-to-center length). To account for the finite-support width and force the program to use the
clear member length, use the Process/Rigid-end Offsets command to assign a half-support width
at a member end. The member is assumed to be rigid within that width. This command is available
for frame structures only.

From the Process menu, select Rigid-end Offsets. The dialog box Figure 3-28 appears.
From the MEMBER LIST list box, select the member to input rigid-end offsets for.

Enter the support half width at the member start joint and end joint, Di and Dj,
respectively, in the corresponding text boxes.
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* Choose the ADD button. The data entered are added to the list box at the bottom.
* Repeat the three steps above for each rigid-end offset entry you have.

» To edit an entry that has been added to the list box, select that entry from the list box,
modify its values, and choose the MODIFY button.

» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

e  Choose the OK button.

Rigid-end Offsets X
Member List
2 25 Di in Add |
J |
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Delete
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Figure 3-28 Rigid-end Offsets dialog box

3.40 Define Rigid Diaphragms

Use the Process/Rigid Diaphragms command to assign a rigid diaphragm (slab) to all or selected
horizontal members (beams) sharing the same elevation (Y coordinate). The rigid diaphragm is
assumed to be infinitely stiff in its own plane (XZ plane). This command is available for frame
structures only.

* From the Process menu, select Rigid Diaphragms. The dialog box of Figure 3-29
appears. spFrame automatically sorts the already defined members and groups all
horizontal members that have the same Y coordinate into defined elevations. These
elevations are shown in the ELEVATION drop-down list.

* From the ELEVATION drop-down list, select the elevation (level) at which you want to
specify a rigid diaphragm (slab). The horizontal members belonging to that level are
shown in the MEMBER LIST list box below it.
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» To attach a horizontal member to a rigid diaphragm at the selected elevation, select that
member from the MEMBER LIST list box, and choose the ADD button. The member is
added to the SELECTED MEMBERS list box.

* To remove a horizontal member that has already been attached to a diaphragm from that
diaphragm, select the member from the MEMBER LIST list box, and choose the
DELETE button. The member is removed from the SELECTED MEMBERS list box.

Rigid Diaphragm 3

Elevation
>
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g Add

g Delete
Include Al
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Ok | Cancel |

Figure 3-29 Rigid Diaphragm dialog box

» To attach all the horizontal members at the selected elevation to a rigid diaphragm, choose
the INCLUDE ALL button. The members appear in the SELECTED MEMBERS list box.

» To remove all horizontal members that have already been attached to a diaphragm from
that diaphragm, choose the REMOVE ALL button. The members are removed from the
SELECTED MEMBERS list box.

*  Choose the OK button.

3.41 Define Member Groups

The analysis results under the different load combinations are output, along with the results
envelopes, for each defined member. Using the Process/Member Group command, you can
group several members together and get the maximum and minimum results of all these members
under all loading combinations. Typical member groups can be columns of the same tributary area
at the same level or beams of equal spans and loading. Envelope results provide you with a
summary of member results to be used in designing the members of the same group.

* From the Process menu, select Member Group. The dialog box of Figure 3-30 appears.
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Figure 3-30 Member Group dialog box
In the LABEL text box, enter a group label.

Select or clear the CONFIRM LENGTH check box. If this option is selected, the program
checks all selected members to make sure that they have the same length. If you clear this
option, be very careful in selecting the grouped members. If you select members of
different length to be in one group, the group results can be misleading since the output
results will not be compared at the same location along a member length.

From the MEMBER LIST list box, select the member that you want to add to the group.

Choose the INCLUDE button. The member is added to the SELECTED MEMBERS list
box. Note that if you select members with different lengths and the CONFIRM LENGTH

option is ON, only the members with the same length as the first selected member are
added.

Repeat the steps above until all members that you want to group are in the SELECTED
MEMBERS list box. If you added a member to the SELECTED MEMBERS list box by
mistake, delete that member by selecting it in the list box and choose the REMOVE
button.

Choose the ADD button. The group just defined is added to the list box at the bottom.
Repeat the steps above for each group that you have.

To edit a group that has already been added to the list box, select that group from the list
box, edit its label or selected members, and choose the MODIFY button.

To remove a group that has already been added to the list box, select that group from the
list box and choose the DELETE button.

02Choose the OK button.
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3.42 Apply Member Loads

The loads defined using the Define/Loads command can be assigned to the members using the
Analyze/Member Loads command. This command will be available after members, loads, and
load cases are defined.

* From the Analyze menu, select Member Loads. The dialog box of Figure 3-31 appears.
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Figure 3-31 Member Loads dialog box

* From the LOAD CASE drop-down list, select a load case under which the loads are to be
applied to the members.

*  From the LOAD LIST list box,
» select the load to be applied.
* Choose the INCLUDE button. The load is added to the SELECTED LOADS list box.

*  You can apply more than one load on a member, and a load can be applied more than once
on a member. To do so, repeat the two steps above until all the loads are in the
SELECTED LOADS list box. If you added a load to the SELECTED LOADS list box by
mistake, delete that load by selecting it in the list box and choose the REMOVE button.

*  From the MEMBER LIST list box, select the member that you want to apply the load(s)
to.

* Choose the ADD button. The member appears in the LOADED MEMBERS list box.

» Repeat the five steps above for each member load entry you have. To define member loads
under another load case, repeat the six steps above.
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To edit a member load assignment that has already been added to the LOADED
MEMBERS list box, select that member from the list box, edit its assignment, and choose
the MODIFY button.

To remove a member load assignment that has already been added to the LOADED
MEMBERS list box, select that member from the list box and choose the DELETE button.

Choose the OK button.

3.43 Apply Joint Loads

Applied joint loads (forces and moments) can be assigned to the defined joints using the Analyze/
Joint Loads command. This command will be available after joints and load cases are defined.

From the Analyze menu, select Joint Loads. The dialog box of Figure 3-32 appears.
Some text boxes may not be available depending on the structure type selected.

From the LOAD CASE drop-down list, select a load case under which the joint loads
should be considered.

In the FX, FY, FZ, MX, MY, and MZ text boxes, enter the applicable forces and moments
(referenced in the global coordinate system).

From the JOINT LIST list box, select the joint at which to apply the load(s).
Choose the ADD button. The data entered are added to the list box at the bottom.

Repeat the three steps above for each joint-load entry you have. To input joint loads under
another load case, repeat the four steps above.

To edit an entry that has been added to the list box, select that entry from the list box,
modify its values, and choose the MODIFY button.
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Figure 3-32 Joint Loads dialog box
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» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

*  Choose the OK button.

3.44 Apply Known Displacements

Prescribed joint displacements, such as support settlements, incorrect tolerances, etc., can be
defined using the Analyze/Known Displacements command. This command will be available
after joints and load cases are defined.

* From the Analyze menu, select Known Displacements. The dialog box of Figure 3-33
appears. Some text boxes may not be available depending on the structure type selected.
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Figure 3-33 Known Displacements dialog box

* From the LOAD CASE drop-down list, select a load case under which the known
displacements should be considered.

« Inthe DX, DY, DZ, RX, RY, and RZ text boxes, enter the applicable joint displacements
and rotations (referenced in the global coordinate system).

* From the JOINT LIST list box, select the joint at which the displacements and rotations
occur.

* Choose the ADD button. The data entered are added to the list box at the bottom.
* Repeat the steps above for each joint known displacement entry you have.

» To edit an entry that has been added to the list box, select that entry from the list box,
modify its values, and choose the MODIFY button.

* To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.
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*  Choose the OK button.

3.45 Include Self Loads

By default, member self weight is not included in the applied loads. However, you may include the
self weight of all or just selected members using the Assign/Self Loads command. The member
self weight is automatically computed and included in the SELF load case.

» From the Assign menu, choose Self Loads. The dialog box of Figure 3-34 appears
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Figure 3-34 Self Loads dialog box

* From the MEMBER LIST list box, select the member whose self weight the program
should calculate and include in the analysis.

* Choose the ADD button. The selected member is added to the list box at the bottom.

The list box also shows the intensity (force per unit length) of each selected member. Intensity is
equal to the cross-sectional area of the member times its material density.

* To include all members, select the SELECT ALL check box option. All members are
added to the list box at the bottom.

» To remove an entry that has already been added to the list box, select that entry from the
list box and choose the DELETE button.

*  Choose the OK button.
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3.46 Define Load Combinations

The defined load cases can be factored and combined under different combinations using the
Analyze/Load Combinations command. You do not have to define the load combinations before
you instruct the program to start solving the problem. However, the local processing will be
performed and the final results will be presented for the defined load combinations only.

* From the Analyze menu, select Load Combinations. The dialog box of Figure 3-35
appears.

3.46.1 To Add a Load Combination

* Inthe LABEL text box, enter a load combination label.

* From the LOAD CASE list box, select a load case to be factored and included in the
combination.

* Enter a load factor in the FACTOR text box. The selected load case(s) will be multiplied
by this factor.

* Choose the INCLUDE button. The resulting factored load case is added to the
FACTORED CASES list box.

* Repeat the three steps above until you define all the factored load cases to be included in
the combination.

e Choose the ADD button. The new load combination and the number of cases included in it
are added to the list box at the bottom.
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Figure 3-35 Load Combinations dialog box
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3.46.2 To Modify a Load Combination

* From the list box at the bottom, select the load combination to be modified. The
corresponding factored cases are displayed in the FACTORED CASES list box.

» To change the load combination label, edit it in the LABEL text box.

» To change a defined factored load case, select it from the FACTORED CASES list box,
edit the load factor in the FACTOR text box, and choose the INCLUDE button.

» To delete a defined factored load case, select it from the FACTORED CASES list box and
choose the REMOVE button.

e Choose the MODIFY button.

3.46.3 To Delete a Load Combination

* From the list box at the bottom, select the load combination to be deleted.
* Choose the DELETE button. The load combination is removed from the list box.

* Choose the OK button when done.

3.47 Solve Model

After inputting the model geometry and defining the loads, the solution process can be started.
From the Analyze menu, select Solve. The dialog box of Figure 3-36 appears. In the dialog box
you may choose between several options.

Solve Options fgl
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Figure 3-36 Solve Options dialog box
3.47.1 Stiffness Matrix

Selecting this option instructs the solver to calculate the member stiffness matrices as well as the
global stiffness matrix of the entire structure. This option must be selected if solving the problem
for the first time or if, after solving the problem, joints, members, or their assignments and
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definitions have been edited. However, if, after solving the problem, loads or load combinations
are changed, the option need not be selected since the stiffness matrix will not be affected by the
changes.

3.47.2 Forces and Displacements

This option instructs the solver to calculate the load and displacement matrices. Joint
displacements and reactions, along with the member end forces, will be computed as well.

3.47.3 Save Matrices

This option instructs the program to save the matrices on disk. spFrame keeps all input data and
solution results in memory (if possible) for fast execution and presentation. The size of a data file
containing the stiffness matrices can be very large. You have to make sure that you have enough
room on your disk to store it.

If the geometry, joint, member properties, and definitions of the model do not change, and the
matrices were saved at run time, you can solve the structure at a future time, under a different set
of loads or load combinations, by selecting the FORCES & DISPLACEMENTS option. This
reduces the amount of time needed to solve the problem significantly.

3.47.4 Solution

FIRST ORDER option is the only available choice when executing the solver for the first time for
a particular problem. Second order calculations require certain values from the first order solution.
Therefore, to include the P-A effects or solve for tension members, the problem must be solved
with the FIRST ORDER option first, then solved again with the SECOND ORDER option.

* In the SECOND ORDER option, P-A EFFECTS and/or TENSION MEMBERS option
may be selected.

3.47.5 Optimize
» To optimize the solution and minimize the bandwidth, choose the OPTIMIZE button. The
dialog of Figure 3-37 appears.

* Select the AUTOMATIC option to let the program calculate the starting joint for
optimization.
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Figure 3-37 Optimize Bandwidth dialog box

* Clear the AUTOMATIC option to input an optimization starting joint in the corresponding
text box.

* Choose the START button to start the optimization process. The resulting bandwidth is
displayed.
* Choose the OK button to accept the optimization, or CANCEL otherwise.

Note that joint renumbering due to optimization is internal and does not affect the defined joint
labels.

3.47.6 Solve

» After selecting the solver options, choose SOLVE. The spFrame program minimizes to an
icon and the spFrame Solver window (shown in Figure 3-38) is displayed. The status box
displays messages about the solution process and its progress. Should any errors or
instabilities be encountered, they are also displayed. You can scroll through the messages
displayed using the scroll bars at the side of the Solver window.

* To pause the solution process, choose the SUSPEND button. Your can then choose to
cancel the solution process or continue by choosing the corresponding command button.

spFrame Solver E|
File Mame DEMO1.FRM
Status
8/
43 x 30D0OF ~

Resultant Forces calculated successfully
Displacements calculated successfully

Result - Finished

|| Elapsed Time 00:00:01

Figure 3-38 spFrame Solver Window

When the solver is done, choose the CLOSE button to start the LOCAL PROCESS. LOCAL
PROCESS will process all elements and close automatically.
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3.48 View Joint Results

Analyze/Joint Results command allows you to view joint displacements and rotations as well as
member end forces and moments. Joint displacements and rotations are referenced in the global
coordinate system and member end forces are referenced in the local coordinate system.

From the Analyze menu, select Joint Results. The box of Figure 3-39 appears.

From the COMBINATION drop-down list, select the load combination whose results are
to be displayed.

From the OPTIONS drop-down list, select joint displacements (Dx, Dy, and Dz), joint
rotations (Rx, Ry, and Rz), end forces (Fx, Fy, and Fz), or end moments (Mx, My, Mz).

From the FORMAT drop-down list, specify the format to present the numerical values—
general, exponential (scientific), or floating point format.

Joint Results fg
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Options Joirt Displacements  » Format 12 4e right -
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0.0000e+000 0.0000e+000 0.0000e+000
0.0000e+000 0.0000e+000 0.0000e+000
0.0000e+000 0.0000e-+000 0.0000e+000
0.0000e+000 0.0000e-+000 0.0000e+000
5.0504.-004 -4.8845e-003 5.0504.-004
-5.0504e-004 -4.8845e-003 5.0504.-004
5.0504e-004 -4.8845e-002 5.0504e-004
5.0504s-004 -4.8845e-003 -5.05045-004

00~ 00 L7 g 00 B =

Figure 3-39 Joint Results list box

Use the scroll bars on the side of the list box, or the keyboard direction keys, to scroll
through the list.

To exit, choose CLOSE from the Control-menu box of the box, press ENTER, or press
ALT+F4.

3.49 View Support Reactions

Analyze/Support Reactions command allows you to view the applicable support reactions—
forces (Fx, Fy, and Fz) and moments (Mx, My, and Mz). These results are referenced in the global
coordinate system.

From the Analyze menu, select Support Reactions. The box of Figure 3-40 appears.
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From the COMBINATION drop-down list, select the load combination whose results are
to be displayed.

From the FORMAT drop-down list, specify the format to present the numerical values—
general, exponential (scientific), or floating point format.

Use the scroll bars on the side of the list box, or the keyboard direction keys, to scroll
through the list.

To exit, choose Close from the Control-menu box of the box, press ENTER, or press
ALT+F4.

Support Reactions g|
Combination | LEEI(EE3S] -

Farmat 12 4eright -

Joints Fulkipz] Fylkips] Fzlkips] M[kips-ft] Myikipz-ft) Mz[kips-ft]
Fixed joints

1 22662e+000 1.470e+002 3.3097e+000 1.9973e+001 -3.8617e-002 -1.3665e+001
2 13360015 2.8992e+002 6£.9274e+000 4.22432+001 -3.1997e-014 502572014
3 -2.2662e+000 1.4701e+002 3.3097e+000 1.95973=+001 3.8617e-002 1.3665e+001
4 2.4198e+000 2 E586e+002 -7.138%-017 -5.8111eME 29111016 -1.4592e+001
5 96138017 37102e+002 3.8541e016 359922015 -8.7535e-016 -9.2061e-016
E -2.4198e+000 26586=+002 1.4926=-015 1.3617=-014 -5.9405e-016 1.4592e+001
7 2.26622+000 1.4701e+002 -3.30972+000 -1.9973=+001 386172002 -1.36E5e+001
g 51137015 2.8992e+002 -6.9274=+000 -4.22492+001 -3.4088e-014  1.217%-013
| -2 2662e+000 1.4701e+002 -3.3097=+000 -1.9973=+001 -3.8617e-002 1.3665e+001
External 0.0000e+000 -2.0706e+003 0.0000e+000 4.9694e+004 0.0000e+000 -4.1412e+004
Internal 0.0000e+000 2.0706e+003 4.7684e-007 -4.9694e+004 1.9073e-008 4.1412e+004

Figure 3-40 Support Reactions list box

3.50 View/Print Member Results

Analyze/Member Results command allows you to view and/or print member local results in
graphical or text format.

From the Analyze menu, select Member Results. The box of Figure 3-41 appears.
From the MEMBER LIST list box, select a member.

From the LOAD COMBINATIONS drop-down list, select the load combination whose
results are to be displayed.

From the RESULT OPTIONS drop-down list, select one of the applicable results to
display. Choices are in-plane shear (Fy), in-plane moment (Mz), in-plane deflection (dy),
axial force (Fx), out-of-plane shear (Fz), out-of-plane moment (My), out-of-plane
deflection (dz), and torsion (Mx). These results are referenced in the member local
coordinate system.

A graphical plot of the result option is shown. The horizontal axis represents the member
length with the member start joint (J1) being on the left and the member end joint (J2) on
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the right. The vertical axis represents the result option selected. Also shown on the graph
are the minimum and maximum values of the result option along with the member length.

Member, Results

2
3
4

Member List

Load Combinations
-~
1.4{0+L) -

| Result Options

Deflect In-plane, dy

Max 0.0285 in Length = 18.00 ft

I S

: e e

1 - e

I b \\

1 b
Lo 5
|

1

1

1

1

1

i ‘
HMin 0

Walues... | Summary... | Frint. .. | Close |

Figure 3-41 Member Results dialog box

Values Choosing the VALUES button displays a list box (shown in Figure 3-42) that shows the
numerical values of all the applicable results options. Results are computed at 100 locations along
a member length. The Offset % in the title refers to the ratio of the result location from joint J1 to
the member length in percentage. The VALUES list box is resizable and movable.

Use the vertical and horizontal scroll bars (or the PGUP, PGDN, UP, DOWN, LEFT, and RIGHT
ARROW keys) to scroll through the list. Choose CLOSE from the Control menu box of the list
box or press ALT+F4 to exit when done. Note that if you select another member in the MEMBER
LIST list box of the MEMBER RESULTS dialog box, the values list is updated to show the

selected member results.

I Values Along Member, 1

Offzet % Fx
0 147
1 147
2 147
3 147
4 147
5 147
B 147
7 147
g 147
9 147
10 147
1k 147
12 147
13 147
14 147
b

Fz x
231 -0.0633
331 -0.0633
331 -0.0633
331 -0.0633
231 -0.0633
331 -0.0633
331 -0.0633
331 -0.0633
33 -0.0633
33 -0.0633
3.3 -0.0633
3.3 -0.0633
3.3 -0.0633
231 -0.0633
| N NR33

[ (=0E3

-~

Figure 3-42 Member Results Values list box
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3.50.1 Summary

Choosing the SUMMARY button displays a summary of the member information (Figure 3-43).
The summary includes member definitions and assignments, member end forces and moments,
minimum and maximum values of the member forces, and moments and deflections along with
their corresponding locations (from the member start joint, J1). The SUMMARY list box is re-
sizable and movable.

B Member Summary - Member 1 Load Combination; 1.... |._|[E|E|
-~
Properties:
Jaint[i): 1 at 0.00 0.00 0.00
Jaint(j: 10 at 0.00 18.00 0.00
Length = 18,000 ft Angle Beta=0Deg
Material: Default Section: Default MonPris: Def:
Diaphragm: Mone Group: Hone
End Results: [ kipz | kips-ft ]
Force at Joint(i] at Joint(j] I oment at Joint{i] at Joint{j]
Fx 147 147 LB -0.0386 0.0386
Fy 2.27 227 ki 20 396
Fz 33 pckeil Mz 137 271
Forces: [ kips ]
Tupe b aximuim Laocation Minirmum Laocation v

Figure 3-43 Member Summary list box

Use the vertical and horizontal scroll bars (or the PGUP, PGDN, UP, DOWN, LEFT, and RIGHT
ARROW keys) to scroll through the list. Choose CLOSE from the Control menu box of the list
box or press ALT+F4 to exit when done. Note that if you select another member in the MEMBER
LIST list box of the MEMBER RESULTS dialog box, the summary list box is updated to show the
selected member results

3.50.2 Print

Choosing the PRINT button displays the dialog box of Figure 3-44. You can print selected
diagrams of the applicable result options (in-plane and out-of-plane moment, shear, deflection,
axial force, or torsion), their segmental values (at 21 locations along the member length), and a
summary of the member data. Choose OK to start printing or CANCEL to abort. The output is
directed to the active printer.
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Print Options
Diagrams
¥ Shear In-plane, Fy
v Mament In-plane, Mz

v Deflect In-plane, dy

v &xial Force, Fx

v Summary

v Walues

(x)

[ Shear Out-of-plane, Fz
[ Moment Dut-of-plane, My

™ Deflect Out-of-plane, dz

[ Torsion, Mx

Figure 3-44 Print Options dialog box

3.51 View/Print Result Envelopes

Analyze/Envelopes command allows you to view and print the envelope values of member local

results in graphical and text format. Envelope results represent the minimum and maximum values
of all defined load combinations.

* From the MEMBER LIST list box, select a member.

From the Analyze menu, select Envelopes. The dialog box of Figure 3-45 appears.

From the OPTIONS drop-down list, select one of the applicable results to display. Choices

are in-plane shear (Fy), in-plane moment (Mz), axial force (Fx), out-ofplane shear (Fz),

out-of-plane moment (My), and torsional moment (Mx). These results are referenced in
the member local coordinate system.

Envelopes

T AT L0 T

tember List Options

Max 27.1 kips-ft

Length =18.00 ft

\
)
\

Min -13.7

Figure 3-45 Envelopes dialog box

The graphical plot of the result option is shown in two different colors representing the

minimum and maximum values. The horizontal axis of the graph represents the member
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length with the member start joint (J1) being on the left and the member end joint (J2) on
the right. The vertical axis represents the result option selected. Also shown on the graph
are the minimum and maximum values of the result option along with the member length.

3.51.1 Values

Choosing the VALUES button displays a list box (shown in Figure 3-46) that shows the numerical
values of all the applicable results options. Results are computed at 100 locations along a member
length. The Offset% in the title refers to the ratio of the result location from joint J1 to the member
length in percentage. The VALUES list box is re-sizable and movable.

M Envelope Yalues |._|[E|E|

ENVELOPE RESULT OF ALL COMEINATIONS ~

Member 1 From 1 To 10

Shear Unit < kips

M arment it : kips-ft

Offset % Shear [Max] Shear [min] Moment [max) M oment [min)
In-plane In-plane In-plane In-plarne

1] 0.435 227 437 137

1 0.435 227 483 133

2 0.435 2.27 481 128

3 0.435 227 473 12.4

4 0.435 227 466 12

5 0.435 2.27 458 1.6

g 0.435 2.27 45 11.2 2

7 a3k 2 97 447 anga

< ¥

Figure 3-46 Envelope Values list box

Use the vertical and horizontal scroll bars (or the PGUP, PGDN, UP, DOWN, LEFT, and RIGHT
ARROW keys) to scroll through the list. Choose CLOSE from the Control menu box of the list
box, or press ALT+F4 to exit when done. Note that if you select another member in the MEMBER
LIST list box of the ENVELOPES dialog box, the values list is updated to show the selected
member results.

3.51.2 Print

Choosing the PRINT button displays the dialog box of Figure 3-47. You may print selected

diagrams of the applicable result options (in-plane and out-of-plane moment and shear, axial
force, or torsion) as well as their segmental values (at 11 locations along the member length).
Choose OK to start printing or CANCEL to abort. The output is directed to the active printer.

3.52 View Group Results

Analyze/Group Results command allows you to view and/or print the results for the member
groups (defined using the Process/Member Group command) in graphical and text format. Group
results represent the minimum and maximum values of all grouped members under all defined
load combinations (i.e. envelope of envelopes).
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3.53

From the Analyze menu, select Group Results. The dialog box of Figure 3-47 appears.
From the GROUP LIST list box, select a group.

From the OPTIONS drop-down list, select one of the applicable results to display. Choices
are in-plane shear (Fy), in-plane moment (Mz), axial force (Fx), out-of plane shear (Fz),
out-of-plane moment (My), and torsional moment (Mx). These results are referenced in
the member local coordinate system.

The graphical plot of the result option is shown in two different colors representing the
minimum and maximum values. The horizontal axis of the graph represents the member
length with the member start joint (J1) being on the left and the member end joint (J2) on
the right. The vertical axis represents the result option selected. Also shown on the graph,
the minimum and maximum values of the result option.

Print Options g|

Diagrams

I™ Shear In-plane, Fy [ Shear Out-of-plane, Fz
™ Moment In-plane, Mz [ Maoment Out-af-plane, My
[ Asial Force, Fa [ Torsion, Mx

[~ Walues 0K | Cancel |

Figure 3-47 Print Options dialog box

Define Zoom Command

Show/Zoom command enables you to enlarge or reduce the image of the model in the Graphics
window. It allows you to look at a detail of the model. This command is used for display purposes
only and does not affect the model geometry.

From the Show menu, choose Zoom. Note that this command stays in effect until you
clear it.

3.53.1 Using the mouse

To zoom in (enlarge), using the left-mouse button, marquee select a portion of the
graphical image. The selected area occupies the entire Graphics area.

To zoom out (reduce), using the right-mouse button, marquee select a portion of the
graphical image. The viewport is adjusted in proportion to the selected area to the
Graphics area.
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3.53.2 Using the keyboard

* Use the CTRL+PGUP to zoom in and CTRL+PGDN to zoom out. To move the viewport
left, right, up, or down, press CTRL+LEFT, CTRL+RIGHT, CTRL+UP, or
CTRL+DOWN, respectively. These keyboard assignments are always active, regardless
of the Zoom command status.

3.53.3 To reset the zoom

» To reset the display to its original scale, choose the Show/Reset command.

3.54 Rotate Graphical Image

Show/Rotate command enables you to rotate the displayed image so that you may look at the
model from a different viewpoint. This command works closely with the axis orientation box
located at the top of the Tool bar. This command is used for display purposes only and does not
affect the model geometry.

* From the Show menu, select Rotate. Note that this command stays in effect until you
clear it.

3.54.1 Using the mouse

* Click and hold the left-mouse button. Drag the mouse in any direction while holding the
left button. Notice the rotation of the axis orientation box in the Tool bar. Its position
represents the position of the model as soon as you release the left-mouse button.

3.54.2 Using the keyboard

* Use the UP, DOWN, LEFT, or RIGHT ARROW keys to rotate the model. Press the +
(plus) key to increase the rotation increment or the - (minus) key to decrease it. These
keyboard assignments are always active, regardless of the Rotate command status.

3.54.3 To reset the rotation

» To reset the rotation to its default orientation, select the Show/Reset command.

3.55 Translate Graphical Image

Show/Translate command enables you to move the displayed image around the screen. Image
translation is a linear movement of the viewport. This command is used for display purposes only
and does not affect the model geometry.
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* From the Show menu, select Translate. Note that this command stays in effect until you
clear it.

3.55.1 Using the mouse

* Click and hold the left-mouse button. As you drag the cursor around the Graphics area, a
line representing the new relative location of the viewport appears. Translation is made
when you release the left-mouse button.

3.55.2 Using the keyboard

* Use the CTRL+UP, CTRL+DOWN, CTRL+LEFT ARROW, or CTRL+RIGHT ARROW
key combination to move the viewport up, down, left, or right, respectively. Press
CTRL++ (CTRL and the plus key) to increase the translation increment or CTRL+-
(CTRL and the minus key) to decrease it. These keyboard assignments are always active,
regardless of the Translate command status.

3.55.3 To reset translation

» To reset the translation to its default position, select the Show/Reset command.

3.56 View Stereoscopic Mode

Show/Stereo command switches the display to 3-D Stereoscopic mode. The special blue-red
filtering glasses provided with the program package are needed for this feature. The Stereo
command works on a color monitor only.

In complex models, the orientation of the image on the screen may be difficult to visualize. Using
the filtering glasses, you will be able to distinguish between the lines in the foreground and those
in the background.

* From the Show menu, select Stereo.

* Rotate the model slightly from its default orientation and focus on one point within the
model for a duration of 10 to 20 seconds.

* As you rotate the model, you will be able to detect the 3-D effect.

» To cancel the 3-D Stereoscopic mode and return to normal viewing mode, select the
Stereo command from the Show menu.
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3.57 Define Reset Command

Show/Reset command enables you to return the displayed image to its original settings after a
zoom, rotation, or translation. The command resets the functions of the Zoom, Rotate, or Translate
commands, whichever is active. However, the keyboard assignments associated with these
commands are always active.

3.58 Define Freeze/Thaw Command

Show/Freeze/Thaw command enables you to temporarily freeze the graphic image generation.
Selecting the command for the first time resets the image and causes the generation of joints and
members only. It is generally used when the display generation time is too long and you want to
change some display settings (e.g. orientation) without waiting for the whole model display to be
completed.

* From the Show menu, select Freeze/Thaw. Any display generation that is taking effect
stops and only the joints and members of the model are redrawn.

» To reset the display or thaw it, select the command again. The model, with whatever
settings selected, are redrawn. You can toggle the command between freeze and thaw
actions as often as you like.

3.59 View Selected Graphical Image

Show/Select command enables you to select and tag part of the model to be displayed (rather than
displaying the whole model). This command works in conjunction with the Show/Hide/Show
command. It is generally used when you have a model with a large number of members.
Superimposing the shear or moment diagrams on such a model makes the display very crowded
and unclear. In this case, using the Select command, select a portion of the model by tagging the
members of interest to you, then use the Show/Hide command to show this portion and hide the
rest of the model.

» From the Show menu, select Select. Once the command is active, the displayed model is
grayed (or shown as dotted lines).

* To tag a single member, click the left-mouse button on that member. Notice that the
member is redrawn using solid lines.

* To tag a group of members, marquee select them. Only members fully enclosed in the
marquee will be selected. Selected members are shown in solid lines.
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* To un-tag a member or a group of members, use one of the two procedures described
above using the right-mouse button. The un-tagged members are redrawn using grayed
lines.

» Using the keyboard, tag joints and members while defining them using the Process/Joints
and Process/Members commands.

Once you tag a portion of the model, you may hide or show the rest of it by using the Hide/Show
command.

*  From the Show menu, select Hide/Show.

» All un-tagged members and joints are removed from the display, and only the tagged
portion of the model is displayed with the current settings.

» To display the whole model, select the Hide/Show command again.

3.60 Define Preferences Command

Show/Preferences command enables you to select the information to be shown on the graphical
image. By default, joints are shown as small squares and members are shown as solid lines. You
can however select to display the joint numbers (labels), member numbers (labels), support
fixities, and member orientation. Joints, members, and fixities colors can be changed from the
Options/Color command.

*  From the Show menu, select Preferences. The dialog box of Figure 3-48 appears.

* Select the check-box options you wish to display or clear the unwanted options. Your
choices are JOINTS, MEMBER LABELS, FIXITIES, and ORIENTATION.

Preferences §|

v Joints
* Square
" Label

[~ Member Labels
[ Fisities

[~ Orientation

Cancel

Figure 3-48 Preferences dialog box

3.60.1 Joint Numbers

» If selected, you may choose to show joint labels or show joints as small squares by
selecting the corresponding option button.
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3.60.2 Member Number

» If selected, member labels are placed at the center of each member.

3.60.3 Fixities

» If selected, three short lines denoting the global axes are drawn at each fixed joint. A
translational fixity along an axis is represented by a cross at the end of the line
representing that axis. A rotational fixity about an axis is shown as a cross in the middle of
the line representing that axis.

3.60.4 Orientation

» Ifselected, member orientation is shown as a simulated box section extending along the
member length. In 3-D orientation, you are able to see three sides of the orientation box,
each with a different color. The two sides parallel to the member centerline represent the
planes perpendicular to the minor (local y) and major (local z) axes of the members and
their colors are light green and dark green, respectively.

*  Choose the OK button.

3.61 Superimpose Loads on Graphical Image

Show/Load Diagrams command enables you to superimpose defined member and joint applied
loads on the model. The scale used to display the loads is set to a predetermined value. This may
cause the loads to be shown too small or too large with respect to the model. In such a case you
should adjust the scale to suit your viewing needs.

* From the Show menu, select Load Diagrams. The dialog box of Figure 3-49 appears.

Load Diagrams rz|
Load Case

=
[™ Paint Loads

Factor: |0

I Distributed Loads

Factar : lﬂi
Cancel

Figure 3-49 Load Diagrams dialog box

*  From the LOAD CASE drop-down list box, select the load case whose loads are to be
displayed.
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» Select the type of load you want displayed, point loads or uniform loads by selecting the
corresponding check-box option.

» For each option selected, input a factor to be used in scaling the displayed loads. Input the
factor in the FACTOR text box.

e Choose the OK button.

Point and uniform loads are displayed in different colors. Load colors can be changed from the
Options/Color command.

3.62 Superimpose Results on Graphical Image

Show/Result Diagrams command enables you to superimpose the results of a successful analysis
on the model. Since the results values are relative, a scaling factor must be input. If the scaling
factor is assigned a zero value, the program calculates it automatically. Selected results are
displayed with different colors. Displayed results colors can be changed from the Options/Color
command.

*  From the Show menu, select Result Diagrams. The dialog box of Figure 3-50 appears.

*  From the COMBINATION drop-down list box, select the load combination whose results
are to be displayed.

3.62.1 To show deflections

* In the DEFORMED SHAPE group, select the check-box options that you want.

+  SHOW DEFORMED option displays the simulated deformed shape of the model, i.e.,
only joint displacements are displayed and the members are still shown as straight lines
connecting the displaced joints.
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Deformed Shape
[ Show Deformed
™ True Shape

™ Remaove Onginal
Factar : 1]

Combination

1.4[D+L] M

Shear Diagram

[~ Show Shear

Factor : 1]

* In-plane
" Out-of-plane

Maoment Diagram

[ Show Moment

Factar : i}

& In-plane
" Out-of-plane

Cancel

Figure 3-50 Results Diagrams dialog box

+ TRUE SHAPE option displays the true deflected shape of the model that represents the
local deflection of the member. This option is valid for members that have been locally
processed.

«  REMOVE ORIGINAL option causes the display of the deflected shape without the
original model. By default, the original structure is shown in dashed lines, and the
deflected shape is shown in solid lines.

* Inthe FACTOR text box, input a scale factor. A value of zero forces automatic calculation
of that factor.

3.62.2 To show shear results

* Inthe SHEAR ENVELOPE group select the SHOW SHEAR check-box option. This
option is valid for members that have been locally processed.

* Inthe FACTOR text box, input a scale factor. A value of zero forces automatic calculation
of that factor.

» Select whether the shear to be displayed is in-plane or out-of-plane by choosing the
corresponding option button.

3.62.3 To show moment results

* Inthe MOMENT ENVELOPE group select the SHOW MOMENT check-box option.
This option is valid for members that have been locally processed.

* Inthe FACTOR text box, input a scale factor. A value of zero forces automatic calculation
of that factor.

» Select whether the moment to be displayed is in-plane or out-of-plane by choosing the
corresponding option button.
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*  Choose the OK button.

3.63 Access Member Information

Show/Member Info command displays an information window that can be used to obtain
important data about any defined member.

e  From the Show menu, select Member Info.

«  MEMBER INFORMATION window shown in Figure 3-51 appears. The window is
movable and it displays the member label, start joint, end joint, computed length, assigned
material, assigned section, assigned non-prismatic definition, and assigned angle of
rotation.

B Member Information E|

Label J1 J2 Length M aterial Section Monprismatic Beta
28 149 20 20 Drefault BeamE'w Drefault 1]

Figure 3-51 Member Information window

* To get information about a member, place the cursor near the center of the member and
click the left-mouse button.

* To close the Member Information window, select Close from its control-menu box or
press ALT+F4.

3.64 Save Settings

Options/Save Settings command enables you to save the current file settings to be used in future
input sessions. Default settings are saved in the Windows registry file. Settings saved include units
of measure, DEFAULT material, DEFAULT section, DEFAULT orientation angle, and window
color settings.

3.65 Color

Options/Color command enables you to change the color settings of your spFrame window.

» From the Options menu, select Color. The dialog box of Figure 3-52 appears. You can
change the color of the displayed joints, members, translational fixities, rotational fixities,
point loads, distributed loads, result moment, and result shear. To change the color of an
option, open the list box associated with it, and select a new color from the drop-down list.
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*  You can also select a black or white background for the whole spFrame window by
choosing the corresponding option button in the BACKGROUND option group.

*  Choose the OK button.

3.66 Autosave

Color Setting

Joirts

Members

[ 1r=d RiEEL B
Dizp. Fixities Rot. Fisities

| Red v |M BLe  ~|
Point Loads Digtiibuted Loads
| B | M PRed x|
Moment Shear

|M Rt ~| M PRed |

X]

B ackground

" Black

" white

ok
Cancel

Figure 3-52 Color Setting dialog box

Options/Autosave command enables you to force the program to save your input data to disk at
certain time intervals. This feature is useful when working with a large model that takes a long

time to input. It minimizes data loss in case of a power loss or computer lock-up.

» From the Options menu, select Autosave. The dialog box of Figure 3-53 appears.

* Inthe FREQUENCY text box, enter the time interval (in minutes).

Frequency [min] |5

[ Autosave Active

™ Compress Data Files

113 Cancel

Figure 3-53 Autosave dialog box

* Select the AUTOSAVE ACTIVE check-box option to activate the autosave feature, or

clear it to deactivate it.

» Select or clear the Compress Data Files option. When this option is selected, output data

files will be compressed when you save the file after solving, thus, saving considerable

amount of disk space. Compressed files are automatically expanded (decompressed) when

you open the file again.

*  Choose the OK button.
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4.1 Introduction

A two-story structure (floor plan shown in Figure 4-1) is subjected to the lateral loads shown in
Figure 4-3. The superimposed dead and live gravity loads are shown in Figure 4-2 are in addition
to the self weight of columns and walls. All columns are 16" x 16", E-W beams are 16" x 20", N-
S beams are 16" x 24", and all walls are 16" thick. Beams, columns, and walls are of normal
weight concrete (w = 145 pcf and Ec = 3600 ksi).

Corrections for shear deformations will be considered for the shearwalls. The shape factor for the
wall rectangular section is 1.2. E-W beams framing into the walls will be assigned rigid-end
offsets at their ends framing into the wall. The rigid-end offset is half the width of the support, 30
in.
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Figure 4-1 Typical Floor Plan
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Figure 4-2 Gravity Load on Beams
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Figure 4-3 Lateral Loads on Frame
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4.2 Define Labels and Structure Type

* From the Define menu, choose Type.
* From the STRUCTURE TYPE options group, select 3-D FRAME.
» In the corresponding text boxes, enter the project title and engineers initials.

e Press ENTER or choose OK.

4.3 Define Units

*  From the Define menu, choose Units.
* Select ENGLISH.
*  Open the LENGTH drop-down list and select ft.

*  Open the drop-down list boxes needed and select the appropriate units (see the following
Figure 4-4 for the units used in this example).

Units ['5__(|
Length ft hd Paint Load kips %
Section Dimensions | h Moment Load kips-in hil
Area in"2 hd Distributed Load kips/ft &

Moment of Inertia in"4 i Krnown Displacements in i
Linear 5pring kipsft T Shear, Axial Load kips <
Rotational Spring kips-ftirad Moment, Tarsion kips-ft i
Moduluz of Elasticity ’m Deflection in hi
Material Density Ib/t™3 il

{s Enghsh i Metric ok | Cancel |

Figure 4-4 Define Units
* Press ENTER or choose OK.

4.4 Define Defaults

We will assign the material properties to the DEFAULT material, the member orientation to the
DEFAULT orientation angle, and the column section properties to the DEFAULT section.

*  From the Define menu, choose Defaults.
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Defaults E|
Modulus of Elastic(E) 3800 pingsin™2
Density (d) 145 Ib/tt"3
Section Area (&) 256 in"2
Maoment of Inertia (2] ’W in"4
Moment of Inertia [y ’W i

in~4
Palar Moment of Inertia [J] ’W i
Paoizson's Ratio [v)] 0.z

Thermal Coefficient [a) ’ﬂi
Orientation Angle [B) ’07 Cancel

Figure 4-5 Define Defaults
* In the MODULUS OF ELASTICITY text box, enter 3600.
» Inthe DENSITY text box, enter 145.
» Inthe AREA text box, enter 256.
* In the MOMENT OF INERTIA, IZ text box, enter 5461.
* Inthe MOMENT OF INERTIA, IY text box, enter 5461.
* Inthe POLAR MOMENT OF INERTIA, J text box, enter 10923.
* Inthe POISSON’S RATIO text box, enter 0.2.
e Inthe THERMAL COEFFICIENT text box, enter 0.
* In the ORIENTATION ANGLE text box, enter 0.
* Press ENTER or choose OK.

4.5 Define Section Properties

* From the Define menu, choose Sections.
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Sections g|
Geametry
Type |F|ectangu|ar j
Label [wiall Crack Coefficient
Width |16 in A 1
Depth |50 in lz |1 Add
Iy L Delete
J 1
M odify
[Lahel Tuoe Faram1 Param2 Faram3 Paramd
BearmMS R 16 24 .
BeamB'w R 16 20
Ok | Cancel |

Figure 4-6 Define Section Properties

* Open the TYPE drop-down list and select RECTANGULAR.
* Inthe LABEL text box, enter BeamNS.

* Inthe WIDTH text box, enter 16.

» Inthe DEPTH text box, enter 24.

* Press ENTER or choose ADD.
* Inthe LABEL text box, enter BeamEW.

* Inthe WIDTH text box, enter 16.

» Inthe DEPTH text box, enter 20.

* Press ENTER or choose ADD.
» Inthe LABEL text box, enter Wall.

* Inthe WIDTH text box, enter 16.

» In the DEPTH text box, enter 60.

* Press ENTER or choose ADD.
* Choose OK.
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4.6 Define Member Loads

*  From the Define menu, choose Loads.

» From the ORIENTATION options group, select GLOBAL.
* From the DIRECTION options group, select Y.
* Inthe LABEL text box, enter DistD.
* From the TYPE options group, select DISTRIBUTED LOAD.
In the INTENSITY text box, enter -2.7.
In the DISTANCE FROM J1/LENGTH text box, enter 0.
e Inthe LOAD LENGTH/LENGTH text box, enter 1.
* Press ENTER or choose ADD.
* Inthe LABEL text box, enter DistL.
e Inthe INTENSITY text box, enter -1.2.

* Leave the values in the other two text boxes as 0 and 1.
* Press ENTER or choose ADD.
* Inthe LABEL text box, enter PointD.
* From the TYPE options group, select POINT LOAD.
* Inthe INTENSITY text box, enter -35.
* In the DISTANCE FROM J1/LENGTH text box, enter 0.5.
* Press ENTER or choose ADD.
* Inthe LABEL text box, enter PointL.
* In the INTENSITY text box, enter -20.
» Leave the values in the other text boxes as 0.5.

e Press ENTER or choose ADD.
e Choose OK.

4.7 Define Load Cases

*  From the Define menu, choose Load Cases.

* Inthe LABEL text box, enter Dead and press ENTER or choose ADD.
* Inthe LABEL text box, enter Live and press ENTER or choose ADD.
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Load Cases

Label
Add

Delete

3

Dead
Live
Lateral

b codify

Hile

(] | Cancel

Figure 4-7 Define Load Cases
* In the LABEL text box, enter Lateral and press ENTER or choose ADD.

Choose OK.

Define Joints

From the Process menu, choose Joints.

In the LABEL text box, enter 1.

Enter 0, 0, and 0 in the X, Y, and Z text boxes, respectively.
Press ENTER or choose ADD.

Choose the GENERATE button.

* Enter 1, 1, 2, 20, 0, and 0 in the FROM JOINT, TO JOINT, QUANTITY, DELTA X,
DELTAYY, and DELTA Z text boxes, respectively.

* Press ENTER or choose OK. Joints 2 and 3 are generated.
* Choose the GENERATE button.

* Enterl,3,2,0,0,and 15 in the FROM JOINT, TO JOINT, QUANTITY, DELTA
X, DELTAY, and DELTA Z text boxes, respectively.

» Press ENTER or choose OK. Joints 4 through 9 are generated.
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Joint Generation E|
Fram Joint Ta Joint (uantity
" " 2
Delta Delta ™y Delta 2
|20 |0 |0
k. | Cancel |

Figure 4-8 Define Joints
*  Choose the GENERATE button.

* Enter 1,9, 1,0, 18, and 0 in the FROM JOINT, TO JOINT, QUANTITY, DELTA
X, DELTAY, and DELTA Z text boxes, respectively.

* Press ENTER or choose OK. Joints 10 through 18 are generated.
* Choose the GENERATE button.

* Enter 10, 18, 1, 0, 15, and 0 in the FROM JOINT, TO JOINT, QUANTITY,
DELTA X, DELTAY, and DELTA Z text boxes, respectively.

* Press ENTER or choose OK. Joints 19 through 27 are generated.
* Choose OK.

4.9 Define Supports

* From the Process menu, select Fixities.
* From the JOINT LIST list box, select joints 1 through 9.
* In the FIXITIES options group, select all check-box options (every box should have an X

inside it).
e Press ENTER or choose ADD.
e  Choose OK.
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Figure 4-9 Define Supports

410 Define Members

* From the Process menu, select Members.

* Inthe LABEL text box, enter 1.
* Inthe START text box, enter 1 (or select 1 from the START list box).
* Inthe END text box, enter 10 (or select 10 from the END list box).
* Press ENTER or choose ADD.

* Choose the GENERATE button.

« Enter1,1,1, 1, and 17 in the FROM MEMBER, TO MEMBER, DELTA J1,
DELTA J2, and QUANTITY text boxes, respectively.

* Choose OK. Members 2 through 18 are generated.
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Figure 4-10 Define Members

In the LABEL text box, enter 19.

In the START text box, enter 10 (or select 10 from the START list box).
In the END text box, enter 11 (or select 11 from the END list box).
Choose ADD.

In the LABEL text box, enter 20.

In the START text box, enter 11 (or select 11 from the START list box).
In the END text box, enter 12 (or select 12 from the END list box).
Press ENTER or choose ADD.

Choose the GENERATE button.

Enter 19, 20, 3, 3, and 5 in the FROM MEMBER, TO MEMBER, DELTA J1,
DELTA J2, and QUANTITY text boxes, respectively.

Press ENTER or choose OK. Members 21 through 30 are generated.

In the LABEL text box, enter 31.

In the START text box, enter 10 (or select 10 from the START list box).
In the END text box, enter 13 (or select 13 from the END list box).
Choose ADD.

In the LABEL text box, enter 32.

In the START text box, enter 13 (or select 13 from the START list box).
In the END text box, enter 16 (or select 16 from the END list box).
Press ENTER or choose ADD.

Choose the GENERATE button.

In the dialog box, enter 31, 32, 1, 1, and 2 in the FROM MEMBER, TO MEM-
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4.11

BER, DELTA J1, DELTA J2, and QUANTITY text boxes, respectively.
Press ENTER or Choose OK. Members 33 through 36 are generated.

Choose the GENERATE button.
Enter 31, 36, 9, 9, and 1 in the FROM MEMBER, TO MEMBER, DELTA J1,

DELTA J2, and QUANTITY text boxes, respectively.
Press ENTER or choose OK. Members 37 through 42 are generated.

Choose OK.

Assign Member Types

Note that since we defined the column section properties to the DEFAULT section, we need not
assign member types to the columns.

* From the Process menu, choose Member Types.

Open the SECTION TYPE drop-down list and select WALL.

From the Members List list box, select members 2, 8, 11, and 17.

Press ENTER or choose ADD.

Open the SECTION TYPE drop-down list and select BEAMEW.

From the MEMBERS LIST list box, select members 19, through 30.
Press ENTER or choose ADD.

Open the SECTION TYPE drop-down list and select BEAMNS.

From the MEMBERS LIST list box, select members 31 through 42.
Press ENTER or choose ADD.

Choose OK.

412 Assign Shear Correction Factors

* From the Process menu, choose Shear Corrections.
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Figure 4-11 Assign Shear Corrections
» Inthe SHAPE FACTOR text box, enter 1.2.
*  From the MEMBERS LIST list box, select members 2, 8, 11, and 17.
* Press ENTER or choose ADD.
* Choose OK.

413 Assign Rigid-end Offsets

» From the Process menu, choose Rigid-end Offsets.
*  From the MEMBERS LIST list box, select members 19, 21, 23, 25, 27, and 29.
* In the DI text box, enter 0.
* Inthe DJ text box, enter 30.
* Press ENTER or choose ADD.

*  From the MEMBERS LIST list box, select members 20, 22, 24, 26, 28, and 30.
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Rigid-end Offsets

X

Member List

&dd

Delete

=
M odify

| M ember Di Di

(=

Ok, Cancel
| |

Figure 4-12 Assign Rigid-end Offsets
* Inthe DI text box, enter 30.
* In the DJ text box, enter 0.
* Press ENTER or choose ADD.

e Choose OK.

414 Define Rigid Diaphragms

» From the Process menu, choose Rigid Diaphragm.

* From the ELEVATION drop-down list, select 18. All horizontal members (beams) that
exist at that elevation are displayed in the MEMBER LIST list box.
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Figure 4-13 Define Rigid Diaphragms

* Choose INCLUDE ALL. The horizontal members are added to the SELECTED
MEMBERS list box.

* From the ELEVATION drop-down list, select 33. All horizontal members that exist at
that elevation are displayed in the MEMBER LIST list box.

* Choose INCLUDE ALL. The horizontal members are added to the SELECTED
MEMBERS list box.

e Choose OK.

415 Assign Member Loads

* From the Analyze menu, select Member Loads.

*  Open the LOAD CASE drop-down list and select DEAD.
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Figure 4-14 Assign Member Loads
*  From the LOAD LIST list box, select DISTD.
* Choose INCLUDE.
* From the MEMBER LIST list box, select members 19 through 30.
* Choose ADD.
e  From the LOAD LIST list box, select POINTD.
* Choose INCLUDE.
* From the SELECTED LOADS list box, select DISTD.
¢ Choose REMOVE.
* From the MEMBER LIST list box, select members 31 through 42.
* Choose ADD.

| 129 |



—
TUTORIAL S frame

* Open the LOAD CASE drop-down list and select LIVE.

* From the LOAD LIST list box, select DISTL.

* Choose INCLUDE.

* From the MEMBER LIST list box, select members 19 through 30.
* Choose ADD.

e From the LOAD LIST list box, select POINTL.

* Choose INCLUDE.

e From the SELECTED LOADS list box, select DISTL.

* Choose REMOVE.

* From the MEMBER LIST list box, select members 31 through 42.
* Choose ADD.

e Choose OK.

416 Input Joint Loads

Lateral load will be input as joint loads.

* From the Analyze menu, select Joint Loads.

* Open the LOAD CASE drop-down list and select LATERAL.
* In the FX text box, enter 20.
*  From the JOINTS LIST list box, select 22.
¢ Choose ADD.
* In the FX text box, enter 15.
*  From the JOINTS LIST list box, select 13.
* Choose ADD

*  Choose OK.
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Figure 4-15 Input Joint Loads

417 Assign Member Self Loads

* From the Analyze menu, select Self Loads.

* From the MEMBER LIST list box, select members 1 through 18.
* Press ENTER or choose ADD.

* Choose OK.
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Figure 4-16 Assign Member Self Loads

418 Define Load Combinations

* From the Analyze menu, select Load Combinations.

» Inthe LABEL text box, enter 1.4(D+L).
e From the LOAD CASE list box, select SELF, DEAD, and LIVE.
* Inthe FACTOR text box, enter 1.4.

e Choose INCLUDE. Factored load cases are added to the FACTORED CASES list
box.

e Choose ADD. The combination is added to the list box at the bottom.
* Inthe LABEL text box, enter 1.0W.

* From the FACTORED CASES list box, select 1.4 SELF, 1.4 DEAD, and 1.4
LIVE.
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Figure 4-17 Define Load Combinations
¢ Choose REMOVE.
* From the LOAD CASE list box, select LATERAL.
* Inthe FACTOR text box, enter 1.0.

*  Choose INCLUDE. The factored load case is added to the FACTORED CASES list
box.

* Choose ADD. The combination is added to the list box at the bottom.
* Inthe LABEL text box, enter D+L+W.

e From the LOAD CASE list box, select SELF, DEAD, and LIVE.

* Inthe FACTOR text box, enter 1.0.

* Choose INCLUDE. Factored load cases are added to the FACTORED CASES list
box.

e Choose ADD. The combination is added to the list box at the bottom.
*  Choose OK.

419 Solve Model

* From the Analyze menu, select Solve.

* Leave all options to their default settings and choose the SOLVE button.
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» Solver window displays the solution progress.

*  When the solver is done, choose the CLOSE button.

4.20 Member Grouping

To group the first floor columns in one group

* From the Process menu, select Member Group.
» In the Label text box, enter ISTCOL.
*  From the MEMBER LIST, select members 1 through 9.

*  Choose the INCLUDE button. The members are added to the SELECTED MEM-
BERS list box.

* Inthe SELECTED MEMBERS list box, select members 2 and 8 and choose the
REMOVE button.

* Choose the ADD button. The defined group is added to the list box at the bottom.
* Choose the OK button.

4.21 View Results

* From the Analyze menu, select Joint Results.

* From the COMBINATION drop-down list, select the load combination whose
results are to be listed.

* From the OPTIONS drop-down list, select the result option to be listed.

» The selected option results are displayed in the list box. Use the scroll bars to move
through the list.

*  Press ALT+F4 to close the window.
* From the Analyze menu, select Support Reactions.

*  From the COMBINATION drop-down list, select the load combination whose results
are to be listed.

* Press ALT+F4 to close the window.
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* From the Analyze menu, select Member Results.

From the LOAD COMBINATIONS drop-down list, select the load combination
whose results are to be viewed.

From the RESULT OPTIONS drop-down list, select a result option (e.g. MOMENT
IN-PLANE, MZ).

From the MEMBER LIST list box, select a member (e.g. 28).
To view a member summary, choose the SUMMARY button.
To print results, choose the PRINT button.

Choose the CLOSE button to close all open windows.

* From the Analyze menu, select Envelopes.

From the OPTIONS drop-down list, select a result option (e.g. MOMENT IN-
PLANE, MZ).

From the MEMBER LIST list box, select a member (e.g. 6).
To view the list of results values, choose the VALUES button.
To print the envelopes values or diagram, choose the PRINT button.

Choose the CLOSE button to close all open windows

* From the Analyze menu, select Group Results.

From the OPTIONS drop-down list, select a result option (e.g. MOMENT IN-
PLANE, M7).

To view the list of results, choose the VALUES button.
To print the group envelopes or diagrams, choose the PRINT button.
Choose the CLOSE button to close all open windows.

* From the Show menu, select Rotate.

* From the Show menu, select Reset. The 3-D view is reset to its default rotation whereas

the XY plane is in the plane of the monitor screen.

From the Show menu, select Select. The model is drawn in dashed lines.

Marquee select the line of columns on the far left side of the model. The selected por-
tions are redrawn in solid lines.

From the Show menu, select Hide/Show. Only the selected portion of the model will
be shown.

From the Show menu, select Rotate. Click the left-mouse button anywhere within the
Graphics area and drag the mouse pointer towards the upper right-hand corner of the
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monitor. Notice the axis rotation (shown in the upper left-hand corner of the window).
Release the mouse button when satisfied with the rotation.

* From the Show menu, select Result Diagrams.
* In the dialog box, choose SHOW MOMENT.
* Choose OK. The moment diagrams are superimposed on the model.

» To show the entire model again, select the Hide/Show command from the Show
menu.

» To print the screen image, select the Print Screen command from the File menu.

4.22 Print Results

*  From the File menu, select Print Results.
» In the dialog box, select the options you want.
* Choose PRINT.
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5.1 Introduction

The structural model, which may be created using spCad, is fully described in Chapter 2. The
global and local coordinate systems adopted in spFrame are used in spCad as well.

rMun'mrsm
]

Yy

|

z Global Local

Figure 5-1 Coordinate Systems

Similar to spFrame, member properties (material, section, and non-prismatic) and load data
(member loads, load cases, and load combinations) are input using the Define menu commands.
These entries may be saved in databases or library files so that they can be used in other data files.
The member properties and load definitions may also be retrieved from library files that may have
been created for previous projects. A full description of these entries and their input is detailed in
the spFrame user’s manual.

One of spCad’s main features is the ease of generating the geometry of a structure through its
graphic interface and drawing capabilities. Using CAD’s Plane editor, members may be drawn
directly on the screen and may also be copied a number of times to speed up model generation.
While copying members and joints, varying offsets and varying rotation (both in-plane and out-of-
plane), are permitted to enable fast modeling of the most complex structures.

Supports, member properties, joint loads, member loads, and model refinement (such as rigid-end
offsets, shear corrections, etc.), are graphically assigned to the joints and members using the
Assign menu commands. Changing an assignment is done by reapplying it.

spCad includes options that are not available in spFrame. spCad offers the ability to generate
lateral loads (wind or seismic) for a building structure, and the ability to input surface loads which
can be converted to uniform member loads. From the surface loads input, the tributary areas of
beams and columns are also computed and the reduction factor for a live load case may be saved
with the data file.
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5.2 Plane Editor

Any frame or truss structure may be divided into a group of two-dimensional planes in the global
coordinate system. Figure 5-1 Coordinate Systems shows the three planes of the Plane editor and
their orientation. These planes may be parallel to the XY (elevations), YZ (elevations), or XZ
(floors) planes of the global coordinate system.

Working in one plane at a time, in-plane joints and members are drawn directly on the screen by
simple mouse button clicks. Joints and members may also be moved or deleted.

5.2.1 Planes

* Anplane is defined by its coordinate, i.e., orthogonal distance from the origin.

* A plane must have a unique label. Default plane labels are based on the plane coordinate.
» For a plane to exist and be valid, it must contain at least one joint.

* Asjoints and members are drawn or generated,

» spCad creates all possible XY, XZ, and YZ planes that contain them.

» Deleting a plane deletes all joints in that plane along with all connected members.

* Aplane’s coordinate may be changed to any value as long as it stays between the
coordinates of the two planes immediately before and after it.

5.2.2 Joints

* Ajoint is drawn by clicking on its location on the screen.
» No two joints may have the same coordinates.

* Deleting a joint deletes all members connected to it.

* Moving a joint moves all members connected to it.

» Joints are labeled with numbers based on their order of input.
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Figure 5-2 Three planes of the plane editor

5.2.3 Members

* A member has a joint at each of its ends.

» To draw a member, click on the first location, move to the second location, and click
again. If there is no joint where you click, one will be created.

* No two members may have the same Start and End joints.

* Deleting a member does not delete its end joints.

* Moving a member does not move its end joints but rather creates two new joints.
* Adding a joint along a member divides the member into two.

*  Members are labeled with numbers based on their order of input.

» The end of a member closest to the joint with the lowest coordinates in the entire model is
designated as its Start Joint (or i-end). Consequently, the other end is the member End
Joint (or j-end).
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5.24 Joint and Member Generation

In a plane (level or elevation), a pattern or a layout of joints and members may be repeated more
than once. If you draw the typical layout, you can generate the others using Plane’s Copy or
Extrude command. Copy is basically a limited version of Extrude and it allows in-plane
generation only. Extrude allows in-plane and out-of plane generation.

5.241 (a) Selecting items to be generated

You must select the joints and members to be copied. Joints at selected member ends are
automatically selected and may not be excluded from the selection. Selected joints and members
will be referred to hereafter as selected items.

5.24.2 (b) Base joint

After making a selection, a base joint must be picked. This joint must be a selected joint. The
generation distance is measured between base joints of successive copies and rotation is done
about an axis at the base joint.

5.2.4.3 (c) Generation distance

The distance between the selected items and the first generated copy (and consequently, between
any two consecutive generated copies) may be specified in rectangular or polar coordinates.
Generation distance is measured between a base joint and the next generated base joint.

» For Rectangular coordinates, input the components of the distance (see Figure 5-3a and
Figure 5-4a). Vertical and horizontal components are needed for the Copy command. X,
Y, and Z components are needed for the Extrude command.

» For Polar coordinates, enter the radius and the angle that define the generation distance
(see Figure 5-3b and Figure 5-4b). For the Copy command, the angle is always measured
from the horizontal axis. For the Extrude command, two angles are needed, one from the
X axis and the other from the Y axis.
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Figure 5-4 Generation distance for the Extrude command

5.24.4 (d) Rotation

Generated copies may be rotated about the axis orthogonal to the plane when using the Copy
command. For the Extrude command, rotation may be specified about any of the three global axes.
The right hand rule is used to determine the direction of the rotation (see Figure 5-5).

5.24.5 (e) Increment

An increment may be added to the generation distance to increase or decrease the distance
between the successive generated items (see Figure 5-6). For example, four copies at a distance of
10 ft and an increment of 5 ft will generate copies at 10, 15, 20, and 25 ft from each other, or at 10,
25,45, and 70 ft from the original base joint.

Similarly, an increment may be specified with the rotation angle with one difference, the rotation
angle of all generated copies is always measured about the original base joint.
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Figure 5-5 Generation angle of rotation
For example, four copies with a rotation angle of 35° and an increment of 5° will generate copies
at 35°, 40°, 45°, and 50°, all measured relative to the original position.

5.2.4.6 (f) Number of copies

This is the number of copies to be generated from the selected items.

5.24.7 (g) Connecting generated joints

When this option is selected, it instructs the program to create a member connecting any two
corresponding joints of every successive copy (see Figure 5-7). A good example of when to use
this option is while generating floor levels in a building structure. With this option ON, the
columns between the levels are automatically created.

| 144 |



-
S frame MODEL STRURCTURE IN spCad

4 \ r,ﬂ
- i
™ B = ! ~
b '

L0, &

| o | Dot |mesom |

Figure 5-6 Distance and rotation increment

w Base joint
— Selacted itama
— 1=t generated copy
---2nd generatad copy

(a) Generated joints not connectad k) Generated joints connected

Figure 5-7 Connecting generated joints
5.2.5 Generation by Mirroring

Another way of performing in-plane generation is by mirroring selected items. The mirror copy
may be about a vertical (see Figure 5-8) or a horizontal (see Figure 5-9) reference line. Mirror
copy is performed in-plane only.
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Figure 5-8 Mirroring about a vertical line - (a) before, (b) after

:
members !
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Figure 5-9 Mirroring about a horizontal line - (a) before, (b) after

5.3 Joint and Member Labels and Numbers

Joints and members are automatically numbered and labeled as they are drawn or generated on the
basis of first-input, first-numbered. Labels are assigned as the joint or member number and may
not be changed in spCad.

Since the user does not have control over the joint and member labels, spCad has a Relabel option.
It instructs the program to relabel joints and members in a predetermined systematic manner.
Notice though that this option affects labels only and not joint and member numbers.

5.3.1 Relabeling Joints

spCad searches for the joint with the lowest X, Y, Z coordinates in the entire model, and assigns
label "1" to it. The program then increments the label by 1 and assigns it to the next joint moving
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in the positive X direction first, the positive Z direction second, and finally in the positive Y
direction, until all joints are labeled (see Figure 5-10a).

5.3.2 Relabeling Members

+ Start with the XZ plane with the lowest Y coordinate (plane YO in Figure 5-10b)
* Inplane YO, start with the members that are parallel to the X-axis (X-beams).

» Label "1" is assigned to the beam with the lowest (X, Z) coordinates for its start joint.
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Figure 5-10 Relabeling joints and members

* Moving in the positive X direction first, then in the positive Z direction second, member
labels are incremented by 1 until all the X-beams on plane YO are relabeled (see Figure 5-
10c)

» Similar to the previous two steps, the Z beams are relabeled next, moving in the positive Z
direction first, and then in the positive X direction until all the Z-beams on plane YO are
relabeled (see Figure 5-10d)

*  Moving up the positive Y axis to the next plane, the three preceding steps are repeated
until all the X beams and Z beams on all the XZ planes are relabeled.

» Members parallel to the Y axis (columns) are relabeled next, starting at the bottom of the
model and moving in the positive X direction first, the positive Z direction second, and in
the positive Y direction last (see Figure 5-10¢).

* Finally, diagonal members are done in a manner similar to the previous step
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5.4 Assign Member and Joint Properties

Joint and member properties (fixities, sections, materials, loads, etc.) are applied graphically in the
Main window using the Assign menu commands. Selecting any of the Assign menu commands
displays a modeless dialog box from which the property to assign may be chosen.

Using the left-mouse button, marquee select the joints or members to which the chosen property
should be applied. To remove a property from a joint or member, the same procedure is done using
the right-mouse button. With the exception of member loads, changing a member or joint property
is done by assigning a different one.

5.4.1 Rotating, Zooming, and Translating while Assigning

While in the Assign mode, the mouse action is reserved to select or deselect joints and members.
However, you may still zoom, rotate, or translate the graphical image without selecting the
corresponding commands from the Show menu.

5411 Using the mouse

By pressing and holding down a special key or key combination, the mouse action switches to
Zoom, Rotate, or Translate.

Key to hold Mouse action
SHIFT Zoom

CTRL Rotate
SHIFT+CTRL Translate

5.4.1.2 Using the keyboard

The keyboard assignments for the Zoom, Rotate, and Translate commands are always active.
These assignments are

Key to hold Action
CTRL+PGUP Zoom in
CTRL+PGDN Zoom out
Arrow keys Rotate
CTRL+Arrow key Translate
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5.5

Lateral Loads

spCad computes the equivalent static lateral loads (wind or seismic) on a building structure based
on the 1991 version of the Uniform Building Code (UBC) and 1990 version of the National
Building Code of Canada (NBC). NBC is available if the Metric system of units is selected, and
UBC is available with the English system of units.

The program assumes that the modeled structure is a building structure and the XZ planes
are the floor levels.

Each floor width, depth, and weight are computed based on the input geometry and
assigned properties. The floor width is the projected dimension along the X axis while the
depth is the projected dimension along the Z axis (see Figure 5-11). Floor weight is the
weight of all members contained in the plane of the floor level plus the weights of the
columns tributary to the floor level. Any panel loads assigned under the SELF load case
will also be included in the floor weight.

Floor dimensions may be increased to account for column dimensions, slab overhang, or
exterior wall. Similarly, floor weight to be considered may be increased. Floor dimensions
and weight may not be less than the computed values.

Ybot, is the distance from the origin to the Ground elevation. The Ground elevation is the
elevation below which no lateral loads will be applied to the floors. By default, Ground
elevation is taken as the elevation of the lowest plane (see Figure 5-12 and Figure 5-13).

The elevation of the top floor is taken as the Top Elevation by default. Top elevation may
be increased to account for roof parapets. In this case, wind pressure will be applied over
the area of the additional elevation, and the additional force will be added to the top level
(see Figure 5-12).

Wind pressure is applied to the face of the structure and is converted to concentrated
lateral loads applied to each floor level based on the floor width (or depth, depending on
the direction) and tributary height. Variation of wind pressure between floors is taken into
account. The concentrated lateral load is applied at the center of the projected width or
depth. An eccentricity with respect to the original line of action of the load can be
specified (Figure 5-11a).
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Figure 5-11 Floor dimensions and lateral load point of application

» The total base shear due to seismic loads is distributed to the floor levels per the selected
code. The floor seismic load is applied at the floor center of mass. An eccentricity with
respect to the center of mass may be specified (Figure 5-11b).

*  When the lateral forces (wind or seismic) are applied to the floors, each floor force is
distributed to the floor joints. The force distribution takes into account any load
eccentricities. The distribution of the floor force to the joints assumes that the modeled
structure is a building structure and that the floor has a rigid diaphragm that distributes the
force from the point of application to the joints. Only the joint loads are saved with the

data file.
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Figure 5-13 Ground elevation for seismic loads

Surface Loads option of spCad enables you to draw panels spanning over members of a floor and

apply area loads to these panels. Working in a specific floor plan (XZ plane), the panels are drawn
graphically on the screen. A panel is a slab-like element that is attached to the members it comes

in contact with.

* Apanel is drawn by drawing panel nodes that are connected with straight lines to form the

panel boundaries. The shape or size of a panel may be modified by moving, editing, or
deleting some of its nodes.

* Openings may exist within a panel.

* By default, each member that comes in contact with a panel is attached to it. A member
may be detached from a panel to exclude the panel load on it. A member that does not

touch the panel cannot be attached to it.

* Panels are loaded with one uniform area load under a particular load case. The area load is

applied over the entire panel.
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*  Only gravity loads (including self weight) may be applied on a panel. The computed
member loads are applied in the negative global Y direction.

» Each panel is divided into a grid of finite square elements. The area of each finite element
is computed and assigned to the member closest to it. The total area of the segments
assigned to a member constitutes its tributary area.

* The member load length is the member intersection with the panel. If the panel covers a
member completely, the member load length is the entire length of the member.

» The tributary area of a member multiplied by the panel load is applied uniformly over the
member. No variation of the load intensity is accounted for.

* Based on the member tributary area, a live load reduction can be computed. Load
reduction may be computed for beams and columns. The load reduction factors are saved
with the data file to be used by spFrame when combining the analysis results.

5.7 Working with Graphics

Drawing Grid

A grid may be superimposed over the Drawing area for guidance only. The pitch or step size
of the drawing grid may be different in each direction, vertical or horizontal. The grid may be
displayed in dotted, dashed, or solid lines in your choice of color. The grid limits (minimum
and maximum) do not limit the area within which joints and members may be drawn.

Snap

Snapping is magnetizing the cursor position to predetermined locations on the screen. The
most common snap setting is to grid intersections. The snap grid is an invisible grid of a
constant pitch or step. As you move the cursor over the Drawing area, it snaps to the nearest
snap grid intersection. If the snap step is equal to the drawing grid step, the cursor snaps to the
drawing grid intersection.

Another way of snapping is object snapping. Snapping may be set to joint or midmember
locations. When snapping is set to an object, a small square is shown at the object when the
cursor snaps to it.

The snap accuracy is set to five pixels by default. Whenever the cursor is within five pixels of
the snap object, it will snap to it. Snap accuracy may be changed using the SNAP dialog box.
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Precision

Cursor location is always displayed in the left cell of the Status bar. By default, cursor location
is shown in whole numbers. To display more accurate cursor location (up to three numbers
after the decimal), change the precision using the SNAP dialog box.

Preferences

By default, the Status bar displays the cursor location, the selected units for length, and the
active plane coordinate. In addition, you may choose to display the drawing area limits
(minimum and maximum in each direction), the grid status, snap status (snap grid step size and
status), and the relative position. The latter is displayed when adding or moving joints or
members. It gives the distance (vertical and horizontal components) and the angle from the
horizontal axis of the current cursor location relative to the previous clicked-on location.

Other settings that may be specified in the PREFERENCES dialog box are the joints and
member labels, the selection color (color of selected items), and the cursor shape. Cursor
shape affects the cursor whenever within the Graphics area only.

5.8 spCad Window

Most windows have certain elements in common, such as a title bar and menus. Not all windows,
however, have every element. To learn more about how to use window elements, refer to you
Microsoft Windows manual.

In spCad, there are three different windows to work in. Main spCad window, which is the only
active window when you first start the program, and two child windows, the Plane window and the
Surface Loads window. Plane window opens when you choose the Plane command from the Main
window’s Edit menu. Surface Loads window opens when you choose the Surface Loads command
from the Main window’s Options menu. The following is a list of the different components of each
window.

Control-Menu Box

Control-menu box is located in the upper-left corner of the window and includes commands
for sizing, moving, enlarging, restoring, and closing the window, as well as switching to other
applications. To access the Control-menu box using the mouse, click the left mouse button on
the box; using the keyboard, press ALT + - (hyphen).

Minimize and Maximize Buttons

Minimize and Maximize buttons are located in the upper-right hand corner of the window.
Minimize button (represented by a down arrow) shrinks the window to an icon. Maximize
button (represented by an up arrow) enlarges the window so that it fills the entire desktop.
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After you maximize the window, the Maximize button will be replaced by the Restore button
(contains both an up and a down arrow); clicking on the Restore button returns the window to
its previous size.

Title Bar

Title bar displays the name of the application along with the name of the current data file in
use. If the data have not been saved into a file, the word Untitled is displayed in the Title bar.

Menu Bar

Menu bar is located directly below the Title bar. It lists the available menus. A menu contains
a list of commands or actions you can execute.

Tool Bar

Tool bar is located on the left side of the window. It contains a collection of buttons (or icons)
that provide a shortcut to accessing the menu commands. Tool bar buttons can only be
accessed using the mouse. Tool bar also contains a graphical representation of the active axes
indicating their positive directions.

Graphic Area

Graphics area covers most of the window. This is where the graphical editing and presentation
is done.

5P spCAD - C:\Program Files\StructurePoint\spFrame\Examples\UNTITLED. FCD E|@|g|
File Access Define Edit Assign Show Cptions Help

Figure 5-14 spCad Window
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Status Bar

Status bar (Plane and Surface Loads windows only) is located directly below the Menu bar. It
displays important information such as current units, cursor position, snap status, etc.

Message Bar

Message bar (Plane and Surface Loads windows only) is located along the bottom of the
Graphics area. It displays instructions, hints, and helpful messages.

Using a Menu

To access a menu item using the mouse, point to the menu item and click the left-mouse
button. Each menu item can also be selected with the keyboard by simultaneously pressing the
ALT key and the underlined letter of the menu you want to open. For example, to open the File
menu, press ALT + F.

To close a menu without selecting a command, point to any blank area on the screen and click
the left-mouse button, or press ESC.

To choose a command from a selected menu, click the left mouse button on the command, or
use the UP and DOWN ARROW keys until you reach the command and press ENTER.

5.9 Main Window Commands

Main window is the default window for the program. In this window you can perform file
operations, print, create member properties and loads databases, assign member and joint
properties and loads, view the entire structure, and access the Plane and Surface Loads windows.

5.10 File Menu

File menu is used for opening, saving, retrieving, and printing data files, and exiting the
program. For a detailed description of the File menu commands, refer to Chapter 4 of the
spFrame manual.

New

Clears any input data and returns the data to the default values so that a new file may be
started.

Open

Enables you to load an existing data file.
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Save

Saves the changes made to the current data file under that same filename. The new data
overwrites the old data, and you cannot retrieve the old data. If a data file is untitled, the SAVE
AS dialog box will appear.

Save As

Enables you to name or rename a data file. Use Save As to save both the original data and any
changes currently made to the data. The original data remains under the old filename. If a file
of the same name exists, the program will ask if you would like to overwrite the file.

Import
Imports an existing drawing created or edited using Auto CAD with a DXF file format.
Export

Saves the model geometry defined in the current data file to an AutoCAD file (with a DXF
extension).

Revert

Used to discard any changes to the data and return to the version of data saved in the original
data file. This option will only be available if the file has been modified since the last file save
and the file has been saved prior to editing.

Print Data

Enables you to obtain a printout of the input data.
Print Screen

Enables you to print the graphical image displayed in the Graphics area of the spCad window.
Exit

Ends the spCad session and returns to the Program Manager. If any changes were made to the
data and have not been saved, spCad will prompt you whether to save or abandon any changes
made before you exit.

5.11 Access Menu

For a detailed description of the Access menu commands, see Chapter 4 of the spFrame
manual.
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Library

Creates new libraries or includes existing libraries in the current file for materials, sections,
member loads, and non-prismatic members.

Copy
Sends a copy of the graphical image displayed in the window to the Clipboard.
Settings

Enables you to change the settings for the angle of separation used while viewing the model in
stereoscopic 3-D format.

Statistics

Provides information such as the structure type, number of joints, number of members, amount
of memory used, and the amount of available memory and disk space

5.12 Define Menu

Define menu contains commands that are used to define the databases of the member
properties and loads. For a detailed description of the Define menu commands, refer to
Chapter 4 of the spFrame manual.

Type

Enables you to define the structure type (2- D or 3-D frame or truss), and input labels for the
project and the engineer.

Units

Enables you to select a system of units to be used. Your choices are English or Metric. For the
system that you choose, specify the units to be used with the different input and output
parameters.

Defaults

Enables you to input the default values for the material and section properties. These default
values will be assigned to members with no defined material or section properties.

Materials

Enables you to define new materials, or edit existing ones, and input their properties. A
material entry consists of a label, density, modulus of elasticity, Poisson’s ratio, and thermal
coefficient.
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Sections

Enables you to define new sections, or edit existing ones, and input their properties. A section
entry consists of a label and, depending on the section type, section dimensions or properties.

Nonprismatic

Enables you to define new non-prismatic members, or edit existing ones, and input Main
Window Commands the spCad Main Window 4-5 their properties. A nonprismatic member
entry consists of a label, the stiffness factors at member ends, and the carry-over factor.

Member Loads

Enables you to define new loads to be applied as member loads, or edit existing ones. A load
entry consists of a label, orientation, direction, type, intensity, and location.

Load Cases

Enables you to define the load cases under which the member loads, joint loads, and joint
known displacements will be defined. Each load case should have a unique label.

Load Combinations

Enables you to factor the defined load cases and combine them into load combinations under
which the structure will be analyzed.

5.13 Edit Menu

Edit menu contains commands that enable you to create or modify the model geometry.
Plane

Opens the Plane window in which you may create new planes or edit existing ones. You may
choose to work in the XY, XZ, or YZ plane. The plane editor enables you to draw and generate
members and joints.

Joints

Enables you to modify, add, or delete joints in the Main window.
Add Member

Enables you to add a new member in the Main window.
Delete Member

Enables you to delete a member, or a group of members in the Main window.
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Undo Delete

Restores last deleted member.

5.14 Assign Menu

Assign menu contains commands that apply the various properties and loads to the defined
joints and members. All assignments are done graphically.

Supports

Enables you to assign supports by fixing the degrees of freedom of joints. Support inclination
may also be specified.

Springs
Enables you to apply rotational and/or translational elastic supports at joints.
Member Types

Enables you to apply the material properties, section properties, and non-prismatic member
properties (entered using the Define menu commands), along with the member orientation
angle, to the members.

Refinement

Enables you to apply model refinement such as partial releases, shear corrections, and rigid-
end offsets to the members.

Member Loads

Enables you to apply the member loads (entered using the Define/Member Loads commands)
to the members.

Joint Loads

Enables you to apply forces, moments, known displacements, and known rotations to the
joints.

Self Loads

Enables you to select the members whose self weight should be included in the analysis under
the SELF load case.

Rigid Diaphragms

Enables you to attach or detach horizontal members (beams) to a rigid diaphragm.
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Member Group

Enables you to group certain members together

5.15 Show Menu

Show menu options and commands enable you to manipulate the graphical display and control
what is to be displayed in the Main window. For a detailed description of the Show menu
commands, see Chapter 4 of the spFrame manual.

Zoom
Enables you to magnify or reduce the graphical image displayed in the Graphics area.
Rotate

Enables you to rotate the graphical image displayed in the Graphics area about the X-axis or
the Y-axis. By combining the rotation about the two axes, you will be able to view the structure
from any angle.

Translate

Enables you to translate or move the graphical image displayed in the Graphics area.
Stereo

Toggles the Stereoscopic viewing mode ON or OFF.
Reset

Resets the graphical image to its original position, scale, and orientation.
Select

Enables you to select (tag) or deselect a portion of the structure to be made visible.
Hide/Show

Enables you to show or hide tagged members and joints.
Preferences

Enables you to specify what is to be displayed in the Graphics area. You can select from joint
labels, member labels, supports, and member orientation. You may also select to show or hide
beams and columns.
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Load Diagrams

Enables you to view the input loads superimposed on the model graphical image. You can also
specify the magnification factor of the displayed loads.

Member Info

Displays a member information window over the Main window which contains important
information about the members.

5.16 Options Menu

Save Settings

Enables you to save the defaults and settings of the current file to be used in future input
sessions.

Color
Enables you to modify color settings of the graphical image.
Autosave

An option that, if selected, causes the data to be saved periodically without selecting the Save
command. You can also specify the Autosave time interval.

Surface Loads

Opens the Surface Loads window in which you may apply panels over horizontal members
(beams) and assign surface loads (force per unit area) to those panels. The tributary areas and
load distribution on the attached members will then be computed.

Load Reduction

Enables you to assign or compute the live load reduction factors to members.
Lateral Loads

Enables you to assign or compute lateral loads (wind or seismic) on the structure.
Relabel

An option that instructs the program to relabel (renumber) all members and joints in a
systematic manner.

| 161 |



r
MODEL STRURCTURE IN spCad S frame

5.17 Help Menu

Index

Lists all the available help topics. Click on any underlined topic and a help screen appears with
the information about that item.

About spCad

Displays a message box that gives copyright information, the version number of the spCad
program, your firm name, city, and state.

Check for Updates

Checks if a newer version of the program is available. Internet connection is required.

5.18 Working in the Main Window

File, Access, Define, Show, and Help menu commands are similar to those of the spFrame
program. For a detailed description of these menu commands, refer to your spFrame manual.

5.19 Working with Files

In spCad, files may be one of the following three formats

+ spCad (*.FCD)—binary format that can be read by spCad only.
» spFrame (*.FRM)—binary format that can be read by

» spCad and spFrame.

* ASCII (*.TXT)—text format that can be read by

» spCad, spFrame, or any other text editor or word processor.

After creating a data file, it must be saved in spFrame (FRM) or ASCII text (TXT) format, so it
may be opened by spFrame for analysis.

spCad can also read FRM and TXT files that were created using spFrame. Any analysis results
contained in FRM files are ignored by spCad.

NOTE: spCad v1.5 can open FCD files created by PCA-Cad v1.0, however, area loads and
associated load reduction factors are not read and have to be reentered. PCA-Cad v1.0 cannot read
FCD files created by spCad v1.5.
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5.20 Create and Edit Planes

Creating the geometry of the structure is done using the Plane editor which displays your work in
a planar (2-D) view. Plane editor is accessed via the Edit/Plane command.

* From the Edit menu, choose Plane. The dialog box of Figure 5-15 appears.

Figure 5-15 Plane dialog box
» Select the plane (or elevation) to work in, XY, XZ, or YZ.
* Choose the OK button.

Plane window is opened and the CHANGE PLANE dialog box is displayed. For more information
on spCad Plane window and the Change Plane command refer to Chapter 5, spCad Plane Window.

5.21 Edit Joints

Joints and members are usually created and edited in the Plane window. However, you may
perform quick editing of joints from the Main window.

*  From the Edit menu, choose Joints. The modeless dialog box of Figure 5-16 appears.
Some text boxes may not be available, depending on the structure type selected.
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Figure 5-16 Joints dialog box
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In the Graphics area, click on a joint. The joint label and its coordinates are displayed in
the JOINTS box.

To delete the selected joint, choose the DELETE button. Note that deleting a joint deletes
all members attached to it.

To modify the selected joint coordinates, edit their values in the text boxes and choose the
MODIFY button.

To add a new joint, enter its coordinates in the text boxes and choose ADD.

Choose the CLOSE button to end joint editing.

5.22 Add and Delete Members

Members are usually generated in the Plane Window. There are cases, however, when you need to
add or delete members from the Main Window.

5.22.1 To Add Members

From the Edit menu, choose Add Member.
In the Graphics area, point to a joint and click the left-mouse button.

As you move the cursor, a line connecting the first joint to the cursor location appears.
Point to another joint and click the left-mouse button. A member connecting the two joints
is drawn.

To add more members, repeat the two steps above.

To end adding members, choose Edit/Add Member again, or choose another command.

5.22.2 To Delete Members

From the Edit menu, choose Delete Member.

In the Graphics area, point to the member you want to delete and click the left-mouse
button.

To delete a group of members, marquee select them. All members inside the marquee are
deleted. Note that deleting members does not delete their end joints.

To end deleting members, choose Edit/Delete Member again, or choose another
command.

If you delete a member by mistake, you can restore it by choosing Edit/Undo Delete.
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5.23 Assign Supports

From the Assign menu, choose Supports. Some options may not be available depending on the
structure type selected. This box has two modes, ASSIGN and SHOW. To end supports
assignment, choose the CLOSE button.

5.23.1 Assign Mode

» From the available check-box options, select the joint displacement or rotation to be fixed.
If the joint is an inclined support, enter the inclination angle measured clockwise between
the global coordinate axis and the rotated axis. This becomes the active assignment.

* Choose the ASSIGN button. All joints that share the active assignment are shown in red in
the Graphics area. Joints with different assignments are shown in black and joints with no
assignment are shown in green.

* In the Graphics area, using the left-mouse button, click on a single joint or marquee select
a group of joints. To remove the assignment, do the same using the right-mouse button.

5.23.2 Show Mode

e Choose the SHOW button.

* In the Graphics area, click on a joint. All joints that have the same assignment as the
selected joint are shown in red and the assignment is displayed in the SUPPORTS box.

5.24 Assign Spring Supports

From the Assign menu, choose Springs. The modeless dialog box of Figure 5-17 appears. Some
options may not be available, depending on the structure type selected. This box has two modes,
ASSIGN and SHOW. To end spring support assignment, choose the CLOSE button.
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Figure 5-17 Springs dialog box
5.241 Assign Mode

In the available text boxes, enter the translational and rotational spring constants for the active
degrees of freedom. This becomes the active assignment.

* Choose the ASSIGN button. All joints that share the active assignment are shown in red in
the Graphics area. Joints with different assignments are shown in black and joints with no
assignment are shown in green.

* In the Graphics area, using the left-mouse button, click on a single joint or marquee select
a group of joints. To remove the assignment, do the same using the right-mouse button.

5.24.2 Show Mode

e Choose the SHOW button.

* In the Graphics area, click on a joint. All joints that have the same assignment as the
selected joint are shown in red and the assignment is displayed in the SPRINGS box.

5.25 Assign Member Properties

Material, section, and non-prismatic member properties are globally defined using the values
entered using the Define/Defaults command. Members that do not have DEFAULT material,
section, and non-prismatic properties can be assigned their different properties using the Assign/
Member Types command.

* From the Assign menu, choose Member Types. The modeless dialog box of Figure 5-18
appears. To end member type assignment, choose the CLOSE button.
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Figure 5-18 Member Types dialog box

* From the drop-down list box, select the assignment type, MATERIALS, SECTIONS, and
NONPRISMATIC. The list box displays the available entries of your selection. These
entries were defined using the Define/Materials, Define/Sections, and Define/
Nonprismatic commands.

* From the list box, select the property to be applied. This becomes the active assignment.
All members that share the active assignment are shown in red in the Graphics area.
Members with different assignments are shown in black and members with the DEFAULT
assignment are shown in green.

* In the Graphics area, using the left-mouse button, marquee select a member or a group of
members. To remove the active assignment (apply DEFAULT), do the same using the
right-mouse button.

» Repeat the three steps above for each type, Materials, Sections, and Nonprismatic.

* From the Assign menu, choose Refinement. The modeless dialog box of Figure 5-19
appears. This box has two modes, ASSIGN and SHOW. To end refinement assignment,
choose the CLOSE button.

Azsigh Shiow

| Azzign | Shiaw | Azsigh | Shiow

o n in Wiz |0 4 Shape

Oy 1] in Wiz 0 4 Factor |0 Beta |0 Deq.
Wiy 0 A
Wip |0 %
Cloze I | Cloze I | Cloze | | Cloze

Figure 5-19 Refinement dialog box
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From the drop-down list, select the refinement to be assigned, RIGID-END OFFSETS,
PARTIAL RELEASES, SHEAR CORRECTION, and ORIENTATION. The rest of the
box displays text boxes that depend on your selection. Some text boxes may not be
available, depending on the structure type.

Note: Member Start joint is the one closer to the joint with the lowest coordinates in the entire

structure.

5.25.1 Assign Mode

In the available text boxes, enter the information needed. This becomes the active
assignment.

Choose the ASSIGN button. All members that share the active assignment are shown in
red in the Graphics area. Members with different assignments are shown in black and
joints with no assignment are shown in green.

In the Graphics area, using the left-mouse button, marquee select a member or a group of
members. To remove the assignment, do the same using the right-mouse button.

5.25.2 Show Mode

Choose the SHOW button.

In the Graphics area, click on a member near its mid-length (if the Member Labels option
is ON, click on the member label to select it). All members that have the same assignment
as the selected member are shown in red and the assignment is displayed in the text boxes
of the REFINEMENT box.

5.26 Apply Member Loads

From the Assign menu, choose Member Loads. The modeless dialog box of Figure 5-20
appears. To end member loads assignment, choose the CLOSE button.

Member Loads

Load Caze

I -

DistL
FaintD
FaintL

Cloze

Figure 5-20 Member Loads dialog box
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Note: Member Start joint is the one closer to the joint with the lowest coordinates in the entire
structure.

From the LOAD CASE drop-down list, select a load case under which the loads are to be

applied to the members. The list box below displays the available loads that were defined
using the Define/Member Loads command.

From the list box, select the load to be applied. This becomes the active assignment. All
members that share the active assignment are shown in red in the Graphics area. Members
with a different assignment are shown in black and members with no assignment are
shown in green.

In the Graphics area, using the left-mouse button, marquee select a member or a group of
members. To remove the active assignment, do the same using the right-mouse button.

5.27 Apply Joint Loads

From the Assign menu, choose Joint Loads. The modeless dialog box of Figure 5-21
appears.This box has two modes, ASSIGN and SHOW. To close the box and end joint
loads assignment, choose the CLOSE button.

From the LOAD CASE drop-down list, select a load case under which the loads are to be
applied to the joints.

Load Case Load Caze
|Dead |Dead j

|stign | Showa |&ssign | Show
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Figure 5-21 Joint Loads dialog box

From the drop-down list, select the type of load to be assigned, FORCES & MOMENTS
or DISPLACEMENTS & ROTATIONS. The rest of the box displays text boxes that
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depend on your selection. Some text boxes may not be available, depending on the
structure type.

5.27.1 Assign Mode

» In the available text boxes, enter the information needed. This becomes the active
assignment.

* Choose the ASSIGN button. All joints that share the active assignment are shown in red in
the Graphics area. Joints with different assignments are shown in black and joints with no
assignment are shown in green.

* In the Graphics area, using the left-mouse button, marquee select a joint or a group of
joints or simply click on a joint. To remove the assignment, do the same using the right-
mouse button.

5.27.2 Show Mode

e Choose the SHOW button.

* In the Graphics area, click on a joint. All joints that have the same assignment as the
selected joint are shown in red and the assignment is displayed in the JOINT LOADS box.

5.28 Include Self Loads

By default, member self weight is not included in the applied loads. However, you may include the
self weight of all or just selected members using the Assign/Self Loads command. The member
self weight is automatically computed and included in the SELF load case.

*  From the Assign menu, choose Self Loads.

» In the Graphics area, using the left-mouse button, marquee select the members whose self
weight should be included. To remove members from the selection, marquee select them
using the right-mouse button.

» To end self loads assignment, choose another command.

5.29 Rigid Diaphragms Assignment

* From the Assign menu, choose Rigid Diaphragms. The modeless dialog box of Figure 5-
22 appears. To end rigid diaphragm assignment, choose the CLOSE button.
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Rigid Diaph.
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Figure 5-22 Rigid Diaphragm dialog box

* Choose the ATTACH ALL option button to attach all beams on all floors to rigid
diaphragms.

* Choose the DETACH ALL option button to detach all beams on all floors from the rigid
diaphragms.
5.29.1 To Attach or Detach Individual Members

*  From the FLOOR drop-down list, select the level to work with.

*  Choose the ASSIGN option button. Only the beams on the selected level will be affected
by the assignment.

* In the Graphics area, using the left-mouse button, marquee select the member or members
to attach to the diaphragm. To detach members from the diaphragm, do the same using the
right-mouse button.

5.30 Group Members

* From the Assign menu, choose Member Group. The modeless dialog box of Figure 5-23
appears. To end member group assignment, choose the CLOSE button.

Member Group
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Figure 5-23 Member Group dialog box
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5.30.1 Defining Member Groups

* Inthe LABEL text box, enter a group label.

* Specify whether the group should include beams only, columns only, or any member, by
selecting the corresponding option.

* Specify whether the program should check to make sure that grouped members are of the
same length or not by checking or clearing the CONFIRM LENGTH check-box option,
respectively.

» Choose the ADD button. The group label is added to the drop-down list.

» Repeat the three steps above until all groups are defined.

5.30.2 Adding Members to a Defined Group

» From the drop-down box, select a group.

* In the Graphics area, using the left-mouse button, marquee select the members to be
included in that group. To remove a member from a group, do the same using the right-
mouse button.

Note: It may happen that some members are selected to be grouped and only a few of them are
shown in red. This indicates that the selected members do not have the same length (with the
CONFIRM LENGTH option ON), or they are of different types (beams in a column group or vice
versa).

5.31 Create and Edit Surface Loads

Working in the XZ plane (floor), panels may be drawn and surface loads (force per unit area) may
be assigned to those panels. spCad computes the tributary area for each member attached to a
panel, along with the equivalent member load. These member loads may then be added to the
Member Loads definitions to be applied on the members.

* From the Options menu, choose Surface Loads. This command is not available if no
planes and no load cases are defined.

Surface Loads window is opened and the CHANGE LEVEL dialog box is displayed. For more
information on the Surface Loads window and the Change Level command refer to Working in the
Surface Loads Window in Chapter 7.
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5.32 Apply Load Reduction

Based on the member tributary areas computed in the Surface Loads window, spCad computes a
load reduction factor to be associated with a particular load case. Since the live load reduction of
columns is a function of their cumulative tributary areas, this command should be selected after
you assign and load panels on all the floors.

Load Reduction g|

Load Case m
Type

+ Beams " Columnsz

Reduction

—]

20 100 MNone
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22 200 MNone
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24 140 MNone
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Figure 5-24 Load Reduction dialog box

* From the Options menu, choose Load Reduction. This command will be available only
after inputting panels on the levels and distributing the loads to the attached members. The
dialog box of Figure 5-24 appears.

*  From the LOAD CASE drop down list, select the load case to be designated as a live load
case.

*  From the TYPE group, choose BEAMS or COLUMNS. The members of the selected type
are displayed in the list box, along with the member tributary area.

» From the list box, select the members you want to assign a live load reduction to.

* From the REDUCTION drop-down list, select the method of reduction, or NONE for no
reduction.

e Choose the ASSIGN button.

* Repeat the four steps above for the other type (beams or columns). Note that for columns,
the program computes the cumulative tributary areas.

e Choose the OK button.
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5.33 Compute Lateral Loads

Lateral loads (wind or seismic) may automatically be computed by spCad using the Options/
Lateral Loads command. Since the equivalent static loads depend on the geometry of the
structure, this option should be used after the entire structure is defined.

* From the Options menu, choose Lateral Loads. The dialog box of Figure 5-25 appears.

Lateral Loads fgl
Code

’——| Load Type Direction
" Wind fr % Parameters...
Load Caze

Dead - * Seismic fzo=z Floor Data...
F 1632 kipz e |0 ft radify

Tatal force

Apply Loads | Print | Cloze |

Figure 5-25 Lateral Loads dialog box

» UBC code is available for the English units system and NBC is available for the Metric
system.

* From the LOAD CASE drop-down list, select the load case under which the lateral load
should be included.

*  From the LOAD TYPE group, select WIND or SEISMIC.
* From the DIRECTION group, select the direction in which the load is applied.

» To input the code-related parameters, choose the PARAMETERS button. A dialog box
that depends on the selected code and load type appears (see description on the following
pages).

* To modify the computed floor weights or dimensions, choose the FLOOR DATA button.

The dialog box in Figure 5-26 appears. In this box you may change the width, depth, or
weight of a floor. Input values may not be less than computed values.

» After all data are input, the computed loads and their point of action are displayed in the
list box. For seismic loads, the load point of application is the center of mass (Xm, Zm).
For wind loads, it is the center of the floor projected dimension in each direction (Xf, Zf).
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*  You may edit the forces or edit their location by specifying an eccentricity measured from
the load point of application. To do so, select the item in the list box, edit the values in the
text boxes, and choose the MODIFY button.

» To assign the loads to the floors, choose the APPLY LOADS button.

» To obtain a printout of the lateral loads, choose the PRINT button.
5.33.1 Floor Data

* In the GROUND ELEVATION text box, input the elevation of ground level from the
origin in the Y direction (default value is the coordinate of the lowest XZ plane). Lateral
loads will not be applied to the floors below the Ground Elevation.

* In the TOP ELEVATION text box, input the top of building elevation (if different than
computed) from the origin in the Y direction. This is to account for parapets that may exist
on the roof. The additional height will be considered in computing the wind load on the
top floor. This value may not be less than the top floor elevation.

Floor. Data r'$_<|

ft ft

Ground Elewation |0 Top Elevation |33

ft kipz
wiidth [along ) Floar wieight |69.3342

Depth [alang £ |48 t odify

40 18
Total weight 155

ak. | Cancel |

Figure 5-26 Floor Data dialog box

* To modify a floor data, select the level from the list box, edit its width, depth, or weight,
and choose the MODIFY button. Input values may not be less than computed values.

* Choose the OK button. The forces in the lateral loads box are updated.

5.33.2 UBC Wind Parameters

* Enter the basic wind speed, v [Figure No. 23-1 of the Code].

* Enter the windward and leeward pressure coefficients, Cq.
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» The stagnation pressure, gs, is computed based on the input basic wind speed, v, [Table
23-F of the Code] and displayed.

*  From the EXPOSURE group, select an exposure, B, C, or D [Sec. 2312 of the Code].

» From the OCCUPANCY group, select an occupancy type, ESSENTIAL, HAZARDOUS,
SPECIAL, or STANDARD. The importance factor, I, is computed [Table 23-L of the
Code] and displayed. To input a different I value, select the I= option and enter its value.
UBC 1991, Seismic Parameters.

» From the ZONE group, select the applicable seismic zone, 1, 2A, 2B, 3, or 4 [Figure 23-2
of the Code]. The corresponding Z factor is displayed.

» From the SOIL TYPE group, select the applicable type, S1, S2, S3, or S4 [Table 23-J of
the Code]. The site coefficient, S, is displayed. To input a different S value, select the S=
option and enter its value.

»  From the OCCUPANCY group, select an occupancy type, ESSENTIAL, HAZARDOUS,
SPECIAL, or STANDARD. The importance factor, I, is computed [Table 23-L of the
Code] and displayed. To input a different I value, select the I= option and input its value.

» From the STRUCTURE group, select the structure type, concrete momentresisting frame,
steel moment resisting frame, or other [Sec. 2334(b)2A of the Code]. The Ct coefficient is
displayed. To input a different Ct value, select the Ct= option and enter its value.

* From the LATERAL LOAD-RESISTING SYSTEM group, select a system type [Table
23-0 of the Code]. The Rw coefficient is displayed. To input a different Rw value, select
the Rw= option and enter its value.

» Based on the selected options, the structural period is computed [Eq. (34-3) of the Code]
and displayed. If different than that computed, enter the value of the period, T.

» The top level force, Ft, and the base shear, V, are computed [Sec. 2334(d) of the Code] and
their ratios to the total weight, W, are displayed. These values may not be modified.
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Figure 5-27 UBC Wind Parameters
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Figure 5-28 UBC Seismic Parameter

5.33.3 NBC Wind Parameters

» Enter the wind speed, v*.

» From the EXPOSURE group, select A, B, or C [NBC Supplement Commentary B].

* Enter the pressure coefficient, Cp, for the windward and the leeward surfaces [NBC

Supplement, Commentary B].

* Based on the input wind speed, the wind pressure, q, is computed [NBC Supplement,

Commentary B] and displayed. If different than computed, enter its value.

* Enter the gust factor, Cg [Sec. 4.1.8.1(6) of the Code].
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The exposure factor for the leeward surface, Ce, is computed [NBC Supplement,
Commentary B] and displayed. If different than computed, enter its value.

5.33.4 NBC Seismic Parameters

Enter the acceleration-related seismic zone factor, Za*.
Enter the velocity-related seismic zone factor, Zv*.
Enter the zonal velocity ratio, v*.

Enter the structural period, T.

Based on the input Za, Zv, and T, the seismic response factor, S, is computed [Table
4.1.9.A of the Code] and displayed. If different than computed, enter its value.

Enter the force modification factor, R [Table 4.1.9.B of the Code].

From the IMPORTANCE group, select the appropriate category. The importance factor, I,
is displayed [Table 4.1.9.1(10) of the Code]. To input a different I value, select the I=
option and enter its value.

From the FOUNDATION group, select the appropriate type. The foundation factor, F, is
displayed [Table 4.1.9.C of the Code]. To input a different F value, select the F= option
and enter its value.

*"Design Data for Selected Locations in Canada", Chapter 1, NBC Supplement.

The top level, Ft, and the minimum lateral seismic force, V, are computed and their ratios
to the total weight are displayed. These values may not be modified

Wind Parameters (N.B.C)

Wind Speed Wiind Pressure
v= |[H] ki /h q= |0.245 kPa
Expozure Gust Factor

#a CB CC Cg= |1

Prezsure Coeff, Cp Exposure Factor

Windward = |0.8 Leeward
Leeward= |-0.5 Ce= |1

ak | Cancel |

Figure 5-29 NBC Wind Parameters
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Seismic Parameters (M.B.C.)

Zone Importance Factor
Acceleration, Za & Bt dlieasics
Welocity, Zv |2_ " Schoal

Welocity Ratio, v lr 8 0=
v |= ’1_
Periad

Foundation

T [zec) 03 " 1-Rocky

™ 2-Compact

™ 3-Loose
Fesponse. 5 |21 " 4-Soft

Force Mod. R 1 " F= ,1_

- [
WA = ,7 Cancel

Factars

Figure 5-30 NBC Seismic Parameters

5.34 Relabel Joints and Members

Joints and members are labeled and numbered internally on the basis of first-input first-labeled. To
relabel joints and members in an orderly manner, use the Options/Relabel command.

* From the Options menu, choose Relabel. A confirmation dialog box appears.

» Choose the YES button to relabel. Relabeling is done in a predetermined manner. See the
Relabel option in Chapter 3 for more information.

3’) Do you wish ko renumber joint and member labels 7

Yes Mo |

Figure 5-31 Relabel dialog box
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6.1 Plane Window Commands

Plane window is opened when you choose the Edit/Plane command in the Main spCad window.
Plane is a planar (2-D) graphics editor in which you can create and edit joints and members in any
of three planes or elevations (XZ, YZ, or XY). Planes can then be copied multiple times, with any
offset or rotation, to model the entire structure.

6.2 Options Menu

Ch Pl
ange rtane i_hange Plane. ..
Enables you to choose a new plane to work in. You may also add Drawing Area. ..
new planes, delete, or modify existing planes. Snap...
Drawing Area Print Screen. ..
Enables you to set the limits and grid size for your plane drawing Exit
area.
Snap

Enables you to specify different snap settings to suit your drawing needs.
Print Screen

Enables you to obtain a printout of the image displayed in the Graphics area of the Plane
Window.

Exit

Accepts the changes made in the Plane editor, closes the Plane window, and returns control to
the Main CAD window.
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6.3 Edit Menu

Add Joint Add Jaint
Enables you to add joints graphically. Delete Joint
Delete Joint Move Joint
Edit Jaint...
Enables you to delete joints graphically.
_ Add Member
Move Joint Delete Mermber
Enables you to graphically move a joint to a different location. Maove Member
Edit Joint Circle. ..

Enables you to add, delete, or modify a joint from a dialog box.
Add Member

Enables you to add members graphically.
Delete Member

Enables you to delete members graphically.
Move Member

Enables you to graphically move a member to a different location.

Circle

Allows you to graphically draw members along the circumference of a circle.

6.4 Duplicate Menu

Select

Select
Selects the members to be affected by one of the four duplication
. Capy..,
procedures under the Duplicate menu.
Exkrude. ..
Copy Mirrar H
Copies the selected members, in-plane, with any specified offset and/or Mirror ¥
rotation.
Extrude

Copies the selected members, out-of-plane, with any specified offset and/or rotation.
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Mirror H

Creates a mirror image of the selected members about a horizontal line.
Mirror V

Creates a mirror image of the selected members about a vertical line.
Undo

Undo any duplication performed.

6.5 Show Menu

Show menu options and commands enable you to manipulate the

Zoom
graphical display and control what is to be displayed in the Plane
. Translake
window.
Reset
Zoom Redraw
Enables you to magnify or reduce the graphical image displayed in Preferenies, ..

the Graphics area.
Translate Supetimpose. ..
Enables you to translate or move the graphical image displayed in the Graphics area.
Reset
Resets the graphical image to its original position and scale.
Redraw
Refreshes the window and redraws the image.
Preferences
Enables you to specify what is to be displayed in the Graphics area.
Superimpose

Enables you to view multiple levels or planes superimposed on the current plane.

6.6 Working in the Plane Window

Show menu commands of the Plane window are similar to the Show menu commands of the Main
window. Also, refer to Working With Graphics in Chapter 2 for additional information.
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6.7 Change Plane

Allows you to switch to other planes for editing, deleting, or modifying existing planes, or
creating new ones.

* From the Options menu, choose Change Plane. The dialog box of Figure 6-1 appears.

Y-Coord.

Y =543864 54864
Y =10.0584 10.0584

1] 4 | LCancel |

Figure 6-1 Change Plane dialog box
6.7.1 To Create a New Plane

» Inthe LABEL text box, enter the plane label.

» Inthe COORD text box, enter the orthogonal distance from the origin (when working with
a building structure, for the XZ plane, typically this would be the floor elevation).

e Choose the ADD button. The data entered are added to the list box at the bottom.
6.7.2 To Start Drawing in a Plane

» From the list box, select the plane to work in.

* Choose the OK button. The selected plane becomes the active plane and its joints and
members (if any exist) are displayed in the Graphics area of the Plane window.

6.7.3 To Modify a Plane Label or Coordinate

» From the list box, select the plane to edit.

» Change the label or the plane coordinate in the corresponding text boxes. A plane
coordinate must be between the coordinates of the two planes immediately before and
after it.

* Choose the MODIFY button. The data in the list box are changed.
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6.7.4 To Delete a Plane

* From the list box at the bottom, select the plane to delete.

* Choose the DELETE button.

Note that deleting a plane deletes all joints within the plane along with all members attached to
those joints. Planes with no joints will automatically be deleted.

6.8 Drawing Area

* From the Options menu, choose Drawing Area. The dialog box of Figure 6-2 appears.
* In the text boxes of the LIMITS group, enter the limits of the drawing.
* In the GRID group, enter the grid step size in each direction.

» Specify whether the grid should be visible or not by selecting or clearing the SHOW
GRID check-box option. With this option ON, a grid with the specified step size will be
placed over the entire drawing area. Note that the grid is used for guidance and clarity and
does not affect the drawing capabilities.

» Select a grid line type, DOT, DASH, or SOLID; and a grid line color from the COLOR
list.

* Choose the OK button.

Edit Node

2 121820
3 12192 15.24
4 a 15.24

Add Delete
hd odify Cloze

Figure 6-2 Drawing Area dialog box

* From the Options menu, choose Snap. The dialog box of Figure 6-3 appears.
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Intensity |0 N/mm”™2

Itase Irtereitn

Dead -0.68948
Live a
Lateral 1}
ak. | Cancel |

Figure 6-3 Snap dialog box

* In the corresponding text boxes, input the coordinates of the snap grid. A snap grid is a
magnetized grid of constant pitch (horizontal and vertical may be different) to which the
cursor is attached.

» Select the SNAP ON check-box option to turn snapping to the snap grid ON, or clear it to
turn the snap OFF.

* From the PRECISION drop-down list, select a precision setting. This controls the
accuracy of the cursor location.

* Inthe ACCURACY text box, specify the range (in pixels) within which the proximity of a
snap location is affected.

* In the OBJECT group, specify whether to snap to a joint or mid-member, by selecting the
corresponding check-box option.

e Choose the OK button.

6.9 Working with Joints

6.9.1 Adding Joints

* From the Edit menu, choose Add Joint.

* In the Graphics area, point to the desired location and click the left-mouse button. Note
that the coordinates of the cursor location are shown in the Status bar.

» To end adding joints, choose another command.

6.9.2 Deleting Joints

* From the Edit menu, choose Delete Joint.
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» To delete a joint, point to it and click the left-mouse button. To quickly select a joint, turn
the JOINT option ON in the SNAP dialog box. A selected joint has a small rectangle
around it.

* To delete a group of joints, marquee select them. All joints inside the marquee are deleted.
Note that deleting a joint deletes all members connected to it.

* To end deleting joints, choose another command.

6.9.3 Moving Joints

*  From the Edit menu, choose Move Joint.

» In the Graphics area, point to a joint and marquee select. A dotted line connecting the
original joint location and the cursor location appears. When the joint is over the new
desired location, release the mouse button. The joint is moved to the new location. Any
members connected to the joint will move with it.

* To end moving joints, choose another command.

6.9.4 Editing Joints

* From the Edit menu, choose Edit Joint. The modeless dialog box of Figure

Distribute P§|

Tatalfrea [ m™2 ]= 185.805

Figure 6-4 Edit Joint dialog box

* In the Graphics area, point to a joint and click the left-mouse button. The joint number in
the list box is highlighted and its coordinates are displayed in the corresponding text
boxes. In the list box, LOCAL represents the joint number in the active plane and
GLOBAL represents its number in the whole structure. LOCAL and GLOBAL values
cannot be edited.

» To move the joint, edit its coordinates and choose the MODIFY button.

» To delete the joint, choose the DELETE button. Deleting a joint deletes all members
connected to it.
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» To add a new joint, type its coordinates in the text boxes and choose the ADD button.

* To end joint editing, choose the CLOSE button.

6.10 Working with Members

6.10.1 Adding Members

*  From the Edit menu, choose Add Member.

*  Click the left-mouse button on the location of one member end. As you move the cursor, a
line representing the member follows. To anchor the member, click on the location of its
other end. By doing so, another member is started.

+ Joints are automatically created at member ends and members are automatically numbered
as entered.

» To start a member at a different location or to end adding members, click the right-mouse
button.

6.10.2 Deleting Members

*  From the Edit menu, choose Delete Member.

* To delete a member, click on the member near its mid-length. To quickly select a member,
turn the MID-MEMBER option ON in the SNAP dialog box. A selected member has a
small rectangle near its mid-length.

» To delete a group of members, marquee select them. All members inside the marquee are
deleted. Note that deleting a member does not delete its end joints.

* To end deleting members, choose another command.

6.10.3 Moving Members

*  From the Edit menu, choose Move Member.

* In the Graphics area, point to a member near its mid-length, click and hold the left-mouse
button, and drag the cursor to another location. A dotted line representing the new member
location appears. When the member is at the desired location, release the mouse button.
Note that moving a member does not move its end joints, but rather, creates two new
joints.

* To end moving members, choose another command.
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6.10.4 Members on a Circle

Edit/Circle command enables you to draw members that, when connected, form the
circumference of a circle.

* From the Edit menu, choose Circle.

» In the Graphics area, point to the location of the circle center and click the left-mouse
button. The dialog box in Figure 6-5 appears.

Show Loads E|
Losd Case [EEEERER |
Label |4-2-19

Intensity | 1050.77 kM /m

Digtance From J1/Length |0
Load Length/Length |1

Add To Loads | Apply Al |

”~
20 1080.8 1] 1 3
21 21015 1] 1
22 215 1] 1 =
23 14711 1] 1
24 14711 1] 1
a1 122549 1] 1 e

Ok Cancel

Figure 6-5 Circle dialog box

* Modify the circle center coordinates, if needed, and enter its radius in the corresponding
text boxes.

* Inthe SEGMENTS text box, enter the number of line segments around the circle
circumference.

* Choose the OK button. The specified number of members along the circle are drawn.
6.10.5 Selecting Items for Duplication

Duplicate/Copy command allows you to make multiple in-plane copies of selected members and
joints. The distance between a designated base joint and the generated copy of that base joint, in
rectangular or polar coordinates, must be specified. Rotation while copying is possible, as well as
varying increments for multiple copies.
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* From the Duplicate menu, choose Copy. If you have not selected members and joints to
be copied you are prompted to do so.

» Inthe Graphics area, using the left-mouse button, click on a base joint. The base joint must
be a selected joint. The dialog box of Figure 6-6 appears.

Copy X

Type ™ Rectangular © Polar

Distance
Increment

Harizantal 0 0 i
Vertical 1] 1] m

Fatation [Deg)
Increment

Around Y 0 0 Deg.

Guartity 1 [ ConnectJaints
Common Zone |1 i

ak. | Cancel |

Figure 6-6 Copy dialog box
* Select a copy type, RECTANGULAR or POLAR.

 Fora RECTANGULAR copy, enter the horizontal and vertical components of the distance
between the base joints of any two consecutive generated copies and the rotation angle
(about the orthogonal out-of-plane axis), along with their respective increments.

* For a POLAR copy, enter the radius, angle, and the rotation angle, along with their
respective increments, in the corresponding text boxes.

* Inthe QUANTITY text box, enter the number of copies to be generated. This number
must be less than 99.

» Select or clear the CONNECT JOINTS option. With this option selected, generated joints
of consecutive copies will be connected by members.

* In the COMMON ZONE text box, enter the distance within which any two joints will be
considered one.

*  Choose the OK button.

» The specified in-plane copies of the selected items are generated. To undo the generation,
choose the Duplicate/Undo command.
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6.11

Generation by Copy

Duplicate/Copy command allows you to make multiple in-plane copies of selected members and
joints. The distance between a designated base joint and the generated copy of that base joint, in

rectangular or polar coordinates, must be specified. Rotation while copying is possible, as well as

varying increments for multiple copies.

From the Duplicate menu, choose Copy. If you have not selected members and joints to
be copied you are prompted to do so.

In the Graphics area, using the left-mouse button, click on a base joint. The base joint must
be a selected joint. The dialog box of Figure 6-6 appears.

Extrude E'

Type ™ Rectangular " Polar

Distance —— R otation [Ceg) Ineremert

ID— m Around IE'— ’D_
v ID— m Around ' IU— ’D—
z o

Cuantity |1 [ Connect Generated Jaints

IEI—
IEI—
IEI_ m Around £ IEI_ ’U—
I—
I—

Common Zone |1

QK. | Cancel

Figure 6-7 Copy dialog box
Select a copy type, RECTANGULAR or POLAR.

For a RECTANGULAR copy, enter the horizontal and vertical components of the distance
between the base joints of any two consecutive generated copies and the rotation angle
(about the orthogonal out-of-plane axis), along with their respective increments.

For a POLAR copy, enter the radius, angle, and the rotation angle, along with their
respective increments, in the corresponding text boxes.

In the QUANTITY text box, enter the number of copies to be generated. This number
must be less than 99.

Select or clear the CONNECT JOINTS option. With this option selected, generated joints
of consecutive copies will be connected by members.

In the COMMON ZONE text box, enter the distance within which any two joints will be
considered one.
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*  Choose the OK button.

» The specified in-plane copies of the selected items are generated. To undo the generation,
choose the Duplicate/Undo command.

6.12 Generation by Extrude

Duplicate/Extrude command allows you to make multiple in- and out-of-plane copies of selected
members and joints. Extrusion may be specified with varying increments and rotations.

* From the Duplicate menu, choose Extrude. If you have not selected members and joints
to be extruded, you will be prompted to do so.

» Inthe Graphics area, using the left-mouse button, click on a base joint. The base joint must
be a selected joint. The dialog box of Figure 6-7 appears.

Flanes |N|:une ﬂ
A

1 Lewvel 0
2 Level 5.4864 hl

Ok, Cancel

Figure 6-8 Extrude dialog box
» Select an extrusion type, RECTANGULAR or POLAR.

* Fora RECTANGULAR extrusion, enter the X, Y, and Z components of the distance
between the base joints of any two consecutive generated copies and the rotation about the
global axes, along with their respective increments.

» Fora POLAR copy, enter the radius, angle, and the rotation angle of the base joint, along
with their respective increments.

* Inthe QUANTITY text box, enter the number of copies to be generated. This number
must be less than 99.

* Inthe COMMON ZONE text box, enter the distance within which any two joints will be
considered one.

» Select or clear the CONNECT GENERATED JOINT option. With this option selected,
generated joints of consecutive copies will be connected by members.

e Choose the OK button.
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The specified copies of the selected items are generated. To undo the generation, choose the
Duplicate/Undo command.

6.13

Generation by Mirror

6.13.1 Mirror H

Duplicate/Mirror H command allows you to create a mirror image of selected members and

joints about a horizontal line.

From the Duplicate menu, choose Mirror H. If you have not selected members and
joints, you will be prompted to do so.

In the Graphics area, click and hold down the left-mouse button. A horizontal line appears.
As you drag the mouse, the horizontal line moves with the cursor. When the line is at the
desired location, release the mouse button. A mirror image of the selected items about the
line is created.

To cancel the command, click the right-mouse button while holding down the left-mouse
button, then release the left button.

To undo the changes, choose the Duplicate/Undo command.

6.13.2 MirrorV

Duplicate/Mirror V command allows you to create a mirror image of selected members and
joints about a vertical line.

From the Duplicate menu, choose Mirror V. If you have not selected members and joints,
you will be prompted to do so.

In the Graphics area, click on a location and hold down the left-mouse button. A vertical
line appears. As you drag the mouse, the vertical line moves with the cursor. When the line
is at the desired location, release the mouse button. A mirror image of the selected items
about the line is created.

To cancel the command, click the right-mouse button while holding down the left-mouse
button, then release the left button.

To undo the changes, choose the Duplicate/Undo command.
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6.14 Superimpose

Show/Superimpose command allows you to superimpose another plane over the active plane for
comparison and verification purposes only.

* From the Show menu, choose Superimpose. The dialog box of Figure 6-8 appears.

Superimpose El

Planes |Nnne

1LevelD
2 Level 5.4864

ak Cahicel

< 34

Figure 6-9 Superimpose dialog box
*  From the PLANES drop-down list, select a plane.
* Choose the OK button.

» The members and joints of the selected plane are superimposed over the active plane and
are shown in different color. Note that the superimposed planes may not be edited. To
remove the superimposed plane, choose the command again and select NONE from the
PLANE drop-down list.
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71 Surface Loads Window Commands

Surface Loads window is opened when you choose the Options/Surface Loads command from
the Main spFrame window. Like the Plane window, it is a planar (2- D) graphics editor. It enables
you to draw panels spanning over members of a plane (floor) and apply area loads to those panels.

7.2 Options Menu

Change Level

Enables you to choose a new level to work in.
Drawing Area

Enables you to set the limits and grid size for your plane drawing area.
Snap

Enables you to specify different snap settings to suit your drawing needs.
Copy To

Copies the panels and loads on the current level to other levels.
Print Screen

Enables you to obtain a printout of the image displayed in the Graphics area of the Surface
Loads Window.

Exit

Accepts the changes made in the Surface Loads window, closes the Surface Loads window,
and returns control to the Main window.

7.3 Edit Menu

Add Panel
Enables you to add a panel at any location.
Add Opening

Enables you to add an opening within a panel.
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Add Node

Enables you to add a panel node.
Delete Node

Enables you to delete a panel node.
Move Node

Enables you to move a panel node to a different location.
Edit Node

Enables you to add, edit, or delete a panel node.
Select Panel

Enables you to select a panel to load.
Select Member

Enables you to select (or deselect) the members to be attached to (or detached from) a panel.
Load Panel

Enables you to apply a uniform load over the selected panel.
Distribute

Enables you to compute the tributary areas of the members attached to the selected panel and
distribute the panel load to those members accordingly.

7.4 Show Menu

Show menu options and commands enable you to manipulate the graphical display and control
what is to be displayed in the Surface Loads window.

Zoom

Enables you to magnify or reduce the graphical image displayed in the Graphics area.
Translate

Enables you to translate or move the graphical image displayed in the Graphics area.
Redraw

Refreshes the window and redraws the image.
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Reset
Reset graphical image to its original position and scale.
Preferences

Enables you to specify what is to be displayed in the Graphics area.

7.5 Working in the Surface Loads Window

Since the Surface Loads window commands are similar to the Plane window commands, (such as
Change Level, Drawing Area, Snap, ctc.), refer to Chapter 6 for a detailed description of these
commands.

7.6 Copy Panels to Other Levels

Options/Copy To command allows you to copy panels and panel loads from the active plane
(level) to other planes (levels).

* From the Options menu, choose Copy To. The dialog box of Figure 7-1 appears.

Y-Coord.

Y =543864 54864
Y =10.0584 10.0584

1] 4 | LCancel |

Figure 7-1 Copy To dialog box
» From the list box, select the plane to copy the panels and loads to.

* Choose the OK button. All panels and panel loads are copied to the specified planes.
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7.7 Add Panels and Openings

7.71 Adding Panels

Edit/Add Panel command allows you to draw solid panels that span over members. Drawing a
panel is done by drawing panel nodes that will be connected by lines that form the panel boundary.

e  From the Edit menu, choose Add Panel.

* In the Graphics area, point to a location and click the left-mouse button. A panel node will
be inserted. As you move the cursor, a line stretching from that node follows it. Click on
another location to add another panel node,

» anchor the line, and start another one. Repeat until the entire panel is defined.

» To end drawing a panel and start another one, click the right-mouse button. The panel area
will be shaded.

* Repeat the steps above to define more panels. As you add more panels, the active panel
will be shaded in red while all other panels are shaded in black.

7.7.2 Adding Openings

Edit/Add Opening command allows you to define an opening within a panel. An opening must
be confined to a panel and multiple openings are allowed within a panel. Once you start drawing
the opening, you may not extend it outside the panel borders.

* From the Edit menu, choose Add Opening.

* In the Graphics area, point to a location within a panel and click the leftmouse button. An
opening node will be inserted. As you move the cursor, a line stretching from that node
follows it. Click on another location to add another opening node. Repeat until the entire
opening is defined.

* To end drawing an opening and start another one, click the right-mouse button. The
shaded portion of the panel that is defined as an opening is cleared to represent the
opening.

7.8 Edit Panels and Openings

A panel (or opening) consists of a group of nodes at the corners connected by straight lines that
form the panel edges. Editing panel nodes enables you to modify the shape of the panel.
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7.8.1 Adding Panel Nodes

Edit/Add Node command enables you to add panel or opening nodes. Nodes that are added using
this command are restricted to panel or opening borders (perimeters).

*  From the Edit menu, choose Add Node.

» In the Graphics area, point to the location where you want to insert a node and click the
left-mouse button.

* To end adding nodes, choose another command.

7.8.2 Deleting Panel Nodes

* From the Edit menu, choose Delete Node.

» To delete a node, point to it and click the left-mouse button. A selected node has a small
rectangle around it.

* To delete a group of nodes, marquee select them. All nodes inside the marquee are deleted.

» To end deleting nodes, choose another command.

7.8.3 Moving Panel Nodes

*  From the Edit menu, choose Move Node.

* In the Graphics area, point to a node, click and hold the left-mouse button, and drag the
cursor to another location. The shape of the panel attached to the node is drawn as you
move the cursor. When the node is at the new desired location, release the mouse button.

* To end moving nodes, choose another command.
7.8.4 Editing Panel Nodes

* From the Edit menu, choose Edit Node. The model’s dialog box of Figure 7-2 appears.
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Edit Node

2 121820
3 12192 15.24
4 a 15.24

Add Delete
hd odify Cloze

Figure 7-2 Edit Node dialog box

» In the Graphics area, point to a node and click the left-mouse button. The node number in
the list box is highlighted and its coordinates are displayed in the corresponding text
boxes.

* To edit the node, modity its coordinates and choose the MODIFY button.
» To delete the node, choose the DELETE button.
» To add a new node, type its coordinates in the text boxes and choose the ADD button.

* To end node editing, choose the CLOSE button.

7.9 Attach Members to Panel

By default, all members that are in contact with a panel are attached to it. You may, however, want
to detach some members from a panel. To do so, you must first select the panel to work with using
the Edit/Select Panel command, and, second, attach or detach its members using the Edit/Select
Member command.

7.9.1 Select Panel

Edit/Select Panel command allows you to select the panel to attach or detach members to or apply
loads over it.

* From the Edit menu, choose Select Panel.

» In the Graphics area, point anywhere within the panel you want selected and click the left-
mouse button. A selected panel becomes the active panel and is shaded red. All other
panels are shaded black.
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7.9.2 Select Member

Edit/Select Member command allows you to specify which members are to be attached to the
active panel. It also allows you to detach members from the active panel.

* From the Edit menu, choose Select Member.

* To detach (remove) a member from a panel, marquee select the member using the right-
mouse button.

» To attach a member to the active panel, select the member using the leftmouse button.
Only members that touch the panel may be attached to it.

7.10 Load Panels

Edit/Load Panel command allows you to assign an area load (force per area) to the active panel
(selected using Edit/Select Panel). This load will be distributed to all members attached to the
panel.

* From the Edit menu, choose Load Panel. The dialog box of Figure 7-3 appears. The list
box at the bottom shows all load cases and the panel load for each.

Load Panel rg|

Intensity |0 M Arirn ™2

s Interzibn

Dead -0.68948
Live 0
Lateral 0
(] Cancel |

Figure 7-3 Load Panel dialog box
* From the list box, select the load case under which the panel load should be applied.

* Inthe INTENSITY text box, input the value of the load. This load is applied in the
negative direction of the global Y axis.

*  Choose the MODIFY button. The data in the list box are updated.
* Repeat the three steps above for each load case.

e Choose the OK button.
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7.11 Distribute Panel Loads to Members

Edit/Distribute command computes the tributary areas of the members attached to the active
panel and distributes the area loads assigned to the active panel to these members. It also allows
you to modify the loads and their location, add the loads to the member loads definitions, and
apply the computed loads to the members.

* From the Edit menu, choose Distribute. The dialog box of Figure 7-4 appears.

* The computed area of the active panel is shown. The list box lists the members attached to
the active panel, the ratio of the member tributary area to the total area (in percentage),
and the member tributary area. These values are computed based on the panel and may not
be modified.

* Choose the SHOW LOADS button. The dialog box of Figure 6-5 appears.

*  From the LOAD CASE drop-down list, select a load case. The list box displays the panel
members and the computed load data.

Distribute [5__(|

Total &rea[ m™2 1= 185.806

S
20 ] 929 3
2 10 18.6
22 10 18.6 3
23 7 13
24 7 13
Kl 7 13 o
Show Loads. .. Cloge |

Figure 7-4 Distribute dialog box
7111 To Edit a Member Load

* From the list box, select a member. Its assigned load label, computed load value, and
location, are displayed in the corresponding text boxes.

| 205 |



-
spCad SURFACE LOADS WINDOW S frame

Show Loads E|
Load Case [EEECRNNN ~ |
Label 2219

Intensity |1080.77 kM /m

Distance From J1/Length |0
Load Length/Lenath |1

Add Ta Loads | Apply Al |

~
20 10508 1] 1 —
21 2105 1] 1
22 2105 1] 1 L
23 14711 1] 1
24 14711 1] 1
il 12259 1] 1 b
(] | Cancel |

Figure 7-5 Show Loads dialog box

» Edit the load label, its magnitude, start location ratio, or length ratio, in the corresponding
text box.

* Choose the MODIFY button. The data in the list box are updated.

7.11.2 To Add a Load to the Member Loads Definitions

* From the list box, select the load to be added.

* Choose the ADD TO LOADS button. The load will be added to the Member Loads
definitions (as if it was entered using the Define/Member Loads command in the Main
window).

7.11.3 To Assign All Loads to Members

* Choose the APPLY ALL button. All computed member loads will be added to the
Member Load definitions and assigned to the corresponding members under the selected
load case.
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8.1 Problem Description

The model is a 17-story building frame structure. The elevation and typical floor plans are shown
in Figure 8-1. All beams are 24"x24" and of 4 ksi lightweight concrete (115 pcf). All columns are
30"x30" and of 5 ksi normal weight concrete (145 pcf).

All X beams have a point load of 20k (dead) and 15k (live) located at midspan. All Z beams have
a uniform load of 2.15k/ft (dead) and 1.75 k/ft (live) over the entire span. Wind loads per UBC are
also applied in the X direction above the first floor. All columns are fixed at the base and all floors

are assumed to have a rigid diaphragm.

5 —
AB =
@
1T @ e e 0 6
@ @ @
o © H T
o @ i |, 2@&25y |
P . ® 4 @ oy !__
| o = Plan A BlanB
Figure 8-1 Floor Plan
8.1.1 Procedures

The material and section properties of the columns (normal weight concrete and 30x30 section)
will be assigned to the DEFAULT values.

To generate the model geometry, we will start with the first floor, draw the four beams along line
"1" and then copy those beams in the +ve Z-direction, three times, at an offset of 20 ft. This will
generate the beams along "2", "3", and "4" and all other transverse beams on this floor (using the
CONNECT JOINTS option).

Once the first floor is drawn, we will then extrude the entire floor in the +ve Y direction, 12 times,
at an offset of 10 ft. This will generate floors 2 through 13 along with the connecting columns.

Changing to floor 13, we will then extrude the two middle bays (lines "B" - "D", "2" - "3") four
times, in the +ve Y direction at an offset of 14 ft.

Finally, the columns below the first floor will be generated by drawing the columns at "A1",
copying it four times in the +ve X direction, and then extruding three times in the +ve Z direction.
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While assigning properties, you may need to rotate the model. This may be done by holding down
the CTRL key, pressing the left-mouse button, and dragging the mouse. You can see the model
orientation in the upper portion of the Tool bar. When satisfied with the model orientation, release
the mouse button and the CTRL key.

8.1.2 Problem Definitions

Choose Define/Units, select the appropriate units, and choose OK.

Units E|

Length ft bl Paint Load kips hal

Section Dimengions | IN il Mament Load kips-ft 7

Area in"2 bl Distributed Load kips/Tt hd
Mament of Inertia in"4 hd Area Load Ibin"2 hd
Linear Spring Ib/in bl Known Displacements |1 bl
Ratational Spring Ib-inrad bl Shear. Axial Load kips bl
Modulus of Elazticity kips/in“2 Marment, Torsion kips-ft il
M aterial Density b3 bl Deflection in il

f* English " Metric (] 4 | Cancel |

Figure 8-2 Define Units

Choose Define/Defaults and input 4080 for E, 145 for d, 900 for A, 67500 for 1z and Iy, 270000
for J, 0.25 for V, and 0 for a and B. Choose OK.
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Defaults E|
Moduluz of Elasticity(E] 4080 kipsdin2

Diensity [d] 145 bt
Section Area [4) 300 "2

kament af Inertia [12) W in™d

Marment of Inertia [|y] lﬁ in™d

Polar Morment of Inertia [J] W in"d
Poizzon's Fatio [v] 025

Themmal Coefficient [a] lﬂi
Orientation Angle (B) 0 Cancel

Figure 8-3 Define Defaults

Choose Define/Materials and input ConLW for label. Input 115 for d, 2600 for E, 0.25 for v, O for
a, and choose ADD. The data are added to the list. Choose OK.

Materials [5__(|

Label Add
Drenzity [d] 115 b3

Delete
haodulus of Elazsticity [E] 2600 kipsfin™2
Poizzon's B atio [+] 0.25 k adify
Themmal Coefficient [a] 1] 1/7C
[Label d E Y a

Ok Cancel

Figure 8-4 Define Materials

Choose Define/Sections and input 24x24 for LABEL. Select RECTANGULAR from the TYPE
list, input 24 for width, 24 for depth, and choose ADD. The data are added to the list. Choose OK.
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Sections
Geormetn
Label |
Width |18 it
Depth |24 it

Type

X

Crack Coefficient

|Hecmnguhr

El

'
lz | Add
ly 1 Delete
J 1 _________J

b ity

[Label Tune
18=20 A
24u2d R
1818 R

Pararni Paramz
18 20
24 24
18 18
ok |

Faram3 FParam4

Cancel |

Choose Define/Member Loads and input the following entries. Choose ADD after each entry and

OK when done

Label Type

20K@.3 POINT

15K@.3 POINT

2.15U DISTRIBUTED
1.75U DISTRIBUTED

Figure 8-5 Define Sections

Orientation
GLOBAL
GLOBAL
GLOBAL
GLOBAL

Dir W A
Y 20 03
Y -15 03
Y -2.15 0
Y -1.75 0

W = intensity, a = distance from J1/length, b = load length/length

Choose Define/Load Cases and input Dead, Live, and Wind in the label box, choosing ADD after

each entry and OK when done.

[ —
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Load Cases E|

Lakel

o
Live
Delete Wind
b codify

(] | Cancel

Figure 8-6 Define Load Cases

Choose Define/Load Combinations. In the LABEL box enter 1.4D+1.7L. Select SELF and

DEAD from the LOAD CASE list, input 1.4 in the FACTOR box, and choose INCLUDE. Select
LIVE from the LOAD CASE list, input 1.7 in the FACTOR box, and choose INCLUDE. Choose
ADD. The combination is added to the list at the bottom.

Load Combinations
Label 090+
Load Caze W Factor Factored Cases
0.9
Dead 0.9 Dead
Live 1.3 wind
Wind Include
Remove
Combination Mo, of Cazes Add

140417 3
0.90+1 3 3

Delete
 adify

Ok

ke

Cancel

3

Figure 8-7 Define Load Combinations

In the LABEL box, enter 0.9D+1.3W. Select all items in the FACTORED CASES box and choose
REMOVE. Select SELF and DEAD from the LOAD CASE list, input 0.9 in the FACTOR box,

and choose INCLUDE. Select WIND from the LOAD CASE list, input 1.3 in the FACTOR box,
and choose INCLUDE. Choose ADD. The combination is added to the list at the bottom. Choose

OK.
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8.2 Drawing the First Floor

In the Main window, choose Edit/Plane. PLANE dialog box appears. Select XZ and choose OK.

Plane window is opened and the CHANGE PLANE dialog box appears. Accept the default label
and coordinate, and choose ADD. The data are added to the list box. Choose OK. The first floor
(Y=0) is now the active plane.

Choose Options/Drawing Area, the DRAWING AREA box appears. Enter 0 for MIN, 100 for
MAX, and 5 for STEP (for both X and Z). Choose OK.

Choose Options/Snap, the SNAP box appears. Enter 5 for X, 5 for Z, and check the SNAP ON
box. Choose OK.

Choose Edit/Add Member. As you move the cursor, its position is displayed in the left-most cell
of the Status bar. Note that positive Z is pointing down on the screen.

Point to (0,0) and click the left-mouse button. A joint is inserted and a line follows the cursor.
Point to (0, 20) and click again. Another joint is inserted and a member is created between the two
joints.

Click the left button on (0, 40) and (0, 60). The three members along line A are drawn. Click the
right-mouse button to end.

Choose Duplicate/Select and marquee select all three members (members will be drawn in cyan).

Choose Duplicate/Copy, point to (0, 0) and click; the COPY box appears. Input 25 for HORIZ
distance, 4 for QUANTITY, check the CONNECT JOINTS box, and leave the other boxes to their
default values of zero. Choose OK. The rest of the members of this level are generated.

8.2.1 Generating Floors 2 through 13

Choose Duplicate/Select and marquee select all the members on the floor.
Choose Duplicate/Extrude, point to joint (0, 0) and click; the EXTRUDE box appears.

Enter 10 for Y distance, 12 for QUANTITY, check the CONNECT GENERATED JOINTS box,
and leave the other boxes to their default values of zero. Choose OK. Floors 2 through 13 are
generated.

8.2.2 Generating Floors 14 through 17

Choose Options/Change Plane. The CHANGE PLANE box appears. From the list box, select
Y=120 plane and choose OK. This floor is now the active plane.
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Choose Duplicate/Select, and marquee select the members that bound the two bays in the center
of the floor.

Choose Duplicate/Extrude, point to joint (25, 20) and click; the Extrude box appears.

Enter 14 for Y distance, 4 for QUANTITY, check the CONNECT GENERATED JOINTS box,
and leave the other boxes to their default values of zero. Choose OK. The top four floors are
generated.

Choose Options/Exit to return to the Main window where the model may be viewed in 3-D.
8.2.3 Generating Columns Below 1st Floor

Choose Edit/Plane; in the PLANE box, select XY and choose OK.

Choose Options/Drawing Area, the Drawing Area box appears. Enter -15 for Min Y and choose
Ok.

Plane window is opened and the CHANGE PL ANE box appears. From the generated joints and
members, all possible XY planes are defined and listed. Select the Z=0 plane and choose OK. The
elevation along line "1" is now the active plane.

Choose Edit/Add Member. Point to (0, 0) and click the left-mouse button. Point to (0, -15) and
click. A member is added between the two joints. Click the right-mouse button to end.

Choose Duplicate/Select and marquee the member just drawn.

Choose Duplicate/Copy, point to (0, 0) and click; the COPY box appears. Input 25 for HORIZ
distance, and 4 for QUANTITY. Clear the CONNECT JOINTS box and choose OK. Four more
columns are generated.

Choose Duplicate/Select and marquee select the five columns below the first floor.
Choose Duplicate/Extrude, point to joint (0, 0) and click; the EXTRUDE box appears.

Enter 20 for Z distance and 3 for QUANTITY. Clear the CONNECT GENERATED JOINTS box
and choose OK. The rest of the columns below the first floor are generated.

Choose Option/Exit to close the Plane window and return to the Main window. The model can be
viewed here in 3-D (you may need to rotate to get a better view).

8.2.4 Assigning Supports

Choose Assign/Supports. The SUPPORTS box appears. Rotate the model so that you are looking
directly at the XY plane.

Check the Dx, Dy, Dz, Rx, Ry, and Rz boxes, choose the ASSIGN button, and marquee select the
joints at the base of the model. The selected joints are shown in red.
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8.2.5 Assigning Member Properties

Choose Assign/Member Types. The MEMBER TYPES box appears. MATERIALS is selected in
the drop-down list and CONCLW is displayed in the list box.

Choose Show/Preferences, and in the dialog box, clear COLUMNS, check BEAMS, and choose
OK. Only beams are displayed. Marquee select all beams in the model. The selected members are
drawn in red.

From the drop-down list, select SECTIONS. The list box displays the defined sections. Select
24x24 from the list and marquee select all the beams.

8.2.6 Assigning Member Loads

Choose Assign/Member Loads. The MEMBER LOADS box appears. DEAD is selected in the
drop-down list and the defined member loads are displayed in the list box.

Rotate the model so that you are looking directly at the XZ plane (Y is pointing out of the screen
and X is pointing to the right).

From the list, select 20k@.3 and marquee select the four rows of X-beams, one row at a time. The
selected members are drawn in red.

From the list, select 2.15U. Note that the X-beams change to black indicating that they have a
different assignment. Marquee select the five rows of Z beams one row at a time. The selected
members are drawn in red.

From the drop-down list, select LIVE. From the list box, select 15k@.3. Marquee select the four
rows of X-beams, one row at a time. From the list box, select 1.75U. Marquee select the five rows
of Z-beams, one row at a time.

8.2.7 Assigning Self Loads

Choose Assign/Self Loads. Rotate the model to a 3-D view. Choose Show/ Preferences, check the
COLUMNS and BEAMS boxes, and choose OK. Marquee select all members.

8.2.8 Assigning Rigid Diaphragms

Choose Assign/Rigid Diaphragm. In the RIGID DIAPH box, select ATTACH ALL, and choose
CLOSE.

8.2.9 Inputting Lateral Loads

Choose Options/Lateral Loads. From the LOAD CASE list, select WIND; in the LOAD TYPE
group, select WIND; and in the DIRECTION group, select X.
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Lateral Loads

Cod
l—_ID © Load Type Diirection

f* wind T Parameters. ..
Load Caze

Wind - £ Seismic Cz (2 Floor Data...

F|3.63207 kips e |0 ft b cuclify

Jiii.

[ 175

3.E8 i ~

162 7.24 1 a0 a0 =3

144 711 1 a0 a0 =
134 F.93 n A a0
120 177 1 a0 a0
110 145 1 a0 a0

100 14.3 1 a0 an b
Apply Loads | Print | Cloze

Figure 8-8 Input Lateral Loads

Choose the PARAMETERS button. A dialog box appears. Input 75 for v, 0.8 for WINDWARD
Cq, and -0.5 for LEEWARD Cq. Select EXPOSURE B and STANDARD OCCUPANCY and
choose OK. The wind forces are displayed in the list box. Choose APPLY LOADS, then choose
CLOSE.

Wind Parameters (U.B.C.) r$__(|
B azic Wind Speed Expozure
+ B
w= |78 mph
" C
Prezzure Coeff, Cq D
Windward |08 Decupancy
Leeward |-0.5 W Eamemiiel
~
Stagnation Prezsure EEETEAIES
" Special
= f
* P {* Standard

(] | Cancel | s

Figure 8-9 Wind Parameters
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8.2.10 Saving File

Choose File/Save As, select the spFrame file *.FRM for the file type, enter a valid name in the
FILENAME text box, and choose OK. The file may be opened using spFrame for analysis.
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APPENDIX

A1 Conversion Factors - English to Si
To convert from To Multiply by
in. m (1000 mm) 0.025400
ft m 0.304800
Ib N (0.001 kN) 4.448222
kip (1000 Ibs) kN 4.448222
plf (Ib/ft) N/m 14.593904
psi (Ib/in.%) kPa 6.894757
ksi (kips/in.?) MPa 6.894757
psf (Ib/ft?) N/m? (Pa) 47.88026
pef (Ib/ft) kg/m3 16.018460
ft-kips KN +m 1.355818

A.2 Conversion Factors - Sl to English

To convert from To Multiply by
m (1000 mm) in 39.37008
m ft 3.28084
N (0.001 kN) Ib 0.224809
kN kip (1000 Ibs) 0.224809
kN/m pIf (Ib/ft) 68.52601
MPa psi (Ib/in?) 145.0377
MPa ksi (kips/in?) 0.145038
kN/m? (kPa) psf (Ib/ft?) 20.88555
kg/m’ pef (Ib/ft) 0.062428
kN -m ft-kips 0.737562
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A.3 Contact Information

Web Site: https://www.StructurePoint.org

E-mail: info@StructurePoint.org

support@StructurePoint.org

StructurePoint, LLC.

5420 Old Orchard Road
Skokie, IL 60077
USA

Phone: (847) 966-4357

Fax: (847) 966-1542
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