Tmats

Version &.50

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 and design of concrete
foundation mats, combined footings, and slabs on grade.

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. spMats™ is a trademark of STRUCTUREPOINT, LLC.

Copyright © 2002 — 2018, STRUCTUREPOINT, LLC. All Rights Reserved.



sTmats

Chapter 1: INTRODUCTION

LT INErOUCTION ..ttt ettt et et sb et ettt sbe et e b eees 8
1.2 Program FEAtUIES ........ccoouuiiiiiiiiiiiiiiiieeeete ettt ettt st e s esbre e 9
1.3 Pro@ram CaAPACILY .....cceeruieierienierienitete ettt sttt sttt st et st saeestesaeesbeeatesaeenaeeanens 10
1.4 System REqUITEIMENTS .......cc.coviiriiriiriiiiieiieieeterie ettt sttt et nae e 10
L5 OIS ettt e st ettt ettt et nanes 11
1.6 CONVENTIONS ...cuveniiiiiiiieiieiteste ettt ettt ettt et sb ettt et et e e it sbeetesatesbeesteebe e beeatenbeenaeeanens 11
1.7 Installing, Purchasing, and Licensing SPMats .........ccccecieriieriieiiienieeiieiieeie e 12

Chapter 2: METHOD OF SOLUTION

2.1 INEOAUCTION ... ..iiiiiieeiie ettt ettt e e et e e et e e e eaae e etaeeeabeeeeaaeeeeaseeeesseeeaneas 15
2.2 Global Coordinate SYSIEM.......cccvieruiieiieitieeieeriieeteeieeereereeseaeebeeseseeseesseeesseesssessseesseensns 16
2.3 MESHh GENETALION .....ccuviiieiiieceiieeeiee ettt e et et e et e ettt e e et e e e et e e e teeeeteeeeabeeeeaseeeesseeesseeenneees 17
2.4 Preparing INPUL ......cccviiiiiiiieie ettt ettt e teesrae e b e e saaeebeessaeesbeesaeenseensaeenne 18
2.5 Plate EICMENL ....ccuviiiiiiieiie ettt ettt et e tae e eaae s 20
2.6 Nodal Restraints and Slaved Degrees of Freedom ...........ccccoocvveeiieniiiiiienieciienieciee, 21
2.7 WINKIEr’s FOUNAtION .........ooviiiiiiiieiic ettt ettt e eaae s 22
2.8 PILES it e e e et et e e et e e e te e e e e e e eteeeearaeeareas 23
2.9 TYPES OF LOAAS. ..cuuiieiiieiieeiiieiie ettt ettt et sta e b e e s sbeesbeesseeesbeensaeensaensaeenne 24
2.10 Load Cases and COmDINAtIONS...........ccciuiiiiiieeiiieeitieeeiee et e eetteeeeteeeeteeeeaeeeeveeeeaseeeeaeeeens 26
2.10.1 FOT ACT 318-T4/T 1ot et eaae e eaaeeens 26
2.10.2 FOr ACI 318-08/05/02 ...ttt eve e e e e e eeaaeeens 28
2.10.3 FOIr CSA A23.3-T4/04 ...ttt et et e eaaeeeaaaeens 29
2.10.4 FOIr CSA A23.3-4 ...t e e e e e e e e e eaaeeeeaneeens 33

2. 11  Soll-Structure INtEIaACTION. ........cceiiiieieiiiie et et eeete e eete e e e et e e e eeaaeeeeeaaeeeeenns 35
2.12 Element Internal MOMENTS. ........cccueiiiiiiiiiiieiiiee e et et e e e e e eeaae e e e eaaeeeeenas 37
2.13 Element Desi@n MOMENTS......cc.uieiuiiiiiiiieiieeiiesiie et eitesiee et esite et sieesiteebeesaeeebeesseeenneens 39
2.14 Required REINFOTCEMENL .......coouiiiiiiiiiiiieiie et ettt 41
2.14.1 Maximum Reinforcement ............cooooiiiiiiiiiiiiie et 43
2.14.2 Minimum ReinfOrcement............ccviieiiiiiiiiieiieciec et e 43
2.15 Punching Shear ANALYSIS .......cccueeiuieiiiiiiieiieeie ettt et steebe et e saeereessaeesseessnesnseens 44
2.15.1 ACTStandard .........cooviiiiiiiiiie ettt e e e e e e etaae e 44
2.15.2 CSA Standard .........c.eoiiiiiiiiie e etae e e 45
2.15.3  Shear CritiCal SECHION .....ccveiieiiieciieeeiee ettt e et e e te e e eveeeeareeeeaseeeaneeens 46

| 2 |



sTmats

2,16 Program ReESUILS ......c.ciiiiiiiiiieiie et ettt et e et e e beesaaeeennaeeens 48
2.16.1 FOTCE VECIOT ..ottt ettt ettt e 48
2.16.2 DiSplacement VECIOT......cccuuiiiiiieiiieeciieeieeetee e ieeesteeeseteeesteesbeeesbeeessseesnsseesnnneenns 48
2.160.3  REACHIONS ..ottt sttt ettt ettt ettt s bt et et e bt et eseeenbe e st e sbeentesseenseennens 48
2.16.4 Soil Displacement and PreSSUIES ..........cccueevuierieiiiiiiieiie et 49
2.16.5 Element Nodal MOMENLS .......coeouiiriiiiiiieiieeiieiieeie ettt et e 49
2.16.6 PUNCRING SHEAT .....ccviiiiiiiieiiecieeeee ettt et e e e sneeenbeeeees 49
2.16.7 Nodal Displacement ENVEIOPES .......cccueeriieiiiiiiiiieiieeie et 49
2.16.8 Reaction ENVEIOPES........ooiuiiiuiiiiiiiieeieeeee et e 50
2.16.9 Displacement and Pressure ENvelopes .......c.cccvevveeiienieiiiieniecieeieceeeee e 50

2.16.10 Element Top Moment ENVEIOPES .......cccueeuiiiiiiiiieiiieieeiiecieeeee e 50
2.16.11 Element Bottom Moment ENVElOPes........c.coovuiiiiieiiiiiiiiieiieeee e 50
2.16.12 FElement Top Design Moment and Reinforcement Envelopes...........ccccceceveeniennene. 50
2.16.13 Element Bottom Design Moment and Reinforcement Envelopes.............cccceeueneee. 51
217 RETCIEIICES ...ttt ettt ettt sttt ettt be et e e sbe e b e 52

Chapter 3: spMats INTERFACE

3.1 SPMaALS INEETTACE....ccuiieeiiie ettt et e e e s aee e s e e eesaneeenneeens 55
3.2 FIlE MBI ...eiiiieiieciie ettt ettt ettt ettt e et e et e st e e beeesbeesseeeaseesseessseensaensseenseensnas 58
3.3 DfING MENU ...oiiniiiiiieiiecie ettt ettt ettt e e e et e e b e ebeessbeesbeesaeeesseessseeaseenseeesseenseas 60
3.4 ASSIZN MENU ....oouiiiiiiieiieeiieeieeeite ettt et e st eete e bt e e tbeeteeeabeesbeessseenseessseasseensseenseeseeesseenseas 62
3.5 SOIVE MENU ...uuiiiiiieiiieieeeiie ettt ettt ettt et e et eeteeeabeesbeessbeenseessaessseensaeensaenseessseenseas 63
3.6 VIBW MEIU ..ottt ettt et ettt e e b e et e sabeesbeessbeenseessseasseenssesnseenseensseenseas 64
3.7 OPHONS MENU ..ovvieiiieiieeiieeieeeite et eette et eeteesteestteebeeseessseeseessseenseessseasseesssesnseeseessseensens 65
3.8 HEIP MONU ..ottt ettt ettt e e e e e st eebe e teeesseessaeenbeenseeenseenseas 66

Chapter 4: OPERATING spMats

N B 113 (0T L To1 0 DRSSPSR 70
4.2 Creating NeW File .....cocuoiiiiiiii ettt 70
4.3 0OPENING FIl ..ottt sttt 71
4.4 SAVING FILE .ouiiiiiiiiii ettt ettt 71

4.4.1 Save the data with the same file name...........ccccovoeerieiiiiiniiieee 72

4.4.2 Change format or rename the file ...........oocieviiiiiiiiiiii e 72
4.5 Most Recently Used Files (IMRU) .....cc.ooiiiiiiiiiiiiieiieeieeeee ettt 73
4.6 Reverting to Last Saved Data File .........cccoeoiiiiiiiiiiiiicce e 73
4.7 Printing RESUILS......cccuiiiiiiiiieie ettt ettt et e et e et eesee e 74




sTmats

4.8 Printing the SCIEEM ......ccviiiiiiiieiieieeie ettt ettt e et estaeebeesebeebeessaeesseessaeenseenseeenne 76
4.8.1 Viewing the Print PreVIEW .........ccccoiviiiiiiiiiieiicieeeee et 78
4.8.2 Printing the Screen DIreCtly........cooouviieiiieiiiiiiieceece e 79

L B w5 q o T0) 4 1§ VUSRS 80
4.9.1 MOAC] GEOMEIIY ....veeeiieiiieiieeiieitieeteetteeteeteeeteesteessaeeseeesaeesseessseesaesseeasseesssesnsaens 80
4.9.2 EXPOrting CTLIES ..c..eeiiiiiiieiieie ettt et en 81

4,10 EXItING PTOZTAMN ...c.uiiiiiiiiiieiieiie ettt ettt ettt et et e ebeebeeesbeenseessbesnseesseesnseenseesnseans 83
4.11 Defining General INFO.........coooiiiiiiiiiiiiieiee ettt et 84
412 DefiNING GIi ..ccuiiieiiiiiiiiieieeee ettt ettt et et e et eesseeesbeesaeeenbeensaesnseenseasssesnseans 85
4.12.1 Enter Grid Lines Individually ........c..cccoriiniiniiniiiiiiiiceccceececeece e 86
4.12.2 Delete GIid LINES.....cceeoiirieiiiieiiieieeiesie ettt sttt sttt seee s e 86
4.12.3 Edit the Position of @ Grid LiNe........ccccoceeviiriiniriiinieieiienieeeteeeeeeieee e 87
4.12.4 Generate Grid LINeS.......coouieiiiiiiiiiieiieieee ettt et 87
4.12.5 Import Grid Lines from Text File ......c.cccoieviiiiiiiiiiiiiieeeeeeeee e 87
4.12.6 Remove all Grid LINES ........ccerviiiiiiiiiieniieierieieeeeeee ettt 88
4.12.7 Choose Grid View Preferences..........ccooiieiiiiiieiiiiiieiieceee et 89
4.12.8 View Grid COOTAINALES .......ccueriiriieiieieriieieeierte ettt sttt aeseee e eneeas 89
4.13 Managing LiDIari€S .......cccuieriieriieiieiieeie ettt ettt e steeebeeeaeesbeebeesebeesaessseesseenseesnseens 90
4.13.1 Assign Items from a Library to the Current Project .........c.cooceevevievieniienienieeieeen. 91
4.13.2 Create and Save @ LIDIary .........coceiiiiiiriiniiniineeecseeeee et 92
4.14 DefiNING PrOPEITIES .....eiiuiiiiiiiiieie ettt ettt ettt ettt e ettt e s ateebeesateeabeesaeesnneens 94
4.14.1 Defining Element ThiCKNEsS.........ccceviiiiieiiiiiiiiiieieeeie et 94
4.14.2 Defining Concrete PrOPerties. ........cceevuieriieriieriienieeieeeie ettt eiee e eeeseeesee e 95
4.14.3 Defining S01l PrOPEItIESs. .....coueiiiriiiieiiriieierieeecee ettt 97
4.14.4 Defining Reinforcing Steel Properties........c.occveevieeieriieniienieeieeeecee e 97
4.14.5 Defining Design Parameters ............cooeerieeiiieniieniieiieeie et 98
4.14.6 Defining Column DIMENSIONS ......cccueeeeriieriiriinieiieieienteste ettt sae e 99
4.15 Defining RESTIAINES ......ooiiiiiiiiiieiieiie ettt ettt ettt e ettt e iteebeesaeeeabeesseesnseans 99
4.15.1 Defining Nodal SPrings ........cceeeveeiviiiiieeiieiie ettt ettt sneesreeseeeeveeseaeenseens 100
4.15.2 Defining S1aved NOAES .......cccvieriiiiiiiieeiieie ettt et seae e ens 101
4.15.3 Defining Piles .......ooouiiiiiiiieiee e e 102
4.16 Defining Load Combinations............coeeruerieriiriieniinieetenieetceieenie ettt siee e 103
4.16.1 Defining Service Load Combinations.............cceeriieireiiienieeniienieenieeseeereesneeneens 104
4.16.2 Defining Ultimate Load Combinations: ..........ccceeeeeueeiiienieeniienieeiieniieeieesveeiens 104
4.16.3 Pop-up Menu Commands ..........cccueeeeruerieneinienienieeieneete st 105
4.16.4 Import Load Combinations from Text File.........ccccoeevreiiiiniiiiniiiecie e, 107

| 4 |



sTmats

4.17 DefiNing LOAAS ....cccviiiiieiiiiiieiiece ettt eb e e e be et e e e staeeabeeree e 107
4.17.1 Defining Concentrated Load(S) ........ccceeeuierieriieiiieiierieeeie e 108
4.17.2 Defining Surface Load(S).....ccccueerrureeririeiieeeiieesiieesreeeeteeeieeesreeesveeeseseeeeaeeeneees 108
4.17.3 Pop-up Menu CommAaNAS ........cccueeruierireirierieeieenieeieesieeereesieesseesseessaeeseesssessaens 109
4.17.4 Import Loads from Text File ........cccoeviieiiiiiiiiieiieieceee e 111

4.18  ASSIZNING PrOPETTIES . ..eievviiiieeiiieiie ettt ettt ettt et e seaeebeesaeeenbeessaeenseeseeenne 112
4.18.1 Assign Element ThiCKN@SS........cccoiiuiiiiiiiiiiieiiieiee e 113
4.18.2  ASSIGN SOIl PrOPEILICS....ccoviieiiiiiieiiieitieeie ettt et ettt siee e e seaeenseens 114
4.18.3 Assign Concrete PrOPETties......cccuiiriieiiieriieeieeiiesiieeieesiee et sieeebeesaeesreeaeeeeaeeaeens 114
4.18.4 Assign Reinforcing Steel Properties .........covveiiieriiiiieiieiiieiieee e 115
4.18.5 Assign Design Parameters .......cccueecuierieeiierieeieesiieete et eaeesiee e sene e ens 115
4.18.6 ASSIZN COIUMMNS ...c..viiiiiiiiiieiieieette ettt st s 116

4.19  ASSIZNING RESIIAINTS ....eeouviiiiiiiieiie ettt ettt e e be e e e beessaeeaseesee e 117
4.19.1 Assign Nodal ReStraints..........ccccueiiiieiiiiiiieieiieeiieeee et 118
4.19.2  AsSign NOdal SPrinNS .....ccceeeciiiriiiiiieiieeiieeie ettt ettt e saeesbeesteeesseessaeensaens 119
4.19.3  AsSign S1aved NOAES ......ooueiiiiiiieiiieiiece ettt 119
4.19.4  ASSIN PlES..cueiiiiiiiiieiee e 120

420 APPLYING LOAAS...ciitiiiieiiieie et ettt et 121
4.20.1 Applying Surface Loads .......c.coceeriiiiiieiieie ettt 122
4.20.2 Applying Concentrated (Nodal) Loads.........ccccueeviiriiiiiiiniieiienieeieee e 123

421 SolvIng the MOEL.....c.coiiiiiiieiiee ettt et 123

4.22  VIEWING RESUILS ...oouiiiiiiiiieiie ettt ettt e et stae e e eaee e 127

4.23  VIEWING CONTOULS ....eeueiiiiiieiieeiiieiieeteestteeteesttesiteeteessteeseessaeenseesssesnseesssessseenseesnseenseennne 129

4.24  ACCESSING 3D VIEW .oouiiiiiiiiiiieiieiie ettt ettt ettt ettt et e s e e beessaeenbeensaeenseeseeenne 134
4.24.1 Z00m COMMANG ......ccoviiiiiiiiciiieecieeeciee ettt e e e et eeebe e e s beeesereeesaseeenseeennneas 135
4.24.2 Pan CommaNnd.........cc.eeiieiiuiiieiiiiiie e eete ettt e e e e et e e e e er e e e e arae e e e eareaeeaaes 136
4.24.3 Reset COMMANG.......ooiiiiriiiiiieiiieieee ettt ettt s 136
4.24.4 Rotate ComMMANd .......c.eeeiiiieiiieeiiie et e ecteeeieeeereeesveeeaeeeeareesbeeesereeessseeesseeenseeas 136

4.25 DefiNing OPtIONS. ....coviruiiiiieiiiriiiieeiteete ettt sttt ettt ettt st sbe et et be e e sbeenaeeatens 137
4.25.1 Startup Defaults ......coouiiieiiieiieee e e 137
4.25.2 AUt0SAVE FEALUTE ......eoiuiiiiiiiiiiiiiiee e 139
4.25.3 DiSPlay SEUNEZS ..ccverveeiiriiriieieeiteeeete ettt ettt 139
4.25.4 PrOJeCt STAtISTICS...vieruieeiieieieeieeiiesteeeteeeteesteesaeesreessteeseessseesseessseesaesseessseessessnseens 142

| 5 |



sTmats

Chapter 5: EXAMPLES

5.1 EXAMPIE 1 oottt 144
5.1.1 Problem Formulation ..........ccccooiiiiiiiiiiiiecee e 144
5.1.2 Preparing INPUL ......cooueeiiiiiieie ettt ettt ettt sate e saeenneens 145
5.1.3  ASSIZNING PIOPEITIES ..ccuvviiiiieiiiiiieiie ettt sttt st e 149
ST T S 10 A2 13V TP 150
5.1.5 Viewing and Printing RESUILS .........ceeiviiiiiiiieiieeiicicece e 151

5.2 EXAMPIE 2 oottt et ettt ena e e taeerbeebeeenbeensaeeneeenne 155
5.2.1 Problem FOrmulation ...........ccccueeiiiiieiiiieeiie et 155
5.2.2 Preparing INPUL .......ooeiuiiiiiiecie ettt et e e et eetr e e e e beeeeneeenneeas 157
5.2.3  ASSIGNING PrOPEITIES ...cuvieiiieiiiiiieiieeie ettt ettt eve e e sae e e ssreebeessaeensaens 167
524 SOIVINEZ ettt ettt st 170
5.2.5 Viewing and Printing ReSUILS .........ccccuiieiiiiiiiiieiceeee e 171

Chapter: APPENDIX

A.T Import File FOrmMAtS ........ccooiiiiiiiiieiee et et 176
AT GIid Data: .oo.eeeiieeeeeeee et et et e eetaa e e 176
ALT.2 L0ad Data:....cc.vviiiieiieeeeeeee e e e e e e e e e e e etraeeeaaes 176
A.1.3 Load Combination Data:...........c...ccoeiiiiiiiiiiiieicciiee et 177

A2 ConverSion FACLOTS .........cooiiuiiiiieiiiie ettt e et e e e e earee e e e eareeeas 178
YN B 3 1 Ved 1T 4 I 1 T TSRS 178
A2.2 ST ENGLISN.....iiiiiiiiieiice ettt ettt s en 178

A3 Contact INfOrmMatioN ..........coiuiiiiiiieeiee ettt e ere e et eeaee e eaee s 179

| 6 |



‘Tmats

CHAPTER

INTRODUCTION

1.1 INtroduction ... n e nnnnnnan 8
1.2 Program Features ... crrrses s e s s s s s s s s s e nnmns s s s s s s mmnnsnnees 9
1.3 Program Capacity .......cccccccriiiiiiiiiiiiiiissssssr s 10
1.4 System Requirements ... 10
1.5 TeIrmMS o —————————— 11
1.6 CONVENLIONS .....oeeeeeieiiiii i nnnnne 11
1.7 Installing, Purchasing, and Licensing spMats ...........cccccciniiiiiiiiiisiisneeeennnns 12

|7 1



Sm/ats INTRODUCTION

1.1 Introduction

spMats is for analysis and design of concrete foundation mats, combined footings, and slabs on
grade. The slab is modeled as an assemblage of rectangular finite elements. The boundary
conditions may be the underlying soil, nodal springs, piles, or translational and rotational nodal
restraints. Slaved degrees of freedom may also be applied to selected nodes. The model is
analyzed under static loads that may consist of uniform (surface) and concentrated loads. The
resulting deflections, internal forces, soil pressure, and reactions are output. In addition, the
program computes the required area of reinforcing steel in the slab. The program also performs
punching shear calculations around columns and piles.

spMats uses the thin plate-bending theory and the Finite Element Method (FEM) to model the
behavior of the mat or slab. The soil supporting the slab is assumed to behave as a set of
unidirectional (compression-only) translational springs (Winkler foundation). During the analysis,
if loading/support conditions or the mat shape causes any uplift and induces tension in a spring,
the spring is automatically removed. The mat is re-analyzed without that or any other tension
spring. The program automatically iterates until all tension springs are removed and equilibrium is
reached.
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1.2 Program Features

*  Support for ACI 318-14/11/08/05/02 and CSA A23.3-14/04/94 design standards
» Export of mat plan to DXF files for easier integration with drafting and modeling software
» Export of column and/or pile sections as CTI files to be analyzed by spColumn

* Import of grid, load, and load combination information from text files to facilitate model
generation

* Four-noded, prismatic, thin plate element with three degrees-of-freedom per node
» Material properties (concrete and reinforcing steel) may vary from element to element

* Soil may be applied uniformly over elements or concentrated and applied at nodes using
nodal spring supports

* Default definitions and assignment of model properties are provided to facilitate model
generation

* Nodes may be restrained for vertical displacement and/or rotation about X and Y axes
* Nodes may be slaved to share the same displacement and/or rotation
» Loads may be uniform (vertical force per unit area) or concentrated (Pz, Mx, and My)

» Load combinations are categorized into service (serviceability) and ultimate (design)
levels

» The self-weight of the slab is automatically computed and may optionally be included in
the analysis

* Result envelopes (maximum and minimum values) for deflections, pressures, and
moments

* Design moments include contribution of twisting moments via Wood-Armer formulas

* Punching shear calculations for rectangular and circular columns are performed

» Fast graphical interface that displays the modeled mesh at all times for verification

* Graphical image displays of node and element numbers, grid lines, and slab boundaries
» Ability to zoom and translate (pan) the graphical image

* Isometric (3D) view of the modeled slab with ability to rotate using the mouse

» Contour plots to visualize results of analysis and design

« U.S. Customary or SI (metric) units

* Checking of data as they are input

| 9 |
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User-controlled screen color settings

Ability to save defaults and settings for future input sessions

Program Capacity

255 X-grid lines

255 Y-grid lines

255 Thickness definitions

255 Concrete definitions

255 Soil definitions

255 Nodal spring definitions

255 Slaved nodes definitions

255 Pile definitions

26 Load cases

255 Concentrated load definitions per load case
255 Surface load definitions per load case

255 Load combinations (service plus ultimate)

65,025 nodes and 64,516 elements

NOTE: Actual program capacity depends on system resources available on the computer on which

spMats is running. To solve models with the maximum number of nodes and load combinations, a

64-bit operating system with at least §GB of RAM is recommended.

1.4

System Requirements

spMats is a 32-bit Windows application. spMats solver has a 32-bit and a 64-bit version. The
proper version is selected automatically by the installation program based on the target computer
architecture. Any computer running Microsoft Windows Vista SP2, Windows 7, Windows 8, or

Windows 10 operating system is sufficient to run the spMats program provided that .NET

Framework v4 is installed. If it is not detected by the installation program then it will be installed
automatically.
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spMats output results/retrieval may be delayed or seem to freeze after analysis completion when

running larger models on a network drive. It is recommended to run the model locally for fastest
response.

For instructions on how purchasing, downloading, installation, licensing, and troubleshooting
issues, please refer to support pages on the StructurePoint website at www.StructurePoint.org.

1.5 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 System
Requirements

[1 Indicates metric equivalent.

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.

1.6 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:

Bold All bold typeface makes reference to either a menu or a menu item
command such as File or Save, or a tab such as Description or Grid.

Mono- space Indicates something you should enter with the keyboard. For example, type
“ci\*.txt”.

KEY + KEY 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.
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SMALL CAPS 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.

1.7 Installing, Purchasing, and Licensing spMats

To purchase StructurePoint software please visit StructurePoint.org/buy.asp

To download and install a trial version of StructurePoint software please visit StructurePoint.org/

download-trial.asp

For setup, installation, and licensing please use the StructurePoint Setup & Licensing Guide
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2.1 Introduction

spMats uses the Finite Element Method for the structural modeling and analysis of reinforced con-
crete slab systems or mat foundations subject to static loading conditions.

The slab is idealized as a mesh of rectangular elements interconnected at the corner nodes. The
same mesh applies to the underlying soil with the soil stiffness concentrated at the nodes. Slabs of
irregular geometry should be idealized to conform to geometry with rectangular boundaries. Even
though slab and soil properties can vary between elements, they are assumed uniform within each
element.

Three degrees of freedom are considered at each node, i.e., a vertical translation and two rotations
about the two orthogonal axes. An external load can exist in the direction of each of the above
degrees of freedom, i.e., a vertical force and two moments about the Cartesian axes.
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2.2 Global Coordinate System

The mid-surface of the slab lies in the XY plane of the right-handed XYZ orthogonal coordinate
system shown in Figure 2-1. The slab thickness is measured in the direction of the Z-axis. Looking
at the display monitor, the origin of the 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.

Y
7 Y A Display
Monitor
A
.......... >y o

Z

Figure 2-1 Global Coordinate System
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2.3 Mesh Generation

The nodal coordinates of the finite element mesh are internally computed by the program based on
the reference rectangular grid system shown in Figure 2-2.

A group of grid lines, orthogonal to the X- and Y-axes, are defined by inputting their X and Y
coordinates respectively. The intersection of two orthogonal grid lines forms a grid intersection.
The space formed by the intersection of two consecutive X-grid lines and two consecutive Y-grid
lines is a grid space. The assignment of plate finite elements to the slab model is done by applying
element thicknesses to the grid spaces.

Y
XC
) 'I Grid
- S A Space
m Grid
Qi) R S E : Intersection
7 = : : :
o = : : :
G P : : :
>_ ---l---E---f:----'L ---------- E- ------- L amsmmmnmnm : —
R ] B o, YCI
— ; — > X
X-Grid Lines

Figure 2-2 Reference Grid System
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24 Preparing Input

The first step in preparing the input is to draw a scaled plan view of the slab. The plan should
include the boundaries slab, variations in the slab thickness and material properties, openings
within the slab, and any variations in the soil sub-grade modulus. All superimposed loads applied
on the slab should also be shown.

The next step is to superimpose a rectangular grid system over the plan of the slab. The following
factors control the grid layout:

1. Grid lines must exist along slab boundaries and openings. Slab boundaries not parallel to
the X- or Y-axis may be defined by steps that approximate the sloped boundary.

2. Grid lines must exist along the boundaries of slab thickness changes, slab material prop-
erty changes, and soil property changes.

3. Grid lines must exist along boundaries of surface loads.

4. Grid lines must intersect at the locations of point loads and point supports.

The above guidelines basically form the major grid lines, which produce the minimum number of
finite elements for the particular mat geometry. The mesh can be refined by supplementing the
model with minor grid lines between the major grid lines. Minor grid lines need to be added to
achieve a uniform, well-graded mesh that produces results which will effectively capture the vari-
ations of the displacements and element forces. The location of the minor grid lines also depends
on the level of accuracy that is desired from the analysis.

While the use of finer meshes will generally produce more accurate results, it will also require
more solution time, computer memory, and disk space. Elements with aspect ratios (length/width)
near unity are generally expected to produce accurate results for regions having gradual changes
of curvature. For slab regions where heavy concentrated forces are applied and where drastic
changes in geometry exist, the use of finer element meshes may be required. Thus, in order to
obtain a practical as well as accurate analytical solution, engineering judgment must be used.

The member nodal incidences are internally computed by the program. All nodes and members
are numbered from left to right (in the positive X-direction) and from bottom to top (in the positive
Y-direction), as shown in Figure 2-3. When the reference grid system and/or assembling of ele-
ments is modified, the program internally renumbers all nodes and elements. In order to save solu-
tion time, memory, and disk space, it is recommended to position the side of the slab with fewer
nodes (i.e., fewer degrees of freedom) parallel to the X-direction
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Y

I

40 41 42 43 44 45 46

Figure 2-3 Node and Element Numbering
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2.5 Plate Element

The rectangular plate finite element! used in spMats has four nodes at the corners and three
degrees of freedom (D, R, and R,) per node, as shown in Figure 2-4. This element considers the
thin plate theory, which makes use of the following Kirchhoff hypotheses:

1. Plane sections initially normal to the mid-surface remain plane and normal to that surface
after bending.

2. The stress component normal to the mid-plane is small compared to other stress compo-
nents and is neglected.

3. The deflection of the mid-surface is small compared to the thickness of the plate.

4. The mid-plane remains unstrained subsequent to bending.

The element material is homogeneous, isotropic, and obeys Hooke’s law. Constant thickness and
constant material properties are assumed within an element. Cracking effects or changes in the
slab elevation are not taken into account in the model.

Note that when deflections are not small, the bending of plates is accompanied by strain in the
mid-plane. Further, for thick slabs, shear deformations (which are not considered by the program)
may be significant, and a finite plate element based on the more general Mindlin’s Theory may be
required.

Figure 2-4 Plate Finite Element

1. Reference [5]
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2.6 Nodal Restraints and Slaved Degrees of
Freedom

All nodal degrees of freedom (DOF) are assumed to be initially released (i.e., free to move). Math-
ematically speaking, each DOF implies an equilibrium equation; however, nodal DOFs may be
fully restrained against displacement and/or rotation. Partial restraint in the Z direction is possible
with the use of translational springs. Furthermore, degrees of freedom may be slaved to share the
same displacement or rotation at specific nodes. Slaving enforces uniform deformation modes at
selected nodes that can help in modeling stiff structural elements such as walls and pedestals.
Applying a full restraint and slaving of a node (or nodes in a group) for the same degree of free-
dom is not allowed. Either only restraining all nodes (zero displacement) in a group or only slav-
ing of all nodes in a group (same non-zero displacement) should be applied.

Slaving of degrees of freedom produces a stiffer slab system and reduces the number of equations
to be solved. It should be noted that slaved degrees of freedom (SLDOF) are assigned by grouping
of nodes. A group of nodes can be designated to share the same D, R,, or Ry, If a group of nodes
should share all three degrees of freedom, three different SLDOF groups (one for each DOF) must
be defined. It should also be noted that a node can belong to more than one SLDOF group as long
as these groups are slaved for different degrees of freedom. The external load corresponding to a
SLDOF group corresponds to the sum of loads applied to all slaved nodes in the groups.
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2.7 Winkler’s Foundation

The soil supporting the slab is modeled as a group of linear uncoupled springs (Winkler type) con-
centrated at the nodes. The soil element is tensionless, weightless, and has one degree of freedom,
which is the displacement in the Z direction (D,). The contribution of each element node to the soil
spring stiffness is equal to the nodal tributary area (1/4 the element area) multiplied by the soil
subgrade modulus, K, under the element. The common nodes of adjacent elements undergo the
same displacement. Therefore, if the adjacent elements have dissimilar soil properties, the soil
pressures at the common nodes of these elements will differ in proportion to their respective soil
subgrade modulus values.

The contact pressure, P,, under each element node is proportional to the nodal deflection, D,.

P, = KD, Eq. 2-1
Usually, several factors are considered in the determina-
tion of the subgrade modulus: the size and shape of the
footing, soil type below the footing and deeper, type and
duration of loading, footing stiffness, and superstructure
stiffness. The program does not perform any correction
on the input subgrade modulus to account for these or
any other factors.

Additional nodal springs may be applied in parallel to

the Winkler’s springs, as shown in Figure 2-5. Accord- \Translatlonal
ingly, their linear stiffness, K,,, is added to the equiva-
lent spring constant.

Figure 2-5 Soil and Nodal Springs
The nodal spring reaction at a particular node is propor-

tional to the nodal deflection, D,.

Eq. 2-2
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2.8 Piles

Piles are modeled as springs connected to the nodes of the finite element model. Unlike for
springs, however, punching shear check is performed around piles.

The spring constant, K, for a pile is calculated from the formula:

K, =—, Eq. 2-3

where Q,, denotes the load applied to the pile and § is the corresponding settlement of the pile.
Assuming soil allowable pressure, P, acting on the pile base, 0, equals Py - A, where 4, is
pile cross sectional area. Neglecting long-term effects, the settlement of pile is estimated from the
empirical formula for a single pile in cohesionless soil:

D L
S=—+ Qu Eq 2-4
100 ApEp

where D is pile diameter, L is pile length, and E,, is modulus of elasticity of pile material. The
above formula is units independent as long as all of its terms have consistent units. For noncircular
piles, an effective diameter is calculated from the formula:

a4,
p=,—% Eq. 2-5
T

1. Reference [8]
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2.9 Types of Loads

External loads are applied as concentrated nodal loads and/or element surface loads according to
the sign convention shown in Figure 2-6.

A concentrated nodal load consists of a vertical load, P,, and two concentrated moments about the

X and Y axes, M, and M. It should be noted that a positive vertical load is applied upward (in the
positive Z-direction).

A\
A\
A\

Figure 2-6 Applied Loads

The uniform element surface load, w,, applied over an element is internally discretized by the pro-
gram into equivalent nodal loads as shown in Eq. 2-6:
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B,
M, 1/4 )
M, ~b/24
£ 611//244
My b/24
M.
kz
M ~b/24
M’“ —a/24
ky 1/4
I b/24
My —a /24
| My Eq. 2-6

where a and b are the element dimensions.

The self-weight of the slab is computed internally based on the concrete unit weight and the thick-
ness of each element. The self-weight is treated like a surface load and may optionally be consid-
ered in the analysis under the dead load case.
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2.10 Load Cases and Combinations

Each load is applied to the slab under one of the 26 (A through Z) load cases. The slab is analyzed
and designed under load combinations. A load combination is the algebraic sum of each of the
load cases multiplied by a load factor.

Load combinations are categorized into service-level and ultimate-level. For service-level load
combinations, force vector, displacement vector, reactions, and soil displacements and pressures
are output. For ultimate-level load combinations, force vector, displacement vector, reactions, ele-
ment nodal moments, and punching shear results are output. The output is available only when
solution criteria are met for all load combinations.

Basic load cases and the corresponding load factors for service and ultimate load combinations are
provided as defaults in the input file templates (activated in OPTIONS / STARTUP DEFAULTS win-
dow) to facilitate user’s input. The default load cases and load combination factors should be
modified as necessary at the discretion of the user.

The following default load cases are suggested: A — Dead (D), B — Live (L), C — Snow (S), D —
Wind (W), E — Earthquake (E), and F — Soil (H). Service-level load values are considered for all
load cases except case E, in all design codes, and case W, in ACI 318-14 and ACI 318-11 only,
which are taken at ultimate-level. The suggested default load combination factors for service and
ultimate load levels are shown below. Under service load level, allowable stress design load fac-
tors are considered for calculating foundation pressurel. The user should introduce additional ser-
vice-level load combinations as required, e.g., for checking displacement limits?.

2.10.1  For ACI 318-14/113

* Service load combinations:

S1=1.0D+ 1.0H
S2=1.0D+ 0.6H
S3=1.0D+ 1.0L+ 1.0H
S4=1.0D+ 1.0L +0.6H
S5=1.0D+1.0S + 1.0H
S6=1.0D+ 1.0S + 0.6H

1. IBC 2009, 1806.1; IBC 2006, 1804.1; IBC 2003, 1804.1; IBC 2000, 1804.1; NBCC, 4.2.4.4

2. Two input files may be needed, one with allowable stress design load factors for foundation pressure
check and one with load factors for checking displacements to avoid enveloping results for different sets
of load factors under service level combinations.

3. Soil (H) load is taken as permanent.
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S7=1.0D+0.75L +0.75S + 1.0H

S8 =1.0D + 0.75L + 0.75S + 0.6H
S9=1.0D+0.6W + 1.0H

S10=1.0D + 0.6W + 0.6H

S11=1.0D - 0.6W + 1.0H

S12=1.0D - 0.6W + 0.6H

S13=1.0D +0.7E + 1.0H

S14=1.0D +0.7E + 0.6H

S15=1.0D-0.7E + 1.0H

S16=1.0D - 0.7E + 0.6H

S17=1.0D +0.75L + 0.75S + 0.45W + 1.0H
S18=1.0D + 0.75L + 0.75S + 0.45W + 0.6H
S19=1.0D + 0.75L + 0.75S - 0.45W + 1.0H
S20=1.0D + 0.75L + 0.75S - 0.45W + 0.6H
S21=1.0D +0.75L + 0.75S + 0.525E + 1.0H
S22 =1.0D +0.75L + 0.75S + 0.525E + 0.6H
S23=1.0D + 0.75L + 0.75S - 0.525E + 1.0H
S24 =1.0D + 0.75L + 0.75S - 0.525E + 0.6H
S25=0.6D + 0.6W + 1.0H

S26 =0.6D + 0.6W + 0.6H

S27=0.6D - 0.6W + 1.0H

S28 =0.6D - 0.6W + 0.6H

S29=0.6D + 0.7E + 1.0H

S30=0.6D + 0.7E + 0.6H

S31=0.6D - 0.7E + 1.0H

S32=0.6D - 0.7E + 0.6H

« Ultimate load combinations!:

Ul=1.4D+ 1.6H
U2=14D + 0.9H
U3=12D+1.6L+0.5S+ 1.6H
U4=12D+1.6L+0.5S+0.9H
U5=12D+1.0L+1.6S+1.6H
U6=1.2D + 1.0L+1.6S+ 0.9H
U7=12D+ 1.6S+ 0.5W + 1.6H
U8=1.2D+1.6S+0.5W+0.9H
U9=12D+1.6S-0.5W + 1.6H
Ul0=1.2D +1.6S - 0.5W + 0.9H
Ull=12D+1.0L+0.5S +1.0W + 1.6H

1. ACI318-14,5.3; ACI 318-11,9.2
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Ul2=12D+ 1.0L+0.5S+ 1.0W + 0.9H
U13=12D+1.0L+0.5S-1.0W + 1.6H
Ul4=12D+1.0L+0.5S - 1.0W + 0.9H
U15=0.9D + 1.0W + 1.6H

U16=0.9D + 1.0W + 0.9H

Ul7=0.9D - 1.0W + 1.6H

U18=0.9D - 1.0W + 0.9H
Ul19=12D+1.0L+0.2S + 1.0E + 1.6H
U20=1.2D+ 1.0L+0.2S + 1.0E + 0.9H
U21=12D+1.0L+0.2S-1.0E + 1.6H
U22=12D+1.0L+0.2S - 1.0E + 0.9H
U23=09D + 1.0E + 1.6H

U24=0.9D + 1.0E + 0.9H

U25=0.9D - 1.0E + 1.6H

U26=0.9D - 1.0E + 0.9H

2.10.2 For ACI 318-08/05/02

Service load combinations':

S1=1.0D

S2=1.0D+ 1.0L+ 1.0H
S3=1.0D+1.0S+ 1.0H
S4=1.0D+0.75L+ 0.75S + 1.0H
S5=1.0D+ 1.0W + 1.0H
S6=1.0D-1.0W + 1.0H
S7=1.0D+0.7E + 1.0H
S8=1.0D - 0.7E + 1.0H

S9=1.0D+0.75L +0.75S + 0.75W + 1.0H
S10=1.0D +0.75L + 0.75S - 0.75W + 1.0H
SI1=1.0D+0.75L +0.75S + 0.525E + 1.0H
S12=1.0D + 0.75L + 0.75S - 0.525E + 1.0H

S13=0.6D + 1.0W + 1.0H
S14=0.6D - 1.0W + 1.0H
S15=0.6D + 0.7E + 1.0H
S16=0.6D - 0.7E + 1.0H

Ultimate load combinations?:

1. IBC 2006, 1605.3.1; IBC 2003, 1605.3.1; IBC 2000, 1605.3.1
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Ul=14D
U2=12D+1.6L+0.5S+ 1.6H
U3=1.2D+1.0L+ 1.6S
U4=12D+1.6S+0.8W
U5=1.2D + 1.6S - 0.8W
U6=12D+1.0L+0.5S+1.6W
U7=12D+1.0L+0.5S-1.6W
U8=009D + 1.6W

U9=09D - 1.6W
U10=0.9D + 1.6W + 1.6H
Ul11=0.9D - 1.6W + 1.6H
Ul2=12D+1.0L+0.2S +1.0E
U13=12D+1.0L+0.2S - 1.0E
Ul4=009D + 1.0E

Ul5=0.9D - 1.0E
U16=0.9D + 1.0E + 1.6H
U17=0.9D - 1.0E + 1.6H

2.10.3 For CSA A23.3-14/04

spMats reports soil pressure for service combinations only. The suggested service load combina-
tions are based on CSA A23.3-94. To comply with clause N15.2.2 in Explanatory Notes on CSA
A23.3-04 (Ref. [22]), the user should use appropriate load factors in conjunction with service-
level combinations to determine soil pressure for factored loads!.

» Service load combinations:

S1=1.0D

S2=1.0D+1.0L+1.0S+1.0H

S3=1.0D+ 1.0W

S4=1.0D - 1.0W

S5=1.0D + 0.667E

S6=1.0D - 0.667E

S7=0.75D +0.75L + 0.75S + 0.75W + 0.75H
S8=0.75D +0.75L + 0.75S - 0.75W + 0.75H
S9=0.75D + 0.75L + 0.75S + 0.5E + 0.75H

2. ACI 318-08,9.2; ACI 318-05, 9.2; ACI1 318-02, 9.2

1. Two input files may be needed, one with load factors for foundation pressure check, and one with load
factors for checking displacements to avoid enveloping results for different sets of load factors under ser-
vice-level combinations.
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S10=0.75D + 0.75L + 0.75S - 0.5E + 0.75H

« Ultimate load combinations for CSA A23.3-14!:

Ul=14D

U2=1.25D+ 1.5L
U3=1.25D+1.5L+1.5H
U4=1.25D+ 1.5L+1.0S
U5=125D+1.5L+1.0S+ 1.5H
U6 =1.25D + 1.5L+ 0.4W
U7=1.25D+ 1.5L+0.4W + 1.5H
U8=1.25D+1.5L-0.4W
U9=125D+ 1.5L-04W + 1.5H
U10=0.9D + 1.5L

Ull1=09D+ 1.5L+ 1.5H
Ul12=09D + 1.5L + 1.0S
U13=0.9D + 1.5L+ 1.0S + 1.5H
U14=09D + 1.5L + 0.4W
Ul15=09D + 1.5L +0.4W + 1.5H
U16=0.9D + 1.5L - 0.4W
Ul17=09D + 1.5L-04W + 1.5H
U18=1.25D + 1.5S
U19=1.25D+1.5S+ 1.5H
U20=1.25D+ 1.0L+ 1.5S
U21=125D+1.0L+1.5S+1.5H
U22=1.25D+1.5S+ 0.4W
U23=1.25D+1.5S+0.4W + 1.5H
U24=1.25D + 1.5S - 0.4W
U25=1.25D+1.5S-04W + 1.5H
U26=0.9D + 1.5S

U27=09D+ 1.5S + 1.5H
U28=0.9D + 1.0L + 1.5S
U29=09D+ 1.0L+1.5S+1.5H
U30=0.9D + 1.5S + 0.4W
U31=09D+ 1.5S +0.4W + 1.5H
U32=09D + 1.5S - 0.4W
U33=09D+ 1.5S-0.4W + 1.5H
U34=1.25D + 1.4W
U35=1.25D +1.4W + 1.5H
U36=1.25D+0.5L+ 1.4W

1. CSA A23.3-14, Annex C
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U37=1.25D +0.5L+1.4W + 1.5H
U38=1.25D+0.5S + 1.4W
U39=125D+0.5S+1.4W + 1.5H
U40=1.25D - 1.4W

U41 =1.25D - 1.4W + 1.5H
U42=1.25D+0.5L - 1.4W
U43=1.25D+0.5L-1.4W + 1.5H
U44 =1.25D +0.5S - 1.4W
U45=1.25D+0.5S-14W + 1.5H
U46=0.9D + 1.4W

U47=09D + 1.4W + 1.5H
U48=0.9D + 0.5L + 1.4W
U49=09D+0.5L+1.4W + 1.5H
U50=0.9D + 0.5S + 1.4W
U51=09D +0.5S +1.4W + 1.5H
U52=0.9D - 1.4W
U5S3=09D-14W + 1.5H
U54=0.9D + 0.5L - 1.4W
U55=09D+0.5L-1.4W + 1.5H
US56=0.9D + 0.5S - 1.4W
U57=0.9D +0.5S - 1.4W + 1.5H
U58=1.0D + 1.0E
U59=1.0D+1.0L+0.25S+ 1.0E
U60=1.0D - 1.0E

U61 =1.0D+ 1.0L+0.25S - 1.0E

«  Ultimate load combinations for CSA A23.3-04!:

Ul=14D

U2=125D+1.5L
U3=1.25D+1.5L+1.5H
U4=1.25D+ 1.5L+0.5S
U5=125D+1.5L+0.5S +1.5H
U6=1.25D + 1.5L + 0.4W
U7=125D+15L+04W +1.5H
U8=1.25D + 1.5L-0.4W
U9=125D+15L-04W + 1.5H
U10=0.9D + 1.5L

Ul1=09D + 1.5L+ 1.5H
U12=0.9D + 1.5L+ 0.5S

1. CSA A23.3-04, Annex C
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U13=0.9D + 1.5L+ 0.5S + 1.5H
Ul4=0.9D + 1.5L+ 0.4W
U15=0.9D + 1.5L +0.4W + 1.5H
U16=0.9D + 1.5L - 0.4W
Ul17=09D + 1.5L-04W + 1.5H
Ul18=1.25D + 1.5S
U19=1.25D+1.5S+ 1.5H
U20=1.25D +0.5L +1.5S
U21=1.25D+0.5L+1.5S+ 1.5H
U22=1.25D+1.5S+ 0.4W
U23=1.25D+1.5S+04W + 1.5H
U24=1.25D+ 1.5S - 0.4W
U25=1.25D+1.5S-04W + 1.5H
U26=0.9D + 1.5S

U27=09D + 1.5S+ 1.5H
U28=0.9D + 0.5L + 1.5S
U29=0.9D + 0.5L+ 1.5S + 1.5H
U30=0.9D + 1.5S + 0.4W
U31=09D+ 1.5S +0.4W + 1.5H
U32=0.9D+ 1.5S - 0.4W
U33=0.9D + 1.5S - 0.4W + 1.5H
U34=1.25D + 1.4W
U35=1.25D+1.4W + 1.5H
U36=1.25D+ 0.5L+ 1.4W
U37=1.25D+0.5L+14W + 1.5H
U38=1.25D+0.5S + 1.4W
U39=1.25D+0.5S + 1.4W + 1.5H
U40=1.25D - 1.4W
U41=1.25D-14W + 1.5H
U42=1.25D+0.5L- 1.4W
U43=1.25D +0.5L-1.4W + 1.5H
U444 =1.25D +0.5S - 1.4W
U45=1.25D+0.5S-14W + 1.5H
U46 =0.9D + 1.4W

U47=0.9D + 1.4W + 1.5H
U48=0.9D + 0.5L + 1.4W
U49=0.9D + 0.5L + 1.4W + 1.5H
U50=0.9D + 0.5S + 1.4W
U51=09D+0.5S+1.4W + 1.5H
U52=0.9D - 1.4W
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U5S3=09D-14W + 1.5H
U54=09D + 0.5L - 1.4W
U55=09D+0.5L-1.4W + 1.5H
U56=0.9D + 0.5S - 1.4W
U57=09D +0.5S - 1.4W + 1.5H
U58=1.0D + 1.0E
U59=1.0D+1.0L+0.25S+ 1.0E
U60=1.0D - 1.0E

U61 =1.0D+1.0L+0.25S - 1.0E

2104 For CSAA23.3-94

Service load combinations':

S1=1.0D

S2=1.0D+1.0L+1.0S+1.0H

S3=1.0D+ 1.0W

S4=1.0D - 1.0W

S5=1.0D + 0.667E

S6=1.0D - 0.667E

S7=0.75D +0.75L + 0.75S + 0.75W + 0.75H
S8=0.75D +0.75L + 0.75S - 0.75W + 0.75H
S9=0.75D + 0.75L + 0.75S + 0.5E + 0.75H
S10=0.75D + 0.75L + 0.75S - 0.5E + 0.75H

Ultimate load combinations?:

Ul=1.25D

U2=125D+1.5L
U3=125D+1.5L+1.5S
U4=125D+ 1.5L+ 1.5S + 1.5H
U5S=125D+ 1.5W

U6 =1.25D - 1.5W

U7=1.25D+ 1.05L + 1.05W
U8=1.25D+ 1.05L + 1.05S + 1.05W
U9=1.25D+ 1.05L+ 1.05S + 1.05W + 1.05H
U10=1.25D + 1.05L - 1.05W

Ull =1.25D + 1.05L + 1.05S - 1.05W

1.

NBCC95,4.14.1,4.1.4.2

2. CSAA23.3-94,83.2
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Ul12=1.25D + 1.05L + 1.05S - 1.05W + 1.05H
Ul3=0.85D + 1.5L

Ul14=0.85D + 1.5L + 1.5S
U15=0.85D+1.5L+1.5S+ 1.5H
Ul6=0.85D + 1.5W

Ul7=0.85D - 1.5W

U18=0.85D + 1.05L + 1.05W

U19=0.85D + 1.05L + 1.05S + 1.05W
U20=0.85D + 1.05L + 1.05S + 1.05W + 1.05H
U21=0.85D + 1.05L - 1.05W

U22=0.85D + 1.05L + 1.05S - 1.05W
U23=0.85D + 1.05L + 1.05S - 1.05W + 1.05H
U24=1.0D+ 1.0E

U25=1.0D - 1.0E

U26=1.0D+ 1.0L+ 1.0E
U27=1.0D+1.0L+ 1.0S + 1.0E
U28=1.0D+ 1.0L+1.0S+1.0E+ 1.0H
U29=1.0D+1.0L- 1.0E
U30=1.0D+1.0L+1.0S - 1.0E
U31=1.0D+1.0L+1.0S-1.0E + 1.0H
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2.11  Soil-Structure Interaction

The supporting soil, nodal springs, and piles are assumed to be tensionless. When nodal uplift
occurs, an iterative procedure is used to eliminate the corresponding soil, pile, and nodal spring
stiffness contributions to the global stiffness of the entire slab/soil structural system and to re-
solve the equilibrium equations.

The controlling parameters for the solution of the nonlinear problem are as follows:

*  Maximum number of iterations
* Maximum service displacement limit
* Minimum ratio of soil contact area (with respect to initial soil supported area)

* Minimum ratio of active springs and piles (with respect to the total number of springs and
piles).

This iterative procedure is repeated for each load combination until all tensile soils, piles, and
nodal springs are deactivated, converge test is passed (i.e., Euclidean norm of relative displace-
ment increments falls below 0.001), and the equilibrium is reached. For any load combination, if
convergence test is not passed or equilibrium cannot be reached within the user-specified limit
values of the controlling parameters, the program terminates the solution. The solution process is
summarized in the following steps:

Compute the plate element stiffness matrices.
Compute the spring element stiffness matrices for soil, piles, and nodal springs.

Assemble the global stiffness matrix.

b=

Combine the applied loads based on the defined load combinations and form the load vec-
tor.

5. Apply restraints and nodal slaving constraints to the global stiffness matrix and load vec-
tor.

6. Compute the displacement vector, U, by solving the equilibrium equation:
KU=F Eq. 2-7

where K is the global stiffness matrix and F is the force vector.

7. If uplift (upward displacement) is detected at any node with a spring, the spring contribu-
tion at that node is eliminated and the procedure (from step 2) is repeated until conver-
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10.

I1.

12.

13.

14.

gence criteria are met and equilibrium is reached. This is checked only if springs are
present.

Compute reactions for springs, piles, restraints, and slaved degrees of freedom.
Compute soil pressures (service load combinations only).

Compute element internal forces, i.e., bending moments, twisting moments, principal
moments, and design bending (Wood-Armer) moments (ultimate load combinations
only).

Repeat steps 4 through 10 for each combination.

For all service-load combinations, envelopes are computed for displacements, pressures,
and spring reactions.

For all ultimate-load combinations, the element design bending moment envelopes are
computed along with the corresponding required area of reinforcing steel.

Punching shear stresses are checked around columns and piles for each ultimate load com-
bination.
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2.12 Element Internal Moments

The bending moments, M,.,. and My , and the twisting moment, M,.,, are computed at the corner
nodes of each element. Figure 2-7 shows the element moment sign convention used by the pro-
gram. Note that unlike in beams and columns, the traditional plate and shell theory convention is
that M, denotes the moment along (not about) the X-axis and M, denotes the moment along the
Y-axis. Both moments are positive when they produce tension at the top.

The principal moments, M, and M,,, and the principal angle (see Figure 2-8), are computed from
the general moment transformation equations:

M. = Mxxcosze +M,, sin’6) + M,, sin(26), Eq. 2-8
M,y = M, sin’0 + M,,,cos’0 — M, sin(20), Eq. 2-9
oMx
Mxy + Tyx dy
Y
/ My %ﬂ dy

/ dx /

Figure 2-7 Element Nodal Moments
Note that since M, and M, are principal moments, the twisting moment associated with the r{-r,

axes (Mrq,) 1s zero:

M, —M
M, = % sin(20) + M., cos(20) = 0 Eq. 2-10

r

and the angle @ is:
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2M.
0= ltan_1 [—xy] Eq. 2-11

M AB =1
i}-} BC = sin (@)
AC = cos(0)

Figure 2-8 Element Principal Moment
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213 Element Design Moments

In practice, flexural reinforcement is generally provided in the orthogonal directions of the slab
system (X-Y) and not in the principal directions (r{-r,). Therefore, the Principal of Minimum
Resistance! is used by the program to obtain values for the design moments, which include the
effects of the twisting moment.

The equivalent design bending moments, M,,, and M,,,, for the design of reinforcing steel respec-

tively in the X and Y direction are computed as follows:

» For top reinforcement where positive moments produce tension:

My = My + My, Eq.2-12

M,y =M, + |Mxy

Eq. 2-13

However, if either M, or M,,,, is found to be negative, the negative value of the moment is

changed to zero and the other moment is given as follows:

2

. Mxy
if M;,<0, then M,;,=0 and M,,, = M, + Eq. 2-14

Mxx

M2

. Xy
if My<0, then M;,=0 and M,,, = M, + Eq. 2-15

M,

» For bottom reinforcement where negative moments produce tension:

My = My — My, Eq.2-16
My, =My, - M1, Eq.2-17

However, if either M,,, or M,,,, is found to be positive, the positive value of the moment is

changed to zero and the other moment is given as follows:

1. References [1], [2], [3], and [4]
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2

M,
if M,,>0, then M, =0 and M,,, = M, — |—= Eq. 2-18
M)C)C
M2
if M, >0, then M,,=0, and M, = M,,, - M—"y Eq. 2-19

Yy
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214 Required Reinforcement

The required area of reinforcing steel is computed based on a rectangular section with no compres-
sion reinforcement and one layer of tension reinforcement. The assumptions and limits used con-
form to the design specifications based on the accepted Strength Design Method and Unified
Design Provisions.

The maximum usable strain at the extreme concrete compression fiber! is 0.003 for ACI standards
and 0.0035 for CSA standards. The rectangular concrete stress block is assumed with the block
depth equal to:

a=pc, Eq. 2-20
where c is the distance from the extreme compression fiber to the neutral axis and factor f#; equals
0.65 < §; = 1.05 - 0.05f, <0.85 Eq. 2-21

for ACI standards” and
0.67<p,=1.05- 0.025fc, Eq. 2-22

for CSA standards>. To compute the stress in the steel layer, the elastic-perfectly plastic stress-
strain distribution is used. The required area of reinforcing steel is calculated as:

A, =pbd Eq. 2-23
which reinforcement ratio, p, equal to
p=g(l—+v1l—-—m) Eq. 2-24

where factors m and g are calculated for ACI standards as

1. ACI318-14,10.2.2.1; ACI 318-11, 10.2.3; AC1 318-08, 10.2.3; ACI 318-05, 10.2.3; ACI 318-02, 10.2.3;
CSA A23.3-04, 10.1.3; CSA A23.3-94,10.1.3

2. ACI318-14,22.2.2.4.3; ACI 318-11, 10.2.7.3; ACI 318-08, 10.2.7.3; ACI 318-05, 10.2.7.3; ACI 318-02,
10.2.7.3

3. CSA A23.3-14,10.1.7(c); CSA A23.3-04, 10.1.7(c); CSA A23.3-94, 10.1.7(c)
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2M,,
m=———-r— Eq. 2-25
0.85¢f. bd
g= 0.85£ Eq. 2-26
Iy

with strength reduction factor p=0.9 for tension controlled sections'.

For CSA standards, factors m and g are equal to

2M;
m=——— Eq. 2-27
oyf.bd"g,
g=0 ¢cfc Eq 2-28
#y
where a; is defined as
0.67 < oy = 0.85 - 00015, Eq. 2-29

and steel resistance factor? ¢, = 0.85 and concrete resistance factor>, ., that takes value of
¢. = 0.60 for CSA A23.3-94, ¢, = 0.65 for CSA A23.3-04 and CSA A23.3-14, and ¢, = 0.70 in
case of precast concrete for CSA A23.3-04 and CSA A23.3-14 standards.

ay 1s the ratio of the average stress in the rectangular compression block to the specified concrete
strength. It equals 0.85 for ACI Code* and 0.85 — 0.0015f, but not less than 0.67 for the CSA
Standard?.

1. ACI318-14,21.2; ACI 318-11, 9.3.2; ACI 318-08, 9.3.2; ACI 318-05, 9.3.2; ACI 318-02,9.3.2

2. CSAA23.3-14,8.4.3; CSA A23.3-04, 8.4.3; CSA A23.3-94, 8.4.3

3. CSAA23.3-14,8.4.2,16.1.3; CSA A23.3-04, 8.4.2, 16.1.3; CSA A23.3-94,8.4.2

4. ACI318-14,22.2.2.3; ACI 318-11, 10.2.6; ACI 318-08, 10.2.6, 10.2.7; ACI 318-05, 10.2.6, 10.2.7; ACI
318-02, 10.2.6, 10.2.6

5. CSAA23.3-14,10.1.1; CSA A23.3-04, 10.1.1; CSA A23.3-94, 10.1.1
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2141 Maximum Reinforcement

For the ACI Code, the maximum reinforcement ratio is derived from the condition! that the net
tensile strain at nominal strength is not less than 0.004.

For the CSA Standard, the area of tension reinforcement is such that the neutral axis-to-depth ratio

is?:

€700 Eq. 2-30
d " 700+f,

When the required area of steel exceeds the maximum allowed by the code, the program provides
a warning message during solution stating that steel design of some elements failed.

2.14.2 Minimum Reinforcement

The minimum amount of reinforcement in each layer is computed as the minimum reinforcement
ratio defined by the user multiplied by the gross area. Since minimum reinforcement area is calcu-
lated by the program separately for each of the two layers, the user should provide half of the min-
imum reinforcement ratio stipulated by design standards for total reinforcement in order to meet
the standards requirements.

For ACI, the minimum total reinforcement amount required in foundations is equal to 0.0024,
for steel Grade 40 or 50, 0.0018Ag for steel Grade 60, and (0.0018'60,000/}3,)Ag for reinforcement
with yield stress exceeding 60,000 psi.

For CSA standards®, the minimum reinforcement requirement is equal to 0.0024,.

—_—

ACI 318-14,9.3.3.1; ACI 318-11, 10.3.5; ACI 318-08, 10.3.5; ACI 318-05, 10.3.5; ACI 318-02, 10.3.5

2. CSAA23.3-14, 10.5.2; CSA A23.3-04, 10.5.2; CSA A23.3-94, 10.5.2;

3. ACI318-14,13.3.4.4,8.6.1.1; ACI 318-11, 15.10.4, 7.12.2.1; ACI 318-08, 15.10.4, 7.12.2.1; ACI 318-
05, 10.5.4, 7.12.2.1; ACI 318-02, 10.5.4, 7.12.2.1

4. CSAA23.3-14,15.4.1,10.5.1.2(a), 7.8.1; CSA A23.3-04, 15.4.1, 10.5.1.2(a), 7.8.1; CSA A23.3-94,

10.5.1.2(a), 7.8.1
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2.15 Punching Shear Analysis

The punching shear in spMats is checked where columns in conjunction with concentrated loads
and where piles are assigned as supports.

2.15.1 ACI Standard

For ACI standards, the following condition is used:
v, <oV, Eq. 2-31

where

v, =factored shear stress,

v,= nominal shear resistance of slab,
¢=shear resistance factor equal to 0.75.

The nominal shear resistance, v,,, is a sum of nominal shear resistance provided by shear reinforce-
ment, v, and nominal shear resistance, v,., provided by concrete. In spMats, v, is assumed to be
zero and v, is taken as the smallest of v, v, and v.3, which are respectively equal to':

Yy = (2 + i]z 7 Eq. 2-32
B

Yy = (2 4 OL—Ssz ) Eq. 2-33
0

va=44f", Eq. 2-34

with:
p.= the ratio of long side to short side of the column (or the pile),

ag =40 for interior, 30 for edge, and 20 for corner columns or piles,

1. ACI318-14,22.6.5.2,22.6.5.3; ACI 318-11, 11.11.2.1; AC1 318-08, 11.11.2.1; ACI 318-05, 11.12.2.1;
ACI318-02, 11.12.2.1
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b,= perimeter of the critical section,

d = average effective depth of the critical section segments (less pile embedment, if any),
1O, if w2 135 pef (2155 kg / m’)

A=10.85, if 115 pef (1840 kg /m’) <. < 135 pef (2155 kg / mr’)
0.75, if w < 115 pef (1840 kg / nr’)

2.15.2 CSA Standard

Similarly for the CSA standards, factored shear stress, vy is checked against factored shear resis-
tance, v,, which only takes into account concrete shear resistance calculated as the minimum of the
following three values:

Yoy = [0.2 + 03—4} NP Eq. 2-35
C

Voy = (0.2 + OL_ﬂj AN Eq. 2-36
0

v3=04¢ 2. Eq. 2-37

for the CSA A23.3-94 Standard!, and

v01:{0.19+0'ﬁﬁ]¢c,1 If'. Eq. 2-38
C
d

Vg = (0.19 + abL] A Eq. 2-39
0

v3=0384 4 f", Eq. 2-40

for the CSA A23.3-04 and CSA A23.3-14 standards®. Factor ag equals 4 for interior columns, 3
for edge columns, and 2 for corner columns for all CSA standards. Factor 4 accounts for low den-
sity concrete and is equal to:

1. CSAA23.3-94,13.44
2. CSAA23.3-14,13.3.4; CSAA23.3-04,13.3.4
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1.0, if w. > 2150 kg / m> (134.2 pcf)
A=10.85, if 1850 kg/m> (115.5 pcf) < w. < 2150 kg / m> (134.2 pcf)
0.75, if w. < 1850 kg / m> (115.5 pcf)

Also, for interior column and piles, the value of effective depth, d, in Eq. 2-38 through 2-40 will
be multiplied! by factor 1300/(1000+d).

2.15.3 Shear Critical Section

The projection of the critical section to the middle surface of the slab is a polygon located so its
perimeter b, is a minimum and the distance between its segments and the column is not less than
a half of slab effective depth. For circular columns and piles, the critical section is approximated
by a polygon with ten segments per quarter. The depth of each segment can be different depending
on the depth of the slab at the location of the segment. In the case of edge or corner columns and
piles, segments of the critical section that lie outside of the slab are disregarded.

For a section defined as such, the area 4, the coordinates {x,y.}of the centroid, and Jy, Jy, Jy,,
properties are calculated. Force (P,;) and moments (M, and M,,,) applied at the center of the col-
umn (pile) are transformed to the centroid of the critical section. The unbalanced moments to be

transferred by eccentricity of shear are:
Mo =9, My + B2 = 3,)) Eq. 2-41
My, =9, (Myy, = B (X = X.)) Eq. 2-42

where xgand yrare the coordinates of the column (pile) center. If B, and By, denote the dimensions
of the critical section then the fractions of the unbalanced moments transferred by eccentricity of
shear can be calculated as’

1
M=l == Eq. 2-43
1+= [ =
34 B

1. CSAA23.3-14, 13.3.4.3; CSA A23.3-04, 13.3.4.3

2. ACI318-14,8.4.4.2,8.4.232; ACI318-11, 11.11.7.1, 13.5.3.2; ACI 318-08, 11.11.7.1, 13.5.3.2; ACI
318-05, 11.12.6.1, 13.5.3.2; ACI 318-02, 11.12.6.1, 13.5.3.2; CSA A23.3-04, Eq. 13-8; CSA A23.3-94,
Eq. 13-7
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1
Yy =1-————= Eq. 2-44
B
1+2 |2
3\ B

P

At each vertex of the critical section, the factored shear stress v, (vyfor CSA) can be calculated
from the formula':

P. M M
v, y) = £+ 2y - Ty Eq. 2-45
“ A J J.
c XX yy

where x and y are the vertex coordinates relative to principal axes x and y. If axes x and y are cen-
troidal (not principal), i.e., Jy, # 0, a more general formula shown below is used

pP. M,J,+M,J M, J.+M,J
vu(x,y) =4 e v; xyy - v; xyx Eq. 2-46
A Joelyy =Ly Joelyy =Ly

except for CSA A23.3-04 and CSA A23.3-14 standards? in which a formula consistent with Eq. 2-
45 is stipulated for centroidal (not principal) axes.

Piles are allowed to be embedded into the slab, which effectively decreases the average effective
depth of the critical section segments.

The vertex that governs the punching shear check is the one where the ratio of factored shear stress
to shear resistance is the highest.

1. CSAA23.3-94,13.4.5.5
2. CSAA23.3-14,13.3.5.5; CSAA23.3-04, 13.3.5.5

| 47 |



.
S'ﬁats METHOD OF SOLUTION

2.16 Program Results

The program output is organized into tables that may be optionally viewed, printed, or saved in a
file. Furthermore, the tables may be fully or partially output for all or for only selected nodes,
members, and combinations.

The program distinguishes between individual (service or ultimate) combination results and enve-
lope results (which include the maximum values from all load combinations).

Contour views are also provided for selected output results to facilitate the graphical examination
of results by the user. However, the text results reports should be used to make and finalize mod-
eling decisions.

2.16.1 Force Vector

This table is output for individual service and individual ultimate load combinations. It lists the
nodal load vector that is actually used by the program for each load combination. The force, F,,
moment about X-axis, M,, and moment about Y-axis, My, at each node includes the effects of
loads concentrated at the node and the discretized effects of uniform surface loads. Positive forces
are applied in the direction of the positive Z-axis (upward) and positive moments are determined
using the right-hand rule.

2.16.2 Displacement Vector

This table is output for individual service and individual ultimate load combinations. It lists the
displacement vector for each load combination. The table lists the displacement, D,, and the two
rotations about the X- and Y-axis, R, and R, respectively. Positive displacement is in the positive
Z-direction, and the right-hand rule is used to determine the direction of the rotations.

2.16.3 Reactions

This table is output for individual service and individual ultimate load combinations. The table
lists reactions for the nodes with soil, spring, pile, restraints, and slaved nodes. Positive transla-
tional reactions (forces) are in the direction of the positive axes and positive rotational reactions
(moments) are determined using the right hand rule. The table also reports the sum of forces and
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moments (with respect to center of gravity) for applied loads and reactions due to restraints, slaved

nodes, soil springs, nodal springs, and piles.

2.16.4 Soil Displacement and Pressures

This table is output for individual service load combinations. For the elements with specified soil,
the displacement and pressure at all four nodes are listed. Since the soil is assumed tensionless, the
pressure is set to zero for positive (upward) displacements.

2.16.5 Element Nodal Moments

This table is output for individual ultimate load combinations. At each of the four nodes of the ele-
ment (i, , k and 1), listed are the bending moments (M, and M), the twisting moment (M,,,) the
equivalent principal moments (M, and M,,), along with the principal angle, and equivalent
design bending moments (M, and M,,) at the top and bottom. Note that M, and My, are positive
when they produce tension at the top and are referred to as moments along the X and Y-axes,
respectively. For more information about these moments and the sign convention, refer to Fig 2-7
Element Nodal Moments.

2.16.6 Punching Shear

For each column and pile, punching shear stresses resulting from ultimate load combinations are
listed. For each ultimate load combination, the report includes geometrical properties of critical
sections and shear stresses at critical points, i.e., vertexes at which the ratios of factored shear
stress to shear resistance are the highest.

2.16.7 Nodal Displacement Envelopes

This table lists the maximum vertical displacement, D, from all service load combinations, along
with the governing combination. Positive displacements are upward in the positive Z-direction.
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2.16.8 Reaction Envelopes

The table lists envelope (minimum and maximum) reactions for the nodes with soil, spring, pile,
restraints, and slaved nodes from all service load combinations and ultimate load combinations
along with the governing load combinations labels.

2.16.9 Displacement and Pressure Envelopes

For the elements with specified soil, this table lists the maximum displacements and pressures
resulting from all service load combinations and all four element nodes. The governing load com-
bination and the governing element node are also listed.

2.16.10 Element Top Moment Envelopes

At each node of each element, the table reports extreme positive values of Wood-Armer design

bending moments, M,,, and M,,,, in X and Y direction respectively, together with the moments

My, My, M, M, angle of the major principal direction, and the ultimate load combination that

produces the extreme design moments.

2.16.11 Element Bottom Moment Envelopes

At each node of each element, the table reports extreme negative values of Wood-Armer design

bending moments, M,,, and M,,,, in X- and Y-directions, respectively, together with the moments
My, My, M, M4, angle of the major principal direction, and the ultimate load combination that

produces the extreme design moments.

2.16.12 Element Top Desigh Moment and Reinforcement Envelopes

When steel design is based on average moment within an element, the table reports the ultimate
load combination that produces the extreme average value of positive Wood-Armer design bend-
ing moments, M, and M,,,, together with the values of extreme design moments and the corre-
sponding steel area requirement.
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When steel design is based on maximum moment within an element, the table reports the node and

the ultimate load combination for which the values of positive Wood-Armer design bending
moments, M, and M,,,, are extreme together with the values of extreme design moments and the
corresponding steel area requirement.

2.16.13 Element Bottom Design Moment and Reinforcement
Envelopes

When steel design is based on average moment within an element, the table reports the ultimate
load combination that produces the extreme average value of negative Wood-Armer design bend-
ing moments, M,,, and M,,,, together with the values of extreme design moments and the corre-
sponding steel area requirement.

When steel design is based on maximum moment within an element, the table reports the node and
the ultimate load combination for which the values of negative Wood-Armer design bending
moments, M, and M,,,, are extreme together with the values of extreme design moments and the
corresponding steel area requirement.
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3.1 spMats Interface

The spMats Interface will appear after the spMats is started as shown below. The spMats
Interface consists of a Title Bar, Menu Bar, Toolbar, and a Status Bar. The program name
and current data file name is shown in the Title Bar. All the menu commands can be accessed
from the Menu Bar and some frequently used commands also can be accessed from the
buttons in the Toolbar. The Status Bar shows the current state of the program.

Control
Menu

Title Min/Max/Close
Bar Buttons

5P spMats - Untitled

File Define Assign Solve Yiew Options Help

Tma
s'mats
eeiscilll - ET I AN
Define
Assign s g . _ . = Yiew Options

o

Solve Preferences. ..

Optiong Menu Bar

Tool Bar

Main Window

Status Bar

For Help, press F1., For hiding/showing the menu, press Cr+F12 o um |

Control Menu

The Control menu 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 using the mouse, click the left mouse button on the
box; using the keyboard, press ALT+* ‘(space).
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Title Bar
The Title Bar displays the name of the program (spMats in this case), along with the path and
filename of the current data file in use. If the file is new and has not yet been saved, the word
Untitled is displayed in the Title Bar.

Tool Bar

The Toolbar is located on the left side of the screen. There is a total of 5 buttons on the tool
bar each one displays various information in the Main Window of the program. The Toolbar
provides access to commands that are also accessible via the Menu Bar. The active tool bar’s

text will appear in Yellow (highlighted).

Menu Bar
The Menu Bar is located directly beneath the Title Bar. It lists the available menus. There are
a total of 7 distinct drop-down menus accessible from the Menu Bar. The majority of
commands appearing in the drop-down menus are also accessible via the program’s Main
Window area.

Status Bar

The Status Bar is located directly beneath the program’s Main Window area. It displays
important information such as current units, cursor position, and helpful messages.

Item
Listing
Area

Graphic/lnput
Area

Information
Area

The Main Window is made of 4 distinct areas as illustrated here.
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Tabs (on Main Window)

The Tabs are located on the Main Window and vary depending on the button you click on the
Toolbar or on the command that you select from one of the drop-down menus. Each Tab
surfaces different Graphic/Input Area for recording and inputting data as it relates to each
project.

Graphic/Input Area (on Main Window)
The Graphic/Input Area covers most of the Main Window. This is where the graphical
editing and data input is done.

Item Listing Area (on Main Window)

The Item Listing Area appears on the right side of the Main Window. The items appearing
in the listing vary depending on the Tabs that you select. Certain items appearing in listings
have “plus” or “minus” signs indicating that the list is expandable or retractable, respectively.

Retracted Expanded List

[ Thickness [=- Thickness
- Soi . - Thickt
[ Concrete L e Thickz

Information Area (on Main Window)
The Information Area appears in the lower-right corner of the Main Window. This area
displays helpful information and values pertinent to the active item that you select in the Item
Listing Area.

Zooming and Translating while Assigning
While using any of the Assign Menu or Assign Toolbar commands, the mouse action is
reserved to select or deselect nodes and elements. Note, however, that you may still zoom or
translate the graphical image without selecting the corresponding commands from either the
View Menu or the bottom of the Main Window. However, Zoom and Pan disable
assignment and have to be released to get back to assign mode.
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3.2 File Menu

The File menu is used for saving or retrieving data, printing,

.- . . . File:
and exiting. The File menu contains the following commands: - I
. M el
New, Open, Save, Save As, Revert, Delete Results, Print = '
) R K Open... O
Results, Print Preview, Print Screen, Import, Export, and Save Chl4s
Exit. Save fs,.,
New (Ctrl+N) Rewvert
The New command clears any data input and returns to the Delete Results
default values. Thus, you are able to create a new data file. Print Resulks
However, before you can begin a new data file, spMats will ask Print Preview
whether you want to save the current data. Answering Yes will Print Screen Ctrl+P
save the old data and begin a new data file. Answering No will Import »
discard any changes to the data and begin a new data file. Export 3
Answering Cancel will return you to spMats so that you can 1 escamplel,mad
continue to work with the current data. 2 examplez. mas
Open (Ctrl+0) Exit

The Open command allows you to load an existing spMats

data file. The dialog box that appears shows you a listing of all

the files with the .MAS extension contained in the default data directory or in the current
directory (if a default data directory was not specified). This box also enables you to change
the current drive and directory. If you are currently working on a data file and select the Open
command, spMats will ask whether you want to save the current data. Answering Yes will
save the old data and display the Open dialog box. Answering No will discard any changes to
the data and display the Open dialog box. Answering Cancel will return you to spMats so that
you can continue to work with the current data.

Save (Ctrl+S)
The Save command saves the changes you have made to the current data under that same
filename. The new data overwrites the old data, and you cannot retrieve the old data. It is a
good practice to periodically save while inputting data. If a data file is untitled, the Save As
dialog box will appear.

Save As

The Save As command 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.
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Revert
The Revert command discards any changes to the data file and returns to the most recently
saved version of the data file. This option will only be available if the data file has been
previously saved and there have been modifications done on the data file since. Do not save
the data file immediately prior to reverting otherwise this command will have no effect.
Delete Results
Deletes the output data.

Print Results
Provides a printout of the input and output data.

Print Screen (Ctrl+P)
Prints the graphical image displayed in the Graphics/Input Area of the Main Window.
Displays Print dialog box and prints the results exactly as they appear on the screen.
Import / Grid...
Imports grid definition from an ASCII (TXT) file.

Import / Loads...
Imports load definitions from an ASCII (TXT) file.
Import / Load Combinations...
Imports load combination definitions from an ASCII (TXT) file.

Export / Mat Plan to DXF File...
Exports mat plan view to a DXF file for easier integration with drafting and modeling
software.

Export / To spColumn CTI Files...
Exports columns and/or pile sections, used in foundation model, as spColumn Text Input
(CTD) files.

Recent Data File List
Provides quick access to recently open data files.

Exit
The Exit command ends the spMats session and returns you to Windows. If you have made

any changes to your data and have not saved them, spMats will first ask whether you want to
save or abandon any changes you’ve made before you exit.

| 59 |



matS spMats INTERFACE
3.3 Define Menu

The Define menu provides access to commands used to define all
of the input data. The information you input via the commands
found under the Define menu will be used when assigning

General Info...

properties, loads, and restraints to the model and then for GE':" .
analyzing the model and calculating the required steel area in the oranes
slab. Thickness., ..
Concrete. .,
General Info cail. .
Defines and records the particulars on the project including Reinforcing Steel. ..
project name and description, project date and time, and Design Parameters...
. . . . . : Calurmn Dimensions. ..
engineering parameters including units of measure and design
code. Modal Springs. ..
. Slaved Modes, ..
G}’ld -EI"\."E-' [aln|=o
Files. ..

Defines the grid lines that make up the rectangular grid system.

The slab model is defined based on the grid system specified here. Load Combinations. ..

Loads...
This command also gives access to the grid preferences where you

are able to show/hide node and element numbers, select between
dotted or solid grid lines, and specify the coordinate precision.
Libraries
Provides access to libraries from which data items can be imported to the current project or
where data items can be recorded so they can be reused in other projects.
Thickness

Defines the plate element thickness entries.

Concrete
Defines the concrete material properties including compressive strength, unit weight, Young’s
modulus, and Poisson’s ratio. For CSA A23.3-04 and CSA A23.3-14 design standards, it also
allows distinguishing between cast-in-place and pre-cast concrete.

Soil
Defines soil properties including subgrade modulus and allowable pressure.

Reinforcing Steel
Defines reinforcing steel material properties including yield strength and Young’s modulus.

Design Parameters
Defines the parameters that set the criteria for designing the slab. These parameters include
minimum reinforcement ratio and distance of reinforcement from top and from bottom in both
directions.
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Column Dimensions
Defines column properties including type and cross section dimensions.

Nodal Springs
Defines nodal spring entries including the spring constant (K).

Slaved Nodes
Defines groups of slaved degrees of freedom (Dz, Rx, Ry).

Piles
Defines pile properties including pile type, cross section dimensions, pile length, material
properties, and soil. These properties are used to calculate the equivalent spring constant for a
pile.

Load Combinations
Defines load combinations for both service- and ultimate-levels under which the model is to
be analyzed and designed.

Loads

Defines element and nodal load entries for up to 26 load cases (A to Z).
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3.4 Assign Menu

The Assign menu provides access to commands used to input the
model geometry and assign the defined properties and loads to
the nodes and elements. All assignments are done graphically.

Thickness

Assigns the various plate element thicknesses to the defined grid.

Concrete

Assigns the various concrete properties to the defined elements.
Soil

Assigns the various soil properties to the defined elements.
Reinforcing Steel

Assigns the various reinforcing steel properties to the defined

elements.

Design Parameters

Assigns the various design parameters to the defined elements.
Columns

Assigns the various columns to the nodes.
Nodal Springs

Assigns the various nodal springs to the nodes.

Slaved Nodes

Assign

Thickness
oncrete, .,
Sail. ..

Reinforcing Skeel, ..
Design Parameters. ..
Colurn Dimensions, ..

Modal Springs. ..
Slaved Modes. ..
Restraints. ..
Piles. ..

Surface Loads. ..
Modal Loads...

Assigns the various groups of slaved degrees of freedom to nodes sharing the same
displacements in the direction of the slaved degrees of freedom defined in the groups.

Restraints

Assigns restraints for restraining nodal degrees of freedom.
Piles

Assigns the various piles to the nodes.
Surface Loads

Assigns the various surface loads to the elements.

Nodal Loads

Assigns the various nodal loads to the nodes.
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3.5 Solve Menu

The Solve Menu provides access to solution control parameters,

to executing the analysis and design, and to viewing results in —— -

text and graphical representations. The solver control parameters
Wiew Results,.,,  F&

are essential user tools for performing soil-structure interaction. View Contaurs. .. ShiFt+Fe

Execute (F5)

Invokes the finite element solver and then invokes the concrete design module.

View Results (F6)

Provides access to the results (text mode) after a successful run.

View Contours (Shift+F6)

Provides access to graphical representations of results after a successful run.
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3.6 View Menu

The View menu commands enable you to modify the floor system’s
appearance on the screen to suit your viewing needs and enable you to
view the result diagrams. The View menu contains the following
commands: 3D, Status Bar, This Menu, Reset, Zoom In, Zoom
Out, Rotate, Pan.

3D

Shows the model in 3D isometric view.
Status Bar

Toggles the Status Bar at the bottom of the screen on or off.
This Menu (Ctrl+F12)

Toggles the Menu Bar at the top of the screen on or off.
Reset

Resets the graphical window to the default view.
Zoom-in

Sets the graphical window to zoom-in mode.
Zoom-out

Sets the graphical window to zoom-out mode.
Rotate

Sets the graphical window to rotate mode.

Pan

w 30

v Skaktus Bar
This Menu  CtrHF12

Reset
Zoom In
Zoam Cuk

* Rotate
Pan

The Pan command allows you to move your model on the plane of the screen. You may move
the model in any direction. Once the Pan command is selected press and hold the left mouse
button on the view window and drag. The model moves along with the cursor. You can release

the mouse button once the model is in the desired location in the view window.
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3.7 Options Menu

The Options menu allows you to change the startup options of the

spMats program to suit your needs. The Options menu contains the Startup Defaults. ..

following commands: Startup Defaults, Autosave, Display, and Autosave..
Statistics. Display. ..
Statistics. ..
Startup Defaults

Provides access to saving defaults such as units of measurement and
design code so that the system knows to use these for new input files. Controls options for
default definitions loaded from templates and default assignment options.

Autosave

Provides the option to have the system automatically save data periodically without you
having to necessarily select the File/Save command.

Display
Provides display settings such as the font used in displaying node and element numbers, the

color settings of the graphical display area, and various options for the 3D View and 2D View
windows.

Statistics
Provides model information such as the total number of nodes, elements, and definitions.
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3.8 Help Menu

The Help menu includes command that enable you to obtain help oMats Info

for the program and show the copyright and re registration Submit a Question...
information about your software. The Help menu includes the Manual..
following commands. Help... Fi
Tutorial Videos...
SpMats Info Design Examples...
Opens information page for the current version of spMats being Check for Updstes...
used in the default browser. Internet connection is required. Release Notes..

. . About spMats...
Submit a Question g

Opens the StructurePoint Submit a Question page in the default browser. Internet connection
is required.

Manual
Opens spMats Manual in the default browser. Internet connection is required.

Help
Uses the default browser to open spMats Help. It provides access to all available help topics.
Click on any topic and a help screen will appear with information about that item. Internet
connection is required.

Tutorial Videos

Uses the default browser to open a page containing spMats Tutorial Videos. Internet
connection is required.

Design Examples
Uses the default browser to open a page containing design examples for StructurePoint
software. Internet connection is required

Check for Updates
Check is a newer version of spMats is available. Internet connection is required.

Release Notes

Uses the default browser to open a page containing release notes for the version of spMats
being used. Internet connection is required.

About spMats

Shows the version number of the program, the licensing information, and the copyright
information. In the case of a trial license, the expiration date is given as well as the locking
code which is needed to obtain a standalone license.
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4.1 Introduction

In this chapter, the sections follow the order in which commands and options appear beginning
with those found under the File menu and ending with those under the Help menu.

Many of the commands and options that appear under these menus are also accessible by other
methods. Consequently, these other methods are also explained.

4.2 Creating New File

When spMats is loaded, the program is ready to begin receiving input for a new project. Until you
save the file, the data will not have a filename associated with it, and the title bar will display the
word Untitled as illustrated here:

5P spMats - Untitled

File Define Assign Solve View Options Help

* From the File menu, choose New. This clears the screen in preparation for a new project
or data entry file and returns the program to its default settings.

+ Ifexisting data on an open project has been changed prior to executing the New command,
the program will display the following message box inquiring whether you wish to save
the data on the open project or data file before creating a new file:

1] E The project has been modified and not saved. Would wou like o save the project First?
.

Yes Mo Cancel
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4.3 Opening File

spMats allows you to open data files that were saved at an earlier time including files from
previous versions of spMats as well as pcaMats. Note that the extension name of a spMats file is
.MAS and previous versions used the extensions .MA7, . MA6, .MAT.

* From the File menu, choose Open and a dialog box will appear.

» All files with the .MAS8 extension contained in the current drive and directory are
displayed in the file name list box. To view files with a different extension use the file type
drop-down menu to choose a different file extension.

» To open a file that exists in another drive or directory, select the drive or directory you
want from the look in drop-down list.

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

* Choose the OK button.

» Alternatively, an input file can be opened by spMats if the file is drag-and-dropped onto
the program window or if the file pathname is provided as a command line parameter
when invoking spMats from the command prompt.

l

over 71X
Lok, in: |E} Examples j IC:F -
I3 Additional

|)examplel resulks
| examplez results
|ﬂ examplel mad
@ exampleZ matd

File name:  |"mad Open

Files of type: |spMats [".rnag) ﬂ Cancel

4.4 Saving File

spMats files are saved in a binary format with .MAS extensions.

| 71 |



[(/
smMm ats OPERATING spMats

5P spMats - C:\Program Files\StructurePoint\spMatsiExamplesiexample1.ma8, (Modified)
File Define Assign 3Solve Yiew Options Help

441 Save the data with the same file name

* Atany time while editing a data file that has previously been saved under a file name,
choose File and Save to save the changes under the same file name, overwriting the old
file. From the File menu, selecting the Save command before giving the data file a name
displays the Save As dialog box

4.4.2 Change format or rename the file

* From the File menu, select Save As, and a dialog box will appear.

« All files with .MAS extensions 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 or
directory from the Save In drop-down list.

e Choose OK button

Save As
Save in: |E} Examples j &% Ef-

|3 Additional
|)examplel resulks
| examplez results
|ﬂ examplel mad
@ exampleZ matd

Save as ype: |spMats [".rnag) ﬂ Cancel
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4.5

Most Recently Used Files (MRU)

New Ctrl+MN
Open... Ctrl+Q
Save Ctrl+5
Save As..

Revert

Delete Results

Print Results

Print Preview

Print Screen Ctrl+P
Import >
Export >
1 examplel

2 examplel

3 spmats examplel MRU

4 exampled
5 Manual Example 2

Exit

The Most Recently Used Files (MRU) list shows the five data files that were opened most
recently. Selecting a data file from this list makes it easier and faster to open the file. The list is

empty when the program is executed for the first time.

4.6

Reverting to Last Saved Data File

If you have begun to make changes to a data file that has previously been saved, (i.e., the
TITLE BAR displays a filename), and you suddenly wish to discard all the changes and
revert back to the previously saved data file, then from the File menu, select Revert.

The program will verify your intention with the following message box:

3) Revert to old data file?

Yes Mo |

Click on YES only if you are certain that you wish to discard all changes since the last time
the file was saved. If you are not sure, another option would be to actually save the file
under a different name, and then re-open the old data file.

Note: If Autosave is enabled, the program will revert to the data previously saved by the
Autosave function.
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* From the File menu, choose Print Results to have the program surface the REPORTS
folder as illustrated here:

Run Solver View Results view Contours

|

Elements————
To From Ta
1] 0

pu | |pa B

~ Input Echo
v Title Page ¥ Modes ¥ Definitions v Elements

— Combination: o
ervice
v
Al - ’7|7 Element Disp & Pressure
Resuts———— .
¥ Force Yector Ulimctie
v Dizplacement Yectar ¥ Element Nodal Maments
¥ Reactions ¥ Punching Shear
~ Envelope

v Modal Displacements
V¥ Reactions

v Elemert Disp & Pressure
v Element Tap Maoment

V¥ Elemert Bot Moment
¥ Diesign Moment & Steel-Top
v Diesign Momert & Steel-Bot

Print |

Check All Clear All

Alternatively, you can click on the button located on the toolbar, and then on
the REPORTS tab.

» Place a checkmark in the TITLE PAGE check box if you wish to include a title page with
the printout.

* From the RANGE group, you may select the ranges of nodes and elements to be printed for
each of the tabular output blocks.

NoDES: Will print all or selected nodal data including coordinates, assignments and loads.
ELEMENTS: Will print all or selected element indexes, assignments, and loads.

» From the INPUT ECHO group, you may select the tables to be printed...
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DEFINITIONS: Will print all the input data entered using the Define menu commands.

» Select the RESULTS to be printed. For more information about the output tables, see
Program Results in Chapter 2.

* In the SERVICE group, select whether to display SPRING DISPLACEMENT & REACTIONS
and/or ELEMENT DISPLACEMENT & PRESSURE. If check marked, the program will display
the respective results under the service load calculations.

* In the ULTIMATE group, select whether to display ELEMENT NODAL MOMENTS. If check
marked, the program will display the respective results under the ultimate load
calculations.

* Place a check mark in PUNCHING SHEAR if you wish the output to include the respective
results of the Punching Shear computations.

* In the NODES and ELEMENTS groups, select the ALL check box for a comprehensive
output. For selective printing, specify the ranges of nodes and/or elements to print.

* In the COMBINATIONS group, select ALL to print for all service and ultimate load
combinations. To print for specific combinations, choose the SELECT button to have the
program surface the following dialog box:

Select Load Comhinations

Defined Combinations; Selected Combinations:
m Service

51 Lltirmate

52 ey

53
Lltirmate d

(]

Uz
3

Ok | Cancel |

* Highlight the combinations from the DEFINED COMBINATIONS list, and click on the —=-
button to move them to the SELECTED COMBINATIONS list. Repeat for all load
combinations you wish to select under both SERVICE and ULTIMATE. To remove a selected
combination, highlight the combination from the SELECTED COMBINATIONS list and click

on the —=! button. Click on the OK button when done.

* Choose the ENVELOPES that are to be included in the output (printout).
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Ervelopes

[v Modal Displacements [v Element Bat Marment

[v Feactions [v Design Moment & Steel-Top
[v Element Disp & Pressure [v Design Moment & Steel-Bot

[v Element Top Moment

* Alternatively, the CHECK ALL button can be used to include all items in the printout.
Clicking on the CLEAR ALL button will clear all selected items.

* In the PRINT TO group, specify whether the output should be sent to the default printer or

if it should be saved to a file. If FILE is selected, click on the = button to specify what it
should be named and where it should be saved.

*  Click on the PRINT button.

4.8 Printing the Screen

* From the File menu, choose Print Screen to have the program surface the standard
Windows print dialog box similar to the following:

& Print
General l
Select Printer
123 Microsoft Office Document Image Writer <2 OKI B4545 Network{OK-B4545-¢
4;; PaperPort Black & wWhite Image
qég PaperPort Color Image:
< I >
Status: Ready ™ Printtofile  Preferences
Location:  Structure Point Group Offices ] ]
Comment:  Multifunction printer Find Printer...
Page Range
Al Murnber of copies: |1 El:
" Selection
-~ r
Print | Cancel |

» This command will print the GRAPHICS AREA in a “what you see is what you get” format.

In order for this command to be enabled, the 3D View folder must be the active folder as
shown here:
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[=I- Wiew Cptions
" Preferences...
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4.8.1 Viewing the Print Preview

* From the File menu, choose Print Preview to have the program surface the print preview
module similar to the following:

3 ﬂﬁxtF.};eI PfeyF‘agﬂI Tvmua;-e-al Zoom In I Zoam Dl I Cloze I

L i
T T ey

Bl m Sidbalided - BN Praslalien

Dwidn =l L) Deeslope Suida) mes = o3 PRD e Swfan)omes = ok 20T e

PREVIEWPAGEDESC | [ INum |

* This command will let you preview the GRAPHICS AREA in a “what you see if what get”
format before you print it.

*  You can click the PRINT button in the top left of the print preview window to have the
program surface the standard windows print dialog box to initiate the printing process.

* In order for this command to be enabled, the active folder must be a folder that is showing
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a graphical output.

4.8.2 Printing the Screen Directly

* From the File menu, choose Print Screen to have the program surface the standard
Windows print dialog box similar to the following:

& print

General l

Select Printer

q-:.; Micrasaft Office Document Image \Writer q;; PaperPort Calaor Image
i3 Microsoft ¥PS Docurnent Writer 23 PaperPort Black & White Image

< |

*
Status: Feady [ Printtofile  Preferences

Location:  Structure Point Group Offices : :
Comment;  Multifunction printer Fird Printer...

FPage Range

o Al Mumber of copies: |1 El:

" Selection
C |

| Print | Cancel

* This command will print the Graphics Are in a “what you see is what you get” format.

* In order for this command to be enabled, the active folder must be a folder that is showing
a graphical output as shown below:
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4.9 Exporting

4.9.1 Model Geometry

The model geometry created in spMats can be exported to CAD programs using the File/Export/
Mat Plan to DXF File command. You may have to scale or zoom the drawing in the CAD
program to view it at a suitable scale.

*  From the File menu, select Export/Mats Plan to DXF File. This dialog box appears:
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Save As @
Save jn: |l‘f} Examples j =k B3~
L) Additional

File narme: |E:-<amp|e'| d=f
Save as type: | DXF files [%.dvf) | Cancel

» Use the SAVE IN drop-down list and locate the folder where the file is to be saved. Once
you locate the folder, the white listing area will display any other DXF files that have been
saved in that folder. If you want to use a file name other than the default (same as input file
name), double-click in the FILE NAME text box and type a filename. (You need not enter
an extension since, by default, the program will affix the DXF extension to the filename.)

* Choose the SAVE button to finish exporting.

4.9.2 Exporting CTI files

spMats provides the options to export columns and/or pile sections, used in the foundation model,
as spColumn Text Input (CTI) files for analysis by spColumn. The loads coming on the sections

after analysis are also included in the exported files. This export can only be done when the model
has been executed and results generated.

* From the File menu, select Export/To spColumn CTI Files. The fist dialog box among
the following two appears.

Run Option Structural Member Run Option Structural Member
{+ Investigation [ Columns " Investigation ¥ Columns
" Design ke Piles & Design ¥ Piles
Material Properties Material Properties
fe: [ o fpfe0 ki e ki fy:[e0 ksi
Reinforcement it Reinforcement t
Bar set: ASTM A615 > J Bar set: ASTM AB15 - J
Minimum Maximum
No. ofbars: |8 No. of bars: |8 12
Bar size: #5 =2 Bar size: =5 hal I £ 01 =2
Clear cover (Longitudinal Bars) | 2.0 in Clear cover (Longitudinal Bars) | 2.0
[V Eliminate duplicate loads [¥ Eliminate duplicate loads
concel e

In the RUN OPTION group, select if you want to export the selected sections for
INVESTIGATION or DESIGN by spColumn. By default INVESTIGATION is selected.
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If you select DESIGN the REINFORCEMENT group changes to that as shown in the
second dialog box image.

In the STRUCTURAL MEMBER group, select if you want to export columns or piles. By
default both are selected.

In the MATERIALS PROERTIES group, provide the required concrete and steel strengths
to be applied to the exported items in spColumn.

In the REINFORMENT group select the BAR SET you want spColumn to use.

Depending on the EXPORT mode you have selected, enter the BAR NUMBER and BAR
SIZE information. For DESIGN spColumn iterates the section starting with the minimum
number of bars and minimum bar size until it arrives at a section that meets the
requirements of the loads applied.

Provide the CLEAR COVER. The cover provided acts as cover for longitudinal bars.

Select the ELIMINATE DUPLICATE LOADS to automatically remove any duplicate
loads that come on the exported structural member.

Choose the OK button. This dialog box appears:

« v » ThisPC » Desktop » spMats CTlexport » Files v @] | SearchFiles »

Organize * New folder 4=z -

G OneDrive () MName Date modified Type Size

[ This PC Mo items match your search.
A A360 Drive
[ Desktop
|5 Docurnents
& Downloads
J’! Music

&= Pictures
v < >

File name: | spMats CTl export -

Save as type: | CTl files (*.cti) ~

~ Hide Folders Cancel

Use the drop-down list and locate the folder where the file is to be saved. Once you locate
the folder, the white listing area will display any other CTI files that have been saved in
that folder. If you want to use a file name other than default (same as input filename),
double-click in the FILE NAME text box and type a filename. (You need not enter an
extension since, by default, the program will affix the CTI extension to the filename.)

Choose the SAVE button to finish exporting.

Once spMats has finished exporting the files, you will be provided with a message box as
show below:
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:| B files successfully exported.

* Choose OK to return to spMats.

The exported files will be named in the following format:
Provided Filename-P (or C)-Node number.cti

Where:
Provided Filename = the filename provided in the Save As dialog box.
P =1is included in the name if the exported file contains a pile section.
C =is included in the name if the exported file contains COLUMN section.
Node number = is the number of the node in which the section is assigned in the spMats model.
Note:
Steel piles will not be exported.
When exporting for DESIGN, irregular piles (H-Typel and H-Type2) will not be exported.

Irregular piles (H-Typel and H-Type2) will also not be exported for INVESTIGATION when the
code used is CSA A23.3-14.

410 Exiting Program

From the File menu, choose Exit. If the data file has been modified since the last time it was
saved, i.e., the word (Modified) appears in the TITLE BAR, then the program will display the
following message box:

' E The project has been modified and not saved, Would yvou like to save the project First?
L3

Yes Mo Zancel
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Click on YES to save. NO will exit without saving, and CANCEL will ignore the Exit command and
return you to the data file.

411 Defining General Info

*  From the Define menu, choose General Info to have the program surface the
DESCRIPTION folder as illustrated below.

* Alternatively, you can click on the | proisci button located on the toolbar, and then on
the DESCRIPTION tab.

» Enter the Project Name and any details/notes describing the project. The Project Date And
Time will default to the instance you started the project however you are free to change it.

These fields help organize and identify data sets.

» From the UNITS options group, choose the applicable units of measure and from the CODE

options group, select the appropriate design code.

3D Wiew

Description
Praject Narme

Project Description

Froject Date and Time

Engineering Parameters

arid

Libraries

IspMats I anual, Example 1

The 10"« 10" « 2' footing problem prezented in Joseph F. Bowles'
""Foundation Analysis and Design", Fourth Edition, 1988, p. 461

Thurzday .

— Unit

July 09,205

j | B:00:00 A

& English

 Metric

(

Code

IAEI 814 VI

- Project Description
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412 Defining Grid

» The rectangular grid system is defined by inputting the coordinates of the X- and Y-grid
lines. Note that it is possible to generate multiple, equally spaced grid lines as well as
individual ones at any location.

* From the Define menu, choose Grid to have the program surface the GRID folder as
illustrated here:

30 Wiew Description Libraries

E'W

- Descripkion. ..

- SekUp...

- Generate. ..

- Import. ..

- Reset..,

- Preferences

- arid

-~ [1]=0.000 ft
-~ [2]=2.000 ft
~[3]=4.000 ft
- [4]=6.000 ft
- [5]=8.000 ft
~[6]= 10,000 ft
-~ [F]=12.000ft
- Grid
~[1]=0.000 ft
- [2]=2.000 ft
- [3]=4.000 ft
~[4]=16.000 ft
- [5]=8.000 ft
- [6]= 10,000 ft
~[F]=12.000ft

| Rt | Zoornin [Zeomout] [ Pan | | Nomalvew | X=16v=12_| 1

» Alternatively, you can click on the [JVias0) QN Grid Name and Description

located on the toolbar, and then on the GRID tab. Name [Sanpl Gid

» If you wish, you can enter a name and description for Deseription | Description and any notes for pid]
the grid. To do this, double-click on DESCRIPTION...
found in the ITEM .LISTI‘NG AREA. The program will =
surface the following dialog box:

* Enter a NAME and DESCRIPTION or note and click on
OK.
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4121 Enter Grid Lines Individually

* Double-click on SET Up... found in the ITEM LISTING AREA to have the program surface
the GRID SETUP dialog box shown below.

» Select the grid direction from the respective option group, X-Direction or Y-Direction.
Grids in the X-Direction are perpendicular to the X-axis and those in the Y-Direction are
perpendicular to the Y-axis.

M Grid Setup

Grid Direction
f* ¥ Direction " Direction
Edit Gridlines
Coordinate [f) 1] Add
Mumber | Coordinate | Delete |
1] 0.000 ft -
2] 2.000 hadify
[3] 4.000 ft
[4] E.000 ft
[5] 2.000 ft
[5] 10,000 f
Copy
Rezet
K | Cancel |

» Enter a grid line coordinate. This value, in feet or meters, represents the orthogonal
distance from the origin to the grid line.

* Choose the ADD button to add the grid coordinate to the listing area.
* Repeat the two steps above for each grid line.

» Ifyou wish to enter grids separately and individually in the other direction, then repeat the
above four steps. If you wish to copy the grids you just input in one direction so that they
are mirrored in the other direction, choose the COPY button. For example, if you just
finished defining the grid lines in the X-Direction, then the COPY button will copy all X-
grid lines to Y-Direction.

As grid lines are added, new elements may be generated automatically which increases the size of
the model. In order to solve large models, higher computer memory resources may be required.

412.2 Delete Grid Lines

» Select the grid line you wish to delete and choose the DELETE button.
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4.12.3 Edit the Position of a Grid Line

» Select the grid line you wish to edit, change its location by overwriting the value that is
displayed in the COORDINATE text box, and choose the MODIFY button.

412.4 Generate Grid Lines

Grid Lines that are spaced at equal intervals may be generated by inputting the coordinate
(distance from the origin) of the first grid line, the number of grid lines and the spacing between
two consecutive grid lines.

»  With the GRID tab surfaced, double-click on GENERATE... found in the ITEM LISTING
AREA to have the program surface the following:

Grid - Generate

v 3 Direction v ' Direction
From Dlistance [ft) | 0 | 0
Mumber of Grids | 10 | 10
Grid Spacing [ft) | 1 | 1l

Generate | Cancel ‘

» To generate grids in the X-direction, place a checkmark in the X-Direction checkbox. To
generate grids in the Y-Direction, place a checkmark in the Y Direction check box. Recall
that grids in the X-Direction are perpendicular to the X-axis and those in the Y-Direction
are perpendicular to the Y-axis.

» For each direction, enter the coordinate of the first grid line to be generated, the number of
grid lines to be generated (including the first one), and the spacing between two
consecutive grid lines.

* Click on the GENERATE button to have the program generate the respective grid lines.

As grid lines are added, new elements may be generated automatically which increases the size of
the model. In order to solve large models, higher computer memory resources may be required.

4.12.5 Import Grid Lines from Text File

* Double-click on IMPORT... found in the ITEM LISTING AREA or, alternatively, choose File
/ Import / Grid... to have the program display the following OPEN dialog box:
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Note

Lok, jr: |l'f) Examples j & =k B3~

) Additional
[Z] combinations. kxt

[£] loads. bt

File narme: |Grid.t:¢t
Files of type: |Te>-:t files [*.txt] j Cancel

All files with the TXT 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 you
want from the LOOK IN drop-down list.

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

Choose the OPEN button.

: Refer to Import File Formats section of the Appendix for description of the grid import file.

412.6 Remove all Grid Lines

Double-click on RESET... found in the ITEM LISTING AREA to have the program surface
the following:

Note that if you choose to proceed, any material properties, loads, etc. that have already
been assigned will have to be re-assigned.

After confirming your intention, all the grid lines will be removed.

¥ou are abouk to reset the grids!
! All the ¥ and % arids will be removed.
Are wou sure wou wank ko reset?

Yes Mo

| 88 |



fmha
S mats OPERATING spMats

412.7 Choose Grid View Preferences

* Double-click on PREFERENCES found in the ITEM LISTING AREA to have the program
surface the following:

* Ifyou wish for the grid to display the NODE NUMBERS and/or the ELEMENT NUMBERS,
place checkmarks in the appropriate box(es).

» Select the style of the grid line, SOLID or DOTTED.

» Specify the COORDINATE PRECISION. This value relates to the precision of the cursor
location. (Recall that the location of the cursor is displayed in the STATUS BAR.)

* Click on OK to register your selections/changes.

Display Preferences rg|
Show Grid Line
™ Node humber ' Salid
[ Element Mumber " Dot

Coordinate Precizion

1 01 f+ 0.m

(] | Cancel

412.8 View Grid Coordinates

In the right ITEM LISTING AREA, click on the symbol next to the X GRID or Y GRID item(s) to
expand the list of grid coordinates. Notice how the grid that is selected appears in red in the
GRAPHICS/INPUT AREA.
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3D Yiew Description Libraries

|| = Define...

- Descripkion. ..
-Gt Up...

- Generate.. .

- Reset,..

- Preferences

[=I- % @rid

~[1]= 0.00Ft
- [2]= 1.00F
[3]= 1.50F
- [4]= z.00Ft
- [8]= 3.00Ft
- [6]= 4.50Ft
-~ [7]= &.00Ft
~[8]= 7.50Ft
- [9]= =.00Ft
- [10]= 10,50 ft
H- ¥ Grid

| et | Zaornin | 2aomOue]|_Pan | | Homalvien |R=135,Y= 121§

413 Managing Libraries

The following items may either be recorded during the definition of the project, or they may be
assigned to the project from existing libraries:

—Grids —Nodal springs
—Element thickness —Slaved nodes

—Soil properties —Piles

—Concrete properties —Concentrated loads

—Reinforcement properties —Surface loads
—Design parameters —Load combinations
—Columns

Newly defined items may also be added to existing libraries, or may be saved as part of a new
library for use on any future projects.

Items may also be extracted and applied to the current project from numerous libraries (i.e.,
Element thickness 1 and 2 from Library A, and element thickness 3 and 4 from Library B).
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The file extension of spMats library files is: *.MATLI B

* From the Define menu, choose Libraries to have the program surface the LIBRARIES
folder as illustrated below:

3D View Description Grid

oaded Yalues:

Open Library | Save Library Save Az Mew Library

Library Mame & Path IC:\Pngram FileshPC&Ypoak akshLibranyhS ample Library. MATLIB

esign Paramekers
Currert Library Current Project oads

- Grids
|- Thicknesses

- Concretes

- Concretes - Reinforcement

- Reinforcement - Design Parameters
- Design Parameters - Calumng

- Columnz - Modal Springs

- Modal Springz - Slaved Nodes

- Slaved Nodes - Pilez

- Piles - Concentrated Loads
[+]- Concentrated Loads - Surface Loads

L Cirbara | Aads = o | mad Tarabinahane

Alternatively, you can click on the E= ] button located on the toolbar, and then on
the LIBRARIES tab.

4.13.1 Assign Items from a Library to the Current Project

e Click on the —S=ntiray [ hytton to have the following Windows OPEN dialog box
appear:

| 91 |



Sm/ats OPERATING spMats

Open @
Lok, ir: |lf) Library j &= fj( -

sample Library MATLIE

File narne: |"_MATLIB
Files of type: | sphats Library [ MATLIB) | Cancel

* Locate the library file and click on OPEN to return focus to spMats. Notice how the
contents of the selected library appear in the listing under CURRENT LIBRARY.

«  Click on the B symbol next to various items to expand their contents. The items that will
subsequently appear are items that have been pre-defined.

» Select the item and click on the —=— arrow to copy the item and to paste it into the
current project. Any items copied over now become available for assigning.

* Repeat the above steps to select items from additional libraries.

413.2 Create and Save a Library

* Click on the H symbol next to the items appearing under the Current Project listing to
expand their contents.

* Locate the specific items defined in the current project and click on the —= | arrow to
copy the item and to paste it into the current library.

» If there are items in the library that you would like to remove, simply highlight (click on)
el

them and click on the icon.

- To overwrite the library, click on the — 52l | bytton. Any items copied over from
the current project now become part of the saved library.

- To save the library as new, click on the -S4 Newliva | {14000 Any items copied over from
the current project now become part of the new library.
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4.14 Defining Properties

Several key properties need to be defined when starting a new model:

» FElement thickness,

* Soil modulus (Ky) and allowable pressure (Q,),

» Concrete compressive strength ( fc' ), unit weight (w), Young’s modulus (E,), and

Poisson’s ratio (v),

* Reinforcement yield strength (f,), Young’s modulus (E), minimum reinforcement ratio

and re-bar location,

* From the Define menu, choose Thickness, Concrete, Soil, Reinforcing Steel or Design
Parameters to have the program surface the PROPERTIES folder as illustrated here:

Restraints Load Combinations Loads

Label Thickness (in]

IMaH 8 |1 ]
Label I Thickness | 4 Soi

m::;g 122 gggg Add [+ Concrete

Hatdl 30,0000 [+ Reinfarcement
Mat3E 36,0000 [+]- Design Pararneters
hatdd 48.0000 ; [+ Column Dimensions

-_M odify

Alternatively, you can click on the button located on the toolbar, and then on
the PROPERTIES tab.

4141 Defining Element Thickness

* Click on PLATE THICKNESS... found in the right ITEM LISTING AREA to have the program
surface the PLATE THICKNESS input screen
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Restraints Load Combinations Loads

| | =) Thickness

Thicknesz (in]
|1 8

I Thickness

..................... [] So||

123 gggg 1 Add [+ Concrete

30,0000 [+ Reinforcemnent
3E.0000 [+]- Design Parameters
48,0000 -_Modify [+ Colurnn Dimensions

» Enter a label or ID in the LABEL text box.

» Enter the thickness in the THICKNESS text box.

» Click on the ADD button to add the entry to the list box.
* Repeat the three steps above for each thickness entry.

» To edit an entry, select it from the list box, modify its value(s) in the text box(es) and click
on the MODIFY button to register the changes.

» To delete a thickness entry, select it from the list box and click on the DELETE button.

4.14.2 Defining Concrete Properties

* From the Define menu select Concrete, or if the PROPERTIES folder is displayed, click on
CONCRETE found in the ITEM LISTING AREA to have the program surface the CONCRETE
input screen:
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Restraints Load Combinations Loads

+- Thickness
+- 5ail

Label Comp. Strength [ksi] Lrit ‘eight [pcf] -I-Concrete
|[;3 |3 |1 ] o
‘roung's Modulus [ks)  Poisson's Ratio (=1
[zz0856 [o.2 6
7
Label [ Comp... [ Unit .. [ Youn... [ Poisson's Rati add s
C3 300 150 3320 020 +-Reinforcement
4 400 150.. 383 020 + Design Parameters
cs 500 150.. 4206 0.20 -+ Column Dimensions
CE BO0 150 4E95 0.20
c7 700 150.. 5072 0 20 by
ce 800 150.. 5422 0.20

Enter a label or Concrete ID in the LABEL text box and enter the corresponding

COMPRESSIVE STRENGTH ( fé)and UNIT WEIGHT (w) in the respective text boxes.
The YOUNG’S MODULUS of elasticity (E,) 1s calculated automatically and will display

a result that is respective of the equations in the selected Code. Note that the value of E

can be modified if it differs from the calculated value.

Enter the POISSON’S RATIO for the concrete and click on the ADD button to add the entry
to the list box.

Repeat the three steps above for each concrete entry.

To edit an entry, select it from the list box, modify its value(s) in the text box(es), and click
on the MODIFY button to register the changes.

To delete a concrete material entry, select it from the list box and click on the DELETE
button.

| 96



[(/
smMm ats OPERATING spMats

4.14.3 Defining Soil Properties

* From the Define menu select Soil, or if the PROPERTIES folder is displayed, click on SOIL
found in the ITEM LISTING AREA to have the program surface the SOIL input screen:

Restraints Load Combinations Loads

- Thickness

Label Subgrade modulus [kf] Allowable pres.(ksf]

 Sand
ICIay I75 I‘I 5 " Bedrock

Label | Subarade Modulus - ks | Allowable Pressure - EnncF"EtE .
-
] TE.O000 150 [+ Reinfarcement

Sand 1000000 2.00 Add -Design Parameters
Bedrack 500.0000 12.00 Column Dimensions
_Delele

* Enter a label or Soil ID in the LABEL text box and enter the corresponding SUBGRADE
MODULUS (K) and soil’s ALLOWABLE PRESSURE (Q,) in the corresponding text boxes.

» Click on the ADD button to add the entry to the list box.
» Repeat the two steps above for each soil entry.

» To edit an entry, select it from the list box, modify its value(s) in the text box(es), and click
on the MODIFY button to register the changes.

» To delete a soil entry, select it from the list box and click on the DELETE button.
4.14.4 Defining Reinforcing Steel Properties

* From the Define menu select Reinforcing Steel, or if the PROPERTIES folder is displayed,
click on REINFORCEMENT found in the ITEM LISTING AREA to have the program surface
the REINFORCEMENT input screen:
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Restraints Load Combinations Loads

Label “ield Strength [ksi) Young's Modulus (ksi) oncrete

|sr40 |40 |2auuu

Lahel | ‘Yield Strength - Iy | Young's Modulus - E:

Gral 40.0000 23000.0000

G0 50,0000 230000000 Add .
GiEn B0 2000 000 ¥} Design Parameters
G5 75,0000 29000.0000 ) Colurin Dimensions

* Enter a label or Reinforcement ID in the LABEL text box and enter the corresponding
Yield Strength (f)) and the YOUNG’S MODULUS of elasticity (E;) for the steel.

» Click on the ADD button to add the entry to the list box.
» Repeat the two steps above for each reinforcement entry.

» To edit an entry, select it from the list box, modify its value(s) in the text box(es), and click
on the MODIFY button to register the changes.

» To delete a reinforcement material entry, select it from the list box and click on the

DELETE button.

414.5 Defining Design Parameters

* From the Define menu select Design Parameters, or if the PROPERTIES folder is
displayed, click on DESIGN PARAMETERS found in the ITEM LISTING AREA to have the
program surface the DESIGN PARAMETERS input screen, shown here:

Restraints Load Combinations Loads

- Thickness
il

- Cancrete
-Reinforcement

Label A-Dir r-Dir F \;—Bir gars
@ #-Lir Bars [=- Design Parameters
|sr40n4 T Levmn | 325 | 175 z s
tdin. Feinf. Ratio [% of &g per layer] arsodd
Lo Gra0#d
[0 Buottom Layer I 325 I 375 " o Er7sed

- Column Dimensions

Reinfarcement Location [in]

Label Fiatio | Top Laper X | Top Laper ¥ | Bottorn Layer | Bottom Layer ' |

Grantd 01000 32500 37500 32500 37500 add

Gro0#4 01000 3.2500 3.7500 3.2500 3.7500

Gre0#4 0.0900 3.2500 3.7500 3.2500 3.7500

Gr7GH4 0.0720 3.2500 3.7500 3.2500 3.7500
odify

» Enter a label or ID in the LABEL text box and enter the corresponding MINIMUM
REINFORCEMENT RATIO as a percentage of the gross area per layer.

» Specify the bar location for the TOP LAYER and BOTTOM LAYER reinforcement running in
the X and Y directions. For top bars, the location is measured from the slab top to the
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centroid of the bar. For bottom bars, the location is measured from the slab bottom to the
centroid of the bar.

* Click on the ADD button to add the entry to the list box.
* Repeat the three steps above for each design entry.

» To edit an entry, select it from the list box, modify its value(s) in the text box(es), and click
on the MODIFY button to register the changes.

» To delete a design parameter entry, select it from the list box and click on the DELETE
button.

4.14.6 Defining Column Dimensions

* From the Define menu select Column Parameters, or if the PROPERTIES folder is
displayed, click on COLUMN PARAMETERS found in the ITEM LISTING AREA to have the
program surface the COLUMN PARAMETERS input screen, shown here:

Restraints Load Combinations

= Thickness

n Dimensions .

Label Type ¥ Dim. [in] Y Dim. [in] - Concrete
Can=20 |Reclangleﬂ | 20 | 20

= Reinforcement

+|- Design Parameters

=+ Column Dimensions
C20%20

Label [ Type | % Dim. | 7 Dim. |
i Rectangle 20,0000 20.0000 Add

* Enter a label or Column ID in the LABEL text box and select the TYPE of COLUMN (Round
or Rectangle) from the drop-down list.

» Enter the dimensions in the respective text box(es). If you select "Round" from the TYPE
drop-down list, then enter the column’s diameter as the X-DiM.

* Click on the ADD button to add the column to the list box.
» Repeat the three steps above for each column entry.

» To edit an entry, select it from the list box, modify its value(s) in the text box(es), and click
on the MODIFY button to register the changes.

» To delete a column entry, select it from the list box and click on the DELETE button.

4.15 Defining Restraints

* From the Define menu, choose Nodal Springs, Slaved Nodes or Piles to have the
program surface the RESTRAINTS folder as illustrated below:
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Properties

Nodsll'Springs

Label

Spring Constant [kIF)

- Slaved Modes
- Piles

| o
Label [ Spiing |

Add

Alternatively, you can click on the button located on the toolbar, and then on
the RESTRAINTS tab.

4151 Defining Nodal Springs

* From the Define menu, select Nodal Springs, or if the RESTRAINTS folder is displayed,
click on NODAL SPRINGS found in the ITEM LISTING AREA to have the program surface
the NODAL SPRINGS input screen.

Properties Load Combinations Loads

NOda l Spri ngs - Slaved Nodes
Label Spring Constant (kIf) [+ Files
| [o
Label | SDEEJ

Add

* Enter a label or Nodal Spring ID in the LABEL text box and enter the corresponding Spring
Constant.

» Click on the ADD button to add the entry to the list box.
* Repeat the two steps above for each Nodal Spring entry.

» To edit an entry, select it from the list box, modify its value(s) in the text box(es), and click
on the MODIFY button to register the changes.

» To delete a Nodal Spring entry, select it from the list box and click on the DELETE button.
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4.15.2 Defining Slaved Nodes

Slaved nodes are nodes that share a particular degree of freedom (Dz, Rx or Ry). A slaved node
group must first be defined and then the nodes to be included in the group are assigned using the
Assign / Slaved Nodes command. A group is defined by giving it a label and a degree of freedom.

* From the Define menu select Slaved Nodes, or if the RESTRAINTS folder is displayed,
click on SLAVED NODES found in the ITEM LISTING AREA to have the program surface
the SLAVED NODES input screen:

* Enter a label or Slaved Node ID in the LABEL text box.

* From the Degree of Freedom option group, select the degree of freedom that the slaved
nodes will share, displacement in the Z-direction (Dz), rotation about the x-axis (Rx), or
rotation about the Y-axis (Ry).

* Click on the ADD button to add the entry to the list box.
» Repeat the three steps above for each slaved node group.

» To edit an entry, select it from the list box, modify its value(s) in the text box(es), and click
on the MODIFY button to register the changes.

» To delete a slaved node group, select it from the list box and click on the DELETE button.
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4.15.3 Defining Piles

* From the Define menu select Piles, or if the RESTRAINTS folder is displayed, click on
PILES found in the ITEM LISTING AREA to have the program surface the PILES input screen,
shown here:

* Enter a label or Pile ID in the LABEL text box and enter the corresponding Spring

Constant.

* Click on the ADD button to have the program surface the following dialog box:

Add/Edit Pile

Label  |File
File Type Pile Dimenzions
|Hound ﬂ Diarneter d [in]
20
d
—

File k aterial tod. Elasticity [ksi]

Length [ft]
a0
Embedment [in]
n

Select Soil

Concrete j | 3245

Ok, | Cancel |

| Soil |

* From the PILE TYPE drop-down list, select between ROUND, SQUARE, RECTANGULAR, and

H-TYPE.

* What you select in the PILE TYPE drop-down list dictates the fields that will be made
available for the PILE DIMENSIONS. Use the image that will be displayed just underneath
the PILE TYPE selection as a guide when filling out the Pile Dimensions.

+ If'the pile is embedded in the slab, then enter the depth of embedment, otherwise leave

zero in EMBEDMENT field.

» Select the Pile Material by choosing CONCRETE, STEEL, or PRECAST from the respective

drop-down list.

» Use the SELECT SOIL drop-down list to select the soil. Recall that the soil and its

| 102 |



S]ﬁ/ats OPERATING spMats

corresponding properties are defined by you. (See Defining Soil Properties, explained
earlier.)

* Click on the OK button to close the dialog box and to return focus to the Piles folder.
Notice how the pile has been added as an entry to the list box.

* Repeat the steps above for each Pile entry.

» To edit an entry, select it from the list box, if you wish to modify it’s LABEL or SPRING
CONSTANT, simply edit the values in the respective text boxes and click on the MODIFY
button to register the changes. If you wish to edit the TYPE, DIMENSIONS, SOIL TYPE, or
PILE MATERIAL, click on the EDIT button to surface the corresponding dialog box, modify
the value(s) in the text box(es) and then click on the OK button to close the dialog box and
to return focus to the Piles folder.

» To delete a Pile entry, select it from the list box and lick on the DELETE button.

416 Defining Load Combinations

Loads are applied to nodes and elements under 26 load cases (A through Z). The load cases are
combined under load combinations and the analysis is performed for each load combination. The
Program requires at least one Service and one Ultimate Load Combination to solve a model. The
Load Combinations input screen has a worksheet format. It consists of cells that are organized into
columns and rows. Data in each row correspond to one load combination. For clarity, only non-
zero values are displayed in the worksheet, i.e., blank cells denote zero values. A load
combination is identified by its label which has to be unique. Labels may also be assigned to load
cases to describe the case and to indicate the type of loading associated with the case. Load case
labels are provided to help the user identify load cases and they have no impact on analysis or
design. The user may keep the default load case labels, remove them, or edit them as long as each
(non-empty) label is unique.

* From the Define menu, choose Load Combinations to have the program surface the
LoAD COMBINATIONS folder.

Alternatively, you can click on the |_orice [ button located on the toolbar, and then on
the LOAD COMBINATIONS tab.

» Select INCLUDE SELF WEIGHT IN CASE A CHECK BOX to enable self-weight calculations
for load case A.
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4.16.1 Defining Service Load Combinations

e Surface the LOAD COMBINATIONS folder and click on the SERVICE item found in the ITEM
LISTING AREA to have the program surface the SERVICE LOAD COMBINATIONS input
screen.

+ Edit load case labels associated with load cases A through Z

*  Press INSERT button to add the first row into the worksheet. By default, the program labels
the load combination as S1. Each Load Combination Label shall be unique.

+ Keep or rename Service Load Combinations Label.
* Enter non-zero load factors for each load case (A through 7).

* Repeat the three steps above for each service load combination entry.

Properties Restrainks Loads

Load Combinations - Service |- Benvke
| Insert I | Delete | | odify | | Import... | I¥ Include Self wieight in Case A for all combinations
Load Caze A B C o] E F G H Il
Carnbination Label DEAD LME SHOW WIND EQ SOIL SalL 2 SOiL 2 T
1 51 1.0000 1.0000 1.0000
2 52 1.0000 0.6000 0.6000
3 53 1.0000 1.0000 1.0000 1.0000
4 54 1.0000 1.0000 0.6000 0.6000
5 55 1.0000 1.0000 1.0000 1.0000
E SE 1.0000 1.0000 0.6000 0.6000
7 57 1.0000 0.7500 0.7500 1.0000 1.0000
g 58 1.0000 0.7500 0.7500 0.6000 0.6000
g 59 1.0000 0.6000 1.0000 1.0000 )
10 510 1.0000 0.6000 0.6000 0.6000 3
1 N 1.0000 -0.6000 1.0000 1.0000
12 512 1.0000 -0.6000 0.6000 0.6000
13 513 1.0000 0.7000 1.0000 1.0000
14 514 1.0000 0.7000 0.6000 1.0000
15 515 1.0000 07000 1.0000 1.0000
16 516 1.0000 -0.7000 0.6000 1.0000
17 7 1.0000 0.7500 0.7500 0.4500 1.0000
18 518 1.0000 0.7500 0.7800 0.4500 0.6000
13 519 1.0000 0.7500 0.7500 -0.4500 1.0000
20 520 1.0000 0.7500 0.7500 -0.4500 0.6000 B
21 521 1.0000 0.7500 0.7800 0.5250 1.0000
22 522 1.0000 0.7500 0.7500 0.5250 0.6000
23 523 1.0000 0.7500 0.7500 -0.5250 1.0000
24 524 1.0000 0.7500 0.7800 0.6260 0.6000
25 525 0.6000 0.6000 1.0000 v
i [ngeng N alntuly] N alataly] [aRalataly] —_—
< il | |

416.2 Defining Ultimate Load Combinations:

* Surface the LOAD COMBINATIONS FOLDER and click on the ULTIMATE item found in the
ITEM LISTING AREA to have the program surface the ULTIMATE LOAD COMBINATIONS
input screen:
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Properties Restrainks Loads

Lload Combinations - Ultimate - : e
| Insert | | Delete | | rodify | | Import... ¥ Include: Self Weight in Case A for all combinations
Load Caze A B C D E F G H

Combination| Label i@@ﬁ LE SHOW WIND EQ SOIL SaiL 2 SalL 3
1 n 1.4000 1.6000
2 uz 1.4000 0.3000
3 u3 1.2000 1.6000 0.5000 1.6000
4 4 1.2000 1.6000 0.5000 0.9000
5 us 1.2000 1.0000 1.6000 1.6000
g g 1.2000 1.0000 1.6000 0.9000
7 uz 1.2000 1.6000 0.5000 1.6000
8 usg 1.2000 1.6000 0.5000 0.3000
9 k] 1.2000 1.6000 -0.5000 1.6000
a o 1.2000 1.6000 A0.5000 0.9000
11 ut 1.2000 1.0000 0.5000 1.0000 1.6000
12 mna 1.2000 1.0000 0.5000 1.0000 0.9000
13 mna 1.2000 1.0000 0.5000 -1.0000 1.6000
14 ula 1.2000 1.0000 0.5000 -1.0000 0.3000
15 ns 0.9000 1.0000 1.6000 1.0000
16 e 0.9000 1.0000 0.9000 1.0000
17 uiz 0.3000 -1.0000 1.6000 1.0000
18 e 0.9000 -1.0000 0.9000 1.0000
19 ns 1.2000 1.0000 0.2000 1.0000 1.6000 1.0000
20 uz0 1.2000 1.0000 0.2000 1.0000 0.3000 1.0000
21 U 1.2000 1.0000 0.2000 -1.0000 1.6000 1.0000

1.2000
< i | B

» Press INSERT button to add the first row into the worksheet. By default, the program labels
the load combinations as U1l. Each Load Combination Label shall be unique.

» Keep or rename Ultimate Load Combination Label.
* Enter non-zero load factors for each load case (A through Z)

* Repeat the three steps above for each ultimate load combination entry.
4.16.3 Pop-up Menu Commands

The following commands are available when right-clicking anywhere within the worksheet or by
using keyboard shortcuts.
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Properties Restraints

| Insert | | Delete | | Modify | v I

Load Caze A, B C 8] E

Combination| Label DEAD LIVE SHOW WIND EQ

1 51 1.0000

2 52 1.0000

3 53 1.0000 1.0000

4 54 1.0000 1.0000 Insert Tns

5 55 1.0000 Delete Del

E 56 1.0000 Modify B2

i 57 1.0000 0.7500 Clear Ctrl+Del

a 58 1.0000 07500

9 g 1 0000 Mave up Alk+Up

10 510 1.0000 Mowe down Alt+Down

1 511 1.0000 Import...

12 512 1.0000

13 513 1.0000 Copy Chrl+C 0. 7000

14 514 1.0000 Paste Chrl+y 0. 7000

15 515 1.0000 T T -0.7000

Insert (Ins)

Inserts a new row below the selected row. New row is assigned a unique default load combination
label which may be changed by the user.

Delete (Del)

Deletes the selected row or rows if multiple rows are selected.
Modity (F2 or Enter)

Makes the current cell editable.

Clear (Ctrl+Del)

Resets the value in a cell to zero.

Move up (Alt+Up)

Moves the load combination data one row up.
Move down (Alt+Down)

Moves the load combination data one row down.
Import...

Imports load combinations from text file.

Copy
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Copies to clipboard the contents of a selected cell or cells.

Paste

Pastes the contents of the clipboard into a cell or multiple cells within the worksheet. No new rows
are inserted. The Paste function allows the copying of the load combination data from an Excel
Spreadsheet into LOAD COMBINATIONS folder.

4.16.4 Import Load Combinations from Text File

*  Click the IMPORT... button or, alternatively, choose File / Import / Combinations... to
have the program display the following OPEN dialog box:

Laok i |lf) Examples j = £% B2~
I3 Additional

E=':| combinations, bxk

[Z) Grid.tx=t

[Z] loads. txt

File narme: |combinatinns.h:t
Files of type: |Te>-:t files [*.txt] j Cancel

» All files with the TXT 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 you
want from the LOOK IN drop-down list.

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

* Choose the OPEN button.

Note: Refer to Import File Formats section of the Appendix for description of the load
combinations import file.

4.17 Defining Loads

Nodal and element loads are defined using the Define / Loads command. They are then assigned
to the nodes using the Assign / Nodal Loads command, and to elements using the Assign /
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Surface Loads command. Load input screens have a worksheet format. It consists of cells that are
organized into columns and rows. Each row corresponds to one load entry.

* From the Define menu, choose Loads to have the program surface the LOADS folder.

Alternatively, you can click on the button located on the toolbar, and then on
the LOADS tab.

4171 Defining Concentrated Load(s)

» Surface the LOADS folder and click on CONCENTRATED found in the ITEM LISTING AREA
to have the program surface the CONCENTRATED LOADS input screen:

Propetties Restraints Load Combinations '

Concentrated
Surface

I Insert I | Delete | | hodify | | Import...

Na Label Caze Pz [kips] b [k-ft) bl [k-ft)

1 PO A-DEAD -50.0000¢ 0.0000 0.0000
2 PD2 A-DEAD -47.0000¢ 0.0000 0.0000
3 P03 A-DEAD -94.0000¢ 0.0000 0.0000
4 P11 A-DEAD -5.0000 0.0000 0.0000
5 P12 A-DEAD -15.0000¢ 0.0000 0.0000
E P13 A-DEAD -25.0000¢ 0.0000 0.0000
7 P14 A-DEAD -125.0000 0.0000 0.0000
] P15 A-DEAD -55.0000¢ 10.0000¢ 0.0000
g P18 A-DEAD -35.0000¢ 0.0000 0.0000
10 P17 A-DEAD -78.0000¢ 0.0000 0.0000
11 P13 A-DEAD -123.0000 0.0000 0.0000
12 P13 A-DEAD -22.0000 2.0000 0.0000
13 P20 A-DEAD -105.0000 0.0000 0.0000
14 PL1 B - LIVE -35.0000¢ 0.0000 0.0000
15 PLZ B - LIVE -26.0000¢ 0.0000 0.0000

*  Press INSERT button to add the first row into the worksheet. By default, the program labels
the load as P1, and the load case as A-DEAD. Each load label shall be unique.

» Keep or rename a label or Concentrated Load ID in the LABEL column.

» Keep the load case or select a load case (A through Z) from the drop-down list within the
CASE column. Note that loads defined under a particular load case may be applied to the
slab under that load case only.

*  Enter force (P,), moment about the X-axis (M), and moment about the Y-axis (My) under
P,, M,, and My respectively. Note that downward forces (P,) have negative values. To

determine the direction of the moments M, and My, use the right hand rule.

* Repeat the four steps above for each concentrated load entry.
4.17.2 Defining Surface Load(s)

» Surface the LOADS folder and click on SURFACE found in the ITEM LISTING AREA to have
the program surface the SURFACE LOADS input screen:
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Propetties Restraints Load Combinati

- Concentrated
- Surface

I Insert I | Delete | | Modify | |Impor1.

Na Label Caze Wz [psf]

1 il A-DEAD -B0.0000
2 w2 A-DEAD -20.0000
3 w3 A-DEAD -10.0000
4 wid B-LIVE -126.0000
5 wih B-LIVE -5.0000
E Wik C - SHOw -75.0000
7 Wi C - SHOw -50.0000
2 il D -WwAND -82.0000
9 il E-EQ 20.0000
10 Rl E-EQ 25.0000
1 pall E-EQ 30.0000
12 w12 E-EQ 35.0000
13 w13 E-EQ 40.0000

14 w14 F-S0IL -25.0000
15 w15 F-S0IL -30.0000

» Press INSERT button to add the first row into the worksheet. By, default, the program labels
the load as W1, and the load case as A-DEAD. Each load label shall be unique.

» Keep or rename a label or Surface Load ID in the LABEL column.

» Keep the load case or select a load case (A through Z) from the drop-down list within the
CASE column. Note that loads defined under a particular load case may be applied to the
slab under that load case only.

 Enter the load intensity W, as a force per unit area under the W, column. Note that

downward forces (W,) have negative values.

* Repeat the four steps above for each surface load entry.
4.17.3 Pop-up Menu Commands

The following commands are available when right-clicking anywhere within the worksheet or by
using keyboard shortcuts.

Insert (Ins)

Inserts a new row below the selected row. New row is by default assigned a unique load label and
load case A-DEAD, both of which may be changed by the user.

Delete (Del)

Deletes the selected row or rows if multiple rows are selected.
Modify (F2 or Enter)

Makes the current cell editable.

Clear (Ctrl+Del)

Resets the value in a cell to zero.
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Move up (Alt+Up)

Moves the load data one row up.

Move down (Alt+Down)

Moves the load data one row down.

Sort by Case

Sorts all the load data rows alphabetically, starting from Case A.
Import...

Imports loads from text file.

Copy

Copies to clipboard the contents of a selected cell or cells.
Paste

Pastes the contents of the clipboard into a cell or multiple cells within the worksheet. No new rows
are inserted. The Paste function allows the copying of the load data from an Excel Spreadsheet
into LOADS folder.
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417.4

LLoads - Concentrated

| Insert | | Delete | | hdodify |

Mo Label Caze Pz [kipz] bl [k-FE] by [k-Ft]

1 FD1 & - DEAD -50.0000 0.0000 0.0000
2 FD2 & - DEAD -47.0000 0.0000 0.0000
3 FD2 & - DEAD -34.0000 0.0000 0.0000
4 F11 & - DEAD Insert Ins 0000 0.0000
5 P12 & - DEAD Delete Dl 0000 0.0000
5 P13 & - DEAD Modify o 0000 0.0000
7 P14 & - DEAD Coar ol Dol 0000 0.0000
g P15 & - DEAD 0000 0.0000
3 FIG & -DEAD Moveup  Alt+lp 0a0a 0.0000
L & -DEAD Move down  Alt+Down— [nqg 0.0000
11 F1a A - DEAD Sort by Case 0000 0.0000
12 P19 & - DEAD Import... 0000 0.0000
12 P20 & - DEAD 0000 0.0000
14 PL1 B - LIVE Copy Chrl4iC oooo 0.0000
15 |PL2 B - LIVE Paste Chrl+y 0000 0.0000
16 P51 & - DEAD AU 0.0000 0.0000
17 P16 1 & - DEAD 0.0000 0.0000 0.0000
12 P71 & - DEAD 0.0000 0.0000 0.0000
19 P18.1 & - DEAD 0.0000 0.0000 0.0000
20 P191 & - DEAD 0.0000 0.0000 0.0000

Import Loads from Text File

Click the IMPORT... button or, alternatively, choose File / Import / Loads... to have the
program display the following Open dialog box:
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Open E]

Loak ir: |l.f,\ Examples ﬂ i £k Eg-

I Additional
E’] combinations. kxk
[Z] arid bt

File name: |I|:|a|:|s.t:4t
Files of type: | Test files [~ | Cancel

» All files with the TXT extension are 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 you
want from the LOOK IN drop-down list.

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

* Choose the OPEN button.

Note: Refer to Import File Formats section of the Appendix for description of the load import file.

418 Assigning Properties

Once the grid, all components, material properties, design parameters, loads, and load

combinations have been defined, you are ready to start assigning them - thereby putting the project
together.

* From the Assign menu, choose Thickness, Concrete, Soil, Reinforcing Steel, or Design
Parameters to have the program surface the PROPERTIES folder as illustrated below:
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[=I- Thickness

o Thickt

- Sl

-- Concrete

-- Reinforcement

-- Design Parameters
- Column Dimensions

| Reset || Zaomiin |ZaGmOut| | Pan | | NomalView | X=13Y=1 | &
idingyshowing the menu, press Chrl+F12 W MM

Alternatively, you can click on the ET | button located on the toolbar, and then on
the PROPERTIES tab.

4.18.1 Assign Element Thickness

*  From the Assign menu, choose Thickness, or if the PROPERTIES folder is displayed, click
on the B symbol next to THICKNESS found in the ITEM LISTING AREA to expand the
THICKNESS list. The thicknesses that will appear are those defined using the Define /
Thickness command. For more information see "Defining Element Thickness" on page 94.

» Select the thickness to be assigned. This becomes the active assignment. By default, the
program will display all elements that share the active assignment in red and the inactive
assignment in cyan. Unassigned grid space is by default displayed in white. Recall
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however that you may change the color preferences to your liking with the Options /
Display command.

In the GRAPHICS AREA, using the left-mouse button, select a grid space or marquee select
a group of grid spaces. The selected grid spaces are shown in red or in the color specified
for ACTIVE OBJECTS in the DISPLAY folder.

To delete an element, remove its thickness assignment. To do so, repeat the step above
using instead the right-mouse button.

Repeat the three steps above for each thickness entry.

4.18.2 Assign Soil Properties

From the Assign menu select Soil, or if the PROPERTIES folder is displayed, click on the B2
symbol next to SOIL found in the ITEM LISTING AREA to expand the SOIL list. The soils
that will appear are those defined using the Define / Soil command. For more information
see "Defining Soil Properties" on page 97.

Select the soil to be assigned. This becomes the active assignment. By default, the
program will display all elements that share the active assignment in red and the inactive
assignment in cyan. Unassigned elements are by default displayed in powder blue. Recall
however that you may change the color preferences to your liking with the Options /
Display command.

In the GRAPHICS AREA, using the left-mouse button, select an element or marquee select a
group of elements. The selected elements are shown in red or in the color specified for
ACTIVE OBJECTS in the DISPLAY folder.

To remove a soil assignment, repeat the step above using instead the right-mouse button.

Repeat the three steps above for each soil entry.

To facilitate assignment of soil properties, options to show the element and node labels are

provided in the pop-up menu accessible by right-clicking on any blank portion of the GRAPHICS/
INPUT AREA.

4.18.3 Assign Concrete Properties

From the Assign menu select Concrete, or if the PROPERTIES folder is displayed, click on
the B symbol next to CONCRETE found in the ITEM LISTING AREA to expand the
CONCRETE list. The concrete that will appear are those defined using the Define /
Concrete command. For more information see "Defining Concrete Properties" on page 95.

Select the concrete to be assigned. This becomes the active assignment. By default, the
program will display all elements that share the active assignment in red and the inactive
assignment in cyan. Unassigned elements are by default displayed in powder blue. Recall
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however that you may change the color preferences to your liking with the Options /
Display command.

In the GRAPHICS AREA, using the left-mouse button, select an element or marquee select
a group of elements. The selected elements are shown in red or in the color specified for
ACTIVE OBJECTS in the DISPLAY folder.

To remove a concrete assignment, repeat the step above using instead the right-mouse
button.

Repeat the three steps above for each concrete entry.

To facilitate assignment of material properties, options to show the element and node labels are
provided in the pop-up menu accessible by right-clicking on any blank portion of the GRAPHICS/
INPUT AREA.

4.18.4 Assign Reinforcing Steel Properties

From the Assign menu select Reinforcing Steel, or if the PROPERTIES folder is displayed,
click on the B symbol next to REINFORCING STEEL found in the ITEM LISTING AREA to
expand the REINFORCING STEEL list. The reinforcing steel entries that will appear are
those defined using the Define/Reinforcing Steel command. For more information see
"Defining Reinforcing Steel Properties" on page 97.

Select the reinforcing steel to be assigned. This becomes the active assignment. By
default, the program will display all elements that share the active assignment in red and
the inactive assignment in cyan. Unassigned elements are by default displayed in powder
blue. Recall however that you may change the color preferences to your liking with the
Options / Display command.

In the GRAPHICS AREA, using the left-mouse button, select an element or marquee select a
group of elements. The selected elements are shown in red or in the color specified for
ACTIVE OBJECTS in the DISPLAY folder.

To remove a reinforcing steel assignment, repeat the step above using instead the right-
mouse button.

Repeat the three steps above for each reinforcing steel entry.

To facilitate assignment of material properties, options to show the element and node labels are
provided in the pop-up menu accessible by right-clicking on any blank portion of the GRAPHICS/
INPUT AREA.

4.18.5 Assign Design Parameters

From the Assign menu select Design Parameters, or if the PROPERTIES folder is
displayed, click on the B symbol next to DESIGN PARAMETERS found in the ITEM
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LISTING AREA to expand the DESIGN PARAMETERS list. The design parameters that will
appear are those defined using the Define / Design Parameters command. For more
information see "Defining Design Parameters" on page 98.

» Select the design parameter entry to be assigned. This becomes the active assignment. By
default, the program will display all elements that share the active assignment in red and
the inactive assignment in cyan. Unassigned elements are by default displayed in powder
blue. Recall however that you may change the color preferences to your liking with the
Options / Display command.

» In the GRAPHICS AREA, using the left-mouse button, select an element or marquee select a
group of elements. The selected elements are shown in red or in the color specified for
ACTIVE OBJECTS in the DISPLAY folder.

» To remove a design parameter assignment, repeat the step above using instead the right-
mouse button.

* Repeat the three steps above for each design parameter entry.

To facilitate assignment of design parameters, options to show the element and node labels are
provided in the pop-up menu accessible by right-clicking on any blank portion of the GRAPHICS/
INPUT AREA.

418.6 Assign Columns

* From the Assign menu select Column Dimensions, or if the PROPERTIES folder is
displayed, click on the B symbol next to COLUMN DIMENSIONS found in the ITEM LISTING
AREA to expand the COLUMN DIMENSIONS list. The column that will appear are for
columns defined using the Define / Display command. For more information see
"Defining Column Dimensions" on page 99.

» Select the column entry to be assigned. This becomes the active assignment. By default,
the program will display all nodes that share the active assignment in red and nodes with a
different assignment in cyan. Recall however that you may change the color preferences to
your liking with the Options / Display command.

* In the GRAPHICS AREA, using the left-mouse button, select a node or marquee select a
group of nodes. Columns are shown to scale at the selected nodes in red or in the color
specified for ACTIVE OBJECTS in the DISPLAY folder.

» To remove a column assignment, repeat the step above using instead the right-mouse
button.

* Repeat the three steps above for each column entry.
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Restraints

[=1- Thickness

E| Design Paramekers
*-DESIGH PAR
(= Calumn Dimensians

Label E4511
Type Rectangle
 Dirn, 16,0000 in
' D, 16,0000 in

To facilitate assignment of columns, options to show the element and node labels are provided in
the pop-up menu accessible by right-clicking on any blank portion of the GRAPHICS/INPUT AREA.

419 Assigning Restraints

* From the Assign menu, choose Nodal Springs, Slaved Nodes or Restraints to have the
program surface the RESTRAINTS folder as illustrated below.

Alternatively, you can click on the button located on the toolbar, and then on the
RESTRAINTS tab.

Note: Applying both restraining and nodal slaving for the same degree of freedom at a node in not
allowed. Use only restraining to achieve the same constraint conditions. Also, either a nodal
spring or a pile, but not both, can be applied at a node.

| 117 |



Sﬁﬁ/ats OPERATING spMats

Properties Loads

[=I- Restraints

WallRxl
R

| oo | Zoormin [FoomOue]Pan | | NomolView [ =525, =455 1

4.19.1 Assign Nodal Restraints

Fixed nodes or supports are assigned using the Assign / Restraints command.

From the Assign menu, select Restraints, or if the RESTRAINTS is displayed, click on the
B symbol next to RESTRAINTS found in the ITEM LISTING AREA to expand the
RESTRAINTS list. You will be able to restrain D,, R, and Ry degrees of freedom.

Select the nodal restraint to be assigned. This becomes the active assignment. By default,
the program will display all nodes that share the active assignment in red and nodes with a
different assignment in cyan. Recall however that you may change the color preferences to
your liking with the Options / Display command.

In the GRAPHICS AREA, using the left-mouse button, select a node or marquee select a
group of nodes. The selected nodes are shown in red or in the color specified for ACTIVE
OBJECTS in the DISPLAY folder.

To remove a nodal restraint assignment, repeat the step above using instead the right-
mouse button.

Repeat the three steps above for each degree of freedom.
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To facilitate assignment of nodal restraints, options to show the element and node labels are

provided in the pop-up menu accessible by right-clicking on any blank portion of the GRAPHICS/
INPUT AREA.

4.19.2 Assign Nodal Springs

* From the Assign menu select Nodal Springs, or if the RESTRAINTS folder is displayed,
click on the B symbol next to NODAL SPRINGS found in the ITEM LISTING AREA to expand
the NODAL SPRINGS list. The nodal springs that appear are those defined using the Define/
Nodal Springs command. For more information see "Defining Nodal Springs" on
page 100.

» Select the nodal spring to be assigned. This becomes the active assignment. By default, the
program will display all nodes that share the active assignment in red and nodes with a
different assignment in cyan. Recall however that you may change the color preferences to
your liking with the Options / Display command.

* In the GRAPHICS AREA, using the left-mouse button, select a node or marquee select a
group of nodes. The selected nodes are shown in red or in the color specified for ACTIVE
OBIJECTS in the DISPLAY folder.

» To remove a nodal spring assignment, repeat the step above using instead the right-mouse
button.

* Repeat the three steps above for each nodal spring entry.

To facilitate assignment of nodal springs, options to show the element and node labels are
provided in the pop-up menu accessible by right-clicking on any blank portion of the GRAPHICS/
INPUT AREA.

4.19.3 Assign Slaved Nodes

» From the Assign menu select Slaved Nodes, or if the RESTRAINTS folder is displayed,
click on the B symbol next to SLAVED NODES found in the ITEM LISTING AREA to expand
the SLAVED NODES list. The slaved node entries that appear are those defined using the
Define / Slaved Nodes command. For more information see "Defining Slaved Nodes" on
page 101.

» Select the slaved node to be assigned. This becomes the active assignment. By default, the
program will display all nodes that share the active assignment in red and nodes with a
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different assignment in cyan. Recall however that you may change the color preferences to
your liking with the Options / Display command.

» In the GRAPHICS area, using the left-mouse button, select a node or marquee select a group
of nodes. The selected nodes are shown in red or in the color specified for ACTIVE
OBIJECTS in the DISPLAY folder.

» To remove a slaved node assignment, repeat the step above using instead the right-mouse
button.

* Repeat the three steps above for each slaved node entry.

To facilitate assignment of slaved nodes, options to show the element and node labels are provided
in the pop-up menu accessible by right-clicking on any blank portion of the GRAPHICS/INPUT
AREA.

4.19.4 Assign Piles

» From the Assign menu select Piles, or if the RESTRAINTS folder is displayed, click on the
B symbol next to PILES found in the ITEM LISTING AREA to expand the PILES list. The
piles that appear are those previously defined by you. For more information see "Defining
Piles" on page 102.

» Select the pile to be assigned. This becomes the active assignment. By default, the
program will display all nodes that share the active assignment in red and nodes with a
different assignment in cyan. Recall however that you may change the color preferences to
your liking with the Options / Display command.

* In the GRAPHICS AREA, using the left-mouse button, select a node or marquee select a
group of nodes. Piles are shown to scale at the selected nodes in red or in the color
specified for ACTIVE OBJECTS in the DISPLAY folder.

» To remove a pile assignment, repeat the step above using instead the right-mouse button.

» Repeat the three steps above for each pile in the ITEM LISTING AREA.

To facilitate assignment of piles, options to show the element and node labels are provided in the
pop-up menu accessible by right-clicking on any blank portion of the GRAPHICS/INPUT AREA.
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4.20 Applying Loads

Once the grid, all components, material properties, design parameters, loads, and load
combinations have been defined, you are ready to start assigning them - thereby putting the project
together. To have the loads annotated during this assignment phase, right-click on a blank portion
of the screen to find load annotation options within the pop-up menu. This menu also has the
options to show element and node labels similar to the other assignment screens.

*  From the Assign menu, choose Surface Loads or Nodal Loads to have the program
surface the LOADS folder as illustrated below:
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Alternatively, you can click on the button located on the toolbar, and then on the
LoADS tab. If columns or piles have been assigned to the model, they are displayed in the
color specified for COLUMN or PILES in the DISPLAY SETTINGS. If it is preferred not to
show columns or piles, right-click on empty space on the view window, and then uncheck
Show Columns or Show Piles on the pop-up menu.

4.20.1 Applying Surface Loads

The surface loads defined using the Define / Loads command may be applied to the mat elements
using the Assign / Surface Loads command. The loads defined under the Dead, Live, and Lateral
cases are applied under these cases as well.

* From the Assign menu select Surface Loads, or if the LOADS folder is displayed, click on
the B symbol next to the load CASE (A through Z) found in the ITEM LISTING AREA to
expand the list. The two load types will appear, CONCENTRATED and SURFACE. Expand
the Surface load types by clicking on the B symbol next to SURFACE...

* Select the load to be assigned. This becomes the active assignment. By default, the
program will display all elements that share the active assignment in red and elements
with a different assignment in cyan. Unassigned elements are by default displayed in
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powder blue. Recall however that you may change the color preferences to your liking
with the Options / Display command.

In the GRAPHICS AREA, using the left-mouse button, select an element or marquee select a
group of elements. The selected elements are shown in red or in the color specified for
ACTIVE OBJECTS in the DISPLAY folder.

To remove a surface load assignment, repeat the step above using instead the right-mouse
button.

Repeat the three steps above for each load case.

4.20.2 Applying Concentrated (Nodal) Loads

The concentrated loads defined using the Define / Loads command may be applied to the mat
elements using the Assign / Concentrated Loads command. The loads defined under the Dead,
Live, and Lateral cases are applied under these cases as well.

4.21

From the Assign menu select Nodal Loads, or if the LOADS folder is displayed, click on
the symbol B next to the load CASE (A through Z) found in the ITEM LISTING AREA to
expand the list. The two load types will appear, CONCENTRATED and SURFACE. Expand
the Concentrated load types by clicking on the symbol B next to CONCENTRATED...

Select the load to be assigned. This becomes the active assignment. By default, the
program will display all nodes that share the active assignment in red and nodes with a
different assignment in cyan. Recall however that you may change the color preferences to
your liking with the Options / Display command.

In the GRAPHICS AREA, using the left-mouse button, select a node or marquee select a
group of nodes. The selected nodes are shown in red or in the color specified for ACTIVE
OBJECTS in the DISPLAY folder.

To remove a nodal load assignment, repeat the step above using instead the right-mouse
button.

Repeat the three steps above for each load case.

Solving the Model

After inputting the model, the solver portion of the program is executed using the Solve / Execute
command.

From the Solve menu, choose Execute to have the program surface the SOLVER folder.
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Alternatively, you can click on the button located on the toolbar, and then on the
RUN SOLVER tab.

*  MAXIMUM NUMBER OF ITERATIONS:

If uplift is detected during the solution, the soil, nodal spring, and pile contributions at the
uplift nodes are eliminated and the problem is resolved. This procedure is repeated until
no further uplift is encountered or until the set maximum number of iterations is reached,
whichever comes first.

Run Salver View Results Yiew Contaurs Reports

SoIVER

M awirum nurnber af iterations i

M awirurn allowed zervice displacement [in] 1

Minimurn ratio of soil contact area wrt ]

initial ail-supparted area [%)

tinimum ratio of active springs and piles i}

wir k. total nurber of springs and piles [%)

b at uplift occurs for positive nodal i}

dizplacement exceeding (in)

Compute required reinforcement based on ' Maximum mament within an elemnent

" Average moment within an element

*  MAXIMUM ALLOWED SERVICE DISPLACEMENT:

The displacement value (positive or negative) at each node under service load combina-
tions is checked against this value. If it is exceeded at any service load combination, the
solution will not be completed and an error message will appear during the solution. No
results and contour views will be generated. The Program will surface Solve / View
Results / Solve Messages window which will display a “Maximum Allowed Service Dis-
placement Exceeded” message for the first service load combination that did not meet the
criteria.

' Solution criteria not met,
M Maximum allowed service displacement exceeded,

Check solver messages.,

e MINIMUM RATIO OF SOIL CONTACT AREA W.R.T. TOTAL INITIAL SOIL-SUPPORTED AREA
(%)

If uplift is detected during the solution, the tributary area A;;, of all soil-supported nodes

in uplift is computed. The program also computes the sum of the tributary area, A, of all
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non-restrained nodes. The ratio of soil contact area is defined as (A - Ay, soi)/ Asoil- 1T

during the solution, this ratio falls below the specified minimum ratio of soil contact area
for any load combinations, the solution will not be completed and an error message will
appear during the solution. The program will surface Solve / View Results / Solve Mes-
sages window which will display a “SOLUTION Errors” message for the first load combi-
nation that did not meet the criteria.

' Solution criteria not met,
M Approximate ratio of soil contack area less than minimum,

Check solver messages.

e MINIMUM RATIO OF ACTIVE SPRINGS/PILES W.R.T. TOTAL NUMBER OF SPRING/PILES
AREA (%)

If uplift is detected during the solution, the number of springs/piles in uplift Ng,p, is com-
puted. The program also computes the total number of springs/piles Ng/p 1ot51- The ratio of

active springs/piles is defined as [Ng/p a1 - Ns/p, uplift] / Ns/p, total- During the solution, if

this ratio falls below the minimum ratio of active springs/piles for any load combination,
the solution will not be completed and an error message will appear during the solution.
No results and contour views will be generated. The program will surface Solve / View
Results / Solve Messages window which will display a “Solution Errors” message for the
first load combination that did not meet the criteria.

Solution criteria nok met.
' Ratio of active springs and piles less than minimum.
L

Check solver messages.

*  MAT UPLIFT OCCURS FOR POSITIVE NODAL DISPLACEMENT EXCEEDING:
This is the value of displacement beyond which a node is considered to be in uplift.
*  COMPUTE REQUIRED REINFORCEMENT BASED ON:

For each element, each of the design moments (M,,, and M, top and bottom) is computed

uy»
for a governing ultimate load combination. The governing load combination is the one

that produces the maximum design moment M, and M, respectively in the X- and Y-
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directions, and separately for top and bottom reinforcement. The required area of rein-
forcement for an element may be computed based on:

*  MAXIMUM MOMENT WITHIN AN ELEMENT (the maximum moment at any of the four
element nodes.)

* AVERAGE MOMENT WITHIN AN ELEMENT (the average moment value at all element
nodes.)

The input is first verified for any inconsistencies or errors. If there is data missing or still
required, a message box will be displayed.

The program then switches control to the solver module. A message box reporting the
progress and status of the solution is displayed.

Analyzing D ata (00, 00m, 015)

Running sokver

~
1l3:E26:04 Analysis started
l3:Eg:04 .. Preprocessing started
l3:Z6:04 _...Physical model created
13:26:04 ... _Finite element model created
13:Z26:04 __Preprocessing finished
13:26:04 ._Processing started
13:26:04 .___FEM equation system created
13:26:05 .__.FEM emquation system solwved linearly for all load combinations
13:26:05 _...Load Combination 1 - Service
13:26:08 Maximum displacement = £.344320481444E-002 in.
12:26:08 Minimum displacement = -1_179448F99511E-001 din.
12:26:058 ....Load Combinstion £ - Ultcimate
ARl el Maximam displacement = Z.3443EZ0481444E-002 din.
bRl oy Minimam displacement = -1.1754428E93E511E-001 in.
l3:Z26:05 . .Processing finished
13:26:05 ._Postprocessing started
13:26:05 ... . Initializing finite element model results
'

Cancel

When the solution is successfully completed, a contour map showing downward
displacement envelope is displayed. If the solution procedure fails, a message box
appears. Detailed information on the solution may be found in the Solve / View Results /
Solve Messages window.

After a successful run, results may be viewed using the Solve / View Results command.
The results can be printed using the File / Print Results command. Results may also be
plotted using the Solve / View Contours command.
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4.22 Viewing Results

After a successful run, the output may be viewed using the Solve / View Results command.

From the Solve menu, choose View Results to have the program surface the VIEW
RESULTS folder as illustrated below.

Alternatively, you can click on the button located on the toolbar, and then on the
VIEW RESULTS tab.

Results may be selected by holding the Ctrl or Shift key and clicking on the lines in the
main window. Press the PRINT button to print the selected lines, or press the COPY button
to copy the selected lines to clipboard. If no lines are selected, all the currently displayed
results in the main window will be printed or copied.

The results are categorized into three types:
* Envelope
* Service

e Ultimate

Expand the type you wish to view by clicking on the B symbol next to the type
(ENVELOPE, SERVICE, or ULTIMATE) found in the ITEM LISTING AREA.

If Service or Ultimate is selected, a combination must be selected from the expandable
list. For more information see "Program Results" on page 48.

Choose the result table to display from the available items in the right ITEM LISTING
AREA.

The requested information is shown in the GRAPHICS / INPUT AREA. Use the scroll bars to
navigate through the results. To print the displayed results, choose the File / Print Results
command.
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— D ata range

" Digplay all results & Only from : Print

Envelope

- Solver Messages

12:29:28
12:20:28
12:20:28
12:29:28
12:29:28
12:20:28
12:29:28
12:29:29
12:29:29
12:20:29
12:29:29
12:29:29
12:29:29
12:29:29
12:29:29
12:29:29
12:20:29
12:29:29
12:29:29
12:29:29
12:29:29
12:29:29
12:29:29
12:20:29
12:29:29
12:29:29
12:29:29
12:29:29
12:29:29

472 =0N=2N
<

Analysis started
. -Preprocessing started
- ---Physical model created
....Finite element model created
. -Preprocessing finished
. -Processing started
....FEH equation system created
....FEH equation system solved linearly for all load combinaf
.-..Load Combination 1 - Serwvice
Maximum displacement = O.000000608080E+008 in.
Minimum displacement = -6.846758597480E-881 in.
So0il uplift nodes: none
Approximate ratio of so0il contact area = 100.988
.-...Load Combination 2 - Ultimate
Maximum displacement = B.000000000BOBBE+0AA in.
Minimum displacement = -6.846758597480E-001 in.
S0il uplift nodes: none
Approximate ratio of so0il contact area = 1688.88
. -Processing finished
. -Postprocessing started
.-...Initializing finite element model results

El Envelope

- Modal Displacements

- Reactions

- 50il Disp & Pressure

- Element Top Moment

- Element Bot Moment

-- Top Design Moment 8 Stee
- Bot Design Moment & Stee
.. Solver Messages

- Service

H- Force Vector

H- Displacerment Vector
f- Reactions

H- Soil Disp 8 Pressure
ltimate

H- Force Vector

H- Displacement Vector

H- Reactions

H- Elerment Meodal Moments
:l..

Punching Shear

.-...Initializing storage for finite element model results
..--Processing results for service load combinations
Activating Load Combination 1
Storing load combination results
...-Storing envelope results for service load combinations
...-Processing results for ultimate load combinations
Activating Load Combination 2
Storing load combination results

CHonwinn anunlnnn wnraldbe Cowe olddimatna Taad combhinabione
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4.23 Viewing Contours

After a successful run, a graphical summary of output may be viewed using the Solve / View
Contours command.

From the Solve menu, choose View Contours to have the program surface the VIEW
CONTOURS folder.

Alternatively, you can click on the button located on the toolbar, and then on the
VIEW CONTOURS tab.
The results are categorized into three types:

* Envelope
* Service

e Ultimate

Once the VIEW CONTOURS folder surfaces, expand the type you wish to view by clicking
on the B8 symbol next to the type (ENVELOPE, SERVICE, or ULTIMATE) found in the ITEM

LISTING AREA.
Locate the results you wish to view graphically by expanding to the root.

The requested contours are shown in the GRAPHICS/INPUT AREA. Note that top and bottom
moments are plotted separately.

To print the displayed contours, choose the File / Print Screen command.
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sTrats

Run Solver | Wiew Results Reports

View Conto

Reset view
Copy ko clipboard

Show node labels as 4

d

Show node labels For 3
Show element numbers

- Ervelope

--Mux
- Muy
--Asx
- Asy
Pressure Down
- Displacement Up
- Displacement Dawn

- Service

[+ Displacement
[+ Pressure

v Show columns

[+ Mo
v Shaow piles ;

B Myy
My
M
[ Mr2

4 135 436 437 138 139
i 4 I
I :
- Ulkimate
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------

1 2 3 4 8 =}

™ I
r N

H=B¥=11 |t

If columns have been assigned to the model, they are displayed to scale in black color. If piles
have been assigned to the model, they are displayed to scale in dark red color. To not show
columns or piles, right-click on empty space on the view window, and then uncheck Show
Columns or Show Piles on the pop-up menu.

When flexure design of some elements fails, a message box will appear during the solution
indicating that steel design of some elements failed. However, the solution will complete and
results and contour views will be generated. When the user wants to display a contour map with
plate flexural reinforcement, the program will display a warning message indicating that steel
design results are incomplete and then the contour map will be shown. Failed locations are marked
with the color assigned to plate element in Options / Display Preferences and a diagonal pattern
as illustrated here:
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Run Solver ‘iew Resulks Reports

View Conmure™ . | [=Envelope

Pressure Down
+- Displacement Lp
Displacemment Down
= Service
-- Displacement
-- Pressure
= Ulkimate
-- Cisplacement
-- Fs
] My

[+ Moy

Il

Steel design results are incomplete,
Failed locations are marked with diagonal pattern,

M2

NFI
RN

[ MomnalView | #=234¥=771 |8

When calculating soil pressures, if some elements exceed the allowable soil pressure, a message
box will appear during the solution indicating that allowable soil pressure has been exceeded.
However, the solution will complete and results and contour views will be generated. When the
user wants to display a contour map with service-level pressures, the program will display the
warning message indicating that elements where allowable soil pressure is exceeded are marked
with diagonal pattern and then the contour map will be shown. Failed locations are marked with
the color assigned to plate element in Options / Display Preferences and a diagonal pattern as
illustrated here:
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View Contours

kLR

Elements where allowable soil pressure is exceeded
are marked with diagonal pattern.

--.--.ﬁ=

1 7

[=]-Envelope

Pressure Down
Displacement Up
Displacement Down
—I- Service

Displacement
Pressure

[=I- Ultimate

Displacement

| Marmal Wiew

View Contours

SI-SISI- I- I- I-
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Displacement Up
- Displacement Down
—I- Service
Displacement
Pressure
[=I- Ulkirnate
Displacement
LFvy
My
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| NomalView | x=B,v=E I
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When concrete punching shear capacity is exceeded, a message box will appear during the

solution indicating that concrete punching shear capacity exceeded. However, the solution will
complete and results and contour views will be generated. When the user wants to display
ultimate-level punching shear results, the report will display the status of the failed column and/or
pile as unsafe, shown here:

Please wait...

Analyzing D ata (00k, 0rm, 025)
I awimum nu

Analyzis Finished
I awirmiun all

Minirnurn rati
initial zoil-sup

Minirnurn rati
wLrk. total n

b at uplift oc

displacemen Concrete punching shear capacity is exceeded,

Check ultimate level punching shear resulks,

Storing load combination results
. .Btoring enwvelope results for ultimate load combinations
. .Finite element model results calculated and stored
Calculating regquired steel areas
Storing recquired steel areas
-...Physical model results calculated
. .Postprocessing finished
47 inalysis finished

Compute req
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Run Solver Wiew Cantours Reporks

View Results

— Data range

" Display all results : Update | | Print | | Copy

Punching Shear
B6 - Punching Shear Around Columns (Ultimate Load Combinations):

Units --»> applied Shear Force Uu {kips), Applied Moments HMux, Huy {(k-ft)
Factored Shear Stress yu (psi), Factored Shear Resistance Phi=uc
Concrete Strength f'c {psi), distances ¥_Offset, Y_O0ffset (ft)
Average depth (in), Dimensions Bx, By (ft)
Area (in"2), Jxx, Jyy, Jxy (in™%)

Geometry of Resisting Area

Column Average Dimensions Centroid
Hode Label Location Depth Bx X_0ffset ¥_Offse

85 C18X18 Inner 26.58 3.

Properties of Resisting Area

Hode Column Label Area Jux

85 C18X18 4717 .88 1694827 .72 1694827 .72

Ultimate Load Combination: ULC 1

Factored Applied Forces:

<)

4.24 Accessing 3D View

= Envelope
- Modal Displacements
eactions
- 50il Disp & Pressure
- Element Top Manent
- Element Bok Morment:
- Top Design Moment & Steel
- Bot Design Moment & Steel
" Solver Messages
(=] Service
- Faorce Vectar
isplacement Yector
eactions
[+ Sail Disp & Pressure
[=)- Ullkimate:
[+ Force Yeckor
isplacement Yector

[+ Element Modal Moments
= P_unching Shear

The 3D view provides a three dimensional graphical representation of the slab. This screen allows

you to rotate the slab, zoom in, zoom out and pan.

* From the View menu, choose 3D to have the program surface the 3D VIEW folder.

Alternatively, you can click on the | Project button located on the toolbar, and then on

the 3D VIEW tab.
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=) Wigw Options
" Preferences...

4241 Zoom Command

The Zoom command is used to enlarge or reduce the image shown in the 3D VIEW folder in the
GRAPHICS / INPUT AREA. This command is only used for display purposes and does not affect the
model geometry.

To Zoom In:

«  With the 3D VIEW folder displayed, click on the Z#mi] bytton found at the bottom of the
GRAPHICS / INPUT AREA.

Using the left-mouse button, marquee select the portion of the graphical image you wish
to enlarge. The selected area is enlarged to occupy the entire GRAPHICS / INPUT area.

To Zoom Out:

+  With the 3D VIEW displayed, click on the 2#m%# bytton found at the bottom of the
GRAPHICS / INPUT AREA.

* Using the left-mouse button, marquee select the portion of the graphical image you wish
to reduce. The selected area is proportionally readjusted in the GRAPHICS / INPUT area.
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424.2 Pan Command

The Pan command is used to move the image shown in the 3D VIEW folder in the GRAPHICS /
INPUT area. Image panning or translation is a linear movement of the viewport. This command is
only used for display purposes and does not affect the model geometry.

«  With the 3D VIEW folder displayed, click on the Z&5 button found at the bottom of the
GRAPHICS / INPUT area.

* Click and hold the left-mouse button on the graphic while dragging it around the
GRAPHICS / INPUT area. The image is anchored (moved) when the left-mouse button is
released.

4.24.3 Reset Command

The Reset command is used to reset the image shown in the 3D VIEW folder in the GRAPHICS /
INPUT AREA to its default position.

«  With the 3D VIEW folder displayed, click on the 22 button found at the bottom of the
GRAPHICS / INPUT area.

Alternatively, you can simply right-mouse click anywhere within the GRAPHICS / INPUT
area and select Reset View.

4244 Rotate Command

The Rotate command is used (in isometric 3D only) to rotate the image shown in the 3D VIEW
folder so that the model may be viewed from a different viewpoint. This command works with the
axis-orientation box located at the bottom of the GRAPHICS / INPUT area...

b

Feset I oo 1k IEn:u
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This command is only used for display purposes and does not affect the model geometry.

«  With the 3D VIEW folder displayed, click and hold down the left mouse button on the
axis-orientation box.

* Drag the mouse in any direction while holding down the left-mouse button. Notice the
corresponding rotations of both the axis bar as well as the graphic. The axis orientation
represents the position of the model as soon as the left-mouse button is released.

4.25 Defining Options

There are many options that can be set as default so that they are saved in memory to be applied to
any subsequent project until they are changed again.

» From the Options menu, choose Startup Defaults, Autosave, Display or Statistics to
have the program surface the respective OPTION folder as illustrated.

Alternatively, you can click on the button located on the toolbar.

4.25.1 Startup Defaults

The Options / Startup Defaults command is used to save the current file settings to be used in
future input sessions. Default settings are saved in the Windows registry file. Settings that are
saved include units of measure, code, and default directories.

*  With the STARTUP folder surfaced, from the UNITS options group, choose the applicable
units of measure and from the CODE options group, select the appropriate design code.

» Select the DEFAULT DEFINITIONS / LOAD FROM TEMPLATES option which provides default
definitions and load combinations in the define window to facilitate creation of new
models. The values of the parameters will depend on the code and the unit system selected
in the STARTUP DEFAULTS window. If the option is enabled, then the newly created data
file will by default contain predefined values stored in template files located in the
Templates subfolder of the spMats program folder (e.g., "c:\Program
Files\StructurePoint\spMats\Templates"). The user may open the template files and
modify them as regular spMats files in order to customize the default values to the user’s
needs.
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Aukosave Display Statiskics

Startup Defaults

) ) — Unitz Code
Engineering Parameters &+ English & ALl 31811 O ACI 3805 CSAAZIIN4
" Mehic CoaCldens O AClHE02 O CSAAZII04

— Default Definitions
v Load from templates

— Default Azgignments
W Aszsign Default Properties
& Assign only if one property defined
T Mgsign always first defined property

™ &zsign matching properties

Deefault Data Directary IE:'\F‘ngram FilegStructurePointhsphd atshE =amples | Erowse |

Default Library Directony I Browse
Mo, of lines per printed page IEE

Check the ASSIGN DEFAULT PROPERTIES if — at the time of assigning thickness to an
element in the model — you want the program to automatically assign properties from
remaining and unassigned categories based on one of the three following options:

* ASSIGN ONLY IF ONE PROPERTY DEFINED will assign other properties to the element of
defined thickness if they are the only definitions within their property category.

* ASSIGN ALWAYS FIRST DEFINED PROPERTY will assign the first properties from each
category to the element of defined thickness.

* ASSIGN MATCHING PROPERTIES will assign properties whose positions within their

respective categories are the same as the position of the thickness being assigned.

Once the automatic assignment has been made the user can manually reassign the proper-
ties.

Specify a default data directory. The path you specify here is where any data files you save
will be saved by default. Note, however, that you will still be able to specify a different
location when you attempt to save. For more information see "Saving File" on page 71.

You may also control the number of lines printed per page.
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4.25.2 Autosave Feature

The Options / Autosave command is used to force the program to save your input data to disk at
predefined intervals. This minimizes loss of data in case of a power loss or computer lock-up.
Note that the file must be named (using the File / Save As command) prior to activating this
feature.

* With the AUTOSAVE folder surfaced, place a checkmark in the ENABLE AUTOSAVE box to
activate the autosave feature.

» Inthe Frequency text box, specify the time interval that you would like the program to run
the autosave feature.

Autosave

¥ Enable Autozave

Autozave Frequency [min.]

|' Frequency

4.25.3 Display Settings

The Display command is used to change various display settings such as font, object colors, 3D
View options, and 2D View options.

»  Within the FONT group, click on the CHOOSE FONT button to select the font type and size
that will be used in plotting the node and element numbers on the graphical display. The
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font types that appear in the list are those saved in your WINDOWS/FONTS directory. The
font you specify here is also used in screen-printing.

» Use the color drop-down lists within the OBJECT COLORS group to select preferred colors
for the following:

* Grid * Column

» Active object * Pile

+ Inactive object * Nodal Load

* Frame * Surface Load

» Background
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Startup Defaulks _

Auktosave

| Choose Faont... |

Skatistics

— 30 Wiew Options

Wertical scale
Angle ¥y

Angle 2

— Object Colars
Grid
Active
Inactive

Frame

Calurnn

File

Background I [ “white

NodslLosd |l Black

Surface Load I- Elack,

||:| Silver
| Il Red
I- Cyan

I [ ] PowderElue

I [ Lirne
| Il DarkRed

Lef Lol Led Lol Led Lef Lo L] Lo

| Default Colors ‘

— 20 Wiew Options

— Show node labels as
' Numbers

" Coordinates

— Show node labels for
v Al nodes

[ Modes with assigned loads
[T Modes with assigned piles
[~ Modes with assigned restraints

[T Modes with assigned columns

Show element numbers

Show colurnns

Show piles

Grid line tppe Soid -

Coordinate Precizion 1

* Click the DEFAULT COLORS button to change colors back to their default settings.

» Settings within the 3D VIEW OPTIONS group control the 3D display of the model. The user
can modify the following:

* VERTICAL SCALE — To change scaling along the Z—axis (vertical) of the model

* ANGLE XY — To change the angle at which the model is viewed with respect to the Z
(vertical axis) of the screen

* ANGLE YZ — To change the angle at which the model is viewed with respect to the X
(horizontal axis) of the screen

» Settings within the 2D VIEW OPTIONS group control the display of the model in 2D view
windows such as GRID, ASSIGN, and CONTOUR windows. The user can modify the

following:

e SHOW NODE LABELS AS — Numbers or coordinates
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» SHOW NODE LABELS FOR — Nodes with assigned loads, piles, restraints, columns or all

nodes

» SHOW ELEMENT NUMBERS — Toggles the display of element numbers

*  SHOW COLUMNS — Toggles the display of column locations, column sections are dis-

played to scale

» SHOW PILES — Toggles the display of pile locations, pile sections are displayed to scale

* GRID LINE TYPE — Selects the style of the grid line, SOLID or DOTTED

» COORDINATE PRECISION — Specifies the precision of the cursor location displayed in

the STATUS BAR

4.25.4 Project Statistics

» Surface the STATISTICS folder by using the Options / Statistics command.

Alternatively, you can click on the button located on the toolbar, and then on

the STATISTICS tab.

» The folder displays a statistical summary on the number of nodes, elements, and

definitions.

Sktartup Defaults

Aukosave

Displary

Statistics
—Modes
Modes I 36 Elements I 20
— Definitions
Thicknezs I 1 Maodal Loads I 1
Concrete I 1 Drezign Param. I 1
Soil I 1 Modal Springs I a
Reinforced Steel I 1 Slaved Modes I 0
Surface Loads I o Load Combos I 2
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5.1 Example 1

51.1 Problem Formulation

The 10' x 10" x 2' footing is presented in Joseph F. Bowles’ Foundation Analysis and Design,
Fourth Edition, 1988, p.461.

A 500-kip load is applied at the center of the footing.

\T{
=
=
—» X
10'-0"
P
7 24" x 24"
T Column
. — X
<
AN

Use the following data:

Concrete: fcjz 3.0 ksi,
w, =148 pcf,
E, =3,245ksi,
vV =0.15,
Soil: subgrade modulus = 100 kcf,
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allowable pressure = 6 ksf,

Steel: fy = 60 ksi,
E  =29,000 ksi.

The origin of the XY plane will be located at the lower left-hand corner of the footing. Two-foot
square elements will be used; thus, the grid system consists of six grid lines (i.e., five elements),
two feet apart, in each direction. The concentrated load will be applied as four nodal loads (125
kip each). The finite element mesh is shown at the end of this example.

5.1.2 Preparing Input3

1. From the Define menu, select General Info to surface the DESCRIPTION folder.

* Input the project information and select ENGLISH units along with the ACI 318-14
code.

30 Wiew Grid Libraries

Description

[sptats Manual, Example 1

The 107 10 2 fasting prablem presented indoseph F. Bowles
"Foundation &nalysis and Design”, Fourth Edition, 1988, p. 461

Project Date and Time | Thursday . July 09,2015 j | F00:00 44

Cod

Uni
’Vr-‘ Englsh (" Metiic ’V AC1 31814 -

Engineering Parameters

2. From the Define menu, select Grid, or simply click on the S tab to surface the
respective folder.

3. All input data entered manually assuming that Load From Template option is not selected in Startup
Defaults
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3D view Description Libraries

= Define...
Description...
St Up...
Gensrate...
Import...
Reset,..
Freferences

¥ Grid
¥ Grid

Reset |/ Zoom In | Zoamout] Pan | | Momal View

Since the grid layout is uniform, and symmetrical in both directions, X- and Y-grid lines will be
generated.

* Double-click on the GENERATE option in the ITEM LISTING AREA to have the program
surface the following:

Grid - Generate

v % Direction W v Direction
From Distance [ft] | 0 | ]
Mumber of Grids | B | 6
Grid Spacing [f] | 2 | 2

Generate | Cancel |

» Place a check mark in the X DIRECTION box and enter the following values in the
corresponding text boxes:

FROM DISTANCE: 0
NUMBER OF GRIDS: 6
GRID SPACING: 2

* Repeat the above step for the Y-DIRECTION.

*  Click on the GENERATE button to return focus to the GRID folder. Notice how the X-
and Y-grid lines now appear in the GRAPHICS/INPUT AREA.

3. From the Define menu, choose Thickness to surface the PROPERTIES folder shown here:
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Load Combinations

El Thickness
: i Thickd
Lahel Thickness [in] =- Soil
Thick1 |24 o llsail
E| Concrete
Label | Thickness | . i.Concl
Thickd 24.0000 Add E| Reinforcement
. i Steell
E1- Design Parameters
Modify ;. -bed
i Column Dimensions

Input Thick1 for LABEL and 24.0 for THICKNESS.

Click on the ADD button to add the entry to the list.
4. From the Define menu, choose Soil.

» Enter the following:

LABEL: Soill
SUBGRADE MODULUS: 100 kef
ALLOWABLE PRESSURE: 6 ksf

* Click on the ADD button to add the entry to the list.

5. From the Define menu, choose Concrete or click on the CONCRETE option in the ITEM
LISTING AREA to have the program surface the respective folder.

* Enter the following:

LABEL: Concl
COMPRESSIVE STRENGTH: 3 ksi
UNIT WEIGHT: 148 pef
YOUNG’S MODULUS: 3245 ksi
POISSON’S RATIO: 0.15

* Click on the ADD button to add the entry to the list.

6. From the Define menu, choose Reinforcing Steel or click on the REINFORCEMENT option
in the ITEM LISTING AREA to have the program surface the respective folder.

* Enter the following:

LABEL: Steell
YIELD STRENGTH: 60 ksi
YOUNG’S MODULUS: 29000 ksi
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* Click on the ADD button to add the entry to the list.

7. From the Define menu, choose Design Parameters or click on the DESIGN PARAMETERS
option in the ITEM LISTING AREA to have the program surface the respective folder.

* Enter the following:

LABEL: DCI1
MIN. REINF. RATIO: 0.09 %
X-DIR

(Top LAYER): 3.25in
(BoTTOM LAYER): 3.25in
Y-DIR

(Top LAYER): 3.751in
(BoTTOM LAYER): 3.751in

* Click on the ADD button to add the entry to the list.

| Design Parameters [ e
Label *hr Vou fi— Sedl
P piancasa W B =,
[pe TeoLwae [ 355 T L TT e
Min R, Rt % of Ag pe el " it
3 Botlom Layss | 125 Eid F x sy
1

Label Flatio | pai | TopLayee'y | Domom Layett | Domom Laper't | ok Damensions
oca DiEm 20 Er 33 arsm

| patete |

[Costy

8. From the Define menu, choose Load Combinations, or simply click on the “E=E==ET
tab to surface the respective folder.

* Select SERVICE FROM ITEM LISTING AREA.
* Click on the INSERT button.

* Enter S1 for Label.

» Enter 1.0 for CASE A.

» Select Ultimate from ITEM LISTING AREA.
* Click on the INSERT button.

* Enter Ul for Label.

* Enter 1.0 for CASE A.

e Uncheck the Include SELF WEIGHT IN CASE A for all combinations box.
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9. From the Define menu, select Loads, or simply click on the " tab to surface the
respective folder.

Lo  Concentrate

[Cmsent | [ etete | [ wodty | [ imoost

Tuslace

[he | Lea
S N S S 1 I (1IN 1

* Select CONCENTRATED from the ITEM LISTING AREA and click on the INSERT button.
e Enter P1 for LABEL.

» Enter A for the LOAD CASE and enter —125 for Pz.

5.1.3 Assigning Properties

10. From the Assign menu, select Thickness to surface the respective folder.
* From the ITEM LISTING AREA, select THICK1.

* In the GRAPHICS/INPUT AREA, marquee select the region (-1, 11)-(11, -1) to apply the
selected thickness to the entire footing. The selected elements are redrawn in red.

Note: To see the assigned element and node numbers, from the Define menu, select
Grid, and once the GRID folder surfaces, double click on PREFERENCES in the ITEM
LISTING AREA.

11. From the Assign menu, select Soil or click on the SOIL option in the ITEM LISTING AREA.
* Expand the SOIL listing in the ITEM LISTING AREA and select SOIL1.

» In the GRAPHICS/INPUT AREA, marquee select the region (-1, 11)-(11, -1) to apply the
selected soil to the entire footing. The selected elements are redrawn in red.

12. Repeat the step above using the Assign / Concrete, Assign / Reinforcing Steel and
Assign / Design Parameters commands to apply CONCRETEI1, STEEL1 and DC1
properties to the entire footing.

13. From the Assign menu, select Nodal Loads or simply click on the "= tab to
surface the respective folder.

* Inthe ITEM LISTING AREA, expand Case A and then expand Concentrated to select P1.

* In the GRAPHICS AREA, click on each of the four nodes (4, 4), (6, 4), (4, 6), and (6, 6).
Small red squares are shown indicating loaded nodes:
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- Concentrated

. gurface
[=l-Case B
Concentrated
L gurface
[=]-Case C
Concentrated
L gurface

= Case D
Concentrated
" Surface

= Case E
Concentrated
" Surface
[=l-Case F
Concentrated
- Surface

P1

A

-125,0000 kips
0,0000 k-ft
0.0000 k-ft

| et | Zamrnin Zaarmou [P [ NomalView | =131 |

514 Solving

14. From the Solve menu, select Execute to surface the SOLVER folder.
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YWiew Resulks

M axirurm number of iterations

M arimum allowed service dizplacement [in]

Minimum ratio of goil contact area w.r.k,
initial zoil-supported area (%]

Minirmurm ratio of active zpringz and piles
wer b total number of springs and piles (%)

M at uplift occurs for positive nodal
dizplacement excesding [in]

Compute required reinforcement bazed on

View Contours

10

1

&0

Reports

b awimum moment within an element

" Average moment within an element

Fun

* Enter 10, 11, 50, 0, and 0 in the text boxes and choose the MAXIMUM MOMENT

WITHIN AN ELEMENT option.

*  Click on the RUN button.

» The spMats Solver window is displayed and the solver messages are listed. After the
solution is done focus will immediately be passed to the VIEW RESULTS folder.

5.1.5 Viewing and Printing Results

15. To view the results in text format, use the Solve / View Results command. Selective

printing may be done from the displayed box or using the File / Print Results command.

16. To view the results in graphical format, use the Solve / View Contours command. A

printout of the screen may be obtained using the File / Print Screen command.
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Run Solver View Contours Reports

[=I- Enwvelope
Madal Displacements
~ [rata rang: Reactions
" Display allesubs @ Only from | 100 Update_|[ Print_ ][ Copy 5ol Disp & Fressurs
Element Top Moment
Element Bot Moment
Envelope - Top Design Homent & Steel | Top Design Moment & Stes|
C5a - ELEMENT TOP DESIGH MOMWENT AND REINFORCEMENT : Bot Design Moment: & Steel
Solver Messages
Units --> Moment (kip-ft/ft), As (in"2/Fft) =] Service
Flags --> [m] Hinimum controls. [%] Exceeds maximum. [*] Cannot compute. Force Vector
Elem Hode Ld Comb. Hax. M{ux) As{xx) Hode Ld Comb. Max. H{uy) As(yy) Displarement Vector
————— ————— - - Reactions
1 1 u1 2.91 8.324m 1 I3} 2.91 08.324n Soil Disp & Pressure
2 ] - 8.08 0.324nm 2 [1}] 1.16  8.324n =) Ulkimate
3 ] - 0.00 0.324n ] - 0.80 0.324n Farce Vector
4 ] - 0.80 0.324m 5 I3} 1.16 08.324n Displacemert Vector
5 [ u 2.91 8.324m [ [1}] 2.91 8.324n Reactions
6 7 U1 1.16 ©.32um ] - 0.80 0.324n Element: Hodal Moments
7 8 - 8.08 0.324m ] - 8.88 0.324n Punching Shear
8 ] - 8.08 0.324nm ] - 0.88 0.324n
9 ] - 0.08 0.324m ] - 0.88 0.324n
18 12 [1}] 1.16 @.324m ] - 8.88 0.324n
1" ] - 8.08 0.324nm ] - 0.88 0.324n
12 ] - 0.08 0.324m ] - 0.88 0.324n
13 [ - 8.08 0.324m ] - 0.88 0.324n
14 ] - 8.08 0.324nm ] - 0.88 0.324n
15 ] - 0.08 0.324m ] - 0.88 0.324n
16 25 [1}] 1.16 @.324m ] - 0.88 0.324n
17 ] - 8.08 0.324nm ] - 0.88 0.324n
18 ] - 0.08 0.324m ] - 0.88 0.324n
19 [ - 8.08 0.324m ] - 0.88 0.324n
28 30 u 1.16  8.324m ] - 0.88 0.324n
21 1] u 2.91 9.324m B [1}] 2.91 8.324n
22 [ - 8.08 0.324m a2 T3] 1.16 8-32un
23 ] - 8.08 0.324nm ] - 0.88 0.324n
24 ] - 08.08 8.324m 35 [1}] 1.16  8.324n
25 36 [1}] 2.91 8.324m 26 T3] 2.91 8-32un

Sample Results for Example 1
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View Contours

8

= Envelope

[=I- Service
+|- Displacement

[=)- Ultimate:
+|- Displacement

[+ Mrz

| Reset | zoomin [Foomout | Pan | [ NomolVew |

Displacement contours for Example 1
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Element and Node Numbering for Example 1
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5.2 Example 2

5.2.1 Problem Formulation

Analyze the mat shown below. For instructional purposes, the default definitions and grid
dimensions will be ignored.

3!_0" 3!_0"

ro
e

1 8!_0"

- =

16'-0"

T >
2|_0u 23"0" 21 "O“ 2!_0"
‘A
I || <
36" >
=== === === == — | == === == [=][I=
Soil1 —— Soil2
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The mat is supported on two types of soil, Soil-1 and Soil-2, as shown in the figure. Use the

following data:

Concrete:

Soil-1:

Soil-2:

Steel:

£,=3.0 ksi,
w, = 145 pcf,

E, =3,156ksi,
V=0.15,

subgrade modulus = 50 kcf,

allowable pressure = 6 ksf,

subgrade modulus = 75 kcf,

allowable pressure = 8 ksf,

f, = 60 ksi,
E, = 29,000 ksi.

as well as for the dead and live loads, are as follows:

The superstructure was analyzed for wind loads. The resulting reactions for the columns and wall,

Dead Live Wind
Column P, (kip) -50 -35 -10
M, (ft-kip) 0 0 5
M, (ft-kip) 0 0 0
Wall Pz (kip) -376 -208 -80
Mx (ft-kip) 0 0 60
My (ft-kip) 0 0 0

designed (compute required reinforcement) for the ultimate combinations.

Service Combinations:

SI1=D+L
S2=D+L+W
S3=D+W

Ultimate Combinations:

Ul=14D

U2=12D+1.6L
U3=12D+10L
U4=12D+08W

The mat will be analyzed for three service combinations and nine ultimate combinations.
Deflections and pressures are to be checked for the service combinations and the mat will be
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U5=12D+1.0L+1.6 W
U6=09D+1.6 W
U7=12D-08W
U8=12D+10L-1.6 W
U9=09D-1.6 W

The lower left-hand corner of the mat is chosen as the origin of the grid system. The grid layout is
shown at the end of this example.

Since the wall is spanning over five nodes, (nodes 205, 229, 253, 277 and 291) the wall loads will
be divided into equivalent nodal loads depending on the tributary length of each node.
Furthermore, the R, degrees of freedom of these five nodes are slaved to simulate the stiffening

effect of the wall.

Wall Loading Conditions

94 k 94 k 94 k
376k 47 k 47 k
I | | | | = | | | | DEAD
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
205 229 253 277 291 205 229 253 277 291
52k 52k 52k
208 k 26k l l l 26 k
I | | | | = | | | |  UVE
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
205 229 253 277 291 205 229 253 277 291
23 k 20 k 17 k
80k 16 k 4 k
60 1 l
Ft-k _
I I = | | | | | LATERAL
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
205 229 253 277 291 205 229 253 277 291

5.2.2 Preparing Input4

1. From the Define menu, select General Info to surface the DESCRIPTION folder.

4. All input data entered manually assuming that Load From Template option is not selected in Startup
Defaults.
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Descri ption — - e . - . - Project Descripkion

Project Mame IspMats Manual, Example 2

Praject Description Analyze a complex mat spstem

Project Date and Time Friday . Juy 10,2015 j IB:DD:DDAM

ICEED -]

@ English ¢ Metic

Engineering Parameters - Uit " Code

* Input the project information and select ENGLISH units along with the ACI 318-14
code.

2. From the Define menu, select Grid, or simply click on the tab to surface the respective
folder.

The X-Grid will be created in three parts as per the illustration here:
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180"

160"

240" 3

2" Intervals
(12 Grids)

bl
EII
Intervals

(12 Grids) Grldllne
(25" from origin)

15“1 Gridline
{30" from origin)

12th Gridline 14th Gridline
122" from origin) (28" from origin}

* Double-click on the GENERATE option in the ITEM LISTING AREA to have the program
surface the GENERATE dialog box.

* Place a check mark in the X-Direction box and enter the following values in the
corresponding text boxes:

FROM DISTANCE: 0
NUMBER OF GRIDS: 12
GRID SPACING: 2
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Place a check mark in the Y-Direction box and enter the following values in the
corresponding text boxes:

FROM DISTANCE: 0
NUMBER OF GRIDS: 20
GRID SPACING: 2

Click on the GENERATE button to return focus to the GRID folder. Notice how the X-
and Y-grid lines now appear in the GRAPHICS/INPUT AREA. Note that you have just
generated the Y-Grid lines for the entire slab and the X-grid lines have only been
generated for section 1 as per the illustration above.

To create the two grid lines in section 2, double-click on the SET UP option in the ITEM
LISTING AREA to have the program surface the following dialog box:

M Grid Setup EIFXI

¥ Direction
Edit Gridlines
Coordinate [ft] n 4dd
Mumber | Coordinats | # Delete |
(1] 0.00 ft _
2] 2000 %
(3] 4.00 ft
(4] E.00 ft
5] 8.00 ft
[6] 10.00 f
[7] 12,004t Copy
[3] 14.00 ft
9 16.00 ft Reset
||;1 |]'|1 000 n W g
Ok | Cancel |

With the X-DIRECTION option chosen, input 25 in the COORDINATE text box and click
on ADD.

Input 28 in the COORDINATE text box and click on ADD.

Click on OK to return focus to the GRID folder. Note how the two grid lines just added
now appear in the GRAPHICS/INPUT AREA.

To create the remaining grid lines in the third section, double-click on the GENERATE
option in the Item Listing Area to have the program surface the GENERATE dialog box,
shown here for illustrative purposes:
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Grid - Generate

Fram Diztance [ft]
Mumber of Grids

Grid Spacing [ft])

v ¥ Direction [ ¥ Direction
| a0 i
| 10 i
| 4 L
Generate I

Cancel |

» Place a check mark in the X-DIRECTION box and enter the following values in the

corresponding text boxes:

FROM DISTANCE:

NUMBER OF GRIDS:

GRID SPACING:

30
10
2

e Click on the GENERATE button to return focus to the GRID folder. Notice how the 10
new X-grid lines now appear in the GRAPHICS/INPUT AREA.

3. From the Define menu, choose Thickness to surface the PROPERTIES folder.

Thickness

Label

Restraints Load Combinations

Thickness (in]

IThick2

|35

Label

Thickness I

Thick1

24.0000

:Thickd

30000

Add

* Input Thick] for LABEL and 24.0 for THICKNESS.

* Click on the ADD button to add the entry to the list.

* Input Thick2 for LABEL and 36.0 for THICKNESS.

* Click on the ADD button to add the entry to the list.

(=) Thickness

[=1- Concrete

- Conet

=I- Reinfarcement

© e Steell

E| Design Parameters

[

=1 Column Dimensions
‘oLt
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From the Define menu, choose Seil, or click on the SOIL option in the ITEM LISTING AREA

to have the program surface the respective folder.

Enter the following:

LABEL: Soill
SUBGRADE MODULUS: 50 kef
ALLOWABLE PRESSURE: 6 ksf

Click on the ADD button to add the entry to the list.

Enter the following:

LABEL: Soil2
SUBGRADE MODULUS: 75 kef
ALLOWABLE PRESSURE: & ksf

Click on the ADD button to add the entry to the list.

From the Define menu, choose Concrete or click on the CONCRETE option in the ITEM
LISTING AREA to have the program surface the respective folder.

Enter the following:

LABEL: Concl
COMPRESSIVE STRENGTH: 3 ksi
UNIT WEIGHT: 145 pef
YOUNG’S MODULUS: 3156 ksi
POISSON’S RATIO: 0.15

Click on the ADD button to add the entry to the list.

From the Define menu, choose Reinforcing Steel or click on the REINFORCEMENT option
in the ITEM LISTING AREA to have the program surface the respective folder.

Enter the following:

LABEL: Steell
YIELD STRENGTH: 60 ksi
YOUNG’S MODULUS: 29000 ksi

Click on the ADD button to add the entry to the list.

From the Define menu, choose Design Parameters or click on the DESIGN PARAMETERS
option in the ITEM LISTING AREA to have the program surface the respective folder.

Enter the following:
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10.

LABEL: DCl1
MIN. REINF. RATIO: 0.09%
X-DIR

(Top LAYER): 3.251in
(BOTTOM LAYER): 3.25in
Y-DIrR

(Top LAYER): 3.50 in
(BOTTOM LAYER): 3.50 in

» Click on the ADD button to add the entry to the list.

From the Define menu, choose Column Dimensions or click on the COLUMN
DIMENSIONS option in the ITEM LISTING AREA to have the program surface the respective
folder.

» Enter the following:

LABEL: COL1
TYPE: Rectangle
X-Dim: 12 in
Y-DiMm: 12 in

* Click on the ADD button to add the entry to the list.

From the Define menu, select Slaved Nodes, or simply click on the [ _oerina [ tab and
then select the SLAVED NODES option in the ITEM LISTING AREA to surface the respective
folder.

* Enter Wall Rx1 in the LABEL text boxes.

» Select Rx from the DEGREE OF FREEDOM group.

* Click on the ADD button to add the entry to the list.

From the Define menu, choose Load Combinations, or simply click on the
RS ab to surface the respective folder.

» Select SERVICE from ITEM LISTING AREA.

* Click on the INSERT button.

* Enter S1 for Label.

» Enter 1.0 for CASE A and CASE B.
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I1.

Click the INSERT button.

Enter S2 for Label.

Enter 1.0 for case A, Case B and Case C.

Click the INSERT button.

Enter S3 for LABEL and 1.0 for Case A and Case C.
Select Ultimate from ITEM LISTING AREA.

Click the INSERT button.

Enter U1 for LABEL and, 1.4 for CASE A.

Click the INSERT button.

Enter U2 for LABEL and 1.2 for CASE A, 1.6 for CASE B.
Click the INSERT button.

Enter U3 for LABEL and 1.2 for CASE A, 1.0 for CASE B.
Click the INSERT button.

Enter U4 for LABEL and1.2 for CASE A, 0.8 for CASE C.
Click the INSERT button.

Enter U5 for LABEL and 1.2 for CASE A, 1.0 for CASE B, 1.6 for CASE C.
Click the INSERT button.

Enter U6 for LABEL and 0.9 for CASE A, 1.6 for CASE C.
Click the INSERT button.

Enter U7 for LABEL and 1.2 for CASE A, -0.8 for CASE C.
Click the INSERT button.

Enter U8 for LABEL and 1.2 for CASE A, 1.0 for CASE B, -1.6 for CASE C.
Click the INSERT button.

Enter U9 for LABEL and 0.9 for CASE A, -1.6 for CASE C.

Click the INSERT button. Uncheck the Include SELF-WEIGHT IN CASE A for all
combinations box.

Loads

From the Define menu, select Loads, or simply click on the tab to surface the
respective folder

Select CONCENTRATED from the ITEM LISTING AREA.

Click on the INSERT button.
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Enter PD1 for LABEL.

Enter A for the LOAD CASE and enter the following:

Pz =-50 kips
Mx= 0 k-ft
My= 0 k-ft
Repeat the 3 steps above to enter the remaining two dead loads shown in the table
below (PD2 and PD3).
Case Label Pz Mx My
A PDI -50 0
PD2 -47 0
PD3 -94 0

Click on the INSERT button
Enter PL1 for LABEL.

Enter B for the LOAD CASE drop-down list and enter the following:

Pz = -35 kips
Mx= 0 k-ft
My= 0 k-ft
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Loads = Concentrated - Concentrated

- Surface

| Insert | | Delete | | Modify | |Imp0n...

Mo Label Caze Pz [kipg] b [ke-fE] by [k-fE]
PO A -50.0000 0.0000
& -47.0000 0.0000
) -54.0000 0.0000

1
2
3

* Repeat the 3 steps above to enter the remaining two live loads shown in the table

below (PL2 and PL3).
Case Label Pz Mx My
B PL1 -35 0 0
PL2 -26 0 0
PL3 -52 0 0

* Click on the INSERT button

* Enter PW1 for LABEL.

» Enter C for the LOAD CASE drop-down list and enter the following:
Pz =-10 kips
Mx= 5 k-ft
My= 0 k-ft
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* Repeat the 3 steps above to enter the remaining three wind loads shown in the table
below (PW2, PW3, PW4, PW5, and PW6).

Case Label Pz Mx My
C PW1 -10 5 0
PW2 -16 0 0
PW3 -23 0 0
PW4 -20 0 0
PW5 -17 0 0
PW6 -4 0 0

5.2.3 Assigning Properties
12. From the Assign menu, select Thickness to surface the respective folder.
* From the ITEM LISTING AREA, select THICK]1.

* Inthe GRAPHICS/INPUT AREA, marquee select the region (-1,39) — (23, -1) to apply the
selected thickness to that part of the footing.

* Marquee select the region (27,21) — (49, -1) to apply the selected thickness to that part
of the footing. Notice how the selected regions are redrawn in red:

Restraints ]

EI Concrete

. Concl

E| Reinforcement

. Stesll

EI Design Pararmeters
DC_1

- Column Dimensions

Label Thick1
Yalue 24,0000 in

| Fesee | Zoomin [oom0u]Pan | Nomalview [X=527.Y =105
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13.

14.

15.

16.

» From the ITEM LISTING AREA, select THICK?2. Note that the regions defined in the

previous steps are redrawn in cyan, indicating that they have a thickness other than
THICK2.

» Inthe GRAPHICS/INPUT AREA, marquee select the region (21,39) — (29, -1) to apply the
selected thickness to that part of the footing.

» Note: To see the assigned element and node numbers, from the Define menu, select
Grid, and once the GRID folder surfaces, double click on PREFERENCES.

* From the Assign menu, select Soil or click on the SOIL option in the ITEM LISTING
AREA.

* Expand the SOIL listing in the ITEM LISTING AREA and select SOILI.

* Inthe GRAPHICS/INPUT AREA, marquee select the region (-1,39) — (29, -1) to apply the
selected soil to that part of the footing. The selected elements are redrawn in red.

* Select SOIL2 and in the Graphics / Input Area, marquee select the region (27,21) —
(49, -1) to apply the selected soil to that part of the footing. The selected elements are
redrawn in red.

From the Assign menu, select Concrete or click on the CONCRETE option in the ITEM
LISTING AREA.

* Expand the CONCRETE listing in the ITEM LISTING AREA and select CONC1.

* In the GRAPHICS/INPUT AREA, marquee select the region (-1, 39) — (49, -1) to apply
the selected concrete to the entire footing. The selected elements are redrawn in red.

Repeat the step above using the Assign / Reinforcing Steel and Assign / Design
Parameters commands to apply STEEL1 and DC1 properties to the entire footing.

From the Assign menu, select Column Dimensions or click on the COLUMN DIMENSIONS
option in the ITEM LISTING AREA.
* Expand the COLUMN DIMENSIONS listing in the ITEM LISTING AREA and select COL1.

* In the GRAPHICS AREA, click on each of the following nodes (2,2), (25,2), (46,2),
(2,18), (46,18), (2,36), and (25,36). Column sections are shown indicating columns are
assigned.

From the Assign menu, select Slaved Loads or simply click on the tab to surface the
respective folder.

* In the ITEM LISTING AREA, expand the SLAVED NODES item to display WallRx1, then
select it.
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* In the GRAPHICS AREA, marquee select the region (24,25) — (26,15). The five nodes
within the selected region are redrawn in red. These nodes are assigned to the slaved
nodes group WallRx1.

17. From the Assign menu, select Nodal Loads or simply click on the tab to surface the
respective folder.

Properties Restraints

= Case A
| [ Concentraked
" Surface
=~ Case B
= Concentraked
Pl

| L3

. Surface

= Case C

[ Concentraked
" Surface

= Case D

- Concentrated

" Surface

=~ Case E

- Concentrated

" Surface

= Case F

- Concentrated

" Surface

PL3

B

-52,0000 kips
0.0000 k-ft
0.0000 k-ft

| et | Zomrain [ 9omOut | Pan | | Nomalvew =438 Y =1002

* In the ITEM LISTING AREA, expand Case A and then expand CONCENTRATED to select
PDI1.

» In the GRAPHICS AREA, click on each of the following nodes (2,2), (25,2), (46,2),
(2,18), (46,18), (2,36), and (25,36). Small red squares are shown indicating loaded
nodes. Note that it is important to assign column nodal load to the same nodes where
columns are assigned in step 15 in order for punching shear to be calculated properly.

« Select PD2 from the list box. In the GRAPHICS AREA, click on the nodes (25,16), and
(25,24).

* Select PD3 from the list box. In the GRAPHICS AREA, click on the nodes (25,18),
(25,20), and (25,22).

* In the ITEM LISTING AREA, expand Case B and then expand CONCENTRATED to select
PL1.
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» In the GRAPHICS AREA, click on each of the following nodes (2,2), (25,2), (46,2),
(2,18), (46,18), (2,36), and (25,36).

» Select PL2 from the list box. In the GRAPHICS AREA, click on the nodes (25,16), and
(25,24).

* Select PL3 from the list box. In the GRAPHICS AREA, click on the nodes (25,18),
(25,20), and (25,22).

* In the ITEM LISTING AREA, expand Case C and then expand CONCENTRATED to select
PWI.

* In the GRAPHICS AREA, click on each of the following nodes (2,2), (25,2), (46,2),
(2,18), (46,18), (2,36), and (25,36).

* Select PW2 from the list box. In the GRAPHICS AREA, click on the node (25,16).
* Select PW3 from the list box. In the GRAPHICS AREA, click on the node (25,18).
* Select PW4 from the list box. In the GRAPHICS AREA, click on the node (25,20).
* Select PW5 from the list box. In the GRAPHICS AREA, click on the node (25,22).
* Select PW6 from the list box. In the GRAPHICS AREA, click on the node (25,24).

5.24 Solving

18. From the Solve menu, select Execute to surface the SOLVER folder.

* Enter 10, 11, 50, 0, and 0 in the text boxes and choose the MAXIMUM MOMENT
WITHIN AN ELEMENT option.

*  Click on the RUN button.

* The spMats Solver window is displayed and the solver messages are listed. After the
solution is done, focus will automatically be passed to the VIEW RESULTS folder.
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YWiew Resulks

View Contours Reports

M axirnumn riumber of iterations 10
M arimum allowed service dizplacement [in] 11
Minirnumn ratio of soil contact area wrt. Al

initial zoil-supported area (%]

Minirmurm ratio of active zpringz and piles 0
wer b total number of springs and piles (%)

M at uplift occurs for positive nodal 0
dizplacement excesding [in]

Compute required reinforcement bazed on & M auimum moment within an element

" Average moment within an element

Fun

5.2.5 Viewing and Printing Results
19. To view the results in text format, use the Solve / View Results command. Selective
printing may be done from the displayed box or using the File / Print Results command.

20. To view the results in graphical format, use the Solve / View Contours command. A
printout of the screen may be obtained using the File / Print Screen command.

| 171 |



sTrats

EXAMPLES

Run Solver

— : - Envelope
View RESU "5 - Modal Displacements

View Contours Reports

~ Data rangs

T Displayalliess & Onlyfrom | Tow | 100 [ Update |[ Print || Copy |

Envelope - Top Design Moment & Steel

C5a -

ELEHENT TOP DESIGH MOMENT AND REINFORCEMENT:

Units
Flags

--> Homent (kip-ft/ft), As (in"2/Ft)
-=» [m] HMinimum controls. [x] Exceeds maximum. [*] Cannot compute.

Elem Hode Ld Comb. Max. H{ux) As{xx) Hode Ld Comb. HMax. H{uy) As(yy)

uz 9.23 08.259m u2 9.08 08.259m
us 23.54 08.259m u2 11.56 8.259m
uz 33.44 0.364 u2 17.86 0.259m
uz 48.53 0.443 u2 19.83 0.259m
uz2 43.28 B.47L u2 12.19 8.259m
uz 42.93 0.470 u2 19.25 0.259m
uz 42.81 B.460 u2 18.71  8.259m
uz2 B I u2 17.75 08.259m
uz 31.94 0.348 u2 16.47 0.259m
uz 24.81 8.260 u2 14.63 08.259m
uz2 14.48 08.259m u2 11.73 08.259m
uz 16.42 0.389m us 19.44  0.389m
- 6.80 0.389m us 17.86 0.389m
- 6.88 8.259m u2 3.96 8.259m
uz2 9.35 8.259m us 8.18 8.259m
uz 21.60 0.259m us 10.96 08.259m
uz 30.75 8.33% us 13.17  8.259m
uz2 36.18 B8.394 u2 14.85 8.259m
uz 36.60 0.400 us 15.61 0.259m
uz 37.26  B.487 us 15.67 8.259m
uz2 31.78 B.345 us 14.82 8.259m
us 22.96 0.259m us 9.26 08.259m
us 7.39 08.259m u2 7.31  08.259m
uz2 18.28 08.259m u2 19.39 8.259m
uz 24,089 9.261 us 20.32 0.259m
uz 35.50 0.387 u2 21.84 8.259m
uz2 48.31 8.4 u2 22.21  8.259m
42 29  RA_LAR n2 21 ,lﬂﬂ A_250m
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Soil pressure values in the contour view above differ along dissimilar soil boundaries. See the
Winkler’s Foundation section in chapter 2 for more information.

Element Numbering for Example 2

g =l o 11 12 13 14 15 46 A7 18 19 20 21 22 23 249

Node Numbering for Example 2
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A.1 Import File Formats

Grid, load, and load combination data may be imported from a text file. The import file must be
saved in pure ASCII (text) format. Data fields on each line should be separated by spaces or
TABs. Comments or blank lines should not be placed within the import file. The first line of each
text file must be the unique keyword associated with the input.

A11 Grid Data:

GRI D
N_X
X 1
X 2
X_N_X
N_Y
Y_1
Y_2
Y_NY
Where:
GRID =  keyword required
N X = number of X-gridlines
X i = 1’th X-gridline coordinate with i=1 to N_X
NY = number of Y gridlines
Y j = j’th Y-gridline coordinate with j=1 to N_Y
A.1.2 Load Data:
LOADS
N_P

Label P 1 Case P.1 Pz 1 Mk 1 M/_1
Label P 2 Case P2 Pz 2 Mk 2 My_2
M_

Label P N Case P_N Pz_N M_N
N A

Label A1 Case A1 W 1
Label A 2 Case A2 W_2

N

Label A N Case_ AN W _N

Where:
LOADS =  keyword required
N P = number of point loads
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Label PL i = label of the i’th point load, with i-1 to N_P
Case P S i = name of the load case to which the i’th point is assigned
Pz i = P, force component of the i’th point load
Mx i = M, moment component of the i’th point load
My i = M, moment component of the i’th point load
N A = number of uniform area loads
Label A j label of the j’th uniform area load, with j=1 to N_A
Case A j = name of the load case to which the j’th uniform area load is assigned
Wz j = W, force component of the j’th uniform area load
A13 Load Combination Data:
COMVBI NATI ONS
Sel f
N C
Label CaseA Label CaseB Label CaseC Label CaseD Label CaseE
Label CaseF
N_S
Label S 1 CaseA S 1 CaseB S 1 CaseC S 1 CaseD S 1 CaseE S 1
CaseF S 1
Label S 2 CaseA S 2 CaseB S 2 CaseC S 2 CaseD S 2 CaseE S 2
CaseF S 2
Label S N CaseA S N CaseB S N CaseC S N CaseD S N CaseE_ S N
CaseF S N
N U
Label U 1 CaseA U 1l CaseB U 1 CaseC U 1l CaseD U 1 CaseE U 1
CaseF _U_
Label U 2 CaseA U 2 CaseB U 2 CaseC U 2 CaseD U 2 CaseE U 2
CaseF U 2
Label U N CaseA U N CaseB U N CaseC U N CaseD U N CaseE_U N
CaseF U N
Where:
COMBINATIONS= keyword required
Self = 1 if self-weight is to be automatically included in Case A, 0 otherwise
N C = number of load cases per combination (maximum 26, A through Z)
Label Case j =  label of the j’th load case (j=1 to N_C), e.g. DEAD, LIVE, etc.
N S = number of service load combinations
Label S i = label of the i’th service load combination, with i=1 to N_S
Case j S i = factor assigned to j’th load case in the i’th service load combination with
j=AtoZandi=1toN_S
N U number of ultimate load combinations
Label U k = label of the k’th service load combination, with k=1 to N_ U
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Case j S k = factor assigned to j’th load case in the k’th service load combination with
j=AtoZ and k=1 to N U

A.2 Conversion Factors

A.21 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/ft3) kg/m3 16.018460
ft-kips KN -m 1.355818
A.2.2 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 plf (Ib/ft) 68.52601
MPa psi (Ib/in%) 145.0377
MPa ksi (kips/in?) 0.145038
kN/m? (kPa) psf (Ib/ft2) 20.88555
kg/m? pef (Ib/f3) 0.062428
KN -m ft-kips 0.737562
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A.3 Contact Information

Mail: StructurePoint
Customer Service
5420 Old Orchard Road
Skokie, IL 60077
USA
Phone: +1-847-966-4357
Fax: +1-847-966-1542
Web: http://www.StructurePoint.org
Sales: info@StructurePoint.org
Support: support@StructurePoint.org
Licensing: licensing@StructurePoint.org
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